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Scan the World. 
limits, reducino scan cvcle time. - 

r t  Memory scan allows the operator to 
' _ X~.  d .L A",%. A scan all, or only specific memories. 

Kenwood's R-2000 receiver has Lithium battery memory backup 
opened the doors to a new world in (Estimated 5 year life) is built-in. 
the 150-kHz to 30-MHz HF bands. With the sensitive R-2000, only 
with microprocessor controlled oper- the best In selectivity will do. It 
ating features and an UP conversion has three built-in IF filters, with 
PCL circuit for maximum flexibility NARROWlWlDE selector switch, 
and to enhance the excitement of and an optional 500-Hz narrow CW High performance receiver 
listening to stations from east to west, filter is available. A noise blanker, 200 k H z - 3 0  MHz digital display1 

and from pole to pole. An optional and an all-mode squelch circuit clockltimer 3 IF fllters . PLL UP con- 
version * noise blanker. RF step atten- 

VC-10 VHF converter, for 118 to further enhance the operators uator 120-240 vAC (Optional 13.8 vDC). 
174-MHz, allows access to police, control of his listening environment. 
aviation, marine, commercial, and An AGC switch, and an RF attenu- 
two meter Amateur frequencies. With 
dual digital VFO's, ten memaries 
that store frequency. band and mode 
information, memory scan, program- 
mable band scan, fluorescent tube 
digital display, and dual 24-hour 
clock with timer, this outstanding 
radio has the versatility needed to 
reach out and catch those distant 
and elusive stations in the most 
remote areas of the world. 

The R-2000 receives in the USB, 
LSB, CW. AM, and FM modes, and 
its ten memories allow moving from 
band to band without concern for 
mode of operation. The program- 
mable band scan feature permits 
scanning over operator selected 

ator switch allow selection of the 
best signal-to-noise ratio. It has a 
large, front mounted speaker, a tone 
control, an "S" meter, high and low 
impedance antenna terminals, and 
operates on 100/120/2201240 VAC, 
or on 13.8 VDC. with an o~tional 
DCK-1 DC cable klt. 0the; features 

li 

~nclude a record output jack, an -coverage 150 kH7- 30 VH7 u~gitnl display recelver 
aud~ble "beeper." a carrylng handle, 2 IF fhlters rn PLL UP convPrslon nolse 
a headphone jack, and an external blanker RF atten~ator front sppaker 

speaker jack 100-240 VAC (Optional 13 €? VDC) 

The R-2000 places the world at 
your flnger tlps. More ~nformat~on on these products 
R-2000 optional accessories: IS ava~lable from authorzed dealers 
VC-10 VHF converter HS-4. HS-5, of Tr~o-Kenwood Commun~cat~ons, 
and HS-6 headphones DCK-1 DC 1111 West Walnut Street, 
cable k ~ t  YG-455C 500-Hz CW hlter. Compton, Calrforn~a 90220. 

Speorcarlons and pnces are qobjccf 10 rhanvc. wrrlioul nolrcp or oblrqarton 
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SCORE: 99 FOR . AGAINST 
Of the thousands o f  towers installed i n  t he  United States last year, 99 percent remain 
standing. This is truly a remarkable statistic, considering how many of these structures were 
installed using less than the best techniques and, to boot, were hardly ever maintained. 

Of those that came down, we could say that some unusual weather condition (hurricane, 
tornado, or ice storm) or some other extraordinary occurrence was to blame - but stop and 
think how many of these would still be standing today if the proper foundation had been laid, 
if wire instead of nylon rope had been used for guys, if that 10 feet of additional masting hadn't 
been used . 

Do you recognize any of these situations? Is your present installation ready to become a 
negative statistic? If so, read on. 

O.K., we're all Amateurs, but just for the moment, let's borrow some good advice from the 
engineering disciplines (or maybe it's just good old common sense). Before putting up that 
6-element super deluxe 27 dBn gain (decibels with respect to a conductive noodle) Yagi atop 
the 102-foot perch, sit down, take pencil in hand and think it through. A safe towerlantenna 
installation (or any installation for that matter) can and should be engineered in three simple 
steps: DESIGN it according to the manufacturer's specifications, INSTALL it correctly, and MAIN- 
TAIN it. Unfortunately, most of us (and I don't exclude myself) are in such a rush to become 
operational - taking advantage of the good weather and time off from work, vacation, or chores 
- that we just can't afford to take the time to do it right. Or can we? Can we afford to come 
home one day and find an irate neighbor shouting and pointing to our aluminum thing of beau- 
ty, still attached to our tower, protruding upside down from his roof? 

Just because we're Radio "Amateurs," it doesn't mean that our installations have to be 
"amateur." And it doesn't mean that all commercial installations are necessarily safer. A case 
in point: a friend of mine was doing a site survey for a cable TV outfit and had to climb one 
of the existing towers for the preliminary observation phase. Well, it was getting late in the 
day and, to be quite honest, my friend was a wee bit leery about climbing that tower because 
of something unnerving - but not readily identifiable - about the foundation and the sandy 
soil. When he came back the next day to climb the tower, he found the tower on the ground, 
having fallen by its own accord during the night. 

To help prevent this kind of near-disaster, and real disasters as well, the theme of this issue 
(if you haven't already guessed) is towers. In a sequence of articles not dissimilar to a Greek 
trilogy, Roger Cox (WBBDGF), John Haerle (WB511R), and Steve Makulec (KBSIW) discuss the 
three important steps of tower construction: design, installation, and maintainance - and there's 
nothing mythological about that. 

Rich Rosen, KZRR 
Editor-in-Chief 
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I Free MFJ RTTY /ASCII I C W  software for VIC-20 or C-64 with purchase of 
MFJ-1224, MFJ-1225 or MFJ-1228 from MFJ. Sendlreceive Baudot, 
ASCII, CW. Type ahead buffer. 24 hour clock. Supports VIC printer. Menu 
Driven. MFJ-I22411225 cable. On tape. Available separately for $29.95. 

RTTYIASCIII 
AMTORICW 
INTERFACE 
CARTRIDGE 

FOR !Id? 
VIC-20 1 C-64 MFJ-ins $69 95 

F R E E  MFJ WTTYIASCIIICW Software 
INCLUDES MFJ-1228,SOFTWARE 0NTAPE.ADD 
VIC-20 OR C-64 AND RIG TO ENJOY COMPUTER- 
IZED RTTY/ASCII/CW. ORDER MFJ-1228/MFJ- 

Most venrtlle RTTY/ ASCII/AMTOR/CW inter 
fm artrldae available for VIC-20 and 

/ 64 G~ves you more features, more [ 
more value for your money than any otl 

I cartridge ava~lable. 
Same lnterhce attrldga works for both VIC-20 a m  1 Commodore 64. Plugs into user's port. 
Choose from wide varlrty of RTTY/ASCII/CW, 

even AMTDR software. Not married to one on-board 
1 software package. Use MFJ. Kantronim. AEA plus 

other software cartridge, tape or disk. 
Ma Hz and 170 Hz shifts on receive md transmit. 1 H r  mrk and s p m  out* for scope tuning. 
Nomi/Reverw swltch eliminates retuning. 
True dual channel mrk m d  :paw Mtlw flM and 

1 automatic threshold correction gives gooc 
one tone is obliterated by ORM or seiec 

Easy. porltlve tunlng wlth twln LED it 
N a m  IMI Hz actlve CW filter. Aut~ 
Exar 22€@ sine generator tor AFSK ou ,_ 
Shlelded XCVR AFSWPTT Intclrhcr mblo provld- 

ed. Plus or minus CW keyed output. FSK out. 
Pmnrsd by computer (few ma.), no power adapta 

to buy or extra wire to dangle or plck up/radiate RFI. 
GlaurpoxyPCB.Aluminum enclosure. 4'/u4%x1". 

UNIVERSAL SWL RECEIVE 
ONLY COMPUTER INTERFACE 
FOR RTTY bASCII1 AMTORICW 

MFJ-1225 

Commodore 
~rformance, 
ier interface 

j wpy when 
:tlve fading. 
idicators. 
matic PTT. 
1tout. 

FREE MFJ RTTV/ASCl l /CW W m e  
TAPE &NO CABLE FOR V1C.m OR C U  OROER MFJ.12751 
M F J - i m  F O R  v1c.m OR MFJ I ~ S I M F J  im5 F O R  cu 

Use your personal computer and communlcatlons 
recelver to recelve commerctal, m~l~tary and amateur 
RTTY/ASCII/AMTOR/CW traffic. 

Plugs b m n r n  ncrlwr and VIC-20, Apple. TRS- 
80C. Atarl, TI-99. Commodore 64 and mast Other 
personal computers. Requlres appoprlate software. 

Use MFJ. Kantronlcs. AEA and other RTTY/ 
ASCII/PMTOR/CW sottware. 

Copla all shltb and all 1pad8.Twln LED lndlcstas 
makes tunlng easy, posltlve. Normal/Revsrse swltch 
eliminates lunlng tor Inverted RTTY. Speaku out 
jack, Includes cable to lnterfaca MFJ-1224 to VIC-20 

'UNIVERSAL RTTY/ASCII/AMTOR/ 
CW COMPUTER INTERFACE 

Lets you send and receive computerized RTTYIASCIIIAMTORICW. Copies 
all shifts and all speeds. Copies on both mark and space. Sharp 8 pole active 
filter for 170 H z  shift and CW. Plugs between your rig and VIC-20, Apple, 
TRSdOC, Atari, TI-99, Commodore 64 or other personal oomputers. Uses 
MFJ, Kantronics, AEA software and other RTTY ICW software. 

MFJ RTTY r.8 
am - COMPVTER INTFRFACE 1 

puter Intarface lets you use your personal computer 
as a compurerlzed full featured RTTY/ASCII/ 
AMTOR/CW ~tatlon for sendlng and receiving. Plugs 
between r ~ g  and VIC-20. Apple. TRS-80C. Atart. 
TI-99. Commodore 64 and most others 

Use MFJ software for VIC-20. Commodore 64 and 
Kantron~cs for Apple. TRS-BDC, Atar~. TI-99 and 
most other software lor RTTY/ASCII/AMTOR/CW. 

Easy, posltlw tunlng wlth twln LEO Indlcatws. 
Copy my shlR (1 70,425,850 Hz and all other shifts) 

and any speed ($100 WPM RTTY/CW and up to 300 
baud ASCII) 

Coplea on both mrL md tpcr, nat mark only a 
space only, to Improve copy under advene condltlons. 

Sharp 8 pole 170 Hz shlfVCW KtlVI flw gives 
good copy under crowded, fadlng and w k  signal 
wnditlons. Automatic noise llmlter suppress static 
crashes for better copy. 

Nornul/Rewnr rwihh elimlnates retuning. +250 
VDC loop ou t~u t  drlves RTfY machine. Speaker Jack. 

Exar 2206 slne generator gives phaie continuous 
AFSK tones. Slandard 2125 Hz mark and 2295/2975 
Hz space. Microphone line: AFSK out. AFSK ground. 
PTT out and PTT ground 

FSK keylng output. Plus and mlnus CW keying. 
CW transmlt LED External CW key jack. 

Kantroniu mmpatlblr socket. 
Ercluslve ganeral purpose rodbt allows Interfac- 

ing to nearly any personal computer wlth mast appro- 
plate sottware. Available TTL Ilnes: RTTY demod 
out. CWdemod out CW-ID Input. +5VDC, ground. 
All signal lines are buffered and can be Inverted 
using an internal DIP swltch. 

Use Galfo software with Apple. RAK with VIC-20. 
Kantrori~cs w~th TRS-8OC. 11-99, N4EU with TRS-80 
Ill. IV. Some computers with some software may re- 
quire some external components. 

Metal cabinet. Brushed alum. front 8x1 %x6 in. 
12-15 VDC or 110 VAC with adapter. MFJ-1312,169.95. 

MFClZ2J. 129.96, RS-tS rdrplr hr MFb1224. 
F I 

SUPER RTTV FILTER CW INTERFACE CARTRIDGE 
FOR VIC-20lC-64 

MF+RS Hlgh pr (onnnrCW 
l ~ 8 m c a m i d g e  G l r r  

excellent perfwmanca $39 95 M F J - ~ ~  under weak, crowded, noisy 
mndltlons. Works for bOth VIC-20 and Commodore 

Improves copy under 
crowded, fading and w a k  slgnai condltlons.Imprcnres 
any RTTY receiving system. 8 pole bandpass actlve 
filter for 170 Hz shlft (2125/2295 Hz mark/space). 200 
or 400 Hz bandwidths. Automatlc noise Ilmlter. Audio 
in, speaker out jacks. On/off/bypass switch. "ON" 
LED. 12 VDC or 110 VAC with optlonal AC adapter. 
MFJ-1312, $9.95. 3~4x1 inch aluminum cabinet. 

or Commodore 64.4(/utl!4x4% Inches. 12-15 VDC a 
110 VAC wlth optlonal adapter, MFJ-1312. $9.95. 

OBUQATION. IF NOT OEUGHTEO. RETURN WITH- 
INSDDAYS FOR PROMPT REFUNO(LESSSHlPPiNG). 

Ofm year uncondMonrl guarantee Made in USA. 
Add $4.00 each shlpping/handling Ca l l rw I i t l  MFJ ENTERPRISES, INC. 

Box 494. Misslsslppi Strte. MS 39762 

G.  Plugs Into user's port. 
4 pole im HZ bmdrrlm MM nm. m HZ 

center frequency. 3 pole active lowpass post detection 
filter. Exclusive automatic tracklng comparator. 

Plln m d  mlmn CW krylng. Audlo In, speaku out 
jacks. Powered by computer. 

Includes Basic listing cf  CW transmit/receive pro- 
gram.AvallabIe on cassette tape, MFJ-1252(VIC-20) 
or MFJ-1253(C-64).$4.95and on software cartridge, 
MFJ-1254(VIC-20) or MFJ-1255(C-64).$19.95. 

You can also use Kantron~cs. AEA Jther software. 
Also copy R T T Y  w~th s~ngle tone detectton. 

TOORDERORFORYOURNEAREST 
DEALER, CAU TOU-FREE 

800-647- 1800. Cali ex-3n~ee9 
In Mlss. arm outslde continental USA 
Telex 53-4590 MFJ STKV 
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Kantronics Interface II 

Price 2 



Kantronics UTU 

F F ' f l  4nw . U . .  ~ 0 ~ ~ 7 A w h O  . u u  4 + A -  - sy 

Suggested Retail Price 199.95 

For more information contact an Authorized Kantronics Dealer, 

or write: Kd! Kantronics 
1202 E. 23rd street 
Lawrence, Kansas 66044 



PRESSURE IS BUILDING IN THE 900 MHZ SPECTRUM for a variety of possible uses, at least 
some potentially in conflict with the Amateur 902-928 kMz allocation that came out of the 
1979 WARC. Mura, a leading producer of cordless phones and other consumer electronics, has 
petitioned the FCC to establish a new "Consumer Radio Service" at 935-938 MHz. Mura's pro- 
posal would provide 120 channels using automatically identified radios with a five-mile 
range at a projected cost of under $100 each. Mura also proposes phasing out 27 MHz and 
GMRS CB, and rejects GE's earlier proposal for a 900 MHz service with repeaters and tele- 
phone interconnect as simply a variation of the new cellular communications system. 

Cordless Phones Are Yet Another Prospective 900 MHz User, proposed by the Electronic 
Industries Association in another Petition for Rule Making. The EIA wants two 2-MHz bands 
in the 900 MHz reeion. se~arated bv at least 45 MHz. to become available by January 1, 1987. 
The FCC did recently add i0 new "iAterim" cordless phone channels at 46/4gSMHz. 

- 

All This Is In Addition To The Rapid Growth Of Pagin , cellular radio and other two-way 
services in the 800-1000 MHz spectrum. However, on Marfh 28 the ARRL filed its own Petition 
for Rule Making, asking for early implementation of privileges for Technician and higher 
class licensees on the 902-928 MHz Amateur band. The FCC reports very little previous 
Amateur input about this band. At the same time, the ARRL aiso asked-for use of the new 
24-MHz band, by General Class and higher. Yet another petition, by five Amateurs who all 
hold experimental licenses for both the new 18 and 24-MHz Amateur allocations, asks that 
Amateur operation be permitted on both bands on a non-interference basis. 

THE FIRST VOLUNTEER-ADMINISTERED AMATEUI; EXAMS WERE GIVEN APRIL 17 IN ALASKA, giving 
the No. 1 VEC, Anchorage Amateur Radio Club, still another first in the program. 42 Tech 
and General exams were given in their session. The Dayton ARA wasn't far behind, giving 
about 400 exams during its April 28-29 Hamvention weekend. Dissatisfaction over ARRL 
inaction on the VEC program seems widespread, and rumors of some sort of forthcoming 
shakeups at Newington were circulating at the Hamvention. 

Amateur Frustration With Lack Of Upgrade Opportunity is now becoming serious in some 
areas. The third call area, for one, is now booked solid through the year's end, when 
FCC-administered exams end and the volunteer program must take over. However, a third 
call area VEC, the Laurel (Maryland) ARC, is expected to be certified shortly. 

A Seventh District VEC, The Boeing Employees Amateur Radio Society, has been accepted 
by the FCC, and the Dallas ARC has been certified as the VEC for the fifth district. In the 
second and eighth call areas additional VECs are also coming on board. However, the first, 
zero, and sixth districts still have no known prospects, though a sixth district group is 
reported to be preparing to make a proposal. 

The FCC's NPRM On Exam Fees Drew Only a Handful Of Comments from several clubs, a few 
concerned individuals, and of course the ARRL. Most supported the concept of expense reim- 
bursement for examiners as well as the VECs, under the direction of the VECs. It is hoped 
the Commission will be able to authorize fee collection before the summer recess. 

The Revised Novice Exam Program, In Place Since Last Summer, is working well for the most 
part, though Gettysburg says they still have some problems. Some Amateur examiners still 
don't realize they're supposed to write, administer, and grade the exams themselves, and are 
still writing Gettysburg for exams or sending applicants' answer sheets there for grading. 
The other major problem is with improperly filled out Form 610s: the examiner either neglects 
to certify that both the CW and written exams were passed, or neglects to include a signed 
statement certifying that the examination was properly administered. 

OPEFATING AFTER HIS LICENSE WAS LIFTED BROUGHT A SUSPENDED sentence with a threat of 
prison to a California ex-Amateur. The former N6BI1, who lost his license for jamming 
WESCARS and other 40-meter operations was sentenced to a 90-day suspended sentence and three 
years probation in Federal District Court April 19. Under the terms of his probation, how- 
ever, he can go to jail if he even talks over another Amateur's station during the probation 
period, unless the FCC chooses to relicense him. 

EXPANSION OF ADDITIONAL PHONE BANDS IS STILL in the FCC's hopper, but staff cuts at the 
Commission and implementation of the Volunteer Exam Program have kept it on the back burner. 
There's hope that the Commissioners will be able to act on expansion before the summer recess. 
but what direction expansion (if any) will take is very much up in the air. 

DAYTON HAMVENTION'S "HAM OF THE YEAR" IS DAVE BELL, W6AQ, honored "...for dedicated use 01 
his Cinematographic skills to bring the story of Amateur Radio to the ujorld." This year's 
"Special Achievement Award" went to Ethel Smith, K4LMB, for her efforts on behalf of the YLRI.. 
The "Technical Achievement Award" went to Lyle Johnson, WA7GXD, for development of the Tucson 
Terminal Node Controller for packet radio. Congratulations to all! 

A NUMBER OF SCHOLARSHIPS FOR AMATEURS who are now or will be attending a full-time collegc, 
are being offered bv the Foundation for Amateur Radio. Write them at 6903 Rhode Island Ave., 
('ollege Park, ~aryland 20740, for application information. 

EXTENSIVE REVISION OF 2-METER REPEATER FREQUENCIES ALONG THE U.S.-MEXICAN border may be 
coming in the wake of recent interference problems. Mexican government authorities have met 
with Eheir Amateurs to discuss on-going ac;oss-the-border coo2dination difficulties, and have 
proposed joint meetings with the FCC and U.S. Amateurs to resolve them. 
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THE S T A N D ! !  OF EXCELLENCE 

nu~t~rnax ic  SenderIReceiver: DIIC I(! ~ I I C  111<151 U P  IO UUIC con~puter 
y. just a console irnd keyhoard can accomplish 
scnd/receivc of bforse Ctde (CW). Batrdot ('(I 

~tle IWITY) and new ARO'FEC LAMTOR). 

;jI.trt.tu U,IV rate between 5-100 W, ,., ,,.,,,, ,...,, ,,,, ,,,,,,uteJ. 
AlJ7l.0TRACK on receive. For cornmunic :lot and ASCII 
Code\. rate is variahlc hy a keyho;~rd instr een 12-3M Baud 
when using RTTY Mcdem and between I: when using'IT1. 
level. The variahle spccrl feature makes th or arn;iteur. 
huiincss and commercial use. 

c-load Function: The huffer memory can storc tne nlc\sages w 
vm the keyhcwrd in.;tcad of sending them ~mmetl~atelv.The \tore 
:ss:rgcs can he sent with a keyhc~ar~l comnlantl. 
tllli-OIIT" Function: You can correct mistakc.s while writing 
.Lc;~pcs in the huiier meniory. Misspellings can ;llso he erared u 

~iormation i s  slill in the t 
~ m a t i c  CR1I.F: While tr 
: 64. 72 or X O  characters 
RI) kIO1)Enperation: c t , d L u L t c t ~  

plt,uplngs. notcverv character. from the I W I  ~ F I  IIICIIIUI v WIIII KC,- 

hn;rrcl instruction 
I.1NE h1ODEol 
groupings iron1 I 
\%'OR[)-WRAP- 
WKA1'-AROI!NL) prevents tnc last woru 01 tnc rtnc trorn splltrlng 
twn and makes the screen easrly read. 
"ECI10" Function: With a kcyhoirrd instruction. received dat;l( 
he r e d  and senr out at the sanleti~ne.Thic lunctron cnahle\:~c;rssette 
tape recorcler to he used ;I\ a hack-up memory, and ;I system can h~ 

ed just like telex which uses paper tape. 
inr Control Fnnction: Full cursor control (upldown. leftjrig 
;rhle from the kcyhoard.Test blessaye t'uncl~nn: "KY" and 
F" test messagescan he repeated wrth this itrncticm. 
?K-AND-BRI<AK (SPACE-AN[)-RREI\KI System: Eithe~ 

le can he used to copy R" 
?ights: f:orCW transmis 
lged within the limits of 
rircuit: A huilr-in audio 

11at1c ~ranimrt/rece~ve witch enahles c n c c ~ ~ n p  of rnc rransmtt 
: mode. it IS possihle tocheck Ihe out 
rand AGC amplifier prior tn the I'ilte 
OW Practice Function: 'rhe unrt rcac 
from the hand key and displays the c t  

technolop 
;IUtl)lllallc 
ASCII Cc 
Code: Me 
11% I R T T  

c~~mpic te  
~ d e  t U'rI'Y ). 

CII (UTTY). 

ation in Rat11 
uction bctwm 
2-600 Baud 
c unit ide;tl f 

.~ . 

.me  (CW includes Kana): ~ : tudo t  (RT'I'Y). AS1 
. ... . .. . . Y ). ARQiFEC (BMTOK). 
Characters: Alnhahct. F l~ores .  Svmhols. Special Char:sterk. Kana 
Built-in Monitnr: 5" highresoluti;)n. tlclayd persictcncc grccn 
n~onitor - provides sharp clear image with nn j~ggle or jitter evcn 
under fluorescent lightrng. Also has a prov~sion ior compe).;itv video 
signal output. 
Time Clock: Displays Month, Date. Hour :mtl Minute 11 
Timel'kansmissionlRweiving Feature: The huilt-in tir 
completely ;cutomatic T S K X  without operator's altentlar 
Selcal (Selective Calling) System: With thrs feature. th 
receives messages fcill<vw~ng ;I pre.;ct code. Rurlt-in D ~ ~ C W U I , ~ I < I I  IUI  

High Perlormance: Newly ile.;igwil h~gh speed KlTY demcr 
n'ceivingcapahility(if;rs i i~\ - t  as 3lM) B;~uil.'l'hrce-step shiltr . 
either 170Hil. 42SHr or XS0tf~ shiit with manual fineluneco 
sp;rcchannel forodd shifts. tiIC;tf (Mark Frequency 2I?H 
I Mark Frequency 1275H7) tone p;~irselect. Markonly orSp:ice 
copy capirhility for \clrctive i:nling. AKQlFfJC features incorp 
Crystal Controlled AFSK kltdulatnr: A transceiver utithcl 
function can transmit In R n ' Y  mtdr h) utilirinp the high ita 
crystal-controlled modulatorco~~trolled hy the conlputcr. 
Photocoupler C\V, FSK Keyer built-in: Very high volta; 
current pho~ocnupler kejer is provided for CW. FSK keyrn 
Convenient ASCII Key Arrangement: The keyhonrd In: 
arrangement with function keys. Autom:~tic insertion of II 
makes operation a breeze. 
Dattery Back-up Memory: Data in the hatter 
covering 72 char:~cters s 7 channels and 24 chi 
retained evcn when the external power source 
he recalled from a keyhoard instruclion and some pitrtlcular cnannels 
can he read out continuously. You can write messages into anv channel 
while receiving. 
Large Capacity Display Memor 
Screen Format contalns 40  charac 
Screen Disolav 'hoe-Ahead 

n the w e e n  
ner enahlcs 
Ice. 
e unit only 
- .a .  ., ...-- .'..- 

.... ,.. 
. their 

Auto 
ever) 
W0I 

rlul;rtr~r ha* 
~ C I C C I  
~ntrol of 
/ ), L l  lW 

haracters c a ~  
'rnory. 
~pcrat ion:  I 

I he transmit !red hy line 

n reccive mc ,. . . . ,. only 
~)r:~ted, 
~ut t'SK 
h ~ l ~ t y  

.v hack-up n 
lracters x X i 
I \  renlovctl. 

nurk 
Vari 

In tla\h 
Audi 
auto1 

or \pace tor 
able C\V wc 
)can he char 
in hfonitor 4 

['T Y. 
sion, werphl 
I:3-1:b. 
I monttor circ 

, . .  , 

21 to 

tine 
and r 
~ h c  n 

pul;,f 
rs. 
Is dato 
1ar;ic- 

p to 1.280 ct. 
.s x 2 pages. 

Buffer ~ e A o ; y : ' i  IM1-character 
huffer mernory is displayetl on I 
the lower part ofthe screen. 
'The characters move to the left 
era3inp one hy one as soon as 
they are trahsmitted. blessapes 
can he written durine the receivinl 
state for transmission with battery 
back-up memory or SEND functic 
Function Disolav Svstem: Each 

ter\on the screcn.~CI4 kev;nc~iutput z r works accortling tn Ihc key operation 
C:W Random (;enerator: Ou~put of 
random \renal can hc used ;I\ CW rea 
practrce. Ilargraph I.ED Meter fnr 
Tuning: Tuning oiC\V:~ntl KI1.Y I \  * F ~ J  

.a- urth thc. hhargraph I-ED meter In addi- 
,Ion. p r t~ \~~r ron  has hccn made tor att;tch- 
nlcnt of an oscillo\z~~pc to ald tunlng. 

Beill-in ACIDC: I'c~wcr supply 1s 

'CW 
ding 

function (mode. channel numher. 
speed. etc.) is displayed on the scr 
Printer Interface: Centronics Pa 
patihle interface enahlcs easy con1 
a low-cost dot printer for hard cop 

switchahle as required; 100-120 VAC; 
220-240 VAC/ 501hOHz + I3:HVI>C. .em. 

ra Com- 
nection of 
v. 

- Color: Lipht crev with dark crev * . .  - .  
trim - matches most current trans- 
ceivers. Dimensions: 3b3( W )  

x 121( 11 Irnit. Wide Ral 
Morse C ~ I  

nge of Tkan 
d e  transmit1 

smitting an 
in€ speed c: 

d Receiving 
in he set frilr 

H)x3SltD) 
nty: One Ye 

alInn'iSuhjrct I 

mm: Termin: 
,ar Limited 

lo C%an~e 

FOR YO1 
1 

3 TO ORDER 
-a- ---- DEALER l 

. - -- --  EXCLUSI' 
A L l A  

ITOR: 

TEUR-WHOLESALE ELECTRONIC 
1 - 1  

-0.. FREE . . .800-327-310i? I 

S.W. 129th 

CTURER: ---- ---, 

Terrace. N liami. Floric Tele 

UNU CunrunAI IUN 

9 Motosoja Mach~. Maebashi-Shi. 371. 
nror: Co~nmercinl qrcrrlih the EXL-51 
:IR recommendations 476-2 for com 

Japan 
OOOE incorp 
imcrcial reql 

11s to fully su ppon  the an r ccdes and c 

June 1984 1 M o r e  Details? CHECK-OFF Page 132 



Attention 
Moonbouncers 

and Satellite Communications Enthusiasts 

Introducing New Ultra High 
Performance Antennas 
from KLM Electronics, Inc. 

KLM Electronics is fueling the Moonbounce and Oscar 10 
a 

revolution with Antenna Equipment that delivers truely 
Out-of-This-World performance. 

For the Moonbouncer, our New 2M-16LBX is designed 
to be the highest gain 2 meter antenna available on the mar- 
ket today by more than a full db, making the 2M-16LBX an 
outstanding performer as a single antenna or  in Moon- 
bounce (EME) arrays. 

The New 432-30LBX follows the same pattern as thc 
2M-16LBX. and soon will become the industry's standard 
of comparison. 

Featuring straight forward construction, and an innova- 
tive tapered boom that greatly reduces windload and adds 
strength and durability. Virtually unbreakable, insulated, 
3 /16  rod parasitic elements are anchored through the boom 
to insure years of trouble-free performance. 

For the satellite enthusiasts, the 2M-22C high gain 2 
meter, circular polarized antenna, features the same rugged 
construction and total flexibility as.our very popular 
2M-14C with a 2db increase in gain. 

Four or more 2M-22Cs make an excellent array for 
Moonbounce (EME) by elminating Faraday fading. 

Fiberglasslaluminum stacking frames are available as 
well as 2 and 4 port power dividers and phasing harnesses 
to optimize the performance of these type arrays. Watch 
for our new elevation drive system coming soon. 

BANDWIDTH. ................................. 144-148 MHz 
............................................... GAIN 13 dBd 

........................................... BEAMWIDTH 34" 
................................... FEEDIMP. 50ohmsunbal. 

.......................................... BALUN (2) 4:l coax 
BOOM LENGTH .......................... 19 ft. 1 in. (tapered) 

................................................ VSWR. 1.5:l 
...................................... WINDLOAD 1.85 sq. ft. 
..................................... ELLIPTICITY 3 dB max. 

CIRC'lrLARITY SWITCHER ...................... CS-3 included 
WT. (Ibs.) ............................................ 11 lbs. 

432-30LBX 
BANDWIDTH.. ................................ 430-440 MHz 
GAIN ............................................. 17.3 dBd 
BEAMWIDTH ........................................... 20' 
FEED IMP.. .................................. 50 o h m  unbal. 
BALUN ............................................. included 
BOOM LENGTH .................................. 21 ft. 9 in. 

BANDWIDTH ................................. 143- 146 MHz 
GAIN .................................. (144 MHz) 14.8 dBdc 

................................ BEAMWIDTH (V) 28", (H) 33" 
FEED IMP..  .................................. 50 ohms unbal. 
BALUN .................................... 4:l RG303, Teflon 
BOOM LENGTH .......................... 28 ft. 1 in. (tapered) 

................................................. VSWR 1.4:l 
..................... WINDLOAD (H) 1.75 sq. ft. (V) 2.44 sq. ft. 

............................................ WT. (Ibs.) I0 lbs. 
............................... TURNING RADIUS 15 ft. 6 in. 

FIB ................... 20 dB FIS ................... 35 dB 
VS WR ................................................. 1.5:l 
WINDLOAD .............................. 1.43 sq. ft. (typical) 

............................... 
electronics, inc. 

TURNING RADIUS 12 ft. 5 in. P.O. Box 816 
WT. (Ibs.) ............................................. 9 lbs. Morgan Hill. CA 95037 



comments 
can you help? 
Dear HR: 

I need a schematic for the ES 221 K 
frequency counter advertised by ESE 
in the October, 1974, issue of ham 
radio, page 90. 1 have a problem 
with the counter, but no manual or 
schematic. 

A.J. Massa, W5VSR 
N e w  Orleans, Louisiana 

Dear HR: 
I need a schematic and/or manual 

for a Model 555lN oscilloscope made 
by the Data Instruments Division of 
Pennsauken, New Jersey. Upon writ- 
ing to them I found that they have 
moved (or closed) without leaving a 
forwarding address. 

I am willing to pay for a photocopy 
of this data. Please contact me at the 
address below. 

Tom Adams, K9TA 
110 N. Few St. Apt .  #2 

Madison, Wisconsin 53703 

aiming for excellence 
Dear HR: 

Your excellent editorial ("Reflec- 
tions," February, 1984, page 6) really 
tells it like it is. I wish every Amateur 
would read it and take your advice. 

In most endeavors people strive for 
excellence. The shooter, golfer, 
bowler, artist, craftsman, and so on, 
aspire to excellence - why shouldn't 
Amateur Radio operators seek a similar 
goal? 

I made some friendly suggestions re- 
cently to a group of several newly 
licensed Amateurs on how to improve 

their operating procedure. You would 
not believe the reaction to my sugges- 
tions. There were such comments as: 

"You have no responsibility for the 
way we choose to operate." 

"Ham radio is a hobby for the aver- 
age citizen and was not intended for 
engineers - hence the name, 
Amateur Radio." 

"You old-timers want to take over 
and run us newcomers out." 

"You give technical talks to the club 
only to show how smart you are." 

These are pretty sick comments, but 
of course, they come from a very few 
insecure people. The majority of hams 
are mighty fine people. 

I operated a DX station for three 
years in China and the Phillipines. 
When I encountered the operating 
rudeness to which you refer I had a 
very effective response. Even though 
the signal was very loud, I would re- 
port it as impossible to copy or even 
ascertain the call. A call on the QSO 
frequency was an immediate entry to 
my blacklist. Let me assure you that 
some pretty big names in the DX rat- 
race never got a QSO from me while 
I was in Canton, Swatow, Amoy, or 
Foochow. 

Keep up the good work. 
I.L. McNally, K6WX 
Sun City, California 

better SSB 
Dear HR: 

I was pleased to read the article: 
"Better-Sounding SSB" in the Febru- 
ary, 1984, issue of ham radio. I for one 
have always maintained that SSB 
should sound just as good as the voice 
at the mike! However, for years "com- 
munications quality" has been in 
vogue. The simple changes mentioned 
by Mr. Measures are good. Now if 
some enlightened manufacturer would 
just lead the way and recognize that 
many hams would prefer smooth, un- 
distorted audio, I might finally buy a 
new rig! 

Let's have more such articles! 
James E. Taylor, WPOZH 

Webster, N e w  York 

optical receiver cost 
Dear HR: 

I found Poon and Pieper's "Con- 
struct an Optical FM Receiver," (No- 
vember, 1983, page 53) very interest- 
ing. The drawings and equations re- 
semble those found in my engineering 
log book as of late. This is quite state- 
of-the-art technology, and experimen- 
tation should be encouraged; how- 
ever, the authors did not mention the 
cost of their project. To prevent any- 
one seriously interested in persuing 
this project from becoming discour- 
aged, I thought I might pass along my 
costing estimate of the items specified. 
Depending on the type and power of 
laser purchased and quality of lenses 
used, the cost of the project will run 
between $858.00 and $1228.00. (This, 
by the way, is relatively cheap for a 
basic acousto-optic receiver. ) 

Good luck. 
David A. Clingerman, W6OAL 

Newbury Park, California 

(A call to Edmund Scientific revealed 
that an Aerotech 1 milliwatt Helium- 
Neon laser could be purchased for 
$330 and a complete set of spherical1 
cylindrical lenses for under $50 . . . Ed) 

HF operations 
Dear HR: 

I would like to correspond with 
anyone involved in HF mobile opera- 
tion or the design of HF solid-state 
amplifiers. 

Phil Zelter-Jenkins 
70, Cross Oak Road, Berkhamsted 
Hertfordshire, HP4-3HZ. England 
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match your antenna to your tower 
Here's how to 

calculate wind area, 

wind load, and 

bending moment 

Have you heard the story about the ham across 
town who bought a new $500 long-boom tribander to 
replace his older, smaller beam? He rented a ''cherry- 
picker" at $50 an hour to have it installed on top of 
the tower he'd originally bought for his 5/8-wave CB 
antenna in the days before he'd become a ham. The 
rotator, a small CDE unit he'd bought for $70 at a flea 
market, had worked fine with the THWR that he'd also 
purchased soon after getting his ham ticket. 

A few months later, a snowstorm driven by SO MPH 
winds demolished his entire antenna system, and 
worse yet, sent the tribander crashing through the roof 
of his neighbor's house. He wound up in a hassle with 
his insurance company over the damages, and the 
neighbor soon began circulating a petition to ban 
antennas and towers from that city. 

You don't think this could happen? Look at the 
towns of Burbank, Illinois, and Cerritos, California, and 
see what Amateurs in those communities are fighting. 
A ruined antenna and tower may not only rob your 
wallet, but may also rob you and your friends of your 
operating privileges because of the negative publicity 
that inevitably follows such an incident. 

the match game 
When someone says that an antenna is perfectly 

"matched," most people assume that he or she means 
that the VSWR is a perfect 1 : 1. But there's another 
kind of "match" that's at least as important as VSWR 
and essential in preventing the kind of mayhem de- 
scribed above. This is the match that occurs when an 

antenna is physically mated to its mast, rotator, tower, 
and any other antenna on the tower. 

How can you determine whether your antenna is 

1 properly "matched"? Well, for starters, check the 

, specifications of the equipment you're now using. 
Don't wait until something happens; you may have 
added a small VHF antenna or a 30140 meter add-on 
kit without realizing that you've exceeded the wind- 
loading of your tower or rotator. 

Start by referring to your antenna instruction or 
assembly manual. All legitimate antenna manufac- 
turers include both electrical and mechanical specifica- 
tions with their products. If you can't find your man- 
ual, or if the specifications are not listed, write or call 
the manufacturer's customer service department for 
this information. 

wind area 
Look for the entry titled "Wind Area" or "Effective 

Surface Area" under "Mechanical Specifications." 
This number, expressed in square feet or square 
meters, is a measure of the physical size of the anten- 
na. It represents the maximum surface area against 
which the wind could theoretically push. The total 
wind area figure should represent the. "worst-case" 
surface area of the antenna - a combination of both 
the total boom and total element surface areas. 

If two or more antennas are mounted within approx- 
imately 2 feet of each other, their wind areas can sim- 
ply be added together to provide a total Antenna Sys- 
tem Wind Area. This wind area should be equivalent 
to or less than the rated wind area maximums of the 
rotator and tower. 

As an example, consider a tribandei with a wind 
area of 5.7 square feet (O-.!X3 square meter) and a 
2-meter vertical with an area of 1.5 square feet (0.14 
square rneter) mounted 2 feet (0.61 meter) above the 
tribander. The total Antenna System Wind Area of this 
system would be 7.2 square feet (0.67 square meter), 

By Roger A. Cox, WBBDGF, Telex Communica- 
tions, Inc. / Hy-Gain Division, 8601 Northeast High- 
way 6, Lincoln, Nebraska 68505 
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where V is the wind velocity in MPH. At 80 MPH, 
P = 25.6; at 100 MPH, P = 40 Ib./ft.'. 

/ fig. 1. Locations of forces on tower masts. l 
and would easily match a tower rated at 9 square feet 
(0.84 square meter) or a rotator rated at 8.5 square 
feet (0.79 square meter). 

Determining wind area becomes more complex 
when you want to stack two or more HF beams or 
numerous arrays of VHF Yagis, because under these 
circumstances the separation required for good elec- 
trical performance is almost always greater than 2 feet 
(0.61 meter). 

To analyze complex antenna systems made up of 
antennas spaced more than 2 feet (0.61 meter) apart, 
you need to know how each antenna contributes to 
the loading of the entire system.' Check your manual 
under "Mechanical Specifications" once more; you 
should be able to find the "Wind Load" of the antenna 
at a specific wind velocity. [Usually a wind velocity 
of either 80 (129 kmlhour) or 100 MPH (161 kmlhour) 
is used.] 

wind load 
The wind load of an antenna is related to the wind 

area of the antenna through the equation: 

where F is the wind load force in pounds, Pis the wind 
pressure in Ib./ft.', and A is the antenna wind area 
in ft.'. P is  dependent upon the wind velocity, V, and 
is usually* found from the equation: 

In fig. 1 a tower with a wind load limit of 9.5 square 
feet in 50 MPH winds is shown. From eq. 2 we can 
find the pressure, P, which the wind exerts on the 
antenna in a 50 MPH wind. 

P = 0.004 (50)' 
= 10 lb./ft.' 

In order to find the maximum force which may be ex- 
erted on the tower, we use eq. 1. 

F = PA = lO(9.5) = 95 fbs. 

Therefore the maximum allowable force within the 
2-foot limit is 95 pounds. 

the bending moment 
In order to evaluate the effects of placing more than 

one antenna on a mast above the tower, we must look 
at the bending moment, M, with respect to the 
weakest point in our towerlmast system. The mo- 
ment, M, is found by 

M = FD (3) 

where F is the force and D is the distance to the 
weakest point. The moments may be added together 
for the various antennas as long as the same point is 
used as a reference. In example 1, if we suspected 
that the tower base was our weakest point, and that 
our force Fl, was applied to the mast 53 feet above 
the point, the moment, MI could be expressed as: 

MI = FID = 95(53) = 5035 ft. l b ~ .  

If we were to replace FI with an antenna that ex- 
hibited 50 pounds of force, and added another anten- 
na 10 feet above it that exhibited 40 pounds of force, 
would we exceed the allowable moment of 5035 ft. 
Ibs.? Your first guess may be no, because the forces 
add up to only 90 pounds and this is less than the 95 
pounds we had before. And if you were to compare 
wind areas, you would find that the 50 pound anten- 
na at 5 square feet and 40 pound antenna at 4 square 
feet also add up to less than 9.5 square feet, or rated 
wind area for this tower. 

But if you were to add up the moments, 

M = Z F D  (E = sumof . .  .) 

M2 + M3 = 5170 ft. Ibs. 

'The equation P = 0.004 V takes wind gusts and turbulence into considera- 
tion. For a steady (laminar) flow, the equation P = 0.00256 V2 should be 
used. Consult the Uniform Building Code IUBC) for a more thorough 
explanation. 
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you would find that they easily exceed the moment 
limit of 5035 ft. Ibs. 

The base of the tower may not always be the weak- 
est point of your towerlmast system. Other suscepti- 
ble points are the point of attachment of the top set 
of guy wires, a house bracket, a junction in a telescop- 
ing tower or mast, or even the point of attachment 
of the mast to the tower. If you've used short inserts 
to reinforce the mast, the end of any insert within the 
mast may be a point of vulnerability as well. Your best 
bet is to follow the tower and mast manufacturer's 
recommendations whenever you stack large antennas. 

rotator wind area 
As in determining the wind area of your antenna, 

you should begin analysis of your rotator's wind area 
by reading your instruction manual. If the specifica- 
tions are not listed, or if you cannot find your manual, 
write or call the manufacturer's Customer Service 
Department for this information. 

Look in the specifications section for the entry 
titled "Maximum Wind Area." There will be two dif- 
ferent entries - one for mast mounting and one for 
inside tower installations. For mast mounting, there 
will also be a maximum distance of the antenna above 
the rotator provided; this is usually 2 feet (0.61 meter). 

Just as in the previous example, if all of your anten- 
nas are mounted within this range (2 feetl0.61 meter) 
you may add the antenna wind areas together and 
compare that total to the rotator's rating. 

loading 
If you're using a small tower or mast, with the 

rotator installed on top, be extra careful to observe 
the rotator's mechanical limitations on side thrust. Use 
the procedures shown in the wind load section of this 
article with the rotator's rated wind area and wind 
speed to determine the maximum force that can be 
applied within 2 feet (0.61 meter) of the top of the 
rotator. If no wind speed is given, use a conservative 
figure such as 50 MPH. 

As an example, consider the Hy-Gain CD4511. When 
mast-mounted, its rated wind area is 5.0 square feet 
(0.46 square meter). I will use 50 MPH as the wind 
speed. Using eqs. 1 and 2: 

In this case, using a distance of 2 feet (0.61 meter) 
above the rotator, the moment is 100 ft. Ibs. You can 
use the same procedures shown in the bending 
moment section to evaluate the effects of placing more 
than one antenna on a mast above a rotator. 

Although stacking antennas above a rotator installed 
on top of a mast or tower is not recommended, it can 
be done if the maximum moment limitations are ad- 
hered to. The weakest point in this case is assumed 
to be the center of the rotator. 

Although slightly exceeding the maximum ratings 
of a rotator may not break or permanently damage it, 
doing so will more than likely impair its operation in 
some way, especially during windy conditions. Con- 
tinued use in this manner is sure to shorten the useful 
life of your rotator. 

If you install a rotator inside a tower, a different set 
of mechanical limitations applies. The side thrust is 
now less important, but the stall and braking torque 
of the rotator is more important. This is why a different 
wind area rating is listed for rotators installed within 
a tower. 

The rotator's wind area rating within a tower is us- 
ually related more to the braking power rather than 
to the stall torque of the rotator. The braking power 
is the maximum allowable torque that the antenna load 
may present to the rotator without causing it to rotate. 
This torque is usually not a steady torque, but rather 
a pulsing, almost sinusoidal torque produced by the 
antenna rocking back and forth in a violent wind 
storm. 

moment of inertia 
The amount of torque produced by this rocking ac- 

tion is directly related to the moment of inertia of the 
antenna. The moment of inertia is similar to the bend- 
ing moment as discussed earlier, because it is related 
to force and its distance from a reference axis. How- 
ever, complex structures such as antennas must be 
analyzed as the summation of all the moments pro- 
duced by the various portions of the antenna. Also, 
since each moment is directly related to the mass of 
each antenna portion and the square of its distance 
to the axis, an antenna with a very long boom with 
heavy elements will have more total moment of inertia 
than an antenna with a short boom with very light ele- 
ments, even though they may have the same total 
wind area! This has produced some difficulty in assign- 
ing wind area ratings for rotators. Luckily most com- 
mercially available Amateur antennas have short 
enough booms so that their wind areas and moments 
of inertia are closely related. However, on long-boom 
homebrew, commerical, or military-type antennas, one 
has to be extremely cautious when selecting a rotator 
when given only a wind area rating. 

Although the wind area rating of a rotator is not 
wholly determined by the rotator stall torque, a higher 
stall torque is required for turning larger antennas. On 
a calm day, the act of rotating the antenna produces 
wind against each element and boom. This wind is a 
force that opposes the direction of rotation. If, at full 
speed, this force produces the amount of torque re- 
quired to stall the rotator, the rotator will slow down 
until the wind force is less than that which produces 
a stall. Therefore, a rotator with a small stall torque 
will sometimes turn more slowly than one with a higher 

16 June 1984 



- '-7 o A rk i l o  120  
ALLOWABLE W I N D  SPEED IMPHI 

fig. 2. Extended height of self-supported crank-up tower 
is a function of wind speed and antenna location. 

stall torque. 
torque may 
duced by tl 

On a windy day, the rotator with less stall 
not be able to overcome the forces pro- 

l e  wind. 

towers 
Every tower ever commercially manufactured has 

some kind of instruction manual or specification guide, 
no matter whether it is a crank-up, guyed, or self- 
supporting tower built of steel or aluminum tubular or 
right-angle stock. 

The manuals accompanying crank-up towers, with 
which I am most familiar, list a "wind load limit." This 
is the maximum wind area in square feet (or square 
meters) that the tower will safely hold at its maximum 
height at a particular wind velocity. The industry stan- 
dard is to rate these towers at either 50 MPH (80.5 
kmlhour) or 60 MPH (96.6 kmlhour). 

Because of the specific nature of crank-up towers, 
the owner can crank the tower up and down for anten- 
na installation and servicing and also crank the tower 
down whenever high winds are expected. With the 
tower completely retracted, the bending moment at 
the base of the tower caused by the antenna load is 
significantly reduced. 

If you're willing to crank the tower down every time 
strong winds are expected, it's possible to expect your 
antenna system to survive near-hurricane conditions 
even with the maximum allowable antenna wind area. 
Fig. 2 shows the wind velocities under which you can 
expect a Hy-Gain crank-up tower to survive given the 
maximum rated antenna loads at the extended heights 
shown in the graph. 

For example, if you have a 9.5 square foot (0.8 
square meter) antenna load on your Hy-Gain HG-52SS 
tower, which is cranked down to 21 feet (6.4 meters), 
you can expect your system to survive a wind veloci- 
ty of 90 MPH (145 kmlhour). (This assumes, of 
course, that the tower was properly installed, and that 

all the manufacturer's recommendations were 
followed. 

You can also expect your fully extended tower to 
survive higher wind velocities than specified if the 
antenna wind area is less than the maximum rating 
for the particular size tower. Fig. 3 shows how the 
maximum antenna wind area for a given tower varies 
with the allowable wind velocity. For example, the 
HG-70HD, which is rated at 16 square feet (1.5 square 
meters) in 60 MPH (96.6 kmlhour) winds, can safely 
handle only 10 square feet (0.9 square meter) in 70 
MPH (1 13 kmlhour) winds. 

As you can also see from fig. 3, larger antenna loads 
may be possible if lower wind velocity figures are 
used. Unless your tower is sheltered from the wind, 
it would be dangerous to assume that the wind would 
always stay under 30 MPH (48 kmlhour). These fig- 
ures should be used only as a demonstration of what 
may be possible in your installation. Other factors such 
as the type of soil, ice loading, and wind-driven sand 
(sandstorms) may affect your particular installation. 
Again, your best bet is to follow the manufacturer's 
recommendations on anything questionable. 

The manufacturers of guyed towers (such as the 
Rohn Model 25G and Model 45G) usually recommend 
specific guying configurations depending on the height 
of the tower and the specific area of the country in 
which installation is ~ l a n n e d . ~  The maximum wind area 
is specified as "allowable load" for each type of tower. 

The Electronic Industries Association has divided the 
continental U.S. into 3 wind load zones (see fig. 4).4 

Zone A encompasses most of the United States. 
Short towers constructed within this zone should be 
capable of withstanding loading of 30 pounds per 
square foot (147 kilograms per square meter). This cor- 
responds to approximately 87 MPH (140 kmlhour) 
winds. 

Zone B encompasses northwest Washington, north- 
central California, part of the northern Great Plains and 
northern Rockies, the area surrounding Madison, 
Wisconsin, and most of the Gulf Coast and eastern 
seaboard. Short towers within this zone should be 
capable of withstanding loading of 40 pounds per 
square foot (196 kilograms per square meter). This cor- 
responds to approximately 100 MPH (161 kmlhour) 
winds. 

Zone C encompasses two areas, the southeast tip 
of Florida and most of the eastern coast of North 
Carolina. Short towers within this zone should be 
capable of withstanding loading of 50 pounds per 
square foot (245 kilograms per square meter). This cor- 
responds to approximately 112 MPH (180 kmlhour) 
winds. 

Fig. 5 shows typical guying configurations for the 
Rohn Model 25G guyed tower installed in Zone A at 
various heights. This configuration is for an "allowable 
load" of 6 square feet (0.56 square meter). 
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1 masts 

ALLOWABLE WIND SPEEDfUPH) 
I 

I fig. 3. Example of antenna wind area versus wind speed 1 
I for four commercially-available towers. 

Self-supporting towers are similar to crank-up 
towers in their specifications. They usually specify a 
maximum wind area or wind load limit at a particular 
wind velocity. If a particular manufacturer does not 
list a wind velocity with the load rating, you should 
ask for this figure from its customer service depart- 
ment. If the wind velocity rating given is less than 50 
MPH (80.5 kmph), you may wish to add guys to your 
tower if you are at or near the rated load. If the wind 
velocity given is greater than 80 MPH (129 kmph), the 
rated loading should be safe unless you live in Zones 
B or C, as previously mentioned. If you do live in one 
of these zones, be sure to choose a tower with a rated 
wind velocity figure greater than 100 MPH (161 kmph), 
or be prepared to add guys. 

While the mast doesn't receive as much attention 
as the tower or rotator in the ratings game, it can be 
of vital importance in maintaining the integrity of your 
antenna system. 

Only a few manufacturers supply masts for anten- 
na systems. Normally it's easier and cheaper for an 
individual to purchase a length of steel tubing at the 
local lumber yard or electrical supply store than it is 
to purchase it by mail order. For the average antenna 
installation, this is quite adequate. A length of 2-inch 
(51 mm) O.D. schedule 40 or schedule 80 pipe is suit- 
able for a tribander and a small VHF antenna. How- 
ever, if you plan to stack HF antennas in Christmas- 
tree fashion to assemble an array of VHF antennas for 
EME, you may wish to analyze your system and con- 
sider other possibilities. 

Following the previous examples given, find the 
wind area for each antenna, boom, and mast in your 
system. Use these wind areas and an appropriate wind 
velocity to determine the loading from each. Multiply 
these loads by the distance to the nearest supporting 
boom, mast, or tower to find the bending moments 
of these points. To analyze the flexural strength at 
these points, you'll need to have information about 
the structural member at each point. 

You will also need the initial moment of inertia, I ,  
of the cross section about the neutral axis. This can 
be obtained from: 

(for a circular cross section) 
where dl is the members O.D. in inches, and d2 is the 
members I.D. in inches. 

1 U.S. WIND LOADING ZONES 

Recommended wind loading zones 
values of wind loading in pounds per 
square loot lor tower designs as 
recommended by Electronic Industries 
Association (RS222C). 

I'ndcr 300 Ft. 

301 Ft. to 650 Ft. 

Over 650 Ft. 

fig. 4. Chart details recommended wind loading on towers of various heights, per E.I.A. RSZ22C. 
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You will also need the initial distance from the neu- 
tral axis to the extreme fiber where failure occurs, c. 

dl c = -- inches 2 (5) 

The flexual strength can then be obtained by 

I2 M c f = - -,- - 16s. /in.2 (psi) 

The constant 12 is necessary for the feet-to-inch 
conversion if the moment is expressed in foot pounds. 

When the flexural strength exceeds the yield 
strength given for the particular member, the member 
will deform or break. The yield strength for tubular 
steel is typically 50,000 - 100,000 pounds per square 
inch. You will need to check with your local supplier 
to obtain this information. 

Your masts and supporting booms should be strong 
enough to support your antenna system and be able 
to withstand the environmental conditions in your 
area. For example, if you live near salt water or in a 
highly industralized area, you should be especially 
vigilant about preventing and correcting corrosion. 

Normally antenna and tower manufacturers are 
aware of these concerns and take steps to protect their 
product. Antennas are made from a corrosion-resistant 
alloy of aluminum, usually 6063-T6 or 6061-T6. Towers 
are normally hot-dip galvanized steel. 

Masts purchased locally may not have any protec- 
tion at all. If the mast has a very thick wall, this may 
not be a problem, but thin-walled steel or aluminum 
may be susceptible to corrosion if not protected. 

summary 
It may be unwise to follow the old saying, "If it 

doesn't come down, it isn't big enough." It's to your 
advantage to ensure the integrity of your anten- 
naltower system by matching the components so that 
your antenna system stays where it's supposed to 
stay. Know the limitations of your system's com- 
ponents and how each component interacts with the 
other and with the environment. It's up to the manu- 
facturer to supply you with sufficient information to 
enable you to analyze your system, so that you can 
enjoy your hobby and not have to worry about your 
installation or your neighbor's roof. 

references 
1. Eugene Fuller, W2FZJ. "The Application of Stress Analysis to Antenna 
Systems," ham radio. October. 1971, page 23. 
2. TelexIHy-Gain Amateur Radio Catalog. 1983 edition, Telex Communica- 
tions, Inc., 9600 Aldrich Avenue, South, Minneapolis, Minnesota 55426. 
3. UnarcoIRohn Tower Catalog. 1976edition. Rohn. P 0 .  Box 2000, Peoria, 
Illinois 61656. 
4. EIA Standard: Structural Standards for Steel Antenna Towers and Antenna 
Supporting Structures, RS-222-C, Engineering Department, Electronic In- 
dustries Association, Washington. D.C., March, 1976. 
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make it sturdy, make it safe 

For beginner to expert - 

useful information for 

safe tower installation 

It's no joke to wake up some marning after a bad 
storm, walk outside, and see all or part of your tower 
lying hap,hazardly on the ground. Even less amusing 
is the sight of your antenna lying in the yard next door. 
People can be hurt - even lose their lives - because 
a tower wasn't big enough for its job, or wasn't erec- 
ted properly . . . or both. Careful consideration of 
several factors can help prevent disaster and enhance 
your peace of mind. These factors are the tower type 
and size, versus the load on top; the adequacy of the 
tower base; a proper guying system; safe guy anchors; 
and proper tower maintenance. 

choosing the right tower 
Your first and main concern is wind. It can do 

unbelievable things to a tower, and it's of prime im- 
portance that you have the greatest respect for that 
fact. A basic rule of thumb is that if there's the slightest 
doubt, make your tower stronger than the situation 
seems to merit. A little extra money spent on your 
tower may be the cheapest insurance you'll ever buy. 

The force the wind exerts against your tower de- 
pends on the number of square feet of surface area 
presented to the wind by the tower and the antennas, 
masts, and rotors on top. The tower manufacturer pro- 
vides a specification indicating the maximum load, in 
square feet of antennas and related equipment, that 
the tower can bear. This specification means, of 
course, that you don't have to add the square footage 
of the tower to the antenna load. In other words, it 
means that the tower is strong enough to handle the 
specified load as well as whatever square footage is 
presented by the tower itself. 

In turn, the antenna manufacturer gives you the 
square footage presented to the wind by its antenna. 
What it all adds up to is that if the tower manufactur- 

er says its tower will handle a 16-square foot load and 
the antenna specification is 12 square feet, you're on 
safe ground, even after adding the mast and rotator. 
If, however, antenna, mast, and rotator come to just 
16 square feet, that might be a little too close for 
comfort. 

Another important consideration when choosing the 
correct tower for maximum safety is where you live. 
The Electronic lndustries Association has done quite 
a bit of research, assembling meteorological data, 
county by county, throughout the United States, 
specifying the maximum wind likely to be encountered 
in any given location. 

The United States (as well as most other areas on 
earth) is divided into three zones: Zone A, with winds 
up to 87 MPH (140 kmlhr); Zone B, with winds up 
to 100 MPH (161 kmlhr); and Zone C, with winds up 
to 112 MPH (180 kmlhr). If the tower has been manu- 
factured to meet standards established by the Elec- 
tronic lndustries Association, the manufacturer will 
specify, along with the square footage of the anten- 
na's wind load, in which zone that square footage will 
apply. Of course, this specification assumes that the 
tower owner has followed the tower manufacturer's 
rules for installation and has installed an appropriate 
base and guy system. 

It's a good idea to question the supplier and/or 
manufacturer before making your final selection. If you 
choose the correct tower and install it according to 
the manufacturer's recommended procedure, any re- 
putable manufacturer should stand behind its product. 
If you want to learn about tower selection, installa- 
tion, and maintenance, contact either a dealer or a 
tower manufacturer and obtain a copy of a complete 
catalog. Rohn, for example, provides a catalog (for 
a modest charge) that contains a wealth of valuable 
information applicable not only to Rohn towers but 
to towers in general." 

the tower base 
It's important to determine whether the base will be 

used for a guyed tower or a self-supporting tower - 
and there's a big difference. In the case of the guyed 
tower, the force of the wind against the tower is 
translated by the guys from a lateral force into a 

By John M. Haerle, WBSIIR, Route 2, Box 348, 
Frisco, Texas 75034 
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downward compression. This places that force plus 
the dead weight of the tower on the base, with the 
initial tension of the guys also included in the total 
"weight" to be supported by the base. 

The self-supporting tower poses a totally different 
problem, as far as the base requirement is concerned. 
Without guys to offer added support, the concrete 
base on which the tower stands must be much larger, 
just to keep the wind from uprooting the tower as it 
might uproot a tree and its entire root structure. 

In the absence of guys, the wind force against the 
tower exerts downward pressure on the legs of the 
tower opposite the side from which the wind is blow- 
ing. Equally important is a strong upward lifting force 
on the legs nearest the source of the wind. This means 
that the manner in which the tower is anchored into 
the base is very important. A frequent cause of tower 
failure comes from trying to use a tower designed as 
a guyed tower as a self-supporting tower. Somehow, 
the reasoning seems to be that since Rohn 45G sec- 
tions, for example, are quite strong, it should be OK 
to put up 40 or 50 feet without guys and mount a tri- 
band beam up there. But the base arrangement was 
simply not designed to bear this kind of load. Oh, I 
know, somebody out there is saying, "What's he talk- 
ing about? That's exactly what I'm doing." My answer 
is, "I hope you're supporting only a 2-meter antenna, 
that you live in Zone A, and that the fates are kind!" 
I've seen people get away with - for a while - tower 
setups that would give a good mechanical engineer 
nightmares. Always review your tower plan with an 
experienced tower builder or mechanical engineer. It 
probably won't cost much - if anything at all, and 
may save a lot. 

Follow the manufacturer's recommendations for 
your base. Use steel reinforcement bars ("rebar") to 
strengthen the base. Keeping the steel bars sealed in- 
side the concrete will minimize rust problems. It is ex- 
tremely important to keep all ground rods outside and 
at least 4 inches from the base, bonding these rods 
directly to the steel tower itself. If a ground rod goes 
through the concrete base, lightning can split the base 
in its search for a path to ground. 

guy systems 
Most guy systems consist of three guys at each of 

several levels, equally spaced around the tower and 
equal in length, with sets of guys spaced up the tower 
at intervals no greater than 30 feet (even closer if the 
tower is heavily loaded). For a three-guy system, the 
guys should ideally be anchored at a distance equal 
to 80 percent of the tower height. For a light load, such 
as a small tribander, this distance can be reduced, to 
say, 65 percent of the tower height. Where you can- 
not extend the guys this far, or where there is less 
available space on one side of the tower, you can 

'UNR Rohn, Inc., Box 2000, Peoria. Illinois 61656. 

reduce the distance from the tower to the anchor to 
as little as 40 percent of the tower height by using four 
guys at each level. However, as with three guys, their 
lengths and the spacing between them must be per- 
fectly symmetrical. 

Incorrect choice of guy wire is a frequent contributor 
to tower failure. Somehow the rumor has gotten 
around that aircraft control cable is suitable for use 
as guy wire. While it will rust, is harder to work with, 
and is about 25 percent weaker than real guy wire, you 
can get by with it . . . but do you really want to? The 
correct guy wire for most ham towers is 3/16 inch 
seven-strand EHS (extra high strength) wire. I recom- 
mend that you use nothing smaller than this. It will 
even handle some towers over 100 feet tall, depend- 
ing on zone, and wind load. Follow the tower manu- 
facturer's recommendation and you will find yourself 
using either 3/16 inch or for the really big ones, 114 
inch EHS wire. 

It's important, too, that these guys be tensioned 
properly. A good rule of thumb is to tension the wire 
to about 10 percent of its breaking strength. It should 
go without saying that the tension should be equal on 
all guys at a given level. The reason for using pre- 
stretched steel wire at the proper tension is that the 
tower must be prevented from twisting when the beam 
is buffeted by high winds. More towers are destroyed 
by twisting torque forces than in any other way; they 
just twist in the wind and collapse. For this reason, 
when you're using long-boom antennas or stacked 
monobanders, it's advisable to use special "guy as- 
semblies" on the tower, providing stiff steel arms to 
improve the leverage the guys can exert in preventing 
the twist. 

Be sure to use top-quality galvanized hardware for 
your guys. This is no place to save money, and the 
difference between the cheap kind and the rustproof 
kind is simply not worth the gamble. Use three clamps 
at each junction, and put the "U" of each clamp over 
the short, or so-called "dead-end" side of the cable. 
Use "thimbles" (those horseshoe-shaped pieces) 
which prevent the cable from kinking when it goes 
through the eye of a turnbuckle or a hole in a steel 
plate. Be sure to use the correct turnbuckle for the 
size of the guy you're using. Don't scrimp on turn- 
buckles; be sure they're rustproof and that the eyes 
are forged, not cast. Finally, when you've tightened 
up the turnbuckles, run a piece of guy wire through 
the body and both eyes of the turnbuckle in a "figure- 
eight" configuration to prevent the turnbuckle from 
working loose. If more than one guy terminates at 
such a point, use only one figure-eight wire, passing 
it through all the eyes and turnbuckle bodies. 

Connecting the other ends of these guys to the 
tower is generally accomplished in either of two ways. 
When using the guy assemblies previously discussed, 
the guys are looped through the holes in the ends of 
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the torque arms, using thimbles to prevent kinking; 
if there are no guy assemblies and the tower members 
are tubular (such as Rohn), take a single turn around 
the vertical member, where the cross-members inter- 
sect the vertical part. Be sure the loop also goes 
around the bends in the cross-members, encompass- 
ing both bends and the vertical part, compressing 
them instead of pulling them apart. After making the 
single turn around the tower in this fashion, fasten 
with three clamps as usual. 

the anchors 
Conventional anchoring for most Amateur towers 

employs the screw-type anchor. This is a 4-foot by 
518-inch steel rod with a forged eye at one end and 
a 6-inch diameter auger on the other end. This is sim- 
ply screwed into the ground at the same angle taken 
by the guy wire that will be attached to it. This makes 
a surprisingly strong anchor for some pretty sizable 
towers. For example, the 68-foot Rohn 45G fold-over 
tower uses this one. In any case, consult the manufac- 
turer's recommendation. The other anchor normally 
used when the screw-type is not strong enough is the 
concrete anchor. This is a 5-foot by 518-inch steel rod, 
with a forged eye on one end and a crook on the other 
end, encased in concrete. When two or more guys 
terminate at the same anchor, equalizing plates are 
often used to divide the tension equally between the 
guys. Through-the-wall anchors and other types are 
available for those cases where restricted space does 
not provide room for conventional ground anchors. 
Again, the big Rohn catalog describes every conceiv- 
able kind of special hardware and includes detailed in- 
structions on how to use such items. 

tower maintenance 
Most of this is just common sense and we really 

know pretty much what to do. But time flies and we 
never seem to get around to maintenance as often as 
we should. We should check our guys for equal and 
proper tension. When checking for equal tension, we 
should use a long carpenter's level, placing it against 
the vertical part of the tower to be sure that it is truly 
vertical, or "plumb." A perfectly vertical tower is not 
affected by the unusual stresses invariably present 
when a tower is off "plumb." All bolts and nuts should 
be checked for tightness and replaced if they are rusty. 
Anything that shows rust but cannot be replaced (such 
as the tower itself), should be treated. This can be 
done most effectively with a cold-galvanize spray, 
which will form a chemical bond with the good gal- 
vanizing around the rust spot and prevent further rust 
formation, making the spot virtually as good as new. 
There are several brands of this material; the one I have 
used with good success is made by LPS.* 

"LPS" Cold Galvanize, HoltILloyd LPS, 4647 Hugh Howell Road, Tucker, 
Georgia 30084. 

conclusion 
Be very careful about hinging towers at the base 

and "walking" them up. This may appear to be the 
easiest way to erect 40 or 50 feet of tower, but more 
often than not, it is the most difficult and most dan- 
gerous. If you have plenty of people present - at least 
one of whom understands mechanical stresses - pro- 
ceed carefully. If not, you may find it easier for just 
two people to put that tower up, one on the tower 
with a safety-belt and a "gin-pole," and the other on 
the ground to handle the pulley rope and pick up the 
tools the other drops. 

In regard to the mast you put in the top of the tower 
to support your beam, be aware that if the height of 
the mast above the tower is, say, 10 feet, and the wind 
is blowing only 60 miles an hour against 8 square feet 
of antenna, there are some horrendous forces trying 
to convert that mast to rubble. You'll be safest with 
a good steelmast. A good aluminum-alloy mast may 
be lighter and just as strong right up to the instant that 
it crystalizes - something that doesn't happen to a 
tough steel mast. 

High-quality close-woven nylon can do a good job 
when used for the right job - for instance, for sup- 
porting masts or the ends of dipoles. But for towers, 
it's a different story: twisting destroys towers so, very 
simply, nylon guys will stretch enough to let them 
twist; steel guys won't. Incidentally, when guying 
masts, use only close-woven nylon. The older it gets, 
the tougher it gets, but the hot sun will eventually 
disintegrate Dacron and other synthetics. 

One more comment on anchors and bases: all that 
I've said so far has been predicated on the assump- 
tion that you'll be constructing your tower over nor- 
mal soil. When the soil is swampy or sandy, consult 
an experienced tower builder or a civil engineer. 

A couple of notes on climbing: Spend the money 
for a good quality, approved safety belt. It's cheap in- 
surance. ( A  friend and former colleague lost his life 
using a home-made safety belt.) When climbing a 
tower, you come to the moment of truth every time 
you have to unhook the belt to move up around a set 
of guys. It may be a little more trouble but it's a good 
idea to equip your belt with two lanyards. You can 
then leave one fastened around the tower below the 
guys until you've fastened the other one above the 
guys. . . after which you can unfasten the lower one 
and move up with complete safety. If you're squeam- 
ish about climbing towers, this system will provide 
both safety and reassurance. 

is "Structural Standards for Steel Antenna Towers and 
Antenna Supporting Structures," EIA Standard 
RS-222-C, March, 1976, available from EIA, 2001 Eye 
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AUTOMATIC THRESHOLD CORRECTION RECEIVE 170 HZ FIXED OR 100-1000 HZ VARIABLE SHIFT 800 HZ multi-stage 
CW FILTER PRE-LIMITER AND POST-LIMITER FILTERS SERIAL RS-232 FIELD INSTALLABLE OPTION 117 VAC WALL 
ADAPTOR SUPPLIED PLUS (+) and MINUS (-) CW OUTPUT JACKS MAGIC EYE STYLE BAR GRAPH TUNING INDICATOR 

SCOPE OUTPUT JACKS NORMAL/REVERSE front panel switch MANUAL (override) PTTswitch VARIABLE THRESHOLD 
for CW ANTI-SPACE RTTY KEY INPUT JACK for narrow shift CW ID on RTTY. CW practice, or keyboard bypass. 

The CP-1 is made in the U.S. with high quality components including 
double-sided glass epoxy through-hole plated boards, complete with $239.95 List $199.95* CP-1 
solder mask and silk screened parts designators. 

(CP-1 witt 

$239 
i VIC 20 N IBATEXT) 

r COMN i4 MBATE 
-.A,. . -.- time of p u ~  

-, -,... n PACKAGE SY~LIALS tht I-( XTm software with th .chase 
~d you recelve a brkuHL r ~ ~ n ~ u t  PRICE. NOW the Desr n~ I T  ~uMI'UTER 
ITERFACE SYSTEM is available at prices comparable only to vastly inferior systems. 

CP-1/64 (CP-1 with C-64 MBATEXT) 

'SUGGESTED AMATEUR DISCOUNT PRICE THROUGH PARTICIPATING DEALERS ONLY 

For orders and quotes CALL TOLL FREE 800-336-4799 
In Virginia CALL TOLL FREE 800-572-4201 

For information: (703) 643-1063 

Store hours: MWF: Noon-8 PM Order hours: M-F 11 AM.7 PM 
TThS: 10 AM-4 PM Sat 10AM-4PM 

ege, inc. 
13646 Jefferson Davis Hwy. 
Woodbridge, Virginia 22191 

Send 3 stamps for a flyer. Dealer inquiries invited. H 133 



keep your tower UP 
Regular maintenance 

means lasting success 

Those of us fortunate enough to have towers with 
moderate to complex antenna systems sometimes take 
them for granted. Even though we've invested sub- 
stantial amounts of time and money in planning and 
erecting our systems, once they're up we tend to head 
for the ham shack and forget that they're there. Only 
the rotator control and the S-meter remind us that 
there's something out there, after all. 

That's why I've designated a specific time of year 
- well before winter sets in - for a thorough annual 
inspection of every inch of metal in my system. 

Good planning keeps the number of trips up the 
tower to a minimum, and the work pleasurable. 

Choose a comfortable time of year; windy, hot or 
cold days will only discourage you from staying on the 
tower any length of time. I usually do my inspection 
in the fall, when temperatures are moderate and it's 
a joy to be up there. There's a built-in benefit for your 
system, too, in choosing fall as the time for your an- 
nual inspection. After a summer of heat and ultraviolet 
stress - and battering by the winds of thunderstorms 
and perhaps even hurricanes, the stiffening tempera- 
tures of winter can bring tape and cables to their nat- 
ural end. Those who live in areas where seasonal 
changes are less severe may opt for a different time. 

inspect the antenna 
Gather the appropriate tools (pliers, wrenches, tape, 

sealant, etc.) and an approved (not home-made) safety 
belt. Climb up once, check and correct any deficien- 
cies on the way down, and celebrate your good 
planning. 

Most of your time will be spent right at the top, 
where you'll first make a visual inspection of the anten- 
nas. Although most of the hardware will be beyond 
your reach, a look at the general condition will reveal 
a great deal. Loose or missing hardware is a sure sign 
of trouble. Sometimes scratches and the general pat- 
tern of weathering will indicate any elements turned 
from original position. After your visual inspection is 
complete, shake the whole assembly; you'll hear or 
see anything that's come loose. 

The first part of the beams to deteriorate is often 
the support cable for the boom. Check that thorough- 
ly, because without it the wind tolerance of your beam 
may be far less than you think. All broken or missing 
parts should be replaced, even if that calls for a major 
antenna party. Electrical connections should also be 
checked thoroughly, since an increase in the resistance 
at the feedpoint can mean needless loss of power. I 
routinely spray all connections with clear acrylic sealer. 
Available in the spray paint section of most hardware 
stores, this product will prevent corrosion on the con- 
nections. A saturating coat sprayed over all connec- 
tions once every two or three years is easy to apply 
and seals all cracks, yet allows disassembly when 
necessary. 

don't forget the feedline 
While at the top of the tower, remember to check 

the attachment of the feedline to the antenna and 
mast. This provides strain relief for the antenna con- 
nection. Tight taping is normally used here, but even 
the stresses of normal turning can loosen these sup- 
port points. Although most of us use electrical tape 
for this, fiberglass reinforced strapping tape will serve 

- 
By Steve Makulec, KBSIW, 8041 Hilltop Court 
East, Winnebago, Illinois 61 088 
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fig. 1. Illustration of split drain pipe reducer as drip-cap 
for tower top. 

well at high-stress points such as this. If loose, retap- 
ing is in order; pay particular attention to the loop of 
feedline necessary to allow rotation of the antenna. 
Multiple feedlines can be taped together to support 
each other, but a larger loop should be allowed to ac- 
commodate the additional stiffness. (If you put the an- 
tenna at the center of its rotation before climbing the 
tower, it will be easier to visualize where this rotation 
loop must be located, and any necessary repair will 
thus be easier to spot and simpler to do.) 

grease fittings: good idea 
A step down the tower's top section will allow in- 

spection of the mast bearing. Check and replenish the 
lubrication of this bearing if necessary. Most of us use 
a top section that has no true bearing, utilizing a top 
pipe section to guide the mast instead; these sections 
are particularly difficult to lubricate, since the pipe 
length may be as long as 30 inches. The mast in most 
installations like this fits loosely, with approximately 
0.1 inch (2.5 mm) diametrical clearance. Using a hand 
grease gun to inject grease through the various holes 
already in the tower pipe makes this &ore easier, and 
a homemade rubber washer will serve as a seal when 
pressed over the hole with the grease gun while lubri- 
cating. 

To simplify lubrication of the entire length of the 
pipe, I installed automotive grease fittings in a few 
places along the tower pipe. If you do this, take care 
to choose fittings that are flat on their bottoms, and 
install them so they don't protrude into the inside of 
the tower pipe, because this would cause a wear point 

on the mast. One alternative is to leave the fittings in 
only during the lubrication process and then cover the 
holes with tape. I admit that while installation of the 
fittings is a cinch on a new tower still on the ground, 
it could be quite a challenge on an existing tower. 

Water and dirt must be kept out of the bearing area. 
If they're not, your antenna may freeze in place dur- 
ing the winter. You can easily install a drip cap to pre- 
vent this, using readily available hardware. 

My mast pipe, like most, is a standard pipe size. For 
the typical installation, 1.5 inch (38.1 mm) pipe which 
is 1.9 inch (48.3 mm) OD fits through a 2 inch (50.8 
mm) ID tower tube, which is in turn about 2.25 inches 
(57.2 mm) OD. Since the mast pipe is a standard pipe 
size, a 1.5 inch (38.1 mm) to 2 inch (50.8 mm) reducer 
for plastic drainpipe makes an excellent drip cap (see 
fig. 1). Just cut it in half with a hacksaw, file out the 
internal chamfered stop, and fit the two halves snug- 
ly over the mast pipe. Use an automotive hose clamp 
to hold it in place over the top of the tower pipe; water 
and dirt will be excluded, and the mast will rotate freely 
for a longer length of time than it might without pro- 
tection (see fig. 1). For other standard mast pipe sizes, 
different size reducers are required; there should be 
no problem as long as the water pipe used for the mast 
and the plastic drain pipe follow the same size con- 
ventions. 

on the way down 
On your way down, check all cables for proper sup- 

port, replacing tape as necessary. Look for any rust; 
it's a sure sign that galvanizing in that spot on the 
tower has been scraped off. Remove the rust with a 
light sanding and seal with acrylic sealer or aluminum 
paint. 

Check bolts and nuts for tightness, both at the 
.tower section joints and on any other hardware. Guy 
wire attachment points are particularly important. 
Treat all bolts to prevent their nuts from rotating off 
should loosening occur; this can be done by striking 
a center punch against the bolt thread protruding be- 
yond the nut. By slightly upsetting the thread, you'll 
prevent the nut from vibrating off, but don't be so ag- 
gressive that you destroy both the thread and your 
chances of disassembly later on. 

on the ground 
Back on ground level, check the cable entry into the 

house to make sure it is still properly sealed. Check 
the connections to the tower ground system, too, both 
for tightness and for any signs of corrosion that would 
cause poor contact. If the grounding wires have be- 
come kinked for any reason, straighten them as need- 
ed for optimum protection against lightning. 

Now take a walk around the yard. Are all guy wires 
and turnbuckles secure, all nuts and bolts tight? Here 
in particular, upsetting the threads of the bolts as de- 
scribed above is appropriate, since they generally can't 
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by vt(e ) K.V.G. 

I 9 MHz CRYSTAL FILTERS 
Appll- Band- 

MODEL cation width Poles Price 
XF-9A SSB 2.4 kHz 5 $53.15 
XF-9B SSB 2.4 kHz 8 72.05 
XF.9841 LSB 2.4 kHz 8 95.90 
XF.96-02 USB 2.4 kHz 8 95.90 
XF.9B-10 SSB 2.4 kHz 10 125 65 
XF.SC AM 3.75 kHz 8 77.40 
XF.qn AM SO kHz 8 77.40 ... "- . . .. 
XF.9E FM 1510 kH; 8 77.40 
XF.9M CW 500 Hz 4 54.10 
XF.9NB CW 500 HZ 8 95.90 
XF.9P CW 250 Hz 8 131.20 . XF910 IF nolse 15 kHz 2 17.15 

I 10.7 MHz CRYSTAL FILTERS 1 
XFlO7-A NBFM 12 kHz 8 $67.30 
XF107-B NBFM 15 kHz 8 67 30 
XF107.C WBFM 30 kHz 8 67 30 
XF107.D WBFM 36 kHz 8 67 30 
XF107.E P~xIData 40 kHz 8 67 30 
XM107.SO4 F M 14 kHz 4 30 15 
Export Inquiries Invited Shipping $3 50 

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

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691.137 $249.95 
1296 MHz MMkl296-144G 149.95 
4321435 MMc432.28(S) 74.95 
439.ATV MMc439.Ch x 84.95 
220 MHz MMc220-28 69.95 
144 MHz MMc144-28 54.95 
Opt~ons: Low NF (2.0 dB max.. 1.25 dB max.), other bands 8 IF'savailable 

LINEAR TRANSVERTERS 
1296 MHz 1.3 W output, 2M ~n MMt1296-144 $339.95 
4321435 10 W output. 10M ~n MMt432-2WS) 269.95 
144 MHz 10 W output. 10M in MMt144-28 179.95 
Other bands 8 IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W output UT1296BL $450 00 
4321435 100 W output MML432-100 399.95 

50 W output MML432.50-S 239 95 
30 W outpul MML432-30-LS 189 95 

144 MHz 1W W oulput MML144-100-LS 269 95 
50 W output MML144-506 214 95 
30 W output MML144-30-LS 10995 
25 W oulput MMLt 44-25 99 95 

All models lnciude VOX TIR switchi 
"L" models 1 or 3W drlve, other 

Shipping: FOB Concord. Mass. 

ANTENNAS 
420.450 MHz MULTlBEAMS 
48 Element 701MBM48 15.7 dBd 
88 Element 70lMBMM 18.5dBd 

144.148 MHz J-SLOTS 
8 over 8 Hor. pol D812M 12.3 dBd 
8 by 8 Vert poi D812M-vert 12 3 dBd 
10 + 10 TWISI lOXYl2M 11 3 dBd 

UHF LOOP YAOlS 
1250-1350 MHz 29loops 1 m L Y  20dBi 
1650.1750 MHz 29loops 1691-LY 2OdBi 
Order Loop.Yag! connector extra: Type 

Sena 40e 17 slampsl lor lull aela~~s ol a I your VMF d 8IHF WUID 
men1 an0 KVG cryslal proaucl reguqremenls 

$63 40 
ASK 

79 95 

SPECTRUM 
RNATIONAL, INC. 
st Office Box 1084 

28 June 1984 

be tightened completely and still allow equalizer plate 
motion. Note the condition and tension of the guy 
wires: any signs of rust or wear in the wire calls for 
immediate replacement. In checking tension, remem- 
ber that it will change from season to season with ris- 
ing and falling temperatures, which is why I check 
mine in the fall when temperatures are moderate. This 
factor is important enough for tower manufacturers 
to recommend different guy wire tension for different 
temperatures at the time of installation. Lacking the 
equipment needed to measure tension, a rule of thumb 
is to tighten the turnbuckles as much as you can with 
your bare hands. This will normally leave some sag 
in the wires, especially if insulators are installed, but 
don't worry. The last bit of sag requires a great deal 
of tension to remove and puts undue stress on the 
wires and the tower. Remember that the wires are pull- 
ing not only out but also down, and all that force has 
to be supported by the tower. 

Finally, if you haven't installed safety loops and 
checked them, install one now at each guy anchor. 
A safety loop may be as simple as a short loop of guy 
wire threaded through the guy wire ends and the 
anchor rod loop, with the ends held together with nor- 
mal wire clamps. The loop serves to catch the guy 
wires and save the tower if a turnbuckle should break. 
The loop may also be threaded through the turn- 
buckles in figure-eight fashion to keep the turnbuckles 
from loosening. 

ham radio 

KPA5 1 W A l T 7 0  C M  ATVTRANSMllTER BOARD 
APPLICATIONS: Cordless porlable N camera lor races d olher publtc service 

events. remolr VCR, etc. Remote control of RIC airplanes or robots Show home 
vtrleo tapes, computer programs, repeal SSTV lo  local ANers DX depends on 
anlennas and lerraln typ 1 lo 40 m~les. 

FULL COLOR VIDEO 6 SOUND on one small 3.25~4" board. 

RUNS ON EXTERNAL 13.8 VDC at 300 ma supply or battery. 

TUNED WITH ONE CRYSTAL on 426.25.434.0, or 439.25 mHz. 

2 AUDIO INPUTS for a low Z dynamic and line level audlo Input found in most 
porlable color cameras, VCRs, or home compulers 

APPLICATION NOTES 8 schematic supplied for lyp~cal external connections. 
packaging. and system operatlon. 

PRICE ONLY S159 delivered vla UPS surface In the USA Technlclan class 
amateur l~cense or htgher requ~red for purchase and operatlon 

WHAT IS  REQUIRED FOR A COMPLETE OPERATING SYSTEM? A TV sel with a 
N C - 2  or NC.4 420-450 mHz to channel 3 downconverter. 70cm antenna.andcoax 
cable to receive. Package up the KPA5, add 12 to 14 vdc, antenna, and any N 
camera. VCR, or computer w~th  a composite v~deo oulput. Simple. eh7 

CALL OR WRITE FOR OUR COMPLETE CATALOG 8 more ~ n f o  on atv 
downwnverters, antennas, cameras etc,  or who IS on In your area 

TERMS Vlsa. Mastercard or cash only UPS COD by telephone or mall Telephone 
orders 8 postal MO usually shlpped wrthtn 2 days all other checks must clear before 
shtpment Transm~ttlng equtpment sold only lo  l~censed amateurs verlf~ed In 1984 
Callbook Callf bnctude sales tax 

(t3l8) 447-4565 m-I 8amdpm pst. 

P.C. ELECTRONICS 2522 Paxson Lane 
Tom WBORG Maryann WB6YSS Arcadia CA 91 006 
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MOSFET Repeater Amplifiers 
. Basic Amplifiers with the low noise advantages of MOSFET's. 

4111 100 Watt 2 Meter Amplifier - At 13.6 Volts; 10 Watts in = 90 Watts out. At 16 Volts; 10 Watts in = 
100 Watts out. $295 

4112 100 Watt 220 MHz Amplifier - At 13.6 Volts; 10 Watts in = 70 Watts out. At 16 Volts; 10 Watts in = 
80 Watts out. $295 

Other repeater amplifiers available. 

d 

Useful Accessories 

4109 Plug-in 2 meter Receive Preamp - For Falcon power amplifiers. 12 dB gain, 2dB noise figure. $36 

4110 Plug-in 220 MHz Receive Preamp - For Falcon power amplifiers. 12 dB gain, 2.5 dB noise 
figure. $39 

4116 2 Meter Receive Preamp - Base or mobile use. 16 dB gain, 2 dB noise figure. Automatic TIR 
switching. Use with up to 45 Watt transceivers. Requires 12 VDC. $63 

4117 Twin 40 dB RF Coupler - Two 40 dB attenuators coupled to thru signal line. Works with various 
test equipment. Thru line handles transmitter power and is used with wattmeters and dummy loads. At- 
tenuated ports are used to; insert receiver power; sample transmitter power for counters and spectrum 
analyzers; etc.. The 40 dB attenuation protects the test equipment from damage due to transmitter 
power. Flat to 520 MHz, useful to 1000 MHz. Maximum transmitter power, 50 Watts. $42 

4118 Splice Kote - Special heat sink tubing with thermoplastic inner coating is used to weather seal 
coaxial fittings, rotator cable splices, etc.. Good for direct burial. Five 6" lengths provide enough 
material for 515 splices. $1 2 

(41 5) 851 -8779 
rr 137 & P.0. BOX 620625 

COMMUNICATIONS Woodside, CA 94062 



The lC-745 represents a -6dB Center 
major breakthrough In the ham R b r  Width Freq. MHz 
indu stry... a full featured HF base FL45 500 Hz 9.000 
stot~on transceiver with a corn- FL53A 270 Hz 9.000 
b~nation of standard features FL44A 2.1 KHz 0.455 
found on no other transceiver in FL52A . 500 Hz 0.455 
its price range. FL54 250 Hz 0.455 

The 10745 IS the only trans- 
ceiver today that has such 

Compare these exceptional features standard ... the number of 
standard fealures: optlons and accessories availa- 

1OOKHz - 3OMHz Receiver ble ... and such an affordable 
price. 

16 Memories 
100% Transmit Duty Cycle 
Transmitter with exception- 
ally low distortion 
IF Shin AND Passband Tunlng 
Receiver Reamp 
lOHz/SOHz/lKHz Tunlng Rates 
with 1MHz band steps 
Adjustable Noise Blanker 
(width and level) 
Continuously Adjustable AGC 
with an OFF position 
Full function Metering with a 
built-in SWR Bridge 
Optional Internal AC POwer 
Supply 

Other Standard Features. 
Included as standard are 

many of the features most asked 
for by experienced ham rodlo 
operators: dual VFO's. RF speech 
compressor, tunable notch filter, 
all-mode squelch, program 
band scan, memory scan 
(frequency and modes are 
stored), receiver and transmitter 
incremental tuning and VOX. 

ICOM's proven transceiver 
designs and technology are 
used in the IC-745 all ham band 
transceiver which includes SSB. 
CW. RTY. AM receive and an 
optional FM plus a 100KHz to 
30MHz general coverage receiver. 

ICOM Svstem. 
The IC-745 IS compatible 

with ICOM's full line of standard 
HF accessories. 

Accessories available 
include the IC-PSI5 base supply. 
IC-PS30 system power supply 
(switching). IC-PS35 internal 
power supply, the IC-2KL linear 
amplifier. AT100 automatic 
antenna tuner, AT500 automatic 
antenna tuner, HPI headphones, 
and HM12 hand or SM6 base 
microphone. 

Optlons. h e  EX241 marker 
and EX242 FM module, plus a 
wide varieiy of filters for sharp 
audio reception are available. 

The World Svstem 
d 

ICOMAmerko, Inc., 21 12-1 16th Ave NE, Dellewe. WA 98004(206)4546155 / 3331 Towemood Drh~,Svice307, Dnllas,lX 75234(214)620-2760 
All mfed m o l c f u  ore oppommore ond wb)ect to chonge mfhour nonce a &Jigonon All ICOM rodla sqntficcmrty exceed FCC requloriaa l~rn~nng mas emtuionr 



applied Yagi antenna design 
part 2: 

220 MHz and the Greenblum design data 

220 MHz Yagis 
with different tapers 

provide best gain 
and FIB figures 

This article addresses antenna design for the 220 
MHz VHF band. In comparison to 144 MHz, this band 
offers similar propagation conditions, with a reduction 
in antenna size of approximately 35 percent. Hence, 
for the same physical boom length, more gain and a 
sharper pattern can be realized. The antennas de- 
scribed for 220 MHz differ from those analyzed for 144 
MHz1 for another reason as well: the Greenblum 
antenna design data, rather than the Kmosko-Johnson 
data used in last month's article, is used for the 220 
MHz Yagis. 

If widespread and long term publishing and repub- 
lishing are reliable indicators of popularity, then 
Greenblum's set of charts and curves must be one of 
the best known design tools in all of Amateur Radio. 
This formerly Telrex-proprietary data was first publish- 
ed in 1956 as a two-part s e r i e ~ . ~ ~ ~  One of the first non- 
Telrex VHF applications was Tilton's six-element 50 
MHz Yagi.4 Applications for other VHF and UHF bands 
f o l l o ~ e d . ~  A recent computer-optimized 144 MHz 
moonbounce antenna developed by Joe Reisert, 
WIJR, was also based on Greenblum's data.6 

Yet, as is the case for the 220 MHz band to which 
this article is addressed, Greenblum's design data re- 
mains somewhat of an enigma. Neither Greenblum nor 
those who republished his charts and tables ever speci- 
fied a reflector length. Reflector spacing is given, as 

are director lengths and spacings, but no reflector 
lengths are provided. As part of the preliminary work 
in preparing this article, Greenblum antennas using 
mid-range element spacing values were modeled. With 
a 100:l wavelength-to-diameter ratio, maximum gain 
with six elements occurred with a reflector length of 
0.49 wavelengths. The overall pattern was, however, 
of little use. Reflector lengths dropped as element 
numbers were reduced, until a reflector of 0.479 wave- 
lengths was reached for the two-element beam. As 
these antennas would be of little use at 220 MHz, their 
modeling was not pursued any further. 

technical background 
As was the case with Lawson,' Greenblum's design 

calculations were derived from Uda and M u ~ h i a k e . ~  
Greenblum's reactance charts and his formula are 
referenced to the very same pages in Uda and 
Mushiake's work as those to which Lawson referred. 
In 1978, Powerss reconfirmed the basic Greenblum 
data by using element spacings from the middle of the 
specified ranges for all parasitics. Gain and FIB figures 
similar to those originally stated by Greenblum were 
said to have been obtained. 

Tilton's previously cited work produced a different 
set of element lengths and spacings. He found that 
the more or less traditional tapering schemes in use 
for VHFIUHF antennas resulted in an increase in for- 
ward gain. Element spacings used were towards the 
lower end of the specified range. When the Tiltonl 
Greenblum designs are compared against Viezbicke's 
findings,1° very favorable boom-to-gain ratio com- 
parisons are realized. One further measure of the value 
of Tilton's modifications was the use of his 50 MHz 
design by a well known commercial antenna manufac- 

By Stanley Jaffin, WB3BGU, 800 Stonington 
Road, Silver Spring, Maryland 20902 
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table 1. Reference TiltonIGreenblum 220.5 MHz anten- 
na with specified element spacings and parasitic ele- I 
ment lengths to be supplied with each computer 
iteration. 

cumulative cumulative 
length spacing spacing 

element (inches) (inches) (A) 
Reflector - 0.0 0.0 
driven element 25.686378 7.5 0.14011 1 
director 1 - 15.0 0.28022 
director 2 - 24.0 0.44836 
director 3 - 36.5 0.68188 
director 4 - 50.5 0.94343 
director 5 - 65.0 1.21431 
director 6 - 83.0 1.55058 
director 7 - 101 .O 1.88685 
director 8 - 119.0 2.22312 
director 9 - 137.0 2.55939 
director 10 - 155.0 2.89566 
director 1 1  - 173.0 3.23193 

turer. In view of Tilton's reputation and the widespread 
availability of his lifelong work in VHFIUHF antenna 
applications, a TiltonIGreenblum design will serve as 
the basis for computer iteration of a 220 MHz Yagi 
antenna. 

the Tilton/Greenblum design 
As a result of his previously cited work with the 

Greenblum data, Tilton published documentation on 
two 220 MHz antennas. An eleven-element Yagi ap- 
peared in the 1968 Radio Amateur's Handbook," and 
a seven-element Yagi appeared in The Radio 
Amateur's YHF Manual.12 The longer design is a scal- 
ing and reoptimization of a 432 MHz antenna of eleven 
elements. Based on the nature of the Greenblum data, 
these would appear to be two very different 220 MHz 
antennas. 

For purposes of computer iteration, the eleven- 
element antenna is extended to thirteen elements by 
adding two more directors. Table 1 shows the 
reference design upan which this article is based. 
Since it is predicated on the Greenblum design data, 
the tapering scheme continues through the additional 
directors, and their spacing is identical to the spacing 
of the ninth director. 

The design frequency is 220.5 MHz, which allows 
optimizing the design to cover the weak signal area 
of the 220 MHz band. Yagis at this frequency are more 
inherently broadbanded than at 144 MHz. With few 
exceptions, the designs optimized at 220.5 MHz will 
work equally well over the first few megahertz of the 
entire band. There are strong indications that Tilton's 
eleven-element design was optimized close to this de- 
sign frequency, and that the seven-element Yagi was 
optimized at 221.5 MHz. 

table 2. Optimized gain iteration for a 0.000 taper with 
a 26.375-inch reflector. 

director 1 gain 
(inches) (dBi) 

22.000 14.081 
22.125 14.238 
22.250 14.396 
22.375 14.555 
22.500 14.712 
22.625 14.863 
22.750 15.005 
22.875 15.131 
23.000 15.234 
23.125 15.305 
23.250 15.332 
23.375 15.304 
23.500 15.212 
23.625 15.051 
23.750 14.827 
23.8W 14.527 
24.000 14.162 

table 3. Optimized FIB iteration for a 0.000 taper with 
a 26.875-inch reflector. 

director 1 
(inches) 

21.750 
21.875 
22.000 
22.125 
22.250 
22.375 
22.500 
22.625 
22.750 
22.875 
23.000 
23.125 
23.250 
23.375 
23.500 
23.625 
23.750 
23.875 
24.000 

gain 
(dBi) 

13.618 
13.776 
13.937 
14.099 
14.262 
14.424 
14.582 
14.733 
14.872 
1 Kg94 
15.092' 
15.158 
15.184 
15.163 
15.093 
14.971 
14.801 
14.578 
14.271 

table 4. Frequency response parameters for the zero 
taper gain optimized antenna. 

gain 
frequency (dBi) 

216.5 14.737 
217.5 15.007 
218.5 15.194 
219.5 15.301 
220.5 15.332 
221.5 15.295 
222.5 15.201 
223.5 15.065 
224.5 14.903 

FIB (dB) 

16.075 
16.472 
16.169 
15.425 
14.537 
13.695 
13.003 
12.515 
12.266 
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Tilton included matching techniques with the de- inches. In terms of the parasitic element iteration 
signs for both of his antennas. The iterated thirteen- lengths, multiples of 0.125 inches are used. No real 
element antenna can easily use the same matching differences were found at 220 MHz by using a finer 
hardware as the eleven-element antenna because the increment. 
two additional directors are not going to change the 
antenna's input impedance by very much. And be- computer-designed 
cause Tilton used wooden booms for his antennas, TiltonIGreenblum antennas 
element length conversion calculations are not Tilton presented one long Greenblum antenna for 
necessary for the reference antenna. The element 220 M H ~ .  T~~~ antenna had a taper of 0.125 inches. 
diameter remains at 0.125 inches. As 0.0625 inches F~~ purposes of exploring this design computer 
represents the 'losest to'erance which most iteration, five antennas are presented. In increments 
Amateurs can cut antenna tapering of 0.0625 inches, their tapers vary from zero to 0.25 
schemes will be expressed in multiples of 0.0625 inches. Each antenna is presented with tables show- 

table 5. Frequency response parameters for the zero 
taper FIB optimized antenna. 

gain 
frequency (dBi) FIB (dB) 

216.5 13.436 19.360 
217.5 13.533 21.773 
218.5 13.620 24.604 
219.5 13.700 27.743 
220.5 13.776 29.793 
221.5 13.852 28.567 
222.5 13.928 25.867 
223.5 14.004 23.402 
224.5 14.079 21.381 

D E G R E E S  

FRED : 2 2 0  5 0 0  DIR i = 2 3  2 5 0 0  

EL NUN : I 3  TAPER ' 0  0 0 0 0  

EL OlAH : 0  1 2 5 0 0  F  GAIN ' I 5  332 

R E F  = 2 6  3 7 5 0  F B  = 14 5 3 7  

fig. 1. Gain optimized antenna with a zero taper. 

ing optimized gain and F IB iterations, calculated per- 
formance across an 8-MHz bandwidth (216.5 MHz - 

table 6. Optimized gain iteration for a taper of 0.0625 
with a 26.375 inch reflector. 

director 1 
(inches) 

22.000 
22.125 
22.250 
22.375 
22.500 
22.625 
22.750 
22.875 
23.000 
23.125 
23.250 
23.375 
23.500 
23.625 
23.750 
23.875 
24.000 

gain 
(dBi1 

13.745 
13.894 
14.045 
14.201 
14.358 
14.515 
14.671 
14.824 
14.971 
15.108 
15.230 
15.331 
15.402 
15.437 
15.427 
15.366 
15.250 

FIB (dB1 

20.212 
20.984 
21.837 
22.748 
23.639 
24.341 
24.582 
24.141 
23.063 
21.617 
20.063 
18.553 
17.161 
15.924 
14.868 
14.025 
13.446 

table 7. Optimized FIB iteration for a taper of 0.0625 
with a 26.875 inch reflector. 

director 1 
(inches) 

22.000 
22.150 
22.250 
22.375 
22.500 
22.625 
22.750 
22.875 
23.000 
23.125 
23.250 
23.375 
23.500 
23.625 
23.750 
23.875 
24.000 

gain 
(dBi) 

13.597 
13.753 
13.912 
14.073 
14.235 
14.397 
14.558 
14.714 
14.862 
15.000 
15.121 
15.221 
15.294 
15.334 
15.337 
15.301 
15.224 

FIB (dB) 

27.636 
28.716 
29.485 
29.543 
28.702 
27.227 
25.514 
23.809 
22.21 1 
20.753 
19.437 
18.266 
17.241 
16.372 
15.679 
15.194 
14.969 
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PRIVATE PATCH II 
THE ULTIMATE SIMPLEX AUTOPATCH 

PRIVATE PATCH II is for the discriminating amateur 
who demands the finest in simplex autopatch perfor- 
mance, features and quality. Our digitally processed 
VOX and simplex loop create a level of communica- 
tions quality which is not even closely rivaled. Please 
. . . do not confuse our technique with sampling!! 
PRIVATE PATCH II has the following major advan- 
tages over sampling type autopatches: 

. 
Compatible with every known transceiver-yes, synthesized 
and relay switched types included. 
No transceiver modifications are ever required! 
Connects only to MIC and external speaker jack-no inter- 
nal connections to your transceiver required. 
Natural push to talk operation-no need to pause-you may 
talk the instant the button is pressed. 
No annoying repetitive squelch tails 
No potential for repetitive information loss 
In addition to superb simplex operation, Private Patch II will 
operate through any repeater from your base location. Yes, 
any repeater! Tone encoding equipment and repeater modifi- 
cations are not required. 

STANDARD FEATURES 

• CW identification-ID ROM chip included. OUR QUALITY GLASS BOARD, SUPERB ENGINEERING 
Single chip XTAL controlled tone decoder. AND EXCELLENT COMPONENTS BLEND TOGETHER 

Tone to pulse-compatibility with all telephone systems- TO PRODUCE THE FINEST AMATEUR AUTOPATCH 

eliminates critical tone adjustments in the mobile-no wrong AVAILABLE. 
numbers, ever! Can be strapped for straight tone dialing. 
Speed djaler compatible-can consume up to 15 digits per 
second. 
Sophisticated toll restrict logic-user programmable restrict 
digits. 
Five digit access code-59,049 user programmable code 
combinations! (Their three digit code beginning with has 
less than 196 combinations.) 
Ringback (reverse patch)-alerts you with CW ID. 
Busy channel ringback inhibit-will not send CW ID alert if 
channel is in use - defeatable. 
Threelsix minute "time-out" timer-resettable from the 
mobile-four CW ID warnings during final minute. 
Control interrupt timer-assures reliable and positive control. 
Self contained 115VAC su~~ly-230V 50160 Hz available at 

CONTACT A LOCAL 
AMATEUR ELECTRONIC SUPPLY 

Milwaukee WI, Wickliffe OH, 
Orlando FL, 
Clearwater FL, Las Vegas NV, 

COLES COMMUNICATIONS 
San Antonio TX 

ERICKSON COMMUNICATIONS 
Chicago IL 

HAM RADIO OUTLET 
Anaheim CA, Burlingame CA, 
Oakland CA, 
San Diego CA, Van Nuys CA 

HENRY RADIO 
Los Angeles CA, Anaheim CA, 
Butler MO 

DEALER TODAY 
JUNS ELECTRONICS 

Culver City CA, Reno NV 

N&G DISTRIBUTING CORP. 
Miami FL 

PACE ENGINEERING 
Tucson AZ 

PlZA ELECTRONICS 
Ponce, PR 

THE HAM SHACK 
Evansville IN 

CANADA: 
DOLLARD ELECTRONICS 

Vancouver, BC 

PHILIPPINES 
CORONA INTERNATIONAL 

Cubao. Quezon City 
. - 

slight additional cost. 
Modular phone jack-and seven foot cord. 
14 day retum privilege-when ordered factory direct. CONNECT 
One year factory warranty. SYSTEMS 

INCORPORATED 
OPTION: FCC registered coupler. 
Inquire about commercial and half duplex models. 

d 
23731 MADISON ST. TORRANCE, CA 90505 

PHONE (213) 373-6803 



table 8. Frequency response parameters for the 0.0625 
taper gain optimized antenna. 

gain 
frequency (dBi) FIB (dB) 

216.5 14.748 16.050 
217.5 15.096 16.967 
218.5 15.280 16.992 
219.5 15.391 16.552 
220.5 15.437 15.924 
221.5 15.426 15.328 
222.5 15.372 14.904 
223.5 15.287 14.750 
224.5 15.180 14.954 

FREO : 220 500 D I R  I = 21 8750 

EL N U H  : I3  TAPER : 0 0000 

E L  DLAM = 0 12500 F G A l N  - 13 776 

R E F  = 268750 FB ; 29 793 

I fig. 2. FIB optimized antenna with a zero taper. I 
224.5 MHz) for each optimized antenna, and cartesian 
plots of each antenna. 

taper = 0.000 
Table 2 presents the gain optimizing iteration that 

resulted in 15.332 dBi of gain, and table 3 presents 
the FIB optimizing iteration and its calculated result 
of 29.793 dB of FIB. Differences of over 1.4 dB in gain 
and 15 dB in FIB ratio exist between these antennas. 
Tables 4 and 5 present these antennas' respective 
calculated performance over the specified bandwidth. 
Both antennas show marked peaks at 220.5 MHz in 
their respectively optimized parameters. Figs. 1 and 

table 9. Frequency response parameters for the 0.0625 
taper FIB optimized antenna. 

gain 
frequency IdBi) FIB (dB) 

216.5 13.694 20.134 
217.5 13.802 22.671 
218.5 13.898 25.607 
219.5 13.988 28.547 
220.5 14.073 29.543 
221.5 14.156 27.645 
222.5 14.238 25.084 
223.5 14.318 22.869 
224.5 14.396 21.061 

table 10. Optimized gain iteration for a taper of 0.125 
with a 26.875 inch reflector. 

director 1 gain 
(inches) (dBi) F/B (dB) 

22.000 13.286 24.765 
22.125 13.434 25.662 
22.250 13.586 26.654 
22.375 13.740 27.707 
22.500 13.898 28.715 
22.625 14.057 29.450 
22.750 13.325 18.066 
22.875 14.380 28.934 
23.000 14.540 27.676 
23.125 14.698 26.146 
23.250 14.850 24.586 
23.375 14.994 23.113 
23.500 15.127 21.774 
23.625 15.243 20.587 
23.750 15.339 19.563 
23.875 15.410 18.718 
24.000 15.543 18.078 
24.125 15.556 20.338 
24.250 15.439 17.632 
24.375 15.371 18.042 
24.500 15.243 19.164 
24.625 15.014 21.422 
24.750 14.608 24.627 
24.875 13.952 22.689 
25.000 13.093 17.932 

2 present these antennas' respective E-plane plots. The 
differences in main lobe width and depth are readily 
apparent, as is the difference in signal attenuation from 
160 to 180 degrees. It is interesting to note the ob- 
vious differences between optimized antennas with a 
zero taper when both antennas are based on a design 
approach that requires a measureable taper. 

taper = 0.0625 
Table 6 presents the gain optimizing iteration that 

resulted in 15.437 dBi of gain, and table 7 presents 
the FIB optimizing iteration and its calculated result 
of 29.543 dB. Nearly 1.4 dB of gain and over 13.6 dB 
of FIB separate these antennas. Tables 8 and 9 pre- 
sent these antennas' calculated performance over the 
specified bandwidth. Both antennas show peaks at 
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DEGREES 

FREO : 2 2 0 5 0 0  OIR I  : 2 3  6 2 5 0  

EL NUM i I 3  TAPER = 0  0 6 2 5  

EL DlAM : 0  1 2 5 0 0  F G A I N  : 1 5 . 4 3 7  

R E F  : 2 6  3 7 5 0  FB : 15 9 2 4  

fig. 3. Gain optimized antenna with a 0.0625 taper. 

FRED : 2 2 0  5 0 0  DIR I  : 2 2  3 7 5 0  

EL NUM : I 3  TAPER 0 0 6 2 5  

E L  OlAM : 0  1 2 5 0 0  F GAIN : 14 0 7 3  

REF : 2 6  8 7 5 0  FB = 2 9  5 4 3  

fig. 4. FIB optimized antenna with a 0.0625 taper. I 

table 11. Optimized FIB iteration for a taper of 0.125 
with a 26.375 inch reflector. 

director 1 gain 
(inches) (dBi) FIB (dB) 

22.000 13.441 18.614 

table 12. Frequency response parameters for the 0.125 
taper gain optimized antenna. 

frequency 

216.5 
217.5 
218.5 
219.5 
220.5 
221.5 
222.5 
223.5 
224.5 

gain 
(dBi) 

15.371 
15.444 
15.479 
15.484 
15.556 
15.423 
15.396 
15.257 
15.067 

FIB (dB) 

20.118 
19.343 
18.549 
17.955 
20.338 
17.879 
18.630 
20.619 
24.350 

220.5 MHz for their respectively optimized parameters. 
Figs. 3 and 4 present these antennas' respective E- 
plane plots. As was the case for the zero taper anten- 
nas, there are obvious differences in main lobe width 
and depth, and in signal attenuation over the rear-most 
20 degrees. The slight taper does not seem to have 
made much difference in the comparisons between the 
two 0.0625 antennas and the zero taper antennas. 
Both gain optimized antennas have the same reflec- 
tor length, and this is also true of the two FIB opti- 
mized antennas. The 0.0625 antennas both have long- 
er director lengths than their zero taper counterparts. 
Because element spacing has remained constant, this 
difference is due to director tapering. 
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. (also available with N.type connectors) 

with Transi-TrapTM Surge Protectors 
Protect sensitive solid state and tube 
type components from high-surge volt- 
ages produced by nearby lightning 
strikes. high wind and static build-up. 
Even distant storm fronts can cause 
damaging surges without warning or 
time for grounding. 
Standard airgap devices are ineffective 
due to their erratic performance. Transi- 
Trap's replaceable Arc-Plug'" cartridge 
utilizes a special ceramic gas-filled tube 
with precisely tailored firing speed and 
level. safely by-passing surges to ground. 
Fires thousands of times. 
Transi-Trap Protectors are the first 
devices in the industry designed with 
"isolated ground" - keeps damaging 
arc-energy off the chassis and routes it 
directly to  ground. 

Don't hook up your coax without one! 
7he 200 W models are most sensitive. best 
for RCVRS and XCVRS. 2 kW models de- 
signed for amplifiers. For maximum pro- 
tection use both, with 200 W model 
between XCVR and AMP. All models include 
Arc-Plug cartrrdge. 

UHF '7-type" Connecton: 
MODEL LT. UHF-type. 200 W 
output at SO ohms .......... $19.95 - 
MODEL HI', UHF-type. 2 kW 
output at SO ohms .......... $24.95 

Super Ruggedized Super Low Loss 
Models (0.1 dB at SO0 MHz). 
for use through VHF/UHF, with UHF 
connectors: 
MODEL R-T. 200 W output at 
SO ohms ................... 529.95 
MODEL HV. 2 kW wtput at 
SO ohms ................. 

At your Alpha Detta dealer. Or order direct in U.S.: add $2 for postag~ 
handling. Mastercard and VISA accepted. Ohio residents add Sales Ta 

See Data Sheet for surge limitations. 

P 0 Box 571. Centerv~lle, Ohlo 45459 (513) 435-4772 @@ 

CALL LONG DISTANCE ON YOUR HANDHELD 
The Model 335A will deliver 35 watts of Our products are backed by prompt fac- 

power using the latest state-of-the-art cir- tory service and technical assistance. TO 
cuitry. The amplifier will operate SSB or become familiar with our other fine pre 
FM and is compatible with ducts in the amateur radio 

market, call or write for our 
free product and small parts 
catalog. 

Yaesu, Santec, and Ten- 
Tec. Only 300 mw input will Model 335 A 
deliver 5 watts out; 3 watts Kit $69.95 
in will deliver 35 watts out. Wired & Tested $89.95 
Maximum input drive level 

I ts 5 watts. Communication 
=Concepts inc. 1% m I 

I 2648 North Araqon Aue . Daylon. Ohto 45420.l5131 m-1411 1 
I 

40 June 1984 



I DEGREES 

FREO 2 2 0  500 D I R  I ; 2 4  1250 

E L  NUM . I3 T A P E R  : 0 1250 

EL D l A M  : 0 12500 f G A I N  : I 5  556 

R E F  = 26 8750 F B  : 20 338 

1 fig. 5. Gain optimized antenna with a 0.125 taper. 

table 13. Frequency response parameters for the 0.125 
taper FIB optimized antenna. 

frequency 

216.5 
217.5 
218.5 
219.5 
220.5 
221.5 
222.5 
223.5 
224.5 

gain 
(dBi) 

14.650 
14.489 
14.264 
13.903 
13.318 
12.630 
12.274 
12.41 1 
12.412 

FIB (dB) 

12.560 
14.049 
16.806 
22.937 
32.565 
20.061 
17.038 
14.964 
13.429 

table 14. Optimized gain and FIB iteration for a taper 
of 0.1875 with a 27.0 inch reflector. 

director 1 
(inches) 

22.875 
23.000 
23.125 
23.250 
23.375 
23.500 
23.625 
23.750 
23.875 
24.000 
24.125 
24.250 
24.375 
24.500 
24.625 
24.750 
24.875 
25.000 
25.125 
25.250 

gain 
(dBi) 

14.004 
14.165 
14.326 
14.487 
14.646 
14.800 
14.947 
15.084 
15.209 
15.317 
15.404 
15.467 
15.501 
15.598 
15.455 
15.341 
15.121 
14.743 
14.191 
13.580 

FIB (dB) 

29.444 
29.547 
29.052 
28.061 
26.802 
25.472 
24.189 
23.012 
21.973 
21.096 
20.405 
19.941 
19.768 
21.030 
20.831 
22.712 
26.857 
37.306 
26.858 
21.249 

taper = 0.125 

FREO : 2 2 0  500 D I R  I = 25 0000 

EL N U M  : I 3  T A P E R  = 0 1250 

EL D l A M  = 0 12500 F  G A I N  : I3 318 

R E F  = 26 3 7 5 0  FO ; 32 565 

fig. 6. FIB optimized antenna with a 0.125 taper. 

Table 10 presents the gain optimizing iteration that 
resulted in 15.556 dBi of gain, and table 11 presents 
the FIB optimizing iteration that resulted in 32.565 dB 
of FIB. Over 1.2 dB of gain and over 12 dB of FIB 
separate these two antennas. Tables 12 and 13 pre- 
sent these antennas' respective calculated perfor- 
mance over the specified bandwidth. Both antennas 
show easily determined peaks at 220.5 MHz in their 
respectively optimized parameters. The high FIB 
figure is the result of significant single frequency vec- 
torial cancellation. A very good FIB will be recognized 
over the entire weak signal band segment. Figs. 5 and 
6 present these antennas' respective E-plane plots. The 
differences in main lobe width and depth are major. 
In comparison, the FIB optimized antenna almost 
does without a clearly defined main lobe, and its in- 
creased signal attenuation from 170 to 180 degrees 
comes at a nearly 10 dB (average) reduction in signal 
attenuation from 120 to 165 degrees. The high degree 
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table 15. Frequency response parameters for the 0.1875 
taper gain optimized antenna. 

gain 
frequency (dBi) FIB (dB) 

216.5 15.449 21.271 
217.5 15.503 20.549 
218.5 15.528 19.973 
219.5 15.527 19.734 
220.5 15.598 21.030 
221.5 15.442 21.004 
222.5 15.330 23.280 
223.5 15.124 28.150 
224.5 14.765 30.512 

table 16. Frequency response parameters for the 0.1875 
taper FIB optimized antenna. 

gain 
frequency (dBi) FIB (dB) 

216.5 15.520 18.340 
217.5 15.547 19.245 
218.5 15.337 21.196 
219.5 15.118 25.498 
220.5 14.743 37.306 
221.5 14.184 25.206 
222.5 13.543 19.359 
223.5 13.117 17.571 
224.5 13.179 18.989 

of optimization of a single parameter comes at a com- 
parative cost in performance over the rest of this an- 
tenna's pattern. Tilton's selection of a gain optimized 
antenna of this taper is soundly based on his own ac- 
tual measurements and what this model's calculations 
have again realized. The FIB level realized by the gain 
optimized antenna produces a sharp pattern as well 
as an FIB ratio easily in keeping with the 220 MHz 
band's level of activity. In comparison with the zero 
taperantenna and the 0.0625 taper antennas, the 0.125 
antenna has a longer first director. As element spac- 
ing is fixed, this difference is due to the increased 
director tapering. 

taper = 0.1875 
Table 74 presents the gain optimizing iteration that 

resulted in 15.598 dBi of gain, and it is also the FIB 
optimizing iteration that resulted in 37.306 dB of FIB. 
Just over 0.85 dB of gain and just under 16.3 dB of 
F/B separate these two antennas. Tables 15 and 16 
present these antennas' calculated performance over 
the specified bandwidth. Both antennas show easily 
located peaks at 220.5 MHz in their respectively opti- 
mized parameters. As was the case for the 0.125 taper 
antenna, this FIB optimized antenna's high F/B figure 
is the result of single frequency vectorial cancellation. 

FREO : 220 500 OIR I ; 24.1000 

EL NUM * I3 TAPER 0.1875 

E L  D I A M  = 0 . 1 ~ 5 0 0  F G A I N  . ra.ses 

REF = 27.0000 FB 21.050 

fig. 7. Gain optimized antenna with a 0.1875 ti 

DEOREES 

FRED = 220.500 OIR I = 25.0000 

EL NUM s I3 TAPER 0.1875 

EL OlAM . 0.12500 F GAIN . 14.743 

REF . 2 7 0 0 0 0  FB = 37.306 

fig. 8. F/B optimized antenna with a 0.1875 taper. 
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table 17. Optimized gain iteration for a taper of 0.25 with 
a 26.625 inch reflector. 

director 1 gain 
(inches) IdBi) FIB IdB) 

table 18. Optimized FIB iteration for a taper of 0.25 with 
a 26.875 inch reflector. 

director 1 
(inches) 

23.000 
23.125 
23.250 
23.375 
23.500 
23.625 
23.750 
23.875 
24.000 
24.125 
24.250 
24.375 
24.500 
24.625 
24.750 
24.875 
25.000 
25.125 
25.250 
25.375 
25.500 
25.625 
25.750 
25.875 
26.000 

gain 
(dBi) 

13.901 
14.057 
14.214 
14.372 
14.530 
14.685 
14.835 
14.980 
15.115 
15.237 
15.344 
15.429 
15.490 
15.519 
15.510 
15.450 
15.320 
15.095 
14.759 
14.351 
14.030 
13.994 
14.026 
13.842 
5.770 

FIB (dB1 

27.71 1 
28.746 
29.606 
30.219 
30.137 
29.369 
28.147 
26.760 
25.397 
24.153 
23.072 
22.182 
21.509 
21.093 
20.990 
21.272 
22.01 1 
23.134 
24.066 
24.140 
24.943 
27.748 
18.951 
16.766 
3.280 

I 

Here too, a very fine FIB will be realized over the en- 
tire weak signal area. Figs. 7 and 8 present these 
antennas' respective E-plane plots. The 0.1875 anten- 
nas compare with one another in a manner similar to 
the 0.125 antennas. The high cost of the high FIB ratio 
is all too apparent. The gain optimized 0.1875 anten- 
na has a clean pattern and a respectable FIB. Both 
0.1875 antennas have the same reflector length but 
continue the trend toward longer director lengths with 
an increased taper. However, the 0.125 and 0.1875 
F I  B optimized antennas have initial directors of the 
same length. Their difference is the latter's longer 
reflector. 

taper = 0.25 
Table 17 presents the gain optimizing iteration that 

resulted in 15.543 dBi of gain, and table 18 presents 
the FIB optimizing iteration that resulted in 30.129 dB 
of FIB. Slightly more than 1.1 dB of gain and nearly 
10 dB of FIB separate these two antennas. Tables 
19 and 20 present these antennas' calculated per- 
formance over the specified bandwidth. Both anten- 
nas have easily located peaks at 220.5 MHz in their 
respectively optimized parameters. Unlike the two 
previous FIB optimized antennas, the 0.25 taper FIB 
optimized antenna does not have a high single fre- 
quency F/B, and maintains a near-optimized FIB 
across the entire weak signal area. Figs. 9 and 10 pre- 
sent the 0.25 antennas' E-plane plots. Though the gain 
optimized antenna has the narrower main lobe, both 
antennas have clearly defined main lobes. This is in 
contrast to the pairs of antennas compared at the 
0.1875 and 0.125 tapers. Along a similar vein, the great 
disparities noted in the signal attenuation character- 
istics between antennas of the two most recently pre- 
sented tapers, exist only to a limited degree between 
the 0.25 taper antennas. While the gain optimized 0.25 
taper antenna continues the trend to longer director 
lengths, the F /B  optimized antenna significantly 
reverses this tendency. 

summary 
The computer iterations performed on a family of 

ten 220 MHz TiltonIGreenblum Yagis indicate that the 
user needs to have a clear understanding of his or her 
antenna requirements before making a selection. 
There are great differences between the gain and FIB 
optimized antennas within each tapering approach. 
Additionally, for each of the optimized antennas, the 
best value of the other Inon-optimized) parameter gen- 
erally occured at a frequency far removed from the 
design frequency of 220.5 MHz. Given the broadband- 
ed nature of Yagis on this band, very little gain is lost 
during even extensive changes in frequency. For some 
of the F IB  optimized antennas, there are marked pen- 
alties in FIB for even slight frequency changes. 
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RS-35M 25 35 5 x  11 x 11 27 
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table 19. Frequency response parameters for the 0.25 
taper gain optimized antenna. 

gain 
frequency IdBi) FIB (dB) 

216.5 15.210 20.451 
217.5 15.360 21.259 
218.5 15.462 21.417 
219.5 15.522 21.186 
220.5 15.543 20.910 
221.5 15.528 20.845 
222.5 15.469 21.154 
223.5 15.354 21.922 
224.5 15.156 22.978 

table 20. Frequency response parameters for the 0.25 
taper FIB optimized antenna. 

gain 
frequency (dBil FIB (dB1 

216.5 13.948 20.464 
217.5 14.067 22.851 
218.5 14.175 25.567 
219.5 14.276 28.419 
220.5 14.372 30.219 
221.5 14.466 29.425 
222.5 14.557 27.249 
223.5 14.646 25.119 
224.5 14.732 23.343 

With the exception of the zero, 0.0625, and 0.25 
taper antennas, FIB optimization is very clearly the 
result of single frequency vectorial cancellation. A user 
interested in reasonably high FIBS that will be recog- 
nized across the entire weak signal area (of the band) 
could easily choose from among the various 0.0625 
and 0.25 taper F/B optimized antennas. There is the 
added bonus of reasonably good gain figures and 
clearly defined main lobes. The 0.125 and 0.1875 taper 
FIB optimized antennas have very broad main lobes 
and are single frequency FIB antennas. Overall, the 
user in need of a high FIB may find the 0.25 taper FIB 
optimized antenna to be the best choice. 

For the gain-oriented user, the gain optimized anten- 
nas with the 0.125 and 0.1875 tapers are a logical 
choice. Both provide respectable FIB along with a well 
defined front lobe and an overall clean pattern. While 
the 0.1875 antenna provides a slight increase in cal- 
culated gain, Tilton's 0.125 antenna is every bit as 
good. 

There is a rather intriguing by-product of the 
TiltonIGreenblum iterations. A boomlength of 3.23 
wavelengths is extremely close to the boomlength of 
3.2 wavelengths used by Viezbicke. This invites an ob- 
vious comparison between the NBS Yagi and the 
Yagis optimized for this article. 

Using the Lawson model to iterate the 3.2 wave- 
length NBS Yagi results in a computed gain of 15.2 
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dBi.l3 Any of the five TiltonIGreenblum gain optimized 
Yagis produced gains in excess of this figure. The 
amount of excess (gain) ranged from 0.132 to 0.398 
dB, with a boom only 0.03 wavelengths longer. While 
longer booms generally result in larger gains, this dif- 
ference is too small to account for more than the 
minutest part of the differences in gain. Also, all five 
gain optimized Yagis have a first minor lobe whose 
amplitude is from 1 to 4 dB less than that of the NBS 
Yagi. What is even more interesting is the fact that 
the NBS Yagi uses four more elements than the 
TiltonIGreenblum Yagi. 

The NBS Yagis are element length-optimized with 
equal director spacing. The TiltonIGreenblum Yagis 
resulting from computer iteration are also element 
length-optimized, but director spacing is initially un- 
equal and followed by equally spaced directors. All 
NBS Yagis use a reflector spacing of 0.2 wavelengths, 
while the Greenblum design varies reflector spacing 
as a function of boom length. It would appear that gain 
optimized Yagis designed as a result of optimizing two 
variables are more effective than those designed by 
optimizing a single variable. With fewer elements they 
are also easier to build. It is only fair to also note that 
the NBS 3.2 wavelength antenna has an FIB of from 
3 to 10 dB above any of the five gain optimized Yagis. 

Next month's installment in this series will present 
computer-iterated alternative Yagis drawn from two 
well-known 432 MHz design approaches. Iteration- 
based inferences will be made on a third design, also 
of long standing. Perhaps as in the case of 220 MHz, 
432 MHz may bring a little surprise. 
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impedance matching: 
a brief review 

There's no mystery 
in finding the right match 

In April the author discussed the basics of resonant circuits; this 
month, he walks us through the fundamentals of impedance match- 
ing. Both articles are adapted and reprinted with permission from RF 
Circuit Design, published by Howard W. Sams &Company, lndian- 
apolis, Indiana.' 

Impedance matching is often necessary in the 
design of RF circuitry to provide the maximum possi- 
ble transfer of power between a source and its load. 
Probably the most vivid example of the need of such 
a transfer of power occurs in the front-end of any sen- 
sitive receiver. Obviously, any unnecessary loss in a 
circuit which is already handling extremely small signal 
levels simply cannot be tolerated. Therefore, in most 
instances, extreme care must be taken during the ini- 
tial design of such a front-end to make sure that each 
device in the chain is matched to its load. 

background 
A well-known theorem states that for DC circuits, 

maximum power will be transferred from a source to 
its load if the load resistance equals the source 
resistance. A simple proof of this theorem is shown 
in fig. 1. In this figure, for convenience, the source 
is normalized for a resistance of one ohm and a voltage 
of one volt. 

"Available from Ham Radio's Bookstore, Greenville, NH 03048, $24.45 
postpaid. 

In dealing with AC or time-varying waveforms, how- 
ever, that same theorem states that the maximum 
transfer of power from a source to its load occurs 
when the load impedance (ZL) is equal to the com- 
plex conjugate of the source impedance. Complex 
conjugate simply refers to a complex impedance hav- 
ing the same real part with an opposite reactance. 
Thus, if the source impedance were Z, = R + jX ,  
then its complex conjugate would be Z,* = R - jX.  

If you followed the mathematics in fig. :, then it 
should be obvious why maximum transfer of power 
does occur when the load impedance is the complex 
conjugate of the source. This is shown schematically 
in fig. 2. The source (Z,), with a series reactive com- 
ponent of + j X  (an inductor), is driving its complex 
conjugate load impedance consisting of a - jX reac- 
tance (capacitor) in series with RL. The + jX compo- 
nent of the source and the - jX component of the load 
are in series and thus cancel each other, leaving only 
R, and RL which are equal by definition. Since R, and 
RL are equal, maximum power transfer will occur. So 
when we speak of a source driving its complex con- 
jugate, we are simply referring to a condition in which 
any source reactance is resonated with an equal and 
opposite load reactance, leaving only equal resistor 
values for the source and the load terminations. 

The primary objective in any impedance matching 
scheme then, is to force a load impedance to "look 
like" the complex conjugate of the source impedance 
so that maximum power may be transferred to the 
load. This is shown in fig. 3 where a load impedance 
of 2 - j6 ohms is transformed by the impedance 

By Chris Bowick, WD4C, 200 Abri Place, 
Lilburn, Georgia 30247 
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matching network to a value of 5 + j10 ohms. 
Therefore, the source "sees" a load impedance of 5 
+ j10 ohms, which just happens to be its complex 
conjugate. It should be noted here that because we 
are dealing with reactances, which are frequency de- 
pendent, the perfect impedance match can occur at 
only one frequency: that is, the frequency at which 
the + jX component exactly equals the - jX compo- 
nent and thus cancellation or resonance occurs. At 
all other frequencies removed from the matching fre- 

quency, the impedance match becomes progressively 
worse and eventually non-existent. This can be a prob- 
lem in broadband circuits where we would ideally like 
to provide a perfect match everywhere within the 
broad passband. 

There are an infinite number of possible networks 
which could be used to perform the impedance match- 
ing function of fig. 3. Something as simple as a 
2-element L-C network or as elaborate as a 7-element 
filter, depending on the application, would work equal- 
ly well. 

Rs = I  ohm 

"s f-rfi 
- - - 

fig. 1. Proof of the power theorem. L 

fig. 2. Source impedance driving its complex conjugate 
and the resulting equivalent circuit. 

fig. 3. Impedance transformation. 

the L-network: why it works 
Probably the simplest and most widely used match- 

ing circuit is the L-network shown in fig. 4. This cir- 
cuit receives its name from its component orientation, 
which resembles the shape of an L. As shown in the 
figure, there are four possible arrangements of the two 
components. Two of the arrangements, A and B, are 
in a lowpass filter configuration, while the other two, 
C and D, are in a highpass filter configuration. 

Before we introduce equations that can be used to 
design the matching networks of fig. 4, let's first 
analyze an existing matching network so that we can 
understand exactly how the impedance match occurs. 
Once this analysis is made, impedance matching 
should seem less mysterious. 

Figure 5 shows a simple L-network impedance 
match between a 100-ohm source and a 1000-ohm 
load. Without the impedance matching network in- 
stalled, and with the 100-ohm source driving the 
1000-ohm load directly, one-third of the signal available 
from the source is gone before we even get started. 
The impedance matching network eliminates this loss 

IA ILOW PASS I81  LOW PbSS 

( C I H I G H  PASS I D  I HIGH PASS I 
fig. 4. The L-network configured as a low-pass or high- 
pass circuit. 
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fig. 5. Simple impedance match between a 100-ohm 
source and a 1000-ohm load. 

fig. 6. Impedance looking into the parallel combination 
of R ,  and X,.. 

a signal generator up to circuits similar to figs. 6 and 
7 you would not be able to tell the difference between 
the two as they would exhibit the same characteristics 
(except at DC, obviously). 

Now that we have an apparent series 100-j300 ohm 
impedance for a load, all we have to do to complete 
the impedance match to the 100-ohm source is to add 
an equal and opposite ( + j300 ohm) reactance in series 
with the network of fig. 7. The addition of the 
+ j300-ohm inductor causes cancellation of the - j300 
ohm capacitor, leaving only an apparent 100-ohm load 
resistor. This is shown in fig. 8. Keep in mind here 
that the actual network topology of fig. 5 has not 
changed. All we have done is to analyze small por- 
tions of the network so that we can understand the 
function of each component. 

To summarize then, the function of the shunt com- 
ponent of the impedance matching network is to trans- 
form a larger impedance down to a smaller value with 
a real part equal to the real part of the ather termin- 
ating impedance (in our case, the 100-ohm source). 
The series impedance matching element then reson- 
ates with or cancels any reactive component present, 
thus leaving the source driving an apparently equal 
load for optimum power transfer. So you see, the im- 
pedance match isn't mysterious at all; it can be com- 
pletely explained every step of the way. 

Now back to the design of the impedance matching 
networks of fig. 4. These circuits can be very easily 
designed using the following equations: 

1 fig. 7. Equivalent circuit of fig. 6. I x s  Q = -  
Rs 

(2) 

and allows for maximum power transfer to the load. 
This is done by forcing the 100-ohm source to see 100 where, referring to fig. 9: 

ohms when it looks info the impedance matching net- Qs = Q of the series leg 
work. But how? Qp = Q of the shunt leg 

If you analyze fig. 5, the simplicity of how the match Rp = shunt resistance 
occurs will amaze you. Take a look at fig. 6. The first Xp = shunt reactance 
step in the analysis is to determine what the load im- R, = series resistance 
pedance actually looks like when the -j333 ohm X, = series reactance 
capacitor is placed across the 1000-ohm load resistor. 
This is easily calculated by: Xp and X, may be either capacitive or inductive reac- 

tance. but each must be of the o ~ ~ o s i t e  tvDe. Once 

j300 ohms 

. . . . 
Xp is chosen as a capacitor, for example, X, must be 
an inductor and vice-versa. 

Thus, the parallel combination of the - j333 ohm Design a circuit to match a 100-ohm source to a 1000-ohm 

capacitor and the 1000-ohm resistor appears to  be an load at 100 MHz. Assume that a DC voltage must also be 
transferred from the source to the load. 

impedance of 100 - j300 ohms. This is a series com- Solution: The need for a DC path between the source and 
bination of a 100-ohm resistor and a -j300 ohm load dictates the need for an inductor in the series leg as in 
capacitor as shown in f ig.  7. Indeed, if you hooked fig. 4A 
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I fig. 8. Completing the match. 1 
From eq. 1 we have: 

a , =  Q~ = /-= f i = 3  

From eq. 2: 

X, = Q$, == (3)(100) = 300 ohms (inductive) 

From eq. 3: 
R 

X, = = = 333 ohms (capacilive) 
Qp 3 

The component values at 100 MHz are: 

This yields the circuit of fig. 10. Notice that what you have 
done is to design the circuit which was previously given in 
fig. 5 and analyzed. 

dealing with complex loads 
The design of example 1 was for the simple case 

of matching two real impedances (pure resistances). 
It is very rare when such an occurrence actually ex- 
ists in the real world. Transistor input and output im- 
pedances are almost always complex; that is, they 
contain both resistive and reactive components 

IMPEDANCE MATCHING 

OS ; * S / R S  - 

1 fig. 9. Summary, L-network design. I 

fig. 10. Final circuit of example 1. 

Z MATCH 
l0OormS 

100-j126 - 

fig. 11. Complex source and load t o  be matched in  ex- 
ample 2. 

( R  + j X ) .  Transmission lines, mixers, antennas, and Resonance. Resonate any stray reactance with an 
most other sources and loads are no different in that equal and opposite reactance at the frequency of in- 
respect. Most will always have some reactive compo- terest. Once this is done, the matching network design 
nent which must be dealt with. It is, therefore, neces- can proceed as in example for hrvo pure resistances. 
sary to know how to handle these stray reactances, 
and in some instances, to actually put them to work 
for you. 

There are two basic approaches in handling com- 
plex impedances as outlined below: 

Absorption. It is possible to actually absorb any stray 
reactances into the impedance matching network it- 
self. This can be done through prudent placement of 
each matching element such that element capacitors 
are placed in parallel with stray capacitances, and ele- 
ment inductors are placed in series with any stray in- 
ductances. The stray component values are then sub- 
tracted from the calculated element values, leaving 
new element values, C',L', which are smaller than the 
calculated element values. 

Of course, it is possible to use both of the ap- 
proaches outlined above at the same time. In fact, the 
majority of impedance matching designs probably do 
utilize a little of both. Let's take a look at two simple 
examples to help clarify matters. 

example 2 
Use the absorption approach to match the source and load 

of fig. 11 at 100 MHz. 
Solution: The first step in the design process is to totally 
ignore the reactances and simply match the 100-ohm real 
part of the source to the 1000-ohm real part of the load at 
100 MHz. Keep in mind that you would like to use a match- 
ing network that will place element inductances in series with 
stray inductance and element capacitances in parallel with 
stray capacitances. Conveniently, the network of fig. 4A is 
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L fig. 12. Final design of example 2. I 
again chosen for the design, and again example 1 provides 
the details. Thus, the calculated values for the network, if 
we ignore stray reactances, are shown back in fig. 10. But 
since the stray reactances really do exist, the design is not 
yet finished as we must now somehow absorb the strays in- 
to the matching network. This is done as follows. At the load 
end we need 4.8 pF for the matching network. We already 
have a stray 2 pF available at the load, so why not use it? 
If we use a 2.8 pF element capacitor, the totalshunt capaci- 
tance becomes 4.8 pF, the design value. Similarly, at the 
source, the matching network calls for a series 477 nH in- 
ductor. We already have a + j126 ohm, or 200 nH inductor 
available in the source. If we use an actual element induc- 
tance of 477 nH - 200 nH = 277 nH, then the totalseries 
inductance will be 477 nH, which is the calculated design 
value. The final design is shown in fig. 12. 

Notice that nowhere in the example was a conjugate 
match even mentioned. However, you can rest as- 
sured that if you perform the simple analysis outlined 
in the previous section of this article, the impedance 
looking into the matching network, as seen by the 
source, will be 100 - j126 ohms which is indeed the 
complex conjugate of 100 + j126 ohms. 

Obviously, if the stray element values are larger than 
the calculated element values, absorption cannot take 
place. If, for instance, the stray capacitance of fig. 
11 were 20 pF, we could not have added a shunt ele- 
ment capacitor to give us a totalineeded shunt capaci- 
tance of 4.8 pF. In a situation such as this, when ab- 
sorption is not possible, the concept of resonance 
coupled with absorption will often do the trick. 

example 3 
Design an impedance matching network which will block 

the flow of DC from the source to load of fig. 13. The fre- 
quency of operation is75 MHz. Try the resonant approach. 
Solution: The need to block the flow of DC from the source 
to the load dictates the me of the matching network of fig. 
4C. But first let's get rid of the stray 40 pF capacitor by 
resonating it with a shunt inductor at 75 MHz. 

This leaves us with the circuit of fig. 14. Now that we have 
eliminated the stray capacitance, we can proceed with the 

fig. 13. Complex load t o  be matched i n  example 3. 

I fig. 14. Resonating the stray load capacitance. 

MATCHlffi NETWORK r------------7 
I I 

fig. 15. Circuit of fig. 14 after impedance matching. 

matching network between the 50-ohm load and the apparent 
600-ohm load. 
Thus: 

X, = Q$, = (3.32)(50) = 166 ohms 

R~ 600 X = - = - = 181 ohms 
Qp 3.32 

Therefore, the element values are: 

These values then, yield the circuit of fig. 15. But notice that 
this circuit can be further simplified by simply replacing the 
two shunt inductors by a single inductor. 
Therefore: 

LlL2 (384)(112.6)=87nH L,,, = - - 
L ,  + Lz 384 + 112.6 

The final design appears in fig. 16. 
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Tubes 
3-4002 .................. .$85.00 7360 ...................... $1 0.00 
3-5002 .................... .85.00 7735A ..................... .27.50 
4-400A ..................... 80.00 81 22 ...................... 105.00 

........................ 4CX250B ................. 50.00 81 56 12.50 

........................ 5728 ........................ 48.50 8643 82.50 
811A ........................ 12.00 8844 ........................ 26.50 
813 .......................... 30.00 8873 ...................... 175.00 

...................... 61 468 ........................ 6.50 8874 185.00 
6360.. ....................... .4.25 8877 ..................... .500.00 
68838 ........................ 6.75 8908 ........................ 12.50 

MAJOR BRANDS ON RECEIVER TUBES 
75% off list 

Semiconductors 
MRF 245lSD1416 ..$30.00 MRF 644lSD1088 .... 19.95 
MRF 454 ................. 14.95 2N3055 ....................... 75C 
MRF 455 ................. 10.95 2N6084 .................... 12.50 

RF Connectors 
PL259 ................. 101$4.95 M358 ................... 2.50 ea. 

................... PL258 ................... 1018.95 M359 1.75 ea. 
UG 17511 76 .......... 1011.60 T v ~ e  "N" Twist on 

............ UG2551u. ............. 2.50 ea. (RG~IU) ..$4.75 ea. 
UG2731u.. .......... ..2.25 ea. Minimum Order 525.00 1 1 

;-----------A 

fig. 16. Final design of example 3. 

conclusion 
Examples 2 and 3 detail some very important con- 

cepts in the design of impedance matching networks. 
With a little planning and preparation, the design of 
simple impedance matching networks between com- 
plex loads becomes a simple number-crunching task 
using elementary algebra. Any stray reactances pre- 
sent in the source and load can usually be absorbed 
into the matching network, (example 2) or can be 
resonated with an equal and opposite reactance which 
is then absorbed into the network instead (example 
3). 

Impedance matching isn't really magic at all, is it? 

ham radio 
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ham radlb 
fifty years ago 

1934 was a very good year. True, 
the United States was in the grip of a 
worldwide depression and unemploy- 
ment ran over 30 percent, nationwide. 
But for Radio Amateurs it was a gold- 
en year of opportunity. Interest in the 
hobby was booming and the number 
of licensed Amateurs grew rapidly. 
The advent of the AC-operated broad- 
cast receiver and the loosening of 

patents on vacuum tubes and the 
superheterodyne receiver brought 
forth new circuits, new tubes, and new 
techniques. 

For nearly a decade Amateur Radio 
had been in the doldrums, overshad- 
owed by the "broadcast craze." But 
now it was coming into its own. For 
a newly licensed Radio Amateur (like 
me) the opportunities were numerous. 
QST blazed with enticing advertise- 
ments for such newly-created com- 

panies as Hallicrafters, Collins Radio 
Co., and Eitel-McCullough (EIMAC). 

Getting on the air, however, was a 
formidable problem for a high school 
lad with a weekly allowance of fifty 
cents. That, plus money earned on 
odd jobs around the town, soon grew 
to a grand sum of about fifteen dollars 
that could be spent on a ham transmit- 
ter, and a few months after my license 
arrived, I was on the air with a 40 watt 
phoneICW "breadboard" transmitter. 

fig. 1. This modest ad started it all in 1934. WGUF and WGCHE couldn't buy the tube they wanted, 
so they built their own. 

E I M A C  The Tube You Asked For 
150-T Is Here At Last! 

I N  EVERY I M P O R T A N T  FEATURE- 

UNSURPASSED 
H E R E  15 a tube, n e w  and original in  iunctton with eltmtnat~on of internal insula- 

deslgn It fulhlls the most severe re- tors Insure freedom from arc-over or bneak- 
qulrementr of  amateur practtce Hlgh output d o & .  L o w  voltage double-V filament 
Ir obta~ned w ~ t h  l o w  grid dr~vlng power and reduces hum increases hlament rusgedness 
l o w  plate voltages Ercept~onallv hlgh and l ~ f e  and'lncreases mutual conductance. 
vacuum Increases usable hlamen~ ernlsslon The large NONEX envelope free from 
dnd prolongs tube ltfe Tantalum grid and dnscolorat~on allowr' maximum 'heat radla- 
plate constructton permltr manntenance of  toon w4thout'bulkv physical d~mens~ons. Im- 
hlqh vacuum even when overloaded. proved 5 0 ~ w a t t  base insures r ~ g ~ d ~ t v  and 
Extremely l o w  ~nter-electrode capacnttes freedom from short~c~rcu~ting. "Ghost" g r ~ d  
make for high e f f~c~ency  at hlgh frequen- structure mlnlmlzes electronic shadow~ng 
cles lrolated g r ~ d  and plate leads, In con- eHects on the plate. 

Characteristics: More  POWER per dollar! Few- dollan per hour of useful lih! The 
EIMAC-150-1 Triode result of six yean' experience exclusively building transmiHing t u b  for 

ship, mobile, podable and amateur use. Unconditionallv guaranteed t o  
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It was the beginning of a long journey, 
still in progress. In 1934, 1 had little 
inkling of where the future would 
lead me. 

Across the continent, in San Bruno, 
California, two young Radio Amateurs 
were betting their future on a new tube 
development. Bill Eitel, WGUF, and 
Jack McCullough, WGCHE, combined 
their brains, talent, and their thin pock- 
etbooks to start manufacturing a prec- 
edent-setting transmitting tube. Little 
did they realize they would revolution- 
ize the world's tube industry and 
quickly assume a dominant role in the 
communications industry. And little 
did I realize, as I read the first ElMAC 
ad in November, 1934s QST (fig. 1 I ,  
that these two pioneers would become 
my close friends and colleagues in 
years to come. Yes, 1934 was a very 
good year. 

more on video disc RFI 
In last month's column I commented 

on the severe RFI problems encount- 
ered with the video disc player which 
has active circuits that function in the 
900-925 MHz range. No sooner had I 
written the column than I received the 
ARRL Letter which said, in part, that 
the FCC "had been informed by RCA 
Corporation that there is a potential in- 
terference problem resulting from the 
new 902-928 MHz secondary status al- 
location to the Amateur Radio service 
under Part 2 of the Rules." 

RCA went on to state that the FCC 
should "seek recognition of the need 
for balancing a possible continuing ex- 
perimental use of the 902-928 MHz 
band against the beneficial influence 
of the video disc player in the lives of 
millions of U.S. consumers, now, and 
for years to come." 

Amazing! RCA, which has known of 
the potential incompatibility of its 
video disc player (as discussed in this 
column last month), could have 
chosen to redesign the unit to be im- 
mune to RF pickup, but instead chose 
to lay a "guilt trip" on the Radio Ama- 
teur and the FCC. The ARRL promises 
strong opposition to this move. I'll 
keep you informed! 

- 
A DIRECTOR 

I 
D R I V E N  

L 2  E L E M E N T  

L I 1 2  T U R N S  NO. I 0  ENAMELED W l R E  2 - 1 / 2  IN 
(63  5 m m l  D I O M E T E R .  4 I N . ~ 1 0 2 m m l  LONG 

L Z  14 T U R N S  NO.10 E N A M E L E D  W I R E  - 7 TURNS 
ON B 4 C n  SIDE OF 4 I / Z "  (12  7mml G A P  
4 "  l l O Z m m l  L O N G .  

L 3  4 T U R N S  NO. 10 INSULATED WlRE TO F I T  INTO 
C E N T E R  SPACE O F  L Z  

0 
fig. 2A. Top view of 40-meter beam. Di- 
mensions are for 7.2 MHz. Add 10 inches 
(254 mml to tips for resonance at 7.025 
MHz. Note that both elements are the 
same length. 

fig. 28. SWR curves of 40-meter beam 
for CW and phone operation. 

. . . and on RF lamps 
Since the late 1970's several com- 

panies (General Electric, North Amer- 
ican Phillips, International Energy Con- 
servation System, and Soli-Tronics - 
among others) have been developing 
and manufacturing limited numbers of 
RF lighting devices. In general, these 
are fluorescent tubes that have elec- 
tronic ballasting instead of an electro- 
magnetic ballast. 

One form of RF light is a self-con- 
tained lamp that screws into a stan- 
dard bulb socket; a second type is an 
external solid-state RF ballast package 

tween 20 and 40 kHz, but at least one 
type operates in the ISM (Industrial- 
Scientific-Medical) band at 13.56 MHz. 

The general theory of operation is 
that rectified AC is applied to an invert- 
er whose output is RF energy at a fre- 
quency above 20 kHz. The RF energy 
is then applied to a fluorescent tube to 
strike an arc that excites the fiuores- 
cent coating to emit light. 

Some of the RF lamps require that 
the RF oscillator be on continuously 
while the lamp is lit, while others re- 
quire a burst of RF energy only when 
the lamp is turned on. 

Compared to an incandescent lamp, 
the RF lamp is supposed to be more 
energy-efficient, using only 25 percent 
as much energy to produce the same 
lumen o u t ~ u t  as a conventional bulb. 

A powerful argument exists, then, 
for the marketing of the RF lamp, if 
only as an energy conserver. The un- 
answered question is, how much RF 
interference do these lamps generate? 
And what will be the effect upon radio 
communications when hundreds of 
thousands (or millions) of these lamps 
are in daily use? 

Last fall the FCC granted a limited 
waiver to various companies to man- 
ufacture and market 10,000 electronic 
ballast units and 100,000 RF light bulbs 
to be used in field testing and evalua- 
tions. The companies will study the 
cumulative effect of a large number of 
devices (installed in one plant and all 
connected to a single wiring system) 
on the amount of RF interference 
created, and how this correlates with 
the RFI level of a single device. 

All well and good, but this operation 
reminds me of a student grading his or 
her own exam paper! I'm sure these 
noise generators will soon be on the 
market; the question is how much 
control will be exerted by the FCC over 
the noise radiated by these new RF 
lamps? 

that will replace the conventional bal- a compact 
last device in existing fluorescent 
lamps; and a third type of lamp makes 40-meter beam 

. . 

use of RF energy delivered to it over As the sunspot cycle continues on 
the wires. its downward trend, activity picks up 

Most electronic ballasts operate be- on the lower frequency b d d s  that are 
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less affected by the rise and fall of the 
MUF (Maximum Usable Frequency). 
Forty meters is really coming into its 
own as a DX band! Some very effec- 
tive beams are being used on this 
band, making it very hard for the aver- 
age ham with a dipole or groundplane 
to enjoy contacts with exotic DX sta- 
tions. One answer to this vexing prob- 
lem is the miniature beam antenna. 
Despised by those who own full-size 
beams, the "mini-beam" can give a 
good account of itself provided it is 
well designed and properly built. Even 
a 40-meter mini-beam is quite large, 
and it's difficult to build one that won't 
fall apart in heavy wind. Shown in fig. 
2A is a practical and rugged mini-beam 
design that has stood the test of time. 
Used by various California DXers for 
a decade, it can hold its own in a pile- 
up and also endure buffeting by heavy 
winds. 

Center-loaded elements are used 
even though loading coils placed near 
the element tips are theoretically more 
efficient. The elements are made of 
1 114-inch (31 -75 mm) OD aluminum 
tubing with telescoping tips. Twelve 
foot (3.66 meters) long tubes are used. 

The parasitic element is a director, 
and for CW operation at the low end 
of the band, is resonant at about 6.7 
MHz. The driven element is resonant 
at 7.025 MHz. The elements are ad- 
justed to resonance with the aid of a 
dip-oscillator before the beam is 
assembled. The coils are fixed and fre- 
quency adjustments are made to the 
tip sections. 

Loading coils are wound on a 2 1 12 
inch (6.35 mm) OD phenolic rod and 
are given a coat of epoxy after com- 
pletion. RF current in the coils is quite 
high, so solid connections must be 
made between the coil and the ele- 
ments with 112-inch (12.7 mm) wide 
copper strap. 

The elements are supported on a 
15-foot (4.57 m) long boom of 2 
112-inch (63.5 mm) diameter, heavy 
wall aluminum tubing. Mounting 
plates and U-bolts hold the elements 
to the boom. Insulating sleeves are 
used between the U-bolts and the ele- 
ment sections, as illustrated. 

R O P E  AND 
I N S U L A T O R  I T Y P J  

EACH D I P O L E  - 
1 2 4 '  1 3 7  e m 1  O V E R A L L  

I 

1 
TO 

T R A N S M I T T E R  

5 0  OHM COAX 
4 3 '  3 " 1 1 3  l a m 1  
LONG 

fig. 3. The 80-meter wideband antenna 
, at ZSGZO. Two dipoles spaced 90 de- 

grees apart in plan view are fed 90 de- 
grees out-of-phase with an electrical 
quarter-wavelength interconnecting 
line. Shields of lines are all soldered 
together at dipole feedpoint and con- 
nected to adjacent antenna sections. 

SWR curves for the mini-beam are 
shown in fig. 28, for the CW and SSB 
band segments. The SWR curve is af- 
fected by the director length, primar- 
ily, and by the adjustment of the coupl- 
ing coil at the center of the driven ele- 
ment. Changing the director length by 
a few inches should drop the SWR 
curve down to a reasonable value at 
the design frequency. 

Proper operation requires that the 
beam be well up in the air; a half-wave- 
length above ground is suggested as 
a minimum height. That means about 
65 feet! Good results have been 
achieved with the beam as low as 35 
feet, but the advantages of low angle 
radiation are lost when the beam is 
placed at a low elevation. 

the ZSGZO wideband 
80-meter antenna 

Dave, ZSGZO, has had good luck on 
80 meters with the Turnstyle-type an- 
tenna shown in fig. 3. He uses two di- 
poles cut to the middle of the band and 
spaced 90 degrees apart. He feeds 
them 90 degrees out-of-phase with a 
quarter-wave length of coaxial line be- 
tween the dipoles. This provides circu- 

lar polarization to the zenith and om- 
nidirectional horizontal polarization to 
the horizon. 

As one dipole increases in electrical 
length with respect to the design fre- 
quency, the other, via the quarter- 
wave line, appears shorter. This results 
in doubling the bandwidth over just 
two dipoles fed in parallel at the center 
points. 

the forgotten 
RG-58 cable 

Save money on your feedline? 
That's always an attractive proposi- 
tion. It's not always necessary to use 
the expensive RG8A lU  or RG-213lU 
coax, especially for a lower frequency 
antenna when moderate power levels 
are used. This is where the RG-58 fam- 
ily of cable comes into use. As with 
other cables, there are several forms 
of RG-58 on the market: RG-58IU. 
RG-58IU type, RG-58A/U, RG-58AIU 
type and RG-58CIU type. The first two 
are older style cables with an im- 
pedance of 53.5 ohms. Stay away 
from these, because modern SWR 
meters are designed for 50-ohm line 
(the RG-58lU type may also be an in- 
ferior cable). The newer, W-ohm 
cables are the RG-58AlU and the 
RG-58ClU. Of the two, the CIU is the 
better choice because of a non-con- 
taminating (longlife) outer jacket. (The 
RG-58AlU and the RG-58AlU type 
both have the lower cost, PVC outer 
jacket which has a much shorter life.) 

The RG-58ClU, when used below 
approximately 10 MHz, has only about 
1 dB loss per one hundred feet, with 
the loss dropping as the frequency 
goes down. While the cable is not 
rated in terms of power carrying abil- 
ity, I have used it with no problems at 
1 kW PEP and CW input. Indeed for 
short runs of up to 25 or 30 feet, it can 
be used with success up to 30 MHz. 
A t  28.6 MHz a 30 foot section runs 
slightly warm with 1 k W  PEP input 
working into a load SWR of 1.5:l. 

In order to use the cable with the 
popular PL-259 style of plug an adapter 
is required. The military number of this 
part is UG-175lU (Amphenol No. 
83-185). The adapter fits inside the 
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PL-259 and allows the user to make a 
tight connection between plug and 
cable. 

using the cable adapter 
It is tempting to use the cablelplug 

assembly drawings shown in most 
handbooks, but I've found a simpler 
process that allows you to use the plug 
and adapter more than once. In other 
words, this method is easier to use and 
to disassemble than the process out- 
lined in the handbook. 

Strip the cable jacket back by 314 
inch. (I use a sharp nail scissors to do 
this to prevent nicking the braid.) Trim 
the end of the jacket square; then, us- 
ing the scissors, cut the braid back so 
that only 114 inch projects out from 
under the jacket. At this point (or be- 
fore) the adapter and PL-259 outer 
coupling ring are slid over the cable, 
leaving just the short braid projecting 
from the rim of the adapter. 

Spread the braid out evenly over the 
rim of the adapter and with the scis- 
sors, trim it back to the outer edge of 
the adapter. Only a fraction of an inch 
of the braid covers the lip of the 
adapter now. Next, solder the braid to 
the lip of the adapter all around the 
rim. (Use only a small soldering iron to 
avoid overheating the center insulation 
of the cable.) When the adapter has 
cooled, file the rough edges of the 
braid and solder down to a smooth 
surface. Thread the adapter and cable 
into the PL-259 plug and twist the 
plugladapter combination tight with 
the aid of two pliers. Solder the inner 
conductor of the cable to the end of 
the center pin of the plug. 

It actually takes longer to describe 
the operation than to do it. The con- 
nection has never worked loose in my 
experience, and it is very easy to un- 
solder the adapter and reuse it. 

Remember that the PL-259 series of 
plugs are not waterproof; they should 
be protected against moisture regard- 
less of the assembly technique used. 
I wrap mine with several layers of 
electrical tape and that seems to do 
the job. 

ham radio 
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vary because vour around situation is 

I tebook 

., 
unique to your QTH. However, the 
given coil information should be close. 
My successes have been "WAS" on 
80140 and 42 on 160 so far. I have 
worked 66 countriessn top band and 
74 on 80140 this year, and also worked 
four JA stations for WAC on 160 again 
(last year I worked only one JA). I 
hope you can install the same kind of 
system I have had so much success 
with while "confined" to a townhouse. 

Fred C. Race, W8FR 

limited space 
inverted "L" 

During the past two years I have 
been assigned to Great Lakes Naval 
Training Center and have lived in a 
townhouse at Grayslake, Illinois. 
Needless to say, I never thought that 
I would be able to get on the air from 
this location at all - let alone on 160, 
80, and 40 meters. How did I do it? 
With a good earth reference and some 
short inverted "L"s. 

The ground reference for the anten- 
nas is a "window-well" retaining wall. 

The dimensions are 4 x 5 feet with 2 neutralizing 572B final 
feet on each side, leaving a total of 80 at I5o0 watts Output 
square feet of visible ground contact. 

The antennas, all "shunt-fed,'' meas- 
ure 14 feet in the vertical dimension. I 
spaced them across the front of the 
window-well 18 inches from the side 
of the house. Switching is made pos- 
sible with a Heathkit antenna switcher. 
A single line trails into the base- 
ment via the air-conditioner pipe hole- 
through. 

Figure 1 illustrates the three-band 
antenna configuration. Coil taps may 

ROOF 

0 

SIDE OF HOUSE 

VERTICAL DIMENSION 
14'-0" ( 4 . 3 m l  ON ALL 
THREE ANTENNAS 

TURNS PER INC 

fig. 1. Vertical sections of the shortened inverted L are only 14 feet in length. L 

The recent FCC ruling setting 1 1 12 
kW as the maximum power output 
prompted me to rework one of my 
home-made amplifiers, a pair of 5728% 
grounded grid, to grounded cathode 
for more output. 

SUPPRESSOR 

5 0 0 0 v  

NEUTRALIZING 
CAPACITOR 

H.V. 

1 fig. 1. New neutralizing circuit. 

The two tubes, fan cooled, would 
put out 550 watts in grounded grid be- 
fore showing any color. Grid driven in 
Class C, they put out a nice 1425 
watts. But there was a problem with 
the frequency-sensitive neutralizing 
settings. I could adjust the neutraliza- 
tion for stability on any one band, but 
it would sometimes take off on some 
other band. In the past I solved this 
problem by using a form of negative 
feedback in the filament circuit. How- 
ever, this requires more drive power on 
the higher bands, and Class C is hard 
enough to drive as is. 

After much fruitless cut-and-try with 
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parasitic coils, I decided to take the 
parasitic coils out of the neutralizing 
path. I wired the two tubes directly to 
the hot end of the RF plate choke. 
From the same point I connected a 
0.001 pF 5000 volt mica capacitor to 
the neutralizing capacitor. Also from 
the same point I wired in one of the 
parasitic suppressors to the regular 
plate coupling capacitor. (See fig. 1.) 
This cured any tendency towards in- 
stability. Now with zero bias on the 
tubes and a full 2750 volts on the 
plates, no amount of band switching 
or knob twisting will show the tiniest 
twitch on the meters. 

The parasitic choke is a self-suppon- 
ed coil consisting of seven turns of No. 
14 wire, 5116 inch (8 mm) diameter 
and 314 inch (19 mm) long. The 
swamping resistor is a Globar with a 
cold resistance of 400 ohms. 

John Labaj, W2YW 

high-f requency 
dummy load 

This 52-ohm dummy load consists 
of twelve 620 ohm, 2-watt resistors 
housed in a salve can. The load is use- 
ful to 175 MHz. 

It is capable of dissipating 30 watts 
on a 50 percent cycle and 50 watts on 
a shorter duty cycle. 

Start construction by filing the out- 
board shoulder of a UG-176lUHF 
sleeve to a 3/32 inch (2.5 mm) height. 
Tin the inner shoulder of the sleeve 
and outboard end of the PL-259 fitting. 
The tinned areas are indicated as 
"solder" in the drawing. 

Next, drill and ream a hole in the 
center of the bottom salve can to ac- 
commodate the UG-176lUHF sleeve. 
Then drill twelve No. 50 drill holes 
around the periphery of the can. They 
are on a line half way up the can. Tin 
area inside and out around each hole, 
mount the coax connector on the bot- 
tom and sweat solder in place. 

Solder a 2-314 inch (70 mrn) length 
of No. 14 wire center of PL-259 con- 
nector extending into the salve can. Fit 
each 620 ohm 2-watt resistor in place 
between the center conductor and 
hole drilled in the rim of the can. Clip 

SOLDER 
SOLDER 

SOLDER 

[*I- r - -  L - _ _ - _ - - I  _ a k;::::?) ( I B m m )  0 TI" I 

fig. 1. HF dummy load, construction 
details. 

outer end about 1 132 inch (1 mm) be- 
yond can and solder. Form resistor 
wire approximately half way around 
the No. 14 wire. After 12 resistors are 
mounted, consolidate their other ends 
about the No. 14 wire and solder. 

Clip excess from No. 14 wire. Fit on 
the cover and you have a shielded 
dummy load. 

William J. Goodwin, WlKWE 
(Reprinted with permission from AK Force MARS 
Communicator. ) 

antenna support 
I have been using nylon rope to hold 

up my vertical antennas. Nylon rope, 
however, tends to stretch and come 
apart, and it needs constant attention. 

A better method is to use nylon fish- 
ing line. For small vertical antennas, a 
300 to 600 pound-test line is okay. For 
larger antennas ask for cod line, which 
is almost 1116-inch thick and very 
tough. Look in your fishing book for 
the right knots. 

Ed Marriner, W6XM 
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satility. COMPARE1 prlvate-llnerepeaters. Dewationand tone frequency 

are fully adjustable. 
1CCHANNEL MEMORY IN TWO 8-CHANNEL 
BANKS: Retains frequency and standard simplex TRUE FM: Not phase 
or plus minus offsets Standard offsets are 600 kHz intelltglbllltyand fidelity. 
for PCS-4000,1.6 MHz for PCS-4200.5 MHz for HlGHiLOW POWER OUTPUT: 25 or 5 watts 
PCS-4300. 1 MHz for PCS-4500, and 100 KHz for selectable In PCS-4000: 10 or 1 watt selectable in 
PCS-4800. PCS-4200. PCS-4300. PCS-4500, and PCS-4800. 

DUAL MEMORY SCAN: Scan memory banks Transrnltter power IS fully adjustable. 
either separately or together. COMPARE! SUPERIOR RECEIVER: Sensitivity is 0.2 uVor .  RAN^^^ OF P R ~ ~ R ~ ~ ~ A B L E  B A ~ ~  better for 20-dB quletlng. Clrcults are deslgned and 
SCANNING: ~~~~t~ are quickly reset. scan the Wo manufactured to rigorous s~eclflcatlons forexcep- 
segmentse~therseparately ortogelher. COMPARE! tlonaal performancp, second 'OMPARE! . FREE AND VACANT SCAN MODES: Free scan- ' MICR0PH0NE: 
nlng stops 5 seconds on a busy channel; auto- A-1 call, upfdown manual scan, and memory 

resume can be overridden ~f deslred. Vacant address functtons may be performed without 

scannlng stops on unoccup~ed frequencies. touchlng the front panell COMPARE! 

DISCRIMINATOR SCAN CENTERING (AZDEN ' OTHER FEATURES:Dynamlcmicrophone,rugged 
Alwaysstopsonfrequency, bullt-~n speaker, mobile mountlng bracket, remote 

TWO PRIORITY MEMORIES: Either may be 
speaker jack. and all cords, plugs, fuses. and 
hardware are included. 

instantly recalled at any tlme. COMPARE! ACCESSORIES: CS-7R 7-amp ac power supply. 
2m Handheld NlCAD MEMORY BACKUP: Never lose the Pro- C S - 4 . 5 ~  4.5-amp ac power supply. CS-AS remote 

FM ~~~~~~~i~~~ *C 109 grammed channels1 speaker, and Commun~cat~ons Specialists SS-32 
142-149.995 MHz FREQUENCY REVERSE: The touch of a single PL tone module. 

button Inverts the transmlt and receive frequencles. . ONE YEAR LIM~TEDWARRANTY! 



Food for thought. 
Our  new Universal Tone Encoder Icncls its versatility 
to all tastes. The menu includes all CTCSS,  11s well 
:IS Burst Toncs, Touch Tones. i ~ n d  Test Tones. N o  
counter o r  test equipment required to set frcquency- 
just dial i t  in. While traveling. use i t  011 your Amateur 
transceiver to access tone operatccl systems. o r  in 
!,our service v;~n to check out your custoniers' re- 
peaters; also, as n piece of test equipnient t o  modulate 
your Service Monitor o r  signal generator. I t  can even 
oper:tte off an internal nine volt battery. and is iivailahle 
for one  d i ~ y  delivery. hackecl by our one  year warranty. 

Group A 

1 7 . 3  ? A  167.9 6% 
100.0 1 %  131.8 3R 173 8 6 A  
103.5 1A 136.5 4% 179 9 hB 

82.5 YZ 107.2 1B 141.3 4 A  186.2 7% 
85.4 YA 110.9 2% 1 4 . 2  4 R  l92.X 7A 
88.5 Y R  114.8 ?A Is1 4 5% 203.5 M I  

Frequency accuracy. 2 . I HI. rnauirnurn - 40°C to + 8S°C 
Frequencies to 150 Hz avuilahle o n  special orcler 
Continuous tone 

Group B 

I500 852 1477 1700 1950 2250 2500 
2175 941 l h 3  1750 2000 2300 2550 
2805 I X O O  2I(Kl 2350 

All tones in Group A anil Group f3 are incluileil. 
Output level flat to within 1 .5ilh over entire range selected. 
Separate level ;~i!just pots ant1 output connections for each 
tonc Group. 
Inirnunc to RF 
Powered by 6-ZOvtlc. unregulateil ;it H mil. 
lAow impeclancc, low ilisrortion, i~iljustahlc sinewave 
output, Sv peak-to-peak 
fnctant start-up. 
Off position for n o  tonc output. 
Reverse polarity protection built-in. 

Frequency accuracy. 2 I Hz maxiniuni - 40°C to + 8S°C 
Tone length apprclxirnately 300 111s. \!;I! he lengthened. 
shortened or eliminntcil hy chiinging v;~luc of rc\istor 

Model TE-64 $79.95 * GCOMMUNICATIONS SPECIAIISTS 
426 Wc\1 Taft Avenue. Orange. Cal~forn~a Q2667 
( X O O )  854-0547/ Cal~forn~a: (7 14) 998-302 1 



CALL TOLL FREE FOR QUOTES 

I A Winning Combo SPECIAL for Mobile or Shack! 

I & Hustler Mobile HF Ant. 

I Special Only $789 
Includes TS 4305, Hustler Bumper 
Mount, & Mast, 5-400W. PEP 
Resonators, 10-80 Meters 

KENWOOD 
ICOM 
MIRAGE 
AEA 
KANTRONICS 
SANTEC 
KDK 
AZDEN 
NYE VIKING 

I VISAIMASTER CARD S.A.S.E. FOR OUR 
FREE SHIPPING ,a: "BENCH-TESTED" MONDAY - SATURDAY 
ON MOST RIGS FOR CASH! USED EQUIPMENT LISTING AM PM CENTRAL I 

MODEL 6154 TERMALINER 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT AlTENTION 

AUTHORIZED .mm DISTRIWlOR 

lE!Em 
a s s o c i a t e s  

115 BELLARMINE 
ROCHESTER, MI  48063 

CALL TOLL FREE 

800-521-2333 
IN MICHIGAN 313 - 375 0420 

RELIABILITY 
&ACCURACY. 

Precision Quartz Crystals 70 KHz to 200 MHz. International is a 
major supplier to the commercial, industrial, and amateur crystal market. 

1 For complete ~nformat~on contact our sales department 

INTERNATIONAL CRYSTAL MFG. CO., INC. 
J 10 North Lee PO Box 26330. Oklahoma C~ty. Oklahoma 73126 1405) 236-3741 
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TS-930s "DX-t raordinary" 
CW, FSK, and 80 watts input on TS-930s Optlonal Accessories: 

a ' , l '  AM. SWR/power meter. Triple final AT-930 automatic antenna tuner, 

We call it "DX-traord~nary" because protection circuits plus two cooling SP-930 external speaker, with select- 

the TS-930s has now become the fans built-in. 10-Hz step synthesized able audio filters, YG-455C-1 (500 
frequency control. Available with favorlte rrg of the serious contester! HZ), YG-455CN-1 (250 HZ), YK- 
optional autornatic antenna tuner Its superlor capability for full break-in 88C-1 (500 H7) CW filter, YK-88A-1 
built-~n, another industry first! Dual split-frequency operation, the speed (6 kHz) AM f~lter, all plug-~n type. 

and convenience with which its eight digital VFO's. Eight memory chan- SO-1 commercial stab~l~ty TCXO, 

memory channels can be accessed. nels that store both frequency and MC-6OA deluxe desk microphone. 
band information, with Internal bat- ~ t s  unsurpassed receiver dynamic MC-80 and MC-85 comrnun~cat~ons 

range and its remarkable ab~lity to tcry back-up, (batterles not supplied). microphones, MC-42s mobile hand 

sel(?ct the desired signal during Dual rnode adjustable noise blankers, microphone. TL-922A linear ampl~fier 
especially effectwe In eliminating 

per~ods of heavy QRM, utilizing VBT, (not for CW QSK), SM-220 stat~on 
"woodpecker" type interference. Slope tuning, IF Notch fllterlng, and mon~tor, PC-1A phone patch, 

tuneable audio filtering, have all SSB IF slope tuning, for maximum SW-2000 SWRipower meter, 160 - 
combined to make this the rig that rejection of interference. CW vari- 6 meter. SW100A SWR/powerlvolt 

gives you the EXTRA EDGE! able bandwidth, with pitch and side- meter 160-2m HS-4. HS-5, HS-6, 

The TS-930s is loaded with all tone control. IF notch filter. Tuneable and HS-7 headphones. 
audio peaking filter. Unique six digit 

the special features that you always Isn't it about time you stepped 

wanted in an HF transceiver. Full white fluorescent tube digital display into the w~nner's circle? 

coverage of the 160 through 10 is easy-on-the-eyes during those More information on the TS-930s 

meter bands, including the new long contests. RF speech processor, is available from authorized dealers 

WARC frequencies, (easily modified for higher average "talk-power." SSB of Trio-Kenwood Communications, 

for HF MARS), plus a general cover- monitor circuit. 4-step RF 1111 West Walnut Street, 

age receiver that can tune any fre- 
attenuator. VOX. Compton. California 90220. 

quency from 150 kHz to 30 MHz. 100-kHz marker. 

Operation in the SSB, CW, FSK, and AC power supply 

AM modes, with selectable full or built-in, 120,220, 

semi CW break-in. All solid-state, or 240 VAC. 

with 250 watts PEP input on SSB, 



TM-201A/TM-401A 
"cornp-ACT". . . tough act 
to follow. 
-hc: word "compnct" best de- 
i;c.rtbt?!; tt1(? TM-?01A VtiF in 
t : i ~  ;'5 w:~tts!i c.~t  thr? TM.4OlA 
70-cm (12 watts) mobiles 
C?r.asures 'i.rjWxl.GHx7.2D 
iF!ches (!he TM-201A and 
Thl-401A are the most compact 
r!os avarlable). Ideal In size, 

their performances arc super- 
lative. Each features a HliLO 
power switch, dual digital VFO's 
built-in. 5 memories plus a 
T O M "  channel with Iithlt~m 
battery back-up. rnernory scan. 
programmable band scn.1, prl- 
ority alert scan, avcl Gal+-, FET 
RF (front end) amolifiers lhcy 
!lave a hlghly vrslbl? yc.llnw 
LED d~gital display. a repv:ltc:r 
offset switch, a rcvrr?,Cs switch, 

and a 'beeper" to confirm1 
oppratiorl of various swltchcs 
For superlor sound qualrty. thc 
spparate, extrrnal sp~akcr  Lan 
be pas~ly mounted to projrct 
the sound rn the desirpd clirec- 
tlon A 16-key auloyatch 
UPIDOWN mic allcws ~ a s y  
rpmotc operdtron of major tront 
paricl functlons Thanks to 
KCNWOOD, comp,lct r;rdlos 
ar? now avnilablc for tl7t. 
popirlnr VHF arid UHF b,inds 
providing high pcrforrnnnt i. 
ancl superior sound qu,~lrtv 

Other TM-201AlTM-401A 
Optional Accessories: 
TU-3 Prosrnmmabl~? Iwo 
frrquency CTCSS encodrr. 
KPS-7A fixed statron powPr 
qupply, h14 dOOO dual-blndpr 
mobrle ;~ritenna wltli duplcxer, 
SW TOGA, 9 SWRIpowcr m~ tc r .  
MC-55 nobl l r  n i~c ropho r~~  
w~th ttn?c, out timer 

. .. I r l  ' ''k +,, -. 
TW-4000A 
FM "Dual-Bander" 
KFNWOOD'S TW-4000A FM 
r)ual-Bander" pl'ovldes new 

vorsatlllty In VHF and UHF 
operations, unrquely cornblning 
7 m and 70-cm FM functlons 
In one compact package It 
covers tho 2-m band (143 000- 
1.18 995 MHz,, ~ncludlng certain 
PARS and CAP frequencies. 
and the 70-cm band (440 000- 
449 995 MHz), all in a package 

only 6-318 W x 2-318 H u 
8-9/16 D Inches RF output 
power nleasures 25 watts on 
elfher band The TW-4OOOA 
features a large, easy-to r m d  
LCD display. front panel illuwi 
nat~on for nlght opprations, 10 
mpmorles wlth OFFSET recall 
and l~thrum battery backup, 
progralnmablc nruniory .,can. 
band scar1 in selected 1 MH7 
segments, pr~orlty w:~tch func 
tion, common char'lncl sc an 
dual digital VFO's, repeater 
rpversc saitch, GoAs FET front 
ends, rtlqged die-cast chassls. 

"beeper" through speaker, a 
rnob~lp mount, and a 16-key 
autcpatch UPlDOWN mic 

The new optlorial VS-1 VOICP 

synthc~izer has everyone 
talk~ng' A vn rp  announces the 
frpquency, band. VFO A or R. 
repPatPr offset, and mpmory 
channel number whcn thcse 
functlons are selpctcd 
Other TW-4000A 
optional accessories: 
VS-1 volce synlhes~zer. TU 4C 
programmable two-frequency 
CTCSS encoder. KPS-7A fixed 

C o ~ c r f ~ r ~ f i o n ;  and rr~rp? ?rr ,,,bit 

station power supply. SP-40 
compact mobile speaker. SP-50 
compact mobile speaker. 
MA-40GO dual-band mohile 
antenna w~th duplexor. MC-55 
mobile microphone w~th  t~me- 
out timt?!, and a SW-1008 
SWRipower nipter. 

More iriformntlon on the 
TFv4.201A;TM-401A and 
TW-4000A is available from 
authori7c3d dcalers of 
Trio-Kenwood Commun~cat~ons 
1111 West Walnut Street 
Compton. California 90220. 

,c: :c ch,ingP t:~ir).~tff q?!vce or obiiqatlori 
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I 

I 

receiverrham band trans- 
ceiver'at an affordable Call for YOUR Low Price! 
 rice. 

Q TS 430s 2M & 440MHz "Dual-Bander" 
25 watts on both bands. 

Now a aeneral coveraae 

Full Featured 
2M Handheld 
UPS Brown Pold on 

I  memories 45 Watts! ~utti-featured. 4 '---.* TR 2500 

RTTY TODAY 
MODERN GUIDE TO 
AMATEUR RADIOTELETYPE 
by Dave Ingram, K4TWJ 
This brand new book 1s the only RTTY handbook available that covers 
all facets of RTTY oDeratlon lrom the "areen kev" oeneratton to oer- ' 
sonal comouters ~ u t h o r  Dave Inaram. K ~ T W J .  ~ O ~ ~ ~ R T T Y  enthuslast. 
wrltes ~n a personable easy lo-understand style that wlll appeal to all 
levels of RTTY Interest RTTY TODAY 1s fully ~lluslrated wtth photos. 
dlaqramr RTTY statlon set ups and equtpment to help ensure full under. 
standtng of the materlal 11 chaptprs cover an overvtew of R V Y  opera- -.-* 110n o~erattna ~arameters home com~uters eaut~mpnt vou can bulld 
dedlcaled systems and ~ ~ m p l e t e  chapters on RTTY SWLlng wlth 
frequencies codes and other helpful hints and tlps Old tlme RTTY users 

I and novtces allke w~ l l  flnd th14 book extremely useful 1984 / 95 lllustratlons 1st edltlon 8'1, x 11 
I 
I Order yours today $89 5 
I i \  ' 15 5h1pp1ng 

d UNIVERSAL ELECTRONICS 
4555 Groves Rd. Suite 3 Columbus. OH 43232 

-7 (614) 866-4605 
I Dealer  I n a u ~ r ~ e s  Inv i ted r /  195 

I C o p y  SATELL ITE  P H O T O S  ,, 115 
W E A T H E R  M A P S .  PRESS '  

Thf ,  I , A X * ,  ,.. $ 8  ,, \,$ ' 1 8  , ,.+. I l f l  1 2 I 

TOWERS 1 I l  
60 FI  
Crank 
Model 

nd!n 
HIGHEST QUALITY 4 0 ~ ~ 1 u r n  

ALUMINUM Crank UP 
Alum. Madel 1 140 

.up TELESCOPINli (CRANK-UP) 
1 EBH GUYED 1 5 l ~ l  K.UP) l k .  I 

TILT OVER MODELS 
Easy to install. Low Prices. 

Crank-ups to 100 it.  

EXCELLENT FOR 

C1vc.l ' $ 3  ! i l w <  , r l o l t  ,,,ttrn 1 1 an,, s1.6 Ic>w?r5 rn7,3de-I ,. . Spec~als deslqn-d and 
I lit1 I made-wrote for dela~ls I 

&Y, 1161 a SPECIAL 
Four Section 50 Ft. 

Vmn Mounted Crank-UD. 
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Morse Keyers &Trainer 
; and t r ~  
zctable 
dash m 

AEA produces the finest Morse keyen liners in the world. All AEA keyers operate with any 
standard keyer paddle and offer self monitor tone, selectable dot and dash ratios, full 
weighting and selectable dot and/or emory. In addition, all our keyers offer full, semi- 
automatic or straight key modes. The keyers and trainers are keypad controlled which 
significantly reduces the complexity of operation for all the features offered. Each keyer has 
separate + and - keyed outputs for keying any modern transmitter. All keyers and trainers 
operate from 12 VDC (or 117 VAC with optional model AC-1 wall adaptor) which makes them 
ideal for portable operation. AEA microcomputer-based products are all subjected to a full b 
in and test prior to shipment, as well as being designed for maximum R.F. immunity. 

urn- 

1 
7eld coml unit whic 
inute. Th mtains a 

allows serious students the possibility of learning Morse to 20 wpm In as little as one monrn! 
Each character represents a separate practice session in which thecharacter is first introduced 
by itself, and then presented 50% of the time along with all previously learned characters. There 
are no tapes to memorize, wear out, or break. No programming skills are necessary; the BT-1 is 
very easy to use. The tone oscillator can also be keyed for sending practice. An earphone ji 

' ' 

provided for private listening. The BT-1 will go as high as 99 WPM 
in 1 WPM increments. A battery operated version, the BT-IP, is NEW KT-: 

The B' 
at a ti1 

T-1 Basic 
me at 18 

Trainer i! 
or 20 wol 

puterized 
e BT-1 cc . - 

h teache: 
self-pace - - 

; thecode 
d trainins ..... 

one char, 
I program 

acter 
I that .. . 

available with wall charger and.internal NlCAD batteries. - 

The KT-3 Keyer-Trainer unit uses the teachi am used in the BT-1 traine 
additton, the KT-3 features a full functlon Mon atlc keyer for key~ng any mot 
transceiver, or for sending practice. Speed range IS 16-99 wpm for transmitting and 

training. wpm for 

The KT-2 
- . 

?rized key I the feat( 
- . .A .- A - 

rn above, rainer is a 
- - 

I computt 
a Mors 

ler with al 
-. L 

Jres show 
- . - - - , A -  

plus 
your 
5 cat 

e proficiency rratner. 11 IS oeslgneo ro increase! 
KT-2 Keyer Trainer A,:,,;, a code as quickly as possible. The unit can b t  ,,, CAI3111 1 

for be5 
duratic 
speed 
,r-..--, 

;inning practice speed. ending practice speed, and 
In  of practice. The microcomputer does all the rest by ( 
during the practice time selected. You can even selecr Derween lasr 
worth) or slow code methods. The characters are sent in 5 letter grout 
n word lengths. Two leve 'iculty can be selected; common h 
:ters or all English Morsech; 4 24,OOOcharacter answer book is pro1 
10 separate starting positio is also random practice mode for w h i ~  

answers are avc.'-"- 

increasin 
- - -  I--. 

g the 
code 
tc nr  (ralr ls 

randor 
charac 
for the 

,a, "I 

lorse 
vided 
ch no 

Is of difi 
wacters. l 
ns. There 

The CK-2 Cont 
matic keyer available featuring an automatic s 
The CK-2'keyer features a large 500 character rrlessage rrlerrlory trial Gar1 vt: ~ U I L -  

partitioned Into as many as 10 sections. An exclusive AEA edit mode makes it possible 
to correct mistakes made while entering messages or to insert words into previously 
established messages. Two different speeds can be set for fast recall in addition to 

stepped variable speed control. The CK-2 features 
MM-2 MorseMaticT 1 automatic message repeat mode with variable 

?lay-before-repeat for automatic c Q  transmis- k 
ester'" Kc 
;erial nurr 
- - - - - - - 

eyer is th 
iber gene -- 

e lowest 
rator for c 
. - . .L -. - 

cost autc 
:ontestin! 
^- L- ^^I 

- 
ons or TVI testing. 

' ever 
rates 
:h the 
rnatir 

The MM-2 Morsematic Keyer represents the most sophisticated paddle keyel 
designed and features two powerful microcomputers. The Morsematic incorpc 
virtually all the features (except the preset and stepped variable speeds) of bol 
CK-2 and KT-2 shown above. In addition, the MM-2 offers an exclusive auto1 
beacon moc 
meteor scatt 
or beacon 01 

j e  whict 
er, moon 
 erat ti on. 

i is inva 
bounce s LEA Brings you 

Breakthroi 

C & A ROBERTS, INC. 
1851 1 Hawthorne Blvd., Torrance, CA 90504 AEA Brings you the 
21 3-370-7451 8 0 0 - 4 2 1  - 2 2 5 8  Breakthrough! 
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microphone calibration 

Don't guess - 
here's how to determine 

your microphone's 
frequency response 

with or without 

a computer 

A look around the  serious ham's shack will often 
reveal many pieces of test equipment used to monitor 
the performance of commercial gear and run tests dur- 
ing the construction of homebrew gear. This equip- 
ment is also invaluable for "checking" items obtained 
during those innumerable scrounging trips that legend 
says soon become part of every Amateur's life. 

Yet, the same serious Amateur who wouldn't dream 
of trying out a new antenna without first pulling out 
a trusty VSWR meter may think nothing of sticking 
a loudspeaker in a box without testing to see whether 
there are any nasty resonances, and will mount a 
microphone element in a holder other than the one 
for which it was designed without doing any tests at 
all. This lack of quantitative measurement in the per- 
formance of acoustic equipment is apparent in the 
poor audio quality of many stations you hear on the 
air. In light of the fact that many hams also consider 
themselves audio buffs, it's surprising that more 
testing isn't done and that discussions often include 
such inaccurate descriptions of sound quality as 
"wide-range," "boomy," "vibrant." 

One reason more testing isn't done is that a cali- 
brated microphone is necessary for truly accurate 
results. Calibrated microphones are expensive and 

their purchase difficult to justify, considering the few 
times that they are needed. This article describes a 
method of calibrating any microphone for use as a 
standard. You don't need an expensive microphone; 
in fact, instead of a microphone, a small loudspeaker 
will be sufficient. Any irregularities in the frequency 
response are not important. The calibration curve will 
reveal their location and magnitude, thereby enabling 
the proper allowances to be made. 

Those of us who like to use only the latest techno- 
logy may be disappointed to learn that the method 
used, the Reciprocity Principle, was described in a 
book entitled Theory of Sound written by Lord 
Rayleigh in 1877. It apparently wasn't new even at that 
time. 

In applying the principle to microphone calibration, 
two loudspeakers, (one of which must be reversible), 
and the microphone under test are employed. When 
we say that one of the loudspeakers must be reversi- 
ble, we mean simply that i t  must be capable of func- 
tioning as both a loudspeaker and a microphone. Com- 
mon cone-type speakers with voice coils meet this 
requirement. 

The first step consists of setting up the equipment 
shown in fig. 1. Loudspeaker SPI, and amplifier A 
serve simply as a sound source and do not need any 
special features. The loudspeaker of your stereo sys- 
tem, already connected to an amplifier, can be used 
as a convenient SP1. 

Loudspeaker SP2, which must be reversible, and 
microphone M, whose calibration we seek, are 
placed side by side at distance d in front of SP1. 
(Distance d should be the same as the distance you 
intend to use for future tests because the low-fre- 
quency response of many microphones varies slight- 
ly with distance from the sound source.) The distance 
selected will depend upon the nature of the informa- 
tion desired; a microphone-to-speaker spacing of less 
than two feet greatly excludes the acoustic effects of 

By Daniel Peters, NYGU, Falcon Communica- 
tions, P.O. Box 620625, Woodside, California 
94062 
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A M P L I F I E R  

M 

A M P L I F I E R  

R l  : I  OHM NON-INDUCTIVE 

fig. 1. First step toward microphone calibration requires ' I fig. 2. Insertion of one ohm resistor in amplifier output 
reversible loudspeaker. i provides convenient measurement terminals. 

the room, while larger spacings provide a measure of 1 table I .  Sample microphone calibration data. 1 
the effect of room acoustics. If you are calibrating your 
usual station microphone, it would be well to set dis- 
tance d the same as your normal mouth-to-micro- 
phone distance. 

Because the high frequency response of most 
microphones changes for different angles of incidence, 
position M and SP2 so that they point directly at SP1. 
For the same reason, place M and SP2 close to each 
other and aim SP1 squarely at them. 

Feeding an audio tone into SP1 results in a sound 
pressure Po at M and SP2, which generates an open 
circuit voltage em and el, respectively. Measure and 
record these voltages at each frequency of interest, 
using either a millivoltmeter or an audio amplifier 
followed by an AC voltmeter. As long as you use the 
same meter to make all measurements, the frequen- 
cy response of the measuring instrument will not af- 
fect the results. Likewise, it is not necessary that SP1, 
or the audio signal driving it, have a flat, or even 
known amplitude. If you do not have a variable fre- 
quency audio generator to drive the amplifier con- 
nected to SPI, a tape with recorded audio tones will 
serve. Again, frequency response is not important; all 
you need is a source of known frequency. 

Use a signal into SP1 sufficient to mask any back- 
ground noise. However, keep the amplitude low 
enough to prevent overloading; otherwise the har- 
monics generated will give erroneous results. 

Next, connect the equipment as shown in fig. 2. 
Note that we have replaced SP1 with SP2 and have 
added a 1-ohm resistor in series with the amplifier out- 
put. Distance d should remain unchanged. Supply 
audio power and measure voltages eAand e; at the 
same frequencies and with the same meter as used 
in the preceeding steps. Actually the current in SP2 
is the quantity of interest; the I-ohm resistor, R1, pro- 
vides a 1-volt drop for every ampere of current, thereby 
allowing the use of the same voltmeter used in our 
other measurements. 

After measuring ehand e; at the same frequencies 
at which em and el were measured, you should end 
up with a set of data such as shown in table 1. 

'All voltages in millivolts. A 
The formula for calculating the microphone sensi- 

tivity, S,, is: 

(1) 

The derivation of the above formula, including the 
value of k ,  is provided in the appendix. However, since 
a relative response curve is all that is generally re- 
quired, the value of k is not important and can be left 
out of the formula, resulting in: 

In the above formula, Smr is the relative microphone 
sensitivity, and f is the frequency in Hz; voltages are 
expressed in volts. If you took your readings in mV, 
you can use mV, if you use mV for all four entries. 

Substitute the values recorded for each frequency 
in the formula and calculate the relative sensitivities. 
After finding the relative sensitivity for frequencies of 
interest, select a value considered an average and cal- 
culate all other points in reference to the selected one, 
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where: SI = sensitivity of SP2 (in abvolts per dyne 
per square centimeter) table 2. Sample relative microphone sensitivity calibra- 

tion chart. 

1 flMHzl el' em e; e& S,, %Sm;* 1 Sn, = sensitivity of M 

"All voltages in millivolts. 

where S,,, average = sum of all S,, readings 

divided by 18 (number of lines of data) 

average sum 
0.0277 

If we assume SP2 is a conventional loudspeaker, we 
know that e l  is produced by a conductor moving in 
a magnetic field, or: 

el = blv (3) 

where: b = flux density in speaker gap, in 
Gauss 

1 = length of wire in the voice coil, 
in cm 

v = velocity of the coil, in cm per 
second 

From the "Ohms law" of mechanical circuits: 

where: A = diaphragm area in square cen- 
timeters 

Z,, = mechanical impedance of the vibrat- 
ing system in mechanical ohms 

- -- - - - - -- 1 Combining eqs. 1, 3, and 4: 

er b lA  
either as a percentage or in dB, using the selected 

s1 = = Z,- (5) 
0 

value as 0 dB. (See table 2.) (Results may be plotted 
in the form of a graph.) Referring now to fig. 2, the pressure p at M, caused 

YOU are now ready to use your newly calibrated by SP2 located d centimeters away, is given by: 
microphone. One word of caution: when you use the 
calibrated microphone to test a favorite loudspeaker ra V p =  - 

2Ad (6) 
or microphone that you thought to be "flat," don't 
be surprised if the response curve resembles a Rocky where: ra = acoustic impedance of the atmosphere 
Mountain skyline. in mechanical ohms (41.5 for stan- 

Individually tuning the ports seen on many micro- dard air at sea level) 
phone cases and loudspeaker enclosures by partially 
covering or otherwise impeding the air flow with 
various fabrics can often do much to improve their 

A = wavelength of sound, in cm 

response. However, even when you've adjusted the The velocity v for a current of i abamperes in SP2 is 
system for optimum performance the curve is still go- given by: 
ing to look pretty rough, and it's better not to men- bli v =  - 
tion it to your uninitated friends because they'll in- z m  

(7) 

evitably insist that their similar component is "flat." 
It isn't - and you know it - but why lose friends? 

Combining eqs. 6 and 7: 
rblAi p = -- 

2AdZ, 
appendix 

derivation of formula 
Referring to fig. 1: 

From eqs. 8 and 5: 

el  = SIP0 (I' The pressure p on M produces a voltage & given by: 
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Combining this with eq. 9: Finally, remembering that A = v / f ,  where v = 
velocity of sound in cmlsec: 2dAe* 

sm = -- 
Slri 

sm = fl- . Jqi; e e'  
Combining eqs. 1 and 2 to eliminate Po and then sub- 
stituting for Sf: = K/;;:- e e '  (14) 

(12) 
Thus, using only equipment likely to be found in anv 

However, since i = el ,  by virtue of the 1-ohm resistor: well equipped shack, an absolute calibration curve for 
the sensitivity of a microphone can be obtained with- 

(13) out the use of a previously calibrated standard. 
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am should run on other TRS-80s, an1 little modification, on most computers that have a BAS 
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If l 
your 

IOU enter a value incorrectly (for example, 125 instead of 12.51, you will have an opportunity to correct 
error after all values for that one sample have been entered (you cannot correct a zero entry). In other 

words, you can cancel a sample and re-e you do so before ! ~ n -  
not change a sample after all samples ha zntered. When res 3r- 
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IN - NEW DATA" at the top of the screen. New data must then be typed in. 
-hose who need more than fourteen samples in your calibration efforts can either run the program more 

jitional samples, or tweak . *am a bit; with tweaking, y s will scroll 
? they'll be too big, but if ! a printer, the full tables ( inted there 

rlo luss-. I u  weak the program, chanae bvarv 14" in lines 220, 350, and 353 IU 1r1e number of 
)les you wish to use. That's it. (If you se modifications, i se 
computer doesn't have enough mc lumber of sample 

!nter it if ' 

ve been f 
tal, not I( 

going on 
ponding 

to the ne 
to the prc 

e. You ce 
X>  to cc 

sure you 
have be 
cancel t 

. a  

Ir printer 
!en know 
he progri 
- - -  -. 

3re you rc 
ash" if a 
Y point, I 
-L .  s 

?quest th 
printer v 
Dress -= E 

- , .a.  .--- 
sms run ( 
then nee 
3wed by 
. - L _  . 

ded. 
a carriag 
- - - - - - - 

Ie return .,. sral 
to i. 
TIC 
1 

OPHONE CALIBR, 

I I 1  

than . off tl 
with 

once wit 
le  screer -- I---. 

h the ad( 
I because - T- L... 

the progr 
you have 
- . B e - -  8 8 4  A 

our table 
:an be pr 
Z C  r -  *L- 

samr 
your 

d 

Ir prograr 
?mory to 

- - 

t's probal 
is. 1 

bly becau n crashes 
handle t 

I after the 
he new I 

me IEM PC. 
- Editor 

~t mat progr 

I O A  

am, send a t Note: 
Corcod 
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i Antonio Road 151, Palo Aho, California 94303. 

PROGRAM BY N A CORCODILOS 2/25) 
,OPED A D E V n  

MI CRC 

ROUND f 

ZAL I BRI! 

rN I D E A  

\T ION P 

BY. D i 

ROGRAM 
- - . - - - - - . 

VARIABLES 

, SMR( 14  ) 

' ION O F  

F (  14  

ITRY 300 ------- 
310 I 

3 2 0  C 
330 PKIN.I. - - M I C R O P ~ U N L  CALLHKA.I.LUN U K ~ A  - Nr:w UKLA- 
3 4 0  P R I N T  
350 I N P U T  "HOW MANY SAMPLES WII ( 1 4  MAX 
355 I F  S < 1  OR S > 1 4  THEN 300 ' ( 3 MANY 
400 C L S  
4 3 0  ' 
4 4 0  FOR J=l 
4 4 5  P R I N T  
4 4 6  P R I N T  

P R I N T  "SAMPLE R ";J 
I N P U T  " F (  H Z )  " ; F (  J )  
I N P U T  " E ( L )  "; L (  J 
I N P U T  " E ( M )  " ; M ( J )  
I N P U T  '*E ( L )  1 " ; L l ( J )  
I N P U T  I 1 E ( M ) 1  ";M1 ( J  1 
I = ( ( M ( J ) * M l (  ( J ) * L l (  
S M R ( J ) = S Q R ( I  'SQR 1: 

3 3  P R I N T  
5 4 0  P R I N T  "SMR F 
550 P R I N T  
560 I N P U T  "<X> 'I 'U LUN.I-. 

5 '70  I F  Q$=llY" T E N  C L S : P R I N T  "MICROPHONE CALIBRATION D, 
575 I F  Q$: IEN PRINT:O$='  
580 I F  Q$ 
585 Q$="", 
530 N E X T .  
591 
5 9 2  * 
593 
594 F 
595 u-U'CI 

5 96 
597 

ENTER 
FOR TO 

: 1 I1 

OR FEW 
is 

SAMPLI 

C A L I  BRi SAMPLE; 

I 
I 
: J ) * F ( J  
; A BAS 

INTERME 
ZTION k 

VALUE 
AKES SS; 

'OR " ; F 

'0 CORR 
- - - . - - - 

; = 11.. 
I 

:S SAMP ...~.- - - 

P R I N T  I 

L E ,  <Et 

J S I N G  I* 

J T E R >  T 
-. - - -  

INUE "; 
& T A  

Q S 
" * < * "  SAMPLES" 8 .  

="X" TH 
< > I1 Il TF 
: C L S  
5 

IEN Q$= 

SGE SMR 

H IS  A HOLDING V A R I l  n-n-JI 
NEXT . 
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9 AVGSl 
3 
3 
3 
3 YKIN.I. "r-tnzl 
3 FOR J=1 TO : 
3 PRINT F ( J ) , L ( J ) ,  
3 NEXT J 
j INPUT " < P >  TO PRIK 
; I F  Q$="PM THEN GO: . . 

BLE 1 1 ?INT CALIB TAI 

TABLE 1" 

'0 SCRE' 

IT TABL 
XJB 200 

E TO PI 
0 ELSE 

t INTER , 
. I F  Q$< 

<ENTEI > t r  l l  THI  
E INSTE 

L I B  TABLE Z TO SCREl 

""3 FOR J=1 TO L 
685 PRINT F ( J ) , L ~ ( J ) , M ~ ( J )  
686 NEXT J 
688 INPUT " < P >  TO PRINT TABLE TO PRINTER, \, L V  L 

689 I F  OS="P" THEN GOSUB 3000 ELSE I F  O S < > - -  -I-nZN 688 
< ENTEI ..,,* m . 1  

E INSTEAD ";Q$ 
L .  

l 1  
) I - - - -  

3 * 
3 CLS 

----- PI: L I B  TAI 

1 PRINT "F(HZ1" "CMSW,"AVERAGE S P  = "-:PRINT USING "fig B~##":AvC 
I FOR J=1 TO I 6 

J), 
ING "##  

10 PRINT??(, 
10 PRINT US 

lv5O NEXT J 
1110 INPUT " < P >  'l'U PKiNT TO PKIN'I'ER, <ENTER> TO KES'I'AK 
1115 I F  Q$="PW THEN GOSUB 4000 ELSE I F  Q$<>"" THEN 111 
1200 RUN 'RESTART PROGRAM AFTER FINISH PROCESS1 
iqnn I 

'RINT ROUTINE TABLE 1 

JU CLS: "'I'UKN YKIN'I'EK UN & ALIGN PAPER - PRESS <ENTER> ";Q$ 
LO LPR1NT:LPRINT "MICROPHONE CALIBRATION TABLE 1" 

120 LPRINT: LPR: 
130 LPI? INT "F ( I 
140 LPRINT 

INPUT ' 

INT 
-12 ) 'I , "E 
S - . -  150 FOR J=1 TO 

j O  LP"Th' \"PF(JI ,LIJI ,MIJI  
70 NE 
'5 LPRI 
78 Q$=" 
$0 RETU 

, \A .r .  L L 

XT J 
NT: LPR: 
'I 

n lll 

INT : LPR .INT: LPI RINT 

TABLE 

PRESS <ENTER> ":O$ 

'RINT RI OUTINE 

APER - ,, JU CLS:lNYU'I. ... Y U K N  YKIIY.I.CK i)N & ALIGN P, 
3110 LPR1NT:LPRINT "MICROPHONE CALI 
3120 LPRINT: LPRINT 
3130 LPRINT " F ( H Z ) " , " E ( L ) l m ,  
3140 LPRINT 

50 FOR J=1 TO 
i0 LPRINT FI 
70 NEXT J 
15 LPRINT: LPR11v.x:~rn 
78 Q$="'- 
30 RETU 
30 ' 
)O 1- - -  

u10 ' 
100 CLS:INPUT "TURN PKIN.LCK APER - 
110 LPRINT : LPRINT "MICROPHOI N TABLI 
120 LPRINT: LPRINT 
130 LPRINT "F(HZ ) ", "SMR1' - " A L L K A ~ E  s m ~  = "; : LPRINT US1 
140 LPRINT 
150 FOR J=l TO 
160 LPRINT FI 
170 NEXT J 

41; 
41' 
41E 

N TABLI 

J),M~(, 

.INT: LPI 

J 1 

RINT 

'RINT RI OUTINE TABLE 

ON & P 
NE CALI 

..-.- - -... 
PRESS 

3 11 

'RINT U! 

[NT: LPR :INT: LPI 

sm radio 
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Uncle Ben says ... 

"I give you 
much more than 
just the lowest price.. 
When you get that exciting new piece of 
equipment from me, you know you are 
going to be completely happy ... 
I see to it, personally! I also give 
you earliest delivery, greatest trade-in 
allowances, my friendly assistance 
in every possible way. 

Just ask any of the many thousands of 
hams all over the world who have been 
enjoying my friendly good service 
for over a half a century. 73, Uncle Ben, 

"Uncle Ben" Snyder, W2SOH I 
the head man  of I 

USA R 1 "  ... S ~ n c e  1925! I 
CALL M E  ... WRITE M E  ... SEE M E  ... 

(51 6) 293-7995 For my prompt, At one of the world's largest 
personal reply. Ham Supply Centers! 

I I 

HAS THEM ALL! 

KENWOOD TS-930 

KENWOOD 
TR-2500 

KENWOOD TM-201 

KENWOOD TS-430s 

More Details? CHECK-OFF Page 132 r /  145 



RAMSEY D-1100 
WM-MULTITESTER 
Cornpacl and rel~ahlP de- 
Stgncd to servlce a wlde varl- 
ety o l  equlpmenl Features tn- 
ciude - mlrror back scale 

double-jeweled preclslon 
movtng cod double over- 
load protection * an Ideal low 
cost untt lor the beg~nner or 
as a spare back-up unlt 

$1 995 
test leads and battery 
included 

NEW FROM RAMSEY-20 MHz 
DUAL TRACE OSCILLOSCOPE 
Unsurpassed  q u a l ~ t y  at a n  u n b e a t a b l r  p r t ce  the  Rarnsey o s c ~ l l o s c o p e  
compares  t o  o thers  cos t lng  hundreds  m o r e  Features ~ n c l u d e  a c o m p o -  
nen t  test tng c l r cu l t  tha t  w ~ l l  a l l ow y o u  t o  easl iy  test resistors, c a p a c ~ t o r s .  
d ~ g ~ t a l  c ~ r c u l t s  a n d  d todes  TV vtdeo s y n c  f l l ter  w ~ d e  b a n d w ~ d t h  8 
h t g h  sensl t lv l ty  Internal  g r a t ~ c u l e  h ~ g h  q u a l ~ t y  rec tangu la r  CRT 

f ron t  pane l  t race  ro ta to r  Z ax ls  h ~ g h  s e n s ~ t l v l t y  x-y m o d e  8 very 
l o w  p o w e r  c o n s u m p t ~ o n  regu la ted  p o w e r  supp ly  b u ~ l t - ~ n  ca l lb ra to r  

r o c k  s o l ~ d  t r lgger lng  h~gh q u a l ~ t y  h o o k - o n  p robes  

$399g5 hlgh quality 
hook-on probes Included 

RAMSEY D-2100 
DIGITAL MULTITESTER 
A ~ t i n t p a ~ t  easy lo  use unlt 
deslgnpd to operate lhke a pro 
Featur~ng 3 d ~ g t l  LCD low 
BAT Indtcalor all range over- 
load protectton * overrange Indl- 
catton auto-polar~ly Trans~s- 
tor lester dual-slope Integra- 
tlon v~ny l  carrylng case 

$5495 
h lesl leads battery 6 vinyl 
c:&tng case'included 

RAMSEY D-3100 
DIGITAL MULTIMET 
f?,  l l a h l ~  ~accura t~  dlqtlal 
n~easuremenls at an amaz- 
lnqly low cost e In ltne color 
coded push buttons speeds 
ranqP zelectlon abs plastic 
t ~ l t  stand recessed Input 
lacks overload protectton 
on all ranges 3 h dtg~ t  LCD 
dtsplay w ~ t h  auto zero auto 
polartty 8 low BAT lnd!cator 

$5995 
lest leads and battery 
Included 

'ER 

I CT-70 7 DIGIT CT-125 9 DIGIT CT-50 8 DIGIT 
525 M H z  COUNTER I I 2  GHz COUNTER 600 M H z  COUNTER I 
Labquailly ;it a brl~akthrough prtce 
Fealures 3 lreqr~ericy ranqeseach 
with pre amp dual selectahlegate 
times gate actlvlty ~nd~ca lo r  

50mV '.r 150 MHz lyptcal senstllvlty 
wlde frequency range 1 ppm 

accuracy 

$1 1995 
wlred lnclvdes AC adapter 

CT-70 kjt . . . . . . . . . . . . . . .  $99.95 
BP-4 nlcad pack . . . . . . . . . . . . . . .  .8.95 

1 hr. most v,~rsal~tt. t(,r I~.:.sthan $300. 
Fra1urc:s 3 s?lrct;~hlr g;tlsttmeS 9 
dlqlts gate 1rld8l:;ltor dtsplay hold 

15mV (18 150 MHz typical sensltlvlly 
I0 MHz I~mehase lor WWVcallbra- 

tlon 1 ppm accuracy 

wlred includes AC adapt01 

. . . . . . . . . . . . . . . . . . .  CT-90 k ~ l  5129.95 
.. 0V- 1 0 1 PPM oven Itmebase .59.95 

............... BP-4 nlcad pack .8.95 

A 9 d ~ g ~ t  counter that w ~ l l  outperform 
unlts costlng hundreds more gate 
Indtcator 24mV (a' 150 MHz typical 
sensltlvlly 9 d ~ g ~ t  d~splay 1 ppm 
accuracy display hold dual lnpuls 
w ~ t h  preamps 

wlred includes AC adapter 

............... BP-4 n~cad  pack .8.85 

A vorsatule tab bench counter with 
optlonat recetve Irequency adapter. 
w h ~ c h  turns the CT-50 Into a d~gl la l  
readout for most any recetver 25 mV 
(n 150 MHz lyplcal sensltlvlty 8d1g1t 
dlsplay 1 ppm accuracy 

$1 6995 
wlred 

.. . . . . . . . . . . . . . . . . .  CT-SO k ~ t  $139.95 
...... RA-1 receiver adapter klt .14.95 

DM-700 DIGITAL I PS-2 AUDIO 
MULTIMETER MULTIPLIER 
P10f~b~101>,31 qildl ly ill a hObbylSl lhr .  1'5.2 15 tiar,dy lor htgh resolullon 

prnrr Featrirt.s ~riclude 26d1llerent aud~o resolutton measurements. mul- 

ranges and 5 lunctlons 3'?1 dlglt. 'h tlptles UP In frequency great tor PL 

LED display . aulOmallC deClmel tone measurements muttlplles by 10 

placement automatic potarlty or 100 . 0 01Hz resolut~on 8 butlt-ln 
stgnal preamplcondqtloner 

$1 1995 
wtred Includes AC adapter $4gg5 

wlred 
DM-700 k ~ t  . . . . . . . . . . . . . . .  $99.95 

. . . . . . . . . . . . . . . . . . . . .  I MP-1 nrohp set . . . . . . . . . .  .4.95 PS-2 klt 

PR-2 COUNTER 
PREAMP 
Thfl F'II ,' I,,  deal for measuring weak 
slqrlals from 10 to 1.000 MHz llal 25 
dh qaln . BNC connectors great tor 
snnlf~ng RF ,deal rec~~ver /TV 
preamp 

54495 
wlred Includes AC adapter 

PR 2 k ~ l  . . . . . . . . . . . . . . . . . . .  $34.95 

PS-1 B 600 M H z  
PRESCALER 
E x l ~ i ~ l .  1hc rarlitr ,,I your present 
co5jntt.r to 600 MHz 2 stage preamp . dfv~lr ,  by 1 0 ~ l r ~ l r l l r y  SenS~tlvttr 
25mV r 150 M H l  BNC connectors 

drlveqany counter 

wlred Includes AC adapter 
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l l g h l s  f l l c k e r  wlth 

mage rejectNan, fully tunable audlo to recover 
trldden subcarrlers, dlvlde by two PLL demadu 
lalor tor excellent threshold performance, tlght 
Tracklng AFC to assure drift free receotton, and 

3 0 0 W  tunson 110VAC of course, full 24 channel tunable coverage 
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i m p rOvi ng meteor day, only about a half-dozen 70 cm ratio.3 North-south paths tend to peak 
QSOs have been claimed since the around 0200 and 1000 local time with 

scatter original one on August 12, 1972.2 a similar minimum. Sporadic meteors 

communications Over the past ten years I have been are not uniformly distributed and tend 
gathering information on meteor scat- to be random in speed (more on this 

It has been estimated that each day 
50 to 100 million particles orbiting in 
space enter the Earth's gravitational 
field and are literally swept into the 
ionosphere. These particles, or mete- 
ors, as they are often called, are usual- 
ly quite small - even as small as a 
grain of sand - and may leave a bright 
trail as they burn up by frictional heat- 
ing when entering the atmosphere. 

As meteors burn they produce ioni- 
zation in the "E" layer (typically 50 to 
150 km above the Earth). For many 
years VHFIUHFers have been using 
this ionization as one of the primary 
modes of propagation for working DX 
on 6 and 2 meters. A form of forward 
scatter, this is usually referred to as 
"meteor scatter." 

During the late 1950s the race for 
the first 2-meter WAS began, and me- 
teor scatter became one of the prime 
propagation modes. It soon became 
obvious that it was very difficult to 
work new states, especially when they 
were over 7200 mites (1930 km) dis- 
tant. Predicting the best time and day 
were mainly based on luck or past 
experience. 

When the competition for the first 
220 MHz and 70 cm (432 MHz) meteor 
scatter QSOs began, the difficulty in- 
creased even further.' In fact, as of to- 

ter communications and developing 
techniques, some already known, and 
some that are perhaps new to Ama- 
teurs. This information may assist you 
in pinpointing meteor scatter maxi- 
mums, choosing the optimum dates 
and the best time to schedule, optimiz- 
ing your equipment, and learning how 
to listen for meteors. Understanding 
this material should increase your suc- 
cess rate and possibly add to the data 
base that will be presented here. Since 
the prime meteor scatter season is just 
around the corner, I thought this 
would be a good time to present this 
material. 

background information 

There are two basic types of mete- 
ors: sporadic and shower. The sporad- 
ic meteors have random orbits in space 
and are drawn in by the gravitational 
force of the Earth as it passes them in 
its orbit around the sun. However, 
they are for the most part concen- 
trated toward the ecliptic plane (the 
plane of the Earth's orbit) and move 
around the sun in the same direction 
as the Earth. Because of the geometry 
involved, these sporadic meteors tend 
to peak for east-west paths every day 
around 0600 and are at a minimum at 
1800 local time with ap,proximately 4.1 

later) as well as difficult to predict. 
There is a further seasonal variation 
because of the tilting of the Earth's axis 
relative to the ecliptic plane. Sporadic 
meteors tend to peak with a broad 
maximum occurrence in July and a 
broad minimum in February. 

Shower meteors, on the other hand, 
are more spectacular, but account for 
only a small fraction (less than 5 per- 
cent) of the total incidence of meteors. 
They are believed to be the remnants 
of old or extinct comets which have 
specific orbits and velocities around 
the sun. When the Earth intersects one 
of these orbits, there is a dramatic in- 
crease in the quantity and size of the 
meteors entering the ionosphere. 
Hence the name "meteor shower" has 
been coined to describe this phenom- 
enon. The most observed meteor 
showers have been given astronomical 
names corresponding to the constella- 
tions in the sky from which they ap- 
pear to originate. Because of their dis- 
tinct orbit (in comparison to the spo- 
radic types), they can peak at any time 
of the day or night. The duration of the 
shower may last anywhere from a few 
hours to as long as a week or two. 
Since they are so concentrated (com- 
pared to the sporadic types), they con- 
siderably enhance the possibility of a 
completed QSO. 
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/ table 1. Data fo r  major meteor showers. I 
shower name 

Quadrantids 
April Lyrids 
Eta Aquarids 
Arietids 
June Lyrids 
Delta Aquarids 
Perseids 
Orionids 
Taurids 
Leonids 
Gerninids 
Ursids 

best dates 

Jan 1 - 4 
April 20 - 23 

May 2 - 6 
June 1 - 15 

June 10 - 21 
July 26 - 30 
Aug 10 - 14 
Oct 18 - 23 

Oct 30 - Nov 10 
Nov 14 - 19 
Dec 10 - 15 
Dec 21 - 24 

durat ion 

10 hours 
2 days 
5 days 
8 days 
2 days 
2 days 
4 days 
2 days 

20 days 
3 hours 
3 days 

12 hours 

accuracy 

f 15 rnin 
& 12 hrs 
+ 12 hrs 
+ 12 hrs 
f 12 hrs 
+ 12 hrs 
k 75 rnin 
k 12 hrs 
k 12 hrs 
f 12 hrs 
+ 12 hrs 
f 12 hrs 

hour ly 
rate** 

50 
12 
15 
66 
10 
20 
49 
18 
10 
10 
60 
15 

Ecliptic longitude in 1950 coordinates. 
Estimated meteors per hour at maximum. Can vary greatly from year to year depending on shower 

""For northern mid-latitudes. 
Note 1. Never sets. Minimum at  1730. 
Note 2. Never sets. Minimum at 2030. 

velocity 
(kmlsec)  

43 
51 
64 
39 
5 1 
43 
60 
67 
31 
72 
37 
35 

local*** 
r iselset  

2300- 1800 
2100-1100 
0300- 1200 
0330- 1 530 
2100-1 100 
2200-0600 

(note 1) 
2230-0930 
1900-0630 
0000- 1230 
1900-0900 

(note 2) 

Sporadic meteors will continue to be 
used by VHFers on 6 and 2 meters. 
The best times for use will be in the 
morning hours and during the summer 
months as stated earlier. However, 
long haul 2-meter DX and especially 
operation on 220 MHz and above 
would best be served by concentrating 
on specific meteor showers. 

pinpointing meteor 
shower peaks 

Although many articles have been 
written on meteor showers, there has 
been very little information on pin- 
pointing exactly when these meteor 
showers peak. Most of the available in- 
formation lists only the approximate 
dates of the expected ~ e a k . ~ , ~ . ~  Some 
of these showers are of extremely 
short duration (one to four hours). 
Considering operation on only one par- 
ticular day, or even during any six to 
ten hours off peak on a short duration 
shower will probably prove to be a 
waste of time. 

Often you hear someone say, "Oh, 
that shower always peaks at 8 AM on 
August 12," only to hear conflicting 
stories about the same shower from 
someone else. The reasons for contra- 
diction are many. Often overlooked is 
the basic fact that the Earth takes 
365% days to complete one orbit 
around the sun. (This is the reason we 
need one leap year every four years in 

order to get the calendar back in syn- 
chronization.) Therefore the shower we 
encounter today will typically peak six 
hours later next year, allowing, of 
course, for leap year when it occurs. 
Astronomers have a way to predict the 
time that the meteor showers are ex- 
pected to peak.' This method uses ce- 
lestial information to predict the time 
the Earth intersects the orbit of the 
meteor stream based on data that has 
been generated by long-term visual ob- 
servation of the more well known 
showers. Some information has also 
been generated from radar observa- 
tions. I gave a talk on this prediction 
method at the Central States VHF 
Conference in Sioux Falls, South 
Dakota in July, 1981 and have been 
continuously updating the handout in- 
formation that accompanied that pre- 
sentation. (Each month I use this 
method to forecast the various meteor 
shower peaks and list them in the "lm- 
portant VHFIUHF Events" at the end 
of the column.) 

Let's see how to use this method. 
First you have to know the ecliptic 
(sometimes called solar) longitude of 
the various showers. This is listed each 
year in various publications: and I be- 
lieve Sky and Telescope Magazine 
uses the same information for its 
monthly meteor shower predictions. 
However, beware of meteor shower 
peak predictions in astronomy maga- 

zines; their interest is primarily visual. 
If, for instance, the peak of the shower 
is during the day or on an evening near 
full moon, astronomy magazines may 
not provide sufficient information to 
determine the real peak. Most astron- 
omers couldn't care less about the use 
of meteor showers for radio commu- 
nications! 

I have generated table 1 to show 
the ecliptic longitude in 1950 (astro- 
nomical) coordinates for the peak of 
the meteor showers, the range of 
dates and times, the duration of the 
shower, the approximate accuracy of 
the predictions, and the hourly rate 
and velocity. To predict the time of the 
actual meteor shower peak, you need 
to acquire a table showing "Ecliptic 
Longitude at 0000 UTC" for the year 
of interest: or calculate this data your- 
self (more on this later). Because four 
years of data are required, this would 
be an extensive table. Therefore, using 
reference 9, 1 have calculated and list- 
ed in table 2 the ecliptic longitude for 
just the principal dates surrounding the 
major meteor showers. Days on either 
side of those listed could be estimated 
if desired. Because the Earth returns 
to approximately the same place in its 
orbit every four years (as described 
earlier) all you have to do is repeat the 
proper year. For example, the 1984 
table is also good for 1976, 1980, 1988, 
and so on. 
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The equation for. calculating the 
ecliptic longitude daily is found in ref- 
erence 9. W4WD has taken this equa- 
tion and some of the data shown in 
table 1 and written a computer pro- 
gram for the TRS-80 computer.'O Jim 
Reisert, ADIC, has revised the pro- 
gram and data. A copy of his program 
is shown in fig. 1. 

using the tables 
A few examples of how to use 

tables 1 and 2 should clarify the 
method. 

Find the date and peak time for the 
Perseids meteor shower in 1984. 
Table 1 shows the peak at ecliptic lon- 
gitude 139.3. Scan through the eclip- 
tic longitudes listed on table 2 for 1984 
and find the day before and the day 
after the 139.3 peak, noting the date 
and ecliptic longitude shown for 0000 
UTC. The day before is August 11 at 
ecliptic longitude 138.51, and the day 
after is August 12 at 139.47. Therefore, 
the shower will peak on August 11. To 
find the peak shower time, insert this 
ecliptic longitude data into the follow- 
ing equation: 

( E L  - E.L.1) T = 24 . -L 
(E.L.2  - E.L.1) 

= 24 . (0.823) - 19.75 
or 1945 hours 

where T is time in UTC, E.L. is eclip- 
tic longitude from table 1 for the 
shower of interest, E.L. I is from table 
2 for the day before and E.L.2 is from 
table 2 for the day after peak for the 
proper year. Therefore, the next peak 
of the Perseids meteor shower should 
be August 11, 1984, at approximately 
1945 UTC. 

Find the peak for the great Leonids 
shower of 1966. Table 1 shows the 
peak at ecliptic longitude 234.7. Look- 
ing through table 2 for 1982 (same as 
1966 table, as explained earlier) we find 
the data for the day before and after 
as November 17 at 234.28 and Novem- 
ber 18 at 235.39. Inserting these eclip- 

fig. 1. Meteor shower peak prediction time program. Though written for TRS-80TM. 
BASIC program can be adapted to any personal computer. 

1 0 0  F'EP1: FRCIGRAPl BV JHPlES REISEKT 5 FC)l C- - 12 FEBRUAP',' 1 3 3 4  
105 REF1: BHSEC* CIt-l F'ROGF:NPl B',' FrllSS IrlI CKER, W4lrlD 
1 1 0  b.:=53.2957795 1308  

1.75 PR l t lT  THE:, 5'' '"- ------------------" 
A. 

1 3 3  F'RItlT 
1'55 F'F'IMT "WHAT 15. THE ','ERR ~'C',","~,':.~ " ; 
1 4 0  INPUT ',' 
1 4 5  PPIt4T 
1 '50 F'F'I} IT TAB, 1 5  t ; "PIETEOF ~HI~IIJEF'" 
17'; PPI t jT  TAE:,,lY,;" ........ " 
I i-1.0 F'F'It.!T 
1f.5 F'PItIT " 1 , l:!lJA[~PAtITI[~i";TAE:~:~?,.f; "I-4 5Uti. " 

170  PF'IvdT " 28 AFFIL  L ' , 'F ' I [ ,~" :TFIC(33 ' ; "20-1~ AFF:." 
175 vF;'It{T " 5') ETA fiOIJFIRIDS" :T~~EI.;Z:> ; " 2  I:. I.tW,"' 
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, -.5 . <.-r PF'It.IT 
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2Z5 1 tlr'lJT t4 
-*4Q I F  t.1.' 1 OE ti: 1 2  TI-1Etd 2x0 L 

:?.$5 F'ETTOF'E 
.:'YO ri_v I=I TO t i  
. -- .L = 

-..,-t F:E,lr, 5 f .E.D. f .HZ. .F l .D 
- . . . . . .  - . . .  - 
5 1 (ITlLC'ULHTE THE JIJLI Al l  CpRT E 

:,=7,:,L7.+:,;(,b. l p x ~ : l ~ ~ , t ~ t l ~ , : , ~ ~ , 8 - ~  , ..4 , - . .~ t i - r ,  ,.I,~- ,.lo!;i * i  I t ! - r l  !:l:-i.l 1c3ci 
-.-= 1: I, I ~ J T ,  7 ~ .  5 5 ~ 8  pi- : - :$'I +.:vIt!Ti: !' 12-..Pl',, 1Ci tC, . . . .  

7 , Y . E  .-.._.., PF'INT - ....a+ .- F.p:tlT "THE 0 ;zb; " METE3R SHil[,JE?, bl1l-L PEAK 1~1t.I" :M: ",'" ;:'; ".,'" ;','--i':'Ni 
~ ' 3 5  pF.lp]T "FiT ";G;" tiP1T. T k t I 5  SHI~I~IEF: LAST5 " .:D*;" HI4D" 
4 0 0  F'PrtIT "TI-115 PREDICTIilt.4 HHS At.! ACC'LIRAC:',' OF " :A% 
'$05 PF'I NT 
d l10 PF'ItIT"r81:l ','C!l-I I,!HtdT NtllIlTHEF' Pl-ltl it,'-'H.i "; 
415 ItIF'UT AS 
J.r.0 . .- I F  riS=":'" THEN 115  
.;I I-!? l-~ClT!:l 5 5 5  
470 F'E:1: SIJE:F.I:!I!T~!IE TICI C:HLC 1-ILI~TE EC.L.1PT I i L !:lt.l!iI TUCsES 
.$'::? .- 7 l? . ,~  ,T--z7t:, t x , : , yc :  
~140 C (kc. 01157 1,-O. I-l?CilIlr3-)+Tl 
.+..IT PI;::.., 0. 9:55<.0'71.t : T -1 1;. 3 3  '?-a. 22:; + T I  ) ... I:.: 
450 I.-'?=P~ 7 + r t y r ~ ; ~  t { ,  ~1: --" 
,::kyy !.1!3-1: 7- 1-1-i:i : 114, !:: 3 
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tic longitudes into the equation from 
above, we obtain: 

(E.L. - E.L.1) 
= 24 . p7.L.Z-E.L.I) 

= 24 . (0.416) = 9.98 
= 0959 hours 

Checking back in history, we see that 
the peak indeed occurred on Novem- 
ber 17, 1966, between 0900 and 1300 
UTC." Not bad for an estimate! Wait 
until the next Leonids peak in 1999; it 
will occur on November 17 at 1541 
UTC. Check out the math yourself - 
and if I'm not around, remember that 
I told you so! 

A few notes of caution are in order. 
As pointed out earlier, meteor shower 
peaks are based primarily on visual 

sightings. Radio peaks may vary slight- 
ly because the ionization for radio re- 
flection may not necessarily cause a 
bright visual display. However, the 
radio and visual peaksare probably not 
much different. Another factor is the 
orbits of the showers themselves. 
Sometimes an orbit may be deflected, 
especially if i t  passes near one of the 
major planets such as Jupiter. If this 
happens, the shower may peak at a 
different date and/or time or even 
completely disappear! Also, some 
showers such as the Leonids are be- 
lieved to be much younger, astronom- 
ically speaking, and hence are more 
concentrated. Therefore, they may be 
good only during certain peak years. 
The astronomy magazines are good 
sources of information to determine 
when these peak years will occur. In 
the interest of brevity, I have not men- 

tioned minor showers or those that 
have been dormant in recent years per- 
haps because of a shift in orbit. They 
are still worth investigating if you have 
the time and inclination! New showers 
may be discovered but will take time 
to pinpoint exactly. 

getting the best reflection 
Another reason why different per- 

sons may quote different shower 
peaks is that they may have over- 
looked the geometry faotor that must 
be o b ~ e r v e d . ~ , ~  In some cases there 
may be no optimum time for commu- 
nications between two stations be- 
cause a specific shower may not pass 
over the proper reflection point be- 
tween the stations involved. However, 
when there is a usablemeteor shower, 
there is an optimum time when the 
meteors will be in the proper location 
for the maximum signal reflection for 
the desired direction. W4LTU listed 
optimum times in his tables for sched- 
uling between stations during meteor 
showers based on the direction of the 
path6 This data is very important if you 
want to enhance your chance of a 
completed contact and not spend end- 
less hours when the meteors are in the 
wrong position. 

Some European VHFIUH Fers have 
recently written computer programs to 
aid in selecting the best times to oper- 
ate in any desired direction. They use 
the geometry specified by W4LTU in 
reference 4 with right ascension data 
for t h e m e o r  shower. Their program 
also adds data pertaining to effective- 
ness, thereby giving all times of the 
day with a quality factor of 0 to 100 
percent for any desired path. Hopefully 
this program will soon be available 
here in the United States. 

choosing the 
optimum shower 

Another often overlooked fact is 
that each shower has its own specific 
characteristics. Time and space do not 
permit a long discussion here, but I will 
try to summarize some data I have col- 
lected to assist you in determining the 
best meteor shower to use for a spe- 
cific frequency and path. 

It is generally agreed that the opti- 
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table 2. Ecliptic longitude at 0000 UTC for selected days (from The American Ephemeris and Nautical Almanac for year 
of interest).' 

date 1984* 1985* 1986' 1987* 
Jan 3 281.79 282.54 282.26 282.04 
Jan 4 282.81 283.55 283.27 283.06 
Jan 5 283.83 284.57 284.29 284.08 
Apr 21 31.08 30.81 30.54 30.34 
Apr 22 32.06 31.78 31.52 31.32 
Apr 23 33.03 32.76 32.49 32.29 
May 4 43.72 43.45 43.18 42.99 
May 5 44.69 44.42 44.15 43.95 
May 6 45.66 45.39 45.12 44.92 
June 5 74.53 74.26 73.99 73.80 
June 6 75.48 75.21 74.95 74.75 
June 7 76.44 76.17 75.91 75.71 
June 14 83.13 82.86 82.60 82.41 
June 15 84.08 83.82 83.56 83.36 
June 16 85.04 84.77 84.51 84.32 
July 27 124.15 123.88 123.63 123.43 
July 28 125.11 124.84 124.58 124.38 
July 29 126.06 125.80 125.54 125.34 
Aug 11 138.51 138.25 137.99 137.79 
Aug 12 139.47 139.21 138.95 138.75 
Aug 13 140.43 140.17 139.91 139.71 
Oct 20 206.78 206.52 206.52 206.04 
Oct 21 207.78 207.51 207.24 207.03 
Nov 2 219.76 219.49 219.22 219.00 
Nov 3 220.76 220.49 220.22 220.00 
Nov 4 221.76 221.49 221.22 221 .OO 
Nov 16 233.82 233.55 233.28 233.06 
Nov 17 234.83 234.56 234.28 234.07 
Nov 18 235.84 235.57 235.29 235.08 
Dec 12 260.15 259.88 259.61 259.39 
Dec 13 261.17 260.90 260.62 260.41 
Dec 14 262.19 261.92 261.64 261.42 
Dec 21 269.31 269.04 268.76 268.55 
Dec 22 270.33 270.06 269.78 269.56 
Dec 23 271.35 271.08 270.80 270.58 

'Each table repeats itself every 4 years. Hence the table for 1984 will be usable in 1988. 1992, and so on. See text for further information. 

mum path length for meteor scatter 
communications is between 700-1000 
miles (1 126-1609 km), but this is based 
mainly on an average meteor's ionizing 
at 100 km altitude. The slower veloc- 
ity showers (1 1-40 kmlsec., see veloc- 
ity column on table 1) such as the 
Geminids can ionize as low as 60-80 
km and hence are good for shorter dis- 
tances, while the faster showers (40- 
72 kmlsec.) such as the Perseids may 
ionize at as high an altitude as 150 km. 
Therefore, the faster showers will gen- 
erally yield the best DX. 

Likewise, the fast showers seem to 
be the best ones for 220 MHz and 
above. The duration and signal 
strength of the burst drops off rapidly 
with decreasing wavelength and there- 
fore is considerably shorter and weaker 

on 220 MHz than on 2 meters. Even 
on a fast shower, very few long bursts 
will be detected on 70 cm. The ideal 
shower for the most difficult paths and 
higher frequencies should have a good 
rate of meteors per hour because sev- 
eral bursts may be required to com- 
plete the exchange of information re- 
quired for a OSO. Therefore, fast 
showers with few meteors, such as the 
Leonids of late, are not good prospects 
except during peak years in their cycle. 
The Orionids and Eta Aquarids meteor 
showers are believed to be associated 
with Halley's comet which is due to 
rendezvous with the sun in 1986. This 
could mean a big increase in the rate 
of these showers over the next few 
years. Stay tuned in! 

In short, I feel the Perseids is the 

ideal all-purpose shower, especially for 
220 MHz and above. It has a long dura- 
tion, high speed, lots of large particles, 
and is evenly distributed from year to 
year. Is it any wonder why all reported 
70 crn meteor scatter completed con- 
tacts have taken place during this 
shower? The Geminids, even though 
slow in speed, are reliable year after 
year for paths up to 1000 miles (1609 
km), with lots of meteors and good 
performance even on 220 MHz. The 
Quadrantids are great if you are lucky 
enough to catch the narrow peak. The 
Delta Aquarids can also be good, but 
it has been pointed out in recent years 
in astronomy magazines that this 
shower may be comprised of up to six 
or seven other showers, hence explain- 
ing its erratic nature from year to year. 
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fig. 2. Map showing N channel 13 locations and offset can be used to determine meteor 
scatter openings. (Reprinted with permission from the Worldwide TV FM DX Associa- 
tion, Buffalo, New York.) 

optimizing your equipment 

It is possible to make 6- and 2-meter 
meteor scatter contacts during meteor 
showers with power as low as 10 watts 
and a 10-12 dBd gain antenna. How- 
ever, these contacts would not be the 
long-haul DX (over 1200 miles or 1931 
km) and would take some luck. For re- 
liable meteor scatter work on 6 and 2 
meters, it usually requires greater than 
100 watts and an antenna gain of 12-15 
dBd. A good noise figure would be de- 
sirable to take advantage of the weak- 
er and shorter bursts, but even a 5-10 
dB noise figure will work because 
bursts on these frequencies are usual- 
ly well above the noise. 

QSOs on 220 MHz and 70 cm via 
meteor scatter are another story. Sig- 
nal levels are definitely weaker, es- 
pecially on the longer haul. The bursts 
are also much shorter. A "blue whiz- 
zer" on 2 meters may be 30 to 90 sec- 
onds long, but the same kind of burst 
on 220 MHz may last only 15 to 30 sec- 
onds. On 70 cm, pings are typical, and 
if you're lucky enough to get a burst, 
it will probably only be a few seconds 
long since 5 to 10 second bursts are 
extremely rare. Hence, it helps to have 
a good receiver noise figure (2 dB or 
better) and more power, at least 100 
but 500 watts or more if possible. Like- 

wise, higher antenna gain is desired. 
A factor often overlooked on meteor 

scatter communications is the geom- 
etry involved. It has been pointed out 
by W4LTU that for ideal conditions, 
the reflection point from the meteor 
trail will be optimum approximately 5 
to 9 degrees on either side of the direct 
path depending on path length.4 For- 
tunately, as the path lengthens, the 
angle narrows. Indeed, it has been fur- 
ther suggested that you can optimize 
the path by aiming your antenna to the 
proper offset from the direct path as 
pointed out in table 1 of reference 6. 
Antenna height is also important, be- 
cause nulls will appear in the pattern 
based on height in wavelengths. Here- 
in lies the rub. More antenna gain will 
only aggravate the situation because 
higher gain implies narrower beam- 
width.12 

On 220 MHz the typical high gain 
Yagis in present-day use have a beam- 
width of 26 to 30 degrees. If these an- 
tennas are stacked two high and/or 
two wide, the beamwidth will typical- 
ly be 13-15 degrees, meaning that sig- 
nals at the reflection point on either 
side of the path will be at about 3 dB 
down. On 70 cm the problems are 
usually worse; typical high perform- 
ance stations use four Yagis, each with 
20 to 24 degree beamwidth. An array 

' of four Yagis arranged in a square 
would be 10 to 12 degrees wide, at 
least 3 dB down on the band where we 
are already fighting feedline loss and 
very weak, short duration bursts. 

There is a partial solution to this di- 
lemma. If possible, stack your anten- 
nas vertically so that the horizontal 
beamwidth will be the same as a single 
antenna. The beamwidth may drop to 
4 to 6 degrees in the vertical plane, but 
it doesn't really matter at distances 
greater than 750 miles (1207 k ~ n ) . ~  

monitoring a meteor shower 
There is an easy and effective way 

to monitor meteor showers. I have 
been listening to VHF TV station chan- 
nels 12 or 13 video carriers for many 
years with a simple homebrew con- 
verter and Yagi antenna.13 The normal- 
ly specified TV video carrier frequen- 
cy is 1.25 MHz above the bottom end 
of the allocated band. What isn't al- 
ways known is that on the VHF chan- 
nels (2 through 13), there are three dif- 
ferent video carrier frequencies for 
each TV channel: one on the listed fre- 
quency, called the zero offset; one 10 
kHz below, named the minus offset; 
and one 10 kHz above, labeled the plus 
offset. The accuracy of these carriers 
is -t 1 kHz and they are assigned by the 
FCC so as not to cause video beating 
between similar channels in any wide 
geographical area. I have listed the 
standard carrier frequencies in table 3. 
(The actual assigned frequency for 
each TV station is listed in Part 73, 
Subpart E- Television Broadcast Sta- 
tions of the FCC Rules and Regula- 
tions.) Knowing the assigned frequen- 
cy for a specific station will aid in pos- 
itive identification. These frequencies, 
along with offsets, effective radiated 
power, and such are also listed in the 
WTFDA TV Station Guide,14 with in- 
dividual maps for each TV channel to 
aid the user to locate the stations on 
each channel (see fig. 2). 

Several things should be considered 
when selecting a TV channel to moni- 
tor. A TV channel 2 monitor (55.25 
MHz) may be very active and useful for 
6 meters, but gives little insight into 
what's really happening up on 2 meters 
or 220 MHz. It is best to use one of the 
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MORSE CODE, BREAKING 
THE BARRIER 

by Phil Anderson, WUXl 
Learning the Morse Code 
does not have t o  be  the pain- 
ful experience many folks 
make i t  out  t o  be. This l i t t le 
booklet is chockful l  of help- 
ful  and highly recommended 
hints and t ips on  how t o  
learn the Morse Code. Uses 
the highllow method t o  elimi- 
nate the dreaded 10 wpm 
plateau. 0 1982, 1st edition. 

OPA-MC Softbound $1.50 each 
Please add $1 00 for sh~pplng and handllng 

HAM RADIO'S BOOKSTORE 
Greenville, NH 03048 

r ST-I For 2 Meter5 42 28900 1 
Free $9.95 Mob. Quick Chorge Cable 
We Stock ALL Sanlec Accessonesl 

ST-222. . .$299 ST-442. . -93 19 I 
with Touchtone Mike 289'' and Mobile Bracket 

KDK 220, 440, bM-Call-Availability! I 
1 FREE UPS Brown S h i ~ ~ i n a - A d d  $1.65 for COD I 

method is less critical on timing (using 
15 second sequencing can cause a 33 
percent loss of information if one sta- 
tion is off 5 seconds in timing!). A t  the 
end of a receiving sequence, the tape 
is quickly replayed at reduced speed to 
pick off any information received. This 
procedure does favor short bursts be- 
cause entire call sets and reports can 
be sent in seconds or less and replayed 
until the information is deciphered. 
SSB is now gaining popularity in 
Europe. 

In some sense, the high-speed CW 
used in Europe is similar to the proce- 
dures being proposed by those inter- 
ested in packet or computer-oriented 
communications.'7 It's no secret that 
many of us still feel that communica- 
tions must still be heard and de- 
ciphered by the operator rather than 
just appear as a letter or message on 
a video screen. However, such is prog- 
ress! Reviewing the material in refer- 
ence 17 should be very interesting to 
those with computer experience. 

summary 
I can't believe this article grew so 

long! Hopefully the material presented 
will be interesting and helpful. Let me 
point out that I am not advocating the 
use of only certain meteor showers. I 
presented this material to help you in- 
crease your success record - espe- 
cially on the longer DX, 220 MHz and 
above. If the shower isn't materializ- 
ing, why waste the kilowatts? How- 
ever, using the material presented 
here, you may be able to discover 
other shower opportunities or input 
data to refine the peaks of existing 
showers. 

Various methods have been present- 
ed to predict more accurately when the 
better meteor showers will peak. Re- 
member, you can't use a short dura- 
tion shower if it peaks when the ra- 
diant is not above your horizon! In ad- 
dition to the information in table 1, 
refer back to W4LTU's table6 for best 
times for the path direction desired. 
Optimize your equipment especially if 
it is not up to the standards recom- 
mended; build up a monitor as de- 
scribed and you'll be amazed how 
helpful it will be, not only for meteor 

scatter but for other propagation 
modes as well. 

Finally, let me thank W4WD and 
AD1 C for their help in determining the 
shower peaks by computer. Also, 
many thanks to Chip Brown, KRlP, 
for the material he helped me obtain 
on this subject as well as his helpful 
suggestions; to WTFDA for use of 
their map; and the people at Sky and 
Telescope Magazine for their help. 
Good luck on your next meteor scat- 
ter schedule and let me know if you 
can improve the data base in this 
article. 
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VHFIUHF coming events 
June 5: 1200 UTC, peak of Arietids 

daytime meteor shower 
June 9-10: ARRL VHF QSO Parfy 
June 14: 2200 UTC, peak of June Lyrids 

meteor shower 
June 15-17: SMIRK (6 meters) Contest 
June 21: Mean date of 2-month annual 

peak of sporadic-E propagation 
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THE MOST AFFORDABLE 
REPEATER 

.ALSO HAS THE MOST IMPRESSIVE 
PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) ------------ 
JUST LOOK AT THESE PRICES! 

Band Kit - Wlmdfrerw 

lOM,eM,2M,220 $680 $880 

440 $780 $980 

Both klt and wired milo are complete wifb ell peris, modules, hardware, and cry~lals 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also awllabfa tor remote siie /Inking, c10~8band. and mmote base. 

FEATURES: 
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SELECTIVITY THAT CAN'T BE BEAT! BOTH 
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OFF-FREQ TRANSMI'TTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER 8 CONTROL. 

m. CLEAN. EASY TUNE TRANSMITTER; UP TO 20 WATTS OUT 
(UP TO 50W WITH OPTIONAL PA). 

HIGH-PERFORMANCE I TRANSMITTERS I ACCESSORIES 
RECEIVER MODULES 

Rl44lR220 FM RCVRSfor2Mor220MHz. 
0.1 5uV sens.; 8 pole xtal filter 8 ceramic filter 
in I-f, helical resonator front end for exceptional 
selectivity, more than -100 dB at f 12 kHz, 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $1 38. 

R451 FM RCVR Same but for uhf.Tuned line 
front end, 0.3 uV sens. Kit only $138. 

T51 VHF FM EXCITER for 10M. 6M, 2M, 
220 MHz or adjacent bands. 2 Wattscontin- 
uous, up to 2'12 W intermittent. $68/kit. 

R 7 6  FM RCVR for 10M. 6M. 2M. 220. or I ~~. ~ 

commercial bands. ~sabove, but w/o AFCor 
hel. res. Kits only $1 18. I T451 UHF FM EXCITER 2 to3 Wattson450 
Also avail w14 pole filter, only S98lkit. ham band or adjacent freq. Kit only $78. 

R1 IOVHFAM RECEIVER kitforVHFaircraft 
band or ham bands. Only $98. 
R11 e 2 5 9  SPACE SHUlTLE RECEIVER, 
kit only $98. 

VHF& UHF LINEAR AMPLIFIERS. Useon 
either FM or SSB. Power levelsfrom 10 to45 
Watts to go with exciters 8 xmtg converters. 
Several models. Kits from $78. 

COR KITS With Audiomixer, speakerampli- 
fier, tail 8 time out timers. Kit only $38. 

CWlD KITS 158 bits, field programmable, 
clean audio, rugged TTL logic. Kit only $68. 

DTMF DECODERICONTROLLER KITS. 
Control 2 separate onloff functions with 
touchtonesQ, e.g.. repeater and autopatch. 
Use with main or aux. receiver or with Auto- 
patch. Only $90 

AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control via 
repeater receiver. Many other features. 
Only $90. Requires DTMF Module. 

HELICAL RESONATOR FILTERS available 
separately on pcb wlconnectors. 

HRF-144 for 143-150 MHz $38 
A l e  RFTIGHT BOX Deepdrawn alum. case HRF-220 for 213-233 MHz $38 
with tight coverand noseams 7 x8 x2 inches. HRF-432 for 420-450 MHz $48 
Designed especially for repeaters. $20. 
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m -  , y m  UHF MODELS 432-434 28-30 

435437 28-30 VHF & UHF LINEMI AMPLIFIERS. Use with 
Kit with Case $9 432438 144-148 1 ~bove. Power levels from 10 to 45 Watts. 
# -a- *"c, .-- .-- -- - 3  . . .  . 

;its from $78. I 

For SSB. CW, An/ ,  FM, etc Why pay b ~ g  10 en Hamtronics Breaks bucks for a multi mode rlg for each band? Can 
be linked with receive convertersfortransceive. 

He Price Barrier! 2 Watts output vhf, 1 Watt uhf. 

Exciter Antenna 
Input Range Output 

N e d  to Pay $80 toS125 28-30 144-148 
for a GaAs FET Preamp. Model XV2 

28.29 145-148 

FEATURES: 28.30 50-52 
27-27.4 144-144.4 

I *Very Low Noise: 0.7 dB VHF. 0.8 dB UHF Wired $1 49 28-30 220-222' 

! High Gain: 18 to 28 dB. Depending on Freq. (Specify band) 50-54 220-224 

Wide Dynamic Range forOverload Resistance 144-148 50-52 

LC185 ClaDC1 9-J 4 JL-430 3U-34 Several models, C 
439.25 61.25 

service. Over 20,000 in use throughout the 
world. Tuneable over narrow range. Specify LOOK AT THESE 

- -- - -  . --  -,I,- - a .---. -a. I 
on any scanner. Wirau~~aalau v t ~ ~ y  goo. 

P30Y VHF Kit less case 
a OQ~IAI  \ IUC ~ ~ ~ i . ~ r ( r r ~ ~ + ~ r (  C?Q 

*Latest DuabateGaAsFET, Stableoverwide 
Range of Conditions 
Rugged, Diode-protected Transistors 
Easy to Tune 
Operates on Standard 12 to 14 Vdc Supply 
Can be Tower Mounted 

MODEL TUNES RANGE PRICE 

LNG-28 26-30 MHz $49 
LNG-50 46-56 MHz $49 - 
LNG-144 137-150 MHz $49 
LNG-220 210-230 MHz $49 
LNG432 400-470 MHz $49 
LNG40 30-46 MHz $64 
LNG-160 150-1 72 MHz $64 

~TERS COPY 72-76.135- nl I ~ A L  I I J E  GURVES! 
20. orl306-894 MHz bands I - A  ,Ae- &-A r.-,..o.nn I 

complete w~th controls, heats~nk, etc. FIBIIcaI Resonators 
10 Watts, 5 Channels, for 2M or 220 MHz. ( 

. . -I-*, 
I 

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

Antenna Receiver 
Input Range Output 

144.1 48 VHF MODELS 28-32 

Kit with Case $49 50-52 
28-30 

50-54 144-1 48 

Less Case $39 144-148 28-30 
145-147 28-30 Wired $69 
146-1 48 28-30 

144-144.4 27.27.4 

144-148 50-54 
220-222 28-30 
220-224 144-148 
222-226 144-148 
220-224 50-54 
222-224 28-30 

Our lab has developed a new line of lownolse 
receiver preamps with helical resonator filters - 

I built in. Thecombination of a low noiseamplifier 
and the sharp selectivity of a 3 or 4 section Cabinet Kit, completf 

helical resonator provides increased sensitivity With Weaker* 

while reducing intermod and cross-band inter- 
ference in critical applications. See selectivity Only 

curves at riaht. Gain = approx.12 dB. 

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

28-30 432-434 
For UHF, 28-30 435-437 
Model XV4 50-54 432-436 
Kit $99 61.25 439.25 

Wired $1 69 144-1 48 432-438. 

*Add $20 for 2M input 

, .. ., . --- - . - - - - . . . . . - 
HRA-432 420-450 MHz IVY --, U s ,  . ,.. - .. -..---..-. --. 

I 
. ,  I I I V U U l ~ i l  ,,,a,, -11 

HRA-( ) 150-1 74MHz Where elsecan you get a complete transceiver other m%. and have for years Can give 
HRA< ) 450-470 MHz quality features for much lower cost. I 

," IMPORTANT REASONS WHY 
YOU SHOULD BUY FROM THE 
VALUE LEADER: 

a 

1. Largest selecbon of vhf and uhf kits 
m the world 

2. Exceptional quality and low prices due 
to large volume. 

3. Fast delivery: most Mts shlppedsame day 

4. Complete, professional instruction 
. . manuals. 

Tuning Range - Price 5. Prompt factory -CB available and 
While supply free phone consultation. 

143-1 50 MHz $49 lasts, get $60 
31 3-733 MH7 $49 cabinet kit free when '. In business years. 
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the peaked lowpass: 
look the ultraspherical 

Use a pocket calculator 
for filter design, 

analysis, experimentation 

Much of the fundamental work done in filter de- 
sign and analysis over the past twenty years has been 
the result of detailed computer studies done by re- 
searchers in industry and education. Now, with per- 
sonal computers, even home hobbyists can perform 
the complex calculations necessary for thorough ex- 
amination of existing filter types and understanding 
of new types, exceeding the current standards, as they 
become available. 

The most obvious opportunity for Amateur explora- 
tion in this field is in design, using published equations 
for the generation of tables. For example, using mod- 
ern network theory,' a computer program can easily 
generate the table for Chebyshev filters of any arbitrary 
ripple value.2 This allows one to design using available 
standard  component^.^ 

An equally useful computer application is filter 
analysis. An analysis program allows the user to enter 
component values and examine the response of that 
filter. Both gain (transducer gain) and phase response 
are easily generated with a simple ladder analysis pro- 
gram. More refined programs provide details regarding 
the filter response to a nonsinusoidal input such as an 
impulse or step; each of these is of interest to the cir- 
cuit t h e ~ r i s t . ~  

A well-designed filter analysis program does more 
than confirm the traditional - and therefore expected 
- results. It allows practical details, such as the ef- 
fects of loss in the elements (finite Q inductors and 
capacitors) and parasitic reactances, to be enumerated 

filter 

and evaluated. One can also use a filter analysis pro- 
gram to study what happens when certain component 
values are changed. 

It isn't even necessary to use a personal computer; 
for this study, a modest but powerful handheld calcu- 
lator (an HP-41 CV) was employed, using a previously 
published ladder analysis The program 
was applied to the ultraspherical filter, a polynomial 
filter whose utility in certain special applications 
outweighs its apparent lack of popularity. (The funda- 
mental work on this type of filter was done by Johnson 
and Johnson;' their work will be extended - and 
some practical details added - in this article.) 

lowpass filters 
To begin, let's examine a traditional lowpass filter. 

The filter chosen, a 5-pole Chebyshev with a 2-dB 
passband ripple, has been designed for a ripple cutoff ' frequency of 5.258 MHz. Its circuit appears in fig. 1 

1 with its frequency response shown in fig. 2. The usual 
1 Chebyshev characteristics are evident. There are five 

half-cycles of ripple in the passband. The response is 
down by 2 dB, the ripple value, at the 5.258 MHz rip- 
ple cutoff frequency. 

This filter also exhibits an interesting but rarely ap- 
preciated property of the Chebyshev: with a 5.258-MHz 
ripple cutoff, the filter has its final peak at 5 MHz. Fur- 
ther examination reveals that the relationship between 
the positions of the response peaks are related to the 
cutoff by constants that are not dependent on the rip- 
ple. That is, all doubly terminated 5-pole Chebyshev fil- 
ters will have their final peak at a frequency that is be- 
low the ripple cutoff by a factor 0.9509 ( = 5.0015.258) 
for all ripple values. Further analysis provides the rela- 
tionships for other filter orders and for the other peaks. 

Having examined a classic filter, let's now consider 
the effect of changing, or perturbing, some of the 

By Wes Hayward, W7ZOI, 7700 SW Danielle 
Avenue, Beaverton, Oregon 97005 

96 June 1984 



Ercepl as Indlc.led, decimal 
IEIUOS Of CaP@Cl18n~e #re In micro 
farads (eFk others are In plcofar 
ads IPFJ; resbtancss a n  in ohms. 
k = 1,000 M = 1,000,000 

fig. 1. Schematic of a 2 dB ripple Chebyshev lowpass fil- 
ter with ripple cutoff at 5.258 MHz. 

component values. First, we'll increase the inductor 
values from those shown in fig. 1. We'll keep the filter 
symmetrical with equal inductors, but increase the 
value from 1.36 to 3 microhenries. With the larger in- 
ductors, we would expect the cutoff frequency to de- 
crease; this is confirmed in the frequency response 
(fig. 3).  Of greater interest, however, is a change in 
filter shape. The filter still has ripples in the passband, 
but they are no longer of equal value. The first (close 
to zero frequency) dip in the response is not as deep 
as the second one, closer to the cutoff. A further in- 
crease in inductor values will further emphasize this 
effect. 

Next we examine the modified filter with the goal 
of moving the response peak back to 5 MHz. This can 
be realized in at least two ways. All component values 
can be reduced equally to produce a filter with an iden- 
tical shape with the peak at 5 MHz. We could, alter- 
natively, reduce only the center capacitor until the final 
peak is at 5 MHz. This occurs with the center capacitor 
reduced from 2290 to 812 pF, yielding the response 
shown in fig. 4. This result is especially interesting - 
the shape is an even more extreme departure from the 
original Chebyshev, with a drastic difference in the dips 
in the curve - the ripples. Indeed, the smaller ripple, 
shown in fig. 4, is labeled in order that it not be 
missed! 

This filter is so extreme that we might well ask 
whether it's worth considering for any practical appli- 
cation. The ripple has become large enough that the 
filter has taken on a bandpass-like filter characteristic. 
This wouldn't be very useful for an application in which 
a true lowpass shape was needed. However, this is 
not the way lowpass filters are used in most applica- 
tions; in Amateur Radio, the most common applica- 
tion is in harmonic filtering, in which we wish to pass 
one frequency or narrow band while attenuating the 
harmonics of that frequency as much as possible. The 
filter with the response shown in fig. 4 will do just that. 
The harmonic attenuation is greater at 10 MHz than 
the original Chebyshev prototype. We'll term this cir- 
cuit a "peaked lowpass filter," or PLPF. 

Returning to the original Chebyshev prototype of 
fig. 1, we can now consider an opposite pertubation, 

I FREQUENCY ( M H z )  I 
fig. 2. Frequency response of a Chebyshev lowpass filter 
with 2 dB passband ripple. 

fig. 3. Response of an ultraspherical filter. Note that the 
ripples are not equal. 

a reduction of inductor values. Allow the inductors to 
decrease from 1.36 to 1 microhenry; this will increase 
the peak frequency above the original 5 MHz. This in- 
crease is compensated for by increasing the center ca- 
pacitor from 2290 to 4000 pF. The resulting response 
and circuit are shown in fig. 5. Again, the response 
has five half-cycles of ripple oscillation. The ripples are 
unequal, but the large dip in the passband is now the 
one close to zero frequency. This filter might be 
termed a "double peaked lowpass." This particular cir- 
cuit, if properly scaled, would produce a lowpass re- 
sponse with good harmonic attenuation, and with a 
flat characteristic with only 0.15 dB ripple over the3.1 
to 4 MHz range. 

insertion loss 
The frequency response curves presented so far 

have assumed lossless components. (This is the com- 
mon approach in analyzing lowpass filters.) While this 
can be a mistake, it is easily remedied with the com- 
puter or calculator. A more detailed examination will 
show that the main loss occurs in the inductors. Typi- 
cally, the inductors have Q, (unloaded Q) values of 
250 or less (toroids at HF). In contrast, mica capacitors 
often show a Q, value in excess of 700 at HF. 

If we assume a Q, that is constant with frequen- 
cy, we find that the greatest loss occurs at or near the 
lowpass filter cutoff. (Effects are minimal at lower fre- 
quencies. 1 This loss can be significant in a high-ripple 
Chebyshev. The effects are also significant in PLPF, 
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especially as the peak becomes sharper. Design then 
becomes a tradeoff between acceptable insertion loss 
and the desired selectivity characteristics. This tradeoff 
between loss and selectivity is a central theme in all 
filter design, and is especially significant with band- 
pass filters with a narrow fractional bandwidth. 

the double pi-network: 
a design method for the PLPF 

The circuit we have discussed is a familiar one if we 
consider only superficial details. It could be a lowpass 
designed from tables for one sort of polynomial or 
another. It is, however, a double pi-network, the cas- 
cade of two familiar impedance matching networks. 
The matching circuit is designed for a single specific 
frequency; our analysis of the PLPF has also focused 
on a single peak frequency. This similarity suggests 
a method for design. 

First, we'll analyze the impedance characteristics of 
a pi-network. Our analysis will then form the basis for 
derivation of some special design equations for the 
PLPF. This method may be used for higher order ver- 
sions of the PLPF, either with numerical methods on 
our computer or in closed mathematical form. 

Analysis of the pi-network begins with the circuit 
of fig. 6A, an end resistance, R,, paralleled with an 
end capacitor, C,. The admittance of this combina- 
tion is written directly, Yo = G + jwC,  where 
G = I/R,. This is converted to an impedance by tak- 
ing the reciprocal of Y. 

The impedance looking into plane "a" may now be 
combined with a series inductor, shown in fig. 6B. 
The resulting impedance is Zb = Z, + jwL. Keep in 
mind that both Z values are complex, with both real 
and imaginary parts. The admittance looking into plane 
"b" is obtained again by complex inversion, 
Yb = l /Zb. This admittance consists of two parts, a 
real conductance, Gb, and an imaginary susceptance, 
jBb. The imaginary term will be negative, indicating 
that the admittance is inductive. This may be can- 
celled, or tuned with a shunt capacitance, Ct, pro- 
ducing the traditional pi-network of fig. 6C. The 
capacitance required for tuning is: 

where w = 2nf and f is in Hz. L and C values are in 
Henrys and Farads. 

Thus we have formed a traditional pi-network. The 
input impedance looking in will be real (resistance 
only), with a value of Rjn = I/Gb. This circuit would 
most likely be mismatched if driven by a source 
resistance R,. However, we can eliminate the 
mismatch, and the loss that would result from it, by 
transforming an R, source to "look like" a source 
resistance of Ri,. This is easily realized with another 
pi-network identical to the one we have just "de- 

FREQUENCY ( M H z )  ! 
1 fig. 4. Response of extreme version of a PLPF. I 

FREQUENCY ( M H z 1  

ExcepI as IndAated, d.clm.1 
va1u.s 01 capacllan~. are In mlcro- 
brads (SF); 0lh.r~ are b pIc01ar 
ads (pFk r.slstanc.a are In ohm.. 
k = 7,000 M = 1,WO.W 

fig. 5. Double peaked lowpass, ultraspherical filter. Note 
the small ripple between 4 and 5 MHz. I 

fig. 6. Circuits showing the analysis of a pi-network and 
its evolution into a double pi-network. 
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table 1. Normalized component values for 5th order ultraspherical lowpass filters. Q, = 200 for inductors, capacitors 
are lossless. Also shown is the peak ripple in the passband, the insertion loss and the responses at the 2nd and 3rd 
harmonics. 

ripple 
dB 

0.37 
0.16 
0.21 
0.47 
0.84 
1.29 
2.56 
3.83 
5.03 
6.13 
8.04 
1.15 
1.78 
2.82 
3.84 
4.81 
5.71 
7.70 
9.35 

10.76 
1 1.99 
14.02 
8.99 

10.11 
11.10 
13.20 
14.89 
16.31 
17.54 
19.57 
13.51 
14.63 
15.62 
19.39 
22.01 
24.02 
17.24 
19.33 
23.05 
25.65 
27.65 

signed," but reversed. The final circuit is shown in fig. 
6D. 

We have done all our design and analysis at one fre- 
quency, one where we desire a response with no loss 
(assuming ideal components). This is not especially 
illuminating as far as filter properties are concerned. 
Still, it has provided a simple method for choosing the 
center capacitor in a filter so as to ensure minimum 
attenuation at one particular frequency. 

A direct extension of the previous analysis will lead 
to design equations for the 5th order PLPF. If the end 
capacitor chosen has reactance X, at the peak fre- 
quency and the inductor has reactance XL, with the 
end resistance R,, the total center capacitance is: 

where f is the peak frequency in Hz 

We have already mentioned the importance of con- 
sidering insertion loss. Further manipulation of the 
equations (with the assumptions that capacitors are 
lossless, but that the inductors have a known unloaded 
Q ) ,  shows that the insertion loss is: 

X 2  + R,2 
IL ( d ~ )  = 20 log 1 (31 
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These equations may be used for the design of a 
practical PLPF if some restrictions are noted. The end 
capacitor should have a reactance Xe5R,, while the 
inductors should have a reactance XL>Ro. Both are 
evaluated at the peak frequency. 

Filter design usually begins with standard-value end 
capacitors and inductors already on hand. The value 
of the tuning capacitor and level of insertion loss 
are calculated; if the loss is acceptable, construction 

I FREQUENCY ( M H z 1  I 

Except as mdicalsd, daclmal 

farads (,'F): olhsts are in picofar- 

fig. 7. Three variations of the PLPF produce dissimilar 
responses. 

fig. 8. Normalized peaked lowpass filters (PLPF) to be 
used with table 1. 

can proceed. If an appropriate program is used, analy- 
sis will provide the expected levels of harmonic 
attenuation. 

The nature of the PLPFs possible is illustrated in fig. 
7 .  Three filters have been designed for a peak at 7 
MHz. One, shown as curve A, is the popular half-wave 
filter.g While its peak is not very sharp, this is an easy 
filter to build. The insertion loss for inductors with 
Q, = 250 is low, but the harmonic attenuation is poor 
at best. This filter may be designed with methods 
outlined, with X ,  = XL = R,. Curves B and C of 
fig. 7 are much more dramatic, showing significantly 
improved harmonic attenuation. The insertion loss is 
higher for these filters, however, but this is the price 
of increased selectivity. 

normalized tables for the PLPF 
Most of the more familiar lowpass filters are de- 

signed from tables. Extensive data is available for the 
Chebyshev and Butterworth polynomial filters, as well 
as many more.1° Manipulation of the equations above 
allows us to formulate tables for the PLPF, presented 
in table 1 for only the 5-element filter. The gk values 
shown are the values of capacitors or inductors for 
a filter with a peak frequency of 0.1592 Hz (one radian) 
and 1 ohm terminations at both ends. The possible 
circuits are shown in fig. 8. The form with capacitors 
at the ends is preferred. The first and second elements, 
g l  and g2, were chosen arbitrarily. Then the required 
tuning element, g3, was calculated. Eq. 2 was placed 
in normalized form for this evaluation, 

Table 1 contains the normalized component values 
for several PLPF circuits. Also shown are the values 
of the largest ripple in the "passband," the insertion 
loss is based on an inductor Q of 200, and the attenua- 
tion values at the 2nd and 3rd harmonics. It's easy to 
use the table for designing a PLPF; simply study the 
insertion loss and harmonic attenuation columns to 
find a circuit that will meet the requirements for the 
application at hand. Then design the circuit using, 

and gk Ck = 
Row, 

where wp = 2nfp with fp being peak frequency in Hz. 
Equation 6 provides both the end capacitors from g, 
and the tuning capacitor with g3. 

Any filter designed directly from the table would 
probably not be the most practical one. A more realis- 
tic design method would use the table merely as a 
guide: a preliminary filter would be designed according 
to the table; end capacitors and inductors - with 
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fig. 10. Ultraspherical filters of 7th and 9th order. 
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fig. 9. A PLPF that may be tuned over a 4:l frequency 
range with the change of but one element, the center 
capacitor. (See text for discussion.) 
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values close to those calculated - would then be 
selected from the junk box. Equation 2 would be 
used to determine the final tuning capacitor value. 

There is one practical complication associated with 
the PLPF, especially in the more extreme examples, 
in which gl and g2 are large in comparison to unity. 
The peak frequency will change significantly with the 
tuning capacitor. Hence, a trimmer is usually required. 
This is a small price to pay for the improved harmonic 
attenuation that can result. 

variations on the PLPF 
Many things can be done with the PLPF. One prob- 

lem mentioned in the previous section was the tuning 
sensitivity of the center capacitor. An adage used by 
engineers applies to this situation: "If you can't fix it, 
feature it." We find that a peaked lowpass filter may 
be tuned over a wide frequency range merely by 
changing the center capacitor. This is illustrated with 
the filter and response curves shown in fig. 9. A single 
filter is tuned over the range of 7 to 28 MHz with one 
variable element. The ripple depth and the insertion 
loss both grow as the filter is tuned to higher frequen- 
cies, limiting its practical application. 

O.ld9 
0 . 2 4 6 9  
0 . 5 9 d 8  
1.7549 

3 .62d9  

fig. 11. Frequency response of the 9th order lowpass filter 
shown in fig. 10. Note the combination of unequal pass- 
band ripple and good harmonic attenuation. 

- 3 4 . l d 9  
-45 .0d9  
- 5 2 . 9 d l  
-62.9dB 

-70 ,069  

The ultraspherical filter is not limited to circuits with 
only five elements. Fig. 10 shows two circuits peaked 
at 7 MHz using 7 and 9 elements. Methods such as 
those used in analysis of the pi-network were applied 
to determine the value of the tuning capacitors in these 
circuits. The 7-element filter has an insertion loss of 
0.38 dB and 2nd harmonic attenuation of 52.5 dB. The 
9th order filter has an even lower IL of 0.30 dB and 
2nd harmonic attenuation of 71.4 dB. The reduction 
in IL results from the improved impedance matching 
aided by the additional end elements. The matching 
is effective at the peak frequency, but continues to 
contribute to the filtering at harmonics. Fig. 11 shows 
the response of the 9-element filter of fig. 10. 

An interesting traditional filter is the elliptic or Cauer- 
Chebyshev.ll A lowpass of this type may have its in- 
ductors replaced by parallel resonant traps. We can 
perform the same modification on the PLPF. An ex- 
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fig. 12. Application of elliptic filter methods to a 5th order 
PLPF. 

ample is presented in fig. 12, peaked at 7 MHz. The 
traps are tuned to 14 and 21 MHz. The result is a filter 
similar to the ultraspherical in the passband with un- 
equal ripples, but with deep notches at the harmonics. 
The main deficiency of this circuit is a limited ultimate 
attenuation at VHF of - 74 dB. This limitation is typical 
of traditional elliptic circuits. 

bandpass fitters 
based upon the PLPF 

A characteristic found with the peaked lowpass cir- 
cuit was a bandpass-like response for the extreme 
cases. This characteristic can be used to advantage, 
especially when a filter must also have extremely good 
attenuation in the high frequency stopband. 

Fig. 13 shows a filter that was designed as a 
preselector to precede an 80-meter receiver.12 The 
receiver used a 9 MHz IF and a 5 MHz LO, so the im- 
age was at 14 MHz. High image rejection was required, 
and some "close-in" selectivity was required in the 3.5 
to 4 MHz region. A 5th order PLPF was used for the 
basic filter. This was cascaded with a 7th order high- 
pass circuit to eliminate the low frequency response. 
Fig. 13 gives the overall response as well as those of 
the lowpass and highpass sections alone. Note the 
bump in the bandpass response at the 3 MHz cutoff 
of the highpass. This was not a problem in practice. 
The overall filter yielded nearly 100 dB image rejec- 
tion and was tunable over the 80-meter band with a 
single section variable capacitor. 

The more interesting bandpass filters are those with 
a multiplicity of resonators, or tuned circuits. Hence, 
two of the previous PLPF circuits were cascaded (on 
the computer), producing the response and circuit 
shown in fig. 14. The response shows a double 
peaked response like that of an overcoupled double 
tuned circuit.13 The 0.01 pF coupling capacitor be- 
tween PLPF sections was increased to 0.015 pF, 
yielding a single peak with little change in bandwidth 
or insertion loss. This circuit will tune over a reasonable 
range with a dual section variable capacitor. 

The filters of figs. 13 and 14 are still basically 
lowpass designs, even though they emphasize the 
bandpass characteristics. The shunt end capacitors, 
when viewed in light of the bandpass filtering, serve 
merely to transform the end load resistance to a dif- 
ferent value. Similarly, the shunt coupling capacitor 
between PLPF sections (fig. 14) controls the energy; 
in one resonator shared by the other. Similar results 
would occur if these elements were shunt inductors 
with reactances equal to the capacitors previously 
used. These changes were made, resulting in the cir- 
cuits of fig. 15. These are true bandpass filters, show- 
ing infinite attenuation at zero frequency. 

The circuits of f ig. 15 have two very interesting 
properties. First, the. response shapes are very sym- 
metrical. This symmetry is maintained even if the two- 
resonator filter is redone for a wider bandwidth. The 
second feature is the wide tuning range available. Note 

FREQUENCY (MHz1 

3 M H r  
H I G H  PASS 

0" = 2 5 0  FOR A L L  L 

Except as ~ndieatad, decimal 
Y I I Y ~ S  of C ~ P . C I I ~ I ) C ~  are #n mtcro. 
laradr (SF); others are ~n plcofar- 
ads (pFh ,sarrt~ncsr are In ohms. 
k = 7.000 M = 1,000.000 

fig. 13. Use of an extreme version of the 5th order PLPF 
as a bandpass filter. Attenuation at 14 MHz is nearly 1M) 
dB. Dotted and dashed curves show the response of the 
individual PLPF and the 7th order highpass filter, re- 
spectively. 
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RADIO AMATEUR CALLBOOKS 

Known throughout the world for accuracy. 
the 1984 Callbooks are a better value than 
ever before. The U.S. Callbook contains over 
433,000 lirtlngs; the Foreign Callbook has 
over 413,000. More than 100.000 changes 
have been made in each edltlon slnce last 
year. Speclal features include call changes, 
Sllent Keys, census of amateur Ilcenses. 
world-wlde QSL bureaus, international 
postal rates, prefixes of  the world, and much 
more. You can't beat thls value! Order your 
1984 Callbooks now. 

Euh Shlpplng Tdal 

0 U.S. Callbook $19.95 $3.05 $23.00 

oForeign Callbook 18.95 3.05 22.00 

Order both books at the same time for 
$41.95 including shlpping wlthln the USA. 

Order from your dealer or dlrectly from the 
publlsher. Foreign residents add $4.55 for 
shipping. Illinois residents add 5% sales tax. 

Keep your 1984 Callbooks up to date. 
The U.S. and Forelgn Supplements contaln 

RADIO AMATEUR 

925 Sherwood Dr.. Box 247 
Lake Bluff. lL 60044, USA 

More Details? CHECK-OFF Page 132 1 

features 
nevilil DeFvri 

Made in the U.S.A. And it's priced right. 

The Ten-Tec 2591 offers 
everything you've ever 
wanted in a 2-meter 
handheld. 
+ Memory Lockout permits the  scanner to 
temporarily bypass channels for quick 
lockout of busy frequencies, yet retain them 
in memory for normal operation on demand 
+ 10 Memories with stored offset. Channel 0 
accepts any non-standard offset Modifiable 
Rand Scan without complete 
reprogramming. Scan any section of the 
band within user defined upper and lower 
limits in steps of 5, 10, 15, 25, or 30 kHz.. 
Change step size, upper and lower limits 
independently. Manual Scan also up or 
down, in 5 kHz steps Selectable Skip or 
Hold + 2.5 Watts or .4 Watts Covers 
143.5-148.995 MHz * LCD Readout with 
Back Light Quick-Release 450 mAH 
NI-CAD Battery Hack + 16-Kej Dual Tone 
Encoder, built-in LED shows battery 
status and transmit mode Designed and 
Manufactured in Tennessee. And it carries 
the famous TEN-TEC one year warranty. 
Put it to work for excellent 2 meter 
performance. 

See  your Ten-Tec dealer  o r  write for 
details. 

I 
TEN-TEC ,MC. 
SEVIERVILLE. TENNESSEE 11862 

I . ilim Wattmeters All BIRD E k n n n h  In Stock 

5A through 1000E 
elements (5W - 1000W; 

omplete inventory of all 25 - 1000 M Hz) $48 
rd wattmeters, dummy 
ads, switches. carrylng 50H through lOOOH 

elements (50W - 1000W; 
2 MHz - 30 MHz $59 

In Ohio call 216-828-2071 
2500H and 5000H elements 

Free shlpplng w~th 
(2500W and 5000W, 
2 MHz - 30 MHz 575 

#jl$/+ 
/ 172 

COMMUNICATIONS ELECTRONICS 
PO Box 506. Burnett Ave., Dalton, OH 44818 
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Up to 18 dB galn Low nolse (5 75 dB) mounts at 
antenna - ovtlrcomes leedl~ne loss Automatrc COR 
clrcult sw~tches preamp out on transmlt Uses dual 
gate GaAs Fet lollow~d by low nose J-FET and sllver 

--C plated tank Inductor for low nolse and good dynam~c 1 
EVV-2000 r,lfiqe 4 MHz handw~dth (144-148 MHz) el~m~nates out.of-band 

responses Hlgh qual~ty glass epoxy board ensures temperature 
stab~l~ty and sealed weatherproof metal box for RF sh~eld~ng 
N connectors 12-15 VDC can be suppl~ed through accessory 
VV-Interface. blas Inserter 
EW-2000 GaAs FET Preamp 3109.95 + $5 sh~pp~ng 
EW-4000 GaAs FET Preamp 70CM $109.95 + 55 shtpp~liq 
VV-lnteflace Bias Inserter 329.95 + $2 50 sh~pp~ng 

INTERNATIONAL MEDIA SERVICES 
BOX 26 TEWKSBURY, MA 01876 / 150 
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RMSG Slgnal Generators 
Manual tunlng 8-30 

VDC Input power 
e ,+$r .1  to .7 volt output 

to tuned 50 ohm load. 
RMSG-1 - 3.7 - 4.2 GHz 30 MHz elec- 
trical tune $51.16. RMSG-3 - 2.1 - 2.2 
GHz 6 MHz electrical tune $61.16. 
RMSG-5 - 2.3 - 2.45 GHz 6 MHz elec- 
tr~cal tune $61.16. RMSG-2, -4, -6 - 
Same as -1, -3, or -5 plus switchlbattery 
c l~p $53.95. $63.95. $63.95. 
RMVO-1 (-2) Voltage Tuned Oscillator 
2.1 - 2.5 (1.8 - 2.1) GHz -1 to -12 V. 
tune +12 v. b~as 1" x 2" PCB 
$24.95. Test Antennas. Detectors, Une 
Stretchers and Attenuators available. 

ROENSCH MICROWAVE 
R.R. 1. Box 1568. PH: 816-963-2550 
BROOKFIELO. MISSOURI 64628 / llg 

~f!$2{ Tango 
Filters L 

Your rig - old or new - is  
no better than its i.f. filter. 

TOP PERFORMANCE 
Fox Tango Filters contain eight 
specially treated discrete quartz 
crystals, unlike miniature ceramic or 
monolithic corner-cutting designs. 
Give your set new life with a Fox 
Tango implant or transplant. It's a 
lot cheaper than buying a new rig 
with features you don't need and 
probably won't use! 

VARIETY 
Fox Tango stocks superior CW, SSB, 
and AM filters for practically all 
Yaesu. Kenwood, and Heath models. 
Also for Drake R-4C, 7-line; Collins 
75S3-BIC, and some ICOM's. More 
than 80% of our filters sell for $60. 
Most are designed for easy drop-in 
installation. For the others, com- 
plete instructions and all needed 
parts are included in the price. 

INFORMATION 
Tell us the make and model of your 
set. You'll get Ihe complete informa- 
tion on FT filters to fill optional 
spots, replace your present tired or 
inferior stock units or supplement 
them with Fox Tango Filter-Cascad- 
ing kits. I f  you phone you can order 
at the same time; we accept VISA1 
MC or ship C.O.D. 

GO FOX-TANGO - to be SURE! 
Ask the ham who has one. 

FOX TANGO CORPORATION 
Box 15944. Dept. H 

West Palm Beach. FL 33416 
Telephone: (305) 683-9587 

Dealer mquines invited. 
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sporadic E (E,) DX 
Last month the fundamentals of E, 

and Es propagation were reviewed. 
Now, before the E, season gets fur- 
ther along, let's look at how E, prop- 
agation can be used for DX. Because 
Es propagation is short skip - i.e., 
900 miles (1450 km) in hop length - 
the take-off angle needs to be low (5 
to 10 degrees off the ground) in order 
to obtain the maximum length per 
hop. This keeps the number of hops 
(signal loss) to a minimum. For the 
higher frequency bands where hori- 
zontal beam (Yagi) antennas are used, 
this means tall towers with heights ex- 
ceeding 60 feet - or even better, 100 
feet or more. On the lower frequenices 
(below 10 MHz) vertical antennas in 
clear, treeless settings, situated over 
moist earth and equipped with suffi- 
cient ground systems are needed to 
obtain 5 to 10 degree take-off angles. 
(To obtain substantial energy at these 
angles, even at 7 MHz, ground sys- 
tems should be measured in terms of 
wavelengths. - Editor). 

To obtain the highest probability of 
"reflecting" from an E, "cloud," a fair- 
ly wide beamwidth should be used. 
Because the beamwidth of Yagis (50 
to 60 degrees) is better than the beam- 
width of rhombics (20 to 30 degrees), 
Yagis are preferred for "hitting the 
clouds." E, clouds usually measure 
about 10 by 100 km in length and 
about 0.6 km i n  depth. Their thin, 
dense configuration results in mirror- 
like reflections rather than the refrac- 
tions that are characteristic of the F 
region. Reflection enhances signal 
strength by an average of 25 dB over 
refraction. 

Another rule of thumb for E, DX is 
to use the lowest frequency that isn't 

FOR ECASTER 
Garth Stonehocker, 

absorbed too much. In other words, 
during daytime, don't use the 10-meter 
band when 20 is available. The proba- 
bility of E, occurrence is higher when 
the frequency is lower. You can expect 
an increase of at least 6 to 7 dB in E, 
signal strength by using the lowest 
band that is open. 

last-minute forecast 
DX conditions are expected to be 

best for the higher frequency bands, 
10 to 30 meters (daytime bands), from 
the 12th through 21st of the month, 
providing long and short skip open- 
ings. The lower frequency bands, 30 
to 40 meters, are expected to be the 
best the first few days of the month 
and the last week of the month (the 
25th and later), including some day- 
time openings when the solar flux is 80 
units or below. The 80 to 160 meter 
bands will be poor because of noise, 
except for some sporadic E short-skip 
openings toward the end of the 
month. 

The Aquarid meteor shower starts 
about the 18th, peaks about the 28th, 
and lasts until about August 7th. The 
maximum radio-echo rate will be 34 
per hour. The full moon is on June 
13th, lunar perigee the 7th, and 
solstice on the 21st at 0502 UT. 

band-by-band summary 
Six meters will provide occasional 
openings to South Africa and South 
America around local noontime by 
short-skip E,. 

Ten meters will be open to the south 
and southeast for a short period before 
local noon; to the south at noon and 
to the southwest in the afternoon. 
Openings will last longer when the 

solar flux is at a maximum and improve 
(transequatorial one-long-hop) during 
periods of geomagnetic field-distur- 
bances. Listen to WWV at 18 minutes 
after the hour for pertinent 
announcements. 

Fifteen and twenty meters, almost al- 
ways open to some part of the world, 
will be the main daytime DX bands. 
Twenty meters should stay open on 
long southern paths into the night, 
though 15 will drop out in the late 
afternoon. Operate on 15 first, then 
move down to 20 meters later. DX is 
5,000 to 7,000 miles (8,000 to 11,300 
km) on these bands. There may be 
some one-long-hop transequatorial 
propagation. 

Thirty and forty meters are both day- 
time and nighttime bands. Interme- 
diate distance operation, 1000-1500 
miles (1600-2400 km), in any direction 
is considered daytime DX. Nighttime 
DX on these two bands may be ex- 
pected to occur over greater distances 
than on 80 meters and, like 80, will fol- 
low the darkness path across the sky. 
Signal strength and distances covered 
are reduced on days of high solar flux 
values. In addition, no 30-meter open- 
ings will take place during the pre- 
dawn hours on the morning after these 
high radio flux values. 

Eighty and one-sixty meters will exhibit 
short skip conditions during daylight 
hours and lengthen for DX near dark. 
Eighty meters will open to the east just 
before your sunset, swing more to the 
south as midnight approaches, and 
end up in the Pacific areas during the 
hour or so before dawn. (160 opens 
later and ends earlier.) 

ham radio 
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John J Meshna Jr, Inc. 
19 Allerton Street Lynn, MA 01904 Tel: (617) 595-2275 

DUAL FLOPPY DISC DRIVES 
BRAND NEW, dual floppy disc drives made for Digital Equipment Corp. (DEC - model no. RX 180 AB). This beautiful piece of computer hardware consists of 
2 Shugart compatible TEAC 4 0  track, double density, 5%" mini-floppy disc 

lilil\\l drives brand new in the case with their own regulated, switching power supply, 
' ' l l I~ii l l l l ! l l l~~~ cooling fan & onloff switch. Each unit also comes with a line cord & documen- 

tation. These were made for DEC, but are also compatible with other personal 
computers such as IBM, TRS 8 0  models I, 11,111, & the Color Computer, and 
other Shugart compatible interfaces. Naturally you supply the cables and disc 

\ 
controller card to  suit your particular system. The R X  180 AB runs off of 115 
1230 VAC 50160 Hz. wlout any modifications to the drives. Each system comes 
in the original factory box and are guaranteed functional. A blockbuster of a 
buy !! Shpg. wt. 20 Ib. Stock no. RX 180 AB $250.00 

4-" HIGH SPEED KSR PRINTER TERMINAL -- - World famous, high speed G. E. Terminet 1200 RS 232 KSR printer terminals are 
now in stock ready for shipment t o  you. This has to be one of the finest letter qual- 
ity printers ever offered at  a bargain price. These terminals can be used as an RS 232 
asynchronous communications terminal or used in the local mode as a typewriter. 
The terminals were removed from service for upgrading. Highlights of these machines 
are: Standard R S  232, full duplex, asynchronous data comm., fully formed upper and 

-- - 

I 
lower case letters, 128 character ASCII set, selectable baud rates of 110, 300, or 1200 

- BPS, 8 0  columns on pin feed paper, and less weight & size than an ASR 35 teletype 
r with far less racket. They are virtually electronically foolproof as every pc board is 

Pico fuse protected. Should your machine not work, just check the on board fuses & 
9 out of 1 0  times that is where the problem lies. Schematics are provided wl each ma- , chine sold. Current price of this machine new is over $2000.00 ! Our meager price for 
this fantastic printer is only 10% of thls: $200.00 each!!! Visually inspected prior to 
shipment to insure completeness. Shpd. truck freight collect. $200.00 

5 MEGABYTE SEAGATE: ST 506 5%" MICROWINCHESTER HARD DISC DRIVES 

B 

Phone Orders accepted on MC, VISA, or  AMEX Surplus Electronic Material Send for our free 72  page catalogue jam 
No  COD'S. Tel. 1-617-595-2275 packed with goodies. 

The  Seagate Technology S T  506 MicroWinchester hard disc drives are identical in size and mounting 
, (lrya- .* configuration t o  the industry standard 5'h" mini-floppy disc drives. These drives utilize 2 5%" fixed 

4. -..;;;--, platters as storage media. Each surface employs 1 readlwrite head t o  service 153 tracks. The storage 

'>; capacity is 5 megabytes formatted ! The  voltage requirements are only 5vdc 700rna & 12vdc 1.6 amps. 
hardly more than a regular mini-floppy drive. The  drives we have are in bea~ t i fu l~cond i t ion  and look 
t o  be unused. Each one comes with factory literature which includes the  pinouts. T h e  S T  506's will 
run with computer systems from Kaypro, IBM, Xerox, and other Shugart compatible interfaces when 
used with the  proper controller card (no t  provided). Only 10 pieces in stock, s o  order early. 

Seagate ST 506 Shpg. wt. 9 Ib. $300.00 2/$575.00 

IBM model no. 745 NEW IBM SELECTRIC BASED TYPEWRITER PRINTERS 

These rugged, handsome printers were made for one of the giants of the computer industry. They 
-- - can be used as a standard typewriter or as a printer in a word processing system for true letter 

quality printing. Solenoids were added to the selectric mechanism which disabled the manual re- 
peat function but  st111 allows electronic repeat functions. I t  uses standard IBM typing balls. The 
voltage requirements are standard 115 vac, 5 vdc @ 100 ma, & 24 vdc @ 4 amps. All are new in 
factory boxes, but  may require adjustments. We provide literature and schematics with 1 ribbon 
& cleaning tools. W ~ t h  the addition of our Centronics t o  Selectric I f 0  adapter, you could easily 
interface this printer t o  almost any micro computer system. 

send for free data sheet. Typewriter Printer stock no. RE lOOOA $375.00 shpg wt. approx. 8 0  Ib. shpd. by truck collect. 
Centronics to  Selectic adapter. Fully tested & operational $245.00 Shpd. UPS 1 5  lb. 

b 

More Details? CHECK-OFF Page 132 

SHUGART 901 8" FDD 
We just got in a small lot of nlce clean 

v -  C world reknown Shugart 8" disc drives. 
Single side, single density units. Each 

a drive will come with data on using the 
901's in 8 0 1  compatible systems which 
should make them very versatile. Sche- 
matics are also provided. Used, good 
condition. Shpg. wt. 1 5  lb. $75.00 
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BA 279 BATTERIES 
unused surplus fro,,, uncle 
s,. ou tpu t  is 13Sv, 6754 
,, 6,, g, l~,+, Socket is 
made to fit plug from PRC 
8,9,& 10. May fit other rigs - 
as well. Current list price is 
$42.25. Our price IS only 
$15.00 Shpg. wt. 9 15. 

/ 
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LSOO . 24 LS164 . 60 2708 1KX8 450 n.s. 2.20 5280N-5 (210784 . TMS4060) I 8/3.95 

. . . ,  . . . . . .  
LSOl 24 LS165 90 27A08 1KX8 350 n.s. 3.95 4KX1 
LS02 24 LS166 99 2758 1 ~ x 8  +5V 450 n.s 2.50 4027-4KX1-250 n.s. 1.00 
LS03 . 24 LS169 1.25 2716 2KX8 4116-16KX1-250 n.s. . .  8/9.00 
LS04 . 24 LS174 . 60 4116-16KX1-200 n.s. . .  6111.50 
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LS21 . 25 LS240 . 95 
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LS51 . 24 LS245 f rom sockets, erased and . . . .  
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LS85 . 60 LS257 . 55 . . .  verified them, and now we offer 1791 Double Density 20.00 
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. . . . . . . . . . . . . . . . . . .  LS93 . 55 LS273 1.25 2708 8250B 9.95 8287 35.95 

LS109 -39 LS279 . 45 $1.49 or 10/$12.00 

1797. 2143.03. 1691 by W.D. 
Compare at up to 86.85. 

. . . . . . .  

LS112 . 39 LS283 . 60 

.... 
ZOO n.s. . . . . . . . . .  B.G. SPECIAL 

LS132 All 3 for only $29.95 

LS133 LS366 500 n.s. . . . . . .  . . . .  
LS367 ...... LS138 21L02-1 350 n.s. . . .  . . . . . .  . . . . . . .  SPECIAL -- . 90 10/7.50 32.768 Kh2 SPECIAL 65 

LS139 . 60 Ei368 . 40 2 1 0 2 ~ ~ 4  L.P. 450 n.s. 49 262.144 . . . . . . . . . . . . . . . . . . .  75 . . . .  
LS151 LS373 2114L-3 1KX4 300 n.s. OT-10 . . . . . . .  1018.50 300.000 . . . . . . . . . . . . . . . . .  1.00 

. . . . . . . . . . . . . . . . .  LS153 5 0  LS374 L p . . . .  2.75 6116.00 U] : I 307.200 1.25 . . . . . . . . . . . . . . .  LS154 LS375 TMS4044 (MCM6641 C-25) 1.5432 Mhz 75 
LS155 . 50 Ls377 1.49 280 2.5 MHz CPU . . . . . . .  3.50 1.8432 . . . . . . . . . . . . . . . . . .  2.49 

. . . . . . . . . . . . . . .  ~ ~ 1 5 6  . 55 LS378 . 85 ZBOCTC 3.75 2.000000 . . . . . . . . . . . . . . . .  2.49 4KX1 250 n.s. . . .  8/6.00 

LS157 . 60 LS390 1.19 TMS4046 450 n.s. . . . . .  65 28ODMA-OMA . . . . . . . .  9.95 3.000 . . . . . . . . . . . . . . . . .  1.15 
. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  LS161 . 60 LS393 1.19 5lOlE-8 . 256x4 . Z80PIo 3.95 3.120 1.20 

LS162 . 65 ~ ~ 3 9 9  1.25 CMOS . . . . . . . . . . . . .  S1.00 3.579545. ncie . . . . . . . . .  1.00 
. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  

LS163 . 50 HM6116P-4-2KX8 z80S10/0 
16'95 4.000 2.49 

Z8°A-4MHZ CPU . . . . . . .  4.95 4.194304 . . . . . . . . . . . . . . . .  1.50 
n.s. 8'39.95 Z80A DART . . . . . . . . . . . . .  9.95 4.433618 75 . .  . . . . , . , , . . . . . . . . . .  

6501-5 256X4 . . Data Z8OA-PI0 . . . . . . . .  5.95 4444.000 . . . . . . . . . . . . . . . .  1.25 
7400 . 19 74125 . 49 . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  Retention 2 Votts 22 Pin Z80A ~ 1 0 / 0  19.95 4.9152 2.49 

. . . . . .  . . . . . . . . . . .  7402 . 19 74151 . 50 200 n.s. Typ . . 5V . Very 2808 6 MHZ c p u  14.95 4.916 Ed Rate 1.25 
. . . . . . . . . . . . . . . .  7404 19 74154 1.19 Low Power 1.00 5.000000 1.50 . . . . . . . . . . .  , ' . . . . . . . . . . . . . . . . . .  

7408 . 24 74157 . 50 8108-5 1KX8 NMOS 500 NS 5.0688 3.75 

. . . . . . . . . . . . . . . . . . .  7 4 1  74164 7 5  21 pin . 2 . 0 0  51616 I -59  8.000 . . . . . . . . . . . . . . . . . . .  1.99 
. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  7440 . 19 74174 . 85 - f , b d r r ~  8 . !1111 7 -- . . . .  9.90000 1.25 3'95 

.-- - 

I 7474 . 35 74175 . 79 
7486 . 29 74367 . 59 I LESS THAN 50c 

74109 -45 MK4104J-4 - 250 N 

IM~~OZ-+SV nlgn speea 
: 7 EACH UART-AY5-1013 pin out 2.95 1 

Ceramic Compu 
Surplus . PRIME . FI 

6502 4.50 6545 10.00 
Easy to Us " - 

as TMSrur*. uut 
6522 6.95 6551 10.00 different timing . 

I o ; 111 (Mostek) 
8 for 5.00 32 

6800 2.50 6840 10.00 VERY LOW PC 
6802 5.00 6845P 10.00 

1.S . 18 Pin INS 82508 . . . . . . . . . . . . .  9.95 
ter Mfg . 
~ l l y  Static . 

e . nas same Pin Out COMPUTER 
an"' ".,' slightly MANUFACTURERS 

i th S ~ e c s  . EXCESS INVENTORY 
SALE! 

tor 15.95 PRIME! 2114-300 n.s. 
IWER! INCREDIBLE PRICE! 

les11- YOU SAVE! 
C n C C I a I  8/$9.00 

. . . . . . . .  1 ~ 3 1 7 ~ - 4  ( ~ z s r . 4 ~  1u.50 GUARANTEED 



0. 0. Barr 280298 Dallas, ferras 75228 Be Ge MICRO (214)271-5546,m 

Z80* SINGLE BOARD COMPUTER! 
I 64K RAM - 80 x 24 VIDEO DISPLAY - FLOPPY DISK CONTROLLER 

RUNS CP/M* 2.2! I 
$29.95 

(BLANK BOARD WITH 
DATA AND ROM'S.) 

PROCESSED ON A STRICT, 
FIRST COME. FIRST SERVED 

UNBELIEVABLE LOW PRICE!!! 
GIANT COMPUTER MANUFACTURER'S SURPLUS! 

Recently Xerox Corp. changed deslgns on 
their popular 820. computer. These prlme, 
new, 820-1 PC boards were declared as 
surplus and sold. Their loss is your gain! These WE'VE GOT EM! 
boards are 4 layers for lower noise, are solder 
masked, and have a silk screened component 
legend. They are absolutely some of the best 
quality PC boards we have seen, and all have 

HALF SIZE DRIVES 
passed flnal vendor QC. Please note, however, 40 ~ m c k  per side 
these surplus boards were sold by Xerox to us Doubltsided, 
on an AS IS basis and they wlll not warranty 
nor support this part. Same as SA455 

We provide complete schematics, ROWS, mast  head 6 
and parts Iltts. If you are an EXPERIENCED drive technology 
computer hacker, this board Is for you! Fast access t h e  
Remember, these are pdme, unused PC 
boards! But since we have no control over the Two of lhosa Half S(a Dlfm wlll 

M h th. Sane Spsa as 1 Full Slze Drlwl 
quallty of parts used to populate the blank 
board, we must sell these boards as is, wlthout $179.00 per drive 
warranty. You wlll have todo any debugging, If Canp.nmwtoWtr  

necessary, yourself!. 

ADD $2 PER PC BOARD FOR SHIPPING. (USA and Canada) 

'CP/M TM OF OlOlTAL RESEARCH INC. (CALIF.) 820 lM OF XEROX CORP. 280 TM OF ZILOG 

r 
TERMS: Orden overSSOadd8SC Insurance. No COD. Tex. Res. Add 6%Sales Tax. Subject to prlor sale. Foreignorden: US funds only. Wecsnnot shlp 
0 Mexlco. Fomlgn countrles other than Canada add $6 per board shlpplng. 

More Details? CHECK-OFF Page 132 f l  118 June 1984 113 



The small dish that 
captures all the 
entertainment. MrcROwAVE 

SYSTEMS, INC. 

1 

\ 
\ 

Only Wilson Microwave 
give you the versatility of hand-held 
control of the total satellite television 
spectrum at such a remarkably 
low price. 

Total System Design. 
From the so l~d steel antenna to the 
state-of-the-art electronic receiver and 
hand-held control unit, Wilson gives 
you the most complete, integrated 
system you can own. 

At Wilson Microwave Systems, we 
put the world of entertainm 
palm of your hand. 

NOW ONLY 

$1695.00 ...... ..,,. ID 
Includes: 1 10° LNA - Polarizer 1 - 100' Cable 

Wilson MD9 Dish - YMlOOO Receiver 

Dealerships 
BUILT BY YAESU 

1 year warranty on receivers 
Available 

Antenna is shown with optional LNA cover. 
4 year limited warranty on dish 

Distributed by 

NAMPA SATELLITE SYSTEMS 
312 12th Avenue South Nampa, Idaho 83651 

(208) 466-6727 
In State Wats 1-800-654-1319 Out of State Wats 1-800-654-0795 
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ProSearch PSE-2N 
computerized antenna 
control 

With all the advances in computer technology 
and applications, it was only a matter of time 
before someone designed a computer-controlled 
antenna rotator. The ProSearch PSE-2N is the 
first microprocessor controlled unit and features 
enunciated beam headings (with a computer 
generated voice). It will scan, is programmable 
for up to ten different beam headings, and has 
a computer actuated braking circuit. Like other 
ProSearch controllers, the PSE-2N is compati- 
ble with all commonly available rotators. 

When I asked Gary Wurdack, President of 
ProSearch, for some background on the Pro- 
Search Controller, he explained that the design 
came from his operating experience at KBVUW, 
where he is actively involved in many contests, 
and that the ProSearch controller design evolved 
from his efforts to simplify and streamline the 
station. He explained his "wish list" of capabil- 
ities to a team of design engineers, and asked 
them to produce a computer controlled anten- 
na rotator. The result is the ProSearch line of 
controllers. 

Of particular interest to ham radio readers who 
have computer-integrated their stations, the 
PSE-2N can be hooked up to a master computer 
so that it can be controlled from a single source. 
This offers a number of exciting possibilities for 
complete computerization of ham shacks, and 
it will be interesting to see what results. 

design 
The heart of the ProSearch PSE 2 controller 

is a microprocessor that will process, store, and 
retrieve information and antenna headings and 
will control, in a manual mode, the operation of 
the rotator. Command entries are made through 
a 16-button keyboard on the front of the unit. 
Output commands from the microprocessor are 
fed to three driver amps that will activate the left 
and right movement of the rotator and the brake 
function. The microprocessor also controls the 
"talker" voice signals. When numbers are en- 
tered through the keyboard, they are read back 
for confirmation. The computer also controls the 
80-Hz tone for CCW rotation and the 400-Hz 
tone for CW rotation. 

As the rotator turns, a positive feedback po- 
tentiometer sends analog voltage signals back 
to the controller, indicating which direction the 
antenna is pointed. This signal is filtered and then 
converted into a digital signal to be compatible 
with the PSE microprocessor. 

One admirable feature of the PSE-2N is its ten 
storable memory locations. Five of these mem- 

ories have special buttons, keys 1-5, on the key- 
pad for easy access. These areas are marked 
"Japan," "Europe," "Africa," "South 
America," and "New Zealand," respectively. 
Keys 6-0 can also be used to store beam head- 
ings for other areas of the world. 

operation 
Once you've connected all the rotator wires 

to the Cinch-Jones plugs and connected power 
to the unit, you are ready to go. 

To turn the unit on, simply push the "SCAN 
8 7" button. All control instructions are entered 
from the keyboard and each key stroke is verbal- 
ly confirmed. 

The first order of business after installation is 
to calibrate the unit. This process is quite sim- 
ple to accomplish using the step-by-step instruc- 
tions provided and will take only a few minutes 
to accomplish. After the unit has been calibrated, 
it is ready to use in normal operations. 

In order to demonstrate how the unit deter- 
mines a specific heading, let's arbitrarily choose 
45degrees for Europe. Punch in a three-figured 
azimuth. (045 in this case), and push the "GO" 
button twice. Before the brake unlocks, the unit 
will say "0-4-5GO-GO." The unit will unlock and 
begin to turn. Because of inaccuracies in rotor 
potentiometers, the computer will need to sam- 
ple the analog input several times before stop- 
ping the unit in a desired direction, but when it 
stops, your antenna will be within + 4 degrees 
of the desired direction. 

ProSearch has built a protective circuit into 
the PSE-2N that will prevent accidental rotor 
damage from running the unit at full power into 
the stops: on north-centered units, inputs are 
within 15 degrees of the stops above 164 degrees 
or below 195 degrees; on south-centered units, 
the stops are between above 344 degrees and 
below 015 degrees. Should there be a heading 
you want in one of these areas, you can manually 
direct the antenna into these areas. 

programming 
To program the antenna for one of the ten 

memories, you first enter the beam.heading. 
(Let's choose 045 degrees for Europe again.) 
Push the "STORE" button, then push the21EU 
(Europe). Memory position 2lEU is now pro- 
grammed at 045 degrees and can be recalled by 
simply pushing the "GO" button once and then 
the 2lEU button. The antenna will automatical- 
ly turn toward Europe at 045 degrees. Button 
1/JA, 3IAFRICA. 4/SOUTH AMERICA and 
5lNEW ZEALAND can now all be programmed 
with the appropriate information for your loca- 
tion. Memories 6-0 also can be programmed with 
any additional headings that you might desire 
or require. 

Another useful feature is Scan. The PSE-2N 
has five "scan" functions. Scan-1 will have the 
rotator scan from 0-90 degrees; Scan-2.90-180 
degrees; Scan-3, 180-270 degrees; Scan-4, 
270-3150 degrees; and Scan-5, a full 360 degrees. 

When in the Scan mode the antenna will 
swing back and forth between the desired sec- 
tion while you look for the station and the op- 
timal signal. Once you hear the station and you 
get the maximum signal strength, hit any key. 
The rotator will stop, locked onto the signal. 

NEMAL HAS MILLIONS 
OF FEET OF COAX 

IN STOCK I 
1 JUNE. SPECIALS 1 

1 RG-IM 95% shleld $14 951100 11 M 17t111 
2 RG BU 97% shleld 11 gauge IIlke Belden 82141 31tlfl 
3 RG 217 double sh~eld 50 ohm 518" OD 85tl I l  
4 PL 259 (US made) 6% each 10 lor $5 89 
5 UG 7lDlU Amph~nol Type N D 00 ~ a r h  

CONNECTORS I 
(RF. BNC, N. UHF. SMA. TNC. LC, HN, F) 

KINGS. BENDIX AMPHENOL 
FACTORY AUTHORIZED DISTRIBUTOR I 

CABLE 
(MULTI CONDUCTOR. COAX. SHIELDED, 

COMPUTER. TEFLON. SATELLITE CONTROL) I 
Columbia, Times, Nemai, MI!-spec 

SMA TV 
(SPLITTERS. SWITCHES. ADAPTERS. 

MATCHING TRANSFORMERS) 

Call or write for Free Catalog 

shipping 
cable - Sl0Op.r 100 n. 
Connectors - add 10% SLW mlnlmum. 
Orders under $20 add $2 addltlonal plus shlpplng. 
COO add 52.00. Florrda Residents add 5%. 

NEMAL ELECTRONICS 
Dspl. H. 12240 N.E. 14th Are., N. Miam!. FL 33161 

Telephone: (305) 893.3924 

ACOA QUAD ANTENNA FOR 2-METERS 

b - 
1 1 h 

All metal (except ~nsulators) rugged 
construction 

Withstands any weather conditions 

Copper radiator and reflector elements 

Covers entire Pmeter band 

Ready to mount on your rotor 

Weight - 9 pounds 

Wind surface area - 0.85 square feet 

Dimensions - 19 x 26 x 17 inches 

Price - $159.00 

Order direct or from your dealer 
Callfornta resrdenls add sales tax 

DEALER INQUIRIES INVITED 
ANTENNA COMPANY OF AMERICA 

POST OFFICE BOX 794 
MOUNTAIN VIEW, CALIFORNIA 

94042-0794 
(408) 2462051 
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3 ALL NEW HT AMPLIFIERS 
. . . . by ViWom 

YOU agaln have a chotce at lhla power level Our 
popular 200mW Input model IS back' (2C025-200) 
YOU I1 gel a whopptng 25-35w slgnal from the W 

HT POWER (battery savlng) poslllon of your handheld 

POWER! B n d e  Input 13 UNCONDITIONALLY protected 
ngatnst accldenlaloverdrlve Both thtsandour popular 

25-35 Watt 2w drlve model (2C025-21 come wlth our unlque 
ballery charger fealure 

2CO25-200 S 99 95 Suggested Llsl 
20025-2 S 84 95 Suggesled Llsl 

*\%%'\* 
Our popular 50 watt model asnow even bener A 
nom~nal 1 ,w - 2w tnpul gets you a clean 50w 

MORE HT output The massive NEW heats~nklcase has 

POWER! ,rrT over 250 square Inches of surface area Th~s 

50-70 Watt 
along wllh our hlgh eff~clency deslgn allows us 
to rale this nmpltfler for CONTINUOUS duty 

2CO50-2 5124 95 Suggested Llst 

NO one wtll belleve you re on a handheld 
radlo wtlh this beauty Over 300 square 

EVEN lnches of heal stnk area Ultra-sleble 
Wtlk~nson cornblnlng lechnlques In the 

MORE HT f~nal  RF stage Two models avnllable 1-5 

, watt drtve (2C100-2) or 25 watt drive 
, , (2C100-251 

100-120 watt .I, CONTINUOUS duty operation 

2ClOO-25 $179 95 Suggested Ltst 
2C100-? 5199 95 Suggested L~st 

TO order or lor your nearest dealer 
CALL US AT 

VoCom 
PRODUCTS CORPORATION 

1 -800-USA-MADE 61 t &., ,)l " M I0 
2 , <,A 

LII V O C D ~  ~ 0 0 ~ ~ 1 s  n r e ~ 6 g n . d  hltn ma 1m mtw .I our ~ r o s p c !  momr oltwen 1.cot~tr 
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STATE OF 
THE ART 

The 1984 Edition of The Radio 
Amateur's Handbook carries on 
the tradition of the previous edi- 
tions by presenting 640 pages of 
comprehensive information forthe 
radio amateur, engineer, tech- 
nician and student. Paper edition: 
$12 in the U.S., $13 in Canada, 
$14.50 elsewhere. Cloth: $17.75 in 
the U.S.. $20 elsewhere. I n  
U.S. funds. 

This Publication 
is available in 
Microform. 

llnivenity Microfilms 
International 

Flcar u.nd rdd~mlnrl ~nl#?rnln!<m 

101 -- -. 
N d n r  - _- . . -- - 

I..I,I"II~IR- -- -- 
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5,"" - -  - / - 
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While scanning is a pleasurable activity, 
ProSearch does not recommend protracted 
amounts of scanning. They suggest that you 
don't scan for more than ten minutes without 
giving your rotator at least a few minutes' rest. 
This is required so that the brake solenoid will 
have sufficient time to cool. 

The ProSearch PSE-2N isn't just a fully 
automatic unit. As you might expect, you can 
also turn the antenna manually with a clockwise 
or counter-clockwise rotation. This is helpful in 
fine tuning the direction of the beam to maximize 
signals. 

computerization 
Here's an area where you can really be at the 

forefront of current technology. When engineers 
designed the PSE-ZN, they were able to provide 
an interface port that will facilitate connecting 
the controller to your home computer. The possi- 
bilities that this opens up are truly exciting. One 
thought is that you could design your station to 
be run completely by remote control. Why, you 
could even program a computer to work DX sta- 
tions while you're at work or at home, sound 
asleep! You could store all the pertinent infor- 
mation about a particular station and your sta- 
tion could automatically turn on, aim the beam 
in the right direction, select the appropriate 
antenna and . . . well it is possible and may, in 
fact, already have been done. It is a fascinating 
thought; anyone who's actually done it is invited 
to drop us a note and tell us all about it. 

summary 
When I write a product review, I generally take 

the unit home to put it through its paces. In this 
case, because of the unique nature of the unit, 
1 installed it into our club station WBlAHV so 
that all the hams here Eould try it out. It was in- 
teresting to hear the first impressions of the staff 
and station visitors to the PSE-ZN; all were 
pleasantly surprised by the talk-back feature, and 
commented that it's a valuable asset. In casual 
operating, all who used the PSE-2N found it to 
he well engineered and easy to use, even with 
a minimum of instruction. One of the real bene- 
fits I found was its simplified operation. Instead 
of pushing and holding down both the brake and 
rotator control, insertion of desired heading plus 
the execute command left my hands free to do 
other things. In a contest this could free up 
valuable time for copying, logging, or checking 
QSO rate and multiplying counts. The ProSearch 
PSE-2N was a real "fun" piece of equipment to 
review. 

The ProSearch line of rotator controllers uses 
high quality components throughout, and all 
double-sided glass board to ensure long, trouble- 
free service. The PSE-2N is priced at $469. The 
PSE-1A "Contester," which sells for $229.95, 
provides many of the same features. such as 

Fnq. 1 dB 
R K . ~  Rang. N.F. Qaln Comp. D.rlcr 
Only (MHz) (dB) (dB) (dBm) Type kla 
P28VD 
PSOVD 
PWVW 
Pl44VD 
Pl44VDA 
P144VDG 
P220VD 
P220VDA 
P220VDG 
P432VD 
P432VDA 
P432VDG 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

G ~ A ~ F E T  
DGFET 
DGFET 

GaAsFET 
Bipolar 
Blpolar 

GaAsFET 

Inllna (rl nltchad) 
SP28VD 28.30 c1.2 15 0 WFFT 558.85 
SPSOVD 5054 c1.4 15 0 OGFET $59.95 
SP50VW 54-54 cO.55 24 +12 GaAsFET $109.95 
SP144VD 144-148 1 .  15 0 DGFET $59.95 
SP144VDA 144-148 1 1  15 0 DGFET 567.95 
SP144VDG 144-148 c0.55 24 +12 GaAsFET 5109.95 
SP220VD 220225 c1.9 15 0 DGFET 559.95 
SP220VDA 220225 c1.3 15 0 DGFET 567.95 
SP220VDG 220225 ~0.55 20 +12 GaAsFET $109.95 
SP432VD 420450 c1.9 15 -20 B~potar 562 95 
SP432VDA 420450 c1.2 17 -20 Bipolar $79.95 
SP432VDG 420-450 ~0.55 18 +12 GaAsFET $109.95 

mithr6i ohy pnmh -iflorn ;<for ~ c d v e  applkatlonr only. Inllne pnarnpllflm an d awltehod (for-use 
wlth tranuelvarr) ancfhandle 25 watts trrnrm tter powar Mount Inllne nampl l f lm botwaen tranualver 
end power ampltflor for hbh powsr appllcatlons 0th.r amatour, eommorcla rand apoelal pnampllflen avallabla . . . . 

In the 1.1000 MHz range. Please Include 52 rhlpplng In 

ildvanced 
Receiver 

U.S. and Canada. Connocllcut restdentr add ?.'I;% 
anlea far. C.D.D. wders add S2. Alr mall to fwelgn coun- 
trlea add 10%. Order your ARR R x  only or Inllne 
preampllfler today and star( hearlng llke never k f o n I  

Research 
Box 1242 Burlington, CT 06013 203 582-9409 EEm 

THE TOUCH TONE 

nr-1 pp,l with non-malfunction gold contacts.' totally - I 

a p P - l ~  serviceable and self-contained. Easy level PP-2 
control, n o  frequency drift, operates in t e m p  PP-2K 

eratures from -15 f to  160V. Supplied with instructions, schematic, templab and 
hardware. Call or write for free catalog, dealer's list and information guide. 

I PP-1 $55./PP-1K. S.P.S.T. Adj. Relay $62. P-3, 12 or 16 Key.for custom 
PP-2, $59./PP-2K S.P.S.T. Adj. Relay $66. ~nstallat~on, flush mount. 3 different ,,-, 
M Series=Detached frame for Irreg. ~nstall. circuits available-request P-3 info. , ,,,, 

memory and digital input, but without "talk 



NUTS & VO 

FCC changes make obta~n~ng a Hlgh-level 
Radio Telephone L~cense much easler now. 
Eliminate unnecessary study with our short- 
cuts and easy to follow study material. Obtain- 
ing the General Radio Telephone License can 
be a snap! Sample exams, also section cover- 
ing Radar Endorsement. 

A small investment lor a high-paying career in 

Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 
P.O. Box 1538 

back" and computer interface capability. Pro- 
Search is making a name for itself with these 
controllers - any one of which would be a 
valuable addition to any ham shack. 

If you'd like more information, contact Pro- 
Search at 1344 Baur Boulevard, St. Louis, 
Missouri 63132. 

Circle 1303 on Reader Service Card. 
NlACH 

products 

t*t*+****+*t***+t****++**++** GaAs FET receiver preamp 
00 MOBILE WITH YOUR : Hamtronics, Inc. has just announced a new 

Model I ~ . Z ~ ,  E ~ ~ .  $ low-noise preamp that uses a new dual-gate 
Model K.I for TR.ZSOO + GaAs FET recently designed especially for [rfl s h d e s O n  Of $ service in the VHFIUHF bands. Up until now, 

4 ................................................ 
4 
4 Guaranleed! $ to get the low-noise figure of a GaAs FET, a 
c ................................................ 4 designer had to adapt a transistor originally in- 

Model,-TR.24W 
* 

c ,+ tended for microwave service; while such tran- 
4 -powered thru ballew plug 
4 $ sistors work well, they are often costly and tend 

Model N-FT.208R 4 to oscillate because they have so much gain at Model 1-S~rnple mod lor Tempo * 
and all Santec 4 the lower VHF and UHF frequencies. As single 

................................................. 
NOW FOR FT,208R TR,2500 $ gate devices, they tend to have the characteris- 
............................................... C I t  tically high feedback capacitance associated with 

C 
c - FT.207R.Wi1son $ triodes, which makes them hard to tame under 
4 -111s Inlo battery comparlmenl r) 

4 'A unique 
ellmlnator. + a wide variation in load impedances. 

c HANDI.TEK ~~~l~~~~ allows $ The new LNG-( ) series of preamps provides 
constant hand heldoperatlon + good gain and moderately low noise figure (0.7 
Irom "lo DC Or base * to 0.8 dB, depending on band), at a cost of $49, 
wlth no n~cad dram and $ 

MODIFICA. * compared to anywhere from $80 to $125 for the 
4 
c TION' 124.95 PPD ~n USA + earlier type of GaAs FET preamps. 
C 
4 

Cali'.add sl.K)SalesTax. The units operate on standard 12 to 14 VDC, 
4 r /  144 

HANDI.TEK $ are easy to tune, and may be mounted any- 
4 
c P.O. BOX 2205. LA PUENTE. CA 91 748 * where, including the tops of towers. LNG pre- 
c * amps are available for all Amateur bands, from ............................. 

10 meters through 450 MHz. 
L For more information, including a free catalog 

on other Hamtronics" products, contact Ham- 
tronics, Inc., 65 Moul Road, Hilton, New York 

sf%" SSDD 

$33 Box of 10 
(1 0 or more $31/Box) 

FREE SUPPLIES CATALOG 
Write Today 

Payment: MastercardIVisa (include 
Number and expiration date), Money 
Order, Cashier's Check, Personal Checks 
(allow 10 days to clear). Shipping 3%, $3 
minimum, by UPS mainland USA. Sorry 
no APO/FPO/COD's. New Jersey add 
6%. Prices and availability subject to 
change without notice. 

COMPUTER AN[) WOR 

44 FORREST ROAD 

1/ 
RANDOLPH. NEW JERSEY 07869 

d 

Circle 1302 on Reader Service Card. 

tool and instrument catalog 
Contact East is offering a free copy of its 1984 

Electronic Tool and Test Instrument catalog, 
featuring over 5,000 technical products for 
assembltng, testing, and repairing electronic 
equipment. Products listed include precision 
hand tools, test instruments, tool kits, solder- 
ing supplies, plus a full selection of static con- 
trol products. All products are fully illustrated 
with photographs accompanied by detailed de- 
scriptions, and prices. 

For a copy, write to Contact East, 7 Cypress 
Drive, P.O. Box 160, Burlington, Massachusetts 
01803. 

Circle 1301 on Reader Service Card. 
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114 WAVELENGTH 
Model No. Freq. MHz Oercrlptlon Mcr 
196-200 144-148 5\16-32 stud wlrpr lng 55.95 
196-204 " BNC connector w/rprlng 7.95 
196214 " BNC connector 6.95 
196-224 144-UP BNC conn. ad]. angk 7.95 
196-814 220-225 BNC connector 6.95 

518 WAVELENGTH I 
5/16-32 for old TEMPO 
BNC connector 
PL-259 w1 M-359 adpt. 
5/16-32 lor old TEMPO 
BNC connector 
5/16-32 tor HT-220 
11 4-32 stud 
BNC connector 

Largest Selection of Telescopic 
Antennas. Write for Info. Prlce are 
postpaid via UPS to 48 States. For alr 
dellvery vla UPS Blue add $1.50. 
Florlda add S0/0 sales tax. Payment by 
M.O. or Cashlers Check only. , 175 

( f-4, GRO TH- Type I 

I Spinner Handle Available 
Case: 2x4"; shaft X"x3" 

M o d e l  TC2: Skirt 2-118"; 

M o d e l  TC3: Skirt 3"; 

MODEL 
SGlOOO 

YlnF Ill 5349 95 -- 
USA i plus shlpp~ng 

C o v e r s l 0 0 t o  1813 NHz ~n 1 k H z  bleps with thumb- 
wheel d~a l  * Accuracy 1 par1 per 10 m ~ l l ~ o n  at all Ire 
quencles Internal FM adlustable lrom 0 lo 100 kHz 
a! a 1 kHz rate Spurs and nolse at least 60 dB be- 
low carrler * RF output adjustable lrorn 5 500 mV a1 
50 ohms Operates on 12 Vdc @ 1 /2 Amp Ava~l 
able lor lmmedlate dellvery $349 95 plus shlpplng 

Add-on Accessor~es avatlable l o  extend l req 
range, add lnllnlle resolullon volce and sub-audible 
tones AM preclslon 120 dB callbraled attenuator 

Call for details Dealers wanted worldw~de 

VANGUARD LABS 
180-23 Jomolu Avo.. Hdllo. NY 11423 

Phone: (212) 468.2720 f l  196 

we slorr AEA Ann. Alpha. A m o  ~n(enru Sps~~.l~sls. A.nal.r 
A3nm 0 & r 0 & W Bash 0-M. Bald Rurlnul  CDE. CES L c M l  * * \  
Communac.tmn, S m c  C o o n r m %  Cormva((  Cube Sranl Cuslu ar?l 

"Agui Se Habln Espanol" 
2 ,  I ., . . . I r . ,  'I ' 

I [ , ? t ' ! < ? < ' < , > l  , f a  , , ' .  ,. , + ( , , ; , P . . , . ,  I ' ORDER L I N E '  

i 800.221.2683 , 

Da8wn. Dsnlron. Dl ,ma. Dcahs. El" ~Almal. F8m.c Encanm Hrll 
Sound. yC% ~"r8.r iNswtron~cs, HV ~ a i n  acorn KLM. KantrOnu 5. 
inracn. tDalw,l MrJ  J W M..lm. Man, Pcoduclr Mtrryr 
N e w l r m ~ r r  Ny@ V ~ h a r q  Pm,nmrn. RF Prrdurls. R~cito Analeur (rllhc.* 
A h 4  II<cliwell iollllms 51~1tm.  SWr. \win. l r le .  Tempo. 1 c r . T ~ ~ .  
Tnb lo  HI Pow.,. l r ~ o n v s  Till it L1 W7aIl m a M r .  Wmlron, l a e w  hro &.,I+ 
~,scnrn*r,at 1rad4n. v.x- ~ i t n a u ~ ~  I . , r . , .  TC, r x wscl7m O L ~ ~ ~ I ~ ~ ~ ~ S .  
Retmalers Phely. UoNlr, F nrnn #rl!e,rom% Sclntws. Cwrl.lr, Fmdlo 

A L I I H S ~ I J ' . ' ~  L l  DIST', MZKAY OYMEk FOR P u ~ ~ ~ c ~ I I M I  

5Hnr*li'd4'VF A N T <  hl.iAS C HECI- IVkU':  WE NOW SlOCK COWMFRCIAL COMMUNICATIONS S V I l l M S  
IR l lLEX ' Swsng 51 Slalmon O ~ A L F U ~ . ~ , A L J  ,' t s ' k i f l r  D r n ; , ~ l  IN r.1, w<?rlutnsnr nt tMRl lPCtC 

-*I*' BUT Prlnrn Sf SI.lton 
I N 0  "F' 1n.m Rwy Statlrn'' 

COINCIC IAL  UAOIOS m1oeh.d L m.rv10.d on erkl".. 

Bur Broadway a6 to Sovmng Sf 
Amateur Radio L Computar Cournan Oiran On Our Praminan, Call 

ealh-efh $1 m n  a r  b ~ * n  
Expen 0rd.r. Shlpp-d Irnrn.dl.1oly. TELEX 1 2 - T e T 0  

- - -  . -  - -  - 
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RF TRANSISTORS, MICROWAVE DIODES 
TYPE PRICE ?YPE PRICE TYPE PRICE TYPE - - - - - - PRICE 

2N1561 $ 25.00 2x1678 $ 2.00 MI134 $ 16.90 W1821-3 $125.00 
2N1562 25.00 2SC1729 20.00 M9579 7.95 hW1821-10 225.00 
2N1692 25.00 2x1760 1.50 ~95233 7.50 MSC2001 40.00 
2 1 ~ 9 5 7  1 .55  ZSC1909 4.00 M9622 7.95 MSC2223-10 200.00 
2N2857JPh'TX 4.10 2x1946 36.00 W 2 3  9.95 MSC3000 50.00 
2N2857JAhTW 4.10 2SC1946A 40.00 M9624 11.95 MSC3001 50.00 
2N2876 13.50 ZSC1970 2 .50  M9625 17.95 MSC73001 50.00 
2N2947 18.35 2x1974 4.00 M9630 18.00 N1SC82001 40.00 
2 ~ 2 9 4 8  13.00 2x2166 5.50 M9740 29.90 W 2 0 1 4  40.00 
2N2949 15.50 2x2237 32.00 M9741 29.90 MSC82020 40.00 
2N3375 17.10 2SC2695 47.00 h19755 19.50 MSC82030 40.00 
2N3553 1 .55  A5C-12 25.00 M9848 37.00 USC83001 50.00 
2N3632 15.50 A209 10.00 hi9850 16.90 MSC83005 100.00 
2N3733 11.00 A283 5.00 M9851 20.00 m 4  150 14.40 
2N3818 5.00 A283B 6.00 M9887 5.25 Kl3126 POR 
2 ~ 3 8 %  1.30 AF10:2 2.50 W O O 9 1  25.00 m5596/2N5596 99.00 
2N3866JAN 2.20 Am12 2.50 hill1550 10.00 Kl3768/2N5768 95.00 
2N3924 3.35 ~ ~ t 7 2 ~  2.50 MM1552 50.00 WE3762 FOR 
2N3927 17.25 -1 2.50 MM1553 50.00 NEOL136 2.50 
2N3950 25.00 BFaYO 1.00 MM1614 10.00 NE13783 POR 
2N4012 11.00 -1 1.65 MM1943/2N4072 1.80 NE21889 POR 
2N404 1 14.00 BFa99 2.50 W 6 0 8  5.00 NE57835 5.70 
2N4072 1.80 BFPU 2.50 MM3375A 17.10 NE73436 2.50 
2N4080 4.53 BFW16A 2.50 MM4429 10.00 !?!! 
2N4127 21.00 ~ ~ 1 7  2.50 MM8000 1 .15  PRT8637 POR 
2N4427 1.30 BMr92 1.50 Woo6 2.30 FT3190 POR 
2 ~ 4 4 2 8  1.85 m44 2.50 ~ 0 1 1  25.00 ~ 1 ~ 1 9 4  FOR 
2N4430 11.80 EEi48 2.50 MPFlOZ .45 FT3195 POR 
2N4957 3.45 BFXGS 2 .50  MPSll3 1 1.01 IT3537 7.80 
2N4959 2.30 BD(84 2.50 MRA2023-1.5 42.50 ~ ~ 4 1 6 6 ~  POR 
2N5El0 13.80 m85 2.50 MRF208 16.10 PT4176D POR 
2N5108 3.45 Em86 2.50 W 2 1 2  16.10 Pr4 1865 FOR 
2N5109 1.70 -9 1.00 -23 13.25 PT4209 TOR 
2~5160 3.45 mil 2.50 ~ ~ 2 4  15.50 Pr420%/5645 POR 
2 ~ 5 1 7 7  21.62 m 1 8  2.50 WLJI 10.92 ~'145% 24.60 
2N5179 1.04 BFY19 2.50 WE232 12.07 FT4570 7.50 
2N5216 56.00 m 3 9  2.50 ~ 3 3  12.65 ~14577 FOR 
2N5583 3.45 BFYW 1.00 MRFZ37 3.15 Pr4590 POR 
2N5589 9.77 BLX67 15.24 MRF-238 13.80 IT4612 FOR 
2N55YO 10.92 BLX68C3 15.24 MRF239 17.25 Pr4628 FOR 
2N55trl 13.80 BLX93C3 22.21 MRF245 35.65 PI4640 POR 
2N5637 15.50 BLY87A 8.94 MRFL47 35.65 Pr4642 POR 
2N56111 12.42 BLYmC3 13.08 MRF304 43.45 IT5632 4.70 
2N5642 14.03 BLY94C 21.30 W 3 0 9  33.81 PI5749  OR 
2 4 5 ~ 3  15.50 BLY351 10.00 MRF314 28.52 PlM29 FCR 
2N5645 13.80 BLY568C/CF 30.00 W 3 1 5  28.86 ~ ~ 7 0 9  IT8 
2N56.36 20.70 C458-617 25.00 MRF316 FOR ~ ~ 7 2 0  PCR 
2N565 1 11.05 C4005 20.00 W 3 1 7  63.94 m 5 1 0  mR 
2N5C.91 18.00 CD1899 20.00 W 4 2 0  20.00 PI8524 FOR 
2N57Gl 27.00 Cml88 18.00 W 4 2 1  36.80 FT609 FOR 
2N5836 3.45 CD2 54 5 25.00 W422A 41.40 IT3633 WR 
2N5842/W1607 8 .45  ~ ~ 3 0 0 5  100.00 MRF427 17.25 1 ~ 3 3 9  POR 
2N5849 20.00 k x c r l  GaAs F'ET W 4 2 8  46.00 ~ ~ 5 5 9  POR 
2N5913 3.25 DXL3501A-P100F 49.30 MRF433 12.07 PI8679 POR 
2N5916 36.00 FuJitsu CaAs FET MRF449/A 12.65 ~ ~ 7 0 8  mR 
2N59'22 10.00 FSX52WF 58.00 MRF450/A 14.37 PI8709 POR 
2N59'2:l 25.00 W 9 O A  2.50 MW453/A 18.40 1 ~ 3 7 2 7  29.00 
2N5911 23.00 HEP76 4.95 W454/A 20.12 ~ m 7 : l l  FOR 
2N5942 40.00 HEPS3002 11.40 W455/A 16.00 ~ 1 7 4 2  19.10 
2N5M 10.35 HE'S3003 30.00 W 4 5 8  20.70 1 ~ ~ 7 8 7  POR 
2N59.15 11.50 HWS3005 10.00 W 4 6 3  25.00 Fl9783 16.50 
2N594fj 14.40 HEPS3006 19.90 MRF472 1.00 PI9784 32.70 
2N6080 10.35 HEPS3007 25.00 W 4 7 5  3.10 PI9790 56.00 
ZN6081 12.07 HWS3010 11.34 W 4 7 6  2.00 IT31962 mR 
2N6(!&2 12.65 -- Hewlet t Pack;ird MR17477 14.95 m 1 % 3  FOR 
2V6083 13.25 H F n 2 0 4  112.M) W 4 9 2  23.00 PI31083 POR 
2N6084 15.00 3582E 38.00 W 5 0 2  1 . W  PD[6680 M)R 
2N6( 1% 11.00 358260 32 .09 MRF503 6.00 RC A 
2N6W5 U.OO 35826E 32.00 MKF504 7.00 4 x 8  1 5.00 
2N60% 16.10 35831E-H31 30.00 W 5 0 9  5.00 40279 10.00 
2N6LR7 20.70 35831E 30.00 W 5 1 1  10.69 40280 -1 .62 
2Nti I05 21.00 35832b 50.00 MRF5 15 2.00 40281 10.00 
2N613 21.85 35833E 50.00 MRF517 2 .00  40282 20.00 
2N6 166 10 21 35853E 71.50 MRF559 2.05 40293 2.80 
2NG2Ol 50.00 358%;1L 75.00 MHF605 20. OO ,10292 13.05 
2N6:101 1.50 35866E 44. OCI W l 8  25.00 40294 2.50 
2NeI59 18.00 IDCI7U101 7.00 hIRF628 8 .65  40341 21.00 
ZNGiii7 10.W IM1R3102 8 .75  hRFE29 3.45 40608 2.48 
2NC;fiUO 80.00 IIXlmlM 30.00 MRFT54 27.60 40894 1 .00  
2.T703 3.00 kKIWl04 68. CU) MRF646 29.90 10977 10.00 
P X 7 T f i l l  7.511 IM?%lO5 ..$I. CUI MRF816 15.(X) 628OOA 60.00 
2SC7XI 2.80 l m 1 M  33.1XI hRFX23 20.00 W37irl 25.00 
2S('lll18 1.00 5310 .71 I h m F W l ( 3 ) L r a d  1.00 RE3789 25.00 
L'S%Ll&12 12. (X1 1RW ~ O l  ( 4  ) Lead 2.00 Wl l C l  25.00 
2SCt(l70 2.50 JOLOO0 10. (XI MRE304 2.  311 S50-12 25.  (10 
29:1239 2.50 JU2001 25. (HJ MRFgl l  3.00 S3M(-, 5.00 
3.SC1251 12.00 ~ 0 1 ~ 1 5  25. (1) m~ 2 . m  ~ 3 0 3 1  5.  (XI 
2SCl:I(Xi 2.90 Motr~rola Cinm. MHPXoo.1 2. 10 XA3522 5.00 
2%1:107 5.50 M1131 8.50 MS261F POH SCA3523 1,. 00 
2SC1124 2.80 MI132 11 !)3 hLSCl720-12 225.00 ITtITt; ON ISQLJEST = 1VH 

Toll Free Number may be new PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surp lus ,  and par ts  may be 
substituted wlth comparable parts 

(For orders only) ~f we are out of stock o fan  "em " 

For information call: (602) 242-3037 
gMw electrovcs 
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GaAs, TUNNEL DIODES, ETC. 
TIPE - 
11K3Ch193N CSF 
SII345 
3 x 4 5  

M'E. -~ 

SDU78-5 
SD12'81-2 
SD1283 
SD1289-1 
m1290-4 
SDC!93-7 
m1:100 
SD1:iOl-7 
SDI:IO~ 
SDl:IO7 
SD1:108 
m1:111 
SDl:i17 
SD1:13S 
311:M54 
501:E:rl 
SD1:E:r5 
hXI137S 
50137E-6 
9)1:37Y 
SDl:B(tl 
SD1:180-3 
SD1:180-7 
SI11~105 
SD1.100 
SDlllO 
5111110-3 
SD1.113-1 
SLl1116 
SD1122-2 
501%28 
SD1129-2 
SD1129-3 
SD1429-5 
SD1430 
SDl430-2 
SD1434-5 
SD1434-9 
SD1438 
SD1441 
So1442 
SDl444 
SD144-1-8 
SD1450-1 
XI1451 
SD1451-2 
sD1452 
SD1452-2 

SD1536-1 
SD1545 
=I561 
SF4557 kt. 
SK3048 RCA 
Sh3177 RCA 
W7714 hht. 
SRF750 Mot. 
SRF1018 Mot. 
SRn147 Mot. 
SRn356 hL,t. 
-378 kt. 
SRn584 Irklt. 
SRn821 Mnt. 
SRn857 Mot. 
TA8894 RCA 
TIS189lhIRF96G 

458-949 Mot .amn 
TXVIZZOl H.P. 
62803 RCA 
TA7205/2N5Y21 
TA7487/2N5920 
TA799512N6267 

We Can Cross Reference Most RF Transistors, Dlodus, Hybrid Modules And Any Other T ~ F  Of Smuconductor.  .......................................................................................................................... 
* UIoVES (HOT C A R R I E R , M I ~ A E , P I N , ~ , I ~ , V A R A C I W L , C U N N )  * 

11u-21 $ 3.40 LW 1B $ 3.40 lBR $ 3.40 N? 1C $ 3.40 
lN2D 4.00 W2 1DR 4.00 lN2lE.R 6.00 lh2 1RF 5 00 
lNZ1WE 5.80 lN21W; 5.80 W22 5.00 lh7 3A 10.00 
m 3 B  3.40 lNZX 3.40 N2 XR 3.40 m 3 D  4.95 
INZ~CR 4.00 ~ 2 3 ~  5.00 W25 7.50 lN25AR 18.00 
m8WI LO. 00 Em9 10.00 lN32 20.00 lN53A 55.50 
LnF, ;%.GO lN76R 28.00 N / 8  26.00 lN78A 20.00 
1M8B :26.00 lN78D 28.00 1F?811R 28.00 lN78R 28.00 
lN149 6.00 lN150MR 18.00 IN15 4.00 lN41X 4.00 
lN4 15G 15.00 W16D 5 . W  UM 16E 6.00 lM46 10.00 
IN831 10.00 lN833 10.00 lN950 4.00 lN1084 2.00 
UT29'30 15.00 m 9 3 2  15.00 lN:1540 15.00 lN3712 11.00 
LN3713 18.00 1~3714 11.00 1N:1715 16.00 lN3716 10.00 
1~3717 14.00 lN3718 10.00 lN:1721 14.00 1~3733 10.00 
W3747 21.00 lN4386 20.00 WI3% 15.00 lN4785 11.00 
W812B 9.00 lN5139AJB 4.25 lN!i140A/B 4.25 lN5141AJB 4.25 
lN5142AjB 4.25 lN5143AjB 4.25 lN!il44A/B 4.25 lN5145A/R 4.25 
lN5146AJB 4.25 lN5147A/B 4.25 lN5148A/B 4.Z5 lN5167 5.50 
lN3LS:I 3.75 lN5465 7.65 lN5711 1.00 lN5711 JAN 2.W 
Ui5713 5.00 lN5767 2.00 NN(i2fj3 1.00 IS2199 15.00 
IS2200 1'5.00 152208/9 1.00 8BlOH7/4XRX69558 65.00 8D3020 65.00 
A2X116M AerLech %I. 00 DB105B 1.00 IB105G 1.00 m / 4 m  G.E. 15.00 
BU61 Ulmc 5.00 (MDS14A!3C.hl. POR 1)21)60 Alpha FOR MI59 Alpha 1x3 
W233B Alpha IW M900 Alpha FOR IMi359 Alpha PCR M987M Alpha TOR 
E017C Alg11~ LOR ffi14m Alpa FOR II550:l Alpha I'OR ffi506 Alpha TOR 
D.33158-98 Alpha FOR W 0 2 2  Alpha POR IXnH60A Alpha FUl DP20054 C n w  FOR 
GCIB91-89 tila 31.35 (;C16W-89 CH% 31.35 (%1607-10 GEE! 31.35 (32531-88 LIE 37.40 
CL2542-46 GlE 37.40 (iC3208-40 GW, 37.40 GC17044 6 H X  50.00 HP33644A-ID1 125.00 
tPS082-0112 14.20 lP5082-0241 75.60 Hl~50H2-lY251 105.00 HP5082-0320 58. O!) 
lP5082-0375 I M  HP5082-0386 FCe tiPljOX2-1)401 PM1 liP5082-M38 m 
ti~s(w2- 1028 m tips082-1332 POR ILPXH~-T~% m I P ~ O H Z - Z ~ ~  111. 70 
HP50H2-210:$ 5.20 tP5082-26% FOK WiOX2-2711 23.  15 tP5082-2727 POH 
IP5082-28(X) 1.00 tP5082-2805 4.45 1.00 HP5082-2884 POR HPi(K32-28:15 
HP5082-:I039 6.70 HPSOX2-3040 .%.00 tIP5082-:11WO 2.00 HP5082-3188 1.00 
11'5082-:1:i713 1. 50 liP5082-M59 HIR liP5082iLlW2 POR HP5082488X KIR 
HF'51I82-XOli~ I'OR lPSO82-832:i FOR K 3 4  Kcmt n,n 7.00 MA45OA RIR 
hlA4 75 L W MA1008 K U  hlA11lX7 POR MA4 1765 MU 
htA4 1766 FOR hlA4 3004 48.00 MA43589 FCA MA43622 FOR 
\lA4XiYj IOU hlA451M 27.00 MA17044 MJR MA47051 25.50 
hlA‘171DI) 3.05 MA47202 3O.HO hlA.17771 POR hIA47838' Xi? 
hLV17X52 IXH hlA.1 L) 1 Mi 37.95 hlA'l11558 I'OR blAU6731 125.M 

* O(JH ST1L6 (IIAN(ik.6 1)AIL.Y (UJ, 11' IF 111, PM<l' YOU W U )  IS NUr I,ISI€,[) * * * . 4 * ' * * * * * * * " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

For information call: (602) 242-3037 

Toll Free Number A I I  parts may be new or 

800-528-01 80 
surplus and parts may b e  
substituted wlth comparable parts 

( F ~ ~  orders only) I we are out of stock of an "em 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

I I 
More Details? CHECK-OFF Page 132 June 1984 121 



(:Ot'\.Y Itll, Kl<l.A\' SWI l'(:lll<S SI'IYI' ~ 

E l e c t r o n i c  S p e c i a l t y  Co./Ravcbn E l e c t r o n i c s  FSN 5985-556-9683 $49.00 
P a r t  it 25N28 P a r t  f l  SU-01 
26Vdc Type N Connector .  DC t o  I GHz. 

Amphenol FXR FXR 
P a r t  t 316-10102-8 P a r t  d 300-11182 P a r t  11 300-11173 
l l5Vac Type BNC DC t o  3 Ctlz. l2OVac Type RNC DC t o  4 CHz. 12OVac Tvpc BNC Same 

FSN 5985-543- 1225 FSN 5985-543- 1850 

RNC To BannnR P lug  Coax Cab le  RG-58 36 i nch  o r  RNC t o  N Coax Cab le  RC-58 36 i nch .  

$7.99 o r  2 For  $13.99 o r  10 For  $50.00 $8.99 o r  2 For  $15.99 o r  10 I:or $60.00 

SOLID STATE RELAYS 

PhB Model ECTlDB72 

PRICE EACH $5.00 

5vdc t u r n  on 120vac c o n t a c t  a t  7amps o r  20amps on a 
10"x 10"x . I 2 4  aluminum. Hea t s ink  w i t h  
s i l i c o n  g r e a s e .  

D i g i s l g .  I nc .  Model ECS-215 5vdc t u r n  on 240vac c o n t a c t  14amps o r  40amps on a 
10"x 10"x . I 2 4  aluminum. Hea t s ink  w i t h  

PRICE EACH $7.50 s i l i c o n  g r e a s e .  

Gr ig sby /Ba r ton  Model GB7400 5vdc t u r n  on 240vac c o n t a c t  a t  15amps o r  bOamps on a 

PRICE EACH $7.50 
1O"x 1O"x .124 aluminum. Hea t s ink  w i t h  
s i l i c o n  g r e a s e .  

NOTE: *** I tems may be  s u b s t i t u t e d  w i t h  o t h e r  b r ands  o r  e q u i v a l e n t  model numbers. *** 
For information call: (602) 242-3037 

" A l l  parts may be new or 

dcctrorpcr 
surplus,  and parts may be Toll FW Numbar 
substituted with comparable parts 
11 we are out of stock of an ~tern." 800-528-0180 

(For ordam only) - 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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TUBES 
PRICE 

S 34.00 
7.95 

200.00 
102.00 
400.00 

9.50 
255.00 
526.00 
567.00 

1700.00 
473.00 
567.00 

69.00 
79.00 
98.00 
98.00 

110.00 
110.00 
444.00 

54.00 
75.00 

125.00 
90.00 

170.00 
110.00 
115.00 
140.00 
835.00 
242.50* 
485.00 
555.00 

1100.00 
1255. 00 
1500.00 

710.00 
240.00 
240.00 
200.00 
345.00 
175.00 
590.00 

60.00 
95.00 
45. 00 
45.00 

412.00 
660.00 

27.50 
45.00 
62.50 
49.95 

211.00 
8.50 

15.00 
29.00 
50.00 

TYPE - 

l l82/4600A 
4600A 
4624 
4657 
4662 
4665 
4687 
5675 
572 1 
5768 
5819 
5836 
5837 
586 1 
5867A 
5868/AX9902 
5876/A 
5881/6L6 
5893 
5894/A 
5894818737 
5946 
6083/AZ9909 
6146/6146A 
61468/8298 
6146W/7212 
6156 
6159 
61598 
6161 
6280 
6291 
6293 
6326 
6360/A 
6399 
6550A 
68838/8032A/8552 
6897 
6907 
6922/6DJ8 
6939 
7094 
7117 
7203 
7211 
7213 
72 14 
7271 
7289/2C39 
7325 
7360 
7377 
7408 
7609 
7735 

PKI C i  

$500.00 
500.00 
310.00 

84.00 
100.00 
500.00 
P.O.R. 

42.00 
250.00 
125.00 
119.00 
232.50 
232.50 
140.00 
185.00 
270.00 

42.00 
8.00 

60.00 
54. 00 
54.00 

395.00 
95.00 

8.50 
10.50 
17.95 

110.00 
13.85 
23.50 

325.00 
42.50 

180.00 
24.00 

P.O.R. 
5.75 

540.00 
10.00 
10.00 

160.00 
79.00 

5.00 
22.00 

250.00 
38.50 

P.O.R. 
100.00 
300.00* 
300. OO* 
135.00 

34.00 
P.O.R. 

13.50 
85.00 

2.50 
95.00 
36.00 

TYPE 

ML7815AL 
7843 
7854 
ML7855KAL 
7984 
8072 
8106 
8117A 
8121 
8122 
8134 
8156 
8233 
8236 
8295/PL172 
8458 
8462 
8505A 
8533W 
8560/A 
8560AS 
8608 
8624 
8637 
8643 
8647 
8683 
8877 
8908 
8950 
8930 
6L6 Metal 
6L6GC 
6CA7/EL34 
6CL6 
6058 
6DQ5 
6GF5 
6GJ5A 
6GK6 
6HB5 
6HF5 
6JG6A 
6JM6 
6JN6 
6JS6C 
6KN6 
6KD6 
6LF6 
6LQ6 G.E. 
6LQ6/6MJ6 
6ME 6 
12AT7 
12AX7 
12BY7 
12JB6A 

PRICE 

$ 60.00 
107.00 
130.00 
125.00 

14.95 
84.00 

5.00 
225.00 
110.00 
110.00 
470.00 

12.00 
60.00 
35.00 

500.00 
35.00 

130.00 
95.00 

136.00 
75.00 

100.00 
38.00 

100.00 
70.00 
83.00 

168.00 
95.00 

465.00 
13.00 
13.00 

137.00 
25.00 

5.03 
5.38 
3.50 
2.50 
6.58 
5.85 
6.20 
6.00 
6.00 
8.73 
6.28 
6.00 
6.00 
7.25 
5.05 
8.25 
7.00 
7.00 

Sy lvan ia  9.00 
8.90 
3.50 
3.00 
5.00 
6.50 

NOTE * = USED TUBE NOTE P.O.R. = PRICE ON REQUEST 

"ALL PARTS MAY BE NEW, USED, OR SURPI-US. PARTS MAY 8E SUBSTITUTED WITH COMPARABLE PARTS I F  WE 
ARE OUT OF STOCK OF AN ITEM. 

NOTICE: ALL PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. 

For information call: (602) 242-3037 

Toll Free Number A I I  parts  may b e  n e w  or 

800-528-01 80 
surplus a n d  p a r t s  m a y  b e  
Substituted w ~ t h  comparable parts 
tf we are out o f  stock o f  an Item (For orders only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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IHEWLETT PACKARD SIGNAL GENERATORS] 
50~Hz to  65UHZ I n  6 bands +-1Z.Out~ut leve l  OdluStObIe O.luV 
t o  3V l n t o  >O oMs .Bu l l r - I n  c r vs to l  co l lb ro tor .400 -100nHz 
modu~at ion. 1 650.00 

S m  as obove but has freawncy cont ro l  feature t o  al low 
o ~ e r o t l o n  wl th  HP 8708A Svnchronlzer. 11100.00 

10MZ tO 48OPIHZ,O-luV-lV I n to  50 ohs.AM.CW.or pulse mod- 
U I O ~ I O ~ .  co l lb ro ted attenuotor. $ so0.00 

loMHz to  420MH1, 0.IuV-0.5'4 l n t o  50 ohms,+-0.51 occuracv. 
b u l l t - I n  c r vs to l  ca l lb ra tor ,  AU-CW or pulse OutDut. 1 375.00 

lnoroved verslon o f  popular 608C.U~ t o  1V ou t~u t . l r n rove6  
~ t o b l l l t v , I o w  reslduol FM. 11450.00 

lMHz  t o  455MZ I n  5 bands +-I: freauencv occuroc wl th  
built-In c rys ta l  col lbrator.Can be used w ~ t n  HP ~ Y O B A  
Svnrhronlzer. o u t ~ u t  contlnuo~rslv ad l~rs tob le  t r m  .luV t o  
.5v i n t o  50 ohms. 11100.00 

450-1230Wz ,o.luV-0.5V l n to  50 ohms.collbrated OutDut. 1 750.00 

900-2100MHz wl th  m n v  features lnc lud lnq co l l b ra ted  outout 
on6 o l l  mdu la t l on  character ls t lcs .  1 500.00 

Some os obove but l a t e r  model. 1 600 iln 

3.8 to 7.6GHr range.wlth co l lb ra ted output and se lect lon o f  
~u l se -FM o r  sauore wave mdulo t lon.  1 600.00 

S m  as above but l a t e r  model. r2200.00 

7 t o  IIGHz r0npe.wlth co l lb ra ted o u f ~ u t  ond se lect lon o f  
pulse-FB or sauare wove mdu lo t l on .  1 750.00 

S m  os above but l a t e r  m d e l .  12200.00 

10 t o  15GHz.lOnu a u t ~ u t  wwer u l r h  c a l ~ b r o t e d  output and 
~4200,00 pulse-sauore wove or FM mdu lo t l on .  

S  nchronlzer used wl th  6068 608F The svnchrmlzer I s  a 
~xase - l ock  freauencv s t a b ~ l i z e r  i h l c h  provides c r  s t o l  
osci 11ator freouenc stab1 II t~ t o  u30nHz I n  the 6 b F  s i  r n ~  
qenerator.Phose 10  X ~ n s  e l  lmlnotes mlcroohonlcs and dr ~ ? t  
rt .sult  lng I n  exce~Fent freouencv stobi I l t ~ . T h e  87081 InClUdeS 
o vern ier  which con tune the reference oscillator over a range 
of +-0.25% ~ e r m l t t l n g  freauencv s e t t o b l l l t v  to 2 Darts I n  10 
t o  the Seventh.Pr0vldeS o verv s tob l t *  slqnal that so t l s f l es  
m n v  c r l t i c a ~  o ~ ~ l ~ c o t ~ o n s .  

(MI t h  HP 6068 or 608F I 1 350.00 
(Y l thout )  1 450.00 

ELECTROMETRICS EnC-I0 RFlIEMl RECEIVER 
LOW freauencv mo l vze r  coverlng 20Hz t o  5 0 ~ ~ 2  freauencv 
range.Extendable t o  500 KHZ ~n wldeband mode. 12500.00 

E m l r e  Devices F l e l d  l n t ens l t  w t e r .  
Hos N F - ~ ~ ~ / T A , W F - I O S / T X , N F - ~ ~ ~ / ~ I , H F - ~ ~ ~ / ~ ~ , N F - ~ O ~ ~ ~ ~ ,  
Covers 14K~z  to 1000nHz. 12100.00 

ALL EOUIPMENT CARRY A 30 DAY GUARANTEE. 

I EQUIPMENT IS HOT CALIBMTED. 

TERMS DOMESTIC -.COD U M l M  
FOREloN P W  all US Fund. WrW aOr. U -S h c k  MI 

COD'ICUOIab*4I.-uMil P ~ I m n s ~ l a d I l b b l M . Y a l a b , o I C . W . W I  VM.n.om 
MIU~~~--ICMII~COD COD ~ . r e s M m 4 a r m h . n d l h N W . d P ~ r U I ~  

-lock charm on IM ratum.5 Wns 

CREW CAR= We am m* wq4mnp MASTEWARD. V R *  AND AMEDlW EXPRESS 

DATA  WE^ w m  w h.m 4.1. WS .t.xh m ~r r 1111 s u o h  t h n  d m  me om 
C + R C n n  MAnluLa: AII cl.lnu lo &ah. nulr1.h m u t  b nub d t w n  30 MIS .fin d u  d VW pro* A l l  cwm 
must onode the Wacttm MI~ZI~I b u  I ~ S I I ~ ~  -at, caw o( ou I W ~ ,  am mm autmu.tdm mrrbm mr(l WI b 

UKX UIP*IW\TORIES THS-? FEXICU' W33. mlal.*d w l a  lo shepnlnp Ih, msrchandcle M to u3 This can b. rmnlnd 4 cdllnp W?1 2426816 OI M l n p  us mt& 
Om to ~ a n u l n t l u e r  ran.mt~es w am umnls to npl- u ~r.u cr-81 on turns mlch ham m n  - lo a ham m 
alu,.a I- m y  r a y  rntwn #tans mur! m wkad p i r a ~ ~ y o t  i t  r81, men wanant~es wa m nn a s s u n  raw.m.ibetr IW snmp 

t l w  IhXUsetS c m  wl th t b to  to lvDk ID to 0 IC0\1 rorllOS UK mnv Otller e o u l m t .  ~ ~ ~ ~ o a m  ha.a18nocnarr~, ~ n c u r r d  

Perfect for  A l m l o ~ s  , H e I I c m l ~ r s  , Mml le  WIM , or .lust t l r  Te lexme.  

nese Are F a ~ t o r ~  ww In  S e o l ~  Boxes. Llmlted Sumlv @ilv 369.95 

DELIVERY *dm$ em ulwlh lh!pp.d 1- - 6n, t m  M u m u  lh nm MI- 4.". m u  m a m M  d *lock a m 
!,om Thr cvslamn r 1 I I  Ds Mlllal by post o r d  I1 r am Qdnp lokkmdM t h  l t r n  -1 .I np Whod 1. UPS U US :;;zm%sn;; pck.0. Tnu ~su- *a , a m  rn* 4 v r  ern <=%pnt cotma " n u s  m u  

IMSURINCE P#- lncluda a la awh mtt-1 slmm m tlmm m cnlr AII lnvrad am lhrv UPS 
only I! rw wan to hmm II shmd l n w  tns post orlacs I- 0. (5 W lr mtcn IS aedill-I la tm snawng Mndllnpad 1- 
."<ax" 

OPEN ACCOUNTS m 1h.l r m ra 1s.u- -1s 
ORDER FOR- HI om 1- e n  lmlubd rsn uch  wr lor van mmnHou AantUuulwr I-. .n n n l 1 . M  a 
rmu., 

PARIS: We resewn the rlghl to substllule or replace any Item wlth a pan of equal or comparable 
specllicatlon 

POSTAQE. Mlnlmum shlppln and handllng In the U S Can& and Mexico l s U  00 f a  pround ship 
ments all olhercounlrles 1s f5 50 Alr rates are ava~~abte at l h ~ l l m e  of your order All lorelgn orders 
pleaw ~nclude 25% 01 Ihe ordered amount tor shlpplng and handllng C 0 0 s are shipped AIR 
ONLY 

PREPAID ORDERS: Orders must be accmpanlsd by a check 

PRICES: Prices are sub+xt l o  chanoe wllhoul notice 

PURCHASE ORDERS: We acceot purchase o r d m  only wlmn they are accompanlsd by a check 

RESTOCK CHARQES: I1 pans am r e t u r d  lo  MHz ELECTRONICS. INC. dw to customer ena, the 
cuslomer wlll be held responslMe for all fees Incurred and will be char@ a 15% RESTOCK 
CHARGE with the remainder In CREDIT ONLY. The tollowlna mual aCcOmDanv any relurn: A Cwv of 
WI OIOIC~. return author zallon number whfch must be ootioned nor l o  snrpplng Ihe marchandlae 
back Relutns musl Mdonn r than 10 DAYS 01 receopt of parcel fieturn autnar zatlon numoers can 
b 0hl.l ned bv cal.ln(l I602 2428916 or nallfylnp 4s by post card Return adlnor raleons w not De 
owen out an our BW number 

SUES TU(: ARIZONA residents musl add 6% sales lax unleas a sl nod ARUONA resale lu card 
Is currently on tile wlth us All orders placed by person;outsids of BRIZONA. but delivered to per- 
sons In ARIZONA are sublsct lo  the 8% sales tax. 

SHORTAGE OR DAMAGE: All clalms lor shortages a damapes musl be made wlthln 5 DAYS ol 
rwe~p l  of parcel Clams musl Include a copy of our Invonce, alonp wlth a return authorlzrtlon 
number whch can be oblalned by contacllnp us at (BOa 242-3916 or sendln a post card Autharlzs 
tlons cannot be on our BW number All Items must be pfoperly pecked If Items are not properly 
ached make sure lo  contact thecarrier so that they can come out and Inspect the pachaw before 
I I+ returned to us Cuslorners whichdonof notify us wllhan thls time pert03 wlll be held responsible P 
lor the entire ordsr as we wall conslder the order complete 

CUR 600 NUMBER IS STRICTLY FOR ORDERS ONLY (8W) 5280180 INFORMATHXI CANS ARE 
TAKEN ON (802) 242.8916 or 1803 2423037 (@!!!&wm - 

=-I 
Toll F m  Numkr 

' # A l l  p a r t s  m a y  b e  n e w  o r  
s u r p l u s  a n d  p a r t s  m a y  b e  

800.528-01 80 
s ~ b s t ~ l ~ t e d  w ~ t h  comparable parts (For ordon only) 

2111 W. CAMELBACK ROAD 11 we are out o f  stock o f  a n  I tem For information call: (602) 242-3037 
PHOENIX, ARIZONA 85015 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 
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Chances are you have spent a couple 
rhousand dollars on setting up a comput- 
er system that gets a lot of your work 
done. But sometimes it gets to be work 

I know that when I have to move two pro- 
gram manuals and a pencil holder to boot 
up the disk drive, it is work. When there 
is an unlabeled floppy (that I am going to 
identify some day) on top of the monitor 
and the business check- 
book is on top of the printer 
. . . and I will remember (I 
hope) before the next "re- 
port" comes through . . . 

MICRO-OFFICE 
WORK CENTER 

I found the annoyance of my own "com- biggest and best surprise is the low, low price plus shipping charges if you return 
puter clutter" was wen worse than the prlce for such good quality. the workcenter Win  30 days for any rea- 
extra work the disorder created. And that Here is what you get-all for only $249.50 son whatsoever. In addition, the product 
is when I started looktng for some practi- plus shipping. is warrantied for any defects in mater~als 
cal furniture for my computer set up. Since . Mar-resistant work surface, Your choice or construct~on for a full year from date of 
I had already spent a lot of money on the of oak or walnut grained, Work surface purchase. This is a no-risk investment In 
system itself, I was really dismayed when height is adjustable to your keyboard, your your own productivity and work efficleflcy 
I found out how much ~t would cost to get chair, your height. that will pay off for years to come-even 
a decent-looking desk or even a data table if you do not yet have a microcomputer of 
for my equipment. %00. . . $500. . . even Two shelves plus work surface exten- your own. 
more for a sleasy un~t that looked like junk! der. Both shelves tilt to lock in position so 

In fact, it was junk! And ~t took a long time that monitor faces you-in a p0Sitl0n that Take your choice for your own work 

for me to flnd something that was really does away with screen glare squinting and center decor: 

worth the money. . . and more. 
neck craning forever. Retainer bar keeps Order 48-inch unit in walnut, #2~p0-945, 
equipment from sliding off shelf. Snap-ln or in oak, #2~po-g47. only $249.50 for A lot of my working day is spent with my 
bookends reference manuals and each unit plus $20.00 shipplng charge. computer, and I will bet a lot of your time programs. 

is too. So I f~gure a "home" for my sys- On orders for two or more un~ts at the 

tem-a houslng that is good looking as Strong, sturdy and steady. All-steel same time, shipping charge applies to only 

well as efficient to work at-will pay off welded frame construction is concealed the first unit ordered. Shipment made 

two ways: by top-quality wood grain surfaces with UPS, so we cannot ship to post offlce 
finished trim. Adjustable floor levelers in- box. Illinois residents please add $15 per '. Less work: an efficient and Orderly lay- cluded. The work center is really a piece unit sales tax. Please allow 10 extra days 

out will save me time and energy. of fine furn~ture. for personal checks to clear. Sorry-at 
2. satisfactton: good quality fur- There is no risk in buylngfrom us either. these Special offer prices we Cannot ship 

nlshings look better; they just plain We will make a full refund of purchase c.0.d. or bill direct. 
better to work at too. 

So imagine how good I felt to find the C A U  T O U  FREE TODAY WHILE SUPPUES LAST: 1-800/323-8064. 
"Micro-Office" Work Center! These are In Illinois call 1-312/251-5699. Or mail check with order to: 
fine pieces of computer system furniture 
that make my office-at-home as pleasant 
a place to work as ~t ought to be. And the 

Micro-Mart Distributors 
Dept. H R *  1131 Central Street Wilmette, lL60091 
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Ham Radio's guide to help you  find your loc At%& 
California 

C & A  ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421-2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
6 19-463-1 886 San Diego 
800-882-1 343 Trades 
Habla Espanol 

Connecticut 

HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

- -  - 

Delaware 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE. DE 19720 ' 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI. FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 

I (808) 949-5564 
Sewing Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

i Illinois 
ERICKSON COMMUNICATIONS, INC. 1 5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Massachusetts 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3040 
61 7-486-3400 (this is new) 
The Ham Store of New England 
You Can Relv On. 

Michigan 

ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 891 06 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 

302-328-7728 

I Kansas I 
RENO, NV 89502 

800-441 -7008 702-827-5732 
Icom, Ten-Tec, Microlog, Yaesu, ASSOCIATED RADIO Outside Nev: 1 (800) 648-3962 
Kenwood, Santec, KDK, and more. 8012 CONSER, P.O. BOX 4327 lcom - Yaesu Dealer 
One mile off 1-95, no sales tax. OVERLAND PARK, KS 66204 

I ?,"::;?,",". 1 Real Amateur Radio I 
Florida 

AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

Store. Trade -Sell - Buy. 

Kentucky 
L & S RADIO 
307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden, Ameritron Sales and 
Service. 

New Hampshire 

POLCARI'S ELECTRONICS CENTER 
61 LOWELL ROAD 
HUDSON, NH 03051 
603-883-5005 
Southern New Hampshire's only Ham 
Store. Call today for quotes. 

I 

YOU SHOULD BE HERE TOO! Dealers: c on tact Ham Radio now for compIete details. 
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7a teur Radio Dealer 

, New Jersey 
RADIOS UNLIMITED 
P.O. BOX 347 
1760 EASTON AVENUE 
SOMERSET. NJ 08873 
201 -469-4599 
800-526-0903 
New Jersey's only factory authorized 
Yaesu and lcom distributor. New and 
used equipment. Full service shop. 

ROUTE ELECTRONICS 17 
777 ROUTE 17 SOUTH 
PARAMUS, NJ 07625 
201 -444-871 7 
Drake. Cubic, DenTron, Hy-Gain, 
Cushcraft. Hustler. Larsen. MFJ, 
Butternut. Fluke & Beckman 
Instruments, etc. 

New York 
BARRY ELECTRONICS 
51 2 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. 0t-/ (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321 -3594 
Hours M-F 9-5:30, Sat. 4 3  

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood. Yaesu, Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1 400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
Icom. Bird. Cushcraft, Beckman, 
Larsen, Hustler. Astron. Belden, 
Antenna Specialists, W2AUMI2VS, 
AEA, B&W. Amphenol, Saxton. J.W. 
MillerlDaiwa. Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
7 1 7-868-6565 
Lunar. Microwave Modules, ARCOS. 
Astron. KLM. Tama, Tonna-FSFT, 
UHF UnitslParabolic. Santec. Tokyo 
Hy-Power, Dentron. Mirage, 
Amphenol. Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON. TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Virginia 
ELECTRONIC EQUIPMENT BANK 
516 MILL STREET. N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
4 14-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside W~sc: 1 (800) 558-041 1 
M-F 9-5:30 
Sat 9-3 

FULL 1/41h WAVE - A11 Band.! Autornatlc Selection wlth 
proven HI-Q Trees 3 Models-ALL l e l t  .upportlnp -Ground 
or tool  motant H I  S T R E N G T H  FIBERGLASS TUBING I- OVER - A L L  N O  WOBBLY LUMPY T R A P S  - N O  O N -  I 1 11 Traps Mddsn hslde You can use )t In 8 l tt. 8% B.cky.d 
FOR A P A R T M E N T S .  MOBILE H O M E S  - CONDOS etc. 
whale mblmum .D.E~ and neat ~ D D ~ W ~ S L  Is W A N D -  I 
ATORYI Inslant "Orlrs Inmpound mount Ilncludedl Use wnh 
or wlthout r.dbk (hcbdedl (All amplo root mount - Extra1 
COMPLETELY P R E T U N E D -  N O  A D J U S T M E N T S  NEED- 
E D  EVER1 N O  TUNER NEEDED FOR M O S T  T R A N S -  
CIEVERS 1 U s e  - RGBU fscdhe. . n~  lcnsh l 2 0 0 0  Walt  
PEP lnevt ~ w d r  ShUDed - PREPAID I N  U S A  As.smblas 
In 10 mln ushp onfv .crewdnrar WEATHERPROOF1 

II II No.-AVTBO-10- 5 Bmnd- 2 9 6 "  - 1179.95 
No.- A V T 4 0 - 1 0 - 4  Band- W 9 -  - 1 1 2 9 . 9 5  
No.- AVT20-10- 3 Band- 11'4- - 5 9 9 . 9 5  

S E N D  F U L L  PRICE FOR P P  D E L  I N  U S A  1C.n.d. b 
1 1 0 . 0 0  .ntn lor ro.1.0.. c l r M  Cntem. lor  a a e r  u.kp h VISA.  M A S T E R  CARD or AMER-EXP.  Ph  l - 3 0 8 -  

2 3 , 5 5 3 3 3  S A M - 6 P M  waskdmys. W e  .MD In 2 - 3  
d.y. An Anten-. CWI.ntccd f ~ l  1 ye" - 1 0  dav 
mono" b.c* 1d.l Fr.6 lnt 

W E S T E R N  ELECTRONICS 
D m +  AH- 6 204 me" N.. 6 9 8 4 7  

DRAKE R-4lT-4X 
OWNERS AVOID 
OBSOLESCENCE 

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

Most types available 

INSTALL KITS TO UPGRADE 
PERFORMANCE! 

BASIC Improvement 
Audio Bandpass Filter 
Audio IC Amplifier 

TUBES $23 PPD KITS $25 PPD 

O V E R S E A S  AIR  $7 

SARTORI ASSOCIATES, WSDA 
BOX 832085 

RICHARDSON, TX 75083 
214-494-3093 H 180 

-- - 

RECHARGEABLE SPRAY CAN 
NO MORE EXPENSIVE 

DISPOSABLE AEROSOL 

SPRAYS* .Illrl I :  !!I<., can w ~ l h  

2'3 ill liljuld SCIPW on lop 

valve and pressurlzp wlltl any 

b~cyclr ptlrnp or alr compressor 

up lo 50 p a  A rel~el valve pro- 

lecls from overcharq~nq When 

ernply ref111 and prtssurlzt-' 

YOU CAN SPRAY: PAINTS 

LUBRICANTS RUST INHIBI. 

TORS. SOLVENTS INSECTI. 

PERFECT FOR HOBBY-CAR- 

GARDEN! Grslt glfl iteml 

2 ~nlerchanqeable nonles ( 1  p!n 
po~nl)  20 ll or . 10" h ~ q h  10 
days M B G 119.50 ea 2 or ' 
mote Ill. ea Add $2 lor PLH 

S e n d  check or M 0 lo 

TUNE IN THE WORLD 
OF HAM-TV! 
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flea market 
RATES Noncommercial ads 106 per word; 

c o m m e r c i a l  ads 606 per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  or- 
ganizations r e c e i v e  one f r e e  Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial ra te .  

COPY No special layout or arrangements 
available. Material should be t y p e w r i t t e n  o r  

c l e a r l y  p r i n t e d  (not all capitals) and must in- 
clude full name and a d d r e s s .  We r e s e r v e  the 
right to reject unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible f o r  claims made. Liability for 
c o r r e c t n e s s  o f  material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

OSLs & RUBBER STAMPS - Top Oualityl Card Samples 
and Stamp Info - 500 - Ebbert Graph~cs 5R. Box 70 Wester- 
vllle. Ohlo 43081 

WANTED: CW transceiver low band coverage, good work~ng 
condition and fair prlce (518) 883-5007. 

- - 

WANTED: OM RCA. Western ElectrK, tubes, speakers, amps. 
(713) 728-4343, Corb, 11 122 Atwell. Houston. Texas 77096. 

WANTED: Schematic for Stoner model Pro-10 E H. Newman. 
4873 Nelson St., Fremont, CA (415) 657-1322 

.- 

TRAVEL-PAK QSL KIT - Converts post cards, photos to 
OSLs. Stamp brings circular Samco. Box 203-c. Wynantskill. 
New York 12198. 

RADIO ITEMS before 1930 wanted Buytng battery operated 
rad~os horn and cone speakers, radlo tubes and parts, radlo 
literature - books, catalogs, magarlnes, radto advertlslng 
s~gns, posters Gary Schneider, 6848 Commonwealth Blvd , 
Parrna Henghts. Oh10 44130 

ELECTRONIC CMOS Keyer kit pcb + parts only $9.95 plus 
$1 50 shipping. WI res add 5% tax Send for free informa- 
tion EEL-TEK. PO Box 125H. Beloit, WI 53511 

WANTED: ASAP FC-102 antenna tuner wllh or without 
FAS-1-4R antenna selector unit Will cons~der trade. KAl PSQ 
(212) 729-071 4 collect 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rad~o Auslrla Ham Radio Holland 
Karln UeDer P0~tbu5413 
Posllach 2454 NL 78W Ar Emmen 
D 7850 Loerrach Holland 
West Germany 
Ham Radio Belgium 
Slersonouse Ham Radlollaly 
Br~slletse~lcenweg 4W V8a Pordenone I1 
B9218Genl 120132 Mllano 
Betglum Italy 

Ham Radlo France 
SM Ele~ilono~ nam Radlo UK 

20 bid, Ave des Clarlans P 0 Box 63 narrow 
F 890W Auxerre 

Mlddlesex HA36HS 
France 

England 

Ham Radto Germany 
Karln Ueber Holland Radlo 
P0911ach 2454 I43Greenway 
O 7(IM Loerract? OIBB~S,~~. Johannesburg 
West Germany Republi~ol Sauih Afrtca 

BURGLARY - Nat~on's number one crime problem. Securi- 
ty alarm industry boomrng Get in now E-Z learn Employment- 
business terrlfic Informatton pack $2.00 (redeemable). Securl- 
ty Electrontcs International, POB 1456-KW. Grand Raplds, MI 
49501 

NOTICE: Buy, sell, trade Amateur Radlo, computers, v~deo 
equlpment on our Computer Bulletin Board seen worldwide. 
Free access to all. Large SASE for deta~ls Back In servtce 
May 1984. Narwid Electron~cs. 61 Bellot Road. Rlngwood. NJ 
07456 

RUBBER STAMPS: 3 ltnes $4.50 PPD Send check or MO 
to G L Plerce. 5521 Birkdale Way. San Diego, CA 92117. 
SASE brings ~nformation. 

- 

"THE SWAP LIST" has bargalns galore Subscribe now! 6 
months for $4.00; 1 year only $6.50 The Swap Ltst. Box 988-H, 
Evergreen, CO 80439 

- 

ATTENTION C-64 users: Don't buy a logglng program unttl 
you've read our fact sheet. For free ~nformation. write to Crum- 
Ironlcs. PO Box 6187, Ft. Wayne, IN 46896 

.- 

REPAIR. ALIGNMENT, calibrat~on. Collins wrltten estimates 
$25, non Collins $50. KIMAN (207) 495-2215 

- - 

FOR SALE Regency HR 312 2m transceiver wlth mag mount 
GAM antenna and mike $90 00 Perfect condition. Dentron 
monitor tuner 2 kw perfect $100 00. WlCPI (401) 789-1817 

-- .- 

CHASSIS and cabinet k~ts. SASE K3lWK 
- -  

WANTED: Cash pa~d  for used speed radar equlpment Wr~te 
or call Brian R. Esterman, PO Box 8141, Northfield. l l l~no~s 
60093 (318 251-8901 

- -- 

FOUR U.S. plate blocks only one dollar when you request 
approvals. Please Include phone number for reference L~ttle- 
flower Stamp Company. RRl - Box 118(U). Osceola. WI 
54020 

- - 

STERLING SILVER callslgn lewelry pln or tack; $11 95. 
alligator tle cl~p, $19 95. all ppd Info-SASE! Tom's Silver. PO 
Box 3758. Manchester. NH 03105 

- -- 

TEKTRONIX scope, single trace, 5 MHz. model 503, $85 
Model 516 dual trace, 15 MHz, $200. Pluglns. CA $75. 3T77A 
$75 Tek mlnlscope model 221 5 MHz s~ngle trace, just 
callbrated. great lor fleld servlce use, has tnternal Nlcads, car- 
rylng case, service manual $700. All postpa~d Dave Roscoe, 
WIDWZ, 49 Cedar. East Br~dgewater. MA 02333 (617) 
378-361 9 

- - -  - 

RECONDITIONED TEST EQUIPMENT $1 00 for catalog 
Walter. 2697 Nickel. San Pablo. CA 94806 

- -  .- 

FOX-TANGO Newsletters - Slnce 1972, the prtme source 
of modifications, improvements, and repair of Yaesu gear, free 
to Club members Calendar year dues still only $8 U.S.. $9 
Canada, $12 elsewhere Includes ttve year cumulatlve index 
by model numbers, or send $1 for index and sample Newslet- 
ter Fox Tango Club, Box 15944, W Palm Beach. FL 33416. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
Index. P 0. Box RY. Card~ff. CA 92007. 

IMRA International Mlssion Rad~o Assn, helps missloners - 
equlpment loaned: weekday net, 14.280 MHz. 2-3 PM Eastern. 
Br Frey, 1 Pryer Manor Rd . Larchmont. NY 10538. 

"HAMS FOR CHRIST." Reach other Hams wlth a gospel tract 
sure to please Clyde Stanf~eld. WA6HEG. 1570 N. Albright, 
Upland. CA 91 786. 

-- 

TENNATEST - Antenna noise brldge - out-performs others. 
accurate, costs less, satisfaction guaranteed. Send stamp for 
details. WBURR, 1025 Wildwood Road, Qulncy. MI 49082. 

-- 

WANTED: Early Hallicrafter "Skyriders" and "Super Sky- 
riders" with s~lver panels, also "Skyrtder Commercial", early 
transmitters such as HT-1, HT-2, HT-8, and other Hallicrafter 
gear, pans, accessones, manuals Chuck Dachis. WD5EOG. 
The Hallicrafter Collector, 4500 Russell Orlve, Austln, Texas 
78745. 

HAVE A-M CAPABILITY? Joln S.P.A.M (Society for Promo- 
tion A-M) Membership is lree Wrlle S.P A.M c/o F Dunlap. 
141 13 Stoneshire, Houston, TX 77060. 

-- 

VERY in-ter-est-ingl Next 4 issues $2. Ham Trader "Yellow 
Sheets". POB358. Wheaton. IL 60189 

-- 

QUALITY COMPONENTS Transco #I1300 UHF relays dual 
28VOC cods mllspec new $80 00 FXR UHF relay ~ ~ V D C  cod 
herrnetlc m~lsoec new $45 00 Collins idler F455FAt5 $65 00 
Hlgh voltage d~ode stacks l5kV one ampere mllspec new 
$9 25 Power soteno~ds 3PST 120A new $45 00 50A new 
$35 00 28VDC coils Carborundum #887 100 ohm 50 watt 
nonlnductlve resistors new $9 75 Prlces prepa~d Insured 
W6FR (71 4) 871-3607 

NEW 1 2 GHz antennas from NCG Base or repeater use (In- 
cludes mountlng hardware) #I260 - 17 step, 112 wave col- 

Ilnear, 10 2 dB1 galn. VSWR less than 1 5-1. 100 watts, 50 
ohm coax $145 00. #I217 - 17 step, 112 wave coll~near, 10 8 
dB1 gain VSWR less than 1.5-1, 30 watts, 50 ohm coax $85 00. 
Mobile antenna. #1270M - 10 step, 112 wave colllnear, 8.5 dB1 
galn, VSWR less than 1 7-1, 20 watts, type "N" connector 
$54.50 For more lnformat~on contact- NCG, 1275 North Grove 
S t .  Anaheim. CA 92806. 

DIGITAL aulomatlc displays for IT-lOl's, TS-520% and most 
others. Six 112" digits. Write for information. Grand Systems, 
PO Box 2171. Blaine, Washington 98230. (604) 530-4551 

WANTED: Schematic for Gonset GR-211 receiver W J 
Tompkins. 8825 N Pelham Parkway. Bayside. WI 53217 

-- 

RTTY Complete RTTY sendlreceive station. Printerlkeyboard 
and termlnal unlt Nothtng else lo buy. $200 I shlp H Parks. 
24 Caryl Ave . 6-C. Yonkers. NY 10705. (914) 963-0689 

-- 

FOR SALE: Tempo One ac power supply wlth D-104 m~ke  
Dtgital two frq, counter extra power supply $400 Wrlte W 
Gabali, At. 8. Box 624. Lexington, SC 29072. 

ATTENTION KENWOOD and lcom owners. Informative 
separate newsletters. 5th year of publication. Back issues 
available Add more selectivity to your 430. 830. and 930 
Maglcom RF cllpper processor for TS-120, 130, 430. 520 and 
820. Call for prices. IC-730 FM kit $79.95. TS-830s FM k11 
$94 95. Send SASE (370) for free brochure to International 
Radio, Inc , 364 Kilpatrlck Ave , Port St. Lucie, FL 33452 (305) 
335-5545 MasterlVisa accepted 

- 

LIKE TO BUY, sell or trade? For the best deals, subscribe 
to the Ham Boneyard A complete stockyard of rad~o andlor 
related electronic equipment. Second year, published twlce 
monthly. 24 Issues annually Send SASE for lree Issue 364 
Kllpatrick Ave . Port St Luc~e. FL 33452. 

-- 

FOR SALE: B&K model E-200D RF s~gnal generator $280 00; 
electronic navigation model 310L 250kH-110 MHz RF linear 
ampl~fier $500 00; Leader model LSG-231 FM stereo s~gnal 
generator $300 00; Elco model 150 solid state slgnal tracer 
$100.00; Lafayette PIP-Speak stereo speakers $50.00; Leader 
VLM model LP-708 20k ohm per volt $40.00; Minolta SRT-200 
35mm camera wlth UV filter, 50mm lens and case $125 00, 
RF Power Labs model V350 2 meter 350W lhnear amp wlth 
fan cool $800.00; Monroe simplex autopatch, commercial 
quallty, with various remote functions with Yaesu CPU-2500 
2 meter memorizer radio 51250.00 Mitchell Rakoff. 114-41 
Queens Blvd. Suite 148, Forest Hllls, NY 11375 (212) 
591-0002 

Coming Events 
ACTIVITIES 
"Places to go ..." 

CALIFORNIA: The Satellite ARC'S 1984 Santa Maria 
Swapfest and Barbecue on Father's Day, June 17 at the Unlon 
Oil Company Ptcnlc Grounds south of Santa Mar,a General 
Admlsslon 9 AM Barbecue served at I PM For lnformat~on 
tickets or swap table reservations: Satellite ARC Swapfest, 
PO Box 51 17. Vandenberg Air Force Base. CA 93437. 

GEORGIA: The Atlanta Hamfestlval 1984, sponsored by the 
Atlanta Rad~o Club, June 16 and 17, at the Atlanta CIVIC Cen- 
ter 70.000 square feet of air-conditioned exhibitor space and 
over 800 outdoor flea market spaces will be available. Flea 
Market $12.50 per space In advance; $15.00 at the gate for 
both days Hamfest reglstratlon $5.00 in advance, $6.00 at 
the door To be pre-registered for the Flea Market or Hamfest, 
we must receive your application and check by June 8. 
Pre-registration applications received after June 8 will be re- 
turned. Hours 8 AM to 5 PM on Saturday. 8 AM lo 2:30 PM 
on Sunday. Talk in on 3.97 MHz, 146.22182 and 146.94 
simplex. For pre-registrat~on or other information write Atlan- 
ta Radio Club, PO Box 77171, Atlanta, GA 30357 -- 
ILLINOIS: "RAOIOFEST '84" a display and sale of antique 
and classic Amateur equipment as well as vintage radio 
memorabtlla, June 21-23, Holiday Inn, 1-90 and lllinols 31, 
Elgin This event is sponsored by the Antlque Radio Club of 
America and hosted by the Antlque Radio Club of Illinois. 
Amateur radio paniclpation 1s welcomed. Talk In on 146.52 
For details write Joe Willls, Box 14732, Chicago, IL 60614. 

INDIANA: State ARRL Convention and Indianapolis Hamfest, 
Saturday and Sunday, July 7 and 8, Marlon County 
Fairgrounds. 1-74 and 465. Flea Market setup 8 AM July 7. 
Free camping with hookups available on grounds. Nearby 
motels. Commercial building open to public 8 AM Sunday 
Tech forums all day. Food service. Tickets $4.00 lncludes free 
parklng and all activities For further ~nformatlon: Indianapolis 
Hamfest, Box 11086, Indtanapolls. IN 46201 

INDIANA: The Lake County Amateur Radio Club will hold ~ t s  
12th annual "Dad's Day" Hamfest, June 17, Industrial Arts 
Building, Lake County Fairgrounds, Crown Point. 8 AM to 2 
PM. Tickets $2.50. Plenty of parking and food. Talk in on 
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147 84124 or 52 For further lnformatlon Bill De Geer W9TY. 
Chalrman 3601 Tyler Street. Gary. IN 46408 

MARYLAND The Frederlck Amateur Rad~o Club'? 7th annual 
Hamfest June 17, Frederlck Falrgrounds 8 AM to 4 PM Ad- 
mlsslon $3 00 YL's and ch~ldren free Tailgaters $2 00 addl 
tlonal Exhlb~lors tables $10 00 each $5 00 each addltlonal 
table Gates open for exh~bltors 8 PM June 16 Overn~ght 
securlty For addltlonal lnformatlon Jim Devllb~ss, WA3FUJ 
915 Plne Avenue Frederlck. MD 21701 (301) 662-5784 

MICHIGAN: The Stralts Area ARC's annual Swap-Shop and 
Computer demonstrat~on at Emmet County Fairgrounds 4-H 
Bu~ld~ng, Peloskey. July 21 9 AM to 2 PM Admlss~on $2.50. 
Tables $3 00 w~th setup at 8 AM RV camplng nearby. Talk 
In on 146.67 and 52. For ~nformatlon Irene Stem, KABNKS, 
4487 Rob~nson Rd.. Pellston. MI 49769 (616) 539-8986. 

p~ 

MICHIGAN: The Independent Repeater Assoc~atlon of Grand 
Rap~ds will hold 11s annual Hamfest~val. Saturday. June 30, 
8 AM to 4 PM, Wyomlng Natlonal Guard Armory. 44th Street. 
west of US-131 Free table space to all sellers Adm~sslon 
$3 50. Satellite operation, packet radlo. W5LFL space shut- 
tle movle, Amtor forum. CW RX contest, Antenna forum and 
shack picture contest Large swap area Talk In on 
147 1651147 765. For Information- Ltnda Hurley. WDBOHW 
(616) 457-1253 or wrlte I R A ,  562 - 92nd Streel SE. Byron 
Center. MI 49315 

~ -- 

NEVADA: The YL lnternat~onal SSB System's annual con- 
ventlon. June 21-24. Sahara Hotel. Las Vegas. Deluxe accom- 
modatlons and RV parklng at reasonable rates Actlv~t~es In- 
clude a tour of Hoover Dam. Lake Mead crulse, gala stage 
show, cocktall party, banquet and breakfast buffet. DX forum 
and busmess meetings YLRL ladles are inv~ted to meet Thurs- 
day evenlng at 8 PM A convention statlon will operate on 
14,332 kHz For complete details and registration packet send 
business SASE with 370 in stamps to: Jan Weaver. N7YL, 
2195 East Camero Avenue, Las Vegas. NV 89123 

-. 

NEW JERSEY: The Rarilan Valley Radio Club's 13th annual 
Hamfest. Saturday. June 16, Columb~a Park, Dwellen. Gates 
open 8:30 AM. Lookers $2 00. Sellers spots $5 00 each, own 
tables. Refreshments available Talk in on Club repeater, 
W2OW/R 146.025/.625 and 146.52 simplex. Advance tickets 
may be purchased from any club member. For further infor- 
mation call Jack, W2lWK (201) 756-2546 or Ted, WBPTKU 
(201) 725-3481 between 10 AM and 10 PM. 

-- 

NEW JERSEY: The Jersey Shore Chaverlm IS sponsoring the 
thlrd annual Ham & Computerfest. June 10, 9 AM to 4 PM. 
Jewlsh Commun~ty Center. 100 Grant Avenue. Deal. 7300 sq. 
fi, of Indoor space. Admission $3 per person (children under 
12 and XYL's free). Refreshments available. Indoor table $8 
and tailgating $3.50 per space. For reserved space SASE with 
advance payment to Jersey Shore Hamfest, PO Box 192, West 
Lona Branch. NJ 07764 bv June 1 .  Talk In on 147 045+ 6, 
145; 10 + 6 an0 146 52 slriplex Deal, NJ 8s less than 50 miles 
from NYC an0 70 mlles from Phlladelohla For lntormauon call 
Arnold. W2GDS (201) 222-3009. 

NEW YORK: The Putnam Emergency Amateur Repeater 
League (PEARL) will have its 3rd annual Hamfest, Saturday. 
July 7. 9 AM to 4 PM. St. John's School. Monsignor O'Brien 
Blvd., Mahopac General admission $1.00. Indoor tables $5.00 
each. Outdoor tailgating $4.00. For advance registration and 
information. Frank Konecnlk, WBZPTP, RD1, 244 C, Carmel, 
New York 10512. Talk In on 144,5351145.135 and 146 52. 

-- 

NORTH DAKOTAIMANITOBA: The 21sl annual international 
Hamfest. July I 4  and 15, at the lnternatlonal Peace Garden 
between Dunseith. ND and Boissevain, Manitoba Tranm~t- 
ter hunts, mob~le judging. CW contest. Excellent camping. For 
more ~nformation: WDEMY or WDODAJ. Box H. Dickinson. 
ND 58601. 

-- 

OHIO: The Tusco Amateur Radio Club. WBZX, and the Can- 
ton Amateur Radio Club, WEAL, w~l l  hold the 10th annual Hall 
of Fame Hamfest. July 15. Nim~shillen Grange. 6461 Easton 
Street, Louisville. Admission $2.50 advance and $3.00 at gate. 
Flea Market additional $2.00 per vehlcle. Reserved tables 
avallable. Mobile checkln on 146.52152 and 147 72/12 Call 
W8ZX or WEAL. For reservat~onslinformat~on- WABSHP. 
Butch Lebold, 10877 Hazelview Avenue. Alliance, Ohio 44601. 
(216) 821-8794. 

-- 
OHIO: The 20th annual Wood County Ham-A-Rama. Sunday, 
July 8, Wood County Falrgrounds, Bowling Green. Gates open 
8 AM. Free admissron and parklng Trunk sales. Food 
avallable. Advance table rentals $5.00 (dealers only). Satur- 
day setup until 8 PM. K8TlH talk in on .52. For information 
or dealer rentals SASE to: Wood Co. ARC, c/o Cralg Hender- 
son, Box 366, Luckey. OH 43443. 

OREGON: The 9lh annual Lane County Ham Fair, July 21 and 
22. Oregon Nat~onal Guard Armory, 2515 Centennial, Eugene. 
Doors open 8 AM both days. Computer demos, tech seminars, 
swap tables, kiddie korner, snack bar, free parking for RV's 
- no hookups. Saturday potluck supper. Tickets and swap 
tables $5.00 each. FCC exams. Talk In 146.28188. 147.86126 
and 52. For t~ckets/tables: Tom Temby, Treas., 3227 Crocker 
Rd , Eugene, OR 97404. Make checks payable to Lane County 
Ham Fair 

PENNSYLVANIA: The 13th annual Hamfest sponsored by the 
Milton ARC, Sunday. June 10, raln or shine. Winfleld Flre Co. 
grounds. Rt 15. south of Lewisburg. 8 AM to 5 PM. Covered 
spaces avallable Reglstratlon $3 00 Spouse and klds free 
Flea market, auctbon and contests Talk In on 146 371 97 and 
146.0251.625. For further detalls- Jerry W~lllamson. WABSXQ, 
10 Old Farm Lane. M~lton. PA 17847 (717) 742-3027 

- 

PENNSYLVANIA: The annual "Firecracker" Hamfest. 
Wednesday. July 4, sponsored by tho Harrlsburg Rad~o 
Amateur Club. Bressler F C plcnlc grounds, exlt 1 off 1-283 
Admlsslon $3 00 XYL and children free Free tallgatlng Near- 
by motels and restaurants. Plenty of parklng. Shaded tables 
For detallsltable reservations' Dave, KC3MG. 131 Llvlngston 
Street. Swatara, PA 171 13 (717) 039-4957 

- -- 

WEST VIRGINIA: Wheeling Hamfest. Sunday. July 22. Wheel- 
mg Park Flea market, auctlon, dealers welcome Under roof 
tables avallable Admlsslon $3.00 For ~nformat~onlreserva- 
tlons TSRAC, Box 240. RD 1, ad en;^. OH 43901 (614) 
546-3930 

WISCONSIN: The South Milwaukee ARC's annual Swapfest. 
Saturday. July 7. Amerlcan Leglon Post #434. 9327 South 
Shepard Avenue. Oak Creek 7 AM to 5 PM Plcnlc area. re- 
freshments avallable on grounds, free overn~ght camplng Ad- 
mlsslon $3.00 per person lncludes "Happy Hour" wlth free 
beverages. Talk In on 146 94 MHz FM For deta~ls the club 
at PO Box 102, South Milwaukee, WI 63172 

ONTARIO: The tenth annual Ontarlo Hamfest, July 14. 7 AM 
to 4 PM. Milton. Ontarlo, farlgrounds Weekend carnplng, free 
parklng, free flea market tables. Tlckets $2 50 advance, $4.00 
at gate Commercial displays, refreshments Talk In on Club 
repeater 21181 For detalls and pre-reglstratlon- Burllngton 
ARC. PO Box 836, Burllngton. Ontarlo L7R 3Y7 

- - ~  

BRITISH COLUMBIA: The Maple R~cige ARC 1s host~ng 
Hamfest '84, June 30 and July 1. Maple R~dge Falrgrounds 
30 miles east of Vancouver. Reglstrat~on. Hams $5 00. non- 
Hams over 12 $2.00. Swap and shop. (:ommerc~al displays, 
bunny hunts, ladies' and'chlldren's programs and more. 
Camper space avatlable wtth elec Talk-tn on 146 20180 and 
146 34/94 For lnformat~on an reglstratlon (20% off gate en- 
trance) contact Maple Ridge ARC. Box 292. Maple R~dge. 
BC V2X 7G2 

OPERATING EVENTS 
"Things to do ..." 

JUNE 16: The M~ssour~ Valley ARC's filth annual Pony Ex- 
press Day. 0900 to 1700 CST and June 17. 1000 to 1300 CST 
to commemorate the or~ginal running of the Pony Express from 
St. Joseph. MO to Sacramento, CA. Llsten for club stallon 
W0NH 10 kc's from bottom of General phone bands on 15. 
20. 40 and 75 meters. 10 meters 28.575. CW 28 150 on 10. 
21 .I50 on 15, and 7 125 on 40. Send one 1st class stamp and 
QSL to Missouri Valley ARC. 401 N 12th Street, St Joseph, 
MO 64501 

JULY 7-8 SSB and JULY 28-29 CW. Venezuelan In- 
dependence Worldwide Contest. WOO GMT Saturday - 2400 
GMT Sunday. All bands exchange RS(T) plus a three figure 
OSO number startlng with 001 Logs must show date, hour 
(GMT only), statlon worked, repons exchanged and respec- 
tive numerical order, multipl~ers and polnts Each participant 
wtlt accompany log with US $2.00 or IRC equivalent post- 
marked no later than August 15, 1984 for SSB partlcipant and 
September 15,19f34 for CW. Send logs to RCV, PO Box 2285. 
Caracas 1010-A. Venezuela. 

-- 

NEW AMATEUR OPERATING CERTIFICATE now belng of- 
fered by the Bartlesville (Oklahoma) ARC to focus attention 
on the "Green Country" reglon of northeast Oklahoma. Thls 
award 1s available to anyone making two-way Amateur radlo 
contact wlth three hams In the Nowala, Osage andlor 
Wash~ngton Countles of Oklahoma All bandslmodes per- 
mitted. Applicants for the award should submit calls and per- 
tinent details of three quallfy~ng OSO's plus $1 .OO sah to 
W5NS Awards Manager, I800 Moonlight Drive. Bartlesville. 
OK 74006. 

THE LINCOLN (NEBRASKA) COMMUNICATIONS SOCIE- 
TY has constructed a beacon transmitter to prov~de a signal 
for propagation studies and frequency reference. The beacon 
operates CW on 144.055 MHz and IS located In the northeast 
corner of grid square EN-10. I D. callsign IS WBQ31YIB. Recep- 
tlon reports should be sent to Lincoln Commun~cations Socie- 
ty. Att: KWG. 1801 SO. 48th Street, Llncoln. NE 68506. 

MAY-SEPTEMBER: N.0 A.R S and the U.S.S. COD wlll be 
on the alr again durlng the summer of 1984. NOARS members 
wlll operate from the COD starting Memorial Day weekend 
daily through Labor Day weekend. Look for operallons in the 
lower portion of the General bands 10 through 80 meters. 
Special Nov~ce operations on June 16. July 15 and August 
18. Extra operations during Cleveland Hamfest, Seplember 
23. For a special 8 x 11 certificate picturing the U.S.S COD 
send OSL confirmtng two-way contact and $1.00 s&h to 
WDBRZG. 

JUNE 11-17: The Henry County ARC will operate club 
station KBTII to commemorate the Napoleon. Ohlo, Sesqulcen- 
tenn~al Frequenc~es 3740, 3965 7065, 14265. 21150 and 
21365 Contact wlth club statton or any club members' sta- 
tlons qual~l~es for certlflcate SASE to Roger C Jaqua. 
WBSMW 17136 Mercer Rd , Bowllng Green Ohlo 43402 

JUNE 8-10: The Macomb Emergency Commun~cal~ons 
Assoc~at~on will have 11s second speclal event Operation com- 
mences at 22002 Frlday to 22002 Sunday Lower end of 
General class portlon of each Amateur band SSB and 
CWlRTTY of HF FM phone on 146 07167 QSL to MECA Box 
488. Utlca. MI 48087 wlth 9 x 12 SASE DX statlons need 
send only QSL 

JUNE 29-JULY 1: The Muscle Shoals ARC wlll operate 
W4JNB lrom 160021002 from Sprlng Park. Tuscumb~a, 
Alabama to celebrate Helen Keller Festlval Days Phone fre- 
quencles: 7270-7290 and 14.280-14,295 For cert~f~cate send 
4 x 10 SASE to Box 2745, Muscle Shoals. AL 35662 

- ~ 

JUNE 30-JULY 1: The Hannlbal ARC will Issue a fourth an- 
nual speclal certlflcate from the Nat~onal Tom Sawyer Days 
celebrat~on In Mark Twa~n's boyhood home town. Hann~bal. 
MO 1500-21000 UTC both days Frequenc~es Phone - 
7 245. 14 290, 21 400, 28 770 and CW - 7 125 and 21 125 
To recelve the certlflcate send a large SASE and your QSL 
card conflrmlng contact to Hannlbal ARC, WBKEM, 2108 Or- 
chard Avenue, Hannlbal, MO 63401 

TEST EQUIPMENT 
RE-CONDITIONED AND 

LAB CALIBRATED 
HP606A SIGNAL GENERATOR 50 KHz TO 65 MHz 0.1 
MV TO 3V INTO 50 OHMS. 40011000 HZ MOOULA- 
TION. CRYSTAL CALIBRATOR $375.00 
HP608C SIGNAL GENERATOR 10 MHz TO 480 MHz 
0.1 MV TO 1V INTO 50 OHMS. AMlCW OR PULSE 
MODULATION, CALIBRATED ATTENUATOR 345.00 
HP614A SIGNAL GENERATOR 900 TO 2100 MHz 0.5 
MV TO 1V INTO 50 OHMS, INTERNAL OR EXTERNAL 
PULSE OR FM MODULATION CALIBRATED 

. . . . . . . . . . . . . . . . . . . . . . .  OUTPUT 345 00 
HP618B SIGNAL GENERATOR 3.8 GHZ TO 7.6 GHZ 
0.1 MW TO 1 V INTO 50 OHMS. CALIBRATED OUT- 
PUT, INTERNAL OR EXTERNAL PULSE OR FM MODU- 
LATION AND SQUARE WAVE MODULATION ,375.00 
URM-25 SIGNAL GENERATOR 10 KHz TO 50 MHz, 
AMICW MODULATION. 400 & 1 KHz, RF OUTPUT 0-2 
V OR 0-1 V PRECISION 50 OHM STOP ATTENUATOR. 

. . . . . . . . . . . . . . . . . . . . .  SMALL PORTABLE UNIT 245.00 
URM-26 SIGNAL GENERATOR 4 MHz to 405 MHz 
CALIBRATED OUTPUT 0 TO 2 V. MODULATION 
40011000 HZ. CALIBRATED OUTPUT ATTENUATOR. 

. . . . . . . . . . . . . . . . .  SMALL COMPACT SIZE. ,245.00 
TS-51OAIU SIGNAL GENERATOR 10 MHz to 420 MHz. 
AMlCW OR PULSE EMISSION OUTPUT VOLTAGE 0 TO 
5 V CALIBRATED OUTPUT ATTENUATOR. 40011000 
HZ MODULATION. MILITARY MODEL OF HP6080 

295.00 
TS-4181URM-49 SIGNAL GENERATOR, 400 MHz TO 
1000 MHz AM. CW OR PULSE. CALIBRATED OUTPUT 
AND ATTENUATOR POWER RANGE 0 TO -120 

................................................ DBM ..I95 00 
TS-419lURM-64 SIGNAL GENERATOR 900 THRU 2100 
MHz, AM, CW OR PULSE EMISSION. CALIBRATED 

.. . . . . . . . . . . . . . . .  OUTPUT AND ATTENUATOR 195 00 
TS-4971URR SIGNAL GENERATOR 2 MHz THRU 400 
MHz, CALIBRATED OUTPUT 1 TO 1 V INTO 50 OHMS 
40011000 HZ MODULATION. AMlCW MILITARY VER- 

......... SlON OF MEASURMENTS MODEL 80 185.00 
SG-661ARM-5 SIGNAL GENERATOR USED FOR AIR- 
CRAFT VOROMNI RADIO REPAIR, RANGE 108 MHz 
THRU 132 MHz, MILITARY VERSION ARC H-14285.00 
SG-11ARN SIGNAL GENERATOR WITH PP-348 POWER 
SUPPLY 88 MHz TO 140 MHz, CALIBRATED OUTPUT 
. I  MV to 1 V. MILITARY VERSION OF BOONTON 

.................... .................... 211A .... .195.00 
SG-PIARN AIRCRAFT GLIDE-SLOPE SIGNAL GENER- 
ATOR 329.3 TO 335 MHz IF FREQ 15 to 30 MHz. 
METERED OUTPUT . I  V to 2 V MODULATIONS VARI- 
ABLE 0-100% 90 to 150 HZ. SAME AS BDONTON 232A 

245.00 
WE ACCEPT VISA MIC OR CHECK. ADD SHIPPING. WE 
SHIP BEST WAY. SATISFACTION GUARANTEED, 
IMMEDIATE SHIPMENT. PHONE BILL SLEP 
704-524-7519. 

BLEP ELECTRONICB CO. 
HIGHWAY 441 

OTTO. NORTH CAROLINA 28763 
R 
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r G e t  Your Best Deal. . . 
Then CALL US. .  . TOLL FREE! 
$ Q 0 m 2 3 8 m 6 1 6 8 (In Tennessee, call 901-683-9125) 

K E N W O D  t ' E a E l  TRADE! WE 
AUTHORIZED DEALER FOR: Kenwood, ICOM, 
Drake, Ten-Tec, Santec, MFJ, Astron, AEA, Mirage, 
B&W, Hustler, C u s h c r a f t ,  Larsen, Hy-Gain, and 
others. . . . PLUS CURRENT USED GEAR 

it's the service 
that counts! 

Ham O p e r a t o r !  A s k  f o r  
M A R S H A L L ,  K U 4 0 ,  o r  BILL, W4TNP 

Call us for a 
free appraisal! 

Store Hours: Memphis Amateur Saturday ~ ~ ~ d ~ ~ - ~ ~ i d ~ ~ . 9 t o 5 ~  9 to 12 

(Central Time) EAectsonics, !nc. 
1465 Wells Station Rd., Memphis, TN 38108 

Get the news 
As it happens 

Westlink Report is ybursa formation on all 
the late break~ng stories tn ng world o f  Ama- 
teur Radto. Westltnk Repo nzes the news 
t h a t  wtll Impact the f u t u r e  o f  Amateur Rad~o. Westlink 
d~gs Into ~ t s  stones and gtves you the l a t e s t  from New- 
ingtob summarizes the act~ons o f  the FCC, reports on 
the ~mportant i n t e r n a t i o n a l  news, keeps you fully In- 
f o r m e d  about space and AMSAT news and much, 
much more. 

Subscribe to W e s r l l n ~  nepon roaay. ns~nrormed. 
Don't be surpr~sed bv the latest developmenlS-ln this 
f a s t  paced hobb~ . - 
26 issues j ~ t  $2 &it u.s., Canada, M e x i c o .  
$42.50 per year r 

11 11 9 Allegheny Street 
Sun Valley, CA 91 352 

l'. 

2.50 m.4 
4ir Mail. 

urce forin 
t h e e x c i t i  
rt summa 

b y  B ~ l i  Or r ,  W6SAI 
Recomniended readlnq Lommonly asked questions llke What 1s the best 
element spac~ng? Can d~llerenl yagl anlennas be stacked w~thout loslng 
perlormance? Do monoband beams outperform trlbanders7 Lots of construe- 
tlon projects d~agrams and photos 198 pages 1977 I s l  ed111on 
O R P - B A  S o f t b o u n d  $7.95 
SIMPLE LOW-COST WIRE ANTENNAS 

b y  B i l l  Orr ,  W 6 S A I  
Learn how to bu~ ld  slmple econom~cal wlre antennas Aparlment dwellers 
take note1 Fwl your landlord and your ne~ghbors wlth some of the Invls- 
~ b l e  antennas found here Well d~agramed 192 pages 1972 
U RP-WA S o f t b o u n d  $7 .95  

THE RADIO AMATEUR ANTENNA HANDBOOK 
b y  W i l l i a m  I. Orr, W 6 S A I  a n d  S t u a r t  C o w a n ,  W P L X  

Contains lots 01 well tllustrated construct~on prolects for vprllcal lonq wlre 
and HFJVHF beam antennas There 1s an hones1 ludgmenl o l  antenna galn 
f~gures, ~nlormat~on on the besl and worst antenna locat~ons and he~ghts a 
long Iwk at the quad vs the yagl antenna ~nlormatlon on baluns and how 
to use them and new lnformatlon on Ihe popular Sloper and Delta Loop 
antennas The text 1s based on proven dala plus practical on-the-alr experl- 
ence The Radio Amateur Antenna Handbook wlll make a valuable and ollen 
consulted reference 190 pages c 197H 
U R P - A H  S o f t b o u n d  $7 .95  

ALL ABOUT CUBICALQUAD ANTENNAS 
b y  B i l l  Orr ,  W 6 S A I  

The cub~cal quad antenna 1s cons~dered by many to be the best DX antenna 
because o l  11s simple l~ghtwelght deslgn and hlgh performance You II llnd 
quad des~gns tor everything lrom the slngle element to the multi-element 
monster quad, plus a new hlgher qatn expanded quad (X-Q) deslgn 
There s a wealth 01 supplementary data on construction, leedlng tunlng 
and mountlng quad anlennas 11 2 pages 1977 
U RP-CO S o f t b o u n d  $6 .95  

Please add $1 00 to cover sh~pplng and handllng 

H A M  RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 

Tell 'em you s a w  ~t In HAM R A D I O 1  



June 1984 131 

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

and that is knows that 

tion you estab 
lish in an industry 

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

\ 

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

When it goes to shipping, John is ready. 

When you decide on Tri-Ex Introducing Tri-Ex's new DX-86 

you have many models to - 86 feet tall. 25 square feet In 
a 50 mph wind. 

. . , . ,  choose from. Call you local dealer for details. 
- 

Amateur Radio Operator NAMES 
( . . .  .,. . ,  ,,., , , . , , . , ,  , , ., FOR ADDITIONAL INFORMATION WRITE TO: 

Geographic by ZIP and or Slate 
By L~cense Issue or Explral~on Date 

STACKED: 
O n  Labels OI your Cholce Light, medium, heavy duty 

Total List: 435.000 Price: SZSIThousand 10 feet and up. 
Buckmaster Publishing , 121 

&'.I a~h,311 

4 ,  A I !  1, A 7n3t HR.: .,- 
CRANK UPS: 

. Light, medium, heavy duty 

xi TOWER 

SAY YOU SAW IT 
IN 

HAM RADIO 

fl 1Y 

25 feet to 88 feet standard. 

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

CORPORATION 
7182 Rasrnussen Avo. 
Visal~a. Cal~f 93291 

P.O. Box 5009 
Visaha, California 93278 

(209) 651.21 71 





ham 
radio 
Reader Service 

For literature or more information, locate 
the Reader Service number at the bottom of 
the ad, circle the appropriate number on 
this card, affix postage and send to us. 
We'll hustle your name and address to the 
companies you're interested in. 

Limit 15 inquiries per request. 

NAME C A L L  

ADDRESS 

CITY STAT; ZIP 

Please use before July 31. 1984 June 1984 





/ AMAZING I\ 
SCIENTIFIC and ELECTRONIC 

L, DEVICES /J 
LASER DEVICES 

LC5 BURNING CUTTING C02 LASER $15 00 
RUB3 RUBY LASER RAY PISTOL 15 00 
LRG3 IR LASER RIFkEIPISTOL 10 00 
LGU3 VISIBLE RED LASER RIFLE 10 00 
LHPlLLO LASFR l IGHT XMTRIRCVRSYS 10 00 
LHCZ BEGINNER stmulaled VISIBLE LASER 5 00 

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

ULTRASONIC ACOUSTICAL 
PPFI PHASOR PAlN FIELDGENERATOR 15 00 
PSP3 PHASOR SHOCK WAVE PISTOL 7 00 
IPG5 POCKET PAlN FlELO GENERATOR 7 00 
RAT2 RAT AND PEST ELIMINATOR 6 00 
HT9 HIGH FREO LISTENING DEVICE 8 00 

SECURITY 6 PROTECTION 
DEVl DEVASTATING DEVICES 10 00 
PPGl PHASOR PROPERTY GUARD 15 00 
MFTl MINI VOICE XMTR 2-3 MILE 7 00 
lNFl INFINITY TRANSMITTER 15 00 
PSW3 PHASOR BURNING STUN WAND 8 00 
PGl PAHALYZING WAND 10 00 

WE STOCK ALL PARTS NECESSARY FOR 
CONSTRUCTION OF THE ABOVE PROJECTS 

CATUOG CONTAININGHUNDREDSMORE OF ALL NEWAMAL 
INC and FASCINATINO PLANS EASY TO BUILD KITS AND 
AC,SEMHLfI) ITF MSS1 Ol CATALDGINCLUDEDFREE WITH ANY 
OF THE ARO'vt PRUJtCTPLAN\ SFNDCASH WFCK MO VISA 
MC TO 

INFORMATION UNLIMITED 
P 0 .  BOX 716. DEPT. HR AMHERST. NH 03031 
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TUNE THE WORLD F R O M  YOUR HANDHELD VHF/UHF RADIO 
i . i , ~ l ~z ,  l o r ! ,  . I r t~ , . )  g r l y  , , ~ I I , I ~  1. , 111 ,  1 i o i <  : f , o j ~  , + , I ! )  ,,w 1 ,  18, ,, ,vv I, + 

~ i l n ~ l r ~ l  r l r l i  ill 111411 hc-y11,4~I (11  ,) 1 ~ ~ ~ 1 h  i i l  ,,IIII,I o t ,u l r  I 

Sc8mr I'X,IIII~IPS yoci ~ , l r l  I illlll rll 1111 lulll. Llil. lJl 0 ! 1 6 ~ , 1 l  1 h ~ k I t r l t ~ r ' ( ! ' ~ L ~ L ~  b ~ a m  
rp!nut6'lyl, ICOM IT: 701 or 1l:OM IC ;'1 1 wh+!tl trr.l#\g Lht: R M  2 control ler 
ICOM 7950 Aldr!n PCS-4OOO I ~ a n d t ~ e l d s  \u~;h a> Yrlt's~i FT ?OR FT-7118 
ICOM IC? OAT dnd rnanv more 

rernoLely using audlrl touch LOIII'S 11.nni <any b r ~ ~ r  r:t8 
Q' Two [IUIII. djgtL] p~.ogI '~ ln l l l l lb l l~  dccec,s C L I ~ ~ . ,  drP I I ~ ~ P ~  to  nper.rlte r ~ l a y ~  o r  

LEO docoder st.atus ~nd~ ra t . o r \  and rnnrnenlary p lus  
stnarly  stilt^ d e r n d ~ r  ooLpilL~, ilre p r o v l d ~ d  
?2 golrl pln car11 crlgr r~ ln l l l ? r . In r  1 6  pln rltp socket and 
r lhbon cilhl? arc* s ~ ~ ~ ~ p l t t ! r l  
All C M O S I 1 ~ w p n w ~ r r l ~ a l n l 3 0 m ~ r l  SL,tteolI .hr~~rt LSI IC s 

M o d e l  R A P 1  

S149.95 
" R e m o t e  A Pad"" 
O i M r c , l l d t  l,,,,>. pad 
~onLro l ler  

Hook rlccht w l r r s ( 4  rows;1nd4 ,'olurnnsl In  pnral lel  w!th 
the exlC,r!nq kryp;irl of the r.irftri you wesh Lo cont ro l  IVC- 

rnotely CrlnnvcI ~$udtofr.orni lny source 12 volts 0 C and 
you .re in control. 
Tllc du,lI 4 CIlqlL Clt'CUdCrb Wlll Lllrn your Ilnks on anrl olf 
uwrlg your proqr.lmrnilhlv .rcrt.ss cndr, 
Oetatled ~ n r e r l , l c t ~  dlag! ;#m'. ,Irlrl Irrslr.uctlnns !n<:luried 
wlr l l  purt'h;l?r 

1 t *  [,,,W,., , i t . , , , ,  (,lilt,, ,L,,,,<l I,"\ 
I;L~~TIoI~.LI. SLC.11 by ..1~11 ~ f t \ t !  ~ ~ r l ~ o n s  ~nr lur ler l  
Cur r t . i I<  Lhr. LOW dudlo proh l rm'  
DI ivc raLel.nal speakers Lo l u l l  volulnc 
e v e n  stgnals wottl low dev~at tnn l  

"Audio 81.ster" Modult. I ~ r .  tllr. ICOM IC7 DAT 161 O A l  
A,.b 1f1r 1, I,, I t ) !  o w  w ~ t t ,  vllhew hcgntI ht.1~1 tr,$r8% t2 tv t . r< ,  

More Details? CHECK-OFF Page 132 / 136 June 1984 135 



And you can see it-in color-again and again 
when you own the N2NY Ham MasterTapes. 

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

Finally, a step-by-step course in Ham Radio Theory The hobby has long needed better, clearer, high- 
is available on color videotape. The Larry Horne N2NY tech teaching aids to help newcomers into our wonder- 
Ham MasterTapes video course is a unique, effective ful world of Ham Radio. 
teaching technique expertly produced by New York's These six-hour tapes cover completely all the ma- 
leading professionals in studio and field videotape. terial needed to understand Novice and TechlGeneral 
0 Video Graphics highlight important details. Theory and operations, and include the new 200-ques- 

Carefully worked-out demonstrations on video avoid tion FCC syllabus used beginn~ng September 1983. 
the problem of getting complex gadgets to work on Only $199.95. Order direct and specify Beta or VHS 
command in front of a class. format. Call or write: Larry Horne, N2NY 

Working examples of every ham 
radio component, device, or system Ham MasterTapes 
covered in the FCC guide can be 136 East 379 Street 
clearly understood. 

, . , .  , I . I . 
New York, N.Y. 10016 212-673-0680. 

fl 140 
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TS-430s "Digital DX-terity!" 
Eight memories store frequency, AT-250 automatic antenna tuner was 
mode, and band data, with Lithlr~m designed primarily with the TS-430s 

. -4 . .A battery memory back-up. Memory in mind, and for those who p re f~ r  to 
Digital DX-terity...that scan and programmable automatic "roll their own:' the AT-130 antenna 
attribute built into every KENWOOD band scan help spped up opera- tuner is available. The FM-430 FM 
TS-430s that lets you QSY from tions. An IF shift circuit, a tuneable unit is available for FA! operations. 
band to band, frequency to fre- notch f~lter, and a Narrow-Wide The YK-88C (500 Hz) or YK-88CN 
qucncy, and from mode to mode switch for IF f~lter selection help (270 Hz) CW f~lters, the YK-88SN 
with the speed and ease that will eliminate QRM. It has a built-in SSB filter, and ttre YK-68A AM filter 
give You a dornlnant position Ir1 DX speech processoi, A fluor~scent may be easily ~nstalled for S(?~IOUS 
op;:~tinns. tube dig~tal cllwlay makes tunlng DX-~ng, An M(:-60A deluxe desk 

KENWOOD'b 73-430S, a revo- easy avd fast. ,4n all-mode squelch microphon~. MC-80 and MC-85 
lut~onar!!, ultra-compact, HF trans- circu~t. R nolsp blanker, and an RF commun~catiocls m~c~ophones, an 
cslvr?r has alread~ won th? hearts attenc~ator coct:ol help clean uy: t h ~  MC-42s mob~!c harld mlc., and an 
:I( :adlo k r ~ a t ~ u r s  the world ovor. s~gnal. And tPere's a VOX clrcui:. MC-55 8-ptn rr ~vbile m~crophone. 
It c,cvprs 160-10 meters including plus semi-break-~n, L'JIIII SI(?!:-~(I~!O. are ava~lnDlti, ilepend~ng on your 
: t i ?  1 7 6 1 ~  1VARC bands (easily m d l -  All-ln-all, It ,:auld + l l C j t  th:'l rcuulrernents. 'L-922A I~ncar arnpll- 
f1f2d ' jF h'lARSt. Its dyr'arrl'c ,,prcs:;lcn ',Dlgltal EX ter~ty" is a 1311 fie! (not for C\fiJ QSK). SM-220 sta- 
r;ir?ci rr?ri!~vc.r tunes from 150 kHz- of an underst:,tcmr3nt, tion rnon~tor. PC- IA  cticnrt patch. 
30 h4Hz It  (1 t111.7~~ an lnnovntlv~t UP TS-430s Optional Accessories: SW-2000 SWRlpo~vflr meter 160 - 6 
<,clnvers~ocl PLL c~rcutt for sup~::lor In typlc.?jl K t  pdvJOOD fash~on. :here nletrr. SW1004 SWRipowerivol! 
frequency st:tbll~ty and accurat:y. are pler~t!, of ont~onal ;:icessort~s irieter 160-2rn. HS.4  1-1s-5, 1-1s-6. 
Two dlgltal VFO's ailow fast spllt- for this great HF transt:clver There HS-7 headphones, are also r~vai labl~ 
frequency operat~ons. A cholce of 1s a spr?clal power supply, the More ~nformat~orl on the TS-430s 
USE, LSB, CW, or A?!, w~t !~  Fhl PS-430. An external speaker, the is ava~lable from author~zed dealers 
ontlonal. are at ths operators finger- SP-430, is also avn~lable. And the of Trio-Kenwcod Cornmun~cntionr,, 

''I1 S311d -s ta te  techn'410gy Pi i- ,#MB-430 mour.tinp bracket is avail- 111 1 West W~ lnu t  Street. 
sri~ts inputs cf 250 watts PEP on : able for mobllr? operatlan, -The Compton. Cal~fornia 90220. 
9SB, 200 watts DC on CW. 120 
watts on FM ioptionalj. or 60 / 
watts on Ahl. Final amplifier 
protection circuits and a 
cooling fan are built-in. 
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