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BASSETT TYPE 900 A TYPE 901

High efficiency mohile
and portable antennas
for all amateur bands,
CAP, MARS, CB,
SECURITY,

PUBLIC SERVICE,
MARINE, AND
GOVERNMENT USE.

HIGH ACCURACY CRYSTALS
FOR OVER 30 YEARS

Either type for amateur VHF in Regency, Swan, Standard, Drake, Vari-
tronics, Tempo, Yaesu, Galaxy, Trio, Sonar, Clegg, SBE, Genave.

Quotes on request for amateur or commercial crystals for use in all
other equipments.

Specify crystal type, frequency, make of equipment and whether transmit
or receive when ordering.

2-6-10-15-20-40-75

Identical size, cost,
and appearance

FULLY ADJUSTABLE

SRLY MY BASSETT VACUUM BAL
IN FIELD

Low weight, low drag,

high strength

fiberglass 5 e

Polished
chrome brass
standard 3&-24 thread

High gain collinear
on 2 meters

MODEL DEGA-2M

$29.50 postpaid
inUS.A

BASSETT VACUUM TRAP ANTENNA SYSTEM
Complete packaged multi-band antenna sys-
tems employing the famous Bassett Sealed
Resonators and Balun from which air has
been removed and replaced with pure
helium at one atmosphere. Operating bands
are indicated by model designation.

MODEL DGA-4075 .... $59.50
MODEL DGA-204075 .. $79.50 MODEL DGA-2000-B ... $12.95
MODEL DGA-2040 .... $59.50 Postpaid in U.S.A.

MODEL DGA-152040 .. $79.50

CONTACT YOUR DISTRIBUTOR OR WRITE FOR DATA

Savoy Electronics,inc.

P.O. Box 5727 - Fort Lauderdale, Florida - 3331
Tel: 305-563-1333 or 305-947-9925

The famous sealed helium filled Balun . .
employed with the DGA Series Anten
Systems. Solderless center insulator a
easily handles more than full legal pow
while reducing unwanted coax radiatio
Equipped with a special $0-239 type co
connector and available either 1:1 or 4
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Model C1 Slo-Scan/Fast Scan Camera
with
Micro Focus (postage stamp = Full Size Picture)
RF Modulator (Use home TV set as viewfinder)
Video Output (VTR/CCTV compatible)
Continuously Variable Frame Size
Auto Light Level Compensation

Pos/Neg Reversal
Built-in Bar Gen.

See a demonstration of Venus Slo-Scan Camera & Monitor at

CALIF. (Los Angeles) HENRY RADIO MASS. (Littleton) RMS CORP

CALIF. (Burlingame) HAM RADIO OQUTLET MONTANA (Billings) S & A ELECTRONICS
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399 Smith Street
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TWX 510-224-6492
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A product in the amateur market gets a reputation very quickly. It
measures up to what you expect in engineering, performance and quality
—or else. That's why A/S amateur antennas are built to the identical
design and construction standards as their commercial counterparts.
Standards that have made them specified for more police and public
safety vehicle installations than all other brands combined.

HM-177
2 Meters

Features new high
conductivity copper
and nickel coated
17-7 PH stainless
steel whip. Shunt
fed coil encased in
waterproof PVC
jacket. All fittings
chrome plated brass.
Easy snap-in
mounting. 3 dB gain.*

NEW ASCOM® TOWERS

High strength, low maintenance
aluminum towers for HF and VHF
antenna installations. There is a
complete line of ASCOM self-
supporting towers—in heights from
30 to 90 feet — at attractive prices!

NEW! HM-223

15 Meters
(220 MHz)

High performance
5 wavelength design
for the new 220 MHz
activity! Directly fed
with low loss coil in
new low-profile
design. Spring and
whip easily
removable leaving
only 1%." high base
for car wash

«.! clearance. 3dB gain.*

!\

*Measured over a Ya wavelength whip

WRITE FOR FREE AMATEUR ANTENNA
and/or TOWER CATALOGS

8 “Stripes of Quaity”

HM-175
34 Meters

Collinear design

with truly hot
performance! Base
fittings have silver
plated contacts. Can
handle 100 watts.
Whip and phasing
coil assembly is aone
piece molded design
to resist vibration and
moisture. 5 dB gain.*

HM-4
2 Meters

Tough, virtually
indestructible
antenna for hand-
helds. Completely
insulated. Base fitting
matches Motorola
HT, E. F. Johnson,
and Standard
portables.

HM-5

Same as above but
for Drake and other
packset portables
with S0-239 fittings.

the antenna
specialists co.

Division of ORION INDUSTRIES, INC., 12435 Euclid Ave., Cleveland, Ohio 44108
Export: 2200 Shames Dr., Westbury, LI, New York 11580 Canada: A. C. Simmonds & Sons, |
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Ever since the military services first start-
ed using wireless back around the turn of
the century their engineers and radio
officers have been trying to find a way to
use trees and other natural objects as
antennas. Many methods were tried,
including the simple expedient of pound-
ing nails into trees and connecting the
transmission line to them. Nothing
worked. It was found, in fact, that trees
actually absorbed most radio waves and
that thick forests made radio communica-
tions all but impossible over any but
short ranges.

It wasn't until relatively recently, in
1969, that any real progress was made. At
that time an intensive research program
was begun at the Army Electronics
Command's research laboratory. In the
four years since the program began a

This tree is radiating a signal on 10.8 MHz. The
transmitter is coupled to the tree through a
matching network (in the box on the tree) and
the toroidal Hemac. (U.S. Army photo.)

a second look

L Jim
fisk

team of scientists under the direction of
Dr. Kurt lkrath have developed a system
for making effective use of trees and
other natural objects as antennas. The
key, of course, is the coupling of rf
energy into and out of the object. The
Army Command accomplished this
through a flexible, toroid-shaped hybrid
electromagnetic antenna coupler called a
Hemac which is formed in a circle around
the tree as shown in the photograph.

The Hemac operates as the primary of
a leaky rf transformer; the tree or other
core object acts as a single-turn second-
ary. A variable tuning and impedance-
matching circuit is used with the Hemac
to provide a good match to 50-ohm
transmission lines. Dr. lkrath reports that
the Hemac-tree antenna requires less skill
to tune than the short whip on the
Army’s PRC-74 radio set. Nor is the
Hemac's use limited to trees — it has been
used successfully with such man-made
objects as light standards, window frames
and helicopters. In one case two Hemac
coils were used with trees, four meters
apart, as a high-frequency phased array.
By changing the phase difference between
the 4.65-MHz signals driving the two
trees, engineers were able to vary the
radiation pattern.

As might be expected, frequency is
very important to the operation of the
system. In a forest environment the dense
underbrush scatters or absorbs short
wavelengths. Long wavelengths seem to
work best as absorption is much less. The
optimum operating frequency also
depends upon the object used as the
antenna. A 100-foot tree, for example,
works best in the 80-meter range. Who
will be the first to put this idea to work
on Field Day?

Jim Fisk, W1DTY
editor-in-chief
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Tri-Ex Towers
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Now you can afford the best!
Free-standing or guyed,
Tri-Ex Towers stress quality.
All towers are hot dipped
galvanized after fabrication
for longer life. Each

series is specifically engi-
neered to HAM operator
requirements.

W Serizes

An aerodynamic tower
designed to hold 9 square
feet in a 50 mph wind. Six
models at different heights,

MW Series

Self-supporting when
attached at first section —
will hold normal Tri-Band
beam. Six models.

LM Series

A 'W' brace motorized tower.
Holds large antenna loads
up to 70 feet high.

Super buy.

TM Series

Features tubular construc-
tion for really big antenna
loads. Up to 100 feet.
Free-standing, with motors
to raise and lower.

THD Series

Very popular. Low Cost.
Holds Tri-Band antennas.
Eight models — all support 7
square feet of antenna

at full height in 70 mph
winds. Guyed.

Start with Top-of-the-Line
Tri-Ex Towers. At basic
prices. Write today, for your
best buy.

& ®
ri=Ex
TOWER
CORPORATION

7182 Rasmussen Ave
Visalia, Calif. 93277
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fixed

log-periodic beam

for 15 and
20 meters

A simple, low-cost
wire beam

that provides

lots of gain

per dollar

Since retiring from business in 1970 |
have been designing, building and testing
fixed, high-frequency, log-periodic beam
antennas. | had long wondered why ama-
teurs had made so little use of these very
excellent beams which are used extensive-
ly by commercial, military and govern-
ment communicators.

To date, over fifteen log periodics have
been erected and thoroughly tested here.
Most of these have been horizontal doub-
let log periodics for the 20-, 15- and
10-meter bands, as shown in plan form in
fig. 1. Some have been for 40, 20 and 15.
Two vertical monopole log periodics
(with ground plane) were tested on 40
and 80, giving 10-dB gain with the low
angle of radiation best suited for DX.

Since most of these log periodics cover
a 2:1 or one-octave bandwidth, e.g., 7-14
or 14-28 MHz, they are rather long for
the average amateur antenna farm. Two
of the log periodics tested here for 14-30
MHz were one with a 40-foot (12.2-
meter) boom length, having 8-dB gain,
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and one with a 70-foot (21.35 meter
boom, giving 10-dB gain as comparec
with a doublet at the same height. My
longest log periodic is 100-feet (30.
meters) long, has 17 elements, and give:
12- to 13-dB gain. The swr for thest
antennas is relatively low over the 20-
15- and 10-meter bands, generally no
exceeding 2:1 with 1.1:1 to 1.4:1 typical

Since these log periodics are wire
beams, they are quite inexpensive con
sidering their gain. They are also quite
easy to build. The material cost usually
runs from $15 to $25 each, less feedline
and masts or other supports.

As a result of on-the-air discussion:
while testing and comparing these anten
nas, and from several previous articles or
log periodics, | receive many requests fo
information on the smallest possible log
periodic to cover at least 14 through 21.£
MHz. The inquirers generally want gair
equal to or better than the average ham
beam.

two-band log periodic

A log periodic having 8-dB gain and
meeting these requirements, erected in a
space 40 by 40 feet (12.2 x 12.2 meters),
will be described here. This antenna,
which is beamed south, has been in use
for three years. It gives excellent perform-
ance. Also included is a list of materials,
approximate total price and brief assem-
bly information.

Fig. 2 shows the layout for this simple
7-element log periodic for 20 and 15
meters. Its bandwidth or frequency cover-
age is 14 to 21.5 MHz. Theoretically it
provides 8-dB gain in the forward direc-
tion. However, when compared with a
dipole at the same height, reports in the
direction of its beam generally show a
10-dB increase over the doublet. When an



S-9 report is received while using the
doublet, a ‘20 over 9"’ is often received
after switching to the log periodic. An
equivalent S-meter increase at this end
usually confirms the reports received.

At any rate, the reports received dur-
ing three vyears of use give this log
periodic a conservative 10-dB gain in its
forward direction. It is mounted approxi-
mately 40 feet (12.2 meters) above
ground. The measured swr over the two
bands is:

14.0MHz 1.1:1  210MHz 1.01:1
14.1 MHz 1.1:1  21.1MHz 1.01:1
14.2 MHz 1.02:1 212 MHz 1.05:1
143 MHz 1.02:1 21.3MHz 1.15:1
14.35 MHz 1.01:1 21.4 MHz 1.25:1

21.45 MHz 1.3:1

If even greater gain is desired and the
space is available, a 9-element log periodic
having a boom length of 57.3 feet (17.48
meters) can be used (fig. 3). This is
actually the 20-15-10 log periodic of fig.
1 with several of the short (10-meter)
elements deleted, which reduces its band-
width to 14 to 21.5 MHz for operation
on 20 and 15 meters. This log periodic
should give 10- to 11-dB gain on 20 and
15 if its height is at least a half wave-
length above ground for 20, about 33 feet
(10 meters).

]
/
/
/l—} AT 20 METERS
/
AT IS METERS

225 ©.06m) | A
/ 2

\F
/ 32’ (9.73m)
F
{
)4
L
/

36
(11.0m}

,/-\‘x\

If space is available for an even longer
antenna, fig. 4 illustrates another log
periodic which should give 11- to 12-dB
gain. The latter two antennas (fig. 3 and
4) have not actually been tested here, but
the gain figures were taken from the
3-band equivalents for 20-15 and 10. De-
leting the 10-meter section should have
little effect on performance for 20 and 15.

The front-to-back ratio of these log
periodics will be approximately 10 to 12
dB, not as good as a Yagi, but with its
other advantages over a Yagi the log
periodic is well worth consideration.

Fig. 5 shows the fig. 2 log periodic as
it would look suspended from four 40-
foot (12.2 meter) masts. These can be
inexpensive telescoping TV masts, avail-
able at any TV shop, or 45-foot (13.7
meter) wooden poles. Used poles are
available from power companies in some
areas at a very reasonable price. The TV
masts will, of course, require guying, but
wooden poles can usually be unguyed for
the smaller tog periodics. The log periodic
of fig. 2 as used here has its rear end
supported by the roof and the short
forward end by two cedar trees. This
tree-roof configuration just happened to
be perfect for suspending this log periodic
40 feet (12.2 meters) above ground,
beamed due south.

AT 10 METERS

‘z‘

60 @seml )

rouu
W/WI\/]T 39m !“ - =

77 (22.0m)

1

fig. 1. Plan view of a typical log periodic beam for 14-30 MHz. With 13 elements and a boom length
of 72 feet (22 meters) this antenna provides 10-dB gain over a reference half-wave dipole for 10, 15
and 20 meters. Note the feedpoint transposition of alternate elements — if this is not done, the
antenna will not work.
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If any of these two-band log periodics
can be suspended at least a full wave-
length above ground (approximately 66
feet on 20 meters) they will no doubt
provide a lower angle of radiation. This is
better for DX and, in effect, will show
greater gain, especially on 20. The highest
I have been able to use here has been 60
feet (18.3 meters), and considerable im-
provement was noted on that particular
antenna compared to the others installed

A
T~ /—- 2 AT 20 METERS
~
~
~
~

the 7-element antenna showing location
of the home-made Lucite insulators and
the suspension of the seven elements
between the two nylon sidelines or caten-
aries. Note the transposition of the feed-
line to alternate elements, a must for a
log periodic.

Fig. 7 is a drawing of the insulators,
which are made from 1/4-inch (6-mm)
Lucite. The end insulators have only the
two end holes, while four holes are drilled

~ l
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B 2 L o ,E, g ~
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2 ® g ~ /
& P ~
€
35 >-<
~
. . , . ) A%
8 7.25 6.25 6 58 lezs |z
(2.94m) (2.2tm} (1.9im) | (1.83m) | (1.68m) )(1.3m) 'i‘
w
- -
; w
/
] COMMON
I - HIGH IMPEDANCE
3 - POINT
-
—
-
/
/
/
-
-
B ] —
37.5° 23’ (702m)
(t1.44m) MATCHING STUB
L—r— 34) ON 5
Z Low HIGH Low Z HiGH
374X ON 20 1
zow HIGH Low Z HIGH

fig. 2. Dimensional drawing of a practical log periodic for 15- and 20-meter operation that requires
only a 40- by 40-foot (12- by 12-meter) space for installation. Though its theoretical gain is 8 dB,
the author’s version of this antenna has consistently shown 10 dB or better gain over a reference
dipole at the same height. Note feedpoint transposition of alternate elements.

approximately 40 feet (12.2 meters)
above ground.

The beam width of a log periodic is
generally about 90 degrees, which is good
for a fixed beam required to cover a
particular continent or a certain part of
the U.S. From this location, the antenna
beamed west covers the entire west coast
and also Australia.

construction
Fig. 6 illustrates the physical layout of
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in the center insulators. The two end
holes are for fastening the center of the
elements, while the two toward the cen-
ter, spaced 1% inches (3.8 cm), are for
the two-wire center feeder. The center
insulators serve two functions: First, they
separate and space the two-wire open
feeder, and second, being secured to the
feeder at the points specified in fig. 2,
they space the elements at the required
distances so the antenna will function as a
log periodic.



36'
{t1.om}

ELEMENT |

A

/ 2 AT 20 METERS

—— é AT I5 METERS
——
—~—— /
—
E ,E T ggg_ﬂM% H;_G);OIM‘PE%:NCE
< = — 0 IN i) \LUN
3 ] £ 3 ~ T =,
] ] E [ £ -~
2 © [ ] £ £ =
-N = o4 © © o 2 § T —
" ] o Y o o 2 s ——
N 8 & L} b < o T
= ! — —
e S ——— T =
— - 1
! 9 8.25' 72’ 69 | a7 | 535 j4as|® o -
3.05m | @275m) | 252m | 22m)| (2.m) |0.74m)} t1.63mIf146mE - K
—
e 22"
——
-
-
-
—— -
g — -
—
— -_
57.2° 37 me9Iml
{17.45m) MATCHING STUB
15m 3 ) aris I5M
T T 5 t t
Low Z HIGH Low HIGH LOwW HIGH Z
20M t +— 3 A a1 20 —+ t 20m
Low Z HIGH LOW HIGH Low HIGH Z

fig. 3. Dimensionat drawing of the log periodic of fig. 1 with the 10 meter elements omitted.
Though its 57.2-foot (17.45-meter) boom length may be prohibitive in some instatlations, those
who have the room for it should find a 2- to 3-dB improvement compared to the smaller antenna of

fig. 2.

Note that six egg-type ceramic insula-
tors are used in place of Lucite for the
long rear element, 1, and for the short
forward element, 7. This is recommended
due to the additional strain on these two
elements, which must support the re-
maining five elements and the weight of
the center feeder.

é AT 20 METERS

_

Note that the two-wire center feeder is
extended 23 feet (7.0 meters) beyond the
short forward element, 7. This provides a
common impedance match on both 20
and 15 meters. A 4:1 balun is used to
provide a match between the coax trans-
mission line and the antenna. This 23-
foot stub would not be necessary if a

e — A ar 5 meTERS
—— H
- gy e—
g 5 ————
n £ E i —— 175
g ¢ 3 8l = =
N o o o H ~
; 2 o o R £ € —_—
] > o L g ¢ - J —_
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4 b4 ~ a
oE s 16"
SRt .
35 (a8’
i1.5° 10.0' 90’ 8.5 7.5' ro' 625’ | 55 | 50 COAX OR
(3.5tm) (3.08m; | (275m) | (z6m | (2.29m:| (214m) (1.9m} [(1.68m(1.52, AW e —
ey T
I Py
e
—— - -
e -
—
T Zxonis
13m t
Low 2 HIGH Low 2
}X OoN 20
20m + t t
Low Z HIGH Low HIGH ‘l Low z
72’
(22m) =

fig. 4. Dimensional drawing of an even longer two-band log periodic. This 11-element array should

provide at least 12-dB gain over a reference dipole.
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tuned line was used between the shack
and the log periodic. However, this would
require a tuner or Match Box at the
equipment end. The use of the stub plus
the 4:1 balun eliminates the need for the
antenna tuner.

It may be of interest that the above
feed method has a very desirable feature.
Element 2, which is the driven or active
radiator element on 20 meters, is spaced
approximately 3/4 wavelength from the
common feedpoint. Element 5, the driven
or active element on 15 meters, is also

L MASTS/TREES, efc.
>33 trom)

d

fig. 5. TV masting or used utility poles provide
an easy means for putting up a wire log periodic
antenna such as the seven-element array of fig. 2.

3/4 wavelength from the balun. Since the
active element for a discrete frequency
within the bandwidth of the antenna is
3/4 wavelength from the common feed-
point, the center feeder plus the 23-foot
(7.0-meter) stub act as an impedance
matching line and the impedance at the
common feetpoint is relatively constant
on either 20 or 15 meters.

The stub can hang down from the
antenna as shown in fig. 5. A short stub
mast can be used to support the balun
and the coax, relieving the strain on the
short-element end. Several additional

10 may 1974

2 @.8mm) nvion Lne ™
NO. 18 NYLON TWINE
OR 40 LB TEST
MONOFILAMENT

¥~

»
&
~ BEAM
s = E__‘(

»

/
J;(\ Z{mzmm) NYLON LINE
4 SUPPORTS OR MAST!

s MASTS
337 (10m) HIGH (MINIMUM)
WITH HALYARDS

40° (12.2m) }

fig. 6. Mechanical layout showing suspension of
log periodic of fig. 2. Egg insulators are used on
the first and last elements, while the Lucite
insutators detaited in fig. 7 are used elsewhere.

Lucite spacers should be used along the
stub to keep the two wires separated and
parallel. Spacers about every five feet (1.5
meters) are suggested.

log-periodic theory

The log-periodic beam can be consider-
ed as a multi-element, broadband, uni-

SERVE WITH 3/4° (1.9cm)
MASKING TAPE

# CENTER OF l
ELEMENTS ’

— CENTER FEEOER
7/22 OR NO. i4
SOFT ORAWN Cu.

I

P CENTER INSULATOR
MATERIAL o o|eno insuLaTOR
i/4° (6.4mm)
LuciTe
. 1-3/16°
ALL NOLES (3.0em)
178" (Smm) 3
OR NO. 29 DRILL 3607

fig. 7. Dimensional drawings of Lucite insu-
lators used at centers and ends of center ele-
ments. Dimensions and material are not critical.



table 1. List of materials needed for building the jog-periodic antennas described here (not

including masts or coax).

7 elements
item (figs. 6 & 2)
190 feet (58 meters)
125 feet (38 meters)

Antenna wire (elements)2
Antenna wire (center feeder)1,2

Ceramic egg insulators 6 each
End insulators (Lucite) 10 each
5 each

Centex insulators (Lucite)
Nylon line, 1/8 inch {3 mm)
Nylon line, 3/16 inch (5§ mm)

Nylon twine, no. 183 1roll
Total cost $17.00
notes

100 feet (30.5 meters) 170 feet (52 meters)
25 feet (7.6 meters)

11 elements
(fig. 4)
290 feet (89 meters)
160 feet (49 meters)

9 elements
(fig. 3)
225 feet (69 meters)
196 feet (60 meters)

6 each 6 each
14 each 18 each
7 each 9 each

235 feet (72 meters)
25 feet (7.6 meters) 25 feet (7.6 meters)
1 roli 1 roll

$22.00 $26.00

1. The center feeder should be 7/24 copper (not copper-clad — too stiff) or other stranded wire so

the two wires will remain parallel and not kink.

2. The author used number-15 aluminum electric fence wire on many of his log periodics to reduce
weight and cost. Caution must be used when working aluminum, and care must be taken to avoid
contact between dissimilar metals which can cause electrolysis. Aluminum is not recommended for

use near sea coast or in a polluted environment.

3. 40 Ib. test monofilament fish line can also be used, eliminating need for end insulators.

directional, end-fire array. The design for-
mulas have appeared before in an amateur
publication,4 which although it covered
only vhf log periodics, also applies to
high-frequency log periodics. The design
formulas are quite complex, so unless a
computer is available it is suggested that
the dimensions given in this article be
followed.

Table 1 is a list of materials for the
short 20-15 meter log periodic, fig. 2, as
well as the two longer models of fig. 3
and 4.

summary
Anyone who has the space to put up
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parabolic reflector

antennas

Complete
construction details
for a large
parabolic reflector

for uhf —

Australian style

There should be little doubt in the minds
of avid uhf experimenters that the anten-
na is a most important part of his station.
This is especially so for long-path DX and
EME amateur communications where the
most important characteristic of the an-
tenna is its ability to efficiently direct all
of the available transmitter power in a
preferred direction — its effective gain.
Since antennas are passive reciprocal de-
vices they perform the same unique high-
gain function in the receiving mode as
well. There should also be little doubt
that, in the uhf range and higher frequen-
cies, the parabolic reflector is the most
efficient, high-gain antenna. Those ex-
perts in antenna technology may debate
this last statement; however, for home
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T.R. Naughton, VK3ATN

construction without critical measure
ment and adjustment, the parabolic re
flector antenna has no equal.

This article describes fabrication tech-
niques using readily available materials
which can be used in the construction ot
relatively large parabolic reflectors with
exceptional rigidity, strength and mod:
erate weight. Construction is mainly ot
round aluminum tubing with gusset plates
and pop rivet fasteners. The conductive
reflector surface is aluminum screen or
galvanized iron mesh, also readily avail-
able.

Although much detail will be des-
cribed, this article is not intended to give
a cook-book design. Using the same gen-
eral construction techniques described
here the size of the reflector can range
from 10- to 30-feet (3 to 9 meters) in
diameter. The design is not unlike many
commercial reflectors. However, unlike
commercial construction, no aluminum
welding is required and weight is kept to
a minimum.

feed systems

The efficiency of a parabolic dish
antenna is highly dependent on the feed
antenna and on the surface accuracy of
the reflector. A very efficient feed is the
dual-mode, small-aperture antenna whose
radiation characteristics determine a fo-
cal-length-to-aperture-diameter ratio of
0.6 for the reflector.l However, this
particular feed antenna, because of its
physical size, is not practical for frequen-
cies below about 1000 MHz. A suitable
feed for 432 MHz is the NBS gain



Artist's sketch of the 16-foot (4.9-meter) parabolic reflector
used at VK3ATN for EME communications on 1296 MHz.
The azimuth and elevation control system is installed at the
center of gravity, between the center hub and the counter-
weight arms. Construction of the dual-mode feed horn is
shown in fig. 7.

standard whose radiation characteristics
are very similar to the dual-mode aperture
antenna. Both feed systems are described
at the end of this article. Although these
feeds are shown as linearly polarized,
they may be adapted for circular polariza-
tion. This is recommended to eliminate
Faraday fading for moonbounce com-
munications.?

surface accuracy

Surface accuracy of a reflector anten-
na affects the phase of the aperture wave.

Variations from an exact paraboloid sur-
face cause scattering of energy in direc-
tions away from the main beam and,
thus, lower the gain. The reflector design
presented here, together with the dual-
mode feed system, will produce an ef-
fective gain of

Geyr = 0.65 (13) 2

where D is the reflector physical diame-

ter, A is the operating wavelength in the
same length units as D, and the surface
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accuracy, everywhere on the surface, is
within 0.025\ of a true paraboloid.

construction details

Construction of the reflector consists
of four parts: one, a central hub from
which construction begins and which is
also used to mount the antenna; two, an
array of identically trussed ribs which are
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fig. 1. Rolling mill construction. Curved grooves
in the rollers should be slightly larger in radius
than the tubing to be bent. Middle roller should
be knurled or roughened if this roller is driven.
Slot for the middle roller mounting bolt is to
permit changing bending radius.

attached to the hub and form the para-
bolic shape; three, a series of circumferen-
tial rings which join the ribs and provide
support for the conductive surface mater-
ial, and four, the conductive surface.
Mounting of the feed, although important
to the use of the reflector, will be
considered separately from construction
of the paraboloid.

The aluminum tubing used in this
construction is a half-hard or 6100 alloy
which can be easily bent. Bending can be
done several ways. Two methods suggest-
ed here are by a rolling mill, which must
be constructed, or by a special tool called
a hickey which is used by electricians for
bending conduit. These may be bought
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from most electrical supply houses for
about $5.

The rolling mill produces a smooth arc
bend and is very desirable for bending the
circular rings which support the reflector
surface material. The rolling mill used in
the construction described here is shown
in fig. 1. With this mill it is important
that the groove in each roller is a bit
larger than the tubing which is to be bent.
Also, it is necessary to have a secure and
resettable position for the middie roller
to set the bend radius. A hand crank or
other drive mechanism attached to the
middle roller will ease the required rolling
effort. Even though it will take some time
to construct the rolling mill, its use will
greatly shorten total construction time
and produce very uniform and repeatable
bends. Since the extreme ends of tubing
bent in the rolling mill witl not conform
to the curvature of the central portion, a
few inches should be cut off at each end.
Some care should be taken in rolling as
the tubing may have a tendency to twist.

The hickey is used to kink the tubing
in small incremental sections producing
an arc composed of short straight sections
between kinks. This method of bending is
entirely acceptable for the rib and hub
construction. Note that the actual reflec-
tor surface material is not supported by
the ribs but by the rings which are spaced
about one foot apart along ttre ribs.

Virtually all the fastening of tubing is
done with aluminum or steel pop rivets.
These are readily available in hardware
stores along with a manually operated
tool which properly sets the rivets. This
method of fastening is quick and provides
a long-lasting permanent fastener. A u-
nique feature of pop rivets is that they
may be used in blind hoies as shown by
fig. 2. Either 1/16- or 5/32-inch (1.6- or
4-mm) diameter rivets may be used for
most fastening, but larger rivets may be
used where heavy pieces or thick pieces
are to be joined.

The center hub which | used consists
of two circular rolled rings of 7/8-inch
(22.2-mm) tubing about 24 inches (61
cm) in diameter and spaced 18 inches



(45.7 cm) apart. A number of cross
braces are used to hold the rings
together rigidly. While this construction
method used only tubing and rivets, an
improved hub construction would be a
spoot or reel design made of 1/8-inch
(3.2-mm) aluminum plate and a 16-inch
(40.6-cm) section of large diameter
aluminum tubing. This hub design is
shown in fig. 3.

The end discs of the hub are secured
to the large tubing by means of many
small aluminum angle brackets with
rivets. If a large diameter tube is not
available a suitable substitute would be a
hexagonal section composed of flat 1/8-
inch (3.2-mm) plates. Additional stiffen-
ing of this hexagonal tube at its center is
required and may consist of a single band
of aluminum bent to conform to the
outside of the hexagon and fastened near
the plate seams with rivets.

A very important part of the hub is
the holes cut in the center of each end
plate. The size of the holes is made to be
a snug fit with a standard aluminum or
steel tube available, 1% to 2 inches (3.8
to 5.1 cm) in diameter. These holes and
the tube form the axis of symmetry of
the paraboloid and will be used to align
the ribs and surface material as described
later. The hub length should be about
one-tweifth the reflector diameter; the
end discs need not be larger than 24
inches (61 cm) for any size reflector.

Sets of two or three rivet holes can be
drilled in the hub end plates at the radial
locations of the ribs. Additionally, similar
sets of holes can be drilled to mount the
gusset plates used to attach the back
member of the rib to the hub.

trussed-rib construction

To maintain uniformity of the ribs and
accuracy of the parabolic shape it is
essential that a jig be built to hold the rib
pieces in position while fastening. For the
16-foot (4.9-meter) diameter reflector, an
8-foot (2.45-meter) piece of half-inch
(13-mm) plywood may be used with
wooden biocks to serve for alignment and
holding. Alternatively, the jig may be

made of angle iron, welded together. if
the plywood jig is used, one edge of the
plywood sheet is used as the axis of
symmetry and the parabolic curve may be
carefully laid out and drawn using the
coordinates given in table 1. Draw in the
remaining truss members as shown in fig.
3. The height of the rib at the hub end
must be equal to the hub end plate

PEEN EDGES FOR
EXTRA STRENGTH

POP RIVETS

x GUSSET PLATES

fig. 2. Gussett plate detail. Gusset plates are not
necessarily all the same shape.

spacing so that the rib may be fastened to
the hub with a minimum of strain.

Blocks of wood about % inch (13 mm)
in height may now be securely attached
to the plywood jig so that the truss
members are held in their appropriate
positions. It should be noted that the
parabolic member is actually bent into a
circular arc which will require a minimum
of distortion to form the parabolic arc.
The radius of curvature which fits this
requirement is very nearly twice the focal
length. Prebending of the parabolic mem-
bers is done in the rolling mill or by the
multiple kink method. If the latter meth-
od is employed, the kinks should occur
between the locations of the circular
rings. In this way the points of ring
attachment will conform to the parabolic
arc in the jig. These points should be
marked on the rib members for ease in
indexing the rings later.

The cross braces in the ribs are short
pieces of the same diameter tubing as the
ribs and spaced about 18 inches (45.7
cm) apart. The cross braces should be
notched to fit the main members. The
notching operation may be done with a
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table 1. Parabolic curve coordinates for reflector diameters of 16 feet (4.9 meters), 20 feet (6.1
meters) and 24 feet (7.3 meters). Coordinates are given for only one-half of the parabola since the

other half is identical.
16 feet
(4.88 meters)

9.6 feet
(2.93 meters)

reflector diameter

focal length (f)

inches cm inches cm
o] 0 0 0
3.94 10 0.034 0.085
7.87 20 0.13 0.34
11.81 30 0.30 0.77
15.75 40 0.54 1.37
19.69 50 0.84 2.14
23.62 60 1.21 3.08
27.55 70 1.65 4.19
31.50 80 2.16 5.47
35.43 20 2.72 6.92
39.37 100 3.36 8.54
43.31 110 4.07 10.34
47.24 120 4.84 12.30
51.18 130 5.68 14.44
55.12 140 6.59 16.75
59.06 150 7.57 19.22
62.99 160 8.61 21.87
66.93 170 9.72 24.69
70.87 180 10.90 27.68
74.80 190 12.14 30.84
78.74 200 13.45 34.18
82.68 210 14.83 37.68
86.61 220 16.28 41.35
90.55 230 17.80 45,20
94.49 240 19.38 49.20
96.00 243.8 20.00 50.80
98.43 250
102.36 260
106.30 270
110.24 280
114.17 290
118.11 300
120.0 302.8
122.05 310
125.98 320
129.92 330
133.86 340
137.80 350
141.73 360
144.00 365.8

rotary rasp of the same diameter as the
tubing or with a notching tool used by
welding fabricators. A wooden jig can be
built to hold the tube at the appropriate
angle if the rotary rasp method is used. A
less pretentious but adequate notch may
be vee-shaped and made by hand with a
file or saw.

With all the rib members in the jig,
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20 feet 24 feet
{6.10 meters) (7.30 meters)
12 feet 14.4 feet

(4.39 meters)
inches cm

(3.66 meters)
inches cm

0 0 4] 0
0.027 0.68 0.022 0.057
0.11 0.27 0.09 0.23
0.24 0.62 0.20 0.51
0.43 1.09 0.36 0.91
0.67 1.71 0.56 1.42
0.97 2.46 0.81 2.05
1.32 3.35 1.10 2.79
1.72 4.37 1.44 3.65
2.18 5.54 1.82 4.61
2.69 6.84 2.24 5.70
3.26 8.27 2,71 6.89
3.88 9.84 3.23 8.20
4.55 11.55 3.79 9.63
5.27 13.40 4.40 11.16
6.05 15.38 5.05 12.81
6.89 17.50 5.74 14.58
7.78 19.75 6.48 16.46
8.72 22.15 7.27 18.45
9.71 24.67 8.10 20.56
10.76 27.34 8.97 22.78
11.87 30.14 9.89 25.12
13.02 33.08 10.85 27.57
14.24 36.16 11.86 30.13
15.50 39.37 12.92 32.81
16.00 40.64 13.33 33.86
16.82 42.72 14.02 35.60
18.19 46.21 15.16 38.50
19.62 49.83 16.35 41.52
21.10 53.59 17.58 44.66
22.63 57.48 18.86 47.90
24,22 61.52 20.18 51.26
25.00 63.50 20.83 52.91
21.55 54.74
22.96 58.33
24.42 62.03
25.92 65.84
27.47 69.77
29.06 73.82
30.00 76.20

gusset plate fastening of the butt joints is
accomplished as shown by the detail
drawing of fig. 2. The gusset plates may
be predrilled and used as a guide for
drilling the tubing through a single wall
thickness. One hole drilled and pop
riveted at a time will eliminate hole
misalignment. When all gusset plates are
secured on one side of the rib, the rib is



removed from the jig and turned over for
fastening the second set of gusset plates.
The gusset plates are cut from half-hard
sheet, 22 gauge or about 1/32-inch
{0.8-mm) thick. The reverse rib alignment
template may be built in a similar way on
the same plywood sheet.

The alignment template and support
tube must be constructed accurately be-
cause they determine the uftimate ac-
curacy of the reflector surface. This
consideration is important since the re-
flector can be used at higher frequencies

GUSSET PLATES

BACK SUPRORT

fig. 3. Hub and rib assembiy detait.

if the surface accuracy is good. The
alignment template support tube must fit
snugly into the holes at the center of the
hub.

For larger reflector diameters it may
not be possible to obtain tubing of
sufficient length and splices will be re-
quired. The method | used consists of
taking a short length (4 to 6 inches or 10
to 15 cm) of the same tubing to be
spliced (see fig. 4). Cut a single slot
lengthwise about %-inch (6.5-mm) wide.
Then sgueeze the piece until it fits inside
the splice pieces, forming a butt joint.
Finally, pop rivets are used to form a
permanent joint as shown by fig. 4.

surface support rings
Although | used 1-inch (25-mm) di-

PARABOLIC MEMBER

ameter tubing as the rim for my 16-foot
(4.9-meter) reflector, it is recommended
that 1%-inch (38-mm) tubing be used if
possible for additional strength. The rim
may be rolled to the prescribed radius
bend in the rolling mill by starting with a
larger radius and rolling the pieces
through several times, each time decreas-
ing the bend radius until the final value is
achieved. A large circular arc may be
chalk-marked on a convenient surface
(garage floor, driveway, patio, etc.}) for
checking the sections as they are rolled.

AXIS OF
PARABOLOID

COORDINATE
CENTER FOR
Ri8

END
DISCS

FOR TEMPLATE

HOLE 1IN HUB
SUPPORT

Assemble the arc sections into a circle at
the final construction site using the butt
splice technique except for the final
splice. Leave this last splice open with
some overlap so that exact adjustment of
the fast splice witl give a good fit to the
ends of the ribs.

The circular rings of 3/8-inch
(9.5-mm) tubing may be rolled after the
hub, ribs and rim have been assembled.
These rings should be spaced concen-
trically with the rim starting at the rim.
Approximately one-foot (30.5-cm) spac-
ing between rings will be adequate to
support the screening. At the rim a
surface registration problem will occur
because of the way the rim is attached to
the rib ends. This problem can be re-
solved by either attaching a 3/8-inch
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{9.5-mm) ring directly at the rim or by
deliberately bending the last one foot
(30.5 c¢cm) of the parabolic member so
that the rim tube will be in correct
surface registration. This bend correction
must be included in the rib jig before the
ribs are assembled and must also include
the extra kink in the parabolic member.

Since the rings will require a long
section of 3/8-inch (9.5-mm) tubing, it

POP RIVETS

BUTT JOINT

SLOT IN INNER SLEEVE

fig. 4. Method of joining sections of tubing. Use
eight rivets in diametrically opposite pairs for
extra strength.

may be necessary to splice pieces. For
this small-size tubing it will be adequate
to use a simple short overlapping splice
riveted together. Splicing may be done
after rolling, and some pre-squashing of
the tubing is desirable before drilling and
riveting.

assembly

Assembly starts by riveting the hub
gusset plates on at the locations of the
back rib members. These gusset plates
should be of 1/16-inch (1.6-mm) material
for extra strength. The parabolic member
of the rib may now be riveted to the top
of the hub and the back member tem-
porarily clamped. Alignment of the rib is
now accomplished by inserting the re-
verse rib template support tube into the
hole at the center of the hub. The rib
should be adjusted by loosening the back
member clamp and allowing the parabolic
member of the rib to conform exactly to
the edge of the template. Now the back
member may be riveted in place. Repeat
this procedure for all ribs.
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As the structure grows, it will be
necessary to provide temporary trusses
between ribs to prevent strains and lateral
bending. Diametric wire or heavy cord
guys between rib ends will also aid in
maintaining the ribs in alingment. The
reflector will be constructed with the
parabolic surface initially upward.

When all the ribs are attached a survey
check of rib alignment should be made
with the template before the rim is
attached. The rim is attached to the
upper and lower surfaces of the parabolic
members by means of gusset plates and
rivets. Additional support for the rim
may be added in the form of diagonal
members from a point about 18 inches
(45.7 cm) from the rib on the rim to a
point near the end of the back member of
each rib.

At this point in construction a number
of additional single member parabolic ribs
should be carefully bent, formed into
parabolic shape, checked against the tem-
plate or jig and then fastened to the rim
and hub so that at the rim there will be a
rib spacing of about 2 to 3 feet (61 to 91
cm), no more. For the 16-foot (4.9-meter)
diameter dish | built, two additional
single-member ribs are added between the
six trussed ribs. Check these additional
ribs for alignment with the template.

When forming these single-member
ribs they should be marked so that the
correct end is attached to the rim. The
curvature is so slight that it is quite easy
to reverse the rib end-for-end by mistake.
The locations of the rings may now be

FEED SUPPORT STRUT

HORN SUPPORT STRUT

GUSSET PLATE

FRAMES

FEED Homv-/

~

fig. 5. Partial view of the feed support detail.



marked on each rib member by first
marking the locations on the template
along the parabolic edge and transferring
these marks to each rib.

Finally, the 3/8-inch (9.5-mm) sur-
face-support rings are formed and riveted
to the ribs. The rings must be squashed to
a thickness of 5/16 inch (7.9 mm) at rivet
points in order to use 5/32 x %-inch (4 x
12.7-mm)} long rivets. The rings may be
temporarily clamped to the ribs to aid the

ly laid over the rings between pairs of ribs
in pie section fashion and fastened to the
rings with wire ties. The ties should be
spaced a maximum of 4 to 6 inches (10
1o 15 c¢m) apart. Start along a ring at the
middle of the pie section and work
towards the rim and hub. Try to keep the
screening taut with as little bowing as
possible. Trim off any excess at the
center to permit the template support
tube to be inserted at the center of the

f@——————APPROX. 20 FEET (6.1 meters)

[e———6 FEET (1.8 meter)

A

ELEVATION AXIS\

F =9.6 FEET (2.9 meters)

FEED SUPPORT STRUT

16 FEET
(4.9 meters)

GUY WIRES
(6 BACK WIRES)

RIM TUBING

DIAMETER

FEED SUPPORT STRUTS

FRONT GUY WIRE
(3 REQUIRED)

fig. 6. Skeleton plane view showing rigging and overall dimensions for the 16-foot (4.9-meter}

diameter parabolic reflector.

assembly. After all of the rings are riveted
in place a final check should be made
with the template for accuracy. If errors
greater than %-inch (6.4-mm) are found
they should be corrected, even if rivets
must be extracted and parts altered. If
you have come this far you are to be
congratulated, the rest is easy.

surface construction

Surfacing consists of cutting radial
length strips of screening diagonally.
These triangular sections are then careful-

hub. The smallest 3/8-inch (9.5-mm) sup-
port ring should be no less than about 6
inches (15 cm) in diameter. It will be
more convenient to rivet the screening
down where ties cannot be used. A thin
washer above the screening will prevent
damage if aluminum window screening is
used.

At the rim, the screening should be
tong enough to be wrapped around the
outside of the rim and secured by a spiral
wrap of wire which passes through the
screen near the point of tangential con-
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tact. As each section of surface material is
added, the edge overlap should be a
minimum of 2 inches (5 cm) and held
together by wire ties to prevent gaps. A
last check of screening surface accuracy
should be made with the template and
the screening trimmed up if necessary.
Pinching the mesh can be used to take up
slack areas. Every effort should be made
to maintain a surface accuracy of +%-inch
(+6.4-mm) over the entire surface to
assure satisfactory performance at 1296
MHz.

If galvanized iron mesh (hardware
cloth) is used, the mesh size will permit
inserting the tip of a pair of long-nose
pliers and twisting the mesh wire to draw
up specific areas where sags appear. This
procedure, though tedious, can result in a
very taut surface.

In the event of damage to a small
surface area, an overlay of screen may be
added on, provided the patch size is not
less than one wavelength in its smallest
dimension. Larger area damage may re-
quire replacement of an entire pie section
of screening.

Another useful suggestion is to use
epoxy cement to tighten up rivets which
may become loosened.

feed support

The feed support is a tripod of 1%-
inch {3.8-cm) diameter thin-wall alumi-
num tubing. For extra stiffness, and to
damp wind vibrations, these tubes may be
filled with foam-in-place urethane foam
or billets of cylindrically-cut rigid foam.
This procedure prevents diametric de-
formation of the thin wall and can add
much to the tubing stiffness with little
added weight. The foam-in-place urethane
is a two-part mixture which is mixed and
quickly poured down the tube with the
tube in a vertical position. A wad is
forced into the tubing near the middle
before foaming and the foam poured in
from each end.

The tripod legs are attached to the
outside of the rim with short pieces of
aluminum angle and bolts or, alterna-
tively, with heavy gusset plates. The
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preferred locations of the legs are one
near top center when the reflector is in its
normal zero-degree elevation position and
the other two legs spaced equally to
either side of bottom center.

A frame assembly to support a
1296-MHz feed horn or higher-frequency
feed systems is placed at the apex of the
tripod. This is shown in part in fig. 5.
This partial drawing shows details for one
leg. The other two legs are similar but
spaced around the frame in the same
manner that the legs are spaced around
the rim of the reflector. The ends of each
leg are fastened to the frame by heavy
gusset plates and rivets. These gusset
plates are approximately diamond
shaped. Additional strength can be pro-
vided for the thin-wall legs at their ends
by a similar technique used in splicing. In
this case the split sleeve inside the leg
tubing serves as additional wall thickness.

The feed holding frame may be a
circular ring rolled from heavy-wall, soft-
alloy aluminum conduit or a square of
rigid tubing assembled with corner gusset
plates. To support the rather fong circu-
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fig. 7. Dual-mode feed antenna for 1296 MHz.
Material for the round sections is 1/32-inch
{(0.8-mm) brass, rolled and butt joint seamed.
The conical section is soldered on with many
small angle tabs. Probes are provided at right
angles to facilitate circular polarization. Adjust
probe lengths for best swr on 50-ochm feedline.
The nulling post should be mounted in a
radially slotted hole to permit radial adjustment
of position for minimum cross coupling be-
tween probes.



larly polarized feed for 1296 MHz it is
necessary to have an additional frame
smaller in size and about 24 inches (61
cm} behind the first frame. Support
members for this small frame are added
between frames and side struts attached
to the tripod legs with riveted straps for
lateral support. If axial twisting of the
feed support assembly is objectionable, it
can be minimized by the addition of a
rolled ring approximately 48 inches (1.2

PARALLEL LINE TRANSFORMER
2, = (78 OHMS

4:1 LINEAR BALUN
(SEE DETAIL RIGHT)

66"
(73 em) N 5
e (33 cm)
\’\< >/ GROUNOD
PLANE

68"
3\% (73 em)
(SQUARE) s em)

'/

2re”
i

{68.1 cm)

fig. 8. Double-dipole feed system for 432 MHz.

68"
(73 em)

meters) in diameter and fastened to the
tripod legs in front of the feed support
frame.

For 432 MHz the feed system shown
in fig. 7 may be mounted on long studs in
front of the first frame so that the ground
plane is located at the focal point of the
reflector. This can be done with the
1296-MHz feed horn in place, but not in
use, by mounting the ground plane just
far enough in front of the horn to permit
the coaxial feed cables to clear. The
dual-mode horn is mounted inside the
frames by means of short studs or brack-
ets. !t is important that screws used to
fasten the horn should always be arranged
with their heads on the inside of the horn
wall.

counter weight

If the complete antenna is to be placed
on an elevation-over-azimuth mount, the
following construction will provide for

counter balancing and extra stiffness. The
counterweight arms are made of channel
steel or aluminum beams spaced about
18-inches (46-cm) apart and cross braced
in the manner shown in fig. 6, Attach-
ment to the reflector hub is by means of
two angle brackets which are bolted to
the back of the hub. It is most helpful to
place the elfevation axis in the plane of
one side of the support tower and as close
to the hub as the support tower will

>//‘¥o.25‘

(6.4 mm)
NO. 12 COPPER WIRE

EXPOSED INNER DIELECTRIC

BRAIDED SHIELD
ALL SHIELDS BONDED TOGETHER

VINYL JACKETS MAY BE LACED
TOGETHER FOR RIGIDITY

permit. In this way the counter weight
arms will lie parallel with the tower when
the antenna is in the stowed position,
beam aimed straight up. This is the
position of least wind resistance and, by
securing the counterweight arms to the
tower, the reflector antenna and tower
can survive severe weather conditions. it
is also the best symmetrically balanced
position for ice and snow loading.

final rigging

The final rigging involves turn-buckled
guy wires from the end of each main rib
back to the ends of the counterweight
arms on their respective sides. The regis-
tration or positioning of the main ribs in
the reflector with respect to the tower
mount should be such that the bottom
two ribs straddle the tower. In this way
all rib ends may be guyed to the counter-
weight arms. If the bottom rib were
aligned vertically it would not be possible
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to guy it due to interference from the
tower. All guys should be carefully
trimmed since they essentially hold the
reflector and counterweight arms in rigid
assembly. Three additional guys may be
added from the rib ends between the
tripod feed support legs to the
feed-support frame.

The counterweights are simply large,
heavy bars U-bolted to the inside of the
counterweight arms so that they may be
slid along the arms for adjusting balance.
Alternatively, the bars may be replaced
by iron pipe sections which have heavy
concrete weights permanently attached at
one end.

summary

Construction techniques for relatively
large paraboloidal reflector antennas have
been given with the hope that those
amateurs who are interested in high gain
antennas for uhf will find comfort and
encouragement in their endeavors.

Since feedline losses are significant at
uhf, it is recommended that the preampli-
fier and mixer be located at the feed with
only i-f and dc cables dressed down a leg
of the tripod and around to the mount
axis where a slack foop will permit
rotation without cable joints. For strictly
moonbounce communications, the sup-
port tower for the reflector need be no
higher than the reflector radius, provided
that the foreground clearance (trees,
buildings, etc.) is good in the azimuthal
angular directions of the rising and setting
Moon.

It is also suggested that the final power
amplifier and driver be mounted in a
suitable weatherproof enclosure on the
counterweight arms so that a minimum of
large low-loss coaxial cable can be used to
connect the output to the feed. This
arrangement has special merit because no
rotating joints or flexing cable are re-
quired in the high power line but only in
the fow power line to the driver input
where lossy flexible cable can be toler-
ated in a slack loop.

A note of caution for those who live in
extreme cold areas where icing and high
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winds occur: It is not known how this
antenna construction will survive these
extremes of weather. It is advisable in
areas where freezing temperatures occur
to drill small {1/8-inch or 3-mm) diameter
holes in all tubing where water may
collect.

The 16-foot (4.9-meter) reflector an-
tenna described here was a first prototype
and has proven adequate in receiving the
first EME signals in Australia on 1296
MHz from W2NFA. Actually, the first
signal ever heard on this antenna was
W2NF A via EME!
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simple
antennas for

satellite communications

How to adapt
ground-plane antennas
for practical
communications

through OSCAR 6

24 may 1974

Date W. Covington, K4GSX, 281 Vance Circle, NE, Marietta, Georgia 30060

If the most consistent communication via
amateur satellites is desired, then beam
antennas which constantly track satellite
passes over the ground station are clearly
in order. On the other hand, the current
OSCAR series of satellites present drama-
tic proof that many contacts through the
on-board repeater can be generated by
stations using relatively low gain, station-
ary antennas. Granted some freedom
from complicated antennas and tracking
mechanisms, it becomes worthwhile to
investigate design modifications of simple
fixed antennas which maximize the oper-
ating time during an arbitrary pass. The
following comments suggest a design
change for ground-plane antennas that
makes them attractive for modestly
equipped stations involved in satellite
communications.

The basic concept is quite simple.
Slightly tilting the vertical radiator tends
to optimize the transfer of energy be-
tween a satellite in a circular orbit and a
ground-plane antenna for any point lo-
cating the satellite in the visible sky. The
design objectives and the theoretical basis
underlying the modification are reviewed
below. Practical tips on matching and
constructing the modified antenna are
also discussed.

design objectives

The following four characteristics pro-



vide a useful (but not exhaustive) set of
design objectives for fixed antennas used
for satellite work:

1. A vertical plane pattern which remains
constant along any azimuthal bearing in
the horizontal plane.

2. A vertical plane pattern which provides
a smooth increase in radiation as the
vertical angle of elevation, measured be-
tween the horizon and the satellite, de-
creases. An increase of 11 dB between the
overhead and horizontal field strengths is
appropriate for OSCAR satellites at an
altitude of approximately 910 miles.1

3. Relative independence from ground
effects. This permits installation of the
antenna in the clear where nearby trees,
buildings, etc., exert minimum screening
when the satellite nears the horizon.

4. Simplicity in mechanical construction
and electrical matching.

The selection of the first two items
involves certain simplifying assumptions:
the satellite is in a nonsynchronous-
circular orbit, signal perturbations caused
by interactions between the radiated
wave and the ionosphere are negligible,
and the satellite antenna is always favor-
ably oriented with respect to the fixed
antenna at the ground station.

theoretical basis

Which of the design objectives are met
by a quarter-wavelength vertical erected
adjacent to the ground? No serious prob-
lems concerning point 4 are encountered
by this antenna, and the theoretical pat-
tern of the isolated vertical completely
satisfies point 1. Qver perfect ground the
radiation is maximum along the horizon
which is convenient for DX work through
the satellite. However, a depressing null
develops in the vertical plane pattern for
elevation angles near the zenith. Thus
signals wili be degraded during the over-
head portions of satellite passes. The
antenna fails on point 3. Two simple
alterations remove these drawbacks.

It has been shown elsewhere that
tilting the vertical element away from the
normal fills in the overhead null without
materially changing the other pattern
characteristics.2 A vertical plane pattern
for a tilt of 45 degrees is drawn in fig. 1A.
The depression at the zenith deepens and
field strengths become less dependent
upon the azimuthal bearing as the tilt

T NN N A NN 7 NN TN R R 4
L]

fig. 1. Vertical plane patterns for quarter-wave
vertical tilted away from the normal by an angle
of 45 degrees (A) and harizontal dipole at a
height of 3/8 wavelength (B). The patternsforan
arbitrary azimuth bearing fall within the width of
the solid curve for the tilted vertical (A) and
within the shaded regionfor the horizontal dipole
(B). Perfect ground is assumed for both cases.

angle decreases. The width of the curve in
fig. 1A reflects the extremes in vertical
plane patterns as one circles a vertical
tifted at 45 degrees. Since the variation is
less than 0.5 dB, this trade-off is easily
accommodated. Another trade-off involves
the lower input impedances of the tilted
vertical. As shown below, it is an easy
matter to resolve this problem with a
guarter-wavelength coaxial transformer.

The second change is to simulate
actual ground with a plane of quarter-
wavelength radials. This frees the antenna
from the earlier criticism regarding point
3. Naturally the limited size of the
elevated ground plane will slightly alter
the pattern of fig. 1A. Basically, some-
what more radiation occurs at higher
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angles and somewhat less energy is radi-
ated along the horizontal direction. The
net result of these alterations is a tilted,
vertical, ground-plane antenna which ade-
quately meets each of the four design
goals listed above.

The advantages of this antenna can be
brought into sharper focus by briefly
examining the characteristics of horizon-
tal half-wave dipoles using the same per-
formance criteria. Fig. 1B gives the verti-

RELATIVE SIGNAL STRENGTH (18]

! | ! | 1 L]

30 40 50 0 80 90
ELEVATION ANGLE (DEGREES}

] 20

Curve 1 Vertical tilted 30 degrees from normal
Curve 2 Vertical tilted 45 degrees from normal
Curve 3 Horizontal dipole broadside to satellite
Curve 4 Horizontal dipole endfire to satellite

fig. 2. Relative signal strength versus angle of
elevation between the sateilite and the horizon.
The curves can be used to estimate the effec-
tiveness of a given antenna as the elevation
angle changes during a satellite pass. A refer-
ence level of 0 dB was arbitrarily selected at the
zenith point for each antenna. In curves 3 and 4
the dipole is assumed to be 3/8-wavelength
above ground. The sateillite is in a circular orbit
at an altitude of 910 miles.

cal plane pattern for a horizontal antenna
at a height of 3/8 wavelength. This height
is close to optimum because it offers the
greatest freedom from the undesirable
lobe effects in the vertical-plane pattern
associated with higher antennas while still
maintaining a greater percentage of radia-
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tion nearer the horizon than can be
supplied by lower antennas.

The outer and inner boundaries of the
dipole pattern in fig. 1B define the
broadside and endfire conditions, respec-
tively. It is immediately obvious that the
radiation from the dipole is sensitive to
azimuthal bearing. Moreover, horizontal
antennas at any height always show poor
radiation along the horizontal plane. In
practical terms at 10 meters, the average
city-dweller will find that the effects of
real earth and screening likely to be
present for an antenna located only 12-
feet above ground combine to further
reduce antenna performance at low eleva-
tion angles. Thus, the single horizontal
dipole fails to satisfy the first three points
of the design criteria. Azimuthal omni-
directionality can be improved by con-
necting a second dipole at right angles to
the first in a turnstile configuration.3
Points 2 and 3 still remain inadequately
satisfied, however.

A graphical summary of the theoreti-
cal performance of a tilted vertical and
horizontal dipole is presented in fig. 2.
The curves of relative signal strength
incorporate not only the variation in
radiated field strength of the ground
station antennas shown in fig. 1 but also
the varying distance separating the anten-
na and the satellite as elevation angle
changes during a pass. It is convenient to
arbitrarily normalize all curves to zero dB
at an elevation angle of 90 degrees.
Therefore, comparisons between different
antennas should be restricted to relative
changes in signal strength for correspond-
ing changes in elevation angle. Fig. 2
indicates that a vertical tilted 30 to 45
degrees provides a response which varies
less than 6.0 dB, even for an overhead
pass. Tilt angles which fall outside this
range cause antenna performance to de-
teriorate.

The curve widths provide a measure of
the departure from azimuthal omnidirec-
tional behavior for tilt angles of 30 and
45 degrees. A much larger variation in
signal strength is observed for a satellite
passing over a horizontal dipole located



3/8 wavelength above ground. The
marked disparity between the broadside
and endfire curves at low elevation angles
illustrates the value of installing a rotator
to keep the dipole broadside to the
satellite when it is near the horizon.
While simple treatments of ideal an-
tennas are helpful in formulating an
overal! design philosophy, the real anten-
na usually provides some deviation from
the predicted behavior. For example, real

ELECTRICAL QUARTER-
WAVELENGTH LINES
Quarter-wave matching
which matches antenna radiation resistances of

the order of 25 ohms to the 50-ohm impedance
level of popular coaxial lines.

fig. 3. transformer

ground, non-sinusoidal current flow, sat-
ellite spin and ionospheric polarization
distortion can modify conclusions based
on models which ignore there features.
Low gain antennas aggravate matters be-
cause a host of conducting and insulating
objects are illuminated in the immediate
vicinity of the antenna. Precise pattern
and impedance descriptions under such
conditions are very elusive. The influence
of these complications is usually not
overwhelming, however, and practical an-
tennas can be expected to approach the
theoretical behavior deduced from ideal
models.

matching transformer

As a vertical antenna is tilted away
from the normal, the radiation resistance
decreases from the theoretical value of
36.5 ohms computed for the perpendicu-
lar orientation. King’s results for thin-
wire, V-shaped antennas reveal that verti-
cal tilts of 30 to 45 degrees yield radia-
tion resistances of 29 to 21 ohms,
respectively.4 Although low-impedance
coaxial cable (50-ohm class) can directly
feed an antenna having a radiation resis-
tance on the order of 25 ohms, a much
better match is obtained by inserting a

quarter-wavelength section of transmis-
sion line having an impedance equal to
the geometric mean of the load and
feedline impedances. This suggests a
transformer impedance of about 36 ohms
in the present application:

Ztr =\/Zr x Zo =\/25 x 50 = 35.36 ohms

Such a line is approximated by connec-
ting two lengths of 75-ohm line in parallel
as shown in fig. 3. The lines are an
electrical quarter-wavelength long. Be-
cause the interior dielectric of conven-
tional coaxial lines reduces the velocity of
waves on the line, the physical length of
the transformer section will be less than a
quarter-wavelength in free space.

construction tips

Tilting the vertical radiator offers little
complication of the detailed plans for
building ground-plane antennas which
abound in amateur periodicals and hand-
books. Therefore, the following tips are
simply offered to recall some well-known
construction ideas using readily available
parts.

table 1. Lengths of elements and matching
transformers for tilted vertical ground-plane
antennas where f is the frequency in MHz.
Remember velocity factor, V, when computing
the length of the coaxial quarter-wavelength
transformer (0.66 for polyethylene cables, 0.79
for foam dielectric).

dimensions

high-frequency vhf
length length
component (feet) {inches)
central radiator 235 2800
f f
ground radials 240 2860
f f
quarter-wave 246 V 2950 V
coaxial transformer " i

Fig. 4 shows the details of a mounting
assembly suitable for 10-meter ground-
plane antennas. The four ground radials
are cut from 10-foot sections of half-inch
aluminum conduit using the lengths given
in table 1. The remaining threaded end of
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fig. 4. lsometric view of a partiaily assembled
10-meter ground-plane antenna. The whip and
PVC tube are tilted with respect to the short
upright section of conduit by an angle of
approximately 30 degrees. While the antenna
could be fed with a single-line of low-
impedance coax, a better match is obtained by
inserting a matching transformer constructed
from two lengths of 75-ohm coax connected in
parallel (see fig. 3). Table 1 lists the lengths of
the tilted radiator and the ground-plane radials.

each radial is screwed into a half-inch
pipe cross. A short upright section of
conduit serves to anchor one end of the
PVC water pipe used as an insulator for
the center element. The opposite end of
the PVC tube is fastened to one of the
radials. As indicated in fig. 4, the PVC
tube is cut at an angle to permit easy
access to the nuts and washers securing
the bolts which fasten the PVC tube to
the mount and the whip to the PVC tube.
The whip is formed from 3/8-inch alu-
minum rod. The rod, PVC tube and pipe
fittings are stock items in most hardware
stores. Aluminum conduit can be ob-
tained from local electrical suppliers or
contractors.
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Lengths for the various elements and
the matching transformer are listed in
table 1. Exact whip and radial lengths for
resonance depend upon the tilt angle and
the relative element diameter with respect
1o the operating wavelength. The frequen-
cy response of these antennas is broad
enough (3 percent bandwidth for vswr
less than 1.5:1) that precise adjustment
of the element lengths should not be
necessary, however.

Since the pipe joints are painted with a
metal primer to retard galvanic action,
positive electrical contact is insured by
installing wire straps near the threaded
end of each radial. In the interest of
clarity, these straps and the sheet metal
screws which hold the straps in place are
not shown in fig. 4. All electrical connec-
tions are sealed from the weather with
silicon caulking compound.

The tilted vertical ground plane can
also be used to advantage on the vhf links
of OSCAR satellites. One of the simplest
ways to construct these antennas is to use
stiff wire or 1/8-inch welding rod for the
elements and standard coaxial chassis
receptacles (SO-239) for the base mounts.
Lengths appropriate for vhf designs are
also given in table 1.

observations

To some extent theoretical concepts
and drawing board creations present an
aura of make-believe. There is one central
question at this stage that needs an
answer. Does the modified ground plane
deliver real performance during actual
satellite passes?

The 10-meter downlink signals of
numerous OSCAR 6 passes were moni-
tored on a tilted vertical ground plane
(35-degree tilt, height of 3/4 wavelength)
and a half-wave dipole (height, 3/8 wave-
length}. Both antennas were well matched
with vswr below 1.5:1 in the downlink
passband. For elevation angles below 30
degrees, the modified ground plane was
clearly superior.

Switching to the ground plane wouid
often provide Q5 copy of signals that
were only Q2 to Q3 on the dipole. This



improvement is particularly significant
since most of the operating time available
for OSCAR satellites occurs for elevation
angles below 30 degrees. The dipole came
on strongly at elevation angles near 90
degrees. Although signals remained good
on the ground plane, the results of these
tests indicated that the signals on the
dipole were stronger by roughly 4 dB
when the satellite was directly overhead.
The most consistent copy throughout any
pass was always obtained on the ground
plane.

Using the projected capabilities of
AMSAT-OSCAR-B satellites, a few re-
marks are in order concerning applica-
tions for modified ground planes over the
vhf links. Mechanical tracking schemes
can be eliminated with these antennas if a
transmitter power of approximately 200
watts is available on the 432-MHz uplink
or 80 watts on the 145-MHz uplink. The
additional gain from beam antennas will
be useful for downlink reception in these
two bands, but under optimum condi-
tions signals should be copied with low-
gain antennas such as dipoles and ground
planes.

summary

This pretty well wraps up the case for
adapting ground-plane antennas to satel-
lite communications. Slightly tilting the
vertical radiator yields a stationary an-
tenna that is useful for any satellite pass.
The modified ground plane is a simple
way of getting the job done, but you
don’t have the extra performance of a
tracking beam. You also don’t have to
pay for multi-elements, two rotators,
tracking charts, a mini-computer or extra
arms.
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Larsen Kulrod Antennas are “'solid" on all
scores. They have a low, low silhouette for
best appearance and minimum wind drag.
Hi-impact epoxy base construction assures
rugged long life. The Larsen mount gives
you metal to metal contact, has only 3
simple parts and goes on fast and easily.

And performance! Larsen Antennas for
the 144-148 MHz range deliver a full 3 db
gain over a 1/4 wave whip. V.S.W.R. is less
than 1.3 to 1. The exclusive Larsen Kalrod
assures you no loss of RF through heat.
Handles full 150 watts.

It all adds up to superior performance . .
just one of many reasons why Larsen An-
tennas are the fastest growing line in the
commercial field in both the U.S.and Cana-
da. Available as antennas only or complete
with mounting hardware coax and plug.
Write today for fact sheet and prices.

Sold with a full money back guarantee.
You hear better or it costs you nothing!

Needa BETTER 450 MHz Antenna?

Get the Larsen 5 db gain Phased Collinear.
Same rugged construction and reliability
as the 2 meter Larsen Antennas including
exclusive Kdlrod. Write for full fact sheet.

/,I’,"::\\\\ "Kulrod
I’,: ‘1\‘\1 a trademark of Larsen Electronics
W ,'.«‘r
\\\Q\ sl
“*Larsen Antennas

1161 N.E. 50th Ave. ® Vancouver, WA 98665
Phone: 206/695-5383

For fastest mail service address:
P.O. Box 1686 — Vancouver, WA 98663

may 1974 29



vertical antenna

ground

How to design
practical, efficient
radial ground systems

for vertical antennas

This is the third article of a series about
vertical antennas. The objective is to learn
about the characteristics of such antennas
so that you can intelligently select an
antenna height for your own station. The
first articlel showed that for a short
antenna (h = 0.1)A), bandwidth was small
(60 kHz at 3.8 MHz), and matching-
network coil losses were high (about 100
watts). The second article2 showed that
the radiation pattern is affected very little
by height (in the range from h = 0.1 to
0.25)).

In this article | will show the effects of
earth losses and the radial system upon
the ability of a vertical antenna to radiate
efficiently. The radial system consists of a
number of radials, of a certain length,
using a given wire size, and buried in
earth having a finite conductivity. The
radiating efficiency of the antenna de-
pends upon the radial system, earth con-
ductivity and antenna height.
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Robert E. Leo, W7LR, Electronics Research Laboratory, Montana State University I

systems

ground systems

My analysis of earth losses and tht
effectiveness of radial systems uses twc
approaches, one using a theoretical mode
for earth losses, and one using actua
experimental data. The experimental re
sults give field strength at 3 MHz at ont¢
mile from the antenna for various radia
conditions. While the theoretical mode
does not allow calculation of exact value:
of earth losses in watts, it does provide
insight into important situations not
covered by experimental data, such a:
losses for poor earth and the distributior
of earth losses near the antenna foi
various conditions.

Both of these methods are from
Brown’s 1937 article,3 and they are
applied to the amateur situation used ir
my previous articles for a 30- to 60-foot
{9.1- to 18.3-meter) vertical antenna at
3.8 MHz. The results, however, are giver
in terms of antenna electrical height and
radial electrical length to allow you tc
design vertical antennas and radial sys
tems for other amateur bands as well.

Since an antenna and a radial system
form a closed electrical circuit, there are
return currents flowing in the radial wires
and in the earth itself near the antenna,
Since there are so many variables involved
| wrote a computer program to calculate
these currents for a variety of factors,
listed in table 1. For each antenna height
the correct antenna base resistance and



matching-coil rf resistance was included.
This was done for a transmitter power of
600 watts output at 3.8 MHz.

The 600 watts is divided between
radiated power from the antenna, and
losses in the earth, matching coil and
radial wires. ldeally, of course, we would
like the radiated power to be 600 watts
and the losses to be zero. Interestingly
enough, there are combinations when this
almaost happens.

To simplify the analysis | tried to
eliminate unimportant factors, and the
most likely one was wire size. My analysis
showed that wire size is important only

iron electric fence wire (1-mm diameter)
costs only $7.10 for 2640 feet, but
number-16  copper wire (1.3-mm di-
ameter) would be better for a permanent
installation as it would not corrode and
disintegrate as quickly as iron wire.

radial system design

To design the radial system you need
to know how many radials to use and
how long they should be. A look at how
the radial currents drop off as you go
further from the antenna provides the
necessary information. This is iliustrated
in fig. 1, which shows radial current (I
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fig. 1. Radial current vs distance from antenna for different numbers of

radials in poor and good earth.

when a few radials (eight or less) are used,
when the antenna is short (less than
0.15)\), and for poor earth (¢ = .00002
mhos/cm3). For this case, going from
number-18 wire {1-mm diameter) to num-
ber-8 wire (3.3-mm diameter) will in-
crease the radiated power up to as much
as 125%. However, by using 15 or more
radials, wire size becomes relatively unim-
portant and the improvement then, by
going from number-18 to number-8,
never exceeds 8%. On this basis | elim-
inated wire size as a factor in the remain-
ing analysis.

The power lost in the radials is insig-
nificant. Wire conductivity is so huge
compared to earth conductivity that you
can use copper or iron wire. Number-18

amperes) versus distance from the anten-
na in fractions of a wavelength {x/A}, and
also versus the number of radials for both
poor and good earth. When the radial
current drops to a low value the radials
are no longer effective. At this distance
from the antenna base most of the
current has already entered the earth, and
longer radials are unnecessary.

You can see from fig. 1 that long
radials should be used with a large num-
ber of radials, and vice versa. Therefore,
this situation for vertical antenna radia-
tion is somewhat different from that of
obtaining a low ground resistance where
you can trade-off number of radials for
length of radials. The proper radial length
depends upon the number used, local
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earth conductivity, how low you want
the radial current to be at the end of the
radials, and how much real estate you can
use. These results are summarized in table
2 for a radial current at the ends of the
radial wires of 1 ampere.

Table 2 shows that, if you have poor
earth, the radials should be twa to four
times longer than for conditions of good
earth. There is, of course, no harm in
using longer radials, and you can use fig.
1 as a guide for your own location.

There are several criteria for deciding
how long radials should be. The one used
in table 2 is for radial current, ly, to
drop to 1 ampere. Other criteria are given
later in the discussion about figs. 2 and 3.

The question of how deep to bury
radials often comes up. Here the earth
losses are calculated down to the skin
depth, which at 3.8 MHz is several feet
(about 1 meter). Both the theoretical
model and the experimental data show
that it doesn’t matter if the radials are
buried a few inches. This is better than
tripping over a maze of wires strung out
on top of the ground (your wife will be
happier, too).

I next calculated earth losses for vari-
ous radial conditions, for both poor and
good earth. The losses are in watts/meter
of distance, down to the skin depth, at
various distances from the antenna base,
and are shown in fig. 2. Study of this
figure shows:

table 2. Radial length to reduce radial current to 1 ampere

(assuming 600 watts at 3.8 MHz).
distance from antenna,

number of poor earth
radials {wavelength)
8 0.13
15 0.25
30 0.47
60 0.95
120 1.87

1. Maximum values for earth losses are
high when only a few radials are used.

2. When only a few radials are used the

losses peak close to the antenna base
(within 0.1 for eight radials).
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distance from antenna,
good earth
{wavelength)

table 1. System design factors considered for
calculating return currents for a vertical antenna
and radial ground system.
Antenna heights, feet 30, 40, 50, 60

(9.1, 12.2, 15.2, 18.3

meters)
Number of radials 8, 15, 30, 60, 120
Radial wire size no. 8, no. 18
Radial lengths 0.05 to 2.0 wavelength

0.00002 mhos/ecm3
{poor earth)

Earth conductivity

0.0004 mhos/ecm3
(good earth)

3. The total amount of power lost in the
earth is related to the area under each
curve. It shows that, for the same number
of radials and antenna height, consider-
ably greater earth losses occur in poor
earth than in good earth.

4. Higher values of losses occur closer to
the antenna base for good earth as com-
pared to poor earth, other conditions
being the same.

5. When many radials are used the losses
are not greatly different for 30- or 60-
foot (9.1- or 18.3-meter) antennas. When
only eight radials are used, then {osses are
greatly reduced by using a 60-foot
(18.3-meter) antenna instead of a 30-foot
(9.1-meter) one.

Coil losses were similar to those given
in the previous article.! These losses, and
some other previous
data, are summarized in
table 3. The coil losses
are somewhat less when
earth losses are consid-
ered than they were

0.05
0.07 when earth losses were
0.13 not considered. Part of
0.25 the 600-watt trans-
0.47 .

mitter output power

now contributes to

earth losses, so that coil losses and radi-

ated power are lower than they would be
otherwise.

Some of the experimental results from

reference 3 that apply to our situation are

shown in fig. 3. This shows radiated



power as indicated by field strength, E, at
ground level at one mile in millivolts/-
meter, versus number and length of radi-
als and antenna height. These results
appear to be for conditions of good earth
conductivity, where coil losses were not
included. Comparison curves for the the-
oretical maximum possible values for E
are included, and these were probably
derived from measurements of antenna
base current. A study of fig. 3 reveals
several interesting facts:

1. When using a 30-foot (9.1-meter}
antenna and two radials 0.137X long, the
distant field strength is only about 50%
of theoretical maximum. This is for good
earth and does not take coil losses into
account. They will be considered later.

2. Using a 60-foot (18.3-meter) antenna
and 113 radials, 0.41X long, gives results
nearly as good as the theoretical maxi-
mum.

3. When only two radials are used they
need be only 0.1\ long.

4. When 15 to 30 radials are used with a
30-foot (9.1-meter) antenna 0.274X\ is
long enough for the radials.

5. Other situations may be deduced from
fig. 3, and from methods of design
discussed later.

local earth conditions

We need to define what poor and good
earth is. | have used a conductivity of 0 =
.00002 mhos/cm3 for poor earth, and o =
.0004 mhos/cm3 for good earth. You
should be curious by now to know what
the conductivity is for your local area.
This can be found in Jordan,* page 638,
or in reference 5.

It is beyond the scope of this ar-
ticle to relate radiated power to the field
strength at radiation angles above the
horizontal. My recent article2 gave the
pattern for radiation angles of DX inter-
est for the case of no ground losses. When
ground losses are considered, as must be
done in the real case, the low-angle
radiation will depend on the earth con-
ductivity. See Jordan,® page 641, for

more information on this. Hovever, what-
ever the earth conductivity, the less your
losses are by use of a good radial system,
the more power you will radiate.

choosing antenna height

Now we should go back and think
about our original objective: Choosing an
antenna height. The vyardsticks that
should influence the decision are first,
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fig. 2. Earth losses vs distance from antenna
for different numbers of radials in poor (P)
and good (G) earth, 30- and 60-foot vertical
antennas.

performance, and next, cost and size of
the antenna and radial system, These, in
turn, will depend, as we have seen, on the
number of radials used, the length of the
radials, and the local earth conductivity.
Most of the results have been summarized
in table 3. Earth losses and radial systems
were not included in table 3 because
there are so many possible combinations.
However, I'il work out some examples
which will show you how to design for
your own situation.

example 1. Antenna height, HA = 60 feet
(18.3 meters) good earth, number of
radials, n = 113, radial length, ¢ = 0.41A.
Fig. 3 shows that the distant field
strength, E, is about 99% of theoretical.
In all of these examples you can relate E
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to the radiated power, P, since E is
proportional to+/P. Therefore:

E _ /. P
Ern 600
Where E+,4 is the theoretical maximum,

or 100%. In this case,

E _ 99%_naa.. /P
Ery, - 100% 099

600

so P = 594 watts. Since coil losses are not

earth loss plus coil loss, or 306 plus 80
watts, for a total of 386 watts. The
resulting field strength, E, is 60% of
maximum.

An example that you can practice on
is to verify that E is only 22% of
maximum for a 30-foot (9.1-meter) an-
tenna, with two radials, each 0.1\ long in
good earth.

As a final example, consider the differ-
ence in performance for two antenna
heights for the same radial system and for

table 3. Vertical antenna coil losses and bandwidths for various antenna
heights. Earth and radial losses are not included because of the many

possibie variations.

antenna height coil losses (watts) bandwidth
(feet) (wavelength)l good earth poor earth (kHz)2
30(9.1m) 0.12 120 80 50
40 (12.2m) 0.16 45 35 100
50 (15.2m) 0.20 20 12 180
60 (18.3m) 0.24 1 1 320

1. Electrical height at 3.8 MHz.

2. No earth losses and 3.8-MHz matching network.

yet included, the earth losses are 600 -P =
600 -594 = 6 watts, and are low due to
the good radial system. Total losses = coil
losses + earth losses = 1 + 6 = 7 watts.
The field strength, E, using this total loss
is still about 99% of theoretical.

example 2. Antenna height, HA = 30 feet
(9.1 meters), poor earth, n = 60, ¢ =
0.25X. Fig. 3 is for good earth only. Fig.
1 provides information on how to relate
poor and good earth radial systems. To
get the same results in poor earth that
you would in good earth you should
make the radials from 2 to 4 times longer
for the poor earth case. If you limit the
length as we have in this example, then
the results will be inferior for the poor
earth case. Refer to fig. 1.

For 60 radials and x/A of 0.25, for
poor earth (curve B), Iy, = 3.95 amps
{which also indicates a poor radial sys-
tem). For this same value of radial cur-
rent, ly, and for good earth (curve D),
x/\ = 0.1. Therefore, use x/A = 0.1 in fig.
3 which shows that E, before coil losses,
is 70% of maximum. The corresponding
earth loss, calculated as in example 1, is
306 watts. Therefore, the total loss is
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good earth. Use n = 30, x/A = 0.25, good
earth, and for a 30- and 60-foot (9.1- and
18.3-meter) antenna. Fig. 3 shows that
before coil losses, an E of 82% for the
30-foot (9.1-meter) antenna, and an E of
84% for the 60-foot (18.3-meter) anten-
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fig. 3. Experimental data from reference 3
showing field strength at one mile vs length of
radials at 3 MHz for 30- and 60-foot antennas.
This data assumes good earth and no coil losses.



na. When coil losses are included, the E
for the 30-foot (9.1-meter) antenna is
68% of maximum, and the E for a
60-foot (18.3-meter) antenna is still 84%
of maximum. Results for a 40- or 50-foot
(12.2- or 15.2-meter) antenna fall be-
tween these.

conclusion

It is obvious that there is no simple
answer to the question of what height
antenna and what radial system to use. |
began all of this work not knowing
exactly what to expect. | had expected
that short antennas (say 0.1A high) would
have shown up better than they have. It
appears to me that a vertical antenna 0.2\
to 0.25\ high offers some significant
advantages over one 0.1A high: Essential-
ly no coil losses, reasonable bandwidth
(200 to 300 kHz at 3.8 MHz) and distant
field strengths of 85% to 95% of theoreti-
cal with a reasonable radial system. There
does not appear to be any advantage in
going to a height of over 0.25A for use at
DX sky-wave radiation angles and, in fact,
there may be some disadvantages when
you consider the radiation pattern (see
reference 2).

An important lesson from these
studies is that earth conductivity is a very
important factor, so that for poor earth
long radials should be used. We have also
seen that wire size is not generally im-
portant, and that it is permissable to bury
the radials.

references

1. REE. Leo, W7LR, "Vertical Antenna Charac-
teristics,” ham radio, March, 1973, page 34
2. R.E. Leo, W7LR, “Vertical Antenna Radia-
tion Patterns,'” ham radio, April, 1973, page
50.
3. G.H. Brown, R.F. Lewis, and J. Epstein,
“Ground Systems as a Factor in Antenna
Efficiency,” Proceedings of the IRE, June,
1937, pages 753-787
4. E.C. Jordan and K.G. Balmain, "Electromag-
netic Waves and Radiating Systems,” second
edition, Prentice-Hall, Englewood Clhiffs, New
Jersey, 1968.
5. ITT Reference Data for Radio Engineers,
fifth edition, Howard Sams Company, Indian-
apolis, 1968, page 28-7

ham radio

NEW !
RINGO -
RANGER

for Amateur FM |
Get extended range ‘ﬁ
with this exciting new

antenna. A one eighth
wave phasing stub and
three half waves in
phase combine to con-
centrate your signal at N8
the horizon where it
can do you the most
good.

6.3 dB Gain over 14
wave whip

4.5 dB Gain over 14
wave dipole g
ARX-2 146-148 MHz i
$22.50

ARX-450 435-450 MHz i
$2250 |

ARX-220 220-225 MHz |
$2250 |

AR-2 Ringo with this
RANGER KIT. Simple in-
stallation.

ARX-2K ... $8.95

Extend your present l
i
L}
¥

IN STOCK AT
YOUR LOCAL DISTRIBUTOR

621 HAYWARD STREET
aft

CORPORATION

MANCHESTER, N.H. 03103

may 1974 [Jl§ 35



measurement techniques

for antennas
and transmission
lines

How to use

homebrew test equipment
to measure impedance
and resonance
characteristics of
antennas and

transmission lines
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John R. True, W40Q, 10322 Georgetown Pike, Great Falls, Virginia 22066

Two basic instruments for the measure-
ment of antenna and transmission line
parameters that can be profitably used by
the radio amateur are the radio-frequency
impedance bridge and the spectrum
analyzer. The radio-frequency impedance
bridge is a most useful and informative
piece of equipment with which both
resistive and reactive components of im-
pedance can be determined as separate
values. The spectrum analyzer will display
the resonant frequency of an antenna or a
section of transmission line.

the rf impedance bridge

The standard circuit for a bridge is
shown in fig. TA. In this form, only
resistive measurements can be made. But
this bridge, while not useful for rf
measurements, illustrates the basic bridge
principle. Note that the excitation voltage
is injected into two opposite arms of the
bridge. When the bridge is balanced (R3 =
Runknown), there will be no voltage
across the detector.

The bridge circuit shown in fig. 1B is
equipped with provisions for ac excita-
tion and the arms are arranged so that the
resistive component is indicated separate-
ly from the reactive component. An
excellent design for use on the amateur
high-frequency bands was described in a
recent issue of QST.1 For use in the
radio-frequency spectrum, the source gen-
erator may be any signal generator having
a freguency range that meets the required



range. The detector can be any frequen-
cy-selective voltmeter such as a radio
receiver’s S-meter. When the bridge is
balanced the voitage at the detector arms
will then approach zero and a null will be
detected. At this point the readings of the
two variable arms will be representative
of the unknown’s internal impedance.
Practical uses for this instrument include,
but are not limited to, measurements of
antenna impedance, tuned-circuit im-
pedance, matching-transformer im-
pedance, as well as the characteristic
impedance of a transmission line.

Ri« R2. METER NULLS WHEN R3 « Ry punown

If the signal generator and detector are
set to 7.00 MHz and the X dial indicates
210 when the bridge is balanced, the
actual reactive ohms will be (210/7.00) =
30 ohms. Since the resistive dial is not
frequency selective, the resistance dial
indicator will not require such conver-
sion.

If the indicated reactive component is
inductive the result is written +j30. Con-

RF SOURCE

~)
T\

OIFFERENTIAL CAPACITOR Ct CALIBRATED

IN RESISTANCE. CAPACITOR C2 CALIBRATEQD
IN REACTANCE. LI ADJUSTED FOR NULL

WITH 50-OHMS ACROSS UNKNOWN TERMINALS

fig. 1. Basic balanced resistance bridge shown in (A) is not suitable for rf measurements. The RX
impedance bridge shown in (B) indicates the resistive and reactive components of a complex

impedance.

Setting up the instrument for measure-
ment of an unbalanced system such as a
vertical radiator is shown in fig. 2. Since
most bridges are asymmetrical (unbal-
anced) instruments, they lend themselves
to such measurement with ease. Readings
on the X (reactance) dial must always be
related to the frequency of calibration.
For example, if the bridge was calibrated
at 1 MHz, all indicated readings of the X
dial must be divided by the frequency of
measurement expressed in megahertz. An
example will serve to clear up this point:

versely, if the reactive component is
capacitive the result is written -j30. The
physical representation of these values
can be shown on rectangular coordinate
graph paper (the +j30 value is plotted as
30 units above the zero axis (horizontal)—
a -j30 value is plotted at 30 units
below the zero axis. The resistive readings
will be plotted to the right of the vertical
axis in resistive units, as shown in fig. 3.
An excellent article on the use of graphic
solutions to impedance-matching prob-
lems may be found in reference 2.
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balanced impedance measurements

The impedance of a dipole can be
measured quite accurately by placing a
1:1 balun between the bridge and the

NULL |
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GENERATOR 8RIDGE

MAST RADIALS
INSULATED
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=

(e

o

DIPOLE

symmetrical radiator. This device con-
verts the balanced impedance of the
dipole to an unbalanced condition for
measurement by the asymmetrical rf im-
pedance bridge. The impedance can even
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be measured remotely, with good accura-
cy, by the use of an electrical half-
wavelength transmission line {or multiple)
and a balun, since the impedance seen at
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fig. 2. Using the RX bridge for impedance
measurement of a vertical antenna (A), dipale
antenna (B) and gamma-rod matching section
(C).

the far end of a half-wavelength line is the
same as that seen at the near end.

Odd wavelengths of line can also be
used for remote impedance measurement,
but the use of a device such as a Smith
chart will be required to properly ro-
tate an impedance value measured the
correct number of electrical degrees, to
obtain meaningful data. While this is a
useful and practical method, the use of
the Smith chart will not be covered in
this article since several practical articles
on its principles and use have appeared in
recent amateur magazines.3.4 How to
measure electrical length of a transmis-
sion line will be covered in a later
paragraph.

using the rf bridge

In practice, the use of the rf imped-
ance bridge is quite simple. When connec-



ted to an unknown impedance as shown
in fig. 4, The frequency of the signal
generator is set to the desired frequency.
The frequency of the detector is set to
produce maximum indication of signal
input. A “standard” is placed across the
unknown terminals (in some rf bridges
the terminals are shorted). When bal-
anced, the bridge is ready for measure-
ment of the unknown impedance. {f the
detector has no visual indicator (such as
an S-meter), a pair of headphones can be
effectively used to detect the null when
the bridge arms are in balance. A little
practice with this method can produce
greater accuracy than a visual indicator,
because the human ear can detect a
deepter null than can a visual indicator.

When measuring the impedance of a
tuned circuit, the bridge will indicate the
correct operating parameters only if its
normal voltages and current are present
under certain circumstances. In many
cases this power could damage the mea-
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fig. 3. Plotting complex impedance values.

suring instruments so static substitution
of such dynamic parameters must be
made. One practical method is to substi-
tute a resistor of the proper value for the
dynamic value of resistance. First, deter-

mine the required resistance value by
dividing the required operating voltage by
the current, and put that value of resis-
tance across the circuit to be measured

NULL d SIGNAL
IMPEDANCE
DETECTOR BRIDGE GENERATOR
REx

fig. 4. Typical rf impedance bridge setup.

without operating voltages and current.
For example, assume you want to mea-
sure the input circuitry of a grounded-
grid linear amplifier with a bifilar-wound
filament-grid isolation choke plus tube
and stray capacitances. From available
data it may be determined that 400 mA
of total dc filament current is required at
100 volts. Therefore, a 250-ohm re-
sistor (100 volts/400 mA - 250 ohms)
from filament to ground will simulate the
dynamic desired operating condition and
the bridge will indicate the proper load
impedance shown by such circuitry (see
fig. 5). Similar dynamic substitution can
be made to the output circuit for proper
plate-load design.

spectrum analysis

To some readers this may sound like a
very sophisticated term. It is really very
simple when its operation and technique
is explained in basic terms. The equip-
ment setup shown in fig. 6 is capable of
spectrum analysis, although | prefer to call
it the sweep-null technique as applied to
the relationship of frequency vs electrical
length measurement. It has many other
applications, but for the purposes of this
article | will stick to this basic use.

The sweep-frequency generator is sim-
ply an fm signal generator that is swept
through a predetermined range of fre-
quencies. Suppose a sweep of 4 to 5 MHz
is desired. The sweep range is set to about
1 MH2z and the center frequency is set to
4.5 MHz. This signal is then applied to
the unknown through a detector and a
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sample of the resultant is brought out to
an oscilloscope for analysis. If the un-
known impedance is frequency sensitive
it will change impedance at various fre-
quencies and thus load the detector ac-
cordingly. This will be evident as a
varying voltage on the scope trace. To
determine the exact frequency at which
some parameter of the unknown im-
pedance has a low or high value, a
frequency marker which will appear on
the scope trace at the appropriate point is
injected into the detector.

If the unknown is a pure resistance,
the horizontal trace of the scope will be a
straight line with a vertical beat note
pattern appearing on the trace which is

NULL
DETECTOR

BRIDGE

SIGNAL

GENERATOR

fig. 5. Method of substituting resistor Rs for
dynamic resistance at the input of a grounded-
grid cathode circuit.

dependent upon the frequency of the
marker generator. However, if the load is
a complex impedance somewhere within
the sweep-frequency range, at this point
the load will be frequency sensitive and
will have a lower or higher ratio of
voltage current. When this occurs, there
will be a null or hump in the horizontal
scope trace. If a wide frequency range is
swept, there may be several repetitive
nulls and humps in the trace which will
coincide with lower or higher impedance
points. If you want to determine the
exact frequency of a hump or null, the
marker is adjusted until the vertical mark
is symmetrically centered.

By increasing the gain of the horizon-
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fig. 6. Sweep-null method of measuring reso-
nance of complex loads.

tal and vertical scope amplifiers, a W-
shaped trace for a null (or an M for a
hump) similar to that shown in fig. 8 will
be formed and further symmetry can be
achieved. The use of a horizontal grati-
cule is often useful in judging symmetry.
When the marker frequency is read it can
be converted to electrical length by the
use of standard formulas for propagation
velocities in the various types of transmis-
sion line.

To illustrate a specific use of the
sweep-null technique refer to fig. 9. This
is a typical amateur setup using readily
available equipment to solve a very practi-
cal problem: The measurement of a quar-
ter- or half-wavelength (or multiple) of
coaxial line.

To digress a moment, coaxial cable
using solid polyethelene dielectric has a
velocity constant of approximately 0.66.
This means that this cable will propagate
a signal at approximately two-thirds the
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fig., 7. Circuit for the sweep-null detector used
in the setup shown in fig. 6.



velocity that a signal will be propagated
in free space. Another way of saying this
is that it will take the same time for an rf
signal to traverse 66-feet (20.1-meters) of
that cable as would be required for the
same signal to propagate 100-feet
(30.5-meters) in free space. Foamed poly-
ethelene dielectric has a velocity constant
of about 0.80 so it will take about 80 feet
(24.4 meters) of this cable to be electric-
ally equal to 66-feet (20.1-meters) of
solid dielectric polyethelene cable. The

\_/

GRATICULE LINES

fig. 8. Oscilloscope pattern showing the wW-
shaped null pattern. Marker generator may be
used to accurately determine the null fre-
quency.

relationship between wavelength in free
space and frequency in megahertz is given
by:

wavelength (feet) = ?80

MHz

wavelength {meters) = ?OO
M

Hz

Returning to the instrumentation
shown in fig. 9, a 66-foot (20.1-meter)
length of solid-dielectric coaxial cable,
shorted at the far end, is connected to the
detector. When swept over the frequency
range from 3 to over 10 MHz, a null will
be seen at 4.90 MHz (length = % wave-
length}. A hump will also appear at 7.35
MHz (3/4 wavelength) and another null at
9.80 MHz marks the full-wavelength

r- 66 FEET —

©

SCOPE

{ 1 1

FM

SWEEP

GENERATOR OET \— SMORTED

ad b
fig. 9. Sweep-
null setup to
determine elec-

SIGNAL i

GENERATOR trical iength of

MAR"E”Q_ coaxial trans-
mission line.

point. A practical note: The peaks on the
scope trace are much less sharply defined
than the nulls, since the ratio of change
of voltage to current is more sharply
defined at the low-impedance points
(half-wavelength points). In practice this
means that more accurate frequency de-
termination can be made at the nulls than
at the peaks.

As can be seen in fig. 10 the detector’s
inner conductor is connected to the

.

-

—— =
)
<

o
8
R

HEIGHT

SYNC

M
SWEEP
GENERATOR

~° ]
I
SIGNAL ,
GENERATOR .
MARKER DET i

32 RADIALS
A/4 LONG

iy

fig. 10. Sweep-null setup to determine electrical
height of ver}ical radiators.
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bottom of the vertical radiator (insulated
from ground for this measurement) and
the outer conductor is connected to the
ground plane {not ground). As the sweep
frequency goes through the quarter-
wavelength resonant frequency of the

will show a slightly higher (by a few
percent) electrical height for a given
physical length. When a capacitive top hat
or a Yagi or quad beam is mounted on
top of the vertical, the electrical height
will be increased considerably.

160

o~

140 P e
A /(
TOWER WITH YAGI m—mr—y /( /
20 /
5 o
W
&
- TOWER WITH QUAD TOP-HAT
& /
Y00 rU
2
]
~
z
< /
o 80
. >
£
g LINE » 238/1p,,.
w

o
[+]

& - MEASURED 1-172" 0.D.
ALUMINUM POLE

40

20 30 40 50 60

70 80 90 100 1o 120

PHYSICAL ANTENNA HEIGHT (FEET)

fig. 11. Physical vertical antenna height versus electrical height. Capacitive top-hat loading, as
provided by a Yagi or quad, increases electrical height ¢considerably.

vertical, the impedance will decrease to a
minimum, indicating a null in the hori-
zontal scope trace. When the frequency
marker is accurately centered in the null
as shown in fig. 8 the quarter-wave
resonant frequency is indicated.

The height of a quarter-wavelength
vertical antenna operating against a good
ground is given by

234
fMHz

height (meters) = f71'6

height (feet) =

MHz

Vertical antennas made of small diameter
materials will have a 1:1 relationship of
physical length to electrical height when
compared to this formula, but thick
vertical elements, such as a metal pole
one-inch (2.54 cm) or more in diameter
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The curves plotted in fig. 11 show that
a 1%-inch (3.8-cm) diameter metal pole is
electrically slightly longer than a thin
wire of the same length. This chart also
shows the lengthening effect that Yagi
and quad beams have on the electrical
height of towers.
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three-band
vertical

DX antenna

Here's the result

of some scrap materials
and amateur ingenuity —
a low-angle radiator

for 40, 20

and 15 meters

‘4 may 1974

Frank Lallak, WOBQE, 4061 North Drive, Fort Wayne, indiana 46305

DX can be worked without a beam
antenna. I've used a vertical antenna for
the past seventeen years. Although |
don’t operate as many hours as most
DXers, nevertheless I've worked my share
of DX stations. The antenna described
here is the result of some experimenta-
tion over the years. It will give a good
account of itself.

Years ago | purchased parts for a
20-meter Yagi. Before | obtained the
appropriate tower, TV became popular,
and my neighbors decided they would
rather view sub-fringe TV stations than the
black-and-white interference bars caused
by my rig. Scratch one Yagi antenna.

early attempts

My first vertical consisted of a 34-foot
{(10.4 meter) length of 3-inch (7.6-cm)
diameter aluminum tubing, which was
made from the boom for my Yagi. This
arrangement blew down, but the only
damage was a slight bend to the tubing.
The next attempt was a supporting mem-
ber for the tubing consisting of a 4 x
4-inch {10.2 x 10.2-cm) post, but unfor-
tunately the post had a large knot at



ground level. The 4 x 4 was replaced with
two 2 x 6-inch (5.1 x 15.2-cm) wood
members bolted together. | attached the
aluminum tubing to the wooden mast and
added a 13-foot (4.0-meter) length of

:

- 3 IN. ALUMINUM
/ TUBING - 34 FT LONG

S
/‘.‘ IN. TUBING
(ALUMINUM)
- STANDOFE
INSULATOR
=] 32 FT-8IN.
2 X 6 IN
wooD
/ MEMBERS
w
8.5 FT LENGTH
172 IN. DIAME TER
COPPER TUBING
(1172 _TURN LOOP)
b cLAMP
/—/‘1/4 IN.
TUBING
/ (ALUMINUM)
LUCITE-CUT TO~
FIT INSIDE OF
TUBING
FL 4
4 RADIALS -11 FT T sTanporr
4 RADIALS -16 FT, 8 IN. ) INSULATOR
4 RADIALS -33 FT
4 RADIALS -48 FT

fig. 1. The three-band DX vertical. Additional
radials will improve performance; the more
radials, the better.

Ye-inch (13-mm) diameter copper tubing,
formed into a 1%-turn loop at the bottom
end, which was about six feet (1.8 meters)
above ground. Two 32-foot {9.8 meter)
radials completed the system. The copper
tubing extended the antenna length to

3/4 wavelength on 20 meters, which
produces a low vertical radiation angle.

This antenna worked fine on 20. To
work the 40-meter band, | made a clamp
and a double coax fitting, which | fas-
tened at the 32-foot point on the 3-inch
(7.6 cm) aluminum tubing. To change
bands, | simply changed the coax cable
from the 20-meter to the 40-meter spat
on the tubing and connected the radials
to the other side of the coax fitting. This
arrangement produced a 1:1 swr on 40
meters; however, | wasn’t able to work
anything on 20 meters until | changed the
coax to the 20-meter point. | used this
two-band combination for several years
but finally became tired of changing the
coax on cold winter nights.

final design

The two-element vertical antenna | am
now using is shown in fig. 1. The antenna
on the right-hand side of the wooden
mast cansists of two pieces of tubing that
were originally intended for elements on
a Yagi antenna. The top section, of 1-inch
25.4 mm) aluminum tubing, telescopes
into the bottom section, which is 1%-inch
{37.5 mm) tubing. Both sections are held
together with a clamp. The bottom por-
tion of the 20-meter antenna, which is
the 1%-turn loop of copper tubing, is
connected to the bottom end of the
tubing on the other side of the mast.
Radial wires, as shown in the figure,
should be used for best results.

performance

The swr on 40 meters is 1.1:1. On 20,
itis 1.1:1, and on 15 it is 1.25:1. | tried
the antenna on 80 meters this last winter,
but the swr was extremely high on the
low end of the band. On the phone
portion of 80, the swr is 3:1. | have had
good reports, coast-to-coast, on 80 but
haven't worked any DX. On the higher-
frequency bands, the antenna has per-
formed well. I've used the antenna for
two vyears and am pleased with the
results.

ham radio
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160-meter loop

for receiving

Construction of a
simple 160-meter
loop antenna

for receiving
that reduces
noise and
strong-signal

interference

Reception on 160 meters can be greatly
improved by using a loop antenna. lts
primary virtue, reducing noise pick-up, is
due to its small relative size and direc-
tional characteristics when properly lo-
cated. A loop antenna is easy to build and
doesn’t have to be nearly as complicated
as some loops that have been described.!

construction

A two-turn loop, 23 inches (58.4 cm)
in diameter was fashioned out of a length
of semi-flexible aluminum-sheathed co-
axial cable. Braided cable would have
been fine. The vinyl jacket acts as a
dielectric, and the two turns are securely
taped, the ends being brought close to-
gether and bridged with sufficient capaci-
tance to resonate at 1.835 MHz. The
center conductor is ignored. A voltage
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divider across the ends permits coupling
to a low-impedance transmission line.

The 23-inch (68.4 cm) dimension re-
sulted from a random length of cable and
was used as a starting point. To obtain a
rough idea of the inductance of this loop
| used the following formula:

L = R2 N2
" QR + 105

Where L is the inductance of the coil in
microhenries, R is the radius of the coil in
inches, S is the length of the coil in inches
and N is the number of turns. For the
two-turn, 23-inch loop | built out of
coax,

L= 118)2 (2)2 __ 529
(9x 11.6) + (10.1) 113.6

=4.66uH

Although this value may not be par-
ticularly accurate, it is quite helpful in
determining an experimental value of
capacitance at C1 to resonate the loop to
1.835 MHz. From the resonance table in
Ye Radio Amateur’s Handbook?2 this
works out to be about 1600 pF.

By adjusting capacitor C1 it is possible
to peak the response over a narrow
portion of the 160-meter band. Tuning
your receiver across the noise hump
provides the surest indication of the
resonance point. In fig. 1 the resonating
capacitance includes the parallel capaci-
tance of the input voltage divider. Using
the equivalent parallel capacitance as a
basis (approximately 1424 pF), the actual
inductance of the loop, at 5.28 uH, is
slightly higher than that given by the
formula.

At 1.835 MHz a 1735-pF capacitor
exhibits 50-ohms reactance. | used the
closest value | had available, 1670 ohms.
A 100-pF capacitor provided satisfactory
coupling for the 50-ohm transmission
line.



performance

Compared to receiving on a half-wave
dipole, the loop is like turning on a light.
Both the noise and strong signals are
reduced by 20-dB or more, but more
important, unreadable signals become
clearly readable. This result was enough.
The directional characteristics which were
noted at the test bench disappeared when

23"
(58.42 cm)

/2" (12.7 mm) DA,
COAXIAL CABLE

50 OHMS

fig. 1. Simple 160-meter loop antenna for
receiving.

the loop was suspended from the boom
of a quad at eighty feet (24.4 meters).
Those operators who are bothered by
noise from a specific location or QRM
from a certain direction would do better
to mount the loop away from any re-
flecting objects and rotate it accordingly.
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the truth about

5/8-wavelength vertical

antennas

This practical discussion
of 5/8-wavelength
vertical antennas
adds perspective

to the varied
gain claims
seen in the

amateur magazines

The recent growth in popularity of the
5/8-wavelength vertical radiator, particu-
larly for use at vhf, has given rise to many
varied claims as to its performance. Sever-
al local amateurs have been unable to
detect improved performance after chang-
ing from quarter-wave to 5/8-wavelength
antennas. Because of my vocation as an
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antenna engineer, | was prevailed upon to
examine the problem. A theoretical anal-
ysis was considered and several actual
measurements were performed.

theory

A monopole antenna mounted on a
ground plane may be considered equiv-
alent to a free-space vertical dipole having
each dipole arm equal to the length of the
monopole. The lower arm of the dipole
corresponds to the image of the mono-
pole reflected in the ground plane. Equiv-
alent radiation patterns may be expected
as shown in fig. 1. A ground plane of
infinite size is assumed.

Actually, with any finite ground plane
size and where the field strength is
measured at a point some distance be-
yond the edge of the ground plane, the
pattern is altered considerably by reflec-
tion from the discontinuity at the edge of
the ground plane. The resulting pattern
has multiple lobes caused by phase inter-
ference of the direct and edge reflected
waves. Fig. 2 shows the results of an
actual measurement made with a large
but finitely-sized ground plane. Notice
that the signal maximum is at an angle
considerably above the horizon where it
is not useful for ground-wave communica-
tions.

If an infinite ground plane is assumed
and the monopole is analyzed as its



equivalent dipole, we must formulate a
mathematical expression for the field
strength as a function of angle from the
antenna. This angle, commonly called 0,
is measured from the zenith (straight up)
and equals 90 degrees at the horizon. The
field strength at any 8 angle may be
calculated by summing the radiation from
an infinite number of short current ele-
ments spaced evenly along the length of
the dipole. This type of summation is
performed mathematically by a calculus
technique known as integration.

Phase must be considered in this sum-
mation since the radiation from some
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Where

E = field strength in volts per meter

l, = current maximum in rms amperes

L = overall length expressed in wave-

lengths

r = distance from the antenna in

meters

The mathematically inclined reader
will recognize that for a given current
maximum, wavelength and distance this
formula vyields a maximum horizon
(6=90°) field strength when the dipole is
one wavelength long. |f you intend to use
an impedance-matching network to

match any arbitrary length dipole to the

fig. 1. Theoretical radiation pattern of a quarter-wave vertical monaopoie on an infinite ground plane
is shown in (A). Theoretical pattern of a half-wave dipole in free space is shown in (B).

current elements may cancel that from
others by being out of phase. The ampli-
tude of the currents in the short elements
are not equal but each is a function of its
position along the antenna. A very close
approximation is to assume the current to
be sinusoidal starting from zero at the top
end because the end is an open circuit
and no current can exist there.1

Assuming a sinusoidal current distribu-
tion along the dipole and performing the
mathematical integration yields the for-
mula for field strength of a dipole:2

E - 60 X g x cosjﬂL'cos @) ~cos L
r sin @

transmission line, and if it is assumed that
the network is lossless, the transmitter
will be able to deliver the same power to
the antenna regardless of its length. How-
ever, when a constant radiated power is
maintained, the antenna current {also the
unmatched impedance) depends upon the
length of the antenna. The optimum
dipole length for maximum horizon field
strength will, therefore, not be one wave-
length but will be somewhat longer.

Since the formula is in terms of a
constant rms current maximum, the prob-
lem of determining optimum length for
maximum gain hecomes complicated.
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fig. 2. Radiation pattern of a quarter-wave
vertical mounted in the center of a ground
plane 16 wavelengths in diameter. {Antenna
range test at 8 GHz, quarter-wave stub = 0.37"',
ground plane, 24.4’" diameter.)

One approach to the problem is to
construct the three-dimensional antenna
radiation pattern from the formula and
then calculate the total power contained
within the radiated field. You may then
adjust current |, as necessary to hold the
power constant as the antenna length is
varied. The horizon field strength may
thus be calculated under these conditions
for various lengths until the optimum
length is determined.

fig. 3.
1.27-wavelength dipole in free space.

Theoretical radiation pattern of a
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In order to do this, you must have a
method to calculate the power contained
in the radiated field. Such a methoad
exists if you can use the calculus tech-
nique of integration.3 Considering that
the entire sphere of all directions from
the antenna can be made up of an infinite
number of small segments of solid angle
and that the power contained in each
segment is proportional to the square of
the field strength (voltage) in that par-
ticular direction, a mathematical summa-
tion (integration) may be performed to
calculate the total power.

The result of this calculation may be
obtained as an isotropic value. The iso-

fig. §. Radiation pattern of the baiun-fed and
matched half-wave dipole shown in fig. 4A.

tropic is the field strength which would
result in all directions from the antenna if
the radiated power were spread evenly
over the entire sphere about the antenna
rather than being concentrated in certain
directions as is the actual case.

Details of the calculus procedures are
beyond the scope of this article. How-
ever, | have calculated the results shown
in table 1, assuming the same current
regardiess of the dipole fength. The re-
sults show that the half-wave dipole itself
has directional properties and exhibits
2.15-dB gain over an isotropic {non-direc-
tional) radiator. This is an important fact
since the gain of any antenna may be
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fig. 4. Five test antennas which were built by the author for radiation

pattern measurements. Gain comparison radiation patterns for these five

antennas are shown in figs. 5 through 9.

expressed in dB above a dipole, or iso-
tropic, or some other standard. Using the
isotropic as reference will, of course,
make the gain figure 2.15-dB higher than
if a dipole is used, and larger numbers
look better in the advertising. When you
read a manufacturers claim be sure that
the gain reference is specified, otherwise
the claim is meaningless.

The results also show that the dipole
reaches its maximum gain when its length
is 1.270 wavelengths, and that the gain
decreases as it is further lengthened. That
maximum of 5.18 dBi (dB over an

1-1/4 WAVE DIPOLE
WiTH ISOLATING
CHOKE AT THE
SUPPORT END

theoretical maximum gain for the ideal
situation of a matched dipole in free
space or an equivalent matched monopole
on an infinite ground plane. If the ground
plane is less than infinite, the gain will be
reduced from this maximum value. A plot
of the theoretical radiation from a
1.27-wavelength dipole appears in fig. 3.

actual measurements

In an attempt to determine just how
much gain reduction results from using
ground planes of practical dimension, |
built a number of antennas and carefully

table 1. Field strength and gain of various iength horizontal dipoles,

Dipole Field isotropic Gain Ratio Ratio
{wavelengths) {valts/meter) {volts/meter} {over isotropic}  {dB)
0.500 1.00 0.7806% 1.2815 2.150
1.265 1.6730 0.92165 1.8152 5.179
1.270 1.6613 0.91511 1.8154 5.180
1.275 1.6495 0.90878 1.8150 5.178

isotropic) is equal to 3.03 dBd (dB over a
dipole).

Thus, we have verified the basis upon
which the 1-1/4-wave dipole or equivalent
5/8-wavelength monopole radiator is
commonly considered to be a 3-dB gain
antenna. Bear in mind that this is the

measured their radiation patterns. The
antennas were measured on a test range at
1000 MHz where signal reflections from
the ground and surroundings could be
controlled to at least 40-dB below the
incident signal. The antennas were ro-
tated while signal strength was auto-
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matically plotted on a polar graph re-
corder.

Five antennas were constructed and
their radiation patterns measured. The
antennas were a half-wave dipole (fig.
4A), a quarter-wave vertical with a droop-
ing four rod ground plane, (fig. 4B), a
5/8-wavelength vertical above a plane of
four 1/4-wavelength rods and using a
shorted section of open-wire line in series
with the feed to cancel reactance (fig.
4C), a similar 5/8-wavelength vertical
except with a shorted coaxial section for
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fig. 6. Radiation pattern of the quarter-wave
drooping ground plane antenna shown in fig.
4B.

the series matching reactance (fig. 4D),
and a 1-1/4-wavelength vertical dipole
with a coaxial series matching reactance
and end support isolated by a quarter
wave choke (fig. 4E). All antennas were
matched to less than 1.2:1 vswr so that
no mismatch losses had to be considered
when making gain measurements by sub-
stituting one antenna for another. The
radiation patterns are shown in figs. b
through 9.

As expected, the half-wave dipole and
the quarter-wave drooping ground piane
exhibited nearly the same gain. Although
the 5/8-wavelength verticals produced
somewhat smoother patterns, they failed
to yield significant gain over the dipole or
quarter-wave vertical. The two schemes
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fig. 7. Radiation pattern of the 5/8-wave-length
vertical on a 4-rod quarter-wave ground plane
with a hairpin matching loop shown in fig. 4C.

for matching the 5/8-wavelength rods
appear to be equivalent. The 1-1/4-wave-
length vertical dipole antenna supplied
nearly the theoretical 3-dB gain and
exhibited a pattern shape similar to that
predicted from the formula.

My only conclusion from this testing is
that the usual image plane analysis of
vertical monopoles is valid only for in-
finite ground planes and is greatly in error

fig. 8. Radiation pattern of the 5/8-wavelength
vertical on a 4-rod quarter-wave ground plane
with a series coaxial matching reactance shown
in fig. 4D.



for very small ground planes. As you can
see from fig. 1, even a ground plane many
wavelengths in size is a poor approxima-
tion of the infinite image plane. There-
fore, it is not surprising that despite many
gain claims, the 5/8-wavelength vertical
ground plane frequently disappoints
those expecting performance exceeding
that of a quarter-wave ground plane. The
maobile antenna situation is somewhat
better due to the larger ground plane that
a rooftop provides, but it is doubtful that
even this advantage can add up to the
3-dB gain theoretically achieved on an
infinite ground plane.

fig. 9.

Radiation pattern of the matched
1-1/4-wavelength sleeve dipole with a decou-
pling choke shown in fig. 4E,

It is noted that the FCC is now
requesting certified gain and pattern
measurements from the manufacturers of
antennas intended for use in amateur
repeater stations.# The results of those
measurements should indeed be very in-
teresting.
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five-to-one

transmatch

Transmatches always seem more compli-
cated than they have to be, particularly if
you recall that any transmission line
impedance, real or complex, at any vswr,
can be made to look like a 50-ohm
resistive load by the use of only one
inductance and one capacitance in the
familiar L-network shown in fig. 1.

What complicates the design of most
transmatches is the desire to match al-
most any impedance with reasonable and
practical values of L and C. Examples of
extreme mismatch problems are matching
a "random length’’ long-wire antenna,
using a center-fed dipole on half or twice
its resonant frequency or using an anten-
na fed with open-wire transmission line
on several bands.

These are extreme cases. More com-
mon problems are the need to match a
beam antenna that has been carefully
pruned for the phone band in the CW
portion, or the need to use a single
coax-fed antenna over the entire 3.5- to
4.0-MHz band. The mismatch in these
cases is usually more than the transmit-
ter's output network can handle, but in
general the vswr is not more than 6:1.

If you were to design a transmatch to
handle a maximum vswr of 5:1 on a
50-ohm line, it could be made quite
simple, and would not require more than
one inductance and one capacitance, both
of quite practical size.

As amateurs should all know by now,
vswr for practical lines on bands below 30
MHz is independent of line length. The
resistive and reactive components of the
mismatch, however, are a strong function
of line length. For a vswr of 5:1 on a
50-ohm line of any length, the resistive
component will be between 10 and 250
ohms and the reactive component will be
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between plus and minus 120 ohms. A
transmatch that will match these resis-
tances and cancel these reactances on the
3.5- to 30-MHz bands is diagrammed in
fig. 2.

construction

The rotary inductor could be a John-
son 229-202 or equivalent, having an
inductance of 18 uH. The capacitor is a
surplus 5-gang unit used in WWII direc-
tion-finding receivers. This capacitor has
420 pF per section (2100 pF total with
all in parallel). It should be used with a
switch (S2), so that only one or all five
sections can be used. The minimum
capacitance with all five sections in paral-
lel approaches 100 pF, and less than this
may be needed. This capacitor is available
from Barry Electronics and Fair Radio
Sales, and possibly other surptus dealers.

A word about component ratings. The
capacitor is a high-grade receiving unit,
but for any /ega/l power rig, the voltage
across it is nearly 1000 volts peak. | have
tested my own unit to 1500 volts dc
without any arc over. However, you may
get a higher voltage than this is you are in
the habit of tuning up at full power. If
the capacitor does break down, it will
impress on you forcibly that this is very
bad practice and should be discontinued.

The roller inductor is rated at 5
amperes. Under some conditions the cur-
rent may be higher than this, but not
dangerously so. Here, the problem is heat;
excessive heating could loosen the wire
on the ceramic form or melt a solder
joint. Except for high-power sstv or
RTTY, average current will always be less
than 5 amperes.

The switches should be heavy-duty rf
types. The switches from surplus BC-375



tuning units are good, as are the excellent
rf switches made by the James Millen
Company.

tune up

The best way to tune up this, or any
other transmatch, is with a low-power
50-ohm bridge and a signal source such as
the Omega-T Noise Bridge, or the simple
resistive bridge described in most editions
of the ARRL Handbook, using a grid-dip
meter as the source.

If all you have is a vswr meter and you
don’t want to invest in any more test
equipment, you should use no more
power than is necessary to obtain a
reliable vswr reading. Tuning up on full
power is ungentlemanly, illegal and hard
on components. Of course, when the
proper settings have been found for all
your mismatch conditions, they should
be recorded for future operation under
those conditions.

Connect your vswr bridge between the
power source and the transmatch. Since |
must presume that all you know is your
vswr and have no idea of what resistance
and reactance it represents, you can flip a
coin as to the initial position of S1.
Switch S2 should place all sections of the
variable capacitor in parallel.

Start with an inductance of zero, then
rotate the capacitor through its range.
Make small increases in inductance, tun-
ing the capacitor each time until a vswr of
1:1 is obtained. If none is found, throw
S1 to its other position and repeat the
process. This is far less tedious than it

INPUT 1Bk f OuTPUT

420pF PER SECTION
(2100pF TOTAL)

fig. 2. Circuit for the five-to-one transmatch.
The rotary inductor is an E.F. Johnson 229-202
ar equivalent.

sounds. The tuning is very broad, because
the Q never exceeds 2.25. If you think that
the Ls and Cs you get for a match don't
seem to be proper for the band in use,
don’t worry. This could be a point where
the resistive component is close to 50
ohms, but where the reactance is as high

L - NETWORK LoAD

50 oHMS

|
I
|
|
|
I
i
!
I
|
I
; R < 50 OHMS
|

|

o

fig. 1. Basic L-network impedance-matching cir-
cuits. Circuit in {(A) matches loads with resis-
tive component greater than 50 ohms. L-
network in (B) matches loads with resistive
component less than $0 ohms.

as plus or minus 90 ohms—all perfectly
normal.

summary

The five-to-one transmatch will actual-
ly handie some, but not all, mismatches
greatly in excess of 5:1 on the 3.5-MHz
band. On the 7-MHz band, the range is far
higher, and on higher frequencies it is
almost unlimited. However, the compo-
nents, particularly the variable capacitor,
can easily fail at some standing-wave
ratios higher than 5:1 when used with a
high-power rig. This should be taken into
account.

In any event, if your mismatch require-
ments are moderate, you can easily build
this transmatch at a fraction of the cost
of a wider-range unit.

ham radio
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The iron fist

in the velvet glove.

With just a little practice,
you'll have an “iron fist"
when you send CW—and
using the HAL 1550 Keyer
needs only a velvet touch.

The 1550 includes features
like TTL integrated logic, a
keyed master clock, built-in
sidetone monitor with auxiliary
audio output. As well as con-
ventional, iambic and dot
memory operation.

The HAL 1550 is designed to
work with a dual or single lever
paddle key at speeds be-
tween 8 WPM and 60 WPM. It
operates on 115 VAC or 12
VDC, and interfaces with
either cathode keyed or
grid-block keyed transmitters.

Nomsthetlmelorallgood

A handy option is the HAL
1550/1D station identifier,
which automatically sends
"DE" followed by your callsign.
The HAL 1550 costs only $75.
Add $20 for the 1550/1D option
(specify your station call and
we'll program the |D for you).

If you want CW that's iron-solid,
order the HAL 1550 or
1550/1D today

| HAL Communications Corp. ,H i|
Box 365, Urbana, lllinois 61801

| Telephone: (217) 359-7373 |

| O Enclosed is § _(1550 Keyer) |
s (1550/1D omuon}

= Call Tetters

|

|

[ Charge to my Master Charge # —]
[] Charge to my BankAmericard # |
OM/Clinterbank #

Card exp. date |

|

| I [ Piease send me the HAL catalog.
Name
Address
| City/State/Zip
All prices include shipping. Add $3.00 for air
9h|pmant Illinois residents add 5% sales tax

hams

to come to the aid of their code.

With the HAL
MKB-1, you can
send perfect CW
as easily as using
atypewriter. The
all solid-state
MKB-1 is a com-
plete Morse key-
board codetyper, with
code speed variable
from 10 — 60 WPM. Dot-
to-space (weight) ratio is
also variable.

The MKB-1 is full of features, like a variable volume/
tone oscillator with internal speaker. Plus its own power
supply. Computer-grade key switches. And it drives
cathode or grid-block keyed transmitters.

An available option is the HAL KB ID automatic
followed by your
call is automatically transmitted. And you can add two
2-letter characters of your own, e.g., "'73 OM."

Assembled, the MKB-1 costs $250; with the KB-ID

identifier. Touch a button and ""DE,"

KB-ID for you.) The
MKB-1 kitis$170;
with the KB-1D
kit, add $29.
Come to the aid
of your code to-
day — and enjoy

CW like never
before.
_______________ —
HAL Communications Corp. H
Box 365, Urbana, Illinois 61801
Telephone: (217) 359-7373

| |
| |
| Fnclased is$____ _____(MKB-1) |
e (KB-1D option)
| CaH letters - = |
| O Charge to my Mast er Charge # |
| 0 Charga to my BankAmericard # — |
] M/C Interbank # . —
| _ Card exp. date |
| ] Please send me the HAL c atalog I
Name __ s
Address ___ - - |
| Crly.fS1a1efZ|D l
All prices include U.S.A. shipping. Add “Add $5
for air shipment. 1il. res. add 5% sales tax |

option, add $40. (We'll program your call into the AR R e oS M S B i
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For the best RTTY, you need
all the help you can get.

Its

The HAL ST-6 terminal unit has
been hailed by experienced RTTY
amateurs, Its immunity to inter-
ference and noise is the talk of
the RTTY world as the best in the
business. In fact, we built it to
highest standards — but kept the
price in a range that you can
afford.

The features of this unit tell the
story of why it's so popular: Auto-
start operation, separate input
filters for each shift, an antispace
feature, and switch selection of
850 and 170 Hz shifts are stand-
ard. An extra discriminator for a
425 Hz shift is available as an
option. A space-saving special
power transformer is part of the
package; it includes windings for
low voltage and loop supplies,
and a 115/230 VAC primary.
Dual-in-line IC's are mounted in
sockets for ease of testing and
replacement. Seven G10 epoxy
glass boards with reliable wiping
contacts hold all circuitry. Tuning
is read from a 1 ma. panel meter
which, at the flick of a switch,
serves as a loop current readout.
Other visual indicators display AC
power on, Mark, and Space con-
ditions. Two other lamps indicate
whether the ST-6 is in the receive
or standby mode. For maximum
safety, a three-wire grounding

-

cord and grounding outlet for the
printer are included. The power
supply card contains easy-to-
replace clip-in fuses. The ST-6 is
available factory assembled and
aligned, or in kit form. The PC
boards and cabinet only are also
available.

A popular option designed to
plug right in to the ST-6 is HAL's
AK-1 AFSK oscillator. Available
assembled or in kit form, the AK-1
is an AFSK oscillator that demon-
strates stability and reliability.

It provides switch selection of
170 Hz and 850 Hz shift using
standard AFSK tones. The AK-1
may also be mounted in its own
cabinet for use as an independent
unit. Frequencies are set by 15-
turn trimmers for ease of accurate
tone adjustment. The AK-1 oper-
ates on 12 VDC, or directly from
the ST-6 power supply.

If you're ready for the very best
RTTY at an attractive price, look
into the HAL ST-6 TU, the 425 Hz
discriminator, and the AK-1 AFSK
oscillator. They'll give you all the
help you need. Order yours today!
Prices:

Assembled:

$310 — ST-6 Terminal Unit
$350 — ST-6/425 Hz Disc.
$350 — ST-6/AK-1

$390 — ST-6/425 Hz Disc/AK-1

More Details? CHECK—OFF Page 110

Kit Form:
$147.50 — ST-6 Terminal Unit
$ 35.00 — ST-6 Table or Rack
Cabinet

$ 29.00 — 425 Hz Discriminator
$ 29.00 — AK-1 AFSK Unit

All prices postpaid, USA. For
air shipment add $4 for the ST-6
kit or cabinet, $1 each for the
425 Hz kit or the AK-1 kit, $10 for
the assembled ST-6 with any
options.

i s e e =

HAL Communications Corp
Box 365, Urbana, I1l. 61801
Telephone: (217) 359-7373

- for the
ST-6 Assembled,
] §T-6/425 Hz

[0 ST-6 kit;

Enclosed is $§
following items
1 With all options;
Disc; [0 ST-6/AK-1;
ST-6 Cabinet; [] 425 Hz Disc kit;
AK-1 kit
Charge to
# ”
BankAmericard #

|

|

|

|

|

|

|

|

|

| = :
1 Master Charge/Interbank # and
|

|

|

|

|

|

|

|

|

my Master Charge

Exp date —— e

Please send me the HAL catalog

Address

City/State/Zip

Illinois residents add 5% sales tax
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vertical radiation

patterns
of horizontal
antennas

How antenna height
affects the vertical
radiation angle
of horizontally

polarized antennas

There are many sources of information
describing the vertical radiation angles of
horizontal antennas (the angle above the
horizon of the axis of the main lobe of
radiation), but most of these references
tend to go so deeply into theory that the
reader is unable to answer the basic
question, “How can | determine the
radiation angle of my antenna?’’ The
graphs presented in this article will go a
long way toward answering that question.

Height above ground, not antenna
type, determines the radiation angle of
horizontally polarized antennas. Al-
though a parasitic antenna, such as a
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VERTICAL ANGLE OF RADIATION

Yagi, will cause more power to be radia-
ted at a low angle than a dipole, in both
cases the vertical radiation angle is the
same, assuming both antennas are at the
same height. The effects of ground reflec-
tion are probably most easily understood
by studying the jmage antenna approach
found in the ARRL Antenna Book! and
other publications.?

Basically, if the antenna were to be sus-
pended in free space, the main lobe of radi-
ation would be directly in line with the
aperture of the antenna. When the anten-
na is located near the earth, however, a
conflict occurs between the direct wave
from the antenna and the wave that is

90,
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ANTENNA HEIGHT  (feet)

fig. 1. Graph of major vertical radiation

lobes for various horizontal antenna heights
up to 140 feet.



VERTICAL RADIATION ANGLE

VERTICAL RADIATION ANGLE

reflected from ground. The phase dif-
ference between these two waves results
in cancellation and reinforcement at vari-
ous angles above the horizontal. Where
reinforcement occurs lobes are present,
and at points of cancellation nulls appear
in the vertical radiation patterns. Varying

: 1 T 1
80°
208 \ 1
2ND LOBE
60°
50 N —~]
0 \\
0 Ny
1ST LOBE
20°) N
™~
0% 20 o) &0 %0 100 20 0
ANTENNA HEIGHT (feet)
fig. 2. WVertical radiation angle of first and

second lobes of a 40-meter (7.250 MHZz) hori-
zontal antennas at heights up to 140 feet.
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fig. 3. Vertical radiation angle of pattern lobes
for 20-meter (14.275 MH2) horizontal antennas
at heights up to 140 feet.

the height of the antenna above the
reflecting ground changes the vertical
angles of cancellation and reflection pat-
terns.

My interest in DXing, contest oper-
ating, rag chewing and antennas led me to
a very practical magazine article on the
subject of vertical radiation patterns.3
This, in turn, resulted in many days of

calculations and graph making, producing
the graphs presented here which show
angle of radiation vs antenna height above
ground for 10, 15, 20 and 40 meters.

The following method was used to
plot the graphs. This approach is based on
the fact that the incident and reflected
waves, when analyzed vectorially, are in
phase at 90°, 270°, 450°, 630°, 810°,
etc.

1. Calculate the wavelength (in feet) of
the frequency being considered:

\ = wavelength (feet) = §9'8_4_
M

Hz
This represents one wavelength or 360
electrical degrees.

2. Determine the antenna height in elec-

trical degrees:
h
ha = antenna height (degrees) = 360—{—

where h; is the height of the antenna and
X is one wavelength, both in feet.

3. Compute the vertical angle of radiation
for each lobe

90 270450630810

etc.

where « is the vertical angle of each lobe.

4. From a table of natural trigonometric
functions, find the vertical radiation
angle, @, for each value of sin & up to 90°.
Since 90° is straight up (sin @ = 1.00),
higher values are not valid.

For example, assume you have a hori-
zontal 20-meter antenna installed on top
of a 70-foot tower. What is the vertical
angle of radiation at an operating fre-
quency of 14.275 MHz?

1. One wavelength at 14.275 MHz is 68.9
feet:

- 984
14.275 MHz

2. A 70-foot tower represents 365.6° at
14.275 MHz:

N = 68.9 feet

~ a0 19— 365 6°
ha = (3607) 68.9 365.6
3. To find the vertical angle of the first
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(primary) lobe,

Lo 90 |

sin & = gap"6e 0.246,
Consulting a table of natural sine func-
tions, the vertical angle is approximately
14.25° (see fig. 3). The second lobe is at
approximately 47.5°.

. 270°
sSinNx = 365.60

Therefore, the first (major) lobe oc-
curs at 14.25° above the horizontal while
the vertical angle of radiation for the
second lobe is 47.5°.

Fig. 1 is a composite graph of the first,
or major lobes, on 10, 15, 20 and 40
meters for antenna heights from 8% to
140 feet. The curves were all calculated
for the center of the American phone
bands except for 10 meters. The low end
of the American portion of 10 meters was
chosen because of the concentrated ac-
tivity in this area of the band. The angle
of radiation will not vary appreciably
from one end to the other on any of the
bands.

Figs. 2 through 5 show all of the lobes
present on each band for any given
height. Again, the lines are the lobes of
vertical radiation and the null points are
approximately midway between lobes.
Never pick an antenna height which will
present any lobe at 90° — this results in
wasted radiated power. One interesting
observation | made is that 70 feet is the
only antenna height on the graphs that
has a null point at 90° on each band!

It should be pointed out that these
graphs were based on the assumption that
electrical ground (the electrical plane
from which the antenna waves are reflec-
ted) is at the physical surface of the
ground. In actuality, electrica! ground
varies considerably from one location to
another, and may be located from several
inches to several feet below the surface.

These graphs, combined with a little
operating experience, should be helpful in
selecting the proper antenna height for
DXing or short-haul propagation, or both,
depending on your choice of radiation
angle.

=0.739,a = 47.5°
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fig. 4. Vertical radlation angle of pattern lobes
for 1S-meter (21.250 MHZz) horizontal antennas
installed at heights up to 140 feet.
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fig. 5. Vertical radlation angles of pattern lobes
for 10-meter (28.5 MH2) horizontal antennas
installed at heights up to 140 feet.
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Drake gear keeps getting better and better... "_'

NOW, OUR FINEST... |
THE NEW

. Drake C-Line

NEW FEATURES:

e 1 kHz Dual Concentric Dial Readout ® Receiver and transmitter
lock together in transceive operation ® No side controls » Iridited
cadmium-plated chassis ® Compatible with all previous Drake lines

ae - T

NEW R-4C FEATURES:
8-pole crystal filter combined with
passband tuning, SSB filter supplied
Provision for 15 additional accessory
500 kHz ranges

- Transistorized audio
R-4c Recelver Optional high-performance
. noise blanker
The receiver hams have dreamed of . ... AVC with 3 selectable time constants
Optional 8 pole filters available for
CW, AM, RTTY
$499.95

NEW T-4XC FEATURES:
Plug-in relay
More flexible VOC operation;
Including separate delay controls
for phone and CW
- Crystal control from front panel for
T'4xc Transm Ittel' amateur, Mars, commercial uses
Provision for AFSK RTTY operation
The one worthy of the R-4C $529.95

See for yourself—at your dealer’s.

R. L. DRAKE COMPANY |

540 Richard Street, Miamisburg, Ohio 45342 ® Phone (513) 866-2421 @ Telex 288-017

More Details? CHECK—OFF Page 110 may 1974 [§ 61



pi network

design aid

Presenting a set
of curves

for choosing
power amplifier
components

to provide
optimum

tank-circuit efficiency
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The tank circuits of yesterday, with their
beehive insulators and cumbersome cop-
per tubing coils, have all but disappeared
from modern transmitters. The main rea-
son is, of course, that today’s rigs are
designed for use with coax transmission
lines. The simplest and most efficient
means of transforming the high plate-load
impedance of the final amplifier tube to
low-impedance coax is with a pi or pi-L
network. The pi network is the most
often used of the two circuits since it
requires fewer parts.

Much design data on pi networks has
appeared in the literature over the past 15
years and will not be repeated here. The
purpose of this article is to present design
data for those who wish to build a
pi-network amplifier without wading
through a multitude of table lookups and
without having to convert component
reactance values into equivalent capaci-
tance and inductance.

ground rules

To keep things simple and still provide
useful data for most amateur applica-
tions, the curves are based on the general
case; i.e., a tank circuit Q of 12, tube load
impedances between 1000 and 4000
ohms, and an output impedance of 50
ohms. The advantage of using these
curves is that no interpolation is required
for values that don’t appear in published
tables of such data. You can pick off



exact values of capacitance or inductance
directly from the curves.

The curves are based on calculations
for tube load impedances used in the
Class C mode:

Es
2lg

R = n
where

R_ = tube load impedance (ohms)

Eg = tube plate potential {volts)

Iy = tube plate current (amperes)

using the curves

As mentioned previously, the curves
are based on an operating Q of 12, which
is optimum in terms of tank-circuit ef-
ficiency and harmonic attenuation. Most
rigs today cover the bands between 3.5
and 28 MHz with bandswitching coils.

200 [ I
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20
ey ——
/ ML
10 — — —©
= mE)
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PLATE LOAD (KILOHMS)

fig. 1. Curves of inductance as a function of
tube plate-load impedance for pi networks.
Loci of constant inductance for the five ama-
teur hf bands are shown for the B&W 850A
tapped inductor example discussed in the text
(lines A, B, C, D and E).

One of the problems in such transmitter
designs is finding components that will
operate satisfactorily over the desired
five-band frequency range while still
maintaining reasonable circuit Q.

If the Q is to be held at or close to 12
in an amplifier that’s switchable over the
five high-frequency bands under different
operating modes (CW and ssb), then it is
difficult if not impossible to find off-the-
shelf components for the pi network

input capacitor, inductor and output
capacitor. Several compromises have been
reported for resolving this problem. An
example is given in reference 1, which
shows one way to deal with the designer’s
dilemma involving different plate-load im-
pedances in a pi network tank for 1-kW
CW and 2-kW pep ssb operation.

In this case, a multi-tapped coil is
used, with two taps for each band, one
for CW and one for ssb. Lacking a
continuously variable inductor, this is one
way to obtain the optimum inductance
for different plate-load impedances — it
requires a little work, but it’s less expen-
sive than buying a rotary inductor that
will handle the power involved.

design example

An inductor can be designed to pro-
vide the correct inductance for most plate
load impedances with the aid of the
curves in fig. 1. Included in fig. 1 are loci
of constant inductance (straight lines) for
the popular B&W model 850A tapped
bandswitching inductor. This inductor is
extremely rugged and has been used by
many amateurs in multiband amplifiers.
However, as with many manufactured
components, it is a compromise; the
manufacturer tries to put out a product
that will be useful for general applica-
tions, and to obtain optimum perform-
ance for a specific plate load impedance
requires further work by the amateur.

For example, suppose you wish to
design a five-band rf amplifier around the
B&W 850A inductor. Assume that dc
power input is to be 1 kW. If plate
voltage is, say, 3000 volts and plate
current is 0.3 ampere, the plate load
impedance, from eq. 1, will be R|_ = 1800
ohms. From fig. 1 inductance values for
this load impedance would be:

band L (uH) B&W 850A L (uH)
3.5 7.6 13.5
7 3.8 6.5

14 1.88 1.75

21 1.256 1.0

28 0.92 0.8
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Clearly, the taps on the 850A inductor
are not located to provide the optimum
inductance for the plate load impedance
in the example, especially for the two
lower bands. The coil taps are closer to
the proper inductance for the three high-
er-frequency bands, but optimum ef-
ficiency and power output cannot be
obtained unless the plate load impedance
is more accurately matched for all five
bands. The remedy is to rework the coil
so that the taps are located to provide the
inductances shown by the curves.

By consulting fig. 1 and eyeballing the
particular tapped coil under consideration
(in this case the B&W 850A), it's fairly
easy to judge where the taps should be
relocated to provide the proper induc-
tance for the particular plate load im-
pedance involved. Clip leads may be used
between the coil and switch points, after
disconnecting the existing coil taps, to
obtain the proper inductance experi-
mentally. Then new taps can be instalied
in place of those on the as-built coil.

In my case, using a 4-1000A in
grounded grid, | was able to increase
transmitter power output substantially on

600
500
400
N
300 \\
\ '13%
200 N ~J
100 \ N
S
E“ N N ‘\‘
¢ \\ Loy,
3 e
£ w0 N \
a
3

\
\Q\

H 1.5 2 25 3 3.5 4
PLATE LOAD (NKILOHMS)

fig. 2. Pi network input capacitance as a
function of plate-load impedance.
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fig. 3. Pi network output capacitance as a
function of plate-load impedance.

all bands by relocating the taps on the
B&W 850A coil in the amplifier pi net-
work. If you'd rather not modify the coil,
the clip-lead method can be used instead
— a not too elegant way of doing the job,
but the coil can easily be returned to its
original configuration for trading pur-
poses at the next swap meet.

The curves in figs. 2 and 3 are included
for the remainder of the pi-network
design problem. These curves provide
values for the input and output capacitors
(C1, C2) for plate-load impedances be-
tween 1000 and 4000 ohms. The same
ground rules apply as for the inductor:
operating Q of 12 and 50-ohm output
impedance. You’'ll probably find that
another compromise will be necessary in
the choice of C2 for specific frequencies.
For example, if you wish to use a variable
capacitor for C2, it will probably be
necessary to use fixed capacitors in paral-
lel with C2 on certain frequencies to
obtain optimum transmitter loading.

reference
1. Douglas A. Blakeslee, WIKLK, and Carl E.
Smith, W1ETU/4, ""Some Notes on the Design
and Construction of Grounded-Grid Linear
Amplifiers,”” QST, December 1970, page 22.
ham radio
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log-periodic antennas

Dear HR:

I am afraid | have not stressed enough
the importance of transposing the open
center feedline that must be used with
log-periodic antennas. It is an absolute
must, Several amateurs who have written
to me about log periodics built from
my articles have indicated that the
antennas have no gain but appear to have
a bi-directional pattern off the sides of
the antenna. In practically all cases this is
caused by a failure to transpose the
center feedline as shown in fig. 1. Note

Ll

<X . S A0S
fig. t. Center feedline connections to every

other element of a log-periodic antenna must be
transposed for proper operation, as shown here.

that every other element of the log
periodic is connected to the opposite side
of the center feeder. For more informa-
tion on this essential part of log periodic
construction, refer to my article in the
September, 1972, issue of ham radio
(page 33}, or read my article on page 6
of this issue.,
George Smith, WAAEO
Camden, South Carolina
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Dear HR:

When | first built the five-element
vertical 40-meter log periodic described
by W4AEQ in the September, 1973, issue
of ham radio {page 46) and put it on the
air, it didn't perform at all like it was
supposed to. After checking all dimen-
sions and the feedline transposition,
WBA4JEZ/5 and | sat down and scratched
out heads — the antenna still didn‘t have
any directivity. In a fit of desperation |
drove a ground rod in at the balun, which
is mounted at the front of the vertical
array, and grounded the shield. What a
difference! The antenna now works as
advertised. The problem was a ground
loop — without the additiona! ground rod
the shield at the balun was not grounded.

Tom Morrison, WBSIZN

noise bridge

Dear HR:

After building the noise bridge that
appears in the January, 1973, issue of
ham radio, the following thoughts came
to mind that might be useful for anyone
attempting to build the noise bridge.

Although the author does not mention
the wire size he used for winding the
tri-filar winding on the T-37-10 toroid
core, number-26 enameled worked very
well. Once the primary side of the coil is
connected to the circuit, the problem of
finding the proper connections for the
secondary with the four remaining wires
can be solved as follows: wire this portion
of the noise bridge last. With a receiver
connected find the two wires that, when
joined together and connected to the
detector, will give the greatest noise
output on the receiver (the remaining two
wires must also be connected as per the
schematic). Then connect a resistor of
known value around 50 chms to the Z



connector and adjust the Ry pot for a
pronounced noise null in the receiver
output. When this occurs, you know that
the coil leads are correctly connected.

| might also mention that the 68-pF
mica capacitor and the 140-pF variable
capacitor were eliminated from my noise
bridge since | am only interested in
finding the resonant frequency of anten-
nas, transmission lines, etc., and the resis-
tance at resonance.

Since most amateur antennas have a
resistance of less than 100 ohms at
resonance a builder might want to substi-
tute a 100-ohm composition pot for the
250-ohm pot used in the article. It was
found on my noise bridge that the space
between 10-ohm intervals was somewhat
small when calibrating the resistance dial.

In comparing the performance of this
noise bridge with an Omega TE-7-01
noise bridge that | have been using for
three years, the results were very satis-
factory. All tests were below 30 MHz.

John Lawson, KBIRK
Amarillo, Texas

standing-wave ratios

Dear HR:

The article in the July, 1973, issue by
W2HB on ““The Importance of Standing
Wave Ratios’’ was very interesting and
informative. Several small points seem,
however, to invite some comment and
clarification.

Figs. 1 and 2 are stated to depict
conditions in a system with a vswr of 2:1.
The curve shown in these figures is for a
vswr of 3:1. Furthermore, its shape is
shown as sinusoidal. When the magnitude
of the voltage wave is considered without
regard to polarity, which is the case here,
the curve has the shape of a full-wave-
rectified sinewave.

The first full paragraph at the top of
the second coiumn of page 32 regarding
reflection at resistive terminations is
somewhat misleading. It is certainly true
that real power flows in only one direc-
tion — from generator to load. However,
a reflected wave does exist at any resistive

termination which does not match the
impedance of the line. The implicit defi-
nition of ‘‘passive’” {“That is, it cannot
reflect . .”) is not standard usage.
Reactive elements may also be passive.
This paragraph might well have been
omitted from this otherwise generally
very clear and useful article.

Kenneth H. Beck, W3VDX

Mr. Beck is quite correct in pointing
out that the minimum voltage of the
curves shown in my figs. 1 and 2 should
be 0.5 instead of 0.3. This error is
embarrasing for it resulted from having in
mind the 3:1 ratio of the incident wave
to the reflected wave that exists when the
vswr is 2:1. Also, | have no quarrel with
his comments about the shape of the
curves. However, | would like to point
out that insofar as the article is con-
cerned, only the location of the peak and
minimum voltage points is of importance,
and the curve shapes shown should not be
disturbing to the reader.

Again | must agree with Mr. Beck that
perhaps the choice of the word “passive”
in discussing resistive loads was unfortu-
nate because it is not standard usage.
However, | was trying to stress the fact
that a resistive load by itself does not,
and cannot, reflect power in any kind of
circuit including rf transmission lines. We
consistently hear the statement made that
power is reflected by the load. This
statement is particularly incorrect when
the load is pure resistance. Evidently the
difficulties involved in explaining the
mechanism of reflection has been avoided
to the extent that the load has become
credited with a false capability.

The mechanism by which reflection
does take place on a transmission line has
been described in excellent detail by
W2DU in the August, 1973, issue of QST.
In this article the author has made it clear
that reflection takes place as a result of
the voltage and current conditions at the
load, and the effect that these conditions
have on the electric and magnetic fields at
the load end of the line.

Earl Whyman, W2HB
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programmable
calculator simplifies
antenna design

Within the past year there has been a
whole new series of programmable elec-
tronic calculators introduced to the mar-
ket. These new calculators are a whole
new breed of cat and are nothing like the
home-variety hunt-and peck units that do
a good job of wearing your fingertips
down to the first knuckle. One of the
programmable calculators currently avail-
able is the Compucorp 322G* which sells
for slightly under eight bills. That's right,
just this side of $800. For this price you
get ten memory registers, 80 program
steps and memory retention like a bear

The Compucorp 324G programmable calculator
used by the author.
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(unless some idiot turns it off). Further-
more, this unit is completely unbothered
by large rf fields — at my station it sits
placidly on the operating table, com-
pletely ignoring my pair of 813s.

Although the price tag is premium,
you have to operate one of these pro-
grammable calculators to get the feel. It is
all so simple. Just stick a few sample
parameters into the memory registers and
then load the program and switch the
calculator back to run. Then you can play
games with new items in the memory
registers, hit the start button, watch it
wink its readout light and hang up on the
answer.

antenna design

A programmable calculator such as the
Compucorp 322G can be used in all kinds
of antenna designs, but a simple two-
tower directional antenna design will be
presented here. However, there's no rea-
son to stop at two verticals — the
calculator will also handle four, provided
you have the scratch to put up four
towers. Nor is the calculator limited to
antenna designs — it will handle nearly
any sort of design problem you can load
into it.

For example, you can load the calcu-
lator with a program to tell you which
way to point the beam when you're
working DX, and it will do the job
quicker than your rotator can bring the
beam around! | use a Compucorp 324G
which stores two 80-step programs — the
second to tell the guy on the other end
which way to aim his beam.

For the specifics of the two-element
directional array design, refer to fig. 1.

*Compucorp, manufacturer of the 324G pro-
grammable calculator shown in the photograph,
is located at 12401 West Olympic Boulevard,
Los Angeles, California 90064.
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Compucorp rage 1ot 2
PocasM Frogrie Ne 8806242
Maten 320 Series
OLRECTIONAL ANTEMAAS, BASIC Twa TOWERS O 21 September 1913
Ao Aylar
DESLRIPTION

This program calculstes the radiated field intensity, from 2 twa-tower
directional array, at an azimith angle, ¢, measured from the reference
axis (the 1ine passing thru both towers) and at a vertical engle. 6
measured from the ground plane.

The program includes a stepping increment, allowing evaluation of fiels
intensity for successive values of
EXAMPLE:
Find the radiated field intensity from the following information:
- Azvmutnet sngle ¢ of 15°.
- ¥ertya) engle 8, measured from ground plane of 0
- F1818 phese of second tower. A, of 35°

- Ratio of field which second tawer radfates above thatl radisted
by reference element #1, Ry » .15

- Spacing between towers, S = 150
- Multiptying Constant, K = 758.287 my/m.
- F111 Camstanc, calculated from (1.0 + R3)/2Ry, W = 1.00978.
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fig. 1. Compucorp's program for designing a basic two-tower directional antenna.

This is a reproduction of Compucorps’s
program 8806242 which is based on the
design procedure described in Jasik's An-
tenna Engineering Handbook.l The pro-
gram has a number of subtleties such as
unequal ratios of rf fields between tow-
ers, vertical angle 6, which tells you
what’s happening at a specific radiation
angle, and most important of all, a
stepping increment which walks the thing
around the azimuth by a specified incre-
ment {put in during the load phase} every
time you hit the start/stop key. For the
uninitiated, this is the old routine, ’N = n

noise bridge

The prospect of tuning a new quad
and adjusting a shunt-fed tower for 160
meters led to the construction of the rf
bridge described by WB2EGZ (hr, De-
cember, 1970, page 18). The completed
instrument performed perfectly, with
very deep calibration nulls. However,
once the bridge was connected to an
existing 20-meter beam to determine that
antenna's resonant frequency, a serious
flaw appeared — signals on the ssb seg-

+ a,’”” where N is the new value, n is the
old value just presented and a is the
increment.

The applications for the programmable
calculator are limited only by your im-
agination. For those who are remiss to
use their imagination, Compucorp will
soak them $19.95 for the entire antenna
design package.

reference

1. Henry Jasik, Antenna Engineering Hand-
book, McGraw-Hill, New York, 1961, equation
20-19.

Raymond Aylor, W3DVO

ment of the 20-meter band were any-
where from 5 to 30-dB stronger than the
noise from the bridge.

W5QJR mentioned the need for high-
level amplification of the noise generated
by the bridge in the first article on this
type of instrument several years ago
{“The Antenna Noise Bridge,” QST, De-
cember, 1967, page 39), and | fearned
quickiy that this was the case. A stage-
by-stage check revealed that everything
was functioning properly, but that gain

may 1974 7



INPUT FROM MPS6514
ORIGINAL
AMPLIFIER
H_IE‘ ol
g L)
ol J‘\ 2N5180 ‘—T(IT BALUN
A o
OC BIAS NEGATIVE
1 is00 FEEDBACK
sM 1k
:1: 77
/100
AN AC FEEDBACK

fig. 2. Broadband noise amplifier for use with
antenna noise bridges for high-frequency
measurements.

through the broadband amplifier was on
the order of a mere 15 dB. Not quite
enough for normal signal conditions on
the high-frequency bands.

The circuit of fig. 2 was breadboarded
and found to provide 35 to 50-dB of
additional gain (not entirely constant
over 1.8 to 30 MHz). Three strong feed-
back loops are introduced between the
driver and final amplifier. Both devices
are high fy, high beta types, and substitu-
tions of other popular devices (such as
the 2N3053, 2N2102, 2N697, 2N706,
etc.) will cut overall gain by 10 to 20 dB,
so the devices specified should be used.
The amplifier was mounted on its own PC
board, which in turn was mounted in the
Minibox on the opposite side from the
first PC board (where the battery is
shown in the WB2EGZ instrument).

The battery fits snugly between the
ends of the PC board and the bottom of
the Minibox. Lead wires were simply run
from the output of the WB2EGZ ampli-
fier to the input of the additional ampli-
fier, and the output from the second
amplifier was connected to the broad-
band balun. One slight improvement over
the WB2EGZ version involves mounting
the potentiometer terminals so that they
point directly to the input/output recep-
tacles, rather than as shown in the
photos. Zero lead length is thus achieved
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by mounting each component of the
bridge directly to the receptacles and the
pot terminals. No reactance arises as a
result.

The additional broadband amplifier
provides a noise signal that blankets any
signal on the high-frequency bands. Fur-
ther, accuracy of null detection is greatly
increased since the noise drops about 40
dB to reach incoming signal levels, and a
complete null is down about another 10
to 15 dB. I've found that the bridge now
can be tracked down to about a 5-kHz
bandwidth.

Ade Weiss, KBEEG

ST-5 keys polar relay

Here is a very simple way to key a
polar relay with the ST-5 RTTY demodu-
lator (see fig. 3). | use this method to key
my transmitter and it works very well. It
may also be used to key an AFSK
oscillator which feeds a tape recorder.
This way you can make a recording on
the hf bands and replay it on vhf.

Fred Gilmore, W@ LPD

TO KEYED
CIRCUIT

fig. 3. Simple circuit for keying a polar relay
with an ST-5 RTTY demodulator.

short circuit

In the article describing the Universal
Frequency Standard in the February,
1974, issue, the HEP5O0 in fig. 5 (page 44)
is missing a 1000-ohm collector resistor;
the printed-circuit layout on page 46 is
okay. Also, the wiper of PA-12 (switch
S2) should be grounded. The output from
pin 11 of U5, a 7493 binary-counter IC,
is 12.5 kHz, not 2.5 kHz.



NEW 1974 ALL SOLID- STATE

160 WATT [NONOBRNDER

SSB/CW — CHOOSE 40 or 80 METERS

Introducing SWAN's newest and most
powerful single-band transceiver. Per-
fect for mobile use, operating directly
from any standard 12V DC battery
with a minimum of current drain. No
transmitter warm-up time or intricate
tuning is necessary. Simply turn the
monobander on, dial your frequency
and immediately 160 watts P.E.P.
input is working for you.

Novices and experienced hams,
alike, will appreciate the simplicity
and practicality of this newest devel-
opment in the state-of-the-art for
amateur radio. SWAN's MONO-
BANDER's feature infinite VSWR pro-
tection from mismatched antenna
loads, as well as an easy to see
Transmit LED indicator on the S-meter

MB-40A or MB-B0A (160 watt) $329.95
MB-40 or MB-BO (75 watt) $299.95
MBCW (Optional CW Monitor) $ 19.95
SWAN 404 Microphone §$ 2495

An optional AC power supply, mcdel P-1215, will
be available in the near future. Watch for it

face to let you know when your signal
is getting out.

Select the MB-40A for 7.0 to 7.3
MHz operation, or if you prefer the 3.5
to 4.0 MHz band, you may choose the
MB-80A. Whichever you select, one of
new 160 watt models or the new im-
proved 75 watt MB-40 or MB-80, you
are assured of the superior engineer-
ing, workmanship and service that
only SWAN ELECTRONICS can give
you. Here is excellent performance in
a handsome package that blends well
with every automobile interior. Visit
your authorized SWAN dealer this
week and see the powerful new
MONOBANDERS for 1974 — you'll be
glad you did!

DEALERS THROUGHOUT THE WORLD
or order direct from

Swan

ELECTFIONICS

& pabudiay of Cuber Corpe

Home Office: 305 Airport Road - Oceansndc CA 92054

Telephone: (714) 757-7525

THE BEST PRACTICAL DEVELOPMENTS IN AMATEUR RADIO

More Details? CHECK—OFF Page 110
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new ham-m rotator

The new Ham |l rotator introduced
recently by CDE succeeds the popular
Ham-M rotator used by amateurs for
years. The new Ham |l features a new
brake release control, separate directional
controls and stainless-steel gears and hard-
ware.

The all new, modern design control
box is styled to compliment surrounding
communications equipment and provides
built-in, operator-controlled brake release
for improved longevity of the entire
antenna/rotator package. The calibration
control is now located on the front panel
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for ease in maintaining directional accu-
racy. Also included on the front panel is a
separate off/on switch which offers con-
tinuous direction indication on the illumi-
nated meter, making access to the rear of
the control box unnecessary. Individual
snap-action switches are used for
rotation-direction control.

The new Ham Il rotor continues the
tradition of the heavy-duty, cast-
aluminum bell housing, long the trade-
mark of CDE amateur antenna rotators.
The inline construction evenly supports
the load on two six-inch bearing races
containing 98 ball bearings. An
electrically-controlled wedge brake is
housed in the base, positively locking the
rotor in any of 96 segments (3° 45"
apart). The high torque motor drives the
unit through a machined stainless-steel
gear and pinion assembly, rotating a full
360 degrees in less than 60 seconds.
Designed for antennas of up to 7.0 square
feet of wind load area, the rotor accepts
masts from 1-3/8 to 2-1/6 inches (3.5 to
5.2 cm). A tower-mounting kit and
south-center meter-scale kit are available.

Also new from CDE is the CD44
antenna rotator which succeeds the popu-
lar, intermediate range TR44 often used
by amateurs for smaller antenna systems.
For more information on the new Ham |11
or CD44, write to Cornell-Dubilier Elec-
tronics, Division of Federal Pacific
Electric Company, 2070 South Maple
Street, Des Plaines, Illinois 60018, or use
check-off on page 110.

two-meter colinear

The new Hustler two-meter colinear
antenna, Model G6-144-A, is expressly
designed for repeater or fixed station
operation on two meters. FCC accepted
for repeater application, the antenna is



conservatively rated at 6-dB gain based on
EIA Standard RS-329 (gain over a
1/2-wave dipole). Special features built
into this 117-inch antenna include high-
power capability, shunt feed with dc
grounding, easily accessible SO-239 coax
connector, four radials, heavy duty
construction and double U-bolt mount-
ing. Price is $49.95 amateur net. For
additional information, write to Sales
Department, New-Tronics Corporation,
15800 Commerce Park Drive, Brookpark,
Ohio 44142, or use check-off on page 110.

multi-band
antenna coupler

The new Gold Line GLC 1079 Multi-
Band Antenna Coupler allows you to use
your standard car radio antenna to moni-
tor 20-70 MHz, 148—175 MHz and
250—470 MHz as well as your a-m/fm
car radio. It can couple up to five bands
without a new or special antenna. Two
cables are included for easy hook-up.
Price is $12.95 from Gold Line Connec-
tor, Inc., Muller Avenue, Norwalk,
Connecticut 06852. For more informa-
tion, use check-off on page 110.

low-loss uhf coax

The Antenna Specialists Company has
introduced what it claims to be the first
major development in communications
coaxial cable in twenty vyears, PRO-
FLEX,, 450, which offers significantly
reduced power loss in the ultra-high-
frequency range and higher ambient
temperature ratings. The new cable,
which is intended primarily for vehicular

More Details? CHECK—OFF Page 110

~Kegency HR-2B gives

a lot to talk over

American Made Quality at Import Price

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. $22900

Amateur Net

Feﬁ‘ej‘\cg_&scmomcs, INC.

7707 Records Street
Indianapolis, Indiana 46226

An FM Model For Every Purpose . ..
Every Purse

oL 1

&

HA-& HR-220 ACT 10-H/LIU
12 Channel-25 Wan 12 Channels- 10 Watts 3 Band 10 Channel FM
6 Meter FM Transcewver 220 MHz FM Transcewver Scanner Recewer
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CRYSTAL FILTERS
and

DISCRIMINATORS
by K.V.G.

10.7 MHz FILTERS
XF107-A 14kHz NBFM $40.60
XF107-B 16kHz NBFM $40.60
XF107-C 32kHz WBFM $40.60
XF107-D 38kHz WBFM $40.60
XF107-E 42kHz WBFM $40.60
XF102 14kHz NBFM $ 7.95
XM107-S04 14kHz NBFM $18.95
XF102, 2 POLE IN HC18/U CAN
XM107-S04, 4 POLE IN HC6/U CAN

10.7 MHz DISCRIMINATORS
XD107-01 30kHz NBFM $22.10
XD107-02 50kHz WBFM $22.10

ITS TIME
FOR 432

$47.50 roe.

MULTIBEAM 70/MBM46
420-450 MHz
46 Elements 19.5 dBi Gain

MMv 432 MMc 432

] '

140-153 MHz 28-32 MHz

MMv 432 High Power Varactor Tripler

Input: 140-153 MHz
0 watts max.

Output: 420-459 MHz
12 watts min. $75.20

MMc 432
Input: 432-436 MHz
Output: 28-32 MHz
Noise figure: 3.8 dB typical
Gain: 28 dB nominal $64.45

Write for complete details on this exciting
432 (or 450 MHz) package!

@ SPECTRUM
INTERNATIONAL

BOX 1084  CONCORD
MASSACHUSETTS 01742
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installations but may also be used effec-
tively in base station installations of
moderate power, is rated at 150° F
ambient rather than 104° F commonly
associated with conventional RG-58/U
cable. The cable construction consists of
an inner-conductor, an inner-dielectric of
foam polypropylene, shield braid and an
outer jacket of purest non-migrating
vinyl. Antenna Specialists is now convert-
ing production of its heavy duty uhf and
vhf professional mobile antennas to in-
clude the new PRO-FLEX¢m 450 cable.
It also is available in bulk quantities of
100, 500 and 1,000 feet for the conven-
ience of systems designers and for
replacement applications. Complete
specifications may be obtained by writing
to: Mr. Larry Kline, Professional Products
Manager, The Antenna Specialists
Company, 12435 Euclid Avenue, Cleve-
land, Ohio 44106, or by using check-off
on page 110.

little giant antenna

Stan Byquist’'s “Little Giant” antenna
is not exactly new—he received his patent
on it back in the 1950s and there was
some publicity for it then—but he has
recently resurrected the design and its
unique character deserves mention in
these pages.

More Details? CHECK—OFF Page 110



In brief, the Little Giant is a highly
compressed single-band antenna that can
be used in situations where conventional
antennas are out of the question. The
largest model, for 80 meters, is only
27-inches (68.6-cm) high and 32-inches
(81.3-cm) wide; even smaller models are
available for use on 40 through 10
meters. Bandwidth is necessarily small, as
would be expected of such a small and,
therefore, high-Q antenna. User reports
have been quite favorable considering
that any drastically shortened antenna is
bound to be a compromise in perform-
ance. Amateurs with a space problem
should contact Stan at the Little Giant
Antenna Labs, Vaughnsville, Ohio 45893,
or use check-off on page 110.

monobander antenna

KLM Electronics has introduced a
new, 20-meter “big stick” monobander
antenna which provides constant gain and
flat vswr over the complete frequency
range from 13.9 to 14.4 MHz. By using
very efficient driven elements, the five-
element array provides optimum gain of
9.7 +0.2 dB gain over a dipole with better
than 35-dB front-to-side and 30-dB
front-to-back ratio. A boom length of 41
feet and turning radius of 28 feet are
combined with rugged construction to
yield a beam that weighs in at only 65
pounds. Feed impedance is 200 ohms, or
50 ohms with KLM's optional 4-kW PEP
balun, priced at $14.95. The 20-meter
monobander is priced at $199.95. For
more information, use check-off on page
110, or write to KLM Electronics, 1600
Decker, San Martin, California 95056. If
you're in a hurry, call them at (408)
683-4240.

More Details? CHECK—OFF Page 110

= GREGORY ELECTRONICS
Reconditioned & Used
FM 2-WAY RADIO SAVINGS

Send for New Catalog

Partial Listing
from our new
’74 catalog ...

General Electric
Telephone Control Heads,
with handsets,
less brackets, as is,

2 Meters
General Electric
Progress Line
4 freq. transmit
and receive decks.
GE #7776221-G7, 144-174 MHz.

$25.00

GE #7776221-G8, 450-470 MHz.

$25.00

6 Meters
General Electric
330 watt power amplifier only,
type EF4A, 42-50 MHz.

*75.00

2 ¥im GREGORY ELECTRONICS CORP.

239 R1. 46, Saddle Brook, N. J. 07662
Phone: (201) 489-9000
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| The DELA-BRIDGE | B3

Analyzes antenna characteristics,
simplifies adjustment.

The DELA-BRIDGE |, when tied into your grid dip meter or low
power exciter, quickly and easily analyzes: (1) Existing antenna
& feed line characteristics, (2) Tuning & loading coils, (3) Filter &
interstage coupling networks. Direct readout then lets you adjust
for optimum performance

DELA-BRIDGE | Specifications:

FREQUENCY RANGE: 50 Khz to 250 Mhz
RESISTANCE RANGE: 0 to 500 Ohms, balanced or DELA-BRIDGE | guaranteed for 1

unbalanced, log scale H .
SIGNAL REQUIREMENTS: IMW to 2 Watts maximum year b}' Delavan Ehctmnlcs' Inc.
1 from low power exciter or any gnd dipper Delavan Electromics’ new Amateur Products Group might be a
POWER REQUIREMENTS: Internal 9V battery new name to you, but wen £ stranger -I]!l‘[“h ur radio

gy § 2 perations and equipment. Uelay 5 wel ded an |

ACCURACY: '3 at 50 Ohms ved in aerospace and industnial controls Delavan stands

v
TO READ & INTERPRET: Complete null and reactance shind its products 100% and guarantees the DELA-BRIDGE |
determination—not frequency sensitive—internal inte nditionally for 1 full year

grated circuit amplhifier allows use with low signal inputs Order your DELA-BRIDGE | today!

DELAVAN

neone DEABRIDGE L @ 3955 completelyassenbled b g g K C T IR ONICS, INC.
AMATEUR PHODUC?S GROUP

ottsdale. Arizona 85260 e (607)948-635(

HAM RADIO BINDERS V. N

Protect your valuable Ham Radio collection e 9 ) For
$4.50 each 3 for $12.00 ppd - ) FREQ.
HAM RADIO  Greenville, N. H. 03048 = STABILITY
‘1," | Depend on JAN Crystals.
Our large stock of quariz
AK-1 BOARD ONLY $ 3.25 cry:lal materials and componenls assures Fas!
g;g ggrm?ors%gcmomc PARTS : zg_gns Delivery from us.
ST-5 KIT OF ELECTRONIC PARTS : 4;152 CRYSTAL SPECIALS
.2 : ;
ST-5A KIT OF ELECTRONIC PARTS $ 51.00 2 “5:??4:n,:‘;’_m%’ﬂ'?;';:r“"“’ ;828
ST-6 BOARDS ONLY (These are the B original :
by WEFFC) $ 18.00 Frequency Standards
STg KIT OF ELECTRONIC PARTS $128.50 100 KHz (HC 13/U) 4.50
M005 KIT FOR UPDATING THE ST.5 TDs g%g 1000 KHz (HC 6/U) 4.50
PEMCO 250 EIGHT DIGIT COUNTER WITH Almost all CB Sets, Tr. or Rec. 2.50
gfl:J':‘LT IN PRE-SCALER AND POWER SL]IE‘PLY (CB Synthesizer Cryslal on request)
1 KIT $165.00 Any Amateur Band in FT-243 1.50
PESME%R.KHODEL YOA | FREQUENGY Cosl‘i'g_%ﬁ (80-meter, $3.00 - 160-meter not avail,) 4 for 5.00
These are fuI\I; assembled and tested boards For 1st class mail, add 20¢ per crystal. For
only, you add your own cabinet, etc. Write Airmail, add 25¢. Send check or money order,

for details.

You must supply the cabinet, A.C. cord, meter, switches,
etc. on all kits except where noted otherwise. (All prices
are postage paid (we pay shipping).

We will do most any printed circuit board for individuals
or prototypes. If required we will alse do the layout of
the boards. All our boards are G-10 glass-epoxy solder
plated and come drilled only. At present time we can do
only single sided. All component parts used in our kits are
new manufacturers stock. We Do Not Use Any Used or
Surplus Parts. All inquiries are answered promptly.

P E 1\1 (:0 EalhENCJ?ScNTISEWG

i 1 I
422 18thSt.. N.E. . Sal Ore. 97301, (503) 585-1262 Send 10¢ for new calalog with 12 oscillator
<2 18th 5t., N.E., Salem, Ore, 87301, (503 ) 305-120= circuits and lists of frequencies in stock

No dealers, please.

Division of Bob Whan
& Son Electronics, Inc
2400 Crystal Drive
Ft. Myers, Florida
33901
All Phones
(813) 936-2397
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“With my Robot Camera and Monitor,
I've had 2-way SSTV QSO’s with

78 countries and worked WAS for

the #3 W.A.S. certificate in the world.”

We know there is a good deal of DX'ng

with SSTV, so we contacted Eddie Col-
lins W4MS of Pensacola, Florida, to
find out more about it. We think Eddie’s
letter sums it up pretty well:

“...as tomy SSTV activities. I have
been active in this mode for approxi-
mately five vears. I built my first
monitor and then when the ROBOT
came out, I just had to have one. My

one of the first WAC certificates is-
sued by ARRL. SSTV has been a
terrific lift to my amateur radio ac-
tivities. I have always wished I could
see the amateur that I was in con-
tact with and SSTV has more than
fulfilled my wish. I was first licensed
in May 1915, operated spark, CW,
AM phone, SSB.and now SSTV.”

Model 70 Monitor has been function-

ing daily for nearly four years with MODEL 70A MONITOR ... ... . .. . .. $295
O TR 30 Cam- MODEL 80A CAMERA ... .. ... ... .. . .$295
no breakdowns. My Model 80 Cam MODEL 61 VIEWFINDER A~

era is in its fourth vear of faithful
service. With these units I have had
two-way SSTV QSO’s with 78 coun-
tries, worked WAS for the #3 WAS
certificate in the world. I also have

All Robot equipment car-
fies a one-year warranty
Four easy ways 1o pur-
chase: cash, C.0.D., Mas-

ter Charge, BankAmericard

ROBOT RESEARCH INC. 7591 Convoy Court,
San Diego, CA 92111 Phone 714 279-9430

More Details? CHECK—OFF Page 110 may 1974 79



UPGRADE YOUR HAM RIG . . . INCREASE PERFORMANCE!

”aw...you can get these

solid=state devices from your
regular HEP supplier or order...

ey [T

SEMICONDUCTORS

This is only a partial listing of the many HEP devices that are avail-
able to you - especially tailored to exacting Ham requirements by
the world’s largest semiconductor manufacturer, Motorola.

Mobile, Drivers, Outputs,
Linear Amplifiers, etc.

HEP 53005 — Poui —
2 Watts @ 175 MHz

Low Noise p
re-A
Amplifiers, e - oy Meter

te. — HEP $910¢0

NPN, ;, .
ONLY am i_f!"gh-gam Darlington
Smplitiers wiph high in
$9.95 'Mpedance; Gq put

50,000. ins up to

-~ 79

ALL of these HEP devices and
many more, plus project books
and accessories are available of
your local franchised Motorola
HEP semiconductor supplier.

HEP S3006 — Pout —
10 Watts @ 175 MHz

ONLY

$19.90

HEP S3007 — Pout —
25 Watts @ 175 MHz
ONLY

$24.95

ALL HEP devices are manufac-
tured by Motorola to rigid speci-
fications and each device is 100%
tested fo HEP parameters.

Enclose check or money order for $___ . . for the following Motorola HEP Ham devices:

(Indicate Amount) MINIMUM ORDER $20.00
S3001 S9100 S3005 $3006 S$3007
@ $3.75 @ 79¢ @ $9.95 @ $19.90 @ $24.95
MOTOROLA Name
Address
City & State

Zip
Send to: P.O. Box 20924, Phoenix, AZ 85001

®
SEMICONDUCTORS
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for the EXPERIMENTER!

INTERNATIONAL EX CRYSTAL & EX KITS

OSCILLATOR + RF MIXER « RF AMPLIFIER « POWER AMPLIFIER

.
>

1. MXX-1 TRANSISTOR
RF MIXER

A single tuned circuit intended for
signal conversion in the 3 to 170
MHz range. Harmonics of the OX
oscillator are used for injection in
the 60 to 170 MHz range. Lo Kit 3
to 20 MHz, Hi Kit 20 to 170 MHz
(Specify when ordering) S:l.iy

2. SAX-1 TRANSISTOR
RF AMP

A small signal amplifier to drive
MXX-1 mixer. Single tuned input
and link output. Lo Kit 3 to 20
MHz, Hi Kit 20 to 170 MHz
(Specity when ordering) $3.50

3. PAX-1 TRANSISTOR
RF POWER AMP

A single tuned output amplifier
designed to follow the OX oscil-
lator. Outputs up to 200 mw
depending on the frequency and
voltage. Amplitier can be ampli-
tude modulated. Frequency 3,000
to 30,000 KHz $3.75

Y

4. BAX-1 BROADBAND
AMP

General purpose unit which may
be used as a tuned or untuned
amplifier in RF and audio appli-
cations 20 Hz to 150 MHz. Pro-
vides 6 to 30 db gain. Ideal for

Amateur

5. OX OSCILLATOR
Crystal controlled transistor type
Lo Kit 3,000 to 19,999 KHz, Hi Kit

20,000 to 60.000 KHz.
when ordering)

(Specily
$2.95

SWL. Experimenter or
33.'_.’5/

. &

/

6. TYPE EX CRYSTAL

Available from 3.000 to 60.000 KHz.
Supplied only in HC 6/U holder
Calibration is * .02% when oper-

ated in International OX circuit
or its equivalent. (Specily
frequency) $3.95

X I

INTERNATIONAL

International Crystals are availabl

supplied to meet specilications M

(GP) for "General Pur
applications

(CS) for “Commercial

(HA) tor “High Accura
perature toleranc

CRYSTAL
TYPES:

L

>
for the COMMERCIAL user...

PRECISION RADIO CRYSTALS

to 160 MHz in a wide variety of holders,
Crystals for use in military equipment can be

<

e from 70 KHz

IL-C-3098E.

pose’’

Standard"
cy'’ close tem-
e requirements

4 N\

write for
CATALOG

INTERNA
| 4 v

CRYSTAL MFG. CO, INC.

10 NO LEE ® ORLA CITY. OKLA 73102

TIONAL
—

I

More Details? CHECK—OFF Page

110
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(AVAILABLE NOW!!
HT-144 KIT ONLY $99.95

Complete less batteries and crystals

HT-144 RECEIVER SPECIFICATIONS: SENSITIVITY better than .5uV for 20dB
quieting. SQUELCH THRESHOLD better than .3uV. STABILITY .002 typical (de-
pends on crystal). ADJACENT CHANNEL REJECTION 60dB. SPURIOUS RE-
SPONSES down 70dB. FIRST IF 10.7 MHz. SECOND IF 455 kHz. FILTER 4 pole
monolithic 10.7 MHz crystal. DISCRIMINATOR pretuned ceramic 455 kHz.
BANDWIDTH 15 kHz at 3 dB points, CRYSTAL 45 MHz parallel at 20pf.
CRYSTAL FORMULA receive frequency minus 10.7 divided by 3.
AUDIO OUTPUT .5w typical. CURRENT DRAIN 15 ma squelched,
100 ma on voice peaks.

*  Weight less batteries — approximately 15 oz.
Can be tuned to any 2 MHz segment between 140 and 170 MHz
Parts layout silk-screened on boards for easy construction
Battery case is AA size — accepts alkaline or nicad
External battery charging/power supply jack furnished
* 1 dual gate mosfet 1 I. C. 18 transistors 7 diodes
Antenna — collapsible 17" whip

Plenty of room in case for add ons (PL and tone)

* Anodized aluminum case 1% x 214 x 914

All tunable coils are prewound

Transceiver is on one G-10 predrilled board

Crystal deck is separate predrilled board

* Crystals HC254 - wire leads

2 WATTS
4 CHANNELS

HT-144 TRANSMITTER SPECIFICATIONS: OUTPUT 2 watts minimum. 3 DB BANDWIDTH 2 MHz
typical. STABILITY .002 typical (depends on crystal). SPURIOUS ocutputs down 30dB or better.
MODULATION true FM with varactor in crystal circuit. NETTING separate trimmers for each
channel. DEVIATION adjustable to 5 kHz. AUDIO limiter and active low pass filter. MICRO-
PHONE speaker type. CRYSTAL 18 MHz parallel at 20pf. MULTIPLICATION FACTOR frequency
times 8. CURRENT DRAIN 500 ma typical.

i Hity
-‘.-,?j .

PS-12
12 Amp regulated 29,
50 MV Ripple Max.
Adjustable 11-15 VDC

WIRED $79.95 KIT $59.95
SHIPPING WEIGHT 12 Ib.

PS-24

24 Amp regulated 29,
50 MV Ripple Max.
Adjustable 11-15 VDC

WIRED $89.95% KIT $69.95
SHIPPING WEIGHT 21 Ib.

*PS.24 SHIPPED WITH BASE PLATE — LESS CASE, AS SHOWN

HF ENGINEERING

—

20 WATER ST.

— DIV. OF BROWNIAN ELECT. CORP. —
POB 1921 BINGHAMTON, N.Y. 13902 607-723-9574 )
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TABLE CASER P S G
Tor CALCULATOR NEYBOARD ONLY T RECTIFIERS
Attractively designed! Excellent craftsman- VARO FULL-WAVE BRIDGES
ship. Case and keyboard (designed as one / V5647 2A 40OV $ .90
unit). Cabipet is made of high-impact V5647 ZA 600V 1.10
plastic beige color with black bezel MRS10 Rect. S50V 1A 10
and amber window. Keybeard consists £
of a 3-position slide switch and 25 ,' [ .
Keys, 5 of which are used for men- € Special 811: Hex Inverter
ory function. 20 keys gray, 5 keys TTL DIP Hex Inverter; pin interchangeable
orange. A1l keys mounted on one with SN 7404, Parts are brand new and are
printed circuit board. This modu— branded Signetics and marked "811.
lar unit is well suited for our Data EACH.... .30
calculator chips. Ideal for the L E D,s She, 10 FOR. 2.50
CT5005. Case and Keyboard Comglet Supplied 100 FOR. 23.00
T omLY §15.95 - 1000 FOR. .. 220.00
MV50 red emitting $ .20
10-4 ma @ 2V 10 FOR 1.25| 0-9 plus
RCA NUMITRON — 225 MAN 3M <3
ACH. . v vvennnn ..$ 5.00 = Right-hand decimal point. e\
E $ 3.0 MV5024 red TO-18 § .35 Flat-pack type case. Long
SPECIAL: S FOR $20.00 high dome 10 FOR 2.95 | operating life. IC vol- EACH $1.25
tage requirements. Ideal 10 OR MORE 1.00
d for pocket calculators! W/0 DECIMAL .75
MV10B visible red $ .30
3 CH[P CALCULATOR 5-7 ma @ 2V 10 FOR 2.50 MAN4 Seven-segment, 0-9 plus let-
This calcula- ters. Right-hand decimal point. Snaps in

tor set pro-

vides all of

the electronics
for an 8-digit,
floating point calculator with left~
hand entry. Keyboard, display, clock
generator, and display driver 1is all
that need be added to make a calcula~-
tor that will add, subtract, multiply

Memory IC 745206

1x256 Bipolar TTL RAM (45
ns).

One b1t wide by 256

14

deep random access memoTry.
Three-chip enable
Output 1is complement.
plete data supplied.

§3.95ea. 10for $32.00

nes.
Com~

l4-pin DIP socket or Molex. IC voltage re-
quirements. Ideal for desk or pocket calcu—
lators! o

|
TEN OR MORE 2 50 EACH l*f’

and divide. Overflow and negative
signals are also provided. Complete
instructions to build a caleulator
included,
CHIPS AND DATA..... eeien..58.95
DATA ONLY (Refundable).... 1.00

CT5005 CALCULATOR

3-Amp Power Silicon Rectifiers
Marked Epoxy Axial Package

CD-2 Counter Kit

This kit provides a highly sophisticated
display section module for clocks, counters,
or other numerical display needs. The unit
is .8" wide and 4 3/8" long. A single 5-volt
power source powers both the ICs and the

display tube. It can attain typical count
rates of up to 30 MHz and also has a lamp
test, causing all 7 segments to light. Kit

includes a 2-sided (with plated thru holes)

This calculator chip has a full four- fiberglass printed circuit board, a 7490, a
function memory, which 1s controlled PRV PRICE PRV PRICE 7475, a 7447, a DR 2010 RCA Numitron display
by four keys, ¥ (adds entry into 100. . 800.....% .30 tube, complete instructions, and enough
memory), =M (subtracts entry from 200. 1000. W40 Molex pins for the ICs . . NOTE: boards can
memory), CM (clear memory, without 400.... 1200.... .50 be supplied in a single panel of up to 10
clearing rest of registers), RM (read 600..... .23 1500.... .65 digits (with all interconnects); therefore,
memory or use as entry). when ordering, please specify whether you
12-Digit display and calcu- CMOS want them in single panels or in one multi-
late CD4O01 § .75 ple digit board. Not specifying will result
Fixed decimal at O, 1, 2, cD4002 .75 74C00 .75 | in shipping delay. e
3, 4, or 5 CD4010  1.00 74C20 .75 | COMPLETE KIT, EANGY]
Leading zero suppression CD4011 .75 74C160 3.25 ONLY $11.95 . . ; ,/
7-Segment multiplexed output FULLY-ASSEMBLED |} &
True credit sign display - . UN;T 51].30 Lted 1' o '52
Single 28-pin chip oards can be supplie separately .00
CHIP AND DATA.....e.... ONLY $14.95 7400 Serles DIP per digie.
DATA ONLY (Refundable)....... 1.00 ;:ggo $ §§ ;:}l;gi $ gg
5001 CALCULATOR 7401 .25 7453 .20 LINEARS
- _ | 7402 +35 7454 .25 | NE540 70-watt power driver amp.. ..$2.00
t‘jaﬁi" ;jiijﬁ;f‘aﬁg‘gi:ﬁi_“‘ji;,,j:‘;t 74HOL .35 74L54 35 | NESSS precision timer........... 1.50
display and calculate. Chain calcula- 7403 .30 74L55 .35 | NE560 phase lock loop DIP.. . 3.25
tions. True credit balance sign out- 7404 .28 7460 .20 | NE561 phase lock loop DIP. 3.25
put. Automatic over-flow indication. 74H04 .35 74L71 .30 | NE565 phase lock loop TO-5. 3.25
Fixed decimal point at 1, 2, 3, or 4. 7405 .28 7472 .40 NES66 function generator TO-5. .. 4.00
Leadin sion. Complet 7406 .70 74L72 .50 NE567 tone decoder..... .. 4.00
g zero suppression plete
data supplied with chip. 74HOS .35 7473 .60 | NE3558 dual 741 op amp M!NI DIP.. 1.00
CHIP AND DATA........ONLY $9.95 7408 .35 74173 .75 | 709 popular op amp DIP .45
DATA ONLY (Refundable).... 1.00 T4HO8 .35 7474 .65 710 voltage comparator DIP. .75
7410 .25 T4L74 .80 711 dual comparator DIP 40
All ICs are new and fully-tested; | 74L10 .35 T4H74 .80 723 precision voltage regulator DIP. 1.00
leads are plated with gold or solder. | 74411 .35 7475 1.40 | 741 op amp TO-5/MINI DIP...
Orders for $5 or more will be shipped| 7413 1.25 7476 .60 | 747 dual 741 op amp DIP...
prepaid. Add 35¢ for handling and | 7417 .40 74L78 .80 748 op amp TO-S..cvuriennsns
postage for smaller orders; residegts| 7420 .25 7480 .65 | CA3018 2 isolated transistors and a Dar—
of California add sales tax. IC or-|[ 74L20 .35 7483 1.00 lington-connected transistor pair 1.00
ders are shipped within 2 workdays-- | 74H20 .35 7489 4,00 | CA3045 5 NPN transistor array. 1.00
kits are shipped within 10 days of | 74H22 .35 7490 1.20 | CA3026 dual differential amp.. 1.00
receipt of order. $10.00 minimum on| 7430 .25 7491 1.00 LM100 positive DC regulator TO-5. 1.00
C.0.D.s (phone 1in). 74H30 .35 7492 .90 | LMIO5 voltage regulator B
MAIL ORDERS: 74130 .40 7493 1.15 LM302 op amp voltage follower TO- 5 1.25
P. 0. Box J 4811 Myrtle Ave. 7440 .25 7494 1.15
Carmichael, CA Sacramento, CA 74H40 .35 7495 1.15 LM308 op amp TO-5.....
95608 (916) 334-2161 7441 1.25 T4L95 2.00 | LM311 comparator TO-5
MONEY BACK _GUARANTEE ON ALL GOODS! 7442 1.20 74121 1.25 LM370 AGC amplifier...
""""""""" g oF | 7846 1.20 74123 1.50
SEND Fo:o;ggs;b{ﬁg kﬁ&';ﬁs%oo s OF | 32a7 120 74154 2.30 | LM309K 5V-1A power supply module TO-3.. 2.00
74161 2.00 LM3900 quad op amp 2.00
BRABYLON 7450 .25 74163 2.00 | LM1595 4-quadrant multiplier. . 2.00
Tn 74H50 .35 74193 1.50 8038 sine square triangle function
ELEC onics 7451 .25 74195 1.00 BENEr8LOr. ..ovrr vrmnernnonns 4.95

More Details? CHECK—OFF Page 110
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GEW NEW NEW NED

Factory New Semtech Bridge

Rectifiers \]

ALL 10 AMPS f \» 1
50 VoIt PIV $1.75 ea. -\j ) Y
100 VoIt PIV $2.00 ea. [*~: ’] |
200 Volt PIV $2.25 ea. | : J
400 VoIt PIV $2.50 ea. [

All Postpaid USA -

NEW NEW NEW NEW

Factory New Semtech Bridge
Rectifiers.

ALL 5 AMPS
50 Voit PIV $1.25 ea.
100 Volt PIV $1.50 ea.
200 Volt PIV $1.75 ea.
| 400 VoIt PIV $2.00 ea.

= ALL POSTPAID
Transformer, 115 VAC Primary, 12 Volit, 4
Amp Secondary .00 Each ppd.

Factory Mew Full leads. Fairchild RTL IC's.
uL 900, uL 914, uL 923. YOUR CHOICE
3 for $1.00 ppd.

\if 1%2" SQUARE SPEAKER

I8 Ohm V.C. Heavy Magnet Made
A /J for Stereo Headsets. 50¢ Each ppd.
h———

Miniature Terminal Strips.
ﬂﬂ 17 Long x " High. 3
d ,‘! Term. plus Ground

20 for $1.00 ppd.
NEW NEW

.I_s.,\“
TRANSFORMER. 115 volt pri- J
mary, 12 volt % amp second- J LI
ary. $1.50 ppd. e
DUAL SECTION ELECTROLYTIC -
CAPACITOR.

100 mfd x 100 mfd Both at /

380 Voits. Common Ground. ”

Ideal for Transceiver power ‘.‘-‘5“

supplies. $1.00 ea. ppd.

TOROIDS — YOUR CHOICE — 88 mhy or 44
mhy — 5 for $2.50 ppd.

Transformer — 115 Volt Primary — 12 VoIt
1.2 Amp Secondary $2.45 ppd.

JUST ARRIVED — Transformer, 115 VAC pri-
mary, 18 volt, 5 amp ccs or 7 amp inter-

mittent duty secondary $6.00 ea. ppd.
General Purpose Germanium Diodes

Similar to 1N34a etc. 16 for :1.00 ppd.
All Cathode banded. 100 for $5.00 ppd.
Full leads. 1000 for $40.00 ppd.

Transformer — American Made — Fully shield-
ed. 115 V Primary. Sec. — 24.0-24 @ 1 amp
with tap at 6.3 volt for pilot light.

Price — A low $2.90 each ppd.

[C

400 VoIt PIV at 25 Amp. Bridge &
Rectifier. &
$4.00 ea. or 3 for $10.00 ppd.

U

e

6.3 Voit 1 Amp Transformer. Fully Shielded
$1.60 Each ppd.
SEND STAMP FOR BARGAIN LIST
Pa. residents add 6%, State sales tax
ALL ITEMS PPD. USA

' m. weinschenker

~ K3DPJ BOX 353-IRWIN, PA. 15642
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NEW FOR 74
ECM 5A FM Modulation Meter
« Operates 30500 MHz Om‘y 88500 =

= Crystal controlled tor fast and easy
operation

= Peak reading

® Accurate within 1 kHz at 15 kHz e au

G e @

Phone or wrile
for complete mtarmation Dia -, -
12476 121
Availabile by direct mait only. ORDER INFO: Send chech
$85.00 plus $1.50 for handling. Indiang

wales tan. Cryatals tor 14694 MHz $3.95 ea. All ¢

ECM Carparation
412 N Weinbach Ave
Evansville, Indiana 47711

WANTED

MILITARY SURPLUS ELECTRONIC EQUIP-
MENT. WE NEED RT-750/ARC-34C, RT-742/
ARC-51BX, RT-698/ARC-102, RT-823/ARC-131,
RT-857/ARC-134, RT-B59/APX-72, 6187, GRC-
106, VRC-12, VRC-24, URC-9: ANTENNA
COUPLERS, CU-1658A, CU-1669A, 4t0T-1:
C-6287/ARC-51BX CONTROL BOXES, ALSO
EQUIPMENT WITH APM, ARM, ASM, AND
USM PREFIXES. TOP DOLLAR PAID OR
TRADE FOR NEW AMATEUR GEAR. WRITE
OR PHONE (704) 524-7519, BILL SLEP,
SLEP ELECTRONICS COMPANY, P. 0. BOX
100, OTTO, NORTH CAROLINA 28763.

BLEF ELECTRONICS

WIGHWATY 301 FRANKLINSEUTH D10 NONTH CARDL WA JNTS)
FHONE 17041 824 1818

15th year - July 27 - Aug. 9, 1974

Courves Taught (

Goll privileges at New
FRULY 4 1% A FION

People attended from the following states:
Narth Carnl Sonth Carolina, Missouri, Ter
see, Utah, . Oklahoma, West Virginia, Ala-
hama, New Hampshire, lowa, District of Columbia,
Vermont, i Indiana, Ohin, New Jersev,
New York, Massachusetts, Marvland, Virginia, 1lh-
nois, Michigan, Georgia, Kansas, Mississippi, Ne-
hraska, Mamne, Kentucky, California, New .\It. ),
Arkansas, Texas, Wisconsin, Lowisiana, Oregon,
Connecticut, Minnesota, Pennsyvivania

We've changed our name (from Camp Albert But-
ler to Glade Valley School Radio Session) and our
location. We have just moved four miles from our
previous site. We are now on the campus of a
beautiful small boarding school. Excellent accom-
modations, same good food and the same excel-
lent instructors,

C. L. Peters, KADNJ, Director

P. 0. Box 770, Elkin, North Carolina 28621

Please send me the Booklet and Application Blank
for the Glade Valley School Radio Session.

Name Call
Address

City/State/Zip

More Details? CHECK—OFF Page 110



ADVANCED
AMATEUR
TECHNOLOGY

from

\v/ YAESU

YﬂESU

AND QUALITY

b W

l-!'-“

YOUR ASSURANCE OF PERFORMANCE

Amateur
Net
$499

: TR ""rﬁ
FR-101S o b2

ALL BAND, SOLID STATE
COMMUNICATIONS RECEIVER

Features:

Total spectrum coverage: 160, 80, 60*, 40, 31°,
25, 20, 19°, 16*, 15, 13, 11*, CB*, 10A, 108,
10C*, 10D*, 6*, and 2* Meter bands

| Provision for all mode reception and filters: SSB,
Cw**, AM**, RTTY, and FM**
| Complete transceive capability with 101 series
Reliable, plug-in circuit boards
Better than 1kHz readout on all bands
Selectable fast or slow AGC
Built-in noise blanker
Fixed channel crystal control provision
PLUS MANY MORE EXCITING FEATURES.
ANOTHER FIRST FROM YAESU!
(“optional plug-in crystals) (° “optional filters available)
Available soon from your dealer
Price and specifications subject to change without notice

NEW! _ Amateur

Statmn Monitor Scope

Features:

Compatible with most all
and transceivers

transmitters

Provision for all mode monitoring:
SSB

CW

AM

RTTY

All essential functions front panel ad-
justable

Built-in 1500/1900 Hz Tone Generator
Vertical input — 3180 kHz — with

455 kHz and 9 MHz optional

For the cleanest signal on the band, add
this wversatile accessory to your station
today.

Available soon from your dealer
Price and specifications subject to change without notice

YISIT YOUR DEALER FOR MORE INFORMATION ON THESE AND THE COMPLETE YAESU LINE
Full six month dealer warranty with factory service available for continued after warranty service backup

ADIRONDACK RADID SUPPLY 518-842-8350
185 West Main Street, Amsterdam, New York 12010

AMATEUR ELECTRONIC SUPPLY 4144424200
4828 W. Fond du Lac Ave., Milwaukee, Wisc. 53216

AMATEUR ELECTRONIC SUPPLY 305894-3238
621 Commonwealth Avenue, Orlando, Flonda 32803

CW ELECTRONICS 303.244.5523
1401 Blake St., Denver, Colorado 80202

ELECTRONIC EXCHANGE CO 508 834-9000
608 Papwarth, Metainie, Lowisiana 70005

FRECK RADIO SUPPLY 7042549551
38 Biltmore Avenue, Asheville, North Carolina 28807

GRAHAM ELECTRONICS 317634 8486
133 S. Pennsylvana St., Indianapolis, Indiana 46204

HAM RADIO CENTER 3149936060
8342 Olive Blvd., S5t. Lowis, Missoun 63132

HAM RADIO OUTLET 415.342.5757
999 Howard Avenue, Burlingame, Califormia 94010

o

YAESY
\V/

(213) 633-4007

More Details? CHECK—OFF Page 110

HAMTRONICS 215.357.1400
4033 Brownswille Rd., Trevose, Pennsylvania 19047
HARRISON RADID 516:293.7990
20 Smith Sweet, Farmingdale, LI New York 11735
HENRY RADID 213-272-0861
11240 W. Dlympic Bivd., Los Angeles, Calif. 30064
JUGE ELECTRONICS 817926.5221

3850 5. Freeway, Fort Worth, Texas 76110
QUEENCITY ELECTRONICS, INC 5139311577
1583 McMakin Ave., Cincinnati, Ohio 45231
RACOM ELECTRONICS 2062556656
15051 S.E. 128th St.. Renton, Washington 99055
WEBSTER RADIO 209-224-5111
2602 Ashlan, Fresno, Califorma 97326
WILSON ELECTRONICS
P.0. BOX 116, Pittman, Nevada 89044

702-451-5791

YAESU MUSEN USA INC.
7625 E. Rosecrans Ave., Unit #29, Paramount, CA. 90723
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The all new Ty = manual for electronics
experimenters and hobbyists ---

More than two years in the making, Tdoc has
gathered the most practical and usable data
from industry, the U. S. Patent Office, DOD,
NASA, NTIS (National Technical Information
Service) and others. Jam-packed with all the
data needed by the hobby experimenter at the
bench. From theory refresher to applications
diagrams, device characteristics, tables and
formulas, charts and graphs -- hundreds upon
hundreds of illustrations.

A High-Density Modular Document
No wasted space or words, Sepavate sections
are removable in loose-leaf fashion -- books
within a book -- mounted in a rugged binder,
big enough to hold other Tdoc publications
-~ Oor your own notes.

Just by way of example, the section on hand
soldering was boilrd-down from the practices
of the American Welding Society -- Committee
on Soldering and Brazing; NASA, USN, solder
manufacturers, the Bell Telephone System and
others. The section contains everything you
need to know about solder, fluxes, soldering
tools and techniques.

There are over 100,000 words covering theory
and application of semiconductor devices --
diodes, transistors, the SCR/TRIAC, digital
and linear integrated circuits, operational
amplifiers, voltage regulators, counters and
decoders, and much, much more,

Sections also treat the vacuum tube and CRT,
capacitors and electrostatic devices, relays
and switches, electromechanical devices and
mechanical movements, energy sources, cable
and wire, ++++++

Update Without Annual Replacement

No need to buy a whole new book every year
to Keep abreast of information in the field;
the "book within a book" style permits you
to update only as needed.

There has never been another manual like it.
That's why we undertook to put it togetheri!
Once you have had a chance to put the manual
to use, you'll start enjoying electronics as
a hobby, with fewer unfinished projects that
could have been completed had there not been
an information gap!

Electronics Bench Manual

- Postpaid
Introductory Price: §1795 In Ul.,S.A-

Send check or money order marked
“EBM” with your name and address

to:
TECHNICAL DOCUMENTATION
BOX 340

CENTREVILLE, VA 22020

703-830-2535 J
LVlrg)nla residents please add 4% sales tax.

may 1974

Touch-Call

DECODER

A KIT DESIGNED TO PROVIDE INEXPENSIVE SELECTIVE CALLING

- Dotects one 4-digit TOUCH-TONE® sequence selected by internal
strapping

» Uses audio from discriminator or speaker output

 Spaakar switching relay included - SPDT

~PLL Tone

+ Latast integrated circuit
- Easy construction and nstaltation
- Power input 12 vdc negative ground

PCB KIT #T710 4.75 x 5.5 Board and all board $39.95
mounted componants

COMPLETE K{T #T10-C PCB Kit with cabinet; switch; LED; $44.95
and tarminal block

ASSEMBLED T10-C Specity an initial code preference $59.95

Prices affactive Aprit 15, 1974 supersede all others
Shipping wt. 2 tbs. Add sufficient funds for handling
Texas residents add §% state tax

ORDER FROM: CEPCOD
RO. BOX 189
DUNCANVILLE, TEXAS 75116

() 1OUCH-TONE 15 A REGIITERED TRADEMANK OF AT&T

SLEP SPECIALS

TS-413/U SIGNAL GENERATOR 75 kHz TO 40
MHz IN 6 BAND, PRECISE CALIBRATION FROM
1 MHz CRYSTAL OSCILLATOR. HAS 9 MODU-
LATION METER CW OR AM 400/1000 CPS VARI-
ABLE 0-50%, ALSO RF LEVEL METER 0 TO
1.0V. IDEAL FOR AMATEUR, MARINE, AIRCRAFT
AND HOBBYIST FOR IF AND RECEIVER TRANS-
MITTER ALIGNMENT OR DEVELOPMENT V;lgORK.

5.00
TS-497/URR SIGNAL GENERATOR, 6 RANGES
2-400 MHz, MILITARY VERSION OF MEASURE-
MENT MODEL 80, 0.1 TO 100,000MV ....$225.00
TS-505/U VTVM 0-250 VAC, 0- lOOOVDC '0-1000M
OHM RESISTANCE MEASUREMENT AC FRE.
QUENCY RESPONSE 30 Hz-500 MHz, HIGH
INPUT IMPEDANCE, PORTABLE RUGGEDIZED
CONSTRUCTION COMPLETE WITH PROBE $45.00
HP-525A FREQUENCY CONVERTER PLUG-IN 10-
100 MHz FOR HP524 SERIES, USM-26, FR38
FREQUENCY COUNTER ... . $65.00
MODEL VOX TECHN!CAL MATERIAL CORP VAR-
IABLE FREQUENCY OSCILLATOR TUNES 2
THRU 64 MHz 115V/60Hz ... $85.00
URR-27 RECEIVER, TUNEABLE 100 THRU 190
MHz, IDEAL FOR HAM AIRCRAFT, POLICE,

WEATHER ETC. 115V/60Hz ... $125.00
TGC-14 MITE RTTY MACHINE WITH KEYBOARD
115V/60Hz .. . $175.00

BC-348 RECEIVER, TUNES 200-500kHz and 1.5
to 18MHz, 28 VOLT, EASILY CONVERTS BY
BUILDING 115V/60Hz, POWER SUPPLY $65.00
R-390/URR RECEIVER, TUNES 500kHz THRU
30.5 MHz, DIGITAL TUNING AM/CW/FSK/SSB
115V/60Hz 197 RACK MOUNT. A BEAUTIFUL
RECEIV . $550.00
HP-430 RF POWER METER . 39.50
ALL EQUIPMENT EXCELLENT CONDITION FOB
OTTO, N.C. SATISFACTION GUARANTEED OR
MONEY REFUNDED, IMMEDIATE SHIPMENT.
WRITE OR PHONE 704-524-7519.

SLEFP ELECITRONICS
HIGHWAY 441, FRANKLIN SOUTH, OTTO, RORTH CARDLINA 28763
PHONE (704) 524.751

More Details? CHECK—OFF Page 110




™ ANTENNA TIME AT
KLI\I ELECTRONICS

— VERTICALS — — BEAMS —
160—80—40 MTRS “BIG STICK" 5 EL.
SINGLE BANDERS 20 MTR MONO
PHASED ARRAYS TRIBAND/LOG
AVAILABLE 13—30—7 EL.

NEW 10—15 MTR DUO-BANDER COMING SOON —

CIRCULAR POLARIZED 2 MTR OSCAR 6-7 12 EL.
VHF ‘ NEW 144-174 MHz RADOMED MONOPOLES

UHF || NEW 440-520 MHz 6 EL. REARMOUNT

PLUS ALL STANDARD 6-2-220 & 432 MHz MODELS
PLUS *“FERRITE" 1:1 & 4:1 4 KW HF BALUNS
PLUS ‘“SLEEVE" 1:1 & 4:1 2 KW VHF & UHF BALUNS

CALL (408) 683-4240 OR WRITE FOR COMPLETE
AMPLIFIER AND ANTENNA CATALOG

1600 DECKER AVENUE
SAN MARTIN, CALIF. 95046

FREQUENCY STANDARD

Only
$32.50

fless balteries)
POSTPAID USA

IL 1.V ELECcTRONICS

WESTERN N. Y.
HAMFEST and
VHF CONFERENCE

MAY 17, 18, 1574

Monroe County
Fairgrounds

Rt. 15A

Rochester, N. Y.
(Near Thruway Exit 46)

® Precision crystal

® Fully guaranteed

® Zero adjust sets to WWV. Exclusive circuit
suppresses unwanted markers.

* Compact rugged design. AMractive, com-
pletely self contained.

® Huge Flea Market

® Top Programs ® Markers at 100, 50, 25, 10 or 5 kHz se-
® Award Presentations lected by front panel swifch.

a

Friday Night Cocktails

WRITE: ® Send for free brochure.

WNY HAMFEST

BOX 1388

ROCHESTER, N. Y. PALOMAR
14603

ENGINEERS
BOX 455, ESCONDIDO, CA 92025

More Details? CHECK—OFF Page 110 may 1974 87



LEARN RADIO CODE

THE EASY WAY!

® No Books,To Read

® No Visual Gimmicks To
Distract You

® Just Listen And Learn

NURMI ELECTRONIC SUPPLY

1727 Donna Road » Wm: P-Im Hmuh Florida 33401
PHONE (306 6868553

Based on modern psychological

)
HEP 1m 8 techniques—This course will take

THE “DO EVERYTHING \/ / ‘995 you beyond 13 w.p.m. in
2% AMP. 1000 VOLT DIODE 5 s LESS THAN HALF THE TIME!

Album contains three 12°  Available on magnetic tape
2 PRLETHOR 15, 0 K DI N R WG . ot LP’s 2% hr. Instruction $9.95 — Cassette, $10.95

u—(@mom-g B B £psiloN [] RECORDS |

THE MOST POPULAR DUAL GATE PROTECTED MOS FET = . .
iiril oo i i A0 FIHE Wa i Sl e e e 508 East Washington St., Arcola, lllinois 61910

5%6 00

m; - 174U 0AMP.
o s rnovon mwssorr e || L AMIENP CHIOKRE I
g

drﬂf_‘ff].‘_‘]ﬂum‘nnuun‘f’ﬂnnn*

COMPLETE INSTRUCTIONS FREE ILLUSTRATED FLYER
A\ [1=]a] VNN 12X100 MM
soanles ROD

: enviniins da Kk s o 4
KEYSTONE PERF . = NORTH HOL CALIF, 91607 S ;j!,,-@,g

BELDEN NO 8216 100° %525 - 500781930

FIF PDWEH TFIANBIBTDFIB

BOARD

LOOKING FOR A NEW CHALLENGE?
s then build a TV cameral

ass Epony
Pert Board 3/64° Thi

No Size lin |
4035 N
2N

240
o241 e
o1 seoapway, nw. ATV Research  paxoma ciry, nesr. s87m

WANTS TO BUY

All types of military electronics equipment and
parts. Call collect for cash offer.

SPACE ELECTRONICS division of
MILITARY ELECTRONICS CORP.

disie b — 76 Brookside Drive, Upper Saddle River
Cat No 145 11 80/C ~_:', New Jersey 07458 ® (201) 327-7640
|‘|NI‘.'.il‘“l::;-‘I“Il‘::'tl'lqls

PUSH-IN TERMINALS For .042 DIA. HOLES

i Car Mo VXZZ

;, A " DRESS UP YOUR STATION

your own engraved woodgrain-
ed station identification plate
complete with logging pens
(as pictured) only $9.00,
without pens (plexi-base)
$5.00, complete satis-
faction — prompt de-
livery Guaranteed.

J & L Plastic
Engraving

..... e BOX 23
oggeingy oo bt —_ﬂt\w‘ JACKSON, MI. 49204

88 [l may 1974 More Details? CHECK—OFF Page 110
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DATA ENGINEERING
IS ON THE MOVE

NEW PRODUCTS
NEW LOCATION

AUDIO AUTOMATIC GAIN CONTROL AMPLIFIER

Is your tone decoder having problems due to input signal varia-
tions? If so, eliminate these and other problems caused by weak,
strong or varying input signals, The AAGC:1 will take signal levels
between 50 mV to 5 Voilts and feed a clean rock stable signal to
any decoder for perfect operation. Give your decoder a chance to
decode properly with our AAGC-1 amplifier.

Shipping Weight 3 oz. $12.95 kit
$17.95 wired
DELUXE RECEIVER PREAMPS

Specially made for both OLD and MNEW receivers. The smallest
and most powerful single and dual stage preamps available
Bring in the weakest signals with a Data Preamp.

NOISE KIT WIRED

LOOK FOR THESE BAND STAGES | GAIN | FIGURE | PRICE | PRICE
EXCITING NEW PRODUCTS
IN 1974 10 meter Single 20 dB 2 dB $9.50 $12.50
Complete RTTY System 6 meter Single 20 dB 2 dB $9.50 $12.50
and Accessories 2 meter Single | 20 dB | 2.5 dB | $9.50 | s$12.50
Tl_JUCh-Tﬂ"ﬁ' to 2 meter Double | 40 dB 2.5 dB | $18.50 | $24.50
Dial Puise Convertar 220 MHz Single | 17 dB | 2.5 dB | $9.50 | $12.50
Repeater Auto-Patch

220 MHz Double 35 dB 2.5 dB $18.50 $24.50
Low-Cost Memory Keyer

*440 M ; i
Morse/Baudot/ASCI1 0 MHz Single 14 dB 3 dB $9.50 $12.50
Keyboard *440 MHz Double | 28 dB 3 dB $18.50 | $24.50

Variable Frequency, Variable *Available in June
Bandwidth CW/Phone Filter

DATA ENGINEERING . =

P. 0. BOX 688, ALBANY, GA 31702

CRICKET 1
A popularly-priced IC keyer with more features for your dollar
Cricket | is small in size and designed for the beginner as well

as the most advanced operator. It provides fatigue-free sending
and its clean, crisp CW allows for easy copying at all speeds.
Turned on its side, the Cricket can be used as a straight key for
manual keying. Right or left hand operation. AC/DC.

Shipping Weight 3 |bs. $49.95

SPACE-MATIC 21B

The SWITCHABLE Keyer — eight keyers in one! Selectable
dot/dash memories, and character/word spacing. The perfectly
timed code sent by the SM-21B is as easy to copy as "“Tape
Code", and it gives the sender a distinguished “professional fist"
When you buy the Space-Matic, you buy a “keyer for keeps’™. No
need to trade next year for another keyer with additional features.
They are all here today — in the SPACE-MATIC 21B!

Shipping Weight 4 Ibs. $119.50

More Details? CHECK—~OFF Page 110 may 1974 89



ALL-BAND ANTENNA CONNECTOR

HYE-QUE 1 molded connector has
eyelets for securing antenna elements,
heavy copper leads, coax PL25Y oon-
nectur for feedline, and tie-paint For
antenna  support,  Drp-cap  protects
Ilrmhmnl At your deal-

stpd. Companion in-
Wy, 2 i'nl' 99¢ ppd. Instruction

sl
e hoded

BUDWIG MFG. CO., p.0. Box 97H, Ramona, Calif. 92065

“THE ELECTRONICS STORE"
RMS CORPORATION
675A GREAT ROAD (ROUTE 119)
LITTLETON, MASS. 01460
7400 SERIES I.C.'s MATRIC-KEYERS
HUSTLER ANT. APOLLO CABINETS
VHF ENG. KITS VENUS SSTV
LARGE INVENTORY OF COMPONENTS
1-495 to Rte. 119, Groton Exit 40
2 Miles On The Right

NEW!

GLOBALMAN,,,
ELECTRONIC
KEYER
EK-108D

with built in monitor

$64.95 ppd.
Jam-Proof IC Circuitry = 5-50 wpm
self completing * Output heavy-duty
TR switch 250v. 2 amps * Power: 2
flashlight batteries or external 6VDC
1 year unconditional guarantee — 10 day return privilege
Write for specs & photos. Dealers Wanted

WG6PHA — GLOBAL IMPORT CO.

714-533.4400 Telex 678496 Box 246, El Toro, Calif. 92630

— PCB KITS —

RTTY SPEED CON\I’ERTER/Dn[Ied PCB 5 & 11 VDC 242 .00
50

DRILLED PCB ONLY 6
RTTY AFSK Gen. All Shifts & CW I.C. 9 VDC @ 2ma $7.25
100 kHz XTAL CALIBRATOR Less Xtal 9 VDC @ 2ma $5.25
POWER SUPPLY — 28 VDC @ 650 ma output $9.85
PREAMP MICROPHONE 26 dB Gain 9 VDC @ 1ma $3.85
LIMITER PREAMP For High Z Mike 9 VDC @ 1ma §5.30

PRODUCT DETECTOR For Your Receiver 9 VDC @ 1ma $3.95

'S METER KIT Less 1ma Meter AVAC

SWR METER, Stripline, Less 200ua Meter $3.25

WWV-CDNVERTER 3.5. 4,0 MHz Qutput 9 VDC @ 5ma $5.75

uires 6-6.5MHz Crystal

6 ME ER CONVERTER FET Front End ‘) VDC @ 5ma  $6.50
7-11 MHz Output, Less 43 MHz Xta

CW KEYING MONITOR, RF Keyed, Less Spltr 9VDC @  Jma

POWER SUPPLY - 9 VDC @ 50ma Output 115VAC $5 35

& METER CASCODE PREAMP 80 VDC @ 4.5ma $5.45
Wired & Tested Less 2 ea 6CW4 Nuvistors

DRILLS, #54, 56, 58 or 60 (each) $.50
Finest Quality for PCB's, Made in USA  Three For $1.25

EXCEPT AS NOTED ABOVE, ALL KITS ARE NEW
100%, SOLID STATE. AND COME COMPLETE WITH AN
UNDRILLED G-10 PCB (PRINTED CIRCUIT BOARD) AND
ALL PCB MOUNTED COMPONENTS. KITS ARE LESS
POWER SUPPLIES, CHASSIS, AND ENCLOSURE HARD-
WARE. SEND SELF-ADDRESSED, STAMPED ENVELOPE
FOR COMPLETE DATA SHEET AND SCHEMATIC.

SATISFACTION GUARANTEED. RETURN IN 30 DAYS
FOR REFUND. ALL KITS POSTPAID. INCLUDE 50¢
HANDLING CHARGE. WASHINGTON RESIDENTS ADD
5.3% SALES TAX.

Martex Corporation

519 S. AUSTIN, SEATTLE, WASH. 98108

HA

1500X-2

i

Sloping Panel Cabinet - Rub-
ber Feet - Keep in Antenna

. Line up to 1 Kilowatt
Rotary Antenna Switch .
Single pole, 3 position An- .
tenﬁa ; itch « Low SWR « L K 900X-2
Use up to 30 MHz. 500 Wattmeter
Watt handling capacity. Resale Measurs RF
Sloping Front Console Cab. Model Dimensions Net in 2 ranges 25
295 “E" 6% x315/32x7 1/16 8.25 and 250 watts.
“HA" 5% x 5% x4 (Blank Panel)  8.95 52 Ohm input.
“KT 4%, x ?‘4 x 11 W/Handle 13.50 $29.95
"Lt WA xekx1al 2050 | 1700X-2 Vertical /Hori-

450X-S Antenna Switch
3-Position Slide Switch
Low Loss - Walnut-grain

Finish Chassis - Gold Cover

700X-2 KW Wattmeter
Dummy Load Wattmeter for
52 O''m Input. Measures RF
in 4 ranges to 1000 watts.
Measures modulation per-
centage on calibrated scale.
Portable.
$124.50

Meter O-1 MA
to fit “L" box
ppd. 5.00

with: 2.50239, 1-
Switches, and 2 - Knobs

APOLLO PRODUCTS

zontal Antenna Switch

N Allows operator to select
any one of 3 antennas or
. dummy load. Two Antennas
0 6 can be switched in

simultaneously. New
Sloping Front Console Cab.

“LITTLE GIANT"
Vacation or Occasional
Miniature Antenna.
Measures 27" high, 22"
wide, 4” thick! MHz
antenna 40 meters. Ideal
for apartment motel, hotel,
trailer camper, travel use.
1973 production, if demand
warrants.

IIL”
package enclosure
“Shadow Box' machined

Pilot
Light, 3 - Rocker

pkg. 29.95

BOX 245 - VAUGHNSVILLE, OHIO 45893 - Phone (419) 646-3495 - Evening Phone (419) 646-3495
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Wilson Electronics Presents The Finest 2 Meter Hand Held
With the Hottest Rx Front End on The Market.

2METER FM TRANSCEIVER MODEL 14025M
FREQUENCY oo 140 - 150 MHZ
(2 MHZ SPREAD)

NUMBER OF CHANNELS ............. 6
Supplied with 146.94 Simplex
146.34/94 - 146.16/76

R EOUE s csssimssnesmes 2 Watts minimum
SENSIEIVITV  csmnsrisissmaniseninsessas s better than 0.3
MV/20 DB Q.S.
Audio QUIPUL-iamnasmimssaiiams 500 mv
MELET s AR Monitors battery voltage
on Tx, S meter on Rx
WEIGRT .......ccoreemsmimimme s AT e 1 Ib. 4 ounces
without
battieres
CUITENT BPaAIT cvossssmssisssmmsmmimmsmeryes 15 MA Rx
410 MA Tx

Size 8 7/8" x 1 7/8" x 2 7/8"
Includes Adjustable Whip Ant

593900

MODEL = ACCESSORIES Net Price

1410A 12 Watt Power Amplifier
Also Includes Steel Case
For 14025M - Charges 1402 SM
When Pluged into Cigarette

Lighter 99.00
LCL LEATHER CASE .............. 12.00
14BC BATTERY CHARGER ...29.95
SM1 SPEAKER MIKE ............. 24.00

WRITE FOR COMPLETE SPEC SHEETS.
SEE YOUR NEAREST DEALER FOR
THE FINEST AMATEUR HAND

HELD ON THE MARKET

DEALER INQUIRIES INVITED ,
COMMERCIAL VERSION AVAILABLE  1410A

Wilson Electronics

P.O. Box 794 Henderson, Nevada 89015
Telephone (702) 451-5791 451-6650

More Details? CHECK—OFF Page 110 may 1974 91



DUAL BAND ANTENNAS

These ready to mount antennas consist of full
Yo wavelength elements of No, 12 copperweld
wire and can be used as either dipoles or in-
verted vees, No traps, coils, gimmicks, ete, are
used to shorten the elements, 2KW  rating.
Single coax  feedline
mounted dipoles with o
50/40, $21.95; 40/
Other  combinations
catalog listing
ed dipole

conterminal

HUUSE []F DIPOLES
P. 0. BOX 8484
ORLANDO, FLORIDA 32806

required.  Individually
smmon center insulator:
20, 816.25; 20/15, $14.10.
available. Send for free
dual band, monoband, and fold-
antennas. Baluns available, Postpaid

LOW PRICES

ON POPULAR COMPONENTS
IF FILTERS

Monolythic crystal filters at 10.7 and
16.9 MHz
« Ceramic filters at 455 kHz

SEMICONDUCTORS
VHF power transistors by CTC-Varian
J and MOS FETS
Linear ICs — AM/FM IF, Audio PA

FM Schematic Digest

A COLLECTION OF
MOTOROLA SCHEMATICS
Alignment, Crystai. and Technicai Notes
covering 1947-196(

136 pages 114" x 17" ppd $6.50

S. Wolf
P. 0. Box 535
Lexington, Massachusetts 02173

Bipolar — RF and AF popular types

INDUCTORS

Molded chokes
Coil forms — with adjustable cores

CAPACITORS

+ Popular variable types

QUALITY COMPONENTS

Mo seconds or surplus
Name brands*— fully guaranteed
Spec sheets on request

GREAT PRICES

Price breaks at low quantities
Prices below large mail-order houses

WRITE FOR CATALOG 173

AMTECH

P. 0. BOX 624, MARION, IOWA 52302
(319) 377-7927 or (319) 377-2638

Mixed Doubles

Midland’s all-new
2-meter FM mobile
transceiver has
selective and
simultaneous
control of all TX
and RX frequencies

Double channel selectors for crystal con-
trolled TX and RX frequencies in the 144-
148 MHz range. Dual power transmitter

delivers 30-watt or 5-watt RF output—

and has automatic VSWR protection

Double meters — Discriminator meter and
S/RF/SWR meter

30 WATTS ¢ 12 CHANNELS

Crystals are installed for 146.16, 146.34
and 146.94 TX plus 146.76 and 146.94 RX

Built rugged in all-metal cabinet. And
builtto the rigid standards that have made
Midland a leading name in communica-
tions. Suggested list price is $299.95
Model 13-505

“I DLAND

ELECTRONICS COMPANY

92 may 1974

Write for FREE Midland Amateur Radio Catalog
Dept. H, P.O. Box 19032, Kansas City, Mo. 64141
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MOTOROLA ouvsirv

SYNTHESIZED VERSATILITY

QUALITY AND VERSATILITY CAN GO HAND IN HAND. YOU CAN SYNTHESIZE YOUR
PRESENT RADIO . . . BUILD AN INEXPENSIVE SYNTHESIZED PACKAGE . . . OR
CHECK INTO OUR OWN SPEC Il FOR THE ULTIMATE IN FM OPERATING.

MOTOROLA T43 SERIES MOBILES

« Convertible to 2 meters

« 25 watt ouput

* Trunk or Dash mount avail.
« Mobile accs. included

Normally $7500  SPECIAL $55.00
MFA-22 SYNTHESIZER BY RP

* Full 2mtr band coverage

« Exceptionally clean output

« Both simplex & repeater modes
= Adaptable to any radio

+ 1 year warranty

Basic model $275.00
SPECIAL PACKAGE

T43 series radio $ 55.00
MFA-22 Synthesizer 275.00
Interstage tripler for T43 15.00

Normally 345.00
Special Package $315.00

NOW AVAILABLE FOR IMMEDIATE DELIVERY
SPEC i

+ Completely Synthesized
« “Motorola Quality" circuit board

| mn HH s The SPEC Il 2 meter transceiver combines the RFP
LT MFA-22 synthesizer with a transceiver circuit board of

{ ) teanddt “Motorola Quality'. With the SPEC IlI's 400 channel

% ? } ee capability you are not limited to only 30 kHz chan-
nels or 600 kHz spaced repeaters. Write for complete

specs on the only radio of its kind made and de-
$489 00 livered at this time
L]

EXCLUSIVELY FROM “THE FM PEOPLE"

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. 9:30-8:00, Sat. 9:30-3:00. Closed Sun. & Holidays

INQUIRIES WITHOUT ZIP CODE OR CALL . . . NO ANSWER
WANTED: Good used FM & test equipment. No quantity too large or small. Finders fees too

SPECTRONICS INC.
1009 GARFIELD STREET
OAK PARK, ILL. 60304
(312) 848-6778

More Details? CHECK—OFF Page 110 may 1974 {i§§ 93



OLD OLD
RELIABLE RELIABLE

$425.00 RX 1 ROTATOR $425.00

10 YEARS OF PROVEN SERVICE. THE HEAVY
DUTY ROTATOR THAT WILL TURN ANY BEAM
ARRAY YOU WANT TO INSTALL. CONTROL
BOX TO MATCH S LINE. 115VAC SELSYN IND.
380 DEGREES ROTATION. LIMIT SWITCH UNIT

IS 914" DIA. 28" IN HEIGHT.
Designed Built Backed
by ANTENNA MART

Box 7, Rippey, lowa 50235

oLD

KWM-2IKWI\:I-2A OWNERS
special
(9) f f er NEW 351D-2

Mobile Mount $89.00
Reconditioned D.C. Supplies: 516E-1,
$125.00; MP-1, $100.00. New Wa-
ters 340-A Notch-Filter $62.95.

P.0. Box 615

Craig Radio’;=:

Radio Amateurs
& Reference Library
: of Maps and Atlas

WORLD PREFIX MAP — Full color, 40" x 28", shows
prefixes on each country DX zones, time zones,

cities, cross referenced tables $1.25
RADIO AMATEURS GREAT CIRCLE CHART OF THE
WORLD — from the center of the United States! Full
color, 30" x 25", listing Great Circle bearings in de
zrees for six major U.S. cities; Boston, Washington,
J. C.. Miami, Seattle, San Francisco & Los Angeles.

$1.25
RADIO AMATEURS MAP OF NORTH AMERICA! Full
color, 30" x 25" — includes Central America and the
Caribbean to the equator, showing call areas, zone
boundaries, prefixes and time zones, FCC frequency
chart, plus wuseful information on each of the 50
United States and other Countries $1.25

WORLD ATLAS — Only atlas compiled for radio ama
teurs. Packed with world-wide information — includes

11 maps, in 4 colors with zone boundaries and coun
try prefixes on each map. Also includes a polar pro
jection map of the world plus a map of the Antarctica
— a complete set of maps of the world. 20 pages
size BY," x 127 $2.50
Complete reference library of maps — set of 4 as listed
above $3.75

See your favorite dealer or order direct.
Mail orders please include 50¢ per order for postage and handling

FOR RADID AMﬁTEUR
I‘R:_;i_f "bnl:ll(mt:
! 925 Sherwood D
BROCHURE! h Dept. € 325 Hlueiiwlol? 603::

The Argonaut has
hecome a Classic in QRPp

D W Agenst

Argonaut

Model 405 Linear

The sustained demand and the enthusiastic comments from happy Argonaut
owners are music to our ears. We designed this portable pair to be fun,
and your response tells us that it's just what you've been looking for,

The Argonaut and it's companion, the 405 Linear,

are here to stay—thanks to you.

Argonaut, Model 505 .

Linear, 100 Watt, Model 405

Power Supply for 505 only, Model 210 ...
Power Supply for 505 and 405, Model 251

.. $288.00

1)

TEN-TEC

INCORPORATED
SEVIERVILLE, TENNESSEE 37862

149.00
24.95

94 may 1974
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avilable

...T1PL VHF-UHF

power amplifiers

TPL brings you the finest amateur RF amplifiers
for VHF FM available today. Only state-of-the-art
techniques in circuit and semi conductor technology
make an amplifier of this quality possible.

The amplifying transistors are of the balanced
emitter silicon power type. Each one is indi-
vidually checked for power output and reliability
during mismatch conditions. They are operated
well within the factory’s suggested limitations for
added reliability and life. Most circuitry is of
micro-strip technique for stability and broadband
characteristics, Antenna switching is accomplished

DID YOU KNOW...

TPL is the largest manufacturer of accessory solid state RF power amplifiers in the world.
TPL commercial amplifiers are used and recommended by every major manufacturer of

commercial communication equipment.
TPL’s engineering staff contributed to the development of RF power transistors from their

earliest inception.

e T

through the use of a specially selected RF relay

. activated by only one watt of RF power
through an RF sensing circuit. During receive,
the antenna by-passes the amplifier and is fed
through the relay to the transceiver. Also of note is
a reverse voltage protection diode which protects
the power transistors from destruction in the event
the amplifier is connected to the wrong polarity.
TPL amplifiers are simple to install and fool-proof
to operate. With proper care, they will provide a
lifetime of dependable service.

TPL offers the broadest selection of RF power amplifiers.

TPL offers the highest quality RF power amplifier available.

TPL guarantees its amplifiers against defective parts and workmanship for a full year.
TPL power amplifiers and repeater amplifiers are now available at your local dealer.

P

talk
ower

by

COMMUNICATIONS INC.

13125 YUKON AVENUE ) HAWTHORMNE, CALIF_ 80250/ (213) 6790121

More Details? CHECK—OFF Page 110
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DYCOMM

Start your own 2-Meter
Repeater Club.

Half Down
Balance in 6 Months

No Interest ($850.00 total)

Write for Details

Both Kits Still

Available
Super D — $59.95
(20 in - 70 out)

Super E — $49.95
(2 in - 40 out)

For Technical Details
See Ad in March Ham Radio for Super E.
See Ad in December Ham Radio for Super D.

DYCOMM

948 Ave. E., P. 0. Box 10116
Riviera Beach, Florida 33404
(305-844-1323)

CONVERTERS

VHF/UHF PREAMPS

Ten meters through 432 MHz. A post card will bring our
full 1974 Catalog

@ J @’m @& laboratories

BOX 112, SUCCASUNNA_NJ 07876
Telephone 201584 6521

BARGAINS!

KLEINSCHMIDT TELETYPE EQUIPMENT

i1) T7-100 PAGE PRINTER, AS "S !El OR 100 WPM 159.9%
A) TT-117 PAGE PR OR (B) TT D REPERF._& TD, AS IS $59 95

ABOVE CHECKED OUT,_ DILED .'- ﬂD.U‘)"'J EA $119.95
2) TABLE 51995 (C) TABLE $24.9% (D) COPYHOLDER 5395
(3) PAPERWINDER 514.95 (4} T7.107 REPERF, ONLY 549 95

TH-5 CONVERTER TRANS/REC 100 CYCLES ADJUST TD 170 SHIFT 54995

a

Andy Electronics Co., Inc.
6319 Long Drive ; Houston, Texas 77017
(713) 641-0576

ALL PRICES

FOB HOUSTON, TEXAS

RTTY VIDEO DIS'F'LAY'UNIT

VIDITYPE eccry LELAND ASSOCIATES

MODEL 3723550 18704 GLASTONBURY D

THE UI.'I'RA BAL 2000
NOW.-.....- proof BALUN!

ged,
lFuIl RKW 3 JD MHZ., 111or 114 ratios.

#Special Tetlon in!ul-han May be used
with tuned lines and tuners.
\ *With dipole insulator and hang.up hook.
ONLY $9.95ppd. (state ratio)

Al your dealer or order direct

|K.E.Electronics sox 1279, Tustin catit.92680

Sub-Audible Tone
Decoder $9.95
Wired $14.95

Encoder $8.95
Wired $13.95

Compatible with all sub-audible tone systems such as
Private Line, Channel Guard, Quiet Channel, etc.
Glass epoxy PCB's & Silicon xstrs throughout

Any reeds, except special dual coil types may be used:
Motorola, G.E., RCA, 5.D.L., Bramco, etc.

All are powercd by 12 vde

Use on any tone fruquenr.y 67 Hz to 250 Hz

Small size 1.5 x 4 x 75"

All parts included except reed and reed socket
Postpaid — Calif. residents add 5% sales tax

CUHMUNICATIDNS SPEL‘IALISTS

. 0. Box 153, Brea, CA 926
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NOVICE RADIO GUIDE
by Jim Ashe WI1EZT
$3.95 ppd.

TEST EQUIPMENT $5.95 ppd.

for the Radio Amateur
by H. L. Gibson GBCGA

HAM RADIO, Greenville, NH 03048

More Details? CHECK—OFF Page 110



TWO
GREATS..
GREAT
TWO METERS

FROM ICOM.-----of course

inel capability, with 7 channels sup
belter r

[ front end provi

T db quieting. 5 hel | filters wir

tually eliminate 1odulati on. Built in ACand D It Jreat
power supplies. Modular construction, ol course. and il till be tomorrow!
Many other features make IC-21 a great ThelC-3PA is a regulated DC power supply for all
meler lransceiver. the INOUE mabile transceivers. | it with your
1C-230 ] channels with 30KHz separati for IC-230 {or base operation. It ¢ mpletely reg v,
3 sration from 146.01 1t 1 7. 99MH 1y n and gives you an indication of it' s opemting con-

ith INOUE'S » Locked Loop dition; normal, low voltage, excessive current, or if

circuit is working The
h the use of eye catching indicator lamps.

or down t
istruction

are shown

s also a built in speaker in the cabinet

Distributed by
INOUE COMM . EQUIP.CORP. ICOM WEST,INC ICOM EAST
@ IC OM 3.8 Kamikurazukuri-cho Suite 232 Bidg. 11 Div ACS, Inc
Higashi Sumiyoshi-ku 300:120th Ave. N.E Box 331

Osaka. Japan Bellevue, Wash, 98005 Richardson, Tex. 75080
(206)454-2470 (214)235-0479

More Details? CHECK—OFF Page 110 may 1974 97



NPC POWER SUPPLlES

115 VAC input - 12 VDC 4 amps out
Same as above but regulated .

Model 108R — 115 VAC/13.6 vDC 12 amps max
REGULATED ... $69.95

24.95
or audio
9.9

Collins 152-J1 Phone Patch, good removed from ;qmp.

with detailed schematic . .
Deluxe Headsets, excellent for ham radic

visual labs: 600 ohms, vinyl cushioned: . $9.
With volume control $11.99
Cable for HAM 1l and TR44 8 conductor .. . l4¢/ft.

B & W WATERS Model 334-A

ONE KW WATTMETER
LARGE METER WITH 10, 100,
300 & 1,000 WATT SCALES

$139.95

PREPAID

Dycomm Super Block.

wa
Colllns 75A.4 with AM, SSB ‘8 CW Tfilters plus Collins
speaker and Book . $395.00

Input 2-35 watts, Output 10-80
P 149.95

Heath SB-301 with 'SB-620 Scanalyser and S$8-600
erte

Speaker .. .
M%torma R-220 RCVR '20.220 Mcs. All Modes: . 54

IMC Boxer Fan®, 115 AC .22 amps. 50/60Hz. 43/."
wide x 434/ by 117 deep. . Brand New $12.50

FM from Barry 60 Hz

General

TMC RF Master Oscillator,
relay rack mount

Industries Tape Transport Motor,

C.D.
Ham |l Rotator
New Improved

$149.95

write or call for introductory offer

2-64 Mcs on harmonics,
exceilent, $150.00
new, $195.00

e e A e e e A ettt
Tube Headquarters. Diversified Stock. Heavy
inventory of Eimac tubes, chimneys, sockets,
etc.

5728 $19.50

Gold Line Single Pole, 5 posmon coaxial switch, wall
bracket or panel mount, 1 KW AM . $l7 95

Clegg FM-27B, 146-148 Mc coverage with-
out buying a crystal. Fully synthesized
25 w. out . $479.95

Clegg PS-011 AC power supply for FM-
278 $79.95

Shipping prepaid on all FM-278’s

115 VAC,
$2. 95

Hy- Gain’ Tape Dlpole ‘Antenna, 3.5:30.0 MHz wuthsg%pgs

& connector, used, good, clean ... . 0
IC 230 b l Drake SC6 6 meter Rec. converter with Drake CCl
; S| B os & mote v e

rake meter transmitting converter .
Complr?;:ley ﬁ;ﬂ?ﬁ'::g with Courier ML-IOO Mobile Linear Amp. 100 lnput 200
Single. knob Contrcl, R T L

nput
Smart compact stylmg @ 60 Hz output, 24 Volts @ 15 amps regulated
$489_00 (plus or minus 19%) requires 6 mfd capacitor (not
. furnished) . $40 value $14.95 ea.
1C-22 22 channel, 2 meter transceiver. Very Tempo CL-146 w/GLB 4008 Synthesizer Skc split $395.00
hot receiver, 10 watts out ... $289.00 Drake TR-72, 2-meter FM transceiver, 23 channels,
1 or 10 watts output, 13.8 volts .. .. 0.00

Drake AA-10 Amplifier for TR-22 . .. $49.95

Drake AC-10 Pwr. Sup. for TR-22, AA-10 or TR72  $44.00 YENUS S§-2, Slow Scan Monitor ... $349.00

GE Model YGS-3 FM sugnal gen 1.150 Mc, excellent,
no manual . $200.0

HF Gear from Barry

Galaxy 5 Mk 3, 10-80 meters with matching speaker
and power supply console . ... .. 350.00
Collins 75-S3 .. . excellent, 3395 00
Collins DL-1 Dummy Load ... excellent, $75.00
Heathkit Mobile Linear, 500 watt pair 572vB's with
AC & DC supplies, 10-80 meters ... package, $195.00
Heathkit SB-101 with power supply .. Write for details
International AR-2000 State of the Art Receiver .15 uv
sensitivity 10-160 mtrs, digital readout, 2 VFO's $1,250.00
International_ AT-2000 companion transmitter,
solid-state, 175 w. output, built-in power supply
Galaxy GT-550 Transceiver. 550 W PEP with RV 550
with SC550 and 300 cycle CW filter, 25 kHz Calibrator.
ex. cond. $495.00
Hallicrafters FPM-300 Safari, 5 bands 10-80 meters
Brand New . . Nt $595.00
Hustler 4BTV Vertical Antenna .. .. $49.95
Famous Triton-ll by Ten-Tec. Fully “solid-state, 200
watt transceiver. 5 bands - full break in on CW $606.00

Ten-Tec 252 AC Power Supply $89.00
Drake TR-4C Transceiver ... .. . ... new, $599.95
Drake AC-4 Power Supply ... $120.00

VENUS Cl1, Fast Scan/Slow Scan Camera &
Converter . $469.00

B e e T S P U N S ey

Collins 32S5-3 Transmitter
Excl. Cond. $650.00
Cond. $550.00

good, $375.00

Collins 758-3B Receiver
Excl.
Collins 30L-1 Linear Amplifier

CASH PAID FAST! For your unused
TUBES, Semiconductors, RECEIVERS, VAC.
VARIABLES, Test Equipment, ETC. Write or
call Now! Barry, W2LNI. We Buy! We ship
all over the World. Thousands of unadver-
tised specials. F.0.B. point of shipment.

[0 Send for Green Sheet Supplement 23.
Send 50¢ postage & handling (refund 1st
order).

BARRY 512 Broadway NY, NY 10012

DEPT H-5

212 -WA-5-7000

TELEX 12-7670

ELECTRONICS
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BB RATES Commercial Ads 35¢ per
word; non-commercial ads 10¢ per word
payable in advance. No cash discounts
or agency commissions allowed.

B 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.

M SEND MATERIAL TO: Flea Market,
Ham Radio, Greenville, N. H. 03048.

THE HAMVENTION is the Greatest — Watch it grow
in ‘74. Last year's attendance over 6400. CU in
Dayton April 26, 27 & 28. For details & map write
Daylon Hamvention, Box 44, Dayion, Ohio 45401,

RESISTORS: Carbon composition brand new. All
standard values stocked. LW 109 40/$1.00; 4 W
10% 30/$1.00 — 10 resistors per value, please.
Minimum order $5.00. 15W RMS 1C Audioc Ampli-
fier — Panasonic. Frequency response 20Hz-100
kHz. .9, distortion. Price $6.95 Postpaid. Pace
Efectronic Products, Box 161-H, Ontario Center,
New York 14520.

QSLs CATALOG SAMPLES 35¢. Ritz Print Shop,
5810 Detroit Avenue, Cleveland, Ohio 44102.

MONTREAL HAMFEST 74, August 4, MacDonald
College Farm, Ste. Anne de Bellevue. Prizes, giant
fleamarket, technical sessions, family fun, $2.50/
adult. Info contact: VE2RM, Box 201, Pointe
Claire-Dorval, Quebec, H9R 4N9.

6939's, 6360's, Guaranteed good, $2.50 each. Jack
W6TNR, 15718 Mayall, Sepulveda, Calif. 91340.

JUNE 2 — SRRC HAMFEST — new site — Bureau
County Fairgrounds, Princeton, lllinois. Formerly
held at Ottawa, lllinois. Easy access Rtes. 80-180-
6-29-34. Advance registration, $1.50 before May 20,
$2.00 at the gate., See our natice in QST or write
G. E. Keith, W9QLZ/WIMKS, Rfd 41, Box 171,
Oglesby, lllinois 61348,

MOBILE IGNITION SHIELDING provides more
range with no noise. Available most engines in
assembled or kit forms, plus many other suppres-
sion accessories. Free literature. Estes Engineering,
543-H West 184th, Gardena, California 90248.

HYDROPONICS for XYL while QRL. Build-yourself
garden components, books, nutrients. 5 page cata-
log, send 40¢: refundable. Incorporated 3-1971.
BURWELL GEOPONICS, Box 125-DB, Rancho Sanfe,
CA 92067.

JOHNSON VIKING VALIANT — 1946 to 1953 CQ
and QST. Make offer. Emmett Bubb, 1012 Philippen,
Manitowoc, WI. 54220.

BUY-—SELL—TRADE. Write for monthly mailer.
Give name, address, call letters. Complete stock
of major brands, new and reconditioned eguipment.
Call us for best deals. We buy Collins, Drake, Swan,
etc. SSB FM. Associated Radio, 8012 Conser,
Overland Park, Kansas 66204. 913-381-5901.

SIGNAL ONE OWNERS, expert and prompt service
by ex-Signal/One engineer. Also will purchase your
functioning or not functioning unit or spare parts.
Write or call for details. Larry Pace, K21XP/7, 5717
Genematas, Tucson, AZ. 85704 (602-888-5234).

QSl’s, Sample catalog 20¢. N & S Print, P. O.
Box 11184, Phoenix, Ariz. 85061.

WANTED: Commercial test equipment catalogs,
1955 or earlier thru 1972. Alfred, Ballantine, Fluke,
General Radio, Hewlett-Packard, Lambda, L&N,
Kintel, Measurements, Tektronix, etc. Short-time

loan for research project. All items will be returned
if requested. Jim Fisk, WI1DTY, editor-in-chief,
ham-radio, Greenville, NH 03048.

LEDS, sample pack of 10, includes green and
yellow, $3.25 postpaid U.S.A. East Coast Eiectron-
ics, 50 Scott St., Hamburg, N. Y. 14075.

HALLICRAFTERS STATION — SX101 with matching
speaker, manual, $135; HT-32A, $195. Pick up both
for $310, take TA33jr/AR22 FREE. Will demonstrate
on air or in shack, WA2RJZ, 416 Victory Dr., Lake
Ronkonkoma, N. Y. 11779.

THE TRI-STATE_ARS will hold their annual hamfest
on May 11, 1974, at the 4-H Fairgrounds, U.S. 41,
three miles north of town. Overnight camping,
auction, flea market, door prizes, and ladies bingo.
For information or advanced registration contact:
Steve, WBIMDB, 5805 Berry Lane, Evansviile, In-
diana 47710.

FOR SALE, SWAN 500C transceiver, AC & DC
power, operated 50 hours -— excellent condition,
$1|190.00. Rich Erickson, 1022 Hiawatha, Dunlap,
1. 61525,

MOTOROLA PORTABLES —— Expert repairs, reason-
able prices, fast turn-around time. More details
and ffat rate catalog FREE. {deal Services, 6663
Industrial Loop, Greendale, Wi. 53129.

WYOMING RANCH LAND. Wild horses,
deer. 10 acres $25 down, $25 month.
K61CS, Mike Gauthier, 9418 Florence,
CA. 90240.

WANTED; HEATHKIT SB-110A or HX-30. WAIDEE,
James Moore, 16 Curve St., Springfield, Mass. 01104,

SLOWSCAN TV PANORAMIC ADAPTER IP.173A/U
with power supply. First $50.00 takes it; will ship.
Signal Generator 4500-8000 MHz. Polarad GB-2,
make offer. Walter Tilleman, K5IDD, 351 Furr, San
Antonio, Tx. 78201.

MANUALS for mast ham gear made 45/65, some
earlier. Send SASE for specific quote. Hobby In-
dlfgtry. W@JJK, Box H-864, Council Bluffs, lowa
51501.

antelope,
Owner —
Downey,

SELL THE FOLLOWING: HW10l1, HP23, S$B60O,
$250 firm! WBYKUQ, Box 28, Bunker Hill, In. 46914.

PRINTED CIRCUIT DRILL BITS. Trumbull, 833
Balra Drive, El Cerrito, California 94530.

TOUCH-TONE INTERFACE, One connection pad to
rig. Y sec. delay. Even fits TR-22. $6.95. N. Y, add
7%. VW Electronics, Box 11, North Tonawanda,
N. Y. 14120.

EXCLUSIVELY HAM TELETYPE 21st year, RTTY
Journatl, articles, news, DX, VHF, classified ads.
Sample 30¢. $3.00 per year. Box 837, Royal Oak,
Michigan 48068.

PC's, Send large S.A.S.E. for list. Semtronics, Rt
#3. Box 1, Bellaire, Ohio 43906.

TELL YOUR FRIEND" about Ham Radio Magazine.

may 1974 99



SB-50

Transceiver: 50.05-50.28
MHz, synthesized. No xtls.
SSB, 20W p.e.p., AM, 8W
inp. Hi-level mod. 12VDC.
Dynamic mic/cord/plug.

VHE/UHF

“OUMBRELLAN”

covers an outstanding series of
transceivers/accessories for 6, 2, 3% meters

SB-450 TRC
SB-1PA

VHF POWER AMPLIFIER
70-90W output Class C

& 146MHz w/7-15W drive.
Broadband. Hi rel solid
state. Draws only 4 ma

on standby. 12VDC.

TRANSVERTER
440-450MHz, trans/rec.
using 140-150MHz trans-
ceiver. Passive xmtr—no
DC power. Delivers 40% of
RF drive 1 3f. FM.

WRITE FOR LITERATURE

SB-144

Transceiver: 144-148MHz.
12 xtl chans. FM. 10W
output. W/xtls for 34-

94, 94-94, 16-76. 12VDC.
Dynamic mic/cord/plug.

SB-450

Transceiver: 420-450MHz,
12 xtl chans. FM. 5W out-
put. W/xtls for 444.5,
449.5, 446MHz. 12V DC.
Dynamic mic/cord/plug.

LINEAR SYSTEMS, INC.
220 Airport Blvd., Watsonville, CA 95076

SUPER CRYNTAL
THE NEW DELUXE DIGITAL

SYNTHESIZER!! ....

MFA-22 DUAL VERSION
Also Available MFA-2 SINGLE VERSION

—HEBEIVEHS, 0K GRTD, WITH BOOKS: |

SP-600-JX: AM, CW, 0.54.54 MHz continupus sen s 275.00
R3B8/URR: AM, CW, 15-30%%5 MHz linear dial, PTO 325.00
R390A/URR: 15-32 MHz by digits, PTO tuning 595.00

AN/FRR-59B (later version WRR-2): 2-32 MHz digital tune

each 500 Hz or continuous. Al, 2, 3, 9, F1, 4. FSTTY,
SSB, carrier suppressed, either band or both for 2 different
intelligences. Stable and accurate enough to use as freq.
meter! Net wt. 276 Ibs. in 2 cabinet in rack cradle 750.00

WWVB 60 KHz rcvr/comparator 295.UD|
WWVB 1 KHz tones, use to calib. 100 KHz 175.00
38-1000 MHz by Band Switching, 4 bands: Separate an-

tenna for each band. AN/ALR-5 modified for 117 v 50/60 |
cy line. AM/FM. The Tuner is a plug-in converter; the
receiver is 30 MHz IF and all that follows IF. Choose
selectivities 200 KHz or 2 MKz each side of center. Fac-
tory checkout sheet, typical for the original-pack tuner
you get, says sensitivity ranges from 1.1uV at 28 MHz to
7 at 1 gHz. IF attenuator is calibrated in & dB steps to
—74 dB. Diode current meter makes this rove useful for
relative field strength measurements and harmonic finder.

Transmit and Receive Operation: All units

have both Simplex and Repeater Modes

Accurate Frequency Control: .0005% ac-

curacy

S!able LlI:w Drift Outputs: 20 Hz per degree

ica

. Fu"!’ Meter Band Coverage: 144.00 to 147.99
MHz. in 10KC steps

« Fast Acting Circuit: 0.15 second typical set-
tling time

+ Low Impedance (50 ohm) Outputs: Allow long
cable runs for mobiles

« Low Spurious Output Level: similar to crystal

output
% Electronics

SEND FOR

FREE DETAILS

Prices MFA-2 $210.00 BOX 1201H
$275.00 CHAMPAIGN, ILL.

Shipping $3.00 extra 61820

.

MFA-22
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Revr unit is exc. used and checked out OK 375.00
30 MHz PANADAPTER may be useful with above 295.00 |
A.LL. #132 30 MHz rcvr/amplifierfatten, calib. 59.50
EDDYSTONE AM /CW/FM/NEFM 19-165 MHz rcvr 295.00
CV-591A: SSB Converter either sideband 137.50
MOTOROLA 3 MHz OSCIL. 5 parts in 10 to 11th 199.50

Attention!

d Technici .
>~ |

Buyers, Engineers, ad

We have the best test-equipment & oscilloscope inventory in the
country so ask for your needs . . . don't ask for an overall
catalog . . . we also buy, so tell us what you have. Price it

R. E. GOODHEART CO. INC.
Box 1220-HR, Beverly Hills, Calif. 90213
Phone: Area Code 213, Office 272-5707

More Details? CHECK—OFF Page 110



SELL: HT-37. A-1 condx. $150.00. J. F. Weatherly,
K1ZYG, 617-244-7779.

SOLARWIND . . . The New Sun Power — Wind
Power Newsletter . . . News, Theory, Experiments,
Projects, Plans . . . Sample Copy $1.00. Mallmann

Optics and Electronics, Dept.-S1, 836 South 113,
West Allis, Wisconsin 53214,

DRAKE 2C like new $175 postpaid, firm. Robert
Boyd, Woodlawn Avenue, RFD 2, Kennebunkport,
Maine 04046.

EMBROIDERED EMBLEMS AND PATCHES. Custom
made from your design. 10 to 1000's. Write Rus-
sell, 1109 Turner St., Auburn, Maine 04210.

DRAKE, TR-4C, 34PNB, MS-4, AC.4, Factory War-
ranty, $625. Russell, 19680 Mountville Dr,, Maple
Hts, Ohio 44137 — 216-662-2175.

TRAVEL-PAK QSL KIT Converts photos, post cards
to QSLs! Send call and 25¢ for personal sample,
Samco, Box 203H, Wynantskill, N. Y. 12198.

ENJOY YOURSELF at ARRL National Convention
July 19, 20, 21 in the Waldorf-Astoria Hotel, New
York City. Exhibits. Banguet. Prizes. Sessions on
FM, DX, SSTV, RTTY and more! Registration tickets
$3.50. Banquet $17.50. Combination $20.00. Write:
303 Tenafly Road, Englewood, New Jersey 07631.

USED MYLAR TAPES — 1800 foot. Ten for $8.50
!\D.»\os‘%ald' Fremerman, 4041 Central, Kansas City,
o. 64111,

COLLECT WORLD STAMPS commemorating tele-
communications topics. 25¢ brings mint selections
on approval lus booklet “Collect Topicals and
Have Fun', xlkanstamps‘ Box 3494, Scottsdale,
AZ 85257.

VERY in-ter-est-ing! Next 5 big issues $1. “The Ham
Trader,” Sycamore IL 60178

BE A “CERTIFIED ELECTRONICS GENIUS". Pass
this fascinating examination and receive a frame-
able certificate proclaimin you an “Electronics
Genius'. Great fun for $1.98. Hanent, Box 4431,
Lincoln, NE. 68504.

STANDARD 146-A (1.2) $238.70, (3-11) $212.30, Nicad
batteries $1.58, Stubby antenna $5.00, Standard
B26MA (1-2) $324.50, (3-11) $306.90. Standard
851T 25 watt mobile $420.20. Standard RTP-1 re-
peater $600.00. HM-175 antenna $16.00. Base
station antenna HM-191 B8.25 dB (list $169.50) net
$119.95. Send check and we'll pay postage or we
will ship COD. Electronics Communications Co.,
P. 0. Box 17222, Nashville, Tenn. 37217 (24 hr.)
615-834-8999.

WANTED VIBROPLEX standard. WAGTBU Caldwell,
4620 Greenholme, Sacramento, CA 95842,

QRP TRANSMATCH for the HW7 and other rigs.
Write Peter Meacham Associates, 19 Loretta Road,
Waltham, Mass. 02154,

DELCO RADIO for 1968-73 Chevrolet pickup truck.
Complete kit including antenna. $27.50 plus $2.50
postage. Joe Wilkerson, W5RSN, 1826 Cypress Dr.,
Irving, Texas 75061.

TELETYPEWRITERS — Kleinschmidt — portable
fixed, sets, punches, parts, reconditioned, reason
able. Mark/Space Systems, 3563 Conquista, Long
Beach, Calif. 90808. 213.429.5821.

FIGHT INFLATION! Super-Dullar Savings — Clegg
FM-278B only $395. Genave GTX-200 only $219.95.
Full factory warranty. Pocket your savings. Cashier's
check or money order for prompt service F.0.B.
Arena Communications, Dept. H., 1163 N. Military
Highway, No:folk, Virginia 23502

FIGHT TVI with the RS0 Low Pass Filter. For bro-
chure write: Taylor Communications Manufacturing
Company, Box 126, Agincourt, Ontario, Canada.
MIS 3B4. —_—

HOMEBREWERS: Stamp brings list of high quality
components. CPO Surplus, Box 189, Braintree,
Mass. 02184,
RECIPROCATING DETECTOR, write Peter Meacham
Associates, 19 Loretta Road, Waltham, Mass. 02154.

More Details? CHECK—OFF Page 110

Topeka

now offers

ush

M CsE

raf t

anennas FNL

FROM THE WORLD'S LEADING MANUFACTURER
OF VHF/UHF COMMUNICATION ANTENNAS

NEW RINGO
RANGER

6.3 dB Gain over !4 wave whip

ARX-2 146-148 MHz 22.50
ARX-450 435-450 MHz 22.50
ARX-220 220-225 MHz 22.50

What are your antenna requirements?

MOk 25 Jockion, Topeka 4603 - 233.758

Q Topeka FM Communications and Electronics

PRACTICE DRIVING SAFETY

& OPERATING EFFICIENCY
WITH A PATENTED MAGNETIC

SAFETY MIKE

$29.95 ner At vour oisTRIBUTOR
or P. P. From Factory Ohio Residents Add Sales Tax

Plasticized stainless steel headpear and aluminum con
structhion. Wi under 3 oz, Three-way adjustable mike
support. Immune to heat, shock and vibranon. Buili
for rough usage. “A natural for Mobile & 5587 -53 db
to Hi-imp. Response M0 o 100 cps, w matching unit
installedinline. CM.....coivvnans e Net 29,95
CMS same as above with inline shde switch for trans
MIEECNII cvis o mmmamani e s a s Net 32,95
With single atntached earphone add S10.00.

Write tor literature

MOBILIERS

BOX 715 - 722H MAIN, COSHOCTON, OHID 43812
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CALL 7
BOOK

When you want

an authoritative,

up to date directory

of licensed radio
amateurs

It’s the
CALLBOOK

Over 210,000 QTH's
in the DX edition
DX CALLBOOK for 1974

$8.95

Over 285,000 QTH's
in the U.S. edition
U.S. CALLBOOK for 1974

$9.95

See your favorite dealer or Send today to

(Mail orders add 50¢ per CALLBOOK
for postage and handling)

fOR RADID mmua
WR:;‘E-,-_ "baokmc
gROCHURE Dept. E. 925 Sherwood Drive

TRI-TEK, INC.

P. 0. Box 14206, Dept. H
Phoenix, AZ 85063

ALPHA-NUMERIC KEYBOARD AND CONTROL
PANEL

48 Keys & Space Bar, character lamp panel,
function control switches, 10 cables. Replace-
able keys can be relocated for makin our
own format. USED, good condition. %2&.95

Keyboard Only $11.50

B038C VCO WAVEFORM GENERATOR.
New, factory parts. Full specs.
5.75 ea. 2 for $10.50 10 for $50.00

MM 5314 CLOCK CHIP with full specs $9.50

7 SEGMENT LED READOUTS. MAN-1 size.
RED $2.75 ea, 6/$15.00
GREEN $4.95 ea, 6/%$24.00

FM MULTIPLEXER ADAPTOR. Solid State, new,
with hook up diagrams. $5.25

FM STEREO TUNER. Solid state - new, modern
design. Hook up diagrams $10.50

DTL SALE. 930 Dual 4-input nand gate; 946
quad 2-input nand gate; 962 triple 3-input
nand gate.

5¢ ea., 10/$1.75, 100/$15.00 - Any mix

TTL SALE. New - house numbered, SN7400,
SN7402, SN7410, SN7430
25¢ ea., 10/$2.00, 100/$17.50 - Any mix

VISIT OUR NEW RETAIL STORE
LOCATED AT 6522 N. 43rd AVE., GLENDALE, AZ

All Orders Postpaid. Minimum $5 US. $15
Foreign, Latest Lists, 10¢ Stamp. Please ADD
INSURANCE.

Lake Bluff, 11l. 60044 |

102 ﬂ may 1974

3-D MAGNETIC CALL SIGNS

3 inch letters

Your choice of colors —
Black, Red, Blue or Green
Adherence to metalic surfaces test up to 180 MPH
$4.00 each — 2 for $7.00 (same call)

i ALSO
; RUBBER STAMPS

Made to order — 3 lines - $4.00
Preinked stamp pad $1.35
(Please print or type all copy)

WB8OTV SPECIALTY PRODUCTS

P. 0. Box 187 + Grasslake, Michigan 49240

THE ONLY QSL BUREAU to handle all

of your QSLs to anywhere;

next door, the
country, the whole
world. Just bundle them up (please arrange
alphabetically) and send them to us with
payment of 6¢ each.

5200 Panama Ave., Richmond, CA USA 94B04

next state, the next

~F

MORSE ﬂTHSIC bycunné

KB-4200 Morse Keyboasrd
See Qe 7 EK-420A CMOS Deluxe Keyer
OST Revew  KM-220 CW Message Memory

L} J’ DS
$299.95

MASTERCHARGE

Write for
trochares

TEL 1415) 9643138
INC | BON 4090, MOUNTAIN VIEW, CA 84040

More Details? CHECK—~OFF Page 110




CALCULATOR OWNERS: Use your 4 —x-- calcula-
tor to compute square roots, cube roots, sin(X),
cos(X), tan(X), arcsin(X), arccos(X), arctan(X),
logarithms, exponentials, and more! Quickly, Ac-
curately, Easily! Send today for the Improved and
Expanded Edition of the First and Best Calculator
Manual — now in use throughout the world . . .
only $2.00 Postpaid! Be sure to try this manual
before buying a more expensive calculator . . . Ab-
solutely Unconditional Money-Back Guarantee —
and Fast service! Mallman Optics and Electronics,
Dept.-K, 836 South 113, West Al.is, Wisconsin 53214.

QSL'S — BROWNIE W3CJI — 3035B Lehigh, Allen-
town, Pa. 18103. Samples with cut catalog 35¢.

CAPACITORS WANTED: Computor-Grade, Tantalums,
Mylars, Discs. Write for top cash offer. National
Electronic Supply, Dept. H1, 7231-B Garden Grove
Blvd., Garden Grove, Calif. 92641. (714) 893-2900
or (213) 597-7010.

HAMFEST! Indiana's friendliest and largest spring
hamfest. Wabash County ARC's 6th Annual Ham-
fest, May 19, 1974, 4-H fairgrounds, rain or shine.
Admission still only $1.00 for advanced tickets
($1.50 at gate). Large flea market, technical ses-
sions, bingo for XYL's, free overnight camping,
plenty of parkm% Bonus for car-pools (4 or more
adults per car). For more information or advanced
tickets write: Jerry Clevenger, WA9ZHU, Route 4,
Wabash, Indiana 46992,

16-TUBE SUPERHETERODYNE RADIO RECEIVER,
R-746/AR, $9.95, Government Surplus Communica-
tions Equipment Catalog, 25¢, Colonel Wayne D.
Russell, 9410 Walhampton, Louisville, Ky. 40222.
SURPLUS TEST EQUIPMENT, VHF and microwave
ear; write for bulletins. David Edsall, 2843 St.
'aul, Baltimore, Md. 21218.

FREE crystals with the purchase of any 2 meter
FM radio. Write for our deal on the rig of your
choice. Factory-authorized dealers for Regency,
Drake, Kenwood, Tem Genave, Swan, legg.
Ten-Tec, Standard, Midland, Hallicrafters, Galaxy,
Sony, Hy-Gain, CushCraft, Mosley, and Hustler. For
the best deal around on HF or VHF gear, see us
first or see us last, but see us before you buy.
Write or call today for our low quote and become
one of the many happy and satisfied customers of
Hoosier Electronics, R.E. 25, Box 403, Terre Haute,
Indiana 47802. (812)-894-2397.

DO-IT-URSELF DXPEDITION — Stay at ZF1SB —
Cayman Is. Vertical antenna and Caribbean at your
doorstep. Diving/fishing if band folds. Write Spanish
Bay Reef Resort, Box BOOK, Grand Cayman, B. W. |.

TECH MANUALS for Gowt. surplus gear, $6.50 each:

R-220/URR, R-274/FRR, URM-25D, URM-32, TV-2/U,
TT-63A/FGC, T7S-382D/U, TS-497B/URR, LM-21,
1534AIAP ARR-7, USM-16, TS-175/U, CV-591A/
URR. Thousands more available. Send 50¢ (coin)
for list. W3IHD, 7218 Roanne Drive, Washington,
D. C. 20021.

NEED PARTS? We carry parts for R-388-390-390A-
391-392-1051-5151 - Nems Clark-Racal-Pack sets -
PRC-25-41-47-62-70-71-73-74-77. If you need a part
no matter what you have. If its U.S. government
we have it or can get it. Also we want to buy or
trade all aircraft communications. All ground radio
communications. Alldplug-m modules control heads.
No matter what cond. they are in - bent or busted
ok. We will buy or trade. We have R-390-388-390A-
392-1051-5151 Nems Clark - Racal - and new harn
ear for trade. D & R Electronics, R. D. #1,

6, Milton, Pa. 17847. Phone 1.717-742-4604 aher
6:00 P.M.

WANTED: AC Powerstrip for G.E. Progress Line
WTA/E33 or MA/E33. C. B. Hoyle, WATHLS, 3282
S.E. 179th, Portland, Ore. 97236.

TEFLON WIRE 22 gauge stranded, silver plated.

$1.75/100 ft. Rich Shyer, 6254 S. Palomares,
Pomona, Calif. 91766.

CLEGG 22'er FM (Series 24) — 35 walts out —
tunable receiver, 143.4 to 148.3, with Vandguard
ST-140 synthesizer, need no crystals — mint —
$335. Russell — 19680 Mountville Dr., Maple Hts,

Ohio 44137, 216-662.2175.

More Details? CHECK—OFF Page 110

GAM has what your
repeater needs

MODEL TG5-S
8.2 dB Gain over Isotropic
6.0 dB Gain over Dipole

e 6% Bandwidth to 1 dB down

* 500 Watt Power Rating

* 15101 SWR

e« 75 MPH Wind Rating with 1/2 inch of ice
e Assembled Length 153 3/4"

e Knockdown Length 57°

I e Easy disassembly for shipping or relocation

Model TG5-S (144-160 MHz)
Model TG5-SH (156-174 MHz)
510450

Wl

Lint Price sther model

191 VARNEY STREET

oot
H MANCHESTER NH 03102
? Electronics s o

m-ms

M

only STAN DARD

sells more STANDARDS
than Erickson...and here's

SRC-146A
ERICKSON
SPECIAL

WITH

® Charger

® “Stubby” antenna

® [ eather case

® Nj-Cads

® 94/94, 34/94 and one

channel of your choice

$369 List
—50 Package Discount
$319 Prepaid — Cashiers

Check or M.O.

ERICKSON
COMMUNICATIONS

3501 W. Jarvis
Skokie, 111. 60076 (312) 677-2161

/
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KW BALUN KIT .'a'ﬂlt oNLY }‘5 4

REE Catalog

OF THE WORLD’S FINEST
GOVERNMENT SURPLUS

ELECTRONIC EQUIPMENT

SEND FOR
FREE FLYER!

Mml Coupon for Your FREE Copy, Dept. HR
FAIR RADIO SALES

1016 E. EUREKA + Box 1105 * LIMA, OHIO - 45802

HI THERE ! Specifications
MEET THE AMAZING NEW
80-40-20-15-10 Meters NO TUNING

SABA-S5
Ultra Low Noise-High Useful Gain

PREAMPLIFIER « Gain 20 db min Typical 25 db

Solid State Circuitry MOS-FET

Noise Figure Less 5 db

han 2

WB4TPI | Jerry ) Says "/ s @"% High Qualtity Communications Design

does that thing work! Broadband with adequate MARS
o

verinp
WALILS [Hugh) Says "Couldn’l have made = Minules 1o install on Receivers
sak station contacts without
weak station contacts without it = Battery or External Power Operation
M* by WJVE (Frank) Says “Will anhance any * Na Strong Signal Overloading
g stalion's capabilities s Allows reduced RF Gain on receiver
. for i . 1 »dulation
v S Y M T E K INC. WAFPC (Mac) Says “Well worth while OEEMPAENGC SIORS snCl i)
z et * Attractive Biack texiured and gray

H + PO. BOX 128

| CLEARWATER, FLA.
33517

CW FILTER

Cabinet AX4X5
W draen (Appr. 15ma @ 18V

aht Peby SOUs A VORITE
A Terauion

SALE - AN/URM-33  $49

An exceptional
value in a preci-
sion attenuator
UHF cw/pulse
generator covering
1.0 to 2.3 gHz

Model CWF -‘ lh‘ L L1l
1140 W Sed guaranised

Iwity from any recerver or lransceiver
jection

- background noie
pherfuseadisgeyo o (includes 1.7 gHz
» Ultra modern u-.u..,. e ﬂ.ﬂ\-qﬂ wses IC'8 1or super high pariormance satelhte) Attenuator \Jariable from 0 to

—100dbm to output jack or select built in
antenna. — Conversion is required for use
on 60 Hz power.

Units are supplied complete with all tubes
(18), schematic, and operating manual.
Guaranteed satisfaction or may be re-
turned for refund within 30 days. FOB
Monroe. For list of other equipment send

sase to:
GRAY Electronics
, P. O. Box 941, Monroe, Ml 48161
MFJ ENTERPRISES Specializing in used test egquipment

P O Box 494 A, Misnuppi State, M5 39762
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THE MARYLAND MOBILEERS ARC Hamfest is
June 16, at Anne Arundel Community College,
Arnold, Maryland at 10:00 a.m. rain or shine. Talk-
in on 146.10/.70 and 146.94. Games, refreshments,
contests and an auction are planned. Top awards
a two-meter transceiver and an electronic calcu-
lator. Registration $2.00, tailgating $2.00. Free
parking. For information contact Ted Redick,
K3UPU, 2 Acton Place, Annapolis, Md. 21401.
Phone (301) 269-5577.

CIRCUIT BOARD G-10 glass epoxy, 1/16" double
sided, 1 oz. 7 x B” $1.25, 6 x 18" $2.50. Rich Shyer,
625-4 S. Palomares, Pomona, Calif. 91766.

DISCOUNT PRICES PLUS FULL WARRANTY, call or
write for fast quote and delivery. All items new,
uaranteed. 2M: Midland 13500 15W/12CH 219.95;
B450TRC 2M-3/4M 149.00; Standard B26MA 299.95;
New CDE HAM-2 rotor 109.00; new CD44 rotor
79.95; Belden B8-wire rotor cable #B448 10¢/ft;
Discount Hygain, Mosley: Hygain THG6DXX 155.00;
TH3MK3 136.00; 204BA 136.00; 402BA 152.00;
DB10/15A 104.00; Mosley Classic 33, Classic 36,
MCQ3B Quad; Belden, Consolidated RG8 foam coax
18¢/ft; Amphenol PL259 59¢ ARXZ2 Ringo; Dowke

110VAC antenna relay 60 series 39.95; Johnson K

Matchbox 219.95; Triex Tower, call or write for
quote: W51, MW50, MW6E5, MW35, THD354. Write:
Swan, Drake, Kenwood. Electra Bearcat 2-band
scanner 129.95; 1972 Radio Masters 3.50; Call-
books; free flyer. Prices fob Houston. Madison
Electronics, 1508 McKinney, Houston, Texas 77002.
713/224-2668; Nite: 713/497-5683.

PRECISION HAND TOOLS, special ham-experimenter
discount. Letter brings mailings. Artisan Tool Com-
pany, Box 36, Glenmont, New York 12077.

DRAKE, NEW, TR-4C, 34PNB, AC-4, MS-4, Factory
Warranty, $635 — Russell, 19680 Mountville Dr.,
Maple Hts, Ohio 44137, 216-662-2175.

INUE IC 200 complete with AC supply - Spkr. Simi-
lar IC 230 only digital 20 KC channel separation
144.146 MHz plus one spot. Like new. Sell $300
complete. Dwight Baum, W6FRB, 1011 Oak Grove,
San Marino, Cal. 91108.

1000 PIV AT 2.5 AMP DIODES. New Motorola
HEP-170. 10 for $2.50, 100 and up 20¢ each, post-
paid. K. E. Electronics, Box 1279, Tustin, Cali-
fornia 92680.

KANSAS ANNUAL HAMFEST, Sundar June 2, at
the 4-H Complex, Kenwood Park, Salina. Early ar-
rivals dinner Saturday evening. Registration starts
Sundavy morning at 9:00 A.M., with a program for
oM, . XYL and harmonics. Covered-dish lunch.
Talk in 146.34-94 and 3.920 MHz. For information
write WB@BCL, Al Graham, 827 Maerrill, Salina,
Kansas 67401.

WANT OLD RADIO sﬁow TRANSCRIPTION discs.
Any size or speed. Send details to, Larry Kiner,
W7FIZ, 7554 132nd Ave. N.E., Kirkland, Wa. 98033.

SELL: Pair unused 4X150A tubes $104+PP. I. C.'s,
transistors, meters, magazines, Cheap!!! Samkofsk
K4HRU, 4803 Brenda Drive, Orlando, Florida 32806.

TELETYPEWRITER PARTS, gears, manuals, supplies,
tape, toroids. SASE list. Typetronics, Box B8 ; Ft.
Lauderdale, Fl. 33310. Buy parts, late machines.

THE ORIGINAL FM HAM FEST Sunday, August 4,
1974, near Angola, Indiana, Free flea market, en-
tertainment for ladies and kids. Picnic grounds,
campsites, boating, food, soft drinks, available
rain or shine. For information contact Fort Wayne
Repeater Assn., Box 6022, Fort Wayne, Ind. 46806.

ALPHA 70 OR 77 OWNERS — Trade your linear
for Signal One CXT7A. La"yy Pace, K2IXP/7, 5717
Genematas, Tucson, AZ 85704, (602-888-5234).

GE PROG LINE 25 watts; .34.94, .94.94 trunk
mount, all accessories, $95 flus $10 shipping.
Regency HR-2 with .22, .28, .34, .46, .94 transmit,
.76, .B2, .BB, .94 receive crystals, $155 and | will
ship. WIDHZ, Box 185 Amherst, N. H. 03031;
603-673-4885.
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*SKY-SLOT*
_ANTENNA (TV-FM)

@

I I

oy e T | )

TV-FM-220 MHz FM ANTENNA ~ew

ROLLABLE (with perfect color band-width). Just
unroll and stick on wall. Uses no masts, no
rabbit ears, no dangerous plugging to AC lines,
and NO SIGNAL SPLITTERS since the VHF-UHF-
FM terminals (VHF usable for 220 MHz FM)
available at the same time. (New 1971 slotted
design with U.S. Patent S/N 3577196). Made of
decorative foil/plastic yet rugged for use in
yatch or RV. Antenna size: 18" x 48" unrolled,
works behind picture, against metal! Price is
only $15 for model with following gain: (VHF -
9 dB), (UHF - 12 dB), (FM - 6 dB); gains above
dipole.

Order postpaid AIRMAIL, insured, from
ANTENNA DESIGN CO.

11621 HUGHES AVE., N.E.
ALBUQUERQUE, N. M. 87112

g et
e " T Ll

sy iy e

MODEL “A" Frequency Counter Price $299.00
10Hz to BO MHz (* 1Hz) Direct Count guar-
anteed (1Hz to over 100MHz) t(;pical]

Read Out: 5 LED digits -+ LED Over Range
Sensitivity: Less than 100 millivolts over en-
tire range.

Power Req.: Either 120 VAC or 12 VDC 15
watts approx.

Small Size: 2.34" x 568" x 8.18”

Overload protected input and DC power input.

MODEL ““AS" Frequency Counter Price $375.00
Exactly as above plus an internal 250MHz
Scaler (* 10Hz to well over the guaranteed
frequency of 250 MHz.) No external power is
required.

Shifting DECIMAL POINT gives a DIRECT
READOUT of VHF Frequencies.
One BNC INPUT for both ranges. No cable
changing from HF to VHF.
(CA residents add State Sales Tax)
Dealer inquiries invited

ELECTRONICS

P.O. BOX 1672
VISTA, CA. 92083
714-726-1313
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BROADBAND AMPLIFIERS, for amateur, MATV, CATV and commercial use

We offer a quality line of low noise,
low IMD amplifiers covering the re-
gion from 2 MHz to 1.5 gHz. For
communication use, simple filters at
the input will yield coverage of the
bands of your choice. Where remote
location is necessary to offset line
losses, coax powered versions are
available with adapters or power
supplies.

Depending upon model, gain to 50d8,
flatness to + 1 dB and Noise Figure
less than 3 dB may be selected. Op-
eration is from 12 to 15 wvolts d-c
or 115 volts a-c. PIN diode protec-
tion for incident power to 25 walts
is available. Prices vary from $30
to $130 depending upon model and
options. Warranty is for one year on
all parts and labor.

RADIATION DEVICES CO.,P. 0. Box 8450, Baltimore, Md. 21234

Please write for information on our other products including RF Multimeters, VSWR Bridges, Detectors,

L-C, Crystal and Tunable Active Peak-N-Notch Filters.

-— |

Write Box B64-5
Council Blufls o 51501
Phone (71213230142

Hobby
Tndustry TS el

HAM l' Regular -S‘i]’f‘l }
H. | SPFCIAL $I29'95

R aas R S SRR

CD44 Fesvle amrosss
H. | SPFECIAL s 89 95

LR e e e T o

THE HEAYY DUTY - HAM-I | 98 BALL BEARINGS,
STEEL GEARS, POSITIVE LOCKING BRAKE..(29 LB)

THE STANDARD DUTY - CD44
STEEL GEARS, FRICTION BRAKE

50 BALL BEARINGS,
{22 LD )

CONTINUING THE TRADITION OF THE HEAVY-DUTY
CAST ALUMINUM, | N-LINE ROTORS, SUPPORTING BIG
VERTICAL LOADS ON TWO 51X INCH RACES& BALL
BEARINGS. BOTH MODELS HAVE A HUSKY BO0D IN/LB
TURNING TORGUE. . THE STRIKING NEW CONTROL BOX
HAS A FRONT PANEL CALIBRATION CONTROL WITH
SEPARATE ON OFF CONTROL FOR CONTINOUS METER
INDICATION AND INDIVIDUAL SNAP ACTION SWITCHES
FOR EACH DIRECTION ROTATION. NORTH CENTER

LED READOUTS OPCOA SLA-1 Similar to

MAN-1, .33* high. 20 mA per segment. With

decimal point, Every one checked — all seg:
ments operating. Red — $2.25 each, 6/%11.
Green — $3.50

Big Readouts, .7 high. Red $5.55 each, 4/$17.50

LED — molded plastic dome shape with leads

.312 inches in diameter.
Red — $.35 each, 3/$1.00
Green — $%$.50 each, 6/%2.50

LM 309 Voltage Regulator IC. 5 volts at 1 Amp
max. current. $2.00 each

PRINTED CIRCUIT BOARD 2 oz. copper on glass
epoxy base, approx. 5 x 6. Your choice copper
on one or both sides. 3/%1.25

IN 914 DIODES $.10 each, $1.00 dozen

SILICON RECTIFIER International Rect. R-210-F,
epoxy, 1000 PIV, 2 amps. $.40 each, 10/%$3.50

P.C. Board Edge Sockets. Amphenol. 3/16" contact

spacing. 6-contacts, with solder terminals. 25¢
15-contacts, with wire-wrap terminals, used, ezxsc
¢
TTL ICs
7400 $ .35 7474 55
7402 .35 7475 90
7404 .35 7476 65
7408 39 7490 1.00
7441 1.75 74121 .60
7447 1.60 74192 1.90
7448 1.65 741 op amp .55
7473 $ .55

MINIMUM MAIL ORDER $3.00
Please add shipping charges
« Mastercharge *

JEFF-TRONICS

1916 Clark Avenue Cleveland, Ohio 44109
Telephone: 216-621-1004

provide & soll

Model 60W

ng
Model BOK Model 20 (55 5 Mhz VFO range 516995 MODEL \0& ELECTRONIC HEYEH Ha
200-15 Model 20C (Collins 516995 NEW teatures at no extra cost
Model 200 | Dy ike $169.95 Control and
Options 4 Digit Readout § 2995
SEMEHS‘ Crystal Time Base § 2095
H VE AMATEUR RADIO SALES, Downwview, Ontano, Canada ®

PHONE: 814 432-3647

SST ELECTRONICS, Lawndsle, CA S0760 ® GARY RADID, INC..
San Dego, CA 97111 @ KASS ELECTRONICS DISTRIBUTORS.
BOX 185A « FRANKLIN, PA 16323 1), 0000 pisll, PA 19026 @ M. WEINSCHENKER K3DPJ

irwin, PA 15642 @ HAMTRONICS, Trevose, PA 19047

MODEL |t.h D.ﬂDDI.E r:.
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EXPERIMENTERS! Let us help you into the fast
paced world of computers and digital logic. We
have computer projects, theory, instruction — alt
written with the experimenter in mind. We also
have excellent articles in microwave, audio, much
more. Send for free listing. Experimenter's Library,
Box 2367, W. Lafayette, | | 47906,

WANTED: tubes, transistors, equipment, what have
you? Bernard Goldstein, W2MNP, Box 257, Canal
Station, New York, N. Y. 10013.

PARTS BARGAIN: Motorola HEP17Q epoxy diode
2. 5A/1000PIV 29¢; jﬁls copper antenna wire 1.95/C;
6 x copperclad boards 3/2.00; 3/16” cable
clamps 18¢; 6” eye-jaw turnbuckle 2.75; Premax
copperclad ground rod 1% x 8/ 3.25; 5 x 8/ 4.75;
Beiden 100- RG8 foam coax with PL259 ends
17.95; Beiden 8214 RG8 foam coax 18¢/ft; Am:
phenol RF connectors, PL259 59¢; CDE 001/10KV
doorknob cap 1.95; RGG3/U 15&m RG2ZB/U 15¢/
ft; RG62/U 6¢/ft. RG71/U 6¢/ many old tubes,
write needs. Monarch code oscillator module 1.50;
Sorensen ACR2000VA AC regulator 150.00; new
R‘nel meters — write (3.95-7.95) GE, triplett 300
ADC 31%”R. 3.95; Discount GE tubes; Raytheon
811A 8.95; All above items new, guaranteed. Used,
guaranteed: Collins 7551 345.00; Drake R4A 300.00;
rices FOB Houston — free flyer; Madison Elec:
tronics, 1508 McKinney, Houston, Texas 77002.
713/224.2668.

HAM-O-RAMA — Northern Kentucky, Sunday, May
26, at Boone County Fairgrounds, Burlington, }4
10 minutes south of Cincinnati, Ohio on
Prizes, forums, indoor exhibits, food. flea market
Tickets: $1.50 advance, $2 at door. Tickets/infor-
mation, contact: W4Pll, 601 Rosemont Ave., Cov-
ington, Ky. 41011,

TWELFTH ANNUAL HAM FEST on June 2, 1974, at

11 A.M. at Camden Park, U.S. Route 60 West,
Huntington, West Virginia. Flea market space
available. For information and tickets write: Tri-

State Amateur Radio Assn., P. 0. Box 1295,

Huntington, WV 25175

OUTSTANDING RTTY MANUAL. Teleprinter hand-
book. Covers everything. Beautiful hardbound vol-
nrne $14 ppd. from HR Books, Greenville,

WORLD QSL — See ad page 102.

WANTED FOR CASH — 4-1000A, 4CX1000A, 4-
400A, 4-125A, 3-1000Z, 3-400Z, 813, 811A. Must be
brand new & good. Also sockets and chimneys for
above. All tubes are subject to my test. Michael D.
Harrison, 431 Windsor Pl, Oceanside, L. I, N. Y.
11572, (516) 536-5320.

432 MHz TRANSMIT CONVERTER. We also have a
new 432 MHz FET receive converter. Send for in-
formation. Carmichael Communications, P. O. Box
256, Carmichael, CA. 95608.

SIGNAL ONE, CX7A with 6 month warranty, $1250.
Larry Pace, K2IXP/7, 5717 Genematas, Tucson,
AZ 85704, (602-888-5234).

CANADIAN JUMBO SURPLUS and Parts Catalogs.
Bargains Galore. Send $1. ETCO-HR, Box 741, Mon-
treal “A" H3c 2v2.

FRAME & DISPLAY your QSL’s with 20 pocket
plastic holders. Two for $1.00, seven for $3.00 from
your Dealer or direct, prepaid. Free sample to
Dealers upon request. TEBABCO, Box 198H, Galla.
tin, Tennessee 37077.

WANTED. Instruction manual for APR-4 receiver
and vhf/uhf tuning units. Will return after | make
a copy. Jim Fisk, editor-in-chief, Ham Radio,
Greenville, NH 03048.

QSLS. Second to none. Same day service. Samples
25¢. Ray, K7HLR, Box 331, Clearfield, Utah 84015.

YOUR AD belongs here too. Commercial ads 35¢
per word. Non-commercial ads 10¢ per word.
Commercial advertisers write for special discounts
for standing ads not changed each month

More Details? CHECK—OFF Page 110

TOWER

AND

ANTENNA

HEADQUARTERS

HY-GAIN — A/S — MOSLEY
TELREX — KIRK
NEWTRONICS — CUSHCRAFT
SLINKY DIPOLE

UNIVERSAL — HEIGHTS
SPAULDING — TRISTAO
ROHN — TRI-EX — E.Z WAY
ROTATORS BY HY-GAIN & CDE

Midwest Ham Headquarters

ELECTRONIC DISTRIBUTORS, INC.

1960 Peck Muskegon, MI 49441
Tel: 616-726-3196
Telex: 22-8411

“CHOICE OF THE DX KINGS"

the CUBEX

AN
/FIBERG{ASS

QUAD KNS

All models available “WlDE-SPACED”

2 ELEMENT-3 BAND KIT SPECIAL
CONTENTS

+ B Fiberglass Arms—skyblue color
« 2 End Spiders (1 pc. castings)

« 1 Boom/Mast Coupler—h.d.
aluminum

« 16 Wraplock Spreader Arm Clamps
« 1 CUBEX QUAD Instruction Manual

2-3-4 or more element Quads available
Write for FREE BROCHURE ‘H’ & Price List

CUBEX COMPANY

£.0. Box 131, Aitadena, California 91001
Phone: (213) 798-8106

YOU CAN'T SAY "QUAD" BETTER THAN “CUBEX"

ONLY

$7995

Add $8.50 far PPD
Frt, Cont. U.S.
Mailable APO
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INTERNATIONAL ELECTRONICS UNLIMITED

MAY SPECIALS

IITAL DI - 300} LS CAILCIRAYOR O
T404  Mex invertor . - Add. wbtract, muiply,
7445 BCD o dacimet dec/dry X - 12 digit

7453 fxp. AND-ORINVERT gome E with 12 MANIM LED

o od dann

7447
Tads
7450
7431
7453
7454
7435

-
-
-

tEEzEREREes

arionel smphifior DI
Comp O smp meniDIP mANSISTOR
PNP A NOW  TOI8 Epoxy
Rerriggersble one sher OIP Guaraniosd S0% vesble . . 20 for $1.00
Oual ratrig-ravet monou-mubivibroser DIP
Sin mubiplener DIP

236-bit waric RAM  DIP

P
228

LINEAR INTEGRATED CIRCUITS

MVM (super 720)
anry

i poriormonce
Vohege Fellower
Negetive Voltege Reguisser

ERERIRREEEbY

i
3uBRBREEY LBBLERRsEBEBREABILRLE

DIGITAL- CLOCK CHIPS

M S31E (28 pin) Any reedowvt &
5O with spec. "" S TTY 179 Snerte sme
mmuu..»)mmam vy livegden
. 895 u Y
- m: (u ’m) luw readent & d-'n v:,:.:.v::..':.,?.-
PPe 8CD with wpec.shoet e 109508, ¥ Ame
e s:u (24 pin) LED-incandwscent Operationst
readout 6 digit with spec. sheat 10.95 0a. Oual D"""'"" Comparesor
) 316 316 (40 i) Normal slarm. snasse Sogularer
4214 iorm, sloep timer 12 or 24 N
sy 1 wec. thest e 1598 00,

40
.40
40
40
«
40
40
.40
75
™m

40
40
40
45
435
40
40

]
oo
3

280
208
8520
;53 .
0582 295

2833%%

HEGEEH

ity which date sheets ore required with
. § 50 por data sheet for items priced o
less then 31.00 se. All of above sre Duakinline — X . MINIDIP
pach: DiP

o
o
o
or
Min DIP
MINLDIP
73451 (381) Dual Peripheral Driver  MINIOW
75491 Quad seg drver for
LED rendout ow 1 a0ue
73491 Wes diget dervws o 13500

Pleere soucly which date shaeh e requirsd with evder Add
3 5C per dais sheet for e peced levt than 1100 apch

E3smnane

UNTESTED I1C's

!

PHASE LOCKED LOCPS

R . MOS Shift Registers 2500 Series
4000 Series RCA Equivalent 2502 2508 2500 3510 7911 3518 2519 2521 2122
kgt KL o heet
Grob Bag Semcish [Satelivel hyoud
13 Amorted TTis (dhpe) $1.00/beg Phase :::: :m
23 Amorted PTL (dips} . .. $1.00/bag Function G'mr:v:"

Tone Generetor MINLDIP 295 ve.

Specify s..u roquired with arder

MEMORIES ON ORDERS OVER $25.00 DEDUCT 10%
All items are aew, unused surplus parts — tested functional. Satisfection &
%6 bt RAM MOS (2501) . gueranteed. Shipment will be made first closs mail—postage pasid—in US.,
"g;: :::::1 Canadas and Mexico within three days from receipt of order.
o o Minimum order—$5.00. California residents add ssles tax.
INTERNATIONAL ELECTRONICS UNLIMITED
P. O. Bex 1708, Moenterey, Calif. 93940 USA
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Columbia Pays Top $$ 8!
We need these today — now!

® SP-600JX Hammerlund Revrs
® 618T Collins Transceivers

P.S, We're also hungry for: Bendix, Collins,

Tektronix, H-P, etc. lab equipment; late
model military elec. for ground, sea, air;
other good gear. We pay freight! Airmail
cond, & $% — wanted today — now! We're
desperate!

COLUMBIA ELECTRONIC SALES, INC.

Box 9266-C, No. Hollywood, CA. 91609
Phone: (213) 764-9030

DIGITAL:THEORY,DESIGN ,
CONSTRUCTION

LOGIC

NEWSLETTER ©

SAMPLE COPY § 1.00
LOGIC NEWSLETTER
POB 252
WALDWICK,N.J. 07463

YOU DON'T KNOW
WHAT'S GOING ON
IN AMATEUR RADIO

if you aren't reading
HR REPORT, ama-
teur radio’s first twice
a month, airmail
newsletter with all the
latest news weeks be-
fore you will ever see
it in any monthly
magazine.

b wevor|=

from the Editors of HAM RADIO
$12.00 per year

Hr rREPORT

GREENVILLE, NH 03048

More Details? CHECK—OFF Page 110

g

T SPAGE SAVER )
OWERS & MASTS

CZ series towers, cranks up, installs
| without guy wires. New lacing design
creates greater strength.
Mini and Magna rotating masts . . . high
strength galvanized tubing, self support-
ing crank-up.
For complete details and prices please
check your local dealer or write
Certified Welders L.A. City License #634

RISTAO TOWER CO.

P.0. Box 115, Hanford, California 93230 /

SLINKY ! A Lot oF

ANTENNA IN A LITTLE SPACE.
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""" 'Ok rnpp | Suite 200, P. 0. Box 84

TELETRON CORP.  ings park, n. v. 11754
Kit #80-40-20 $29.95 plus $1 shipping
Coils only (pair of 4" dia. special coils)

$17.95 plus $1 shipping |
(N. Y. residents add 7%, sales tax)

|
|
I
name '
i
street 1

i

town zip
enclose check with order * we thip UPS upon receipt of order
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AdyerTiSers

check-off

. for literature, in a hurry —
we'll rush your name to the companies

whose names you ‘'check-off”

Place your check mark
name and number. Ex: Ham Radio

in _the spage between
234

INDEX
Amidon ___ 005 Jeff-Tronics ___ 069
Amtech ___ 006 K. E. ___ 072
Andy ____ 007 KLM 073
Antenna Design ____ 211 Larsen 078
Antenna Mart ____ 009 Leland 193
Antenna Linear 081
Specialists ____ 010 Logic _ 133
Apollo ___ 011 MFJ ___ 082
Atlas ___ 198 Martex ____ 197
Babylon ___ 014 Matric 084
Barry ___ 016 Midland ___ 086
Budwig _ 233 Mobiliers ____ 238
Cepco ____ 234 Motorola ____ 160
Columbia __ 212 New-Tronics ____ 171
Communications Nurmi ___ 090
Specialists __ 030 Patomar __ 093
Cornell Dubilier ___ 241 Pemco ___ 095
Craig ____ 17 Poly Paks ____ 096
Cubex __ 033 RMS ___ 239
Curtis ___ 034 RP ___ 098
Cush Craft ___ 035 Radiation
Data __ 037 Devices ____ 099
Delavan ____ 235 Callbook ____ 100
Drake ___ 039 Raytheon ___ 101
Dycomm ____ 040 Regency ___ 102
ECM ___ 190 Robot __ 103
Eimac ___ 043 Rochester
Electronics Hamfest ___ 217
Center 236 Savoy 105
Electronic Slep ___ 232
Distributars _. ... 044 Space-Military ___ 107
Epsilon ____ 046 Specialty ____ 216
Erickson _ __ 047 Spectronics, FM ____ 191
Fair .. ___ 048 Spectrum ___ 108
Gam . _ 237 Swan ___ 111
General Aviation ____ 168 Symtek ___ 203
Glade _ .. 213 TPL Comm. ___ 240
Global ___ 053 Technical
Gold Line ___ 242 Documen. ___ 226
Gray _.__ 055 Teletron ____ 188
HAL _ 057 Ten-Tec ____ 114
Ham Radio ___ 150 Topeka FM 115
Henry __ 062 Tri-Ex ___ 116
Hobby ____ 063 Tri Tek 117
House of Dipoles _ __ 036 Tristao ___ 118
Hy-Gain ___ 064 VHF Engineering ____ 121
lcom ___ 065 Venus __ 192
International Weinschenker _ _ 122
Crystal . . 066 Wilson 123
International Wolt 124
Electronics __ 141 World QSL ____ 125
J&L___ 224 Y&C ___ 126
Jan ___ 067 Yaesu 127
Janel ____ 068

Limit 15 inquiries per request.
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Greenville, N. H. 03048
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AdyerTisers

ATV Research ..
Amidon Associates
Amtech ..
Andy Electronics
Antenna Design Co.
Antenna Mart ...
Antenna Spe list:
Apolio Prodi 8
Atlas Electronics
Babylon Electronics .
Barry
Budmg Manulactunng “Co.
‘)co Electronic Speciaities
mbia Electronics Sales
Co.m- s Sp
Craig Radio
Cubex Compan
Curtis Electro
Cush Craft

evices .

Data Engineering e 89
Detavan Elactronlcs. Inc. . .. 18
Drake Co. L. S . 61
Dycomm . 96
ECM Corporation ... 84
Eimac, Div. of Varian Assoc. . . ... Cover vV
Electronics Center, inc. ... 53
Electronic Distributors, inc. 107
Epsilon Records .. ... . 88
Erich [ i 103
Fair Radio Sales ... 104
Gam Electronics ... 103
General Aviation El 43
Glade Valley School Radio S 84
Global tmport Co. 90
Goodheart Co., Inc. R, E. 100
Gray Electrcmcs 104
Gregory Electronics ... ..o o 77
HR Report 109
HAL Communications Corp 56, 57
Ham Radio . e e
Henry Radio Stores ... . Cover Il
Hobby Industry . 106
House of Dipoles ... . 92
Hy-Gain Electronics Corporahon .23, 112
lcom . . . . 97
International Crystal Mfg Co. Inc. ... 81
International Eilectronics Unlimited 108
J & L Engraving .. ... 88
Jan Crystals . - . e 78
Janel Labs . S 96
Jeff-Tronics SR 106
K. E. Electronics . 96
KLM Etectronics . 87
Larsen Electronics . 29
Leland Associates . 96
Linear Systems, Inc. 100
Logic Newsletter . 109
MFJ Enterprises .. 104
Martex Corporation 90
Matric . 106
Midland Electronics Co. 92
Mobiliers e . .. 101
Motorala . . ... 80
New-Tronics Covpora(lor\ 111
Nurmi Electronic Supply 88
Palomar Engmeers . 87
Pemco . RN .78
Poly Paks ... . 68
RMS Corporation ... . . 90
RP Electranics .. . 100
Radiation Devices 106
Radio Amateur Callbook, Inc. . 94, 102
Raytheon Company 65
Regency Electronics, Inc. 75
Robot Research . 79
Rochester Hamfest o 87
Savoy Electronics Cover tl
Slep Electronics B84, 86
Space-Military Electronics . 88
Specialty Products . . 102
Spectronics, FM .93
Spectrum International | 76
Swan Electronics . . 73
Symtek, Inc. . 104
TPL Communications, Inc. 95
Technical Documentation 86
Teletron Corporation . 109
Ten-Tec, Inc. . 94
Topeka FM Commumcahon & Electronics 101
Tri-Ex Tower Corp. . 5
Tri Tek, Inc. . 102
Tristao Tower Co. 109
VHF Engineering, Div. of

Brownian Elect. Corp. ... 82
Venus Scientific ... 1
Weinschenker, M, . 84
Wilson Electronics . .91
Wolf, S. 92
World QSL Bureau 102
Y & C tiectronics .. 105
Yaesu Musen USA 85

More Details? CHECK—OFF Page 110
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The Most Powerful Antennas Under the Sun

adin
DB-24B

DuoBand Does It Best!

20 AND 40 METERS
N

8.1 db gain on 20 Meters! |
4.9 db gain on 40 Meters!
Maximum legal power!

The Hy-Gain DB-24B is the top combination for top perfor-
mance on 20 and 40 meters. Uses three full-sized elements
on 20 meters and two 2/3 size elements in conjunction with
Hy-Gain's perfected linear loading on 40 meters. Unique
linear decoupling stubs make two band operation possible
without inductance and capacity traps. Feeds with 52 ohm
coax and is equipped with balun and Beta Match for opti-
mum energy transfer. F/B Ratio: 20 meters, 20-30 db; 40
meters, 10-20 db. Boom length 24 ft., longest element 43 ft.,
maximum input 1 kw, AM.

DB-24B...for top duoband performance!
Order No. 396 $229.95
HY-GAIN ELECTRONICS CORPORATION

Dept. BE, 8601 Northeast Highway Six, Lincoln, NE 68507
402/464-9151 Telex 48-6424

112 may 1974
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EIMAC
The DX Champion.

In contest after contest, contact after contact,
you'll hear the EIMAC-equipped stations come out
on top. Join the elite operators who choose EIMAC
for power, dependability and quality. You'll be 1n
good company

For technical information on
EIMAC products, contact the EIMAC
Division of Varian, 301 Industrial Way,
San Carlos, California 94070. Or any of
the more than 30 Varian/EIMAC Elec-
tron Tube and Device Group Sales division
Othces throughout the world. varian
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