


I IIUALITe6r, PRICE 
CUSHCRA NTENNAS 

OFFER ' BOTH 
Don't be misled by o . . . they are based 
on experience, large ity buying of materials, 
great engineering lent office personnel. 
We are happy ha to  hold the line on 
prices for you. So . ay more when you can 
get the best for less! 

FM 2 METER ANTENNAS 

F M  TWIST 
Ten elements hor~zontal polar- 
lzatlon for low end coverage and 
ten elements vertlcal polarlzat~on 
for FM coverage. For OSCAR 
buffs we have 144 MHz and 432 
MHz models 

4-6-71 ELEMENT YAGlS 
The standard of comparison In 

POWER PACK VHF-UHF communlcatlons, now 
cut for FM and vert~cal polarlza- 

The b ~ g  slgnal (22 element array) t~on. There are models coverlng 
for 2 meter FM uses two A147-11 the 450 MHz, 220 MHz and 147 
yaq~s wrth a hor~zontal mounting MHz bands All are rated at 1000 
boom, coax~al harness and all hard watts wlth d~rect 52 ohm feed and 
ware PL 259 connectors 

IN STOCK WITH YOUR LOCAL DISTRIBUTOR 

cushcrdt C O R P O R A T I O N  

621 HAYWARD ST., MANCHESTER, N.H. 03103 



for those who demand the finest 

the completely new 

M 0 D E L C X - 1 1 . . . Deluxe lntegmted Station 

New sdlid state broadband linear pow- 
er amplifier 10-160 meters. 360 watts 
input - requires no tuning - completely 
self-protected. 

New concept front-end design - utiliz- 
ing TWO revolutionary double active quad 
J-FET balanced mixers - for the ultimate 
in cross-mod, inter-mod, and overload 
prevention. 

Solid-state modular construction utiliz- 

- 
ADDITIONAL FEATURES 
Dual VFO's for transceive, split operation, or 

dual receive. 

Adjustable IF shift. 

Receive or transmit offset tuning. 

Push Button spotting. 

Adjustable R.F. clipping. 

Instantaneous break-in CW. 

Built-in Wattmeter. 

Built-in noise blanker. 

Adjustable R.F. power output. 

Pre.lF, adjustable noise blanker. 
ing gold-plated, pins and plug-in sockets 
for all transistors, IC's, and circuit board NOW in production at $2900 
connectors. 

Five Bandwidths of selectivity are stan- D'str'buted by 

dard - 2.4, 1.5, 1.0, .4, .I ~ H Z .  PAYNE RADIO 
peak notch filter with adjustable notc., BOX 525, SPRINGFIELD. TENNESSEE 37172 

and peak frequency. Phone/write DON PAYNE. K41D. for a brochure, 
and trade on your gear. Dial direct day or 

Rm narrow and wide shift FSK-LSB' evenings (615) 384-2224. Personal phone an- 
Built-in electronic Keyer with indepen- swered only by Don Payne. 

dent speed and weight control and par- - 
tial or full dot memory. Contact the factory for parts and sewlce only 

Built-in Power Supply completely self- 
protecting - both thermal and current 
overload, integrated circuit controlled. 

New six-digit freauencv counter utilizing 
new % i n c h  LED; optimized for a n o 6  127 ~ ~ ~ ~ k l i ~  ~ ~ k ~ ~ ,  NJ 07417 
blinking, stable display. Tel: (201) 891-0459 
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High Resolution - linear scale 

High Accuracy -4% of reading 
a1 % full scale 

Simultaneous incident and reflected 
power reading (VSWR) (with two 
separate meters) provides optimized 
performance and time savings 

5 YEAR WARRANTY ON PARTS 
& LABOR 

1 kW overload protection 

1 head for ALL freauencies and 

Compressed log. . . See for yourself 

8 5% Full Scale (% of reading not 
specified!!!) 

One meter readings make it almost 
impossible to optimize performance 
and its extremely time consuming 

1 year and it excludes semiconduc- 
tors, tubes, fuses, etc. Ask them for 
a copy of their warranty. . . you'll 
be amazed. 

= No overload protection -expensive 
elements can easily bum out. 

8 Over 30 plug-in elements to achieve .- - 

power ranges, no dlug-in elements the same power/frequency ranges 
required - also one low price. 1 .  -this more than doubles the R&S I 

Send me your data sheet. 
Have your sales engineer contact me. 
I would like to see a demonstration. 

Mame 

co. 
Dlv. MI. Ston 

Addmss 

ClW Stale 

Z P  Phone 
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.. jim ond look 

Power measurement of amateur trans- 
mitters i s  a serious topic of discussion at 
the FCC these days. Although the ama- 
teur restructuring proposal, Docket 
20282, has proposed that the maximum 
transmitter output power shall not ex- 
ceed 2000 watts peak envelope power, a 
footnote points out that this is only one 
proposal under consideration by the 
FCC. The Commission is also looking at 
alternatives such as PEP input, average 
power input, ratios of peak to average 
power output, limitations on the dissi- 
pation ratings of final power amplifier 
devices or even a combination of these. 
Prose Walker, W4BW. Chief of the Ama- 
teur and Citizens' Division, i s  soliciting 
suggestions for solutions to this prob- 
lem, and doesn't want to wait for the 
Docket comments to hear your ideas. A 
note to him a t  2025 M Street, NW, 
Washington, DC 20554, with your rec- 
ommendation, would be appreciated. 

Although some amateurs may feel 
that i t  makes little difference whether 
the regulations specify input or output 
power, a t  frequencies above 50 MHz or 
so, where operating efficiencies are 
much lower, it is extremely important. 
On the high-frequency amateur bands 
typical transmitter efficiency is on the 
order of 70 per cent, but at vhf and uhf 
efficiency can drop to 50 per cent or 
even less. That 20 per cent difference 
can make a considerable difference to 
the vhfer who is  trying to extend his 
communications range. And, with the rf 
wattmeters which are currently 
available, there seems to be little reason 
why the amateur power limitations 
shouldn't be expressed in terms of out- 
put power. 

Until relatively recently, the accurate 
measurement of high-frequency rf pow- 
er required very expensive instruments 

calibrated with known dc voltages and 
currents. Furthermore, the difficulty of 
r f  power measurements increased with 
both frequency and power level. Accu- 
rate measurement of 500 watts output, 
for example, was many times more diffi- 
cult than the measurement of 50 watts 
output, even on the hf bands. These 
measurements were further complicated 
at vhf and uhf, and accurate measure- 
ment of the output of high-power vhf 
transmitters was virtually impossible. 

The introduction of toroidal-type 
directional wattmeters about fifteen 
years ago solved the problem of high- 
frequency average power measurement 
(subsequent design improvements have 
moved the frequency range up to 250 
MHz or so), but the difficulty of meas- 
uring peak envelope power s t i l l  remains. 
At least one coupler (the Collins 302C) 
added a capacitor to the circuit to make 
it more of a peak-reading device, but i t  
still reads only about 65 per cent of the 
actual peaks. Most other types of watt- 
meters, including absorption types and 
the popular Bird model 43, theoretically 
read 40.5 per cent of the actual peak 
power of a two-frequency signal. The 
Bird model 431 1 reads peak power di- 
rectly, but it's priced out of the range of 
most amateurs. However, it should be 
fairly simple to design a peak-reading 
amplifier for use with average-reading rf 
wattmeters that would provide direct 
measurements of peak envelope power. 

Another possibility is the use of a 
single-tone. Single-tone modulation of a 
ssb transmitter results in peak envelope 
power output which equals average 
power and is indicated correctly on 
average-reading power rf power meters. 
However, this technique is  not nearly as 
tidy as a peak-reading rf wattmeter 
which is always in the line. 

to which few amateurs had access: 
matched dummy loads, calorimeters and 
other thermal devices which could be 

Jim Fisk, WIDTY 
editor-in-chief 



WE'VE 
GIVEN IT A 
NEW LOOK! 

C-22A The front panel and control locatrons have been changed to makt1 
the I(:-22A even better lnokrng and t>avrr to ollerate Thtl new 
tlesrgn allows the ilse of largt~r channel nirrnbt~rs whrc h may bt. 
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BICENTENNIAL CALLSIGN SCHEME has  been r e l e a s e d ,  and a s  expec ted ,  a l l  FCC-li- 
censed amateurs  can  have some f u n  w i t h  i t  i n  1976 i f  t h e y ' r e  s o  i n c l i n e d .  S t a t e -  
s i d e  a l t e r n a t e  p r e f i x e s  a r e  s t r a i g h t  fo rward ,  w i t h  WA becoming AA, W changing t o  
AC, and r e p e a t e r s  g e t t i n g  a n  o p t i o n a l  AF. 

O u t s i d e  The Contiguous U.S. i s  where t h e  f u n  r e a l l y  b e g i n s ,  however, w i t h  
Samoa becoming AH3 and a n  Alaskan Novice a n  AL1. The p a r t i a l  scheme a p p e a r s  
below. Don' t  r u s h  t o  c u t  i t  o u t  because  w e ' l l  i n c l u d e  a  l a r g e r  s c a l e  c h a r t  l a t e r  
t h i s  y e a r .  

Use Of The A l t e r n a t e  P r e f i x e s  i s  e n t i r e l y  o p t i o n a l  and no paperwork w i l l  be  
r e q u i r e d .  J u s t  remember they  d o n ' t  go i n t o  e f f e c t  u n t i l  05002 January  1, 1976, 
and a r e  good u n t i l  January  1 ,  1977. 

CLASS-E CB DECISION DEFERRED a g a i n ,  w i l l  be  r e c o n s i d e r e d  " l a t e r  t h i s  year"  a s  
a  r e s u l t  of March FCC meeting.  Commissioners dec ided  t h a t  Class-E CB i s s u e  
cou ld  n o t  be  p r o p e r l y  dec ided  w i t h o u t  t a k i n g  b o t h  amateur  and Class-D CB "re- 
s t r u c t u r i n g "  d o c k e t s  a s  w e l l  a s  t h e  new a u t o m a t i c  t r a n s m i t t e r  ID docke t  under  
c o n s i d e r a t i o n  a t  t h e  same t ime ,  and Reply Comments on  t h e  l a t e s t  o f  t h e s e  a r e n ' t  
due  u n t i l  J u l y  16. Canada's o b j e c t i o n s  t o  220-MHz CB were a l s o  a  f a c t o r .  

COMMENTS ON DOCKET 20282 a r e  a r r i v i n g  i n  a  s t e a d y  s t r e a m  a t  t h e  FCC, and sev-  
e r a l  hundred have been r e c e i v e d  s o  f a r .  Though no t a b u l a t i o n  is  b e i n g  k e p t ,  most 
from E x t r a s  complain abou t  l o s s  of  t h e  e x c l u s i v e  phone bands and t h o s e  from 
Genera l s  and Techs bemoan t h e i r  l o s s e s .  Very few f l a t l y  r e j e c t  t h e  p r o p o s a l .  

AMSAT EXPERIMENTER'S CONFERENCE i n  l a t e  March covered l o t s  of ground,  and 
t e n t a t i v e  p l a n s  a r e  f o r  a  "Phase 3" s p a c e c r a f t  on a n  e l l i p t i c a l  o r b i t  f o r  l aunch  
i n  1978. Like i t s  p r e d e c e s s o r s ,  t h e  new s a t e l l i t e  would be  a  t r u l y  i n t e r n a t i o n a l  
p r o j e c t :  d e s i g n  work i s  t o  b e  German, c o n s t r u c t i o n  Canadian and ground s u p p o r t  
A u s t r a l i a n .  

Tech C l a s s  L i c e n s e e s  can  use  OSCAR 7 ,  d e s p i t e  r e p o r t  t o  t h e  c o n t r a r y  i n  e a s t  
c o a s t  c l u b  paper  - s p e c i f i c  pe rmiss ion  was a  p a r t  o f  t h e  FCC l i c e n s e  i s s u e d  t o  
t h e  s a t e l l i t e .  

AMSAT Dues W i l l  Double J u l y  1 from $5 t o  $10 a  y e a r ,  s o  i t  would be wise  t o  
renew now f o r  a n  extended p e r i o d  and save .  

OSCAR 6 Telemetry s u p p o r t s  t h e  e x p e c t a t i o n  t h a t  AMSAT's long  l i v e d  "b i rd"  w i l l  
c o n t i n u e  t o  be  o p e r a t i o n a l  a t  l e a s t  th rough  n e x t  f a l l .  B a t t e r y  t e m p e r a t u r e ,  con- 
s i d e r e d  t o  b e  t h e  most c r i t i c a l  pa ramete r ,  i s  dropp ing  a f t e r  t h e  expec ted  Febru- 
a r y  peak. 

6-METER BAND THREATENED by p r o p o s a l  t o  add a n o t h e r  VHF TV channe l .  I n  i ts  com- 
ments  f i l e d  i n  r e s p o n s e  t o  Docket 20264, which p e r t a i n s  t o  r a d i o  ca l l -box  sys tems  
and t h e i r  u s e  i n  t h e  72-76 MHz band, a  prominent  D a l l a s  c o n s u l t i n g  e n g i n e e r i n g  
f i r m  h a s  proposed t h a t  t h e  p u b l i c  i n t e r e s t  would be b e s t  s e r v e d  by moving chan- 
n e l s  2 ,  3 and 4 down 2 MHz and p u t t i n g  a  new TV channe l ,  d e d i c a t e d  t o  non-com- 
m e r c i a l  e d u c a t i o n a l  u s e ,  i n  t h e  r e s u l t i n g  70-76 MHz band. P r e s e n t  u s e r s  o f  t h e  
72-76 MHz s l o t  would move e l sewhere ,  b u t  t h e  o t h e r  2 MHz would come r i g h t  o u t  of 
t h e  amateur  50-54 MHz ass ignment !  

Whether Th is  P r o p o s a l  w i l l  r e c e i v e  s e r i o u s  c o n s i d e r a t i o n  by t h e  Commissioners 
remains  t o  b e  s e e n ,  b u t  t h i s  t h r e a t  - v e r y  s i m i l a r  t o  t h o s e  o f  EMS on t h e  h i g h  
end of 420-450, HIRAN and 220-MHz Class-E CB, shows how o t h e r s  l o o k  a t  t h e  pre-  
s e n t  amateur  ass ignments .  

6 may 1975 
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The radio 

from the 
radio company. 

Since i t s  introduction, the Yaesu FT-101 B Transceiver has rev- 
olutionized amateur radio. Never before has so much quality, 
versatility and value been assembled in one compact package. 

Here's the radio with just about everything amateurs have 
wanted: Power. Sensitivity. Reliability. Portability. 

With 260 watts SSB PEP, plenty of punch on CW and AM, 
0.3 uV receiving sensitivity, and 160 to 10 meters range. It's a 
great base station - that's ready to go portable when you are. 

Because it's Yaesu -world leader in amateur radio -you 
know the FT-101 B is backed by a solid warranty, a strong dealer 
network and convenient serviceability. The FT-101 B Transceiver. 
The radio. From the radio company. See your dealer or write 
for our catalog. Yaesu Musen USA, Inc., 7625 E. Rosecrans, No. 29, 
Paramount, Calif. 90723. 
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large 

vertical antenna 
for 160 and 

80 meters 

A design approach 

for dealing with 

problems of erecting 

an efficient radiator 

to compete on the 

two lower bands 

The decrease in sunspot activity has 
caused a renewed interest in low- 
frequency DX operation. On the 80- 
and 160-meter bands beams are imprac- 
tical, and even dipoles must be un- 
reasonably high to get the low-angle 
radiation necessary for DX. That leaves 
vertical antennas. Although omni- 
directional, they are very good low-angle 
radiators. In theory, a short vertical 
radiates as well as a tall one; but in 
practice, the low radiation resistance of 
a short vertical, compared with ground 
and other resistances, makes i t s  overall 
efficiency low. 

My friend Liscum Diven, W71R. 
decided to erect a good-sized vertical 
hoping to increase his DX contest scores 
on 80 and 160. He is blessed with 
enough real estate to make this prac- 
tical, considering the area required for 
guying and a good ground system. While 
all amateurs are not so fortunate, the 
design procedures described in this arti- 
cle are applicable to more modest an- 
tennas - or larger ones. 

8 may 1975 



height considerations 
The first thing to be decided, of 

course, was the height. This factor is 
always a compromise between desired 
performance and cost. There i s  no good 
reason why a vertical, or any other 
antenna, has to be self resonant. An 
antenna will radiate all the power it can 
absorb. When an antenna is an odd 
multiple of a quarter-wavelength long 
the feed-point impedance is  convenient- 
ly low for coax transmission lines, and 
the reactance is zero; but these are the 
only advantages to resonant antennas: 
they are easier to feed. 

As for the vertical, the practical effi- 
ciency increases until a height of about 
0.6 wavelength i s  reached. At greater 
heights the vertical radiation angle rises 
rapidly, making the antenna less desir- 
able for DX. 

Since W71 R's antenna was to be used 
on both 80 and 160, the height could 
not exceed 0 .6~80 meters, or 157 feet 
(48m). This was a little too high for 
W71 R's tastes. Top-loading to reduce 
the physical height while maintaining 
the electrical height was considered 
but rejected because of mechanical dif- 
ficulties. 

Even if you're not particularly interested 
in erecting a vertical antenna, the follow- 
ing piece is well worth reading for a firm 
grasp on some of the physical aspects of 
all antennas. The part on characteristic 
impedance, which is treated in terms of an 
antenna as a transmission line, should help 
to dispel some of the misconceptions on 
antenna theory that we hear on the ama- 
teur bands. The graphs of resistance as a 
function of antenna height-to-diameter 
ratio, which were taken from reference 1,  
should provide a convenient design aid for 
those seriously contemplating theconstruc- 
tion of a large vertical antenna. Editor 

* 

It was finally decided to make the 
vertical 91 feet (28m) high, consisting 
of 70 feet (21m) of aluminum lattice 
tower sections, surmounted by a 21- 
foot (6.4m) whip that happened to be 

ANTENNA HEIGHT 
ANTENNA DIAMETER 

fig. 1. Resistance a s  a funct ion of antenna 
height-to-diameter ratio. 

available. This configuration would 
make the electrical height of the an- 
tenna 0.347 wavelength on 80 and 
0.1 66 wavelength on 160 meters. 

It was decided to guy the antenna a t  
two levels. The base insulator was to be 
a cluster of heavy-duty ceramic pillars. 
Since the dead weight of the antenna 
would be only about 100 pounds 
(37kg), and ceramic is very strong in 
compression, this type of base was quite 
practical. 

The guys were to be 118 inch (3mm) 
diameter steel cable, with 6-foot (1.8m) 
sections of 112-inch (13mm) poly- 
propylene rope to insulate the guys 
from the tower, and small egg insulators 
to break up the guys. The guy anchors 
would be 5-foot (1.5m) long earth 
augers. 

may 1975 Q 9 



matching system characteristics 

A lot of thought was given to the 
matching network. I t  was decided not 
to use the usual cut and try method; 
instead, the network would be engineer- 
ed. The network was built before the 
antenna was erected, and required only 
minor adjustment when installed. 

The following characteristics were 
desired in the network: 

1. Obviously it must match the resis- 
tance and tune out the reactance. The 
antenna would be highly reactive on 
both bands since i t  would not be reso- 
nant on either. 

2. It should use as few elements as 
possible and should be easily switched 
between bands. 

3. It should have a permanent dc path 
to ground on both bands for lightning 
protection. 

The design achieved all of these objec- 
tives. 

First to be determined was, "what 
were we matching?" Any antenna is  
really a transmission line. Its termina- 
tion is its own losses to space; but since 
this i s  a poor termination, the vswr i s  
very high, as a graph of the voltage and 
current shows. As with all transmission 
lines, an antenna has a characteristic 
impedance. This i s  not the sending-end 
impedance. What i s  seen at the sending 
end i s  the antenna's losses to space, 
which are distributed along its length, 
transformed by the characteristics of 
the transmission line to a single resis- 
tance value called the base radiation 
resistance of the antenna. This resis- 
tance, when multiplied by the square of 
the current measured at that point, tells 
how much power is actually being 
radiated. 

The characteristic impedance of the 
antenna is  a function of the length-to- 
diameter ratio. A thin wire will have a 
characteristic impedance of 600 ohms 

or more; a lattice tower might have a 
characteristic impedance of 200 ohms 
or less. The lower the characteristic 
impedance, the less will be the impe- 
dance excursions with frequency at the 
sending end, which is true of all trans- 

ANTENNA HEIGHT 
ANTENNA DIAMETER 

fig. 2. Reactance as a function of antenna 
height-to-diameter ratio. 

mission lines. This means greater band- 
width. 

The accurate calculation of the resis- 
tance and reactance of an antenna of 
irregular shape i s  impractical, but graphs 
are available that give fairly realistic 



values. These graphs, reproduced in figs. 
1 and 2 and described in reference 1, 
were generated from vhf scale models 
and give resistance and reactance values 
for solid cylindrical antennas of differ- 
ent height-todiameter ratios over a per- 

0.347 wavelength on 3.75 MHz, the elec- 
trical heights on those bands would be 
59 and 125 degrees respectively. 

The graphs, as closely as they could 
be read, yielded the following R and X 
values for the two bands: 

Antenna farm at W71R includes beams for 20 
and 15 meters, rlght, beams for 4 0  and 10 
meters, canter, and 91-toot vertical for 80 and 
160 meters. left. 

fect ground, with the height of the 
antenna in electrical degrees as the 
parameter. 

design assumptions 
We didn't know how a lattice tower 

of triangular cross-section related to a 
solid cylinder, but we guessed that it 
might be something like the diameter of 
a circle inscribed within the 11-inches 
(28cm) on-a-side triangular mast or 6 
inches (15cm). We also thought that the 
top 21 feet (6.4m) of the antenna, 
which was a small-diameter whip, would 
reduce this dimension further. Since it 
was a nice number to work with, our fi- 
nal guesstimate was a height-to-diameter 
ratio of 200, which proved to be a good 
choice. Because W71 R's antenna would 
be 0.166 wavelength on 1.8 MHz and 

resistance, R reactance, X 
frequency (ohms) (ohms) 
1.8 MHz 7 -160 

3.75 MHz 180 f240 

We further assumed that the ground 
system, fair but far from ideal, might 
represent a loss of 3 dB a t  1.8 MHz. 
Adding 7 ohms, a loss resistance equal 
to the 1.8-MHz radiation resistance, 
might compensate for ground-system 
losses. The effective resistance values 
thus would be 14 and 187 ohms, re- 
spect ivel y. 

The antenna would require a series 
inductive reactance of 160 ohms to tune 
it to 1.8 MHz, but a shunt reactance was 
desired to provide a direct path to 
ground for lightning protection. So the 
series R and X from the graphs were 
translated to their equivalent parallel 
values: 

This gave the following values: 

resistance, R reactance, X 
frequency (ohms) (ohms) 

1.8 MHz 1820 - 160 
3.75 MHz 495 +386 

Thus a shunt reactance of +I60 ohms 
(14.1 pH) would tune the antenna. The 
parallel resistance value of 1820 ohms 
could most easily be matched by using 
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the loading coil as an autotransformer, 
connecting the 50-ohm transmission line 
to a tap on the coil. The fraction of coil 
turns across which the line should be 
connected was: 

neglecting leakage inductance. This took 
care of the 160-meter band. 

A shunt capacitor would be required 
to tune the 80-meter band. This circuit 
would not furnish a direct path to  
ground, so i t  was decided to  see what 
would happen if the 14.1 -pH 160-meter 
loading coil were left in place on 80 
meters. A t  3.75 MHz this coil would 
present a reactance of +332 ohms. This 
reactance in parallel with the +386 
ohms reactance of the antenna at 3.75 
MHz gave a net reactance of + I79 ohms, 
the resistance being unchanged. When 
this combination was translated back to 
series form, the reactance was R = 57.5 
ohms and X = +I59 ohms, a convenient 
value since i t  meant that on 80, with the 
160-meter loading coil in place, the 

fig. 3. Antenna tuning network for the 
2-band vertical with switching relay for 
changing bands. 

transmission line could be connected 
directly to the base of the antenna 
through a capacitive reactance of 159 
ohms (267 pF) with negligible mis- 
match. The two-band matching net- 
work was thus very simple, consisting of 

a single inductor and a single capacitor 
with a spdt relay to switch bands. The 
network i s  shown in fig. 3. 

W71R works both phone and CW on 
80, so the bandwidth was calculated by 
obta in ing resistance and reactance 
values for the antenna and network 
components at 3.5 MHz and 4 MHz and 

FREQUENCY I M H r )  

FREQUENCY IMHzJ 

fig. 4. Vswr performance of the large vertical 
antenna on 80 and 160 meters. 

plotting the results on a Smith chart. 
This data showed that the vswr would 
be less than 2 : l  over the entire band. 

construction and tuneup 
The network was built into an old 

breadbox; components were from an 
old rig. The coil had a Q of over 200 on 
both bands, so its loss was negligible. 
The antenna was erected without mis- 
hap. A sign-erection truck was hired for 
the occasion, and a few local hams held 
guy wires.* 

The radials were put in with the aid 
of a mole, which is a tool about the size 
of a power lawnmower designed for 
digging shallow trenches for the pipes of 
underground sprinkler systems. Sixteen 

"Also try your local phone company or a tree- 
trimming service. They have mobile cherry 
pickers with operators that can often be hired 
for a fairly reasonable fee. Editor 
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radials about 125 feet (38m) long were 
installed. More radials would have been 
desirable and probably will be installed 
later. But it was only a week before the 
start of the DX contest, and even with 
the mole it was hard work. Then came 
the tune up. Would the network act as 
predicted? I t  had already been built. 

Author W71V supporting W7IR's  antenna. 
Concrete base is 18 inches (45.7cm) by 1 foot 
(30.5cm). Tunlng network and ceramic insu- 
lators are shown. 

It was our intention first to measure 
the resistance and reactance of the an- 
tenna, as a check on the curves and to 
get an approximation of the actual 
ground resistance. This would be done 
by subtracting the 7 ohms radiation 
resistance at 1.8 MHz taken from the 
graph from the measured total value. 
This turned out to be impossible for an 
unforseen reason. A local broadcast 
station produced a signal of 20 volts at 
the base of the antenna, making use of 
an rf bridge impossible. The BC station 
would not shut down for us so the 
network was tuned, first on 160, by 

energizing the network and antenna 
with enough transmitter power to over- 
come the BC signal, then adjusting the 
inductance for maximum voltage across 
the coil as read by an rf vtvm. Then the 
transmission line tap on the coil was 
selected for minimum vswr. Next, 
power at 3.75 MHz was fed to the 
network, and the series capacitor ad- 
justed to null the vswr. 

The final values came out extremely 
close to the calculated values. The 
160-meter loading coil turned out to be 
14 pH (right on the nose) and the 
80-meter series capacitor was 320 pF 
rather than the 267 pF calculated. The 
transmission line tap on the coil was at 
24% rather than 17% of the turns. 

Curves of vswr versus frequency are 
shown in fig. 4. The bandwidth is  some- 
what greater than calculated. This is not 
necessarily good, however, since it prob- 
ably means that the ground losses are 
higher than assumed. 

conclusion 
As this is being written, the DX 

contest has just ended. Contest scores, 
of course, are highly dependent on con- 
ditions and the number of stations and 
countries participating. But W71R re- 
ports that the overall performance on 
both bands was far superior to that of 
the high inverted-vees previously used. 

On 160, although activity was sparse 
and noise levels high, W71R worked 
every DX station he heard. On 80, 
W71R felt that, for the first time, he had 
an antenna that really put him in a good 
competitive position. The antenna gave 
him the feeling that he was really get- 
ting through - every serious DXer 
knows that's what really counts. 
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graphical design 
method for 

log-periodic antennas 

I 
of 70 feet (21.3m). Three log-periodics 
were erected and tested during 1970, 

A no-math approach and as of this writing 17 have been put 
up and tested. 

to the log periodic This article presents a graphic design 
approach for log-periodic antennas that 
eliminates the work associated with the 

design problem math involved. Four designs are pre- 
0 
N sented first, each having essentially the 
0 
m same boom length and apex angle, but 
N 
m with different numbers of elements. 
c = Each should provide approximately 

Anyone who has designed or studied 2 10-dB gain referenced to a dipole at the 
log-periodic antennas is  aware of the same location and height aboveground. 
math involved due to the many variables 2 Additionally, two more log-periodic 
that enter into the design problem. designs are shown, one with a 54 foot 
References 1-5 contain several pages of 2 (16.5m) boom that gives about 8-dB 

Q 
formulas and refer the reader to four or u forward gain and one with a 100-foot 
five nomographs, log tables, etc. Prob- $ (30.5~1) boom. (Both boom lengths are 
ably this is one of the reasons the " nominal.) This las t  design i s  presented 

oi log-periodic antenna has been neglected for those with enough real estate to 
by the amateur fraternity. Furthermore, h accommodate i t  and the nerve to hang 
little information has been published on such a monster in the air. It will give 
the design of hf L-P antennas in amateur 12-dB forward gain (referenced to a e 
publications. m dipole) if properly designed and assem- 

When I retired in 1970 1 decided to bled and suspended at least 40 feet 
make a study of high-frequency log- (12.2m) above ground. All designs cover 
periodic antennas. The original antenna G 14 to30MHz. 
in use here has only 7 elements, is 
limited to 20 and 15 meters, is less than 3 the log-periodic antenna 

E 40 feet (12.2m) long, and is pointed =- For those readers not acquaintec 
south. Over the past three years i t  has c with the log periodic, it is a broadband 
averaged 8-10 dB gain compared with a multi-element, unidirectional, end-fir€ 
20-meter dipole at the same height. The array capable of 8- to 14-dB forwarc 
results obtained from this beam prompt- @ gain. The front-to-back ratio i s  usuall) 
ed a second, larger log-periodic for 20, 10 to 14 dB with side attenuation t c  
10 and 15 meters having a boom length (3 about 25 dB. The forward lobe of tht 
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log-periodics tested here generally runs 
about 90 degrees in the H plane. I t s  
vertical angle of radiation, or take-off 
angle, can be controlled fairly well by 
height above ground. The swr a t  the 
feedpoint remains relatively constant 
over the frequency range for which the 
antenna is designed, generally not ex- 
ceeding 2: l  with 1.5:l as typical; usu- 
ally varying between 1.1 :1 and 1.5:l. 

A bandwidth of 10: l  is normal for 
fixed commercial log-periodics designed 
to cover frequencies between 3 to 30 

erected in a space 40x40 feet (1 2x1 2m) 
giving an 8- to 10-dB gain on 20 and 15 
meters. 

Most of the log-periodics used here 
have been of the horizontal dipole con- 
figuration and have been tested on 40, 
20, 15 and 10 meters. One of the 20-, 
15-, 1 0-meter log-periodics was also test- 
ed for a few weeks in the vertical plane. 
Three of the vertical monopole config- 
urations using a ground plane or 
counterpoise have been tested on 40 
and 80 meters. More recently two of the 

The original drawing was 
BOOM TARGET LENGTH 

70 FT (21MI 
scaled 10:l. 

MHz; however, they are quite long, usu- 
ally 250-800 feet (76-244m), depending 
on gain required and beamwidth. Some 
of the commercial log-periodics having a 
limited bandwidth of 4-30 MHz are 
150-350 feet (46-91m) long, and for 
6-30 MHz, 100-250 feet (30-76m) long. 
The commercial rotary types generally 
have a boom length of 40 to 74 feet 
(12-22.5m). Some of these are used a t  
MARS stations. 

For amateur applications, a fixed log- 
periodic wire beam can be limited to a 
bandwidth slightly more than 2:1, 
covering 7-14.5 MHz for 40 and 20 
meters or 14-30 MHz for 20, 15 and 10 
meters without being excessively long. 
By limiting bandwidth still more, say 
14 to 22 MHz, a log-periodic can be 

trapezoidal type, one the sawtooth 
structure and the other the zig-zag, have 
been tested on 20 meters. Some of these 
log-periodic antennas have been de- 
scribed in amateur publications6-I 
with complete dimensions and assembly 
details. 

I n  addition, several special log- 
periodics have been designed on paper 
covering other frequencies. Some cover- 
ed both MARS and amateur bands; 
several were for special vhf and uhf TV 
channels; and, I blush to say, one cover- 
ed 26-27 MHz for a CBer wanting a good 
skip antenna. 

After designing my first three log- 
periodics the hard way with the 
formulas, I felt there must be an easier 
design method. When designing the 
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SPACING DISTANCE 

51 72 (2 21 

€4 287 (871 S4 57  (I 71 
€5 265 (8 11 95 5 3 (1 61 
€6 24 5 (751 56 4 9 (I 51 
€7 22 7 (6 91 57 4 5 (1 41 
€8 21 2 (6 51 $8 4 3 (I 31 
€9 19 7 (6 01 SS 4 0 (1 21 
EM 180 (5 51 510 3 6 (I I1 
€11 16 7 (5 11 511 3 4 (101 
€12 15 4 (4 71 Sf2 3 0 (0 921 
€13 14 4 (4 41 Sl3 2 9 (0 881 
€14 13 3 (4 11 S14 2 7 (0821 

fig. 2. Log-periodic antenna using 17 elements and 
€15 12 4 (3 81 515 2 5 (0 761 
El6 11 6 1351 516 2 3 10701 

a 69-foot ( Z l m )  boom. Approx~mate galn (refer- €17 I04 (3 21 

enced to a dipole) for thisdesign and those in figs. 3 to 5 is 10 dB. All  cover 14 to 30  MHz. 

original antennas, I always made an 1. First determine the low- and high- 
assembly sketch on graph paper after frequency cutoff required or frequencies 
arriving a t  the correct element lengths over which the L-P i s  to operate, or i t s  
and spacing distances. Since the outline bandwidth. 
of a log-periodic results in an isosceles 
triangle, with the long rear element 
being the base and the shorter forward 
elements forming the triangle toward 
the apex, the following simple no-math 
graphic design method became appar- 
ent. I believe this simple design method 
will be of interest to any amateur wish- 
ing to design a log-periodic for a particu- 
lar band, bandwidth, or to fit a log- 
periodic into a given space. 

graphic design method 
You will need the following mate- 

rials: graph paper, 1/10 cross section, 
8Xx10'h inch (21.5x26.7 cm) or larger; 
an architect or engineer's scale; a pro- 
tractor; and some French curves (not 
absolutely necessary but helpful in 
designing the side catenary lines). 

For the first example we will design 
an L-P for 20, 15 and 10 meters or for 
operation on any frequency between 14 
and 30 MHz. 

2. Next determine the amount of space 
available when the L-P i s  aimed in the 
desired direction. I f  there i s  a space 
limitation, it may be necessary to re- 
duce the boom length, losing some gain. 
This i s  discussed later. 

3. Determine the length of the longest 
(rear) element and the shortest (for- 
ward) element: 

Rear element. The rear element should 
be a t  least 5% longer than the lowest 
cutoff or operating frequency. Using the 
usual formulas: 

'h wavelength = 4681MHz = 468114 
= 33.4 feet (10.2rn) 

33.4+5% = 34.4+1.7 
= 35.1 feet (10.7rn) 

Since a slightly longer length i s  better, 
we will use 36 feet (10.9m) for the rear 
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element. This element length will 
resonate at 468136 = 13.0 MHz. 

Forward element. The shortest element 
should resonate 45 to 50% higher in 
frequency than the desired high- 
frequency cutoff. From my experience, 
the swr will be lower by using a high- 
frequency cutoff plus a t  least 50%: 

30MHz + 50%=45MHz 

1/2 wavelength at 45 MHz = 468145 
= 10.4 feet (3.2m) 

We now have the required length of the 
rear element, 36 feet (10.9m) and the 
forward element, 10.4 feet (3.2m) 

4. We will now estimate a boom target 
length to determine a practical distance 
from the long rear element (E l )  to the 
short forward element. From experi- 
ence, an L-P designed to cover an octave 
(2: l  bandwidth) should have a boom 
length from 1.5 to 3 times the length of 
the rear element. If the boom length is 
less than 1.5 times the rear-element 

rapidly for a boom length less than E l  x 
1.5, or with an apex angle of more than 
40 degrees. 

From the L-P formulas and nomo- 
graphs in the references i t  will be noted 
that the a angle (which is 112 the apex 
angle); relative spacing, a; design or 
scale factor, T ;  and other variables all 
govern the forward gain, front-to-back 
ratio, etc. The design factor, T ,  given by 
references 4 and 5, is of special interest 
because i t  gives gain figures between 7.5 
to 12 dB for various combinations of 
these formulas. However, the purpose of 
this article is to eliminate all formulas, so 
the information above is  for those wish- 
ing to pursue further study. 

We now have sufficient dimensions 
to start drawing the graphic L-P. In 
laying out the first antenna, use a scale 
of 10: 1. Referring to fig. 1, proceed as 
follows: 

5. First draw the longitudinal center 
line, X-Y. Now draw the longest ele- 
ment, E l ,  (line A-B) determined by step 
3 to be 36 feet (10.9m). 

length, the apex angle will exceed 40 6. A boom length of 2 x E l  will be 
degrees and the forward gain will suffer. used for the first example; 36 x 2 = 72 
In other words, the gain drops off quite feet (21.6m). We will use 70 feet (21 m) 
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as the target length and try not to 
exceed this length. 

I t  will be found later that this overall 
length may vary plus or minus a few 
feet, but we will try not to exceed an 
overall length of 70 feet (21m). This 
will also give us a target length for fore 
and aft mast spacing. 

Now measure 70 feet (21m) along 
the X-Y centerline from point X (or the 
rear element) toward Y, making a dot at 

8. Draw line A-C and extend it until i t  
crosses the X-Y axis. Next draw line 
B-D, extending i t  to also cross X-Y. If 
all drawings to this point have been 
accurate, these lines will meet, forming 
the apex, (Y), of an isosceles triangle, 
A-Y-B. 

9. The next step i s  to add the remaining 
elements between the rear element, El,  
(line A-B) and the short, forward, target 

exactly 70 feet (21rn). which will be 
called Y'. 

7. Next draw a temporary (dotted) line, 
C-D, a t  the 70 foot (21rn) point, making 
this line 10.4 feet (3.lm). which is the 
length of the shortest (forward) ele- 
ment. Make certain that the X-Y axis 
bisects this line, or that the two ends of 
line C-D are equidistant from X-Y. A 
permanent line is not drawn here as this 
is a temporary, or target line. I t  is a step 
of the graphic method needed to gener- 
ate the triangle outline to which the 
other elements will be added. The final, 
short element, may not coincide exactly 
with the boom target length. It may 
miss this distance by a few feet; how- 
ever, this has little effect on the perform- 
ance of the antenna. 

element, which should fall near the 
temporary element (line C-D). 

Precise measurements must be made 
for the remainder of this design. For 
this reason an accurate scale must be 
used and the lengths should be read or 
estimated to 0.1 foot (3cm). Fig. 2 will 
now be used to complete the L-P. Our 
next objective will be to determine a 
correct spacing ratio between the 
elements. 

element spacing 
Since a log-periodic antenna can be 

considered a unidirectional, end-fire ar- 
ray having a series of driven elements, 
a spacing distance of 0.05 to 0.2 wave- 
length should provide the best gain, as 
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the two adjacent elements are out of 
phase because of transposition between 
elements, which is required for a log- 
periodic antenna. 

For starters we'll use an element 
spacing of approximately one-tenth 
wavelength between elements such as 
the rear (longest) element, E l ,  and the 
following element, E2; and between E2 
and E3, etc. An easy method of ap- 
proaching this spacing is  to divide the 

triangle. As shown by fig. 2 this length 
will be 33.4 feet (10.2m). (The remain- 
ing elements and element spacing will be 
referred to as E3 ... En and S2 ... Sn, 
respective1 y.) 

11. Next determine the second spacing 
distance, S2: E215 = 32.515 = 6.5 feet 
(2.0m). Mark this distance, S2, draw E3, 
and measure its length, which will be 
31.0 feet (9.4m). 

rear-element length by 5: 3615 = 7.2 
feet (2.2m). For this simple design 
method, this might be considered simi- 
lar to the "relative spacing ratio, a, = 
dNMln," or "the mean spacing factor, 
a', = dn12l n;" or "design ratio, T ,  = 1 n/ 
L1-1;" in the log-periodic design formu- 
las, which can be obtained from refer- 
ences 1-5 and 11. We shall, however, pro- 
ceed with our no-math design method. 

10. Refer to fig. 2 and accurately meas- 
ure 7.2 feet (2.2m) from the center of 
element E l  (point X) down X-Y and 
mark the position with a dot. This point 
will be the location of the second ele- 
ment, E2. Now draw E2 and measure its 
exact length between the sides of the 

12. Continue the mark-draw-measure- 
divide procedure, very accurately, to 
obtain the remaining spacing distances 
and element lengths until the last and 
shortest element is reached, which 
should be close to 10.4-feet (3.2-m) 
long and should be approximately f 1 
foot (30cm) from our boom target 
length, depending on how accurately 
the measurements have been made and 
drawn. We now have all element lengths 
and spacing distances for a 17-element 
log-periodic for 14-30 MHz having a 
boom length of approximately 69 feet 
(21m). As measured by the protractor, 
the apex angle is approximately 20 
degrees. Considering this angle, number 
of elements, and the boom length, this 
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L-P should give a forward gain of ap- 
proximately 10 dB if the antenna is 
one-half wavelength above ground, or a t  
least 35 feet (10.7m) on 20 meters. 

Although 17 elements are good from 
an swr standpoint, a smaller number of 
elements can be used, as mentioned 
later. Twelve to 13 elements are generally 

ratio L(E)/3 is  used, resulting in only 11 
elements. As 12 to 13 elements are a 
minimum for a 2: l  bandwidth, fig. 5 i s  
generated using a ratio L(Ell3.8, which 
gives 13 elements. This should be the 
optimum of the four L-Ps all having 
approximately the same final boom 
length and apex angle. 

the minimum required for an L-P de- 
signed to cover an octave. Using less 
than 17 elements will reduce weight, 
cost and labor. 

a 14-element design 
Fig. 3 illustrates a similar 14-30 MHz 

L-P also using a 70-foot (21.3m) boom 
target length but instead of the ratio 
L(E)/5, a ratio of L(E)/4 is used, result- 
ing in 14 elements. Note that the boom 
length is  almost exactly 70 feet (21.3m) 
and the apex angle remains the same as 
the 17-element L-P, fig. 2. 

11- and 13-element designs 
Fig. 4 i s  an equivalent L-P but the 

Any one of these designs would have 
about equal forward gain; however, the 
11-element design would probably not 
have as smooth or flat an swr across its 
bandwidth due to a minimum number 
of elements vs bandwidth. The swr 
might exceed 2: 1 on some frequencies. 

The 13-element array i s  one of the 
L-Ps assembled and being used here. 
Note that an odd number of elements is 
suggested from a mechanical assembly 
standpoint, as explained in some of my 
previous articles. 

From the four L-Ps illustrated in fig. 
2, 3, 4 and 5, i t  will be noted that the 
elements vary as follows: 11 for L(E)/3, 
13 for L(EV3.8, 14 for L(E)/4, and 17 
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for L(E)/5, each having essentially the 
same boom length and apex angle. Each 
should give approximately 10 dB gain. 

14-30 MHz log-periodic with 
minimum boom length 

I f  space i s  not available for a 70-foot 
(21.3m) boom length, the minimum 
length of 54 feet (16.5m) (E l  x 1.5) can 
be assembled per fig. 6. The ratio of 
L(E)/5 is used, which gives 13 elements. 
Since this antenna has a length only 1.5 
times that of the rear element (or approx- 
imately 3/4 wavelength boom length), 
and the apex angle is  36 degrees, i t s  gain 
will probably not exceed 8 dB. 

14-30 MHz L-P with 100 foot 
(30.5m) boom length 

For those desiring maximum gain 
from an L-P for 20, 15 and 10 meters 
and if space is available, the 14-30 MHz 
L-P boom length can be extended to 
approximately 100 feet (30.5m) as illus- 
trated by fig. 7 which, if properly 
assembled and suspended at least 40 
feet (12.2m) above ground, will give a 
gain of 12 dB. 

L(EV3.3 was used for generating this 
L-P. The boom target length was 100 
feet (30.5m). For this drawing the last 
element, E17, i s  101 feet (30.82m) from 
the rear element starting point, which 
overshot our target by 1.1 foot (34cm). 
Sixteen elements could be used, which 
would be 98.0 feet (29.9m), but as 
mentioned previously, an odd number 
of elements is desirable from a mechani- 
cal standpoint; therefore, the extra 1.1 
feet (34cm) should be acceptable. 

gain vs boom length 
and apex angle 

By the graphic design method we 
have generated three 14-30 MHz dipole 
log-periodic antennas having three dif- 
ferent boom lengths, apex angles and 
gain: 

boom length apex angle approximate gain 
feet meters (degrees) (dB) 

54 16.5 36 8 
70 21.3 20 10 
100 30.5 15 12 

Thirteen elements are suggested for 
the shorter 50- and 70-foot (15.2 and 
21.3m) L-Ps and 17 elements for the 
100-foot (30.5m) length. I have tried a l l  
three configurations. A 70-foot (21.3m) 
L-P i s  used for my northeast beam and 
the 100-foot (30.5m), 17-element array 
for the beam directed west, which has 
given outstanding performance. 

Since the 10-meter band may not be 
of interest now due to propagation con- 
ditions, this portion of the L-P designs 
can be eliminated by deleting elements 
shorter than 15 feet (4.6m); i.e., for the 
13 element L-P, fig. 5, elements 10, 11 
12 and 13 can be deleted, reducing the 
length by 14.3 feet (4.4m) leaving a 
9-element L-P covering 14-21.5 MHz for 
20 and 15 meters. 

For the shortest L-P, fig. 6, deleting 
the four forward elements would reduce 
the length by 10.9 feet (3.3m) or a 
boom length of 41.2 feet (1 2.6m). This 
20- and 15- meter beam could then be 
erected in a space 40 x 45 feet 
(12.2x13.7m). Likewise, for the 100- 
foot (30.5-m) L-P, fig. 7, elements 12, 
13, 14, 15, 16 and 17 can be deleted, 
reducing i t s  length 23 feet (7m), leaving 
an I I-element L-P with boom length of 
78.2 feet (23.9m). The deletion of the 
10-meter section of these L-Ps will have 
little effect on the gain on 20 and 15 
meters, since the apex angle is un- 
changed. 

40- and 20-meter log-periodics 
The same graphic approach can be 

used for designing an L-P covering 7- 
14.5 MHz for operation on 40 and 20 
meters; however, by doubling the ele- 
ment lengths, spacing distances, and 
boom length of the 20-, 15- and 10- 
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meter L-Ps (fig. 2 through 71, 40- and 
20-meter L-Ps can be assembled, except 
possibly that of fig. 7, since it would be 
over 200 feet (61 m) long, The L-Ps of 
fig. 2, 3, 4 or 5 would become 140 feet 
(42.7m) long; however, the shortest 
L-P, (fig. 6), would be only 108 feet 
(32.9m) long. 

By adding four or five short for- 
ward elements and extending the boom 
length slightly, a 40- and 20-meter L-P 

In reference 7 a single-band L-P for 
40 meters was described which has 
been tested here. Single-band L-Ps can 
be assembled for any of the high- 
frequency bands using the graphic de- 
sign method. Five elements are suffi- 
cient and the swr remains relatively flat 
across the band for which the antenna is 
designed. A total of five different single- 
band L-Ps have been tested here on 
several bands. With an apex angle of 32 - 

a .F----/2 
0 

ELEMENT LENGTH SPACING DISTANCE 
FT (MI FT (MI 

El 36.0 111 01 51 11.0 (3 31 
€2 33.0 110.01 S2 10.0 (3.01 
E3 30.5 (9 31 $3 9.3 (2 81 
E4 2 8 0  18.51 S4 8.5 12.61 
E5 26.0 17.91 SS 7.9 12.41 
E6 24.0 (731 $6 7.3 12.21 
€7 22.0 16.71 57 6.7 (2.01 
E8 2 0 0  16.11 S8 6.1 11.81 
E9 18.5 15 71 59 5.7 (1 71 
El0 I2 0 13 71 SIO 5 2 11.61 
€11 15.8 (4 81 511 4.8 11.51 
El2 14 5 14 51 512 4 4  (1.31 
El3 13.3 14 11 513 4.0 (1.2) 
€14 12 2 13.81 514 3 7 11.11 

fig. 7. Big Daddy - an L-P with 17 elements and a boom length of E;; ;A:: ;;:;; z;; ;: 
101.1 feet (30 .8~1) .  Gain is approximately 12 dB. €17 9 5  (3.0) 

can be modified to cover 7 to 21.5 MHz 
for operation on 40, 20 and 15 meters, 
which are probably the most-used bands 
at present. A 40-, 20- and 15-meter L-P 
was described in reference 7, which was 
of the skip-band type having a portion 
deleted between 7 and 14 MHz. An L-P 
for 40 meters should be a t  least 70 feet 
(21.3m) high for DX work. 

For those wishing to design an L-P 
covering a bandwidth greater than a 
single octave, 12 to 13 elements are about 
the minimum that should be used. Addi- 
tional elements can be used as the boom 
length is increased. For a 3:1 band- 
width, no less than 18 or 19 elements 
will be required; for 4: l  approximately 
21 will be required. 

36 degrees, the single-band L-P will 
generally show a gain of 8 to 10 dB 
provided i t  is suspended approximately 
one-half wavelength above ground. 

vertical monopole 
log-periodic antennas 

The vertical monopole L-Ps for 40and 
80 described in reference 9 were also 
assembled by  the graphic design 
method. The ratio L(E)/5 is  best for a 
single-band, 5-element dipole or mono- 
pole L-P since element E2 will be spaced 
approximately onequarter wavelength 
from the shortest element; and the 
open-wire center feeder, which is  one- 
quarter wavelength from the feedpoint 
to E2, or the active element, also serves 

22 may 1975 



as an impedance-matching transformer 
between element E2 and the higher 
impedance at the feedpoint, which is of 
the order of 200 - 300 ohms. Thus a 4: 1 
balun can be used.12 

summary 
Of the nearly twenty different log- 

periodic antennas I have built and 
tested, all but the first three (erected in 
1970) have been designed by the 
graphic method. Although this simple 
procedure may seem crude, and may 
not be as accurate as an L-P designed 
entirely by the formulas, all antennas 
have produced the same results. In addi- 
tion to the dipole log periodics, I have 
erected and tested three of the mono- 
pole L-Ps, which have quarter- 
wavelength vertical radiators and ground 
radials. These were tested on 40 and 80 
meters. My graphic design method has 
also been applied to two of the trapezoi- 
dal sawtooth and zig-zag log-periodic 
designs now being tested on 20 and 15 
meters. 

I hope the simple non-math graphic 
design method will be of help to those 
wanting a special L-P for a particular 
frequency range or to f i t  in a limited 
space. To obtain maximum gain, make 
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For the last ten years, during the Ant- 
arctic winter, I have been handling 
phone-patch traffic from KC4-land on 40 
meters. A t  this end I have been using a 
pair of phased verticals. In Antarctica 
they have used log periodics, vees, 
rhombics and monopoles. I usually re- 
ceive good signal reports, but their 
signals are often buried in summer static 
and difficult to copy. 

I have often tried to get the opera- 
tors in Antarctica to try phased vertical 
antennas, but they change crews every 
year, and no one was apparently very 
interested. Then, three years ago, I 
began working Byrd Station nearly 
every night with Bob Conner, and I told 
him that I thought a set of phased 
vertical antennas would solve their 
problem. 

When he came back for two-years 
stateside duty we got together and plan. 
ned that when he went back to  Ant. 
arctica in 1974 we would try out the 
idea. I outlined the plan for the vertical 
array, and we discussed i t  thoroughly, 
planning to ship everything to  Ant. 
arctica, down to the last solder lug. 

24 may 1975 



The Navy bought four trapped ver- 
tical antennas, Hy-Gain 14AVQs, and 
Bob got the necessary wire and fasteners 
to mount them. The logistics turned out 
to be a real cliff hanger with the an- 
tennas barely making it on board the 
last plane into McMurdo Station. It was 
a great deal of work in the icy weather, 
but finally, on February 9th, 1974, one 
vertical was installed. Bob was pretty 
discouraged, though, because the single 
vertical picked up so much noise from 
the big, nearby Navy installation that i t  
was unusable. I told him to  be patient 
and pu t  up  another one a half- 
wavelength away and hook them up as a 
broadside array. On February I I th the 
signals from McMurdo came through 
loud and clear, and Bob said that the 
interference had dropped almost to  zero. 

fig. 1.  Horizontal radiation pattern of half- 
wave length  spaced vertical antennas is 
shown in (A). Pattern at (B) is that of 
quarter-wavelength spaced verticals. A t  (C) 

is pattern of the four-element phased array 
discussed here. 

By arranging the location of a phased 
array and properly orienting it, noise 
can be cut as much as 40 dB. In fact, 
this was the original reason I had gone 
to phased verticals. The noise from the 
7200-volt utility line at my back pro- 
perty line, 12 feet (3.7 meters) from the 
antennas, put a steady buzz into my 
receiver at about S6. When I installed 

the phased array, the noise dropped 
practically to  zero. 

When the four vertical antennas were 
installed at McMurdo Station, their 40- 
meter signals began coming in about 
0700 GMT at 10 to 40 dB over S9. 
Everyone there (and here) was ecstatic, 
and stations all over the states began 
breaking-in to  tell the KC4USV opera- 
tors their signals had never been so loud. 
Note that this was before the 40-meter 
season normally opened. We did not 
expect to use 40 meters except for tests, 
and had planned to meet on 20 meters 
for coordination. We did not expect 40 
to be usable until sometime in April. 

the array 

The broadside array with half- 
wavelength spacing has very broad nulls 
on the side and a narrow 60' beam 
which takes out noise on either side 
quite well (fig. I A ) .  The forward gain is 
about  3.86 dB. Quarter-wavelength ) spacing of the verticals results in a cardi- 
oid pattern (fig. 1 B); the beam width i s  
about 120" and the only good null is 
toward the rear. However, this pattern 
has a lower forward angle of radiation, 
and is best for extreme distances. For- 
ward gain is about 4.5 dB. 

Combin ing the half-wavelength 
spaced broadside array with the quarter- 
wavelength spaced system (fig. 2) pro- 
vides nearly 9 dB forward gain. This is 
better than a three-element beam and at 
a lower angle unless you have a real 
man-sized tower. The pattern is similar 
to that of a Yagi (fig. IC). 

construction 
A plan view of the four-element 

phased array is shown in fig. 3. The 
phasing lines between the quarter- 
wavelength spaced elements (A-D and 
6-C) are 314-wavelength long because, 
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when the velocity factor of the RG-81U 
coaxial cable (0.66) i s  taken into con- 
sideration, a quarter-wavelength coaxial 
line i s  too short to reach between the 
elements. The 314-wavelength phasing 
line provides the same phase delay. 

X- 
DIRECTION OF 

PROPAGATION h 
14AVO 
TRAPPED 
VERTICALS 
( 4  PLACES1 

X 

D 

fig. 2. The four-element 40-meter phased ar- 
ray used at KC4USV uses four Hy-Gain 
14AVQ trapped verticals. 

Although a tee connector is shown 
between the two half-wavelength spaced 
elements (A and B), in the installation 
at McMurdo Station the tee connector is' 
actually located inside the station. Be- 
cause of the severe weather conditions 
during the winter, and frequent 100 
mph (160 kmh) winds, this system 
allows either quarter-wave spaced pair 
to be used separately in case one of the 
verticals of the other pair is brought 
down or damaged by the wind. 

I t  would also be possible to feed 
antennas C and D with one feedline, and 
antennas A and B with another, placing 
the phasing line inside the shack. With 
this system the pattern of the array 
could be reversed. 

The antennas a t  McMurdo Station 
are mounted on a hill of volcanic ash 
and the electrical ground is  down about 
30 feet (9m). It was originally planned 
to use ground radial mounting, but the 
volcanic ash has extremely low conduc- 
tivity, and the antennas are mounted on 
about six feet (1.8m) of pipe, so they 
are located a quarter wavelength above 

electrical ground. This i s  ideal for a 
ground plane. One radial was installed 
on the far side and five radials on the 
near side to support the antennas and 
provide the best ground plane toward 
the desired direction (see fig. 3). The 
radials are each insulated at the outer, 
high-voltage ends. 

performance 
Because of poor performance in pre- 

vious years, in 1974 the Navy installed a 
Collins log-periodic on a 100-foot 
(30.5m) tower. We tested the phased 
array twice against the big log-periodic, 
once under good conditions, and once 
under the poorest conditions. The log- 
periodic had less than 3 dB advantage 
over the phased vertical array. The old 
40-meter beam, used for years, sounds 
pitiful by comparison. 

DIRECTION OF 
PROPAGATION 

FEED LINE 
FEEDLINES BETWEEN ( A N Y  LENGTHI AN RADIALS (34. -5 .  OR 
ANTENNAS ABD BBC 
TO BE 1 / 4 1  LONG 

10.49m1. =ME PATTERN 
ON EACH VERTICAL 

167'-8" OR 2 0 6 2 m l  

fig. 3. Dimensions of the 40-meter phased ar- 
ray. Gain of this antenna Is  nearly 9 dB. 

An unexpected bonus made the 
phased array even more valuable. Since 
the four verticals are trapped designs for 
operation on 40, 20, 15 and 10 meters, 
performance on 20 meters i s  good. By 
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dropping one cardioid section, the re- stalled temporarily as a half-wavelength 
maining section becomes a half- spaced broadside pair so contact was 
wavelength end-fire array on 20 (it also resumed in a few days. When the ham 
works well on 15 meters). Trapped an- shack was rebuilt the four-element 
tennas were originally chosen because phased array was placed back in opera- 
they were shorter, and less likely to be tion. The big log-periodic on the 100- 

The phased array at KC4USV is mounted approximately 6 feet (1.Bm) off the ground on a sloping 
hlllride so the rear pair of antennas is about 7 feet (2.1 m) higher than the forward pair. This results 
In an extremely low vertical radiation angle. Standing by  one of the antennas is Bob Conner. 
WBPBCJ, who installed the array at McMurdo Statlon in Antarctica. 

blown down in high winds, so multi- 
band operation of the array was an 
added bonus. 

postscript 
On July 22nd. 1974, an ice storm hit 

McMurdo Sound with winds to 138 
mph (222 kmh), tearing off the roof 
and one wall of the ham shack. The 
storm also took out the large elements 
of the big log periodic, making it un- 
usable on 40 meters. The four 14AVQ 
verticals in the array, however, were 
completely undamaged. 

A l l  the amateur radio gear was 
moved to another building and two 
spare 14AVQ vertical antennas were in- 

foot tower, on the other hand, had to 
wait until summer. 

As a sidelight, to show what the 
weather is  like a t  McMurdo Station, on 
August 8th a plane came in from Christ 
Church, New Zealand, 2000 miles away, 
air dropped nine sacks of mail, weighted 
with sand, from about 400 feet (122m) 
and returned non-stop to New Zealand. 
One bag broke open and three others 
were carried away by the wind. Two of 
the three bags were found 20 miles 
(32km) away and one was finally re- 
covered 45 miles (72km) away. The 
mail from the broken bag was only 
partially recovered ! 

ham radio 

may 1975 27 



parabolic reflector 
element spacing 

It's not necessary 

to use solid or screened 

reflector surfaces - 

properly spaced 

reflector elements 

provide the 

same performance 

I 
The subject of parabolic reflector ele- 
ment spacing is like the weather - 
nearly everybody talks about it, but few 
people do anything about it. One reason 
is that there are a large number of 

w parameters relating to good parabolic 
(V .- antenna design, and the matter of reflec- 
0 

tor element spacing seems to have been * 
lost in the shuffle.' 

C .- - - It is possible to avoid the issue of 
- reflector spacing by adding metal 

screening or using a solid metal surface 
a 
5 as many builders have done.lv2 Some of 
t these designs however, take special skills 
W 

and the cost is  likely to be high. As an 
alternative, an all-metal dish can be pur- 
chased on the surplus market. 

a 
3 
; *Sometime after preparing the material for 

g this article, author WA9HUV discussed it with 
Edward F. Harris, Chief Engineer with Mark 

; Antennas, and discovered that Harris had 
c done similar work in the 1950s. His report, 

"Designing Open-Grid Parabolic Antennas," 
appeared in the November, 1956, issue of 

Z Electronic Industries magazine. 
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On the other hand, several low cost 
parabolic-reflector designs employing 
aluminum tubing have appeared in ama- 
teur radio magazines in recent  year^.^^^ 
The question is, are these designs really 
inferior to solid reflector designs, and if 
so, to what extent? What are the per- 
formance compromises one i s  willing to 
make when consideration i s  given to 
cost, mechanical strength and stability, 
por tabi l i ty ,  ease of construction, 
mounting, wind-loading and weight? 

It seems reasonable to assume that if 
the elements of a reflecting screen are 
located extreme1 y close together in 
terms of operating wavelength, then 
most of the incident energy will be 
reflected and very little will be trans- 
mitted through the screen. On the other 
hand, if the reflector elements are many 
wavelengths apart, it seems clear that a 
large portion of the incident energy 
should pass through uninhibited. By 
intuition, it does not seem likely that a 
screen of reflectors suddenly becomes 
completely reflective at some critical 
value of element spacing. It also follows 
that the screen probably does not be- 
come completely transparent when this 
critical value of element spacing i s  
slightly exceeded. Just how does the 
reflective property vary with element 
spacing? 

In an attempt to answer these ques- 
tions I performed a series of experi- 
ments. The results, which are the sub- 
ject matter for the balance of this 
article, should be of interest to future 
builders of parabolic reflectors. 

test setup 

To perform the experiments, a wood- 
en frame 20-inches (51-cm) wide was 
made of furring strips. Holes were drill- 
ed in the sides of the frame 314-inch 
(19-mm) apart so that 24-inch (61-cm) 
long aluminum tubes, 7116-inch 
(11-mm) OD, could be inserted and 

stacked like a venetian blind, with the 
elements separated by 314 inch or any 
multiple of 314 inch. A sketch of the 
frame is presented in fig. 1. 

Two kinds of experiments were per- 
formed, one to test the transmission and 
the other the reflective properties of the 
screen as element spacing was varied. A 

28 SETS OF 1/2 
113 mml OIAMETE 
3/4. 119 mml 
APART T a E M E N T  

SrnClNG 
1VARlAOLEI 

24' 161 sml 
LONG. 7/16' 

SUPPORT K!Eh 
f ~ g .  I .  Sketch of wooden frame used to vary 
the space between reflector elements. Test 
setups are shown in fig. 2 and 3. 

battery-operated 2304-MHz small-signal 
source driving a circular horn antenna 
was used as the transmitter. 

A similar horn antenna was used to 
feed a 2304-MHz converter. The 
2304-MHz test frequency was chosen so 
that the reflecting screen could be kept 
reasonably small. I f  the experiment 
were performed at 432 MHz, for exam- 
ple, much longer reflector elements and 
a physically larger frame would have 
been required. 

In the second set of experiments 
both the receiving and transmitting horn 
antennas were located on the same side 
of the reflector, side-by-side, and orient- 
ed so that maximum reflected signal was 
received. When the reflector was re- 
moved, the crosstalk between horns was 
too small to operate the S-meter in my 
receiver. The elements of the screen 
were then added in various combina- 
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tions of spacing, and the S-meter read- 
ing recorded for each case. 

test results 

In the first set of experiments in 
which the receiving and transmitting 
antennas were separated by the screen, 
very little signal reached the receiving 
antenna for element spacings up to 1% 
inches (38mm). At 2% inch (57mm) 
spacing, the screen became slightly 
opaque, while at 4 inches (102mm) it 
was almost completely transparent. It is 
interesting that for the 3-inch (76 mm) 
spacing, approximately half of the inci- 
dent energy was transmitted through 
the screen. Fig. 2 shows the results of 
these tests. 

Fig. 3 shows the results of the second 
set of tests. With spacings up to 2% 
inches (57mm), most of the transmitted 
signal power was reflected into the 
receiving horn. With 3-inch (76mm) 
spacing, half the power was reflected 
and half was transmitted through the 
screen. This correlates very well with 
the first set of experiments. For spac- 
ings of 3-314 inch (95mm) or more, 
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flg. 2. Transmission characteristic at 
2304 MHz as a function of reflector ele- 
ment spacing. 

nearly all of the incident energy passed 
through the screen. 

data analysis 
The data shows clearly that the 

screen is a good reflector for element 
spacings less than 3 inches (76mm) at 
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flg. 3. Reflection characterlrtic at 2304 MHz 
as a function of reflector element spacing. 

2 4 .  

26.  

2304 MHz, and a poor reflector for 
spacings greater than 3 inches (76mm). 
The space between the 7116-inch 
( l lmm)  OD aluminum tubes for a 3- 
inch (76mm) center-to-center spacing is 
2.5625 inches (65mm). Recognize that 
a free-space half-wavelength at 2304 
MHz is  very nearly the same value, or 
2.563 inches. Further thought suggests 
that the adjacent elements may operate 
on much the same principle as a trans- 
verse magnetic (TM) mode ~aveguide.~ 
To test this idea, note that the cutoff 
frequency in such a case depends on the 
dimensions of the waveguide in the 
following manner: 
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This equation can be illustrated geo- 
metrically as shown in fig. 4. Note that 
as the a dimension is  increased to infini- 
ty, which is  the case of parallel reflector 
elements, then Acl2 approaches 6. This 
is exactly the result that the experi- 
ments led to. In other words, by 
definition, the cutoff frequency of a 
curtain of parallel reflector elements 
occurs when the space between adjacent 
elements is one-half wavelength. 

This interesting result also implies 
that the diameter of the reflectors has 
little to do with the cutoff frequency, 
since it is  the open space between the 
reflector elements that is significant. 
Therefore, the analysis also applies to 
tubes of different diameters as well as to 
ref lector elements having different 
cross-sectional shapes. 

The experiments also show that a t  
the cutoff spacing, the loss in terms of 
percentage of power transmitted is  3 dB. 
This can be interpreted to indicate 
that the illumination efficiency of a 
parabolic reflector with element spacing 
corresponding to the cutoff frequency 
would be 50%. For example, assume a 
dish diameter of 12 feet (3.7 meters) 
operating at 2304 MHz; i t s  gain, if it 
was well designed in a l l  respects, i s  
given by6 

n3.7 Gain = 0 . 5 9 ( ~ y  = 0.59 (rn) 

where D is the diameter of the reflector, 
h is the operating wavelength and the 
coefficient 0.59 accounts for the illumi- 
nation efficiency of a well designed 
dish. I f  the element spacing was the 
critical value, however, allowing half the 
incident power to pass through the ele- 
ments, the dish gain would be 3 dB less, 
or 33.6 dB. The overall efficiency of 
such a dish would be 29% instead of 59%. 

It is interesting to note that, even 
with losses of this magnitude, the ERP 
of this dish would be over 10 kW when 

fed with 5 watts. I f  the element spacing 
was reduced to 2 inches (51mm) how- 
ever, the ERP would increase to over 20 
kW at 2304 MHz. 

economical 432-MHz design 
On the basis of these experimental 

and analytical results, a parabolic reflec- 
tor can be built for 432 MHz having 
only 1 dB reflector loss if the elements 
are spaced 12 inches (30.5cm) apart. In 
this case, only 13 reflector elements are 
needed for a 12-foot (3.7-meter) dish. 

fig. 4. Geometry of the transverse mag- 
netic mode (TM11)  in rectangular wave- 
guide (see text). 

The design would be very lightweight 
and would have relatively low wind- 
cross section. Compared to the ideal 
dish made of solid sheet metal, this dish 
would have an illumination efficiency of 
47% instead of 59%, and a gain of 21 dB 
instead of 22 dB. 

1296-MHz dish design 
It i s  interesting that ?'-foot (2.1-meter) 

parabolic receiving antennas manufac- 
tured for TV use employ 4-inch (10.2 
cm) spacing. This makes them useful 
at 1296 MHz without the addition of 
hardware cloth or other metal screen- 
ing if you are willing to accept approxi- 
mately 1.0 dB reduction in gain com- 
pared to a solid metal design. The gain 
of such a dish is 26 dB a t  1296 MHz. If 
the loss of a dB makes you nervous, the 
dish diameter can be increased by 12% 
to compensate for the loss. Thus, a 
12-foot (3.6-meter) dish should be made 
13 feet (3.96 meters) in diameter, while 
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the 7-foot (2.1-meter) dish diameter mesh if made of 7/16 inch (11 mm) 
should be increased to nearly 8 feet (2.4 diameter aluminum tubing. 
meters) to compensate for 1 dB of 
reflector transmission loss. on the air tests 

It should be recognized that the par- The 1 2-foot (3.6-meter) parabolic re- 
allel element dish is  sensitive to polariza- flector I use was put into service in 
tion and will not work well with dual or 1970. Initially, i t  was not covered with 

table 1. Center-to-center spacing of parabolic reflector elements for 1.0 dB loss of gain. 

reflector frequency (MHz) 
tubing diameter 1 432 1296 2304 I 
7/16" ( l l m m )  12.000" (305.0mm) 3.855" (98.0mm) 2.168" (55.0mm) 
1/2" (13mm) 12.063" (306.5mm) 9.917" (99.5mm) 2.230" (56.5mm) 
5/8" (16mm) 12.125" (308.0mm) 4.042" (102.5mm) 2.355" (60.0mm) 
3/4" (19mm) 12.375" (314.5mm) 4.167" (106.0mm) 2.480" (63.0mm) 

circularly polarized feed systems such as 
may be desirable for EM€ or satellite 
communications. However, it is entirely 
feasible to use a second set  of reflectors 
at right-angles to those already de- 
scribed to eliminate polarization sensi- 
tivity. Such a dish, if designed for 432 
MHz, for example, would have a surface 
resembling a 12x1 2-inch (3Ox30cm) 

screening. Tests performed before and 
after adding expanded aluminum screen- 
ing both on 432 MHz and 1296 MHz 
did not indicate any difference in per- 
formance or gain. 

More recently, comparative tests 
were run with and without screening on 
2304 MHz, and a small reduction in gain 
was noticed. The radiation patterns on 

fig. 5.  Azimuth patterns of WA9HUVfs  12-foot (3.6-meter) parabolic reflector at 432, 1296 and 
2304  M H z  (photograph of dish is shown at  beginning of article). 
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al l  three bands did n o t  change however. 
Fig. 5 shows the patterns o f  the 12- foot  
dish w i thou t  screening fo r  432, 1296  
and 2304 MHz. These patterns were 
taken w i t h  the a id o f  battery-operated 
signal sources located approximately 0.2 
mi le  (0.32 k m )  f r o m  the dish, and  ele- 
vated above ground t o  the same height 
as the  center o f  the dish. The pattern 
test conditions were fair ly ideal since 
the  l ine o f  sight path was unobstructed, 
giving essentially free-space conditions. 

summary 
Probably the  most simple and effec- 

t ive parabolic reflector design is the  one 
described in this article. The  reflecting 
elements should be oriented parallel t o  
the direct ion o f  polarization o f  the  ex- 
ci t ing wave. Thus, f o r  horizontal polari- 
zat ion which is i n  most general use f o r  
amateur purposes, the elements o f  the  
parabola should b e  oriented horizontal- 
ly.  The space between elements should 
be less than a half wavelength a t  the  
highest operating frequency. T o  reduce 
the loss through the  reflector t o  1.0 dB, 
the space between reflectors should be 
approximately 0.439h. Table 1 shows 
center-to-center spacing fo r  various sizes 
o f  tub ing f o r  frequencies o f  432, 1296  
and 2304 MHz. 
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how to design 
shunt-feed 

systems for 

grounded vertical radiators 
towers for use on the lower amateur 

A graphical I bands. For this reason I decided to 
make a series of measurements which 

design system 

for using your tower 

as a shunt-fed 

vertical antenna 

Vertical antennas have several advan- 
tages over horizontal dipoles on the 
lower amateur bands, especially in those 
cases where the dipole cannot be raised 
at least one-half wavelength above 
ground. A recent article showed how to 
use a 54-foot (16.5m) tower, top loaded 
with a quad or Yagi, as a grounded 
vertical radiator on 40 and 80 meters.l 
However, to properly design the shunt- 
feed matching system for these two 
lower bands required the use of a good 
quality impedance bridge. Once the 
complex input impedance had been 
determined, a graphical method was 
used to calculate the components re- 
quired to match that impedance to a 
50-ohm transmission line.2 

This antenna system generated a 
great deal of interest, but since few 
amateurs have access to an RX impe- 
dance bridge, they were unable to use 
this technique to adapt their own 

I 
would be used to generate a set of 
graphs which would simplify the design 
of shunt-fed vertical radiators. These 
graphs are presented in this article. 

First, a series of antenna tests were 
conducted by scale modeling to deter- 
minethe electrical height of towers which 

cr, are capacitance loaded by a typical Yagi w 
0 beam or cubical quad. Further tests were 
N 
N conducted to determine how long the 
m 
E gamma-type shunt feed rod had to be to .- 
F permit the use of a practical L-network .- > for matching to 50-ohm coaxial cable. 
U) - - Al l  tests were made with an 
m 

LL aluminum-tubing gamma rod about 1 
inch (25mm) outside diameter, spaced 
10 *2 inches (20.3 to 30.5cm) from one - 
leg of the tower. This size was chosen 
for maximum physical and electrical 

Y 

stability as well as high conductivity. 
The resultant design curves show the 

C, electrical height of the tower, required 
", 
5 gamma rod length, and series capaci- 

tance, C,, required to cancel the induc- 
g tive reactance of the gamma rod. The 

parallel matching capacitance, C,, is 
also given (fig. 1 ). The series and parallel 
capacitors should both be air variables 
so the matching system can be adjusted 

5 to provide as low vswr as possible. 
"9 

3 
using the curves 

a The graph of fig. 2 shows the rela- 
c tionship of physical height to electrical 
4 height of a thin wire (calculated from 
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234/fMH, 1, measured electrical height 
of a I %-inch (38mm) diameter conduc- 
tor (which coincides very closely with 
the predicted electrical height of a thin 
conductor), and a tower 1 to 2 feet (30 
to 61cm) in cross section, top loaded 
with a Yagi or cubical quad. If you wish 
to use your present tower as a vertical 
antenna for the lower bands, you can 
determine its electrical height from the 
data presented in fig. 2. 

The data in fig. 3 is for use on the 
amateur 7-MHz band and shows the 
length of the gamma rod and required 
series capacitance for towers up to 90 
feet (27 meters) high (about 314 wave- 
length on 40 meters). Towers which are 
taller than this will produce a large lobe 
of high-angle radiation that reduces the 
radiation at lower vertical angles. Some 
shorter towers may actually be shorter, 
physically, than the recommended 
gamma rod; in that case more parallel 
capacitance will be required to match 
the system to 50 ohms. Fig. 4 shows the 
same type of data for the 80-meter band 
(towers higher than 180 feet [54 me- 
ters] exhibit the large, high-angle lobe). 

The data in fig. 5 is for use on the 
160-meter band. Note that a tower 
which has an electrical height of 90 feet 
(27 meters) requires a gamma rod which 
is  60 feet (18 meters) long. Since a 
43-foot (12m) tower with a Yagi repre- 
sents an electrical height near 90 feet, a 
60-foot gamma rod is obviously an im- 
possibility. The use of a shorter gamma 
rod and more parallel capacitance may 
provide a match to 50 ohms, but in this 
case an rf bridge and graphical solution 
will save a lot of timem3 

Note that for towers with electrical 
heights near 53 and 70 feet (16.2 and 
21.3 meters), a gamma rod approxi- 
mately 20 feet (6.1 meters) long will 
provide operation on both 80 and 40 
meters (the rod is about a quarter- 
wavelength long on 80 meters, one-half 
wavelength long on 40). For operation 
on both 80 and 160 meters, a similar 
coincidence occurs for towers which are 

electrically near 110 and 135 feet (35.5 
and 41.1 meters) high. In this case a 
gamma rod approximately 40 feet (1 2.2 
meters) long will provide operation on 
both bands. In either of these dual-band 
systems adjustments of the parallel 
tuning capacitor, C,, will compensate 
for  differences from the specified 
gamma rod length. 

fig. 1. System for  
using a tower as a 
shunt fed grounded 
vertical radiator on 
4 0 ,  8 0  o r  1 6 0  
meters. 

VARIABLE SHORTING BAR 

The electrical height of towers higher 
than 120 feet (36 meters) can be extra- 
polated by adding about 35 feet (10 
meters) for a three-element 20-meter 
Yagi with a quarter-wavelength boom 
(about 16 feet or 5 meters); add about 
45 feet (13 meters) of electrical height 
for a multielement beam such as the 
H y-Gain TH6DXX. A two-element 
40-meter beam adds 50 to 60 feet (15 
to 18 meters). Although cubical quads 
add about 25 feet (7.6 meters), multi- 
element quad designs add little more 
because the elements are well away 
from the top of the tower and insulated 
from it. 
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matching capacitors 
Since the reactance of the series 

capacitor, C,, i s  quite large except in 
those cases where the tower is  approxi- 
mately a quarter-wavelength high, this 
capacitor should have a breakdown rat- 
ing of about 1000 volts for transmitters 
up to about 200 watts output. For 
transmitter powers of 2000 watts this 
capacitor should have a breakdown rat- 
ing of 5000 volts or more. 

Where large capacitance values are 
recommended, it i s  suggested that at 
least half be variable with the rest made 
up with fixed padding. Note that both 
the stator and rotor of the series capaci- 
tor must be isolated from ground. 

The ideal matching network for this 
antenna system would use two vacuum- 
variable capacitors. These capacitors are 
not seriously affected by humidity or 
changes in barometric pressure, and 

fig. 2. Physical vs electrical height of towers top loaded with Yagi beams or cubical quads. 

The parallel matching capacitor, Cp, 
does not require such a high voltage 
rating unless excessively high vswr is 
expected at full power. For a 200-watt 
transmitter, an old style BC capacitor 
with 700 to 1000 pF maximum should 
work nicely. For 2000 watts PEP the 
parallel capacitor should have a rating of 
1500 volts minimum with current- 
carrying capacity of seven amperes. 

they can be connected to small geared 
motors so they can be controlled re- 
motely from the operating position. A 
300-pF vacuum variable rated a t  7500 
volts, and a 1000-pF vacuum variable 
with a 2000 volt rating should handle 
practically any legal amateur transmitter 
with low vswr. 

A remote-control system that I have 
used for several years is shown in refer- 
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ence 1. It 's obviously a lot easier to 
remotely control the matching system 
from your hamshack than it i s  to traipse 
out to the backyard in snow, sleet and 
rain each time you want to shift your 
operating frequency. 

construction 
A typical gamma rod installation is  

shown in fig. 6. On my vertical antenna 
the gamma rod is  mounted with PVC 

each side of the PVC pipe, about 1 inch 
(25mm) in from each end (see fig. 6). 
Stain l ess-steel hose clamps are run 
through the s l i t s  in the PVC pipe and 
around the vertical member." 

I f  you wish, the same tower may be 
used on more than one lower-frequency 
band - simply install gamma rods on 
more than one leg of the tower. You 
can use separate capacitance matching 
systems or remotely controlled vacuum- 

ELECTRICAL HEIGHT (METERS1 

fig. 3. 40-meter vertical. Gamma rod length and series capacitance vs electrical height of tower. 
Recommended parallel capacitance to match 50-ohm transmission lines is 320 p F  (at least 100 PF 
of which should be variable). 

insulators spaced about 10 feet (3 
meters) apart. The insulators are made 
from I-inch diameter (25mm) PVC 
water pipe. The movable shorting bar i s  
made from the same material as the 
gamma rod. 

To attach the PVC insulators to the 
gamma rod, first notch the ends so one 
end fits around one leg of your tower, 
the other end around the gamma rod. 
Then cut half-inch (13mm) long sl i ts  on 

variables, depending upon your operat- 
i ng requirements. A vertical tower 
antenna system which I use successfully 
on both 40 and 80 meters is described 
in reference 1. 

'The author has assembled several pages of 
how-to hints and additional constructional 
information which is available f rom him for 
the cost of printing and mailing. A self- 
addressed, stamped envelope t o  the author 
wi l l  bring a summary of contents and cost. 
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ground requirements 
Remember that the vertical element 

is only one-half of a vertical antenna 
system - the vertical element must 
operate against a good ground plane or 
the ground losses will be so high that 
the antenna performs poorly. The so- 
called ideal ground system consists of 

short vertical antennas, consult the ex- 
cellent series of articles by W2FM1.5-8 

The tower which you use to support 
your higher frequency antennas can 
easily be used as a practical antenna 
system for 40, 80 and 160 meters. The 
graphs presented here will help you to 
design the necessary shunt-matching 

fig. 4. 80-meter vertical. Gamma rod length and series capacitance vs electrical height of tower. 
Recommended parallel capacitance to match 50-ohm transmission lines is 650 p F  (at least half 
should be  variable). 

120 equally-spaced, quarter-wavelength 
radials, but even such an elaborate 
ground plane as this still introduces 
about 2 ohms of series loss resistance 
into the total radiation resistance. Since 
short vertical antennas are characterized 
by relatively low radiation resistance, 
ground resistance loss is higher, propor- 
tionately, than it is with vertical ele- 
ments which are quarter-wavelength or 
more. A complete discussion of ground 
system requirements is contained in re- 
ference 4. For more information on 

system, but note that since conditions 
vary from one location to another, some 
adjustments will be necessary to obtain 
a low vswr. However, with an swr bridge 
installed near the base of the vertical 
(very short leads), alternately adjust the 
series and parallel tuning capacitors un- 
til the reflected power approaches zero. 
I f  the amount of parallel capacitance for 
low vswr seems excessive, make the 
gamma rod slightly longer. 

The setting of the series capacitor is 
rather critical because reactance changes 
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fig. 5. 160-meter vertical. Gamma rod length and series capacitance vs electrical height of tower. 
Parallel capacitance required to match SO-ohm transmission lines is  approximately 1300 pF. 

sharply near zero so i t  may take several 
tries before you can get the capacitor 
set exactly right. However, with a good 
ground system, the shunt-fed grounded 
tower can provide a very efficient an- 
tenna system for relatively little cost. 

GAMMA 

(25 mml 

s / 2  , I 

BOTH SIDES 
OF PYC SPACER 

TOWER LEG 

GAMMA ROD SPACING PVC SPREADER 

fig. 6. Construction of the shunt feed system 
for grounded vertical radiators. The spacers 
are made from PVC water pipe. 
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high-gain 

I Construction of a 
m - 
t light-weight 3 
s .- 

high performance 2 
104-element antenna 

for 1296 MHz 

The high-gain 1296-MHz array described 
in this article, which I call the "blow- 
torch array" and which consists of eight 
13-element Yagis arranged in a circle, is 
light weight, presents little wind resis- 
tance, can be rotated with a small TV ro- 
tator, and provides gain equivalent to 
that of a &foot (1.5 meter) dish. The 

Yagi Array 
Yagis, based on a design by W2CQH.' use 
slightly shorter directors than he speci- 
fied and are designed for use with low- 
loss 75-ohm CATV coaxial feedline. 

yagi construction 
The parasitic elements of the Yagis 

are lengths of number-14 (1.6mm) OD 
copperweld wire, soft-soldered to a 
boom made of %-inch (6.5mm) thick- 
wall brass tubing, 36 inches (91.4cm) 
long as shown in fig. 1. The copperweld 
elements provide both physical strength 
and high electrical conductivity, both 
of which are required for effective 
operation. 

Before cutting the directors, make up 
a simple template as shown in fig. 2 so 
that each of the directors is precisely 
the same length. This i s  extremely im- 

'Any specific information desired regarding 
this array can be obtained by enclosing a self- 
addressed stamped envelope with inquiry to 
Paul F. Magee, W3AED, R2 Box 432, Berlin, 
Marvland 21 81 1. 
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DRIVEN ELEYENT 
r 

ALL DIRECTORS 
AWO No 14 ODPPERWELD 

fig. 1. Layout of the 13-element Yagls used In the 1296-MHz blowtorch array. Detalls of 

75-ohm feed system am shown in flg. 3. 

portant because very slight differences 
in length will adversely affect the per- 
formance of the antenna. 

The driven element is a delta- 
matched dipole of number-14 copper- 
weld which is soldered to the boom. 
The delta-matching system consists of 
two pieces of number-14 soft copper 
wire soldered to the dipole - this is fed 
by a balun made from two pieces of ?4- 
inch (6.5mm) OD copper tubing, 1% 
inch (38mm) long, which are soldered 
on top of the boom as shown in fig. 3. 
Place the forward end of these two 
tubes as close as possible to the driven 
element to minimize lead length to the 
delta match. 

To hold the two balun tubes in the 
proper position while you are soldering 
them, bend a small piece of sheet alumi- 
num into a vee which can be held loose- 
ly in a vise. Note the short number-14 

stud which is soldered between the 
quarter-wavelength balun tubes - this 
provides a convenient place to solder 
the shield of the 75-ohm coaxial phasing 

Rear view of the 1296-MHz blowtorch array 
showing the waterproof enclosure which houses 
the quarter-wavelength matching transformers. 
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fig. 2. Use of a template is recommended t o  
assure that each o f  the directors is precisely 
the same length. For  best results, cut  each o f  
the directors slightly longer than necessary 
and f i le  of f  the ends un t i l  each element just 
passes through the guage. 

line (be sure the phasing lines are con- 
nected to the same side of the delta 
match on all eight Yagis). 

After the two copper balun tubes 
and all elements have been soldered to 
the boom, strip off the outer jacket and 
shield from a section of 75-ohm TV 
feedling (which has a larger diameter than 
RG-59lU). Fold the balun wire into a U 
and insert i t  into the balun tubes. Con- 
nect the center conductors to each side 
of the delta match. 

The antenna mount consists of a cen- 
ter hub of 1/8-inch (3mm) thick galvan- 
ized steel, 8 inches (20cm) in diameter, 
to which is attached a spider-shaped 
arrangement of 3/4-inch (19mm) alu- 
minum tubes, each 31 inches (79cm) 
long. Short tabs on the top and bottom 
of the center hub provide space for the 

1/4' (6.5 mml 0.0. COPPER 
TUBES. I-I/Z' (38 mm) m. 
SOLDEREO lU WITH 
75-OHM W X  THREADED 
THROUGH CENTER (J.. Twf l  

fig. 3. Construction o f  the 300- t o  75-ohm 
balun used o n  each o f  the Yagis. The shield o f  
the coaxial feediine Is connected t o  the short 
stud. 

U-bolts which are used to attach the 
array to a mast. 

The aluminum tubes are attached to 
the hub with 10-32 screws and strength- 
ening members made from 3-inch 
(76mm) lengths of 1-inch (25mm) 
square aluminum channel (see fig. 4). 
The Yagis are attached to the ends of 
these tubes with special clamps which 

WTERPROOF ENCLOSURE FOR 
LATCHING TR~SFORMERS 

L3/4' (19 mml ALUMINUM TUBING I I 31" 179 cml LONG (8 REQ'Dl 

fig. 4. Construction of the antenna mount  
showing the center hub and eight aluminum 
antenna-support masts. Main mast is placed i n  
f ron t  of the center hub and attached t o  i t  
w i t h  U-bolts. 

allow the antennas to be oriented paral- 
lel to one another. 

The Yagi clamps, shown in fig. 5, are 
made from 2-inch (51mm) lengths of 
7 - inch (25mm) square aluminum 
channel which is attached to the alumi- 
num tubes with small U-bolts made 
f rom %-inch (6mm) threaded steel 
stock. Two small notched aluminum 
blocks are used to hold the antenna 
boom to the channel (cut the notch 
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slightly smaller than the diameter of the 
boom so the antennas are held very 
rigidly). 

Be sure to use brass nuts on the steel 
U-bolts. The combination of aluminum 
clamps and brass hardware doesn't seem 
to cause any problem as my array shows 
no ill effects although i t  has been ex- 
posed to the salt air at my station for 
more than two years. 

matching harness 
The matching system for the blow- 

torch array is  made up of a system of 
50-ohm quarter-wave matching trans- 
formers and 75-ohm coaxial feedlines 
16 half-wavelengths long (48 inches or 
122cm). A schematic diagram of the 
system is  shown in fig. 6. Since the 
75-ohm matching lines are an integral 
number of half-wavelengths long, the 
75-ohm input impedance of each of the 
antennas is repeated at the opposite 

ALUMINUM CLAMPING BLOCKS 
12 REQUIRED PER ANTENNA1 

Ll' X 1.125 X 25 ml 
ALUMINUM CMNNEL. 
NOTCHED FOR 3/4. (19 mml 
ALUMINUM SUPPORT MAST 

fig. 5. The Yagis are attached to the alumi- 
num support masts with clamps ( 8  required) 
which allow all of the beams to be aligned in  
the same plane. 

8A PHASING 
CABLE - 8 PLACES 
148' OR 122 cm 
75-OHM COAX) 

fig. 6. Schematic diagram of the phasing sys- 
tem used with the blowtorch array. Conrtruc- 
t l o n  of the quarter-wavelength matching 
transformers is shown in fig. 7. 

end. Since two 75-ohm feedlines are 
connected in parallel at points A, C, E 
and G, the impedance at each of these 
points is 37.5 ohms. This is transformed 
to 75 ohms by a 50-ohm quarter-wave 
transformer. These transformers are 
connected in parallel a t  points Band F, 
so the impedance a t  these points is 37.5 
ohms. This is transformed to 75 ohms 
wi th  another 50-ohm quarter-wave 
transformer (6-D and F-D). 

When connected in parallel at point 
D and transformed with another 
quarter-wave transformer, the input im- 
pedance provides a close match to the 
75-ohm feedline. Note that the 8-wave- 
length matching lines are not connected 
to adjacent antennas, but to antennas 
on opposite sides of the array. 

The quarter-wavelength matching 
transformers are soldered to a 3x5-inch 
(8xI3cm) copper sheet as shown in the 
photograph of fig. 7. The outer conduc- 
tor of each quarter-wave transformer 
consists of a 3116-inch (5mm) OD 
copper tube, 1% inch (38mm) long. 
Short lengths of RG-58/U coax (strip- 
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ped of the outer shield and jacket) are 
threaded through these tubes. Short 
stubs of number-14 wire, about 318 inch 
(10mm) high, a t  the feedline end of 
each of the transformers provides a 
convenient point for connecting the 
outer shield of the 75-ohm feedlines. 
The completed transformer is mounted 
in a waterproof enclosure which is in- 
stalled at the center of the array. 

be checked individually before they are 
installed on the large array. First check 
the vswr and make adjustments as neces- 
sary to the delta match for a vswr of 
1.2:l or less. Then check the lobes on 
each side of the main pattern. I f  they 
are not a t  least 9 dB down, the antenna 
is not working correctly. This can be 
checked by connecting a low-power 
1296-MHz signal source to the antenna 

fig. 7. Quarter-wavelength matching transformers are made from 3/16-inch (5mm) OD cop  
per tubing. Letters coincide with the points noted in fig. 6. 

When soldering the tubes to the 
copper sheet make sure they are solder- 
ed from one end to the other. You can 
use a small torch for this, if you wish, 
but I suggest a husky 200-watt soldering 
iron. When the transformer assembly 
has cooled off, the rosin flux can be re- 
moved with lighter fluid. (Acid flux can 
also be used but thoroughly clean off 
any residue with hot water, baking soda 
and a tooth brush before you install the 
sections of RG-58lU.) 

testing 
Each of the 13-element Yagis should 

and measuring the relative field strength 
about 50 feet (15 meters) in front of 
the antenna. 

When the blowtorch array is corn- 
pletel y assembled check the field 
strength about five feet (1.5 meter) in 
front of each Yagi; if the phasing system 
is working properly the field strength in 
front of each of the antennas should be 
the same. 

reference 
1. Reed E. Fisher, WZCOH, "A Successful 
1296-MHz Yagi," hem radio, May, 1972, 
page 24. 
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Meet thetwoandonlyr 
The HAL DKB-2010 Dual Mode 

keyboard is one of the most so- 
phisticated products ever offered 
to the radio amateur. It's an all 
solid state keyboard that allows 
you to send either RTTY or CW - 
with more ease, more versatility 
than anything you've ever seen 
before. 

2 three-character function keys. 
Output interfacing is compatible 
with cathode keying or grid-block 
keying. A side tone oscillator and 
built-in speaker allow you to 
monitor your signal -with adjust- 
able volume and pitch controls. 

The DKB-2010 also has a three- 
character memorv buffer which 

DKB-2010 is a real breakthrough 
for every amateur. It adds a whole 
new dimension to the exciting 
world of amateur radio. Once 
you've used the DKB-2010, you'll 
wonder how you ever got along 
without it! 

Prices: $425 Assembled; 
$325 Kit -. . -.  

In the RTTY mode, you can operates in eitheithe RTTY or 
transmit at standard data rates of CW mode, allowing you to burst r------------- 
60,66.75 or 100 WPM. as well type ahead without losing charac- I HAL Communications Corp. 1 

I 
Bax365. Urbana. 111.61801 1 

as an optional 132 WPM, 100 ters. A 64-character memory Telephone: (217) 359-7373 1 
baud. In addition to the complete buffer is also available as an / 1.) L nclosed is S ( A s s e m b l e d )  I 
alphanumeric keys, you get 17 option. Key function logic in either 1 s ( K I I )  1 
punctuation marks, 3 carriage mode is governed by LSI/MOS Call letters 
control keys, 2 shift keys, a break circuitry. All key switches are 13 Charge Unster Charge t - I 
key, 2 three-character function computer grade. Charge BankAmer!card #- 1 
keys, a "DE-call letters" key and a The DKB-2010 is available I M / c  Interbank ff I 
"Quick brown fox. . ." test key. assembled or in kit form. Should 1 Card ExP. date I 

In the CW mode, you can send you choose the kit, you'll find I send me the HAL I 
at speeds anywhere between construction easy - the unit con- I 
8 WPM and 60 WPM. You can also sists of three assemblies: power I Name 

I 
adjust dot-to-space weight ratios supply board, logic PC board, , - I 
to your liking. For CW, you have keyswitch PC board, and pre- I Address 

f 
all alphanumeric keys, plus 11 assembled wiring harness. I 
punctuation marks. 5 standard Any way you look at it - as an I C~ty/State/Zip I 
double-character keys, 2 shift easy-to-build kit, a complete 1 A l l  orices include U.S.A. shipping. I 
keys, a break-for-tuning key, error assembly, as a CW keyboard, or I ~ ~ ~ ~ ~ ~ k , q ' , a d ~ \ h d ; , " ~ , " ~  ,,, 
key, "DE-call letters" key, plus an RTTY keyboard, the HAL 

I 
L--,,-,-,-----J 
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measuring complex impedance 
with an 

I 
Knowledge of the resistive and reactive 
components of a load is very useful in 

swr bridge antenna work, but few amateurs, unfor- 
tunately, have the necessary equipment 
for making the necessary measurements. 
The simple impedance bridges found in 
many amateur workshops will measure 

Accurate impedance 6 resistive loads from about 5 to 400 
8 ohms. and if the load is  reactive, a true 
m measurements '9 null will not be obtained. For IOW impe- 

2 dances the readings of these simple in- 
6 struments approximate the resistive 

can be made ,. component while for high impedances 
2 the readings approximate the total E Over a wide o impedance. In between, the readings are 

a poor approximation to either. 
> The RX meter, which can accurately frequency range evaluate both the resistive and reactive 

components of a load, on the other 
using a Vswr bridge hand, is considerably more complex 

than the simple rf impedance bridge, 

and the simple 8 and is  somewhat more difficult to build 
," and operate, especially above about 30 

MHz. A practical amateur RX meter 
second-data method $ described recently has relatively good 

sensitivity and a moderate impedance 
described here r range and doesn't require much drive 

$ power, but requires a separate induc- 
tance assembly for each band of fre- 

> quencies.l Other homebuilt instruments 
for measuring complex impedances are 

Z described in references 2, 3 and 4. 
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second-data 
impedance measurement 

Because of these problems and others 
most amateurs try to avoid the measure- 
ment of unknown complex impedance. 
Fortunately, however, there is an alter- 
native: the second-data method. This 
method permits relatively accurate 
measurement of complex impedance 
with a vswr bridge and an external 
resistor. Since most amateurs have vswr 
bridges this is a technique that should 
not be overlooked. Since vswr bridges 
which work to 600 MHz and above are 
readily a~ailable,~ this method has the 
additional advantage of extending the 
frequency range. 

SOLDERED TOGETHER 

TWO PL-259 CONNECTORS 

fig. 1. Simple coaxial adapter for the series 
resistor is made from two back-to-back 
PL-259 connectors. 

In the second-data impedance meas- 
uring system the vswr of the load is first 
measured in the normal fashion and 
then the vswr is  measured with a resistor 
in series with the load. These two sets of 
data are adequate to specify the resistive 
and reactive components of the load. 
You merely look up the two vswr meas- 
urements in a table such as that shown 
in table I and read off the resistive and 
reactive components. If you wish, the 
resistive and reactive values may also be 
plotted on a Smith chart, as will be 
discussed later. 

For measurements up to 20 MHz or 
so, the series resistor may be soldered in 
series with the load or clipped in. For 
higher frequency measurements or when 

a coaxial line is used, the series resistor 
should be installed as the center conduc- 
tor of an appropriate adapter as shown 
in fig. 1. The vswr is  then measured with 
and without this adapter in the line. 

For best results measurements should 
be made with a vswr bridge that has 
good linearity characteristics. The resis- 
tance in series with the diode detectors 
within the bridge should have as high a 
value as possible, at least 10 kilohms. 
Check your vswr bridge for no return 
power (vswr = 1 : I )  with a good quality 
dummy load. You can check its 
accuracy at other standing-wave ratios 
by using standard composition resistors 
(with short leads) as loads. The vswr of 
the load is given by 

R 
vswr = - 

20 
or R 

z o  

whichever is greater than 1. Loads of 
either 150 ohms or 16.67 ohms, for 
example, will result in a vswr of 3.0:l in 
a 50-ohm system. 

The vswr to series complex impe- 
dance conversion information shown in 
table 1 for 50-ohm systems is  based on 
the use of a 27-ohm series resistor. The 
resistive and reactive values were calcu- 
lated with an- error of less than one 
percent and rounded off to the nearest 
ohm." To illustrate the use of this table, 
assume that an unknown load exhibits 
a vswr of 2.4:l. When the 27-ohm 
resistor i s  placed in series with the load 
the measured vswr is 1.8:l. From table 
1, the resistive component of the load is  
33 ohms; the reactive component, 32 
ohms. 

'More detailed, computergenerated tables for 
both 50- and 75-ohm systems are available 
from the author for $4.00, postpaid. The 
tables are calculated for 27-ohm series resis- 
tance with 50-ohm systems and 39-ohm series 
resistance with 75-ohm systems. 
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table 1. Vswr to series complex impedance conversion for 50-ohm systems using the second-data 
method of measurement (series resistor = 27 ohms). 

vswr 
with series 

resistor 
resistance reactance 

(ohms) (ohms) 

vswr 
with series 

resistor 
resistance reactance 

(ohms) (ohms) 
vswr 

of load 
vswr 

of load 
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Since the entire range of possible 
vswr combinations for a series 27-ohm 
resistor is given in table 1, if you 
measure a larger vswr than shown, there 
is an error in measurement. For exam- 
ple, if you measure a load vswr of 2.0:l. 
then install the 27-ohm resistor and 
measure the vswr again, a new vswr 
measurement of 4.0:l reveals an error in 

fig. 2. Resistive and reactive impedance values 
can be plotted on Smith chart using informa- 
tion obtained by the second-data method. Cir- 
cle 1 represents the vswr of the load, circle 2 
represents the vswr of the load with series re- 
sistor, and circle 3 shows the vswr of circle 2 
displaced by the amount of the resistance (see 
text). 

measurement as i t  i s  outside the range 
of values given. 

smith chart computation 
If you wish to use the Smith chart to 

make your impedance calculations, the 
series resistor does not have to be the 
same value as that used in computing 
the chart.(27 ohms for 50-ohm systems) 
- i t  can be any reasonable value. 
Assume, for example, that the series 
resistor is 25 ohms, the measured vswr 
of the unknown load is 3.0:1, and with 

the 25-ohm resistor in series with load 
the vswr i s  2.0: 1. 

To compute the complex impedance 
of the unknown load you must first plot 
two circles on the Smith chart as shown 
in fig. 2. The first circle, circle 1, is a 
constant vswr circle corresponding to a 
measured vswr of 3.0:l and intersects 
with 3.0 on the real axis. This circle 
passes through all the resistive and 
reactive pairs which produce a vswr of 
3.0:1, so the impedance of the un- 
known load must fall somewhere on this 
circle. 

The second circle, circle 2, i s  another 
constant vswr circle, this one corres- 
ponding to the 2.0:l vswr measured 
with the 25-ohm resistor in the line. The 
final circle, circle 3, which i s  offset by 
the amount of resistance in series with 
the line for the second vswr measure- 
ment, represents all the values on circle 
1 with 2,125 (0.5 resistive) added to 
each point. This circle i s  easily drawn by 
adding 0.5 resistive to both points 
where the circle crosses the real axis (at 
0.33 + 0.5 = 0.83 and 3.0 + 0.5 = 3.5). 
and plotting a circle through these two 
points. 

Circle 3 intersects circle 2 a t  two 
points. Both points have the same resis- 
tive and reactive values, but the reactive 
values have opposite signs. To transform 
the intersection on circle 2 to the actual 
value of the unknown load, 0.5 ohm 
resistive must be subtracted from the 
values on circle 2. In this case the 
intersection on the upper half of the 
chart i s  1.05 + j0.72. Subtracting 0.5 
ohm resistive yields 0.55 + j0.72. This is 
the original load and should fall on 
circle 1. If i t  doesn't, you made an error 
in your calculations. 

Since this is a normalized Smith 
chart, the plotted values must be multi- 
plied by the characteristic impedance of 
the system, 50 ohms. This yields values 
of 27.5 ohms resistive and 36 ohms 
reactive for the unknown load. You 
must s t i l l  determine whether the reac- 
tance is  capacitive or inductive (negative 
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or positive). In some cases you may 
know beforehand whether the reactance 
is capacitive or inductive (a half-wave 
dipole operated above resonance, for 
example, has an input impedance that i s  
inductive) but in those cases where you 
must determine the sign of the reac- 
tance another measurement i s  required. 
After the resistive and reactive compo- 
nents of the load have been determined, 
the vswr is measured again with a capaci- 
tive reactance (Xc x XL) placed in series 
with the load. If the resulting vswr is 
less than the original vswr, the reactance 
of the load is  inductive. If the resultant 
vswr is greater than the original vswr, 
the reactance is  capacitive. 

Things are simplified considerably 
when the impedance measurement can 
be made directly at the input terminals 
of the unknown load, but this is not 
always possible. The usual solution is  to 
take the measurement at the end of a 
transmission line and use the Smith 
chart to refer the load back to the 
antenna feedpoint. Further information 

"HOW does it load on 160?" 

50 5 may 1975 

on this subject is provided in references 
6 and 7. 

accuracy 
The accuracy of this method of 

impedance measurement, of course, i s  
dependent upon the accuracy with 
which the vswr measurements are made. 
Accuracy of the second-data method is  
also dependent on the magnitude of the 
measured impedance with errors increas- 
ing with increasing impedance. How- 
ever, accuracy is  acceptable up to about 
300 ohms, depending on the accuracy 
of the vswr bridge, and accuracy is quite 
good around the commonly used system 
impedances of 50 and 75 ohms. 

As an example, consider the case of a 
qua rter-wavelength vertical operating 
over perfect ground. I t s  base feedpoint 
impedance, theoretically, is 36 ohms. If 
the second-data technique is used with a 
vswr bridge that reads 10% high, the 
indicated impedance will be 36.7 ohms 
resistive and 12.7 ohms reactive; the 
bridge has introduced a small reactive 
component. As with any electronic 
measurements, good results are guar- 
anteed only when the measuring instru- 
ments have been carefully checked and 
calibrated. 

references 
1. G. Hall, KIPLP, and J. Kaufman, WAlCQW, 
"The Macromatcher, QST, January, 1972, 
page 14. 
2. H.S. Keen, WPCTK, "A Simple Bridge for 
Impedance Measurements," ham radio, Sep- 
tember, 1970, page 34. 
3. G. Pappot, YAlGJM, "RX Noise Bridge," 
ham radio, January, 1973, page 62. 
4. W.A. Wildenhein, W8YFB. "Low-Cost RX 
Impedance Bridge," ham radio, May, 1973, 
 age 6.  
5. A.R. Hall, W4CGC. "VHF and UHF Micro- 
strip SWR Indicators," ham radio, December, 
1972, page 22. 
6. G. Hall, KlPLP, "Smith Chart Calculations 
for the Radio Amateur," QST, January, 1966, 
page 22, and February, 1966, page 30. 
7. J.R. Fisk, WlDTY, "How to Use the 
Smith Chart," ham radio, November, 1970, 
page 16. 
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uper Mast 
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2.  

For the low profile Ham operator. 
It had to happen! The enormous suc- after fabrication for long life. A slim, 

cess of Tri-Ex's original Sky Needle-by clean-line tower. Tops in performance- 
popular demand-has brought about the Super Mast. 
design of a miniature Sky Needle for the Shown here in its nested position at 
Tri-Band Beam. We call it Super Mast. 21-feet, this Super Mast is supporting a 

It's a special tower for the low profile three element 15 meter antenna & rotor 
HAM operator. A roof-topper stretching assembly. Rush your order now. Visit or 
to 40-feet up. Attaches easily, call your local Tri-Ex Tower dealer 
simply to the side of your garage today. Price of this under-$300-tower, 
or house. A super-easy Super because of rising steel costs, is 

A top-quality Tri-Ex prod- subject to immediate change. 
uct. ~ o t  dipped galvanized TOWER CORPORATION Order now and save! 

7182 Rasrnussen Avenue, Visalia, Calif. 93277 
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electrically- 
controlled 

phased 
Phased array for the 

lower amateur bands 

uses hybrid couplers 

for electrical control 

of the field pattern 

On the lower frequency amateur bands, 
where a rotary antenna may be too 
cumbersome for convenience, the an- 
swer may be a phased array, with elec- 
trical instead of mechanical control of 
the field pattern. Such a system will also 
be less vulnerable to damage from ice 
and high winds. 

The phasor, which i s  the heart of this 
system, is  built around a 3 dB quad- 
rature hybrid. Such a hybrid may be 
regarded as a four-port circuit element, 
having two input ports and two output 
ports (fig. 1). When both output ports 
are terminated by matched loads, a sig- 
nal injected at either input port will 
divide equally between the two output 
ports with a go0, or quadrature, phase 
difference between the outputs. Because 
no signal exists at the remaining input 
port, the input ports may be seen to be 
isolated from each other. 

Several different designs are available 
to the experimenter for the construc- 
tion of such a hybride1 The most com- 
pact and convenient form for the lower 
amateur bands, however, consists of two 

array 
capacitively coupled lengths of coaxial 
line, of whichever characteristic impe- 
dance has been chosen for the system 
(fig. 2). These lengths of coaxial line 
will each be an electrical one-eighth 
wavelength at the frequency of interest, 
while the coupling capacitors will have a 
reactance equal to the characteristic 
impedance of the coaxial lines. 

theory of operation 
I f  the output ports of the hybrid, 

instead of being terminated by a pair of 
matched loads as in fig. 1, are termi- 
nated instead with identical lengths of 
transmission line as shown in fig. 3, the 
following action will take place as a 
signal i s  injected into port 1 : 

1. The injected signal will divide into 
two equal parts, one going to port 3, 
while the other part, after undergoing a 
90" phase shift, appears a t  port 4. Both 
signals then progress down to the ends 
of their terminating lines and are re- 
flected back to their respective ports, 
having traveled back and forth along the 
line for a total distance equal to twice 
the actual length of the line. 

2. The reflected signal returning to port 
3 divides into two equal parts, one of 
which goes directly to port 1, while the 
other part, after a 90" phase shift, goes 
to port 2. 

3. The reflected signal a t  port 4 also 
divides into two equal parts, one of 
which goes directly to port 2, where it 
combines with the component which 
came from port 3. Note that each of 
these two components has traveled the 
same distance and undergone a single 
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phase shift of 90'. The other part of the 
reflected signal at port 4 undergoes a 
second 90' phase shift and goes to port 
1. Both of the components at port 1 can 
be seen to have traveled the same dis- 
tance, but are 180' out of phase with 
each other, and therefore cancel. As a 

INPUT drr- M;AE;EO 

INPUT - 2 
W R T  - l o  

fig. 1. Block diagram of hybrid coupler. 
This device divides power between two 
matched loads. 

result, no signal is reflected back to port 
1 which is not cancelled out, and no 
input vswr results. I t  may be seen, there- 
fore, that any equal change in the 
lengths of the two terminating lines will 
result in a phase change in the signal 
emerging from port 2 which is  equal to 
twice the change in line lengths. 

With this last conclusion in mind, it 
becomes apparent that a reactance 
change a t  ports 3 and 4 which is equiva- 
lent to that produced by a quarter 
wavelength, or 90' change in line 
length, will result in a total phase 
change of 180' in the signal emerging 
from port 2. Using lumped constants, 
instead of transmission lines, to ter- 
minate ports 3 and 4, the network 
shown in fig. 4 will accomplish the 
equivalent operation. 

When the variable phasing capacitor 
in the circuit of fig. 4 i s  set  at maximum 
capacitance, it becomes parallel reso- 
nant with its shunting inductors, there- 
by simulating an open circuit. At mini- 
mum setting of the phasing capacitor, 
the series capacitors are trimmed to 
produce a condition of series resonance, 
thus simulating an open quarter- 
wavelength of terminating line. In this 
manner you obtain a controlled phase 
shift of up to 180 electrical degrees by 
merely turning a knob. 

Line lengths and coupling capaci- 
tances were first computed for a fre- 
quency of 7.2 MHz. Assuming a velocity 
of propagation factor of 0.66 for the 
RG-58/U cable chosen for the purpose, 
the transmission lines are each 135 
inches (344cm) long. Coupling capaci- 
tors for 53.5-ohm coaxial cable are 414 
pF. A pair of 220-pF silver mica capaci- 
tors were used in parallel. Alternatively, 
a 330 pF and a 100 pF capacitor were 
used for a second hybrid, with satisfac- 
tory results in each case. (If the system 
is built with RG-59lU coaxial cable for 
operation at the 70-ohm level, the 
capacitors will be about 316 pF.) 

In order to determine the length of 
the transmission line a bit more accu- 
rately, a quarter-wavelength of line was 
fitted with a very small, single-turn 
coupling loop at one end. This assembly 
was then carefully grid dipped to fre- 
quency, the dipper frequency being 
checked on the receiver. Small bits of 
coaxial line were then clipped from the 
open end of the cable to raise the 
resonant frequency to the desired value. 
I t  is a great deal easier to cut a piece off 
than to fasten i t  back on, so be careful 
if you choose to go this route. 

After the correct line length has been 
obtained, remove the coupling loop, 
double the line back on itself and cut it 
in two equal halves. Peel back as little 
covering and braid as necessary to make 
connections to the ends of the cables. 

TO check the hybrid, ports 3 and 4 
are first left as open circuits and a 

A7 A7 
fig. 2. Capacitively-coupled hybrid is used in 
the phasor which controls the phased vertical 
antennas. 
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matched load is placed at port 2. An 
input vswr reading is now taken at 
various frequency intervals across the 
band to determine how well the line 
lengths have been chosen. At the center 
frequency a vswr of 1.05:l or less 

SIGNAL 
IN 

SIGNAL 
OUT 

fig. 3. Quadrature hybrid terminated b y  equal 
lengths of transmirslon line. 

should be possible if the line lengths and 
coupling capacitors are correct. 

The isolation inherent in the hybrid 
can be checked by terminating ports 3 
and 4 with matched loads, and the 
output at port 2 measured and com- 
pared with that obtained when the loads 
are not present. A pair of 51-ohm car- 
bon composition resistors were used for 
this rough check, with the receiver at 
port 2 used as an indicator. Isolation of 
20 to 30 dB was considered to be 
adequate for the purpose. 

Once the hybrid has been checked 
out satisfactorily, the next step is  the 
alignment of the reactance network. In 
the first place, the two inductors should 
be made as closely identical as possible. 
Both inductors should resonate at the 
center frequency with the phase control 
capacitor fully meshed. The grid dipper 
becomes necessary for this operation. 
Turns can be spread or squeezed to- 
gether, and fastened with coil dope. 

Once the coils have been trimmed, 
the phase control capacitor is turned to 
i t s  minimum setting, and the series 
capacitors grounded, so that they are 
temporarily in parallel with the induc- 
tors. The series capacitors are now set so 
that the inductor-capacitor combination 
is again resonant at the same frequency 

of interest. Disconnect the temporary 
ground connection, and connect the 
series capacitors to ports 3 and 4 of the 
hybrid. 

Connect a matched load to port 2 
again and check the input vswr of the 
complete phasor. As the phase control 
capacitor i s  rotated through i t s  range 
there should be no change in vswr. 

In coupling to two separate antennas, 
a second hybrid, identical to that used 
in the phasor, appears to be the best 
arrangement as shown in fig. 5. 

operation 
To ensure placing a maximum signal 

lobe accurately in the direction of a 
given station, a pair of coaxial relays 
were hooked up as a reversing switch. 
The other station is first nulled out as 
far as possible, then the relays are actu- 
ated so that the connections to the 
transceiver and dummy load are re- 
versed (fig. 51. This places a maximum 
signal lobe towards the selected station. 

I t  can be seen that if a given station 
can be completely nulled out, the entire 
received signal is being routed to the 
dummy load, rather than to the re- 
ceiver. Reversal of the order of connec- 
tion by means of the relays then routes 
the entire signal from both antennas to 
the receiver. Since the effect is recip- 
rocal, when transmitting both antennas 
combine to place a maximum lobe in 
the direction of the other station. It 
should not be difficult to calibrate the 
phase control in terms of direction so 
that this procedure can be omitted. 

Don't expect a complete cancellation 
of the signal from a given station as no 
two antennas will have identical, per- 
fectly circular radiation patterns. Maxi- 
mum to minimum signal reports have 
varied from 1 to 6 S-units, with rare 
instances where the signal dropped com- 
pletely into the noise level. I f  you con- 
sider that one antenna puts out a signal 
of 100 power units, while the other 
only puts out 95 units in a given direc- 
tion, then the best possible cancellation 
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would still leave 5 units of signal. A 
ratio of 195 to 5 in power is about 14.1 
dB, slightly more than 2 S-units. There- 
fore it should be apparent that the two 
antennas should be made as identical as 
possible. 

Another factor in the operation of a 
system of this type is  the spacing be- 
tween the two antennas. If they are 
close together, there will be coupling 
present which will greatly affect the 
power distribution between them. With 
a spacing of around 120 feet (37m1, the 
input vswr of the system varies over the 
phasor range from 1 .O: 1 to 1.2: 1. 

While any two relatively identical 
vertical antennas should perform satis- 
factorily, the pair I used were less than 
15 feet (4.57m) in height, resting on a 
glass jar set on the ground. As this was a 
temporary experimental installation, a 
rather skimpy groung system of eight 
radials, each 30 feet (10m) long, was 
used. Matching was accomplished with 
an L-network. 

I t  appears that the phasing system 
could be applied to two colinear hori- 
zontal dipoles. In addition to being, in 
many cases, easier to erect, the end-on 
arrangement of the radiating elements 
might be expected to show lower 
mutual coupling between the elements. 

SIGNAL 
OUT 

C 1  hybrid coupling capacitors 

C2 reactance network series capacitors 

C3  phase-control capacitor (two 140-pF 
sections) 

L approximately 14112 turns, 11/4" (32mm) 
diameter, lllr" (32mm) long 

fig. 4. Circuit for the 7-MHz phasor, showing 
grounding arrangement for the outer coaxial 
connections. Setup and test ot  this circuit is 
dlscusred In the test. 

While not giving a full 360' coverage as 
uniformly as vertical antennas, the hori- 
zontal system might offer an interesting 
area for investigation. 

It i s  felt that the results obtained 
with this experimental (and admittedly 
temporary) installation justify the con- 

fig. 5. Complete 
p h a s e d  a r r a y  
uses adjustable 
pha sor, capaci- 
t i v e l y - c o u p l e d  
hybrid and coax- 
i a l  r e v e r s i n g  
switch (see text). 

REVERSAL 
SWlTCHlNG 

(SEE T E X T )  

m 
DUMMY TRANSCEIVER 
LOAD 

cept of omnidirectional control of the 
antenna pattern. Although the wide 
spacing of the elements of the antenna 
system results in more lobes than a 
beam, the total area covered by the 
lobes should be about the same, with no 
loss of signal strength in directions of 
maximum signal as a result of the in- 
creased spacing. A vertical antenna 
system of this kind should offer much 
to the low-frequency DX man by com- 
bining the low-angle radiation of the 
vertical antenna with control of the 
directivity. 

reference 
1. Henry Keen, WPCTK, "High-Frequency 
Hybrids and Couplers," ham radio, July, 
1970, page 57. 
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wide bandwidth 

bow-tie antenna 
for eighty meters 

Discussion of a 

bow-tie antenna design 

using ga lvanized-steel wire 

that provides 

low swr performance 

over the entire 

80-meter amateur band 

I One of the problems requiring a deci- 
sion when you establish a station i s  the 

m selection of an antenna or group of an- 
C .I! tennas for the bands on which you want 
'0 
c to operate. To make the best use of - 

your environment and space available - 
requires some study and planning. 

"7 
w 
c 

In the case of the limited space of a 
city lot, especially for an 80-meter an- 

- tenna, special steps may be needed for 
satisfactory results. A major considera- 

X 
o tion for an 80-meter antenna is the por- m 

tion of the band you intend to use. The 
$ ordinary single-wire horizontal dipole, 
> when used on this band, for example, 
0 3  

will not work well over the entire band 
e' without some sort of antenna tuner or 
0 r matching system. Verticals have the 
0 m same limitations, but this article is con- 

cerned only with a horizontal antenna. 
m .- 
3 A typical horizontal dipole, resonant 
0 at  3.75 MHz, will approximate a series- 
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resonant circuit as shown in fig. 1. Re- 
sistance R represents the radiation resis- 
tance which will be about 50 ohms. The 
inductive and capacitive reactances, XL 
and Xc, with a Q of 14 will be about 
700 ohms (14x50 ohms) at the resonant 
frequency. 

Fig. 2 shows a swr vs frequency curve 
for a horizontal, single-wire antenna, 
resonant a t  3.75 MHz, measured and 
used as a standard of comparison for the 
experiments that follow. Tests made at 
four other amateur stations show the 
curve of fig. 2 to be typical for antennas 
of this type. 

One important fact must be noted at 
this point: the majority of swr bridges 
made for amateur use will not provide 
accurate readings on the 80-meter band 
because of the non-linearity of the ger- 
manium diodes used in the simple 
bridge circuits. A Heath HM-102 swr 
bridge was used to obtain the curves 
presented here. This unit checked very 
closely with a Waters 365A reflecto- 
meter as well as with a standard Bird 
wattmeter. The typical, simple bridge 
will measure swr as much as 35% low on 
80 meters. 

Using the values of fig. 1, the induc- 
tive reactance of the antenna at 4 MHz 
will be (4/3.75)700 = 747 ohms; the 
capacitive reactance, (3.75/4)700 = 656 
ohms. The net reactance is 747 - 656 = 
91 ohms (inductive). At 3.5 MHz the 
inductive reactance will be (3.5/3.75)700 
= 653 ohms; capacitive reactance is 
(3.75/3.5)700 = 750 ohms, and the 

fig. 1. Equivalent circuit of slngle-wire hori- 
zontal dipole. Values are typical of those at 
resonance. 

net reactance is 750 - 653 = 97 
ohms (capacitive). Neglecting the resis- 
tance change with frequency, which is  
small, the impedance at 4 MHz will be 
approximately 50 + j91 ohms; at 3.5 
MHz the impedance will be approxi- 
mately 50 - j 97 ohms. 

FREQUENCY (MHz1 

fig. 2. Swr vs frequency curve for single-wire 
antenna which is resonant at 3.75 MHz (radia- 
tion resistance = 45 ohms). Antenna is made 
from number-14 copper wire. 

Fig. 2 shows the swr variations across 
the 80-meter band for the single copper- 
wire antenna with the maximum points 
at about 5.6:1 on the band edges. To 
reduce the swr (to broaden the fre- 
quency range of the antenna) you can 
reduce the Q by reducing the reactance 
or raising the radiation resistance. One 
method of reducing the reactance is  by 
using a larger diameter antenna conduc- 
tor. However, in most cases this is im- 
practical at low frequencies. To reduce 
the Q of the single-wire antenna from 
14 to 10, for example, would require a 
diameter of 640 mils or 0.64 inch 
(16mm). The use of RG8/U coaxial 
cable, with the inner and outer sections 
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connected in parallel, reduced the Q of 
the antenna to about 12. 

A much more practical method of in- 
creasing antenna bandwidth is  by using 
the bow-tie or fan configuration shown 
in fig. 3. With a wire separation of 7 feet 

FREOUENCY (MHz1 

fig. 3. Swr comparison of the copper bow-tie 
and double bazooka antennas on 80 meters. 
Radiation resistance of the bow-tie is 35 ohms 
at 3.75 MHz; radiation resistance of the double 
bazooka is slightly lower. 

(2.1 meters) or more and copper wire, 
the Q can be reduced to about 10. This 
brings the swr at the band edges down to 
about 3.8:l. For swr no higher than 2:1, 
the bandwidth is increased to 190 kHz. 

double-bazooka antenna 
The so-called double-bazooka or 

coaxial antenna is  another modification 
for increasing the bandwidth of the 
basic horizontal dipole. However, the re- 
sults were disappointing in the tests I 
made with this system. With new 
RG-58lU cable and very careful con- 
struction, with open-wire line for the 
end sections, the best I could obtain was 
an swr of about 3.5: 1 at the band edges, 
an 8% improvement over the bow-tie 
(see fig. 3). The use of RG-8/U or 
RG-1 1/U for this antenna was not tried. 

On the basis of the considerably 
greater cost and work required to build 

the double-bazooka antenna, it com- 
pares poorly with the bow-tie. The pos- 
sible balun characteristic it is supposed 
to have is  difficult to determine and of 
doubtful value. 

galvanized wire 
About two years ago, with more an- 

tenna experimenting in mind and cop- 
per wire in short supply, I obtained a 
roll of galvanized steel electric-fence 
wire at a farmers' supply store. When I 
built a single-wire dipole with this wire, 
a considerable lowering of swr was 
noted. The same wire in a bow-tie show- 
ed an swr of about 2.5:l at the 3.5- and 
4-MHz band edges. When 1 checked the 
radiation resistance at resonance, it was 
found to be about 50% higher than with 
copper,or about 75 ohms for a single wire 
and 50 ohm for the bow-tie (see fig. 4). 

Speculation as to the reason for the 
increased radiation resistance, as well as 
how much antenna loss may have in- 
creased because of the higher resistance 
of this wire, led to quite a bit of re- 
search in reference books and experi- 
menting. 

First off, the wire I used is  desig- 
nated as number-16, but this refers to the 

GALVANIZED BOW-TIE 

35 

$ 3.0 
2.5 

20 

1.5 

3.5 3.6 3.7 3.B 40 

FREOUENCY fMHzI 

fig. 4. Swr performance of a galvanized single- 
wire dipole and a galvanized-wire bow-tie. 
Both antennas are resonant at 3.75 MHz. Ra- 
diation resistance of single-wire dipole is 75 
ohms; radiation resistance of bow-tie is 50 
ohms. 
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size before the zinc galvanizing is  
applied. Checking the wire table shows 
the diameter of number-16 as 50.8 mils 
(1.3mm). When checked with a micro- 
meter, the wire measured 62 mils 
(1.5mm). The diameter of number-14 
wire is  64 mils (1.6mm) so this wire is  
very nearly the equivalent. Although the 
use of galvanized wire for an antenna is  
by no means anything new, information 
on i t s  rf characteristics i s  difficult to 
find. After failing to find anything in 
the antenna reference books, some ex- 
perimenting led me to results that indi- 
cate, I think, a loss figure that i s  not too 
high when compared to copper. 

The resistance tables show zinc with 
two to three times the dc resistance of 
copper. And, because of skin effect, 
most of the antenna rf current will be in 
the zinc coating. In an effort to get a 
comparison, equal lengths of number-14 
copper wire and number-16 galvanized- 
steel wire were wound on identical 
forms and checked for Q a t  3.75 MHz 
with a Q-meter. This test showed the 
copper-wire coil had a Q about six times 
that of the galvanized-wire coil. From 
this data it was assumed that a 6-to-1 

LOSS RADIATION 
RESISTANCE RESISTANCE 

fig. 5. Relationship 
o f  loss resistance, 61.85 

R 1 ,  and radiation 
resistance, R2. rn 64 OHMS 

ratio of rf resistance was fairly correct 
at 3.75 MHz. 

The actual loss resistance of a copper- 
wire antenna at 3.75 MHz is another 
thing that i s  very hard to find in 
the reference books. The loss resistance 
is usually considered to be "extremely 
low" or "negligible," and the only book 
I could find with anything like a de- 
finite statement was Transmission Lines, 
Antennas and Waveguides.' On pages 
113 and 114 the authors stated that, 
when using 80-mil (2mm) copper wire 
at a frequency of 3 MHz, a dipole with 

64 ohms load resistance a t  resonance 
will have 3% of the 64 ohms as loss 
resistance. This works out to be 1.92 
ohms, and should be nearly the same at 
3.75 MHz as the shorter length would 
just about balance the effect of the 

fig. 6. in  this modiflcatlon of the basic 
bow-tie antenna, the ends are tied to 
gether. Bandwidth is affected little b y  
spreads from 6 to 16 feet (1.8 to 4.9 
meters). Radiation resistance of this an- 
tenna is 5 0  ohms at 3.75 MHz. 

higher frequency. For number-14 
copper wire, the smaller diameter 
should raise this to about 2.15 ohms 
(1.92.\/=). 

Fig. 5 shows the relationship of the 
loss resistance and the radiation resis- 
tance. The percentage of power lost in 
heating the wire, of the total applied to  
the antenna, would be Rl l (R1 + R2) = 
2.15164 = 3.4%; the percentage radiated 
would be 100-3.4 = 96.6%. For the 
galvanized-steel wire, we can assume the 
loss resistance to be six times 2.15 or 
12.9 ohms. It i s  assumed that this figure 
for the single galvanized wire will re- 
main substantially the same with 
average variations in antenna height and 
inverted-vee angle. For the single galvan- 
ized wire, the loss ratio i s  12.9175 = 
17.2%, yielding an efficiency of 82.8%. 

Because the two wires of the bow-tie 
are in parallel for the antenna current, 
the effective loss resistance should be 
about one-half that of the single wire. 
For the copper and galvanized bow-ties, 
therefore, the loss resistance should be 
about 1.08 ohms and 6.45 ohms, respec- - .  
tively. The relative frequency response 
of the antennas that have been checked 
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can be expressed by the bandwidth over meters) makes very l i t t l e  difference in 
which they can be used with no more the swr characteristic. A very wide 
than a 2:l swr (see table 1). The figure spreader, however, results in a propor- 
of 2:l is used because this i s  the maxi- tionate reduction in overall length. Fig. 
mum swr specified by many manufac- 7 shows one arrangement that worked 
turers for their transmitters or trans- very well with swr performance slightly 
ceivers. An swr of 2 : l  i s  also the value better than the standard spread. 

table 1. Bandwidth of different 80-meter antennas for maximum swr or 2:1 
(antenna resonant at 3.75 MHz). 

antenna load loss percent 
type resistance resistance loss bandwidth 

Single copper wire 45 ohms 2.15 ohms 4.8% 165 kHz 
Single galvanized wire 75 ohms 12.90 ohms 17.2% 188 kHz 

Copper-wire bow-tie 3 0  ohms 1.08 ohms 3.6% 190  kHz  
Double bazooka 35 ohms - - 206 kHz 
Galvanized-wire bow-tie 5 0  ohms 6.45 ohms 12.9% 325 kHz 

above which line loss begins to mean 
something. 

bow-tie antennas 
A useful modification to the basic 

bow-tie antenna is that of tying the two 
wires together at the ends as shown in 
fig. 6. This shortens each side by about 
one-half of the end separation as shown. 
The overall length of 103 feet (31.4 
meters) is very desirable where space i s  
limited. The end connection can be 
made by using light-weight aluminum 

A simple and economical L-network 
tuner, as in fig. 8, will allow an antenna 
cut for resonance at 3.75 MHz to be 
used over the entire 80-meter band with 
no more than 1.5:l swr at the trans- 
mitter terminals. The maximum swr on 
the feedline is  only about 2.6:l so with 
RG-81U feedline, the line loss due to 
swr would be about 0.34 dB at 3.5 MHz 
and 0.44 dB at 4 MHz, practically neg- 
ligible amounts. 

A comparison of the associated feed- 
line loss of the two bow-tie antennas 

table 2. Losses of copper and galvanized bow-tie antenna systems with 
RG-8/U coaxial feedlines. 

antenna antenna feedline total 
type frequency loss loss loss 

Copper-wire bow-tie 3.75 M H z  0.17 dB 0.50 dB 0.67 dB 
Galvanized-wire bow-tie 3.75 M H z  0.65 dB 0.28 dB 0.93 dB 

Copper-wire bow-tie 4.00 M H z  0.17 dB 0.88 dB 1.05 dB 
Galvanized-wire bow-tie 4.00 M H z  0.65 dB 0.40 dB 1.05 dB 

spreaders, a wood spreader with wire (no tuner) is presented in table 2. The 
connector, or any other method that larger feedline loss of the copper bow- 
provides the mechanical spread and the t i e  is the result of the low radiation re- 
electrical connection. sistance of 30 ohms which results in 

The spread of the wires can be either considerably higher line current. This 
horizontal or vertical. A variation of effect was checked out experimentally 
spread from 6 to 16 feet (1.8 to 4.8 with a dummy antenna on the bench. 
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fig. 7. Bow-tie antennas can also be built wi th 
a very wide spread as shown here. As well as 
shortening the overall length of the antenna. 
this slightly Improves the swr performance. 
Radiation resistance of this antenna is 50 
ohms at 3.75 MHz. 

Table 2 shows that the price paid in 
increased loss from the use of the gal- 
vanized steel wire is  small enough to 
justify its use for the resultant broad- 
band characteristic of the antenna. Its 
lower cost, compared to copper, is a 
fringe benefit. The durability of this 
wire, if my case is typical, i s  very good. 
The same wire has been up for two 
years with no visible rust. A coating of 
varnish or lacquer could b e  applied 
before putting the antenna up, if 
desired. 

LI 
XMTR ANTENNA 

C1 125 pF  mica, 1000 worklng volts 

C2 250 pF  air variable, 0.030" (O.8mm) 
spacing or greater 

L 1  9 turns no. 16, 1-7/8" (48mm) diam- 
eter, 1" (25mm) long, tapped at 2, 5 
and 7 turns 

fig. 8. Simple L-network antenna tuner which 
can be used to  match the bow-tie antenna t o  
50 ohms over the entire 80-meter band (swr - 
l .5:l or less). Inductor L 1  is 9 turns no. 16 
airwound on 1-7/8" (48mm) diameter, 1-inch 
(25mm) long. tapped at approximataly 2. 5 
and 7 turns. Capacltor C2 should have spacing 
of 0.03" (0.8mm) or more. 

operating Q 

The operating Q of the bow-tie an- 
tenna can be reduced further by using 
the parallel compensating circuit shown 
in fig. 9. This circuit is  simple, inexpen- 
sive and will work with any dipole to 
some extent. I t  makes use of the prin- 
ciple that a parallel tuned circuit has the 
opposite reactance variation on each 
side of resonance as that of a series 

FREOUENCY (MHz) 

fig. 9. The bandwidth of the galvanized-wire 
bow-tie antenna can be increased still further 
by  the addition of the parallel L-C circuit 
shown here (see text). Feedline is 88-feet 
(24.4m) long. 

resonant circuit. When connected as 
shown in fig. 9, the parallel network will 
cancel some of the series reactance ex- 
hibited by the antenna on each side of 
resonance. The values of inductance and 
capacitance were determined by experi- 
ment for best results. The capacitance is  
2500 pF and the coil is adjusted by 
means of a grid dipper to resonate with 
the capacitor at 3.75 MHz. 

By shortening or lengthening this an- 
tenna, the resonant point can be moved 
higher or lower to obtain the desired 
coverage. Eight inches (20.3cm) of 
change, in each wire, will produce about 
80 kHz frequency shift. 

Considerable time and effort have 
been spent to answer two obvious ques- 
tions: Why does the bow-tie antenna ex- 
hibit broader response than a single 
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wire, and why does the use of galvan- 
ized steel wire show the same effect? As 
for the first question, one reference book 
indicated that the bow-tie arrangement 
effectively increased the conductor size. 
That does not satisfy me. The most 
logical explanation seems to be that the 
two parallel wires reduce the inductance 
while at the same time increasing the 
capacitance between the halves of the 
antenna and the ground. The reduction 
in reactance is  great enough to more 
than compensate for the reduction in ra- 
diation resistance, resulting in lower Q. 

As to why galvanized steel wire in- 
creases the bandwidth of the antenna, i t  
i s  thought that the 60% increase in feed- 
point resistance at resonance (in the 
bow-tie), as indicated by an antenna 
noise bridge, must be the reason for the 
lowered Q. Part of this increase is due to 
the higher loss resistance, of course, and 
this has been calculated to be about 
6.45 ohms while the actual increase is 
20 ohms. This would require a ratio of 
2011.08 or about 18.5 times as much rf 
resistance in the galvanized as the 
copper antenna. Even considering the 
limits of the Q meter for making coil 
comparisons, this i s  much too great an 
error to believe possible. 

It has been noticed, however, that 
the galvanized wire, for a given resonant 
frequency, is about 4% shorter than the 
copper wire. This could be explained, as 
suggested by WBBBHG, by a "velocity 
factor" effect of the current flow slow- 
ing down on the higher resistance wire. 

LI 
XMTR 0 ANTENNA 

fig. 10. L-network for use with the bow-tie 
antenna with compensating network shown in 
fig. 9. Resultant swr curve is plotted in fig. 11. 
L 1  is 9 turns no. 16. 1-7/8" (49mm) dia- 
meter, l" (25mm) long, tapped at 2, 5 and 7 
turns. Capacitor C 1 is a 2 5 0  PF mica. 1000 
working volts. 

fig. 11. When a gal- GALVANIZED 
BOW-TIE 

vanized-wire bow-tie 
antenna with com- 
pen sating network 
(fig. 9) is used with 
a slmple L-network GMFWSATING 

NETWORK 
(fig. l o ) ,  the swr is (F IG.  9 1  

1.5:l or less over 
the entire 80-meter 
band. RG-CI/U FEEDLINE. 

A/.? LONG. (APPROX 
8 8 '  OR 26 Em1 

L-NETWORK FH-I-) ( F I G ,  la )  

This might raise the radiation resistance 
and lower the 0. 

One experiment was t r ied  using 
number-26 copper wire instead of gal- 
vanized steel. The swr at the band edges 
of 80 meters was about 3.2:l and the 
radiation resistance about 65 ohms. The 
rf resistance of number-26 copper, ac- 
cording to the wire table, should be 
about 85% of the single galvanized-steel 
wire. 

The transmission line used for a l l  
tests and swr curves was 88 feet (26.8 
meters) long, checked out with a noise 
bridge for one-half wavelength at 3.75 
MHz. I t  was found experimentally that 
the circuit of fig. 10, with the values 
shown, when inserted between the 
transmitter and feedline, modified the 
swr curve to that shown in fig. 11. For 
this result, however, the transmission 
line must be close to one-half wave- 
length long. To obtain the averaging out 
effect the transmission line should be 
within 5% of one-half wavelength long. 

The simple circuit of fig. 10 replaces 
that of fig. 8 when the parallel compen- 
sating circuit a t  the antenna and a half- 
wave feedline are both used. This brings 
the system to the point where no tuning 
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is needed a t  all, with very low swr at the 
transmitter output terminals. 

operation 
The ability to work across the entire 

band with no more than 1.5:l swr, as 
shown in fig. 11, provides very smooth 
operation. A variable antenna tuner 
with a coax fed copper antenna will also 
cover the 80-meter band but with a 
much more complicated tuner and with 
much higher line loss. 

Swr curves were run with and with- 
out a balun a t  the center of the antenna. 
Both straight-core and toroid types were 
tried. The only observed difference was 
a downward shift in resonant frequency 
by about 50 to 75 kHz. Substitution of 
number-14 galvanized wire with an 
actual diameter of 75 mils (1.8mm) re- 
sulted in a very small change as com- 
pared to number-16 wire. A third wire, 
strung between the two wires of the 
basic bow-tie, was tried with very little 
change. 

One thing I did notice was that twist- 
ing the two wires together a t  the center, 
even for 2 or 3 feet (61 to 91cm), 
raised the swr about 6%. This effect led 
me to try bracing the two wires about 
10 inches (25.4cm) apart a t  a point 
about 18 inches (45.7cm) out from the 
meeting point, but no improvement was 
observed. 

I experienced no difficulties from the 
wires getting twisted or tangled after the 
antenna was installed. Winds up to 60 
mph (97 kmh) have given no trouble. 

All experimental work was carried on 
jointly with W8URR who first suggested 
the use of the bow-tie arrangement with 
which he had already done considerable 
experimenting. Both he and W8SAY are 
using the antenna with very satisfactory 
results. 

reference 
1. King, Mimnow and Wing, Tmnsmission 
Lines, Antennas and Waveguides, McGraw- 
Hill, New York, 1945. 
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Put together a wide variety of 
exciting new products and 
a dynamic young company on the move 
and you have DENTRON 
. . . dedicated to 
Making Amateur Radio More Fun. 

HERE'S A REAL PLUS 
You will add a real plus 
to your SSB station 
when you give it complete 
160-meter receive and transmit 
capability with the exciting 
new Dentron 160 XV 
Transverter. Just two simple 
connections with no 
modifications and you're 
on the air. 

TRANS I3 

Let the Dentron 160 AT antenna tuner solve 
your 160-meter antenna problems the easy un- 
complicated way. This transmatch will load any 
random length antenna from a short whip to 
an extra-long wire. Use it with virtually any ex- 
isting HF antenna you already have. Handles 
maximum legal power. Use with the 160-XV or 
any other 160 meter equipment requiring a 
52 ohm antenna. 
Dentron 160 AT Antenna Tuner $59.95 ppd. USA 

5 .watts drive gives 100 watts 
DC input 
3.8 to 4.0 MHz input 
Matches 50 ohm antenna 
Built in 110/220 V 50/60 Hz 
supply 
Units are available for the 2 
MHz MARS frequency 

Dentron 160 XV Transverter 
$199.95 ppd. USA 
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The Brand New 1604 Vertical Antenna 
Another eye opener from Dentron, this new 
vertical antenna will solve your 160, 80 and 
40 meter problems. 

Efficient Vertical Design 
Self Supporting 
Weatherproof 
Quick & easy one man installation 
Covers 160, 80 or 40 meter band with 
only one adjustment. 

16040V Antenna .................. . $79.50 ppd. USA 

Here is  another Dentron first. This is the low cost way t o  
a six band antenna tuner de- match almost any random 
signed to solve virtually any length wire on the five most 
matching problem you may used HF bands. 
have. Covers 80 through 10 meters 

Covers al l  bands 160 through Handles maximum legal power 
10 meters 
Handles maximum legal power Matches length long 
Matches coax feed, random wire antennas 
wire and balanced line Features Dentron quality and 
Includes heavy duty balun value 
for balanced line Model 80-10 Antenna Tuner . Black wrinkle finish cabinet $49.50 ppd. USA 

160-10 Super Tuner $119.50 
ppd. USA 

Be ready for restructuring - 
Special Supertuner handles 3 
KW PEP amplifiers - 

$229.50 ppd. USA 

RADIO CO., INC. 
2100 Enterprise Aven 
Twinsburg, Ohio 4408 
Phone: 216-425-8073 
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loop 
receiving aid 

A method 

for improving 

signal-to-noise ratio 

on the 

lower-frequency bands 

You've heard it before and it's worth 
repeating: "If you can't hear 'em, you 
can't work 'em." Most hams I've talked 
to or heard on the air on the lower 
frequencies use quarter- or half-wave 
antennas in vertical, horizontal or 
inverted-vee configurations. While these 
antennas do a creditable job of trans- 
mitting rf, they can be noise collectors 
for receiving because of their physical 
size and proximity to man-made noise 
sources. 

Presented here is  a scheme that uses a 
fet preamp or a Q multiplier with a loop 
antenna which is easy to rotate from the 
operating position and will allow you to 
discriminate between signals and noise. 
The loop is only 18 inches (46cm) on a 
side with two windings spaced 2 inches 

antenna 
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(5cm) apart. A complete parts list and 
construction drawings are included. The 
loop structure can be made with a few 
pieces of wood, and the electronics are 
simple and inexpensive. 

loop antennas 
The rotary beam, if designed prop- 

erly, discriminates well between the 
desired signal and interference. How- 
ever, not many amateurs are fortunate 
enough to have a rotary beam for the 
lower amateur frequencies. If we sacri- 
fice some gain and use a small loop that 

% will give reasonable attenuation on an 
interferring signal or noise, we'll have a 

Y! desirable receiving aid. Such an antenna 
Q 
7 has been around for years and its 

characteristics are well documented.l.* 
Z Largely ignored by today's amateurs, 

the loop antenna was a standard piece 
of equipment in early ham stations but 
was generally huge and cumbersome 

. because of the low frequencies in use in 
r 
N those days. The loop doesn't have to be 
r- 

large to be an effective noise discrimi- 
nator on the lower amateur frequencies 
in use today. The entire assembly, in- 2 cluding antenna and preamp or Q multi- 

m' plier, can be mounted on your receiver. 
Used properly, this combination could 

N 
mean the difference between solid recep- 
tion and frustration. 

0) 
c Loops have a pattern that exhibits 

maximum response in the plane of the 

g loop and minimum response in a plane 
Y normal to the loop (fig. 1). Note that 



this response is exactly opposite to that 
of a quad antenna. This suggests that a 
small loop antenna with appropriate 
electronics might be useful as a noise 
discriminator on the higher amateur 
frequencies when used as a receiving aid 
with a quad. 

receiver input impedance 
A loop antenna with i ts  tuning capac- 

itor i s  a common LC circuit. I t  could be 
substituted for the tuned circuit in your 
receiver rf amplifier. Few hams, how- 
ever, would want to make the circuit 
modifications. Most modern receivers 
use a low-impedance antenna input; and 
since the basic loop has a high impe- 
dance, we need a one-turn loop coupled 
to the large tuned loop to act as a 
low-impedance transformer to the re- 
ceiver input. See fig. 2. 

design examples 
The first thought that might enter 

your mind when constructing a loop is  
to use the number of turns required for 
the lowest frequency desired, and pro- 
vide taps in the winding for the higher 
frequencies, which is not an uncommon 
practice with coils. My experience using 
this means has proved that it is not 
practical. For some reason, the unused 
turns seem to saturate the loop, and a 
sharp resonance becomes hard to 
achieve. Also the directivity pattern 
becomes questionable. I've found that 
it's better to wind two separate loops on 

+ 
@ TOP VIEW 

fig. 1. Loop antenna field strength patterns. 

the same frame, with the most spacing 
you can provide between the two wind- 
ings, e.g., about 2 inches (5cm) will 
provide excellent performance. I've also 
found that as far as the LC ratio is 

fig. 2. High- and low-impedance loop outputs. 
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concerned, the higher the capacitance 
(within reason), the more effective the 
loop performance. 

An example of this i s  the loop that I 
will describe. I t  is approximately 18 
inches (46cm) on a side and contains 
two windings spaced 2 inches (5cm) 
apart. One winding consists of two turns 
spaced 114 inch (6.5mm) and covers 40 
and 80 meters. The other winding con- 
sists of 5 turns spaced 114 inch (6.5mm) 
and covers 80, 160 and the high end of 
the broadcast band. With this arrange- 
ment, the loop is more effective on 80 
meters using the 2-turn loop with high 
capacitance than the 5-turn loop with 
low capacitance. 

h 
fig. 3. Fet preamp for the loop antenna. 

fig. 4. Loop antenna with Q-multiplier. 
Regeneration control is by means of L1, 
L3 coupling. 

Loop with preamp input. While the 
loops performed satisfactorily in their 
basic configuration, as my first experi- 
ment I decided to add an rf amplifier 
using a solid-state device, and the circuit 
of fig. 3 evolved. Here the loop is  
connected to the gate of an HEP-802 fet 
and output to the receiver i s  taken from 
the source. Results were good, but I felt 
that the null could be improved, per- 
haps by increasing circuit Q. 

Loop with Q-multiplier input. Recalling 
the principles of the Q multiplier, I 
decided to substitute such a circuit for 

table 1. Parts list for loop antenna. 

item quantity description 

1 4 wood strip 
2 3 support 
3 1 support 

4 2 loop frame brace 

5 1 base 
6 2 support bracket 
7 2 angle bracket 
8 2 circuit board 

9 1 wood dowel 

10 1 wood s t r i ~  

dimensions 

1/2 x 3/4 inch 
fig. 6A 
fig. 6 8  

fig. 5 

to  suit 

3 inches 
(76mm) 
see text 

see text 

use 

loop frame 
loop wire 
bottom loop 
wire 
feedback 
loop L 3  
loop support 
loop frame 

fig. 3 and 4 

feedback loop 
~3 support 
support for 
ends of L3 

The variable capacitor I use came the fet preamp (see fig. 4). Feedback 
from an old BC set. I wired its two control is obtained by an adjustable 
stators in parallel and assume i t  has a loop of wire, L3, coupled to the loop, 
maximum capacitance of 600 pF. I use L1. Receiver input i s  taken from L2. By 
a small dpdt switch to select the desired rotating L3 within the field of L1 the 
loop. desired amount of regeneration can be 
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fig. 5. Construction details. Clrcled numbers 
refer to table 1. L3 and pieces 9 and 10 are 
required only if a 9 multiplier is used. 

obtained, circuit Q i s  improved, and the 
null is much more pronounced. Better 
control i s  obtained for separating noise 
from the desired signal. 

Note that a loop antenna can also be 
used as an absorption wavemeter. When 
using it with solid-state devices beware 
of placing the loop in a strong rf field. 

construction 
Fig. 5 and the parts l i s t  (table 1 )  

should be self-explanatory. The basic 
loop contains two windings: a two-turn 
loop for 40 and 80 meters and a 5-turn 
loop for 80, 160 and the high end of the 
broadcast band. Four turns can be used 
if operation on the broadcast band is  
not desired. 

The structural support for the loop 
wire is made from two strips of wood 
fashioned in a cross. The simplest wind- 
ing is made by starting the wire from 
the outside, winding around and 
around, to the inside. The wire is 
supported on the cross arms with tacks 
or notches. The size of the frame, 
number of turns, and spacing will be 

determined by the desired frequency 
coverage. 

Another winding pattern i s  made as 
a large, square-shaped, wide-spaced sole- 
noid. In this case, short strips of wood 
are required at the appendage of the 
supporting arms, with notches to sup- 
port the wire. Here again the size, 
number of turns, and spacing will de- 
pend on the frequency range desired. 

Incidentally, there is a school of 
thought that reasons as follows: Since 
the maximum gain of a loop antenna is  
in the plane of the wires, a loop wound 
in a wide-spaced solenoid configuration 
and mounted in a diamond position 
(points of the square top and bottom) 
will have a better capture area. While I 
can't prove it, I am inclined to agree. 

Since the wire is  the only important 
element of a loop, the basic construc- 
tion of the frame can be left to your 
ingenuity and materials on hand. The 
frame, of course, should be made with 
insulating material. I suggest that the 
wood frame be painted with coil dope. 

Fig. 6 details the loop wire support 
arms. Note that one extra notch for 
wire is  required in the bottom arm due 
to the winding pattern. I formed the 
notches in the support arms in the 
following manner. I drilled the required 
number of holes in the arms on a line 

L3/4" (19 mm) LN~TCH FOR L l / Z . X  3/4" 
FRAME 03 X 19 mmJ 

Q 
fig. 6. Loop wire support arms. 

about 118 inch (3mm) in from the 
outside edge, then clamped the supports 
in a vise and cut slots into the holes 
with a hacksaw. Next I folded a piece of 
sandpaper and widened the slots to suit 
the wire size. A piece of string a little 

may 1975 69 



From Corvus, a unique 100% solld-state 
digital clock packed with features any ham 
radio operator will appreciate. 

Built around a single MOS integrated cir- 
cuit, Zulu 10 provides 24-hour GMT with 
to-the-second accuracy. The special alarm 
alerts you every 10 minutes with a soft, 
pleasant signal to help you meet station 
identification requirements. And it's reset 
with a single "flick of the wrist" motion of 
the clock. 

Feature-packed, trouble-W opefatlon. 
Bright LED display for hoursand minutes. 

Seconds are indicated by a pulsing lamp 
Automatic display dimming for easy view- 

ing - Attractive, compact silver case - 
Pushbutton controls neatly tucked in base 
060 HZ AC operation Full year written 
warranty 

Designed and engineered for the ham 
radio operator by Cowus Corporation. 
Dallas-based subsidiary of Mostek Cor- 
poration, an Industry leader in MOS lnte- 
grated circuit technology. 

Order yours today. 

I 

I 
I 

! 13030 Branch View Lane. Dallas. Texas 75234 ! 
1 Pleese send m e l u l u  1qs) at 539.95 each, plus 52.85 1 
I (or postage and handling (add local and state tax where I 
I appl~cable). I've enclosed check money order. I 
I I 

I Name I 
I t 
I Address I 
I 

State Zip - I I CnY I 
I Money back guarantee. If you are not totally satisfled with I 
I your Zulu 10. send it back to us within 10 days and your 1 
I money w~ll be refunded. HR I 
L--------,--,----------------i 

larger than the wire diameter, rubbed 
over a candle and worked into the slots, 
made it easy t o  obtain proper tension i n  
the loops when securing the ends. 

The feedback-loop support dowel 
should be cut 114 inch (6.5mm) shorter 

- h h '- rt7 
fig. 7. Suggested power feed for r remote loop 
with fet preamp. 

than the space between the supports. 
The ends o f  the dowels should be drilled 
on the vertical centerline t o  take a short 
length o f  heavy wire. This wire should 
project 318 inch (9.5mm) at the top  and 
118 inch (3mm) at the bottom. The 
supports should be drilled at their 
centerline t o  accept the wire. The dowel 
is inserted into the top support first, 
then swung in  t o  the bottom support 
hole. Rotation t o  obtain proper feed- 
back is b y  manual adjustment. I n  con- 
structing the loop frame, I cut all pieces 
t o  proper length and shape, then 
assembled them using Pliobond cement 
and a few brads. 

Fig. 7 is a suggested circuit t o  supply 
power t o  a loop antenna preamplifier 
through the coaxial transmission line 
when the loop is in  a remote location. I 
suggest that the voltage drop that might 
occur i n  the two r f  chokes be checked 
and, i f  warranted, the voltage increased. 

references 
1. Frederick E. Terman, Radio Engineers' 
Handbook, McGraw-Hill, New York. 1943, 
page 813. 
2. Keith Henney, Radio Engineering Hand- 
book, McGraw-Hill, New York, 1959, pages 
3-26, 19-7, 19-21, 19-1 16, 19-184. 
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tilt-over tower 
uses extension 

ladder 

Tilt-over tower 

based on the use 

of a 40-foot 

aluminum extension ladder 

is inexpensive 

and easy to erect 

It i s  difficult to beat the tilt-over tower 
as a means of supporting your beam 
antenna as i t  permits easy access to the 
elements for adjustments or repairs. Un- 
fortunately, these structures are expen- 
sive and require a rather elaborate instal- 
lation. If you are required to move 
because of a job change, retirement, or 

just plain restlessness, there then arises 
the problem of what to do with the 
tower. Many times it must be either 
given away, or sold at a substantial loss. 

The system described here makes use 
of a readily obtainable aluminum exten- 
sion ladder which is light, easy to 
handle, and far less expensive than the 
usual tower. And if you should move, it 

1 is easier to transport or, if necessary, 
dispose of the ladder which can always 
be put back to the sort of work for 
which i t  was originally intended. 

ALLIANCE ROTATOR 

MAST 

THRUST BEARING 

fig. 1. Top of tower 
I s  b r a c e d  w i t h  
wooden rung and 
tension cables. Ro- 
tator is mounted on 



construction 
After installation of this tower, the 

whole assembly i s  erected in the retract- 
ed position; the ladder i s  then extended 
to i t s  full height for rigging. For my 15- 
and 10-meter quad an Alliance TV ro- 
tator with thrust bearing was mounted 
on the ladder as shown in fig. 1. To 
prevent twisting and damage to the 
ladder from wind action, a wooden rung 
was inserted a t  the extreme top of the 
upper section, with two crossed cables 
w i th  turnbuckles for tensioning, as 

LWIRE MESH REINFORCEMENT 

fig. 2. Hinged tilt-over base is made from 
reinforced concrete. 

shown in fig. 1. Don't mount your beam 
without this modification to the ladder. 

The swiveled feet originally installed 
on the bottom of the ladder were re- 
moved by drilling out the rivets and 
reaming the holes to a diameter permit- 
ting the insertion of a length of half- 
inch (13mm) iron pipe (fig. 2). This 
pipe becomes the pivot which anchors 
the bottom of the tower. 

The ladder is secured vertically 
against the end of the house by a lag 
bolt through a board fitted between the 
vertical members of the ladder's lower 
section as shown in fig. 3. An eyebolt to 
the frame of the house secures a block 

'-EYEBOLT Foa BLOW a TACKLE 
(TO STRUCTURAL MEMBER OF HOUSE1 

fig. 3. Method of securing the lower ladder 
section to the house. 

and tackle which is used to raise and 
lower the assembly. 

Guy wires are fastened to the ladder 
by running them through the hollow 
rungs, and attaching the end as shown in 
fig. 4. Thus, extreme or continued 
stresses will not tend to pull the ladder 
apart. 

Ladders of this type are available in 
lengths up to 40 feet (12 meters). With 
the additional height provided by the 
10-foot (3m) rotating topmast, which 
supports the quad, a total height of more 
than 45 feet (13.7m) can be obtained. 

With this type of antenna support, as 
well as with more conventional towers, 
the problem of neighborhood children, 

fig. 4. Fastening guy wires to the tower (de- 
tails of fig. 1 omitted for clarity). 
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fig. 5. Extension-ladder tower can be child- 
proofed by addlng plywood covers to  each 
side of the ladder. 

or your own for that matter, climbing 
it, with resulting danger of injury, i s  
ever present. The ladder can easily be 
made "child proof" by using two pieces 
of outdoor plywood, one on each side 
of the lower section, so that the rungs 
are effectively covered up (fig. 5). A 
conventional tower can be protected in 
a like manner by proper location of 
plywood shields so that no hand-holds 
are present. Means of securing the shield 
will be left to the ingenuity of the 
builder. A hasp from one shield through 
the other, with a padlock, would seem 
to be an effective arrangement. 

This installation has been in place for 
a year or so, and has been very easy to 
operate single-handedly, taking a little 
over an hour to bring down the antenna, 
make whatever adjustments are necessary 
and put it back into operation. 

ham radio 

KEYBOARD A N D ,  

ENCODER I 

* 53 Keys 
* ASC I I Encoder 
* For: Terminals 

T V  Typewriters 
Calculators 
RTTY Displays 
CATV and more 

More keys-more features and still the same 
price. Our KBD-2 comes with "Line Feed", 
"Cancel" and "Escape" functions for more 
convenient teletype and computer operation. 
Two user defined keys are connected to iso- 
lated output lines on the connector to allow 
use as "Here Is", or other such special func- 
tions. 
Keyswitches are full typewriter travel and 
response type, arranged in a modified ANSI 
layout. Full length spacebar with equalizer. 
Keyswitches are mounted on a fiberglass cir- 
cuit board. The encoder provides a standard 
ASC II output and includes a debouncer 
circuit. ASC II code includes shift and con- 
trol functions with three user defined keys 
available. Keytops are first quality double- 
shot molded types for permanent good ap- 
pearance. Gold plated contacts on key- 
switches. NEW-no surplus parts. Typewriter 
style-NOT a modified keypunch board. 
KDB-2 Kit ............................................. 9 ppd 

DEPT H 
219 W. RHAPSODY 
SAN ANTONIO, TX 78216 
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ments 
tively, for the low cutoff frequency of 
20- and 40-meter log-periodics. This re- 
sults in improved performance at the 
low end while the midband and high- 
end performance remain the same. 

When installing a log-periodic beam, 
be sure that the area in front of 
the beam is  clear of obstructions or 

improved other antennas. If you position your 

logmperiodic beams standard dipole or test  antenna too 
close to the front of your log-periodic, 

Dear HR: it may completely upset the pattern. 
When I originally started designing This was called to my attention by 

and building fixed fog-periodic wire Tony Mony, K4LD. He originally had a 
beams, I cut the active elements to 7-MHz inverted-vee only 10 feet (3m) in 
resonate near the center of the 20- or front of his 7-MHz log-periodic (which 
40-meter bands. I later discovered that showed no gain). When he removed the 
i t  was better to cut these elements for inverted vee, the log-periodic provided 
the low end of the desired band. In my lower swr over the 7-MHz band as well 
article on feed systems for log-periodics as good forward gain. 
in the October, 1974, issue of ham George E. Smith, W4AEO 
radio, the rear element (element 1) was Camden, South Carolina 
shown to be 35 or 36 feet (10.7m to 
I I m) long for the 20-meter antennas, 
and 70 to 72 feet (21.3m to 21.9m) remotely-controlled 
long for the 40-meter versions. In these 
log-periodics the active element (ele- gamma match 
ment 2) was 32 to 33 feet (9.8m to capacitor 
10.lm) and 64 to 66 feet (19.5m to 
20.lm), respectively, for the 20- and Have you ever wished you could 

40-meter antennas. adjust that gamma-matching capacitor 

I have since found that the forward On Your beam from the ground? Or 

gain and front-to-back ratio at the low- risked your neck up on a tower to get 

frequency end is  improved by making that last couple of tenths of vswr? 

elements 1 and 2, respectively, 37 feet Here's a way to make that adjust- 

(1 1.3rn) and 33.4 feet (10.zm) for the IIIenf right in your shack while sitting 

20-meter antennas, and 74 and 66.8 feet down. Burstein-Applebee* has a surplus 

(22.em and 2 0 . 4 ~ )  long for 40 meters. TV remote-control reversible motor for 

The remaining elements will be propor- $3.95 (catalog number I8A1465) which 

tionately longer. has enough torque to do the job. The 

when designing log periodics from unit comes with a 10k pot with protrud- 

scratch (see article On page 141, 1 now "~urstein-Applebee, 3199 Mercier Street, St. 
use 13.9 MHz and 6.9 MHz, respec- Louis, Missouri 641 11. 
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ing shaft for hand adjustment. I coupled 
this shaft to an E. F. Johnson 140-pF 
transmitting variable with an insulated 
flexible coupler, weatherproofed the 
whole thing in an aluminum box, and 
mounted it on the boom near the driven 
element. Since the Johnson capacitor 
has a double-ended shaft, a control 
knob can be added for hand adjustment 
if you insist. You need a small three- 
wire cable down to the shack for remote 
operation and Burstein-Applebee in- 
cludes a schematic for the motor which 
operates on 1 15 volts, 60 Hz. 

Since it's an instant start and stop 
device, with a little practice you can 
catch it at the bottom of the null. The 
10k pot can also be used to work up a 
servo-control to operate a multi-position 
wafer switch for remote antenna switch- 
ing. Disable the detent mechanism of 
the switch, though, as the motor doesn't 
have enough torque to overcome it. 

Forrest Gehrke, K2BT 

antenna mast design 
Dear HR : 

The technique of antenna mast design 
discussed in my article "Design Data for 
Pipe Masts," in the September, 1974, 
issue of ham radio is based on approxi- 
mations accounting for the fact that 
pipe masts are highly flexible structures. 

L'P , ( L , +  $10 + ( L ' + L l  F 

SOLVE FOR P 

W B9 D ES recommends that such 
masts be designed by the technique of 
analysis used for rigid beams. This can 
be done using the curves of the article as 
follows: 

1. Calculate the length of the top sec- 
tion as in the example. 

2. Calculate the second section length 
in the same way, but treat this as a trial 
value. For a second trial, refer all upper 
loads to the top of the second section: 
From the curves determine the allow- 
able section length, and use this as a 
second trial value. Repeat until the trial 
value and graph value agree. 

3. Repeat the process of step 2 for each 
lower section until the desired height i s  
obtained. 

Masts designed by this method will de- 
flect less under load, and will have a 
larger safety factor. 

R.P. Haviland, W3MR 
Daytona Beach, Florida 

speech processing 
Dear HR: 

My attention has been called to 
G6XNJs article of speech processing in 
the November and December, 1972, 
issues of ham radio and the subsequent 
correspondence. I feel that there are still 
some points to be clarified, particularly 
in reference to audio speech clipping. 

It is rightly supposed that audio 
clipping produces harmonic distortion 
products within the upper registers of 
the speech spectrum. The superiority of 
rf clipping comes from the fact that 
such products are largely eliminated. 
The unwanted distortion products can 
be regarded as noise and their existence 
constitutes a decrease in the signal-to- 
noise ratio, making i t  more difficult for 
the listener to perceive the essential 
speech components. Harmonic products 
are not, however, the only disturbances 
produced by audio clipping. Largely 
overlooked is a high-frequency mutila- 
tion effect. What happens is that on any 
extreme swings of the primary low- 
frequency components, any high- 
frequency ones get erased by the limit- 
ing action of the clipping diodes. This 
can be seen if one analyzes the result of 
the clipping of a compound waveform 
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BEFORE CLIPPING AFTER CLIPPING 

LOW-FREOUENCI 
COMWNENTS 

HrGH-FREOUENCI COMPONENTS 0 
fig. 1. Speech clipping results in  mutilation of 
the higher audio frequencies by the lower 
ones as shown here. VK4LR suggests a sub- 
band speech processing system to solve this 
problem (see text). 

consisting of two components of about 
equal amplitude (see fig. IA) .  Separa- 
ting the two components after clipping 
(fig. 1B) illustrates that the high- 
frequency one has been reduced to 
modulated pulses. In other words, in the 
presence of a strong low-frequency com- 
ponent and with heavy clipping, any 
high-frequency component information 
can only be conveyed during and near 
the times of zero low-frequency compo- 
nent value. All high-frequency compo- 
nents thus become strongly mutilated. As 
the human voice relies for the most part 
on a number of simultaneously occuring 
frequency components, articulation is  
destroyed by this high-frequency muti- 
lation as well as from the occurence 
of harmonic products caused by wave 
squaring. While rf clipping eliminates 
the harmonic product problem it does 
l i t t l e  to cure the mutilation of higher 
frequency audio components. 

One solution I am investigating is 
that of splitting the speech band into a 
number of sub-bands and treating these 
separately by clipping and filtering. The 
sub-bands are combined after processing 

to reconstitute the full speech spectrum. 
Thus, any harmonic products generated 
by the lowest sub-band, 350 to 700 Hz, 
are filtered off by a lowpass filter 
section set to cut off above 70 Hz. Since 
the first troublesome harmonic of the 
lowest possible frequency that can be 
passed is  a t  1050 Hz, i t  is well into the 
filter rejection region and can cause 
little offense. Providing several compo- 
nents of the speech waveform do not 
both fall into the same sub-band, no 
high-frequency mutilation can occur. 
Analysis of typical speech pattern shows 
that the formats generally fall roughly 
an octave or so apart. Thus simultane 
ous occurrences of two formats in the 
same sub-band would be infrequent. 

Preliminary test  of the multi-sub- 
band system indicates that very l i t t l e  
change in speech quality results when 
the system is  introduced to the circuit. 
No substantial data has been yet obtain- 
ed as to the communication gain that 
might be had, but some reports indicate 
that the gain is  considerable. 

L.R. Newsome, VK4LR 
Queensland, Australia 

reciprocating detector 
Dear HR: 

I built a reciprocating detector de- 
scribed by WISNN" and found that the 
concept of locating the reference filter 
in the middle of the passband was not 
acceptable, at least for receivers with 
high selectivity. To use it, I incorpo- 
rated another stage of conversion in my 
Collins 75A3, using the original bfo for 
beating so that the passband could be 
shifted in relation to a new reference 
filter crystal frequency of 80 kHz. With 
this addition and a circuit modification 
to make the feedback symmetrical, per- 
formance of the circuit has been very 
worthwhile. 

D.H. Gieskieng, WGNLB 
Rialto, California 

"Stirling Olberg, WISNN, "Reciprocating De- 
tector." ham radio, March, 1972, page 32. 
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tebook 
(I 1 mm) aluminum tubes just long 
enough to f i t  crosswise inside the 1%- 

unique method 
of clamping 
aluminum tubing 

Have you ever tightened the U-bolts 
around a 1%-inch (32mm) aluminum 
tube, only to have it slowly collapse as 
you torque up the nuts? To add to the 
frustration, the aluminum tube takes a 
Dermanent set which limits the amount 
bf force the clamp can be made to 
apply. 

The use of steel U-bolts to join tub- 
ing is common practice with commercial 
antenna installations. The U-bolts are 
simple and economical, but their use 
with aluminum tubing generally leads to 
the problem mentioned above. An alter- 
native is to fabricate special clamps, 
such as those illustrated in the ARRL 
Handb0ok.l If minimizing weight on 
the mast is as important to you as it is 
to me, then the following description of 
a relatively simple fix, using commercial 
U-bolts, should be of interest. 

Materials. The parts that are needed are 
easily made with a bench vise and a 
hacksaw. If a tube cutter i s  available, it 
can also be used to advantage. Parts to 
be fabricated are a half-section of 1%- 
inch (32mm) steel tube about three 
inches (76mm) long, and two 7116-inch 

inch (32mm) tubing (about 1-118 inch 
[28.5mml long). The latter should be a 
number-16 tube which has an inside 
diameter of 0.307 inch (8mm).2 

Step-by-step procedure. First, using a 
hacksaw or tubing cutter, cut off a 
3- inch (76mm) section of 1%-inch 
(32mm) thinwall steel tube and drill a 
set of holes through i t  for the U-bolt. 

STEEL W L F  SECTIOU ALUMINUM IUSERTS 

fig. 1. Mechanlcaf parts required for clamp 
In9 aluminum tubing without deforming it 
Consist of two alumlnum Inserts and a steel 
half-section. Assembly of the parts is shown 
in fig. 2. 

(The open end of %-inch [6.5mml steel 
clamps are generally 1-314 inch [44.5 
mm] apart.) Second, place the tube 
crosswise in a vise. Using a hacksaw, cut 
it in half lengthwise, midway between 
the two sets of clamp holes. Remove the 
burrs with a file. 

The third step is to cut two lengths 
of 7116-inch (11-mm) aluminum tubing 

1 .  The Radio Amateurs Handbook, 50th Edi- 2. Lewis McCoy, WlICP, "Aluminum Tubing 
tion, ARRL, Newington, Connecticut, 1973, -What Sizes Are Available?" QST, June, 
figure 22-18, page 634. 1969, page 16. 
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approximately 1-1/8-inch (28.5mm) 
long, or just long enough to slip cross- 
wise inside the 1% inch (32mm) alumi- 
num tube. The finished parts are illus- 
trated in fig. I .  

@ ASSEMBLY 

fig. 2. Assembly of the parts for clamping alu- 
minum tubing without deformation. Inserts 
are held in place temporarily with screws (A) 
which are pushed out when the U-bolt is in- 
serted (6). 

STEEL M S T  
~ I W M  BODM 

fig. 3. The assembly of 
fig. 2 results in an ex- 
tremely strong method 
of clamping an alumi- 

Assembly. I t  is  necessary to insert the 
two 7/16-inch ( I  lmm) aluminum tubes 
inside the 1%-inch (32mm) tubing to 
mate with the U-bolt holes. The inner 
tube can be positioned with the aid of 
long nosed pliers. To hold it in place 
temporarily, drop a %-inch (6.5mm) 
screw through the hole; then insert the 
other 7/16-inch (I lmm) tube, holding it 
in a similar manner. The U-bolt can then 
be inserted from the bottom, pushing 
the screws out in the process. Before 
inserting the U-bolt f it one of the steel 
half-sections on the clamp as shown in 
the assembly diagram of fig. 2. 

Using the clamp assembly. Fig. 3 shows 
a typical installation using the modified 
clamp assembly. Note that the alumi- 
num inserts and the steel half-tube pre- 
vent the 1%-inch (32mm) aluminum 
tubing from collapsing under the force 
of the U-bolt nuts, either in the vicinity 
of the clamp or at the junction between 
the two tubes. 

Norman J. Foot, WASHUV 

open-wire feeder 
feedthrough insulator 

Open-wire feeders (ladder line or 
twinlead) should be kept clear of ob- 
jects which might unbalance the rf cur- 
rents on the line. Getting the line from 
indoors to outdoors can thus be a prob- 
lem. A feedthrough system can be fash- 
ioned from about a foot (30cm) of 
scrap PVC tubing with end plates cut 
from a plastic bleach bottle (fig. 4). Run 
the line through the wall (a screened 
attic gable vent makes an easily pre- 
pared place) and through the tubing. 
Cut the end plates with tabs to f i t  the 

may 1975 79 



tubing. Cut a slot in each plate, and 
enlarge it at the center so as not to 
severely bind the feeder. Slide the end 
plates over the feeder, and then into the 
ends of the tube. 

Although the tabs provide enough 
tension to hold the plates in place, 
epoxy or PVC glue will insure they stay 
put. When the glue is  set, slide the tube 

fig. 4. PVC feedthrough for 
open-wire feeders. Diameter D 
should be two to three times the 
line width W, especially if  the 
tube is to  pass through metal, solid or screen- 
ing (the latter being typical of attic vents). 
The tube should be long enough to allow the 
feeder line to clear eaves and other objects. 
both in and out of doors. 

into the wall hole. You may want to 
paint the tube to match the house exte- 
rior. Adjust the feeder so that it runs 
through the center of the tube. A drop 
or two of epoxy will hold i t  in place. 

Seal the point where the pipe passes 
through the wall. If the tube passes 
through screening, hangers can be fash- 
ioned from the same bleach bottle used 
for the end plates. The end plates do 
double duty by also keeping bugs and 
squirrels from getting indoors. 

L.B. Cebik, W4RNL 

dielectric antenna 
for 10 GHz 

Above 1296 MHz it is impractical to 
use conventional antennas such as sim- 
ple dipole arrays, Yagis and collinears. 
Instead, a different class of antennas is  
found: reflectors (both cylinders and 
parabolas) and horns. One antenna type 

which has seen relatively little amateur 
application i s  the dielectric rod antenna, 
probably because few military and com- 
mercial stations use them, and secondly, 
because their design is  largely empirical. 
Finally, the construction of required 
tapered dielectric sections is  beyond 
most amateur workshop capabilities. 

The antenna described in this article, 
however, can be easily built by the 
amateur, and consists of a tapered di- 
electric slab inserted directly into the 
waveguide. Amateurs using coaxial 
systems can merely use a coax-to- 
waveguide adapter. As can be seen in 
fig. 5, the taper is not smooth, but 
varies in abrupt jumps every 5cm (2 
inches) along the antenna, which is  easi- 
er to construct. Inside the waveguide, 
the jumps are every 2cm (314 inch). 
These dimensions are not critical 
(k0.5cm or +3/16 inch) but the incre- 
ments should be uniform. The taper 
inside the guide matches the impedance 
of the antenna to the impedance of the 
waveguide. 

The antenna is constructed by lamin- 
ating strips of 1110-inch (2.5mm) thick 
plexiglass window glazing with a solvent 

U TOP VlEW 

SAB MJYBER SLAB LENGTH 

I 2 75' I? s m J  

SIDE VIEW 2 150. 11s cml 
3 10.25' (a smJ 

4 IIO' (re C ~ J  

fig. 5. Dimensions of dielectric antenna 
suitable for use on the amateur 10 GHz 
band. Vertical and horizontal pattern is 
shown in fig. 6. 
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KLM ANTENNAS 
They're heard when others aren't 

Some well known band openers are: 
KLM's 20 METER 5 ELEMENT "BIG STICK" 

KLM's 6 METER 8 & 11 ELEMENT 

KLMvs 2 METER 12. 14 & 16 ELEMENT 

KLM's 220 MHz 14 ELEMENT 

AND NOW 

I~LM'S NEW 432 - 16 Element Long Boom (12') 
Specifically Optimized for 432 MHz (430-440) 

(8 will give you Erne capability) w 
Also . . . Brand New for the 420-450 MHz Band 

4 NEW AMPLIFIERS 
PA 10-35C 10 WAlTS INPUT 35 WARS OUT 

PA 240C 2 WAlTS INPUT 35 WAlTS OUT 

PA 10-70C 10 WAlTS INPUT 70 WATTS OUT 

PA 2-70C 2 WAlTS INPUT 70 WAlTS OUT 

And . . . Don't forget our NEW ECHO II 
2 METER SSB/CW TRANSCEIVER & LINEAR AMPS. 

See Your Local KLM Dealer 
For The New Spring '75 Catalog 

Or Write 

]KLM ELECTRONICS 
1600 DECKER AVE. 

SAN MARTIN, CA. 95046 
408.6834240 

i 
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Dielectric antenna for 10 GHr  uses laminated 
strips of 0.1'' (2.5mm) p~exig~ass window 
glaring. Gain is about 14.5 dB above an iso- 
tropic radiator and i s  flat across the 3cm ama- 
teur band. 

such as ethylene dichloride. This thick- 
ness is chosen because four layers close- 
l y  match the inside height of the 
commonly used WR-90 waveguide. All 
of the strips are 0.9 inch (23mm) wide. 
The result is a tapered dielectric plug 
which slides easily into the waveguide. 
The plug can be secured in the guide 
with either non-conducting epoxy ce- 
ment or nylon screws. 

I 

30- 20. 0. 0. 0. PO. w- 
a m)OlZONTAL RlTT€RN 

In 

1 
w 20- 10. 0. 0- PO. 30 

0 VERTIOL  RITTERN 

fig. 6. Vertical (A)  and horizontal (B) radia- 
tion patterns of the dielectric rod antenna at 
10 GHr. 

A word of caution if you use screws. 
First, they must not be conductive and 
second, they should be mounted along 
the centerline of the wide dimension of - 
the waveguide; otherwise the resultant 
holes will couple power out of the 
guide, resulting in lower gain and higher 
side lobes. 

The completed dielectric antenna ex- 
hibits a gain of 10 dB above an open- 
ended section of waveguide or about 
14.5 dB above an isotropic radiator, and 
gain is  flat across the 3cm band. The 
horizontal and vertical radiation pat- 
terns are plotted in fig. 6. The vertical 
beamwidth is 25O whereas the horizon- 
tal beamwidth i s  about 20". 

John M. Franke, WA4WDL 

cornell-du bilier 
ham rotators 

Cornel I- Dubilier Electronics* has 
confirmed that the Ham-M and the 
Ham-ll rotators, and also the control 
units, are interchangeable. Therefore, 
stand-by spare rotators of either kind 
can be used with either control unit. 
Furthermore, all rotator parts have the 
same stock numbers and internal photo- 
graphs, so spare parts can be kept on 
hand and used in either rotator. 

In addition to the convenient calibra- 
tion switch, the addition of a 180-ohm 
resistor and a 13-volt Zener regulator to 
the Ham-ll i s  a welcome change as it 
holds the calibration constant under 
conditions of varying line voltage. 

The possibility of burning out the 
direction indicator potentiometer can 
be eliminated by placing fuses between 
the potentiometer and terminal screws 3 
and 7, inside the rotator. 

Bill Conklin, KGKA 

*Cornell Dubilier Electronics, Department C, 
118 East Jones Street, Fuquay-Varina, North 
Carolina 27526. 
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Heavy duty 4-element Tribander Economical 2-element Tribander 

Four working elements on each band Two working elements on each band 
in 10, 15 and 20 meters. 24 foot boom in 10, 15 and 20 meters. 6.5 foot aluminum 
permits optimum spacing for maximum boom can easily be raised on an inexpen- 
forward gain and front-to-back ratio. All sive mast and operated with a standard 
traps are precision tuned and weather- TV rotator. Withstands winds up to  
proofed. Rugged reliability assures ability 80 mph. TB-2A. $129.95 
to withstand winds up to  100 mph. TB-4HA. 
$249.95 

Heavy duty %element Tribander 
Three working elements on each band 
in 10, 15 and 20 meters. 16 foot boom 
requires a lighter duty rotor and tower 
than the TB-4HA but still provides excel- 
lent performance characteristics. Precision 
tuned and weather-proofed traps are com- 
bined with rugged construction. TB-3HA. 
$189.95 

Heavy duty 2-element 40-meter Beam 
Two working elements on 15.75 foot steel 
boom. Maximum forward gain and front- 
to-back ratio in the CW or phone portion 
of the 40-meter band is easily achieved 
for optimum performance. Large high-Q 
loading coils are weather-proofed. Rugged 
design easily takes 100 mph winds. MB-40H. 
$199.95 

All Swan Beam Antennas are Rated for 2000 Watts and 
designed to use 52 Ohm coaxial feedlines. 

SWAN BEAM ANTENNA SPECIFICATIONS 

TB-4HA 9 dB 24-26 dB 24' x 1.5" 28'-10" 18'-6" 100 mph 148 1bs. 6 sq. ft. 54 1bs. 

TB-3HA 8 dB 20-22 dB 16'x 1.5" 28'-2" 16' 100 mph 110 lbs. 4 sq. ft. 44 1bs. 

TB-PA 5 dB 16-18 dB 6.5' x 1.5" 27'-8" 14'-3" 80 mph 60 1bs. 1.8 sq. ft. 18 1bs. 

15.75' 
MB-40H 4 dB 16-18 dB 30'-4" 17'-6" 100 mph 80 lbs. 2.5 sq. ft. 40 lbs. 

@SWAM E L E C T R O N I C S  @ 

A rubr~dmry of  Cubtc Corparulnon 

305 Airport Road, Oceanside, Calif. 92054 
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antenna 
circuit indicator 

A new automatic indicating device 
designed to warn vhf communications 
equipment operators of antenna prob- 
lems has been announced by Ascom 
Electronic Products, a division of The 
Antenna Specialists Company. Recog- 
nizing the fact that mobile communica- 
tions antennas are often subjected to 
some degree of damage, and that the 
problem is usually not immediately de- 
tected by the operator, the antenna 
circuit indicator immediately alerts the 
operator to a problem. It also helps 
prevent damage to equipment by elimi- 
nating long periods of transmission into 
extremely high vswr. The indicator, 
model ASM-104, i s  an especially valu- 
able device where maintenance of com- 
munications is  critical. 

The new Ascom antenna circuit indi- 
cator is designed for easy mounting 
under the vehicle dash. Two lights are 

used to give the operator instant indica- 
tion of the system's operation. When 
transmitting, one light indicates the 
normal condition of rf power being 
transmitted. Should the second indi- 
cator light, showing reflected rf power, 
it alerts the operator to antenna prob- 
lems that could affect communications 
capability. For reliability, LEDs are 
used for indicators, eliminating bulb 
burn-out problems. The unit uses no 
batteries or connection to other power 
sources, requires only 10 watts or more 
of rf energy, and operates over a fre- 
quency range of 144 to 174 MHz. Com- 
plete details on the new ASM-104 indi- 
cator are available from Ascom Elec- 
tronic Products, 12435 Euclid Avenue, 
Cleveland, Ohio 44106, or by using 
check-off on page 126. 

aluminum towers 
Anew line of fully-assembled, crank-up 

aluminum communications masts in 40 
to 60 foot heights, and prefabricated 
towers up to 100 feet, has been an- 
nounced by Fred Franke, Inc. The 
ma i ntenancefree Aluma Towers are 
available in a variety of heights and 
designs for ham radio and commercial 
and industrial communications systems. 
The 40-foot tower weighs 56 pounds 
and the 60-foot model weighs only 95 
pounds. Both include the crank-up 
feature. 

The corporation will also manufac- 
ture a fixed-guy tower using 10- or 
20-foot sections up to a total of 100 
feet. The first 50 feet can be assembled 
on the ground with the remaining units 
added with special predrilled sleeves. 
The weight of a 10-foot add-on section 
is  only 15 pounds. A special non-guyed 
tower for mobile homes will also be 
available. This unit will include a 20- 
foot high triangular base with a 10-foot 
extension for a total of 30 feet. The 
crank-up models, all heliarc welded, are 
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delivered fully assembled and can be 
raised on a concrete or driven stake base 
in less than an hour with no special 
equipment. 

Dealerships for the distribution of 
the Aluma Towers through retail outlets 
are being established throughout the 
country. Inquiries may be directed to 
Fred Franke, Inc., 1639 Old Dixie High- 
way, Vero Beach, Florida 32960, or use 
check-off on page 126. 

antenna 
magnetic mount 

Using a new type of permanent 
magnet in a configuration that achieves 
maximum magnetic pull, Larsen An- 
tennas has just introduced a mobile 
antenna that has an amazing ability to 
"stay put." In fact, the hold is  so strong 
that caution must be exercised when 
placing the mount to be sure you get i t  
where you really want it. 

The Larsen Magnetic Mount i s  avail- 
able in five different models which 
accommodate all popular types of 
mobile antennas including Motorola, 
GE, DB Products, Antenna Specialists 
and, of course, all Larsen Models. The 
unit  comes complete with 12 feet 
(3.7m) of RG-58AlU coax and plug all 
attached. All that is needed to become 
operational i s  to screw the antenna into 
the base, place the magnetic base on the 
vehicle roof, fender, trunk or any other 
convenient spot and run the attached 
coax to the equipment. 

The magnet used on the Larsen 
mount i s  guaranteed to be permanent 
and to stay in place on the vehicle (a 
flat surface is  required) at any highway 
speed. Design of the mount i s  such that 
full capacitance coupling assures ade- 
quate ground plane for full antenna 
efficiency. For more details, write to 
Larsen Antennas, Post Office Box 1686. 
Vancouver, Washington 98663, or use 
check-off on page 126. 

REDUCE YOUR PROJECT COSTS 
MONEY-BACK GUARANTEE 
24-HOUR SHIPMENT 
A L L  TESTED AND GUARANTEED 

TRANSISTORS 
2N3563 TYPE RF 
213565 TYPE Gen Purpose H~ph Galn lT0.921106) 
213567 TYPE Hgh Current AmpI~f~erlSw 500 mA 
2N3866 TYPE RF F'wr Amp 1 2 W @ 100600 MHz 
ZN3903 TYPE GP Amp & Sw to 100 mA and 30 MHz 
2N5108 RF POWER AMP2 We450 MHz. 1 W 6 1  GHz 
213919 TYPE RF F'wr Amp 3-5 W @ 3.30 MHz 
2N4274 TYPE Ultn-High Speed Switch 12 nr 
MPS6515TYPE High-Gain Amplifier ~ F E  250 
Asort. NPN GPTYPES, 2N3565.2N3641. etc. (151 
213638 TYPE IPNP) GP Amp & Sw to 300 mA 
2N4249 TYPE (PNP) Low-Noise Amp 1 UA to 50 mA 

FET's: 
N-CHANNEL (LOW-NOISE): 
214091 TYPE RF Amp & Switch (TO~1811061 
2N4416 TYPE RF Amplifier to 450 MHz (TO-72) 
215163 TYPE Gen. Purposs Amp & Sw (TO-106) 
2N5486 TYPE RF Amp to 450 MHz lplast~c 21441 6) 
E l00 TYPE Low-Cost Audio Amplifier 
ITE4868 TYPE U l t r ~ L o w  No~se Audio Amp. 
TIS74 TYPE Hiph.Speed Switch 40R 
Auort. RF & GP FET's. 2N.5163. 2N5486. etc. 181 
P-CHANNEL: 
2N4360 TYPE Gen. Purpose Amp & Sw (TO-106) 
El75 TYPE High.speed Switch 125R (TO-106) 

MAY SPECIALS : 
IN4154 OlOOE 30 VllOmA IN914 axc 30 V 
2113904 NPN TRANSISTOR GP Amp & Sw~tch 
2556 DUAL555 TIMER 1 r o c  to I hour lOlPl 
3401 1A VOLT. REG. -Spacity 6.12or 15 V 
MM5316 Digital Alarm Clock.SnoozdAlarm/Timn 

Hrs, Mins. Lcs. 4 or 6 Oivt -With SpusISchematiu 
MU5736 6-01p1t 4.Function Qlculator 18 PIN DIP 

L I N E A R  IC'r: 
308 Mlcro-Pow* Op Amp ITO-5/MINI.OIPl 
309K Voltage Regulator 5 V @ 1 A (TO.3) 
324 Ouad 741 Op Amp. Compensated (DIP) 
380 2-5 Watt Audlo Amplifier 34 dB IOIP) 
555X Timer 1 ml hr. Oif. pinout from 555 (DIP) 
709 Popular Op Amp (OIPITO-5) 
723 Voltage Regulator 3.30 V @ 1.250mA (DIPITO-5) 
739 Dual Low-Nolse Aud~o Prsamp/Op Amp (DIP) 
1458 Dual 741 Op Amp (MINI-DIP) 
741 Freq. Comp. OP AMP (DIPITO-5IMINI.OIPI 

DIODES: 
1N3M)O TYPE Ho.Speed Sw 75 V1200 mA 
IN3893 TYPE RECTIFIER Stud Mount 400 V l l 2  A 
IN914 oilN4148 TYPE Gen. Purp. 100Vl10mA 
IN749 ZENER 4.3 Volt (+10%1400 mW 
IN753 ZENER 6.2 Volt (?10%1400 mW 
IN155 ZENER 7.5 Volt (*10%J 400 mW 
IN157 ZENER 9.1 Volt 1+10%)400 mW 
IN758 ZENEA 10 Volt 1+10%J 400 mW 
IN965 ZENER 15 Volt (+lo%) 400 mW 
lN968 ZENER 20 Volt (?10%1400 mW 4/51 00 
05 VARACTOR 5 50 W Output @ 30 250 MHz. 7 70 pF $500 
F7 VARACTOR 1 3 W Output @ 100.500 MHz. 5-30 DF $1 00 

'MAIL NOW1 FREE DATA SHEETS supplied with wary item from 
th is  m .  FREE 739 or 749 Low-Noiu Dual OD Amp included lS1.m 
nluel with every order of $10 or more, postmarked Prior to 6130175. 
ORDER TODAY-All items tub~ect to prior sate and Prlcn r v b l r t  to 
chana wifhout notice. All It.ms are new rurplus Darn - 1 0 W  
f u n c t o o ~ ~ l l ~  tn tm.  
WRIT€ FOR FREE CATALOG offering hundrds 01 semiconducton 
not listed hne. Smd 1- stamp. 
TERMS: All orders mun be prepaid. We wv patwe. $1.00 handling 
f h r r v  on or& un* 810. Calif. r*tid.ntr .dd 8% r.l*s u x .  Fwdw 
aderr - add polteca. COD orden -add S1.W nwice chlcgl .  

ADVA ELEcTRorwcs  
BOX 4181 AE, WOODSIDE, CA 94062 
Tel. (41 5 )  85 1-0455 
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a lot to talk over calculator 

American Made Oualify at Import Prlce 

Full 12 Channel, 15 Watts 
with HI/LO power switch 

Here is everything you need, at a price 
you like, for excellent 2 meter FM 

performance. The 12 transmit channels 
have individual trimmer capacitors 

for optimum workability in point- 
to-point repeater applications. 

Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 

and 3 watts of audio output 
make for pleasant, reliable listening. 

And the compact package is 
matched by its price. $i!2Io0 

Amateur Net 

e ~ 7 g Y E L E C T R O N I C S ,  INC. 

7707 Records Street 
Indianapolis, Indiana 46226 

An FM Model For Every Purpose . . . 
Every Purse 

H A - 8  HR 220 ACT 10-HILIU 
12 Chnnnel.25 W a l l  12  Channels 10 Wnl ls  3 Band-10 Channel FM 

6 M e l e i  FM Timrcstvsf  110 M H z  FM Transcetvei Scanner R e c e ~ v a  

A new programmable scientific pock- 
et calculator with significantly more 
keyboard functions and addressable 
memories than any previous pocket 
model was recently introduced by 
Hewlett-Packard. The new HP-55 is  also 
the first pocket calculator with a built- 
in digital timer, valuable for short, 
timed experiments. 

The nine-ounce HP-55 features sim- 
plified, keystroke programming, with 49 
steps of program memory plus branch- 
ing, testing and editing capability; 
twenty addressable memories, twice as 
many as any other pocket model; a total 
of 86 keyboard functions, operations 
and conversions; plus a digital timer 
with 100-hour capacity and the ability 
to store and recall as many as 10 splits 
(elapsed time readings within an event). 
Price of the HP-55 is  $395.00 (domestic 
USA). 

Like other HP pocket calculators, the 
HP-55 features the RPN (Reverse Polish 
Notation) logic system with a four- 
memory stack that holds intermediate 
answers and automatically brings them 
back when.needed in a calculation. Be- 
yond the standard arithmetic, trigono- 
metric and logarithmic functions (in- 
cluding antilog), the HP-55 will work in 
any of the three trigonometric modes - 
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degrees, radians and grads - and allows HEW! HR-440 
the user to convert among any of them. 
The direct polar/rectangular conversion 
also enables the user to perform vector 
arithmetic. 

The 20 addressable memory registers 
in the new calculator permit register 
arithmetic (with 10 memories) and sim- 
ultaneous two-dimensional vector accu- 
mulation. The statistical functions of 
the HP-55, coupled with the 20 address- 
able memories, give the user the ability 
to do two-variable mean and standard 
deviation, linear regression and linear 
estimate, curve plotting and four simul- 
taneous linear equations with four 
unknowns. 

The direct conversions on the HP-55, 
which work both ways, include inches1 
millimeters, feetlmeters, US gallons/ 
liters, pounds masslkilograms, pounds 
force/Newtons, degrees farenheit/ 
degrees centigrade, and BTUIJou les. 
Addit ional capabilities include per- 
centage, root extraction, n factorial (for 
permutations and combinations), squar- 
ing numbers, raising numbers to powers 
and calculating reciprocals. The con- 
stant pi  also is included. 

HP has added a quartz crystal to the 
HP-55 circuit to provide a 100-hour 
timer accurate to f .O1 percent. In the 
timer mode, the calculator display shows 
hours, minutes, seconds, tenths and hun- 
dredths. While the timer is  running, the 
user can take and store up to 10 splits 
simply by pushing the digit keys. After 
the timer is  stopped the splits may be 
recalled by pressing the appropriate 
digit key. 

The HP-55 can display up to ten 
significant digits with a two-digit expo- 
nent and appropriate signs, and comes 
with an owner's handbook, quick refer- 
ence guide, program notation pad and 
an ac adapterlrecharger that allows the 
calculator to be operated on ac while i t s  
batteries are recharging. The HP-55, like 
other HP pocket calculators, will be sold 
through HP's calculator sales force, by 
direct mail and through leading college 

12 Channel 
440 MHz FM Transceiver 

Delivers 10 Watts of Power 
and 12 Channel Capability 

You'll like the crystal clear transmit 
and receive performance of 

this compact 440 MHz unit . . . 
and so will those listening. 

Solid state design brings you 
the best in American Made 

circuitry. Features include 
Automatic Frequency Control and 

UHF power module. Frequency 
range is 420-450 MHz, with 0.5 r v  

tune-up sensitivity and 3 watts 
audio output. No need to worry 

about current drain, either. And 
all of this for the low, low price 

of only 

"4U0" 
Amateur Net -T9z ELECTRONICS, I I C .  

7707 RECORDS STREET 
INDIANAPOLIS, INDIANA 46226 

An FM Model For Every Purpose.. . 
Every Purse 

&?TI 
HR-6 HRT-2 ACT l O H l L i U  

12 Chsnnel.25 Watts 5 Channel Hand-Held 3 Band- I0  Channel 
6 Meter FM Transceiver 2 Meter FM Transceiver FM Scanner Rece~ver 
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Glade Valley School Radio Session 

Restructuring is coming! 
Get that license now! 

Let the experirncrd stnff f m n ~  the Glade 
Valley Scht,ol Rihdio Session help you solve 
that licmsr pru~l>lem. \\'hetht.r you are 
Ic~oking for ynnr (;tvwrnl. Aclv;~nced or Am- 
ateur Extra ticket they  ill help yokt in 
every wny with their cnrefnll prepared pm- 
gram h g ~ t  tht: license you are rnnking for. 
IIave a "Vacntic~n with a Purprrse" nt (his 
henotiful Incetion in the Blue Ridge Moon- 
tains. A highly qunlifird stnff und excellent 
facilities wmhine to nlnke license study a 
plri~snnt mnnorahle experience. , -____________-__-_--- - - -__--- - - - - - - - - - - -  

I C. L PETERS K4DNJ Director 
I 

I P. 0. Box 458: Glade dalley. N. C. 28627 
I 
I 

I Plen~r  srnd me the Booklet and Application : 
1 Blank for the 197.5 Clnde Valley School I I Rndfo Session I 

I Name-- C a l l  I 
I Address- 

I 
I 

j City/Statc/Zip 
I 
I 
I 

> - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ENGINEERS 
RF COMMUNICATIONS 
has immediate openings for 
Electronic Project Engineers 
and Design Engineers exper- 
ienced in HF, SSB, VHF/ 
UHF - FM communica- 
tions equipment, or both. 

Call or write Ken Cooper, W2FLZ 

RF Communica~ions Division I 

COMMUNICATIONS AND 
--TION UANDCINC 

bookstores and department stores. 
Two handbooks containing programs 

for the HP-55 programmable scientific 
pocket calculator are also available. The 
$1 0.00 books, "HP-55 Mathematics 
Programs" and "HP-55 Statistics Pro- 
grams," contain general descriptions of 
the programs, formulas used in each 
program solution, numerical examples, 
user instructions, program listings and 
register allocations. 

For more information, use check-off 
on page 126, or write to Inquiries Man- 
ager, Hewlett-Packard Company, 1501 
Page Mill Road, Palo Alto, California 
94 304. 

precision balanced 
mixer 

Lithic Systems has announced a pre- 
cision balanced mixer IC, types 
LS1596A and LS15968, which are plug- 
in replacements for the popular 1596 
balanced mixer. The frequency range of 
the new LS1596AlB has been increased 
to 250 MHz, and i t s  guaranteed match- 
ing characteristics permit untrimmed 
operation with precision loads and 
sources. Applications include balanced 
modulation and demodulation, fre- 
quency heterodyning and multiplica- 
tion, multiplexing and demultiplexing, 
and phase detection in ssb, dsb, a-m, fm 
and audio communications systems. 

The LS1596A and LS1596B are 
available in 10-pin TO-100 packages. 
The LS1596B guarantees 1 % internal 
matching while the LS1596A is  speci- 
fied at 2%. For more information, write 
to Robert A. Hirschfeld, Lithic Systems, 
Inc., Post Office Box 478, Saratoga, 
California 95070, or use check-off on 
page 126. 

volt-ohmmeter 
A skillful blending of features, qual- 

ity parts and performance at an attrac- 
tive low price may make the new RCA 
WV-547A volt-ohm-milliameter the best 
selling general-purpose test instrument 
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in the electronic servicing field, accord- 
ing t o  RCA Electronic lnstrument 
officials. Features that are not normally 
found in any vom test instrument selling 
under $50 are included in the new RCA 
Tech Vom which i s  priced at only 
$19.95. These features include a no- 
stick taut-band diode-protected meter, 
dual detent function switch for long 
life, a rugged high-impact plastic case, 
accuracies of f3 percent dc, +4 percent 
ac with 20,000 ohms-per-volt dc sensi- 
tivity, and five functions with one per- 
cent precision resistors on a l l  19 ranges. 

Designed for general purpose testing 
and servicing applications, the new RCA 
Tech Vom comes complete with tes t  
leads. An optional carrying case 
(WG-447A) is available for $5.75. Addi- 
t ional information on the RCA 
WV-547A is  available from RCA Elec- 
tronic lnstrument Distributors, from 
RCA Electronic Instruments, 41 5 South 
Fifth Street, Harrison, New Jersey 07029, 
or by using check-off on page 126. 

visual display unit 

H A L  Communications Corporation 
has announced their new RVD-1005 
visual display unit, the second genera- 
tion version of the HAL RVD-1002, the 
first visual display unit offered to the 
teletype operator. The features that 
have made the RVD-1002 so popular 
are retained in the RVD-1005, and some 
new features have been added. For 
example, the RVD-1005 offers opera- 
tion a t  60,66,75 and 100 wpm, manual 
line feed and letters shift controls, se- 

*BOOM WHERE NEEEDED 
WINNER 01; hfANITORA DESIGN 

INSTITUTE AIVARD OF EXCELLENCE 
Buy two elements now - a third and fotrrth 
may he added later with little effort. 
Enjo 11p to 8 db  foru:ard gain on DX, with a 
25 d% bock to front ratio and excellent side 
discrimination. 
Get a maximtrm strt~ctc~ral strength with low 
weight, using otrr "Tridetic" arms. 

GEM QUAD PRODUCTS 

DUPLEXER KITS 
PROVEN OE- SEE JAN. 74 
SIGN OVER 150 QST RECENT 
SOLD IN US. 
CANADA. EU- 

EQUIPMENT 

POPE. CON- ALL PARTS 
STRUCTION PROFESSIONAL 
WELDED I 

QUALITY 
ALUMINUM IRI-  
OlTE & SILVER EVERYTHING 

PLATED SUPPLIED 
CAN BE ASSEMBLED & TUNED IN ONE EVE- 
NING. NO SPECIAL TOOLS. RECEIVER & 
TRANSMITTER CAN BE USED FOR TUNE UP. 
MOD. 62-1 6 CAVITY 135-165 MHz POWER 

250W ISOLATION GREATER THAN 
lOOdB 600 kHz. INSERTION LOSS .9 dB 
MIN. TEMP STABLE OVER WIDE RANGE 

PRICE $349.00 
MOD. 42-1 4 CAVITY SAME AS 6 CAVITY EX-. 

CEPT ISOLATION GREATER THAN 80 dB 
600 kHz INSERTION LOSS .6dB MAX 

PRICE $249.00 
OTHER KITS SOON XI BE AVAILAeLE 

146 lo  148 MHz band p 8 u  liller. 1296 & 2304 lntsrdigital Mlxrs 
144 to 450 MHz 250w lube amp. 130 lo 170 MHz nolch filter kW 

NORTH SHORE RF TECHNOLOGY 
9 SOUTH ST SALEM MASS 01970 

TEL. (61 7) 74541 77 
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INFLATION /\ 

NO PRICE 
I FOR FREQUENCY 

STABILITY 
v 

Depend o n  JAN Crystals. Our large stock o f  quartz 
crystal mater~a ls  and components assures Fast 
Delivery from us! 

CRYSTAL SPECIALS 
Frequency Standards 

. . . . . . . . . . . . . . . . .  100 KHz (HC 13lU). $4.50 

. . . . . . . . . . . . . . . . .  1000 KHz(HC 6lU). .4 .50  
. . . . . . . . . . . . .  Almost al l  CB  sets. TR or Rec $2.50 

(CB Synthesizer Crystal on request) 
. . . . . . . . . . . . .  Amateur Band In  FT-243. ea. 51.50 

. . . . . . . . . . . . . . .  .4155.00 
. . . . . . . . . . . .  80-Meter. $3.00(160.meter no t  avail.) 

Crystals lor 2.Meter. Marine. Scanners. etc. Send 
for Catalog. 
For  1st c lass mail, add 20' per crystal. For  Airmail. 
add 25'. Send check or money order. N o  dealers. 

l ecta ble letters-shift-on-space control 
and automatic carriage return - line 
feed on line feed (non over-print). 

New features include display format 
of 25 lines, 40 characters per line; auto- 
matic carriage return; and speed indica- 
tor. The automatic carriage return will 
line feed on space when space is  re- 
ceived after the 34th character. Prevents 
splitting of short words (will not split 
words of six characters or less). The 
speed indicator times the incoming sig- 
nal and causes an LED to light, showing 
the operator which speed switch to se- 
lect. This is especially helpful when 
tuning unknown commercial stations. 

Operation of RVD-1005 is similar to 
that of the RVD-1002. The incoming 

Radio Amateurs 

-- 
WORLD PREFIX MAP - Full color. 40" x 28", shows 
preftres on each country . . .  DX zones, time zones. 
cltles, cross referenced tables f 1.25 
RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLO - from the center of the Unlted States! Full 
color. 30" x 25". ltstlng Great C~rcle bearings In de. 
grees for SIX  major U.S. cttles: Bostorr. Washington. 
D C.. Miaml, Seattle. San Franc~sco & Los Angeles. 

f 1.25 
RADIO AMATEURS MAP OF NORTH AMERICA' Full 
color. 30" x 25" - ~ncludes Central America and lne 
Car~bbean to the equator. show~ng call areas, zone 
boundarles pref~res and tlme zones. FCC frequency 
chart, plu; useful ~nformatson on each of the 50 
Un~ted States and other Countries f 1.25 
WORLO ATLAS - Only atlas compoled for radlo ama 
teurs Packed with world wlde onformation - tncludes 
1 1  maps. I" 4 colors with zone boundarles and coun 
try pref~xes on each map Also Includes a polar pro 
jectlon map of the world plus a map of the Antarcl~ca - a complete set of maps of the world 20 pages 
sue 8 % "  x 12" $2.50 
Complete reference library of maps - set of 4 as I~sted 
above f 3.75 

See your favorite dealer or order direct. I Mail aden .lease include 9 r  r r  order for mtaw and handling. I 

N set should have a power transformer 
so the chassis is isolated from the power 
line. 

The price of the RVD-1005 is  being 
held a t  $575, postpaid in the continen- 
ta l  USA (except California, Oregon and 
Washington, add $5). For more informa- 
tion, write to HAL Communications 
Corporation, Box 365, Urbana, Illinois 
61801, or use check-off on page 126. 

wireless telegraphy 
For many years, beginning around 

1800, the Royal lnstitution in London 
sponsored a series of lectures on sub- 
jects related to the physical sciences, 
astronomy and geology. In 1851, when 
the regular publication of abstracts be- 
gan, the lnstitution had already been a 
major research center for fifty years. 
Halstead Press, in their Royal Institu- 
tion Library of Science, i s  reproducing 
many of the more important lectures. 
One of the volumes in the series, Wire 
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less Telegraphy, Edited by Sir Eric East- 
wood, traces the development of tele- 
communications from the 1850s, when 
the submarine telegraph and Atlantic 
cable were first discussed. Attention 
turned to telephony in the 1870s, and 
then to "Signalling through Space With- 
out Wires," a famous lecture by William 
Henry Preece in 1897. From 1900 on 
the lectures were devoted to the devel- 
opment of wireless telegraphy, radio 
telephony and microwaves. 

Marconi was a member of the Royal 
Institution and a frequent contributor 
to i t s  famous series of Friday night 
discoures. Many of his lectures are con- 
tained in this book including "Wireless 
Telegraphy" (1900). "Transatlantic 
Wireless Telegraphy" (19081, and 
"Radio Communications by Means of 
Very Short Waves" (1932). John Am- 
brose Fleming, most famous for his 
invention of the diode detector, lec- 
tured on developments in radio com- 
munications and thermionic vacuum 
tubes. 

Amateurs who are interested in the 
history of telecommunications will find 
this series of twenty-two lectures, given 
over a period of seventy-five years, to be 
both entertaining and educational. 391 
pages, hardbound, $32.50 from Hal- 
stead Press, 605 Third Avenue, New 
York, New York 10016. 

programmable 
operational amplifier 

A new programmable operational 
amplifier which permits tailoring the 
electrical parameters to the user's needs 
has been introduced by Motorola Semi- 
conductor. Programming is  achieved by 
a choice of an external resistor value of 
a current source applied to the Iset 
input. This allows optimization of dc 
characteristics such as input current, 
power consumption and bias current, 
and ac characteristics such as open-loop 
voltage gain, slew rate and gain- 

UNIVERSAL TOWERS 
FREE STANDING ALUMINUM TOWER 

10' to  100' 1 
Prices from $1 10.00 (30') ' ' \ 

MOST 
POPULAR 

' ,'w \ 

HAM TOWER 
EVER MADE! 
- 

REQUEST 

NEW CATALOG 
' I 

,-5: 

0 F 
TOWERS & 

id 
ANTENNAS 

Midwest Ham Headquarters 
For Over 36 Years 

HAMS1 Wnte For Free Catalog and W~olerele Pncasl 

ELECTRONIC DISTRIBUTORS, INC. 
1960 Peck Muskegon, MI 49441 
Tel: 616-726-3196 TELEX: 22.841 1 

L 

Learn the truth about your antenna 
Flnd tts resonant frequency 
Ftnd R and X off resonance 
Independent R & X d~als greatly slmpltfy 

tuntng beams, arrays 
Compact. I~ghtwe~ght. battery operated 
Stmple to use Self contamed 
Broadband 1 100 MHz 
Free brochure on request 
Order dtrect $39 95 PPD U S & Canada 

(add sales tax In Cal~f  
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POLICE CALL 
FREQUENCIESICALL LETTERS1 

A R E A S  O F  OPERATION 

Police Ambulance Rescuesquad 
Fire Paramedic Government 

1975 EDITION 

9 Volumer now available 
Price. . .$4.95 per volume, plus postage and handling. 

.80 per volume for first class or 

.30 per volume for fourth class. 
New Jersey residents add 2% per volume tor 
sales tax. 

VOLUME 1 . . . Connecticut. Maine. Massachuretts. New 
Hampshire, New York. Rhode Island. 
Vermont 

VOLUME 2 . . . Delaware, Maryland. New Jersey. 
Pennsylvania 

VOLUME 3 . . . Ohlo. Michigan 
VOLUME 4 . . . Illinois, lnd~ana. Kentucky. Wisconsin 

VOLUME 5 . . . Iowa. Kansas. Minnesota, Missouri, 
Nebraska. North Dakota. South Qakota 

VOLUME 6 . . . D~str~ct  of Columbia. Florida. Georgia. 
North Carolina, South Carolina. Virginia. 
West Virginia 

VOLUME 7 . . . A l a b a m a .  Arkansas, Louisiana. 
M~ss~ssippi. Oklahoma. Tennessee. Texas 

VOLUME 8 . . . Arizona. Colorado. Idaho, Montana. New 
Mexico. Nevada. Utah. Wyoming 

VOLUME 9 . . . California. Oregon. Washington 

Send Money Order or Check to: 
POLICE C A L L  M A G A Z I N E  

LEBANON, NEW JERSEY 08833 

bandwidth product, to the user's 
requirements. 

The MC3476 operational amplifier is  
designed to operate over a power-supply 
voltage range from +6 volts to f 15 volts. 
I t s  low power consumption of 4.8 mW 
(typical) makes it particularly useful in 
battery operated equipment. Other fea- 
tures include low input offset and bias 
current (a maximum of 25 and 50 nano- 
amps, respectively) and a high input 
resistance of 5 megohms, typical. The 
amplifier requires no frequency com- 
pensation and has offset null capability 
and short-circuit protection. 

Despite electrical characteristics 
which compare favorably with some of 
the better op-amp specifications, the 
MC3476 operational amplifier price is  
competitive with some of the lowest 
cost units currently available. The de- 
vice is available in both plastic and 
metal packages. For further informa- 
tion, contact the Technical Information 
Center, Motorola, Inc., Semiconductor 
Products Division, P.O. Box 20924, 
Phoenix, Arizona 85036, or use check- 
off on page 126. 

cmos electronic key 

A flea power cmos electronic keyer 
just announced by Curtis Electro De- 
vices uses the new 8043 IC keyer to 
reduce complexity and increase reli- 
ability. The EK-430 contains a l l  the 
most desirable keyer features such as 
self-completing dots, dashes and spaces, 
instant starting clock, iambic operation, 
dot memory, element weight control 
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"CHOICE OF THE DX KINGS" 

and built-in sidetone with speaker. 
Powered by either 117 Vac or an in- 
expensive 9-volt battery, transistor out- 
put switching keys up to plus or minus 
300 Vdc at 200 mA maximum. Key 
debouncing circuitry assures trouble 
free operation on any type of key pad- 
dle regardless of the condition of the 
contacts. 

Housed in a low profile, two-tone 
blue metal cabinet weighing only 26 
ounces, the EK-430 is  priced at $1 24.95 
fob the factory. For further information, 
write to Curtis Electro Devices, Inc., Box 
4090, Mountain View, California 94040, 
or use check-off on page 126. 

linear ic principles, 
experiments 
and projects 

This new book by Ed Noll, W3FQJ, 
was written to introduce the principles 
of operation of the integrated circuit. 
Chapter 1 covers basic semiconductor 
principles: basic IC structures, the pn 
junction, the bipolar transistor, transis- 
tor fabrication and the field-effect tran- 
sistor (FET). Succeeding chapters ex- 
plain integrated-circuit structures, basic 
circuits, operational amplifiers, multi- 
purpose and special ICs. The last four 
chapters give a broad coverage of how 
linear ICs are used in commercial, indus- 
t r ia l  and test equipment. Home- 
entertainment audio, a-m, frn and tele- 
vision applications are also stressed. 
Amateur radio and shortwave enthusi- 
asts will find the projects in Chapters 9 
and 10 good examples of the many 
opportunities for the use of ICs in the 
two-way radio field. These final chap- 
ters also will be appreciated by those 
who like the learn-by-doing approach; 
they'll find an intriguing collection of 
school, lab and home construction pro- 
jects. 384 pages, softbound, $8.95 from 
Ham Radio Books, Greenville, New 
Hampshire 03048. 

All models available "WIDE-SPACED" 

2 ELEMENT-3 BAND KIT SPECIAL 
CONTENTS . 8 Fiberglass Arms-skyblue color ONLY . 2 End Spiders (1 pc. castings) . 1 Boom/Mast Coupler-h.d. 

aluminum 
$9995 
Add 58.50 for PPD . 16 Wraplock Spreader A rm Clamps Frt. Colll. U.S. . 1 CUBEX QUAD Instruction Manual 

2-34 or more element Quads available 
Send 25t coin or stamps for complete set of catalog sheets, 
specs, and prices. 

CUBEX COMPANY 
P.0. Box 131. Altadena. California 91001 

Phone: (213) 7968106 

YOU CAN'T SAY "OUAD" BETTER THAN "CUBM" 

I The SW-5 is a remote control switch, not i 
I a relay. neon indicator light tells which 
I antenna is in use. It will handle 2KW : 
j plus. Remote switch is housed in weather 
I tight box. It takes a six wire control cable I 

to operate the SW-5. It has zero dB in- I 
sertion loss. No visible effect on SWR. I 

I Standard unit comes with UHF connec- I 
tors. Other connectors available upon re- I 

I quest at additional cost. One year guar- 
I antee. Other designs available. I 

I 
I I 

i ANTENNA MART 
I I 
I Box 7 I 
I I 
I I 
I Rippey, Iowa 50235 I 
I I 

Phone 515436-7718 ! I 
I 
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- CLEAN SIGNAL - 
- ALL CHANNELS - 
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Actual Spectrum Analyzer Photograph 
of a n  RP Synthesized Radlo 

ONLY RP GIVES YOU BOTH 
PLUS 

SUPER ACCURACY (.0005%) 
FULL 2M FM COVERAGE 

144.148 MHz 
WORKS WITH MOST FINE AMATEUR 

OR COMMERCIAL GRADE RADIOS 

MFA-22 SYNTHESIZER 
SEND FOR 
FULL DETAILS 5 Electronics 

810 DENNISON DRIVE m BOX 1201 
CHAMPAIGN, IL 61820 
Phone: 217-352-7343 

audio sweep generator 
and frequency meter 
model 140B 

The model 140B is virtually three 
instruments in one: an audio oscillator, 
audio sweep generator and frequency 
meter. I t  may be operated manually as a 
conventional oscillator, or swept auto- 
matically as a voltage-controlled genera- 
tor. The generator sweeps over two 
ranges: a high range from 1 kHz to 20 

I j close look at low-end frequency- 1 A COMPLETE MOTOROLA I response problems. 

r----__--------------------------------- 1 

The frequency meter may be used I PORTABLE FOR JUST s25 ! independently. However, when connec- 

kHz, and a special expanded low range 
from 40 Hz to 1 kHz, which allows for a 

That's right we have jud recalved a ship I 
mant of Motorola H-23 High Band Portables. I 
Although they are sold as is they appear to I 
be in good shape and includa a microphone, I 
but no antenna or batteries. Currently set I 
up on 154.77 MHz they should be easy to I 

put on two meters. I 

They're going to go fast so mail your 
check or money order today lor 125.00 for I 
postpaid shipment anywhere in the U.S.A. 

I 

International Affiliates Co., Inc. j 
147 West 35th Street I I 

New York, N. Y. 10001 I 
I 

ted to the output of the sweep genera- 
tor the frequency reading is continu- 
ously displayed. Unlike digital counters, 
which are limited to measuring fixed 
frequencies, this frequency meter may 
be used to monitor the changing fre- 
quency of the sweep generator or any 
other external frequency source. 

The model 1408 is  an excellent input 
source for testing amplifier frequency 
response, speaker enclosures and tape 
recorder head alignment. This low cost 
instrument provides a sine wave output 
that is variable from 0 to 2.5 volts p-p. 
Once set, the amplitude remains flat 
over the entire frequency range. (f% 
dB) sine wave distortion is  less than 
1.5%. Square wave output i s  fixed at 8 
volts p-p. $78.95 from Production De- 
vices, 7857 Raytheon Road, San Diego, 
California 921 11. For more informa- 
tion, use check-off on page 126. 

94 rn may 1975 More Details? CHECK-OFF Page 126 



semiconductor 
cross reference 

The new edition of the semicon- 
ductor cross reference and transistor 
data book is  now available from Inter- 
national Rectifier Corporation. The 
70-page brochure l i s t s  over 44,000 parts 
and corresponding I R replacements in- 
cluding rectifiers, diodes, zeners, transis- 
tors, SCRs and ICs. All are indexed in 
straight alpha-numeric sequence to facil- 
itate location of the desired part 
number. Also included are four pages of 
transistor specifications, showing polar- 
ity, case style, maximum current and 
typical bandwidth and gain. A data 
sheet on IC replacements lists absolute 
maximum rating and case style. 

To obtain a copy of the cross refer- 
ence (JD601), write Semiconductor 
Division, International Rectifier Corpo- 
ration, 233 Kansas Street, El Segundo, 
California 90245 or use check-off on 
page 126. 

ferrite-core kit 

A sample ki t  containing 18 nickel- 
zinc and new high permeability 
manganese-zinc ferrites for winding 
wideband transformers including baluns 
can be obtained for $10.00 from the 
Fair-Rite Corporation. These cores are 
useful over a wide frequency range but 
were selected for their effectiveness at 
frequencies above 2 MHz. Applications 
include radio communications, vhf re- 
ceivers, mobile communications and 

DELUXE P.C. KEYER 

The complete P. C. keyer 
you can't af ford not to  buy! 

I n  either a 5 volt TTL or a 9 volt C-MOS ver- 
sion this new module type IC keyer can be 
easily adapted t o  your own custom package or 
equipment. 

Versatile controls allow wide character weight 
variation. s ~ e e d s  from 5 to  50 w.D.m. D ~ U S  vol- . . 
urne and tone control. 

Solid-state output switching saves power, 
eliminates all those annoying relay roblems 
and IS cornpat~ble with both grid bgck and 
solid-state circuitry. 

With its side.tone monltor and 90 day warranty 
the Data Signal PC Keyer is the one for you. 

TTL Keyer Wired $19.95 Kit $14.95 
C.MOS Keyer W~red  $24.95 Kit $19.95 
Write today for complete details 

Data Signal, Inc. 
Successor to Data Enrrineerina. Inc. - - 

2212 PALMYRA ROAD, ALBANY, GA. 31701 
912-4351764 

CFP Enterprises 
Fixed or Mobile HF or VHF 

/ CFP is your source fo r  antennas. 
I 
I 
I Featuring: 
I 

I CUSHCRAFT, HY-GAIN, NEWaTRONICS ! 
I 

I Looking for some third generation FM 
gear to hook on to that antenna? We've 
got that, too. Look for the CFP Minnie 

1 Winnie at the big Western New York Harn- 
I fest and VHF Conference in Rochester on 
I May 31, 1975. Send us a supply of SASE 
I and we'll send you our regular listing of 
I used equipment as long as your envelope 
1 supply lasts. And while you're writing, 
1 don't forget to send your Docket 20282 i comments to FCC. 

o  3 0  s o  CFP ENTERPRISES 
I Mon., Tues., Thurs. 
I ~y appointment Fri., 866 RIDGE RD. 
I sat. and weninps. LANSING, N. Y. 14882 
I closed all 
I day Wed. 24 Hour Phone: 
I and Sun. 607-5334297 
I---------------------------------------. 
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DELUXE RECEIVER PREAMPS 
Specially made for both OLD and NEW 
receivers. The smallest and most power- 
ful single and dual stage preamps avail- 
able. Bring in the weakest signals with a 
Data Preamp. 

Wrtte today for complete datails 

Data Signal, Inc. 
Successor to Data Engineering. Inc. 

2212 PALMYRA ROAD 

ALBANY, GA. 31701 

912-435-1764 

WESTERN N. Y. 
HAMFEST and 
VHF CONFERENCE 

Monroe County 

Rochester, N. Y. 
(Near Thruway Exit 46) 

Huge Flea Market 
Top Programs 
Award Presentations 
Friday Night Funfest 
FCC Exams 

ROCHESTER, N. Y .  

other systems operating at high fre- 
quencies. 

The 18 ferrite core shapes are pro- 
vided in three different materials along 
with application data including curves 
of parallel impedance, reactance and 
resistance per turn of wire for each 
sample core. Data also describes how to 
choose the right material and core size 
for a particular application. 

Application data is available without 
charge. The sample kit can be ordered 
by sending a check or purchase order 
for $10.00 to Fair-Rite Corporation, 
Wallkill, New York 12589. For more 
information, use check-off on page 126. 

sweeplfunction 
generator 

A new lowcost sweeplfunction gen- 
erator oscillator has been introduced by 
Exact Electronics. The model 195, 
priced a t  $149.50, i s  expected to make 
inroads into audio testing and amateur 
electronics applications where high per- 
formance function generators were not 
previously available. The new instru- 
ment, housed in a compact, rugged case, 
produces sine, square, triangle and 
swept waveforms as well as fixed ampli- 
tude pulses. I t s  frequency range is from 
2 Hz to 200 kHz in three ranges with a 
linear/logarithmic frequency control. 

An internal sweep generator will 
sweep 1000: 1 (3 decades) on any of the 
three main frequency ranges. This per- 
mits technicians to sweep, either linear- 
ly or logarithmically, the entire audio 
range of amplifiers or speakers without 
changing ranges or even turning a knob. 
High and low level sine outputs with 
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amplitude control of both are provided. 
A voltage control frequency (VCF) in- 
put permits controlling frequency from 
an external source. Fully portable, the 
model 195 is  powered by a 9-volt tran- 
sistor battery, completely eliminating 
any problems with 60-Hz hum. An 
optional rechargeable power supply is  
available. 

For more information, write to Exact 
Electronics, Box 160, Hillsboro, Oregon 
97 123, or use check-off on page 126. 

solder slide rule 
A handy new slide rule published by 

Kester Solder provides comprehensive 
flux selector data on one side and offers 
solder alloys guides on i t s  flip-side. The 
pocket size Kester slide rule gives flux 
choices for 22 metals, ranging from 
easy-to-solder gold, copper, and tin to 
verydifficult-to-solder chromium and 
stainless steel. Thirty-six solder alloys 
also are listed, along with temperatures 
at which the solder becomes plastic and 
becomes liquid. Readers may obtain this 
slide rule by writing to Kester Solder, 
420 1 Wrightwood Avenue, Chicago, 
Illinois, 60639, Attn: Mack Haraburd. 

touch-tone 
decoder board 

A new seven-digit Touch-Tone De- 
coder board kit with multiple capabili- 
ties has been announced by CTI Manu- 
facturing Company. The new board fea- 
tures full seven-digit Touch-Tone decod- 
ing and encoding, uses cmos circuitry, 
and i s  installed on a miniature 
2Xx3X-inch (57x82mm) circuit board. 
The board can be mated with an option- 
a l  Touch-Tone pad, if desired, or used 
with existing equipment. The basic kit 
for the decoder board is priced a t  
$59.50. For more information, write to 
CTI Manufacturing Co., Post Office Box 
1422, Corinth, Mississippi 38834, or use 
check-off on page 126. 

1 NEW! NEW! NEW! 
HERE'S THE BEST FOR 

MOBILE OR MARINE VHF! 

LIFE - Bright stainless steel 
housing, s.s. whip, along i with brass ss-2 beat the 
effects of salt. 

PERFORMANCE - 150 W. 

Gain 6 dB over coax ant. 
3.7 dB over isotropic 
1.5 dB over dipole 
Requires no ground plane 

PHYSICAL DATA - 
1%" x 46%". 8 or. 
Alternate mounting. 

PRICE - $45.00 List 
Optional bracket $4.60 list 

~DYCOMM tor RF POWER f 

$ ECHO Ill REPEATER MODEL 34 WATTMETER 

I A4950 A8949 

A COMPLETE LINE OF FM AMPLIFIERS 
model - Dowa outout - oeln - orace 

6 METER FM 2 METER FM 
A4950.50W - lOdb - $183. MODEL C - 25W - 4db - $69. 
A4960.50W. 8db - $192. MODEL D - 50W. 7db. $99. 

A8949 - 100W - 10db. $270 SUPER 0 KIT - 80W - 3.5db. $60. 
450. UHF MODEL DS -BOW .3.5db - $139. 

MODEL 25 30W - 7db. $167. MODEL E .35W - lOdb. $80 
MODEL 30 - 30W -9db .  $194. SUPER E KIT - 40W. 1 ldb  - $60. 
MODEL 50.50W - 5db .$251. MODEL ES -40W - l l d b  -$115. 

OTHER PRODUCTS 1 0 4  - I W W  - 7db -$209. 
CHO I l l  FM REPEATER .$949. 1.10.0. l W W  - 14db .$226. 

MODEL 34 WATTMETER . $70.1 35-0. I W W  - 4db - $185. 

COMMUNICATIONS - 848 AvE."E" P.O.9OX 10116 

R I V I E R A  BEACH. FLA. 53404 
(305>844-1323 I 
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DA TA SIGNAL SCORES AGAIN 
NOW WELL ESTABLISHED IN THEIR NEW FA- 
CILITIES THE SUCCESSORS TO DATA ENGI- 
NEERING ARE LEADING OFF WITH BOTH EX- 
CITING NEW PRODUCTS AND TIME PROVEN 
FAVORITES. YOU CAN DEPEND ON DATA 
SIGNAL FOR THE FINEST IN  AMATEUR RADIO 
ACCESSORIES. 

AUTOMATIC TOUCH TONE DIALER 
Now, by the push of a single button you can auto- 
matically dial up to  six separate 7-digit telephone 
numbers. All solid state with automatic PTT opera- 
tion. Can send telephone number only, or repeater 
access code plus telephone number automatically. 
AD6 Sh. Wt. 2 Ibs. without keyboard 99.50 
AMD6 Sh. Wt. 2 Ibs. with keyboard 119.50 
Factory programming of #s 7.50 

DELUXE REPEATER AUTO PATCH 
The auto-patch your club will be proud to own. It's 
complete in every aspect. Two 1-4 digit access codes, 
one 1-4 digit disconnect, rotary dial or regenerated 
Touch Tone output, dial-in capability, "I", "0" and 
numerical disconnects, ID by-pass, audio monitor, 
keyboard, digital readout, plus many more features. 
Send for brochure. Rack mount only. 
RAP-101 Sh. Wt. 15 Ibs. 549.00 

TOUCH TONE REGENERATOR 
Give your Auto Patch users and the telephone ex- 
change a break. Now all touch tone digits received 
by the telephone exchange is from ONE touch tone 
standard and not from a multitude of individual 
pads. Regeneration eliminates miss-dials caused by 
pads with off-frequency tones, incorrect amplitude 
adjustments, improper tone length, split tone bursts, 
etc. Includes complete 16-digit decoder plus rotary 
dial capability. PC board and rack mounting available. 
DCRJ1 PC 249.00 Rack 325.00 

Sh. Wt. 2 Ibs. Sh. Wt. 8 Ibs. 

REPEATER AUTO PATCH 
It's complete - a single digit access/disconnect 1 7 Auto Patch facilitv. All you need is a re~eater and the . . - . - . - 

phone line. ~omp le te  with automatic dkconnect, dial- i in capability, two way audio monitor plus remote 
control. when used with a rotary dial exchange, 1- Data Signal's DPC-121 dial converter is also required. 
P.C. board or Rack Mount available. 
RAP-2 PC 99.50 Rack 149.50 

Sh. Wt. 2 Ibs. Sh. Wt. 8 Ibs. 
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TOUCH TONE TO DIAL 
PULSE CONVERTER 

Don't let the lack of a Touch Tone telephone exchange 
prevent your repeater club from going auto-patch. 
Convert 0-9 lT digits to Bell System compatible dial 
pulse code. Uses anti-falsing TT decoder. 64-digit 
memory and solid state pulsing. Starts dialing on 
first incoming digit. Memory will not overload. Cancel 
function. * and # output provided for control pur- 
poses. PC Board and rack mount available. 
DPC-121 PC 195.00 Rack 285.00 

Sh. Wt. 2 Ibs. Sh. Wt. 10 Ibs. 

TOUCH TONE 
KEYBOARD/ENCODER 

The smallest, thinnest keyboard with built-in touch 
tone encoder. Only I/," thick. Completely self-con- 
tained, designed for mounting directly to hand-held 
portables. Operating temperature -20°F to +150°F. 
R .  F. proof. 
Dl-4M Miniature Encoder 21h" x 3" x I/," 89.95 

Sh. Wt. 1 Ib. 
TOUCH TONE PADS 
Standard size 12 and 16 digit Touch Tone Pads. Au- 
tomatic PTT operation with 11/2 second transmitter 
hold. Self powered via internal 9V  battery. Audio and 
PTT outputs, TTP-1 and TTP-2 also has low volume 
audio monitor for acoustically coupling of tones to 
microphone. Zero quiescent current. Operating tem- 
perature -20'F to +150aF. R. F. proof. 
lTP-1 16 digit 3" x 51/2" x 11/2". Sh. Wt. 2 Ibs. 79.50 
lTP-2 12 digit 3" x 5%" x 11/2". Sh. Wt. 2 Ibs. 59.50 
lTP-3 12 digit 21h" x 41hW x 11/2" Sh. Wt. 2 Ibs. 59.50 

ANTI-FALSING 
TOUCH TONE DECODER 

Now, a true anti.falsing decoder, immune to high 
noise and voice falsing. 12 to 16 digit capability. 
Single 5-volt power supply. Heavy duty transistor 
output. Complete p. c. board or standard 19" rack 
available. 
lTD-126-12 12 digit PC 149.95 Rack 219.95 
lTD-126-16 16 digit PC 169.95 Rack 239.95 

Sh. Wt. 2 Ibs. Sh. Wt. 10 Ibs. 

ORDER TODAY OR WRITE FOR COMPLETE DETAILS 

DATA SIGNAL, INC. 
Successor to Data Engineering. Inc. 

2212 PALMYRA ROAD, ALBANY, GA. 31701 

912-435-1764 
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WILSON 204 MONOBANDER 

The Wilson 204 is the best and most economical antenna of its type on the market. Four 
elements on a 26' boom with Gamma Match (No balun required) make for high perfor- 
mance on CW & phone across the entire 20 meter band. 

The 204 Monobander is built rugged at the high stress points yet using taper swaged 
slotted tubing permits larger diameter tubing where it counts, for maximum strength 
with minimum wind loading. Wind load 99.8 Ibs. at 80 MPH. Surface area 3.9 sq. ft., 
Weight 50 Ibs., Boom 2" OD. 

All Wilson Monoband and Duoband beams have the following common features: 
Taper Swaged Tubing Adjustable Gamma Match 52 
Full Compression Clamps ' Quality Aluminum 
No Holes Drilled in Elements Handle 4kw 
2" or 3" Aluminum Booms Heavy Extruded Element to Boom Mounts 

M204 4 ele. 20, 26' 2" OD $119.95 . M340 3 ele. 40, 40'. 3" OD $349.00 
M203 3 ele. 20, 20', 2" OD $ 89.95 . M240 2 ele. 40, 16'. 3" OD $199.00 
MI55 5 ele. 15, 26', 2" OD $119.95 . M520 5 ele. 20, 40', 3" OD $189.00 
M154 4 ele. 15, 20', 2" OD $ 79.00 . M715 7 ele. 15, 40', 3" OD $159.00 
MI05 5 ele. 10, 20', 2" OD $ 69.00 . 0845 4 ele. 15, 5 ele. 10, 26', 2" OD $129.95 

' M106 6 ele. 10, 26', 2" OD $ 89.00 . DB43 4 ele. 15, 3 ele. 10, 20', 2" OD 8 99.00 - M104 4 ele. 10. 17'. 2" OD $ 49.00 . DB54 5 ele. 20, 4 ele. 15, 40'. 3" OD $209.00 

All Wilson Antennas are FACTORY DIRECT ONLY! The new low prices are possible by 
elimrnating the dealer's discount. All antennas in stock. If you order any antenna you 
may purchase a CDR Ham l l  for $124.95 or a CDR CD44 for $84.95. Send check or 
money order, or phone in BankAmericard or Master Charge. All 2" Boom antennas 
shipped UPS or PP. 3" by truck. 

W& 8- 
P. 0. BOX 794 HENDERSON, NEVADA 89015 702-451 -5791 



Andnow TRm4C the Drake 

is already surpassing their record! 

Now at your dealer's 

R. I.. DRAKE COMPANY wmm 540 Richard St., Miamisburg, Ohio 45342 
Phone: (513) 866-2421 Telex: 288-017 
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SUPER CW FILTER CMOS ELECTRONIC KEYER 

The IMPROVED CWF-2BX offers Feature for ltmture the 
RAZOR SHARP SELECTIVITY with CMOS-440RS gives the most for 
its 80 Hz bandwidth and extremely your money: State o f  the art 
sleep sided skirts. Even the design uses digital CMOS ICs and 
weakest signal stands out. NE555 sidetone Built-in key with 

plugs into any receiver or trans- A STACK FOR adjustable contact travel Sidetone 

ceiver. Drives phones or connect and speaker Adjustable tone and 

between receiver audlo stage for CW MEN volume Jack for external key 4 

full speaker operation. position switch for TUNE. OFF. 

Drastically reduces all back- 
ON. SIDETONE OFF . Two output 

ground noise No audlble ringing 
jacks: direct relay, grid block 

No impedance matching No 
keying Uses 4 penlight cells (not 

insertion loss 8 pole active filter 
included) Self completing dots 

design uses IC's Bandwidth: 80 
and dashes Jam proof spacing 

Hz. 110 Hz, 180 Hz (selectable) 
Instant start with keyed time base 

Skirt rejection: at least 60 db down 
Perfect 3 to 1 dash to dot ratio 6 

one octave from center frequency 
to 60 WPM Relay rated 250 VDC. 

for 80 Hz bandwidth Center fre- 
1% amp. 30 VA 

quency: 750 Hz 9 volt transistor CMOS440RS, Deluxe . . $37.95 
battery not included. 

400 Hz or 1000 Hz center fre- Wrile lor FREE catalog and CW litlef lest 

quency available add 33.00. rewrts. Please include $1.50 p s  unil lor 
shlpplng and Mndllng. Money bsck If not 

IMPROVED CWF-ZBX, sat#sl~ed. One year UNCONWWNAL 
assembled . . . . . . . . . . . $23.95 guarantm. 

CWF-2, PC board, include 4 po- 4 x 3 114 x 2 3/16 inch -- I I-- 

sition selectivity switch. . $16.95 'm 1 EXNIIHE%ICARD 
CWF-2, kit . . . . . . . . . . . $14.95 Dm)er Inquiries Invited ;-I 

MFJ Enterprises, P. 0. Box 494, Miss. State, MS 39762, (601) 323-5869 

The DELA-BRIDGE I 
Analyzes antenna characteristics, 
simplifies adjustment. 
The DELA-BRIDGE I, when t ~ e d  ~ n t o  your grid dip meter or low 
power exc~ter, qu~ckly and eas~ly analyzes: (1) Exlsting antenna 
& f e m m e  charactenst~cs, (2) Tun~ng & loadingcoils, (3) Filter & 
~nterstage coupl~ng networks. D~rect readout then lets you adlust 
for opt~mum performance. 

DELA-BRIDGE I Specifications: 
FREQUENCY RANGE: 50 Khz to 250 Mhz 
RESISTANCE RANGE: o to 500 Ohms. balanced or DELA-BRIDGE I guaranteed for 1 
ut~balariced, log scale 
SIGNAL REQUIREMENTS: 1 MW to 2 Watts maxlmum 

year by Delavan Electronics, Inc.' 
lrorli any ~ r ~ d  d~pprr or slgnal generator Delavan Elrctron~cs' new Amateur Prottucl5 Group might be a 
POWER REQUIREMENTS: Internal 9V battery new name to you, but we're no stranger l o  amateur rad~o 

ACCURACY: 23 , at 50 Ohms 
operat~ons and equipment Delavan IS well funded and deeply 
~nvoived In aerospace and lnduslr~al conlrois Delavan stands 

TO READ g INTERPRET: Complete null and reactance beh~nd 11s products 100,~ and guarantres Ihe DELA-BRIDGE I 
delerr~i~~~al~on-not frequency sensltlve-lnternal lnte- uncond~t~onally lor 1 lull ear 
grated clrcu~t ampl~f~er allows use w~th low s~gnal lnputs Orde~ your DELA.BRID;E I today1 gglll-------.l--------.------. 
Gentlem~n 

tested 

DELAYAN 
Pleasesend meone DELA BRIDGE IC$3995,complelelyassembledB c rff  ONIC s. I N  C. 

Please send me one OELA-BRIDGE i ready to.asremble KII 8 $29 95 AMATEUR 

A " ~ ~ ~ ~  residents add 5% saks lax, ~ ~ t . ~ ( - ~ t & ~  residents !~l~;j/,,l;~~~~;,I,),~~~l,:l~;;~ ;,:;;"'l.ldl'. All:"" '"'','"I *1~"121948.6350 

add $2.50 to cover handling and airmail poStaEe. 
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Problem . . . . . . Your local club has decided to put up a repeater, but 
funds are limited and you know that an old commercial 
tube rig converted will work but never will be first rate. 

Solution. . . . . . "The Life Saver" - A state of  the art completely solid 
state repeater. Complete including CW-ID, control cir- 
cuitry, power supply (12V 12Amp) and all hardware. 
Packaged to take up to 25,000 microvolts before desensing. 

PRICES 

Kit $364.95 Factory wired and tested $595.00 

Need Gavaties? With ki t  or wired and tested repeater, add $399.95 for 
commercial grade 6 cavity system. 

v - -- 

V h e  ensineerdng 1 
320 WATER ST PO BOX 1921 BlNLHAMTON N Y  13902 607 723 9 ~ 7 4  1 

OlVfSlON O F  BROWNIAN 6LFCTRONICS CORP 
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HERE ARE SOME REAL GOODIES AT DOWN TO EARTH PRICES. QUANTITIES 
ON SOME ITEMS ARE LIMITED . . .  IF YOU SEE SOMETHING YOU LIKE DON'T 
DELAY . . .  ORDER NOW. 

1- SOLID STATE RECEIVER STRIPS 7 

I WE HAVE JUST GOTTEN IN SOME CLEAN GENERAL ELECTRIC MASTER PRO HI  
BAND RECEIVER STRIPS. THESE STRIPS ARE SOLID STATE AND IDEAL FOR RE- 

. .  PEATER USE OR JUST PLAIN MONITORING . . .  CHECK THESE FEATURES. I 
1 136-150 MHz Range 2 Freq Narrow Band 1 
I ONLY $100.00 ea. I 
p---SOLID STATE TRANSMIT STRIPS -i 

I WE HAVE A LIMITED QUANTITY OF TRANSMIT DECKS FROM THE H I  BAND 
GENERAL ELECTRIC PORTA MOBILE UNITS. THEY ARE EXCEPTIONALLY CLEAN. 
136-150MHz RANGE. CAPABLE OF PROX 6 WAlTS OUTPUT. EXCELLENT EXCITERS 
FOR FM OR CONVERSION TO USE ON OSCAR. I 

I ONLY $49.00 ea. I 
MOTOROLA GOODIES 

ATTENTION REMOTE BASE OPERATORS 1 
Here are some special T-Power mobiles just for  you. They are Motorola 
X43BGT type units. They are 2 freq transmit 150 MHz and 2 freq 
PL*, dual scluelch, narrow band receive on 450. Ideal for  use with) e9n nn I 

....................................................................................... your remote'base. Less accs. 3 a g m u W  1 
IF YOU DON'T NEED THE WHOLE RADIO HERE ARE SOME STRIPS 

UHF "B" RECEIVERS 
These are the 2 freq. PL* dual squelch, narrow band receivers f rom 
the X43BGT. They are the same size as a h l  band "G" strip. ldeal 
for link receivers ............................................. ..................... ............................................................... $25.00 

T-SUPPLIES 
From the X43BGT. Uni t  comes with the supp!y, and heatsink. Can 
be converted for  use with your T41 or T43 rad~o. Here's your chance 
t o  update your vibrator r ig  .............................................................................................. $10.00 1 

3 0  WATT HI BAND TRANSMIT STRIPS 
Motorola "G" series transmit strips. No weird tubes. Uses 6146 final. 
ldeal for  FM or can be converted for use as an OSCAR transmitter. 

UNBELIEVABLY PRICED AT 3 for $12.00 
*PL Registered Motorola trademark 

TERMS OF SALE: Sales to  licensed Radio Amateurs for use on  Amateur freqs only. All 
prices FOB Oak Park, IL. Check with order, COD or you can charge to  
your BankAmericard or Master Charge. 

STORE HOURS: Mon..Thurs. 9:30.6:00. Fri. 9:30-8:OO. sat. 930-3:OO. Closed Sun. & Holidays 
INQUIRIES WITHOUT ZIP CODE OR CALL . . .  NO ANSWER 

WANTED: Good used FM & test equipment. No quantity too large o r  small. Finders fees too. 

SPECTRONICS INC. 
1009  G A R F I E L D  STRkET 

O A K  PARK,  ILL. 60304  
(312)  848-6778 
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CRYSTAL FILTERS 
and @ DISCRIMINATORS 

1 27/64" x 1 3/64'' x 3/4" # 
by 

K.V.G. 

10.7 MHz FILTERS 10.7 MHz FILTERS CONT'D. 
XF107.A 14kHz NBFM $40.60 XM107-SO4 14kHz NBFM $18.95 
XF107.B 16kHz NBFM $40.60 XF102 14kHz NBFM $7.95 
XFlO7-C 32kHz WBFM $40.60 10.7 MHz DISCRIMINATORS 
XF107.D 38kHz WBFM $40.60 XD107-01 30kHz NBFM $22.10 
XF107-E 42kHz WBFM $40.60 XD107-02 50kHz WBFM $22.10 
CRYSTAL SOCKET (for XM 107.S04) t y  pa OG1 $1.50 inquiries invited, 
Shipping 5 0 ~  each 

J-BEAM ANTENNAS 

435 MHze- 145 MHz 

" -r 
MULTIBUM 70/MBM46 S51.75 ma. 

@ 
8 OVER 8 D8/2M $39.95 em. 

Galn, Ref Dipole 1 7 3  dB Gain, Ref Dipole 12.6 4 6  
Feed impedance 50 $2 Feed Impedance 50 S! 

STACKING HARNESS: - 
2 Way PMH2/70 $12.80 PMH2/2M $1535 SPECfRUM 
4 Way PMH4/70 $28.25 

si INTERNATIONAL 
SVMK/PM Vertical Polarization Mounting Kit $8.75 
Write for detailed specifications. BOX 1084 CONCORD 
F.O.B. Concord. Mass. 
Shipping: Via U.P.S. 

MASSACHUSETTS 01742 
U. S. A. 

10 CHANNEL SCANNER 
For Al l  Regency HR serles 2, 2A, & 2 8  

6T-HR2-3 CRYSTAL DECK 
Adds 6 more xmit FQ's to your H R 2  or HRPA. 

MT-15. MT.25. & AQUAFONE Transceiver Allows fu l l  12 channel xmit. Improvements in- 
clude smaller board, easier installation, and 

FUTURES: allows netting without removing the radio . Selectable Priorlty Channel speaker. 
(Selected By Channel Selector Switch) . 10 Second Delay Befare Scan Resumes After Transmlt 

6 7  -H R2-3 Kit $11.50 . 2 Second Delay Before Scan Resumer After Signal Loss 6T-HR2-3 Wired $15.50 . Plugs Into Existing Crystal Sockets. Simple 5 Wire NOTE: we*,. still the bast MOSFET 
Hook-Up Wlthwt Major Modification To Radio PREAMP on the market for the size and . Simple Modification For Selective Channel Bypass - ~ o d e l  HF 144 U. ~ l t  $11.95; Wired $fE; . Optional Digital Channel Display All prices include postage. 

ORDER 
MODEL NUMBER AMATEUR & DLR. NET PRICES ORDER 

SCANN ~ O B  10 Channel Scanner $52.50 Topeka FM C O I l l I l l ~ n i C a t i O n ~  & f leCt I '0 I I iCS 
(Wired Only) A Division of Topeka FM Communications, Inc. 

DlOB Digital Channel Display $21.75 125 Jackson 
(Wired Only) Topeka, Kansas 66603 

NET PRICE FOR BOTH . . . $74.25 913-233-7580 
(SUGGESTED LIST PRICE FOR BOTH - $109.95) Kansas Residents Add 3% Sales Tax 

106 may 1975 More Details? CH ECK-OF F Page 126 



Quartz @rydals space age communication 
equipment demands a crystal 
that meets all standards of 
technical advancement. Crystals 
that were acceptable some ' 

years ago do not meet present 
day specifications. As a general 
rule. your crystal must be 
selected from the best quartz. . . 
(no throw off cuts). Tight 
tolerances demand selected 
angles of cut. The x-ray is 
important in making this 
selection. The crystal should be 
preaged with stress cycling. It 
should be checked for frequency 
change vs temperature change. 
It must be checked for optimum 
spurious response. It should be 
calibrated to frequency with the 
correct oscillator. International 
Crystals are manufactured to 
meet today's h ~ g h  accuracy 
requirements. That's why we 
guarantee all International 
crystals against defective 
materials and workmanship for 
an unlimited time when used in 
equlpmenl for which they were 
specifically made. 

WRITE FOR CATALOG 

INTERNATIONAL - 
CRYSTAL MFQ. CO, INC. 

10 NOIITH LEE 
OKLAHOMA CITY. OKLA. 73102 
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OUR DATA/APPLICATION SHEET ENCLOSED N R S E m WITH EACH TYPE SHIPPED 
EVERY UNIT 100% PARAMETER AND FUNC- 
TION TESTED TO OUR GUARANTEED LIMITS 

H A M / H O B B Y / E X P E R I M E N T E R  G R A D E  ON THE SAME FAIRCHILD COMPUTER-TYPE 
HIGH SPEED TESTER USE0 BY MAJOR SEMI 

SEMICONDUCTORS COMPANIES. 

More Details? CHECK-OFF Page 126 

COMMUNICATIONS INTEGRATED CIRCUITS 
iC Type Description Case Price 

ea. 
NA555 Versatile Timer 8-DIP 0.99 
NA555-2 Dual Timer 16-DIP 1.55 
NA370 AGC/Squeich/VOX 10.T05 1.20 
~ ~ 3 7 1  Versatile RF/IF 1 0 . ~ 0 5  1.29 
NA3018 4-Trans. Array 12-TO5 0.89 
NA3026 Dual Diff. Array 12-TO5 0.99 
NA3086 5-Trans. Array 14-DIP 0.45 
NA3036 Dual Darlington 10-TO5 0.75 
NA1595 Analog Multiplier 14-DIP 1.90 
NA8038 VCO/Sine/Sq./Tri. 14.DIP 
NA1596 Bal. Mixer/Mod. 
NA376 Voltage Reg.. Pos. Low Stdby 

NA723 Reg., POs./Neg. 1 ~ " 8 ' ~ ~ ~  :::: 
NA741 Op.Am 
NA1303 Stereo breamp 14-DIP 0,99 
NA1304 Stereo Multiplex Decoder 14-DIP 
NA2111 FM IF Strip/Quad. Detector 

14-D1P 2.25 
NA3075 FM IF Strip/Det./Preamp 14.'IP 2'45 

TRANSISTOR BAGS 
IC Type Description case hice 

2NA2222 NPN Trans., Bag of 12 2,00 
zNA2907 PNP Trans.* Bag Of 12 2.00 
2NA3904 NPN Trans. Plastic. Bag of T092 20 3.00 

2NA3906 PNP Trans. Plastic, Bag of 20 
TO92 3.00 . 

APRIL-MAY SPECIAL 
NA8038 VCO 

Tr iang le  S i n e  Square 
Wave Function Generator 

3 for $9.95 
RADIO TRANSMllTER UN A CHIP! 

OSCILLATOR BUFFERS MODULATOR 
CONTROLLED POWER OUTPUT STAGE 

NA2000 IOOMw AM on 10 Meters 9.95 
NA2001 25OMw AM on 10 Meters 14.95 

in stud mount package 
Both types usable at reduced output a t  6 Me- 
ters and above. Requires external crystal and 2 
tuned circuits. With Da ta /a~~ l i ca t ions .  

U S. orders over$10.00. we pa shipping. 
Prepaid U:S. orders under f 10.00. add g1.00 chg. 
Prepaid Foreign orders over S 10.00, add postage. 
Prepaid Foreign orders under $10.00, add $1.00 
plus postage. 
COD U.S. orders over $10.00, add $1.50 chg. 
COD U.S. orders under $10.00. add $2.50 chg. 
No Foreign COD orders. 
California residents add 6% sales tax. 
Confused? Please read agaln before ordering. 

NASEM, BOX AI, Cupertino, Ca. 95014 

Corncraft's NEW 
VHF Two-Band 

with Digital Frequency Synthesis 
The new CST-50 Two-Band Transceiver provides coverage of two complete 
amateur bands with all the features needed by most operators. Imagine! The 
two most popular VHF bands in one rig with Phase Locked Loop frequency 
synthesis. In the CST-50 all frequencies are generated digitally by reference to 



an extraordinary 
combination of 
digitally synthesized 
receivers.. . 

each with built-in caDaclly to sansfy 
a broad speclrum of singular applicallons. 

ITT Mackay Marine 3020A and 3021A Radio Receivers ITT Mackay Marine 
feature solid state construction, dual conversion and ~ ; i ~ " , ~ : ~ ~ ; ~ ~ P ; l . O ~ ~ m l S a l e s M a n a g e r  
super-heterodynedesign providing continuous frequency Raleigh. North Carolina 27611 
coverage from l5kHz lo  29.9999MHz. Frequency SeleC- Please send complete FREE information on the 
tion is accomplished by step tuning, while the 3021A excitingnew: 

Receiver uses sweep tuning. These receivers meet strict 3020A Step Tuning Receiver 
3021A Sweep Tuning Receiver 

requirements of British MPT, German FTZ, Norwegian 
NTA. Dutch and Spanish PTT and Canadian DOC, and NAME TITLE - 
can be used wherever maximum reliability and ease of COMPANY 

maintenance are required. ADDRESS 

Write or call Ed Engebretson, General Sales Manager - STATE - - 
(K41QD). today for complete information on these two ~ ~ ~ ~ ~ ~ ~ l y v p l y S C h  

roupMPanVII, quality, high performance receivers. contract GS-00s-24016 

ITT Mackay Marine, 2912 Wake Forest Road. Raleigh. 
North Carolina 27611. Telephone: (919) 828-4441. ITT Mackay Marine 
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Autoranging 
multi -f un 
count~r 
5349 

Traditional Fluke quality 
W Autoranging in both frequency and period measur 
W 5 Hz to 80 MHz, high sensitivity - 25 mV 
W Event counting to 106 events, automatic overflow 
W Six digit LED display with automatic annunciation 

Optional battery operation and data output 
W Full 12-month guarantee 
W Service centers coast to coast John fluke Mfg. Co. Ltd. 

Available from stock -1 ~ o u n t e r  ~ i v i s i o n  
P.O. Box 1094 Station D 

@ Buffalo, N.Y. 14210 
Phone (716) 842-031 1 

COLNER DIVEION TWX 610-49-3214 

K - E N T E R P R I S E S -  

PD 301 PRESCALER 
with Power Supply 

Kit $43.50 Assembled $55.50 
Add $1.50 Postage & Insurance 

Model PD 301 is  a 300 MHz prescaler designed 
to extend the range of your counter ten times. 
This prescaler has a built-in preamp with a 
sensitivity of 50 mV at 150 MHz 100 mV at 260 
MHz, 175 mV a t  300 MHz. The ' 9 5 ~ 9 0  scaler is 
rated at 320 MHz. To insure enough drive for 
all counters. a post amp. was built-in. The pre- 
amp has a self contained power supply regu- 
lated at 5.2V -t .O8%. (Input 50 Ohms, Out. 
out HI Z) - -  
All prescalers a m  shipped i n  a 4" by 4" by 
1'h" cabinet. All are wired and calibrated. 

K-ENTERPRISES 
1041 East Highland, Shawnee, Okla. 74801 

Phone: 405-273-9024 

PORTABLE PLEASURE 
from ERICKSON . . . 
SRC-146A SPECIAL 
with your choice of 

Rubber antenna 
Leather case 
Ni-cads 
Charger 
Remote mike 
Speaker mike 
Extra crystals 
PL, tone burst and TTped 

Put together your  own package 
. . . then call o r  wr i te  
f o r  the  ER ICKSON deal1 

plus ICOMITPLITEMPOIASP 
SBElKENWOODlCUSHCRAFTlLARSEN 

COMMUNICATIONS 
4135 Main Street (New Loca t~on)  
Skokie, lL 60076 (312) 677-2161 
Hours: 9-4 M-S; 6:30.9 M,Th 
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NOW 
available 
for thefirst time 
in North America 

the all NEW synthesized 
VHF FM TRANSCEIVER 
the KDK-144 

Compare the features: 
SYNTHESIZED - no more crystals 
L.E.D. READOUT - for quick, easy readability 
10KHZ FREQUENCY DIAL UP CAPABILITY 146-148 M H z  - Perfect 
for the 2nd generation of repeatersand simplex channels 
600 KHz UP AND DOWN REPEATER CAPABILITY 
POWERFUL 2W AUDIO OUTPUT 
10W.R.F. OUTPUT 
Compare the sizes: 
KDK- 144 2" x 6 318" x 7 3/4" Decp 
lCOM AC-230 2 9/32" x 6 118" x 8%" Dccr, $399 
CLEGG FM 27B 3%" x 7 318" x 9%" Dccp I F.O.B. Bl'tine W'ish. 

HAM IMPORT SALES 1-1-1-5 

P.O. Box 1009 Blaine Wash. 98230 
(Washington State Residents add 5% Sales Tax) 
Please Rush me a KDK-144. Enclosed is  a 0 cheque 

money order for $399. (plus sales tax i f  applicable) 
NAME: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ADDRESS: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ZIP: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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March 1968 (first issue) December 1972 
FEATURING: 5-band SSB exci. FEATURING: Satellite commun- 
ter, IC.regulated power supply, ications, UHF swr bridge. RTTY 
Remotely-tuned 10-meter beam, monitor, receiver. FM channel 
Transistor curve tracer, Double. elements, helical mobile an. 
balanced mixers. 

May 1969 
co//ec tor 3 

January 1973 
FEATURING: Po!pourri , of in- 

items 0 FEATURjNG: Match in  net -  
tegrated-c i rcuct  appltcations, works, dtgctal readout V ~ O ,  f m  
FM repeater receiver perform. repeater recoder, six-meter p r e  
ance, RTTY converter, IC .noise amp, tuneable phase locked 
blanker, The ionospheric e. loop. 
layer. 

August 1969 February 1973 
FEATURING: Homebrew Para- june 1971 FEATURING: Communications 
bolic Reflector. Solid-state Q. receiver design, rf speech clip- 
5er. Frequency calibrator with FEATURING: A practical a p  per, fm receiver scanner. Pies- 1cvs, N~~ ,,,,,ltiband quad proach to 432.MHz SSB, FM sey SL600 integrated cricuits, 
antenna, ~ ~ ~ ~ b l ~ ~ h ~ ~ t i ~ ~  with carrier-operated relay. Audio solid-state nolse blanker. 
a scope. agc systems. Practical IC's. 

Low-noise 1296-MHz preamp. 

September 1969 March 1973 
June 1972 FEATURING: Solid.state 80-me- 

FEATURING: FM techniques FEATURING: 5 ~~~d ter transcetver, rec~procattng- 
and practices. IC Power sup- communicationj receiver, FM detector receiver. AFSK gener- 
~ ~ ~ s i ~ ~ ~ ~ ~ ~ a n ~ ~ , " , " : " ; i l ~ ~ $ ;  repeater control, SSTV ~ y n c h  ator, electronic keyers, mobile 
Amateur microwave standards, generator, microwave expert- touch-tone. 

meriting. 

October 1969 August 1972 June 1973 
FEATURING: Hot Carrier Di. FEATURING: F~~~~~~~~ synthe. FEATURING: Digital RTTY auto. 
odes, LOW-cost linear IC's. Sizer for Drake R.4, 2304 MHz start, f m  repeater. installation, 
Diversity antennas, solid-state preamp, audio filters, RTTY micropower receiver, 
432-MHz exciter, Tropospheric.  it^^ scope, mobile touch. band amplifiers, logic Oscil- 
duct communications. tone. lators. 

November 1969 October 1972 July 1973 
FEATURING: Op Amps . . .  FEATURING: 4 channel spec- FEATURING: SSTV test gener- 
theory, selection & application, t rum analyzer. HF frequency ator, carrier operated relay, 
WWV receiver. Multiband an- synthesizer, all-band dipole. VHF receiver, two-meter fre. 
tenna.  E lec t ron ic  key. S ix-  160 meter vertical, multi.func- quency synthesizer, antenna 
meter collinear. tion IC's. matching. 

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

HAM RADIO BINDERS HAM RADIO BOUND VOLUMES 
Collector's items deserve the best protection Here is a handsome addition to your library. 
you can give them, and we know of no better Twelve issues (a ful l  year) of Ham Radio 
than our handsome Ham Radio Binders. Bound bound into ,a rugged, good looking, hard cover 
in washable buckram and supplied with year book. Certa~nly the most deluxe way to collect 
labels to identify each volume. Each binder Ham Radio and perhaps the only way to ac- 
holds 12 issues. quire some out of print back issues. Years 

1971, 1972, 1973 and 1974 available. 
$5.00 each 3 for $13.50 $14.95 each 

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

There's no place like a good collection of March l968 (first issue) 

HAM RADIO back issues to find answers May 1969 p October 1972 

you're looking for. Go over the list above , December 

and find the ones you need. 
September 1969 [? January 1973 

Enclosed is . . ,for October 1969 [? February 1973 

the items I have checked. November 1969 March 1973 

June 1971 June 1973 

GREENVILLE, NH 03048 June 1972 July 1973 

August 1972 

Just $1.00 each ppd. 
Address ........................................ .. .............................................................. 

. . .  Binders $5.00 each 3 for $13.50 

. . . . . .  Bound Volumes $14.95 Specify year(s) 
....................... Zip.. 
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FROM MURCH ELECTRONICS the UT2000A 
THE ULTIMATE TRANSMATCH MULTIBAND ANTENNA 10 - 80 M 

Similar to the one in Lew McCoy's article 
July 1970 QST also 1972 Handbook 

Use with any coax or end fed random wire antenna, . Field proven 4 years 
ideal for apartment dwellers Sealed center insulator, 102 ft. 
2 kW P.E.P. (1 kW continuous) 1:l SWR to transmitter wire, 30 feet heavy duty twin lead 
10-80 continuous, including MARS Coax, f i t t ing to connect twin lead to 52 ohm trans- 
Use with any wattmeter or SWR ind~cator miss~on l ~ n e  (68 feet or more, not included) 
Heavy duty throughout (4000 volt capacitors) Ready to use. Great on all bands, without a trans- 
Rotary Inductor with turns counter match. Even better w ~ t h  the Ult~mate Transmatch 
12" w 12" d x 5 112 h. 12 Ibs shipping weight 

MODEL UT-2000A price rffadin ' 1  lg7' MODEL 68A, 2000 w P.E.P. 144.50 p.p. 
$139.95 FOB 

MURCH ELECTRONICS INC. 
Box 35 Franklin Maine 04634 Phone 207-565-3312 

i I 4,'; i I 

I *$- 
! '  

500 MHZ COUNTER j 
I 

i I 
I I 
I * HIGH SENSITIVITY: I 
I I 
I 5 0 m v  10 H z  to 5 0  Mhz I 
I 150 mv 5 0  Ml iz t o  5 0 0  Mhz I 
I I 
I I 
I * HIGH ACCURACY: I 
I SEVEN DIGIT L E D  DISPLAY I 
I I 
I OOOt",. T E M P  COMPENSATED TIME BASE I 
I RESOLUTION o I H Z  at I ~ h z  I 
! 1 0 0  H Z  at 5 0 0  Mhz I 

I * FULLY PORTABLE 
BUILT I N  NlCad BATTERY PACK 

I I 
I Ustnq the la tes t  L S I  lechno loqy t he  new UHF 5 0 0  B counter o f l e r s  a l l  I 
I I o f  t he  p r r f o r m a n c e  o l  ~ ~ n t l s  c o s l t n q  up  to $ 1 6 0 0 .  Capable O f  m e a s u r t n q  PL  

I 
I 

I Irpquenct rs  on  u p  throuqh 5 0 0  Mhz t m ~ n l m u m ,  l y p t c ~ ! l  5 2 5  M h z )  1 1  answers  I 

I t he  needs  0 1  t h r  a m a t e u r  l o r  a supertor a l l a l ~ t y  c o ~ l n l r r  .I! a reasonab le  
I 
I 

prtcr, .  W r l l e  l o r  c o m p l e t e  data .  

I 
I L € V V  A!E!eberATE!E! I 
I P O  B O X  gf, l  r i  

TEMPLE C I T Y ,  C A L I F  9 1 7 8 0  
I 

I I 
L,,,----------------------------------------------J 
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flea market 
RATES Commercial Ads 35g per 

word; non-commercial ads 10g per word 
payable in advance. No cash discounts 
or agency commissions allowed. 
I COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed and must in- 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second preceding month. 

I SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 

THE CALGARY CENTENNIAL AMATEUR RADIO CON- 
VENTION will be held on August 1-2-3. 1975. For 
further information write immediately to '75 Con- 
vention. Box 592, Calgary, Alberta T2P 2J2. - 
ROCHESTER N. Y. - Western New York Hamfest 
date is ~a td rday ,  May 3lst.  at the Monroe County 
Fairgrounds. Hotel headquarters is the Rochester 
Marriott. FCC exams at  the Hamfest. Information? 
Write: WNY Hamfest, Box 1388. Rochester. N. Y. 
14603. - 
HAMFEST Manassas Virginia Sunday June 8, 
1975. ~ r i h c e  ~ i ~ ~ i a m '  County iairground, '/2 mile 
south of Manassas on Rt. 234. Grand stand prlze 
drawln s, parking for 1000+ cars, hard standing 
fo,r 20%+': flea market spaces; indoor and outdoor 
exhibit bldgs.: refreshments on grounds. Door 
Prizes: 1st - $100.00. 2nd - $50.00. 3rd - $25.00 
and many merchandise prizes! Several special ac- 
tivities: 2 YL programs. ECARS. FM clinic, Others. 
Tailgating $2.00. Dealers & manufacturers write 
for exhibit space reservations. Advance Registra- 
tion $1.50, $2.50 at  gate. Under 12 no charge. For 
tickets write, Ole Virginia Hams A.R.C., Inc. c/o 
Tim Wayne. WA4GVX. 1708 Sharp Drive, Wood. 
bridge. Virginla 22191. - 
QSL'S - BROWNIE W3CJI - 30358 Lehigh, Allen- 
town. Pa. 18103. Samples wlth cut catalog 356. - 
WIPNDY will operate 1400 to  2100 GMT, May 25, 
1975, the day of the 1975 500 Mile Race. The pri- 
mary frequencies wil! be 3.905, 7.275. 14.295, SSB 
and 146.52 FM. D u r ~ n g  the course of  the opera- 
tion, the following frequencies will also be op- 
erated: 7.015 CW, 21.355, 28.505, 50.105 SSB; 
52.525, 146.94 FM. A special commemorative QSL 
will be issued. QSL to: Red Cross Radio Club, 441 
East Tenth Street, Indianapolis, Indiana 46202. - 

ZL2MHF 28.170 MHz BEACON. Now in  operation 
as part of the RSGB World, Wide 10 m Beacon 
network with F1 call s i  n glven about every 10 
seconds. Power i n  ut: 9% watts. Reports to: The 
Secretary. N.z.A.R.~. U m e r  Hut t  Branch 63 Inc.. 
P. 0. Box 40212. U D D ~ ~  Hutt. New Zealand. Ooera- 
tion is continuous. " - 
SELL: Need money for summer school. Cle 
lnterce tor V.H.F. Receiver $195. Motorola ~ 5 3 ~ Z f  
$100. Rodel 28KSR. $250: E. Wagner, 1018 Birch 
Haven Cir., Monona, Wis. 53716. - 
CHICAGO HAMFEST. Six Meter Club of Chicago 
Inc., 18th Annual Picnic and Hamfest, Sunday, 
June 8. 1975 at  Santa Fe Park. 91st Street and 
Wolf Road i n  Willow Springs, Illinois. Food and 
drinks available, Swap and Sho,p section (manu- 
facturers also invited). Advance registration, $1.50, 
admission at gate $2.00. For further information 
and advance tickets, contact Val Hellwig, KgZWV, 
3420 S. 60th Court. Ctcero. ll l inols 60650. 

EVANSVILLE TRI-STATE ARS will hold their annual 
hamfest on May 18, 1975 at  the 4.H fairgrounds, 
US41, 3 miles north of  town. Overnight camping, 
auction, flea market, door prizes, and ladies bingo. 
For information contact Jay, WB91CL. R#l .  Box 
56M. Wadesville, In. 47638. 

POTOMAC AREA VHF SOCIETY annual hamfest on 
Sunday, May 4, 1975, at the Agricultural Center 
i n  Westminster Maryland between the hours of 
9 a.m. to  5 p.d. There will be a registration of $3. 
Talk-in will be on 146.94 & 52. For lnformatlon 
contact K3DUA or WA3NZL. 

POLICE CALL. A complete listing including fre- 
quency and location of VHF-UHF public service 
stations. Nine volumes cover the whole USA. 
Order the volume for your state. Only $4.95 plus 
256 shipping. HAM RADIO, Greenville, N.H. 03048. - 
DURHAM NORTH CAROLINA F.M. Association 
Hamfest,'weekend of May 17 and 18. 1975. Write 
WA4DXN for details. - 
YAESU FT-101 OWNERS - VOX hang-up problems? 
Get special April 1975 issue of monthly FT News- 
letter. Send dollar bill, creditable towards dues i f  
you jo,in the International Fox.Tango Club. Or busi- 
ness-sue SASE for complete information. Milt 
Lowens. WAPAOO. 3977-F Sedawick Ave.. Bronx. 
N. Y. io463. -. - - 
ALL-ELECTRONIC FLEA MARKET AND AUCTION 
sponsored by LIMARC, on Sunday, June 1st (rain 
date June 22) from 10 a.m. to  6 p.m. at  the New 
York Institute of Technology at Route 25 A and 
Whitney Lane, Old Westbury, N. Y. Auction at  4 
p.m. Items to be sold include commun[cations 
equipment, hi-fi, N, components, test equipment, 
etc. Admission $1 for buyers and $2 for sellers. 
Call In 25/85. Refreshments available. Ed Piller, 
WPKPQ, Publicity Chairman, 80 Birchwood Park 
Drive, Syosset, N. Y. 11791. (516) 938-5661. - 
NEW CANADIAN MAGAZINE. "Electronics Work 
Shop". $5.00 yearly, sample $1.00. ETCOB, Box 
741. Montreal, H3C 2V2. - 
BlRMlNGHAMFEST CONVENTION, Saturday. May 
3rd at, l:00 p.m. and Sunday, May 4th at 7:30 a.m. 
More ~ n f o  from WB4JOY. 

TRADE OR SELL: ~CGOOOA'S used, other trans- 
mitt ing tubes, 6M converters, 2M antennas, other 
gear. Antique tubes etc. Want digital DIP IC's 
RAM'S. ROM's. etc. SASE for  list. Len, KPCDS, 383' 
Pittsburgh Ave., Massapequa Park, N. Y. 11762. - 
THE 3rd ANNUAL DES MDINES HAWKEYE HAM 
FEST will be held on Sunday, June 8, 1975 at the 
lowa State Fairgrounds. Plenty of free parking. 
Flea market, covered display booths available. 
small charge o en arena. no charge. Dealer dis- 
plays, prizes: ZYL activities. Camping available. 
small charge. Registration $1.50 advance/$2.00 at  
gate. Write Des Moines Radio Amateur Association, 
Box 88. Des Moines. lowa 50301. 

. - . . . - . , - . - - . . 
(212) 266-2629. TELL YOUR FRIENDS about Ham Radlo Magazine. 
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............................ An fennas TA-33, TA-36, THBDXX, etc. Sockets for  8072. 8121, 8122 $3.95 
MC Jones Mod. 575.5 Micro Match SWR bridge. 

............. Savoy DGA-2M, 2 meter collinear $29.95 Use with 200 Pa meter. New 
Trunk l ip bracket for  DGA.2M ........................ $14.95 value flOO.OO $24.95 
HyGain I/. wave 2M grd plane ........................ $13.00 154.1 23 thru 
Hustler 4 BTV Vertical Antenna ..................... $79.95 347 pF Millen 
H ~ G ~ ~ ~  1 8 ~  10.80 ,,,, vertical $33.00 16520 $35.00 ................................................................... 
HyGain BN86 Deluxe Balun ............................ $15.95 229.202 mH variable inductor 
H ~ G ~ ~ ~  18 AVT/WB 10.80 meterr vertical $97.00 80M for KW transmatch $35.00 .................................... 
~~~~~~~i~~ CGT.144 5.2 d~ gain. ~~~~k lip Johnson 229-203 28 m H  variable inductor 10 to  

................................. mount $39.95 160M for  KW transmatch $37.00 
Newtronics ~ 6 . 1 4 4 ~ '  fixed' station antenna 6dB EBC Jr.-2 meter FM synthesized XCVR $599.00 
gain ............................................................................. $52.00 & W Minductors - Air-Dux coi l  stock 
Gold Line Single Pole. 5 position coaxial switch. Kenwood TS.520 . . . . . . . . . . . . . . . . . . . . . . . .  $629.00 
wall bracket o r  panel mount. 1 KW AM ......... $17.95 Stocking TEN-TEC - Fast Availability! 
Times Wire &Cable. T-4-50. RG-8 foam ......... 2 8 ~ / f t .  Clegg FM-276 and other Clegg products i n  stock. 

We are official distributors for  Finest S S N  Bird Bird wattmeters and elements. VE N U S k:d'; E " $ k t e  

C.D. Ham II Rotator SS-2. SLOW SCAN MONITOR $349.00 
C1. FAST SCAN/SLOW SCAN CAMERA 

& CONVERTER $469.00 

New Irnpro ved Js:"g5;; $1 3 9.95 
CD44 ............................ $99.95 
8 conductor cable for  HAM 11 d r  ~ ~ ' 4 4  16c/ft. 
IC-230 ....... . . . . . . . . . .  I n  Stock now. Call o r  write! 
Drake - Most in stock for immediate shipment. 
Col l~ns Model 180-S1 Kilowatt Antenna Tuner. 3 
t o  30 MHz w/vac. variable. reg. $750. Sale $295.00 
Johnson small  matchbox. Nye small matchbox CONSTANT VOLTAGE TRANSFORMER. Input 115 
and Millen KW Transmatch. VAC (zl 60Hz output. 24V 6 ;  15 amps $ 14.95 ea. 
Astatic D-104 Mike ........................... new $26.10 Cali Barry for thousands of unadvertised specials 

Hammarlund Dual Section 320/320 per section 
Xmit'g Capacitor .... ... $24.95 
NEW ARRIVALS: ~ e a t h  ~ ~ 6 2 0 ,  ~ e l i a "  OlB-1 Im- 
pedance Br~dge. Tempo CL146. Standard SR. 
C826M. 
Tubes for worldwide and domestic commercial 

52!! 0-15. 50. 300, 1500 watts ............. $ 175.00 service. Large stocks of meters anb capacitors. 
BARRY BUYS UNUSED TUBES - 

BA R R Y 512 Broadway NY, N Y  10012 p:cd ~ ~ ~ ~ i ~ ~ $  2:::. F~",U;; 
DEW n.5 ventory of Eimac tubes, chimneys. 

212 -WA-5-7000 ELECTRONICS sockets, etc. 3.5002 o r  3.4002 
TELEX 12-7670 ~ d d  S~~PPO"I-..=~.. re1und.d ~ u o t - d  FOB N.V C. Specify $50.00 

PROVEN IN EXACTIN 

A N T E N N A  

beam b u t  it sure wi l l  give y o u  your  share o f  DX a n d  state- 
side contacts. Will handle 1 KW over a 100 kHz bandwidth. 

Ful ly weather proof Hi-Q, attenuates harmonics 
Mounts  easi ly on TV mas t ing  Comes assembled & tested 
Figure 8 pat tern 

LITTLE GIANT MODEL 100X1000-40 
Other models available for 10, 15 6.20 meters Add $3 trans. 

Little Giant Antenna La Vaughnsville, Ohio 45893 
Subs~dlary "A 
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PHOTOSTAMPS make your QSL's, letters, business 
cards distinctive and unique - Put your face 
where your name is! Your photo on sheet of 100 
stamps gummed, perforated, guaranteed. Quick! 
Send your photo and $3.00 to: Kendall Baker. 5342 
LaLuna. LaPalma, CA 90620. - 
WANTED: CRYPTOGRAPHY manuals, books, de- 
vices. WNZTSD. 17 Alfred Road. Merrick, New 
York 11566. - 
THE JACKSONVILLE AREA AMATEUR RADIO CLUB 
w ~ l l  hold their 11th Annual Hamfest. Sunday. June 
29. 1975 at the Morgan County Fairgrounds as in 
previous years. A large trading area available for 
raln or  sh~ne. Talk.in via WR9ACS. .16/.76 and .94 
direct. 

MOBILE IGNITION SHIELDING provides more 
range with no noise. Available most engines in  
assembled or kit forms, plus many other suppres- 
ston accessories. Free literature. Estes Enginecring, 
930 Marine Dr.. Port Angeles, WA. 98362. - 
FOR SALE 30 crystals all for 40 meters 7023 
thru 7034 Hnd 7050. 7052. 7075. 7077, 7085: 7088. 
7090. 7095. 7101 plus a few Novice crystals. $3.00 
each. Don't need as I now have a vfo. Call me on 
7075 kHz at  0200 GMT on Saturday nights. Gayle 
Sabonaitis. WAIOPN. - 
RADIO LICENSE - Exact reproduction, including 
signature. Engraved in solid brass. Send G0,OD 
Xerox copy. with $5.00. to  Metal Art Graph~cs. 
1136 Potomac Ave.. Hagerstown. Md. 21740. Md. 
residents please include state sales tax. 

INDIANAPOLIS HAMFEST, Sunday, J.uly 13. 1975. 
Marion County Fa~rgrounds. A d m ~ s s ~ o n  $2.00 per 
person children under 12 years, free. Forums all 
day ~Adies' and children's activities. Good food. 
fre; coffee and donuts unti l  10:OO a.m. Inside flea 
market $2.00 with vehicle. free without vehicle. 
Free outside flea market. Commercial booth avail. 
able, $25.00. For information or tickets write: In- 
dianapolis Hamfest Association. Inc.. P. 0. Box 
1002. Indianapolis. Indiana 46206. - 
CLEGG. SWAN, CUSHCRAFT at prices I dare not 
publish. Call or  write WPINGS. Bob S m ~ t h  Elec- 
tronics. 1226 9th Ave. North. Fort Dodge. Iowa 
50501. (515) 576-3886. - 
TRANSISTOR REGULATED one ampere DC supply. 
1-13.8 volts adlustable. Handsome styling with 
large voltmeter. $29.95. Send S.A.S.E. for informa. 
tion. C.O.D.'s send $5.00 deposit. E-Z Sales. Inc.. 
2050 Fairfield Ave.. Bridgeport. Connecticut 06605. - .  - 
COMING TO FLORIDA? Use our Club station or 
your own r ig  and our all-band antennas to work 
DX or your home town. All hams welcome. De. 
tails - H. E. Saxton, W40ED, c/o Spanish River 
Inn. Delray Beach. Fla. 33444. - 
MONTREAL HAMFEST 75. Aug. 3, MatDonald Col. 
lege Farm. Ste. Anne de Bellevue. Prizes, giant 
flea market technical sessions. family fun $2.50/ 
adult. Info contact - Montreal Hamfest. Box 201. 
Pointe Cla i re-Do~al .  Quebec H9R 4N9. - 
QSLs. SECOND TO NONE. Same day service. 
Samples airmailed 25C. Include your call for free 
decal. Ray. K7HLR. Box 331, Clearfield. Utah 84015. - 
YAESU FT-101 OWNERS - Want to  boost both 
receiver sensitivity/selectivity and transmitter talk- 
power by 5 to IOdB? Send a dollar for February 
1975 issue of monthly FT Newsletter. Creditable 
towards dues i f  you join the International Fox- 
Tango Club. Or send business.size. SASE or two 
lRCs for complete club information. M ~ l t  Lowens. 
WA2AOQ. 3977-F Sedgwick Ave.. Bronx. N. Y. 10463. - 
PRINTED CIRCUIT TECHNIQUES for the hobbyist. 
Booklet: $2.00. H. S. steel and carbide dri l l  bits 
and PC artwork. Send SASE for flyer. Trumbull. 
833 Balra Dr., El Cerrito, Ca. 94530. 

HEAT SINKS: IERC Beryllium cop er types for 10.5 
& TO-18 transistors. Special - 1 8  assorted . $1.00. 
postpaid. CPO Surplus. Box 189. Braintree. Ma. 02184. 

HP-5103A SYNTHESIZER. $25OO/offer. Collins 30s-1. 
$895. Tektronix 531A. $375. WA6FAD. 528 Bonita. 
Pleasanton, California 94566 (1.415-846-1459). 
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The team 

The Radio Amateur Satellite Corpora- 
tion (AMSAT) is a non-profit, tax-exempt 
organization founded in the greater Wash- 
ington, D. C. area five years ago. It is a 
membership organization open to all ra- 
dio amateurs and interested non-amateurs. 
AMSAT's satellite programs are supported 
entirely from donations, membership dues, 
and grants. 

Join AMSAT. Learn more about how 
you can participate with the exciting 
AMSAT-OSCAR 6 communications satel- 
lite, and with OSCAR 7 which promises 
to be even better! Receive the quarterly 
AMSAT Newsletter with the latest infor- 
mation on this new ham radio frontier. 
For membership information, write the 
Membership Committee. AMSAT, P. 0. 
Box 27. Washington. D. C. 20044. 

-- - - L- IG. I -- 
Divides any frequency between 25 MHz and 525 MHz by 
ten to allow a 50 MHz counter lo measure frequency In 
the UHF bands. Sensitivity i s  better than 50 millivolts at 
500 MHz. Also includes a built-in 20d8 preamp for fre- 
quencies between 1 MHz and 50 MHz to give extra gain 
for measuring oscillators. A thru-line sampler allows direct 
connnt~on of transmitters up to 100 watts. Operates on 
8 lo 15 volts DC or AC line. Add $2.00 for sh~pping in 
cont. U.S. 

UHF PRESCALER . . . 1159.00 

~ ~ P A G ~ L  ~ L A C T ~ O N I ~ S  
E L E C T R O N I C  C O U N T E R S  

6742C TAMPA AVENUE I RESEDA. CALIFORNIA I 91335 

I2131 342.2714 (213) 345-1833 

WANTFD 

HAM G E A R ~ W R ~ T E  O R  PHONE BILL SLEP LOj524-75 

bLEP ELECTRO-CB 
P 0 BOX 100, HIGHWAY 441, DEPT HR 

OTTO. NORTH CAROLINA 28763 
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-- 

these are among the highly 
desirable features that make 
the operation of a Ten-Tec 

bearings and adjustable 
electromagnetic forces to 
achieve the unique "soft 
t o u c h "  t h a t  m e a n s  
smoother, more articulate 
and relaxing QSOs for you. 

Write for details. 

KR5-A KR20-A KR50 Topof-theline ~ambic 
Single paddle straight Same as K R F A  but squeeze keyer. Full 
keyer. Self-complet- wlth built-in monitor dlt and dah memo- 
ing characters. Pre  oscillator and AC r ies ,  defeatable.  
set weighting. Over- power supply. Deco- Automatic weight 
ride touch switch. rator style case. 117 correction vs speed. 
Excellent "feel". 6 to VAC or 6 to 14 VDC. Over-r ide t ouch  
14 volts. DC. 

PRICE $1 10.00 

switch and monitor TIE N-TEC 
oscillator. 117 VAC or ~ ~ l ~ v ~ L ~ , ~ E ~ N ~ f i ~ , ~ 8 ~  

PRICE $38.50 PRICE $67.50 6 to 14 vDC. 

DIPOLE /ANTENNA CONNECTOR NEW NEW 
HYE-QUE IHQ-I)  IIIUI>IP ronncctor upadk b t t t 8 r  u..p.cnq blu ! %  !H ., u1 1. 11~.8nnrl.. H ~ r ~ . c l  .#nd IV<M 

hrl% I . , . $ r  S l l  sorhc.1 !m,nldcrl onto wolh Is.l ,uclt<lns Inr st#8>(!1<. 111~1.~11,~1~~~!~ \<.w 110#71 pln(.l *#III l l D S .  

gl,,s< l ~ l l e ~ l  I,I.$~I~C I n ~ l y  10 . tccepI US* y,,,,, l,rvsvn~ ~ r p l ~ l ~ .  ,W n n a ~ I ~ # ~ ~ a ! ~ o n  18, set. l v e ~ ~ h ~ r ~ ~  101% an~de. 
rc,,,r PL ?5'l &,lug on feedlone Drip- 
c . 1 ~  het.ps C O . ~ #  fbltrng5 dry  l n r t r l r c ~  

$49.95 pp. complete 
ltrins ~r,c ludrd Guarnnteerl At  your 
dealers or 13.95 postpaid. Corn. 
panoon nnsulafurs 2/$.99. 

BUDWIG MFG. CO. PO BOX 97". Ramona. CA 92065 

7blC i p  Amp.Solderless- 
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a n d ~ s c i e ~ e ~ ~ u s e u h s  adjacent. Field Day goodies 
galore. Box 1032. Flushing, 11352. 

HYDROPONICS for  XYL while QRL - Build yourself 
garden components, books, nutrients. 5.page cat. 
alog. send 40c; refundable. Incorporated 1971. 
BURWELL GEOPONICS, Box 125.EB, Rancho Sanfe, 
CA 92067. - 
DO-IT-URSELF DXPEDITION - Stay a t  ZFlSB - 
Cayman Is. Vertical antenna and Caribbean a t  your 
doorstep. Diving/fishing i f  band folds. Write Spanish 
Bay Reef Resort. Box 800K, Grand Cayman, B. W. I. 

- 
TELETYPEWRITERS - Kleinschmidt - portable. 
fixed, sets, punches. parts, reconditioned, reason- 
able. Mark/Space Systems. 3563 Conq~is ta .  Long 
Beach. Calif. 90808. 213.429-5821. 

FIGHT TVI with the RSO Low Pass Filter. For bro- 
chure wr~te:  Taylor Communications Manufacturing 
Comoanv. Box 126. Anincourt. Ontario. Canada. . - 
MIS , 3 ~ 4 . '  - 
KLM, BRIMSTONE 144. Regency and Bearcat scan- 
ners. Recelve dlscount when you mentlon Ham 
Radio ad. Narwid Electron~cs, 61 Bellot Rd.. Ring- 
wood. N. J. 07456. 201-962.4695. - 
SURPLUS TEST EQUIPMENT, VHF and microwave 
gear; write for bulletins. David Edsall, 2843 St. 
Paul. Baltimore. Md. 21218. - 
EASTERN SHORE OF MARYLAND HAMFEST - 
sponsored by The Easton Amateur Radio Club on 
June 8th 1975 from 10 a.m.-4 p.m. rain o r  shine. 
Only 35 'minutes oouth of the Bay Bridge, one 
block off Rt. 50, In Trappe, Md. between Easton 
and Cambridge at the old Trappe Elementa 
School on ~ a l ;  St. Talk in on 146.52 & 94 3 
146.445/147.045 rpt. Cambridge. Tables, food. 
drlnks, ladies program, prizes and plenty of room 
for tailgaters. Admission $2, or $4 for those 
wantinn to tailgate. Contact. K3RUQ. - - - 
TELETYPEWRITER PARTS, gears, manuals, sup lies. 
tape, torolds. SASE list. Typetronics. Box 8*7$ Ft. 
Lauderdale. FI. 33310. Buy parts. late machines. 

MOBILE OPERATORS. Tired o f  ignition noise? 
Send SASE for info on Shielded Ignition Systems. 
Summit Enterprises, 20 Eider St., Yarmouthport. 
Mass. 02675. - 
MANUALS for most ham gear made 1940/65, solne 
earller. Send SASE for specific quote. Hobby In. 
dustry. WmJJK, Box H.864. Council Bluffs. Iowa 
51501. - 
TELETYPE EQUIP. FOR SALE: Model 28 printer, 
keyboard, cabmet. loop supply, al l  complete. Also. 
m~ l i t a ry  R-390 receiver and URA.17A converter. All 
equipment llke new. Make best offer. Floyd Martin, 
WA4VVA. Rt. 3. Box 56.0. Pensacola. Fla. 32503, 
(904) 477-9684. . . - 
WANTED: tubes, transistors, equipment, what have 
you? Bernard Goldstein, WZMNP, Box 257, Canal 
Station. New York. N. Y. 10013. 

COLLINS 75A4 RECEIVER. $350. WABOBG/I. 24 
East St.. Stratford. CT 06497. 203/375.6679 evenings. - 
HOMEBREW TABLETOP LINEAR - Self contained 
572-6's. See QST. Feb. 1966: pair 4.400's es fila. 
ment xformer: pair 813's es filament xformer. All 
reasonably priced. Paul Rich. Box 264, Cody. Wyo. 
82414. - 
QSL's, Sample catalog 20C. N & S Print. P. 0. 
Box 11184. Phoenix. Ariz. 85061. 

1 ' Al l  %IKI Srdlc CW ID d r u l  l ~ r r l ~ r  c~nlrnl C ~ ~ C L I ~ I ~ Y  on J x t i  1,odrtl I 
Unique acI#vlIv senslnq ctrctl+I allow In only a! eml of lranrmtaton 
no ID over converrallon 
Requtrer Svdc (4 203 ma, requlaled 
Wlred. tesred. 
and proqtammed 
wllh your call . . . . . . . . . . 

IMo rer add 4% r.1 I 
s46510usA 

Hale Electronics 
P O  Box 6R7 - Cane Gtrarrl~au. Mo 63701 

I - - wrre lor lrrrrher &Y.lnrh - - I 
I 1 

/ CATALOG I 
GOVERNMENT SURPLUS 
ELECTRONIC E Q U I P M E N T  

I For 1975 1 
FREE UPON REQUEST! Write for 

Copy of Catalog WS-75 Now! 
Address: Attention Dept. HR 

RMS CORPORATION 
THE ELECTRONIC STORE 

675A GREAT ROAD (ROUTE 119) 
LITTLETON. MASS. (617) 486-4973 

ICOM MATRIC-KEYERS 
HUSTLER ANTENNA SPECIALISTS 
VHF ENG. KITS VENUS SSTV 
LARGE INV. COMPONENTS USED EQUIP. 

1495 to Rte. 119 Groton Exit 19 
2 miles on Right 

FLEA MARKET FLEA MARKET 
I MAY 17 SEPT. 20 

9 A.M. - 5 P.M. 9 A.M. - 5 P.M. 
$3.00 PER SELLER FREE TO BUYERS 
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The CWD-50 provides 
automatic ID for repeater 

stathsin perfect Morse code. Has 
ctory-programmed IC memory. Brochure 
Ses CWD-50 and CWD rack W l s .  

r@na/ co EvFR%?2&%% 

1 

DELUXE PORTA-PAK $59.95 
ups prepaid 

REGULAR PORTA-PAK $39.95 
ups prepaid 

PORTA-PAK 
P. 0. BOX 67 

SOMERS, WISCONSIN 53171 

PRINTED CIRCUIT BOARDS 
Available for any amateur project appearing 

with artwork in  any amateur periodical. 
Write for complete details and prices 
D. L. "Mac" McClaren, W8URX 

Printed Ci rcu~t  S e ~ l c e  for the Amateur 
19721 Maplewood Ave. Cleveland. Ohio 44135 

216-267-3263 
--- - 

I ATT. ALL FT-101 OWNERS ,yuy &"$; p$L&, I 
5-10 dB extra talk power. Better 
RX gain and selectivity. "In terms 
of cost effectiveness the best in- 
vestment for years" - G5RP. Price 
$115, post paid. Details, Hold- 
ings Ltd., 39/41 Mincing Lane, 
Blackburn. 882 2AF. England. 

Money!  Y o u  can get t o p  dol lars n o w  fo r  U.S. 
surplus electronics, pa r t~cu la r l y  Collins. Write 
o r  call n o w  for  your  bigger than ever quote. 
Space Electronics Corp., 76 Brookside Ave., 
Upper Saddle River, N.J. 07458 (201 1 327-7640. 

L O G I C  M I C R O ' M I N I -  

LOGIC COMPUTER NEWS 

NEWSLETTER ' 
SAMPLE COPY S I . O O  
LOGIC NEWSLETTER 
PO8 2 5 2  
WALDWICK. N.J. 0 7 4 6 3  

Last Year  O v e r  $10,000 
in PRIZES Given A w a y !  

This Year BIGGER & BETTER 
Than Ever ! 

47th. ANNUAL 
ATLANTA HAM RADIO FESTIVAL 

& 
ARRL STATE CONVENTION 

TWO GREAT DAYS.. JULY 5th. & 6th. 
Royal Coach Motor Inn 

1-75 North at Howel l  M i l l  Road 

LATEST H A M  EQUIPMENT 

GIGANTIC SHELTERED SWAP AREA 
Special LOW rates fo r  Motels and 
Many At lanta Attractions. Special 
Activi t ies and I'rizes for  XY Ls and 
Junior OPs. 

ARRL FORUM.. . MARS MEETINGS 
TECHNICAL PROGRAMS 

For Information & Registmtion Forms 
WRITE: 

ATLANTA HAM FESTIVAL 
P. 0. Box 76553 

Atlanta, Georgia 30328 

If you want an excellent tech- 
nical magazine then this is 
the one for you. Want to know 
what British amateurs are up 
to? This is the only publica- 
t ion which gives complete 
coverage of amateur radio in 
Great Britain. Well written and 
very interesting. 

Your subscription also covers 
a one year membership in the 
Radio Society of Great Britain. 

1 Year (12 issues) $12.00 

Radio Communication 
Greenville, N H  03048 
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WANTED: PL-172A o r  8295A ceramic pentode, pu l l  
o r  new. K4CFJ. 265 Kenlock. Lexinaton. KY. 40503. - .  - 
WANTED: GENERAL CLASS (or higher) hams to  
join 4.500 member Morse Telegraph Club. Hun- 
dreds o f  hams already belong. Send modest $3 
annual dues (includes subscription t o  great slick 
paper newspaper "Dots and Dashes") t o  GST A. J. 
Long. 520 West Schwartz Street. Salem. 111. 62881 
for membershtp card and assignment t o  nearest 
chapter. - 
FREE Bargain Catalog. LEDS, Xtals, microphones, 
headsets, IC's, relays, ultrasonic devices, precision 
t r immer  capacitors, unique components. Chaney's, 
Box 15431. Lakewood. CO 80215. - 
EXCLUSIVELY HAM TELETYPE 21st year. RTTY 
Journal, articles, news, DX, VHF, classtfled ads. 
Sample 30d. $3.00 per year. Box 837, Royal Oak. 
Michiean 48068. - - 
WANTED: Early issues of R/9. Modern Radio and 
The Oscillator. Also need early issues of the ARRL 
Handbook and Radio Handbook t o  complete m y  
col!ection. Please furnish pr ice and condition i n  
f i rst  letter. J im  Fisk. WIDTY, Ham Radio Maga- 
ztne. Greenvllle. N H  03048. 

PC's Send large S.A.S.E. fo r  list. Semtronics, Rt. 
#3, 'BOX 1, Bellaire. Ohio 43906. - 
BUY-SELL-TRADE. Write f o r  monthly mailer. 
glve name, address, cal l  letters. Complete stock 
of major  brands new and reconditioned equipment. 
Call us for best deals. We buy Collins. Drake. 
Swan etc. SSB & FM. Associated Radio, 8012 
cons i r ,  Overland Park, Ks. 66204. 913.381-5901. 

YOU'RE NOT UP-TO-DATE i f  you're not  reading 
HR REPORT. The most  complete, most  accurate 
and most  t imely source of news ever offered t o  
the amateur. Now mai led weekly - 52 issues per 
year just $12. HR REPORT, Greenville, N H  03048. - 
DRAKE TR-4, AC-4, DC-4, MS-4. RV-4, $625. TR-4 
just factory aligned. SB-200, $190. WA3JGS. Dom 
Ronco. 4067 Ford Road, Philadelphia, Pa. 19131. 

CW ENTHUSIASTS add selectivity t o  your rcvr. 
with an active filter. It features, 20 hertz band. 
width, variable center freq.. and ~ t s  own speaker. 
I f  interested, wri te K. Fee Electronics, P. 0. Box 
229, Watertown, N. J. 08758 or  call 609-698-3589. - 
FM - YOUR KNIGHT TR-108. Complete kit. Use 
xtal-vfo. $19.95 ppd. Check or  M.O. Calif. res. 6%. 
Revilo Color. 4725 W. Washington BI., Los An- 
geles. CA 90016. - 
OSCILLOSCOPES FOR SALE. Tektronix 535A $425. 
LaVoie LA.545 (Tektronix 545A copy) $475, AN/ 
USM-140C $325 AN/USM-32 $85, AN/USM-50C 
$100. All are rLpatred, allgned and include man- 
uals. James Walter, 2697 Nickel, San Pablo. Ca. 
94806. 

CANADIAN JUMBO SURPLUS and Parts Catalogs. 
Ba rga~ns  Galore. Send $1. ETCO.HR, Box 741, Mon- 
treal "A" H3c 2V2. - 
FREE: 8 Extra Crystals of your choice with the 
purchase of a new lcom IC-22A at $249. With the 
10 crystals which come factory-installed In the 
IC-22A, this gives you a total  of 18 crystals! For 
equally good deals on Drake, Collins. Regency, 
Ten-Tec. Kenwood, Swan, Atlas. Midland. Standard, 
Tempo. Alpha, Genave, Hy-Gain, CushCraft, An- 
tenna Specialists. Venus, Hustler. Mosley, and 
others, wri te or call Hoosier Electronics, your ham 
headquarters i n  the heart  of the Midwest, and 
become one of our many happy and satisfied 
customers. Hoosier Electronics, P. 0. Box 2001, 
Terre Haute. Indiana 47802. (812)494-2397. 

VERY i~-ter-est- ing! Next 5 b ig  issues $1. "The Ham 
Trader. Sycamore I L  60178 - 
HAM RADIO has all the  license manuals you need! 
Write for  details. 

WANTED: Vertical and horizontal p lug in units f o r  
Tektronix 647A or  R647A osc~lloscope. Preferably 
10A2A vert. and l l B l  horz. Write or  call giv ing 
pr ice and cond. Carl  Satterwhite. W6FPX, 744 W. 
Ave. H-6, Lancaster, Callf. 93534. 

I BANDS, $20 LESS XTAL(S). 
PREAMP FOR 432-450-470 MHz, ETC., 
KIT $15/WIRED $25. 
VHF PREAMP KlTS $6, WIRED $10 - 
FREQ. FROM 2 0  TO 230 MHz. 
LED SCANNER KlTS $10. 

I vk RECEIVER & CONVERTER KITS. 
CLUB & DEALER INQUIRIES INVITED. 

182 BELMONT RD.. ROCHESTER, N. Y. 14612 

I LOGIC PROBE KIT I 
$14.95 

(plus shipping) 
Now! A Digi tal  Logic Probe ki t  at  a realistic 
price. Red. Green, and Yellow l igh t  emi t t ing  
diodes signal the presence of logic levels 
encountered i n  digi tal  circuitry. Util ization 
of transistor and integrated circui t  switching 
techniques permi t  t he  DIGAPEAKE-A to  
indicate loglc 1, logic 0, and pulsing clrcui t  
conditions. Complete ki t  lncludlng easy 
instructions is available now f rom . . . 

Chesapeake Digital Devices Inc. 
P.O. BOX 341 

Havre de Grace, Md. 21078 
I I 

ALUMINUM TOWERS~ * TELESCOPING * WALL MOUNTED * GUYED * FREE STANDING 
EXCELLENT FOR: 

HAM COMMUNICATIONS 
QUALITY MADE LOW PRICED 

I ARR-52 SOLID STATE 
VHF RECEIVER - I 

Easily converted to 2- 
meter FM. Now set for 
163-173 MHz 16 chan- 
nels. $19.95 postpaid 
continental US: Includes 
schematic diagram and 
conversion details. As de- 
scribed in the Surplus 
Sidelights Column, (Pg. 
58 Oct. CP). 

. BankAmericard & COD Welcome 

Electronic Equipment Bank, Inc. 
516 Mi l l  Street, N.E. Vienna, Virginia 22180 

(703) 938-3550 
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your new Callbooks now and have a fu l l  
year of the most up.to-date QSL informa- 
t ion available anywhere. 

The new 1975 U. S. Callbook wi l l  have 
over 300.000 W & K listings. I t  w i l l  have 
calls license classes, names and addresses 
p lus ' the many valuable back-up charts and 
references you have come to  expect f r om 
the Callbook. 

Specialize i n  DX? Then ou're looking for  
the new, larger than ever i 9 7 5  Foreign Call- 
book with over 225.000 calls, names and 
addresses of amateurs outside o f  the USA. 

- -7 Foreign Radio , : Amateur Callbook 
DX Listings . $11.95 
with 'E:f? I* 3 Service Editions I 

-72.. . - ' ' $17.95 
. .  - - .. ---- - 
.- -.. 
--- 

, -.- 8 _---- 
. - - - . . . . 

/ L .- .- .- 
United States - - - - - , _ .. . - - . 
Callbook 
AII w & K List ings 

=--- G 
$12.95 - .- 
w ~ t h  --- - .. .- - 
3 Service Editions - - - -  
$18.95 

Order f rom your favorite electronics deal. 
er o r  direct f r om the publisher. All direct 
orders add 75c shipping and handl ing per 
Callbook. 

F ~ R  RADIO AMATEUR 
!,lR\T" 

B~$b"&~a Lake Bluff. 111.60044 

QRP TRANSMATCH fo r  HW7. Ten-Tec, and others. 
Send s tamp for  details t o  Peter Meacham Asso- 
ctates. 19 Loretta Road. Waltham. Mass. 02154. - 
READ 10 H z  ON COLLINS. Expanded stiff paper 
scale reads 100 hertz. Second scale. 10: l  vernler. 
reads 10 hertz. Drawn with Bridgeport t o  30 second 
accuracy. Photo.reduced to  f ~ t  Collins knob. In. 
structions and dials $2.85. Gilson. 145 Randall. 
Suff~eld. Conn. 06078. 

VACATIONLAND HAMFEST Sunday. May 18. 1975; 
Erie County Fairgrounds near Cedar Point. Huge 
flea market area. F ~ r s t  Prize - Regency HR-ZB. 
Tlckets - $1.00 advance. $1.50 a t  gate. Information: 
Hamfest. P. 0. Box 2037. Sandusky. Ohio 44870. 

HOMEBREWERS: Stamp br ings l ist  of h igh qual i ty 
comDonents. CPO Surplus. Box 189, Braintree. 
Mass. 02184. - 
R l T Y  EOUIPMENT: NEW Mod  Kits t o  convert M28 
+nrorkG<ferd 70 f r~ct~on.feed. S45.00. New M28 .- . .-. 
i i ~ ~  loop supplies. $10 00 - ~ 2 8 -  typeboxes. $20 00 
(WX. COMM. or fract~ons).  M28ASR motors. $25 00. 
M I 9  covers. 115 00. M15.19 bases. $7.00. Model 
28KSR's. ASR's, parts. SASE for complete 1st & 
prlces. Min t  Motorola T53GKT. 2-meter FM, $225.00. 
Lawrence R. Pfleger. P. 0. Box 21956, Milwaukee. 
W l  53221. 

SOCIETY OF WIRELESS PIONEERS offers Li fe Mem. 
bership t o  actsve and former C.W. operators on 
comm'l.. military, gov't.. etc. wireless/radio cir- 
cuits. Contact: Society o f  Wireless Pioneers. Dept. 
H. P. 0. Box 530. Santa Rosa. California 95402. 

POWER SUPPLIES FOR THE HOMEBREWER - 1.2 
kVA power transformer - input 115V 60Hz, output 
lOOOV 900mA 600V 250mA and 6.3V 10.4A - $69.50. 
Miniature transformer with bui l t - ln wave rectif ier - 
input 115V 60Hz. output 10V(DC) lOOmA - ideal fo r  
NlCad c h a r g ~ n g  - $5.65. Universal AC/DC power 
supply k i t  - supplies plate and f~ lamen t  power f r om 
12.6V DC o r  115V 60Hz AC by changing leads - 
output 750V 200mA and 12.6V 6A f rom 115V or  
750V 200mA f rom 12.6V DC input . a l l  parts except 
chassis. terminals and wire . $39.50. Michigan resi- 
dents include sales tax. All i tems postpaid - no 
C.O.D.'s . for fast service use M.O. or cashier's 
check. S.A.S.E. fo r  specs. M.E.C. Sales Div., P. 0. 
Box 611. Madison Heights. Mich. 48071. - 
PORTA-PAK the  accessory that  makes your mobi le 
really portable. $59.95 and $39.95.. Dealer inquiries 
invited. P. 0. Box 67. Somers. Wlsc. 53171. 

HOW TO PASS EXAMINATIONS, $2.00. Swank. 657N 
Willabar. Washington Court House. Ohio 43160. - 
KENTUCKY HAM-0-RAMA - Sunday. June 1 a t  
Boone County Fa~rgrounds, Burlington, Kentucky. 
10 mi les south of C ~ n c i n n a t ~  near 1.75. Features 
prizes, indoor exhibits, flea market, refreshments. 
Tickets: $1.50 advance. $2 at door. Contact: 
WABOGS. 6381 Mullen Rd.. Cinclnnati. Oliio 45239. 

SIGNAL/ONE OWNERS: Special one year service- 
contract. Write for  details. CX7A. mint. $1295. 
Tuneable audio, frlter. 50db notch, also has peak 
and low.pass ~ncluded. $69.50. Pace Electronics. 
5717 Genematas. Tucson. Arizona 85704. (602- 
888.5234). 

NOW PAYING $2000.00 and u p  f o r  ARC.94/618T 
ARC.l02/618T. S1200.00 and UD for  ARC.5lBX. 
SI<OO.OO and ud for 490T.1 antenna couolers. We 
zs>-need this.ircontrol boxes - C.6287/~~C-51BX,  
C.6476/ARC-51BX, C.714E-2. We also need R.1051 
receivers. RT-662/GRC.106 transceivers. We buy al l  
late aircraft  and ground radio equipment. Also 
oack radios. We are buyers not talkers. Br ing your 
Lquipment in, you are paid on  the spot. Sh ip  i t  in. 
you are paid within 24 hours. We pay all shipping 
charges. I f  you want the best pr ice for  your equip- 
ment,  cal l  us. Call collect ~f you have, and want 
to sell o r  trade. We also sell. What do you need? 
D & R Electronics R.D. el. Box 56. Mrlton. Pa. 
17847. Phone - 7i7-742.4604 - 9:00 a.m.-9:00 p.m. 

RADIO EXPO '75: September 6 81 7. fa i r  grounds, 
Grays Lake. Ill. Sem~nars. flea market. manufac- 
turer 's exh~bi ts ,  camping. Information: Write EXPO. 
Box 1014. Arl ington Heights. I l l inois 60006 
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BUILDING A REPEATER? See Hale Electronics ad 
this issue. 

HAMFESTI Indiana's friendliest and largest Spring 
hamfest. Wabash County Amateur Radio Club's 7th 
Annual Hamfest will be held Sunday. May 18. 1975. 
rain or shine at  the 4-H Fairgrounds in  Wabash. 
Indiana. Large flea market (no table or  set up 
charge), technical sessions, bingo for XYL's, free 
overnight camping, plenty of parking. Lots of 
good food at reasonable prices. Admission is stil l 
only $1 for advance tickets. $1.50 at the gate. For 
more information or  advanced tickets write; Bob 
M~t t ing.  663 Spring St., Wabash. Indiana 46992. - 
THE NORTH FLORIDA AMATEUR RADIO SOCIETY 
has announced the revival of the "Wacky Wlng 
Dinger" certificate. To qualify for the Wacky Wing 
Dinger Certificate. out-of-town U.S. amateurs must 
work 7 members of the Wacky Wing Ding Society. 
DX stations (including KH6. KP4, KL7, etc.) must 
work 3 members. Send a list of contacts listing 
stations worked, time, date, frequency. and signal 
report along with $2.00. Free endorsements are 
offered for 10. 20. 30. ,40. 50. 60. 70. 80, 90 and 
100 contacts. Ap l~cattons go to: North Flor~da 
Amateur Radio Sfociety, Billy Williams-WA4UFW, 
911 Rio St. Johns Dr.. Jacksonville, Fla. 32211. 

RECIPROCATING DETECTOR. write Peter Meachem 
Associates. 19 Loretta Road. Waltham. Mass. 02154. - 
HALLICRAFTER SX28, speaker. QST's Dec. 1955 t o  
Aug. 1962. Best offer, F.O.B. KJIQH, 1708 Glen- 
oark. S~lver  Spring. Maryland. 

OSCAR SLIDES, set o f  5 $1.25. Launch and space- 
craft. Proceeds AMSAT.' K6PGX. P. 0. BOX 463, 
Pasadena. CA 91102. - 
RECONDITIONED TEST EQUIPMENT for sale. Cat- 
alog S.50. Walter, 2697 Nickel, San Pablo. Ca. 94806. 

COLLINS 75A3 mint  800 cycle 2.5MHz. mechani- 
cal filters, prdduct hetector, $350.00. W3WFA. R. 
Serrano. 34 Beech Ave.. Aldan Del. Co.. Pa. 19018. -. - ~. - - 
LIONEL TRAINS WANTED. Looking for several 
different sets. some old, some newer. I f  you have 
any trains packed away and not in use I would like 
a chance to buy or trade them from you. Will trade 
test equipment. TEK. H.P.. GR., etc.. scopes, gen.. 
meters, or have some new 2 meter gear. Send de. 
scription, like numbers, colors, condition to: Dick 
Robinson, 516 Mill St. N.E., Vienna, Va. 22180. 
Phone 703-938-3350. - 
SELL: Round Emblem KWM2 $900.00, Long Emblem 
75S3B $575.00. KWM2 q multiplier. noise blanker 
$725.00. CP1 Xtal Pack $160.00. MP1 DC Supply 
$75.00 KWM2A with plug in relays $850.00. a DEL- 
TRON 'DC supply variable 0.15 volts and up to 10 
Amps. only $65.00. Call Marty 215-884.6010. - 
WANTED: HALLICRAFTERS 1-54, early 7-inch TV 
receiver i n  metal cabinet with pushbutton tuning. 
Any condition. including parts only. Also manu- 
facturer's service manual (not Photofact). Please 
write: Carl Sarver. 6011 N. River Rd.. Watervllle, 
Ohio 43566. 

WANTED: R-390-A Receiver not i n  working condl. 
tion will pay cash and shipping i f  the price is 
righi. Will only accept R390A only. No plain 390 
wanted. W4AIS. George Tate. 306 Thornwood Dr.. 
Tayiors, S. C. 29687.- - 
S.R.R.C. HAMFEST. June 1 Bureau County Fair. 
grounds. Princeton, Illinois.' Please furnish large 
self addressed stamped envelope for details. 
SRRC/W9MKS, RFD #I. Box 171. Oglesby. ll l inols 
61348. Phone 815.667-4614. - 
WORLD QSL BUREAU. The only QSL Bureau to  
handle all of your QSLs to  anywhere: next door. 
the next state, the whole world. Just bundle them 
up (please arrange alphabetically) and send them 
to us with payment of 6 t  each. 5200 Panama 
Ave., Richmond, CA 94804. 

o1 >,>t*bli. a etq"\ *+* , + ~ o  THE NO BOOI~S.TO EASY Read Wb! *o~~oy:a.* l NO vasual ~arnrntcks TO 

Q . c ~ ' ~ ~ ~  D!stracl You 
.n,+as'" Just Lorten And Learn 

Bned on modern pychological 
technlques-Th~s course wlll lake 

Album contains three 12" Available in Cassette also 
LP's 2% hr. lnstructlnn for only $10.95. 

508 East Washington St., Arcola, I l l ino is  61910 

Comm~ss~ons/F~nders Fees 
CAL-COM SYSTEMS. INC. 

701-51A KINGS ROW, SAN JOSE, CALIFORNIA 95112 
T~lrnhone 74 Holm 4ORl99R.4444 

TWO CHANNEL CAPABILITY 
FREQUENCY RANGE 144-148 MHz 
POWER OUTPUT 1 WATT INTO 50 
OHM LOAD 
SUPPLY VOLTAGE 12 VDC 
MULTIPLICATION FACTOR 8X 
NARROW BAND FM + 5 KHZ 
RUGGED BALANCED EMITTER OUT- 
PUT TRANSISTOR 
SIZE 3%" X 1%' 
CRYSTALS NOT SUPPLIED 
$27.95 plus $2.00 postage 

COO or monev order onlv 

I THE ULTRA-BAL 2000 1 
NOW .-..--. rn ..I,.~.I~ w..~~.~.P.oo~ erLuNt 

.Full ZKW. 3 30WHZ.. ltlor1:4r.lia.. 
-5r.si.l Tmtlon in.ul.llon. Ma), be used 

with tuned line. mnd tuner.. 
.With dapole ~n.ul.tor and hmng.up hod. 

ONLY S 9.95ppd. b~.t. retlo) 
A1 you. deal., a order dlract 

K.E. Electronics b. 1.7a~umtin c m n r s n n o l  

1.7 1.3 J O  M l l r .  Cull KW . !?T~~)N(;I.H. Hesvy 
slaanlcrs steel hollr lake  
anlcnna I c n ~ ~ ~ ~ n .  
1ioll.r TO LAST. 
a n d  e p o x y  f ~ l l r d .  
Ahrolulrly watrrprwf. 
I. I.kl('ll.Nl. I i c a v y  furrile 

I'HOVCN. In warldw~dc 
u w  from dcurl I,, tundra. 

. ..... . S 1 4 . 9 5 ' ~ ~  

YOUR AD bolongs here too. Commercial ads 356 
per word. Non.commerc~al ads 10C per word. 
Commerc~al advert~sers w r ~ t e  for special discounts 
for standlng ads not changed each month. 
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LICENSE GUIDES 
We don't know if it's Restructuring, the economy, or just a renewed 
interest in amateur radio, but more radio license guides of all types 
have been purchased this year than ever before. Here's your chance 
to get on the bandwagon. We've got 'em all and they're in stock for 
immediate delivecy. 

THE RADIO AMATEUR'S 
LICENSE MANUAL from ARRL 

This study gu~de and re fe rence  book covers all grades of 
amateur I~censes. Complete w ~ t h  typical quest~ons and an- 
swers to typ~cal FCC a m a t e u r  exam~nations. Also contains -- ,+cO 
the a m a t e u r  r e g u l a t ~ o n s .  Cer ta in l y  the most used publica- 
t ~ o n  of this type anywhere.  

Just $1.50 
- - .. 

Order AR-LG 

RADIO AMATEUR THEORY COURSE AMECO CODE COURSES 

Order 102-01 

by Martin Schwar tz  

A complete, simplified home 
study theory course in  radio 
covering the requirements for 
the Novice. Technician and 
General Classes of Radio Ama- 
teur Operator licenses. Con- 
tains 14 lessons. 3 study 
guides and over 400 FCC.type 
multiple-choice questions, simi- 
lar in content and format to 
the actual FCC test . all under 
one cover. 1974 Edition. 

320 pages - $4.95 

AMECO AMATEUR LICENSE GUIDES 
bv Martin Schwartz 

ON CASSETTE TAPES 
The famous Ameco Code Courses are now avail. 
able on tape in standard cassette form. 
This new tape format will make Ameco code 
courses even easier to use. As an extra bonus 
each Ameco Cassette Code Course consists of 
nearly twice the material contained on the 
older records at only a slight increase in price. 
J U N I O R  CODE COURSE 

Covers from start to  8 WPM 
Order 100-T $4.95 

ADVANCED CODE COURSE 
Covers from 8 %  to  18 WPM 

Order 103.T $4.95 
C F N l n R  ennr: cnlrss~ "-..,".. ---- ---..-- 

A double length tape covering the complete 
Junior and Advanced Courses start to  18 WPM 

Order 102-T $8.95 

~ a c h  of these useful books contain a sample AMATEUR RADIO LICENSE 
FCC.type examination. plus the FCC study 

uestions with easy-to-understand answers. STUDY GUIDES from TAB 
questions are sub- This set of books IS deslgned to help the reader ject for easier study. who is workina to  ass any of the FCC amateur 

RADIO AMATEUR QUESTION exams. In an-informal. piactical style you are 

A N D  ANSWER GUIDE Order 5.01 given a good technical background to help wln 
that passing grade.  particular!^ recommended 

Covers Novice. Technician and as in 73 additional magazine. study material. Originally appeared 

General C lass  E x a m s  Only 75e Amateur Radio Novice Class License Stud 
Guide - Order T.573 $3.4 

ADVANCED CLASS Order laol Amateur Radio General Class License Study 
Guide - Order T-551 S 6.95 

AMATEUR 'IJst 75P Amateur Radio Advanced Class License Studv 
EXTRA CLASS RADIO Order 17.01 Guide - Order T.527 S3,95 
AMATEUR Only 75C Amateur Radio Extra Class License Study Gulde 

Order T-543 $4.95 

Please add 25# per item shipping and handling 
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POWER - Transformer, 115 
volt 5 amp ccs or 7 a m  

secdndary 56.00 ea. ~ o d :  

I 
- .  . . 

NEW NEW NEW 
Transformer - American Made - 115V Pri- 
mary - 12V see. - 250 mils - for P.C. 
Board Mounting. Size: 1%" x 1%" x llh~, 
3.5 ounces. Price: 51.20 ea. o ~ d .  

Antenna Wire No. 14 Soft Drawn Copper Wire. 
Poly-Thermeleze insulation 66 foot ppd. 

RED NYLON CABLE TIES 
BALL-BEAD TYPE - 41h" LONG 

Price is 70 for $1.00 ppd. 

UNPOTTED TOROIDS - All toroids 
are center tapped, 88MHY or U M H Y ~  

Price is a low 5 for 2.75 ppd. 

PL-55 TYPE PHONE JACKS 
High quality American made 
jacks. 3h inch mounting 
with hex nut. Extends 1U" 
behind the panel. 

,- w 
Price: 506 each or ' 

3 for $1.25 ppd. 

ILLUMINATED ROCKER 
SWITCH @ American made UL  approved. 

Rating: 125 Volt AC 3 Amp 
125 Volt DC .5 Amp 

DPDT with a 6 volt i l luminating bulb. Your 
choice of color. Red or White. 
Price is  806 each or buy 3 for 52.25 D D ~ .  U.S.A. 

9900 9 PIN SOCKET - SNAP-IN MINIA- 
' :$ TURE for P.C. Board Mtg. $2 6 for $1.00 ppd. 

ALUMINUM HEAT SINK 
Very nice American made 
heat sink. 1/16 inch thick 
and approx. dimensions are 
1" x 1" x 1" high with an 
1/8 inch hole in  the center. 

e Price is a low 35 each or 
3 for J . 0 0  ppd. 

NEW - JUST ARRIVED - 
Similar to  above but drilled t o  f i t  TO3 Trans- 
istor 45d ea. or 3 for 51.25 D D ~ .  

I INTEGRATED CIRCUITS 
7400 33d ea. 741 c Op Amp 55d ea. 
7473 606 ea. 723 Regulator $1.00 ea. 

I NEW NEW NEW 
NEW ALARM SYSTEM PC BOARD 
Assy. Al l  new. Factory overrun. 

I 
Contains: 

2 ea. Epoxy Transistor 
3 ea. small Silicon ~ i d d e s  
2 ea. 1000 mfd  ea. 16V. c)aps., 
5 ea. % watt Resistors 
1 ea. 4 PDT Guardian delay 12V. 
1 ea. 12V SPDT Relay 

Price is $3.20 ea. ppd. 

SPST SLIDE SWITCHES (Red) Made by Stack- 
pole - 4A, 125V A.C. 224 ea ppd. 

NEW NEW NEW - - - - - . . . - - - . 
SP>T MINI-SLIDE SWITCH, Imported, black, 
%" O.C. with two 6" leads 40d ea. ppd. 

I AMERICAN MADE POWER CORD. 6 foot. gray 
7A, plugs into auto liter socket 756 ea. ppd: 

NEW NEW NEW 
Sperry SP-332 contains 
two 7 segment readouts. 
.330 h i  h side by side 
layout, f l i c k  glass face, 
orange characters with 
decimal. Y4 in. square. 
W/specs. 
53.50 each. 3 for 510.00 

UNPOlTED TOROIDS - All toroids 
are center tapped. 88MHY or  I ~ M H Y ~  

Price is a low 5 for $2.75 ppd 

NEW SIZES - VERTICAL MOUNT PC BOARD 
POTENTIOMETERS 

American made (CRL) high quality 
pots. Available in  the following 
sizes: 750 ohms, 1500 ohms, 
25,000 ohms, 50,000 ohms, 100,000 
ohms. 

Price is  5 for $1.00 ppd. 

6 foot AC Line cords - 456 ea. ppd. 

3 inch 4 ohm VC Square frame 
with 4 mounting holes. 

$1.20 each ppd. 

COOL 30-0-30 V - 2.5 AMP SHIELDED TRANS- 
FORMER - NEW - AMERICAN MADE YES - 3 pound w ~ t h  1%" deep core vertlcal end 
bell mount. 2%" w. x 3" h. x 3%" deep, 
with 6.3 V - 1A winding. $4.85 ppd. 

NEW . . . Red 6 foot # la-2 line cord with 
flanged safety plug - 55d PPd. 

ZENERS 
All Units Tested And Guaranteed 

400 MlLLlWATT UNITS - 3, 3.3, 3.6, 3.9, 4.3, 
4.7, 5.6, 6.2, 6.8, 7.5, 8.2, 9.1, 18, 22, 24, 27, 
Volts. 
1 WATT UNITS - 10, 11, 12, 13, 15, 16, 18, 
20 22 27 30 33 39 43 47 51  56 62 68 
75: 82: 91: lob, i i o ,  i20,' 1 3 4  do,  iso, '180: 
Volts ALL UNITS 10% - 4 for 1.00 ppd. 

5% - 3 for f1.00 ppd. 

NEW NEW NEW NEW NEW 
.1 MFD, lOV, CRL DISC CAPACITOR %" 
dia.. long leads l l $  ea., 10 for $1.00 ppd. 

Power Transformer. 115 Volt AC Primary. 
Secondary #1: 32-0-32 Volt @ 1 Amp. 
Secondary #2: 6.3 Volts. Lpw Currant For 
Pilot Lights. Size 2%" x 2% x 3". 

Price: $2.50 Each D D ~ .  

11h inch miniature alliga- 
tor clips. Bright vinyl red 
or  black insulator. Nickle 

9 for $1.00 

SEND STAMP FOR BARGIN LIST 
Pa. residents add 6% State sales tax 

ALL ITEMS PPD. USA. 

Canadian orders for less than $5.00 add $1.00 
t o  cover a d d ~ t ~ o n a l  postage costs. 
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Adyer'sers v' 
check-off 
. . . for literature, in a hurry - 

we'll rush your name to the companies 
whose names you "check-off" 
Place your check mark in the space between 
name and number. Ex: Ham Radio 234 

INDEX 
Adva 265 
~ m s a t  * 
Amidon - 005 
Antenna Mart -. 009 
Ascom - 010 
Atlanta Ham Fest. * 
Atlas - 198 
Barry * 
Budwig - 233 
CFP - 022 
CTI Mfg. - 307 
Cal-Com - 282 
Chesapeake 

Digital - 298 
Comcraft .- 028 
Control Signal _- 136 
CONUS 299 
Cubex * 
Curtis - 034 
Cush Craft - 035 
Data Signal - 270 
Dentron - 259 
Delavan - 235 
Dev-Tronics - 294 
Digicom - 278 
Drake 039 
Dycornm - 040 
Eimac - 043 
Electro Loglc A 300 
Electronic Dist. - 044 
ELPROCON 301 
Epsilon - 046 
Erickson - 047 
Exact Elect. -- 309 
Fair _- 048 
Fair Rite - 311 
Fluke - 049 
Fred Franke - 289 
Gam - 237 
Gem Quad A 295 
Glade Valley -- 213 
H R  Report - 150 
Hal - 057 
Hale Elect. 302 
Halstead Press - 308 
Ham Import - 290 
Ham Radio 150 
Hamtronics - 246 
Heights - 061 
Henry - 062 
Hewlett Packard - 281 
Hildreth -_ 283 
Holdings - 252 
Hy-Gain _ 064 
ITT, M,ackay 

Marlne - 184 
lcom - 065 
lnternational 
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- -  ~ 

lnternational 
Crystal - 066 

lnternational 
Rectifier - 310 

Jan - 067 
Janel - 068 
K. E. - 072 
K-Enterprises - 071 
KLM - 073 
Kester Solder - 315 
Larsen - 078 
Leland - 193 
Levy -. 291 
Lithic -- 314 
Litt le Giant - 011 
Logic - 133 
McClaren - 155 
MFJ 082 
Matric - 084 
Motorola A 160 
Murch - 304 
Nasem -- 249 
Northshore 

RF Tech. 296 
Pagel - 092 
Palomar - 093 
Police Call Mag. - 199 
Poly Paks - 096 
Porta-Pak - 274 
Production 

Dev~ces -- 313 
RCA - 312 
RF - 305 
RMS - 239 
RP - 098 
Callbook - 100 
Regency -- 102 
Rochester 

Hamfest - 217 
Rohde & Schwarz 306 
SAROC - 146 
Signal/One - 262 
Slep - 232 
Southwest Tech. - 263 
Space Elect. - 107 
Spectronics - 191 
Spectrum - 108 
Swan - 111 
Ten.Tec ' 
Topeka FM -- 115 
Tri.Ex - 116 
Tri-Tek - 117 
Tristao - 118 
VHF Engineerin 121 
Webster - 25%- 
Weinschenker - 122 
Wilson - 123 
Yaesu - 127 

*Please contact this advertiser directly 
Limit 15 inquiries per request. 

May 1975 
Please use before June 30, 1975 ........................................ 

Tear off and mai l  to 
HAM RADIO MAGAZINE - "check off" 
Greenville, N. H. 03048 
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No room? Get a 
m a i n  vertical antenna! 

More Details? CHECK-OFF Page 126 
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Even if you're limited to just a few square feet of real 
estate, you've got room for a high performance Hy-Gain 
multi-band vertical. Great coverage in minimum ground 
space, or roof mount for optimum performance using 
Hy-Gain 12RMQ or 14RMQ Roof Mount/Radial Kit. All 
these antennas are entirely self-supporting. 

18HT Hy-Tower 6 thru 80 meters 
Unquestionably the finest multi-band omnidirectional 

1 

1 vertical antenna available. Entire structure is radiating 
element with automatic band switching. All hardware 
iridited. Unique stub decoupling for 50 ohm input on all 
bands. Also operates 160 meters with loading coil. Takes 
maximum legal power with ease. No roof mount. Ht. 
50'. Wt. 100 Ibs. 
Order No. 182 

I 18AYTM1B 10 thru 80 meters 
True 1/4 wave resonance on all bands, automatic band 

I switching and optimum wide-band performance com- 
bine to make the 18AVT/WB one of the most popular 
amateur antennas. Three heavy duty Hy-Q Traps, top 
loading coil, extra heavy duty construction. Roof mount 

b with 14RMQ. Ht. 25'. Wt. 10.7 Ibs. 
Order No. 386 

18V 10 thru 80 meters 
Low cost, high efficiency, and quality construction 
make the 18V ideal for budget-conscious HAMS. Easily 
tuned to any 10-80 meter band by adjusting feed point 
at base inductor. Highly portable. Roof mount with 
14RMQ. Ht. 18'. Wt. 4.6 Ibs. 
Order No. 193 

14AVQ/WB 10 thru 40 meters 
Improved for even greater wide-band performance! 
Three separate Hy-Q Traps with oversize coils for ex- 

! tremely high Q. '14 wave resonance on all bands. Out- 
standing low angle radiation pattern. Roof mount with 
14RMQ. Ht. 18'. Wt. 8.6 Ibs. I Order No. 385 
l2AVQ 10,15 and 20 meters 

I Inexpensive tri-band vertical for performance with mini- 
mum investment in space and equipment. Low radiation 
angle. Roof mount with 12RMQ. Ht. 13'6". Wt. 6.8 Ibs. 
Order No. 384 

For prices and information, contact your local 
Hy-Gain distributor or write Hy-Gain. 

No No. No. NO. No. 
182 386 193 385 384 

Hy-Ga~n Electron~cs Corporat~on. 6M)l Northeast Highway Six; Llncoln. NE 66507.402/464-9151; Telex 48-6424. 
Branch Ofllce and Warehouse. 6100 Sepulveda Blvd . X322. Van Nuys. CA 91401.213/785-4532; Telex 65-1359. 
D~strlbuted in Canada by Lectron Radio Sales. Ltd.. 21 1 Hunter Street West; Peterborough. Ontarlo. 



DEV-TRONICS S l - 3 6 

THE ELECTRONIC SCIENTIFIC SLIDE RULE WITH FUNCTIONS TO 
ENABLE YOU TO SOLVE ALMOST ANY PROBLEM, ANYWHERE, 

ANYTIME! JUST PRESS THE KEYS. 

ORIGINALLY PRICED ATS179.95-NOW ONLY $109.95 
or $89.95 as a k i t  w i th  completed and pretested elec- 

tronic boards including instructions for assembly. 

COMPLETED UNITS AND KITS FURNISHED WlTH CAR- 
RYING CASE, NI-CAD RECHARGEABLE BATTERIES AND 
CHARGER. 

ONE [ I )  FULL YEAR WARRANTY. 

The SI-36 is Dev-Tronics first in a family of 
scientific calculators for the engineering and 
scientific fraternity featuring fully depressed 
keyboard with detent and click. It is a pre- 
cision built, quality calculating machine with 
advanced design and algebraic keybcurd entry 

cbL [as you would normally write an algebraic 
problem) with the capability of solving detailed business problems and complex scienti- 
fic arguments. Because of the designed-in flexibility of the 3 - 3 6  calculator to operote 
off throw-away and/or rechargeoble batteries, you never have o loss of the use of this 
calculator when you are away from your charger. Merely replace your rechargeable 
batteries with commonly available 1.5 volt penlite cells to restore normal operation. 

BROAD RANGE OF APPLICATION: Computes natural and common logs and ontilogs. It 
calculates sine, cosine and tangents of trigonometric calculations and their inverses. 
Scientific notation and display range from 1 .OX1 0 -99  to 9.999999999Xl09. For ease 
of entry it features special (2 level) parentheses keys, will handle non-scientific notation 
with a 10 digit mantissa, 2 sign digits and 2 scientific notation digits. 

This is an amazing calculator costing much less than comparable machines priced to 
$225.00 But, don't compore price; compare features and functions. 

Compare! 

FmamsTAm 1 1 1 Lj 
L W T  YMUC UOI.UT mtm .- -- 
LOO 3" v.. .s. .I. 

DEALERS OF THE MONTH: 

HAMTRONIC'S (215-757-5300 or 215-357-1400) 
4033 Brownsville Road, Trevose, Pennsylvania 19047 

QUEMENT ELECTRONICS 1408-998-59001 
P. 0. Box 6000, San Jose, California 95150 

I Enclose S I I Check I I Money Order I 1 Charge 
ta my I 1 BonkAmer~cord I I Master Charge I I Amer~con Ex 

Expirer 
My Cred~t Card Number 

Signoture Mast.Chg.lnt'l bank No. 

51-36 kit/w chg. 6 rechg. batts. 

Add $2.50 sh~p/hondling single units 
Add $1.50 per unit ship/handling on multiple purch. 

GRAND TOTAL 

NAME 

ADDRESS 

CITY STATE ZIP 

MAIL THIS COUPON TO DEV.TRONICS, Inc., ROUTE ONE, 
TWIN FALLS. IDAHO 83301 
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PUT MORE REACH IN YOUR 
FM WITH A TEMPO R F  

POWER AMPLIFIER FROM 
HENRY RADIO 

With the simple installation of a 
Tempo VHF or UHF power amplifier 
vou can extend the ranae of vour the T e m ~ o  FMH 
;nobile FM transmissions far more 
than you dreamed possible. 

They operare i n  the  V H F  frequency range o f  
135 t o  175  M H z  and the  U H F  range o f  400 t o  512  
MHz, offering a wide choice o f  power outputs. 
They effectively increase the  range and clari ty o f  
t w o  way communications under a l l  operating con- 
ditions, can be  used w i t h  hand held units, l ow o r  
medium power mobile transceivers o r  in repeaters. 

A l tho  moderately priced, Tempo amplifiers 
of fer  meaningful savings in new equipment ms ts  
and greater efficiency i n  either new o r  existing m m -  
munications systems. Are compact, reliable, fool -  
proof  t o  operate and are available f o r  immediate 
deliverv. 

I 
J! Excellent performance at l ow cost. 

The Tempo F M H  is  a compact t w o  
wat t  V H F I F M  transceiver offering 
h ighqual i ty  performance and features 
usually found  o n  more expensive 
units. Six channel capability, m m -  
pletely solid state, lightweight and 
reliable. A perfect companion fo r  the  
Tempo R F  power amplifiers. Plugged 
in to  the  amplifier, the hand held F M H  
becomes a mobile w i t h  much  greater 
power. $1 99.00 

FMH-MC l o r  marme R commercial servlce also ava~lable. 

The T e m w  6 N 2  
Meets the  demand f o r  a high power six meter and 
t w o  meter power amplifier. Using a pair o f  Eimac 
8874 tubes it provides 2000 watts PEP input  o n  
SSB and 1 0 0 0  watts input o n  CW and FM. Com- 
pletely self-contained i n  one small desk mount  cab- 
inet w i t h  internal sol id state power supply, bu i l t  i n  

Modern =lid state technology is used through- blower and R F  relative power indicator $795.00 

out, along w i t h  conservatively rated mmponents 2 meter on ly  $695.00 
t o  assure the  highest poss~ble reliability. Microstr ip Forpricesandspeciticarionsplnsre wr,re 
design o n  glass epoxy circuit  boards give added 
resistance t o  damage f r o m  shock o r  prolonged 
vibration. 

FCC type accepted models also available. 

11240 W. Olympic Blvd.. Lor Angeles, Calif. 90064 
2131477-6701 

931 W. Euclid. Anaheim, Calif. 92801 7141772-9200 
Ava~lable at select Tempo dealers throughout the U.S. Butler, Missouri 64730 8161679-3127 

Pr~ces sublect l o  change without notlce 
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varlan 
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