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Before you invest your hard earned money in a linear 2KD-5 GCNERAI. sr3EclFlcarloNs 
amplifier, consider what's inside. That's where the dif- c l t t g ,  . ' h l ~  -, i .  ,% 'o(10 %,it1 P L r '  l r ~ ~ t r t  (1.700 watt PEP norn~nal  

ference in quality is obvious. No lightweight, cheaply OII~WI" f?i III~P.II anlp l t l~er .  covertng the 110.40. 20, and 15 meter 
n t i i ~ t ~ t ~ r  t),~nd\ built Henry amp'ifiers will find * Two Elmar. 3 5002 glass envelope t r~odes  operat~ng In a grounded 

only the best quality. heavy duty components. We build ,,,, 1 c,rclllt, 
Our amplifiers perform at peak level month after * PI L pI,~te C I ~ C L I I ~  w ~ t h  a rotary sliver plated tank c o ~ l  for greatest 
month, year after year. Both the 2KD-5 and the 2K-4A e i l ~ c ~ e n c v  .jrld n i .~x~mt r rn  attenuation 01 unwanted harmon~rs  

will operate full legal power continuous duty on all *Full  lec.11 ~ n p t l t  In all modes 2000 watts PEP tnpilt for SSB 1000 

modes. We offer the amateur the linear amplifier that wt'tts UC ' n ~ l l t  'r'r Cw. R T T Y  and AM 

we would want in our own stations. * Juri111er lor 115 ur 230 VAC. 3 wlre slngle phase 

At Henry Radio we know how to build only one  kind + 5 h ~ h  15 x17 5 deer' 

of amplifier ... the best! + Price . . . $945.00 

AMPLIFIER* 
A h lgh  q u a l ~ t y  llnear amplifier designed for 

Never has a h e a r  comrnerc~al  and m~l t tary uses. The 3K-A em- 
amplltler racked ploys t w o  rugged Elrnac 3 - 5 0 0 2  grounded 
up so many hours g r ~ d  triodes for supertor l lnear~ty and provldes 
0 1  dependab le  a conservat~ve three k~lowatts PEP lnput on  
o p e r a t ~ o n  t o r  SSB w ~ t h  ef f lc~enc~es In the range of 6 0 %  
amateurs world- 
wide operalong Thls results In PEP output In excess o f  2 0 0 0  

a1 lull legal powrr watts It provldes a heavy duty power supply 
hour after hour capable of furnlshlng 2 0 0 0  watts o l  continuous 

under every 
type of condlllon 
tmag~nable Be- Rad~o llnear arnpllfler. offerlng supertor qua l~ ty  4 K - U L ~ ~ ~ *  
cause the 2K-4A IS 
bu~l t  wllh the very and dependabllrry 11 1s designed t o  greatly speclflcally designed for the most demanding 
besl heavy duly b~3:1 the strength and clarity o f  your slgndl commercial and mllltary operation tor SSB. 
components a-  11s heavy duty components guarantee years of CW, FSK or AM Features general coverage 
vatlahle. 11 can loaf trouble free. dependable performance operatton f rom 3 0 to 3 0  MHz Using the 
along at full legal The 1K0.5 1s a 1 2 0 0  watt PEP Input ( 7 0 0  magnlflcent new E~rnac 8 8 7 7  grounded g41d 

watt PEP nominal output) RF l~near  ampl~f ler .  tr,o,jes, vacuum tune and load condensers. 
p r ~ ~  yoor slqnal on the alr WIIII greater strength cOvertng the 8 0 .  40.  20.  and 1 5  meter am?- ,nd a vacuum antenna relay, the OK-ULTRA 
and clardly than ypu evpr dreamed possible feur bands (also 1 0  meters On units shipped represents the last word I n  rugged, re l~able.  
Oprrales on all amateur hands. 80 thrll 15 outside the U S  ) .  Features an Elmac 3 - 5 0 0 2  linear high power RF ampllf lcat~on. 1 0 0  watts 
meters (export models ~nclude 10 mrlers)=Two glass envelope trlode . ALC clrcutt . DC relay drive delivers 4 0 0 0  watts PEP Input 
rllqged E~mac 3-500Zgrounded g r ~ d  lrlodes*P~- system . ~ ~ l ~ t ~ ~ ~  R F  power meter . p , . ~  plate 
L plate clrcull with solver plated tank co~l*Re- Prtce $ 3 4 5 0 .  

calhode.F), c,rcu,l.Bu,lt.ln SWR circuit w l lh  
a rotary sliver plated tank 'NO! available for sale to amateurs ~n the u s 

brldge 8 relallve RF oulpul met~r.Maxtmurn &Ihode input matching ctrcults ' 
Irqal lnplll all modrs Prlce 51195 vatwe power supply with s o l d  state rec t~ f~ers .  inquiries are 
Th*. 2%-4 $5 r18ll ava,lilhl~ lur ,-rprm anrt rn~t#!rlry tocr price $ 6 9 5 ,  Expo" models of Amateur un8ls ava~lable tar 10 

meter operation also 

FREE ORDER NUMBER: lm14'1-6631 
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p l P n s p ; ~ ~ ~  ~ooert on nur leQula' 
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MFJ ENTERPRISES. INC. 1979 

NEW MFJ-981 3 KW Versa Tuner IV 
For $199.95 you can run up to 3 KW PEP and match everything from 
1.8 thru 30 MHz: coax, balanced lines, random wires. Built-in balun, 
SWR, dual-range forward and reflected power meter. 

Built-in balun, 8 WR, 
I l l l N S U l l l E R  dual-range forward and 

reflected power meter. 

3 I I O W L T I  OERES 

YODEL Y F W f  

The NEW MFJ-981 3 KW Versa Tuner IV lets 
you run up to 3 KW PEP and match any feedllne 
-ly lrom 1 8 to 30 MHz coax, balanced 
ltne or random wlre 

This gtves you maxlmum power transfer lo 
your antenna for soltd OSOs and attenuates har 
monlcs to reduce TVI and out ol band emlsslon 

An accunte mebr  glves SWR, forward, rellect 
ed power In 2 ranges (2000 and 200 watts) 

A new all metal, low profile cablnet gtves you 
RFI protectton, r ~ g ~ d  constructton, and sleek styling 

Black Itnlsh Rlch anodlzed alum~nurn lront panel 
5 x 1 4 ~ 1 4  Inches A lllp down wlre stand t~ l ts  
tuner lor easy vlewlng 

Efflclent, encapsulated 4:l fenite balun. 500 
pl. 6000 volt capacttors. 18  posltlon dual tnductor 
17  amp. 3000 volt ceramlc rotary sw~tch 2% 
meter SO 239 coax connectors, ceramlc leedthru 
lor random wtre and balanced line Blndlng post 
lor ground 

Every single unit is tested for performance and 
tnspected lor qual~ty Sol~d Amerlcan constructton. 

quality components. Full one year limited warranty. 
For your neanst MFJ dealer. call toll-free 

800 647 1 8 0 0  Slop by your dealer. Compare i t  
leature lor feature with other tuners. Compare its 
value, its quallty and 11s perlormance. 

After a truly side by side comparison, you'll 
be convinced thal 11s value, quality and leatures 
make 11 a truly outstand~ng value. 

Why not visit your dealer today and see the 
NEW MFJ981 3 KW Versa Tuner IV? If no 
dealer IS avallable order dlrect from MFJ. 

MFJ-982 3 KW VERSA TUNER IV has balun, 7 position antenna switch. Matches every- 
thing: coax, balanced lines, random wires continuously from 1.8 to 30 MHz. 

Flexible 7 position antenna switch lets you 7posltion 
select I coax thru tuner and 2 coax thru tuner antenna switch 
or dlrect, or random wire and balanced Ilne. 4:l ferrite balun 

Up to 3 KW PEP. Match any leedline trom 1.8 for balanced 
to 30 MHz: coax, random wire, balanced line. lines 

Gives maximum oower transfer. Harmon~c at- ceramlc sw~tches. SO239 coax connectors. A @ v 
tenuatlon reduces TVI, out ol band em~ss~ons ceramlc leedthru lor random wlre balanced Ilne. . - .-. 'V " .  

Black metal cabinet, anodlzed aluminum front btnd~nq post lor ground w 
panel Fltp down wlre stand 5x1 4x1 4 In Made in USA. One year l ~ m ~ t e d  warranty m 

Encapsulated 4: l  k n i f e  balun. 500 pf. 6000 See i t  at your nearest dealer. If no dealer IS If you already have a SWRlwattmeter, the 
volt capacltor5 18 posltlon dual ~nductor. 17 amp avatldble order d~rect lrom MFJ MFJ-982 is lor you. 

1 MFJ-980 3 KW VERSA TUNER IV has built-in balun for balanced lines. Matches coax, 
balanced lines, random wires, 1.8 to 3 0  MHz. 
Up l o  3 KW PEP. Match any feedllne lrom 1 8 Encapsulated 4 1 

to 30 MHz coax, random wlre balanced l~ne ~ r r i t e  balun b r  $1 69 
Heavy duty encapsulated 4 1 ferrite balun balanced lrnes 

Gives maxlmum power tnnsler. Harmonlc at ,.. . .... 
tenuatlon reduces TVI out ot band emlsslons tw 17  amp ceramlc swttches 

Black metal cabinet, anodized aluminum lront Made in USA. One year llmtted warranty 
panel Fllp down wlre stand 5 x 1 4 ~ 1 4  ln See I t  at your nearest dealer. I1 no dealer IS Thrs Is MFJ's lowest priced 3 KW Versa 

500 d. 6000 volt cro.. 18 oos~t~on dual ~nduc ava~lable order d~rect lrom MFJ Tuner IV. 

Order  any product from MFJ and try it. I f  not delighted, return w~thin 30 days for a prompt re fund  ( less shlpplng). 
Order today. Money back i f  not delighted. One year limited warranty. Add $8.00 shippinglhandling. 

For technlcel Intormation, orderlrepair statue. In Mlseleelppl, outelde continental USA. call 60 1-323-5869. 

3rder By Mail or Call TOLL FREE 800-647-1800 and Charge It On 
P. 0. BOX 494 M F J ENTERPRISES, I NC. wssIssIPPI STATE. MISSISSIPPI m x 2  
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Whether on or off the air, there's probably no Amateur Radio subject discussed more, scrutinized more carefully, or 
analyzed more qualitatively than antennas - the engineers analyze, the DX operators scrutinize, and the rest of us 
simply talk. And with the coming of spring and summer, interest in antennas peaks as Amateurs start working on their 
antenna systems for the coming DX season. If you have been thinking about updating your station antenna, you may 
find a useful design in this, our annual entenna issue. If you don't plan to install a new antenna this year, this is a good 
time to take a close look at your existing system to make sure it's operating up to par. Now that the ravages of winter 
are over, check all the electrical connections for oxidation, inspect the feedline for damage, and if your system SWR is 
not as low as it used to be, now's a good time to find out why. 

If you look at the record, there have been few important breakthroughs in Amateur antenna design since the delta- 
loop beam and the quagi, and many readers would argue that both of these antennas are actually extensions of exist- 
ing antenna theory (quads and Yagis). Many specialized antennas have been developed for military and space com- 
munications in recent years, but most have little or no application in Amateur Radio. One example is the log periodic 
or LP, first designed as a microwave antenna, later as a high-frequency wire beam, and fin.elly, for TV reception. The 
LP has never been especially popular with Amateurs, probably because we operate on segmented bands and the LP is 
a broadband device. However, there is renewed interest in the LP for DX work on 80 and 4.0 meters, and if Amateurs 
are allocated any new high-frequency bands at WARC 79, it's a sure bet that a good many three-band beams will be re- 
placed by rotatable log periodics. 

Unlike other areas of electronics and radio communications, where there have been occ.;~sional quantum leaps for- 
ward, improvements in basic antenna design have been slow and evolutionary, beginning in 1887 with Hertz' classical 
center-driven dipole. Marconi's first successful wireless experiments used essentially the same antenna: Two large 
copper plates excited by a spark gap. To increase the distance of his transmissions, Marconi put up larger and larger 
quantities of wire. Early Amateurs did the same - because of the low frequencies then in u!ie, the DX performance of 
a station was proportional to the size and height of the station antenna. In fact, many of the radio engineering text- 
books of the early 1900s included a mathematical equation attributed to Marconi which showed that communications 
distance was directly proportional to the square root of antenna height. 

The first advances in gain antennas were the result of experiments by commercial radio companies which wanted to 
improve the reliability of their overseas service. First came the long wire, the vee, and the rhombic; then the lazy-H, 
Sterba curtain, and Bruce array, followed closely by the Yagi beam and the 8JK flat-top; \N9LZX1s cubical quad was 
introduced a few years later. Each new antenna design was eagerly tested by Amateurs who were trying to improve 
the performance of their stations. 

The perpetual need to improve station performance has become something of a tradition in Amateur Radio, and 
whether it's the result of ever greater band crowding or the competitive Amateur spirit, I don't know, but it certainly is 
a fact. Single-sideband provided the needed improvement in the early 1960s, and compact kilowatt linears made their 
contribution in the late 1960s; that left the antenna system. The fact that there were noantrnna breakthroughs did not 
dilute the compelling urge to enhance station performance - if you couldn't improve basic antenna layout and 
design, you could certainly increase antenna size, and hence, antenna gain. 

As an example of this trend, consider the great interest in phased arrays for 40 and 80 meters, sparked primarily by 
WlCF's QST articles and his big signal on 75 meters. It wasn't too many years ago that most of us were content with 
a ground-plane antenna on 7 MHz and a dipole (usually not too high) on 3.5 MHz. In those days some of the more 
serious 40-meter buffs had two element-vertical arrays, and you might have read in one of the magazines about a few 
daring souls who had @-meter Yagi beams, but you almost certainly had never actually seen one. In recent years, 
however, big low-frequency arrays and full-sized beams have become relatively commonplace, and the same rationale 
for greater antenna height and size has begun to permeate 10, 15, and 20 meters. As the late Sam Harris, WlFZJ, 
used to say when talking about vhf antennas, "If it lasted through the winter, it wasn't lbig enough." Based on the 
large number of antennas which came tumbling down this past winter, perhaps we've hit title practical limit! 

Jim Fisk, WlHR 
editor-in-chief 
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Imagine All The Places You ran IUCK 
ICOM's Remotable IC-280. mink small.) 
The IC-280 2 meter mobile comes as  one radio 
to be mounted in the normal manner: but, as an 
option, the diminutive front one third of the radio 
detaches and mounts by its optional bracket, 
while the main body tucks neatly away out of 
sight Now you can mount your 2 meter radio in 
pint-sized places that seemed far too cramped 
before. 

With the micmpmcessor in the detachable conb 
head, your IC-280 can store three frequencies 
your choice plus the dial, which allows you 
select from four frequencies with the front panel 
switch without taking your eyes off the road. 
These frequencies are retained in the IC-280's 
memory for as long as  power is applied to the 
radio, even when power is turned off at the fro 
panel switch. And if power is completely removc 
from the radio the ? 600 KHz splits are still mai 
tained! 

Measuring only 2%"h x 7"w x 3%"d, the 
bantam-sized microprocessor control head fits 
easily into the dash, console or glove box of even 
the most compact vehicle. Or if those places are 
alread taken by the rest of your "mobile shack," 

1 2 2 8 0  head squeezes into leftovc 
er the dash, overhead, under the s e i  
he steering column. 

The IC-280 works frequencies in excess of the 2 
meter band with ICOM s outstanding single-knob 

ling, so you can listen around the entire band 
thout fooling with three tuning knobs. With 
!ps of 15 KC or 5 KC, the IC-280 puts rapid and 

the 
und 
o n t  

?r nitche! 
3t or ever 

5 tul 
1 wil 

ste 
ea: .-s frequency chan e at your single fin ertip 

But don't be misled b the petite size of this an instantly displays right, easy to read L D's. 
subdivided radio: the 18-280 is iam ~ a c k e d  with 

dV E 8 
the latest state of the art engineering and conveni- AvalImble Optlonm: 
ence features. No scaled down technology here! T O U C ~  Tone pad/mlcrophone comblnano~ 

which Rh the mlc lug on the radlo face w 
absolutely no mc&catlon - 15' unassembled cable klt for Ion dlsenc 

remote rnountln of the jetachnl 
control fead 

Y IC-!a0 
2 meter FM,4+MH 
Mobile Transceiver 

.... .,3M redlo. sIg ....--...., 
1 FCC rrwlatl 
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RX noise bridge 
Dear HR: 

I found Ted Hart's letter in the 
August 1978, issue of ham radio both 
interesting and informative. I believe 
Pappot was the first to describe the 
R-X Noise Bridge (ham radio, 
January 19731, but he did not refer- 
ence the source for the original, 
resistance-only noise bridge which he 
improved. 

Hart's design, which is marketed as 
the Model TE 702, is technically inter- 
esting but would have an awkward 
capacity readout range if modified as 
indicated. Using the resistance values ],,F@ 

UNKNOWN 

he suggested, calling the fixed and 
variable capacitors CJand C,, and let- 
ting X represent the resistance from 
the pot wiper to the upper corner of 
the bridge, the conditions for balance 
become: 

where R ,  and C, are, respectively, 
the parallel resistance and capaci- 
tance of the unknown impedance. As 
Mr. Hart stated, the resistance range 
is zero to infinity. Furthermore, with a 
linear taper pot, the low end of the 

resistance scale would be spread out 
and the upper end compressed. For 
many applications, that would be 
more desirable than the linear and 
finite range of the Pappot design. 

Conversely, the reactance or capa- 
citance range of Hart's proposed re- 
actance bridge would be awkward or 
unusable. Note that the estimated 
value of the unknown capacitance is 
affected both by the setting of the 
100-ohm pot and the variable capaci- 
tor. The effective capacitance range 
is thus dependent upon the resis- 
tance measured. Suppose, for in- 
stance, that C, is a standard broad- 
cast variable with a range 20-365 pF. 
With Cfa 180 pF capacitor, the range 
fo r  capacitance balance w i t h  
R, = 51 ohms would be - 160 pF I 
C, s 185 pF, which is similar to Pap- 
pot's R-X bridge as modified by 
Gehrke (ham radio, March 19751. But 
suppose R, were 5 ohms. Because of 
the interaction between pot setting 
and reactance balance, the capaci- 
tance range would now be 2 0 p F  r C, 
1 3 4 7 0 p F .  One could not even meas- 
ure a pure resistance! Similarly, with 
R,  equal to 250 ohms, the capa- 
citance range becomes - 176 pF r 
C, r - 107 pF and again does not in- 
clude a purely resistive impedance. 
Of course, other values could be 
chosen for the capacitors, but the ef- 
fect described above would still cause 
the reactance range to be severely 
distorted for R,  values away from 
50 ohms. 

Mr. Hart also makes the point that 
his model TE 702 works to over 250 
MHz and that the reactance measur- 
ing version thereof would yield "a lot 
more accuracy - over a wider fre- 
quency range." It is well known that, 
with careful design, resistance-only 
noise bridges can be made to work 
well up into the vhf range. Adding the 
fixed and variable capacitors, how- 

ever, severely reduces the upper fre- 
quency limit. The R-X noise bridge 
Doting and I described works accur- 
ately to 30 MHz, and data to substan- 
tiate this claim have been published 
(ham radio, February 1977). The two 
commercial R-X noise bridges claim 
upper ,frequency limits of 100 MHz. 
However the manual for one of these 
units suggests it may require recali- 
bration for use at the higher frequen- 
cies; neither makes any claim for 
accuracy. 

Quite independently of how the 
transformer may be wound, the up- 
per frequency range of the R-X bridge 
is limited by residual errors in the 
bridge components themselves. The 
pot has stray capacitance to ground 
which changes with the pot setting, 
and th~e interconnection wires have 
reactances which cannot be ignored; 
most irnportant of all, the variable ca- 
pacitor has residual series induc- 
tance. 250 MHz is well above the 
series resonant frequency of any 
reasonable-size variable capacitor. 
Severle resistance and reactance 
measurement errors would start to 
appear well below the resonant fre- 
quency. These constraints are recog- 
nized by commercial equipment de- 
signers; where accuracy is required in 
vhf ivnpedance-measuring equip- 
ment, bridge techniques using dis- 
crete components are typically 
abandoned. 

I congratulate Mr. Hart for his in- 
vention, the Antenna Noise Bridge. 
The R-X Noise Bridge pioneered by 
Pappot was certainly inspired by this 
invention. Refinements to the Pappot 
unit which allow calibration and 
compensation without access to lab 
standards make the R-X bridge a very 
useful device for accurate measure- 
ments in the high-frequency range. 

R. A. Hubbs, WGBXI 
Orange, California 
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Digital Frequency Control* 
F a  Kenwood innovation for maximum 

HF operating enjoyment! 
Kenwood's TS-18OS d t h  DFC Is an all solld- 
state HF trancelver designed for the DXer. 
the contesi operator, and all other Amateurs 
who enjoy the 160 through 10-meter bands. 
The following features prove. beyond dooht. 
that the TS-1805 is theclasslest n g  available! 

. l i l l l  I !  I , ,  , I ,  8 8 . 1 <,!11,1.11.~1: . . : , < I % '  <il<~!l.!l 
ilh.l'l.,v \I,,.,c.. .11t11,1 L'l 0 frs.1111. : 1 1  I .llllI (lit 
~.,r,. l t l-.. Irl,rwt,s.n 1'1 0 a n d  I rne,lnt,rr. 
1requc.n~~ 15l11tk11i:t dvctnl<tl ~ i ~ ~ t l t ~  ~nd~rrl l t .  
'our 14 li.,t,d' ?.l~r~t~rr,~l~, dldl lt,o . 11 \I1111 K < ~ n w > < , d ' \  l,j$rto~l\ prt\\han<l I~~TIIIICJ 
tli.tr r~,durc.\ U H M  
\,4t~1-1,51~I,, L V I ~ ~ ,  .~nd n.>rrrla CW h.~nc Iw~~ l l l~  
<,,, rc,c<,,vL. l5OIl ti, CLV l , l l ~ , l  I. t3ptl<,r,<,ll 
:\ol<l~n.,ttr sgJr.i.t~c,r> ,1pl1vr ,~ncl h,ru<,r \ ~ d c  
I,,lnd 155R N O R M  \\li I<l.V ~ w ~ l r l ~ l  

I oli l ~ r t ~ ,  (11 I~I~~CIIIII~ 2,c<<,\~or~<,,, ~~I<.IU~III~I 
1'5 .{(I I><,\,, ~l<,t,, l" pow',, .,,p,>1< 51' IS11 b,, 

Ir,rn,ll .pi,.rk'.r u111t \I~l,.rtaiilc~ , t~~dlc)  IIII~,~. 
VI'O IS11 rr,mr,l~. \ I1  0. A-T IS11 ~!ntt>nii., tu!wr 
i W H  .>rid p , ~ ~ t . r  n~.tt,r I)F lSI id~q~t.~ l  Ire<(~n,nrl. 
I f l !~trc>l 'I'K Sh CLV l , l l l . r  . ~ n d  'I'li 5. \\I{ 11lla.1 

All ,,I 111,,.;r .~dvanrcd Iiwture\ car, ht. vimr. 
,~nd 011 dt t r~qi t lv~ prlcp' V I~ I I  votlr lor.11 AIII~SB 
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"RESTRUCTURING " DOCKET 20282, was terminated by an FCC order released late March. 
The Comrnissioners'lett the door open for further action on the unresolved portions of 
the Docket. Noting that previous'~eport and Orders on 20282 had tightened-up licensing 
procedures, but expanded Novice and Technician privileges, the Commission reaffirmed its 
support for some form of no-code entry level "Communicator Class" license despite its 
rejection by the Amateur community when proposed four years ago. 

"We Hope To Revisit this matter later this year in a new Rule Making proceeding." the 
Commission continued, noting that Amateur Radio had grown by almost 50 per cent (much of 
that from CB ranks) in the past four years, so Amateur attitudes toward "no-code" may 
have changed. Continued Commission endorsement for "no-code" is well evidenced by their 
inclusion of relaxed code reauirements in the proposals for WARC. 

The Proposal To Base  owe; Limits on ~ut~ut'measurements is also still high in Commis- 
sion inter~st. However, that subject is also being shelved for the time being while en- 
couranin~ Amateurs. in the interim. to develop and disseminate data which could be used 
as a gasys for a wo;kable and state-of-the-art'measurement technique." 

431-433 MHz Will Remain "off-limits" to ATV repeaters, the FCC decided at another 
March meeting. Responding to two Petitions for Reconsideration on Docket 21033, the Com- 
missioners noted that protection for weak signal and satellite operation was appropriate, 
but ATV repeater operators would always have the option of requesting a waiver. If the 
operator could establish a need for repeater operation in the protected segment, while 
showing his operation would not interfere with weak signal work there, such a request for 
waiver would be granted. 

EFFECTS OF CB-ANTENNA RADIATION on the bodies of nearby people is being investigated 
by the Department of Health, Education and Welfare. The first study, published in a 
24-page booklet titled "Measurement of Electromagnetic Fields in Close Proximity of CB 
Antennas," discusses bumper, trunk lid and rooftop-mounted mobile antennas as well as 
those on hand-held units. Near field radiation distribution of each type is presented 
graphically, in an attempt to determine what hazard, if any. radiation presents. 

The Study Concludes: "The health implications (of CB-antenna radiation) are not clear 
at this time. The Bureau of Radiological Health is continuing to investigate this matter." 
HEW is obviously quite concerned with the effects of RF on the population, and with Ama- 
teurs running 200 times the power of CBers on frequencies from 1.8 MHz through millimeter 
wavelengths, our operations are sure to come under careful scrutiny as well - if they 
haven't already. 

A 900-MHZ AMATEUR BAND will be enjoyed by Canadian Amateurs sometime later this year, 
possibly as early as this summer. An announcement by the Department of Communications 
of the reassignment of 420-430 MHz to another service is considered imminent, and at the 
same time the granting of 902-928 to the Amateur Service on a shared basis should also 
be announced. 

The Movement of that as yet unspecified "other service" to the presently Amateur 
420-430 MHz slot is expected to take place rather quickly. When Canadian Amateurs will 
be permitted into their new frequencies is less certain. 

INTERNATIONAL SUPPORT for new Amateur HF bands at 10, 18, or 24 MHz seems to be build- 
ing, with formal submissions supporting one or more of the new slots now confirmed from 
all three ITU regions. Don't be in too much of a hurry to swap off your present five or 
six band radios, however. Even if the WARC does authorize new bands for the Amateur Ser- 
vice next summer, it will likely be a number of years before present users can be moved 
out and Amateurs will be permitted to move in. 

"UOSAT" - THE UNIVERSITY OF SURREY SATELLITE - will include a voice synthesizer to 
provTde telemetry transmissions in plain English, a 4,000 character datascore capability, 
and a slow-scan TV camera for live cloud-cover pictures. Educators who've heard about 
the sophisticated bird are reported very enthused about its classroom possibilities. 

PROHIBITION OF RADIO TRANSMISSIONS in residential areas is being considered by the 
Oregon State Senate. Senate Bill 423, sponsored by Senator Ted Hallock of Portland, pro- 
noses sharnlv restricting all electromagnetic emissions in residential areas. r - - - -  ~ - 

In ~estimbn~ Favoring the bill ~errie Buel, government affairs coordinator for the 
Oregon Environmental Council, said that medical studies "have found that persons living 
next to electromagnetic sources often experience serious health effects, including rashes. 
headaches, dizziness, and tingling sensations." 

Power Transformers and transmission lines as well as radio and TV transmitters would 
be curtailed under the bill's provisions, though Senator Hallock and members of the 
Senate Committee on Environment and Energy have been discussing removing transmission 
lines from its coverage. 

FIRST WORKED ALL CONTINENTS ON 2 meters was completed January 31 by GW4COT. when he 
succeeded in working VKSMC via moonbounce at 11322. 

A New 6-Meter DX Record of 12,059 miles was set in early March when LUBAHW and HL9TG 
made contact at 00002. The same eveninp. several VK4s worked WA4TNVJKL7, while ZBZBL 
heard the Brazilian beacons but was unable to make himself heard through JAILU QRMl 
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OMNI HAS IT ALL. All the advantages and capabilities, all the new 
conveniences and new levels of performance you need, whatever your 
HF operating specialty. All built-in, ready to use. 
ALL SOLID-STATE. All the advantages of total solid-state from the 
pioneer of HF solid-state technology. Reliable. cool, stable - from 
receiver front-end to transmitter final. 
ALL HF BANDS. From 160 through 10 meters (and all the crystals) plus 
convertible 10 MHz and "AUX band positions for possible future needs. 
ALL BROADBAND. Band changing without tuneup - without danger 
to the final amp 
ALL READOUTS. Choose OMNI-A for analog dial (1 kHz markings) or 
OMNI-D for six 0.43" LED digits (100 Hz readability.) 
ALL VOX AND PTT FAClLlT lES built-in; 3 VOX controls plus F'TT 
control at front and rear jacks lor external switch. 
ALL SQUELCH NEEDS for tuning and monitoring are built-in. 
ALL FILTERS INCLUDED: 4position CW/SSB filter (150 Hz 
bandwidth with 3 selectable skirt contours) plus %pole Crystal filter (2.4 
kHz bandwidth. 1.8 shape factor.) 
ALL MODE SWITCH puts all filters to work in any mode. 
ALL BREAK-IN: Instant or delayed receiver muting to fit any band 
condibon or mobile operation. 
ALL-VERSATILE OFFSET TUNING: dual ranges. %5 kHz range for 
off-frequency DX or 20 .5  kHz range for fine tuning. 
ALL-SENSITIVE RECEIVER: from 2 pV on 160 m to 0.3 pV on 10 m 
(10 dB S t  N/N) for ideal balance between dynamic range and sensitivity. 
ALL OVERLOADS HANDLED: dynamic range typically exceeds 90 
dB and PIN diode switched 18 dB attenuator also included for extra 
overload protection. 
ALL LINEAWANTENNA BANDSWITCHING FROM FRONT 
PANEL: auxiliary bandswitch terminals on back panel for external relays 
or circuits are controlled simultaneously by the OMNl bandswitch. 
ALL INTERFACE JACKS FOR PHONE PATCH: access to speaker 
and microphone signals. 
ALL-LEVEL ADJUSTABLE ALC: set output from low power to full. 
retain low distortion at desired drive to power amp. 

ALL SIDETONE ADJUSTMENTS: pitch and volume. 
ALLPOWERFUL. ALL-WARRANTED FINAL AMPLIFIER. 200 
watts input to final. Proven des~gn with full warranty lor first year and 
pro-mta warranty for additional 5 years. 
ALL 100% D U N  CYCLE. For RTTY. SSTV or sustained hard usage. 
ALL-MODE POWER: basic 12 VDC for easy mobile use, extemal 
supplies lor 117/220 VAC operation. 
ALL FROM PANEL MICROPHONE AND PHONE JACKS. 
Convenient 
PLUS ALL THE OTHER HANDY BUILT-INS: "Timed" 25  kHz 
crystal calibrator in OMNI-A with automatic 5-10 sec."on" time for easy 
2-hand dial skirt adjustment. . . Zero-Beat switch for placing your signal 
exactly on CW listening frequencies. . . SWR bridge switches "S" meter 
to read SWR each time you transmit for continuous antenna monitor- 
ing. . . Separate receive antenna capability. . . Dual speakers for greater 
sound at lower distortion. . . Plug-in circuit boards for fast. easy field 
service. 
ALL-FUNCTIONAL STYLING. "Clamshell" aluminum case clad in 
textured black vinyl with complementary nonreflective warm dark metal 
front panel and extruded aluminum bezel and bail. Convenient controls. 
Complete shielding. And easier-to-use size: 5'"h ~ 4 ' 4 " ~  x 14d .  
AND ALL THE OPTIONS: Model 645 Keyer. Model 243 Remote VFO. 
Model 248 Noise Blanker. Model 252MO AC Power Supply. 

Model 545 OMNI-A $899 Model 546 OMNI-D $1069 

Experience the all-encompassing HF world of OMNI. See your TEN-TEC 
dealer or write for all the details. 

TEN -TEC . MC. ibir S E V I E R V I L L E .  T E N N E S S E E  311162 
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quads vs yagis revisited 

The author attacks 
an old question 

in a new way 
by actually measuring 

the relative gain 
of high-f requency 
quads and Yagis 

Which is the better antenna - a cubical quad or a 
Yagi? That question has aroused Radio Amateurs' 
emotions for more than thirty years now, and 
remains controversial in spite of the great volume of 
published research and analysis. 

It has been a decade since Jim Lindsay published 
his classic work on quads and Yagis,l.Z presenting 
both theoretical and empirical data to support his 
conclusion that the quad was in many ways the bet- 
ter antenna. He concluded that a quad of any length 
would outperform a similar size Yagi by 2 dB in for- 
ward gain. Basing his findings on model quads and 
Yagis operating at 440 MHz, Dr. Lindsay said that it 
was necessary for the Yagi to have 1.8 times the 
boom length of a quad to equal its forward gain. 

A t  the time of its publication, Lindsay's study 
seemed conclusive, but in the years since the issue 
has refused to die. The question has now been sub- 
jected to computer modeling, which produced data 

By Wayne Overbeck, NGNB, Pepperdine 
University, Malibu, California 90265 
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supporting Lindsay;3 this was followed by a rejoinder 
from the owner of a highly successful Yagi-based 
contest station who pointed out sigificant errors in 
the modeling techniques.4 That was followed imme- 
diately by a reply from the authors of the computer 
modeling study in which they conceded their errors, 
but stood by other parts of their work. 

Meanwhile, Hardy Landskov, an antenna experi- 
menter with a very pragmatic goal ( to build a cubical 
quad that would be truly competitive in radio con- 
tests), spent many hours experimenting on anten- 
na range owned by the United States Navy.5 He 
came up with a design that the first user rated 
"good" on 20 meters and "excellent" on 15 and 10, 
in comparison to Yagis with which he'd "slugged it 
out" in pile-ups. During his antenna range work, 
Landskov built one 336-MHz Yagi and tested it 
against his quad design. He found the two equal in 
gain, although the Yagi was 1.65 times the quad's 
length. 

popularity contests 
The quad-versus-Yagi question has been argued 

with anecdotes, testimonials, and hunches, as well 
as with theory and quantification. Intuitively, some 
quad builders have concluded that their antennas 
were just not 2 dB better than similar-size Yagis. 
Others have reached the opposite conclusion by 
trusting the same intuitive sixth sense. 

Moreover, one need only survey the antennas 
used by the consistent DX contest winners to see 
that Lindsay's conclusions remain controversial. 
Although there are notable exceptions, the great 
majority of big winners in DX contests today are 
using Yagis, not quads. If a quad is equal to a Yagi 
nearly twice its size, how could this be? Obviously, 
anecdotes, testimonials, and popularity contests, 
taken alone, prove nothing about the merits of the 
two antennas. But they do suggest that the issue is 
unresolved and deserves further study. 

In an attempt to resolve this issue, I've spend hun- 
dreds of hours measuring the performance of quads 
and Yagis in both the high frequency and vhf spec- 
trum and have encountered considerable evidence 
that the cubical quad is not inherently superior to the 
Yagi. 

This seems to be particularly true below 100 MHz. 
However, there are potential variables that may 
sometimes bias the results of uhf modeling in favor 
of the cubical quad. 

what happens at uhf? 
My quads-and-Yagis project really began as an 

attempt to develop an efficient antenna for the 432- 
MHz Amateur band. In 1970, 1 bought a 432-MHz 
Yagi of the only brand then commercially available, 

and optimistically took it to an antenna gain measur- 
ing session at the West Coast VHF Conference. The 
gain was measured at 6.4 dBd (dB over a dipole) - a 
shocking figure compared with the manufacturer's 
claim of 13 + dBd. What was wrong? 

The element lengths and spacing seemed accept- 
able, if not optimum, and the SWR was below 1.5: 1. 
Nevertheless, I finally replacerl the driven dipole with 
a quad-type full-wave loop. The gain improved to 
almost 10 dBd (as measured at the next West Coast 
VHF Conference). 

That led to the next logical step. I set up a back- 
yard antenna range and set out to design a good 432- 
MHz cubical quad. After many frustrating hours, I 
decided I couldn't come up with a combination of 
element lengths and spacing that would beat the 
hybrid quad-driven Yagi at 432 MHz. Up to four ele- 
ments, the quads were competitive, but beyond that 
the quad-driven Yagi was better. 

Note that I said I couldn't d~esign a quad that would 
beat the hybrid. A mere 4-element quad was superior 
to the original I I-element Yagi with its "stock" driv- 
en element on 423 MHz, even though the quad was 
less than half the Yagi's lengtlrl! 

Finally, of course, I gave up on the quad and set 
out to optimize the quad-dr~~ven Yagi. Many hours 
and many designs later, the design that has come to 
be known as the Quagi emerged. Since the original 
publication of that design,6,7 the Ouagi has been 
duplicated all over the worlcl, with the design pub- 
lished in Amateur journals in such diverse countries 
as the Soviet Union, South Africa, and India! 

A t  about the same time, a Danish scientist working 
in an anechoic chamber also observed the phenome- 
non that led to the Quagi antenna. He was working 
with antennas that combinetl loop driven elements 
and reflectors with three types of parasitic directors 
- loops, Yagi-type rods, and flat plates.8 He 
reported that for long-boom arrays (over two wave- 
lengths), the loops were the /'east effective directors, 
although the difference was never greater than 1 dB. 

free d B? 
When the Quagi design was published, many 

Amateurs assumed its main advantage was a "free" 
2 dB of extra "loop gain," and that the gain of any 
Yagi could be improved 2 dB by replacing the driven 
element with a full-wave loop. This is not the case, 
unless the original dipole is le:;s than adequate. 

For instance, while the gain of the 432-MHz Yagi 
previously mentioned increases dramatically when 
the dipole is replaced by a loop, the same is not true 
of the 144-MHz version of that antenna. Replacing 
the two-meter model's dipole with a loop results in 
almost no change in gain. A t  that frequency, it would 
appear the gamma-matched dipole is still a reason- 
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'OTE THE TOP CURVES ON FIGlA AN0 FIGIBARE Y'GlS AT GREATER HEIGHTS THAN THE REFERENCE 
ANTENNA, INCLUDED FOR GENERAL INFORMATION 
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fig. 1. Relative gain measurements for 20, 15, and 10 meters. (A) shows 20 meters, (6) 15 meters, and IC) 10 meters. The top 
curves on 20 and 15 meters are for a Yagi which is at a greater height than the reference antenna. They were included only for 
general information, not for direct comparison. 

ably efficient driven element. Nor does the Quagi's 
driven loop automatically ensure it 2 dB more gain 
than similar-size Yagis that have solved the feed 
problem in other ways. At 432 MHz, two of the 15- 
element Quagi's toughest competitors in antenna 
gain competitions are the KLM 16-element log-peri- 
odic-driven Yagi, and the F9FT 21 -element array, 
which has a large oval-shaped folded dipole some- 
times called a "flattened quad." What the vhf Quagi 
offers is the gain of a long-boom Yagi with an effi- 
cient driven element that can be easily duplicated 
using tools and materials readily available to Ama- 
teurs. It does not offer 2 "free" dB. 

When most Radio Amateurs, and some commer- 
cia1 antenna builders, set out to build a conventional 
Yagi for uhf, the result may well be disappointing. 
Anyone who has attended a few antenna gain meas- 
uring sessions at vhf conferences has seen seemingly 

well-built 432-MHz Yagis rneasure very low gains, 
despite all indications that they should work well 
( i e . ,  good SWR, good E- and H-plane patterns, and 
so forth). 

A t  1296 MHz, building an efficient Yagi is even 
more difficult, and no comrriercial manufacturer cur- 
rently attempts to do so for the Amateur market. But 
there is a commercial "loop-Yagi" available, an 
effective antenna of quad-type full-wave loops. For 
whatever reasons, quads seem to retain near-high- 
frequency efficiencies at hi~gher frequencies than do 
conventional Yagis. 

Nevertheless, in previou!; comparisons of quads 
and Yagis, much has been made of the results of uhf 
modeling, with authors sonietimes citing the sophis- 
tication of their antenna ranges as evidence of the 
validity of their results. Now no one would question 
the principle of uhf modeling for designing antennas. 
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All of my antennas were experimentally optimized 
that way. One can derive good element spacings and 
lengths, and scale those values to lower frequencies, 
as long as frequency-related variables such as chang- 
ing length-to-diameter ratios are not overlooked. 

However, quad-versus-Yagi studies are a little dif- 
ferent. Here someone is generalizing about the com- 
parative performance of two different antennas at 
high frequencies on the basis of the comparative per- 
formance of uhf models of those antennas. 

You can not consider it good engineering practice 
to compare two power transistors, for instance, at 
one frequency and then generalize about their rela- 
tive performance at another frequency an order of 
magnitude removed. But our assumptions about 
quads and Yagis have been based largely on just 
such extrapolations! Those assumptions would be 
valid if quads and Yagis were equally efficient at high 
frequency and uhf (or declined in efficiency at the 
same rates). However, with antennas that exist in the 
real world, as with other rf-handling components, 

there may well be frequency-related variations in effi- 
ciency. 

All one can really say, after a series of uhf experi- 
ments comparing quads and Yagis, is something like 
this: "These particular quads, outperform these par- 
ticular Yagis (or vice versa) in this frequency range." 
The fact that uhf modeling (including mine) tends to 
produce pro-quad results docs not necessarily settle 
the matter on the 10- 15-, and 20-meter bands. 

high frequency experiments 
With these questions about comparative antenna 

data from 400 to 14 MHz in mind, I felt it was time to 
attack the quad-versus-Yagi (question in a new way, 
by actually measuring the gain of quads and Yagis in 
operational high frequency installations. 

Using the measuring techniques described in a 
previous article,g I have rated the gain of several large 
20-, 15-, and 10-meter antenna systems in fig. 1. 
Briefly, the technique involves placing a directional 
reference antenna alongside each antenna to be 
tested (at the same height) and reading the strength 
(in dB) of a nearby signal as received by each anten- 
na. The signal source is a directional antenna of the 
same polarization as the test end reference antennas, 
located at least 40 wavelengths, but not more than 
about 5 km distant. The receiver agc is disabled and 
its audio feeds a Hewlet1:-Packard 400L audio 
voltmeter. 

How do you place a reference antenna beside vari- 
ous antennas that may be 70 or 80 feet in the air? The 
answer, of course, is a self-su~pporting crankup tower 
on a trailer. I just happen to own not one but two 
such monsters; they were built for portable contest 
operating. 

As a reference antenna, I selected a 2-element tri- 
band Yagi (Hy-Gain TH-2) because reference dipoles 
sometimes "see" reflections that can produce mis- 
leading results when a more directional antenna will 
not. All results are relative to the 2-element tribander. 
Its gain was assumed to be 5.0 dBd at its center fre- 
quency on each band. If that gain rating is too high 
(or low), all the other numbers will be incorrect on an 
absolute scale, but correct in relation to each other, 
which is what really matters for our purposes. 

20-meter results 
If the cubical quad antennrr was to look good any- 

where, 14-MHz turned out to be the place. Among 
the antennas I measured was the 6-element quad 
(8 elements on 28 MHz) at WBGHSG. It has a 
14.6-meter (48-foot) boom. Patterned after Land- 
skov's design but with a s,econd reflector (added 
because quad pioneer C. C. Moore advised WBGHSG 
that a second reflector would surely provide more 
coupling, and hence more gain and front-to-back 
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KGNA, which has a 9.1-meter (30-foot) boom and 
uses Lindsay's spacing. K6NA (ex-W6MAR) has long 

I I been concerned about the quad's seemingly poor 

A Belement, log-periodic-style. KLM 20-meter monobander. 
The author's reference tribander is positioned beside the an- 
tenna, which is owned by NGPD. This KLM monobander had 
the highest measured gain of any 20-meter antenna (tested 
at the same height as the reference) over much of the phone 
band, but trailed the larger WBGHSG quad on CW. 

ratio, than another director), the antenna is impres- 
sive in both appearance and performance. 

As fig. 1 shows, this quad outperformed any Yagi 
tested (except a much higher one) over much of the 
20-meter band. (The higher antenna is K6NA's 5-ele- 
ment log-periodic Yagi at 32.3 meters (106 feet). I t  
was included for general information, but not consid- 
ered a part of the study. Note how it compares with 
an identical Yagi owned by N6PD which was at the 
same height as the reference antenna. ) 

I t  should be pointed out that only one Yagi, an 
array surrounded by wires and other towers at 
WGHX, was as big as the quad at WB6HSG. If Lind- 
say's thesis were correct, WB6HSG1s quad would be 
expected to  beat all of these Yagis by at least 2 dB. In 
fact, the 12.2-meter (40-foot) log-periodic Yagi that 
was 21.3 meters (70 feet) high topped the bigger 
quad in much of the phone band. 

Aside from the performance of WB6HSG1s quad 
on 20 meters, these tests consistently produced data 
favoring the Yagi design. In no other case did the 
long-boom quads even equal the gain of comparable 
size Yagis, let along exceed their gain by anything 
like 2 dB. 

An interesting example is the 4-element quad at 

performance. In fact, its apparent mediocrity pro- 
vided inspiration for Landskov's attempt to optimize 
the quad design. This is the quad Landskov specifi- 
cally cited as an example of a poor performer in his 
article. 

After Landskov's research was completed, K6NA 
took the quad down and moved to a new home. 
When put back up, the quad retained the original 
spacing but used Landskov's dimensions for the ele- 
ments (which differ from Lindsay's mainly in that the 
percentage differences between the driven and para- 
sitic elements are greater). For whatever reason, the 
data in fig. 1 show that it still performs poorly. Both 
Landskov's larger quad design (as adapted by 
WB6HSG) and a number of Yagis proved to be sub- 
stantially better than this quad. 

On 20, even my 2-element quad was disappoint- 
ing, comparing unfavorably with the 2-element trap 
tribander (on a 2-meter [6-foot] boom) used as a ref- 
erence! 

15-meter results 
On 15 meters (fig. 1B). the results were much the 

same, except that my 2-element quad squeaked past 
the reference tribander by 0.25 dB across most of the 
band. Neither big quad matched my 5-element Yagi 
on a 10.4-meter (34-foot) boom. A t  one embarras- 
sing point (21.250 MHz), K6NA's 4-element quad fell 
to  within 0.1 dB of the gain of the 2-element trap tri- 
bander. 

Both WB6HSG1s and K6NA's quads appeared to 
be resonant below the bottom of the band. Since 
both were cut to Landskov's dimensions and also 
provided their best SWR at 21.0 MHz, it appears his 
dimensions are too long on this band. WB6HSG has 
since shortened all his 15-meter elements and reports 
a much better SWR and front-to-back ratio in the 
phone band. 

As on 20 meters, K6NA's higher Yagi was tested 
and plotted on 15, but the results are not considered 
comparable. Still, an antenna like that helps to 
explain K6NA's success in contests, doesn't it? 

10-meter results 
On 10 meters (fig. lC) ,  my 2-element quad finally 

behaved like an antenna without traps, topping the 
little tribander by up to 1.5 dB. Nevertheless, fig. 1C 
could not be used to support Lindsay's thesis. The 
top curve is a commercial 5-element Yagi on a 7.9- 
meter (26-foot) boom, little more than half the boom 
length of WB6HSG's big quad. Incidentally, this Yagi 
was measured directly against the big quad. After I 
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compared the quad against the reference tribander, I 
lowered the portable tower and put up the 10-meter 
Yagi. The Yagi had the edge at every point in the 
band where we took a reading (each 100 kHz). 

K6NA's quad was consistently 2 to 2.5 dB down 
from the smaller Yagi. I t  did, however, outperform a 
5-element Yagi at WGHX, but that antenna was 
known to be defective before my measurements, 
perhaps due to driven element problems. For contest 
work W6HX uses another 10-meter Yagi considered 
to be "1 to 2 S-units better," but that antenna could 
not be measured due to logistics problems. 

front-to-back ratios 
Another claim often made for the cubical quad is a 

superior front-to-back ratio. The emphasis in the pre- 
vious tests was on forward gain. We did measure the 
front-to-back ratio of WB6HSGrs long quad on 10 
meters, since he felt it was particularly good on that 
band. I t  varied from 18.2 dB at 28.4 MHz to an excel- 
lent 28.1 dB at 28.8 MHz. For comparison, the 
source antenna for those tests, a Hy-Gain TH-6 tri- 
bander at N6MB, was rotated. Its front-to-back ratio 
varied from 19 to 25 dB across 10 meters. 

While this test did not show the long quad to be 
dramatically superior to a tribander in front-to-back 
ratio, comparing my 2-element quad against the ref- 
erence 2-element tribander did reveal a substantial 
edge for the quad. On all three bands, the quad 
exhibited in excess of 20 dB while the tribander never 
exceeded 14 dB. 

high and low quads 
When this data was first presented at a meeting of 

the Southern California DX Club, two questions were 
raised that led to additional research. First, someone 
pointed out that virtually everything I had done was 
at a height of about 21.3 meters (70 feet). "A quad 

table 1. Test results for different 50-MHz rnonoband quads vs a 5- 
element Yagi. 

gain over 
antenna reference 

4-element long-boom quad, 5.3-meter (17.5-foot) boom - 0.65 dB 

4-elementMachin"optimum"quad,4.5-meter(14.75-foot) boom - 0.85 dB 

5-element quad, Landskov design, 2.7-meter @-foot) boom - 0.90 dB 

3-element quad, 0.21A spacing, 2.5-meter (8.33-foot) boom - 1.05 dB 

4-element quad, Lindsay design, 2.6-meter (8.5-foot) boom -1.55dB 

antenna height - 1.5 wavelengths 

source - 3-element Yagi at various points on a nearby hill, with vertical 
angles ranging from 0 to 9 degrees up from the site 

reference - 5-element Yagi on a 4.3-meter (14-foot) boom, rated at 0 dB 
reference 

relative strength variation from 0 to 9 degrees vertical angle - f 0.3 dB 

relative strength variation when reference and test antennas are placed on 
opposite towers - <O. 15 dB 

really comes into its own is at low heights," someone 
suggested. 

Almost everyone who has written about quads has 
denied that a quad provides ia lower angle of radia- 
tion than a Yagi.10 Neverthel~:!ss, I set up two 21.3- 
meter (70-foot) towers side b y  side near a body of 
salt water (at the Ventura marina) to test the relative 
performance of a quad and a Yagi at high and low 
heights. The over-salt-water site was selected to 
eliminate the possibility of act1.1al ground being so far 
below the earth's surface as 1.0 invalidate the exper- 
iment. 

The result was conclusive; the relative perform- 
ance of the quad and Yagi was exactly the same at 
both 7.6 meters (25 feet) and i~t 21.3 meters (70 feet)! 
This was true on zero-angle line-of-sight signals, 
high-angle "short skip," and on long-haul DX sig- 
nals. There was no height at which the quad's rela- 
tionship to the Yagi changed. The curves rating the 
two antennas could have been derived at any height 
between 7.6 and 21.7 meters (.25 and 70 feet). 

main-lobe centered tests 
The other major question raised by the SCDXC 

members was really twofold: 'I) my results might be 
invalid because I had been testing triband quads 
against monoband Yagis; and 2) my antenna ranges 
were, in effect, "ground-reflection" ranges, but I 
was measuring signals at zero degree angles rather 
than up in the middle of the main lobe. 

To determine if these factors were significant in 
my research, I set up another experiment. I selected 
a cleared construction site where the soil had just 
been leveled, a site on flat lend about 500 meters 
from the foot of a hill. The vertical angle to the hilltop 
was about nine degrees, according to AA6DD's tran- 
sit. Roads traversed the hill at several elevations, per- 
mitting tests at other radiation angles between zero 
and nine degrees. 

I chose 50 MHz for these tests in a tradeoff 
between the desire for results applicable to the high 
frequency spectrum and the! desire to work with 
antennas having manageable dimensions. Since the 
construction methods, element and boom diameters, 
and wire sizes were essentially the same as those 
used at 14 MHz (as a percentage of the respective 
wavelengths), the results here would be expected to 
be similar to those in the upper high frequency 
bands. 

I prevailed upon AA6DD and K6LPF to spend an 
afternoon and evening on the hilltop. Then AA6DD 
spent another day moving up and down the hillside, 
always with a Selement, 50-IVlHz Yagi mounted on 
his car as a signal source. 

These 50-MHz tests were interesting in several 
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Leafless trees give this photo of the antenna farm at WBHX 
an eerie feeling. At  the upper right is the reference tribander 
positioned to match the height of one of the WBHX anten- 
nas for the gain comparisons. 

respects. First, there was virtually no difference 
1+0.3 dB) in the comparative performance of the 
quads and Yagis tested at the various vertical angles 
from zero to nine degrees. In view of what has been 
previously written (and what I found) about the simi- 
larity of the vertical angle produced by quads and 
Yagis at any given height above ground, this result 
would be expected. It indicates that measurements 
can indeed be made with a local signal source (arriv- 
ing at or near zero degrees) to produce results valid 
at higher angles, as long as the test and reference 
antennas are at the same height. 

Perhaps the most interesting thing about the 50- 
MHz tests was the opportunity to compare a variety 
of well-known quad designs in a monoband configu- 
ration with a good 5-element Yagi as an on-site ref- 
erence. 

The results are summarized in table 1. The Lind- 
say and Landskov designs are those described in the 
articles already cited. The Machin "optimum" quad 
is a design recently published with the claim that it 
represents the true optimum spacing for quad 
arrays.11 The Machin spacing is 0.15 X reflector to 
driven element, 0.30X driven to first detector, and 
0.30X driven to second director. The longest 4-ele- 
ment quad is an outgrowth of my 432-MHz experi- 

ments. Its spacing is conventional (about 0.211) 
except between the first and second directors, where 
it is 0.49X! I used Landskov's element dimensions for 
this antenna. The 3-element quad is spaced 0.21X 
and uses Landskov's dimensions. 

In all cases, the element lengths were scaled from 
the original designs by determining the percentage 
differences from the driven elements and then apply- 
ing those percentages to an experimentally derived 
correct length for a 50.1-MHz driven loop. 

50-MHz summary 
In these tests, monoband quads with short booms 

(up to about 0.5 wavelength) did indeed approach 
(but not equal) the gain of a longer Yagi. However, 
increasing the boom length still did not produce any 
quad that equaled the reference Yagi. 

Neither Machin's long-boom quad nor mine deliv- 
ered enough gain to justify its size. For all practical 
purposes, Machin's quad is identical in gain to  the far 
smaller Landskov design, casting doubts on his claim 
that he has discovered the unique optimum design 
for a multi-element quads. 

In fact, for an Amateur who could not accommo- 
date a long-boom Yagi on his real estate, the Lands- 
kov quad design would seem to offer an excellent 
compromise. In this monoband version, it fell only 
0.9 dB short of the 5-element Yagi. For comparison, 
a 20-meter Landskov quad is 9.75 meters (32 feet) 
long, while the Yagi would be 15.85 meters (52 feet) 
long. 

Another good design appears to be the relatively 
wide-spaced 3-element quad shown in table 1. On 
14 MHz it would fit on a 9.1-meter (30-foot) boom; it 
delivers excellent gain for its size and boom length. 

It should be emphasized again, however, that 
these are monoband quads. The high frequency 
study indicated that the same results are difficult to 
attain in multiband configurations. And given the 
mechanical problems inherent in stacking monoband 
quads for several bands (with an acceptable stacking 
distance between the top of one quad and the bot- 
tom of the next higher one), stacked monoband 
Yagis still look pretty good for high performance on a 
variety of high-frequency bands. 

about trap tribanders 
If this field research suggests that long Yagis are 

the most consistent high-performance antennas for 
serious DXers and contest operators, where does 
that leave the thousands of Amateurs who use trap 
tribanders? How good are these multiband Yagis? 

To find out, I set up two manufacturers' top-of- 
the-line tribanders side by side. Using the same test 
procedures as in the other high-frequency experi- 
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ments, I ran gain curves on the two big tribanders. only 1.4 dB better than the reference TH-2, which 
Then I replaced one tribander with the original refer- was tuned much lower in the band! In fact, except 
ence TH-2 and repeated the experiment so the gain for a couple of instances, the big tribanders exhibited 
of the two big tribanders could be plotted on the very little gain above the two-element reference tri- 
same chart as the other antennas tested. bander! And both tribanders were markedly inferior 

Perhaps the most notable conclusion, and the to the monoband antennas, even in that very narrow 
least controversial, was that these big tribanders sac- range of frequencies where the tribanders hit their 
rifice bandwidth for multiband coverage. Both were peak performance on each band. 
adjusted for phone band operation, using the fac- None of this is new or surprising information, of 
tory-specified dimensions, and both exhibited drastic course. But a look at the antenna gain charts could 
gain fall-off in the CW bands. provide a dramatic illustration of the compromises 

The results of the comparison produced no clear- involved in trap tribanders! If your goal is to keep in 
cut answer for the Amateur who asks, "Which touch with friends and do some casual DXing, a tri- 
should I buy?" Tribander number 1 was much better bander is fine. But if you want a first-rate signal, a 
on 20 meters, but slightly inferior on 15 and very trap tribander isn't the answer! 
inferior on 10. The poor showing on 10 can be 
explained in part by the owner's choice of the "high conclusions 
phone" length settings, but even at 29.4 MHz it was These field experiments are by no means the last 

Another source of big signals, NGNA (ex-WGMARI. At the left is the stack of Yagis which look as good on the gain plots as they 
do in the air. Them- and 15-meter Yagis are considerably higher than the reference tribander, rendering the gain figures on these 
big beams invalid for comparison purposes. In the center is the4-element quad, a source of much head scratching because of its 
questionable performance. 

r i b -  
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ones I'll undertake to  compare working quads and particularly their driven-element configuration. This 
Yagis on the high-frequency bands. Any judgement creates difficulties that must be accounted for if you 
at this point is necessarily tentative, subject to revi- wish to generalize about the relative performance of 
sion as more data is produced, but the following con- the two antennas at the high frequencies on the basis 
clusions are justified: of uhf modeling. 

1. Cubical quads do not "come into their own" at 3. While it may be possible to design a high-fre- 
low heights. A t  any given height, the vertical angle of 

quency cubical quad with a long boom that will out- 
radiation of quads and Yagis is virtually identical. The 

perform a similar size Yagi by 2 dB as Lindsay sug- 
old idea that quads are better low-height performers 

gested, no quad I tested approached that level of 
than Yagis should be recognized as the myth that 

performance. In few cases did a quad of more than 
it is. 

two elements even equal a comparable-size Yagi. 
2. As the frequency is increased into the uhf The 50-MHz tests illustrate the difficulties of achiev- 

region, the performance of cubical quads and Yagis ing gain increases, when a quad's boom is length- 
may not deteriorate at exactly the same rate, given ened, that equal the gain increases normally found 
the mechanical differences between the two designs, when a Yagi's boom is increased. In fact, the quad 

High and low antennas by the sea. Each antenna is on a trailer-mounted crankup tower beside a salt-water marina, ensuring an 
electrical ground near the surface. Regardless of the height, the relative performance was identical. 
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The enigmatic quad. This 4-element quad at KGNA, because 
of its mediocre performance, inspired Landskov's efforts to 
develop a competitive long quad. Now modified to Land- 
skov's dimensions, it remains so marginal that the refer- 
ence 2-element tribander nearly topped its gain midway 
across 15 meters. Were the reference beam a 3-element trap 
tribander, it would have probably matched or beaten this 
quad across all three bands. 

seems to be at its best in two- and three-element 
designs. 

The data presented here would support a conclu- 
sion not far afield from the assessment of quads ver- 
sus Yagis in Bill Orr's original work on the subject 
some 15 years ago.12 In that first edition, Orr said 
that a 2-element quad was superior to a 2-element 
Yagi, but that larger quads were inferior to compar- 
able-size Yagis. 

In his 1970 edition, Orr qualified that conclusion 
considerably, and his latest antenna book, published 
in 1978.13 says flatly that quads are 2 dB better than 
Yagis. The new work has a "truth table" that simply 
rates the Celement auad at 12 dBd and the 3-ele- 

close to it on any frequency, or to outperform a well- 
designed 3-element quad by 2 dB, for that matter. 

Perhaps there really is a high-frequency cubical 
quad out there somewhere that delivers 2 dB more 
forward gain than a well-designed Yagi of the same 
boom length, a quad that does what Orr, Lindsay, 
and others say a quad will do. Perhaps, but I tested 
quads built to the most popular published dimen- 
sions by respected Radio Amateurs and none of their 
antennas came close to beating a comparable-size 
Yagi by 2 dB. In many instances, even trap tribanders 
were comparable to quads of similar boom lengths, 
with full-size Yagis far better than either! 

To those who still believe in the superiority of the 
quad antenna, I offer a challenge - bring me a high- 
frequency quad of four or more elements that you 
believe outperforms a comparable-length Yagi. I'II 
provide two towers in an open field for the side-by- 
side tests. If your quad really delivers 2 dB more than 
my Yagi, I'II publicly recant the conclusions present- 
ed in this article. 
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rf impedance bridge measurement 
errors and I In addition, you can get a great deal of personal 

satisfaction when your measured data falls right 

corrections 

How to determine 
the effects of 

st ray reactance 
in rf impedance 

measurements and how to 
compensate for them 

The current interest in various commercial and 
homemade impedance-measuring devices which 
measure both the real and imaginary components of 
impedance certainly represents progress toward 
higher-performance antenna systems. To attain the 
level of accuracy that these devices can deliver, how- 
ever, it is necessary to appreciate the sources of error 
than can creep into a test setup and then correct for 
these errors. Unfortunately, few Amateurs seem 
aware of these problems, and consequently they 
accept their bridge readings as gospel. 

Basically, there are two sources of error: those 
external to the measuring device (usually stray capa- 
citance, which will cause any impedance-measuring 
device to read low), and those within the measuring 
device itself. Even the prestigious General Radio 
91611606 family of rf bridges has systematic errors 
which must be corrected for if accurate results are to 
be obtained. I was unpleasantly surprised when I 
finally got around to working out the predictable 
errors in my measurements. 

benefits of bridge corrections 
A user of an impectance-measuring device may 

ask, "Why go to all the trouble of calculating correc- 
tion factors?" First of all, it does not take that much 
additional effort. If you want accurate measure- 
ments, you are going to spend a fair amount of time 
and effort putting together a good test setup; the 
additional time and effort to punch numbers into a 
calculator is minor. 

where the textbooks say it should. When this hap- 
pens to me, I feel as though I really understand what- 
ever I am working on ancl am really the master of it. 
This feeling of accomplishment is probably why I 
experiment in the first place - that and curiosity. 
Finally, when you are sure of your measurements 
and then get unexpected results, you can explore the 
device with a lot more confidence. 

In the material.that follows, I will discuss in detail 
the error caused by stray capacitance and give a cal- 
culator program to correct this error. I will briefly dis- 
cuss instrumentation erro~rs and give a procedure for 
calibrating a measuring instrument; discussions of 
calibration will necessarily be in oudine form since 
the many types of instruments in general use will 
each require slightly different calibration procedures. 

stray capacitance errors 
The effect of any stray reactance, either capacitive 

or inductive, shunted acrcjss an impedance is to low- 
er the apparent value of that impedance. Consider 
the impedance Zx = Rx-1-jX, in f i g .  1 with a reac- 
tance jX, shunted across it. In the discussion that 
follows, I will assume that all reactances are induc- 

fig. 1. Diagram showing the stray reactance f Xa shunted 
across an unknown impedan~ce Z ,  = R, ?r jX,. The text pre- 
sents equations for cornpens;eting for the effects of * X,. 

tive (positive), as this siniplifies the problem of alge- 
braic signs. When a conclusion is reached, I will 
explain the changes, actually very minor, which are 
necessary for negative reactances. 

In f i g .  1 ,  R, and X, are the real and imaginary 
parts of the unknown inr~pedance. The shunt reac- 
tance is represented by jx, and is presumably 
known, or at least estirriated. The resulting impe- 
dance formed by z,I IjX,, (the parallel bars I I should 

By John J. Nagle, K4KJ1, 12330 Lawyers Road, 
Herndon, Virginia 22070 
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be read "in parallel with") is given mathematically by 
the well-known "the product divided by the sum" 
rule: 

After rationalizing the denominator by multiplying 
both numerator and denominator by the conjugate of 
the denominator, the separation of the results into 
real and imaginary parts followed by equating the 
real and imaginary parts gives 

In actual practice, R, and X, will be read from the 
bridge, so will be known. The stray reactance will 
also be known, or at least estimated. R, and X, are 
the unknown quantities. It will therefore be desirable 
to solve eqs. 1 and 2 for R, and X,. The algebra is 
rather involved, so I will just give the results: 

If the stray reactance is capacitive, Xu will be 
negative, so that a negative sign should be used in 
the above equations with Xu; the same holds true for 
X,. If there were no stray capacitance, Xu would be 
infinite, so that R, = R ,  and X, = X,. 

Eqs. 3 and 4 do not require great mathematical 
ability to solve, but the algebra is tedious when done 
by hand, even with a pocket calculator. A program 
can be written for a programmable calculator, how- 
ever, that eliminates much of the burden (and many 
chances for mistakes). An HP-25 program to solve 
these equations is shown in fig. 2. 

It will be seen that while the external corrections 
may be minor when working with low-impedance 
networks at low frequencies, the errors increase at 
higher impedances and higher frequencies. The illus- 
trative example given in the HP-25 program shows 
that a correction of about 5 per cent in resistance and 
the correction of the reactance term completely 
changes sign from negative to positive. This example 
is based on an actual measurement I made on an ex- 
perimental balun. If I had tried to correct a negative 
reactance in the balun when the reactance was actu- 
ally positive, i t  is obvious I would have been wasting 
my time! A situation like this can be very misleading. 

Two final comments are in order: First, while shunt 

HP-25 Prcgram 
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fig. 2. H-P25 program for solving the stray reactance effects 
given by eqs. 3and 4. The progralm also calculates the shunt 
reactance for a fixed value of stray capacitance and the vari- 
able parameter, frequency (see ,ST0 0 and steps 3, 4, 5, and 
6). Note that the sign ST0 0 mu~st be negative because the 
stray reactance is capacitive. B,efore running the program 
store - 2rC, 10-6in S T 0  0 and in 1 in ST0  1. To run pro- 
gram, key in R ,  (ohms), press ENTER, key in frequency 
(MHz), press ENTER, key in X, (ohms with proper sign), and 
press R/S. Calculator displays R, at step 21, and X, at step 
31. 

reactance has been portrayed as a source of error, 
the same shunting effect can also be used to advan- 
tage to measure an equivalent series impedance that 
is above the range of the bridge. The unknown impe- 
dance is shunted down by placing a reactance, usu- 
ally capacitive, in parallel with it. The unknown impe- 
dance is then calculated by eqs. 3 and 4, preferably 
using the calculator program. Capacitors between 35 
and 200 pF are usually satisliactory; the value should 
be no larger than necessary to bring the unknown im- 
pedance within range of the bridge. 

The second comment is that eqs. 3 and 4 should 
be used only with impedance-measuring devices 
which measure unknown inripedance in terms of its 
series equivalent impedance; i. e., Zx = R, f jX,. If 
the measuring device gives results in terms of admit- 
tance, as does the GR-821, or as parallel resistance 
and reactance, as does title Hewlett-Packard RX 
meter, eqs. 3 and 4 are not applicable. 

instrumentation errors 
The shunt reactance error discussed above is ex- 
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ternal to and independent of the impedance-meas- 
uring device. This error will occur whether you use a 
laboratory-type instrument costing several thousand 
dollars or a homemade device, built with parts from 
the station junkbox. 

I will now discuss in a very general way errors that 
occur within the measuring instrument itself. The 
GR-916/1606 instruments will be used as a vehicle, 
but I will try to present the material in a manner that 
makes i t  applicable to any similar instrument, com- 
mercial or homemade. 

All impedance-measuring devices (that I am aware 
of) have internal errors, especially at the extreme 
ends of their frequency or impedance ranges. The 
sources of these errors can be very subtle. For exam- 
ple, in the GR-91611606 family, the principal error at 
high frequencies is caused by the changing effective 
series inductance of the RESISTANCE capacitor; i.e., 
the variable capacitor connected to the resistance 
dial. This inductance causes the effective capaci- 
tance to increase as the frequency increases, thereby 
causing the resistance dial reading for a given resis- 
tance value to read low. For the GR-916, this error 
alone can be as large as 30 per cent at 60 MHz and 
100 ohms, for a typical instrument. 

At the low-frequency end, the dielectric loss in the 
REACTANCE capacitor causes an effective series 
resistance that increases with higher REACTANCE 
dial settings and low frequencies, again causing the 
resistance dial to read low under some conditions. 

Both these errors are predictable, systematic 
errors which exist in addition to  any random, 
unknown errors caused by manufacturing variations 
or operator error. Graphs for correcting both types of 
errors in the GR-91611606 are given in the instruction 
manuals and should be used if you want good accu- 
racy. In addition, an equation for correcting the high- 
frequency error in a typical instrument is provided 
along with a procedure for obtaining the fudge factor 
for any particular instrument. I have programmed 
this equation on an HP-25 pocket calculator, but am 
not including the program here because of its limited 
interest. However, I will be glad to provide a copy to 
interested readers on receipt of a large, self- 
addressed, stamped envelope. 

I feel certain that all impedance-measuring instru- 
ments have some systematic error. Just because the 
instruction manual for an instrument does not men- 
tion internal errors does not mean that there are 
none; it just means either that the manufacturer did 
not know how to determine it or he could not afford 
to work it out for the price at which he is selling the 
instrument. Actually, working out the instrument 
correction factors is not too difficult - and it is abso- 
lutely essential if you want to obtain accurate meas- 
urements. 

In calibrating an impedance-measuring instru- 
ment, the most important item is a known value of 
impedance. For this, I use a Ilewlett-Packard 906-A 
50-ohm termination. This termination is an accurate 
%-ohm resistor with negligible reactance well into 
the GHz region. This model uses a type-N connector; 
the cost is in the $25-30 range. Though this may 
seem expensive for a 1 -watt resistor, the cost is small 
compared with what you already have invested in a 
commercial bridge. If your bridge is homemade, you 
may need a precision 50-ohm resistor more than you 
realize! 

A second reason for using this type of calibrated 
load is that since the load has negligible reactance 
itself, you can accurately determine the stray reac- 
tance which must be knowl-I before accurate test 
data can be obtained. 

If you want to avoid the expense of a laboratory- 
type termination, I suggest the use of the RN-55 fam- 
ily of Mil-spec resistors. These seem to have the low- 
est reactance of any family I have tried. They also 
have the advantage of being available in values other 
than 50 ohms. 

The calibration procedure for a typical instrument 
is very simple; although it does not apply to the 
GR-916, it can be used with a GR-1606. Measure the 
impedance of the termination at various frequencies 
through your range of interest. Since it is necessary 
to know precisely the resistance and reactance pre- 
sented to the bridge terminals, it is necessary to 
make corrections using eqs. 1 and 2. To do this, you 
must estimate the shunt capacitance, and this is 
where a reactance-free load comes in handy. Use eq. 
2 first; assume values of X, corresponding to shunt 
capacitances of, say, 1,2, 3 .  . . pF, etc. at your high- 
est test frequency. Set R, =:: 50 ohms or whatever 
resistance value you are using, X ,  = 0, and calcu- 
late the values of X, for each capacitance. Compare 
these values of X, with the X, you measure, and 
when your calculated values of X ,  have bracketed 
the measured values of X,, you have also bracketed 
the actual value of C,. Now back up, say, 0.5 pF, and 
determine C, as accurately as you wish. Remember 
that since X, is capacitive, a negative sign should be 
used in all of the correction ecluations. 

When you accurately know Xu, solve eq. 1 to cal- 
culate the resistive compone~rit of impedance appear- 
ing at your bridge terminals at each frequency; com- 
pare these against the measured resistance of the 
load and determine the co~rrection factor for your 
instrument at each frequency. These corrections can 
then be plotted. 

One difficulty in using a chart is that a chart cannot 
be programmed into a computer. It would be con- 
venient to determine the equation of the correction 
curve so that it could be programmed into a calcula- 
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fig. 3. Photograph of K4KJ's test setup for calibrating a GR-916 rf impedance bridge using a precision 50-ohm termination. 

tor. It should be possible to do this and those inter- use of a reactance-free termination to determine the 
ested may refer to a textbook on the subject.' Thus shunt capacitance and show how this capacitance 
both the bridge correction and the shunt reactance can differ from the measured value. 
correction can be worked out in one calculation. I was in the process of calibrating my GR-916 using 

The advantage of having a reactance-free resis- an H-P 50-ohm termination. A photograph of my set- 
tance can be seen. Your impedance-measuring up is shown in fig. 3. The stray capacitance to 
device can only measure the reactance across its ter- ground of the test lead and type-N coax connector 
minals; it cannot distinguish between stray reactance measured 2.95 pF using a GR-821 admittance bridge. 
or a reactive component in the unknown impedance. At  54 MHz the impedance of the 50-ohm termina- 

A note of caution concerning the order in which tion measured 40.3j3.333 ohms on the GR-916 
the corrections are made: when measuring an 
unknown impedance, the usual application, the 
bridge correction must be calculated first. Eqs. 3 and 
4, which are used to calculate the stray capacitance 
correction, assume that the measured values are 
accurately known. On the other hand, when calibrat- 
ing the bridge using a known value of resistance, the 
stray capacitance correction must usually be made 
first because you are trying to determine the actual 
impedance across the bridge terminals. The GR-916 
appears to be an exception; I do not know why. 

examples 
At this point some examples should help clear up 

the details. The first example will demonstrate the 

bridge. For a high quality termination, this appears 
way off, but let's correct it. Start with eq. 2. Set 
R, = 50 ohms; assuming the stray capacitance to be 
2.95 pF as measured, then at 54 MHz, X, will equal 
-990 .894  o h m s .  S o l v i n g  eq.  2 g i v e s  
X, = - 2.49603 as compared with - 3.3333 ohms 
measured. Hence the stray capacitance must be 
more than 2.95 pF. 

Next try, say, C ,  = 4 . 0  pF,  and calculate 
X, = - 3 . 3 7 7 4  ohms, again compared wi th  
X, = - 3.3333 ohms measured. Back up a little and 
let C. = 3.95 pF and calculate X, = - 3.3355, 
which is very close. Since the test fixture measured 
2.95 pF, the stray capacitance in the bridge must 
be 1 pF. 
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Assuming the stray capacitance is 3.95 pF, it is 
interesting to calculate the equivalent impedance 
looking into fig. 1. Use eqs. 1 and 2 and obtain 
R ,  = 49.776 o h m .  The difference between this 
value and the 40.3 ohms measured by the bridge is 
the bridge error. The reason why the shunting effect 
is so small is that the shunt capacitance and resis- 
tance level are both relatively low. 

I am not going to pursue this example further 
because the remainder is unique to the GR-916 and 
would have relatively limited interest, but I did want 
to demonstrate the value of having a high quality ter- 
mination and how to use it in estimating stray capac- 
itance. 

My  second example should be of special interest to 
users of baluns, particularly WPAU balun users. In 
this case I was measuring the input impedance of a 
W2AU 1:l balun at the unbalanced end with various 
values of resistance connected across the balanced 

table 1. Measured performance of a W U  1:l balun with various 
values of load resistance across the balanced terminals. 

load original with bridge 
resistance bridge with bridge and capacitance 

ohms reading corrections only corrections 

54.0 70 -j14.00 74.64- ~14.00 76.56 - 17.34 
68.0 56 - j22.07 59.61 - 122.07 62.53 - j18.12 
102.9 47.1 - j43.33 50.09 - 143.33 55.45 - 142.20 
201 .0 25-j54.17 26.52- j54.17 30.26 - 156.88 

terminals. Table 1 gives the uncorrected bridge read- 
ings, the impedance with bridge corrections only, 
and finally bridge and stray capacitance corrections. 
A photograph of this test setup is shown in fig. 4. 

The stray capacitance of the test fixture with a 
type-UHF connector and a male-to-male adapter 
measured at 5.3pF; adding 1 pF for the bridge capac- 
itance gives 6.3 pF. I am giving only the %MHz 
measurements. 

Comparing the original bridge reading with the 
fullv corrected data shows as much as 10 per cent 
correction, approximately equally divided between 
instrumentation and stray capacitance effects. 

Comparison of the load resistance and final data 
columns will be of interest to those using 1:l baluns. 
I t  shows the necessity of matching the balun impe- 
dance to that of the load and transmission line. This 
is a need that is just beginning to be recognized. I 
believe this data is typical of ferrite-rod baluns, but 
that's another story. 

conclusion 
Impedance-measuring devices can be very useful 

for matching antennas as well as in many other appli- 
cations around the ham shack. Their results, how- 
ever, must be treated with caution because even the 
best instruments and test setups are subject to 
errors. The most predictable source of error caused 
by the test setup is stray capacitance; this effect can 
only be minimized, not eliminated. Equations have 
been presented for calculating the true impedance in 
the presence of stray capacitance. Possible instru- 
ment errors have been discussed in a general way, 
and a possible method described for correcting these 
errors as well. 

The program for computing the true impedance in 
the presence of stray capacitance on an H-P 25 pro- 
grammable calculator is probably usable on other 
H-P calculators, although the keystroke numbers 
may be different. I do not have programs for calcula- 
tors of other manufacturers. 

reference 
1. C. R. Wylie, Jr., Advanced Engineering Merhematics, second edition, 

fig. 4. Photograph of K4KJ's test setup for measuring the in- McGraw-Hill. New York. 1960. Chapter 5. "Finite Differences." pages 

put impedance of a W2AU 1:l balun with various resistance 130-193. 

values across the balanced terminals. ham radio 
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THSDX 
10-15-20 METERS 

We are proud to Introduce the newest member of our famous Thunderblrd llne of Trl-Band antennas. The 
THSDX offers outstanding performance on 20.15, and 10 meters. It features 5 elements on an 18 foot boom, 
with 3 active elements on 15 and 20 meters and 4 active elements on 10 meters. The THSDX also features 
separate air-dielectric Hy-Q traps for each band. This allows the TH5DX to be set for the maximum FIB ratio 
and the minimum beam width possible for a Tri-Band antenna of this size. Also standard on this antenna are 
Hy-Gain's unique Beta-match, rugged Boom-to-mast bracket, taper-swaged elementsand improved element 
compression clamps. 

.................. Boom length .18 feet 
.............. Longest Element .31 feet 
.............. Turning Radius.. .18 feet 

.............. Surface Area .6.4 sq. feet 
.................... Wind load .I64 Ibs. 

...................... Weight.. .50 ibs. 

..... VSWR at resonance less than 1.5:l 
.......... Power Input Maximum Legal 

........... Input Impedance.. 50 ohms 
......... -3dB Beamwidth. .66O average 

....... Lightning Protection DC ground 
................ Forward Gain.. 8.5 dB 

............ Front-to-Back Ratio 25 dB 

20 Meter 15 Meter 10 Meter 

NOTE: These are original Polar Charts on file at 
Hy-Gain Electronics 

e n .  electronics 
OIV1510N OF TELEX COMMUNIWTIONS. INC 

8601 Nailllll..$ll 1(111111.3v fi. LlnCOln Ncnrlcia68505 U S A  
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broadband ref Iectometer 
and power meter 

Construction details 
for a combination 

peak-reading power meter 
and broadband SWR bridge 

The reflectorneter design described in this article 
uses a coupler technique that has not received atten- 
tion in the Amateur literature worthy of its versatility, 
simplicity, and useful characteristics. Apart from 
being easy to construct, this design covers a three- 
decade frequency range, from 100 kHz to 100 MHz, 
and can be constructed with a power sensitivity as 
low as 500 mW or as high as 500 watts. 

The problem with most high-frequency reflectom- 
eter designs, in the experience of the authors, is that 
they generally cover only a frequency range of a 
decade or less - usually 3 to 30 MHz. Many are 
quoted as covering well into the vhf range (usually to 
150 MHz), but, in practice, they suffer from rather 
extreme errors in accuracy due to construction dis- 
continuities as well as from large sensitivity excur- 
sions across the range. 

The predominant technique employed in most 
published Amateur designs, and in many commercial 
designs, is to have one or more secondary "coup- 
ling" lines inserted into a short length of coaxial 
transmission line. The well-known Monimatch uses 
this principle. Two insulated wires are simply slipped 
under the braid of a short length of coax to form 

by Roger Harrison, VK2ZTB, and Phil Wait, 
VKZZZQ. Mr. Harrison's address is 14 Rosebery 
Street, Balmain, 2041, NSW, Australia. Mr. Wait 
can be reached at 6 Church Street, Balrnain, 
2041, NSW, Australia. 
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coupling lines which sense the forward and reflected 
components of standing waves on the transmission 
line. 

A similar method, popularly used in commercial 
designs, is to construct a section of coaxial transmis- 
sion line from a sheet metal trough with two short 
coupling lines supported parallel to the center con- 
ductor. 

Apart from construction discontinuities, the tech- 
nique suffers from two serious drawbacks. The coup- 
ling coefficient of the secondary lines varies with 
frequency, being least at the low frequencies and 
rapidly increasing as the length of the coupling lines 
becomes a significant fraction of a wavelength. 
Secondly, the technique suffers from ever-decreas- 
ing accuracy at the higher frequencies for similar 
reasons, and poor sensitivity at the lower frequencies 
reduces the accuracy at low standing-wave ratios. 

Properly engineered and constructed, reflectom- 
eters using this technique can have excellent charac- 
teristics and accuracy across a bandwidth of as much 
as several octaves. Getting them to  perform consis- 
tently across a decade or more is tantamount to  
magic - you rapidly run into the law of diminishing 
returns. 

design points 
Although the technique employed in the coupler of 

this reflectometer has been around for a number of 
years, it has received inadequate attention in the 
literature. The basic requirement for a reflectometer 
is that it generates two voltages which are propor- 
tional to  the forward and reflected voltages or 
currents existing in the transmission line under meas- 
urement. Techniques employed to fulfill this require- 
ment use either voltage or current deflectors coupled 
to the transmission line to produce two out-of-phase 
signals, since the forward and reflected components 
on the transmission line are 180 degrees out of 
phase. 

This reflectometer employs a current transformer 
constructed as follows. A short length of coaxial 
cable is passed through a ferrite toroid forming the 
primary. The braid, or outer conductor of the coax, is 

connected to form an electrostatic shield. The secon- 
dary consists of a winding around the circumference 
of the toroid which couples to the magnetic compo- 
nent of the leakage field of the short length of coax 
cable. 

The load on the current transformer secondary is 
center-tapped so that out-of-phase signals appear at 
each end of the secondary. The load center-tap is 
returned to a voltage divider which samples the rf 
signal on the transmission line to perform the addi- 
tion and subtraction across the load, yielding the for- 
ward and reflected components. 

From this, the SWR may be computed from the 
following equation: 

where 

EJ = forward voltage components 
Er = reflected voltage components 

Although a current transformer is employed, for 

fig. 1. Schematic diagram of the broadband reflectometer 
and power meter. A specially configured switch was used 
for S1 (CBK type R111: otherwise a double-pole, triple- 
throw switch will be necessary. The meter has a basic scale 
of 50 ,A, with an internal resistance of 2000 ohms. The sensi- 
tivity pot (RE) should have a logarithmic taper. Transformer 
T1 is wound with 40 turns of number 35 AWG 10.14 mm) en- 
ameled wire over a Neosid type 28-511-31.F14 material toroi- 
dal core (initial permeability of 2201. The measurements 
(outside diameter, inside diameter, thickness) of this toroid 
are 12.7 x 6.35 x 3.18 mm 10.5 x 0.25 x 0.125 inch). I t  is 
available from Neosid Limited, 10 Vansco Road. Toronto. 
Ontario. M8Z 554. Canada. C2 is a small mica compression 
trimmer. 
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G R M O  

TO SIB 

fig. 2. Printed circuit board layout (above) and parts place- 
ment diagram [below) for the reflectometer and power 
meter. Note: In this project the components are mounted 
on the foil side of the circuit board. 

convenience the detected components are presented 
as voltages. 

circuit description 
The secondary of the current transformer drives a 

center-tapped resistive load (R2, R3) connected to a 
voltage-sampling network (C1-C2/C3) across the rf 
input such that sum a d  difference voltages will 
appear across the ends of the transformer (see fig. 
1). The two diodes, CR1 and CR2, rectify the sum 
and difference voltages, with rf and audio bypassing 
being provided by C4 and C5. A dc return for the 
diodes is provided by RFC1. 

Power measurement is made by rectifying a por- 
tion of the rf voltage tapped off the line by the resis- 
tive divider, R5, R6. CR3 and C6 form a peak detec- 

the line to sample the rf for the current transformer 
load. At  low powers, however, the low-resistance dc 
return of RFC1 provides better sensitivity. 

The power rating is limited principally by the volt- 
age breakdown characteristics of the coax line 
through T l .  Standing-wave ratios greater than 3:1 
generate substantial voltages across the transmission 
line, and any high-power operation with high SWR 
values should take this into account. 

The sensitivity bandwidth is limited by the permea- 
bility of the toroid and the number of turns on the 
secondary winding. If this reflectometer is construct- 
ed for use at higher power levels, the sensitivity 
bandwidth is considerably improved. 

Construction is very straightforward. The printed 
circuit board design shown in fig. 2A is recom- 
mended; otherwise, variations in construction may 
affect performance, particularly at the higher fre- 
quencies. As can be seen from fig. 28, the compo- 
nents are mounted on the copper side of the board. 
Once all the components are soldered into position, 
the board is attached to the coax sockets and mount- 
ing bolts. 

The toroid current transformer's secondary should 
be wound first. Following that, the coax primary 
should be assembled. Cut a 45-mm (1-314 inch) 
length of RG-58/U (single shielded), stripping back 
the braid and insulation as illustrated in fig. 3. Refer 
also to the component overlay and photographs. 
This operation is not all that critical, but it is advisable 
to follow the diagrams. Slip the toroid over the short 
length of coax and solder the coax and T I  leads to 
the printed circuit board as illustrated in fig. 2. Posi- 
tion the toroid centrally and attach it to the coax and 
board with a small amount of pliable rubber cement. 
Follow this by mounting all the other components. 

tor* as the load, R7 and the meter, is very light' CR4 View of the printed circuit board used in the reflectometer 
and CR5 provide protection for the meter. showing all the components and the general construction 

Some published designs use a resistive tap across technique. 
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The printed circuit board is mounted in a metal box 
on which two suitable coax connectors have been 
mounted. The printed circuit board is soldered to the 
center pins prior to securing the assembly with the 
two mounting bolts. To avoid undue stress, which 
can cause problems following assembly, coaxial 
plugs (assembled with cables) should be inserted into 
the two coax sockets when soldering the board to 
the center pins. Make sure that a good fillet of solder 
secures the pins to the printed circuit board IN and 
OUT pads. 

The board is mechanically secured by two mount- 
ing bolts (shown in fig. 2 and the photos). A nut is 
placed under the board on each mounting bolt and a 

.second on top of the board. This also serves to 
ground the board groundplane. Solder the top nuts. 

The drawings show mountings for two SO239 
sockets, although any of the other popular series of 
connectors may be used. However, center-to-center 
spacing of the sockets should be maintained at 60 
mm (2-318 inches). The reflectometer was mounted 
in a 100 x 75 x 50 mm (4 x 3 x 2 inch) aluminum box. 
The meter used has a 50 x 50 mm (2 x 2 inch) face, 
but a larger unit, offering better accuracy, may be 
used, although this would necessitate a larger box. 

calibration 
A suitable rf source, a dummy load, and an rf volt- 

meter or an accurate rf power meter will be required 
for calibration. 

SWR Scale. The instrument is connected between 
the rf source and the dummy load, the rf to the IN 
socket and the dummy load to the OUT socket. The 
sensitivity control should be set fully counterclock- 
wise. The switch should be set to read forward 
power. 

With the rf source on, rotate the sensitivity control 
clockwise until the meter reads full scale. Now, 
switch to read reverse power; adjust the trimmer, C2, 
to obtain minimum meter reading, increasing the 
sensitivity as the meter reading decreases. You 
should be able to reduce the meter reading to zero or 
verv near. 

fig. 3. Dimensions for the section RG-58 of coaxial cable 
used as the primary of the transformer. 

Once this operation is completed, the reflectom- 
eter section is calibrated. The photo shows the cali- 
brated meter scale we attached to the meter face. 

Any meter scale can be calibrated by using table 1 
or the SWR equation. 

table 1. Meter readings to calibrate the new SWR scale. 

SWR scale reading 
3.0:l 0.5 full scale 
2.5:l 0.42 full scale 
2.0:l 0.34 full scale 
.5:1 O.Zfull scale 
1.2:l 0.1 fullscale 
1.1:l 0.005 full scale 

Power. Fig. 1 shows a divider network which sam- 
ples the rf voltage on the transmission line. The lower 
divider resistor is shown as a trimpot. A deposited- 
carbon type was used, but a fixed resistor may be 
substituted. The trimpot was set so that the full-scale 
meter reading corresponds to a particular peak pow- 
er measured by another method (a borrowed power 
meter or rf voltmeter across the dummy load). 

R6 values for particular full-scale power readings 
are given in table 2. The power scale should be cali- 
brated to suit the individual instrument, as it will be 
nonlinear, the nonlinearity depending on the particu- 
lar diode used for CR3. 

tabla2. Resistance value for R6 to  change 
full-scale power reading. 

peak power 
watts 

500 
200 
100 
50 
20 
10 
5 
3 

R6 value 

6.8 ohms 
two 33 ohms in parallel 
33 ohms 
68 ohms 
two 330 ohms in parallel 
330 ohms 
680 ohms 
1 k and 100 ohms in series 
(linearity suffers1 
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performance 

The current transformer response is essentially 
aperiodic, with the - 6 dB points (compared with 
midband) from 200 kHz to 40 MHz (see fig. 41. This 
unit has a midband full-scale sensitivity of 500 mW 
(sensitivity control at maximum). At 50 MHz less 
than 5 watts is required to carry out measurements, 
even with low SWR values. 

The inherent impedance of the unit was measured 
using a 5-watt TEK dummy load and a Hewlett-Pack- 
ard vector impedance voltmeter. The results are illus- 
trated in fig. 5. The impedance discontinuities dis- 
played are well within the accuracy limitations of the 
meter movement. The real (or resistive) component 
of the reflectometer's impedance is within 5 per cent 
of the nominal 50 ohms - most of this variance 
probably is due to connector and construction dis- 
continuities. 

The variation in the real part of the impedance is 
within + 1 ohm across the frequency range and can 
be essentially ignored. The reactive component is 
negligible up to 30 MHz, at which point it begins to 
become slightly capacitive. This is largely immaterial. 
The overall impedance decreases rapidly above 
100 MHz. 

The short length of coax through T I  is "short" 
compared with the wavelength at 100 MHz, and it is 
physical discontinuities that contribute to the inaccu- 
racies measured, becoming significant around 100 
MHz. The S0239s used aren't constant-impedance 
connectors, and they probably contribute as much as 
construction to the upper-frequency limitation. 

possible modifications 
For higher powers, the sensitivity of the reflectom- 

eter may be varied by one or several of the following 

" .  
FREQUENCY- MHi 

fig. 4. Relative sensitivity of the reflectometer portion of the 
meter. It takas 0.8 watt across 50 ohms to produce a full- 
scale reading at 28 MHz. 

fig. 5. Impedance characteristics of the broadband reflec- 
tometer, as measured with a Hevvlett-Packard vector volt- 
meter while terminated with a %-ohm load. 

methods. For power around 20 to 50 watts, R2 and 
R3 should be reduced to 47 ohms. For powers above 
this, the number of turns on the toroid should be 
reduced. As a guide, twenty turns on T I  with R2 and 
R3 down to 47 ohms should prove adequate for pow- 
ers in excess of 150 watts. 

The basic reflectometer co~rlstruction is so simple 
and inexpensive that several could be built to provide 
remote monitoring of individual antenna installa- 
tions. Protection circuitry for 1:ransceivers and power 
amplifiers may be simply implemented using the 
basic reflectometer circuit driving protection circuitry 
from the outputs of CR1 and CR2. It is possible to 
use the reflectometer for swept VSWR measure- 
ments by using the differential output of CR1 
and CR2. 

Accurate measurement of VSWR values below 2:1 
can be made by driving an expanded-scale differen- 
tial voltmeter circuit as described in reference 2. This 
type of measurement is useful when measuring the 
VSWR performance of an antenna over a narrow 
bandwidth, particularly narrow-band loaded whips 
used for mobile applications. 

The basic sensitivity bandwidth may be shifted up 
in frequency by a decade or more such that it rolls off 
around 1 MHz at the low end and above 50 MHz at 
the high end by using a toroid having a permeability 
of 50 rather than 220. 

references 
1. P.G. Martin. "Frequency Independent Directional Wattmeters," Radio 
Communications, (England), July, 1972. 
2. H.C. Gibson, GBGCA, "Test Equipment for the Radio Amateur," Radio 
Society of Great Britain, London, 1974. 
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new approach to 
at high frequencies I 

A new type 
of sampling bridge 

for measuring power 
and SWR provides 

linear response 
and high directivity 

In the past, VSWR measurements were made main- 
ly to check antenna matching characteristics. There- 
fore, these measurements were performed at fairly 
high levels, with a directivity of 26 dB being suffi- 
cient. The new circuit design in this article provides 
low-level VSWR measurements between 30 watts 
and 30 mW incident or reflected power with a direc- 
tivity of 40 dB. 

applications 
After the introduction of highly linearized transis- 

tors, wideband transformer techniques to cover 1.5 
to 30 MHz became increasingly important. Wideband 
power stages, with exceptionally low intermodula- 
tion distortions, are required in test instruments, 
antenna distribution amplifiers, and ssb transmitters. 
Because there is higher feedback in transistor circuits 
than in vacuum tube designs, the return loss of the 
matching transformer plays an important role. Slight 
matching changes will degrade the intermodulation 
distortion performance. Therefore, it has become 
vital to measure the properties of wideband trans- 

measuring SWR 
formers over a large frequency, power, and directiv- 
ity range. So far, no instrument has become available 
that will easily measure these parameters. 

circuit description 
The initial bridge arrangement for measuring the 

forward and reflected voltisges (power) on a trans- 
mission line was invented i~r )  Germany by Dr. Busch- 
beck more than 30 years a'go (see fig. 1). The obvi- 
ous disadvantage of this circuit is that the two output 
ports have a fairly high impedance and are very sensi- 
tive to loads. Resistive loads below 10 kilohms will 
significantly disturb the dir~ttctivity as well as the fre- 
quency response. This re'quires special diodes for 
high resolution. Also, this type of power meter suf- 

fig. 1. Schematic diagram of a conventional bridge arrange- 
ment for measuring SWR. The load across points A and B, if 
sufficiently low, will significantly affect the directivity as 
well as frequency response. 

fers from the disadvantage that the power reading is 
highly nonlinear and depends very much on the 
mechanical configuration. The other disadvantage 
caused by the high impedance is that there is always 
fairly high cross-talk between both output ports, 
which effectively limits the directivity to about 
26-30 dB . 

In an effort to overcome the rectification nonline- 
arity, a special version of the tunnel diode, called a 

By Ulrich L. Rohde, DJPCR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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"backward diode," was used. Backward diodes* 
have virtually no threshold voltage and exhibit an 
extremely good approximation to a square law char- 
acteristic between a few ctV and several mV. How- 
ever, back diodes used as rectifiers have an extreme- 
ly I'ow impedance and therefore will load the circuit. 

fig. 2. Diagram of a new bridge arrangement that employs 
back diodes and a transformer voltage divider. This configu- 
ration provides wide frequency response and high directiv- 
ity. The transformers are wound on TC9-type ferrite cores. 
This is the circuit used in the Rohde & Schwarz NAUS 80 rf 
power meter. 

Because of this loading effect, an attempt was made 
to use a compensated RC voltage divider, as used in 
oscilloscopes. This was not successful, however, 
since the required flatness of output voltage tracking 
and frequency could not be achieved. 

Analyzing Dr. Buschbeck's circuit, it is obvious 
that the primary limitation is a result of the capacitive 
voltage divider, which, as a side effect, limits the cut- 
off frequency at the lower end of the frequency 
range. To overcome this limitation, a transformer 
was employed as a voltage divider, which led to the 
circuit shown in fig. 2. 

The advantage of fig. 2 is that both outputs are 
now terminated in 50 ohms, providing the necessary 
low impedance for the back diode rectifier. The 
inductive voltage divider provides a significantly flat- 
ter frequency response. In addition, since all impe- 
dances are now 50 ohms, the cross-talk is also 
reduced, allowing directivity of 40 dB. 

This new technique can be used effectively to 
measure the characteristics of wideband transform- 
ers and power amplifiers under actual operating con- 
ditions. Network analyzers presently on the market 
are not capable of measuring at this low frequency 
range and high power level. 

'Another description of the back diode can be found in the Hints and Kinks 
section of BSTfor April. 1978. 
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folded umbrella antenna 

An effective, 
easy-to-build, 

all-band amateur antenna 
based on the principles 

of the folded unipole 
used in the 

broadcast service 

A survey of amateur antennas would probably 
show that 95 per cent of them fall into one of four 
general categories: 

1. Horizontal dipole (including inverted vee) 
2. Vertical (ground mounted and ground plane) 
3. Yagi (multiband and monoband) 
4. Quad (multiband and monoband) 

The folded umbrella falls into none of these groups 
- yet, when you see what it can do you'll wonder, 
"Why not?" This article describes a versatile antenna 
that is: 

1. Broadband on all frequencies, 1.8 through 
30 MHz 
2. Easily tu.ned 
3. Fully effective without ground radials 
4. Without critical dimensions 
5. Simple, inexpensive, and easily erected by 
one man 
6. Space saving 
7. DC grounded 
8. Adaptable to your tower 

I t  seems that most homes lack the space required 
for a 3.5-4 MHz dipole, or for the ground radials 
needed to operate a conventional series-fed vertical 
antenna efficiently. The follded umbrella has evolved 
from the effort to overcome these space problems. 

The first step was to consider an antenna used in 
the commercial-broadcast field and known as a fold- 
ed unipole. Shown in fig. 1, it is a grounded broad- 
cast antenna tower, with steel arms across the top 
which are connected electrically to the tower. Wires 
are connected to the ends of these arms and dropped 
to the bottom, forming a cage around the tower that 
is insulated from the towc:!r at all points except the 
top. The cage wires are tied together at the bottom 
and fed directly at that point with 50-ohm coaxial 
cable. The advantages claimed for this antenna are 
as follows: 

1. Broadband perforrr~ance 
2. Low radiation-angle 
3. Elimination of exper~sive base insulator 
4. Elimination of approximately 6100 meters 
(20,000 feet) of copper wire 
5. Elimination of expensive matching network 
and weatherproof housing 

I These features are important to the operator who's 
trying to put a broadcast s-tation on the air with limit- 
ed funds. 

the result 
The folded umbrella is simply the result of several I approaches to the development of an antenna .which 

is, roughly, the electricalequivalent of the folded uni- 
pole. The outcome of the evolution process is shown 
in fig. 2. 

design considerations 

I In the interest of simplicity and economy, this 
antenna was built around a 12-meter (40-foot), four 

By John M. Haerle, W1B511R, Route 2, Box 
348, Frisco, Texas 75034 
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section, telescopic or pushup TV receiving-antenna 
mast. In the development process, it soon became 
evident that the cage wires could best be supported 
by the nylon guys. Thus, the wires were pulled much 
farther away from the center mast - a fortunate 
accident as will be seen later. 

Also, a 4.6-meter (15-foot) aluminum top-loading 
whip was added at the 12-meter (40-foot) level, mak- 
ing the antenna 16.8 meters (55 feet) high. The an- 
tenna will work well enough without the top loading, 
but the whip lowers the radiation angle and improves 
efficiency, especially at frequencies below 7 MHz. 

Note that this antenna is not to be confused with 
the conical monopole or the discone. It is not within 
the scope of this article to discuss the differences, 
but they are well covered in reference 1. 

tuning and matching 
The commercial broadcast version of the folded 

unipole requires no variable tuning or matching 
arrangement, since it's designed for a single frequen- 
cy. However, to match the folded umbrella on any 
frequency across all six high frequency amateur 
bands, a tuned open-wire line and transmatch unit 
are used. Fig. 3 shows four different transmatch and 
feedline combinations. Fig. 3A is the basic combina- 
tion, using an unbalanced transmatch. In this config- 
uration, be sure that the side of the feedline ground- 
ed at the antenna is the same side that's connected 
to the ground terminal on the transmatch. 

Fig. 3B illustrates the use of a balanced trans- 
match. In this case, a 4: 1 balun is used at the anten- 
na to maintain a balanced condition on the feedline. 

Fig. 3C shows an arrangement which, theoretical- 
ly, should unbalance things and bring unwanted rf 
fields into the shack. However, it has been tried and 
found successful in some cases. As a matter of fact 
the experimental antenna, which has drawn so much 
favorable mail, is operated in this manner. Note the 
balanced transmatch, and no balun at the antenna. 

Fig. 3D shows the use of a short length of coax 
when it's inconvenient to bring open-wire line into 
the station. Keep this coax as short as possible. The 
open-wire part of the feedline should be, ideally, 
about 20 meters (65 feet) long (or a multiple thereof). 
When using other lengths it may be difficult to obtain 
a 1:1 swr on some frequencies, especially the higher 
frequencies. If this happens, experiment with slightly 
different line lengths of plus or minus 0.9-3 meters 
(3-10 feet) until it becomes easy to obtain 1:1 swr on 
virtually any frequency. 

performance 
Performance of the folded umbrella is quite gratify- 

ing. When operated properly, the swr should be 1 :1, 
and your rig should see a %-ohm resistive load on all 

hf amateur frequencies. On 1.8 MHz, the folded um- 
brella substantially ou tperfolrms a half-wave inverted 
vee, whose apex is 15 meters (50 feet) above ground. 
For all other bands, the comparison antenna is a mul- 
tiband inverted vee, 40 meters (130 feet) long, 15 
meters (50 feet) above the ground, with tuned feed- 
ers and transmatch. 

From 3.5-4 MHz, the inverted vee is generally bet- 
ter up to 805 km (500 miles) because of the high radi- 

fig. 1. The folded unipole an- 
tenna used in the broadcast 
service, which forms the 
basis of the "folded urnbrel- 
la" amateur antenna. 

( 50 OHM C O A X  

ation angle of the inverted vee or the low radiation 
angle of the folded umbrella. Between 805-1610 km 
(500-1000 miles) the superiority of the two antennas 
alternates depending on propagation conditions. 
Beyond 1610 km (1000 miles) the folded umbrella 
takes over, its superiority improving with increasing 
distance. 

From 7-7.3 MHz, the folded umbrella definitely 
outperforms the inverted cree at any distance. It ap- 
pears that the diamond shape of the wire cage 
begins to provide a measure of cross-polarization 
from 7 MHz up resulting in the following: 

1. A diversity effect, which minimizes fading on 
the transmitted signal 
2. A much better snr on receive because of the 
closed-loop design and because the antenna is dc 
grounded 
3. Broadband performance. For example, if the 
folded umbrella is tuned for a 1 :1 swr at 7.150 
MHz and the transmatch is left untouched there- 
after, the maximum swr observed at either 7.000 
or 7.300 MHz is 1.2:l 
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The experimental model was not used much be- 
tween 14 and 30 MHz since a quad is generally used 
on these bands, but performance is comparable to 
that of a dipole on these frequencies. Other builders 
have reported excellent DX results on the upper 
bands. 

operation without transmatch 
The folded umbrella is basically a 3.5-4 MHz anten- 

na. If it is fed directly with coax and no transmatch, 
the swr is less than 2:l at both 3.5 and 4 MHz. From 
1.8 to 2 MHz the coax-fed antenna shows an swr of 

approximately 2:l. On the 7-MI-iz band, swr is in the 
2.5:l range. A t  14.2 MHz, swr is 5:1, at 21.3 MHz, 
swr drops back to 1.5:1, and on 30 MHz, swr is 
about 3: I. 

Since none of these swr numbers is really high, a 
transmatch and tuned feedline can easily subdue 
them, resulting in I: 1 swr across all six bands. 

using your tower 
By applying unipole principles, you can use your 

tower. Just start by connecting one wire at some ar- 
bitrary point on the tower, say 12 meters (40 feet) 

fig. 2. Construction details of the folded umbrella antenna. which is. roughly, the electrical 
equivalent of the folded unipole. Dimensions are approximate and are not critical. 
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above the ground. Use nylon line to pull the wire 
away from the tower. Then, bring the wire back to 
the bottom of the tower, as shown in fig. 4. 

Use an exciterlvswr meter and a bridge or a grid 
dipper to check the resonant frequency. If it falls 
within the 3.5-4 MHz range, add the other three 
wires and proceed as with the folded umbrella. Your 
beam should provide adequate top loading. Be sure 
to ground the tower well. 

construction 
1. Set up the collapsed pushup mast, using 6-mm 
(1 /Cinch) nylon guys on all four sides. Use the close- 
ly woven nylon, not the loosely braided type. The 
former is much stronger and will not unravel. Do not 

UMBRELLA 

WIRES 1: I 4 5 0  , OHM LINE , I 1 , , 5 0  OHM --. ., 
UNBALANCED 
TRANSMATCH 

UMBRELLA STATION 
WlRES 

MAST 4 5 0  OHM LlNE 
5 0  OHM 

4 1 
TR4NSMATCH 

RIG 

UMBRELLA STATION 

WIRES 

MAST 
5 0  OHM 

4 5 0  OHM LlNE 
BALANCED 

COAX 

TRANSMATCH 
RIG 

UNBALANCED 
TRANSMATCH 

.." 
STATION 

MAST 

UNBALANCED 
BALUN TRANSMATCH 

fig. 3. Transmatch and feedline configurations for the an- 
tenna. Sketch (A)  shows the basic arrangement using an 
unbalanced transmatch. Note grounding. In IBJ a balanced 
transmatch is used. A 4:l balun is required. Sketch (C) 
shows an arrangement as in (B), but without the 4:l balun. 
Transmatch is balanced [no ground). Sketch ID) shows how 
to use a short length of coax cable between the open-wire 
line and the station. The coax cable length should be as 
short as possible. 

fig. 4. Detail showing existing tower 
used instead of mast. 

use other synthetic line. So'me of the other kinds of 
line become brittle with exposure to sunlight and will 
eventually break, while nylon retains its strength in- 
definitely. Nylon will stretch, but the close-woven 
type requires tightening only a few times initially. 

2. Place the guy anchors at least 9 meters (30 feet) 
from the base of the mast (or use the house or trees 
where possible). Tighten the bottom guys firmly 
and place your ladder against the mast for fur- 
ther work. 

3. Metal rings are supplied cln the TV mast for attach- 
ment of guys. Be sure these rings are now in place 
before proceeding. 

4. Insert 4.6 meters (15 feet) of aluminum tubing into 
the top of the pushup mast.. This tubing can be made 
up of two or three telescoping pieces, if desired, just 
so long as the bottom (largest) piece fits snugly in- 
side the top section of the pushup mast. The tubing 
can be secured by drilling 1:hrough and bolting or by 
slotting the pushup mast and using a clamp (see 
fig. 5). 

5. Attach four nylon (close-woven) guys to the top 
guy connection ring (fig. 5).  

6.  Pull the top section up ~:)ut of the collapsed mast 
assembly about 0.6 meter (2 feet) to facilitate con- 
nection of the umbrella wires. 

7. Tie two small loops in each of the four top rrylon 
guys as shown in fig. 2. These loops should be about 
4 and 8 meters (12.5 and 25 feet) from their attach- 
ment points on the mast. 
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8. Install umbrella wires." Use approximately 16.8 
meters (55 feet) of wire for each of the four elements. 
Clean and tin about 5 cm (2 inches) at one end of 
each wire. Clean and sand the mast just under the 
guy attachment ring. Using a stainless-steel hose 
clamp, attach the umbrella wires, spacing them 
equally around all four sides of the mast (fig. 5). 
Smear silicone rubber cement (GE or Dow-Corning) 

n c TOP LOADING 

fig. 5. Detail showing attachment of top guys, "umbrella" 
wires and top loading whip. 

liberally over the hose clamp and bare wire ends to 
prevent corrosion of the electrical connection. 

9. Thread one of the antenna wires through the two 
loops on each of the guys. You are now ready to 
begin raising the mast. 

10. Use heavy leather gloves and be very careful 
when pushing the mast up. Whenever you stop the 
mast part way up, be sure to tighten the locking bolt 
very firmly, using pliers or a sufficiently large cres- 
cent wrench. If the mast should slip unexpectedly, it 
can pinch and cut your hand most painfully. This is 
the reason for the heavy leather gloves. 

11. As you raise the mast, temporarily secure the 
bottom ends of the umbrella wires to their respective 
guys with tape. Then, keep these four wirelguy 
assemblies tied away from the mast as you raise it. 
This prevents the wires and guys from becoming 
tangled during the erection of the mast. 

12. Now, push the top section up to its full length. 
There will be a hole at the top of the next section 
below. When the bottom of the top section is pushed 

"Any available type of copper wire up to 2 mm (no. 12 AWG), solid or 
stranded. The experimental model uses surplus 1.3 mm (no. 16 AWG) 
stranded, insulated wire. 

high enough to clear this hole, push a large cotter pin 
(provided in the mast hardware) through this hole. 
Spread the ends of the cotter pin only enough to 
secure it, which will make it easy to remove at some 
later time. Now, tighten the locking bolt firmly. 
Repeat this process on the other sections. 

13. Push the next section up and secure as above. 

14. Attach four more 3-mm (1 18-inch) nylon guys to 
the ring at the top of the section just above the bot- 
tom section. This set of guys willl end up, on full erec- 
tion, 6 meters (20 feet) above the ground (fig. 2). 

15. Push this last section up artd secure, as above, 
and temporarily secure all guys. 

16. Now, provide a bracket at the base of the mast 
for the purpose of connecting the four umbrella wires 
together while insulating them from the mast. This is 
the feedpoint for the antenna. (:he suggested meth- 
od of anchoring and insulating the feedpoint is 
shown in figs. 2 and 6. However, as with other parts 
of this project, there are many different mechanical 
arrangements which will produ'ce the same electrical 
results. Use your ingenuity. Remember, none of the 
dimensions are really critical, since the tuned feeders 
compensate for physical variatiions. If you're follow- 
ing fig. 6, however, pull the umbrella wires through 
the PVC tubing, tighten the clamp below the tubing, 
and trim off excess wire, leaving several cm of wire 
below the clamp. Now, bare the wires below the 
clamp and solder them together. 

17. Drive three or four 2.4-meter (&foot) ground rods 
around the base of the mast and connect them 

MAST - 

S T E E L  
IOR ALUMINUM) 
B R l C K E T  

0 0 

P Y C  TUBING 

E' 
\ 

.- 
4 5 0  O H M  L I N E  

4 - C L A M P  I T Y P I C I L  ALL RODS1 

fig. 6. Mechanical details at the bolttom end of the TV mast. 
The ground rods are essential for good performance. 
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securely to the mast with heavy copper wire, tubing 
or strap (fig. 61. 

18. Anach feedline, soldering one side to the feed- 
point and connecting the other side to ground. The 
most practical line to use is the 450-ohm plastic lad- 
der line made by Saxton. It is strong, flexible, and 
much easier to use than bare open wire while just as 
effective. Furthermore, it's affected very little by ice, 

450 OHM L.1DOEl) LINE S ~ A T I O N  

' 0  Jrnrn,#/B I N ,  ""LW 
MAS, MCSSTNGCO 

CAPL' 

../ 

fig. 7. A practical way to support the 
open-wire, 450-ohm transmission 

line. A small-diameter nylon cord is 
threaded through the transmission line 

as shown and anchored to a convenient 

J point. Leave enough slack in the nylon mes- 

ro 
senger cable to account for changes in 

FCEDPOINT humidity. 

snow, or rain, as far as tuning is concerned. Figs. 2 
and 7 show a simple, practical way of supporting the 
line. For the experimental model, it was necessary to 
run the line 18 meters (60 feet) to  the house, keeping 
it at least 3 meters (10 feet) above ground. To relieve 
tension on the line, 3-mm (118-inch) nylon was 
threaded through the holes in the line and stretched 
from the mast to the house, serving as a "messen- 
ger" cable. Here again, use your own ingenuity to fit 
your situation. 

19. After tuning and testing, tighten and secure the 
guys, using a plumb level to be sure the mast is ver- 
tical. 

closing remarks 
Here is an antenna that can do many things for 

you. Don't expect it to perform like a beam - but it 
will more than hold its own against conventional 
dipoles and trapped verticals at all frequencies and 
on all high frequency amateur bands. 

I have received literally hundreds of inquiries from 
people who were impressed with what they heard 
when I was using the umbrella antenna. All inquiries 
have been answered, and those who have built the 
antenna report equally gratifying results. 

The writing of this article was deliberately delayed 
pending receipt of data from others to  provide the 
reader with authentic, reliable information. 

reference 
1. Paul H. Lee, KGTS. "The Amateur Radio Vertical Antenna Handbook." 
Cowan Publishing Company. 1974, pages 49-52 ldiscones and mono poles^: 
pages 75-80 (folded unipolesl. 
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80-meter broadband antennas 

A discussion of different 
approaches to broadbanding 

80-meter antennas, 
including theoretical 

calculations and actual 
model measurements 

Judging by the horrendous congestion that can 
be found on the 80-meter band almost any evening, 
it is certainly one of the most popular bands. But all 
of its users share the same problem with antennas. 
The ratio of the upper limit of the band to the lower 
limit is 1.143:1, larger than that of any other high-fre- 
quency Amateur band. Building an antenna which 
has adequate bandwidth for the entire 500 kHz may 
seem like an impossibility. 

Years ago, transmitters had a very large range of 
matching capability. This luxury disappeared when 
the compact transceiver appeared on the scene over 
ten years ago. The problem has been compounded 
by the introduction of transmitters with solid-state 
power amplifiers requiring a load very close to 50 
ohms. Protection circuits are normally employed to 
reduce the driving power to avoid damage to the out- 
put transistors. The use of a transmatch will elimi- 
nate the mismatch problems, but takes away the 
convenience of frequency changes without retuning. 

The antennas shown in this article exhibit accep- 
table impedance matches over much more than the 
usual bandwidth. Although these designs may not be 
the perfect solution in every installation, they should 
provide starting points for further experimentation. 

current designs in use 
One of the classic ways 'to increase the bandwidth 

of a simple dipole is to enlarge the effective diameter 
of the conductors in the radiating elements. The 
cage antenna is one example of this, in which each 
half of the dipole is made of  several conductors. The 
multiple conductors are suspended on spreaders at 
two or more places. This simulates a conductor of 
roughly the diameter of the spreader. The fan dipole, 
or bow-tie, antenna is a simplification of the cage 
arrangement. In this design, each half is composed 
of two wires joined at the feedpoint. The wires fan 
out from this point and are held apart by a single 
spreader at the far end.' Antennas of this type pro- 
vide a noticeable increasle in the bandwidth over 
which a transmitter may bt? adjusted for a conjugate 
match, but they have apparently not enjoyed much 
popularity. Perhaps it is because these antennas are 
considered somewhat unsightly. The antennas I'll 
discuss have wider bandwidths for the same level of 
complexity (and lack of beauty). 

antenna models 
To provide a more convenient means of attacking 

the problems associated \ ~ i t h  broadband antennas, 
two types of antenna moclels were used to test the 
designs. Simple mathematical models were used to 

By Terry Conboy, NGIRY, 1231 Crestview 
Drive, San Carlos, California 94070 
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allow prediction of the approximate antenna impe- 
dance match vs frequency, before they were con- 
structed, whenever possible. An equivalent circuit 
for a simple wire dipole appears in fig. 1. This model 
accounts for the change in reactance at the feed- 
point as the frequency is changed, but it does not 
allow for the normal tendency of the resistive compo- 
nent of the feed impedance to rise with increasing 
frequency. This tends to be a second-order effect 
and doesn't seriously affect the results. It does, how- 
ever, greatly simplify the calculations. 

If the resonant frequency of this mathematical 
model is checked, it will be found to be 3742 kHz. It is 
not 3750 kHz, which is the arithmetic center of the 
band. Like all resonant circuits, the model exhibits 
geometric symmetry. The resulting effective center 
of the band is G 5 0 0  kHz x 4000 kHz = 3742 kHz. 
This frequency is used as the band center throughout 
the calculations to maintain band-edge symmetry 
when plotting the SWR. In real antennas, the many 
other variables involved make the &kHz distinction 
unimportant. 

The plot of the calculated impedance for this 
mathematical model is shown on the Smith chart in 
fig. 2. The accompanying SWR plot is given in fig. 3. 

28 4 7pH 
fig. 1. Approximate equivalent 
circuit of a standard wire dipole 
antenna. 63 54 

This is typical of several antennas I have used in the 
past. These antennas were mostly inverted vees with 
center heights of about 12 meters (40 feet) and the 
ends about 3 meters (1 0 feet) high. A 5: 1 SWR is con- 
sidered intolerable by many Amateurs and much 
worse than a typical antenna would measure. This is 
probably because many SWR meters read closer to 
3.5:1 for such an antenna. Close inspection with a 
noise bridge or other impedance-measuring equip- 
ment will show a typical SWR meter to be an incur- 
able optimist. This defect is especially obvious when 
attempting to read fairly high mismatches at lower 
power levels. 

Calculations of predicted antenna impedances and 
matches were facilitated by the use of programmable 
scientific calculators (HP-55 and TI-59) and an IBM 
370 running the SPICE circuit analysis program writ- 
ten at the University of California, Berkeley. The 
antennas were also physically modeled by scaling 
them up in frequency and down in size by a factor of 
almost nineteen. This moves the resonant frequency 
to 70 MHz, which is the center of the i-f passband 
used in most microwave equipment designed for 

fig. 2. Calculated input impedance of the dipole equivalent 
circuit. normalized to 50 ohms. 

telecommunications service. Microwave link analy- 
zers cover the range from E i  to 90 MHz and include 
the capability of accurately measuring return loss. 
Return loss is just 20 timt?s the logarithm of the 
reflection coefficient, expressed in dB. Although the 
Hewlett-Packard 37028/3710A and its companion 
return loss hybrid are desig~ried for 75-ohm measure- 
ments, the use of a minimurn-loss resistive matching 
pad permits its use with nominal 50-ohm loads. The 
loss of this pad was accounted for in the measure- 
ments made. 

The scaled antennas were suspended from the 
ceiling inside a laboratory for the measurements. 
There were many reflections from the metal frame- 
work of the building, but they were probably on a par 
with those one could expect from power lines and 
the exteriors of buildings in the vicinity of an 80- 
meter antenna. All of the pl~:)ts in this article show the 
equivalent scaled-down frlequencies corresponding 
to the measurements made on the scale models. All 
of the necessary corrections have been made. 

fig. 3. Calculated SWR of the dipole equivalent circuit. 

may 1979 5 45 



parallel antennas 
This antenna configuration was suggested by the 

common use of paralleled dipoles for several bands. 
Others have apparently tried paralleling two antennas 
cut for different parts of the same band to widen the 
overall bandwidth with little success. The secret for 

fig. 6. Impedance calculated for tht? parallel antenna equiva- 
lent circuit, normalized to 50 ohms. 

fig. 4. The parallel antenna is formed by two stagger-tuned 
dipoles, mounted at right angles to each other and fed at a 
common feedpoint. 

proper operation is to mount the two antennas in 
such a way that they do not couple to each other. 
This can be done by mounting them at right angles 
as shown in fig. 4. 

One of the two dipoles is cut for 3530 kHz and the 
other to 3966 kHz. The higher frequency is 1.06 times 
the geometric center of the band (3742 kHz). The 

O I 1.. .." 
fig. 5. Approximate equivalent cir- 
cuit of the parallel antenna. Indi- 
vidual resonances are at 3530 and 
3966 kHz. 

lower frequency is the center frequency divided by 
1.06. The equivalent circuit of this arrangement is 
given in fig. 5. I t  is just the parallel combination of 
two dipole equivalent circuits which have been 
adjusted up and down in frequency by multiplying 
and dividing the reactance values by the 1.06 factor. 

It is recommended that this antenna, and the 
others shown as well, be fed through a balun. Cur- 
rents flowing on the outer conductor (shield) of the 
coaxial feedline can cause undesired coupling be- 
tween the antennas, which can restrict the band- 
width. 

The calculated impedance of the antenna is shown 
in fig. 6. The loop in the curve is interesting. The 

antenna impedance is capacitive at low frequencies 
just like the single dipole, crosses over through a per- 
fect match, then becomes inductive. The impedance 
then becomes capacitive again as the frequency 
increases, goes through perfect match once again, 
and finally becomes inductive once more at the top 
of the band. The calculated SWR is shown by the 
solid line in fig. 7. Measuremeults on the scale model 
of the antenna are also shown on the same plot by 
the dashed line. The measurements show good agree- 
ment with the calculations (most of the discrepancy 
between the two curves resullts from the individual 
dipoles never having a perfect match to 50 ohms). 
Despite this, the SWR is bettc:!r than 2:l across the 
entire band. If you can make dipoles that have a wid- 
er bandwidth than the ones assumed here, your 
antenna could be even better than this. 

One of the interesting features of the parallel 
antenna is its tendency to be! omnidirectional. Like 
the turnstile antenna, the currents in the two dipoles 
are out of phase. Over the middle of the band, at 
least, the currents in the two dipoles are roughly 
equal. Fig. 8 shows the calculated phase difference 
between the two dipoles as a function of frequency. 
The ratio of the two currents, given in dB, is plotted 
in fig. 9. Even though the currents can differ by more 
than 10 dB at the band edges, the normal nulls in the 

MODEL D 
MEASUREMEQT ,' 

d 
1 5  

FREOUENC r - I ~ H Z  

fig. 7. Calculated and measured SWR of the parallel antenna. 
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fig. 8. Calculated phase angle between the currents in the 
two stagger-tuned dipoles of the parallel antenna. 

radiation pattern of a dipole will be filled to a large 
extent. Signals radiated at a high angle will be ellipti- 
cally polarized. This is of some benefit when receiv- 
ing. The antenna will respond fairly well to linearly 
polarized signals which arrive parallel to either anten- 
na from high elevation angles. Since many of the sig- 
nals received on the 80-meter band arrive at high 
angles, the elliptical polarization is probably of 'much 
more value than the omnidirectional characteristics 
observed toward the horizon. 

It is worth noting what happens when the resonant 
frequencies of the two dipoles are separated by a dif- 
ferent ratio. Calculations were made at two other 
pairs of resonant frequencies. When the ratio is 1.05 
instead of 1.06, the SWR at the band edges is about 
2.5 to 1 and the midband SWR is about 1.4 to I .  If the 
ratio is reduced to 1.04, the SWR at the middle of the 
band barely rises to 1.05 to 1, yet the SWR remains 
about 3.1 to 1 at the band edges. The loop in the 
impedance plot on the Smith chart shrinks, but it 
does not disappear until the two dipoles are tuned to 
the same frequency. 

Most Amateurs probably don't have a house lot of 
the right shape to permit placing two such antennas 
at right angles to each other. It may be desirable to 
erect the antennas as inverted vees instead of as con- 
ventional dipoles. Increasing the coupling between 
the antennas will reduce the bandwidth of the sys- 
tem, but the use of inverted vees has a minimal effect 

L 
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fig. 9. Calculated current ratio between the two dipoles of 
the parallel antenna. 

on the coupling. The angle between the dipoles may 
deviate from 90 degrees by about 15 degrees without 
significant degradation. If the angle decreases below 
60 degrees, the match at the high end of the band 
will deteriorate. As the angle is decreased even more, 
the lower frequency antenna seems to dominate, and 
the tuning of the higher frequency dipole has less 

5 0  OHM 
SOURCE 

150 OHM NOMINAU 

fig. 10. Schematic representation of the two-way Wilkinson 
hybrid with the ideal transmission line impedance. 

and less effect on system operation. When the 
antennas are nearly parallel, the SWR curve appears 
to be that of the lower frequency antenna alone. 

Wilkinson hybrids 
Before looking at the next antenna configuration, 

a discussion of a very interesting circuit is in order. 
The Wilkinson hybrid is very commonly used as a 

fig. 11. Calculated input imped,ance of the Wilkinson hybrid 
terminated by two 50-ohm loads. The quarter-wavelength 
lines are assumed to be 75 ohms. Data are normalized to 50 
ohms. 

power divider or combiner at microwave frequen- 
cies.2 The arrangement of the circuit is shown in fig. 
10. This is the simplest form of the circuit. Other 
variations allow driving more than two loads. Modifi- 
cations providing very wide bandwidths have also 
been developed.3 

Fig. 11 shows the calculeted impedance of a Wil- 
kinson hybrid terminated with 50-ohm loads. The 
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fig. 12. Calculated SWR at the input of the Wilkinson hybrid 
using 75-ohm cables. Each leg was terminated in a 50-ohm 
resistive load. 

quarter-wavelength lines are assumed to be 75 ohms 
instead of 70.7 ohms to indicate the performance to 
be expected with available cables. For this reason, 
the input impedance is never exactly 50 ohms. The 
corresponding SWR is shown in fig. 12. 

Like other hybrid circuits, the Wilkinson provides 
isolation between the two  loads, This occurs 
because a signal entering the Load 7 port can travel 
to the Load2 port by two paths. One path is directly 
through the 100-ohm resistor; the other path is 
through one of the quarter-wavelength lines to the 
source and then back up the other quarter-wave- 
length line. Because the second path totals one half- 
wavelength, the signal traveling this route is 180 
degrees out of phase with the signal through the 
resistor. As i t  happens, the amplitudes of the two 
signals are equal, and complete cancellation occurs. 

No circuit is perfect, however, and several imper- 
fections can causea reduction in the isolation obtained 
between the two load ports. It should be obvious 

'. , , 
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ANY LENGTH 
5 0  OHM COAX 
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fig. 13. Diagram of the turnstile antenna driven with a Wil- 
kinson hybrid. Both dipoles are tuned to the band center 
and are mounted at right angles to each other. 

that the rejection is perfect only at the design fre- 
quency, since the transmissicln lines give the right 
phase shift only at that frequency.Even so, the isola- 
tion will be better than 20 dl3 over the whole 80- 
meter band. The other major source of less-than- 
ideal performance is the possibility that the driving 
source is other than 50 ohms. Most Amateurs fail to 
realize that the output impedance of a power ampli- 
fier designed to drive 50-ohm loads is seldom 50 
ohms. This effect could easily cause a 10-dB degra- 
dation of the isolation between the output ports. 

One clever use of the Wilkir~son hybrid with Ama- 
teur antennas has been in driving phased vertical 
arrays.4 The isolation of the hybrid is useful in pre- 
venting interaction of the ant'tmnas via the phasing 

fig. 14. Input impedance, calcula.ted using SPICE program, 
of the turnstile antenna driven by a Wilkinson hybrid with 
75-ohm lines. Data are normalized to 50 ohms. 

harness, which makes designing and adjusting such 
an array much easier. 

Since the power from the input of the hybrid is 
equally split, the loss is 3 dB between the input and 
each output. Power coming in either of the two load 
ports is attenuated by 3 dB because half of the power 
goes back into the source port and the other half is 
dissipated in the 100-ohm balancing resistor. This 
has an interesting effect on the reflected power - it 
is cut in half! Unfortunately, when the reflected pow- 
er is burned up in the load, it cannot be re-reflected 
and travel again out to the antenna or other load 
where the power is wanted. This causes a drop in 
system efficiency. 

A special case occurs when two identical loads are 
driven by the hybrid: one lo.ad driven directly from 
the hybrid output and the other load driven through a 
quarter-wavelength of 50-ohrn cable. If the loads are 
not 50 ohms, there will be i3 reflection at the load 
back toward the source. Since one of the loads is 90 
degrees farther away, the reflection coming back will 
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be a total of 180 degrees out of phase with the reflec- 
tion from the directly connected load. The reflected 
waves are thus equal and out of phase. The power 
summing action of the Wilkinson hybrid will cause 
them to cancel out. Where did the power go? It is all 
dissipated in the 100-ohm balancing resistor. None of 
the reflected power will arrive back at the source, 
and the apparent match is perfect. This leads directly 
to the next antenna system. 

turnstile plus Wilkinson 
A turnstile omnidirectional antenna is shown in 

fig. 13. The Wilkinson hybrid is used to drive the two 
antennas with equal power. An extra electrical quar- 
ter-wavelength of 50 ohm coax is connected 

I. u I 1.- 
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fig. 15. Calculated and measured SWR of the turnstile anten- 
na driven with a Wilkinson hybrid. 

between the hybrid and one of the antennas. The 
hybrid is made of two electrical quarter-wavelengths 
of 75-ohm coax and a high power noninductive 100- 
ohm resistor. The bandwidth of this antenna system 
is unbelievable! See fig. 14 for the calculated impe- 
dance of the system. The calculated and measured 
values of SWR appear in fig. 15. Many dummy loads 
don't match this well. It is perhaps an apt compari- 
son, unfortunately; the bad news is in  fig. 16. This 
plot shows the equivalent loss as a function of fre- 
quency. A t  the edges of the 80-meter band, about 
2.5 dB of transmitter output is turned to heat in the 
100-ohm resistor. If your kilowatt power amplifier has 
65 per cent efficiency, almost 285 watts must be dis- 
sipated at 3.5 or 4 MHz, leaving only 365 watts to be 
radiated. 

These calculations are still based on the original 
dipole equivalent circuit with the 5: l  SWR at each 
band edge. The amount of loss in the resistor is 
reduced if the antennas fed by the hybrid are wide in 
bandwidth. 

Baluns are almost mandatory for this antenna con- 
figuration. The cables in the phasing line and the 
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fig. 16. Calculated equivalent loss in the balancing resistor 
for the turnstile antenna driven by a Wilkinson hybrid. 

hybrid will cause undesirable resonances to affect 
the impedances of the two dipoles if currents are 
allowed to flow on the cable sheaths. Whether a 
balun is used or not, the c~nnnections at the feed- 
points must be insulated from each other. If no balun 
is used, this means the two shields of the coaxial 
cables at the feedpoints cannot be allowed to make 
contact, since these points are not at zero potential 
with respect to each other. 

If a solid-state transmitter is in use and a trans- 
match is considered undesirable, an antenna of this 
type might be a good compr~:)mise. The power lost in 
the balancing resistor in the hybrid might be less than 
you would lose when the automatic drive reduction 
circuit is activated by another antenna with a poorer 
match. 

conventional turnstilr! 
An obvious question occurs immediately. Why not 

remove the 100-ohm resistor? This would transform 
the antenna into a conventional turnstile antenna. 
The Smith chart in fig. 17 shows what happens 

fig. 17. Impedance calculated for a conventional turnstile 
antenna (no 100-ohm balancing resistorl, normalized to 50 
ohms. 
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when this is done. The corresponding SWR curves 
are shown in fig. 18. The results are not that impres- 
sive, but are included here to satisfy possible curiosi- 
ties. If the necessary space for all of the wire is avail- 
able, a better choice would be the parallel antenna. 
This would eliminate all of the coaxial transformers 
and provide an increase in bandwidth. 

coaxial trap antenna 
When the wondrous claims about the "double 

bazooka" antenna came forth, it was hard to resist 
trying one. Even if only 10 per cent of the claims were 
true, it still had to be amazing. After the disillusion- 

FREQUENCY- MHz 

fig. 18. Calculated and measured SWR of the conventional 
turnstile antenna. 

ment,5 those strange lengths of RG-58/U cable cried 
for use in anantenna. The resulting design is sketched 
in fig. 19. 

The shorted quarter-wavelength sections of coax 
look like parallel resonant traps that decouple the 
short end-sections at the high end of the band and 
make the antenna think it is shorter. At the lower end 
of the band, the shorted pieces of coax look induc- 
tive, slightly loading the antenna and allowing the 
antenna to be somewhat shorter physically than 
would otherwise be required. The larger diameter of 
the coaxial traps also contributes to the increased 
bandwidth. 

The synthesis of a mathematical model for this 
antenna was not attempted. However, both full-size 
and scale models of the design were built. The full- 
size antenna used RG-58lU and the scale model used 
RG-174/U, a miniature %-ohm coax. The scaling of 
the conductor diameters is not in proportion to the 
frequency ratio, which certainly results in some 
errors. 

A Boonton model 250-A RX meter was used 

OPEN OP'EN 

ANY LENGTH 

LINL' 

fig. 19. Diagram of the 
coaxial trap antenna. The 
traps resonate at approx- 
imately 3800 kHz. 

1 
TO RIG 

through a known length of 50-ohm cable to measure 
the impedance of the scale mo8del. The scaled down 
frequencies and impedances alre plotted in fig. 20. 
The equivalent SWR curve is shown in fig. 21. Notice 
that the shape of both plots is similar to those of the 
previously mentioned parallel antenna, although the 
overall match is not as good. 'This antenna is worth 
consideration when the necessary acreage is not 
available for two full-size dipoles. 

Tuning the coaxial trap antlenna can be difficult. 
The first thing to do is to grid-dip the traps as shorted 
half-wavelength sections at about 7.6 MHz. A noise 
bridge could be used to look for a zero impedance at 
this frequency instead. When this is done, the traps 
will be quarter-wavelength at about 3.8 MHz. If a 
noise bridge or grid-dipper is not available, cutting to 
the specified length shown may be close enough. 

If the coaxial cable used for the traps has foam- 
polyethylene insulation, the traps must be length- 
ened to approximately 15.85 meters (52 feet) and the 
inner wires shortened to aboul: 1.4 meters (4 feet, 7 
inches). For Teflon-insulated c:ables, the appropriate 
dimensions are 13.75 meters (45 feet, 1 inch) and 3.5 
meters (1 1 feet, 6 inches). 

fig. 20. Measured impedance of the scale model of the coax- 
ial trap antenna normalized to 50 ohms. Frequencies are 
scaled down to @-meter equivalents. 
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fig. 21. Measured SWR of the scale model coaxial trap antenna. 

3s 
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Once the coaxial traps are cut, connect the wires 
to them that go from the shorted end of the traps to 
the feedpoint. Leave these pieces of wire about 30 
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cm (1 foot) longer than indicated to allow for trim- 
ming. Hoist the antenna into position without the 
end wire stubs connected. Adjust the length of the 
inner wire sections to obtain resonance around 3800 
kHz. Then connect the end stubs to the center con- 
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I 
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ductor at the open-circuited end of the coaxial traps. 
Trim their length to optimize the match at the low 
end of the band. 

It may be necessary to go back and make minor 
adjustments to the lengths of the wires at both ends 
of the coaxial traps to center the SWR curve as 
desired. Remember to keep the lengths of all sec- 
tions the same on both sides of the antenna. It is 
quite possible that your dimensions may come out 
quite different from those shown, due to effects from 
the surroundings. 

comments please 
I hope that some of the ideas presented here have 

been thought provoking. I would be interested in 
hearing of any productive modifications to  the 
designs presented in this article. Comments on both 
successes and failures in working with these anten- 
nas are also welcome. 

references 
1. CharlesC. Camillo. W G Z J ,  and Richard M.  Purinton. WlSX.  "A Broad. 
band Antenna for 75 Meters," OST, June. 1955. page 11. 
2. Ernest J. Wilkinson, "An N.Way Hybrid Power Divider." IRE Transac- 
tions on Microwave Theory and TechnIques. January. 1960, page 116. 
3. Seymour B. Cohn. "A Class of Broadband Three-Port TEM-Mode 
Hybrrds." IEEE Transactions on Microwave Theory and TechnIques. Febru- 
ary, 1968. page 110. 
4. Dana W.  Atchley. Jr.. WlCF. "Updating Phased-Array Technology." 
OST, August. 1978. page22 
5. Walt Maxwell. W2DU. "A Revealing Analysis of the Coaxial Dipole 
Antenna." hamrad~o, August. 1976. page46. 

ham radio 

WE SUPPLY THE 
MATERIALS 

YOU HAVE THE 

I FUN 
Tell US what you need 

Ask us about our custom 
antenna packages 

I 1 1 - T 6  DRAWN 

I ALUMINUM TUBING 

AIRCRAFT* GRADE 
I PLATED HARDWARE 

I ; ;;I CONVERTERS 
I 

%'= 

MODELS FOR ALL BANDS 50 MHz 
THROUGH 1296 MHz AVAILABLE 

The MS1 series of receiving converters utilize 
latest state-of-the-art technology - including 
modular construction, built-in regulated power 
supply and front panel adjustable I.F. amplifier. 

28-30 MHz I.F. standard. Other options available 
upon special order. 

MODEL NOISE FIGURE PAICE' 
MS1-50 2 5dBTyp  175.00 
MS1-144 2 5 dB Typ 80.00 
MS1-220 2 5 dB Typ 80.00 
MS1-432 3 0 d B T y ~  85.00 
MSl-1296 7 0 dB Typ 92.50 

'~ncluasr 5hrp0cr.q 

Send tor free technical data on these and other 
tine HERMES VHFlUHF products. 

HERMES 
RESEARCH & DEVELOPMENT COMPANY 
3997Elkcarn Blvd. S.E. ,  St. Petersburg, Florida33705 

(813) 823-1032 

may 1979 51 



matching complex antenna loads 
to coaxial 

transmission lines 

A simple method 
for determining 

the correct length 
and stub position 

when stub-matching 
antenna systems 

I Matching problems in vl-~f coax systems can be a 
stumbling block for the Amateur interested in 
advanced or large-scale antenna arrays. Commercial 
antennas match closely to i3 50-ohm system and pro- 
vide little challenge. When several antennas are 

1 stacked, however, the matching or feed system 
becomes more complex. If Ihe antenna is homebrew, 
even one antenna can cause matching problems by 
providing other than a 50-ohm nonreactive load. 

There are two simple methods of matching a 50- 
ohm system to a load of another impedance: the 

I quarter-wavelength transformer section and the 
matching stub. Each method has its good and bad 
points; each is perfect for some applications and 
much less than perfect for others. 

The quarter-wavelength transformer section is well 
described; it is simply a quarter-wavelength section 
of coaxial cable used between the load and the rest 
of the feedline. The Zo, or characteristic impedance, 
of this section is an interinn value between the load 
and the feedline impedances. I t  is this impedance 
value and the quarter wavelength that are critical to 
proper transformer function. Since the formula for 
transformer section Zo requires the desired impe- 
dance at both ends of the section, these values must 
be known. 

The stubbing method involves a physically short, 
open-circuited section of coaxial cable connected in- 
to the feed line with a T connector (see fig. 1). The 

By Jim Pruitt, WB7AlJL, 8505 N.W. 91st 
Street, Oklahoma City, Oklahoma 73132 
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positioning piece places the stub at a point on the I W ~ E N N ~  

ICOYPLEX Lo401 

line where the resistive component of the impedance 
is equal to 20 and the reactive component is induc- 
tive. The stub itself is simply a capacitor which is ad- 
justed to  cancel the inductance. This makes the stub 
attachment point appear to be resistive and equal to 
20; in effect, it becomes a perfect load. To use a stub 
assembly you must know the following: 

1. VSWR of the unstubbed system (measured at the 
antenna) COAX STUB CONNECTION 

2. Wavelength in the line SrUB.PECOLINE AN0 PDSlrlONlNG PIECE ACE Y A M  
OF THE SAME COAX. 

3. Actual position of the standing wave voltage mini- fig. 1. Diagram of a stub-matching system to match the 

mum point nearest the load complex load present by the antenna and the fixed output 
impedance of the transmitter. In this example. the feedline, 

which system? positioning piece, and stub are made from the same coax. 

The strong points of the systems dictate their best 
uses. When the load impedance is unknown 'and cally open. This allows easy adjustment of length and 

permits the whole feed system to be checked occa- 
sionally with a leakage meter to check dielectric 
condition. 

The stub is installed in the inductive region of the 
feedline at a point within 90 degrees toward the 
generator from the voltage minimum nearest the load 
(see fig. 2). The distance from the load to the first 
voltage minimum point is part A of the positioning 
piece length and should be found by direct measure- 
ment. A slotted line may be used if its velocity cons- 
tant is identical to that of the cable in use. Details of 

Y its use may be found in reference 1. 
If an appropriate slotted line can't be found, a 

Basic stubbing assembly. The load attaches to the connec- simple fluted line may be constructed from a 60-cm 
tor at the right. The shears are used to trim the stub for the (2-foot) length of coaxial cable. The cable is marked 
lowest reflected power. every 2.5 cm ( 1  inch). A small (7-cm, or 3/8-inch) 

probably complex), the stub is the easiest choice. 
When paralleling antennas of known impedance, the 
quarter-wavelength section is perfect for the impe- 
dance conversion, since the impedance values for 
both the antenna and transmission line are known. If 
multiple homebrew antennas are used, of course, 
each antenna is stubbed to 9-ohms and paralleled 
with quarter-wavelength sections. 

In general terms, however, unknown complex 
impedances can easily be reduced to  a purely 
resistive load which is equal to the feedline Zo with a 
stub, while transformations from one known impe- 
dance to another are more easily done with trans- 
former sections because the construction is easier. 

VOLTAGE STANOINO WAVE PdTTERN 

ANTENNA 

A' 

I 
h 

POSlr#ONlNG PIECE LENGTH 

stub system 
I 

fig. 2. The stub is located 90 degrees toward the generator 
When using a stub matching system, I use a capa- from the first voltage minimum. This places the stub within 

citive stub because the end of the stub is left electri- the inductive region, allowing an open stub to be used. 
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CLAMP ASSEMBLY To convert 9 in electrical degrees into part B in cm, 
SILVER SOLDER first measure the distance between the voltage mini- 

! 5YY(!1161NEWI Y) )U I I /B IYC* I  mum points on your fluted line. Multiply this figure 
by two to find the line wavelength. Then 

part B (em) = 9 x line wavelength (in cm) (2) 
360 

0 PROBE 4SSEMBLY 

VHF PROBE OETECTOR CA-1368 

fig. 3. Detailed diagram of a detector assembly which can 
be used with a homemade fluted line (A). The clamp assem- 
bly slides over the probe assembly and is secured with a 
thumb screw in the clamp area. The schematic diagram 
shown in (Bl is suitable for use with the probe. This detector 
has the capability. by use of the attenuator, of determining 
the VSWR on the line. If other means of measuring VSWR are 
available, the attenuator can be deleted. The tuned-circuit 
can be changed to measure the desired frequency, acting as 
a simple rf voltmeter. 

area around each mark is stripped of outer insulation 
and the braid is quickly tinned with a large soldering 
gun. Using a drill press and V block, drill a small hole 
through the tinned shield and inner insulation to 
expose the inner conductor as shown in the photo- 
graph. A suitable detector probe is shown in fig. 3. 

This arrangement allows rf  voltage measurements 
along the line every2.5 cm (1 inch). By using interpo- 

If you're working with inch dimensions, simply 
sutistitute those dimensions at the appropriate places 
in the above formula. 

Line wavelength can also be calculated from 

29980 up 
Line wavelength = - (cm) = 

~ M H Z  

11803 vp 
-- (inches) 

~ M H Z  

where 
up = velocity factor of the line 

(0.686 is typical for coax with 
polyethylene dielectric) 

fMHZ = operating frequency 
part B = the distance from the voltage 

minimum to  the stub location 
VSWR = the standing wave ratio of the 

unstubbed system measured 
at the antenna 

0 = part B expressed in electrical 
degrees 

Line = wavelength measured on the 
wavelength fluted line in cm (or inches) or 

computed. 

The total length of the positioning piece is part A 
(the measured part) plus part B (the computed part). 
A section of feedline cut to that length (including 
connectors) is connected as shown in fig. 4 with a 
variable capacitor substituted for the stub. 

As the capacitor is adjusted, the reverse power in- 
dicated on a VSWR meter will dip to a minimum. If 
the positioning piece is the correct length, the mini- 
mum will be zero. If you don't obtain a zero reading, 
loosen the connector on the stub end of the position- 
ing piece as shown in fig. 4 to slightly lengthen the 
piece (don't take it off). If the reflected power dimin- 

been determined, part B is calculated with 

1 O(e1ectnkaI degrees) = Tan - 1 ------ ('I 
rn A commerclel fluted line section. 
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ishes as the connector is loosened, the positioning 
piece is too short and should be lengthened in l -cm 
(318-inch) increments until a minimum is obtained 
(representing a VSWR of 1.1 or less). If loosening the 
connector increases the reflected power, the piece is 
too long and should be shortened in 1-cm (3/8-inch) 
increments. 

When the positioning piece is the correct length, 
the minimum reflected power should be noted and 
an open-circuited coaxial stub with a connector on 
only one end should be substituted for the capacitor 

U LLWSEN T W ~ Z  CWNECTOR 

/ TO CHECK POSlTlDNlNG 

CAMClTDR BOX PIECE LENGTH lSEE TEXT1 
"*R,"€lLE o-,M& ~ - -  ~ ~. 
CONNECTED m s r m  

CONNECTOR 

(TUNE FOR M l N l Y U U  

REFLECTED P O I E R I  

fig. 4. After the exact length of the positioning piece has 
been determined. a capacitor box can be substituted for the 
coaxial stub. Varying the capacitor should reduce the re- 
verse power to a very small value. If not. the length of the 
positioning piece will have to be adjusted until the reverse 
power is negligible. Once the value of the capacitor has 
been determined, the equations in the text can be used to 
find the physical length of the coax. 

Sample section of a homemade fluted line. 

quarter-wavelength matching system 
When using a quarter-wavelength transformer 

section there are only two computations to make. 
First the quarter-wavelength length is found either by 
direct measurement with a fluted or slotted line sec- 
tion or by the following formula 

tmnsfonner section length = 

1 1 8 0 3 ~  . 2???.t (cm) = 2 (tnches) 
4 f ~ ~ z  ~ ~ M H Z  

Next, the characteristic impedance of the trans- 
former section is determined from 

z o  = ,J- 

where 

ZO = impedance of the matching section 
Zr = imoedance at one end of section 
ZT = impedance at  the other end of the 
section 

A section of the appropriate cable is then chosen, 
box. The stub length in electrical degrees is deter- cut to the computed length, equipped with connec- 
mined with the following formula tors, and installed in the system (see fig. 5). 

@ = tan-' VSWR- 1 (31 The real problem with this method is finding the 
4- appropriate impedance cable, of course. Referring to 

where the example, how far would you have to look to find 

q5 = electrical length of the stub in degrees 
commercial 61-ohm cable? The problem can be alle- 
viated if the system is designed so the reauired char- 
acteristic impedance is near commercialiy available 

This is converted to  stub length in cm by this 
formula: 

@(line wavelength, cm) stublength = 
360 

The stub should be cut at least 2.5 cm (1 inch) too 
long. After it is in place use garden pruning shears to 
cut off first 1 cm sections, then smaller ones as the 
reflected power approaches the previously noted 
minimum; try not to cut off one section too many! 

When the stub is properly installed and pruned, 
your antenna will show a virtually perfect 50-ohm 
load to the feed system and the VSWR on the feed- 
line will be nearly 1:l. 

EXAMPLE O r  A I 4  TRANSFORMER 

AM SECTION 
TRhWSUITlEP 

SO w s  7 5  w s  

0 -  61.24 OHMS 

fig. 5. Example of a quarter-wavelength matching trans- 
former. To match between 50 end 75 ohms requires a coax- 
ial section with a characteristic impedance of 61.24 ohms. 
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Memo froBrake 
160 m t  ~ n t h ~ ~ * b t ~ .  .. 

DRAKE MN-2700, THE 2 kW ANTENNA MATCHING NETWORK - 
With i t s  truly unique antenna feed switching design, the MN-2700 is an instrument 
that will completely change the mode of a balanced-line fed 135 foot doublet to a 
special configuration that provides very effective 160 meter performance. And 
best of all,  i t ' s  done with the simple flip of a switch on the front panel. 

Consider a typical all-band antenna set-up - a 135 foot doublet, center-fed with 
60 to 70 feet of balanced line at  a height of 45 to 60 feet. The Drake MN-2700/ 
8-1000 will match this a s  a true balanced system on 80 thru 10 meters. 

Wlt what about 160 meters? Many amateurs recommend tying the feeders together 
and using the antenna as  a vertical with a "top-hat': In fact, we suggest this 
ourselves in our manual. 

However, the use of this o r  any vertical assumes you have a good ground o r  
radial system for efficient operation. If you do not have enough room o r  do not 
wish to install such a radial system, performance may suffer. And if you do have 
radials, you still  have to change the feeder connections each time you operate on 
160 meters. 

On the other hand, when you use the MN-2700/B-1000, simply leave the feeders 
in the balanced connection a s  you would for 80 thru 10, and move the special 
antenna selector switch to Position No. 4. This automatically converts half of the 
antenna and feedline to an inverted "L", fed through a 4:l impedance transformer, 
with the other half operating a s  a counterpoise. 

This system offers the convenience of "stay in your chair" operation, while 
providing an effective means of working 160 meters with a relatively small 
antenna. 

FOra FREE Drake Full Line Catalog contact your favorite Drake ooskr. 

Rm L. DRAKE COMPANY 
540 Richard st., Miamisburg, Ohio 45342 
Phone: 1513) 866-2421 Telex: 288.017 



Complete fluted line detector showing the probe and detector. 

values, but this isn't always possible. You can also 
construct the cable yourself in rigid form, or forget it. 

quarter-wavelength sections 
as power dividers 

If careful attention is paid to the values of impe- 
dance available for conversion at different points in a 
proposed antenna system, some natural combina- 
tions can be found. One example is the parallel com- 
bination of %-ohm antennas with 75-ohm matching 
sections as shown in fig. 6. 

In this example 50-ohm loads are connected to 71- 
ohm matching sections which transform the impe- 
dance to 100 ohms. The feedline then sees two 100- 
ohm loads in parallel, or a total load impedance of 50 
ohms. In addition, since the input points to the 100- 

ANTENNAS 

71 OWM SECTlON 

ohm section are equal, the current (and power) will 
split evenly between the antennas. 

Further, loads with the same impedance can be 
fed with different power levels by using different 
cable values in the sections (although this brings 
back the problem of noncommercial impedance 
values). In this case the desired power levels are con- 
verted to currents. The input impedances to the 
transformer sections are then selected to obtain the 
desired currents as shown in fig. 7. 

phasing 
Another factor to remember when operating multi- 

ple antennas is phasing, or timing the arrival of rf 
energy at each antenna. Generally, if the antennas 

I ' - 5 2 W M  
W E D  LINE 

fig. 7. By selecting the impedance of the matching sections, 
an unequal power division can be obtained. This procedure 
is useful when trying to create a particular radiation pattern 
from a group of antennas. 

are simply stacked together, you want them to oper- 
ate in phase; all feedlines from the antennas to the 
matching transformers must be equal length. 

If the antennas are not to be in phase, the appro- 
priate delays can be easily obtained by adding addi- 
tional cable in the indicated antenna feedlines. Add- 
ed cable length increases the phase delay; the 
amount of delay can be computed from 

9' 71 OHM S E C ~ O N  IRANSMlrrER degrees of delay per cm of cable = 
360 

LINE SECTICUS line wavelength, cm 

Stubbing and matching sections are not really the 
bugaboo that they may seem. A good stubbing job 
can be done easily in an hour; a matching trans- 
former takes less time. The frequency changes over 
the two-meter band, for example, have negligible 
effect. These matching tricks can be a big help in 
making efficient, custom-tailored Amateur arrays. 

fig. 6. As seen in this diagram. four antennas can be 
matched to the transmitter by using quarter-wavelength 

reference 
sections of 70-ohm coax. Each antenna's impedance is 1. Roben S. Stein. WBNBI, "How to Use the Slotted Line for Transm'ssion- 

transformed to 100 ohms and combined with another anten- Line Measurements," ham radio. May, 1977, page 58. 

ne to get back to 50 ohms. ham radio 





The TS-820s.. . known worldwide as the 
raceserter. Amateur Radio Operators universally 

respect its superb quality, proven through 
thousands of hours of operating time under all 

lvironmental cc IS. The TS-820s has e 
feature any A could desire for operi 

enjoyment, on any band from 160 through z 
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You can always tell who's running a TS-820s. Its 
superb quality stands out from all the other rigs on 
the band.. .and when the QRM gets heavy. the 
TS-820S's adjustable RF speech processor, utilizing 
a 455-kHz circuit to provide quick-timeconstant 
compression. will get the B througl 
negative feedback is appli~ he final 1 
driver to improve linearity, r order pro 
are at least -35 dB. Harmontc spurious emiss~ons 
are less than -40 dB and other spurs are less 
-60 dB. RF input power is 200  W PEP on 
160  W DC on CW, and 100  W DC on 
Receiver sensitivity is better than 0 .25  pV for IU 

dB S/N. The TS-820s is known for its superb 
receiver selectivity, and its famous IF shift easily 
ellminates heavy QRM. That's why the TS-820s IS 

the DXer's choice. 
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multiband antenna system 
1 2-1958) for his multibanding method. Here are some 

I claims and rebuttals for his version: 

A different approach I. A beam element that self-resonated near 21 
MHz was made to resonate near 14 MHz by inserting 

to t r i band-beam design I a loading coil or twin boom hairpin loop in the middle 
of the element. 

results in performance I Fact. The coil actually used had only about half the 

comparable to that of I inductance a coil would need to act as claimed. 

2. An "automatic-switching stub" in the form of a 

large, sing le-band, 1 piece of open-ended twin lead or coaxial cable was 
connected in parallel with the loading coil. The stub 

multielement Yagis I 
was to act as an electrical short when the antenna 
was used near 21 MHz. This was because the stub 
alone resonated at this frequency, electrically elimi- 
nating the tuning effect of the loading coil at 21 MHz. 

Until the early 1950s, a person interested in serious 
DX had to resort to stacked Yagis, fittingly called a 
Christmas tree, when faced with the limitation of a 
single rotor and mast. For most of us, however, it is 
difficult enough to build and tune a single Yagi beam, 
much less three stacked beams. During the record 
sunspot peak of 1956-58, several Amateurs tried to 
solve the multiband antenna problem, resulting in a 
number of new beams, especially mini types. 

Most people are familiar with the W3DZZ .trap 
antenna either as a dipole, ground plane, or Yagi tri- 
bander. The disadvantages and difficulties of this 
antenna, compared with a single-band, full-size Yagi, 
are that at 14 and 21 MHz the element is less than full 
size, causing reduced gain and bandwidth (both 
SWR and FIB ratio bandwidth). It is a major problem 
to seal the traps (tuned circuits) so that moisture and 
the polluted atmosphere do not cause corrosion at 
element, coil, and capacitor contacts, especially if 
dissimilar metals are used. In addition, a compromise 
between trap Q and bandwidth had to be chosen. 
For a triband element, four traps are required per ele- 
ment, with the contact resistance in the traps caus- 
ing losses. This form of the triband Yagi is now the 
most widely used Amateur DX antenna, and it is 
manufactured in several countries. 

G4ZU tribanding 

Fact. An open quarter-wavelength stub acts, under 
matched conditions, like a near short, but G4ZU had 
a different case and insisted that the stub cable had 
to have a very special "velocity factor" (i.e., capaci- 
tance per unit of length). It appeared to me that the 
cable capacitance, in conjl~nction with the parallel 
inductor, performed the tw'o-band tuning - and not 
the stub, as claimed. 

3. The 28-MHz tuning was riot explained by G4ZU. In 
private correspondence, the inventor stated that the 
coil-to-mounting-channel ciapacitance did the trick 
together with a part of the stub. 

Fact. By placing the stub cisble inside the element or 
double-boom tubing, the resultant coupling of dis- 
tributed L and C caused the 28-MHz resonance to 
occur, along with others. 

The experiments which demonstrate these facts 
caneasily be repeated. Startwitha dipole resonating at 

A dipole can be tuned to a lower frequency by in- 
serting a loading inductance, L. 

SGbstantial initial interest, except in the U.S., I - I  

earned G4ZU British patent number 790,576 (12- dl---- 
A*------+ 

By Hans F. Ruckert, V'KZAOU, 25 Berrille 
Road, Beverly Hills, 2209 AI-~stralia 

This article first appeared in Amateur Radio, the journal of The 
Wireless Institute of Australia, in April, 1978. 
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Or, to a higher frequency with a capacitance, C. 

By looking at the distributed L and C components, 
the antenna can be reduced to a parallel-tuned 
circuit, 

with the dipole itself acting as a series-tuned circuit, 

ra x x 
resulting in the combination looking like two reso- 
nant circuits. 

The paralleled parallel-(Lp + Cp) and series-tuned 
circuits (L,+ L,) form the "multiband tank" used in 
transmitters to cover 3.5 to 30 MHz without coil swit- 
ching. There are always two resonances occur- 
ring at the same time, 3.5 to 8 MHz (Lp and Cp) and 7 
to 30 MHz (L, and C,), depending on the values of Cp 
and C, 

CABLE Cp y 7 r  
By replacing the series-tuned circuit (L, and C,) 

with the dipole half-elements, and the cable capaci- 
tance by a lumped capacitor of the same value, you 
obtain (in either case) a two-band element (for exam- 
ple 14 and 21 MHz, 21 and 28 MHz, or even 70 and 
180 MHz). The cable (stub) resonance and the velo- 
city factor of the cable used are of no consequence 
- only the cable capacitance matters. L, may be a 
coil, a hairpin loop, or a double boom with shorten- 
ing bar. Bringing the cable (Cp) near the element 
creates more resonances, due to the distributed L. 

This form was too difficult to tune, and unwanted 
resonances occurred as well. 

After understanding what made the G4ZU beam 
work on three bands, I looked for a three-frequency 
circuit that was tunable (and controllable) and could 
be converted into a triband antenna element. To 
obtain resonance on three different frequencies 
(14.15, 21.25, and 28.6 MHz) at the same time with- 
out switching inductors or changing capacitors, you 
need three inductors and three capacitors arranged 
as follows: 

These two circuit versions fulfill this requirement. 
By adjusting the three L and C values, the three 
simultaneous resonances can be moved over a wide 
range. 

As previously described, one series-tuned circuit 
can again be replaced by a dipole to obtain a triband 
element. In A above, you then have two differently 
tuned, parallel-tuned circuits in series; in B, a series 
and a differently tuned parallel-circuit in parallel in 
the middle of the elernen,.t. This "triband element" 
may be any Yagi-type radiator, director, or reflector, 
the groundplane radiator, or a cubical quad element. 
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antenna's development, later extending the 14-MHz 
elements to full size to be competitive with other full- 
size Yagis. On 21 MHz, the element is 0.75 wave- 
length and on 28 MHz a full wavelength long (colline- 
ar), resulting in excellent gain and bandwidth on the 
15- and 10-meter bands. The front-to-back ratio, and 
so the reflector gain and bandwidth, were improved 
by feeding the reflector via a crossed-phasing line. 
This resulted in more concentrated radiation in the 
vertical plane. Mechanically, the reflector to driven 
element and driven element to director spacing is 
only 2 meters (6 feet), producing a short beam. For 
strength, a twin boom (25 x 3 mm [l x 118 inch] Al- 

Close-up view of the center element showing the hairpin M ~ - s ~  corrosion-resisting tubing) is used. All clamps 
loops and interconnecting straps. Note that a double boom are cast from an aluminum alloy. Only stainless-~teel 
is used in this antenna. screws, bolts, and nuts are used, to avoid electrolysis 

and corrosion at contacts between dissimilar metals. 

The dipole may have any length, from one quarter feed system 
wavelength to a full wavelength. The resonant cir- Feeding with a single coaxial cable presented a 
cuits are not tuned to  the antenna operating frequen- number of problems because of the large impedance 
cies, and should not be confused with dipole traps and phase changes, especially at 27 MHz, A T-match 
( W 3 D U  type). connected to both the driven element and reflector 

Since 1960, the A version has been built in Yagi, 
groundplane, and quad form by Amateurs in several 
countries. I've described these antennas in VK, ZL, 
DL and W-land Amateur literature. Other Amateurs 
(JA, ZS, DM, OK) have also described their experi- 
ences with this system. Unfortunately, antenna man- 
ufacturers showed no interest. This is a true triband- 
antenna element, where the full element is used on 
all three frequency bands, unlike the unused dipole 
ends of the W 3 D U  system. 

DJZUT version 
DJ2UT was particularly successful in using this tri- 

band-tuning system, and he asked the writer for per- 
mission to produce this antenna and to call it the 
VK2AOU beam (see fig. 1). He had continued the 

director 

28-MHz match element 

21-MHz match element 

radiator 

reflector 

radiator T-match 

reflector T-match 

radiator 1021-MHz match 
element spacing 

28-MHz match element to 
21-MHz match element 
spacing 

director to radiator 
to reflector spacing 

8.6 meters 

4.9 meters 

6.7 meters 

10 meters 

10.6 meters 

each side 1 meter long 

each side 1.4 meters long 

0.4 meters 

0.4 meters 

2 meters each 

finally gave the desired, and easy to control, results. 
The 28-MHz match is improved by selecting a suit- 
able LIC ratio for the tuned circuits. By placing prox- 
imity, or matching elements, for 21 MHz and 28 MHz 
in front of and near the driven element, the impe- 
dance at the T-match is also suitable for 21- and 28- 
MHz operation. A t  21 MHz, the resonant frequencies 
of the 21-MHz match element and the radiator are 
above and below 21.25 MHz respectively, much like 
a band filter. A t  28 MHz, the match element alsoacts 
like an additional director. 

construction 
The centers of the long elements and the 21-MHz 

match element have a polycarbonate center that 
seals and holds the coaxial cable capacitors (about 75 

Rl MI,, 

DIRECTOR- to. m. ro w r m  

MATCH ELEMENT- to U E l € R  

MATCH ELEMENT-I5 YETR 

RADIATOR-10. I5.20 UETERS 

I I I 

Y) - 60 CUUFEEOER-CMX COtL 

I 

fig. 1. Physical layout of the VK2AOU multiband beam as manufactured by DJZUT. The capacitors ere formed by short lengths 
of coax inserted in the center of the element, while the inductances are small hairpin loops. 
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-a 

fig. 2. Performance characteristics of the VK2AOU beam. 
The test dipole was located at the same height, though ten 
.wavelengths distant. 

and 100 pF), the stubs for the hairpin loops, and the 
pieces of 30 x 2 m m  element tubing. Two-part 
clamps and three bolts hold each of the five elements 
to the boom, and also the boom to  the mast-mount- 
ing bracket. An insulated wire and clamp for the 
mast extension are used to  support the boom and 
avoid sagging. The weight with the original tubing 
amounts to 23 kg (50 pounds). The turning radius is 
5.8 meters (19 feet) and the antenna area is 0.65 
square meters (7 square feet). 

The antenna can handle a continuous rf power of 
2.5 kW. The tuning elements are not at high rf volt- 
age points as in trap beams. Galvanized copper sol- 
der lugs are used to attach the RG8U coax. The use 
of the popular 1:l ferrite balun is not recommended 
for obtaining symmetrical feeding of the beam halves 
because it was discovered that the same degree of 
coupling was achieved without this core. DJ2UT rec- 
ommends using 3.5 meters (11.5 feet) of coaxial 
cable in the form of a closely wound, six-turn cylin- 
drical coil near the beam feed point to achieve a bal- 
anced feed. 
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performance 
When compared with a W3DZZ-type triband beam 

on a 7-8 meter boom, this antenna exhibits a superior 
forward gain and reflector bandwidth (see fig. 2). On 
20 meters, the performance is better than that of a 
two-element quad or three-element, full-size Yagi. 
On 15 meters, due to the extended elements, per- 
formance is similar to  that of a four-element, full-size 
Yagi. On 10 meters the performance is due to the col- 
linear (double length) elements and the 10-meter 
match element, and is comparable to the perform- 
ance of a five- or six-element Yagi. 

The VSWR curves are shown as a band because 
nearby objects cause a change depending upon 
proximity. 
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homebrew 

mobile antenna 

BY 
Strc 
Ohi 

There's no doubt that the Citizen-Band boom is 
here. There are millions of CBers and millions more 
CB radios and accessories. Hams, always ready to 
make something out of nothing, are discovering 
many ways to use CB components for Amateur- 
Radio use. This article is about another use: a 2- 
meter, %-wavelength, mobile gutter-clip antenna 
made from CB antenna parts. Although I designed it 
for 2 meters, the same techniques could be used for 
any vhf or uhf band by making appropriate changes 
in antenna length for the desired frequency. 

Starting at the base and working up, the parts 
used are these: a gutter-clip antenna mount (original- 
ly intended for use with a center-loaded CB anten- 
na); a spring with an M6 (%-20) threaded female 
base and a top that takes a whip (this is a part from a 
base-loaded CB antenna); and, finally, the whip 
itself, which is stainless steel. The whip can be a CB 
or Amateur Radio part. 

construction 
Here's how it all goes together. The gutter-clip 

mount that I found had RG-58IU coax and a PL-259 
connector attached. If the clamp you find doesn't in- 
clude the cable you'll have to make one. Obtain a 3- 
meter (10-foot) length of RG-58IU coax and solder a 
PL-259 connector (or the connector to fit your radio) 
to  one end. 

The other end of the coax goes to the antenna. 
Solder the coax center conductor to a solder lug 
large enough for a 6.4-mm (0.25-inch) bolt. Even if 
your clamp has coax with it, you may have to replace 
the solder lug with one that will fit. If you solder on a 
new lug, use heat-shrink tubing over the connection, 
part of the lug, and about 25 mm (1 inch) of the coax. 
This will help protect the connection and act as a 
cable strain relief. 

Connect the coax outer conductor to the metal 
clamp. This is a little tricky. Make the ground con- 
nection at the U-shaped holddown clamp. To do this 
and still have shielding from there to the antenna 
base, carefully cut away a 3-mm (0.125-inch) piece of 
the outer insulation all the way around at the point 
where the coax will be under the holddown clamp. 
Be careful not to cut the braid. Then wrap a 25-mm 
(1-inch) length of bare wire around the coax braid. 
This wrap will protrude past the outer insulation to 
provide good contact with the clamp and bracket 
when tightened down. 

You're now ready for the spring. The spring may 
have a 6.4-mm (0.25-inch) stud screwed into the bot- 

Joel Sampson, WD8QIB, 3009 Calumet 
set, Weber Road and Calumet, Columbus, 
o 43202 
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tom; if so, remove the stud. To attach the spring to 
the clamp, use an M6( %-20) by 25-mm (1-inch) round 
head bolt through the solder lug, an insulating wash- 
er, the clamp, an insulating washer, a lock washer, 
and the bottom of the spring in that order, bottom to 
top. Note that some of the gutter clamps have insu- 
lating washers smaller than 6.4 mm (0.25 inch); if so, 
drill them out beforeassembling. Tighten the bolt. 

radiating element 
You're now ready for the antenna whip. It can be 

almost any stiff wire, but stainless steel designed for 

Construction of the 2-meter, quarter-wavelength, mobile 
whip antenna. Parts were scrounged from CB supply stores 
and theauthor's junk box. The antenna is easy to unclip and 
remove when you leave your car unattended. 

this purpose looks good and won't rust. You may be 
able to find a broken piece large enough to work, or it 
can be purchased at any electronics store that sells 
CB or ham equipment. A CB whip for a bottom- 
loaded antenna can be used and should be long 
enough to make two 2-meter antenna whips. 

The whip goes into the top of the spring and is 
held in place with a setscrew (which may take a hex 
key wrench for adjustment]. Position the whip in the 
opening as far as i t  will go, then back it out about 
12.7 mm (0.5 inch). In this way you can loosen the 
setscrew and make minor changes in whip length 
without having to cut the whip. Antenna length is - - 
measured from the top of the whip to the bottom of 
the lockwasher under the spring. How do you find 
the correct length? Use the following formula: 

74970 length in mm = -- frequency in MHz 

2952 length in inches = frequency in MHx 

For example, the middle of the 2-meter repeater band 
is 147 MHz: 

74970 = 510 length in mm = - 147 

2952 = 2o length in inches = -- 147 

operation 
After the antenna is cut to the correct length 

you're ready to try it out. Clamp it on to the gutter 
mount and feed the coax through a window. A vhf 
swr bridge can be used to adjust the whip length for 
the lowest reflected power. This shouldn't be neces- 
sary, however, if you calculated and measured accu- 
rately. 

In using the antenna, I found it to be very effective 
and convenient. Its performance is more than ade- 
quate for repeater use, and it's easy to unclip and slip 
through the car window when the car is parked, 
which is an excellent security feature. The antenna is 
small and weighs much less than the CB antenna for 
which the gutter clamp was intended, so you should 
have no problems with the clamp coming loose. 

My total cost came to around $4 for parts, which 
were purchased from a "junk box" at a local Olson 
electronics store. Antenna parts from damaged CB 
antennas or surplus parts should be available free or 
inexpensively from a CBer friend or a CB store. Even 
if the parts are purchased brand new, the cost is still 
considerably less than for most commercially made 
units. 

ham radio 
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sloping antenna array 
for 80-meter DX 

An array using wire elements 
that has given 

a good account of itself 
during the pileups - 
it's the W2LU sloper 

Anyone who has put in an evening trying to work 
DX on 80 meters will understand the frustration that 
results in a desire to develop a better antenna system 
for this band. With 80-meter DX you soon learn that 
the criteria by which a "better" antenna system is 
judged would weigh directivity nearly equal to gain: 
i.e., "You can't work 'em if you can't hear 'em." 
An increasingly popular way of obtaining a reason- 
able amount of both has been with the sloping dipole 
system. The sloper, as must be expected, has both 
positive and negative aspects. 

the sloper antenna 
Probably the sloper's biggest drawback is that, to 

get good azimuth coverage, it's necessary to have 
at least two radiators directed 180 degrees apart, 
with three radiators at 120-degree intervals being 
preferable. This arrangement requires a good-sized 
piece of real estate, typically a 61 by 53 meter (200 
by 175 foot) lot for a full three-radiator system with 
reflectors. 

The second drawback is that a big tower is highly 
desirable. Although functional slopers have been 
erected with tower heights of only 15 meters (50 
feet), heights of 24 meters (80 feet) or more are pref- 
erable, with 31 -37 meters (100-120 feet) being ideal. 

On the positive side we have a number of points. 
Perhaps first is the sloper's excellent operating char- 

acteristics. The complete system as outlined in this 
article demonstrates a froni:-to-back ratio of 20-25 dB 
on signal paths on the order of 3200 km (2000 miles) 
or more. The gain of the system is estimated to be 
between 2 and 5 dB over a dipole, depending on the 
direction relative to the radiator. 

I fig. 1. Plan view of the experimental sloper antenna. Two 
sloping dipoles were used. Olne was pointed directly at a 
vertically polarized test signal: the second was pointed 180 
degrees away. 

The other major advantage of the system, once 
the cost of the real estate and tower have been dis- 
counted, is its basic simplicity and its cost and effort 
effectiveness. The radiators are ordinary dipoles, and 
the reflectors are either plain wire or inductively load- 
ed wires. Furthermore, the radiators, being dipoles, 
present approximately balanced feedpoints and don't 
require an extensive ground system for efficient op- 
eration. A system of radials tied in with a grounded 
tower would probably  reduce ground reflection 

I losses. 

- 
By Eugene B. Fuller, W:?LU, 1185 Wall Road, 
Webster, New York 14580 
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experimental system 
While developing this system, I performed experi- 

ments to determine the ideal angular spacing be- 
tween the radiators and radial reflectors. The config- 
uration used for these experiments consisted of two 
slopers; one was pointed directly at a vertically polar- 
ized test signal source approximately 0.8 km (0.5 
mile away, and a second was pointed 180 degrees 
away. Two reflector wires were then placed radially, 
one to each side, so that the included angles be- 
tween the radiators and reflectors could be varied in 
a symmetrical fashion as shown in fig. 1. 

The tests were repeated several times and the re- 
sults appeared to be consistent. Table 1 indicates 
representative values. 

Several conclusions were drawn from these tests. 
First, by comparing signals from the two dipoles, I 
found that an included angle of 60 degrees between 
the reflectors and the further dipole represented the 
best front-to-back ratio - 20 dB. An angle much 
smaller than this resulted in degredation. An angle of 
60 degrees between the reflectors and the near di- 

table 1. Test results from experiments to determine ideal 
angular spacing between radiators and reflectors in the ex- 
perimental sloper antenna system. 

reflector position dipole 1 dipole2 f l b  gain 
(degrees) (dB1 (dB) (dB1 (dB1 

no reflectors 38 28 10 0 
60-300 43 32 11 5 
90-270 4 1 28 13 3 

120-240 41 21 20 3 
150-21 0 40 27 13 2 

pole resulted in a forward gain of about 5 dB over a 
dipole. Therefore a system of three dipoles and three 
reflectors optimized both front-to-back ratio and for- 
ward gain. A four-dipole, four-reflector system 
would probably perform satisfactorily; however it's 
doubtful whether the added complexity would pro- 
duce meaningful improvement in performance. On 
the other hand, dropping back to a two-dipole, two- 
reflector system would definitely result in degraded 
performance. 

A system was then installed using a three-dipole, 
three-reflector configuration with 60-degree spacing 
as shown in fig. 2. All reflectors were cut to 43 
meters (140 feet) and all dipoles were made resonant 
at 3.8 MHz. Although direct 180-degree, front-to- 
back checks were no longer possible, a large number 
of on-the-air checks confirmed the expected results. 

As a further refinement to the system, I decided to 
try adding additional parallel reflectors under each 
dipole as shown in fig. 3. In this installation the di- 
pole and radial reflectors are supported by a 30.5- 
meter (100-foot) tower. The added reflectors were 

fig. 2. Sloper system using three! dipoles and three reflectors 
with 60-degree azimuth spacing. 

hung from the 21-meter (70-foot) point on the tower, 
resulting in approximately 0.1 -wavelength spacing 
from the dipole, Each reflector was 26 meters (85 
feet) long and resonated at 3.5 MHz, with about 30 
turns of BBW 3905-1 inductance. Obviously, higher 
towers would allow one to take greater advantage of 
this concept by making pos.sible greater spacing and 
less inductive loading. Although I made no direct 
comparative measurements with and without these 
reflectors, it seemed that front-to-back ratio im- 
proved by about 5 dB, and tllie theory seemed valid. 

Tuning of the parallel refl~sctors was accomplished 
by grid dipping and noting tltie amount of rf energy in 
the element. With power fed to the radiator, I could 

fig. 3. Additional parallel reflectors were 
added under each dipole. Experimen- 
tal results indicated that front-to- 
back ratio improved by about Li 
dB. 
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-- CLASSIC 2 - E L E I K N I  ARRAY 

-OBSERVE0 SLOPER WITH REFLECFMS 

fig. 4. Beam pattern of the sloper using three radiators, 
three radially oriented reflectors, and three parallel reflec- 
tors. The data indicates response in the horizontal plane: 
that is, directivity, not gain. 

draw an arc with a pencil from the low end of the re- 
flector.' I assumed that this arcing was greatest 
when the element was self-resonant. The element 
was then made to resonate about 10 per cent lower 
in frequency, or at 3.5 MHz. 

Thus the system was complete - using three ra- 
diators, three radial reflectors, and three parallel re- 
flectors. With the aid of a large number of compara- 
tive signal-strength readings - taken in the receive 
mode (using a Drake R-4A receiver) to eliminate the 
S-meter variable - a beam pattern was developed, 
as shown in fig. 4. Also shown in fig. 4 is the ideal 
pattern for a two-element vertical array using quar- 
ter wavelength spacing. It can be seen that the 
sloper pattern compares quite favorably in horizontal 
directivity. Remember that this data indicates a com- 
parison only in the horizontal plane, not vertical, and 
that it indicates directivity, not gain - gain being a 
function of directivity and efficiency. 

The system has been used for several years and 
has provided excellent, consistent, and reliable per- 
formance. It's been a great asset in digging DX out 
of the QRM and has always given an excellent ac- 
count of itself in the pileups. 

ham radio 

'Not a very good test from an engineering standpoint, but one used by 
hams for yean. Use caution and make certain you are insulated from 

ground. Editor 
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antenna-performance 
using 

celestial sources 

A simple procedure 
for measuring the 

receiving figure of merit 
of large 

vhf and uhf arrays 
using celestial bodies 

as noise sources 

measurement 
High-performance vhf  and uhf  arrays for moon- 
bounce, meteor, and tropo scatter are proliferating in 
the Amateur Radio ranks. 'This article describes a 
simple procedure for measulring the receiving figure 
of merit of large vhf and uhf arrays using radio stars, 
the moon, or the sun as a :source. I developed the 
technique from the references and recently used it to 
measure the performance of the 25.6-meter (84-foot) 
moonbounce dish at K3NSS. 

The method derives the ra~tio of the antenna gain, 
G, to the receiving system noise temperature, T ,  or 
G / T .  G / T  is a measure of system receiving sensitivi- 
ty and applies directly in link calculations and serves 
as a standard for performanc:e comparison. Knowing 
G / T  and either the antenna gain (GI or the system 
noise temperature I TI, the onknown parameter can 
be derived. 

measurement procedlure 
G / T  is measured from celestial sources by taking 

the ratio of the received signal* noise power to the 
noise power received from the cold sky. This ratio, 
called the Y factor, is compared with the known radi- 
ation flux density, S, of the source (table 1) to deter- 
mine the receiving system figure of merit, G / T  (eq. 
1). Units of G / T  are decibels per degree Kelvin, 
dB/ O K .  

The advantages of this technique are simplicity 

I "The signal of these celestial sources ha!; noise characteristics. 

By William H. Curry, Jr., W5CO/W4RXYt 
11003 Blue Roan Road, Oakl:ont Virginia 22124 
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FREQUENCY- GHz 

fig. 1. Solar flux density vs. frequency for July through December, 1978. 

and accuracy. The technique is elegant because it 
requires no knowledge of either antenna gain, G,  or 
system noise temperature, T .  The critical measure- 
ment, Y, is calculated as a ratio so that measurement 
units and biases cancel. Finally, no special equip- 
ment beyond that for normal station operation is nec- 
essary. Only a suitable measure of receiver output 
power is required. This could be from the receiver S- 
meter, although better accuracy will result if a simple 
diode noise detector is used, as described in refer- 
ence 1. 

under favorable reception contlitions. 

2. Atmospheric/ionospheric attenuation. 
Source attenuation varies inversely with frequency 
and elevation angle. Observations at 144 MHz near 
the horizon may not be accur4ilte within 3 dB. Obser- 
vations of Cassiopeia A or Cygnus A at 1296 MHz, at 
elevation angles greater than 45 degrees, can be 
accurate to f 0.5 dB. The references contain addi- 
tional information for those interested in corrections 
to obtain the greatest possible! accuracy. 

The qualifying minimum performance necessary to 
use this procedure is that the system must be able to 3. Number Averaging a large 

detect sun noise, which is the strongest source. number of observations, or applying linear regression 

Measurement accuracy depends on the following anal~sis, will result in accuracy. 

factors: 

1. Source used. The flux density, S, of the sun 
varies randomly by a factor of two or more. There- 
fore measurements from the sun may not be accu- 
rate within 3 dB unless corrected for actual solar flux 
at the time of observation (see table 1 and fig. 1). If 
G/T is large enough to permit radio star measure- 
ments, accuracies to within 0.5 dB are attainable 

4. System noise floor. The more sensitive the sys- 
tem, the bigger will be the difference between signal 
noise power and cold sky noise power; i e . ,  a larger Y 
factor. Reference 2 has an excellent chart of sky 
noise. It illustrates the relatively high noise character- 
istic of the galactic equator and the relatively low sky 
noise at the galactic poles. 'The more sensitive the 
system, the more attention rrlust be paid to cold sky 
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X = wavelength (meters) 

The K3NSS 25.6-meter (84-foot) parabolic reflector in the 
stow position. A small group from the Southern Maryland 
Amateur Radio Club, including the author, restored the 
antenna to  432-MHz moonbounce. All rf systems, including 
the feedlines and feed antenna, were missing. The 432-MHz 
system was built and installed from individual and club 
assets. The restoration began in the fall of 1976. and the first 
contact was completed with LXlDB in April, 1977. 

temperature. For example, to take readings from the 
moon, which has a very weak S, care would have to 
be taken to ensure that the cold sky reading was 
from a low noise area. This isn't as important for sun 
measurements. The objective is to get large Y factor 
measurements. 

measurements 
The algebraic relationship of G/T to the Y factor 

and source intensity, I(s), is given by: 

where: 
signal noisegower (source)_ 

= co ldsky  noise power 

S = source flux density from table 1 
(watts per square meter per Hertz) 

K = Boltzmann's constant 
= 1.38 x 10-23 joules per degree 

Kelvin 

Eq. 2 translates the source flux density, S, to units 
of equivalent temperature, T. It includes a factor 
(1/21 to account for the unavoidable loss resulting 
from the interception of a randomly polarized signal 
by an antenna sensitive to a single polarization. The 
factor X2/47r accounts for the antenna gain relation- 
ship to wavelength (area factor). 

The Y factor used here differs from that described 
by K2LMG and W2YBP in reference 1, but the princi- 
ple is the same. WABIQN, reference 3, describes a 
sun-noise measurement procedure using an estimate 
of antenna gain by use of horizontal and vertical 

A view showing the antenna feed supporting the radiating 
element (dipole) covered by a polyethylene bag at the focus. 
The Gregorian reflector, supported by the 5.5-meter 118- 
foot) fiberglass tripod, was not usable in the restoration. In- 
stead, the dipole feed was mounted on a feed tower, 
clamped at the base to  a rotator for polarization control. 
The coaxial feed tower was made from 7.6-cm (3-inch) diam- 
eter aluminum irrigation pipe with a 3.5-cm (1-318-inch) di- 
ameter copper water pipe as a center conductor. The focal 
length of the dish is 7.6 meters 125 feet). 
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beamwidths, Rh and Rv. The procedure described 
here will yield better accuracy. 

Eq. 1 is an algebraic ratio. The C / T  value is more 
useful in logarithmic (decibel) units. Therefore the 
following conversion applies to the G / T  ratio from 
eq. 1: 

C / T  (dB/OK) = I O l o g l o [ G / T ~ a f i o  from eq. 11 (31 

Remember that algebraic ratios usually result 
from, or are used in, equations with multiplication 
and/or division terms. Equations employing or yield- 
ing logarithmic values usually have addition and/or 
subtraction terms. Eq. 1 written for logarithms is: 

Typical G / T  values for Amateur arrays range be- 
tween - 10and + 15dBI0K. 

Those interested in the derivation and further 
explanation concerning radio astronomical measure- 
ments of antenna performance should consult refer- 
ences 4 through 8. Wait (reference 4) presents a clear 
derivation of eq. 1, and the remaining references 
contain extensive information dealing with every 
aspect of radio astronomy measurements. 

measurement techniques 

Close-up of the feed dipole. The dipole is covered with a 
polyethylene bag to keep rain water out of the assembly. 
The feed tower is guved bv use of a slip-ring collar, visible as - .  . - 
the bulge half-way down the feed-tower. Since this photo 
was taken, a reflecting element has been added to the feed 

The ease and accuracy of measurements depend dipole. giving a cardioid feed pattern. 

greatly on your ingenuity. The following observa- 
tions are submitted as food for thought: 

3. Measuring the Y factor. An accurate measure- 
1. Receiver linearity. The receiver chain must be 

ment technique is to note the cold sky power, then 
operated linearly over the dynamic range of the acquire the source; then, by use of a precision vari- 
measurements. As a starter, the receiver agc must be able attenuator, reduce the source signal to equal the 
defeated. previous cold-sky reading. The required attenuation 
2. Receiver bandwidth. The i-f should be operated is the Y factor. Caution: remember to convert deci- 
at the widest possible bandwidth, since noise-power be1 readings to algebraic ratios and vice versa as 
measurements are involved. applicable. 

table 1. Source flux density. S, as a function of frequency for selected celestial bodies. The data were derived from references 5 
through 7. Values are in watts per square meter per II :  x I l l  - ' I .  

Cassiopeia 
sun moon A 

frequency (X  I0 2') (X I0 2 ' )  (X  10 -'? CygnusA Taurus A 

(MHz) note 1 note 2 note3 (X I0 2'1 I X  10 2'1 

144 52 0.01 15.0 10.0 1.80 
note 4 

432 280 0.08 5.55 4.00 1.25 
1 296 525 0.80 2.05 1.40 0.92 

Notes: 1.  The value for sun Svaries randomly by a factor of two or more. The value listed is typical for a quiet sun. 

2. Calculated by the author from the relationship: S = I?liTm A') Rm where llnt = solid angle subtended by the moon v~ewed from earth See 
reference 7. 

3. Sdecreasesapproximately 1 pet cent per year. Value corrected by the author to 1978. See references5and6. 

4.  144 MHz values extrapolated by the author. Expect large measurement variations because of atmospheric and ionospher~c effects. 

5. Daily solar radiation measurements are available lrom the Space Environmental Laboratory. 325 Broadway, Boulder. Colorado 80302 Data is 

available to remote computer terminals by contacting J. D. Schroede: at 13031 499-1000. extension 3780. 
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4. Power vs voltage measurements. Be sure to attenuation and source polarization assymetry 
measure the Y factor as a power ratio. Most meters (stellar sources). Those who :strive for absolute preci- 
and chart recorders respond to voltage or current, sion may be interested in the more detailed discus- 
not to power. Squaring a voltage or current ratio sions on factors affecting measurement accuracy 
yields the corresponding power ratio. contained in references 4 through 6. 

5. Acquiring the source. Locating a source in the acknowledgments 
sky is a matter of determining its Greenwich hour I'd like to thank Ruth Phillips, K3AGR; Howard 
angle, GHA, and declination for the time of observa- Eich, W3HE; Jim Erickson, K3LFO; Dave Phillips, 
tion. Table 2 lists celestial coordinates (right ascen- W3JPM; and Willie Mank, WlZX; all made major 

table 2. Location, advantages, and disadvantages of celestial sources for antenna-performance measurements. 

position (see note 1) 
right 

celestial ascension declination 
source (hrs.-rnins.) (degrees) 

Cassiopeia A 23-22 N 59 

Cygnus A 19-59 N 41 

Taurus A 5-33 N 2 2  

Sun  

M o o n  

see reference 10 

see reference 10 

advantages 

Strong stellar source. Observable 

24 hrs lday north of  32O n latitude 

Observable over much  of the 

earth for substantial period 

each day 

Visible for  good port ion of  day 
over most  o f  the earth 

Strongest source; Easy t o  locate 

Easy t o  locate 

disadvantages 

S decreasing about 1 per cent per 

year / Poor visibility i n  Southern 

Hemisphere 

Some polariza1:uon evident i n  

very precise rnsasurements 

Third strongest stellar source 

Large, random variations i n  intensity 

Very weak soutce 

Note 1. Right ascension and declination are coordinates on the celestial sphere. See references 9 and 10 to convert to antenna pointing 
coordinates for local time, 

sion and declination) for stellar sources. Reference contributions to the restoration of the K3NSS 25.6- 
(9) gives GHA and declination directly by hour for the meter (84-foot) parabolic re.flector at Cheltenham, 
sun and moon, as well as procedures for finding Maryland, to moonbounce operation, including the 
stellar GHA from right ascension. measure of performance from Cassiopeia A. That 

Polar antenna mounts are usually calibrated direct- effort was the inspiration for this article. 
ly in GHA (or the equivalent measure, LHA) and decli- 
nation, since these are used for the mounting axes. references 
TO use azimuthlelevation antenna mounts, conver- I. D. W. Bray, KZLMG, and P. H. Kirchner, WZYBP, "Antenna Patterns 

sion formulas, calculator, and computer programs From the Sun," QST. J U I ~  1960. 

are published in reference (10) and other sources. 
2. Ralph E. Taylor, "136-MHz1400-MHz Radio-Sky Maps," Proceedings of 
the IEEE. A~ril1973. Daae 469. . - 
3. Don Lund, WAQIQN. "Using Sun Noise," QST, April 1968. Don Lund, 

6. More information. The Eimac compendium, ref- wAQIQN, (letter to the technical editor) (]ST, June 1968. 

erence ( lo),  contains a wealth of information for any- 4. David F. Wait, "Satellite Earth Terminal G I T  Measurements," 
Microwave Journal, April 1977. 

one with a serious interest in large vhfluhf arrays. It's 5. J, ,, M, B ~ ~ ~ ~ ,  "The Measurement of Large ~n tennas  with Cosmic 
free from Eimac. Radio Sources," IEEE Transactions on Antennas and Propagation, Vol. 

measurement refinements 
There's much more to be said regarding measure- 

ments of high-performance antenna systems using 
celestial sources. For example, the determination of 
antenna gain, G,  by measuring the equivalent system 
noise temperature, T, is not yet adequately addressed 
in Amateur Radio literature. Several rather esoteric 
correction factors not covered in this article are avail- 
able. These include corrections for propagation 

AP-21, July 1973. 
6. Hiroshi Yokoi. Toshio Satoh, and Matsuichi Yamada, "Gain 
Measurements of Large-Aperture Antema for Satellite Communication." 
Electronicsand Communicationsin Japan, Vol. 51-8 No. 4. 1968. 
7. A. 13. Kuz'Min and A. E. Salomonovict~, "RadioastronomicalMethods of  
Antenna Measurement." Academic Press. New York 1966. 
8. J. D. Kraus, Radio Astronomy, McGraw-Hill, New York 1966. 
9. The Nautical Alamanac, (current year). U.S. Government Printing 
Office, Washington, D.C. 20402. Order Stock No. 008-054-0069-0 (1978 
price $8.30). 
10. "Everything You Want To Know About EME," ElMAC Division of 
Varian, 301 Industrial Way, San Carlos, California 94070. 

ham radio 
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Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

I 
Now available In KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 
1952 C l ~ n l o n  St , Buf fa lo.  N Y 14206 

I July 28 thru August 10,1979 1 
11;1vc* tro1111lr finding lime to shlily for 
I'pgracling? 

Do it 011 your vacation at the 

OAK HILL ACADEMY 
AMATEUR RADIO SESSION 

I 20 !jcur.v of . S I I C C C S S ~ ~ ~ ~  teaching I 
Two wrcks of intcknsive coclr ~intl theory 
starting at your level. 

C~IISSPS fro111 Novice thru Amntn~r Estra 

Expert instrtlctors 

Fricn(lly s~~rro~~ntl ings  

E s r e l l ~ ~ ~ ~ t  Arrt~~n~no(lations 
----------------------------------- 

I C. L. PETERS. K4DNJ. Director : Oak Hnll Academy Amateur Radio Session I , Mouth of Wnlson. Virglnla 24363 ! 
; Name ~- _ . - C a l l  I 
I Address 

I City/State/Zip - 
I 

-- - - - -  - 1  
?--_------------------------------ '  
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More than 15,000 
Hams are on the air 

with the ATLAS 210x! 

31/2" x 91/2" x 91/2" 7 Pounds 

Its a Proven Winner! 
r /  HF SSBlCW Transceiver 
r /  No transmitter tuning 
fl Plug-in circuit boards 
r /  Super selectivity with exclusive 8 pole 

crystal ladder filter 
r /  Exceptional immunity to strong signal 

overload and cross modulation 
fl Slips in and out of special mobile 

mounting bracket or AC console in 
seconds 

For complete details see your Atlas dealer, or drop us 
a card and we'll mail you a brochure with dealer list. 

Don't let its fingertip size fool you. The Atlas 210x 
transceiver has all the power and performance that 
you find in rigs twice as big and costing twice as 
much. 
And with over 15,000 Atlases on the air, you know 
you're getting a proven winner. 

Model 21 Ox or 21 5x Transceiver $765 
(With noise blanker installed add $45) 
Plug-in Mobile Kit S 55 
Portable AC Supply 1101220V $105 
AC Console 1 101220V . . $155 
(With VOX and semi-break-in CW add $55) 
1 0x6 Crystal Osc. less crystals S 65 

.. . 

RADIO  INC. 
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self-gating the 82S90/74S196 decade counter 

In many typical counter circuits, 
the clock input to the first decade 
counter is logically combined with the 
count gate prior to being applied to 
the counter. In some cases, the limit- 
ing frequency factor is then the exter- 
nal gate and not the first decade 
counter. Fig. 1 shows a method of 
using the internal circuitry of the 

In addition, the counters also ignore 
any inputs on the clock lines. By tying 
the load lines to the output lines, the 
information is held, while it is proc- 
essed through to the readouts. A 
negative reset pulse will reset all flip- 
flops to zero, ready for the next count 
period. 

R. S. Naslund, W9LL 

82S90174S196 to perform the gating, 
thus allowing the IC to be used to its 
full 100-MHz capability without any 
degradation caused by external 
gating. 

When the CountILoad line and the 
Rest line, pins 1 and 13 respectively, 
are high, the counter will operate in a 
normal clocked fashion. Since the 
count gate is connected t o  the 
CountILoad line, the counter will 
continue to function for the length of 
the gate. However, at the end of the 
counting time, the count gate goes 
low, shifting the IC into a mode 
where the counters actually act as 
latches fed from the Data Input lines. 

7- RESET - 
VCC INPUT 

fig. 1. Schematic diagram of a 
method for using the internal CLR oD 4 oE oE CKI 

metalized capacitors 
Where the need exists for a very 

small size, low cost, stable, close 
tolerance capacitor in the range of 
0.001 to  2.2 pF  wi th good high- 
frequency characteristics, the 
Siemens MKM and MKH types are a 
good choice. They can be obtained in 
either metalized polycarbonate or 
metalized polyester, with 5 per cent 
tolerance, rated at 100, 250, or 400 
volts. As an example of their com- 
pactness, the 0.47 pF, 100 volt  
capacitor measures a 1 x 1 x 0.5 
cm. The feature that attracted me 
most was their very low parasitic in- 
ductance of 20 nH; this is due to the 

gating in the 82S90/74S196 
counter to eliminate any exter- 
nal clock gates. By using the 
count gate to control the 

stacked foil construction and the 
packag~e design which allows very 
short lead lengths. Several values 
were checked for series resonance 
with 3 mm leads; values for two 
popula~r ceramic values are included 
in the list below for comparison: 

8zs90/74s196 

Cerarnic 0.02 pF 12.0 MHz 
Sierr~ens 0.047 pF 10.0 MHz 
Siemens 0.068 pF 8.0 MHz 
Siemens 0.1 pF 6.5 MHz 
Cerarnic 0.1 pF 6.3 MHz 
Sierr~ens 0.47 pF 2.8 MHz 
Sierr~ens 0.68 pF 2.6 MHz 

CountILoad line, the IC will, 
ignore any pulses on the clock 
line when the counters are 
used as latches. COUNT GATE 

Stability of the Siemens capacitors, 
of,  coulpse, is not as good as poly- 
styrene or silver mica, but I find them 
very useful for timing circuits, active 
filters, and similar applications. 

Bi l l  Wildenhein, W8YFB 

cure for the 
R4C lbacklash 

Shortly after I received my new 
R4C, the dial started to develop a 
backlas,h problem. At  first glance, it 
appeared that the clearance between 
the nylon gears was not correct. 
However, upon closer examination I 
determined that the backlash was 
caused by a binding of the outer edge 
of the plastic concentric dial closest 
to the front panel. In order to get a 
better look at the problem, I removed 
the white metal bracket that has the 
pilot lamp socket attached to it. This 
bracket is attached to the front panel 
by a machine screw on each end. 

Each machine screw has a metal 
spacer between the bracket and 
panel. While removing the screw, 
hold the spacer with a long-nose plier 
or it will fall down into the bottom of 
the chassis necessitating the removal 
of the bot tom cover in  order t o  
retrieve it. 

After removal of the bracket, you 
will notice two felt pads on each end 
of the plastic index plate attached to 
the front panel. Remove these two 
pads completely. These pads were 
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autek filter 
The Autek OF1 ssb1CW active 

filter has proven itself to be a very 
useful device. Like any other "black 
box" in the typical ham shack, on- 
the-air use indicates certain mdi f ica-  
tions would make it far more useful. 

Since the OF1 operates from the 
ac line, a low-drain indicator light 
would show when the power is on. 
This is easily accomplished with an 
LED mounted just above the NOTCH 
control on the front panel. A 15-Vdc 

added by Drake to prevent the con- 
P H O N E /  

centric dial from rubbing on the fig. 2. Diagram of the SPEAKER 

lk POT 
plastic index plate, which could warp modifications to the QF1 

PLUG 

with age. audio filter. The power- 
RESISTOR 

Drake has since corrected the LED is ,,AUDIO OUTPUT 

ed in a 5-rnm hole just 

supply is available, with the appro- 
priate series resistor, you have a light, 
color of your choice. 

The second modification allows 
the operator to switch the filter in 
or out of the circuit. Thus, the head- 
phonelspeaker can monitor either 
the filter or the direct output from the 
receiver. This is very easily accom- 
plished with a miniature double-pole, 
dou-ble-throw switch installed just to 
the left of the existing ac switch. An 

problem on their later production above the NOTCH, To 
runs by relocating the index plate , 1 1 0 ~  the operator to AUDIO 

BOAHO 

from the inside of the panel to the switch the QFl  in and DC SUPPLY 

, 5 M M  

equalizing control was included to 
prevent overloading the Autek Ampli- 
fier. Thus, the ,phones will hear basic- 
ally the same level in or out of the 
filter. Sincc? the pot requires very little 
adjustmenl, it was mounted on the 
rear, just below the three-lug strip. 
This three- lug strip is the tie point for 
the filter i~r~put, making modification 
very simple. 

Bill Long, K6EVQ 
Bob Landgrave, WAGWZQ 

A /  

6 8 0  / L E D  

improved stability for the 32s transmitter 
While operating CW "split" with 

my Collins 32s-1175s-3 combination, 
I noticed a definite frequency shift on 
the transmitter signal. This occurred 
only on the first dash or couple of 
dots .when using VOX CW keying, 
being most noticeable on 10 meters. 
When PTT was used, the drift was 
completely unnoticeable. 

My transmitter is a modified 32s-1 

front of the panel. The felt pads have 
Out ature of the double-pole, circuit, a mini- dou- & .  7 

which has been up-dated to an S-3.1 
A Zener diode provides regulation for 
the 6-plus supply to the HFO and 
PTO. The stock 32s-3 also regulates 
the voltage to these oscillators, but it 
is supplied by an OA2. Examination 
of the circuit revealed that the voltage 
for the regulators is derived from the 
+275 volt input via a set of contacts 
on the VOX relay, K1 (see fig. 3). This 

R137 NOT USED 
IN 3 2 s - I  

V l lA 
TO "A" 

R 9 4  
8 2 0 0  

WIRE TO ,793 

- 
SW LOCATION 
FRONT PANEL 

fl5/16"1 49 5 M M  

WHI ' E  WIRE 

fig. 3. By changing the 
connection to R17, the 
oscillators are energized C16 

at all times. This elimi- "A" BREAK 

nates the frequency shift 3 2 S - 3  

caused by switching 
I J IO 

their plate voltage. 

+15V 

means that during receive mode, 
there is no voltage applied to the HFO 
or PTO, with the transition from zero 
to full operating voltage (regulated or 
not) causing the oscillators to shift 
frequency slightly. 

By changing the circuit to maintain 
voltage on the regulators, and hence 
the oscillators during receive, this 
anomaly is avoided. Simply move the 
lead connlecting R17 to the VOX and 
connect i t  to  C137 on the power 
amplifier cage wall. This capacitor 
has + 275 volts applied continuously. 

Afte.r this change is made, VOX 
keying will be just as good as with 
PTT, w i th  no shif t  discernible. 
However, the effectiveness of this 
modification to an unmodified 32s-1 
has not been determined. 

also been removed. 
ble-throw switch was in- NOTCH 

Bernard W3CVS stalled in the indicated 
INPUT 

position. L E D  LOCATION MAIN BOARD 

reference 
1. Paul K .  Pagel. N lFB ,  "Updating the Collins 
325-1," ham radio. December, 1978, page 50. 

Paul Pagel, NlFB 
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DEALERS 

Audiotronics 
18 Isaac St. 
Norwalk CT 06850 
203-838-4877 

Ham Radio Outlet 
2620 West La Palma 
Anaheim CA 92801 
800-854-6046 

The Ham Shack 
4506-A North 16th St. 
Phoenix AZ 85016 
602-279-4267 

Omaha Amateur Center Inc. 
2565 Dodge St. 
Omaha NB 68131 
402-346-5530 

Telcom Company 
4349 Kernersville Rd. 
Kernersville NC 27284 
919-784-8833 

Universal Amateur Radio Inc. 
1280 Aida Dr. 
Reynoldsburg OH 43068 
614-866-4267 

> 

The Personal Antenna 
... Custom created with Hustler components. 
Make your cholce of Hustler components Aium~num and 1 

chrome plated brass mast wtth bumper mounttng or statnless 

OR VHF Engineering KIT 
CAN" DO FOR YOU ! ! 

10 METERS - RX 28 C 
GMETERS- AX 5 0 C  
2METERS- RX 144 C X 144 & PA 144 15 - PA 144 25  

I ~ M E T E R S - R X 2 2 0 C  TX 220 & PA 220 15 
TX 4 3 2  & PA 432/10 

V H I  & UHF TRANSMITTING CONVERTERS 

PO g O X  7054  
Wazi r t ta  Cjfotqia 30065 
Pdaar 14041 971-2122 a t  autoidr qa. 
18001 241 -4547 

&all a*d ellatqr w i l d  yau t  ?%&a a* 

Waotfr erEat9f eatd 

steel 180° adjustable ball fenderldeck mount Standard 500 1 
watt PEP resonators or Super 2 KW PEP resonators wlth large 
HI-0 computer deslgned Inductor and stalnless steel tlp rod 1 

Optional qulck disconnect stalnless steel resonator sprlng 
Oual~ty manufactured 50 ohm coax You want top performance 
That s why you should customize wlth the 
MO/RM serles antennas and components 
from Hustler the name recognized for 
personal quality In antennas1 

CURTIS LSl's 

I 

I 
1, 

help you 

MO-2 
122 95 

RM-20s A 
c 

3275 North B AVP K~sslrnrnec Florlda 32741 MO-1 
i 

$22 95 
Clearly the cho~ce of those who  know quality 

i 

Y - 
A- speak I / -  

* 8044: Keyer-0n.A.Chip' (RCF&GO:~O~~) .  $14.95 
Apr '75 MR. Fcb '18 O S l ,  f l ad l~  MU '75. Ap HdY '11.18 
8044.3: IC,PCB.Socket.Manual.. .... .24.95 

.............. 8044.4; Semi.Ki1.. .54.95 
8045; Morse Keyboard-On-A.Chlp IC .. .59.95 
8045.1: IC.PCB.FIFO,Socketr.Manual . .89.95 

. . . . . . . . . . . . .  8045.2; Semi.Kil.. .159.95 
. . . .  * 8046; Inslructokeyer~OnAChlp IC 49.95 

.............. 8046.1; Serni.Ki1.. .79.95 
8047;.Messa~e MemoyOn-A-Chlp IC. .  39.95 

* 8047-1: IC,PCB.RAM.Sockets.Manual. .69.95 
l&d S l  15 on I b o r t  Iof pcsllrc and handYn0 

EK.430: CMOS Keyer' (Feb'76 O S ~  ...... 124.95 
IK.44OA; Inslructokeyer' g~r.isosr). .. .224.95 

'now w11h dash mmoq as 11an6arl 

System 4000 Ham Computer g w ~ ~ ~ ' i s o s n  (wrile) 

Curns Electm Oevlces. InC. - Ow I, (415)9#4 3136 - Box 4090. Mv~nUn Vkw. CA 94040 . 
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This advanced model in the M-200 Series 
extends the horizons of capability and performance: 

Morse Reception: Video Outputs: 
6-60 wpm with automatic speed 32 character line x 16 line video with 

scrolling 

RTTY Reception: 
72 character line x 16 line video with 

4 speeds. 3 shifts. unshift on space 
scrolling 

select, automatic threshold select. Special Feature: 
auxiliary baudot loop output, tuning ASCII. Loop or RS232 output on all 
meter, auto. speed readout modes 
ASCII Reception: ..... 1 1  0 Baud with built-in T.U. M-200E (32). S500.00 

..... M-200E (72). S525.00 

Order direct or from these dealers: 
Global Communications Germantown Amateur Supply Rickles Electronics 
606 Poco Isles Blvd. 3202 Summer Avenue 2800 W. Meighan Blvd. 
Cocoa Beach. Florida 32931 Memphis. Tennessee 381 12 Gadsden. Alabama 35904 

305-783-3624 800-238-61 68 205-547-2534 
Universal Amateur Radio 

Cohoon Amateur Supply Ham Radio Center 1280 Aida Drive 
Highway 475 8342 Olive Blvd. Reynoldsburg. Ohio 43068 
Trenton, Kentucky 42286 St. Louis. Missouri 631 32 

800-325-3636 
61 4-866-4267 

Dialta Amateur Radio Supply PANACOM 
21 2 48th Street N & G Distributors P 0 Box 76093 
Rapid City. S. Dakota 57701 7285 N W  12th St. Caracas 107 Venezuela 

Emona Electronics Mlam~. Flor~da 331 26 Marcucci-SPA 

661 George Street 305-592-9685 vla F. LLI-Bronzetti 
S~dney N.S.W. Australia Milan. Italy 

INCORPORATED 
Speonlrzrny rn Drgital 
Elecfronrc Systems 
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Modular p Erectable Towers 
Ideal for ground or roof h These unique antenna towers EME arrays as well. Also 
mounts can be installed on the ground available with optional stainless 
One man can assemble and or roof. Since they're easily steel hardware for harsh 
erect transported and site erected, environments. 
Lightweight they're a natural for field and Base is approximately 60" high 
High quality aluminum alloy portable operations. and weighs 28 pounds. Tower 

High stability Constructed of sturdy aluminum sections are 72" high and weigh 
alloy, they're sturdy enough to 21 pounds. 

Modular and portable handle large size HF beams and 

More Details? CHECK-OFF Page 118 

Extremely rugged 
LUNAR'S TRANSVERTER 
SYSTEMS 

LUNAR'S NEW MODEL lnd~v~dual 
2M 10-150 LINEARIZED 

modules 
and other Now ready and 

being shipped. accessories 
are available J--  

We held off on 
announcing it until it was 

for up and down converter 

right.. . systems. Can be connected in 
any combination your system 

Ready now. Order today dictates. Write for complete list 
from your Lunar dealer. of modules and accessories. 

- -- 

Louls Anclaux 
WB BNMT - ," 7 .  t ,-. .... .,."I 

-. 

e ~ctronics 
~ / t 1 ~ ,  h i ~ r i ~ i  C , T F ~ I  C T  . SUITE 1 0  

SAN Dlf (;(I (:A 9 ? 1 1 0 .  (714,299-9740 
SEE US AT DAYTON-BOOTH 4 3  TELEX 181747 

ClRONCALlY RE(;ULAItD 
i 01 0 HACK CLlRRtNl LIMITING Prolecls Power Supply I fom 
ercesslve current & continuous shorted oulpul . CROWBAR OVER VOLTAGE PROTECTION on Models RS-7A 
AS-I ?A. RS.2OA & RS.35A 
MAINTAIN REGULATION &LOW RIPPLE al low llnelnput VOllage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
IHREE CONDUCTOR POWER CORD . ONE YEAR WARRANTY MADE IN U S A 

PERFORMANCE SPECIFICATIONS 
INPUT VOLTAGE 105 - 125 VAC 
OUTPUT VOLTAGE 13 8 VDC 2 0  05 volls 
(Inlernally Adluslable 1 1 -1  5 VOCi . RIPPLE Less than 5mv peak l o  peak (lul l  load 8 low llnel Sh~pplng Welght 13 Ibs 
REGULATION 2 05 volts no load l o  lul l  load 8 low lhne lo h ~ g h  llne Prica, , , , , , , , , , , , , , , , 172,95 

1B00'sOF CRYSTALS 
mH25C Case Scanner Monitor 
010.7 Amateur Ham 
02 Meter, CB, Standard 

l O t O & l  5 0 d U P  

l n s ~ d e  V ~ e w  - RS-12A 



REQUENCY COUNTER APPLICATION: 
Ham Radio - Two Way Radio - CB 
Audio Amplifier & Receiver Repair 
Computer Maintenance & Construction 
A Must for TV B PLL Repair 

b99.95 includes built-in 

S1 OFFERS THE BEST OF TWO WORLDS. .. 
n unprecedented DSI VALUE.. . in a high quality, LSI Design, 

HZ to 550 MHZ frequency counter kit. And, because it's a 
SI innovation, you know it obsoletes all competitive makes, 

in price & performance. 
ith 95% of the assembly completed by DSI, you are only one 

away from solving all of those difficult bench problems, 
adjusting 60 HZclock-time bases to setting the frequency 

MHZ Mobile Radio. 

PC board is factory assembled 
problemsof bad LED's, 

. .  . ,. , - ... r . . . . .  
. . . . .  . . . . -~ - . . , , ,~ 

I DSI INSTRUMENTS, INC. 
7Q7d Rnncnn Rnarl nont  C San nienn C A  971 11 

DSI - GUARANTEED SPECIFICATIONS 
Time Base TCXO 1 PPM 65' to 85' F 
Freq. Range 50HZ to 550MHZ incl. two SO239 inputs 
Resolution 1HZ to 55MHZ, lOHZ to 550MHZ 
Gate Time 1 sec & 1/10 sec with Auto Decimal Point 
Dls~lav 8 diaits. '4 inch LED with LeadinaZero Blankina 
se"s1tivlty 5 5 ~ ~  @ 25MHZ, 150MHZ, 5 5 0 ~ ~ ~ ;  

- 
75MV @ 450MHZ 

Power Batt., 12VDC @ 300Ma, llOVAC (with AC-9) 

3550K Kit ................. $99.95 AMERIQIN ................ T-101 Ant. 3.95 ,a 
AC-9 AC Ado. ............ 7.95 ~. 
Shipping, Handling. Ins. ... 10.00 

. . . . . . . . . . . . . .  3550W Wired 149.95 
. . . . . . . . . . . . . . . . . .  T-101 (incl.) NC 

AC-9 (incl.) .................. NC 
- 

vm 
. . . . . . . . . . . . . . .  Shipping (incl.) NC - 

TERMS: MC - VISA . AE - Check - M 0 - COD tn U S  Funds Orders Oulslds 01 
usn a Canada. plense add 520 W addtllonal to cover nir shlpmont. Calofornln 
residents ad0 6% SnlPJ Tnr 



products 

For l iterature on  any of the  n e w  
prdducts ,  use o u r  Check-Off 
service o n  page 118. 

loop antenna 

A new receiving antenna for the 
80- and 160-meter Amateur bands, 
the broadcast, and the VLF bands has 
been introduced by Palomar Engi- 
neers. 

The loop rotates 360 degrees in azi- 
muth and k 9 0  degrees in elevation 
with calibrated scales for both. The 
elevation or "tilt" of the loop is a new 
feature of the Palomar Engineers de- 
sign and gives much deeper nulls 
than ordinary direction finder loops. 

Loop nulls are very sharp on local 
and ground wave signals, but are 
broad or nonexistent on distant sky- 
wave signals. This allows local inter- 
ference to be eliminated while DX 
stations can still be heard from all 
directions. 

The loop picks up much less noise 
than the usual transmitting antenna. 
This, along with its ability to null out 

specific interfering signals, improves 
reception considerably. 

A Loop Amplifier serves as the 
mounting base for the antenna. It 
contains a tuning capacitor to reso- 
nate the loop and an amplifier to 
boost the signal and preserve the 
high Q of the loop. The Loop Anten- 
na plugs into the amplifier. 

Plug-in loops are available for 
160180 meters (1600-5000 kHz), 
broadcast band (550-1600 kHz), and 
VLF (150-550 kHz). 

A free descriptive brochure is avail- 
able from Palomar Engineers, Post 
Office Box 455, Escondido, California 
92025. 

Cushcraft mobile 
antennas 

Cushcraft has introduced two new 
high-performance vhfluhf mobile an- 
tennas. They feature 3-dB gain with 
518-wavelength stainless steel whips 
and precise frequency adjustment by 
means of a finger-tip collet. There 
are trunk lip and magnetic mount 
models which have been tested to 
speeds in excess of 90 mph. The an- 
tenna packages include 5 meters (18 
feet) of RG-581U cable with connec- 
tors, plus car-finish protective pads. 

The vhf models cover 144-174 
MHz, including the 2-meter fm sub- 
band. The uhf model covers 220-225 
MHz. 

For more information write to  
Cushcraft Corporation, P.O. Box 
4680, Manchester, New Hampshire 
03108. 

fixed-station antenna 
The all-new Hustler 220-MHz verti- 

cal fixed-station Amateur antenna, 
designated the Model G7-220, was 
recently introduced by New-Tronics 
Corporation of Brookpark, Ohio. The 
G7-220 marks New-Tronics' entry 
into the now-popular 220-MHz band 
and complements their existing base 
and mobile Amateur antenna line. 
The superior 7-dB gain of the anten- 
na, for both transmitting and receiv- 
ing, makes it the most powerful om- 
nidirectional 1 %-meter antenna avail- 
able. The all-new rugged design of 
the Hustler G7-220 antenna keeps the 
signal radiation pattern at the lowest 
possible angle to the horizon for max- 
imum efficiency and longest range. 

The Model G7-220 has an SWR of 
1.5:l across its entire 5-MHz band- 
width, with SWR at resonance at 
1.2:l at the antenna. The radiating 
elements of the Hustler G7-220 are dc 
grounded for lightning protection and 
the antenna has a %-ohm base impe- 
dance. 

This new Hustler 220-MHz vertical 
combines the latest antenna technol- 
ogy and the best available corrosion- 
resistant materials for extra-long life. 
Only Hustler uses all stainless steel 
hardware in Amateur and profession- 
al products. Each component is pre- 
cisely bui l t  for  quick and easy 
assembly. 

The all-new Hustler G7-220 (1 X- 
meter) Amateur vertical fixed-station 
antenna has a suggested list price of 
$119.95 and is available now. For fur- 
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ther information on this or other 

Hustler products write Sales Depart- 
ment, New-Tronics Corporat ion, 

15800 Commerce Park Drive, Brook- 
park, Ohio 44142. 

mobile towers 

Aluma Tower Company of Vero 

Beach, Florida, announces a new 

series of towers. Named "Mobile 
Van Towers," these towers are per- 

fect for signal communications work, 
all types of test work (radio signals, 

air sampling), Civil Defense mobile 

communicat ions, and  Amateur  

Radio. 
The tower is mounted on a stan- 

dard ladder rack on top of a van. It is 

transported in a horizontal position, 
and, when at the selected site, is 

easily tilted to the vertical position 

and cranked up  to the desired height. 
The feature that makes this tower 

different f rom the standard Aluma 

Tower is the unique sliding track de- 

sign, which enables the operator to 
put  the tower from the horizontal to 
the vertical position and back to hori- 
zontal with a minimum of effort. 

The tower is made in three stan- 
dard-duty models - 35, 50, and 60 

I All Polomar E n g l n m  products arm 
m.d. In U.S.A. Slnce 1835. nunulatunn 
of Amaleur R d l o  aqulpmenl only. 

Learn the truth about your antenna. 

Find its resonant frequency. 

Adjust it to your operating frequency quickly 
and easily. 

I f  there is one place in your station where you cannot risk uncertain results 
it is in your antenna. 

The Palomar Engineers R-X Noise Bridge tells you i f  your antenna is 
resonant or not and, i f  it is not, whether it is too long or too short. All this 
in one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because it 
gives perfect null readings even when theantenna is not resonant. It gives 
resistance and reactance readings on dipoles, inverted Vees. quads, 
beams multiband trap dipoles and verticals. No station is complete 
without this up-to-date instrument. 
Why work in the dark? Your SWR meter or your resistance noise bridge 
tells you only half the story. Get the instrument that really works, the 
Palomar Engineers R-X Noise Bridge. Use it to check your antennas from 1 
to 100 MHz. And use it in your shack to adjust resonant frequencies of 
both series and parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our free brochure. 

The price is $49.95 in the U.S. and Canada. Add $2.00 
shippinglhandling. California residents add sales tax. 

I Fully guaranteed by the originator of the R-X Noise Bridge. ORDER 
YOURS NOW! 
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kE7- SCR 1000 -kE7-= 7 I Repeater of Your Dreams! I feet - m0 heaydu, models 

L I K 8  - 
Full Autopatch, with or without Reverse patch and "Landline" or Radlo Remote Control o l  
the Re~eater. 
Radlo andlor Landline Touch-Tone' Remote Control of such repeater functions as HllLO 
Power; Patch InhibitlReset; Switch ID Tracks; Repeater ONIOFF; PL ONIOFF, etc. 
65Wt. Transmitter! 
"PL".CTCSS: HllLO Pwr.; Multl-Fmq.; Up to 4 different IDS: Aulomatlc switching to 
"Emergency Power ID" when on battery pwr. 
Ultra-sharp 10 Pole Xtal Flltsr; Xmtr. Xtal oven - for  the "ultimate" in stability. 
Timwut.Timer Reset Tone Annunclator. 
And many other "custom.deslgned" options per your request - such as a ~ x i l l a r y  
receivers. radio I~nks. etc. Please Inauire. - - -  - ~. ~ 

Along with a complete line of ~epemtrr  System Accrasoriea . . . such as - The Finest 
Duplexers. Cavities. Cabinets from 7'' to 7' ,  Antennas. "Hardline". Cables, etc. 

I Th. SCRlOOO - slmyy tho tinost mp#tor #vall#blo on fln moth* - ab8otui.l~ lop Owlltv thm hout . . . 
and often compared lo (lesser featured, .rills se Imp for 2 - 3 tnmes the pr ce' Thls IS e WWt un I, y t h  a very 
ssns lsve 6 seleclnve receiver Included 8s a Du I t  n AC Supply. N E W  Erpsnded Memory C N  IDer. ful meter. 
,no an0 1.ahted $talus ~nd~catorsrcontrol ~ ~ ~ n - o u t t ~ n ~ . c ~ v s t a  S, 80ca mlc. etc I - - - ~ ~  

Joln th. thwsnd. of rwy ploa8.d Spec Comm suslomm rrorld.wld. - knowledgeable Amateur Radlo 
groups. Commercial ZX Radio users. Milltary 6 Government Agencies, Red Cross. Unlversltles, etc. 
So, mako your drown o nallly . . . Call or wrlte Spec Comm today! Give us all ot your repeater system r e  
qulrements - whelher modest.. . or "Super Deluxe",and let us send youaquote. 

'Registered Trade Mark of A.T.6T. 

A Full Line of SCR1000 Repeater Boards & Complete Sub- 
Assemblies Are Also Available: Inauire. 

Export Orders - Contact our International Department 

\ SPECTRUM COMMUNlCATlONS ) 
\ Dept. HM - 1055 W. Germantown Pk. 1 

Norristown, PA 19401 (215) 631-1710 

for internally mounted rotors - 35 
and 50 feet. 

Aluma Tower Company plans to 
market this tower across the country 
through their network of dealers, 
concentrating on TV installation ex- 
perts and Civil Defense units. 

For more information, please con- 
tact Aluma Tower Company, 1639 
Old Dixie Highway, Vero Beach, 
Florida 32960. 

Antler 2-Meter antenna 

A new quarter-wave, magnetic, 
roof or cowl-mount antenna has been 
announced bv Antler Antennas. The 
new model covers 144 to 148 MHz 
and features a powerful, permanent 
base that firmly grips any flat, steel 
surface. 

The magnet base is fitted with a 
wide, low-profile, chrome-plated 
base which allows the factory-wired 
coax to exit and lie flat against the 
vehicle's roof to reduce the wind 
whip and noise often encountered 
with this type of antenna system. Re- 
quiring no installation, the antenna is 
easily removed for storage to prevent 
theft. 

The unit is designed for in-city 
hams for whom overhanging obstruc- 
tions, low garages, and parking 
facilities present problems. 

The new antenna joins a complete 
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line of quarter-wave and 518-wave 2- 
meter models produced by Antler An- 
tennas and sold through distributors 
and dealers nationwide. For more in- 
formation, write Antler Antennas, 
6200 South Freeway, Fort Worth, 
Texas 76134. 

invisible 10-meter 
mobile antenna 

The "TenITenna," for 10-meter 
and CB use, mounts inside metal- 
roofed vehicles and excites the car 
shell into radiation as a 10-meter or 
CB antenna. The complete kit in- 
cludes matching network, coaxial 
cable, and all required mounting 
hardware. The matching network in- 
cludes a tuning indicator which dims 
at low swr. The kit is priced at $27.40 
postpaid. A complete report is avail- 
able free, from Dept. HRR1, Micro- 
wave Filter Co., Inc., 6743 Kinne St., 
East Syracuse, New York 13057. 

rf micro-volt meter 
RMS Electronics recently intro- 

duced its new Model 10-500 RF aV 
Meter. This meter is ideal for bench 
or field use and offers, for the first 
time, a compact battery-operated 
meter with sensitivity of 10 aV over a 
bandwidth of 10 to 500 MHz and is 
usable from 1 through 800 MHz. The 
Model 10-500 RF aV Meter is perfect- 
ly suited for testing two-way radio re- 
ceivers, antenna systems, CATV 
distribution amplifiers, and the like. 
The unique design of the instrument 
is such that it may be upgraded for 
wider bandwidth to 1000 MHz by the 
user if future needs demand this. For 
additional information, contact RMS 
Electronics, Inc., 2412 Crystal Drive, 
Ann Arbor, Michigan 48104. 

CUSHCRAFT 

ANTENNA 
COMPANY. 

I 
ATB-34. Three Band 

Cushcraft manufactures a full range of high- 
frequency antennas which are performance 
engineered for the most discriminating amateur. 
For the amateur who demands top performance 
in a multiband Yogi beam there's the 
incomparable ATB-34 three-band beam for 
broadband. high-gain coverage on 10, 15 and 
20 meters. 
And for the Amateur with limited antenna space 

and budget who wonts reliable. rnultiband 
radio communications there are three Cushcrafl 

multiband verticals to choose from: the three- 
band AN-3 for 10, 15 and 20: the four-band 

AN-4 for 10. 15. 20 and 40 meters: and the AN-5 
for low VSWR five-bond ~rforrnance from 80 

through 10 meters. 
Cushcraft high-frequency antennas are quality 
engineered for top performance: they are oflen 

~rnitated. but never duplicated. 

C O R P O R A T I O N  

UPS SHIPPABLE 

In Stock With Dealers World Wide PO. Box 4680. Monchester. N. H. 03108 
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our guauty assurance is your 
pertormance msurance. 

Originally designed for battlefield ruggedness, the microphone elements 
in Shure mobile and communications microphones offer unequaled 
reliability. Our quality control engineers anticipate the worst possible field 
conditions. These microphones have been subjected to the most rigorous 
tests In the ~ndustry, including six-foot drops onto hard floors: violent 
vibrat~on tests: temperature variation tests ranging from a bitter -54°F. to 
a searing 185°F.: and 100% humidity tests. We've even dragged them 
behind automobiles on open roads and subjected them to a battery of 
corrosion tests. And yes, they really work after all that1 

Exclusive Three-Way Flex Tester 
Shure knows that the single most common cause of microphone 
malfunction is failure of the cord. An exclusive Shure-designed 
story-and-a-half tall microphone cord tester dishes out more abuse than 
the average microphone gets in a lifetime. 
Stretch, rock, and twist first, the cord tester stretches the microphone to 
the full length of the cord. Then it simultaneously rocks the m~crophone 
270" at the end of the cord while it gives the microphone a violent 90' 
twist in two directions. And this goes on day after day! 

3 D  Shake Tester 
A m~crophone that fails spells 
disaster for a mobile com- 
rnun~cations system. Every Shure 
microphone is designed to 
withstand hours In our brutal 3D 
Shake Tester - simulat~ng years 
of driving over rough, bumpy 
roads. 

Million-Cycle Switch 
Tester 
Another abused microphone 
component is the switch. 
Shure-designed long-life leaf 
switches operate with a wiping 
action that reslsts the bu~ldup of 
corrosion and dirt. And Shure's 
ongoing tests show that they 
continue to make contact reliably 
and positively after one million 
switching operations. 

/-----l 
The name 

mobile communications microphones 
(u) of proven quality 

Shure Brothers Inc . 222 Hartrev Avc Evar~slon IL 60204 I r i  C.1narld A C Slrnrnonds & Sons Llrn~ted 

U, Manufacturers of hlgh f~del~ty cornponenls, microphones, sound systems and related clrcultry 
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NOT A KIT 
FIRST TIME OFFER 

I RELAX AND LET TIMETRAC 
DO VOUR REMEMBERING. 
TIMETRAC halor manaoa vour bus" 
schedule Increases yoir ett~clency Evary 
horn and otllce needs TIMETRAC 
, TIMETRAC - THE CLOCK 

THAT REMEMBERS 
Thlr 15 Ihe excbteng all new Ilms.mln&r lhll 
w m b l m  space age lechnology *nth emy 
day PracttFaI~ty I1 remembers and rermnds 
ou 01 everylnlng lnal you mlghl lor el 

flmerrac cmblnes smart mdern Beslpn 
wlth precrslon and performance 11s vacuum 
l l ~ ~ r e ~ c l l n l  d8splay provdes readablllly t r m  
a dfslante llhe largest dllplay on Ihe markm 
tcdayl YOU conlrol Ine dlsplay brlghlness 
w~th a dlmmer rwllch 

the microcomputer 
controlled 
appointment clock 

A NEW SOLUTION FOR SOME 
OLD PROBLEMS 
YO", W U S e  1 1 1 1  "me, m Up* Ylth p J  1.3 
mtsstng a blnhday 
Vour bus~nrss assocuter n t l  be pimW 
when you're never tale lor appomlnmnts. 
Your dDElor ml l  be contident thal you a n  
lakmg p u r  medlcat!on at !he t~nm prt. 
scribed 

FOR THE BUSY EXECUTIVE 
Conlrols lengm 01 busnsss mssllngs 
Remtnds you 10 minutes ahead 01 t l m  IO 
prepare tor nmellng and gives you llm lo 
clear our desk Rem~nder 01 wlle's birth. 
~ P V  iemonder la u l ch  olanc tor lmoonanl 

FOR THE HOMEMAKER 
Rem nor, lo lake ma1 o ~ l  01 llecmr lor d m  
ner * tchen ltmer Remrnorr 01 tennos mas 
and half dresser appo~nlments 
FOR THE MOTHER 
Tlme chlldren r phone calls hmmwk. 
musc practtce Wake children lor ahrm 
FOR THE SENIOR CITIZEN 
Medlcalmn remlndel Remlnder 01 grand. 
chlldren I b~nhddvs dOCl01 appolnlnmnn 
Easy lo read large dosplay A wondertul gdI 
lor Mom and Dad 

Regular Price $79.95 
Introductory Offer 

By Hal-Tronix 
only S69.95 

FOR THE STUDENT 
ltm! lor chm#slfy ub, b o  u b  Tmsr lor 
roknn~ p o b l m r  or p#soaratm b r  mans 

FOR THE GOURMET COOK 
Alarms lo tell you when lo Stan n e l  step in 
ma1 prepalalmn By programing Ihe llm 
alarm, you II k n a  lusl when w h  course of 
an ebboral? meal must be prepared so 
everylhang ml l  be ready at the ram t l m  
Helps you keep track 01 reclpe llmfng 
FOR THE SALESMAN 
Slores up lo 30 lulure appomlnmnts - wry 
lo  me% at the touch 01 a key when n4xl 
appolntrmnt !s scheduled 
FOR THE PHOTOGRAPHER 
Tlmet 101 phol raphqc dnelo m n l  cham 
Can nsan ~rd?~o-la a $0 au !ller lo avoid . . .  
damag~ng lllm 
FOR THE ATTORNEV 

itmtng speech biesen~a~mns 
FOR THE SECRETARY 
The wrelary's best lrlend Rmambsrs lo 
nmlnd !he mss 01 key appolnlmnls. Tlnms 
knglh 01 phone Falls 

TIMETRAC FEATURES 
Sleek modern stylln to  complement 
any home or o l t ~ce  l eco r  
Tells the time 
Tells the date and year 
Up tlmer l o  60 mlnutes. 59 m o n d s  
w ~ t h  pause 
Alarm l o  r lng at the same tlme. 
everyday . Dally appo!ntnwnt sets appo8ntments lor  
the next 23 hours. 59 mlnules 
Future appolntments u p  l o  one ysar 
D~mmer s w ~ t c h  tor display 
Memory w ~ l l  hold up  to  30 
appolntments 
L l l h l um power cell to  r a a l n  memory 
d u r ~ n g  power outage 
Appo~ntments entered out of 
chronologlcal order w ~ l l  be stored In  
chronologlcal order 
Colon llashes once each W o n 3  
A M I P  M ~ndtcator 
Plugs Into any wall ou t l f l  
Easy to  read vacuum tluorescent 
d~sp lay  
Extremely accurate quarlz crystal clock 

THE TIMETRAC COMPUTER 
APPOINTMENT ALARM. 
E f l ~ c ~ e n l  Remarkable. 
Ask your salesman lor a demonstration 

T IMRRAC SOLD 

THE ONLY CLOCK OF ITS KIND - AND DISTIIIBUTED 

NONE CAN COMPARE! kiB!il D g ~ ~ ~ ~ ! ~ ! ~ i ~ .  

\\ T. '; HALTRON IX SEND 1% STAMP OR S.A.S.E. FOR INFORMATION AND 

py F L Y E R  ON O T H E R  H A L - T R O N I X  P R O D U C T S .  
5 " 2- - w P. 0. BOX 1101 TO PHONE ORDER IN 1-3152851782. 

YMO c NOWUJ~D SOUTHGATE. MICH. 48185 VISA AND M A S T E R  C H A R G E  ACCEPTED. 
wozx* 

Repeater Jammers Running You Ragged? 

H e r e ' s  a p o r t a b l e  d i r e c t i o n  f i n d e r  
t h a t  R E A L L Y  w o r k s - o n  AM, 
FM, p u l s e d  s i g n a l s  a n d  r a n d o m  
n o i s e !  U n i q u e  l e f t - r i g h t  DF 
a l l o w s  you to t a k e  a c c u r a t e  ( u p  
to ? ) a n d  f a s t  b e a r i n g s ,  e v e n  on 
s h o r t  b u r s t s .  I t s  3 d B  a n t e n n a  
g a i n  a n d  .06pV t y p i c a l  D F  s e n -  
s i t i v i t y  a l l o w  t h i s  c r y s t a l -  
c o n t r o l l e d  unit to h e a r  a n d  p o s i -  
t i v e l y  t r a c k  a w e a k  s i g n a l  a t  v e r y  
long r a n g e s - w h i l e  t h e  built-in 
R F  g a i n  control with 120 dB 
r a n g e  p e r m i t s  p o s i t i v e  DF to 
within a f e w  f e e t  of t h e  t r a n s m i t -  
t e r .  It h a s  no 180" a m b i g u i t y  
a n d  t h e  a n t e n n a  c a n  b e  r o t a t e d  
for h o r i z o n t a l  p o l a r i z a t i o n .  

T h e  DF i s  b a t t e r y - p o w e r e d ,  c a n  b e  u s e d  with a c c e s s o r y  a n t e n n a s ,  a n d  i s  12/24V for 
u s e  in v e h i c l e s  or a i r c r a f t .  It i s  a v a i l a b l e  in t h e  140.150 M H z  VHF b a n d  a n d / o r  
2 2 0 - 2 3 0  M H z  UHF b a n d .  T h i s  DF h a s  b e e n  s u c c e s s f u l  in l o c a t i n g  m a l i c i o u s  inter- 
f e r e n c e  s o u r c e s ,  a s  w e l l  a s  h i d d e n  t r a n s m i t t e r s  in " T - h u n t s " ,  E L T s ,  a n d  n o i s e  s o u r c e s  
in R F I  s i t u a t i o n s .  

Price f o r  the single band unit is $195, f o r  t h e  V H F I U H F  dual band u n i t  is $235, plus 
c r y s t a l s .  Write o r  call f o r  i n f o r m a t i o n  and f r e e  brochure. 

L - T R O N I C S  
5546 C a t h e d r a l  O a k s  R o a d  

WGGUX ( A t t e n t i o n  H a m  D e p t . )  WDGESW 
S a n t a  B a r b a r a .  CA 931 11 

CB standard 

A m a t e u r  Bands 

communication 

M a r l n e V H F  
M l c r O  processor 
cwstals 

Senarv forour latest wtalog 
wrtre or phone  for more derail5 
J a n  c r y s t a l s  
2400 c r y s t a l  D r l v e  
~t M y e r s .  F l O r l d a  3 3 9 0 7  
a l l  p h o n e s  18131 936.2397 

I 
I mar I J  

easy to c h a r g e  
I 
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INTEGRATED CIRCUITS MICROPROCESSOR LED'S SOCKETS CAPACITORS DIODES TRANSISTORS RESISTORS POTENTIOMETERS 

J. - im-pak 
- - 

0 .  - 

One-Stop Component 
and Kit Center 

A L I I I l M A  
MaOIC L.l."onc R d * ,  E k r r o n l o  
A L I I l A  
Awnor,v# rv U.,, 
aRIZOI1A 
""rn. "M.Emtronr .  
C I L t r o n w w  
4nr .an R.60 M.., 
B I I I I W  car)l "mD" s"w 
C.r.ri," I!  L U n " E l l r l r " n , n  
MI,.. an V*W TO.... C, l r ,N" l t ,  C".. 
Mmnrrr." zx,., 
Orr,nsxl. F t r r m n r  C ~ * l r r  
hi,, All" 2.d ~,K,,"?,,c. 

P,r&n, Dor  l l d l v  lilr 
sxrrmrrt. H..,.+~,S n l r r roni l  con,~r 
I x r m . n , o  zx.., 
Sm c.,,"' ,d W O",,,, s,vrr 
s,,,o,4. P.daYlx'**C..M,..M.,. 
hn l ~ m v l d o  Sari Farnmd. 61rlronlel 
S" F,mr, rm Z,Ck EkC,,"<S,?S 
Sm I m .  Vn#rdR&,ud TvSvvvir  
S n  Lum OO<mo M!d P # l . I r r r # r o f l , r S . l l l ' ~ ~  
S.",.AM O".,,," s ~ ~ e r ~ ' l < ~ ~ c ,  
S.",. Our  s n r .  CIvr Crn l.l..l.C. 

S.n,r M.n. OD. E!rr,ron,rr  
Smr. Mon,r, Mrl ton Collrro! 
Sul.un Cilr Brtr Snun 
S"""".de Sunnrrd, Elrirrorilr. 
v,,m,ll Z X h l ,  
W.,"", C,", w z m l u n  cmpu,.r C..,I?*, 
COLORIOO 
I u r u r .  C a  Co E l ~ r r m n  
Darrrnlo mr Comnuln Snon 
CONNECTICUT 
A n n  *,A*,, E8Ktmnr  o n n r  
B, ldWOr4  Bl -on  C m Z u m  
O l l A W l R I  
N..- CISII. hl**.r. l m . W r  Sun#" 
6 L O A l D I  
I ,  I .,,.,d.l. ComP"l." for "nu 
GEORGIA 
A,!.",. ""an" c a p u r n  Mu, 
Coluniou, R d l a  me,."!< 
HAWA8I "-,.,"," , " ,~ . rn  ~.<"l, sum" 
lDCHO 
,","a 6.m 4 u d a n o n m  
ILllNOlP 
c . , ~ , , ~ ~  nvst.nr ~ r r r ~ m r  cm 
Binrn.nd Mover l l r l m n n  
Mown, P , o g u ,  ,,r.sn,r C l n N n r  c.rp 

- 

N I B R I S H A  I C a l M l  
L,"<#" *ell E L . m r c l u m "  tm 
o m n r  "".,h*l, E l n r o n l .  on,., 
on,.,,. 0nWI. Crnl.",.. Smlr 
N C V I O *  
La, Y y l  Cnlvrr  23 
NEW ISRSEY 
Rn,  rcrrwn Rdeo R r k  lnocun S n m  
cn,,., MI,, me c-ur., ~ m o n u m  
a'..... ~ ~ r n , . ,  c,.rlmn,r annr 
Po.,intm L*. Cn#ll,urrr Corn-roc N J 
Rv.lrrl T v p l m n r  Crnlllu(.r Sron 
NEW MEXICO 
I", O u r ,  M."",.'. n.r lronlC lu'?#" 
N E W  V O W  
6,>0...,t CrnDUl* T l r  Inr 
i i r i o . ,  Huml.? F C n a r  Unnr  
I .ng.,on C r r v l a l  C k r r m . n  
a,* "0,' c-ur.. Marc 0,  Nlr ".,* 
llrxnn,.. """l,,, r l r r ,mn . r  D",.. 
rro. ,?a,." fi"c,ran.c' 
MK. Am corn cirrtran,n 
NORTH C lROLlN l  
Bmltlr A m .  01p1.1 I r s n m r  
ni,,nm r ~ , ~ ~ . r o n b  
G,".,limro arrr S h w  
R.i?,.h II",.s"W 0,  a.rmn 
NORTHDAKOIA 
Fare# T". CaPul.r CmWnr 
OH10 
Bvlrrvr UNd Frsrrmnln 
, ' " w ,  "NLl., Flrlr0l l .C c."(.r 
Cn,urnbus "# .~" I I I  E l ~ l w l l r  C.nlrr 
DO, roo *I,,,, C-"",.r m r . r  
R,""",d,bY,# "",."".I*.n.,sur I d l o  

"OY,I.IIO1*n lo., #.Lo CWS","" 
O K L I H M I  
Or lhonla  C,," 80". arm b MlCror 
O l l G O N  
*~D",I" o v n  w m  S.*l 
Cool RIV Hennr C l r ~ r o n ~ r t  
~ ~ ~ t i . ~ d  ~er8r.m R ~ S O  SWPIV 
.%lrnl CrnDurrr P,,o".n 
PENNSYLVANIA 
D.",il. MI D', D*,,., s,r,mnM# 
"..'hl" M~rDlanD",.lS"tl."S #nr 
P",,,d,,nh#. ""call, T l s m *  anrrr  
P,,,'OYI." ""lhll, TICIIOIII. c.",., 
l o l l  G I C C m w n v  
I H 0 0 E  ISLANO 
fi.n,ron J h " ,  C k l m n r n  0," 
h"l"C*.l ,.bmur r L l m n r .  O," 

JE210 Regulated Power 
Supply Kit 

*Full 1.5 a m p  a t  5-10V output 
Up to .5 a m p  a t  15V output 

* H e a v y  duty t r a n s f o r m e r  , 
*3 t e r m i n a l  I.C. V o l t a g e  R e g u l a t o r  
+ H e a t  Sink provided for cooling efficiency 
* P C  B o a r d  c o n s t r u c t i o n  

120 VAC input 
5 TO 15 VDC *Size: 3W"W x 5"L x 2"H 

JE300 Digital 
Thermometer Kit 
* D u a l  Sensors  - s w ~ t c l i ~ n g  c o n t r o l s  for 

indoor/outdoor or d u a l  m o n i t o r i n g  
* C o n t i n u o u s  L E D  .8" lit. d l s p l a y  
* R a n g e .  -40°F to 199°F / -40°C to 100°C 
* A c c u r a c y .  +lo n o m l n a l  
* S e t  for F a h r e n h e i t  or C e l s i o u s  r e a d i n g  

-. - - - * S ~ m u l a t e d  w a l n u t  case 
4 *  - .  *AC w a l l  a d a p t e r  i n c l u d e d  

* S u e .  3 - 1 / 4 " H  x 6 -5 /8 "W x 1-3/8"D 

~ W O O S  ISLANO featanvdl 
W.rr.C' ""rn*,, c , r r r m r  C n n r  
TINNCSSIilC 
Cn~r r rnow W<Y.II.rn'c Dam C m D  Ow 
O.rlr".e,. M . m l m n m  
C"arr",a. w,#"m', s,erw c,nr*r 
K"usw,ne E.llrm Micro 
.N.,,.w,,~~ ~ , c r r .  Dll,,nunns co 
, E X I S  
In l r r . , la  C m w n  Fnrounnn Inr 
D.lill CanD"s"a0 
HI,YIIO. Conlpl*." 
"~/" l lO" ,",.#.c"" Can"","" 
5.ll rlnmn,o ~ " " n F l . r l r m . F I S u 0 " ~ "  Inr 
"I." 
M,dv.C MI~OLII E I l r o n r  D n m  
Plvrl> Alptn, R m l w <  Sumlv Co 
VIRGINIA 
,.i...mn. c-uw M u d u n  s m n  
A b..,, d,,. "#.,"*,, r , r r , r m r  c..o,*r 
B i r . r l u r y  L o . r v i  R . d ( u 6  TY I n t  
C ~ , ~ O I I I I V ~ ~ ,  GI.-# 6l.rcren,n 
6,iil COvrr" C,ol',x( c!r<mn," 
Ha...",,," L.l."'lls R d l O  
N".r"i" I -  Flatmn.cr Cnm 
*,',,,,,W>d 4- 6 ! r # r " , ? , c ,  C"," 
R w o o l r  me ~ < > ~ ~ ~ t ~ ~  mx. 
V,r".n,. B H m  "Mb*., nrrtron.r C.i.Isr 
WISHlNGTON 
L",>"",C* P r w m  E-nrsmm 
Mnrrl '.be I l m  i *crron<. 
P ~ a r v  R ,n<nr r  C l , r o n r ,  
Sarrll* *.,.ur Il.d<a S"P.~" 
Sa.,,r. C Cam 
Sad,,* Pmom c , r , r o n r .  
S"o*.n *r.onu Cmloulm 
7nu.w C S  G C r r l r o n ~ l  
W E I T  VIR(IINI. 
Molpnm*. F U l r n  D.tmbullw Co 
"">Mlr.ll"* '.r.".,n Il.d<o 
W I K O N I N  
we.,, nilzl otzess € r a r m n l o  

NOW!!! OVER 300 A U T H O R I Z E D  DISTRIBUTORS..  . HERE'S JUST A SAMPLING: 

V) 
V) 

Ill ASK YOUR ELECTRONICS STORE TO STOCK JIM-PAK~ TODAY!! uI 
I I 
U U 

g JIM-PAK@ 1021 H O W A R D  A V E N U E ,  SAN CARLOS, C A L I F O R N I A  94070 ( 4 1 5 )  592-8097 g 
V) 

V) 

INTEGRATED CIRCUITS MICROPROCESSOR LED'S SOCKETS CAPACITORS DIODES TRANSISTORS RESISTORS POTENTIOMETERS 

More Details? CHECK-OFF Page 118 may 1979 95 



f TROUBLE FREE TOUCH-TONE@ ENCODER) 
Patented POSITIVE TOUCH (KEYS DEPRESS) MOBILE HANDHELD 

POSITIVE MOUNT NO POTTED PARTS (SERVICEABLE) 
MIL. SPEC COMPONENTS NO RFI SELF CONTAINED 
XTAL CONTROLLED LEVEL ADJUSTMENT FROM FRONT 

4 5 - 60 V 0 C. WILL OPERATE ANY SYSTEM 
Supplied ~ 8 t h  Inrtruct~ons. sr-hernat~r. ternt?l.~te, thalrt. 
ware. PP-1A des8gned tar Standard Cammuotcat~ons 
Handhelds. (Caltfornla orders adrl 6'2. salcs lax  I 
PP-1=S55.00. PP-2=S58.00. PP.lA=S58.00 

PP-lK=S66.00. PP-2K=S69.00 
K-series = Self Contained Delay Relay 

M-Series . Detached Frarns.for lrregular ~nstallations 
SEND FOR CATALOG - - 

/ p i - 1  & PP-1 K Avatlrt.tc .,?  om R 1 r l 8 ~  cr i lC , r  tRW1 325.3636 PP-2 & PP-2K 
Denvr# Colo. CW Ell.r!,onlcs 13031 893-5525 

LETTERING ~, .qc,ss nmry ~ a d t o  t.'131 712.0861 
OPTIONAL NCW r.1.r ~ l l y .  ~ a r ~ r c l n  IRWI 645-9187 

r ..... 4 .  $A ,............ D ....... r 

Now from I 

J. W. Miller 
CORPORATION RF Speech Processor 

Model RF-440 
Increases talk power w~th splatter free operallon 

Essentials between mtcrophone and transmitter 

Talk Power Better than 6 dB 
Cl~pptng Threshold Less than 2 mV at 1 KHz 
Bandw~dth 2200 Hz at 6 dB down 
Frequency Response 300-3000 Hz at 12 dB down 
D~stortlon Less than 3% at 1 KHz 20 dB cllpplng 
Output Level More than 50 mV at 1 KHz 
Power Requ~remenl 115VAC 60 Hz 1 4 W 

or135VDC 55mA 
Dlmens~ons 150 x 70 x 150 mm 6 x 2 5 x 6 ln 

Coaxial Switches 
2 Posll~on/Model CS201 

SWR & Power Meters 4 Poslt~on/Model CS401 

Models CN-720 and CN-620 Profess~onally eng~neered cav~ty 
Constructton Hlgh lsolatlon 

S~multaneous d~rect read~ng SWR Power Rallng 2 5 kW PEP 1 kW CW 
Forward Power and Reflected  POW^ Impedance 50 Ohm 

Frequency Range 1 8-150 MHz lnserl~on Loss less than 2 dB 
SWR Detect~on Sens~t~v~ty 5 Walls Mln VSWR 1 1 2 
Power 3 Ranges (FWD 20120011WO Walls) ~ ~ ~ n m ~ t ~ , " f h " , " ~ M ) ~ B " , ~ ~ M )  MHz, (REF 41401200 Watts) 
Input/Output Impedance 50 Ohm better than 45 dB at 450 MHz adjacent 
Dlmens~ons 180 x 120 x 130 mm lermlnal 

7 x 4 7 5 x 5 1 n  CMlneclors SO239 
1 6 5 ~ 7 5 ~ 9 7 m m  Exclusive USA agent for these units; 
6 5 x 3 x 4 1 n  inquiries invited. 

Wrlle lor Illeralure 

J. W. Miller Division 
~ ~ , . " , , o ~ , o ~ o " ~ < t w . ~ ~  0,~0<3.3t~" BELL INDUSTRIES 

19070 REYES AM . PO BOX 5825 
COMPTON CALIFORNIA -4 
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I ALL YOU NEED IN ONE BOX I 

Uarr Ihc s k k ,  ha movie, compltn yro, c*. 
C-1 lo the ml. IcrmiNlr of W ut, dd a gmd 
450 mlmN. a c a m * .  and rrm amxre . .  . 

111 W.m t,r.,L K t  outln~l SI'R 11" 4 14 001 439.25 MHz 
\ulx nrrtcr rwnd  wllh otentv 01 mqc Y a m  I c r  dmrtance 
p ~ r h  "17 

a MHr badwodth h~yh  r~rolulnon necerran lor corn 
putor .nlphnnurn~rrs and color - Tunpahls convener covers 410 lo 450 tCawrr CH 2. 31 
Contr~n\ AC 1, 1 l V l X  r q u l a t d  1 AMP pow, supply . Only $199 00 dtrwt mall C h ~ k .  Many Order VISA 

Send 5 A \ E b,r catnlo~ r ~ l  ATV Mnlult+ and PC Boards 

HlTACHl HV-CZU N CAMERA . . . . . . . . . . . $239 ppd. . Rmtrr than 51KI line rewlu!#<tn. 7 w.$tt\ cm I t7VAC. 
Small 4r2SIRx8 tmho < an runon 11\,<lc@ l3nma. 
to.Wn 1 automatar I18hl compmet~on. Lens Inr ludd. 

We have the worlds largest selec- 
t ion of synthesizers for receivers. 
transmitters and transceivers. For 
complete details see our 113 page 
ad in  the April 1976 issue o f  this 
magazine or call or write for addi- 
t ional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 

"RUBBER DUCKIES" 
FROM 

g & C C)nnreunicntions 
A MUST FOR 2-METER HAND HELDS 

Descrlpllon Price 
GC-1 5116'' Knurtod Stud F t t r  

Icarn. Motorola and many 1 GC-2 o l e  ENC Connector . . . . . . . . . . . . . . . . . . S S 6 9 98 50 I 
GC-3 TNC - Conneclor for 

Wllson 1405 .. . . . . . . . . . . $1398 
GC-4 PL-259 Connector . . . . . S 6 50 
GC-5 Type F Conneclor 141s 

W I I S U ~  1402 and Tempo . S  9 50 

Equipment made ~n USA by OEM MFRS 
Send lo GI .I 

GC-2 G & C COMMUNICATIONS 
730 Cottonwood. Lincoln. NE 68510 

Add S t  00 tor t landl~ng and shlpptnq 
(Dealer and OFM RFOs Welcome1 
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CRYSTAL FILTERS and DISCRIMINATORS 
9.0 MHz FILTERS 
XF9.A 2.5 kHz SSB TX $40.65 
XF9.B 2.4 kHz SSB RX/TX 155.10 
XF9-C 3.75 kHz AM 159.30 Export 
XF9-0 5.0 kHz AM $59.30 
XF9.E 12.0 kHz NBFM 159,30 Inquiries 
XF9.M 0.5 kHz CW (4 pole) $41.50 
XF9.NB 0.5 kHz CW (8 Dole) 173.45 

Inoited 
. . 

9.0 MHz CRYSTALS (Hc25/u) 
XF900 9000.0 kHz Carrier 
XF901 8998.5 kHz US8 
XF902 9001.5 kHz LSB 
XF903 8999.0 kHz BFO 
F-05 Hc75/u Socket Chassis 
F-06 Hc25/u Socket P.C. Board 
10.7 MHz FILTERS. 8 POLE 
XF107.A 14kHz 
XFL07.B 16kHz 
XF107.C 32kHz 
XF107-D 38kHz 
XF107.E 42kHz 
10.7 MHz FILTERS. 4 POLE 

NBFM 
NBFM 
WBFM 
WBFM 
WBFM 

XM107-SO4 14kHz NBFM 
10.7 MHz DISCRIMINATORS 
X0107.01 3OkHz NBFM 
X0107.02 50kHz WBFM 

Shipping 
$1.50 

per filter 

OSCILLATOR CRYSTALS 50 kHz TO 150 MHz 
Write for Detalls 

PRE-SELECTOR FILTERS 
ATV FILTERS 

ELIMINATE IMD "BIRDIES" 
(CAUSED BY OUT.OF.BAN0 
TRANSMISSIONS) AND IMAGE 
FREQUENCY NOISE FROM 
YOUR RECEIVER SYSTEMS. 

1? , BAND FILTERS: . , PSf144 
PSf432 , PSI1296 53.95 
PSf1691 155.95 
A N  Channel Filters: 
PSf426.ATV i PSf438.ATv 1E:l 

Shipping $3.50 

OSCAR-J FILTERS 
Suppress 2m Tx Third Harmon~cs. 
Low 2m loss (0.5dB typ.). H ~ g h  loss 
at 435 MHz (30/40dB). 
M Mf200-5 

--  30 dB min. atten. $29.95 
M M f 2 0 0 - 7  

40 dB min. atten. $39.95 

TRANSVERTERS 
Use your HF transceiver on the VHF/UHF bands with the 
addition of a transverter. Both the transmit up.converter 
and the receive down.converter are b u ~ l t  lnto one package. 
Typical iFs avanlahie are 10M also 6M and 2M. Internal T/R 
sw~tching e l~m~nates  need for external relays. Some models 
have VOX clrcuit. Typbcal output power 10 watts minimum. 
Typncai receive NF 3.0 dB. 12 volt operatoon. Models svadl- 
able for CW. AM. FM. SSB. RTTY. OSCAR, ATV operatlon. 
Ask for detadied specifications. 

Prices f rom $ 175.00 Shipping $3.50 

ANTENNAS 
UHF LOOP YAGIS 

- 
26 LOOPS GAIN +20 dB1 
1250.1340 MHz 1296-LY 156.95 

1650.1750 MHz 1691-LY 159.95 

- 420450 MHz 

MULTIBEAMS 

for OSCAR, TROPO and A N  C o m m u n i c a t i o n s  

48 EL. GAIN +15.7 dBd 70/MBM48 354.95 

88 EL. GAIN +18.5 dBd 70/MBM88 $79.95 

144-148 MHz J-SLOTS 
8 OVER 8 J-SLOT +12.3 dBd D8/2M 150.65 

8 BY 8 VERTICAL POL. D8/2M-VERT. 159.50 

DOUBLE 8 TWIST 8XY/2M 152.45 

A N T E N N A S  
(FOB CONCORD. VIA UPS) 

RECEIVE CONVERTERS 

ATV CONVERTERS 
1 Converters for all bands 

50 MHz through 1691 MHz 
(2304 MHz coming soon). 
Tw in  c r y s t a l  mode ls  a t  
432/435 for OSCAR work. 
Wideband A N  models and 
Low NF options a t  70cms. 

10M. 6M. 2M h N IFs. 
137.5 IF  for  GOES model 

Prices from 359.95 

Shipping $2.50 

LINEAR AMPLIFIERS 
EOU32 (~ l i us  ) 1 154.95 

EOL432P. ~ncl 's power supply 
6, cablnet 1329.95 

Both models 50W out tor 10 W drive. 

2M Models 
2M1080P 1199.95 
2M10-150P $289.95 
2MZE150P $269.95 

Sh~pping, via UPS at cost. 

Send 30C (2 stamp0 for full dclallr of KVG crystal products and all 
your VHF & UHF equipmen1 rcquiremenls. 

Pre-Seledor Fillers Amplifiers SS8 Transverterr 
Varaclor Triplcrs Crystal Filters FM Tranmrlers 
Decade Pre-Scalers Frequency Filters VHF Conwnerr -1 
Antennas O~cillalor Crystals UHF Connrlers (- 

More Deta i ls? CHECK-OFF Page 118 may 1979 97 



f NEW - NEW - NEW from DATA SIGNAL ] 
I TOUCH TONED MICROPHONE I MINIATURE ENCODERS I 
I Da fa Coder 5 

I JUST LOOK AT THESE FEATURES: 
I Tounh "Mobile Environment" Micro~hone 

I ~ o s f i v e - ~ c t i o n  Tactile Keys . High.1mpedanc.e Ceramic or 500.ohm Dynamic Cartridge 
Adiustable Tone Balance and Outout Level 

I "pbsitive Hold . Easy Lift" Hangei 
Far Vehlcle or Hand.held Portable Use 
Comolete . . . Not a Kit . . . 139.00 

MODEL DTM - Completely self-conta~ned rn~n~atur r  encoder 
for hand held portables Only 5/16" thick Three wcre con. 
nectlon Automahc PTT key~ng optlonal Wlth your cholce of 
12. or 16 dlgnt Ongrtran keyboard 

Price DTM - $39.00. O T M - W  - 149.00 

SUB-MINIATURE ENCODERS 

MODEL SME-I: Smallest avallable crystal-controlled Touch. 
Tone encoder. only 0.2"h x 0 . 5 " ~  x 1.8"d. Com lete with all 
connecting wires, mounts inside portable. M ~ D E L  SME-P: 
Only 1" square, mounts directly to pins on 12. or 16.dig~t 
Djgitran ke boards Price of either unit $29.00 wlth cho~ce of 
keyboards. $ME-1 O ~ S M E - 2  encoder only (less keyboard) $24.00. 

'Touch-Tone is a regostered trade name of ATLT -. 

DATA SIGNAL, INC. E3 l@iBl 
2403 COMMERCE LANE Be sure to ask about 

our new keyers and CW 
ALBANY, GEORGIA 31707, 912-883-4703 memory for CW buffs. 

RTTY for ALL Systems 

ELECTROCOM@ "SERIES 400" 
FREQUENCY SHIFT CONVERTERS 

Professionally engineered for outstand~ng systems IS assured by malched fllters. pre- 
performance, stabil~ty. and rel lab~l~ty. the c~sion h e a r  detectors. baud rate selector. 
Electrocom" Models 400 and 402 add new bias cornpensatton. and semi-dlverslty ctr- 
dlmenslons of compatlblllty between radlo cultry. Operatton IS enhanced by a CRT 
and teletypewriter systems Manufacturedto monitor, autostart w ~ t h  sol~d-state motor 
hlghest quality standards-an Electrocom switching. antospace, markhold. EIAtMIL 
tradit~on for nearly two decades-these unlts output voltages. and a constant current loop 
are  deal for m~litary. government. commer- supply. I n  addltlon, varlous optlons are 
cial, clvil defense and amateur appl~catlons, avallable includ~ng rack mounting and polar 
The Model 400 front panel d ~ g ~ t a l  knob accu- current output. 
ratety selects sh~fts up to 1000 Hz . whlle two Wnle or call us lor complete product de. 
such knobs on the Model 402 Independently larls and spec~lrcatrons. Learn why Electro- 
set the mark and space frequenc~es Both com' "400" Converters are deslgned not 
models may also bepresetwllhany tonepalr only for  today's communlcatton envlron- 
between 1000 and 3200 Hz. ment, but ult~mately to fulfill RTTY require- 

Opttmum performance with FSK or AFSK ments for years to come 

publikatkn is 
available in 

------- 
Please send me addltnonal ~nformallon 

University Microfilms 
international 

300 North Zeeb Road 
Dept. P.R. 

Ann Arbor, MI 48106 
U.S.A. 

18 Bedford Row 
Dept. P.R. 

London, WC1 R 4EJ 
England 
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OP-AMP SPECIAL 
FM MINI MIKE KIT 

A super 1?1gn perlormance FM 
w~eless mlke kt l '  Transmits a stable 
~ rgna l  up to 300 yards wilh excep- 
Ilona1 audio quality by means 01 @Is 
bull1 tn eleclrel mlke Klt includes 

Here 5 a super 100kt.g r ~ ~ ~ ~ q r t l  . I I I~ A L  ( turr l lc ,  dt>to alone vldao tar- care mlke on.011 sw8lch antenna 
clock whch 8s a snap lo  htftid and 8n~ ld l  Clock battery and super lnslrucllonr Thls 
movement ~sc~mplete lyassrml~led - you orlly wmer Ihe Itnest untt avaalable 
3 wires and 2 swllches lakes abocll 15 mmnules' 
Dtsplay 15 bright green w#Irl autnmaltc brlqnlness 
control p h ~ l o ~ e l l - a ~ ~ ~ l e ~  YOU 01 a nlghly readable 
display day or nlghl Comes 10 a galm lbnlsh an- 
odlzed aluminum rase *hlch can be allacned 5 
drllrrenl ways osmg 7 rmed lape CholCe o l  rllver 

ate* rerlal ASCII plus parallel keyboard lnput The 
3216 8s 32 Chat by 16 lhnes 2 pages wllh memory 

black or gold care (specllyl dump laslure The 6416 8s 64  char by 16 Itnes. wlth 

RE 3216. lermlnal Card 
-RE 6416. lermfnal card 
Lower Case opllon. 6416 only 
Power Supply KII 

11) "our nand al buddong the llnerl tooklng 
C I O C ~  on !he market 115 Sat80 tlnlsh anodczed 

VldeolRF Modulalor, VD-1 alummum case looks greal anywhere whole slr 4" 
~ ~ ~ ' d # g # l s p r o v # d e  a hlgnly readabledtsplay Thoss a 

I ?  24 hollr c : l i i l  k m a  beau- 
complete ka1 noextras needed and 11 only lakes t 2 

I~IUI p l a s ! ~ ~  case lealures 6  
hours 10 assemble Your choice 01 case colors 

I U ~ D O  REDLEDS hoghaccuracy i 1 r n t ~  , n r ,  i *..a,v 3 sliver gola bronze black blue (specllyl 

wire hookup d,splay blanks wlln 8qrl8llon and 5UPer Clock kt1 12 24 hour DC-5 

,nstrvcllonr Opl8onal dimmer aulomnlccally adlir\ls 

Alarm clock 12 hour only DC-8 
12V DC car clock DC-7 
For wored and lesled clocks add 110 00 lo k ~ t  orlce 
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WANTED FOR CASH 

490-T Ant. Tuning Unlt 
(Also known as CU1658 
and CU1669) 

818-T Transceiver 
(Also known as MRC95, 
ARC94. ARC102, 
or VC102) 

Highest price paid for these units. Parts purchas- 
ed. Phone Ted, W2KUW collect. We will trade for 
new amateur gear. GRClO6, ARClOS, ARC112 and 
some aircraft units also required. 

25"b 
We stand on our long term offer to p a y w m o r e  

than any other bonafide offer. 

DCO, INC. 
10 Schuyler Avenue No. Arlington. N.J. 07032 
(201) 998-4246 Evenings (201) 998-6475 

MADISON 
DOUBLE YOUR WARRANTY POLICY 

Any large piece of gear we sell you (average $300 
or up) we will double your warranty period! 

FOR EXAMPLE: A 3 month warranty = 6  months 
from date of purchase. 1 year = 2 years from date of 
purchase. 

(OUR RELIABLE SERVICE DEPARTMENT REPAIRS 
NON.WARRANTY GEAR, TOO!) 

Simply send your rig in a good shipping carton, 
postage prepaid, with a copy of your receipt show- 
ing dale of purchase. We will repair promptly and 
return by best way. 

NOTE Manulaclursra do not corer Ilnal In m s l  cases, bul wa wlll Iry' 

Try Our Competitive Prlcer. Too! 

You, the customer, can only benefit from the 
Madison Double Your Warranty Policy. 

Call Don . KSMD or Mlkr - WBWM for specific 
warranty claim questions. 

POLICY SUBJECT TO CHANGE WITHOUT NOTICE 

@ mm08o1 Electronics Supply, Inc. 

1508 McKinney. Houston,TX77002.713/6580268 . 
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MOBILE IGNITION SHIELDING provides more range 
with no noise. Avallable most engines. Many other sup 
pression accessories. Llterature, Estes Engineering, 930 
Marine Dr.. Port Angeles. WA98282. - 
SELL HEATH HW-2021 H.T and HA-201A amp. With xtals 
for 07167 16176 22/82 28/88 34/94. All manuals and jumper 
coax included. $225.00. Steve Stout 6227 1-40 West $274 
Amarillo, TX 79106.. 

flea iF market 
14 Pin DIP extender cable. 
3 6 "  long with MOLDED 
plug each end. Highest 
quality $2.00 ea. 

6 for $10.00 

@ Molded bridge rectifier. 100 
volt PIV @ 2 amps. 45c ea. or 

5 for $2.00 ppd. 

Photocell -- first quality plastic 
encapsulated. Dark resistance 
100 megohm; Lite resistance 150 
ohms. 20c sa. 6 for $1.00 ppd. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
t.50. Walter, 2697 Nickel, San Pablo, Ca. 94806. 

MOBILE HF ANTENNA, 3.5-30 MHz inclusive, 750 watts 
PEP, center loaded coil, tuned from the base, eliminat. 
ing coil changing or removing from mount. Less than 1.5 
to 1 VSWR on all ham bands. $119.95 each - contact 
your local dealer or order from Anteck. Inc., Box 415, 
Route 1, Hansen, ID 83334. (208) 423-4100. Master 
Charge and VISA cards accepted. Dealer inquiries 
invited. 

RATES Non-commercial ads 108 per 
word; commercial ads 60& per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
o r g a n i z a t i o n s  receive one f r e e  Flea Market 
ad ( s u b j e c t  to our ed i t i ng ) .  Repeat inser- 
tions o f  h a m f e s t  ads pay the non- 
commercial rate. 

C O P Y  No spec ia l  layout or ar- 
rangements available. Material should be 
typewritten or clearly printed (not al l  
c a p i t a l s )  and must include f u l l  name and 
address. We reserve the right to reject un- 
suitable copy. H a m  Radio cannot check 
each advertiser and thus cannot be held 
responsible f o r  claims made. Liability f o r  
correctness o f  material limited to cor- 
rected ad in next available issue. 

DEADLINE 15th o f  second preceding 
month. 

S E N D  MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

Single RCA type jack. High 
quality factory new. 15c ea. 

8 for $1 .OO 

7 segment display FND type. 
Cosmetic rejects. Common 
anode .5 high. Real nice. 

75c each 

ROHN TOWERS - Buy wholesale direct from distribu- 
tor. 20G sections $28.82 each. 25G sections $37.62 each. 
450 sections $57.20 each - 100 foot tower klt complete 
$646.02 - 40 foot free standing BX tower $179.45 - 48 
foot 25G foldover. freight paid $565.00 - Hill Radio, 
2503G.E. Road, Bloomington, IL61701, (309)663.2141. 

STODDARD NM20B complete with AC supply, cables, 
carrying cases. Swap or sell. VEIAI, Steve Chisholm, 551 
Bruce Ave., Winnipeg. Manitoba. 

QSL CARDS 5001$10.400 illustrations. sample. Bowman 
Printing, Dept. HR, 743 Harvard, St. Louis, MO63130. 

VOICE OF AMERICA has opportunities for U.S. citizens 
qualified as Civil, Electronic, Mechanical and Electrical 
Engineers. Supervisory openings available in Liberia and 
Philippines for broadcast station construction projects. 
BS in Engineerlng or equivalent experience in construc- 
tion and contract supervision required. Must be avail- 
able on a world wide basis. Starting salary cornmensu- 
rate with skills and experience plus housing and over. 
seas allowances. Civil Service Application (Form SF-171) 
available at Office of Personnel Management (formerly 
the Civil Service Commission), Job Information Centers 
and most federal buildings should be sent to Interna- 
tional Communication Agency, Code 15-79, Washington, 
D. C. 20547. An Equal Opportunity Employer. 

ELECTRONIC BARGAINS. CLOSEOUTS, SURPLUS! 
Parts, equipment, stereo, industrial, educational. Amaz- 
ing values! Fascinating Items unavailable in stores or 
catalogs anywhere. Unusual FREE catalog. ETC0.012, 
Box 762, Plattsburgh, N.Y. 12901. SURPLUS WANTED. 

Jumbo LEUls. .2  inch diameter. Color- 
Red. Prime factory units. Not seconds or 
retests. 20c ea. ppd. 

4PDT Relay, 12  VDC coil, Potter 
Brumfield, 5 amp contacts, fac- <q 
tory new of course. a beauty. Also @ 
available with 24 VDC coil. A,. 

$1.90 ea. ppd. 

Vertical Mount Trimmer Pots 
- All highest quality. No 
junk. 100 - 1000 - 2000 - 
5000 - 101(. - 20K - 25K . 
50K - 250K - 500K Ohms. All 
have thum~bscrew adjust. 
Your choice 5 for $1 .OO ppd. VERY In.ter.ert.lng! Next 3 issues $1. "The Ham Trader", 

Sycamore, IL 60178. -- 
HEATHKIT STATION, newly reconditioned with original 
cartons and manuals: SB-300, SB.400. SB-600. SB-610, 
SB630; $750. Bob Wolters WBTPF, (713) 498-8300. 

- 

BUY.SELL.TRADE. Send $1.00 for catalog. Give name, 

SPECTRUM ANALYZERS: Polarad SA-64 and Panoramic 
SPA-4A. Both units 10 MHz-44 GHz Reconditioned with 
books. Call Mort WB2GEU, (617) 665-1740 days. P.O. Box 
412, Stoneham, MA02180. 

SUPER SHACK: Heath SB-104A, factory aligned, with 
SB-604 and HP-1144A matching speaker and power sup- 
ply, plus SBA-104.1 Noise Blanker, SBA-104-3 CW Filter, 
SBA-104.2 Mobile Mount, HDP-121A Desk Mike, GH-12A 
Mobile Mike. Ail perfect: $650. 50-230 1 kW linear wIl0 
meters, $450. 2 kW Transmatch, $70. MFJ-464 Grand- 
master Memory Keyer wlpaddle, $95. MFJ-752 Dual 
Tunable SSBICW Filter, $49. MFJ-LSP.520BXll Speech 
Processor, $39. All new. K2RHK, (212) 877-8539. 

Highest (lui~lity E. F. John- 
son Trimmer Caps. Hard-to- 
find P.C. board mount. 
.5-11 mmfdl. No junk. 
90c each; 10 for $7.50 ppd. 

address and call letters. Complete stock of major brands 
new and reconditioned amateur radio equipment Call 
for best deals. We buy Colllns, Drake, Swan, etc. 
Associated Radio, 8012 Conser, Overland Park, KS 
66204. (91 3) 381 -5900. - 
STAR.TRONICS monthly picture flyer is full of parts and 
pieces for the builder. Cheap. Quality. U.S. only. Star- 
Tronics, Box 683, McMinnvllle. OR 97126. 

SUPER-BUY - 5000 mfd. @ 
40 volt electrolytic cap. factory 
ncw and complete w/all hard- 
ware. $1.35 ea. ppd. 

WESTERN MICROPHONE n600A - TRI.EX W.67 TOWER, motorized extension from 22 ft. 
button carbon in desk mount - Original broadcast mike (nested) to 67 feet. Also Drake remote antenna selector, 
from WDSU - N.O. LA. in - good as new - never Ham Ill rotator and Wilson 10115 meter beam. Sell Only 

$:",&  it&^^::^ K$Q( ~ $ t ~ , " ' C ~ ~ ~ l &  
complete package for $1995.00 or wrlte and ask for de- 
tails on complete QTH. Write: F. Moller. Cathedral Rd. 

Pickwick Dr.. Lafayette. LA 70503. Rindge. N. H. 03461 

Just arrive~d - thousands of ICs. Re- 
moved from sockets on new P.C. boards. 
All marked with standard numbers and 
in the 7400 series. Examples of nos. are 
7486-7495-7496 etc. Chance of a life- 
time. Sorry no choice of numbers. We 
mixed them up. 50 for $7.50 ppd. 

100 for $12.50 ppd. 

Transformer: 115V AC Primary, Secon- 
dary 17-0-17V @ 7 Amps. We tested 
and find good for 10  Amps intermittent 
duty. Ideal lor 2 M  rigs! $8.00 ea. ppd. 

COMPUTER FOR SALE: SWTP 6800 w116 memory. Real- 
time multi-processing 0s. Extra interface and memory 
boards, lots of software. AC-30 cassette interface includ- 
ed. $1200.00 takes all. May trace. KL7EWQ, Box 639, 
Wasilia. AK 99667. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radlo Auslrla Ham Radio Holland 
F Bastt MRL Eclronlcs 
Hauplplatz 5 Postbus 88 
A 2700 Wlener Neusladt NL 2204 Delll 
Auslrla Holland 

Ham Radio Belglum 
Slereohause 
Brussalsesreenweg 416 

Ham Radio Italy 

B 9218Gent 
STE VlaManlago 15 

Belglum 
1201 34 Mllano 
Italy 

Ham Radm Canada 
BOX 114 Goderlch 
Ontarlo Canada N7A 3Y5 

Ham Radla Swlt2erland 
Karfn Ueber 

Ham Radio Europe 
Poslfach 2454 

Box 444 
D 7850 Loerrach 

S 19404 Upptandsvasby 
West Germany 

Sweden 

Ham Radlo France Ham Radio UK 

Chrlstlane Mlchel P 0 Box 63 Harrow 
F89117Parly Mtddlesex HA36HS 
France England 

Ham Radlo Germany 
Karln Ueber Holland Radio 
Pastfach 2454 143 Greenway 
0 7850 Loerrach Greenscde Johannesburg 
West Germany Rep~b l l co f  South A f r ~ c a  

RTTY AFSK Modulator PC board. See Feb. 79 Ham 
Radio. Drilled $5.00. F.E. Hinkle, 12412 Mossy Bark, 
Austin. TX 78750. 

WANTED: Hilltop property near Pollock Pines, Califor. 
nia. WAGCOA, 4 Ajax Place, Berkeley, CA 94708. - 

-- 

ALL ITEMS PPD USA 
SEND STPIMP FOR LIST OF BARGAINS 

PA RESIDENTS ADD 6% SALES TAX 
FONE 412-863.7006 

FOR SALE: Drake 20 and 2-BQ $175. TX-62 wlVFO-621 
$75. FTV-250 with Janel Pre.amp $195. W2NXC 1244- 
Crim Rd., Bridgewater. N. J. 08807. (201) 725-5093. 

REPLACE RUSTED ANTENNA bolts with stainless steel. 
Small quantities. free catalog. Eiwick. Dept. 332. 230 
Woods Lane, Somerdale, N.J. 08083 

12690 ROUTE 30 
WORTH IIUWTINGDOI. PA. 15642 

SONY T.V. CAMERA CVC-100 works $60., Regency 
HR.440 UHF new $220, 70 Item trade list. K6K2T 2255 
Alexander, Los Osos, CA 93402. 

1-GHz PRESCALER PARTS HR Sept. 1978. SASE 
AVTECHSERV 53130 Haddington, South Bend, IN 46835. 
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The Popular 
CUA 64-12 
by Heights 
Light. 
permanently 
beautiful 
ALUMINUM 
towers 

THE MOST IMPORTANT 
FEATURE OF 
YOUR ANTENNA 
IS  PU lT lNG 
IT U P  WHERE 
I T  CAN DO 
WHAT YOU EXPECT. 
RELIABLE DX - 
SIGNALS EARLIEST I N  
AND LAST OUT. 

ALUMINUM 
C o m p l e t e  Te lescop ing  

a n d  F o l d - O v e r  

Series A\rai lable 

Self-Sipporting 

E a s y  to Assetnb le  

a n d  Erect 

A l l  t owers  rno i t n ted  

on h i n g e d  bases 

And now, w i th  motorized options, you 
can crank i t  up  o r  down, or fo ld  it 
over, f rom the  operat ing position in  
t he  house 

Wrl te for 12 page brochure g iv lng do20 
ens o f  combmations of height, weight 
and wlnd load. 

Please Include 30t (stamps o r  coins) 
for postage and handl ing when re. 
quest ing our free Ilterature. 

( ALSO TOWERS FOR WINDMILLS ) 
H E I G H T S  1 

( MANUFACTURING CO. ) 
( In A l r n o n t  He i~hts  Industrial Park ) 

Al rnon t .  Michigan 48003 

EZ deslr are the best1 TN me and see lor Yaesu. Drake. ~ ~- - - - ~  . ~. 
KLM Swan. Cushcralt, denlron. VHF Eng . ICOM. CDE 
H~st ler.  W~lson and more Call. see or wrote WQEZ. BOD 
Smdh Electronics. RFD 3. Hwy 169 6 7. Fort Dodge. IA 

FERRITE BEADS: wlspecilicallon and application sheel. 
tz/$i.w. Assorted PC pats . IW$I.W. Miniature mica 
trimmers. 3-40 pF. . YS1.W. Postpaid. includes latesl 
calalog. Stamp for catalog alone. CPO Surplus. Box 189. 
Braintree. MA02104. 

- 
FREQUENCY ALLOCATION CHART. See how the entire 
radio spectrum Is used. 2 kHz lo  2W GHz. Send 13.00. 
Collins Chart Co.. Box 935. Coronado. CA 921 18. 

.- 

ATTENTION: UHF and Microwave Amaleurs, al lasl a 
Single source for your staleol-the-art Preamplilier and 
coaxial components. Send lor lree catalog. Cascade 
Microwave Labs. RI. 1. Box 25. Jelferson. OR 97352. 

WANTED: Motorola KXN 1024 and KXN 1052 channel 
elements. WA6COA. 4 Ajax Place. Berkeley. CA 94708. 

TELETYPE EQUIPMENT lor Lmginnars and experienced 
operators RTTY rnachnnes, perls, supplles Begonnet's 
snrr#al Modal IS Prontar and demodulator 113900 -- - -  - ---  - .  
Dozen black r~bbons $6 50, case 40 rolls 11/16 perf tape 
$17 50 FOB Atlanllc Surplus Sales. 3730 Naulilus Ave . 
Brooklyn N Y 11224 Tel (212l3720349 

WANTED: GE MASTR ER.4lC receiver. ET.58 transmit- 
ter. Fred Findling. P.O. Box 125. Littleton. N. H.03581. 

- 
RTPl  - Bandpass aclive lllter 212Y2285 Hz. KllS11.95. 
WflS16.95 ppd. SASE lor info. Nat Slinnette Eleclronics. 
Tavares. FL 32778. 

REPEATERS - Factory Built VHF Englneerlng. 4 uhl. 1 
wllh P L. Two In unopened boxes. 1 220 MHz. 2K Takes 
a WA6COA. 4 AJax. Berreley. CA 94708 

- - 
THE MEASUREMENT SHOP has usedlracondllloned 
lest equipmenl at senslble prices; catalog. 2 Wesl 22nd 
St.. Baltimore. MD21218. - 
WANTED - Instructor Ham Radlo. N.Y.S. Co.ed 
Children's Sleep.Away Camp. Write: Camp Kinder Ring. 
45 East 33rd Street. New York, N.Y. 10016. 

MANUALS lor most ham gear 193711970. Send 2% lor 
"Manual Calalop." HI. Inc.. Box H W .  Council Blulls. 
Iowa 51502. - 
CLUB CALL PINS 3 lines 1 'A x 31A 11.55 each. Call. llrst 
name and club. Colors - black, blue or red with while 
letters. (Catalogl Arnold Linzner. 2041 Linden Street. 
Ridgewwd. N. Y. 11227. 

- 
PORTA PAK - Make your FM moblle a sell.contalned 
portable. Models In slock lor most popular makes. 4.5 
amp hr model $67.50. 9 amp hr 588.00. Charger Included. 
shipping extra. P.O. Box 67. Somers. WI 53171. 

WANTED - Radlo transcrlplion dlscs. Any slze or 
speed. Larry. W7FIZ. Box 724. Redmond. Washington 
98052. 

TEST EOUIPMENT CATALOG llstlng used Teklronlx, HP 
and GR equipment at bargain prices. PTI. Box 8899. 
White Bear Lake. MN 55110. Prlce $1.00 relundable wlth 
lirsl order. 

STOP LOOKING for a good deal on amateur radlo equlp. 
men1 - you've found il here - at your amateur radio 
headquarters in the hean of the Midwest. Now more 
Illan ever, where you buy is as important as whal you 
buy! We are laclory.authorlzed dealers lor Kenwood, 
Drake. Yaesu. Colllns. Wilson. Ten-Tec. Atlas. ICOM. 
DenTron. MFJ. Tempo. Regency. HyGaln. Mosley. 
Alpha. CushCrall. Swan, and many more. Writeor call us 
today lor our low quote and try our personal and friendly 
Hoosier service. HOOSIER ELECTRONICS. P.O. Box 
2001, Tene Haute. Indiana 47802. (812) 2381456. 

DESK TOPCONSOLES. ultlmate operating convenlence. 
Free brochure. Thompson Electfonics. P.O. Box 363. 
Westlleld. IN 46074. 

Coming Events 
KENTUCKY I4AM.O-RAMA - Sunday. May 20, at Bwne  
County Falrgrounds. Burllngton. Kentucky. 10 mlles 
South 1.75 of Clnclnnatl. Ohio. Malor and hourly door 
prizes included wlth S3.W gale tickel. Info: N.K.A.R.C.. 
Box 31. Ft. MlIcheII. KY 41017. 

MARYLAND: The Maryland Moblleers Amateur Radio 
Club's annual Hamlest. May 20. Camp Barrett. 
Crownsvilie, west of Annawlls. Prlzes awarded. Tickets 
13.00. Gates open 10:30 AM. Talk In 146.52. 148.101.70. 
For inlo: MMARC, P.O. Box 704. Severna Park. MDZlt46. 

Two E l e i n e n t s  $139.00 
E x t r a  E l e m e n t s  $99.00 
Price is F.O.B. T r a n s c o n a  

INCLUDES U.S. Customs 

KIT COMPLETE WITH 

*BOOM WHERE 

WINNER OF hfANITOBA 
D E S I G N  I N S T I T U T E  

AWARD OF EXCELLENCE 
Rt ry  two e l cmen ts  n o w  - a third and 
fo t t r t h  nltr!/ be t r d d r t l  later tc i t l t  l i t t l t ,  

Enjo!/ t r p  t o  R db foricard pa i t t  on DX, 
tc i t l t  a 2.5 dl] I)crrIi t o  f r o i t t  ratio and 
c x c c l l o ~ t  s i r lc  d iscr in t i t tu t io t t .  

Get man'ntrrnt s t r r r c t t rm l  s t w n p t h  t c i t h  
l o t o  t c r i g h t ,  t r s i n g  o t r r  " T r i t l r t i c "  

urnls. P l ruse  i t t q t t i r e  directly to: 

GEM QUAD PRODUCTS LTD. 
Transcona Manitoba 

C a n a d a  R2C 225 

THIS IS IT 

M O D E L  4 4 3 1  1 t 1 H U L I N t '  

R F  DIRECTIONAL WATTMETER 
with VARIABLE RF 

SIGNAL SAMPLER - BUILT IN 
IN S T O C K  F O R  P R O M P T  D E L I V E R Y  

A U T H O R I Z E D  D I S T R I B U T O R  

I\Mebs)erl 
a s s o c i a t e s  

115 B E L L A R M I N E  

ROCHESTER,  M I  48063 

CALL TOLL FREE 
800 - 521-2333 

IN M I C H I G A N  313 - 375-0420 
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4 95 

. I, ; Regulated Power supply z i  "MI65 rshaara  tnibwld rnmer tnmdel 116 ea rm 7 95 
14 95 

SM2l0. l4  I 8  SM?4'>N 4 1  SNIIIfi.lN I b 
SW'IIIIY 18 ~ l l i 4 . 1 1 ~  15 1 ~ 9 1 0 1 ~  0'1 5 t 0  15VDC 71C927 L a L o l r d  Enrodel 16 kqr 5 95 

ICM CHIPS 
ICM7MS CMOS Prlor#an llrnrl 24 85 
ICM7205 CMOS LED SI11~-al(nl7im I8  95 
lCMiZO7 OIolllor Contmii-r 1 YI 
ICM72aB Strrn ho l r  Coimls 19 95 
ICM'709 Clach Gemlafor 695 

!bW'4113 21 SI / : lW* 45 S % l t l i l N  A .Hu( Y"L P'OIM~ 10, .Dud m . ~ r b - s w # t r h ~ n @  conlrol !or ,n 
dOO,lO"ld001 or dl,., m."ll.rl"e 

NMOS READ ONLY MEMORIES 
\Y '4 I1N I S  SWllulM Y1 SU1<I15H 70 
sv .o iw  o w 1 4 , t m  43 s * i 4 1 m  79 , .cant$nuou. ,O.. L C D  !o ,995 ,  8 ht 4t.nN.v roe :;I:;: 1:R x 9 * 7 M"" s v ' m b ~ r  Paums I3 54 

MCM65ll 128 X 9 1. : ASCII S h M  n t h  G I e k  13 YI 

SI,~MU ID SU:C,UH 41 s ~ i l i ' ~  n .lill VAC lnrul .ATcuc.cv ' 1 nOll>(n.1 
1)s 1 9 X 1 A I ~ 9 n u m n C  Conllol 13 YI 

!,1416* n I U I U V  61 I N i 4 l i P M  l b .Sax tor P.hr.nhe,l or C.i.loum r.mdlne 
.SIZ.: 3n'w x5"LxZ"H .sin. w.ln.lx AC I., m.8. ctlaranel ~mrm!o, 

S' l ' l l 'W I5 S X i l n N  65 SM'4lbm i P  
$ N ~ ? O U  m r a : < s i ~  $5 rwrlaw I I .s,z. 3 1 . 6  S ~ B ' W X I  1*8)'0 MISCELUNEOUS 
>M.WU n sridriu I r n  s * ? r ? n ? ~  
rr.,7,u rr rN,.,m Ip SNI,,R4w ,: JE210 5 l o  15 voc $19.95 J E ~ O O  ...... . .. ........ 539.95 ~;~; :~~b; ; ,MoDAmp 

2 49 
4 49 
I 75 

19 95 
11 95 
3 95 

SN'1.W SN>4111N 39 
, m s,,,,,. ,, ::i::C: ':: DISCRETE LEDS 17 M 

115 
<M'11:V n 6Wlll?W 49 SM'4191N 19 rm-  dl.. ' 3  R 517'1261 11) Y I ' I I Y ( M  

11)' *I.. >U',i*" ,a s*..,,,* ,I S"1.195" :: XCIBR I.8 511 
ru-.,s* , " I XCS%G orom r.sl X C ~ O R  c r r l  m t  
!.Y-d‘UN IH,,,‘I" ,p 5U,,li.* 1'1 X C ~ B Y  vellm 411 XCZWG g l e n  8n1  
' , U . I I ~ Y  IP sHi4,,,. 191 I ~ . , ~ % M  84s XC55hC chxr ( IS(  X C ~ W V  YOIM 4n1 
S M ' r r ? U  43 SU34!(1* ?I IWI'1BJY I 4 9  .lW U. 
. .h.r.U s*,,,.,~ s ~ , . s : , ~  4 D) XCZZR IM 561 xwnn sfif 
(U..44M 71 S M ? ( , O ~  is  S N ; ~ ? ~ I M  I 19 XC22G Vrn 
$I I,,# ,I s*:,,,i* ,pI  S*"?.IM i. XC22" ye i io l  ::1 

XRmS SR a:, 

XR215 4 40 

2 0 * 0 1 1 I m * r ~ w a * h ~ ~ l I * r r o n ( l * l ~  - XR32O I 5 5  ~ ~ 2 2 0 6 ~  34 95 XR2%7 2 99 
HI ma nn wm XR-L5U 150 1E2rnB 1 9 s  XRY03 125 

1.. .:&:a mm""'-." ).' , rr u*OYI , q XR555 39 X9tMa 3 70 XR11)6 125 
MI* l 5 .  I M Y ~ . M  4 91 MA* 6 l r 0  ~ o n ~ ~ 0 n m . ~ m . 0 0  rn w XRs 9 XR27M '0 XR"5' 

, ,: . ,  < : I "  I 9  I :  1.i 
f , 2 1 9  < i l  i I19 C # I , , ' I I  1 4 9  
L ,: - :I c I O  : 91 :' 
( ' 1  .,4 '9 i,",", < 8 8 .  l i  
r," .n  4 1  : 1s ,.,L,.SI I 
7 2 , .  :, c : > i i i ,  I:, r, I .U ,.P 
rl:il: :I T:lm:? W ' 8  9 
: : I  19 cnt,ul 89 U, lr l>O I 4 Y 5  
C:,AOW t x cw U, l ~ t t l  14 99 

, m l ,  I 19 i r , ~ , ~ ~  , a 9  v r ~ i l x l  4 $5 
1.1016 19 t 1 1 8 1 # 1 '  1% Ui l i l i l  1991 
L ?  8 l i l '  1 19 r 1 4 . 1 t 1  1 11 ((l "tDI 5 
C,l , , ld  % 2 ,  * : $9 
r r  ,139 29 , 48 t , i \ t l%: !4 $0 
Tm,: # P i  1 19 d $ 1 1'1 Ui l l l B l  3 5 4  
L I I  1 l i P  C l ' l l l i  11 '1  L V l l i '  11) 
C 1 ? I 11 C : I I I X  2 0 /11(5(1 1 19 
L ,j lt .x , P P )  i " t r l l  1-1 
i- I , ; A  :I) [ill ,.d I 11 Ll'd5l5 291  

.1 1 4  -1 T , 7 a i l l  ( 1 9  
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I 443 N 48th Street 
Lincoln, Nebraska 68504 

In Nebraska Call (402)466-8402 

HY-GAIN 
Regular Special Regular 

TH6DXX Super Thunderb~rd $299.95 $239.95 l8HT Hy-Tower 80-10M vertical 299.95 
TH3MK3 3 el. 10-15-20M beam 229.95 179.95 18AVT/WB 80-10M Trap vertical 99.95 
TH3JR 3 el. 10-15-20M beam 1 49.95 129.95 14AVO/WB 40-10M Trap vertical 69.95 
Hy-Quad 2 el. 10-15-20M Quad 229.95 179.95 12AVQ 20-10M Trap Vertical 39.95 
205BA 5 el. "Long John" 20M beam 289.95 229.95 14RMQ Roof Mounting ki t  (ver1:icals) 33.95 
155BA 5 el. "Long John" 15M beam 169.95 139.95 5BDQ 80-10M Trap doublet 89.95 
105BA 5 el;"'Long John" 10M beam 1 19.95 99.95 2BDQ 80-40M Trap doublet 49.95 
204BA 4 el. 20M beam 219.95 179.95 66B 6 el. 6M beam 11 9.95 
204MK5 5 el. conversion ki t  99.95 79.95 203 3 el. 2M beam 15.95 
153BA 3el.15Mbeam 79.95 69.95 205 5 el. 2M beam 17.95 
103BA 3 el. 10M beam 54.95 44.95 208 8 el. 2M beam 25.95 

BA 2 el. 40M beam 209.95 169.95 214 14 el. 2M beam 31.95 
-86 Balun for beam antennas 15.95 15.95 LA-1 Deluxe lightning arrestor 59.95 
2MK3 2 el. 10-15-20M beam 149.95 119.95 

MOSLEY Regular Special 
Classic 33 3el. 10, 15, 20 Mtr. beam 304.75 209.95 
Classic 36 6 el. 10, 15, 20 Mtr. beam 392.75 269.95 
TA-33 3el.  10, 15.20 Mtr. beam 264.00 189.95 
TA-36 6el.  10, 15, 20 Mtr. beam 392.75 269.95 
TA-33 Jr. 3el .  10, 15, 20 Mtr. beam 197 .OO 149.95 
TA-40KR 40 Mtr. Add On 119.95 89.95 

CUSHCRAFT 
ATB-34 4 ele. 10, 15, 20 Mtr. beam 289.95 219.95 A147-11 11 ele. 146-1 48 Mh;!. beam 36.95 
ATV-4 10, 15, 20.40 Mtr. Vertical 89.95 69.95 A147-22 22 ele. Power Pack 109.95 
ATV-5 10, 15, 20, 40. 80 Mtr. Vertical 109.95 89.95 A144-10T 2 Mtr. "Twist" 10 ele. 42.95 
ARX-2 2 Mtr. Ringo Ranger 39.95 32.95 A144-20T 2 Mtr. "Twist" 20 ele. 62.95 
AR-6 6 Mtr. Ringo 36.95 32.95 A147-20T 2 Mtr. beam 62.95 
ARX-220 220 Mhz. Ringo Ranger 39.95 32.95 A430-11 432 Mhz. 1 1 ele. beam 34.95 
ARX-450 435 Mhz. Ringo Ranger 39.95 32.95 A432-20T 430-436 Mhz. Beam 59.95 
A144-11 11 ele. 144-146 Mhz. beam 36.95 30.95 

HUSTLER 
3TBA 3 ele; 10, 15, 20 Mtr, beam 259.95 189.95 
4-BTV 10-40 Mtr. Vertical 99.95 79.95 
5-BTV 10430 Mtr. Vertical 134.95 99.95 
RM-75 75 Meter Resonator 16.95 14.50 
RM-75s 75 Meter Super Resonator 31.95 27.50 
G6-1448 2 Mtr. Base Colinear 79.95 59.95 
G7-144 2 Mtr. Base Colinear 1 19.95 89.95 

Wl LSON 
System One 5 ele. 10, 15, 20. Mtr. Beam 274.95 229.95 
System Two 4ele. 10, 15.20 Mtr. Beam 219.95 179.95 
System Three 3 ele. 10, 15, 20 Mtr. Beam 1 79.95 149.95 
WV-1 10-40 Mtr. Vertical 79.95 69.9 5 

ROTORS 
Hamlll $125.00 T2X Tailtwister $199.95 Alliance HD 73  $109.95 

Call for prices on rotor cable, Coax, Towers, and Accessories. All prices do not include shipping. 

I ~ H T  We carry all major brands of ham radios 

Special 
239.95 

79.95 
57.00 
32.95 
29.95 
69.95 
39.95 
99.95 

- AT DISCOUNT PRICES 
Yaesu - Kenwood - Drake- ICOM- Dentron -- 

Ten-Tec- Swan - Tempo - Midland - E.T.O. - W'ilson 
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MICROWAVE MODULES LTD. 

432 - M hz Linear Transverter 
UP YOUR FREQUENCY! 

Put your 28Mhz Transce~ver 
to work at 432Mhz!! 

MMT432/28-S 

EXTRA RANGE (434-436 Mhz) for Satellite operation. 

10 Watts RMS output power. 

Simple Frequency Range Selection Using Toggle Switches. 

Highly Stable Regulator Controlled Crystal Oscillator Stages 

30 dB Receiver Gain. 

Better than 3.0d B Noise Figure. 

Antenna Changeover Achieved by  Low Loss Pin Diode Switch. 

50 Mhz and 144 Mhz I.F.'s Available. 

- PRICE: $329.95 lREd!G 

144 Mhz Linear Transverter 
Join the Fun on 2 Meter Sideband 
- using your 28Mhz Transceiver. 

10 WATTS RMS OUTPUT POWER 
30dB RECEIVER GAlN 
BETTER THAN 2.5dB NOISE FIGURE 
50 Mhz I.F. AVAILABLE 

MMT 144/28 - ~ ~ 1 ~ ~ : ' $ 2 5 9 . 9 5  INCLUDING SHlPPlNG I 
432 Mhz LINEAR AMPLIFIER 

ALL 100 WATTS OUTPUT 1 MODE 

I INCLUDING SHIPPING I INCLUDING SHIPPING 
I 

432-436 Dual Range 
Receiving Converter 

100% DUTY CYCLE RATED 
RFVOX 

lOdB MINIMUM GAlN 

FULLY PROTECTED VSWR. 
OVERHEATING, REVERSE POLARITY 

MML432/100 - PRICE: $449.95 

OSCAR, MODE J 
RECEPTION 

30dB GAlN 

BETTER THAN 3.0dB 

MMC 432/28-S NOISE FIGURE 

I.F.'s AVAILABLE: 
-PRICE: $95.95 2 8 - 3 o ~ h z .  144 -146~hz  

TEXAS RF DISTRIBUTORS, INC. 

I GUARANTEE 
ALL MICROWAVE MODULES PRODUCTS 
ARE GUARANTEED FOR 1 YEAR. IN 
ADDITION, THEY MAY BE RETURNED 
WITHIN 10 DAYS FOR A FULL REFUND 
IF YOU ARE NOT SATISFIED FOR ANY 

Exclusive U.S. A. Distributors 
of Microwave Modules Products 

TEXAS RF DISTRIBUTORS IS THE EXCLUSIVE IMPORTER 
OF MICROWAVE MODULES PRODUCTS, AND WE SUPPLY 
A COAST-TO-COAST DEALER NETWORK. WRITE OR 
PHONE FOR DETAILS OF THESE PRODUCTS AND THE 
OTHER VHF AND UHFMICROWAVE MODULESPRODUCTS 
WHICH WE STOCK. 

JOE - WA5HNK CARL - W5UPR 4800 WEST 34TH STREET SUITE D12A 
HOUSTON, TEXAS 77092 F] PHONE 7131680-9797 TELEX 191322 
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DNC T/I IHF-M 
llc-27311 $2.50 

BNC PIBNC-P 
UG-91411 $2.00 

UHF f / U H F - f  

PO BOX S O 2 3  

RIVIEPA BEACH. FLORIDA 

108 may 1979 

INDIANA: Madison Counly ARC Hamfesl. Sunday. June 
3.8 00 AM to 3 30 PM. U A W -2 Unlon Hall. 109 By. 
oass and Hlllcrest Drlve. Anderson. Talk In 1462Z82 
bnd 148.52 slmplex. For Info: WB9QDO. - 
MASSACHUSElTS: Enslern Connscllcul ARC8 Elec. 
lronlc Flea Market and Hamfesl. May 20.9 AM l o  6 PM. 
Paint Breeze Restaurant. Websler. For Inlo: Rlchard 
Spahl. KISYI. Lake Parkway. Webster, MA 01570 (817) 
943 4420 after 8 PM - - 
WASHINaTON: Paclllc Northwest Hamlast. July 14 6 
15. HAM Inc.. Box 78442. Saattle. WA98178. 

WISCONSIN: CWRA Swaplest Plcnlc. June 3. Stevens 
Point. For Info: Frank Gulh. W90CC. 1632 Ellis St., 
Stevens Polnl. WI Y481. 

CALIFORNI~ m e  ~ o r t h  HIIIS ~ a d ~ o  club, Inc. 01 greater 
Sacramento's 7 annual Ham Swap on Sunday. May 6.9 
AM to 3 PM. Machlnlsts Hall. 3081 Sunrise Blvd.. Rancho 
Cordova. CA 95670. Take Hy 9 l o  Sunrlse. turn lell lo  
signs. 

ROCHESTER Hamlest 6 NY Slate ARRL Convention. 
May 25.27. Add your name to malllng list. Send OSL to 
Rochester Hamfesl. Box 1388. Rochester. NY 14603. 
Phone(7l8)424.1100. - 
ILLINOIS: The Radlo Amateur Mwgacycle Soclely's lhlrd 
annual Anlenna Measuring Contest. Salurday. May 19. 
10 AM CDT. FlicCReedy Corp. grounds, corner 01 Thorn. 
dale and York Roads, Bensenville. Equlpmenl avallable 
to measure gain and SWR 01 2.meter. 13/..meler, and 70- 
cm antennas: equipment lor higher frequencies brought 
by advance request. Prizes for highesl.galn antenna In 
each cat ego^ Relreshmenls. For detalls SASE to: Joe 
LeKostal. WB9GOJ. 2558 N. McVicker Ave.. Chicago. IL 
m 9 .  - 
ILLINOIS: m e  Six Meter Club of Chicago. Inc.'s 22nd an- 
nual Hamfesl. Sunday. June 10. a n t e  Fe Park. 9131 
street and Wolf Rd.. Wlllow Springs, soulhwest of 
downlown Chlcago. - 

Ham Gear 
Collins 51J4, general coverage receiver $595 
Collins 516 F2 power supply, new. In box $275 
Collins KWM2Alransceiver, sac. rnd. $1375 
Collins 75A4 ham receiver, vy good $425 
Collins 31284. Sla Cntl, rd. erc $250 
Collins 31285, Vlo Consola. exc $550 
Collins 75S3C. rnd, exc $1 250 
Collins 18OS1, anlenna luner $295 
Collins 30L1, vy gd $595 
Collins 516F2, power supply $175 
Coll~ns A-390A rcvrs. overhauled exc cond 

call lor quote 
Collins 51S1.2-30 MHz rcvr Speclal 
Hammarlund SP-SOOJX, rcvr S 395 
Colt~ns CP-1 Cryslal Pack $195 
Raca16217E. ,540 MHz receiver $1350 
Collins 3253 ham transmllter, vy gd $650 
HarrisonO-ZOvollll.5ampIabpwrsupplles.ea. $45 
Johnson Zkw Matchbox wlswr meter $195 

Test Gear 
HP-3021 warn analyzer $375 
Boonton Radio 225A sig. gen.. 10-500 MHz $495 
HP-2OOCD wide-range oscilloscope $150 
Measuremenls Model 80. 2-400 MHz $295 
Measurements Model 658 signal generalor $295 
HP-202H 54.216 MHz AMtFM sig gen $695 
HP-6080 10-420 MHz slg gen $550 
Tek 564 slorage 'scope. wlplug ins $695 
Tek 545 30-MHz 'scope $395 
Tek 531A 'scope. exc $350 
Tek 851 digllal tester new, wlaecesr wll Cquola  

We stock Amateur and Professional 
equlprnent f r o m  mmulacturers such 
as Collins. Hewlett-Packard, elc. 

All equipment sold checked 
a n d  reallaned 

OHIO: F.M. ~ -A 's -H.  Dayton. April 27. 1979. Frlday I Write f o r  tree"cata1og. 

prizes Including acomplete ~ rakeuv -3  wlth 144.220 and 
440 MHz Synthe?llzwd modules, power supply, encoder 
mike and antenna. For further information contact: 
Mlarnl Valley F.M. Assn.. P.O. Box 263, Daylon. Ohio 
45401. 

ILLINOIS: Starved Rock Radlo Club Annual Hamfest. 
Sunday. June 3. Bureau Counly Fairgrounds. Princeton. 
Dealers' inslde display area open for se1.u~ l :W PM 
Saturday. June 2. Fairgrounds reached via routes 60.6 
34.8926; watch lor signs. Free coffee and doughnuts to 
all registrants lrom 8:30 to 9:W AM. Refreshmenls 
avallable. Reserved camper, van and trailer space 
available for nominal fee. Advance resewatlons 31.50 
before May 20. $2.00 at gate. For Info: SASE to 
W9MKSIWRSAFG. Slawwd Rock Radlo Club. RFDIl. 
Box 171.Oglesby.IL61348.f815)667-4614. 

MAINE: The Portland Amaleur Wlreless Assoc. and the 
Universlly of Southern Maine Radlo Club wlll hold a lall- 
gale fleamarkel on campus. May 28.9 AM to5  PM. Food 
available. Cost: $1.00. Talk In on 146.73 and 146.52. For 
Info: John Taylor. N lSD (207) 7732651. 

MARYLAND: The Polomac Area VHF Society's 8th an- 
nual Hamfest. Sunday. May 6. 8 AM l o  5 PM. Howard 
County Fairgrounds. (approx. 15 miles west of Balll- 
more. lnt. 1.70 and Rt. 321. Admlsslon: U.00 includes llea 
market and tallgatlng. Talk.ln on 52 simplex. For Info: 
Paul H. Rose, WA3NZL. 25116 Oak Dr.. Damascus. MD 
20750. - 
MARYLAND: The 111th annual Easlon Amaleur Radlo 
Soclely's Hamfesl. May 20. 10 AM to 4 PM. Easlon 
Senior Hlgh School. Rt. 50, aouth 01 Easton, mile market 
66. Talk.ln on 52 slmplex and 148.45Y147.045 repealer In 
Easton. Tables Inside, refreshments. tailgalers. Done 
lion: 12.00; tables or lailgaters 12.00 addltlonal. Wrlle: 
Charles C. Walgren. WAJZWX, Box 7. Trappe. MD 21673 
or Easlon ARS. Box 781. Easlon. MD 21801. 

INDIANA: Harnteatl Indiana's frlendllasl and largest 
hamlest Webash County Amaleur Radlo Club's 11th an. 
nua hamlest w! I be hefd Sunday. May 13. 1979. rain or 
shlne. at the Wabash County 4.H Falrgrounds In 

$4.50 
Sottbound 
Jump tnlo Ihe 
excltlng world 
of Amaleurs 
servlng man- 
ktnd In emer- 
gency s~tua- 
Ilons around 
Ihe world. 
hams are 
there to help 
W I I ~  vttal communlcatlons This new book lrom The 
Ham Radio Publlshlng Group brlngs lo lhle the hero- 
IC. glorlous efforts of those Amateurs durlng darlng 
rescues, Ihfe.sav~ng attempts. and tlmes ot rml per. 
sonai need This IS a new Wok you'll read, and then 
read again! Another great Christmas gtlt lrom HRCB. 
160 pages. C:1978. 

Wabash. Large Ilea market Ino sel-up charge), lechnlcal Send check, money 
lorums, blngo, free overnight camplng, plenty 01 Ire4 
parking, good food a1 reasonable prlces. Only one llckel 

order or credn card 

lo  buy. Donallon Is 12.9  lor advance llckets - 13.00 at inlormallon plus 

the gale. Chlldren under 12 years old free. For more 51.00 shipping lo: ommunwar~ons 
inlormallon or advance llckets, write: Dave Nagel. 

S.AS E. Rsqulrad. 
WD~BDZ. 555 valley Brook Ln.. Wabash. IN 46992. 
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SLEP 
ELECTRONICS 

IS NOW 
. .SHIPPING.. 

TEN-TEC 
OMNI-A ANALOG TRANSCEIVER WlTH FREE 

. . . . . . . . . . . . . . . . .  252M0 PIS. $899.00 
OMNI-0 DIGITAL TRANSCEIVER WlTH FREE 

. . . . . . . . . . . . . . . .  252M0 PIS $1,06900 
540 ANALOG TRANSCEIVER WlTH FREE 

. . . . . . . . . . .  262M PIS WITH VOX $699.00 
544 OlGlTAL TRANSCEIVER WlTH FREE 
252M PIS WITH VOX . . . . . . . . . . .  $869.00 
509 ARGONAUT TRANSCEIVER WlTH FREE 
210 PIS . . . . . . . . . . . . . . . . . . . .  $369 00 
570 CENTURY 21 ANALOG CW TRANSCEIVER 

. . . . .  WITH FREE 670 CODE KEYER $299.00 
574 CENTURY 21 DIGITAL CW TRANSCEIVER 
WITH FREE 670 CODE KEYER . . . . .  $399.00 

TEN-TEC ACCESSORIES 
. . . . .  215 MICROPHONE WITH PLUG $29.50 

2 4 0  ONE-SIXTY CONVERTER 5 4 0 1  
544 . . . . . . . . . . . . . . . . . . . . . . .  $1 10.00 
241 CRYSTAL OSCILLATOR 5401544. $35.00 

. . . . . .  242 REMOTE VFO 5401544. $13900 
243 REMOTE VFO 5451546. . . . . . .  $139.00 
244  DIGITAL READ-OUT COUNTER 
540 . . . . . . . . . . . . . . . . . . . . . . .  $197.00 

. . . . . . . . .  245 CW FILTER 5401544 $25.00 
. . . . . . . . . . .  247 ANTENNA TUNER $69.00 

. . . . .  248 NOISE BLANKER 5451546 $49.00 

. . . . .  249 NOISE BLANKER 5401544 $29.00 
. . . .  276 CRYSTAL CALIBRATOR 570 $29.00 

277 ANTENNA TUNERISWR BRIDGE FOR 
. . . . . . . . . . . . . . . . . . . .  5701574. $85.00 

645 ULTRAMATIC KEYER 5451546 . . $85.00 
KR-2OA SINGLE PADDLE KEYER 117 VAC/6- 
14 VOC. . . . . . . . . . . . . . . . . . . . . .  $69.50 
KR.50 ULTRAMATIC KEYER DUAL PADDLE 

. . . . . . . . . . . .  11 7 VACl6-14 VOC $1 10.00 

WE PAY SHIPPING VIA U.P.S. TO 50 STATES, 
EXPORTOROERS FOB PARCEL POST. PHONE 
BILL SLEP (704) 524-7519, MAIL YOUR 
CHECK. VISA OR MIC TO: 

ts==p ELEcTmomrxcssF G o .  A 
P.O. BOX 100, HIGHWAY 441. DEPT. HR.5 

OTTO, NORTH CAROLINA 28763 

The !,me has come lor al l  rmrtrurr to unntr on rnghl 
We mu51 know each olhrr a, J<, other Itatrrnal 
orpanuatounr. The abxltly 11, recuynizc each olher on 
any occaroon IS a LNC mark 01 Iratcrnal brotherhood. 
Group Ill, [WBILCK. KHZDX and K82DZ) dcr8gn.d 
thbr I0 karal gold rtng lo prtray our great and proud 
fraternity. Thm exquvrxtr r~np 2 %  made erclur~vcly for 
you by Joltens (world lamour lor thcor qualmly xhievr 
mmt nnel with your call Ictten prom~nenbly dtrplaycd. 
For htaalcd ~nlormatton and muwhle rtng w c r .  Wntc: 

3z (.rnup Ill S a l n  Ccl 
L ) ~ ~ I  35 11 o n , , ~  w 

hut blipell." 1111lc Neck. N Y. 11362 

OHIO: The Champaign Logan Amateur Radlo Club's 
annual Hamfest, July 1. Logan County Fairgrounds. 
Bellelonlalne. (New Locallon). For Inlo: John L. Went2 
W8HFK or Frank Knull. WWS. 

PENNSYLVANIA: The Schuylklll Amateur Repeater 
Association's 2nd annual Hamlest. Sunday. June 17. 
Rain or shine. Gates open 9:W AM. Lakewwd Park. 
Barnes~llle. Route 54.3 mlles east o l  Exlt 37E on Inl. 81. 
Reglstratlon: 12.00. Spouse and chlldren Iree. Tallgalers 
S1.W addlllonal. Indoor tables S2.W each. Indoorloul- 
door areas, prizes. amusemenls, plcnlc tables, relresh- 
mentson grounds. Talk.ln 147.781.18and 146.52 simplex. 
For lnlo: S.A.R.A. Hamlest. P.O. Box 901. Pottsvllle. PA 
17901. - 
PENNSYLVANIk The Young Ladles' Radlo League's In. 
ternatlonal Convenllon. June 29 through July 1. Holiday 
Inn. 4th and Arch. Phlladetphla. Events lor all YLs (and 
their OM'S tw!) All YLs welcome - membershlo not 
necessary Advance reg#stratton $37 50 (~ncludes 
meals) For aetanls Jan Scneuerman. WBZJCE. 616 
RevereAvenue L nwc0d.N J 08221 

- ~ 

PENNSYLVANIA: Breeze Shooters' 25th annual 
Hamlest. Sunday. May M, noon to 5 PM. Whlte Swan 
Park. Parkway West, near greater Plttsburgh airport. Flea 
market, prizes, children's amusements. Reglstrallon at 
gale: 52.00 or 3 lor $5.00. Talk In 146.28)88 and 29 MHz. 
Under cover lables advance reservation only. For Info: 
Rick Evanulk. WAJLUM. 311 Evergreen Ave.. Pittsburgh. 
PA 15Mq .. . . .  -. .. - 
VIRGINIk The "Ole Vlrglnla Hams" annual Hamfesl. 
June 3. Prince William County Fairgrounds. Manassas. 
Rt. 234. Gates open 8:W AM. lallgaters 7:W AM. General 
adm#sslon: 13-00 PP. Under 12 Iree. Tallgating 12.00 per 
vehicle. Prlzes: 5 band SSB Transceiver. Synlhesized 2 
meter Transceiver, etc. Refreshments available until 2:30 
PM. Programs for spouse and ch~ldren, Indoor space for 
dealers. For onlo: Sam Lebowich. WB4HAV. OVHARC. 
PO Box 1255. Manassas. VA 22110. 

-- 

WASHINGTON: For( Vancouver Hamlalr. Saturday end 
Sunday. May 12 and 13. Clark County Fairgrounds. 7 
miles nonh of Vancouver. Contests, seminars, commer. 
clal and amateur displays. Famlly events, Ilea market. 
Prizes awarded. Grand Prlze: ICOM IC.701 hf transceiver 
end power supply. Trailer parking (no hookups), catered 
bul lel  Saturday night wlth musical entertalnmenl. 
Regislration. $4.00 PP Includes drawlnp lickel. Dlnner 
S5.M) adults. Tlckels avallable at door. Reglstratlon: Ken 
Weslby, W7DYX. 606 Miami Court. Vancouver. WA 
98664 

Antenna Polar Plot Modellng Program BPPM 
Experlmenl w~th mulllple dr~ven element antenna 
des~gn on your computer 
See Fleld Ellecls due l o  changing. 

Pnl~roal~nn 

... v .  ... , 
. . .  WPM - Program Taps 6 Instructions $35.00 

71 4-461 -3927 

.I.# dl,Ol.., .r.IS, 1 m r t . d  
r.os, d.rbI.)s a mmmdv 

.k.MII..rl-ranm 

.PrW CII... In mnknnm 

-Bmmdkndmd 3-4OHh.. 
H I 4  

.Smmll, llqhl, m l h - r - ~ m (  

.l:l l la~odml* .  r m t k  
B"'"" :.- -. 

.m.~Im..s conear Ins*U .- .-- 

.~~.IPS .llnln.h TVI  

. lu l ly  O . n r m n t r d  '9.95 , 
Van PPD 

Gorden 
Engineering 
BOX ~ I J O S ,  S. CUCLID, OHIO 44in - - ~- 

WEATHER MAPS. PRESS! 
rhe Fax A l e  Clear or1 our lull alre 118-112 wldel 

S184r.r I~tlr,, r l l c , , ~ .  2nd l8,lv'. rliore Hlqh- 
p i t  pr8( .~1 evt,r un U S  M~ltlary sur- 
plirs. e:.i,eclally on Colllns equlprlrent 
or parts We pay lretghl Call collect 
now lor our htgh oller 201 440-8787. 

SPACE ELECTRONICS CO. 
dtv 01 Mnlllary Eleclronlcs COfP. 

' o u r  l i t t le  bower 
replace a lot  of cable ! 

.select any  o f  f i v e  ontennos ot  the 
turn o f  o knob, w i t h  lust one  
feed l i ne  a n d  o.conlrol  cob le  t o  
l h e  remo te  s w ~ t c h i n ~  un i t  - 

.saves coox,  simpl i f ies s to l i on  l a y o u t  

. handles 4 k w  p.e. P. 

.o the r  mode ls  t o  n ine  pos i t i ons  I . lull o n e - v e o r  w o r r a n t v  I . . 
m o d e l  s w - 5  h e o v y  d u t y  - 

REMOTE CONTROLLED A N T E N N A  SWITCH - S135w plus $ 3  shipping 101 . o r d e r  d i r e c t  o r  w r i t e  f o r  b r o c h u r e .  I 
ANTENNA MART 515-292-7114 

b o x  1010, i.s.u. s to t ion,  omes ,  i o w o  5 0 0 1 0  



FOX-TANGO CRYSTAL FILTER SPECIFICATIONS 
TERMINAL CASE 

CENTER - Hz INSERTION Z SIZE 
FILTER USED FREQUENCY LOSS (IN.OUT) SEE SEE 
NO YF- FOR kHz - 6 dB -60dB dB 8/pF BELOW NOTE 

31H250 CW-N 3179.3 250 + 50 <750 <9 50011 A 1 
66 31H500 CW 31793 500+50 <I200 <7 500fl A 2 - -  31H18 SSB-N 3180 1800+100 ~ 3 5 0 0  <6 5008 B 3 
k 31H2 4 SSB-F 3180 2400 + 100 <4200 <6 5008 B 4. 6 

31H6O AM 3180 6000+500 <11K < 6  5008 A 5 
a 
V) 91H250 CW-N 8999 3 250 + 50 <750 < 10 5008 C 

2 g 91H500 CW 8999 3 500 + 50 < 1400 < 8 5008 C 2 
1 

,. , 90H1 8 SSB-N 9000 1800 + 100 ~ 3 5 0 0  c 6  5008 C 3 
90H2 4 SSB-F 9000 2400 + 100 <4200 <6 5008 C 6 

G E  :, 89H250 CW-N 8988 3 250 + 50 <750 < 10 5000 C 1 
, 89H500 CW 8988 3 500 + 50 < 1400 <8 5008 C 2 

.m 33H250 CW-N 3395 250 -t 50 <750 <9 4 7K133pF B = $ 33H400 CW 3395 400 + 50 < 1200 <8 4 7K/33pF B 
1 
7 

0 + E 33H1 8 SSB-N 3395 1800 + 100 <3500 <6 4 7K/33pF B 3 

:: 88H250 CW-N 8830 7 250 + 50 <750 < I0  470/5pF 0 1 
7 88H400 CW 8830 7 400 + 50 <I400 < 9  47015pF D 
P 88H1 8 SSB-N 8830 1800 + 100 ~ 3 5 0 0  <6 470/5pF D 

7 
3 

I 55 
c 33H250 CW-N 3395 4 250 + 50 <750 <9 2Kfl E 

$ 33H400 CW 3395.4 400 + 50 < 1200 <8 2K8 E 8 
1 

5 33H2 I SSB 3395 2100 + 100 <3500 <6 2K8 E 9 

w 56H8.0 CWfSSB 5645 r 150 8000 + 500 < 13K <3 5008 F 10. ll 

1 56H800 CW 5645.5 + 50 800 + 100 <I800 <5 5008 C 10.12 
m 56H125 CW-N 5695+50 125+50 <350 <13 50fl G 10 

All filters, except Drake, are $55 each For Drake prlces, see adjacent column Prlces Include alrrnall postpald to U.S . 
Canada and Mexlco For overseas alrmail, add $3 

for Amateur Radio Gear 
13-510 A for 2 meters 20/10/2 WATTS PLL SYNTHESIZED 

MIDLAND 13-513 for 220 MHz 
MIKE. MOBILE MOUNT. HARDWARE 

500 FREQUENCIES IN 10 kHz STEPS 

FM at its Best EITHER RIG s44995 4 AVAILABLE OFFSETS 13 VDC 
DUAL CONVERSION RE.CE1VER 

yes ,  we have WE STOCK THESE FAMOUS NAME BRANDS 
ElMAC Tubes AEA 

J U S T  CALL O R  ~Z$;:~SY;, 
~~~~~~1~~ Replacement REPEATERS ATLAS E-Z WAY ROBOT 

MICROPHONES BETTER STILL. . . Tubes in stock! B & W HY-GAIN ROHN 
KEYS & KEYERS S T O P  IN!! Repair lab BIRD ICOM STANDARD 

on premises. COLLINS KDK SWAN TUBES and much, more CUSHCRAFT KLM TEMPO 

512 BROADWAY 

tions. Recomm~~:nded for use in conjunction 
w i th  GUF-2. With complete ins t ruc t ions .  
GUF-1 $65 ppd. Add $3 for overseas airmail. 

YF56H800 (GiUF-2). Narrow first IF Filter. 
(Shape factor as low as 2.0, ultimate rejection 
>100dB.)  Both GUF-1 and GUF-2 improve 
dynamic range, reduce intermod due to over- 
loading of second mixer, reduce PRM, etc. 
GUF-2 includes a relay kit and all parts need- 
ed to provide automatic selection of GUF-1 or 
GUF-2 depending upon the position of the 
Mode Switch, thus retaining phone capabili- 
ties lost if GUF-2 (CW) is used alone. Com- 
plete step-by-step instructions simplify instal- 
lation. GUF-2, i~lcluding relays and parts: $90 
ppd. Add $3 for overseas airmail. 

YF56H125. Sharp 125Hz 8 pole, second IF 
Filter. (Shape factor as low as 2.0, ultimate 
rejection > 100dB.) Sharpest CW filter avail- 
able. See Spec:s in Table. If you can' t  get it 
with this filter, you can't get it - period! Puts 
selectivity where it counts: in the AGC loop. 
Eliminates loss of RX gain due to QRM outside 
of passband, commonly noted w ~ t h  aud~o 111- 
ters - yet works well with them. Simple 

7 Use instead of opllonal 500 Hz (6 pole) unit GUD Product Detector Kit. All parts and 
instructions needed to convert the existing 

F 57X24x18 
See you at the Atlanta HamFestival, June 16,17! G 5 7 x 2 4 ~ 2 1  

DIODE SWITCHING BOARDS 

More Details? CHECK-OFF Page 118 may 1979 111 



Ham Radio's guide to help you find your loca. AititF 
Arizona 

HAM SHACK 
4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serving all amateurs from beginner 
to  expert. Classes, sales & service. 

KRY DER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
Your Complete Amateur Radio Store. 

California 
C& A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. - 

SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
800-42 1-2258 
213-834-5868 - Calif. Res. 
Not The Biggest, But The Best - 
Since 1962. 
- 

JUN'S ELECTRONICS 
11656 W. PIC0 BLVD. 
LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-282-8682 San Diego 
The Home of the One Year 
Warranty - Full Service. 

SHAVER RADIO 
3550 LOCHINVAR AVE. 
SANTA CLARA, CA 95051 
408-247-4220 
Atlas, Kenwood, Yaesu, KDK, 
Icom, Tempo, Wilson, Ten-Tec. 

Connecticut 
THOMAS COMMUNICATIONS 
95  KlTTS LANE 
NEWINGTON, CT 06111 
800-243-7765 
203-667-081 1 
Call us toll free - See our full 
page ad in this issue. 

Florida 
- -- 

AGL ELECTRONICS, INC. 
1800-8 DREW ST. 
CLEARWATER, FL 33515 
813-461 -HAMS 
West Coast's only full service 
Amateur Radio Store. 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

RAY'S AMATEUR RADlO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

I Illinois 
I 

AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL  60540 
3 1  2-420-8629 
"Amateur Excellence" 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL  60630 
Chicago - 312-631-5181 
Illinois - 800-972-5841 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.; 9:30-9:00 Thurs; 9:OO-3:00 Sat. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
312-848-6777 
One of America's Largest 
Amateur & SWL Stores. 

I Indiana 

-- - 

BOB SNllTH ELECTRONICS 
RFD #3, HIGHWAY 169 & 7 
FORT DODGE, IA 50501 
515-576-3886 
For an EZ Deal on New 
or Used Equipment. 

Kansas 

ASSOCIATED RADIO 
8012 CONSER, P. 0. BOX 4327 
0VERLA.ND PARK, KS 66204 
913-381.5901 
Amateur Radio's top dealer. 
Buy - Sell - Trade. 

REVCOM ELECTRONICS 
6247 N. HYDRAULIC 
WICHITA, KS 67219 
316-744-1083 
New - Used HF, VHF, & Microwave 
Gear. Manufacturing & Sales. 

Maryland 

THE COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL. PLAZA, RT. 198 
LAUREL., MD 20810 
800-638-4486 
R. L. Dr.ake, Ten-Tec, ICOM, Wilson, 
Tempo, DenTron, Mosley, Cushcraft. 

Massachusetts 
- 

TEL.COM, INC. 
675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
61  7-486-3040 

I 
The Ham Store of New England 
you car1 rely on. 

TUFF3 RADIO ELECTRONICS 
209 NlYSTlC AVENUE 
MEDFORD, MA 02155 
61 7-395-8280 
New England's friendliest 
ham store. 

Delaware I KRYDER ELECTRONICS I - Michigan 

112 may 1979 
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DELAWARE AMATEUR SUPPLY 
7 1  MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
Delaware's largest stock of amateur 
radio equipment & accessories. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for comdete details. 

GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN  46815 
219-484-4946 
Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 

- 
ELECTRONIC DISTRIBUTORS 
1960 PECK STREET 
MUSKEGON, M I  49441 
616-7.;!6-3196 
Dealer for all major amateur 
radio product lines. 



!ma teur Radio Dealer 
BARGAIN BROTHERS ELECTRONICS 
216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-883-2050 
A rr~il l ion parts - lowest prices 
anywhere. Call us! 

Oklahoma RSE HAM SHACK 
1207 W. 14 MILE 
CLAWSON, MI 48017 
313-435-5660 
Complete Amateur Supplies. 

KRYDER ELECTRONICS 
5826 N.'N. 50TH 
MacARTt-IUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789.1951 
Your Corrlplete Amateur Radio Store Minneso fa 

METUCHEN RADlO 
216 MAlN STREET 
METUCHEN, NJ 08840 
201-494-8350 
New and Used Ham Equipment 
WA2AET "T" Bruno 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 
Midwest's Fastest Growing Ham 
Store, Where Service Counts. 

Pennsylvania 
ELECTRONIC EXCHANGE 
136 N. MAlN STREET 
SOUDER'TON, PA 18964 
215-723-1200 
Demonsl:rations, Sales, Service 
New/Usr?d Amateur Radio Equip. 

"HAM" BUERGER, INC. 
68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
2 15-659-5900 
Delaware Valley's Fastest Growing 
Amateur Radio Store 

RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 
New Jersey's Fastest Growing 
Amateur Radio Center. 

Missouri 
- -- 

HAM RADIO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
For Best Price and Fast Delivery 
Call toll free 1.800.325-3636 

New York 
HAMTRCINICS, DIV. OF 
TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSIE, PA 19047 
215-357.1400 
Same Location for 3 0  Years. 
Call Toll Free 800-523-8998. 

AM-COM ELECTRONICS INC. -- 

Nebraska 
RT. 5 
NORTH UTICA SHOPPING CTR. 
UTICA, NY 13502 
315-732-3656 
The Mohawk Valley's Newest & 
Largest Electronics Supermarket. 

COMMUNICATIONS CENTER, INC. 
443 NORTH 48TH ST. 
LINCOLN, NE 68504 
800-228-4097 
Lowest Prices in the USA 
on Ham Equipment. 

LaRUE IELECTRONICS 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 
ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 

GRAND CENTRAL RADlO 
124 EAST 4 4  STREET 
NEW YORK, NY 10017 
21  2-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock Nevada 

- -  

COMMUNICATIONS CENTER WEST 
1072 RANCHO DRIVE 
LAS VEGAS, NV 89106 
800-634-6227 
Kenwood, Yaesu, Drake and more 
at discount prices. 

HAM-BONE RADlO 
3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
3 15-446-2266 
We deal, we trade, all major brands! 

:South Dako ta 
-- 

BURGHARDT 
AMATEUR RADlO CENTER, INC. 

P. 0. BOX 73 
WATERTOWN, SD 57201 
605-886.7314 
"Americ,i~'s Most Reliable 
Amateur Radio Dealer". 

RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
Toll Free 800-448-7914 

NY 315-337.2622 
Res. [ 315-337-0203 

New & Used Ham Equipment. 
See Warren K21XN or Bob WA2MSH. 

-- 

New Hampshire 

EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. 
We service what we sell. 

Texas 
AGL ELIECTRONICS 
3068 FOREST LANE, SUITE 309 
DALLAS, TX 75234 
214-241.6414 (within Texas) 
Out-of-State, Call our toll-free 
number 800-527-7418. 

HARDIN ELECTRONICS 
5635 E.. ROSEDALE 
FT. WORTH, TX 76112 
817-461.9761 
Your Full Line Authorized 
Yaesu Dealer. 

Ohio 
New Jersey AMATEUR RADlO 

SALES & SERVICE INC. 
2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 
All Services. 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201 -542-2447 
Ham supplies since "55". 
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For the best deal on 
AEA Ameco ASP Atlas 
Belden Bencher Bird 
CDE CIR CES Cushcraft 
DenTron Drake Hy-Gain 

'a Icom KLM Kenwood 
Larsen MFJ Midland 
Mosley NPC Newtronlcs 
Nye Palomar Regency 
Shure Swan Standard 
Tempo Ten-Tec Tonna 
Transcom Wilson Yaesu 

NEAR CHICAGO? 
COME IN AND SEE US! 

Tim WBBSBL and Mike WNSANF 
sewlng you! 

,- -- - 

I I 

CALL TOLL FREE 
F O R  T H E  ERICKSON PRICE! 

Hours: 
9:30-5:30 Mon.. Tuss.. Wad. 6 Fri. 
9:30-930 Thurrdly 
9:oo-3:00 Saturday 

TOUCH-TONE"DECODER MODULE 
Excellent building 

MODEL DTMF-8 Std. ATET tones 
block for amateur 4.5" x 6.5" Decodes all 8 
control systems touch-tone frequencies 
Hybrid active filters 8 open collector 
throughout. N o  PLL's! outputs supplied to 
40db dynamic range interface with any 
No gain adj. necessary logic system 

Min. 20db twist 10K Ohm transformer 
allowable isolated input stage 

ONLY 11-15 VDC operation 

$179.95 post paid Call or write 
CA Res. Add 6% Sales Tax for detailed 

specification sheet 

8131 FOOTHILL BLVD., CUCAMONGA, CA 91730 *714/981-3473 

IRON POWDER AND FERRITE MATERIALS 
SHIELDED COIL FORMS SHIELDING BEADS 
FERRITE RODS TOROIDAL CORES 

Belun Kits FREE TECH DATA FLYER LergeStock 
ON FERROMAGNETIC MATERIALS 

FAST, DEPENDABLE SERVICE SINCE 1963 
12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 
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RADIO AMATEUR 
CALLBOOKS ,,, 

. . 

HPIPI.. re'! ~ l . ~ t l d i v r , b  . I , ,  

!""<I,,," <,,,..Dt?!P ' , , , ,r, , , , , l" 

1°C rJdlli drndlCiir 

OS! ant! QTH inrnrrnd!  r i r i  

The U. S. Callbook has nearly 
350,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 

valuable back.up charts and 
references you come to expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
with almost 285.000 calls, 

names and addresses of ama. 

teurs outside of the USA. 

U.S. Callbook $15.95 

Foreign Callbook $14.95 

(Plus Sh~pping) 

Order from your favorlte electron. 
Ics dealer or dlrect from the Pub. 
Ilsher. All dlrecl orders add $1.75 for 
shlpplng. llllnols resldents add 5% 
Sales Tax. 

RAOlO AMATEUR 

L a k e  Bluff. 111. 60044 

ERC PROMISES U P  TO THE MINUTE STATE-OF-THE-ART DESIGN AND PERFORMANCE 
WE'VE DONE I T  FOR 1979 

FOUR S I M U L T A N E O U S  F I L T E R S  I N  ONE F O R  U N P A R A L L E L E D  QRM F R E E  R E C E P T I O N  ( S S B  6 CW) 
*PLUS A S P E C I A L  P A T E N T E D  CW PROCESSOR* 

WARRANTED ONE YEAR FULLY RFI PROOF FULLY WIRED AND TESTED AVAILABLE NOW 
175.00 POSTPAID IN THE USA AND CANADA. VIROINIA RCIIDCNTS ADD *% SILLS T A X .  

ATTN SL-55 OWNERS: THE CIRCUIT BOARD OF THE SL-56 IS  COMPLETELY COMPATIBLE 
WITH THE SL-55 CHASSIS. OUR RETROFIT KIT I S  AVAILABLE AT 135.00 POSTPAID. 

n = o o n  
ERC INTRODUCES A BRAND NEW CONCEPT IN THE MEASUREMENT 

OF VSWR AND POWER ACCEPTED BY THE LOAD 
~ ~~. ~ 

~ ~~~ - - 

REQUIRES 1 1 5  VAC A T  L E S S  TWO 5 0 - 2 3 9  COAX CONNECTORS 
THAN 1/16 AMP. ARE A T  THE REAR PANEL. 

C O L L I N S  GRAY CABINET.  
WRINKLE PANEL - B R I G H T  

DIMENSIONS 3 . 5  x 5.5  x 7.5  

RED L E D  D I G I T S  ( . 3 3 " ) .  
INCHES. 

DECIMAL P O I N T  I S  THE 
P I L O T  L I G H T .  WEIGHT I S  2 POUNDS. 

1 . 8 - 3 0  M H z  

THE MODEL SL-65' (20-2000 WATTS) AND THE QRP MODEL SL-65A' (0 .2 -20  WATTS) DIGITALLY INDICATE 
ANTENNA VSUR UNDER ANY TRANSMISSION MODE -- SSB. CU. RTTY. AM E t c .  THERE I S  NO CALIBRATION RE- 
QUIRED AND NO CROSSED METER NEEDLES TO INTERPRET. SIMPLY LOOK AT THE READOUT AND THAT I S  THE VSWR. 
SPEAKING NORMALLY INTO A SSB TRANSMITTER MIC. ylsrANTLV CAUSES THE VSWR TO BE DISPLAYED THROUGH- 
OUT YOUR ENTIRE TRANSMISSION. REVERSING THE POSITION OF A FRONT PANEL TOGGLE SWITCH AND THE DIS- 
PLAY INDICATES THE NET POWER (FORWARD LESS REFLECTED) THAT I S  ACCEPTED BY THE ANTENNA. THE PEAK 
OF THE NET I S  DETECTED AND DISPLAYED WITHOUT FLICKER FOR ANY MODULATION TYPE. DISPLAY UPDATE 
I S  CONSTANT YET FLICKER FREE AS YOU MAY CHANGE THE POWER ACCORDING TO YOUR VOICE. THERE I S  NOTHING 
L IKE THIS QUALITY INSTRUMENT AVAILABLE ANYWHERE ELSE. I T  I S  THE ONLY VSWR-NET WUES INDICATOR THAT 
LETS YOU KNOW THE STATE OF YOUR ANTENNAS AND TRANSMITTED PWER AT ALL TIMES WHILE TRANSMITTING. 
EITHER MODEL I S  A SOPHISTICATED DEVICE CONTAINING FOUR CIRCUIT BOARDS AND THIRTEEN INTEGRATED 
CIRCUITS. 

5L-65 WARRANTY ONE YEAR SL-65 
VSWR INDICATOR NET POWER INDICATOR 

- - . -. - . - - 
TO AN ACCURACY OF .I FOR VALUES 
FROM 1 . 0  AND 2.2. ACCURACY I S  TO 
. 2  FOR VALUES FROM 2 . 3  TO 3 . 4  
AND TO . 3  FROM 3.4 TO 4.0. FROH 
4 . 1  TO 6.2 THE INDICATION MEANS 

THE POWER DISPLAYED I S  THE DETECTED 
PEAK OF THE PEP FOR ANY MODULATION. 
T H I S  I S  THE POWER THAT THE TRANSMITTER 
I S  "TALKED" UP TO. DISPLAY DECAY TIME 
I S  ABOUT ONE SECOND. 

THE POWER DISPLAYED I S  THAT WHICH 
I S  ACCEPTED BY THE ANTENNA . (FORWARD 

l r i l  LESS REFLECTED). 

..-. .". .- .. . . ---- -- - -  

1 0 0 0  WATTS FOR VSWR AT 2 . 0 ) : - -  1 . 2  COULD MEAN 1 2 0  OR 1 2 0 0  WATTS. 1 1 YOU MUST KNOW WHlCH RANGE YOU ARE IN.  

FOR VSWR VALUES NEAR 1 .0 .  THE 
POWER RANGE FOR A V A L I D  READING 
I S  2 0  - 2 0 0 0  WATTS OUTPUT. FOR 
HIGHER VALUES THE UPPER POWER 
L I M I T  FOR A FLICKER FREE V A L I D  
DFAnINP. 1C WMFUHAT I F<S 135 - 

D I V I D E  THE ABOVE POWER LEVELS ACCURACY I S  TO 1 0  WATTS I N  THE LOWER 
BY 1 0 0  TO OBTAIN THE PERFORMANCE RANGE AND 1 0 0  WATTS I N  THE UPPER RANGE. 
OF THE SL-65A ORP MODEL. D I V I D E  POWER SPECS BY 1 0 0  FOR SL-65A. 

PRICE: $ 1 8 9 . 5 0  POSTPAID IN USA 8 CANADA. V A .  RESIDENTS ADD 4% SALES TAX. 

BOOKLET AVAILABLE AT ELECTRONIC RESEARCH CORP. OF VIRGINI* 
s2.00 REDEEMABLE TO - P. 0. BOX 2394 
WARD PURCHASE. 

PATENT PENDING. 
VIRGINIA BEACH, VIRGINIA 23452 

TELEPHONE (804) 463-2669 

P L 
d" 
:x 
q L 

P E  
"7 = 
.X = 
2 .  
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POWER I S  DISPLAYED ON THE SAME TWO 
D I G I T S  AS VSWR I N  TWO AUTORANGED 
SCALES. 2 0  TO 5 0 0  WATTS AND 5 0 0  TO 
2 0 0 0  WATTS. TRIPOVER AT THE 5 0 0  WATT 
LEVEL I S  AUTOMATIC E X :  A READING OF 



*MONITOR YOUR SIGNAL DIRECTLY 
FROM THE COAX LINE 

*5-2000 WATTS PEP 
*OUTPUT: .31v -1 .8~  RMS 8-800 WATTS 
*INSERTION LOSS LESS THAN 

.2db (3-30 Mhz.) 
*USEFUL RANGE: .5 to 150 MhZ. 
Eliminate jerry-rigging when you need to 
monitor your signal. The CoaxProbes 
will work on both frequency counters and 
oscilloscopes (of proper bandwidth). 
Just connect the probe into your coax line 
and hook up your test equipment. 
Because of its low loss, you can leave 
It in while you operate! 

ONLY 

$8.95 I' J 

NEW! e ) 
I 

Now! A dummy load that 's just the 
right size for low power work. Rated 
at 30 watts for 30 seconds, the Lytl- 
loadB i s  perfect for Orp work. 
2-meters or any application where 
low power and small size are re- 
quired. The Lytl-Loadm has a range 
to 150 Mhz with SWR of 1.4:l at 150 
Mhz and 1.1:l at 30 Mhz. 

O R D t ' i  TODAY FROM I EAGLE ELECTRONICS I 
Box 426 I3 

Portage, MI 49081 

I PRETUNEO - COMPLETLY A S S E M B L E D  -\:I,' 
ONLY O N E  NEAT S M A L L  A N T E N N A  FOR 
U P  T O  6 BANDS1 EXCELLENT FOR C O N -  
G E S T E D  HOUSING A R E A S  - A P A R T M E N T S  
L IGHT - S T R O N G  - A L M O S T  INVISIBLE l 

FOR A L L  M A K E S  d MODELS O F  AMATEUR 
TRANSRECEIVERS - T R A N S M I T T E R S  - 
GUARANTEED FOR ZOO0 W A T T S  S S B  
1 0 0 0  W A T T S  CW. FOR NOVICE AND ALL 
C L A S S  AMATEURS! I 

I C O M P L E T E  A S  S H O W N  w l h  9 0  11. R G 5 8 U - 6 2  elm fasdlno. and P L 2 5 9  c o n n r t a .  Insulmton. 30 f1 .  
300 s. ts.1 dacron end luppm., cantst connestol wnh bullt In Ilphnlno .n.st.r and st.tlc dlsck.roa - 
molded. se.lsd, ~ e . t h e r p r o ~ f , ~ ~ * o m n t  traps l " X 6 - y o u  MI swltch to band dested for exsellant worldwld. ,.... r h m  . *..n.mmtkn ."r( .mc~swlnml WT. L E S S  T H A N  5 LBS.  I 
I 

-" .. . --  - - 
160-80-40-20-1510  band. 2 1r.p--149 11 rrtth 90 ft. R G 5 8 U  - sonn.ctor - Mod.)T77BU . . ,559.96 
8 0 - 4 0 - 2 0 - 1 5 - 1 0  bmnd. 2 vw -- 1 0 2  11. wnh 90 n R c s a u  - sonn.slor - Mode l  s e 8 B U  . . .564.96 
4 0 - 2 0 - 1 5  -10 bends 2 tr.p --- 5 4 f t .  wl th 90 (1. R G 5 8 U  soax - sonnmslw - Model  1OMBU.  . , 1 5 3 . 9 5  
20-15-10 band. 2 trap--- 2 8  f t .  w l th  90 n. R G 5 8 U  soax - aonnector - Model 1 0 0 7 B U  . . . . 552.95 I 
I S E N D  FULL PRICE FOR P O S T  PAID INSURED OEL. I N  USA. (Canad. h S5.00 oxtr. f M  ~0.1. c 

slorls.l - custom. - ots.) or ~ r d n  using VISA Bank Amnkmrd - M A S T E R  CHARGE - AMER. 
PRESS.Glrs nvmbn and ex.  dale. Ph  1 - 3 0 8 - 2 3 6 - 5 3 3 3  9 A M  - 6 P M  week days. We SMD h 2 - 3  days. 
ALL  PRICES W I L L  INCREASE 5 5 . 0 0  S E P T .  1 - S A V E  - ORDER NOW1 An mntannms pu.r.nt*ed 
ror 1 )ram,. Money bmsL td.1 I M.do In us*. FREE I N F o . A v A I L A e L E  ONLY F R O M .  I 
I WESTERN ELECTRONICS Dent. AR- 5 Ks.,ney. Nmbralk.. 8 8 8 4 7  I 

E N T R A L  N E W  Y O R K ' S  F A S T E S T  G R O W I N  

VOICE BAND DIPOLE /ANTENNA CONNECTOR 
MY<-QUL IHQ 11 d .008~ ronlleilar ha. 

<<'.'<,> \ , ,<.I,  l.,<.ld." " l o  'I.., 
n,lr,,r I"  .qrra"I ro.. 

PL .19 nl,,l ,,. ,.rti.n. or"<.,,, * .... 
c,,,%. * t,.,, x, <,." ,.,,,,"<,,",., ,",,,,d*d EQUALIZER 
Gu.,trr.,r*ll A t  ,.>,.. "..%#,l< ,or w.9, 

*&I& 
V,l*.,d l onln..l."ll Im"t.%l"rr 71,P'. 

BUDWIG MFG. CO. w 00x829. bmona. C A ~ X - S S  
Ca Re=. add 89. Sales Tar 

1 ggi!E Duns Ml-048-6066 

USA clean crisp audio 
X m l t  audlo p a s s b a n d  

equa l i ze r  - g i v e s  punch 
wlthoul d i s t o r t i o n  - best 

on dx, yl's, p r o b l e m  v o i c e s  - 
lo, mid ,  hl, r a n g e s  a d j  + 1 2 d B  - 

made In USA - p e r f o r m a n c e  guaran. 
teed s p e c i f y  rig, m i k e  plug or universal 
P.O. Box 144, Hannacroix, N. Y. 12087 

The Electronic Farm 

Cash plus sh~pp~ng paid for clean l a t e  

model M o t o r o l a  GE. RCA mobiles. 
Base S t a t i o n s .  Accessories. We also 
sell used and reconditioned e q u i p m e n t .  

For f u r t h e r  i n f o r m a t i o n  c o n t a c t :  

Jesse La Fleur 
The Cornrnunications Center 

1629 Wyoming 
El Paso. T e x a s  79902 

(915) 545-1133 
Call lor cnsh qUo1Blion 16 years 01 1.1, dcallng 

Apollo Products-Little Giant Trans Systems Tuner Kit - $122.50 
Designed and engineered after "Apollo" - "Little Giant" 25WX-2, for  a n  "engineered 
performance" Trans Systems Tuner and Adaptations of the  Lew McCoy Transmatch, w i th  
power handling a t  the  KW plus level! 

K i t  includes: I heavy mduclancc for 10-15.20. 
1 200 p ld  wids.rpaced vsrlabls 40'80 

woth i ro lanl~te tnrulaloon rated :,ydV; ;gn:dOy:i.:ia4n2 Condensen 
3.000 volts 1 HD SWIIC~ lor band catchnng 10 
I 200 pld dual secloon parallel thru 80 meter Coverage 
condenser irolantntcd 1 phg 12-gauge ttnned round wire 

. "  f,nger.grip knob* 2" Cabsnet rncludcd - Apollo "Sha- 
diam. whlte ondented dow Boxes" M Knt #ncludes $=he. 

I PYC 8nrulated shalt c o u ~ l ~ n g r  ; N " ~ 6 . N N " d ~ E " ~ ~ " o $ 6 r ' ~ n ~ ~ ~ " 6 b o  
'A to % OHM Open wlrc spaced ladder 
3 50.239 coax chassis connectors. Ihne' air dlalrctric. 
Tunes 52 ohm or 52-300.600. or '53 x wlrc dlam. ..84 x wire dmm. 
random wirer d o  only - nu1 sup~ l fcd .  

Apollo Products, Box 245, Vaughnsville, Ohio 45893 419-646-3495 
S u b s i d ~ a r y  "Lt t t le  G ~ a n t  Antenna Labs" 

L 



QUR PERFORMANCE 

before you move and we will make sure 
your HAM RADIO Magazlne arrlves on 
schedule Just remove the malltng label 
from thts magazlne and alflx below 
Then complete your new address (or any 
other correcl~ons) In the space provided 
and we'll take care of the rest 

ham Allow 4-6 weeks for radio correction. 
Maaazine 

~ reenv~ l k .  NH 03048 

Thanks for helping us to SONO you better. r--\ r - -  
I I I I l  

L-J 

I I 
a, 

I AFFIX 
I 

I LABEL 

I I HERE 
I 

FQ.. 

PATHCOM INC.,AMATEU R PRODUCTS GROL.  
24105 SOUTH FRAMPTON .HARBOR CITY. CA 90710 

CALLTOLL FREE 8W21-1196 

PRACTICAL ANTENNAS ! 
Rac You've never seen an antenna book 

ANTENNAS quite l ike this: 
far rhr Rndo h l w !  
r -  --- --- i l l  ,,TI How to build practical beams. quads and 1 

wlre antennas. 
Computergenerated beam headings to 
every known country In the world 

*Charts and tables to ellmlnate trlckv cal- I 1 ki, l~dGf& 1 culations. 
I I. . I *Practical ideas for the newcomer 

Complete bibliography of magazine arti- 
cles on antennas. - ~ 

*Tips on how to keep your antenna up. 
bw And much. much more. 

New format, big diagrams, easy-to-read text. And its completely brand 
new! Durable vinyl cover. $9.95. Order now at prepublication special 
for only $8.95 (offer expires June 15). ----------------------- 1 

I Ham Radio's Bookstore 
Send Practical Antennas to: 

Name 

Street 

State ZIP 

Please enclose 58.95 ~ l u s  $1.00 ShID~ina or credit card information 

More Details? CHECK-OFF Page 118 may 1979 117 



Adver'sers v 
check-off 

MAY DAZE 
AED Electronocr 
Ablelronncs 
Aluma Tawer Co 
Amldon Assocmles 
A n l e n ~  Mart 
Apollo Pra lucu 
Artron Carparalmnn 
Atlanloc Surplus S a k  
Atlas Radio 
A Tlorllr 

WRITE IN 

"800 GANG.' 

.. .for literature, in a hurry - we'll 
rush your name to the companies 
whose names you "check-off" Barry Eleclron~cs . . . . . . . . . . . . . . . . .  

. . .  Budw-g Mlp. Co. . . . . .  
Bullcl . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Place your check mark in the space etween 
name and number. Ex: Ham Radio ./234 NOW, LIST THE EQUIPMENT 

YOU WANT IN THE SPACES 
PROVIDED BELOW, CUT OUT 
THIS AD, AND SEND IT TO 
US WlTH YOUR NAME, AD- 

. . . . . . . . . . . . . . . . . .  Cal Cryrral Lab. lnc. 
Commun~cat8ons Center. . . . . . . . . . . . . . . . . .  
Cammunlcallonr Spnclal!$ls. . . . . . . . . .  

INDEX 
. . . . . . . . . . . . . . . . . . . . . . . . .  CUS~CIIII 

D b V Rsdm Parts. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  DCO. lnc 

DSI lnslruments . . . . . . . . . . . . . . . . .  
D a m s  Commun~calrons Svslcms . . . . . . . .  

AED 710 
Ahletronlcr 770 
AIUIIW 589 

Jameco 333 
Jan 067 
J8m Pak ' 

Amldon - .  W5 
Antenna Marl CG3 

Jones 626 
Kantronlcs ' DRESS AND TELEPHONE 

NUMBER. WEWILLWRITE 
OR CALL (CHECK ONE) 
YOU BACK AS SOON AS POS- 
SIBLE WlTH THE MADISON 
QUOTE. 
(HINT: DON'T GO BELOW 
OUR COST). 
WE HAVE AN IN-DEPTH 
STOCK AND LARGE INVEN- 
TORY OF MAJOR LINES AND 
ACCESSORIES. 

. 
Dala Sional. lnc.  . . . . . . . . . . . . . . . . . . .  9R 
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STREET . ELECTRONICS SUPPLY, INC. 
15084  McKlNNEY HOUSTON. TEXAS 77002 
713/658-0268 NlTES 713/497-5683 I 

STATE. . . . . . . . . . . . . . . . . . .  ZIP. 
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I KENWOOD TR-7625 25 watt 2m transceiver 144tolJRMH2~0vwage*Modes SSB CW FM L5I ~vlltlleSlZer 
PLL . 4 d ~ g l l  LED readout Pulse-type noosr hlankrr VOX 

Featur~ng memory channel rnodesw~lch for slrnplex or swltchlng wfadlustable am. SWR brtdge. CW montlor Aulornat~r power 
transm~t lreq up or down lull 4 MHzcoverage. 8M) channels 5 kHz control . Ac%c power supplies . Anlenna Irnpedanct. 50 ohms 
offset sw11ch. MHz selector swltch. LED unlock ~nd~cator  unbalanced. T X  output 10W PEP 

425.00 cal l  for quote 899.00 cal l  lor quote I 

VISA Long's Electronics 
m 
MAIL ORDERS P O  BOX 11347 BIRMINGHAM AL 35202 STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM ALABAMA 35233 

Remember, you can Call Toll Free: 1-800-633-3410 in the U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 5:30 PM, Monday thru Frlday. 

120 may 1979 More Details? CHECK-OFF Page 118 



lusy Auto Scan Selector BNC Art lenna Connector7 

implex 01 :h 

lnput . nanuce SpeakerlMike 
ntrol- 

I 

Audio Gain COI 

Busy Lar 

. . .. . 
nsor Mike 

SDigit LED Readout 

Keyboard Entry 

Keyboard Lock 
D i s p l a y  OnlOff 

The Yaesu Fl-207R Synthesized Handie 
has all the features you could want in a vey compact package 

• 144-148 MHz Range Keyboard Encoded Frequency Entry 
10 KHz Steps 2 Tone  ouchto tone^ ) Input from Keyboard 
• 3 Watts Output Keyboard Lock guards against accidental 

4 Memories plus Programmable Offset frequency change 
Priority Channel Odd Splits Can Be Programmed from Keyboard 

Memory and Band Auto Scan Automatic Battery Saver Feature for LED Display 

Optional Equipment: Rubber Flex Antenna 

Tone Squelch, SpeakerlMike, Nicads, Battery Charger 

VAEOU @7 *If Su 

The radio. 679X 

Price And Specif~cations Subject To 
Change Without Notlce Or Obligation 

YAESU ELECTRONICS COUP., 15954 Downey Ave., Paramount, CA 90723 (213) 6334007 
YAESU ELECTRONICS Eastern Sewice Ctr.,9812 PrincetonGlendale Rd..Cincinnati. OH 45246 



provide the punch in 
Kenwood's new amplifier. 
Kenwood chooses EIMAC For more information 
for trouble-free service. Send for the EIMAC Quick Reference 

The new heavy-duty Kenwood TL-922A catalog covering the complete line of ElMAC 
linear amplifier provides 2 kW PEP input for products and for the 3-5002 Data Sheet. Learn 
SSR service and 1 kW input for CW, RTTY, and why the important manufacturers of commu- 
SSTV operation. nication equipment choose EIMAC. Varian, 

Kcnwood chose two EIMAC 3-5002 EIMAC Division, 301 Industrial Way, 
high-mu triodes to do  the job. Wit San Carlos, California 94070. 
a total of 1000 watts anode Telephone (415) 592-1221. 
dissipation, the two O r  contact any of the more 
3-5002s coast along than 3 0  Varian 
to provide trouble- Electron Device Group 
free, long-life Sales Offices through- 
service. out the world. 

What's your 
pleasure? 

DX chasing? Traffic 
nets? RTTY? Rag chewing? 

@ varian 

SSTV? The EIMAC 3-5002 
provides the power when you 
need it, with ample safety margin. 
Value wise amateurs always look 
for the EIMAC power tube for I .  

reliability. And equipment manu- 
facturers, such as Kenwood, 
choose EIMAC for leadership in 
power tube technology. 

9 & 
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