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WINNING ISN’'T EVERYTHING.

BUT IT SURE BEATS COMING IN SECOND !

THE ALPML&{A §EVEMTV IS CONTEST BRED

Whether vou work contests or hate ‘em, the ruggedness and thoughtful design that place the
SEVENTY in a class by IISE” for serious contest operation will make it the pride
and |ov of your station, too. Going first class means .

e MAXIMUM LEGAL POWER YOU CAN TAKE FOF! GHANTED ...SSB,CW, RTTY or
SSTV, the commercial-rated ALPHA SEVENTY handles it cool and easy . . .
and continuously.

e SIX-SECOND BAND CHANGING . .. Just set to the numbers and start talking. No more
fumbling with tune-up while the DX gets away.

e WHISPER-QUIET OPERATION so you’ll never again need ‘‘cans’ to copy a weak one
through blower noise . .. and your signal won't sound like you're operating in a
boiler room.

e UNCOMPROMISING, FULL-BORE PERFORMANCE AT YOUR FINGERTIPS . . . With
state of-the-art engineering “"best’’ doesn’t mean “biggest and heaviest."” This rugged
desktop beauty proves that conclusively!

See the new standard of excellence at any of these outstanding dealers today (or write or phone
for an illustrated brochure):

WEST - AMRAD SUPPLY, 1025 Harrison St., Oakland, Calif. 94607
MOUNTAIN — CW ELECTRONICS, 1401 Blake St., Demrer Colo. 80202
MIDWEST - AMATEUR ELECTRONIC SUPPLY, 4828 W. Fond du Lac, Milwaukee, Wisc. 53216
MIDWEST - WORLD RADIO LABS, 3415 W. Broadway, Council Bluffs, la. 51501
EAST - ELECTRONIC DISlRIBUTURS, 11324 Fern St., Wheaton, Md. 20902
EAST - HARRISON RADIO, 2265 Route 110, Farmingdale, N.Y . 11735
and B Barclay St., New York City
SOUTH - DOUGLAS ELECTRONICS, 1118 S. Staples, Corpus Christi, Tex. 78404
SOUTH — THE HAM SHACK, 1966 Hillview St , Sarasota, Fla. 33579
and 328 S. Orange Blossom Trail, Orlando, Fla. 32805

n EHRHORN TECHNOLOGICAL OPERATIONS, INC.
Brooksville, Florida 33512 e Phone (904) 796-8400




IF YOU'VE
EVER
USED

REPEATER,

-

T

If you haven't

already received

a copy of our NEW

1971 Catalog of Precision
Quartz Crystals & Electronics

for the Communications Industry,

SEND FOR YOUR COPY TODAY!

Somewhere along the line, in vir-
tually every ham repeater in the
world, you’'ll find a couple of Sentry
crystals.

Repeater owners and FM "old-
timers"” don't take chances with
frequency—they can’t afford to. A
lot of repeater users depend on a
receiver to be on frequency, rock
stable...in the dead of winter or the
middle of July. The repeater crowd
took a tip from the commercial
"pros” a long time ago—and went
the Sentry Route,

That’s one of the reasons you can
depend on your local repeater to be
there (precisely there) when you're
ready to use it. FM'ers use the
repeater output as a frequency stan-
dard. And for accuracy, crystals by
Sentry are THE standard.

IF YOU WANT THE BEST,
SPECIFY SENTRY CRYSTALS.

YOU'VE USED A
SENTRY CRYSTAL

SENTRY MANUFACTURING COMPANY
Crystal Park, Chickasha, Oklahoma 73018

More Details? CHECK—OFF Page 94

PHONE:

(405) 224-6780
TWX-910-830-6425
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DRAKE FINEST £} LINE
R-4B Receiver

e Permeability-tuned VFO
reads to 1 kHz e Crystals
cover all of 80, 40, 20, 15
mtrs. and part of 10 ® Ten
500 kHz accessory ranges

530 MHZ) # Four band-
widths ® Passband tuning e
Noise Blanker on CW-S3B-
AM, Notch Filter, Xtal Cal

Frequency coverage and VFO
similar to R-4B e USB/LSB
® Semi break-in CW * Con
trolled Carrier AM ® VOX or
PTT e Adjustable Pi-Net e
Xmit AGC, no flat topping ®
200 walts @ 8 pole SB Filters

Transceive with R-48 or T-4XB VFO or use separately

$495.00

e 2000W PEP-S55B, 1000W
AM, CW, RTTY » Class B Gnd
Grid * Broad Band Tuned
Input ® RF Neg Feedback
e Xmit AGC = Directional
Wattmeter o Taut-band Me-
ters o Plate Current Meter
meets FCC reg ® Quiet hi-
volume blower,

Amateur Net $825.00 incl. sep. sol-st. Power Supply

DRAKE 4 LINE ACCESSORIES

Matching Networks

Integral Wattmeter: fwd pwr in watts
and VSWR direct ® Can read refl
pwr ® Matches xmtr to ant VSWR 5:1

MN-4 200 watts $ 99.00
MN-2000 2000 watts PEP $185.00
PP RF Wattmeters

Fwd and refl pwr directly in watts e

Two scales each direction @ Calib Acc:
+(5% of reading -+ 1% of full scale)
Moael Range Full Scale| Price
W-4 1.8-54 MHz| 200/2000W | $61.95
Wwv-4 | 20-200 MHz | 100/1000W | $73.50
Matching Speaker MS-4

5“x7" speaker, space for puwcr supply
" . 22.00
Cardioid Mike —
60-8000 Hz, ceramic, Hi-Z,
highly directional, plu% AT
Model 729-SRD 17.00

Standard Crystals, ea § 5.00
Power Supply AC-4. . $99.95

DRAKE TVI FILTERS

TV-300-HP High Pass Filter .. $ 4.95
TV-1000-LP Low Pass Filter  18.75
TV-100-LP Low Pass Filter 6.50

TV-CB-LP Citizens Band 1.65
TV-300-FMS FM Band Stop 4.95
TV-300-FMI FM Tuneable 4.95
LN-4 Power Line Filter 8.00

TR-44B Communications Station e Consists of R-4B and T-4B in
same cabinet e Less power supply and crystals $975.

erything for the Ham

DRAKE SIDEBAND TRANSCEIVERS
TR-4 P

BOTH have Linear VFO, 1 kHz
acc, 300w PEP-55B, Semi
Break-in CW with Sidetone,
VOX or PTT, Adjustable Pi-
net, Plate and AGC Mtrs,
built-in noise blanker.

TR-4 covers 10-80 meters;
USB/LSB, CW, AM; TR
tunes 6M plus MARS with
9 xtals (2 furn), USB-CW-AM,

RECEIVERS: Sensitivity for 10 dB
S/N: TR-4 5 uV, TR-6 .1 uV (FET
front end) Selectivity: Both 2.1 kMHz
@ 6 dB, TR-4 3.6 kHz @ 60 dB. BOTH
have diode & prod detectors, S-meter.
e

REMOTE
VFO's

Permit rcvg, xmtg or xcvg on sepa-
rate freq in same range as trans-

ceiver- py.gor v $110.00

& OB
R4 $699.95
-6 $650.00

TRANSCEIVER ACCESSORIES

MMK-3 Mobile Mounting Kit  $ 6.95
Power Supplies: AC-4 $ 99.95

Dec-4 $125.00
MS-4 Matching Speaker $ 2200

FF-1 Fixed Freq. Adapter $ 46.95
MC-4 Mobile Spkr/Wattmeter § 69.00

MC-4

HAMS SAY . .

.“Best Receiver buy since the 2-B"
2-C Receiver

® Xtal control 1st converter » 500
kHz Ranges: 80, 40, 20, 15, 10 meters
® Accessory Ranges 3-30 MHz e
SSB-AM-CW e Accessories: Spkr, Q-
Calib, Noise Blanker, Xtals.

Amateur Net §$255 00

Mult,

CW Transmitter

® 100 (or 75) watts ® Break-in CW with
2-C * B0, 40, 20, 15, 10 mtrs xtal con-
trolled ® Ant. Relay ® Sidetone e LP
Filter ® Pwr. Sup. incl.

Amateur Net $1 5400

For Receivers

FET,Lo Noise, Uniform Gain,
\ Low Spurrnus Response
=/ 6 meters—SC-6..

2 meters—SC-2

Power Supply CPS-1§

VHF Xtal Cal SCC-1 $26.95

Console C-1 $26.

Transmitting Converters

TC-2 o Entire 2-meter band ® 180 watt input
TC-6 * All of 6-meter band o 300 watt input
BOTH: * Xmit AGC—no flat top e Antenna

Relay ® Need no separate pwr supply with
Drake xmtrs. 2 $300.00; TC-6 $250.00

SPR-4 PROGRAMABLE RECEIVER e All solid state ® 1 kHz acc.
dial ® 3 bandwidths ® SSB-AM-CW e 24 500 kHz ranges 150 kHz-
30 MHz (10 ranges furn., others $5 ea.) e 12 VDC/120 VAC
® Acces avail: Calib, Noise Blanker, Notch, ... .. $499.95

Available at your local distributor.

R.L. DRAKE COMPANY - 540 Richard St., Miamisburg, Ohio 45342
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With the coming of late spring it is time
to take a close look at your antenna
system to make sure it's operating up to
par. Check all the electrical connections
for oxidation, inspect the feedline for
damage, and if the swr is not as low as it
used to be, now’s a good time to tune up
the system.

If you are considering a new antenna
for your station you may find useful one
of the designs in this, our annual antenna
issue. Although there have been few im-
portant breakthroughs in amateur antenna
design since the cubical quad, a great
many specialized antennas have been de-
vefoped for military and space com-
munications.

One recent example is the log-periodic,
first described as a microwave antenna,
later as a high-frequency wire beam, and
finally, for television broadcast reception.
The log-periodic antenna has never be-
come especially popular with amateurs,
probably because we operate on segment-
ed bands, and the log-periodic is a broad-
band device. The same might be said for
other recent developments such as the
backfire antenna and the phased array.

Over 100 vyears have elapsed since
Maxwell formulated the celebrated math-
ematical equations that continue to pro-
vide the basis for classical radio theory.
This theory was first verified by Hertz in
1887 with a center-driven wire antenna,
24 inches long, terminated at each end
with a metal plate about 16 inches square.
The fundamental frequency of this an-
tenna, 53.5 MHz*, was excited by a spark
gap.

Marconi's first successful wireless ex-

* R. King, “The Linear Antenna — Eighty Years
of Progress,” Proceedings of the IEEE, January,
1967, page 2.
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a second look

., Jim
fisk

periments used basically the same an-
tenna: Two large copper plates excited by
a spark gap. To increase the distance of
his transmissions Marconj put up larger
and larger quantities of wire. Early ama-
teur operators did the same — the DX
performance of a station was often di-
rectly proportional to the size of the
station’s antenna.

The first advances in gain antennas
were the result of experiments by com-
mercial radiotelephone companies which
wanted to improve the reliability of their
overseas service. First came the long-wire,
the vee and the rhombic; then the Lazy-H,
Sterba curtain and Bruce array, followed
closely by the WBJK flat-top and the
parasitic beam. Each new design was ea-
gerly tried out by amateurs trying to im-
prove the performance of their stations.

However, today it is different; the an-
tennas are not that much different from
those used a decade ago. Feed systems
have been improved, impedance matching
is better, and the antenna will stand up
under more severe weather conditions,
but the basic antenna is little changed. |
wonder how much more we can improve
the ubigquitous beam antenna?

expanded phone bands

The actual FCC docket for expanded
phone bands is essentially the same as
that discussed on this page last month.
The text of Docket 19162 is printed in its
entirety in the April issue of QST. If you
don’t have access to a copy of the text we
will be glad to send you a copy if you will
enclose a self-addressed, stamped enve-
lope with your request.

Jim Fisk, WIDTY
editor



New FM for 71
Standard’s SR-C826 M

professional quality, solid state, two-way radio,
designed and sold exclusively for amateur use
in the United States and Canada.

Standard Communications Corp., the world’s largest manufacturer of marine
V.H.F. equipment, has just developed a new industrial quality, high perform-
ance 2-meter unit. This rugged, compact transceiver is available only in the
U.S. and Canada thru an authorized Standard dealer. The “826" is so com-
pact that it makes mobile installation practical in almost any vehicle or air-
craft,it becomes fully portable with the addition of Standard’s battery pack.

GENERAL
Freq. Range — 143 to 149
MHz, 2 MHz spread
Supply voltage — 11 to 16
VDC. Negative Ground
13.8VDC nominal
Current Consumption — .15
amp receive standby. 2.4 amp
transmit
Number of channels 12-
Supplied with 4 channels

1) 146.94 Simplex

2) 146.34/94

3) 146.76 Simplex

4) 146.34/76
Microphone Dynamic

Dimensions — 678 "w x
2v2"h x 97 "d

STANDARD

Weight — 414
Frequency stability—.001%
(—10 to +60°C)
FTRANSMITTER
RF power output — .8 or
10 watts
Output impedance 50
ohms nominal
Deviation Internally
adjustable to * 10 kHz min.
factory set to =7 kHz
Spurious and harmonic
attenuation S0dB below
the carrier power level

Ibs. max.

I'vpe of modulator Phase
RECEIVER
Sensitivity — .4 or less
microvolts for 20 dB quieting

Squelch sensitivity
Threshold .2 microvolts
or less
2 MOSFET RF Amplifiers
| MOSFET Mixer

Deviation acceptance -
Upto * 15 kHz deviation
Spurious and image
attenuation 65 dB below
the desired signal threshold
sensitivity
Adjacent channel selectivity
(30 kHz channels) — 60 dB
attenuation of adjacent
channel

I'vpe of receiver
Dual conversion
superheterodyne
Audio output 5 waltts
For external speaker

$339.95 (complete as shown with

COMMUNICATIONS CORP.

World's largest manufacturer of marine V.H.F. equipment
P.O.Box 325, Wilmington,

Calif. 90744 (213) 775-6284

microphone, built-in speaker and
external alternator whine filter.)



four-element

colinear array
for two meters

Extended elements
with phasing stubs
give 14 dB gain
over a

ground-plane antenna

6 m may 1971

Bob Dahlquist, WB6KGF

Here is an antenna with as much gain as a
medium-sized yagi beam; yet, unlike the
yagi, this antenna is omnidirectional. You
can easily work stations from all points of
the compass without waiting for a rotator
to crank the antenna around to the
desired azimuth — an advantage when
working in a contest, a net, or with
mobile stations.

the circuit

The antenna is known as a 4-element
extended colinear array. It's an improve-
ment over the classical colinear antenna
described in the literature.! Instead of
Y.-wavelength elements, the extended
colinear uses 5/8-wavelength elements




{except for the topmost element) to
obtain gain over the conventional colinear
array or the popular ¥%-wave ground-plane
antenna,

The topmost element is shorter than
the other elements to preserve current
balance in the phasing stubs. The sketches
in fig. 1 show the electrical circuits and
the distribution of current and voltage.

have? | made a comparison test, starting
with a simple ground-plane antenna.
When the extended 4-element colinear
was substituted, the radiated field
strength increased by 14 dB. Some of this
increase could be attributed to an in-
crease in power input to the colinear,
since the colinear was adjusted to near
unity swr before it was installed.

RF CURRENT RF VOLTAGE

fig. 1. The extended colinear array. Sketch A shows electrical lengths of elements and tuning stubs; B
gives the electrical circuit of the complete antenna. Current and voltage distribution are shown inC

and D.

features

In addition to the added gain, the
extended colinear has extra height com-
pared with the ground plane. The ex-
tended colinear is self-supporting to 17
feet above its base on 2 meters. This
added height puts the radio horizon
several miles further away than that of a
ground-plane antenna. The improvement
will be more noticeable, of course, if you
must roof-mount the antenna than if you
can manage a 50-foot tower.

gain

Just how much gain does this antenna

theory

The extended colinear array is a bit
longer than the classical 4-element co-
linear. The added gain results from the
increased spacing between current loops,
or maxima, in the radiating elements (fig.
1). Increasing element length beyond 5/8
wavelength actually decreases gain,
because the out-of-phase currents in the
element ends then become large enough
to cancel some of the radiated field.

phasing

By mounting the four elements linear-
ly and feeding them in phase, the fields

may 1971 [ 7



radiated by the individual elements will
reinforce. The sum of the four fields
{total field strength) will be maximum in
a plane normal to the axis of the antenna
(fig. 2). The pattern is like the doughnut-
shaped field of a vertical dipole, but
much flatter, In the vertical plane, the
beam-width is only about 20 degrees,
with maximum radiation directed at the
horizon (fig. 3).

Proper phasing is accomplished with
stubs. Placed between each element, a
stub of the proper electrical length intro-
duces just enough delay to keep the
currents in the elements phased 360
degrees apart (for our purpose, this is the
same as zero degrees, or exactly in phase).

Since the elements are longer than
usual, the phasing stubs must be shorter
by a corresponding amount. Instead of %
wavelength, the stubs are 3/16 wave-
length from the shorted end to the open
end, or 3/8 wavelength all the way
around. The length of one element, plus

fig. 2. Retationship of waves radiated
from each element as a function of
range., Since the waves travel approxi-
mately equa) distances to reach a distant
point, P, all arrive in phase and add to
produce increased field strength.

the length of one side of each adjacent
stub, equals one wavelength {360 elec-
trical degrees) except for the top element,
where the total is 3% wavelength; the
length of the top element is 9/16 wave-
length (see fig. 1). Lengths of all
elements, tuning stubs, and radials are
given in fig. 4.
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feeding and matching

The array is fed at the base through
another stub, much like the phasing
stubs, except that only half of this stub is
constructed. (The other half is a reflec-
tion in the ground-plane disc.) Since this
stub is unbalanced, coax can be con-
nected directly without a balun. The
center conductor is passed through the
disc and soldered to the point on the stub

-

A

&=k

APPROX :”

fig. 3. The **squashed doughnut' pattern
of the extended colinear antenna. The
angle shown is in the vertical plane.

where the impedance matches that of the
coax, and the braid is grounded to the
disc that secures the ground-plane radials.
See fig. b. By alternately adjusting the
position where the coax is tapped, and
the length of the stub, a match near 1:1
can be obtained. The radials are % wave-
length long. They decouple rf from the
mast and the outside of the coax, thus
making the array independent of actual
ground. An overall view of the antenna is
shown in fig. 6.

construction

This antenna is best assembled by
casting the insulators in place. This pro-
cedure is not absolutely necessary, but it
does produce strong, watertight joints.
The casting process is not difficult or
expensive; one method is described later
in the article.

radiators

Each radiating element should be



strong enough to support both the weight
and the wind load of the parts above it. |
used tapered elements; it would also be
possible to make each element from a
different-size tubing. Aluminum alloy is a
good choice for material because of its
high strength-to-weight ratio, aithough
it's difficult to solder.

If each element is made with a joint of

946  ELEMENT

445 440 433 430
144
145 e
[~
146
\\
147
~ Y
8
4394 250 485 380
5/8 % ELEMENT
§ o N
[y
2 s
C T~
Q s
% I~
147
S ™~
x 148
L 154 153 52 Y 15D M5
316 X ELEMENT
144
145 \\\
6
147 '\
148
197 193 194

/4 X RADIAL
LENGTH (INCHES)

fig. 4. Lengths for elements, stubs, and radials
in inches versus frequency. Data is based on 1/2
to 3/8-inch-diameter elements.

some type, the antenna can be dis-
assembled to make transportation easier.
If this isn't done, the antenna should be
assembled in a place where its 17-foot
length won’t become a problem. My
tubing had threaded joints; however,
lacking these, you can use progressively
smaller sizes of tubing. By splitting the
end of a tube with a hacksaw, slipping the
smaller tube inside and applying a hose
clamp or two, you'll have a joint that will
allow adjustment as well as disassembly
of each element.

Each stub is made in two halves at
first, to be joined later. Cut each half to
length according to fig. 4, but allow a
little extra for making the joint to the
tubing. Add a little more than this for
pruning; say 6 inches. It's best either to
soider or weld the wire to the tubing.
Make sure all joints are mechanically and
electrically sound. Do not use acid-core
solder.

casting the insulators

For casting, you'll need three basic
items: a mold, resin, and a means to hold
the parts steadily while the resin cures.

The mold can be made of plaster of
Paris. You can make a mold for each
insulator and do the casting all at once, or
you can make one reusable mold and cast
the insulators one at a time except, of
course, the base insulator, which requires
its own mold. | used the latter method;
however, if | were to do it again l'd use
the former method, which saves a lot of
trouble and resin.

element insulators

Arrange each element with stub wires
attached, and with the joints disassem-
bled, so that each element is in its proper
relative position with respect to the
others. A cardboard mold, fashioned
from a quart milk carton, is then used to
cast a block of paraffin. When the paraf-
fin bhas solidified, remove the cardboard
mold and carve the paraffin into the
shape of the insulator (see photo).

Using another piece of cardboard, cast
a block of plaster of Paris around the wax
insulator. This will form a mold for the
plastic resin, which constitutes the in-
sulator. When the plaster has set, the wax
can be melted. You'll need at least one
hole in the plaster to drain the melted
wax, and another for pouring the resin.
These holes can be made during the
casting process with two greased, pointed
sticks; or after casting, with a drill. Use
care when melting the wax, because if it
gets too hot the plaster will dry and
crumble, or soldered connections on the
stubs will melt.

may 1971 9



base insulator

Forming the base insulator can be
tricky, but here are some hints to make
the process easier.

First, drill three holes in the ground-

FIRST ELEMENT
PLASTIC INSULATION

ONE OF
SIX RADIALS

S

[sma) L
3 -

AY0ID CONTACT BETWEEN
STUB AND MOUNTING BOLT

proper position. (You'll probably lose
some paraffin through the slot melted by
the stub wire and have to retouch your
pattern.)

When the pattern is ready, be sure that

[

RN

&

iy
0
v
4

t

h “\\\\\\}/\/\\\\\\\\k\\?\\
//// '

fig. 5. Detail of center insulator, bottom matching stub, and radiat anchor plate, A. View B shows

the assembly in perspective.

plane disc of the proper size to accept the
bolts that will hold the antenna. Then
drill another hole in the center of these
three holes. (This hole will be used to
pour paraffin into a mold.) Turn the
ground-plane disc upside-down and place
the three bolts into position, threading
the nuts on the bolt ends to support the
weight of the boits as they hang (also
upside-down) through the holes. See fig.
7.

Place the entire assembly on top of a
paper cup, with the bolts hanging down
inside the cup, but not touching its sides.
The cup forms a mold for the paraffin,
which is cast to form a pattern for the
mold, as before.

After casting the paraffin, turn the
base over and carefully remove the paper
cup. Place a cardboard cylinder, or a can
with the top and bottom removed,
around the paraffin pattern to hold the
plaster. Arrange a brace to hold the
tubing vertically. Heat the end of the
tubing, and let it melt its way into the
wax pattern until the tubing reaches the

10 may 1971

the base plate is absolutely level and the
tubing is absolutely vertical. Then pour
the plaster. Check to ensure that nothing
has shifted out of alignment. When the
plaster has solidified, you can melt the
wax pattern, as before. It will probably
be easier to do this without the radials
installed.

casting in resin

With the molds ready, you can cast all
the insulators in plastic at the same time,
using only one batch of resin. This will
eliminate considerable waste of resin and
acetone. Use polyester or slow-curing
epoxy resin, of the type used for fiber-
glass boats, for the casting. Do not, under
any circumstances, use the rapid-curing
type of epoxy resin, which is commonly
supplied with patching kits. The heat
generated by the rapid curing causes a
chain reaction inside the mold, because
the heat can't escape as fast as it's
generated. It can get hot enough to boil,
which causes bubbles; or it can even catch
fire. When the reaction is over and the
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fig. 6. Overall view of the compiete assembly.

stuff cools, it will crack. [f polyester resin
is used, apply twice the usual amount of
hardener or catalyst. This will cause the
mix to set up a bit faster and will also
make the finished casting more flexible
and less brittle,

Always measure carefully, and stir
with care to avoid mixing bubbles into
the plastic. Keep everything out of direct
suniight, and never mix more than you
can use at one time. Otherwise the resin
will gel, taking on the consistency of
something between Jello and rubber.
Note: the only thing that will remove
resin from hands and tools is acetone. It
evaporates so fast you have to see it to
believe it, so get about twice as much as
you think you'll need.

When the resin has set, you can break
away the plaster molds, put everything
together except the stubs, and proceed
with tuning.

tuning

The stub wires should be soldered or
welded to their radiating elements, but
not yet connected to each other.

Prune the stub wires to exact length,
using capacitive coupling — as loose as
possible — to the hot end of a grid-dip
oscillator tank coil. Using a receiver to
check the oscillator frequency, resonate
the three lower elements, with their stub
wires, at one wavelength each. Ground
one end of the top element to a metal
screen or sheet and resonate it to %
wavelength. While doing this, try to keep
all the stub wires parallel to maintain
constant capacitance between them,

Install the radials and tune them all to
% wavelength. Now solder the wire ends
together, or solder a shorting wire in
place, to complete all the phasing stubs;
then temporarily ground the end of the
matching stub. Check the resonant fre-
quency of the entire antenna with the

[ANTENNA ELEMENT

fig. 7. Making the insulators. Final step in casting an element insulator in resin is shown at A (see text)
The base insulator is made by pouring a wax pattern, B, around which a plaster mold is formed, C.
The wax pattern is then melted out of the mold, and the moid is filled with polyester resin, D.
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gdo capacitively coupled to the top end
of the antenna, as before. Note that the
antenna will resonate at any odd multiple
of the quantity (operating frequency
divided by 19). For example, if the
operating frequency is 190 MHz, the

antenna will also resonate at 170, 150,
130, etc., and 210, 230, 250 MHz, etc. So
be careful not to tune it on the wrong
harmonic. With this in mind, adjust all
the stubs equally, a little at a time if
necessary, to get the antenna on
frequency.

Now set up the antenna in a clear area,
at a convenient working height for adjust-
ment of the matching stub. Temporarily
connect the coax to about the middle of
the stub, and check the swr. If it isnt 1
to 1 (hi hi), move the coax a bit to either
side and test again. When you've found
the point of minimum swr, and if it isn‘t
quite close to 1 to 1, then shorten the
stub a bit by moving the ground point,

12 [ may 1971

and try again. If this doesn’t improve
things, try lengthening the stub. By alter-
nately adjusting the length of the stub
and the position of the tap, you should
be able to get close to a 1 to 1 match.
When you're satisfied with the swr, drill,

. Lafp

Matching-stub detail. Stubs are tuned initially using a grid-dip oscillator, then pruned to correct
length and soldered or welded to elements.

punch and/or file a hole at the proper
place and install a chassis-type coax con-
nector. Reconnect the coax to the con-
nector, and recheck the swr. You may
have to readjust the tap a fraction of an
inch.

Now you can put ‘er up as high as
possible, and sit back and enjoy all the
new signals you'll hear on the two-meter
band.

references
1. ARRL Handbook, Headquarters Staff, Amer-
ican Radio Relay League, Newington, Con-
necticut.
2. R. L. Crawshaw, WAONGYV, "5/8 Wavelength
Verticals,”" 73, May, 1970, p. 36.
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for
yagi antennas

Complete design

and construction details
for adjustable
balanced-to-unbalanced

feedline transformers
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William 1. Orr, W6SAI, EIMAC Division of Varian, San Carlos, California 94070

adjustable balun

How convenient it would be if all Yagi
beams presented a 50-ohm, unbalanced,
non-reactive load at the feedpoint! Un-
fortunately, this is not the case, as most
single-band Yagis exhibit a balanced
feed-point impedance in the range of 18
to 30 ohms. Off-resonance, the im-
pedance becomes complex, varying in the
typical manner shown in fig. 1A. More-
over, when using a center-fed dipole the
feedpoint impedance is balanced to
ground, and an unbalanced coaxial feed
system can result in degraded antenna per-
formance. Poor front-to-back ratio, noise
pickup and TVI may be some of the
problems arising from improper attention
to system balance.

A number of interesting matching and
balancing systems have been evolved from
time to time to solve these problems, and
the better solutions work quite well, This
article discusses an adjustable trans-
formation linear balun of a type that has
seen service in commercial installations
over the vyears. However, its use in
amateur circles has been restricted, possi-
bly because of lack of knowledge regard-
ing its operation. The balun will provide
an adjustable step-up impedance match
plus an accurate transformation from an
unbalanced to a balanced mode for load
values of about 10 to 50 ohms. Best of
all, it is easy to adjust. Here’s how you
design, construct and tune this interesting
device.



the L-network

The adjustable balun is derived from
the basic L-network shown in fig. 1B. By
the use of a combination of a series and
shunt reactance the low-impedance load
may be matched to a high-impedance
source. Transformation ratios up to ten
or more are common. Two lumped con-
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FERCENT CHANGE FROM RESONANT FRENQUENCY

Vhf (left) and hf (right) balun construction.
Balun tubes are locked in position by phenolic
blocks. Inner conductor of coaxial line crosses
over and is soldered to opposite tube. Short
lengths of copper ribbon provide easy connec-
tion to dipole element.

3

NN

stant L-networks are shown in fig. 2.
They are conjugate networks, the sign of
the series and shunt impedances being
reversed between the A and B versions.
The A network is rather common in
amateur equipment;! it may be recog-
nized as the output section of the popular
pi-L network circuit.

fig. 1. Yagi-beam impedance plot in A is
similar to that of a dipole. Resistive
component increases with frequency; re-
active component is negative below
resonant frequency and positive above it.
L-network in B consists of series and shunt
reactances and may be used to match a
¥agi to 50-ohm coaxial line.

SERIES
REACTANCE

HIGH L Low
IMPEDANCE WRALLE| IMPEDANCE
SOURCE REACTANCE 3 LOAD

7

The configuration in fig. 2B is used
less often although it performs in the
same general fashion as the A network.
This second version of the L-network is the
one used in the adjustable antenna balun
described here.

In both versions, X|_ and X represent
real components, and R represents a
resonant antenna load. If the antenna is
deliberately made non-resonant, however,
it may be adjusted to simulate a complex
impedance containing the desired value of
either X or Xg. Specifically, if the
dipole antenna element is longer than
resonance, it exhibits inductive reactance
(Xp) at the center terminals; if it is
shorter than resonance, it exhibits capaci-
tive reactance (Xc). Thus, varying the
length of the antenna beyond the reso-
nant point eliminates the real com-
ponents X (in network A) and X¢ (in

may 1971 15



network B). The L-network may be re-
duced to an off-resonant antenna, and
either a parallel capacitor or inductor
may be used, depending upon the type of
network.

may take the form of a shorter-than-
resonant dipole. In addition, the lumped
inductor X|_ may be removed and a
shorted segment of transmission line sub-
stituted as shown in fig. 4.

Base end of hf (left) and vhf (right) baluns. Adjustable shorting bar is visible on hf balun. Extra
shorting bar has aluminum boom clamp mounted on it. Coaxial line passes out of balun tube and has
female type-N coaxial fitting (UG-23B/U) fitted at end of line. Vhf balun has one adjustable shorting
bar (not in photograph) with copper shorting bar sweated to bottom of balun tubes. One tube is a
few inches longer than the other and has a modified UG-18B/U coaxial plug soldered to the tube. In
the hf balun, the coax braid is soldered to the end of the copper tube and the joint wrapped with
vinyl electrical tape. The braid is completely removed in the vhf balun with the inner conductor of
the line soldered directly to the coaxial fitting; the inner conductor is passed through the tube to the
opposite end.

balanced L-network

The configuration is the mechanical

There still remains the problem of
connecting an unbalanced coaxial trans-
mission line to a balanced antenna
element. Fig. 3 shows the network of fig.
2B redrawn for a balanced condition. The
ground point is moved to the center of coil
XL, and two capacitors, each double the
value of X are placed in series with the
load. As before, if the load is considered
to be an antenna, the series capacitance

16 [ may 1971

heart of the adjustable balun. A shorted
transmission line less than one-quarter
wavelength long presents an inductive
reactance at its open end. A shorter-than-
resonance dipole presents a capacitive
reactance at its terminals. If the length of
the line segment (or stub) and the length
of the dipole are properly chosen, the
components of the impedance matching
network are reduced to a few lengths of



tubing, two of which are the halves of the
driven element in the beam antenna.
The linear L-network is easily con-
verted to a practical balun transformer as
shown in fig. 5. Points A and B of the

fig. 2. Conjugate L-net-
works. Network A is
preferred when load
reactance may be nega-
tive. Network 8 is pre-
ferred when load re-
actance is positive. For
reactance ranges com-
mon to Yagi antennas,

X, = V(Ry *R)- R2

either network may be . - Rin - R
used. ¢ XL

balun are balanced to ground and present
the correct impedance to match the
shortened dipole. The unbalanced coaxial
line may be brought into the balun
through one of the balun tubes, with the
center conductor of the coaxial line
crossing over at the end of the device to
contact the opposite balun tube, as
shown in the illustration. Of course, the
impedance of the coaxial line must be
held to the original value as it passes
through the balun tube. By adjusting
both the shorting bar on the balun and
the length of the dipole this simple device
will provide excellent balance and trans-
former action.

Balance is achieved by permitting the
outer shield of the coaxial line to assume
the potential of the balun tube as it
passes from the grounded end (C) to the
terminal end (B). Cross-connecting the
center conductor to the opposite balun
leg insures 180° phase reversal is main-
tained.

network transformation

The reason the L-network is able to
transform one impedance value to
another is that, for any series circuit
consisting of a series reactance and resist-

ance, an equivalent parallel network
which possesses the same impedance
characteristic can be found.? The general
case for determining the values required
for any two impedances to be matched

Low HIGH X Low
IMPEDANCE IMPEDANCE L3 R SIMPEDANCE
LOAD SOURCE LOAD

Xe = \VIRy +R}- RE
Riv R
L " [
o
by the L-networks of fig. 2 are sum-
marized by the following equations:
R.
= =02 +1 (1
R
X
Q=-% (2
R
R.
Q=10 (3)
p
Where Rjp =the input impedance,

R = the load impedance, Xg=the series
reactance, Xp =the parallel reactance,
Q =the circuit Q, and the series and
shunt reactances are of opposite sign.

For easier usage with 50-ohm lines,
these formulas may be reduced to the
ones shown in fig. 2 with the relationship

2x;

: \

l Al

HIGH
'uumms 3 mps’fa’vcs
SOURCE BALANCED
XL LOAD
2x¢

M|
1

1
fig. 3. The L-network of fig. 2B redrawn for a

balanced source and load. Points A and B are at
equal and opposite potential to ground.
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between Xs, Xp, Rin and R given in fig. 6.
The reactance values are in ohms and may
be translated to picofarads and micro-
henries with the aid of a reactance chart.*

balun design

Once the transformation ratio and the
values of series and parallel reactance

ADJUSTABLE

SHORTING
B4R

wavelength long, constructed in this

fashion, is:
XL =2Zp tanl

where X|_ = inductive reactance in ohms,
Zo = characteristic impedance of the
balun line, and ! = length of the balun line
in electrical degrees.

7O DIPOLE
ANTENNA

COAXIAL LINE FROM
TRANSMITTER

@

LINE SEGMENT < 2 —————-‘

tig. 5. Linear transformer of fig. 4 is modified into balun by passing coaxial line down one leg.
Points A and B are balanced to ground. Inner conductor of coaxial line is cross-connected to
apposite balun leg. The impedance transformation is adjusted by varying length of the balun and

tength of driven element of antenna.

have been established, the physical balun
may be designed from transmission-line
formulas. The fact that a shorted, two-
conductor transmission line of the proper
length exhibits inductive reactance at the
terminals makes it possible to substitute
such a line for the inductor in an L
network. The amount of reactance shown
by the line segment is determined by the
characteristic impedance and the elec-
trical length of the two-conductor line.
The inductive reactance of a shorted
lossless balun line, less than a quarter-

je——— Live seoMENT <_1‘L —_——

fig. 4. The inductor X_ in fig. 3 may be
replaced with a segment of shorted
transmission line. Points A and B are at
equal and opposite potential to ground,
C.
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Fig. 7 is a plot of balun line length (/)
in electrical degrees as a function of the
ratio of load impedance to balun im-
pedance (o). A plot of the ratio ¢ in
terms of line length in feet for the
20-meter band is given in fig. 8. These
charts provide sufficient information to
build your own linear balun,

practical balun transformer

A balun transformer built along these
principles is shown in the photographs.
For convenience the balun is made of
3/8-inch diameter hard-drawn copper
tubing. The feedline, RG-8A/U cable, will
just pass through the tubing when the
braid and the vinyl jacket are removed
from the line. Using a center-to-center
spacing of 3 inches, the balun line will
have a characteristic impedance (Zg) of
about 325 ohms.

The Smith chart may also be used for im-
pedance transformation. See P.H. Smith's
book, ““Electronic Applications of the Smith
Chart,” published by McGraw-Hill.
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fig. 6. X and Xc values for antenna load R.
This chart may be used for determining balun
reactance values when a 50-ohm transmission
fine is used. For example, if the load impedance
(antenna impedance at resonance) is 25 ohms,
the capacitive element (X¢) of the bajun of fig,
2B is 25 ohms, and the inductive element (X )
is 50 ohms, The chart may be used with the
balun of fig. 2A if the naomenclature of the
curves is reversed (X becoming X¢ and X¢
becoming X ).

Assume the impedance of the trans-
mission line is 50 ohms and the antenna
load is 20 ohms. Using fig. 6, the value of
X¢ is found to be -24.5 ohms, and the
value of X is +41.5 ohms. Turning to
fig. 7, the ratio of X} to balun charac-
teristic impedance (g) s
41.5/325 = 0.127 as noted on the y-axis.
The value for /, as found on the x-axis is
about 7.5 electrical degrees.

To get the answer directly in feet, fig.
8 may be used for the 20-meter band. In
this example for 0 = 0.127 (read as 0.125
on y-axis) the balun length is about 1.4
feet, or 16 inches.

The chart of fig. 6 has indicated that
the series reactance (Xc) for this example

*As antenna length decreases, feedpoint
impedance decreases, too. The decrease typ-
ically runs about 10% to 15% for the range
encountered in matching a three-element Yagi
beam to a 50-ohm transmission line.

is ~24.5 ohms. This reactance takes the
form of a shorter-than-resonance driven
element. The amount of shortening re-
quired is a function of the length to
diameter of the element and the feed-
point impedance at resonance of the
element.* The amount of shortening may
be computed easily for a single dipole
element, but no information exists (that |
am aware of) that permits this computa-
tion to be made for a muiti-element Y agi
beam. Consequently, the shortening
necessary to bring the driven element to
the proper reactance value is best deter-
mined by the heuristic method — cut and
try! For a three-element 20-meter beam,
shortening the driven element about three
to six inches each side seems to bring
things into the bali-park.

adjusting the balun

The balun transformer may be pre-set
and attached to the beam antenna. The

0
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LENGTH IN ELECTRICAL DEGREES

fig. 7. Balun length in electrical degrees as a
function of the ratio of the load impedance to
the balun impedance (X, /Z4).
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balun can run parailel to the boom for
convenience at a distance of about six
inches from the boom. Positioning the
balun closer to the boom will necessitate
a change in setting. The driven element,
for a starter, should be shortened about
three inches on each tip (for 20 meters).

The excellence of adjustment is ascer-
tained by running an swr curve across the
band, making a measurement every 50
kHz or so. Balun length and driven-
element length are then adjusted to drop
the swr curve to a 1-to-1 ratio at or near
the center of the band. Adjustment is not

T-watt composition resistors of known
value, The calibrated transformer balun
may then be used backwards, as it were,
to determine the feedpoint impedance at
resonance of the antenna.

Various adjustable baluns are in use at
WGSALI. A permanent one is placed on the
beam antenna, and two others are cali-
brated for use around the shack on
experimental antennas. The balun for
high frequency work is about five-feet
long and has center-to-center spacing of 3
inches. The vhf balun is about the same
length (approximately 1% wavelengths at

fig. 8. Balun conversion a3so l
chart for 20 meters, 0325 I
Balun length in feet 0300
may be determined if & 0275 - Z_,_ri L
resonant antenna toad " 6250 ]
and balun impedance o i
are known. Ratio of :.0'225
these two items s o|g 0200 4 —[
found on y-axis, and ‘téo,l?s
balun length is read on §§ 0i50 A
x-axis. Chart may be ":% o258 L_L_.__(___ /] - ] 1
used for other bands ol 1 j
{multiply lengths by 2 @ 0100 / V i
for 40 meters, divide by 0075 v v
1.5 for 15 meters, 0.050 1 t 4’%&
divide by 2 for 10 0.025 v
meters, etc. [] H
[ 05 1o 15 20 25 30 35 40 45 50

critical, and if you log your adjustments
you will guickly be able to estimate the
degree of change necessary to adjust the
system ‘‘on the nose.” Adjustments of
balun and dipole length are interlocking,
but setting the balun to the length in fig.
8 for a given value of antenna load and
preshortening the driven element a few
inches will insure that the starting point is
not too far out of line.

For convenience the feedpoint im-
pedance of the three-element Yagi beam
may be taken as 20 ohms. In fact, it is
possible to calibrate balun length versus
terminal impedance in the home work-
shop using a grid-dip oscillator, an an-
tennascope or swr meter and a handful of

20 [ may 1971

LINE LENGTH FOR 20 METERS (FEET)

144 MHz) with a center-to-center spacing
of 1% inches. The extra half-wavelength
was added to the vhf balun to permit
measurements to be made without the
operator being in the immediate field of
the antenna.

Baluns of this general type may also be
used as step-down transformers to match
balanced load impedance in the range of
50 to 300 ohms to low-impedance coaxial
lines — but that’s another story.

references
1. William 1. Orr, WBSA], editor, “’Radio Hand-
book,” 18th edition, p. 288, Editors & Engi-
neers, New Augusta, Indiana.
2. Gray and Graham, “Radio Transmitters,’

Chapter 5, Mc-Graw-Hill, New York,
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a practical
experimenter’s
approach to

Time-domain reflectometry
represents one of the
easiest methods

of analyzing
transmission-line problems.
The system shown here

is easily duplicated

in your shop

The use of time-domain reflectometry for
analyzing transmission lines has enjoyed
little popularity among experimenters
who must finance their own projects. In
fact, there are probably many amateurs
who have never heard of this technique,
Essentially, time-domain reflectometry is
a closed-circuit radar system that displays
transmission-line impedance ‘“‘bumps’’
and discontinuities on an oscilloscope.*

This system has been used by repair
crews for many years to locate faults in
high-voltage transmission lines. A pulse
burst is sent continuously down the
transmission line, If the pulse encounters
a short or open circuit the reflection
travels back to the sending point, where it
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David M. Allen, WAQPIA, 2500 West 65th Street, Shawnee Mission, Kansas 66208 I

time-domain reflectometry

is compared in phase, time and amplitude
with the original pulse. This comparison
indicates the distance to the fault as well
as its nature.

With new high-speed oscilioscopes it
has become practical to apply the time-
domain reflectometry technique to high-
frequency transmission lines. The faster
the transmitted pulse, the greater the
distance resolution, since distance is re-
lated to time. Hence, distance resolution
has shrunk from hundreds of yards to
fractions on an inch, and commercial
systems permit accurate measurement of
reflections only a thousandth of a volt in
amplitude.

Although commercial time-domain
reflectometry equipment costs in the
thousands of dollars, the basic technique
is quite simple, and if the experimenter is
willing to sacrifice the extreme accuracy
of commercial equipment, he can dupli-
cate the basic system at relatively low
cost.

The only expensive requirement is a
good oscilloscope, preferably one with
triggered sweep, with bandwidth ex-
tending to 10 MHz or beyond. The upper
limit on scope bandwidth is the prime
limiting factor in measuring small dis-
continuities along a transmission line.
Aside from the requirement for a good
scope everything else can be built or is
readily available in your shop. With this

*For more information on time-domain reflect-
ometry, see Hewlett-Packard application note
67, “’Cable Testing with Time-Domain Refiecto-
metry.*’ Available from Hewlett-Packard, 1501
Page Mill Road, Palo Alto, California 94304.



simplified approach transmission-line
impedance cannot be measured within a
tenth of an ohm accuracy, nor can
transmission-line lengths be measured in
one-foot lengths, but accuracy and resolu-
tion are good enough to be quite useful,
and will provide answers to trans-
mission-line problems where none were
previously available.

fundamentals

The time-domain reflectometry (TDR)
system is based on the propagation of an
energy pulse down a transmission line
into the load at the other end. A scope is
used to monitor the pulse. It takes a
finite length of time for the pulse to
travel down the transmission line; this
length of time is very short and depends
upon the length of the transmission line.
As the pulse travels through the line it
may or may not be upset. If discon-
tinuities exist along the line, part of the
pulse energy will be reflected back
toward the generator.

Since the scope is connected across the
output of the pulse generator any energy
that is reflected will be displayed. The
original outgoing pulse is sharp-cornered
and flat-topped; when reflected energy is
added the flat top develops ripples and
humps. The position of the ripple along
the normally smooth top of the pulse
corresponds directly to the length of time
taken for the pulse to travel to the
discontinuity and back again.

Schmitt-trigger pulse generator and 1-MHz
source are built into small steel chassis.

If the transmission line is perfectly
matched the pulse will be loaded down,
and its voltage amplitude will be reduced,
but the pulse top will remain smooth and
flat. On the other hand, if the coax has
water in it or is otherwise contaminated,
or if a splice is poorly done (or any
number of similar maladies) there is a
mismatch and the pulse displayed on the
face of the scope will be distorted. The
oscillographs, figs. 7 through 10, show
typical forms of distortion.

The input pulse must be very short
and fast, and the scope must have charac-

Inside the time-domain reflectometry unit, The
1-MHz source is in the shield can to the left.

teristics equal to (and preferably better
than) the pulse’s fast rise time and short
duration. The duration of the pulse deter-
mines the distance resolution of the
system. For example, a two-second pulse
is short enough for a transmission line
186,000 miles long (the pulse must travel
twice the length of the transmission line
before it gets back to the scope, thus, two
seconds instead of one). Although the
velocity factor of the coax, typically
0.66, will slow things down somewhat,
pulse lengths this long are obviously not
practical. However, the pulse can be
easily shortened, and a pulse length of 1
microsecond is suitable for approximately
324 feet of coax or 480 feet of open-wire
line. This puts transmission-line lengths
within manageable limits.

In commercial time-domain reflecto-
metry systems much shorter pulses are
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used with special sampling oscilloscopes.
In a typical setup the combination of a
very-fast-rise-time pulse generator and
sampling scope provides an overall fre-
quency response of 2.3 GHz or better.

1 MHe

fig. 2. Practical OSCILLATOR
time-domain reflec- MODULE
tometry system uses

1-MHz crystal-con- + )
trolled oscillator,

|
Schmitt-trigger :
pulse generator and :
high-frequency os- l
cilffoscope. .

This corresponds to a rise time of 150
picoseconds (150 trillionths of a second}
which means that transmission-line dis-
continuities less than a half-inch apart
may be resoived and isolated,

Although the pulse length for a prac-
tical amateur system doesn’t have to be
this short, the requirements for the pulse
are fairly stringent. In my TDR system
the pulse repetition rate was chosen at 1
MHz. For a fast-rise-time smooth pulse
harmonics beyond 30 MHz will be pre-
sent. Fortunately, adequate semicon-
ductors are readily available, and the
necessary construction techniques are no
more than those required for a good
100-kHz crystal calibrator.

HIGH-Z
PROBE
SIGNAL SCHMITT
GENERATOR TRIGGER
TERMINATION
RESISTOR
fig. 1. Original time-domain reflec-

tometry system built by author indi-
cated feasibility of simplified approach.
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SCHMITT
TRIGGER

equipment

Figs. 1 and 2 show two different
approaches to getting a workable time-
domain reflectometry system going. Fig.
1 was my first attempt; nothing was built

TERMINATION
RESISTOR

but the Schmitt trigger circuit, and it was
only loosely haywired together. Friends
viewed the assemblage with skepticism;
the Schmitt trigger resembled floor
sweepings more than anything eise. How-
ever, it worked, and from that initial
success evolved the system in fig. 2. This
is basically the same except that a 1-MHz
driving source was used. A crystal-con-
trolled 1-MHz driving source is particular-
ly valuable where sweep-time calibration
of the scope is in question, since the pulse
generator then doubles as a very accurate
time-base calibrator.

The 1 MHz source | used was taken
from commercially built equipment and
puts out a crystal-controlled 1-MHz sine
wave. It can be easily duplicated, or a
standard signal generator may be used. It
does not take much power to drive the
Schmitt trigger. A simple 1-MHz driver
circuit is shown in fig. 4.

The Schmitt trigger circuit is a stand-
ard design; component values were jug-
gled in the prototype to provide a clean,
stable pulse with fairly low impedance.
The hysteresis of the circuit was made as
low as practicable while still allowing
sufficient pulse-length adjustment. The
2500-ohm pot sets the switching thresh-
old, and the pulse length with a sine-wave
driving signal. Pulse length is also a



function of the amplitude of the 1-MHz
source. Resistor R1 is used to set drive-
signal amplitude by loading generator
output down to the level required by the
Schmitt circuit,

sistor and the saturation voltage of Q2.
When these voltages are offset pulse
output will be referenced against a O-volt
baseline instead of being elevated above
ground. The diodes are silicon switching

1, @,

470

[2] [24

fig. 3. Schmitt-trigger pulse-generator circuit. Transistors are surplus silicon npn types; Motorola
HEPS50 are suitable. Value of R1 depends upon 1-MHz amplitude and source impedance.

The transistors are small-signal, high-
frequency switching types. In my unit |
used devices from surplus digital equip-
ment. | don‘t know anything about them
except that they are silicon npn. With the
2500-ohm threshold pot in the circuit
transistor substitution should cause no
problem, only readjustment of the pot.

When the final trigger circuit was built
it worked when power was first applied,
and was tested by hooking it into a
communications receiver. As the thresh-
old pot was varied for symmetrical on-off
characteristics, the even harmonics went
through a null of several dB as read on
the S-meter. Since theory says that there
will be no even harmonic energy in a
perfect square wave it was assumed that
the pulse generator was working properly.
This was verified later with an oscillo-
scope.

The 680-ohm resistor in series with the
Schmitt circuit output prevents excessive
loading of the circuit due to low cable
impedance. The two diodes in series with
the output are to offset the voltage
developed across the 39-ohm emitter re-

types and are not at all critical. | used
TN645s.

Adjustment of the 2500-ohm thresh-
old pot is not critical. If the driving
voltage at the base of Q1 has the proper
amplitude the threshold action of the pot
will occur across a few degrees of rotation
near the center of its range. Once the

fig. 4. Crystal-controlied 1-MHz oscillator.

circuit is switching properly the narrow
range of the pot's adjustment is used to
vary the length of the positive pulse
output. In my unit, 0.6 microsecond
pulses provided ample time for work.

operation

The pulse generator output must be
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hooked directly to the transmission line
without excessive lead lengths. The scope
connection is very critical. A high-
impedance scope probe with a 10:1
divider is satisfactory, but the scope must

Once a clean pulse is visible on the
scope (similar to fig. 5) scope sweep time
can be adjusted to fill the entire screen
with the top of the pulse as shown in fig.
6. At this point the pulse generator

fig. 7. Transmission-line display. From left to
right: 68-feet 50-ohm RG-8/U, 25-feet 93-ohm
RG-62/U, 100-o0hm termination. Termination
occurs approximately at center screen; right
half of pulse displays no information. “Step" in
display occurs at transition from 50- to
100-ohm transmission line.

have adequate sensitivity. | found it more
expedient to hook the pulse output direct-
ly into the scope with a very short length
(less than 6 inches) of low-capacity coax
cable such as RG-62/U. If there are any
ground loops present in the system they
will probably show up as excessive over-
shoot and/or ringing on the front edge of
the pulse. This is where high-frequency
construction techniques are very impor-
tant.

fig. 8. Transmission-line display. From left to
right: 68-feet 50-ohm RG-8/U, 25-feet 93-o0hm
RG-62/U, 25-feet 50-o0hm RG-58/U, S1-ohm
termination. Bump indicates length of 93-ohm
RG-62/U.

output is terminated directly at its out-
put. The next step is to hook the unit to
a transmission line. However, the follow-
ing precautions must be observed: the
transmission line must be terminated by a
resistive load that is dc coupled, and there
must be no frequency-selective devices
(coaxial baluns, matching stubs, etc.)
anywhere in the line. Impedance varia-
tions and discontinuities should now be
visible on the top of the pulse; figs. 7, 8,

fig. 5. Rectangular pulse output from
Schmitt trigger. Pulse rate, 1 MHz;
sweep time, 0.2 usec per division,
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fig. 6. Same pulse as in fig. 5 but
with sweep time decreased so top
of one pulse fills scope face.



9 and 10 show examples of what to look
for.

The scope display in fig. 7 shows the
effect of increasing the impedance of the
line. This trace shows a length of 50-ohm

fig. 9. Transmission-line display. From left to
right: 68-feet 50-ohm RG-8/U, 25-feet 93-0hm
RG-62/U, 5-feet 50-ohm RG-58/U, 100-ohm
termination. Because of scope's bandwidth
limitation, the 5-foot section of 50-ohm line
did not get down completely to the 50-ohm
level.

line (RG-8/U) connected to a length of
93-ohm line (RG-62/U) followed by a
100-ohm termination. The step in the
trace occurs at the connection point
between the 50- and 93-ohm lines. The
termination is at approximately the
center of the screen; the right half of the
trace contains no information.

In fig. 8 you can see another example
of impedance increase. In this case three
sections of coaxial line were connected
together: a 50-ohm section followed by a
93-ohm section followed by another
50-ohm section and a 51-ohm resistor
termination. The bump in the trace corre-
sponds to the short section of 93-ohm
line.

Fig. 9 shows a 50-ohm line connected
to a 93-ohm line, followed by a short
5-foot section of 50-ohm line and a
100-ohm termination. The first step in
the trace is the input to the 93-ohm coax.
The dip to the right of the step indicates
the location of the short section of
50-ohm line. Because of bandwidth
limitations imposed by the oscilloscope,
the pulse reflection from the b5-foot

section of 50-ohm line did get down
completely to the 50-ohm level.

In fig. 10 you can see the effect of a
discontinuity in the transmission line, In
this case 130-feet of 50-ohm coax was
terminated with a 50-ohm dummy load.
The discontinuity, a 24-pF capacitor
shunted across the line, is indicated by
the bump in the trace. The capacitor is
70-feet from the input. In this display the
vertical gain of the scope was increased to
make it easier to see the discontinuity.
Note that overshoot at the beginning of
the trace is now objectionable.

limitations

Since the output pulse has frequency
components to 30 MHz or beyond, but
no higher than 100 MHz, this low-cost
system cannot be used for waveguide,
Goubau-line or other transmission lines
that have a low-frequency cutoff point.
Although the system described here is
designed for coaxial transmission lines

fig. 10. 130-feet of 50-ohm transmission line
with 50-ohm termination. Discontinuity (24 pF
shunted across line) at end of 70 feet. Vertical
gain was increased to make the discontinuity
more visible; note that overshoot is now ab-
jectionable.

there is no reason why a similar system
with balanced output could not be de-
signed for open wire line and twisted pair.
This system provides tangible answers to
questions that have previously been
guessed at, and provides visible goals in
otherwise hit-or-miss situations.

ham radio
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Construction details
for a triangular,
70-foot tower

you can build

for a fraction

of the cost

of a ready-made

structure
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tower

Many hams would like to have a good
tilt-over antenna tower for as little money
as possible. This was my wish also, but |
didn’t do anything about it until a good
friend, WA3AHM, started needling me
about building one. This article describes
the result of my answer to this chal-
lenge — a 70-foot tilt-over tower for only
$44.62 in material costs. | used material
purchased from local junk dealers for all
structural members except the 3/8-inch
round-rod diagonal trusses (fig. 1), which
were donated by friends. If purchased,
the 3/8-inch round rod would come to
about $15.00 extra — still a pretty good
bargain when you consider the cost of a
commercially built tower of this type.
Accessories such as gears, lift motor,
cables, and tilt-over winch are additional
expense items, of course.



APPROX. 20 FT LONG

construction

This article is presented with the
assumption that you've had some welding
experience. If you haven’t and wish to

3-W PLATE (3 REQD)

experience that should help if you've
never undertaken a project such as this.
The main point to bear in mind is that
the verticality of the finished structure
will depend on how accurately you

3N PLATE (3 REDTD)

2-IN DIAM TUBING

I=IN DiA SOUARE
TUBING (3 REQD)) /
1l Lk

6 FT——

1N SOUARE TUBING,

20-FT LONG (3 REOD

PER SECTION)
THRUST BEARING

3/8-IN ROUND ROD  PvOTA
(SEE TABLE I}

51 BOAT WINCH—e

A
<
% S

[ CONCRETE BASE

(3m-IN

00) 2X2-WN ANGLE

18 REQ'D)

/

/)

5N PULLEY—

fig. 1. The 70-foot tower in the tilt-over configuration. The tubing extension at top is adequate for a
6-meter yagi antenna; other antennas will require extensions using different tubing sizes and lengths.

build the tower, you can have the entire
assembly welded professionally and still
come out ahead of the current market
price for a tower of this size.”

I've included some hints based on my

e

Clean lines and true verticality result from
careful jig measurement and prealignment
before welding and placement in concrete
base.

measure the templates and the care with
which the parts are positioned during
welding. A small shift in alignment during
assembly will be magnified many times in
the completed tower.

templates

My reply to WA3AHM'’s challenge
about building a triangular tower was,
“You can't keep the triangular elements

table 1. List of materials for the homebrew
tilt-over tower. All material is soft iron.

quantity description size
1 round 3/4™ x 25"
2 angle 3" x4" x8'6"
1 angle 3" x4" x6'8"
8 angle 2" % 2" w27
66 round 3/8" x 23"
66 round 3/8" x 22"
66 round 3/8" x 21"
10 square tube 1" x 20"
18 plate 1/16" or 1/8" thick

x 3" wide; approx.
19" long

*An estimate for the complete welding job,
based on precut and accurately dimensioned
parts, is about $50.00 for labor and welding
materials. With some energetic bargaining, this
cost could be reduced. editor.
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aligned during construction.” Then |
came up with the idea of making three
jigs, or templates, from one 4 x 8 sheet of
5/8-inch-thick plywood. The detail of the
jigs is shown in fig. 2.

After laying out one piece of wood in
the hexagonal shape shown, | made two
more and nailed all three pieces together.
Three circles were inscribed on the top
piece, then each circle was divided into
six equal parts using a large pair of
dividers.

Next, one-inch squares were laid off at
each corner of the three triangles. These
were drilled with a %-inch bit and shaped
into square holes with a saber saw. (These
holes will accept the main longitudinal
members, which are 1-inch-square lengths
of tubing. See table 1 and fig. 1.) The
1-inch-square holes should allow the
tubing to slide through the wood easily,
but with a slight amount of drag. It might
be necessary to stagger the holes slightly
in the center piece to provide solid
support for the tubing in the jigs.

setup

The jigs were separated and numbered
1, 2, 3 in relation to the way they had
been nailed together. The 1-inch tubing
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was then placed through the holes in jig 2
and allowed to extend about six feet
beyond the end of the jig. Jig 1 was
placed just over the end of the six-foot
protrusion of the tubing, and jig 3 was
placed over the far end of the tubing. It is
important that the number of all jigs face

fig. 2. Geometry of templates used for posi-

tioning tower el ts during welding. Jigs are
made from a single sheet of 4 x 8, 5/8-inch
plywood.

in the same direction. Otherwise accumu-
lative alignment errors will creep in,
which will affect the verticality of the
final structure. (You don’t want the
neighbors to think you're a CBer!)
Choose a level spot on which to set the
jigs and tubing. You'll need some wooden
wedges to level the jigs. Place a string over
the tops of jigs 1 and 3, and adjust jig 2
for level if necessary. Then run the string
along the corner of the jigs to make sure
there is no side twist in the assembly.

welding

The 3-inch plates were welded around
the triangle at jig 1 first. Then the
3/8-inch round rods were placed zigzag
fashion up the side of the triangle and
tack welded. This procedure was repeated
on all three sides of the tower section, up

i' THICK FLYWOOD

I"SOUARE HOLES



to movable jig 2.

A problem in welding a structure of
this type is positioning the diagonal truss
members and keeping them in place while
welding. | used a magnet salvaged from
the yoke of an old TV set to hold the
pieces in place during the tack welding.

Electromechanical elements for rais- -
ing and lowering the tower. A 1/3-HP
motor and 40:1 gear train are used.

Each diagonal truss was bent slightly
(approximately Y-inch radius) before
welding. This enhances the appearance of
the structure.

The next step, after tack welding the
diagonal members, was to move jig 2
approximately six feet and recheck for
level and twist. The tack welding was
continued until jig 2 was against jig 3.
Then jig 3 was removed, and jig 2 was left
in place. The 3-inch plate was welded
around this end of the triangle. Next,
both jigs were removed, and the 3/8-inch
round rods were welded permanently.
This completed one section of the tower;
the other two sections were constructed
similarly. Three-inch-long pieces of
%-inch angle were then welded at the
corners of the sections to act as guides
when the sections are raised and lowered.

tilt-over stub

This part of the assembly was built
from 3 x4-inch angles (longitudinal
pieces) and 2 x 2-inch angle trusses. The
tilt-over stub is triangular and mounted in
a concrete base. Use extra care here to
obtain an absolutely vertical structure.
Make several measurements, then recheck
each before the concrete is poured. This
work is extremely important if the tower
is to be vertically true.

A length of %-inch round rod com-
pletes the assembly as a pivot piece for
the tilt-over stub.

accessories

The lifting and lowering mechanism
consists of a 1/3-HP electric motor and a
40:1 worm-and-gear arrangement. The
tower is tilted by a 5:1-ratio boat winch
and pulley assembly. The cables for the

entire tower are 1/4-inch galvanized
stock.
acknowledgment

Several amateurs in this area have used
these jigs to build similar towers. 1'd like
to thank all who have contributed in-
formation for this article.
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the double

bi-square array

The ressurection

of an old classic

that provides

high performance on the

high-frequency bands

The bi-square antenna was originally de-
scribed in the April, 1938 issue of
RADIO magazine by Woody Smith, then
WG6BCX and editor of the magazine. | was
working for the magazine at the time and
thought | would build one some day.
Now | have, more than 31 years later!

The original configuration with one
point downward is necessary for the
single pole mounting, but the same an-
tenna is shown in W6SAI’s ““Quad Hand-
book,”” with one side parallel to the earth
as used in the conventional quad arrange-
ment. This is called the XQ antenna,
meaning Expanded Quad.

The bi-square array, a derivation of the
Lazy-H, has a broadside gain of about 5 dB
with a bi-directional pattern. It is twice
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the size of the conventional quad
element, as each side is a half-wave long.
This means that it is hardly practical to
rotate except on 10 meters. On that band
some have been built with a reflector or
director with a resultant unidirectional
pattern and gain of around 9 dB. KV4AD
has had a big signal on 10 meters with a
variation of this rotatable arrangement.

A 10- and 15-meter pair of bi-square
arrays may be mounted concentrically;
with another similar pair mounted at
right angles. Instant switching of direction
and frequency may be accomplished at
the operating position as shown in fig. 2.

construction

The dimensions of the bi-square array
are not too critical as the simple matching
method shown here resonates the antenna
sufficiently when tuned for minimum
swr. Each side of the 10-meter array is
about 16% feet long, and each side of the
15-meter array is about 22% feet long.
The open-ended stubs are 8% feet iong
for 10 and 11'% feet long for 15.

This is not a high-powered antenna as
shown here. The plastic insulators are
unavoidably at points of high rf voltage
and RG-b8/U coaxial feed line is used for
convenience. This is satisfactory in my
case since the longest feed line is less than
20 feet, and the maximum power is that
attained by a 500-watt PEP (input) trans-



ceiver. High powered operation will call
for better insulation and RG-8/U
feedline.

The whole system is hung on a light-
weight wood pole consisting of a pair of
12-foot 2X4s spaced with blocks of 2X4
as a fixed base unit. A 2X3 is butt-spliced
to a 2X2 top section. The bottom of the

A

$YMBOL FOR
PULLEY

l \ _BOTTOM INSULATOR\
| TrPICAL

WOO0D POLE
40’ OR MORE

antennas at the plotted distance down the
pole,

The pulleys are small aluminum types
with nylon rollers, with eyebolts you put
on and enough bolt length to go through
the pole. The nylon iine is a utility type
that comes in 100-foot hanks and has a
diameter of slightly less than 3/16 inch.

@LINE TO PULLEY

+” TOPINSULATOR \\

Treicat

PLASTIC INSULATOR
TrPICAL

NYLON LINE
TreicAaL |

SIDE SUPPORT
1F NEEDED

NOTE THAT BOTH TOP AND |1
BOTTOM OF LOOPS ARE OPEN

DRAWING - WeFFF

fig. 1. Bi-square array for 10 and 15 meters for one bi-direction. For doubled directional coverage a

similar array is hung on the same pole at right angles.

2X3 is inserted between the 2X4s and
fastened with two bolts. With one bolt in
to act as a hinge, the whole upper part is
pushed up, and the second bolt put in to
secure the mounting.

Four nylon lines, about 2/3 up the
pole will suffice for guys during installa-
tion. After the arrays are in place they
will serve as the final guying.

It is a good idea to make a scale
drawing of the antenna to locate the
placement of pulleys for symmetrical
rigging. Those for the 15-meter antennas
at the top should be offset a few inches
vertically and on adjacent sides of the
pole to avoid entanglement. The same
applies to the pulleys for the 10-meter

The top 15-meter antenna goes up first,
the sides are pulled out, the bottom
placed, and the whole thing pulled snug.
The others follow in the logical order.

(The drawings in the antenna books
always show perfect squares with side
guys going out to an invisible fence or
ground stake. However, with my 50 foot
wide lot the best | could achieve with
fences was a skinny diamond. Some
20-foot sections of tv mast squared up
the arrays.)

Now the stubs may be installed,
straight out and tight, trying to keep the
4 stubs as close to 90 degrees from each
other as possible. Install the coaxial feed-
lines and tune up.
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tuning

Tuning up is simplicity itself. Slide the
coaxial line connector to the point of

15 M,

NW-SE

fig. 2. The full array. This
is four separate antennas;
any single one may be used
since there is no depend-
ence on any of the others.

minimum swr near the center of the band
and that's it. This will hold pretty well
over the whole band with acceptable swr
since this is a fairly low-Q antenna.
Further sophistication may appeal to
some, such as resonating the whole an-
tenna with a shorting bar and then
finding the spot for attachment of the
feedline, perhaps with some type of
balun. After several months use | put

F 70 F

BARE WIRES SPACED TO MATCH
F-F DN ANTENNA

2 STuB, PLUS FEW INCHES
AT CENTER FREQUENCY

WATERPROOF END
/OF CABLE

FAHNSTOCK CLIPS ON
PLASTIC INSULATOR

@‘7’

RG58/U TO SWITCH

[—J j PLASTIC INSULATOR

PULL TAUT TO
ANCHOR POINT

fig. 3. The movable feed point. After position-
ing the clips may be soldered to the wire and
the whole thing covered with a waterproof
cover.

DAAWING - WEFFF
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simple bazooka quarter-wave sleeves on
two of the antennas, but as no difference
was noted, good or bad, | just left them
on.

NE-SW

performance

After a year’s use a pretty good evalua-
tion of the antenna is possible. The
instant switching of directions is inter-
esting as it often shows a 5 or 6 S-unit
difference between the antennas, both
locally and distant. The 10-meter an-
tennas show more discrimination than the
15, probably due to better electrical
spacing above ground. The exact center
between beam paths doesn’'t seem too
lively, but that may be due to areas of
lesser ham activity, as | have received
some good reports along those paths from
Antarctica, South Africa and VK9,

My particular setup of SW-NE,
through New Zealand and Spain, and
NW-SE, through Japan and Argentina,
seems to favor those areas.

A good long-term check on this an-
tenna has been possible through almost
daily contacts over the past year with
ZL3LE on 10 meters, and with ZL3KA
on 15 meters through all sorts of condi-
tions. Both Bill and Jack agree that | am
competitive with any of the W6s except
for certain well known big antenna opera-
tors, and they of course are also running
2 kW PEP which helps a bit.

ham radio
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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
(Specity when ordering) $3.50

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) i $3.50

3. PAX-1 TRANSISTOR RF
POWER AMP

A single tuned output amplifier designed to
follow the OX oscillator. Outpuls up lo
200 mw, depending on the frequency and
voltage. Amplifier can be amplitude
modulated. Frequency 3,000

to 30,000 KHz. $3.75

4. BAX-1 BROADBAND AMP

General purpose unit which may be used
as a tuned or untuned amplifier in RF and
audio applications 20 Hz to 150 MHaz.

Provides 6 to 30 db gain, Ideal for SWL,
Experimenter or Amateur, $3.75

5. OX OSCILLATOR

Crystal controlled transistor type. Lo Kit
3,000 to 19,999 KHz, Hi Kit 20,000 to 60,000
KHz. (Specity when ordering) $2.95

6. TYPE EX CRYSTAL

Available from 3,000 to 60,000 KHz.
Supplied only in HC 6/U holder. Calibration
is = .02% when operated in International
OX circuit or its equivalent,

(Specity frequency) $3.95

INTERNATIONAL
PRECISION RADIO CRYSTALS

WRITE FOR CATALOG

International Crystals are available from 70 KHz

to 160 MHz in a wide variety of holders.
Crystals for use in military equipment can be ﬁ\
supplied to meet specilications MIL-C-3098E. -
INTERNATIONAL
GP) for “General Purpose” applications | A i
CRYSTAL icsi for “Commercial E.Standarg'?
TYPES: (HA) for “"High Accuracy” close temperature CRYSTAL MEG. CO., INC.
tDlBral‘ICD rﬂqulfements 10 NO LEE ® OKLA CITY OAI'A ™oz

More Details? CHECK—OFF Page 94 may 1971 35




uhf

transmission
lines

For maximum performance
on 432 MHz and above
you must select

low-loss transmission lines —
here are some

of the types most suitable

Most discussions of transmission line for
amateur radio seem to describe the vari-
ous types available, leaving the ultimate
choice to individual decision. While this
may be a satisfactory approach for the
high-frequency bands, and possibly vhf,
at uhf (432 MHz and above) the choice is
narrowed down to a very few types.
Nominal losses inherent in the chosen
transmission line plus impedance mis-
match bring total losses to a point which
is completely unacceptable.

Assuming a reasonably good test
setup, let’s consider the example of a
1296-MHz antenna with an unknown
mismatch (ordinarily considered accept-
able at high frequencies). The antenna is
fed with 80 feet of good quality RG-8/U
line. When 60 watts are fed into the line
at the transmitter, a reflected power of 1
watt is indicated at the transmitter
(which would appear to be a fairly
acceptable vswr).
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Now let’'s see what we actually have.
Eighty feet of RG-8/U has 8-dB line loss
at 1296 MHz. With this loss 9.6 watts of
power arrives at the antenna. Remember
that we measured 1 watt reflected. This
means that the actual power reflected
from the antenna was 6 watts. Therefore,
the actual power radiated by the antenna
is the difference between the power that
arrived and the power that is reflected.
Since 9.6 watts arrived, with 6 watts
reflected, the effective radiated power is
3.6 watts. Clearly this is unacceptable.

The solution to this problem lies in as
nearly perfect matching of the trans-
mission line to the antenna as possible
and the use of low loss line.

Table 1 shows some of the lines that
may be used at uhf. If in the previous
example we had matched the trans-
mission line to the antenna, used a line
which had a nominal loss of 3 dB and
measured one-half watt of reflected
power we could have the following: 60
watts at the transmitter, 3-dB line loss
(30 watts at the antenna) and 2 watt
reflected power (1 watt is reflected back
at the antenna).

Thirty watts minus 1 watt equals 29
watts effective radiated power, an eight-
fold increase compared to the previous
example. All with the same transmitter.
The cost of the transmission line would
be far less than the cost of quadrupling
transmitter power. Moreover, the equiva-
lent gain would be obtained at the re-
ceiver since an antenna system is recipro-
cal on receive and transmit.

From the standpoint of nominal loss
the poorest line that should be used at
these frequencies is equivalent to good
quality RG-17/U. Remember that poorly
made line may have impedance bumps
due to variations in concentricity, dialec-
tric quality and braid characteristics.
Quality is important.

A solid center conductor is manda-
tory. Of course, coaxial fittings should be
those made for the line.

Manufacturer’s specifications regarding
minimum bending radii should be care-
fully followed since distortion of the



table 1. L.osses for coaxial transmission lines suitable for amateur use. RG-8/U is included to show

how poor it is in comparison with other types.

type 0.D. shield
RG-8A/U 0.405 single (braid)
RG-9/U 0.420 2 (braid)
(RG-214/U)

RG-14/U 0.545 2 (braid)
RG-17A/U 0.870 1 (braid)
(RG-218/U)

RG-19/U 1.120 1 (braid)
RG-231/U 0.500 alum tube
RG-331/U 0.500 alum tube
RG-360/U 0.750 alum tube
RG-332/U 0.875 alum tube
RG-333/U 0.875 alum tube

attenuation
per 100 feet power
(dB) loss
jacket* 432 MHz 1296 MHz (1296)
PVC-2 7 12 93.7%
PVC-2 7 12 93.7%
PVC-2 3.8 7 80%
PVC-2 2.4 4.5 67%
PVC-2 1.8 3.6 55%
none 2.1 3.5 55%
PE 2.1 3.5 54%
PE 1.7 3.0 50%
none 1.4 2.5 42%
PE 1.4 2.5 42%

*PVC-2 indicates non-contaminating polyvinyl chloride; PVC-1, contaminating polyvinyl chloride is

found on reguilar RG-8/U and should not be used. PE is polyethylene.

transmission line can cause serious im-
pedance disturbances at 1296 MHz. Spec-
ifications should aiso be adhered to re-
garding burial of lines. It should be
realized that plastic is permeable to water
vapor at varying rates; pinholes in the
plastic covering are nearly unavoidable in
manufacture.

Some of the gas-filled lines have excel-
lent nominal loss characteristics but un-
less some means of pressurizing is avail-
able stay away from them since moisture
inevitably gets in and destroys the low-
loss characteristics. Unless pressurization
is available stick with foam-filled lines.

Twinlead is often recommended for
uhf because of its nominal low-loss char-
acteristics, but in actual use it is quite
undesirable since it requires great care in
dressing, insulation from surrounding
structures and the strict avoidance of
sharp bends. In addition, line radiation is
a problem, as is impedance matching.
When it rains the line becomes practically
useless. My advice is to forget it.

It should be mentioned that the short
piece of flexible line around the rotator
often represents a fairly large proportion
of the total line foss in a good system.
Use the best you can get such as double-
braided RG-9/U or better yet, RG-14/U
or Times FM8. Remember that 7 feet of
RG-8/U around the rotator represents 0.7
dB or nearly 10% power loss.

Of course, waveguide has excellent
characteristics at these frequencies and
makes excellent low-loss line. However,
the same problems of pressurization
occur as in air-supported coax although
not to as great an extent. Also, problems
at corners and bends and transformations
to coaxial cable (for use with a rotator)
present certain design problems. High
cost is another factor which rules it out.

In conclusion some mention should be
made of the type of coaxial fittings you
use. It goes without saying that they
should be constant-impedance types. This
automatically rules out the commonly
used series-uhf fittings such as the
PL-259. | strongly suggest that you stand-
ardize your uhf system to N-type fittings.

N-type fittings are constant-impedance
types and have the added advantage of
being fairly weatherproof. In addition,
the N-type connector’s low-cost avail-
ibility on the surplus market makes it
even more attractive. It is made in a wide
variety of fittings so it can be used with
almost any transmission line which you
choose. Its characteristics at 1296 MHz
are excellent, and it can carry a great deal
of rf power without breaking down.

It should be obvious from the above
discussion and table 1 that under all
conditions the transmission line should be
as short as possible.

ham radio
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low-cost
compact

antennas
for 20 meters

A selection of

simple antennas

based on plastic-pipe booms
and element supports

for the

antenna experimenter
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All compact antennas are compromises,
whether they are dipoles, verticals or
beams. For low swr they must be oper-
ated over rather narrow frequency ranges,
and efficiency is not as great as with a
full-sized antenna. However, by using
elements at least 1/8-wave long, ineffici-
encies may be kept to a minimum.

In the tripole antenna | have tried to
overcome some of the disadvantages of
miniature antennas by adding a third
element as shown in fig. 1. Although this
antenna looks like a ground plane at first
glance, it is not; it consists of an in-
verted-vee dipole with a vertical element
connected to one side. Performance of
this arrangement has been excelient, and |
have received good signal reports on both
20 and 40 meters.

The vertical support may be made
from varnished bamboo or %-inch plastic
pipe. If you use plastic pipe, use plastic
fittings to couple the sections of pipe
together. The vertical element for the
40-meter version (originally described in
Florida Skip) is shown in fig. 1. The
vertical element for the 20-meter tripole
consists of a 16-foot, 6-inch section of
number-14 wire taped to a 17-foot bam-
boo (or plastic) pole; the inverted-vee
elements of the 20-meter version are
16%-feet long.

The vertical element and one of the
inverted-vee elements are connected to
the center of the coaxial feedline; the
other inverted-vee element is connected
to the outer braid of the coax. To tune
the antenna, use a grid-dip meter to
indicate resonance. In the 40-meter
tripole the windings of loading induc-
tance L2 are expanded to increase
frequency, and compressed to lower
resonant frequency.



tripole beam

Two compact tripole antennas may be
combined into a beam as shown in fig. 2.
Although this particular antenna was de-
signed for 20 meters, similar designs
could be used on the other bands. The
compactness is particularly useful for
space-cramped amateurs who want to
operate on 160, 80 and 40 meters.

In the 20-meter tripoie beam, the
boom is a 1-inch sguare aluminum pipe,
101-inches long. Each of the tripole
elements are 8-feet, 8-inches long. Con-
struction is shown in fig. 2. Each of the
elements is center loaded with coils
wound on a 5-inch section of plastic PVC
pipe 3/4-inch in diameter; fill the form
with 4 turns number-18 plastic-insulated
wire, spaced 1/16-inch. The two 48-inch
aluminum tubing elements are held to-
gether with 12-inch lengths of %-inch
PVC pipe.

Each aluminum element is pushed 2
inches over the end of the center insula-
tor, leaving 46 inches of active element.
The plastic coil form slides over the
1-inch center insulator and is connected
to the aluminum elements with short
pigtails. (Note that all coils are wound in
the same direction.) This movable coil
form is used to tune the antenna to
resonance by moving it to a different

172" DIAM ALUM
48” LONG (6 REQ'D)

4 TURNS APPROX

| PV Tee
2

XFMR, RG-58/U |

RG-58/U FEEDLINE

fig. 2. Tripole beam uses plastic-pipe and
aluminum elements. All plastic elements
shown in fig. 3 can also be used.
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LI 26 TURNS NO. 14 WIRE, I"DiaM

{ TURN PER 1IN, NO. 18

r&f‘l%r‘;‘j

i
#3p SPACING

COAX CENTER CONDUCTOR
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40-METER INVERTED VEE

30 FT MAST

fig. 1. Tripote antenna for 40 meters.
Grid-dip the vertical element to 7250
kHz. Adjust resonance with L2,

position on the center insulator.

Once each element has been resonated,
the movable coil form is cemented to the
center insulator. This is a rather high-Q
antenna so one frequency setting will
permit operation over 100 kHz of the
20-meter band for swr less than 1.5:1.

Each of the six tripole elements is held
to the boom with plastic tee fittings,
available at your local hardware store.
When all the elements are in place on the
boom, connect the base of the reflector
elements together with a 4-turn coil of
number-14 wire, 1%-inch in diameter,
2-inches long. The radiator is fed with a
Ya-wave matching transformer made from
two sections of RG-58/U; the 50-ohm
coaxial line from your transmitter is
connected to the bottom of the matching
transformer as shown in fig. 2. One center
conductor of the matching section is
connected to one of the horizontal
elements; the other center conductor is
attached to the vertical element and the
remaining horizontal element.
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plastic-pipe tripole beam

The basic tripole system shown in fig. 2
is easily, and less expensively, made with
PVC-pipe supports and wire elements.
For this simplified construction, use an

fig. 4. X-bar antenna uses
four elements of the type
shown in fig. 3. This an-
tenna may be used hori-
zontally, as here, or verti-
caily.

8-foot, 8-inch length of plastic pipe for
each element. The loading coil is wound
on the outside of the tubing, and after
tuning, is cemented in place. Drill a small
hole in the pipe on each side of the coil,
and connect the coil to 4-foot sections of
wire inside the pipe as shown in fig. 3.
Plug the ends of the pipe with wooden
dowels to keep moisture out.

Each of the loading coils consists of 30
turns number-18 plastic-insulated wire on
a 1-inch diameter form with a winding

ELEMENTS 3 AND 4 SHORTE(

ELEMENTS | AND 2 FEQ WITH
QUARTER-WAVE TRANSFORMER

PLASTIC PG FIPE a0 14 INS1OE 7
f)::-‘.‘\- ......................... iz T DR < »\.;3:;.)
COIL WOUND
OUTSI
WOODEN PLUG OF PIPE

fig. 3. Plastic-pipe element consists of
center Joading coil and wire elements
inside the pipe.

length of 7 inches. This coil, with a
capacitance hat made from two 12-inch
lengths of number-14 wire, provides
resonance on 20 meters. Tuning range of
this all-plastic antenna is on the same
order as the more conventional design
shown in fig. 2.

A section of plastic pipe, 101-inches
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long, may also be used for the boom.
Each of the tripole elements is mounted
on a plastic tee-fitting which is mounted
to the boom. The three elements of the
reflector are connected together with a

CAPACITANCE
HAT

and tuned

coil 5% lower than the
radiator. The radiator is fed in the same
way as shown in fig. 2. The tripole
elements may also be mounted to the
boom with plastic X fittings so the
elements are symmetrically spaced 270°
apart.

x-bar beam

The X-bar beam antenna is an exten-
sion of the tripole beam that uses four
compact elements instead of three. Ele-
ment construction is the same as that
shown in fig. 3. The radiator and reflector
each consist of four elements, attached to
the 101-inch plastic boom with plastic
cross fittings. The X-bar antenna is fed
with a matching section as shown in fig.
2. Performance is slightly improved over
the three-element version.

x-bar compact antenna

The X-bar compact antenna shown in
fig. 4 was developed as a result of
experience with the X-bar beam. This
antenna consists of four PVC pipe
elements, and may be used either
horizontally or vertically. | mounted one
version of this antenna on a short tilt-over
mast extension which could be lowered



for vertical polarization, and put up (like
an umbrelia) for horizontal operation.
Under some skip conditions | found that
switching from vertical to horizontal in-
creased signal strength. However, the swr

AW

™.,

g

14.25 43

1405 14 1415 142
FREQUENCY (MHz1)

fig. 5. Swr performance of an X-bar
antenna wsing plastic and aluminum
elements.

changes from horizontal to vertical, with
a slightly higher resonant frequency in
the vertical position.

Each of the elements in the X-bar
antenna is the same as those shown in fig.
3. For vertical operation the coils should
be 30 turns; for horizontal operation, the
coils should be 26 turns, number-18
plastic-insulated wire. With a horizontal
mounting the quarter-wave matching
transformer was made with 75-ohm
RG-69/U; swr was nearly flat for 50-kHz
each side of resonance, with an swr of
1.3:1 for a total frequency range of 150
kHz.

The X-bar antenna can also be built
with the plastic and aluminum elements
shown in fig. 2. The swr performance of
the aluminum X-bar antenna with capaci-
tance hats is shown in fig. 5. These
measurements were made with the an-
tenna 9-feet off the ground. For tuning it
is much easier to prune the capacitance
hats than to adjust the loading coils. The
capacitance hats on elements 1 and 2 are
12-inches long; the element hats on
elements 3 and 4 are 6-inches iong.

For better swr performance two
elements of the vertical X-bar antenna
can be combined with full-size quarter-

1435

wave wire elements as shown in fig. 6.
This antenna is much more directional
than a dipole, and provides much broader
frequency coverage. The swr is less than
1.6:1 for the entire 20-meter band. The
matching transformer used with this an-
tenna is the same as that shown in fig. 1.

antenna tinker kit

After building the various antennas
described so far it occurred to me that
these same elements could be combined
in any number of ways to provide useful
antennas. The elements can be built in
several ways, including the aluminum and
plastic-pipe version in fig. 2 and the lower
cost all-plastic-pipe version in fig 3.
There are several other ways of making
elements, including wrapping the ends of
the plastic pipe with aluminum foil and

ELEMENTS 8' LONG —

30 TURNS NO. 8

fig. 6. improved performance is provided by
two compact elements with two full-sized
quarter-wave wire elements. Elements 1 and 2
connected to 1/4-wave transformer; eiements 3
and 4 connected to shield.

doing away with the internal wire
elements. To connect the loading coils to
the aluminum foil, arrange the pigtails in
the form of a sine wave and place them
on top of the first layer of foil; put
another layer of foil over the pigtails and
tape it in place.
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Another method of making elements is
shown in fig. 7. In this element holes are
drilled along the length of the plastic pipe
and aluminum ground wire is woven in
and out of the pipe as shown in the
drawing. Each section of wire is 7-feet
fong. With this arrangement the loading
coil is smaller; about ten turns around the
Y%-inch pipe is about right for 20 meters.

Although these elements are shown
without capacitance hats, hats can be
used. | have used the wire hats shown in

fig. 7. Another method of making
low-cost antenna eiements.

fig. 2. as well as the loops shown in fig. 8.
The loops in fig. 8 are made from a
22-inch piece of number 16 wire. The
antenna element is tuned by changing the
length of the loop. With the capacitance
loop, the center loading coil consists of
42 turns number-18 plastic-insulated wire
for resonance on 20 meters.

These compact elements may be ar-
ranged in many different configurations,
including horizontal and vertical dipoles,
inverted vees, upside-down inverted vees,
X-bars, X-bar beams, tripole beams, con-

)
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DeMCHUCK.

“Did a man come up here to complain
about radio interference two hours ago?'’

‘0
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ventional beams, ground planes, and
various phased arrangements. Because of
their low cost and ease of construction,
this type of element is ideal for the

LOOP NO. 16 WIRE
22" LONG

fig. 8. Capacitance hat
made with a toop of wire.
Resonance is adjusted by
changing the length of the
loop.

antenna experimenter who wants to try
different types of antennas.

tuning

To tune each of the compact elements
you need a grid-dip meter and a full-sized
half-wave dipole about 5-feet off the
ground. First, grid-dip and dipole and ad-
just it for the frequency at which you
want to operate. Mark the point on the
grid-dipper dial. For best accuracy use a
communications receiver to check the cali-
bration of the grid-dip meter. Use a 2-turn
link to couple the grid-dip meter to the
dipole.

Now connect the compact element to
one side of the dipole and prune the
capacitance hat (or adjust the loading
coil} until the system resonates at the
same frequency as the dipole did by
itself. Resonate the rest of the elements
one at a time with the same systern.

To tune the coils you can temporarily
connect a 50-pF trimmer capacitor across
the loading coil of an element that has
been previously resonated with the wire
dipole. Without disturbing the trimmer or
the grid-dip meter, connect the trimmer
across the loading coils of the other
elements and adjust the coils for the same
resonant point on the grid dipper. This
way you know the coils in all the
elements have the same inductance.

For best results use white PVC pipe
instead of black. The white reflects the
rays of the sun and holds up much better
in the weather.

ham radio
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ANTENNA
PACKAGES
hv HENRY RADID

L)tlmum performance
... fast service
. guaranteed savings

For four years Henry Radio has been
providing a beam antenna-tower
program for amateurs who wanted
an efficient, but economical package.
A package pre-engineered, pre-
matched and pre-packaged to his re-
quirements and pocketbook. Thou-
sands have benefited from this offer
in the past. And now Henry Radio has
researched the field and up-dated
the program . . . including the unique
new tubular design Mini Mast for less
expensive installations and the great
new Magna Mast for the more deluxe
installations. Now you can get the
latest components at the same great
savings.

Magna Mast illustrated

HR-““Mini"” Antenna Package

Tristao MM-35 ‘““Mini-Mast’'*
tubular tower — crank-up

CDR AR-22R Rotator**

100 ft. RG-58A/U Coax

100 ft. 4 Cond. rotor cable

Complete with one of the following

antennas:

Hy-Gain TH2MK3 . ... . $260.00
Hy-Gain TH3JR .. ... .. ... $260.00
Hy-Gain Hy-Quad ..... . . $290.00
Hy-Gain 203BA . ... ... $295.00
Hy-Gain TH3MK3 .. . .. . .. $300.00

*MB-10 Free standing base, add
$36.95
**TR-44 Rotator and cable, add
$35.00

HR-‘‘Standard” Antenna Package
Tristao CZ-454 crank-up tower
w/mast*

CDR TR-44 rotator**

100 ft. RG-58A /U Coax

100 ft. Control cable

Complete with one of the following
antennas:

Hy-Gain DB10-15A ... . . $585.00
Hy-Gain Hy-Quad . ... ... $600.00
Hy-Gain 204BA . .. . .. .. .. $620.00
Hy-Gain TH3MK3 ... ... .. $615.00
Hy-Gain TH6DXX . ... . ... $645.00

*Free-standing base, add $10.00
*“Ham-M rotator, RG-8/U Coax,
add $50.00

HR-“Magna’’ Antenna Package

MA-490 ‘‘Magna-Mast’’

MARB-40 Rotor base

CDR Ham-M Rotator

100 ft. RG-8/U Coax

100 ft, Control cable

Complete with one of the following

antennas:

Hy-Gain TH3MK3 ... ... .. $745.00
Hy-Gain 204A . .. ... . .. $750.00
Hy-Gain THEDXX ... ... .. '$775.00

The Magna Mast is ideal for stacked
arrays. Write for a quotation on the
antenna of your choice.

Freight prepaid to your door in the
Continental U.S.A. west of the Rockies.
For shipment east of the Rockies add
$10.00. Substitutions may be made. ..
write for prices.

EASY FINANCING -« 10% DOWN OR TRADE-IN DOWN - NO FINANCE CHARGE IF PAID IN 90
DAYS + GOOD RECONDITIONED EQUIPMENT - Nearly all makes and models. Our reconditioned
equipment carries a 15 day trial, 90 day warranty and may be traded back within 90 days for full
credit toward the purchase of NEW equipment. Write for bulletin. Export inquiries invited.

TED HENRY (W6UOU)

Henry ity

BOB HENRY (WOARA)

WALT HENRY (W6ZN)

11240 W. Olympic Blvd., Los Angeles, Calif. 90064 213/477-6701
931 N. Euclid, Anaheim, Calif. 32801
Butler, Missouri 64730

714/772-9200
816/679-3127

“World's Largest Distributor of Amateur Radio Equipment”

More Details? CHECK—OFF Page 94
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type-F

coaxial-cable
fittings

The case for
75-0hm
transmission line

in amateur applications
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Serge Ticknor, K2MDO

The type-F coaxial connector has been
the standard fitting of the Community
Antenna Television (CATV) industry for
several years. Exactly why hams haven't
adopted these low-cost, high-performance
coax fittings is not clear. | personally
believe it's because of a general lack of
awareness of their adaptability to
amateur use.

The F fittings are available for 75-ohm
cable only. In many cases, 75-ohm cable
is preferable to 50-ohm cable for at least
three reasons:

1. The impedance is more adaptable to
the popular ham antennas {(an exact
4:1 impedance ratio for 300-ohm
folded dipoles using a balun feed, or
1:1 for a center-fed dipole or coaxial
vertical).

2. Less attenuation is offered by 75-
ohm cable than in an equivalent size
and length of 50-ohm cable {an impor-
tant consideration at the higher ama-
teur frequencies).

3. 75-chm cable is widely used in CATV

and many home TV installations,
making it economical and readily
available.



advantages of F fittings

Advantages of F fittings are derived
from their very reason for being de-
veloped. Cable television required a
fitting with good rf characteristics
throughout the uhf range, ease of installa-
tion, and economy. Before the develop-
ment of the F fitting, connectors in
general use were the automobile type,
uhf, type N, and type BNC; each with its
limitations.

The auto-type connector has obvious
high-frequency and mechanical limita-
tions. The uhf connector, still used by
many hams, is rugged but bulky. Great
care must be taken during assembly,
particularly when soldering the coax
braid to the connector shell. The fre-
quency limitations of the uhf connector
are well known despite its name. Many
years ago, when it was first developed,
the term “uhf” meant the region around
200 MHz.

Type-N and BNC connectors have
fairly good high-frequency characteristics
and are waterproof, but cost is high.
These cable fittings consist of several
intricate parts that must be carefully
assembled to the cable. The parts include
a center pin, shell, sealing washer, ferrule,
braid compression ferrule, and clamp nut.
Assembly or salvage of these fittings is

7 g

Blonder-Tongue coax connectors BTU-590,
BTF-590, BTU-591 and BTF 591 (from left
to right).

difficult and must be done with great
care.

the F connector

A typical type-F cable fitting, such as
the F-B9A, consists merely of a short

mandrel permanently attached to a swivel
nut, with an integral cable-clamping fer-
rule attached. The cable is stripped and
pressed into the fitting, and the ferrule is
compressed onto the cable. The center
conductor becomes the center matching
pin; and the connector, instead of the
braid, becomes the outer conductor.

With this design there is negligible
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fig. 1. Available type-F connectors

and accessories (items are identified
in table 1).

impedance discontinuity, even through
1000 MHz. This is because near-identical
physical relationships exist between the
cable outer braid and inner conductor,
and a second dielectric hasnt been intro-
duced to affect the impedance of the
assembly. Internally, the connector is
merely a physical continuation of the
cable; so a near-perfect transition exists.

A variety of fittings is available (fig. 1
and table 1). Chassis jacks are also avail-
able, as are quick-disconnects and splices.
All are available for RG-6/U, RG-11/U,
and RG-59/U cable. In addition manu-
facturers supply switches, variable attenu-
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table 1. Type-F fittings and accessories

sketch
(fig. 1)

description Jerrold

Type-F Cable Fittings for RG-59/U

Swivel type, male; uses center
conductor of cable for center pin; F-59
mates with any F-type jack

Cable crimping ferrule for above 1051
connectors
Similar to A with built-on ferrule F-59A

Waterproof male connector -

Type-F Cable Fittings for RG-11/U

Swivel type, male; uses center
conductor of cable for center pin -

Swivel type, maie; has its own

center pin AF-101
Cable crimping ferrute for above

connectors 1059
Weather Boot

Waterproof weather boot for all

RG-59/U and RG-11/U fittings wB-56

Type-F Push-on Quick Disconnect Cable Fittings

Connector uses center conductor of
cable for center pin; constructed for
direct insertion of cable

Connector uses its own center pin;
requires additional attachment to F-91
F-type fitting on cable

Adapters

Doubie female coupling adapter;
couples two male F-type connectors
together

F-81A
Double male coupling adapter; couples
two female F-type connectors together F-71

Chassis Panel Fittings

Female chassis connector; has two
rivet or screw haoles for mounting —

Female chassis connector; 3/8 in, dia.

mounting hole with nut F-61A
Crimping Tools

Heavy duty, continuous paratel jaw

chuck for RG-59/U and RG-11/U PL-602
Economy type, scissors-jaw

pliers PL-659
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Blonder
Tongue

BTF-591

HR-59

BTU-592

BTF-110

HR-11

BTF-59P

QDP

GF-81

BTF-100

CR-2

Channel
Master

7194

7196

7197

7195

7193

7188

Winegard JFD

F-59 C-7106
F-59 C-7113
F-11 c-7109
F-11 c-7114
- C-7116
FP-59 -
F81-M c-7108
- C-7110
- C-7105
CR-1 -



ators, and other devices usable by
hams — all adaptable to type-F fittings.

weatherproofing

A weatherproof connection is only re-
quired outdoors, so the extra cost of a
weatherproof fitting such as the type-N
isn't justified for indoor use. Some manu-
facturers supply a rubber or plastic boot
for F fittings used outdoors; however,
alternate weatherproofing methods can be
used.

I've found that adequate weather-
proofing is assured by tightly wrapping
the connectors and an inch of the cable
with electrician’s tape. Only a quality
brand of PVC plastic electrical tape
should be used; inferior imported or
off-brands must be avoided.

The tape must be applied to a clean,
dry surface. The tape will not stick
properly in cold weather. In cold weather
a silicone-filled boot is the best answer.

power-handling capability

The type-F fitting was designed for
CATV/MATV without transmitting in
mind. The type-F fitting will not degrade
the rf-power rating, since spacings and
dielectrics are the same as the cable. With
certain chassis and adapter fittings, the
spacings and dielectrics may differ since
they are not made with cable. A derating
of 50% of the maximum power rating for
the cable should be adequate if you don't
like to experiment.

For ac/dc current ratings, manu-
facturers of CATV/MATV equipment
don’t generally allow a type-F fitting to
handle much over 1% amperes. The ex-
perimenter will find that he will have no
problem running higher currents, some-
times as high as 6 amperes.

salvaging used fittings

Type-F connectors can be salvaged
without damage. Simply cut away the old
ferrule with diagonal pliers and reassem-
ble using a new ferrule. If a new ferrule is
unavailable, a suitable one can be made
from a piece of copper tubing.

assembly tools

With a little care an F fitting can be
assembled with a pair of household pliers.
For a good crimp, a crimping tool is
suggested. This tool crimps the ferrule
neatly in two places with less danger of
splitting the ferrule. Heavy-duty and
light-duty types are available. The parallel
jaw tool is also very handy for miscel-
laneous jobs around the shack; for
example, as a hand-vise or for straighten-
ing parts. A crimping tool is worth the
extra cost if much crimping is done.

conclusion

It is my observation that many hams
who are also involved in CATV/MATV
work find many uses for type-F fittings.
Most of my test equipment and ham gear
has been converted to type-F fittings.
Standardizing on this one fitting saves a
lot of time and trouble hunting up
various adapters and different cables.
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MODEL 600-R

The finest amateur band receiver and
transmitter units available. These units
combine all of Swan's proven engineering
and craftsmanship, and include all the
deluxe Swan features that have made
Swan transceivers the largest selling
transceivers in the world.

MODEL 600-T

Examine the list of features and specifi-
cations, and compare them with those of
any other receiver and transmitter units
on the market...then compare the prices.
The amateur radio operator now has a
new standard of performance, quality, re-
liability and value in transmitters and
receivers.

The Swan 600T Transmitter and 600R
Receiver!

S Swan
ELECTRONICS

A Subsidiary of Cubic Corporation

SWAN Factory Eastern Office

305 Airport Road P.0. Box 2288

Oceanside, Ca. 92054 Ocean, New Jersey 07712
Phone: (714) 757-7525 Phone: (201) 431-0707

600-R SPECIFICATIONS:

® SSB, CW, AM and FSK
superheterodyne receiver.
® Freq. Range: In addition to full
coverage of 10, 15, 20, 40 and 80
meters, continuous coverage from
3 to 30 mc may be provided with an
external oscillator, either tunable or
crystal controlled. .
Ultra-smooth vernier tuning, with
large knob and dial. The incomparable
feel of the Swan tuning system.
Sensitivity: ¥4 microvolt at 50 ohms
for 10 db signal plus noise-to-noise
ratio.
Selectivity: 2.7 Kc bandwidth with
1.7 shape factor is standard. Options
include 0.5 Kc CW filter, 4 Kc AM
filter, and SS-16 super selective
filter,
Crystal Calibrator with 25 and
100 ke selection.
Hybrid Design: 7 tubes, 8 transistors,
12 diodes. Transistors used where
they provide definite advantage.
Tubes used where they still provide
superior performance.
Features Swan's exclusive Single
Conversion design, with fewer
spurious responses than
multi-conversion designs.
Fully compatible with 600-T
transmitter, providing for transceive
operation as well as separate
frequency control. Also, CW sidetone,
and genuine CW break-in operation.
@ Built-in AC power supply.
® Dimensions:
15 in. wide, 6% in. high, 12 in deep.
$395*
600-T SPECIFICATIONS:
® Freq. Range: Full coverage of 10,
15, 20, 40 and 80 meters. Extended
frequency coverage for MARS
operation with plug-in crystal
oscillator accessory, Model 510X.
Power Rating: 600 watts P.E.P, input.
500 watts CW, 150 watts AM. 100
watts continuous AFSK.
Pi-Network output for 50 or 75
ohm coax,
Suppression: Carrier 60 db, unwanted
sideband 50 db. Third order
distortion approx. 30 db,
Audio response: Plus or minus 3 db
from 300 to 3000 cycles.
CW Keying: Grid block circuit, Full
Break-in system, Includes sidetone
to receiver.
VOX accessory, plug-in.
Internal AC Power Supply.
Dimensions:
15 in. wide, 6% in. high, 12 in, deep.
$495*

600-R ACCESSORIES:
Speaker in matching cabinet
I.F. Noise Blanker. Installs
internally
Adjustable Audio Notcher,
Installs internally

*Factory price




circvits and
techniques

ed noll, W3FQJ

anti-QRM methods

Take note of your specific QRM prob-
fems today. Condemnations and groans
are no heip. Furthermore, QRM is likely
to become more severe over the next
several years. The short-skip, long-skip
combination will prevail on 15 and 20
meters with fong-skip signals diminishing
and becoming more vulnerable to short-
skip QRM, Twenty meters will fill to the
brim as DX conditions fail on 10 and 15.

There will be a steady migration of
DXers to the low-frequency bands. Ham
population will increase, perhaps at a
much faster rate outside of the United
States. Night conditions on 40 and 80 will
be as trying as ever; even 160 meters is
bound to experience crowding. Is it a
hopeless situation? It doesn’t have to be!

In addition to those important essen-
tials of gentlemanly operating practice
and using no more power than necessary
to maintain proper communications, each
of us can take a number of steps to
alleviate the severe QRM problem. Some
are operational; others, technical.
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operational considerations

There are a number of things we can
do that will encourage all-band occu-
pancy and the efficient and effective use

v} of each band.

1. Use vhf for local rag-chewing and
some of the more localized net activi-
ties.

2. Press for the legal restoration of the
entire 160-meter band.

3. Do not give up so easily on the DX
possibilities for 10 and 15 during
minimum sunspot. Look for some new
breakthroughs. Transequatorial
{north-south) TE propagation® by way
of chordal hops is a possibility for 6,
10 and 15 meters. Perhaps special
emphasis should be given to 10 meters
during the upcoming sunspot mini-
mum, Massive cooperation among
North, Central and South American
hams could well uncover some unusual
possibilities.

4, Continue with experimentation on
unusual propagation paths on vhf/uhf,
10- and 15-meter bands. Are there any
steps that can be taken through 1ARU
that could implement satellite tests by
radio hams worldwide?

5. In the USA we might set aside
some spot frequencies to be retained
by gentlemanly agreement for special
technical activities. Such would be a
boon to QRP experimentation, slow-
scan television, low-frequency DX
propagation tests and others.

The above activities and others as well
would spread amateur activities more
uniformly among the various bands and
would make a major contribution toward
QRM reduction on overcrowded fre-
quencies.



There are technical steps that each of
us can take to minimize or eliminate
some of our own QRM problems.

1. Use a separate receiving antenna?
or, perhaps a means of switching
quickly among various antennas (in-
cluding the transmit antenna) to find
the one that will minimize a given
QRM situation,

2. Use more directional antennas on
40, 80 and 160 meters. A directional

loop (circular or ferrite) has two deep
nulls which can be used to tune out
QRM. Sensitivity is often quite un-
important for routine operations on
40, 80 and 160.

6. Miniature receiving antennas such
as the coil-loaded dipole or helix show
great possibility for crowded strong-
signal conditions.

7. The performance of loops and
small antennas can be enhanced with

23—
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fig. 1. Layouts and patterns of phased quarter-wave verticals.

receiving antenna is particularly help-
ful when QRM is bad.

3. The 10/15/20-meter directional
beams as we know them today may
not be the ultimate answer, especially
as receiving antennas, in the medium
and low sunspot years. The back pick-
up can be quite substantial and this is
often in the short-skip direction when
communicating with a long-skip sta-
tion. The various phased arrays, al-
though their forward gain may not be
as high, can be designed with back
direction nulls. A receiving antenna
with an adjustable null point would
aid in tuning out a specific piece of
QRM.

4. There is a decade of amateur ex-
perimentation to be done on antennas
with means of changing polarization
and vertical angle to match propaga-
tion conditions of the moment.

5. Rotating loops function weli on 20,
40, 80 and 160 meters for receiving.
They may have some utility even on
15 and 10. A well-balanced shielded

the use of antenna-mounted preampli-
fiers, or preselectors positioned ahead
of the receiver.

8. Tuners, input attenuators and
couplers often improve receiving sig-
nal-to-noise and signal-to-interference
ratios. If your receiver is prone to
intermodulation distortion a well de-
signed rf preamplifier and attenuator
can cut back on splatter.

the transceive antenna

The antenna used for both transmit
and receive modes is limited in its capabil-
ities for establishing optimum receive
conditions. Emphasis is on the most
efficient transfer of power to the antenna
and maximum radiation in a given direc-
tion. Some means for switching receiver
input to oneor more additional antennas
even of a very simple type is a boon in
reducing QRM. This applies in general to
all bands, even in some cases for DX
reception. [t is a particularly useful
capability for 40, 80 and 160 meters. In
fact, on 80 and 160 the DX enthusiasts
use separate transmit and receive an-
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tennas to reduce QRM successfully.
Switching between horizontally and ver-
tically polarized antennas is common
practice on 160. Quite often on 80
meters high horizontal transmit antennas
are used along with a vertical receiving
antenna. In many instaliations of this
type either antenna can also be used for
transmit.

Also popular are two phased verticals.

34
A58, Usually a pattern switching

facility is included. Verticals as effective
transmit and receive antennas have not
been fully exploited on the 10-, 15- and
20-meter bands. A properly fed and
matched array of verticals can result in a
very pronounced drop in pickup and
radiation from the back. The back sensi-
tivity of an antenna and lost power that is
radiated to the rear are two causes of
long-skip, short-skip QRM.

Two quarter-wave verticals spaced 90°
and fed 90°-related, result in the attrac-
tive cardioid pattern in fig. TA. Two such
90° pairs spaced 180°, fig. 18, sharpen
the forward pattern.3'4 A suitable
switching arrangement permits easy pat-
tern changing whenever you want to
enhance performance in another direc-
tion. Three verticals of this type spaced a
quarter wavelength in a triangle permit
complete rotation of the directional
pattern (fig. 2).

Of course, QRM can also arise from
the same direction as the desired signal

—
o

fig. 2. Three verticat an-
tennas in a triangie (A),
omnidirectionat pattern
(8).

with a shortskip station playing havoc
with a long-skip signal. The big question
is how much can be done to minimize
this problem with a controlled vertical-
radiation pattern.
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separate receiving antenna

In an era of high sensitivity receivers
the separate receiving antenna provides an
effective weapon for combating QRM.
Even a low horizontal dipole (fig. 3),
rotated by a low-cost tv rotator, is sur-
prisingly effective. You only have to aim
the dipole elements in the direction of
the interference to make use of its rather
effective null, When receiving a reason-
able signal, even a DX one, the antenna

_/

fig. 3. The dipole as a receiving antenna.

NULL 8ROAD
MAXIMUM

can be turned away from the desired
bearing and still deliver a useful signal to
the input of a sensitive receiver. If your
receiver lacks sensitivity use a preselector
ahead of its antenna input. It is common
experience that an S3 to S4 signal in the
clear is easier to read than an S7 to S9
signal clobbered by over-riding QRM. Full
length dipoles can be used on 10, 15 or

'\I‘
1\

20 meters; for three-band operation use a
dipole with loading coils.

The quarter-wave vertical receiving
antenna, loaded or full length, is popular
on 40, 80 and 160 meters for DXing.

Q
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fig. 4. The 5/8-wave
vertical antenna,

Such a vertical is less sensitive to high-
angle signals with a consequent reduction
in OQRM. Two or three verticals provide
directional horizontal patterns as well and
a further reduction in QRM level.

Phased receiving verticals, ground
mounted with suitable ground planes, do
well as receiving antennas for 10, 15 and
20. Although a high beam may help you
punch a stronger signal into a given

MANY  WAVELENGTHS LONG
TRANSMITTER 2

a2

NON-INDUCTIVE
TERMINATING
RESISTOR

fig. 5. Beverage antenna.

corner of the world, the lower and
limited-gain vertical array will often
permit you to sort out the desired re-
ceived signal from a maze of QRM.

The 5/8-wavelength vertical with its
lower vertical angle has not been evalu-
ated extensively in phased systems.’ This
may well be one of the finest receiving
antenna systems available. A low im-
pedance at the feed point is established
with a loading coil that electrically tunes
the vertical to 3/4 wavelength (fig. 4). A
5/8 wavelength vertical is approximately
20 feet long on 10, 30 feet on 15 and 40
feet on 20.

L%ng-wire antennas such as the Bev-
erage '~ have demonstrated excellent
possibilities for receiving from a single

direction. W1BB and others have used
them successfully in receiving 160-meter
DX signals from Europe when other
receiver arrangements were troubled with
noise and QRM. The Beverage is a low
long-wire antenna with its far end ter-
minated in a non-inductive resistor. The
antenna displays maximum receive sensi-
tivity in this direction { fig. 5).

miniature receiving antennas

The short tuned antenna can be made
to have rather deep nulls; at the same
time the overall pattern is quite broad,
either a figure-8 or cardioid. In heavy
QRM the antenna can be rotated and the
null positioned in the direction of the
interference. in addition the mini antenna
with its lower sensitivity cuts back on
noise and intermodulation problems if
they are a problem with your receiver.

A small loop antenna can be built for
40, 80 and 160 that gives you a good
directional receiving pattern 10-11.12
Loops can be used on 10, 15 and 20
meters as well. They are a particular help
during strong short-skip conditions. In
fact, the strong, short-skip conditions on
20 meters during the evening don’t differ
too greatly from those on 40. A receiving
antenna of this type can be helpful for
DXing when bands are cluttered with
QRM. Although loops do not have the

LooP
\ GCONDUCTORS

SHIELDS

fig. 6. Basic loop antenna.
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fig. 7. Bellini-Tosi fixed-loop goniometer.

sensitivity of your big antenna their deep
nulls can often help you tune out QRM.
The loop antenna and its transmission
line should be kept well isolated from
other antennas and lines to obtain a deep
pattern null.

There are three basic types of minia-
ture antennas: loop, ferrite core and
helical dipole. Robert L. Nelson, K6ZGQ,
has set down several rules of thumb for
planning such an installation.2 A practical
level of radiation resistance and antenna
efficiency for ham operation is obtained
when the linear dipole-type antenna is
longer than about 4 feet. The area en-
closed by a loop configuration should be
no greater than about 2 square feet.

Such antennas have been covered exten-
sively in the literature as receiving loops
and direction-finding antennas.'>*'* The
much discussed Army loop is a larger
specialized version of the same design.
It is, of course, not as directional as
a well built and shielded loop antenna.

Typical 160-meter loop diameter is
two to three feet and consists of three or

LOOP FERRITE STICK

fig. 8. Nulls of loop antenna and
ferrite toopstick.
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four turns of insulated wire. A capacitor
or inductor-capacitor network is used to
resonate the loop as shown in fig. 6.

The loop coil is surrounded by a
conducting shield which is connected to
ground. The shield is broken at the top to
provide an electrical opening for the
signal. Soft drawn copper tubing can be
used as the shield.

There are various other ioop configura-
tions worthy of consideration. Two loops

RECEIVER
fig. 10. Helical dipole.

mounted near each other and properly
phased can be used to obtain a unidirec-
tional pattern with deep nulls. Two loops
mounted at right angles to each other and
using a Bellini-Tosi goniometer provide an
electronically rotatable antenna pattern
of the same type obtained with a single
rotatable loop {fig. 7).

Many modern direction finders use a
ferrite core and a tuned winding as in fig.

SENSE LOOP

‘m
fig. 9. Loop with sense antenna
produces cardioid pattern.

8. A typical ferrite directional antenna
for the 2- to 8-MHz region consists of 14
turns of number-18 wire wound on a 3/8
by 6-inch ferrite loopstick.!* {t is tuned
by a 200-pF variable. The nulls of a
ferrite loop are perpendicular to the core
(fig. 8). The axis of the core is in the
direction of maximum sensitivity.

A short tuned vertical can be used



with a directional loop or ferrite stick to
obtain a more unidirectional pattern as in
fig. 9. (lts action is similar to the sense
antenna of a direction-finding combina-
tion of loop and sense.) Some sort of
attenuator is a part of the vertical, a
necessity for equalizing the signal levels
picked up by the loop and vertical. When
signal currents are equalized, switching in
the vertical creates a deep null toward the
rear,

TUNER TRANSCENER

fig. 11. Helical dipote for transmit
and receive requires tuner.

A helically-wound dipole is attractive
for miniature receiving-antenna construc-
tion because of its horizontal polariza-
tion. Horizontal polarization is advanta-
geous for those areas where there is a
high level of vertically-polarized man-
made noise. Two helical windings on each
side of a dipole feed point, fig. 10, permit
a resonant antenna system with a short
linear length. An advantage of the helical
configuration is that antenna resistance
does not differ much from that of a
full-sized dipole unless the antenna is
made extremely small. It can be used for
both transmit and receive. Complete data
for building helical antennas is given by
W2EEY.t5

antenna can be used with a tuner, fig. 11,
to extend its bandwidth if it is to be used
as a transmit antenna.

An even greater length reduction can
be obtained with end loading, as sug-
gested by K6Z2GQ? (fig. 12). Capacitive
hats, about 3 feet in diameter, can be
made of stiff wire. Antennas no longer
than 6 feet can provide operation on
bands 20 through 160 meters; only the
number of helical turns have to be

s, g

RECEIVER

fig. 12. Ended-loaded helical
dipote reduces overall length.

changed. Two of these antennas can be
mounted a short distance apart (approxi-
mately 0.05 wavelength) and fed out of
phase. This produces a more unidirec-
tional pattern and less pickup off the
back.

receiver input systems

When using miniature and low-gain
antenna systems that emphasize pattern
rather than gain, additional amplification
can be helpful. Antenna-mounted ampli-
fiers have been used successfully in fm
and tv reception and in other specialized
receiving systems, Field-effect transistors
and certain linear integrated circuits
appear to be naturals for this application.

fig. 13. Common-
gate dual fet ampli-
fier is suitable for
antenna-mounted

amplifiers.

A lJinear helix with a length reduction
factor of 0.3 (length 1/3 the iength of a
full-size dipole) usually provides practical
operation over the cw or phone portions
of a given low-frequency band. This

: 3 E v
BaLNCED ‘ I @%: VER
*

The dual jfet!® and dual-gate
mosfet! 7 are particularly attractive be-
cause of low intermodulation distortion
and their ability to handle a considerable
range of signal levels without distortion.
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When balanced feedlines are used a dual
fet can be connected in a push-pull
common-gate configuration, fig. 13. No
neutralization is required.

Amplifiers of this type can be
mounted in small weatherproof con-
tainers mounted at the antenna terminals.
The dc supply voltage can be fed over the
same coaxial cable that brings the signal
down to the receiver. Such an installation
can help substantially in building up the
signal picked up by a highly directional
but low-gain miniature antenna.

Antenna-mounted amplifiers for
phased vertical systems are another pos-
sibility. The output of each individual
vertical, fig. 14, can be supplied to a
receiver-located tuner/phaser combina-
tion. The directional pattern of the an-
tenna system can be oriented by con-
trolling the relative phase and amplitude
of the signals delivered by the vertical
receiving antennas.

The integrated circuit is also attractive
for antenna-mounted amplifiers. A case in
point is the RCA CA3028A,'3 fig. 15.

PHASE
AND AMPLITUDE
CONTROL

AMPLIFIER

AMPLIFIER

l——> RECEIVER

fig. 14. Phased verticals with ampli-
fier and remote pattern control.

It consists of a single-stage differential
amplifier, a constant-current transistor
and suitable biasing resistors. Only a few
external components are needed to build
up an amplifier, fig. 16.

The same IC can also be operated as a
converter. The implication here is that i-f
conversion can be made at the antenna
terminals. This early conversion to the i-f
frequency can be helpful in reducing
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intermodulation distortion. The converter
could possibly be tuned with a dc con-
trolled voltage-variable capacitor diode.

Perhaps the ultimate in antenna-
mounted amplification is the recently

B il ® I o DA,

]

»

fig. 15. Interna)l circuit of the
RCA CA3028 integrated circuit.

developed voltage-probe receiving an-
tenna.!® The antenna proper is a 2-inch
rod loaded with a small disc and followed
by a three-stage fet amplifier consisting of
a low-noise input stage, driver and output
stage. It will out-perform a 13-foot,
4-inch whip antenna from 7.5 MHz down
and a 3-foot whip at all frequencies below
40 MHz.

There is a definite trend in the
design of modern amateur communi-
cations receivers toward the thorough
reduction of intermodulation distor-
tion, 2% 24: 22,23, 24,25 £ on the best com-
mercial receivers are often not able to
cope with the wide range of incoming
signal levels, intermod and splatter. A
good agc system and fet input are helpful.
There are great possibilities for the di-
rect-conversion receiver and other designs
that have low noise content, wide dyna-
mic range and low distortion. An assist to
these objectives is an input system of
relatively low gain ahead of the second



mixer. A low-noise first mixer and a quiet
low-noise i-f chain are important. An
attenuator ahead of the receiver input,
with or without tuner, can help to reduce
intermodulation distortion.

ANTENNA

AMA—

+
fig. 16. Using the CA3028 ic as an i-f amplifier.

If you suspect noise level and inter-
modulation distortion in your receiver is
affecting sensitivity try a good low-noise
preselector {(with wide dynamic range)
ahead of your receiver.

+V

CA 3028A

RECEIVER
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single feedline

for
multiple antennas

A decoupling scheme
for exciting

separate antennas
with one

transmission line

Many articles have appeared that discuss
the merits of single-band rotary beams
versus those featuring multiband opera-
tion. One popular solution to multiband
antenna operation is the tribander. This
approach has two disadvantages: Element
spacing can be optimized for only one of
the three bands, and resonant traps and
impedance-balancing devices introduce
ohmic losses. Both effects can’t help but
compromise overall antenna efficiency.
Another solution to multiband an-
tenna operation is the log periodic array.
While theoretically the most satisfying
solution, the log periodic antenna isn't
too practical for most amateurs because
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of cost and structural complexity. In
addition, the size of the log periodic
antenna diminishes in its effect as fre-
quency increases, while its gain remains
essentially constant.

Still another multiband antenna ap-
proach uses interlaced elements on a
single boom. This scheme permits more
optimal element lengths, reduced ohmic
losses, and proper spacing with minimal
element interaction. Still, the interlaced
beam is tricky to adjust and clumsy to
install,

The only real solution to effective
multiband antenna operation is to use a
separate antenna optimized for each
favorite band. This implies the use of
separate feedlines for each antenna, or
complex remote-control circuits for trans-
ferring a single transmission line between
antennas.

This article describes an efficient
method of feeding separate antennas on
two or more bands with a single coax
cable using a well-known principle of
transmission-line theory. Superior an-
tenna performance can be obtained at
moderate cost.

economic considerations

A point often overlooked is that you
can purchase three separate antennas of
excellent mechanical and electrical
quality for nearly the same price as a 20-,



15-, and 10-meter tribander. In fact,
when considering only 10 and 15 meters,
you can own separate 4-element yagis on
each band for just a little more than the
list price of one of the new 3-element
dual-band antennas. Thus for a compar-
able investment, it's quite easy to achieve
far superior performance in terms of
measurable forward gain, directivity, and
f/b ratio together with an exact imped-
ance match; not to mention the absence
of weather-susceptible traps. Moreover,
such antennas can be home constructed
using standard catalog boom-and-mast
hardware for even greater savings.

At the risk of being accused of beating
the cost issue to death, !'d like to make
one more point. Consider that the price
of a couple hundred feet of good quality
coax with connectors comes quite close
to that of a good commercial 3-element
10-meter beam. If you add the relays,
control wiring, and switches necessary for
separate antenna selection with a single
feedline, the feed-system cost wili be even
higher.

the gimmick

A review of basic theory shows that, in
the case of a half-wavelength transmission
line, voltage and current are identical at
the input and output terminals of the
line. Hence the input impedance of any
line, regardiess of its characteristic imped-
ance, is exactly the same as the load
impedance, providing the line length is an

10-METER YAGI
fo= 286 MHI

GIMMICK LINE
/2N AT 213 MHz
(APPROX 155 FT)

I5-METER YAGI
fo =213 MHz

50-0HM FEEDLINE
ANY LENGTH

)
Il
fig. 1. Decoupling method for isolating two
stacked beam antennas. The 1/2-wave gimmick
may be coiled into a loop and fastened to the
mast or to the boom of the higher-frequency
array.

exact multiple of a half wavelength. Such
a line, therefore, may be used to transfer
an impedance to a new physical location
without changing the line's intrinsic
characteristics. A typical application of
this principle to achieve common-line
feed for two different single-band an-
tennas is shown in fig. 1.

Assume that each antenna has been
individually adjusted to reflect 52 ohms
pure resistive load at each respective
nominal operating frequency, fc. The
10-meter vagi is connected in parallel
with the 15-meter yagi; hence it is also
connected to the main feedline via a short
length of coax. This interconnecting piece
acts as our simple decoupling gimmick,
which is electrically one-half wavelength
long at fe =21.3 MHz of the lower-fre-
quency antenna.

At 21 MHz the 10-meter yagi reflects a
complex load consisting of Xc + R, with
a net impedance much higher than 52
ohms, because its resonant frequency is

fig. 2. Test setup for determining appro-
priate length of the decoupling gimmick.
Length, L, is trimmed for the operating
frequency of the lower-frequency an-
tenna.

far removed from 21 MHz. This same net
high impedance is repeated one-half wave-
length away (at 21.3 MHz) across the
input terminals of the 15-meter yagi. The
15-meter beam reflects a much lower load
(52 ohms) to the main transmission line;
so the 15-meter beam absorbs power,
while the 10-meter beam accepts essen-
tially no power.

At 28 MHz, the 15-meter yagi reflects
the much higher net impedance consisting
of XL + R. When operating on 10 meters
the 10-meter yagi absorbs power, while
the 15-meter yagi accepts virtually no
power. The interconnecting gimmick line
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looks simply like a short continuation of
the main transmission line.

table 1. Measured data using home-made test
equipment. The standing-wave ratio was unity
at fc.

construction and installation

. . . . antenna forward fc f/b bandwidth horizontal

Construction of a decoupling gimmick gain (MHz) ratio for 1.75 swr  beamwidth
is very simple, as it is nothing more than a (dB) (dB) (kHz) at 3-dB points
piece of coax trimmed to a fairly critical (deg)
length. As a start, consider overall length

A . . 10-meter 8.1 28,6 23 950 50
to include all connections; i.e., coax beam
fittings, terminal lugs, etc. Cut a piece 15.meter 9.3 21.27 27 600 43
slightly to the high side in length using: beam

L= 500 x velocity factor
fMHz
1, was acquired using a home-made swr
here f =fs of | -f ’ .
W erearl]\ilel-:‘zna c O lower-trequency bridge and field-strength meter.

Install appropriate terminals or coax
fittings to one end only. At this same
end, temporarily provide a small loop,
either by bolting terminals together or by
fastening a %-inch-diameter loop to a
coax fitting. The setup is shown in fig. 2.
Short-circuit the opposite end by driving
a large pin or nail through both shield and
inner conductor. Using a grid-dip oscil-
lator with a calibrated receiver, determine
the resonant frequency of the initial
length of cable. Then change the position
of the shorting pin in gradual steps until
the desired f; is obtained. Cut off the
excess cable, install appropriate fittings,
and your decoupling gimmick is com-
plete.

If your antennas are spaced closer
together than the overall decoupling gim-
mick length, form the excess cable into a
coil about 8 inches in diameter. Tape the
coil to the mast or to the boom of the
higher-frequency antenna.

experimental data

My installation, consisting of 10- and
15-meter gamma-matched beams, is
shown in the photograph. The antennas
are stacked b feet apart and consist of 3
elements on a 10-foot boom for ten
meters and 4 elements on a 21-foot boom
for 15 meters. Several experiments re-
sulted in the foliowing data.

Each antenna was tuned individually
while completely divorced physically
from the other. The data, shown in table
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Next, both antennas were mounted in
final position on the mast. Alternately,
one yagi was excited directly with the
other completely disconnected. Rough
data was taken as above, and results were
essentially identical except that the
10-meter yagi was detuned; its resonant
frequency was about 50 kHz higher.

The decoupling gimmick was installed,
and the data in table 1 was rechecked.
Results were again identical, except that
the 1.75:1 swr bandwidth decreased
about 75 kHz for each antenna. This was
considered to be well within usable limits
of operation.

A reflected-power meter was inserted
between antenna terminals and con-
necting lines. With moderate power ap-
plied, forward power to each off-fre-
quency antenna was small compared with
total transmitter output; in each case,
reflected power was nearly equal to for-
ward power. This confirmed that the
decoupling scheme was indeed providing
proper antenna isolation.

conclusion

The system described has been in
operation for nearly two years. Many
notable DX stations around the world
will attest to consistent signal punch,
notable scores in DX competitions, and
distinct recognition in rare-country pile-
ups. This system has made significant
contributions toward my list of con-
firmed countries in the ARRL DX Cen-
tury Club listing.

ham radio
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THE cTRr-144 by COMCRAFT

FIRST AM-FM TWO METER TRANSCEIVER

No longer is it necessary to choose between
AM and FM on two meters. Now you can have
both in one compact unit. Join the gang on
the new FM repeaters yet still be able to *‘rag
chew” with old friends either AM or FM any-
where in the two meter band.

~ by

ALL SOLID STATE — NO TUBES $389.95 susreo rosroan”

INCLUDES 146.94 MHz CRYSTAL

COMPARE THESE FEATURES

TRANSMITTER:

Built-in VFO (Frequency converted for stability®)

AM and FM both crystal and VFO

Four transmit crystal positions (8 MHz)

12 watt input AM and FM

High level transmitter modulation on AM

Bandpass coupled transmitter requiring only final tune and load
Three internal transmit crystal sockets with trimmers for netting
s One transmitter crystal socket on the front panel

RECEIVER:

s Double conversion
Crystal controlled first conversion
MOS FET receiver front-end
Integrated circuit limiter and discriminator for FM
Envelope detector and series gate noise clipper for AM
s Built-in squelch for both AM and FM

GENERAL:
s Separate transmitter and receiver tuning
Built-in 115VAC power supply
Direct 12VDC operation for mobile or portable operation
Optional portable rechargeable snap-on battery pack available
“s'" Meter also used for transmitter tune up
Military style glass epoxy circuit boards
Anodized lettering and front panel
Baked epoxy finish on the cabinet p
DIMENSIONS:
® 1014"W x 634 "H x 7%4"D — =)

tU.S. ONLY

COMCRAFT COMPANY

L]
VFO operates from 7 to 9 P.0. BOX 266 — GOLETA, CALIF 93017

MHz and is converted to 72 to
74 MHz using a 65 MHz crystal
oscillator. 72 to 74 MHz is then
doubled to 2 meters.

|
|
I
[7 | enclose $389.95. Please ship a CTR-144 and Manual. l
[1 1 enclose $2.50. Please send CTR-144 Manual only. I
Calif. residents add 5% sales tax.
[] Please send illustrated brochure and accessory list. |
THE CTR-144 IS AVAILABLE |
I
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multiband
ground-plane

Although the popular Hy-gain 18AVQ
multiband vertical antenna is designed to
be mounted on the ground, it can be used
as an elevated ground plane. All that is
required is a suitable arrangement of
inductance-loaded radials that provide

JA1QLY reports excellent results with
the system shown in fig. 1. The radials
shown in fig. 2 provide high performance
on 3.5, 7, 14 and 21 MHz; a separate set

14 MMz 7 MHz 3.5MHz

resonance on each of the amateur bands. W
212 36 i 272

3 5MHz

TMHZ

14 MHz

18 AVQ ANTENNA

28 MHx RADIAL

radial loading coils

14 MHz 29 turns no, 20, 1.5-inch diameter,
16 turns per inch (Air-Dux 1216T)

TMHz 46 turns no. 18, 2-inch diameter,
16 turns per inch (Air-Dux 1616T)

3.5 MHz 94 turns no. 18, 2-inch diameter,
16 turns per inch (Air-Dux 1616T)

fig. 1. The Hy-Gain 18AVQ multiband vertical
can be used as a ground-pilane antenna by using
a system of inductance-loaded radials.
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NOTE: SEPARATE 28-MHr RADIAL IS 8’4" LONG

fig. 2. Construction details for the
loaded radials.

of radials is used for ten meters, The
radials permit the antenna to be put
above surrounding objects where it can
do the most good. If the radials are
allowed to slope away from the 18AVQ
they can also be used as guys. With the
radials sloping away from the antenna at
about 45°, the antenna provides a rela-
tively good match to 50-ohm coaxial
cable. The dimensions in fig. 2 are for the
cw end of the band, but with a little cut
and try, equal performance can be ob-
tained on the phone bands. The multi-
band swr of the JA1QIY antenna is
shown in fig. 3.

JA1QIY has reported excellent DX
performance with this antenna, particu-
larly on 80 and 40 meters. On 80 he has
worked Soviet Russia, Korea, Okinawa
and the Philippine Islands; on 40 he has
been able to work into the United States
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35 355 360
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70 MHz
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Lo Te)
140 41 14.2 43 144
14 MHz
20
15
0 -
210 211 212 213 214 215
21 MHz
20
15
10
268.0 282 204 286 26.8 29.0
28 MHz

fig. 3. Swr performance of the multiband
ground plane. Loaded radials were de-
signed for the cw end of each band.

and Canada, no small feat with relatively
low power.

In the original version of this antenna
each of the radial loading coils is
mounted around a length of phenolic rod.
However, ceramic strain insulators could
be used for more strength and better
performance in wet weather. The 28-MHz
radials are spaced a few inches away from
the low-frequency radials.

multitester

Although most ham shacks have at
least one volt-ohmmeter or vtvm, a low-
cost utility multitester can fill in when
you have to make simultaneous voltage
and current measurements. The muiti-
tester in fig. 4 covers the most useful
voltage and current ranges and uses a
low-cost 1-mA meter movement. The
multiplier and shunt resistors, and diode
are mounted on the selector switch, a
Centralab PA1001. All resistors can be
5% carbon composition types, although
for higher accuracy 1% precision resistors

* Available from Lafayette Radio Electronics,
111 Jdericho Turnpike, Syosset, L. |, New York
11791. $2.95 plus postage; shipping weight, 12
ounces.

should be considered. However, to keep
the cost down, carbon composition re-
sistors provide acceptable accuracy for
most purposes. R1, the 100-mA shunt,
consists of b-feet no. 36 wire wound
around a high-value resistor. The 1-mA
meter is an imported unit, such as the
Lafayette 99F50528.*

silver/silicone grease

A common problem with station
ground systems is corrosion at the main
ground connection. Some amateurs try
non-conductive grease to eliminate this
corrosion but this leads to improper
grounding conditions. Silver/silicone
grease is prepared by Technical Wire
Products, Inc. (427 Olive Street, Santa
Barbara, California 93101) for use on
knife switches in power substations. How-
ever, it is useful to amateurs who want to
protect their ground-system connections
from corrosion and resultant loss of
effectiveness. The silver/silicone grease is
water repelient and is available in 2-ounce
tubes (part number 72-00016) or
1-pound jars (part number 72-00015).
For more details on this grease, write to
Technical Wire Products, Inc. for a copy
of Data Sheet CS-725.

Bill Welch, W6DDB

O VAC L
O N————
100 VAC 502
1000 VAC 470k

ma oM v

fig. 4. Simple utility meter. R1 is 5 feet no. 36
wire wound around high-value resistor.
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fig. 6. Details of two-meter slot antenna built from salvaged tv-antenna tubing and thin-wall conduit.

power-supply hum

The power supply described by Hank
Olson in the February 1970 issue of ham
radio was built for a solid-state receiver.
The receiver was very quiet until the
antenna was connected, then | found a
wild example of tunable hum.” A 0.1
uF disc ceramic capacitor was connected
as shown in fig. 5, and the trouble was
cured completely. In my case it was
convenient to connect the capacitor
across one-half of the secondary, but it is
equally effective across the entire
secondary winding.

Bill Wildenhein, W8YFB

~C!
1 1
o

i 2

fig. 5. Capacitor C1 reduces power-suppty hum.
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two-meter fm antenna

The antenna shown in fig. 6 was
assembled from a few old TV antennas
for about $3.00. My location is sur-
rounded by mountains as high as 11,500
feet. The antenna shown has given good
results by bouncing signals off the moun-
tains. Stations 120 miles away sound
almost like locals.

construction

The booms and crosspiece are made of
3/4-inch thin-wall conduit. All elements
are 3/8-inch aluminum tubing salvaged
from old TV antennas. The corners of the
driven element are made of soft alumi-
num, assembled with Y-inch bolts with
the heads cut off.

| drilled holes in the conduit to accept
the elements, which are held in place with
sheet-metal screws. The booms are
secured to the crosspiece with U-bolts at
the balance point.

Bill Done, WB6KYE
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antennas FIVL

FROM THE WORLD'S LEADING

NEw MANUFACTURER OF VHF/UHF

COMMUNICATION ANTENNAS

(A) FM RINGO 3.75 db GAIN: The most
popular — high performance, half-wave FM
antenna. Gives peak goin, ond efficiency,
instant assembly and installation.

AR-2 135-175 mhz $12.50
AR-6 50-54 mhz 18.50

(B) 4 POLE: A four dipole array with mount-
ing booms and coax harness 52 ochm feed
up to 9 db gain.

AFM-4D 146-148 mhz $42.50
(C) FM MOBILE 3 db GAIN: Fibergloss %

wave professional mobile antenna for roof
or trunk mount. Superior strength, power
handling and performance.

AM-147 $26.95
(D) 11 ELEMENT YAGIS 13.2 db GAIN: The

standard of comparison in VHF communi-
cations, now cut for 2 meter FM and
vertical polarization.

Al47-11 146-148 mhz $17.95
A449-11 440-450 mhaz 13.95

(D) POWER PACK 16 db GAIN: A 22 ele-
ment, high performance, vertically polarized
FM  array, complete with all hardware,
mounting boom, harness ond 2 antennos.

A147-22 146-148 mhz $49.50
(E) 4 ELEMENT YAGI 9 db GAIN: A special

side mount 4 element FM yagi con be fixed
or rotated-good gain and directivity.

Ald4-4 146-148 mhz $ 9.95
{F) FM TWIST 12.4 db GAIN: A Cush Croft
exclusive — it's two antennas in one. Hori-

zontal elements cut ot 144.5 mhz, vertical
elements cut at 147 mhz, two feed lines.

Al147-207 145 mhz and 147 mhz $39.50

ush 621

CORPORATION

More Details? CHECK—OFF Page 94

IN STOCK WITH YOUR LOCAL DISTRIBUTOR

HAYWARD STREET

QRSN \\ANCHESTER, N.H. 03103
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inverted-vee antennas

Dear HR:

In my experience with an inverted-vee
antenna for 40 meters, 67.5 feet long
with the apex at 30 feet and the ends 15
feet off the ground, resonant frequency
was 7.18 MHz, This suggests that in-
verted-vee length is

length (feet) = —385__
Iy

Hz
The resonant frequency was indicated by
a very deep and sharp null with an
Omega-T antenna noise bridge.

It may be of interest to comment on
the affect of adding a parasitic inverted-
vee director, 64.13-feet long (5% shorter
than radiator}, at the same apex and end
heights, spaced 16 feet in front of the
driven element. (Judging from Yagi data
this is good spacing for gain, but not for
bandwidth.) The director raised the re-
sonant frequency 114 kHz to 7.294 MHz.
This suggests:

driven element (feet) = ﬂ%

fMHz

director length (feet) = ;@.

MHz
Element spacing was 0.11 wavelength.

The Omega-T noise bridge indicated a
driving-point impedance of 27 ohms for
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this two-element inverted-vee Yagi. Two
such antennas were used on 40-meter
phone and cw during the 1950 ARRL
Field Day with good success. A 38-ohm
Q-section will match 27 ohms to 50-ohm
coax, two 22.93-foot lengths of RG-59/U
(length = 165/fMHz) were soldered in
parallei to make a 37.5-ohm Q-section.
According to the book, the Q-section
should be made from twin lead, but with
the double-coax Q-section swr was less
than 1.4:1.

Another two-element inverted-vee
Yagi with a director 3% shorter than the

radiator resulted in the following
formula:
driven element (feet) = 490
fMHz

director length (feet) = 467
fMHz

Element spacing for this array was aiso
0.11 wavelength.

Bob Hume, WB6AQF

Palos Verdes, California

ground rods

Dear HR:

Driving of 6-foot ground rods is easy
in good loam, but many of us live in areas
where the top soil is sandy or rocky, and
you cannot find even a very poor ground
with a 6- or 8-foot rod. It is necessary to
get through hardpan or layers of rock to
find moisture, to say nothing of water. |
had to go down 18 feet.

Some small ground rods are made so
they can be threaded together, but the
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BC-545 TRANSCEIVER 15 tubes, 435 1o 500 Mc.
Easily odapted for 2 way volce or code on Ham, &
Mobile, Television Experimental, and Citizens
Bonds. With tubes, lems power supply
in focrory carton, BRAND NEW..... 910,95
TRAMSMITTER has 4 tubes: WE=318A, 2-6F6, 7F7
RECEIVER has 11 tubes: 2-955, 4-TH7, 2-7E6, 3-7F7
RECEIVER | .F.: 40 cles
SIZE: 10=1/2" x 13=1/2" x 4=1/2", Shpg wt 25 lbs.

SPECIAL PACKAGE OFFER: BC-645 Tromsceiver, Dynomator and all
accessories, Including mounting, UHF Antennc Assemblies, control box,

B I i §96/95

BC-733 RECEIVER Receives rodio signals

being transmitted by US satellite on approx. 108
Mc. AM, erystal=controlled on 6 preset freqs. in
108,3 to 110.3 Mc range. Operates on 12/24 V

DC & 220 VDC 80 Ma. Complete with 10 tubes.

Con be converted to FM Receiver

80 to 108 Mc, Exc.Used
BC-732A Control Box for above, NEW... 1,75

T-41 / APS - 18 TRANSMITTER
ANTENNA UNIT  designed for 115 V BOO to
1400 cps. Tubes included are two 15E and one
158, Complete with shock mounts

and blower motor,7xBx18", NEW.... $8.95

BC-223AX TRANSMITTER 25 Watt, CW, MCW,
Voice, Crystal control on 4 pre-selected channals,
range 2000 to 5200 Ke by use of 3 plugin unif,
included, Complete.
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HEADSET

Low impedance. With large chamoiy ear cushions.
plug. Reg. $12.50, OUR SPECIAL PRICE........
High impedance odaptor for above +v.seses 696

SCR-274-N, ARC-5 COMMAND SET HQ!
G W

APN-1 FM TRANSCEIVER 400-450 Mc. Freq.
modulated by moving coil tronsducer, Eosily con-
verted for radio contral or 70 cms, Complete with
14 tubes, dyn.

BRAND NEW . ussrncrensnsnsnensnens 3993

AM-26/A1C PHASE INVERTER AMP.
4 =tube pushpull power amplifier. Carbon mike
input,hi=lo imp. output, Works on 24VDC. Eas-
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Rinke "R Ily converted to dandy 9=watt amplifier. Complete
155550 e, b7 i PP $2339 - 337-38 | with tubes and dynamotor
5 221 Hts BOHE | Drenew e $5.95
o o e, -
He's 5 .S.‘..‘.'?"" hetdonl? o 7 — _ si1.9s | DUAL AMPLIFIER  has two input circuits sach
£ DREdes 895 = - 123 | feeding o single 6SN7GT twin friode amplifier
- Complete with 115V 60 cy. power spply
1G-34A CODE KEYER, sslf~contoined, outomatic, !'ﬂ using 6X5GT rectifier, NEW.......... $5.95
reproduces code proctice signals from poper tope. 4
510 12 WPM Built=in specker. Brond new with tech - IP-69A/ALA-2 INDICATOR 3" scope.

panal controls: Vertical Pos.jhorizontal pos.

Front
i ity, focus, gain, width, center freq. Pon.

BC-1206-C RECEIVER Aircraft Beacon Re=
caiver 200 to 400 Ke. Operates from 24V DC 1,54,
Continuous tuning, vol control, on-off switch and
phone jock. Very sensitive. Compact,

Complete with tubes, NEW...sessesse.. $12.50
BC-604 FM TRANSMITTER 20 to 27.% Mc.
Qutput approx 30 watts. 10 crystal controlled
channels, Complete with tubes,

ARC-RITA  Modern Q=5 Receiver 190 = 550 Khz uvvvesseenss $10.95
ARC-R22 540 - 1600 Khz Receiver with tuning graph .. .. $15.95
Red/ARR=2 Receiver 234=258 Mhz, 11 tubes, NEW ... . $8.95

E-8 SIGNAL CORPS FIELD PHONES............. .. $16.95
T=30 THROAT MIKE, MNEW........5% USED............ I
T=17 MICROPHONE, MNEW......$8.50 USED,checked out $4.95

AC~605 INTERPHONE AMPLIFIER, NEW $3,45 EXC.USED.... $1.95
TELEPHOMNE HANDSET, W.E. LIKE NEW $2.95
SCR-522 TRANSMITTER-RECEIVER, with 18 tubes. LIKE NEW 532.50

Operates on 115 V 380 to 1000 cps,
Complete with tubss, LIKE NEW. ..... $27.50

TG-5B TELEGRAPH SET
ications or code procti Portable, with hinged
lid. Two or more units operate up to 25 miles o=
part, Bell call system, 1000 cycle howler, key,
headplece,convas case, book,

Size 5«1/2x5-1/2x10"., NEW

CARTER GENEMOTOR Input: 5.9 VDC 32 Amps. ~
Output; 405 VDC ,270 Amps. Fine for w
mobile ham gear. Built=in hash filter. NEw $4.95

CARTER MAGMOTOR  Input: 6 VOC 3.6 Amps.
Output: 250 VDC .030 Amp.

FMA2503S NEW..siesesnsesssensees 92,65
DM-34 DYNAMOTOR  Input 14 VDC 2.8 Amps.
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4-1/2" x 6=1/4", Wt, 5 Ibs. NEW....... $4.45
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$ 9.50
$ 2,95
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BC-624 RECEIVER 100-156 Mc, with tubes, exc. used....
BC~625 TRANSMITTER 100-156 Mc with tubes, exc.used..
RAY=-3 NAVY RECEIVER high freq. AM, like new.......
TELEPHONE HANDSET, [ike new veuvesesssenssnsssans
FULL WAVE SELENIUM RECTIFIER 110V @ 150 Ma, New

AM-300/AIC PUSHPULL AMPLIFIER

4=tube PP power amplifier with dynamotor, works on
28 VDC. Automatic gain control.

Shpg wt 15 lbs. LIKE NEW $3.95

FTR MINIATURE CHOKE, hermetically sealed, rated 2 henries at
130 Ma. Upright mounting. Special Buy, NEW..vseseses 5.29

15-126/AP RANGE CALIBRATOR TEST
SCOPE  Top quality 2" scope with all position-
ing, focus, gain and intensity controls,

Complete with tubes and cables, NEW. 524.50
Demilitarized, like new $13.75

TELEPHONE TYPE RELAY a3 - P
Made by JH. Bunnell, has adjustable Wi -
sensitivity. 150 ohm coll . NEW...... $3.45 [ S )

WILLARD 2-VOLT STORAGE BATTERY
Rated ot 20 Amp.-Hours. Model 20-2. Rechargeable.
Compact nomspill comstruction. Lightweight polysty-

AUTOMATIC BATTERY FILLER doubles battery lifel Use one for
&V, two for 12V, Mounting bracket, instructions, NEW... $.69
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slectrolyte. Shipping Weight 3 bs. NEW, 80¢h.essssssssss $2T P

transmitter or for code proctice.Photoeleciric cell
& sersitive reloy. Voricble speed mator 110V 60 cy
Complete with tubes, EXC, USED $11.25

1 McELROY AUTOMATIC KEYER for keying

TERMS: 250 Deposit with order, balance C,0, 0, -or- Remittance in full,
Minimum order $5.00 F,0,B, NYC. Subject to prior sale and price change
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driving cap furnished with them comes
loose with each blow of the sledge and
buggers the threads. Also, when threaded
they unscrew underground.

The same is true of well hardware.
Ordinary ground points tend to pack the
soit around them, and thus insulated
themselves from actual ground. Well
points will do the same, but due to their
greater diameter, they pack less. A 1%-
inch well point can be driven into soft
soil, but the threads get mashed even
when using the fitting made for driving.

The easiest way in the long run is to
get a 1%-inch well point and several
sections of extension pipe. Drill a %-inch
hole at the top of one pipe and hang two
buckets of rocks from the top. | used
5-gallon paint cans. Fill the buckets with
rocks and then fill the leftover space with
water for weight.

Cut off the end of an old 3/8-inch
hose and drop the end down into the well
point. Use a pair of chain tongs and take
about three or four turns in the assembly
with the water running easy. Then take
half a turn back; kzep the water running.

The pipe should run down about an
inch for each 4 turns. After running it
into the ground as far as necessary to
reach the ground-water level fill the pipe
with copper sulfate and stick a funnel
into the top. It will catch enough rain to
melt about 5 pounds of copper sulfate a
year. A 25-pound sack of copper sulfate
costs about $6.00 wholesale.

{ finally ran my 18-foot ground in
after only 10,000 turns or so!

Keith Olson, W7FS
Belfair, Washington

checking coaxial cable

Dear HR:

| wonder if any other amateurs have
stumbled onto a very useful secondary
function of my QRP wattmeter (April
1970 “ham radio’), coaxial cable quality
checking. You simply feed the output of
your QRP rig or exciter into the rf
wattmeter. This will give a reading {let's
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say) of 7 on the meter. Next, the cable to
be tested is inserted between the exciter
and the wattmeter. If the cable has a
nominal 50 ohms impedance the watt-
meter reading should be reasonably close
to the earlier reading. If not, the watts
lost in a given length of 50-ohm cable can
be directly calculated by subtracting
Watts ¢3¢ from Watts near as read directly
from the QRP wattmeter.
Neil Johnson, W20LU
Tappan, New York 10983

fm deviation
measurement

Dear HR:

Accurate fm deviation measurements
are much more involved than they may
seem. The i-f and discriminator must be
extremely broad. Pulling out the i-f filter
and reducing the size of the discriminator
load resistors by about 3:1 is a good start.
It's also a good idea to tweak the dis-
criminator for best linearity — it's pro-
bably not as good as you might think.

In reference to the fm deviation meter
described in the ham notebook section of
the December, 1970 issue, a somewhat
less expensive calibration procedure in-
voives switching in a 455-kHz crystal
first, than a 440-kHz or 470-kHz crystal
in place of the second conversion oscilla-
tor crystal. If you don’t have a dc-
coupled oscilloscope, you can use the
same technique used at the Motorola
factory: use an audio-frequency multi-
vibrator to switch between a 440-kHz and
470-kHz oscillator, and couple the output
into the receiver i-f strip.

If the whole thing sounds a bit cum-
bersome, you can set your deviation quite
adequately for amateur purposes by
bellowing into the microphone, and ad-
justing the deviation control to just below
the point where first limiter current starts
to kick downward with modulation. This
may not sound very sophisticated, but it’s
probably at least as accurate as most
homemade deviation meters.

J. A. Murphy, K5ZBA
Tulsa, Oklahoma



HAL 311BC
ELECTRONIC
KEYER
$53.00

MAL 311BC *

6 ©

THE most versatile keyer available,

Send for full details on the HAL 311BC and the
complete line of HAL electronic keyers. There
is a model to fit your requirement and budget
from $16.50 to $563.00. Shipping extra.

Now available in kit form for even greater
value.

HAL
TOUCHCODER II
KIT
$55.00

Complete parts kit, excluding keyboard, for the
W4UX CW code typer. All circuitry on one 3 x
6" G10 glass PC board. Plug-in IC sockets.
Optional FM repeater ID, contest ID, and
RTTY features available. Keyboard $25.00.
Shipping extra. Write for full details.

HAL DIP BREADBOARD CARD

Drilled G10 glass PC board accepts 6 16 pin
DIP IC’s in plug-in sockets, Each IC pin fanned
out to two pads. Plugs into stdndard 22 pin
edge connector (.156" finger spacing). $5.50

DOUBLE BALANCED MODULATOR KIT

For the DBM in March 1970 Ham Radio

7/8 x 2" drilled G10 glass PC board

4 HP-2800 hot carrier diodes matched by HAL.
2 Indiana General CF102-Q1 toroids.

Wire and instructions included. $6.50

DIGITAL TTL

7400 4 - 7 input NAND 65 7441 & 10 line decoder/Nixw

7401 4 . 7 input NAND, open col [} e rwer 190
7402 4 - 2 input NOR 65 1447 4 10 line decoder

7404 6 - inverter % 7472 1 - M8 LK FF 1.20
7405 6 - inverter, Gpen col 1 14732 - M5 JK FF

10 3 - 3 input NAND 85 1475 4 - laich

T420 2 - 4 input NAND 65 7490 Dwcade counter

7430 1 - B input NAND 66 T497 4 bit binary counter

7440 2 - & input Butter L] 7495 4 tit L-R whift registes

004, 12781000 Matched by HAL 43428
fpLe o

IS 1 L 900, 914 B0¢
MATL MCTROP, MCRSOP 5200, 10/$19.50
MCT24P, MCTEOP, MCTRIF, MCT25F $1.05, 10/39.50

Aho svailable: MCT2IP, MCTBSP, MCBBOP. MCTETP, MCH7H0P.

OF AMP. SNTZTODN (DIP), SNTZT00L (TO5), $1.28
TOROIDS: |ndiana General CF 102.06, CF 10201, CF 101-02, s0d
CINCH IC sockets, 14-01P, BICS 604 HAL DEVICES
Add 504 Postage, send for comglete list Box 365  Urbana, lllinois 61801

Hat Carrar Diodes. HPIB00

More Details? CHECK—OFF Page 94

HHLQEVICES

HAL MAINLINE ST-6 RTTY TU

Complete parts kit for the WEFFC ST-6 now
includes all parts except cabinet. Only 7 HAL
circuit boards (drilled G10 glass) for all fea-
tures. Plug-in IC sockets, Custom transformer
by Thordarson for both supplies, 115/230V,
50-60Hz. $135.00 kit. Wired units available.
Shipping extra, Write for details.

HAL RT-1
TU/AFSK
KIT
$51.50

All TU and AFSK generator circuitry, including
PS, on 3x6" G10 PC board. 850, 170, and CW ID
shifts. Zener protected transistor loop switch.
High and low impedance audio outpur. Price
$45.00. Shipping extra. Write for full details.
HAL Designer Cabinet for the above $6.50.

3 pole Butterworth filter drilled PC board $3.00.

HAL MAINLINE ST-5 RTTY TU

ST-5 kit now includes drilled G10 glass boards,
custom Thordarson transformer, meter and
metering components. Boards accept both
round and DIP 709 IC’s. $560.00. Less boards,
meter & meter components $37.50. Boards
only $6.00. Shipping extra.

HAL MAINLINE AK-1 AFSK OSC

HAL now offers a parts kit for the AK-1 AFSK
osc. Drilled G10 glass PC board plugs into 12
pin edge connector for compatibility with the
HAL ST-6, or for ease of use alone, Requires
12vdc. $27.50. Shipping extra. Write for parts
list,

HAL ID-1 FM REPEATER IDENTIFIER
$70.00 Kit Form

TTL logic. Power line frequency counter for 3

minute or less timing and control. Easily repro-
grammable diode ROM uses only 27 diodes (de-

pending on call) to send DE "any call”. Low

impedance audio with volume and tone control.
All circuitry including PS on small G10 glass PC

board, Write for full details.

ORDERING INFORMATION
Postage is not included in the prices of HAL
products. Please add 50¢ on small parts orders,
and $2.00 on larger kits. Shipping is via UPS
when possible, and via insured parcel post
otherwise. Please give a street address.

HAL DEVICES, Box 3656H, Urbana, Il 61801
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hallicrafters five-band
transceiver

A new and improved version of the
popular Hallicrafters SR-400, Cyclone |1,
ssb cw transceiver is being introduced.
Known as the model SR-400A, Cyclone
111, the new 5-band ssb cw transceiver is
“feature-packed” with the newest and
advanced electronic circuits and control
designs developed for operation in all
environments — field, radio shack or
mobile. Full coverage is provided for the
80, 40, 20, 15 and 10 meter bands.

The ssb power of the new SR-400A
has been increased to 550 watts PEP. An
exclusive power-amplifier-tube balancing
circuit eliminates the need for matched
tubes. No longer does the amateur oper-
ator have to purchase final amplifier
tubes in matched pairs.

Also, Hallicrafters has engineered the
SR-400A with a new built-in 100/25 kHz
crystal calibrator which helps locate band
edges on the new sub-bands. The Halli-
crafters’ patented Receiver Incremental
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Tuning (RIT) permits +3 kHz adjustment
of receiver frequency independent of the
transmitter is now calibrated, making it
even more versatile and easier to use. Also
available is an optional fixed station
blower kit; it consists of a quiet, heavy-
duty air blower and connections for use
in the power amplifier section to prolong
tube life.

The new SR-400A, like its predeces-
sor, is ideal for the sophiscated DXer
when used with the HA-20 remote vfo.
The operator can listen to two frequen-
cies simultaneously. It is also excellent
for "“tail ending.” The HA-20's dial is
calibrated for true 1 kHz readout. An
expanded vswr meter with remote bridge
connection allows the operator to con-
tinuously check antennas performance.

For the cw operator the SR-400A
provides such added features as semi-
automatic break in, cw filter (200 Hz),
cw sidetone and grid-block keying. The
SR-400A also features upper- and lower-
sideband selection, constant tuning rate
on all bands, smooth gear-driven tuning
mechanisms with 1-kHz readout, choice
of vox or ptt (built-in), 6-pole 1650-kHz
crystal-lattice filter for optimum selec-
tivity and sideband response, built-in
notch filter to supplement sharp cw
selectivity, frequency zero adjust, com-
plete metering and separate receiver and
transmitter rf and audio controls.

For the amateur who wishes to further
extend the capability of the new
SR-400A, Hallicrafters has provided op-
tional accessories such as solid-state ac
and dc power supplies, mobile mounting
rack, and a 4-inch communications
speaker for mobile installations.

The new SR-400A cyclone 11l weighs
26 pounds and is priced at $995 amateur
net. The HA-20 vfo is priced at $199.95.
The new SR-400A will be available from
franchised electronic distributors
throughout the United States. For more
information, use check-off on page 94.

More Details? CHECK—OFF Page 94



callbook supplement

The Radio Amateur Callbook has an-
nounced an innovation in their line of
publications. Beginning with the Spring
1971 Callbook, there will also be published
a supplement, available to those sub-
scriberswho have purchased the preceding
issue and would like to up-date their in-
formation without purchasing a complete
book. Those amateurs who purchase the
current edition may also order the supple-
ment to the next complete edition for a
modest cost. This is on an experimental
basis, pending response from the amateur
fraternity.

Supplements will contain all new
licenses and silent keys, as well as call
letter, class and address changes that have
taken place since the preceding issue of
the Callbook. For further information
write The Callbook, Lake Bluff, Illinois
60044, or use check-off on page 94.

electronic designer’s
handbook

The "“Electronic Designer’s Handbook:
A practical Guide to Transistor Circuit
Design” by T. K. Hemingway is now in its
second edition. This up-to-date handbook
provides a complete reference on tran-
sistor circuit design to the depth required
for practical engineering design. Part 1
provides detailed coverage of the tran-
sistor used as a switch and as a small-
signal amplifier, as well as circuit oper-
ating principles and consideration of tran-
sistor parameters in practical design. The
designer will find part 2 of particular
value for its description of unusual cir-
cuits, and the straightforward discussion
on how novel design can be synthesized
and modified to serve in a number of
practical applications. The content is
specifically intended to show the reader
how to design his own circuits. As op-
posed to presenting superficial knowledge
of a great number of circuits, specific
circuits are presented and analyzed in
detail so that the reader, armed with the
underlying design techniques, can apply

More Details? CHECK—OFF Page 94

Many thousands of you have be-
come very familiar with the vari-
ous Radio Society of Great Britain
books and handbooks, but very
few of you are familiar with their
excellent magazine, Radio Com-
munication.

This is the oldest and most widely
read British amateur radio maga-
zine. Published monthly it pro-
vides complete coverage including
such popular features as: Techni-
cal Topics, a monthly survey of
the latest ideas and circuits, Four
Meters and Down, a rundown of
the latest in VHF and UHF and
much more.

It includes numerous technical
and construction articles in addi-
tion to a complete rundown on
the month's events in amateur
radio. Surely a most interesting
addition to your amateur radio
activities.

We can now offer this fine maga-
zine to you along with the other
advantages of membership in the
RSGB (such as use of their out-
going QSL Bureau) for $9.60 a
year.

book division

com]ec::

Amherst, New Hampshire 03031
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RPC-IM MODULE
(ONLY $22.50)

e LOW DISTORTION
CIRCUILT

e FULLY WIRED &
TESTED NOT A KIT

e WORKS WITH
PHONE PATCH

® INTERNAL UNITS
& MODULES WORK

MOBILE
o FULL WARRANTY
ONE YEAR

e INTRODUCTORY
LOW PRICES
(1linois residents add
56 Sales Tax)

Write for specifications
and information sheets
(free)
Demonstration Tape (cas-
sette) available ($2.00 de-

posit)

AT LAST =~
34 SPEECH COMPRESSOR mar
REALLY WORKS!

61820

RPC-3C CABINET MODEL
($34.95)

RPC-3,3U INTERNAL UNIT
($24.95)

F‘: Electronics

BOX 1201H
CHAMPAIGN, ILL.

A |

WORLD PREFIX MAP — Full color, 40"
prefixes on each country . . .
cities, cross referenced tables |

Radio Amateurs
Reference Library
of Maps and Atlas

x 28", shows
DX zones, time zones,

postpaid $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-
grees for six major U.S. cities; Boston, Washington,
D.C., Miami, Seattle, San Francisco & Los Angeles.

postpaid $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 informative information on each of the 50

United States and other Countries

postpaid §] 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 p

size B%," x 127

ages
postpaid 55,00

Complete reference library of maps — set of 4 as listed

above

pos!ﬂaldss-m

See your favorite dealer or order direct.

WRITE FOR
FREE
BROCHURE!
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RADID AMATEUR I I I.:l I(
a ODO0OK

C .
n& Dept. E | 2ke Blufi, Il. 60044

925 Sherwood Drive

them to developing his own specific
circuits,

Part 3 discusses the practical difficul-
ties encountered in the design and testing
of prototype circuits, offering many use-
ful hints for solving a number of
problems rarely mentioned in other
books, and containing a particularly inter-
esting and useful chapter on circuit lay-
out and wiring. Much of the math has
been relegated to the appendix. This
book is specifically oriented to serve the
needs of the practical designer, whether
he be a novice or professional. 294 pages.
304 illustrations, $9.95 from Tab Books,
Blue Ridge Summit, Pennsylvania, or use
check-off on page 94.

automatic tone
encoders

The new solid-state Alpha miniature
continuous-silent-tone encoder is de-
signed for use in all two-way radio com-
munications systems and equipment. This
compact, easily installed unit provides an
end to interfering signals and the neces-
sity of listening to co-channel users by
requiring that transmissions to base
station radios be accompanied by a pre-
determined subaudible tone to activate
the receiver. The silent-tone encoder
(ST-85H) can be used where the base
station only is to be quieted. The new
transistorized circuitry (eliminating
mechanical reeds and relays) makes this
thoroughly field-tested unit stable and
reliable.

Tone frequencies are available over a
wide range (20.0 to 203.5 Hz) and can be
changed by simply plugging in a TN-91 of
the frequency desired. Each silent-tone
contains two sections, the encoder net-
work (ST-85H), and the tone determining
network (TN-91H), and features small
size, built-in voltage regulation and one
year warranty.

For more information write to Alpha
Electronic Services Inc., 8431 Monroe
Avenue, Stanton, California 90680, or
use check-off on page 94.

More Details? CHECK—OFF Page 94




FIBRE-GLASS

GEM-QUAD

WE ARE MAKING
A GOOD QUAD BETTER

Write for new brochure and get
all the facts

The GEM QUAD is a two, three, or four
element antenna designed to operate on
ten, fifteen, and twenty meters.

Nylon tension tubes create an anti-wire
breaking device.
Forward gain for two element GEM

QUAD gives maximum gain on DX,
‘‘where it counts.”

Optional third element (easily installed)
has given optimum forward gain with a
narrow forward cone of effectiveness,
resulting in excellent rejection of un-
wanted signals.

Front to back ratio designed for manxi-
mum signal discrimination.

« Toroid balun kit supplied for single feed
line matching.

« Mounting spider of durable heavy duty
aluminum alloy. 114 inch o.d. stub
facilitates easy mast mounting.

Hollow spider allows insertion of boom
for additional element.

LAST CALL!

- Fibreglass arms withstand 100 m.p.h.
wind with minimum loading on tower AT _THESE PRICES
(2.5 sq. ft. wind load area). Until June 15 Only
» Tridetic arm design (air passes through

the arm). Low wind resistance elimi- $87-00 $50-00

nates need for excessive guy wires. Two Element Quad Extra Element
« Simple assembly and tuning instruc- After June 15, 1971
tions are supplied with every kit, show-
ing measurements and assembly pro- $107-00 $60-00
cedure. When assembled as instructed, Two Element Quad Extra Element
tuning only takes a matter of minutes. Includes U.S. Customs Import Duty
. . L. i or Canadian Federal Sales Tax
» Maintains rigid form cantinuously. Shipped Callect
Double ‘‘Cone-shaped’’ design resists Please include check or money order
change in critical measurements under with your order
severe weather conditions. Weather re- . Light weight (complete antenna weighs
sistant. 20 Ibs., 3rd element 10 Ibs.). Simple
g TV rotator will rotate antenna.
Canadian Patent No. Toaro® » Single 52 ohm feed-line for all bands.
E SWR of 1 to 1 easily obtained using
ferrite Toroid Balun provided, (produces

minimum harmonic radiation). Will
handie maximum power input.

20 Burnett Ave., Winnipeg, Manitoba, Canada

More Details? CHECK—OFF Page 94 may 1971 3



- GOMMUNIGATE

with Stress Tested TRI-EX MW Towers v

The MW series is a modular, all steel, crank-
up tower, designed to support up to 9% sq. ft. :
of antenna area. Its “W" bracing is exceptional .ﬁ
with a minimum of torque and twist resistance. ’}]
The MW's range up to 65" in height, nested down
to 22'. Hinged base and wall bracket is included
with your MW tower.

A unique feature of TRI-EX crank-up models
is the die form guide that provides the spacing
between sections, and makes one section slide
into the other for extremely easy erection.
Towers are available in 10’ and 20’ sections.

Give your Antennae their great opportunity!
Mount them on a TRI-EX Tower.

ri-E x. TOWER

CORPORATION B
7182 Rasmussen Ave., Visalia, Calif. 93277

BOARDS et

. A revolutionary new material for the construc-
tion of experimental and prototype “printed”
circuit boards.

Cir-Kit is high purity .002" copper protected by
lacquer and coated with an exclusive heat re-
sistant pressure sensitive self adhesive. Just

]
remove backing paper and place in selected
position. Press down firmly. If modifications
are necessary just rip it up and start over.

Cir-Kit can be used for modifying existing
boards or building up new ones. The perfect
answer for small quantity applications or one of

With S a kind amateur projects.

just a pair
- . 5 feet 1/16" or 1/8" wide E—
of scissors 100 feet 1/16” or 1/8" wide $9.95

Sheets 6” x 12" — $2.50 each
or 5 for $9.95

« No Chemicals — No Mess
« No Lavout Restrictions

« Full Instructions Order Now
« Simple Circuit Changes
« Flexible — Conforms to any surface shape cir_kib
« Use for Crossovers — Either Insulate with Box 592
Tefion or Mylar or use other side of board. AMHERST, N. H. 03031
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Vel ET Me 1t JUNE 1 THREE SHELLINGS

Top Band “Quartet”
Transmitter NEXT WONTH
o MATCHING
TOP BAND
TRARSISTORISED
SUPLANLT RECIIVIR |

g IN THIS ISSUE

A New Magazine? *

! Not really. New in the U.S.A. perhaps,
but very well known in Great Britain and
now being offered to you here.

RADIO CONSTRUCTOR is almost exclu- 5
sively construction material. Clearly writ-
ten, concise articles give you full details
on:

—

+ Audio Construction Projects
+ Receiver Construction Projects i
+ Transmitter Construction Projects
Test Equipment Projects
+ Radio Control Projects

. and much more
Try a subscription to this interesting {

magazine, we are sure that you will not
be disappointed.

ONE YEAR SUBSCRIPTION — $6.00
; Write

e

RADIO CONSTRUCTOR
Greenville, N. H. 03048

NEMIE. oo RGP
Address ... ...
{ city . State
BN i s

More Details? CHECK—OFF Page 94

““CHOICE OF THE DX KINGS"

he CUBE X

/(B E‘\ﬁ

€ QUAD ms

GLASS

2 ELEMENT—3 BAND KIT SPECIAL
« 2 End Spiders (1 pc. castings)
« 16 Wraplock Spreader Arm Clamps Add $7.50 for PPD
Write for FREE BROCHURE ‘H’ & Price List
Phone: (213) 798-8

CONTENTS ONLY
+ 1 Boom/Mast Coupler—h.d.
« 1 CUBEX QUAD Instruction Manual Frt. Cont. U.S.
CUBEX COMPANY
YOU CAN'T SAY “QUAD" BETTER THAN "CUBEX"

All models available “WIDE-SPACED"
« B Fiberglass Arms—skyblue color 6 9 9,
)
aluminum $
2-3-4 or more element Quads available
P.0. Box 131, Altadena, California 91001
798-8106
IF YOU WORK 2 METERS

A

YOU NEED THE

@;’899 T/R BOOSTER

your antenna feed line is longer than 40 feet
some of the signals you hear are less than Q5
the other fellows hear more than you do
your present 2 meter receiver lacks gain or sensitivity

Regardless of how big your 2 meter antenna is —
Regardless of how good your 2 meter antenna is —

The T/R BOOSTER is guaranteed to improve your "hearing
power" if you have more than 3 dB of leed line loss!

Ask your local Clegg Dealer or write to us today for full
details on this remarkable $47.50 gadget that establishes
your receiving capability up at the antenna where it counts.

e.t. @99 associates, inc.

LITTELL RD., EAST HANOVER, N. J. 07936

may 1971 [ 75



AT LAST e 4
THE DYCOMM 10-10 /

Valuma Squelch

LAND MOBILE e S

Salidstste RF Outpul Indscater

An American made FM Transceiver
For the amateur who needs quality communications
But at a price below the imports

+ 10 independent Receive-Transmit Channels
.34, .82, .88, .94 Transmit — .76, .82, .88, .94 Receive supplied

+ Full 20-30 watt output

« Frequency stability .0019%, —20° to +60°C

» 3.V sensitivity for 20 db quieting

« All solid state

+ Control Head 2" x 5" x 6”7 — Main Unit 2" x 10” x 11"
Cabling supplied for trunk or other location mount

+ FCC type accepted Receiver-Transmitter design

DYCOMM MINI FM BOOSTERS

JUST INSERT BETWEEN YOUR ANTENNA AND TRANSCEIVER,
ADD 12-14 VOLTS AND QSO
ALL WITH AUTOMATIC RF SWITCHING

101-500C “FM BOOSTER"
4-12W input for 1-3.5W input for )
12-30W Max output. 10-30W Max output. {
Size: 3" x 4" x 4" Price $59.95 Typically 20W out
for 2W in.
Low introductory price only $69.95

101-500E “BRICK BOOSTER"

101-500D “BLOCK BOOSTER"
8-15W input for
20-55W Max output.

Size: 3" x 4" x 6" Only $89.95

10-0 100 WATT FINAL

8-10W input for
100W output.

Just $185.00

WRITE TODAY FOR PRICE AND FULL DETAILS ON
THESE DYCOMM PRODUCTS!
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. DYCOMM
~ ECHO i

.« NEVER BEFORE...

a repeater designed specifically for amateur use.

This compact little package contains a complete 2 meter
FM solid-state repeater, including a receiver with useable
sensitivity better than .2 microvolts and a transmitter
with a guaranteed output of 12 watts (15 watts typical).
We think this package is going to revolutionize amateur
repeater installations. Look over the spec’'s and we are
certain that you'll agree.

+ Solid state — no relays

« Withstands most severe environment, fully weatherproof

+ Multiple frequency operation — remote selection capability

- Protected against antenna short or open circuit or mismatch

= Deviation 5 kHz adjustable to 10 kHz

- Desensitization less than .25 microvolt at 200 kHz separation — negligible at 300 kHz
« Power 12-15 volt operation — 40 ma receive — 1.5A transmit

Terminals provided for all necessary controls and monitoring

Call or write today for information
on these exciting New Dycomm Products

JIM WAMRI

DYNAMIC COMMUNICATIONS, INC.

P. 0. BOX 10116 - RIVIERA BEACH, FLORIDA 33404
305-844-1323

More Details? CHECK—OFF Page 94 may 1971 77



NEW!

SECOND EDITION
Long considered

“THE" book

on Quads

this latest edition has

New - Revised gain figures for Quads

New - Delta Quad, Swiss Quad, Birdcage Quad

MNew - Analysis of Quad vs. Yagi - which is best?

New - Miniature Quad construction and performance

New - Monster Quads - power gains up to 14!

New - Correct dlmcn:mns for single and multiband
Quad: 6 thru B0 mete

New - Improved TuGammu match feeds triband Quad
efficiently with ane line

PLUS . . . The exhaustive detail which made the 1st
edition so popular

Listen to these famous DX'ers

KH61): “A storehouse of valuable new lnInrm-hon WESAI
Quads land that Sunday punch in a pileup

WEAM: “A tremendous help to new and old alike. Packed
with useful, accurate data’

VSGAZ: “A must for every DX.minded ham! Makes Quad
building and adjustment easy."”

STILL ONLY $3.95 postpaid

[ o ammes ||

MhEDITION =

Just Released

For many years the “Bestseller”
on beam antennas, this handbook
covers all areas of the subject,
both theory and practice

This new fourth edition has been updated to insure that
the reader has the very latest information available.

ANTENNA
HANDBOOK |

It includes many special features such as:
« Correct dimensions - 6 thru 40 meters
« Are 40 meter compact beams worth the effort?
+ Exclusive 25 year bibliography of important beam
antenna articles

Whether you plan to build or buy -
you need this book.

DX or rag chew -

What Famous DX'ers Say:
WABPD: “I've listened to WESAI beams from all over the

world and they work. The Beam Antenna Handbook is
my bible.™

SZ4ERR: “Vital for DX'ers who want results”™

W9I0P: “Top beam performance separates the men from

the boys in pileups. This book tells you how to achieve
| A

WAKFC:
shelf!”

ONLY $4.95 postpaid

“The most Borrowed publication on my book

Order from

oM

Box 592 -

=

Amherst, New Hampshire 03031

THE BEST
2 METER

Model 407

$42.95
ppd.

144.146 MHz in. 28-30 MHz out
or 146-148 MHz with a second crystal
available for $5.95 each

A full description of this fantastic converter would
fill this page, but you can take our word for it
(or those of thousands of satished users) that it's
the best. The reason is simple — we use three
RCA dual gate MOSFETs, one hipolar, and 3
diodes in Ih:' best circnit ever,  Still not  con-
vinced? Then send for our free catalog and get
the full description, plus photos and even the
schematic.

Can't wait? Then send us a postal money order
for $42.95 and we'll rush the 407 out to you,
NOTE: The Model 407 is also available in any
frequency combination up to 450 MHz (some at
higher prices) as listed in our catalog, New York
City and State residents add local sales tax.

VANGUARD LABS

Dept. R, 196-23 Jamaica Ave., Hollis, N.Y. 11423

CONVERTER

A HANDSOME PAIR
MATCHING
BOUND VOLUMES and BINDERS

Binders $3.95

1969 & 1970
Bound Volumes each $14.95

HAM RADIO MAGAZINE

GREENVILLE, N. H. 03048
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INTEGRATED CIRCUITS
FACTORY FRESH — NO REJECTS

W/SPEC. SHEETS

FAIRCHILD — PHILCO — RCA
MOTOROLA — NATIONAL

NEW LOW PRICES
RTL or TTL LOGIC

UL 900 Buffer ...B0O¢ 10/5.50
UL 914 Gate . ... ..80¢ 10/5.50
UL 923 JK Flip-flop $1.50 10/8.50
MC 790P Dual JK Flip-flop $2.00 10/18.95
MC B90P Dual JK Flip-flop $2.00 10/18.95
MC 789P Hex Inverter $1.00

MC 724P Quad 2 Input Gate OU en.
MC 799P Dual Buffer } 10/9.28

» - L]

MC 780P Decade i $3.00
MC 767P Quad Latch .. . 3.00
MC 9760P Decade . 5.00

ONE EACH OF 3 ABOVE $10.50

* * *
7400 Quad 2 Input NAND Gate 65¢ 10/5.95
7404 Hex Inverter 65¢ 10/5.95
7441A Decimal Decoder/Driver
$3.5 10/29.95
7473 Dual JK Flip-flop $1.30 10/10.95
7475 Quad Latch $2.10 10/19.95
7490 Decade Counter $2.40 10/19.95
709 Op Amp $1.75 10/16.50
741 Op Amp $2.70 10/25.00
CA 3035 Linear Amplifier . $2.25 10/21.95

14 Pin Dual Inline socket terminals

25¢ 10/2.25
16 Pin Dual Inline socket terminals

30¢ 10/2.75

- .

*
NEW NATIONAL Luns Life Nixle tubes NL
940S 0-9 with two decimal points

$4.50 es. 10/42.95
SOCKET for NL 940S 50¢" each
100 KC CRYSTAL NEW . .$3.95

88 MH TOROIDS 10/3.00
DOOR KNOB CAPACITORS

600 PF - 12 KV 75¢
40 PF - 5 KV 50¢
50 PF - 7.5 KV 50¢

L4 * *

¥ R & R ELECTRONICS
311 EAST SOUTH ST.

INDIANAPOLIS, IND.
46225

$5.00 minimum order. FOB Indianapolis

More Details? CHECK—OFF Page 94

the all “NEW’’{

CRYSTAL CALIBRATOR

FROM

e 100 - 50 - 25 KC MARKERS
e JERO BEATTOW WV
e USES NEW 100 KC CRYSTALS

(included’ in all units)
® GLASS EPOXY BOARDS
e VERY COMPACT

x 3 x KB

V. OPERATION

o
35

CRYSTAL

Wired and zeroed
to WWYV$15.95

ARN-30 108-135 mc tunable receivers. High
frequency wversion of the famous com-
mand receivers. Listen to local airport
frequency or convert to 2 meters. Like
New with schematic and operating in-
structions. 12 Ibs. $14.95

. - .

Western Union facsimile machines, send
and receive pictures and memos. Works
on 115 v 60 cycles. Shipped with auto-
start, auto-phase pos-to-pos, conversion
instructions. 20 Ibs. $19.95

* * -

Telfax paper 2¢ each 1000 for $12.95
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- NEW CONCEPT...
W in2 METER FM OMNI

| Agam. OQut of rescarch comes increased performance. Avann’s unigue
ARID-257 2-meter FM omni s engineered to give you more gaim and all
around higher performance than any other antenna ol 1ts type or price. The
patented tapered skirt contiguration produces 4.17 db gain (measured over
Ly wave ground planc) plus a low angle of radiation that has proved cffec-
tve ineliminating dead spots. No coils or transtformers 1o detune or burn out
unaffected by temperature and humidiy. The small projected arca and
hight werght provides casy mounting and gives wind survival to 120 MPH
Construction as all wireralt guahity aluminum and fiberglass. Antenna
comes complete with coax lead, mounting hardware and tibergluss mast
O current chiminator.
Other frequencies from 140-175 MH2z are avinlable upon specitication,

SPECIFICATIONS:

Gain—4.17 db Power Handling
i V.S.W.R.—1.5:1 or less 1000 watts $ 9;
Bandwidth—+3.5 MH~# Polarization—VYertical -~

Impedance—50-52 ohms Connector—PL-259

33-35 WEST FULLERTON AVENUE,

a“a“‘.‘ ADDISON, ILLINOIS 60101

AVANTI RESEARCH & DEVELOPMENT, INC.
We also have a complete line of high performance mobile antennas.

VHF COMMUNICATIONS is the only truly international
publication devoted entirely to VHF and UHF amateur
radio technology.
VHF COMMUNICATIONS is written for and by ama-
teurs interested in modern VHF/UHF technology and
VH F equipment construction. Each issue contains at least
sixty pagels of con\';wgte and G:Irrefu!ly detailed construc-
tion articles on and receivers, converters,
COMMUN'CATIONS transceivers, transmitters, transverters, antennas and
test equipment. Solid state devices and printed
circuit techniques are used extensively in the designs
featured in the magazine.
To facilitate home-construction of the equipment
described, VHF COMMUNICATIONS makes available all
special components such as p.c. boards, complex
metal work, etc. Also offered are complete equipment
kits. Thus, even those with limited fabrication and
testing facilities will be able to duplicate the designs
and attain the same high performance.
VHF COMMUNICATIONS also brings theoretical articles
and reports on new technological developments of
interest to the VHF/UHF amateur.
VHF COMMUNICATIONS is published in February,
May, August and November. It is mailed directly
from West Germany. Subscriptions are by calendar
year, $3.50 (U.5.) for surface mail, $4.50 for air mail
delivery. Single issues and back issues are $1.10
each. A sample copy of the November 1970 issue is
available for $0.50.

Why not send us your subscription now?

Write to:

VHF COMMUNICATIONS

BOX 283
FORESTDALE, MASSACHUSETTS 02644

80 may 1971 More Details? CHECK—OFF Page 94



BASE LOADED 2-METER
FM 5/8 WAVE GROUND PLANE

Another Avanti 1st. The ARD-250 is a high performance easy to
install ground plane that will give years of reliable service. Our loading
coil is hermetically sealed in Cycolac to prevent detuning in corrosive
or high humidity atmospheres. The rest of the antenna is all aircraft
quality aluminum, The radiator and radials are 76" solid aluminum
and thread securely into the coil. Direct ground construction allows
static dissipation for low noise ratios.

The ARD-250 is factory tuned but may be field trimmed by simply
using a hacksaw. Other frequencies from 140-175 MHz are available
upon specification,

SPECIFICATIONS:

i Frequency Power Handling
| 140-175 MHz 250 watts intermittent
" Gain—3db 150 watts continuous
|. ¥ $34- 95 V.S.W.R.—1.5:1 or less Polarization—Vertical
- N Bandwidth— +3.5 MHz Connector—PL-259
2 Impedance—50-52
ohms

33-35 WEST FULLERTON AVENUE,
ADDISON, ILLINOIS 60101

AVANTI RESEARCH & DEVELOPMENT, INC.
We also have a complete line of high performance mobile antennas.

avanti

ELECTRONICS' LATEST
TROUBLE-SHOOTER ',

A compoct—complete—
circuit analyzer

The SERVISET

Model EC
Patented

$29.25

r We can supply crystals

|
| Postpaid
from 2KHz to B0 MHz in [
man
any, types of holders, | FREE INFORMATION
SPECIALS | i : : : e |
| A Dr_ocmon engineered professional quality electronic
Color TV crystal (3579, 545KH2) wire leads $160 4 for $5.00 | test instrument. |deal for field or bench servicing of
100 KMz frequency standard crystal (HC 13/U)  4.50 | all types of Communications gear
1000 KMz frequency standard (HCH/U) 450 CHECKS: ayne, =ween, video, audio circuits,
Any CB crystal, trans. or rec 250 | high voltage supplies (DC, RF or Pulse), low
fexcept synthesizer crystals) voltage supplies, rcoils, ecapacitors, resistors,
Any amateur band crystal in FT-243 holders 150 4 for $5.00 || tubes, transistors, diodes, transformers, spenk-
{except BO-160 meters) || ers, etc. Will loecate trouble to a particular
BO meter crystals in FT-243 holdens 2.50 || stage, determine defective component and ean
| uﬂ_'.ual]y be clamped in ecircuit to restore cir-
i i P n .
We hive n ik oweafc. il crvatale- hick cuit operation temporarily in 809 of component

include types CRIA/JAR, FT243, FT24], MC7, HCh/U
HC13/U, HC25/U, HC1B/U, etc. Send 10c for our
1970 catalog with oscillator circuits, Listing thowsands
of frequencies in stock lor immediate delivery. (Add
10¢ per crystal Lo abowe prices for shipment 1si clasy
mail; 15¢ each for air mail.)

Special Quantity Prices to
Jobbers and Dealers.

ORDER DIRECT
with check or money order
to

2400H Crystal Drive
Fort Myers, Florida 33901

More Details? CHECK—OFF Page 94

or tube defects. Ideal for locating and confirm-
ing intermittents,
SPECIFICATIONS
RF & AF Signal Tracer. RF & AF Signal Injector, AC
& DC Voltage Indicator 0,40 '550,/20.000 DC Polarity
Indicator 80/550/20.000 volts, Lo ohms 0-5. Hi ohms
0-500k-20 megohms. Tests Condensers, .00025-12 mfd
Tests Resistors 2 ohms-20 megohms, 2 Capacitance
Sub ranges 01- 1 & 440 mfd., 3 Resistance Sub ranges
50-500 ohms. Sk-25k, 100k-1 meg
30 Day Money-Back Guarantee

tr(fnf LEE ELECTRONIC LABS., CO.

88 Evans Street

Watertown, Massachusetts 02172
WAILHXZ
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1000 WATT INLINE WATT METER. Only $39.95

ROTRON HIGH-POWER BLOWER. 110{220\{,
50/60 Hz, 3350 RPM. 6" Dia. wheel. 11, x
2%, (r/e) . .. $17.95

KW. PLATE XFMR. Prr‘ 210. 220, or 230 @ 50
or 60 Hz. (Sl%le phasc}. Sec: 3500 VAC R.M.S.
(apfrox.] @ 0 Ma. (No C.T.). Modern 2
KV Hipersil core. Appro:. 8" x 8" x 7' H.
Ship'g Wt: 35 Ibs. approx. (Open frame stgrf;!

SILICON BRIDGE RECTIFIER. Tested at 6000
volts and 1 Amp. (4 separate rectifiers mounted
on Nylon card.) 2 oz. . . Sale $4.95

SILICON DIODES 1000 PIV @ 35¢
(ten for $3.00; 100 for $25.00)

COLLINS CHOKES 4 Hy @ 500 Ma., 2.5 KV at
995 12 Hy @ 500 Ma. 12 KV at $9.95

WESTINGHOUSE OIL CAPACITORS — 4 Mfd @
10,000 Volts at $19.95
1,000 MFD. @ 400 W. Volits (Sprague) Capaci-
tors (new) $2.50 (Bracket 25¢).

8,000 MFD. @ 55 Volts C.D. Capacitors ‘(Irlfe]

12 A

WIDE-VUE 4" FRECISIDN HETER 0-1 MA, brand
@

new $4.99

GROUNDED GRID FILAMENT CHOKES

Bifilar types:
30 Amps . {,3.90
60 Amps $11
R.F. TRANSMITTING CHOKES B00 Ma. 3 to 30
MHz. 90 Microhenries. 2500 V.D.C. Size: 43"
H x 34" Diameter. Tapped on bottom with
threaded 10/32" hole. $4.95
R.F. TRANSMITTING CHOKE. 2 Amps. 3 to 30

MHz. 90 Microhenries. DC Current:
@ 4 KV. plus. Size: 24" H x
Tapped on bottom with threaded

2 Amperes
%' Diameter.
10/32" hole.

JENNINGS UCS-300 VACUUM VARIABLE CAPA-
CITOR. Capacity r.ange. tunes from a min. of
l[) pf. to a max. 00 pf. Units are unused,
“mint" condition, Lab-tested and certified O.K.
in Aug. 1970. Without turning head at . $50.00
With turning head at $66.75
AIR DUX KILOWATT PI-NET COIL No. 1952,
Provides an economical K.W. Pi-Net Assembly
when used with proper loading capacitor and
R.F. Switch 80, 40, 20, 15 and 10 meter taps
are clearly marked on coil. No. 195-2 $22.50
Same as above but 500 Watt capacit Order
No. 195-1 i’ 90 net

D.P. TRIPLE THROW HEAVY DUTY R.F. SWITCH.
2 KW. Ceramic insul. Sil. plated contacts. $6.95

4 GANG 250 pf. per section loading capacitor.

8873, 8874 or 8875 NEW EIMAC $37.00
3.500Z NEW EIMAC $36.00
3-1000Z NEW EIMAC $88.00
B877/3CX 1500 A7 $195.00

82 may 1971

BARRY"

4CX250B NEW EIMAC $35.60

EIMAC AIR-SYSTEM SOCKET, For 4 125A, 4-250A
and 4-400A, and similar tubes, Suppl:nd with
screws and chimney hardware. Mfd. by Eimac.

pe MNo. 4-400A/4000 (SK400). (Reg. price
331 50) Special: ... $14.95, for Socket
SK-406 Chimney (Reg. Stock) at . $6.50 each

JOHNSON 4CX250B AIR SYSTEM SOCKET $8.50

COLLINS SC-101 station control - $125.00
DRAKE ML-2F FM MOBILE/BASE .. . $329.95
DRAKE TR-22 FM PORTABLE/BASE . $199.95
DRAKE AA-22 FM LINEAR . . $149.00

IN STOCK, 6 separate single band linears, high
power, home built, excellent cond. Call or write.

TEN-TEC SQUEEZE-KEYER KRS, $34.95

RAYTRACK DX 2000L. 2000 W. PEP Linear
Amplifier. 10 thru 80 meters. (115 V or 230
aAC @ 50/60 Hz.) Uses pair of Eimac 3-5002's.
With separate 42 |b. supply. Call for special deal.

SRA-15 DELUXE KW ANTENNA COUPLER "Rolls-
Royce' quality. $95.00

MILLEN #90901 17 SCOPE (less 913 tube) New.
$30.35

HALLICRAFTERS 5X-73, SIMILAR To SP-600
.54 kHz to 54 MHz ; @ $295.00

HUNTER BANDIT ZOODB. 2 Kw PEP Lmear with
(4) new 5728 tubes @ %$275.00

HATFIELD (ENGLISH) DELU!E BJLUN MODEL
B60 (52 to 75 ohm) @ $9.95
HATFIELD (ENGLISH) DELUXE BALUN MODEL
B61 (75 to 75 ohm) @ $9.95
RCA 1000.000 Khz CRYSTAL. Only $3.50
COLLINS - 75A1 Receiver, 10-160 Meters $210.00
COLLINS - 32V2 Xmtr, 10-160 Meters $195.00
TMC — GPR-90 RDX w/TMC GSB-1 — (a $2000.

net value) $695 combination
HP-415B SWR MEI'ER. good @ $89.95
HP-5214L PRESET COUNTER, xInt @ $595.00
HP-492A TWT AMPLIFIER, 4-8 GHz = @ $125.00

HP-430CR BOLOMETER BRIDGE, good @ $89.95
HP-200AB AUDIO OSCILLATOR @ $120.00
HP-X810B SLOTTED SECTION, good .. @%39.95
COAXIAL DUMMY LOAD B & W Waters CDL-1K.
1500 Watt Ohm Dummy Load. DC to 150 Mhz.
Brand new with built-in Fan (115 VAC) Ori
$280.00 net. Sale $80.
B&W/Waters TPC-120 Transistor Power Supply.
120 Watt (12 V. Input) 500/250/660 Volts out at
120 Watt total. Brand new. (2 Ibs.) Reg. $57.80
Sale $39.95
WATERS MODEL 346 Nuverter. 2 & 6 M VHF
converter, New. Orig. $175.00 net. Sale $80.00
4" sq. PM Speaker, 402, 1 watt, new 90(‘
for $8.00
DIGITAL 500 TRANSCEIVER. 500 watts PEP in-
put, 400 watts CW, BO0-10 meters, digital freq.
readout by 5 Nixie tubes, $499.00, AC or D
supply with speaker — write.
COAXIAL SWITCH, 5 position, single gang,
single pole, audio to 50 MHz, low loss 50-750
imped. 1 KW $12.95
DUMMY LOAD, 521!, 100 watts continuous, 1250
watts intermittent with fan cooling 0-100 MHz

VSWR 1.02 @ 10 MHZ 1.19 @ 100 MHz $19.95

CASH PAID . . . FAST! For your unused TUBES,
Semiconductors, RECEIVERS, VAC. VARIABLES,
Test Equipment, ETC. Write or call Now! Barry,

W2ZLNI. We Buy!
We ship all over the World. DX Hams only. See
Barry for the new Alpha 70. (See front inside

cover of this magazine.)
1 Send 35¢ for 104 page catalog #20.

BARRY ELECTRONICS
DEPT. H-5 — PHONE A/C 212-925-7000
512 BROADWAY, NEW YORK, N. Y. 10012

More Details? CHECK—OFF Page 94
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Ml RATES Commercial Ads 25¢ per
word; non-commercial ads 10¢ per word
payable in advance. No cash discounts
or agency commissions allowed.

Il 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.

Bl SEND MATERIAL TO: Flea Market,
Ham Radio, Greenville, N. H. 03048.

SELL: Bendex Dual Channel Hy Band Handie
Talkies with Diagram and Hand Set, $25.00.
Hallicrafter SR150 with PS $275.00. John Fearon,
3384 Peachtree Rd., N.E., Suite 705, Atlanta, Ga.
30326. Home Phone 237-1261. WAWKP.

USED CB GEAR, accessories, all types. Homebrew
3KW AM-SSB linear, 2; 4-400A tubes w/chimneys,
blowers metered power supply, 197 rack, 4 ft.
high on casters, 80-10 meters, also new gear,
$270.00. SASE lists. David Driver Electronics,
Wholesale-Retail Equip., P. 0. Box 1163 - 107 N.
Main St., Lexington, N. C. 27292. Phone: (704)
246-4089.
EXCLUSIVELY HAM TELETYPE 19th year, RTTY
JOURNAL, articles, news, DX, VHF, classified ads.

Sample 30¢. $3.00 year. Box 837, Royal Oak,
Michigan 48068, —
AM SIGNAL GENERATORS: AN/URM-25D; 10 khz

to 50 mhz; Internal Modulation; Crystal Calibrator;
Precision RF Attenuator; RF output and percent
of modulation metered. Reconditioned and aligned.
With cover and accessories $170; Generator only
$150. Brochure offering other Test Equipment
available. James Walter, 2697 Nickel, San Pablo,
California 94806.

STOLEN RADIO EQUIPMENT. $100.00 reward for
information that leads to the return of the following:
Drake R4B receiver serial #9733C, Heathkit SB400
transmitter, Heathkit HX30 with astatic mobile
mike, Receiver NC240D, Navy grey, Oscilloscope
Eico MDL 425, If you have information concerning
the above, please call collect to: John A. Hultquist,
Jr., K6GSS, 660 Timberpine St., Sunnyvale, Calif.
94086. 408-246-6499, Work Phone 962-4329, 415
962-3904. e

THE BIRMINGHAMFEST this year will be on May 2
at the Armory on Oporto Avenue (just off U.S. 78
East - near Eastwood Mall). For entertainment,
prizes, contests, net meetings, eyeball QSO's and
fun for the entire family, plan to attend. For further
information contact the Birmingham Amateur Radio
ghéb - W4CUE, P. 0. Box 603, Birmingham, Ala.
5201. —_—

CODE PRACTICE TAPES - Novice - General - Extra
Class - Specify - $8.00 each. WSCJJ, 1105 Schaum-
burg Road, Schaumburg, lllinois.

ORIGINAL EZ.IN DOUBLE HOLDERS display 20
cards in plastic, 3 for $1.00, 10 for $3.00 prepaid.
Guaranteed. Patented. Free sample to dealers.
T;Sabco, John K4NMT, Box 198R, Gallatin, Tenn.
37066. _—

ASK FOR FREE LIST of used Ham gear or for
prompt personal attention on any new gear. Mail
your order direct to VanSickle Radio, W9KJF,
Indianapolis, Indiana 46205. 40 years experience.

826 TUBES WANTED FOR CASH. Pay $100. each
for 445A WE Klystrons. C. Hutnan, 308 Hickory
St., Arlington, N. J. 07032

AM SIGNAL GENERATORS: AN/URM-25D; 10 khz
to 50 mhz; Internal Modulation; Crystal Calibrator;
Precision RF Attenuator; RF output and percent of
modulation metered. Reconditioned and aligned.
With cover and accessories $170; Generator only
$150. Brochure offering other Test Equipment
available. James Walter, 2697 Nickel, San Pablo,
California 94806.
CONNECTICUT HAMS: Come and see all the
goodies at Roger S. Miner Surplus Electronics, 246
Naugatuck Ave., Milford, Conn. 06460. Telephone
877-0555.
WANTED R390, R350A, R389, 51J4, 5181,
Nems, Clarke, Marconi receivers. SWRC,
10048, Kansas City, Missouri 64111.

VHF NOISE BLANKER — See Westcom ad in Nov,,
Dec. '70 and Mar. ‘71 Ham Radio.

SIGNAL GENERATOR, 2-400 MHz, Measurements
Model 80, $175.00; HP-200CR Audio Oscillator,
$75.00; BC-221 Frequency Meter, original calibra-
tion, $68.00. K2DA, 449 Hill St.,, Boonton, N. J.

05. —_—

MODEL 32 TELETYPE with stand, 5 level working,
new ribbon and belts $175.00. SP-600JX (with
crystal controlled feature for nets) $200.00. Carl
M. Schulte, WA2KBZ. Telephone 201-493-4088 or
Callbook address.

SURPLUS CRYSTALS BLANKS: Range 4100-6800
kHz, 7200-8600 kHz. Assorted freq. our selection.
30/$1. Nat Stinnette Electronics, Umatilla, FL 32784.

TOROIDS! Lowest price anywhere. 40/$10.00
POSTPAID (5/$2.00). center tapped, 44 or 88mhy.
32KSR page printer, reconditioned, perfect $225.
MITE UGC41KSR page printer, reconditioned, $250.
Mod28 Sprocket to friction kit, $25. 28LBXD TD,
$70. 28LPR reperf with gear shift, $170. Model
15KSR, $65. Matching RA87P.S. Unused, $7.
Lorenz 15KSR, $75. Sync motors, $7. 147D, $20.
DPE punch, $14. HP200CD Oscillator, $95. R390/
URR, $550. 11/16"” tape, 40/$10.00. 33ASR,
complete, $700. Stamp for listing. Van W2DLT,
302H Passaic, Stirling, N. J. 07980.

BRING YOUR GEAR. The Bow Radio Association
and The Contoocook Valley Radio Club, Inc. are
co-sponsoring an AUCTION and FLEA MARKET
on Sunday, May 23, 1971. The flea market will
start at 10:00 a.m. (please bring tables) and the
auction will start at 2:00 p.m. There will be re-
freshments and recreation. The address is:
Keyster Pond Cottages, Henniker, N. H. off Routes
202 and 9 near Junction of Route 127 (near
Hopkinton Town Line).

SOLID STATE HAM PRESELECTOR, 80-10 meters,
highly sensitive - economical. Free brochure. Waban
Laboratories, Box 17, So. Sudbury, Mass. 01776.
WANTED. Gonset G43 receiver. Need not be
working. John Gibson, 1305 Tevlin, Berkeley, Calif.
94706.
SELL: MINT CONDITION HT-37 $165, SX-117 with
speaker $215. Both for $365. Bob Scheib, #93,
1316 S. Duff, Ames, lowa 50010.

DON'T BUY QSL CARDS from anyone until you
see my free samples. Fast service. Economical
;7)51;:;75 Little Print Shop, Box 9848, Austin, Texas
SURPLUS MILITARY RADIOS, Electronics, Radar
Parts, tons of material for the ham, free catalogue
available. Sabre Industries, 1370 Sargent Ave.,
Winnipeg 21, Manitoba, Canada.

TELETYPE #28 LRXB4 reperforator-transmitter “as
is'* $100; checked out $175. Includes two 3-speed
gearshifts. Alltronics-Howard Co., Box 19, Boston,
Mass. 02101. 617-742-0048.

TELL YOUR FRIENDS about Ham Radio Magazine.

Racal,
P. O. Box

may 1971 83



SWAN
ANTENNA CO.

BOX 1122, STOCKTON, CALIF. 95201

Manufacturers of
Band Pass Antennas

20 METERS 2 METERS
15 METERS 114, METERS
10 METERS 420-450

6 METERS 450-475

V. — FEM. — UHF.
CUSTOM DESIGNED
FOR YOUR FREQUENCY

Receiving and Transmitting
Band Pass Cavities

4 to 1 Baluns
1 to 1 Baluns
DO IT YOURSELF KITS

Write for catalog
or contact the following dealers.

AMRAD Supply Company
1025 Harrison St.
Oakland, Calif.

Amateur Electronic Supply
4828 W. Fond du Lac Ave.
Milwaukee, Wis. 53216

J and J Master Antenna Systems
36 Langholm Dr.
Nashua, New Hampshire

Mike Stall
5418 Starcrest Dr.
San Jose, Calif.

WANT TO ADD 4 FREQUENCIES
TO YOUR 2 METER PROGRESS
LINE RIG - THE EASY WAY ?

Check into our new
SOLID STATE, PLUG IN
4 FREQUENCY DECKS

Mode! 4HPR for ER25 series receivers 522.95. .
Model 4HPT for ET20821 series transmitters $22.95

eonly $19.95 each when purchased in pairs

WRITE FOR MORE INFORMATION ON THE 4HPR &
4HPT DECKS AND OUR OTHER FM PRODUCTS:

FET PREAMPB
80LIOD STATE C.OR.
2 CHANNEL SCANNERS
5 CHANNEL SCANNERS

84 may 1971

IRONE (2161 93) poRs

'z\‘ ELECTRONICS
\ \ 107 MOOREWOOO Avc.j
AVON LAKE, OHIO 44012

WIRED AND TESTED

INTERDIGITAL
PRE-AMPLIFIERS

by CADCO

Factory wired and aligned 6, 2 and
1-1/4 meter state of the art uitra low
noise Interdigital Pre-amplifiers and
filters - as featured in February 1971
HAM RADIO!

INTERDIGITAL PRE-AMPLIFIERS

50 MHz Model PA-50 $29.00*

144 MHz Model IPA-144
220 MHz Model {PA-220

INTERDIGITAL BANDPASS FILTERS

50 MHz 1S-BPF-50
144 MHz Model IS-BPF-144
220 MHz Model IS-BPF-220

*Plus $0.50 postage
Allow 3 weeks for receipt of order
BOB’'S DISCOUNT ELECTRONICS
720 N. Hudson, Oklahoma City, Okla. 73102
(405) 232-1384

More Details? CHECK—OFF Page 94



WABASH CO. Amateur Radio Club's third annual
Hamfest, Sunday, May 23. Rain or shine. Door
prizes, major prizes and much more. For informa-
tion write Bob Mitting, 663 Spring, Wabash,
Indiana 46992. —

FOR SALE: HAM RADIO, first 36 issues, excellent
condition, best offer. Wanted: 1938 ARRL Hand-
book. WI9CWH, 706 N. Elmhurst Ave., Mt. Prospect,
Illincis 60056. —_—

755-3B, 325-3, 516F-2; mint, functioning perfectly;

$1125. Box 278, Lexington, S. C. B03-359-4372.
Tom Sessions, Jr.

GREENE — center of dipole insulator with . . .
or . . . without balun also the GREENE
DRAGON FLY antenna send for free flier

.. . GREENE, Box 423, Wakefield, R. I.
WICPL
MECHANICAL FIL‘JTERS: 455 Khz. 2.1 Khz $18.95.

300 Hz $22.95. A. Fredricks, 314 South 13th
Ave., Yakima, Washington 98902.

75A2 RCVR with vernier dial and Collins Filter Kit
and two filters $200.00, HW-22 $80.00, Heath HX-20
and Supply $125.00, New 6C21 tubes $15.00, Model

02880.

14 Base $10.00, Cover $%10.00 both for $15.00.
WBCEG.
KWM-2 Zero hours since reconditioned MNoise

Blanker-Notch filter Heavy duty AC and DC power
.'.ugply's Mobile rack. Best Offer. WBFUF, 8200 E.
Jefferson, Detroit, Michigan 48214,

WANTED - USED Drake TR4, AC pwr speaker; Drake
L4B linear with power; Collins KWM2, AC pwr &
speaker; Collins 30S1 linear with power; Drake
MMN-2000 network. H. F. Cushing, W6LXZ, 5224
Bobbie Ave., San Jose, Calif. 95130,

SETH THOMAS DIGITAL CLOCKS with seconds
indication reg. $27.95 value only $13.95 postpaid
while they last. Laboratory clear, for sale or trade:
Singer Meterics Spectrum Analyzer SPA#3 200CPS-
15MC R/mount $800.00 new cost $3500.00, HP520A
10 MC scaler R/mount $75.00, GRBO5C sig. gen.
500KC-50MC cal. output $250.00, ME74/U AC
VTVM like new $50.00, TS375A/U AC-DC VTVM
like new $50.00, SP 600 JX rec. S500KC-54MC re-
tubed recal. our lab. $275.00, manuals are in-
cluded all units. Want HP608D,.E,F, or 390A series
rec. Wawasee Electronics Co., P. 0. Box 36,
Syracuse, Indiana 46567.

ROCHESTER, N. Y. is the location for the 38th
annual Western Mew York Hamfest and VHF Con-
ference on Saturday, May 15th. New location is
the Monroe County Fairgrounds, Rte. 15A, just
north and east of N. Y. Thruway exit 46. Advance
registration and banquet only $6.75. Advance sale
closes May Bth. Send check to Western New York
Hamfest, Box 1388, Rochester, N. Y. 14603. Activ-
ities start Friday night followed by a full day of
technical programming with outstanding speakers.
Special activities include MARS, AREC and QCWA
meetings, YL program, code contests and a huge
flea market. —_—
HOOSIER ELECTRONICS Authorized dealers for
Drake, Hy-Gain, Ten-Tec, Galaxy, Regency, Halli-
crafters. All equipment new and fully guaranteed.
Write !odalg for our low quote. Hoosier Electronics,
2; t,2 G, R. R. 25, Box 403, Terre Haute, Indiana
02.
TOROIDS 44 and 88 mhy. Unpotted, 5 for $1.50
ppd. W. Weinschenker, Box 353, Irwin, Pa. 15642,

QSL'S — BROWNIE W3CJI — 3111B Lehigh, Allen-
town, Pa. 18103. Samples 10¢. Cut catalogue 25¢.

“DON AND BOB" new guaranteed antenna specials.
Monarch KW SWR relative power dualmeter bridge
14.95; CDE Ham-M 99.00; TR-44 59.95; AR22ZR 29.95;
EZWAY 4300 7.5 ft. tower sections 10.00 ea.; TRI-
EX W51 329.00 prepaid; MW65 299.95 prepaid;
Saxton 300 open-wire line 4.50/C; 414 antenna
wire 100 ft. 1.95; B&W 650 dummy load/wattmeter
49.95; write quote beam, tower packages. Master-
charge, BankAmericard, GECC. Prices FOB Houston.
Madison Electronics, 1508 McKinney, Houston,
Texas 77002. (713) 224-2668.

HRO-500 National receiver with speaker, very good
condition, $700. Transceiver power supply, $35.
Wanted, a Mainliner or ST-6 RTTY converter, 5-6
element 20 meter beam. WIBRJ, 7 Pickwick Rd.,
Marblehead, Mass. 01945,

More Details? CHECK—OFF Page 94

THE K2ETN KEYER

Mow, a Keyer with every feature of the most
expensive units without the unnecessary frills.
Berkshire Inst. has designed a complete read
to use Keyer on a single printed circuit board.
Use your own Key and incorporate it in your
station console or power supply. Builtiin regu-

lated power supply operates from 6.3 VAC or
7% VDC and only requires 60 Ma.

—Self Completing Dots & Dashes.

—Dot & Dash Memory.

—Automatic Character Spacing.

—Ilambimatic Output.

—Dot or Dash Injection.

—Built-in Variable Pitch Side Tone.

—6 to B0 WPM,

—Reed Relay Output for Compatability With

any Rig.

Introductory Offer $34.95

BERKSHIRE INST., INC.

170 Chestnut St. Ridgewood, N. J.

CAMP ALBERT BUTLER INVITES
HAM RADIO ENTHUSIASTS OF ALL AGES
TO TRY FOR YOUR
GENERAL CLASS TICKET

This Summer! QOur 12th Season

STUDY INSTRUCTION
LEADING to GENERAL ADVANCE
and AMATEUR EXTRA LICENSE

This co-ed Amateur Radio Camp, Y.M.C.A. owned and
operated, can accommodate 60 campers. There is no age
limit. We have had campers from 7 through 74 vears of
age. It is very helpful if you can copy Swpm or have a
Novice or Technician ticket but it is not necessary. Time
is divided between radio classes in code and theory and
usual camp activities, such as swirnmiﬁ. archery, riflery,
hiking, etc. Golf privileges are includ at the beautiful
New River Country Club course.

Entire staff consists of licensed hams who are instructors
in electrical engineerng in some of our finest colleges and
universities. Camp opens July 3lst and closes August
14th. Tuition of lﬁ&l.ﬂo includes all camp expenses:
room, meals, notebooks, textbooks, and insurance. Send
for our brochure.

C. L. Peters, K4DNJ
| General Secreta |
Gilvin Roth Y.M.C.A., Elkin, N. C. 28621 |
|

Please send me the Booklet and Application Blank

| for the Camp Albert Butler Radio Session.

| NAME A= i |
CALL — |

l: ADDRESS T -

% CITY . STATE ZIP s
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A broadband “isn‘t an all gipl
orchestra.

‘
?
g
ITS A BALUN FROM LA-TRONIX
SPECIFICATIONS

Bandwidth 3 through 30 MHz Continuous

VSWR ....... 1:1 (when terminated with a r
balanced 52 ohm load)

Power Rating ................ 1 kw DC

Impedance Ratio veenene 121 at 52 chms

Input Connector .............. 50-239

Mod. LA BN33D

L"Npﬂngzgu*ﬂuiu:\“mTE*."I“F;:.TOTNEL“\'N [> $1 1 5 77
@ ORDER TODAY FROM @
Electronix Sales

23044 S. CRENSHAW BLVD., TORRANCE, CALIF. 90505
Telephone (213) 534-4456

CRYSTAL FILTERS

By KVG of WEST GERMANY

High performance 9 and 10.7 MHz crystal
filters for SSB, FM, AM and CW application.
Symmetrical input and output. Small size
(1 27/64" x 1 3/64" x 3/4") perfectly
suited for miniaturized solid-state equipment.

Filter Type XF-9A XF9B XF-aC XF-9D XF-9E XF-9M
Application = L ssB AM AM FM cw
“Number of Filter Crystals -] 8 8 B8 8 4
_Bandwudth (6dB down) 2.5 kHz 2.4 kHz 3.75 kHz 5.0 kHz 12.0 kHz 0.5 kHz
Passband Ripple <1 dB <2 dB (2 dB <2 dB 2 dB (1dB
Insertion Loss ¢ 3 dB < 3.5 dB < 3.5 dB ¢ 3.5 dB ¢ 3 dB < 5 dB
Input-Output Zt 500 @ 500 @ 500 500 1200 @ 500 @
Termination Ct 30 pF 30 pF 30 pF 30 pF 30 pF 30 pF
.Shape Factor (6:50 dB) 1.7 (6:60 dB) 1.8 | (6:60 dB) 1.8] (6:60dB) 1.8| (6:60 dB) 1.8 (6:40dB) 2.5
(6:80 dB) 2.2 | (6:80dB) 2.2| (6:80 dB) 2.2 | (6:80dB) 2.2 | (6:60 dB) 4.4
Stop Band Attenuation » 45 dB > 100 dB » 100 dB8 . 100 dB > 90 dB > S0 dB
Price $21.95 $30.25 $32.45 $32.45 $32.45 $23.00

HC-25/U crystals: B998.5 kHz (USB), 8999.0 kHz (BFO), 9000.0 kHz (carrier) 9001.5 kHz (LSB) $2.75 each

10.7 MHz filte th bandwidth: 14 kHz, 16 kHz

tfor 5 kHz freq. dev. FM), 32 kHz, 38 kHz (for 15 . SPECTRUM
kHz freq. dev. FM) $30.25 each

9 MHz crystal discriminators for max. freq. dev. of INTERNATIONAL
1.5, 3 and B kHz. $17.95 each

10.7 MHz crystal discriminators for max. freq, dev BOX 87 TOPSF'ELD

of 10 and 20 kHz. $15.95 sach

MASSACHUSETTS 01983
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WORLD QSL BUREAU — see ad page 93.

TOWER WANTED . . . 54 ft. or higher, med. or
heavy duty. A. Emerald, 8956 Swallow Avenue,
Fountain Valley, California 92708.

W3GKP has new call, QTH: William L. Smith,
K4RJ, Route 7, Box 315, Franklin, NC 28734.

SELL EXTRA SWAN 250 with 117XC, $225 plus
shipping. Lafayette HA 750 6 Meter Transceiver,
$70 postpaid. Both excellent. Robert Monroe,
WBOEIP, 502 Millikin Bldg., Decatur, !llinois 62523,

TRANSCEIVER NCX5 Mark 2 with AC power supply.
Factory overhauled perfect $350.00. Sonar trans.
ceiver 10, 15, 20 meters, 200 watt PEP, SSB with
factory AC and DC supplies $300.00. Swan 9ower
supply Model 117XC and 14X DC Module $70.00.
Communicator 4.6 meter transceiver, mike and S
crystals $150.00. Manuals for all units. Gerald
ggtlrault, R. F. D. 4, Box 165, Manchester, N. H.

02.
MANUALS — $6.50 each: R-390/URR, R-390A/URR,
BC-348JNQ, URM-25D, BC-63%9A, URT-7, TS-497B/
URR, CV-591A/URR, 0S-8A/U, UPM-45., Hundreds
more. S. Consalvo, 4905 Roanne Dr., Washington,
DC 20021.
QSLS. SECOND TO NONE. Same day service.
Samples 25¢. Ray, K7HLR, Box 331, Clearfield,
Utah 84015.
YOU ALL COME TO |International Independent
County Hunters Convention in Kansas City, July
2, 3, 4, 1971. SASE to WAOSHE for information.

FREQUENCY METER, Lampkin 105-B, trade for
Heath 401 Transmitter or sell for $225. New
condition. Bill McVey, KL7GFB, Box 623, Sitka,
Alaska 99835.
THE 17th ANNUAL Breeze Shooters Hamfest will
be held at White Swan Park, Parkway West near
the Greater Pittsburgh Airport on May 23. This is
the ‘“largest” amateur event in the Western Penn-
sylvania area so plan to attend. Plenty of free
parking, large amuzement park for the XYL and
harmonics. Talk-in frequency is 29.00 and 146.94.
For additional details write D. J. Myslewski, K3CHD,
45 McMahon Drive, Irwin, Pa, 15642,

TELETYPE MODEL 28 MANUALS: Bulletin 270B,
Vol. 1, Service / adjustments, $10 each. Vol. 2,
parts, $5. Bulletin 269B, Projector Set, $5. AN/FGC
25, 26, 57 depot maintenance manual TM11-5815-
244.35/T031W4.2FGC-232, $7 each. Postpaid. Ker-
naghan, 1911 Halekoa Drive, Honolulu, HI 96821,

THE FOUNDATION FOR AMATEUR RADIO, INC.
announces the annual award of the John Gore
Memarial Scholarship for either graduate or under-
graduate study. The Scholarship pays $500 for the
academic year, Licensed radio amateurs who
intend making a career in electronics or related
sciences may now request the application for the
academic year 1970-1971. Requests . should be
addressed to the Chairman, Scholarship Committee,
8101 Hampden Lane, Bethesda, Maryland 20014,
Requests for applications must be postmarked prior
to May 31, 1971. To be eligible for the award,
applicants must have completed at least one year
in an accredited college or university and must be
enrolled in a course of studies leading to a degree.
They must also be radio amateurs holding a valid
FCC license of at least a general class level.
Preference will be shown to applicants from the
District of Columbia, Maryland and Northern Vir-
g:niab: however, applicants wherever resident are
eligible.
COLLINS S LINE and other gear for sale, SASE
for complete list. J. Lynch, Box 9638, 533 East
Dunlap Ave., Phoenix, Arizona 85020.

HT-37 LIKE NEW, in perfect condition $150. Bob
Ensminger, 11388 Campus, Loma Linda, Calif.

92354, —_—

WANTED HRO COILS A, B, D, and E. Advise con-
dition and price. WAG6QVS, 428 - 2Bth Street,
Richmond, Caiif. 94804. (415) 232-3427.
1 TR4 DRAKE at !, price. Like new, used very
little. Dropping my license. K4CNT, Thomas B.
Peeler, 1873 Waverland Dr., Macon, Ga. Phone
912-742-1326.
YOUR AD belongs here too. Commercial ads 25¢
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 94

20-METERS

The Classic 203

MODEL CL-203

10.1db. Forward Gain :
20 db. Front-to-back Ratio i}

Incorporating the Mosley Electronic patented
Classic Feed System, this full size mono-
bander has 1-1/2" to 3/8" dia.’'swaged’*
elements wide spaced on 2°* dia. 24’ boom.
Maximum element length —--—37° 8-1/2"
TWENTY-FIVE YEARS of manufacturing know-
how is reflected in this Anniversary Model
Get the facts....See your Mosley Dealer
or write: Department 207.

Mos/eoy Sz 5

t 30 44

46'C N RO E TUN MO

__HHI_DEVICES
FOREIGN HAMS

DO YOU NEED AMERICAN
CONSTRUCTION COMPONENTS?

O NDBERG R 8B L0,

Send us a list of your needs and we
will give you a quotation on any standard
American parts which you may require.

No longer need you avoid construc-
tion projects in Ham Radio or any other
U. S. amateur publication because of
hard to find parts. We'll find them and
send them to you.

Send 4 IRC’s for catalog.

HAL DEVICES

BOX 365 HF
URBANA, ILLINOIS 61801 U.S.A.
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THE ALL NEW B”OOMERANG

80-40 METER TRAP ANTENNA

Features:
All Stainless Steel Hardware
Takes 1500 Watts PEP or 500 Watts CW
Light Weight — Only 4 oz. per Trap
Use as either Flat Top or Inverted Vee

104 feet Full Length
Complete Instructions Supplied
Product of Extensive Testing Program

Literature Available on Request

M. WEINSCHENKER, K3DPJ

BOX 353
IRWIN, PA. 15642

PRICES: Traps, Balun and Instructions —
You supply the wire

AB-1 Balun

ATH Traps (pair)

Complete Kit Balun and 2 Traps
$24.95 ppd USA

$10.95 ppd USA
$14.95 ppd USA

ANTENNA

BOOKS

PRICE $4.95 ($5.95 Foreign)

73 VERTICAL, BEAM AND
TRIANGLE ANTENNAS
by Ed. Noll W3FQJ

) /4 Verticals and Ground Systems
10-15-20 Vertical
Base Loaded Vertical
Phased Verticals
Four Square Vertical
Low Band Triangles
High Band Triangles
Triangle and Parasitics
Turnstile Triangle
Two-Element Antennas
Yagi's
Quads
Horizontal Phased Arrays
End-Fire Beams
Broadside Arrays
Tuners

160 Pages

PRICE $4.50 ($5.40 Foreign)

73 DIPOLE AND LONG-WIRE
ANTENNAS
by Ed. Noll W3FQJ

Basic Dipoles
Novice Multi-Band Dipoles
20-40-80 Maypole
Inverted Dipoles
3/2 Wavelength Antenna
Inverted-Vee Long-Wires
10-15-20-40 Long-Wire Special
Long Vee-Beam Antennas
Inverted-Vee Trios
Tilted Long Wires
Rhombics
10-15-20 Rhombic
End-Tuned Rhombic
End-Fed Long Wire
Line and Antenna Tuners
Sloping Vee Beam

160 Pages

TRIANGLE ANTENNAS

BOX 276 « WARRINGTON, PA. 18976

88 may 1971
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The STANDARD, by Heights

THE MOST IMPORTANT FEATURE

OF YOUR ANTENNA IS PUTTING

IT UP WHERE IT CAN DO WHAT YOU EXPECT.
RELIABLE DX —— SIGNALS EARLIEST IN AND LAST OUT.

And now, with motorized
options, you can crank it
up or down, or fold it over,
from the operating posi-
tion in the house.

The “Standard” can be
assembled on the ground
with nothing more than a
wrench and a spade. No
guys, no climbing neces-
sary. Strong and beautiful.

See your local distributor, or write for 12-
page brochure giving dozens of combina.
tions of height, weight and wind load.

TELEGRAPHERS WANTED - For membership in
Morse Telegraph Club, Inc.
Non-profit - Historical
Fraternal
Dues $2 per annum
Write: S. L. McLean, GS&T
5125 Arvada Street
Torrance, Ca 90503

OUR APOLOGIES

Our ad for the Two Meter SSB Transmitter
on page 77 in the March Ham Radio should
have read:

“Circuit board Only $4.95 plus 25¢ shipping"
SPECTRUM INTERNATIONAL
Box 87, Topsfield, Mass. 01983

THE BIG?EST SIGNAL

,.-a-T\'" = .
Patent
D 219106

Unconditionally
guaranteed

GREENE . . . center insulator . . . an absolute
water li{lhl sealed assembly . . . with or with-
out BALUN.

Greene center insulator with BALUN  $15.00
Greene center insulator no balun 10.00
Dragon Fly construction drawing 5.00
Flier FREE postpaid

U.S. A

GREENE INSULATOR
Box 423, Wakefield, R. |. 02880

More Details? CHECK—OFF Page 94

NOW In New Larger Facilities
to expedite your orders.

HEIGHTS MFG. COMPANY

Almont Heights Industrial Park
4516 North Van Dyke, Almont, Michigan 48003

Only
$32.50

(less batteries)
POSTPAID USA

® Precision crystal

* Fully guaranteed

® Markers al 100, 50, 25, 10 or 5 kHz se-
lected by front panel swilch,

* Zero adjust sels to WWV. Exclusive circuit
suppresses unwanted markers.

® Compoct rugged design. AMractive, com-
pletely selt contained.

* Send for free brochure.

PALOMAR

ENGINEERS

BOX 455, ESCONDIDO, CA 92025
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FREQUENCY METERS

USED, in good or excellent operating condition,
internally complete, with all tubes, crystal, and
matching calibration book.

BC-221, 125 KC to 20 MC, in two bands, all with
home built power supplies, similar to mili-
tary version.

BC-221D, in blk crackle, metal case. 1 only. $50

BC-221AA, in wood case. Excellent. 1 only. ;5

BC-221AJ, in wood case, Excellent. 1 only.

LM, navy version of above, Same range. Cali-
brated in April 1966.

LM-14, modulated i 1 only. $40.00

LM-13, in black crackle metal case, similar to
BC-221 case; battery compartment lower

half 3 only. $50.00
TS-173/U, 90 to 450 MC. In metal casa. re-
painted gray. $100.00

TS-l?S,‘U 85 to 1000 MC. UNLISED NU CAB-
1 only. $100.00
MD?/ARCE plate modulator, for command
transmitters. Internally complete, with all
tubes, etc. NO DYNAMOTOR. .5 only. $10.00
RG58/U, 50 ohm, co-ax cable. FOAM
100 ft. $8.25; 50 ft. $4.25
UG-21/U, N type male cable plug, 50 ohm.
6 for $2.75; each 50¢
UG»EE,{U. N type female chassns receptacle.
r $4.00; each 69¢
UG—201,!I.I adapter, N to BNC Fits UG 58/U,
takes UG-88/U 6 for $5.50; each $1.00
/? mhry. 750 ma. RFC.5 pi, on ceramic
orm, 4" dia. 234" long. Pigtail leads.
6 .50; each $1.00

NEW 1971 flyer ready. PLEASE send SASE.

All prices are NET FOB, store, Chicago. All
items subject to prior sale. PLEASE include
sufficient for postage, any excess returned with
order. Insufficient postage too EXPENSIVE.

MAILING ADDRESS: c/o
BC ELECTRONICS
BEN COHN
1249 W. ROSEDALE AVE.
CHICAGO, ILLINOIS 60626

Store address: 5696 N. Ridge Ave., Chicago, Il
60626. Hours: Wed. 11 a.m. to 2:30 p.m.; Sat.
10:00 a.m. to 2:30 p.m. Other times by appoint-

ment.
312-334-4463 & 7B4-4426

IBUIU amateur I I b k
00

GET YOUR NEW
e g ISSUES NOW!
Cl

Over 285,000 QTHs in
the U.S. edition $8.95

e ..w‘ 1 “'l‘"- : Over 165,000 QTHs in
the DX edition $6.95
NEW EDITION EVERY:

MARCH 1 — SEPT. 1
JUNE 1 — DEC. 1

These valuable EXTRA features included in both editions!

* QSL Managers Around the & Prefixes by Countries!
World! * Zips on all QTH's!

* Census of Radio Amateurs

throughout the world!

Radio Amateurs’ License

* A.R.R.L. Phonetic Alphabet!
* Where To Buy!
-
L

Class! Great Circle Bearings!
* World Prefix Map! International Postal
* International Radio Information!

Amateur Prefixes * Plus much more!

See your favorite dealer or order direct (add 25¢ for mailing
in U.S., Possessions & Canada. Elsewhere add 50¢)

WRITE FOR ﬂnulsu nmmEuH"I:DD l( .

ﬁ NEW! REPEATER IDENTIFIER !

) The black box you've been asking for
N, ® YOUR MCW OR CW ID EVERY 3 MINUTES
-/ = aLLSOLID STATE, -12 TO -28VDC
= 100VA CARRIER RELAY, AUDIBLE MONITOR
® MEETS FCC REQUIREMENTS, -40 TO +140 F
Complete, programmed (DE YOUR CALL),

N l 1T ELECTM  £129.95 plus shipping (4 pounds)
(DDLU KR DEVICES  80x 4090, Mountain View, Caiitornia - 94040

4 ANTENNA
ﬁ MATCHING
: TRANSFORMERS

+ 50 ohm co-ax to 50 ohm
balanced load (for doublets
& inverted vee's) $14.9
« 50 ohm co-ax to 75 ohm balanced load (fOr
doublets and quads) $14.95
+ 50 ohm co-ax to 75, 120, and 140 ohm Iolﬂ
(for single feed three band quad) $18.
« Other impedance ratios available on requast
All units are rated at full legal power and
shipped post paid. Calif. residents add 5%
sales tax.

H & H ENGINEERING

P. O. Box 68, La Mirada. Calif. 90638

920 may 1971

5% 0001 925 Sherwood Drive
€L E | 2ke Bluf, Il 60044

YOU CAN PROVIDE EYESIGHT
FOR SOMEBODY

Over 100,000 people do not have sight be-
cause not enough other people have been
willing to have their eyes used for this pur-
pose when they die. It requires planning with
one’s family and doctor so that there is no
delay when the time comes. Eyes must be
removed within 4 hours after death and the
corneas used for transplantation to their new
owners within the next 24 hours,

This is where the Eye Emergency Network is
so helpful — making it possible for hospitals
having eyes available, m(xl those needing eyes,
to become known to each other quickly. Then
the M.D.’s talk privately by telephone to de-
termine the suitability of the eves and how
they shall be \lnpputl and delivered.

The need for eyes is international. During the
past year one -:nllt-(-tiug group in Baltimore
supplied eyes for 57 hospitals in the US.A,,
and for hospitals in Alaska, Europe, Asia and
the S.S. “Hope”, thanks to the speed of our
modern jet aircraft.

MILLIONS OF PLEDGES
ARE NEEDED
— KIRA
ST AT DT

More Details? CHECK—OFF Page 94



USED TEST EQUIPMENT

All checked and operating unless otherwise
noted, FOB Monroe. Money back (less
shipping) if not satisfied.

Beckman 5500-100kHz counter-timer 125
Boonton 202D-175-250mHz sig gen 285
Boonton 207E-Univertor for sig gen 95
GR736 A-Wave analyzer . 249
GR821A-Twin-T Imp. bridge 235
GR1603A-Z-Y bridge 176
Gertsch FM3/PS3 20-1000MHz freq mtr 275
HP120AR-200kHz scope 135
HP175A-50mHz scope-main frame only . 450
HP524B-10mHz freq counter 325

HP524B-W/plug-in to 100mHz "RS
HP525A-10-100mMz plug-in for above 115
HP525B-100-220mMz plug-in for above 135
HP525C-100-500mMz plug-in for above . 225
HP526B-Time interval plug-in for above 65

HP&0BA-10-500mHz stand sig gen 400
Meas 65B-75kHz-30mHz sig gen 265
Meas 82-20Hz-200kHz, BOkHz-50mMz

stand sig gen 275
NE Eng 14-20C-10mHz freq counter

(as is less time standard) 180
NE Eng 14-20C-complete, checked 295
NE ENG 14.-20C-W/plug-in to 100mHz 355

NE Eng 14-21C-10-10mHz conv for abv 114
NE Eng 14-22C-100-220mMz

conv for abv 135
NE Eng 14-24C-Time interval conv for abv 65
Tektronix 513D-20mHz scope 275

Tektronix 517A-Hi-speed scope 545
URMZ5E-10kHz-50mHz stand sig Een 215
USM24C-8mHz time bace scope 125
USM50-22mHz time base scope 145
USMI105A-Mil version HP160 scope

w/dual trace plug-in 550

(Send SASE for complete list)

GRAY Eeg}frggifsgdl Monroe, MI 48161

Specializing in used test equipment

Digital
Frequency Meter

iy

e

* Monitors your “transmitted" signal
*+ Measures kHz and MHz

« Operates with any exciter-transmitter
(1 to 600 watts — up to 35 MHz)

« Large-bright ““Nixie' display
* Now - 100 Hz (.1 kHz) Readout
through 35 MHz

FM-6 Kit . ... $119.50

(170 MHz Prescaler - $45.00 extra)

Micro-Z Co.

Box 2426 Rolling Hills, Calif. 90274

KW BALON KIT STILL ONLY 85!

The AMIDON Toroid Balun Kit makes a modern, compact antenna
transformer that can be wired for either 4:1 or 1:1 impedance ratio. The
balun is ideal for use between a coaxial feedline and a balanced an-
tenna. It reduces coax radiation and properly balances the energy {o]g
application to the antenna'’s feedpoint. The balun also acts as an isola-
tion device and removes the capacity of the coax from the antenna
which extends the low SWR frequency range of the array. Baluns made
from this kit can be used to advantage on these antenna typess Dipole,
Quad, Beam, Inverted Vee, Windom and Folded Dipole.

SEND FOR

FREE FLYER!
AMIDON.
jé\moaam

12033 OTSEGO STREET -

More Details? CHECK—OFF Page 94

Pack & Post: 50¢

NORTH HOLLYWOOD, CALIF. 91607
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‘"‘U @ sigNA”

"W2AU” BALUN-$12:95— 133>

STOP BEING A LOSER!
LET YOUR ANTENNA RADIATE, NOT YOUR COAX.

Hd Now all stainless steel hardware, 50239 double silver plated. Handles full KW input—
1 THEN SOME! Broad banded 3 to 40 Mc. Helps TVI problems by reducing coax line radiation. AN
Built-in Lightning arrester protects balun, could save your valuable gear T
J 2 Models. 1:1 matches 50 or 75 ohm unbalanced (coax line) to 50 or 75 ohm balanced
load. 4:1 matches 50 or 75 unbalanced (coax line) to 200 or 300 ohm balanced load. 3 g
2 ] YOUR BEST
Available at all leading dealers, if not, order direct BALUN BUY

BIG SIGNALS JUST DON'T HAPPEN! GIVE YOUR ANTENNA A BREAK!
Tel: 607.369-2985

UNADILLA RADIATION PHODUBTS See any QST for more Technical Details. LINﬁDILI.A, N. Y. 13849

GET IT from GOODHEART!
EVERYTHING UNCONDITIONALLY GUARANTEED WE PﬁY HIGHEST
WAREHOUSE-SPACE-REDUCTION SALE: PRICES FOR ELECTRON
(GIVEAWAY PRICES!) TUBES AND SEMICONDUCTORS

LINE-VOLTAGE REGULATORS:
Sorensen & Superior Elect. Electronic

s00 v 95130 + 1 oo vout o soe| || H & L ASSOCIATES

1000 VA ditto fob Utica, N.Y. or Los Angeles .. 37.50
gggg ;i S'E‘fn,qf"h I.{:s :\ngedres K ﬁ?.gg ELIZABETHPORT INDUSTRIAL PARK
L regulation ditto, Los Angeles .. ... 99.
2500 VA 0.1% regulation ditto, Los Angeles 89.50 ELIZABETH, NEW JERSEY 07206
3000 VA 0.1% ditto brand new, Utica, N.Y. .. 99.50 (201) 3514200
5000 VA 0.1% ditto checked OK, Los Angeles 149.50
ditto 190-250 v to 220-240 v, Los Angeles 149.50
Electromechanical, 1%, No Distortion:
6000 VA Super. Electric, Utica or Los Angeles 49.50
ditto General Radio #1570AL, Los Angeles 57.50
15 KVA Superior Electric, Los Angeles 195.00
27V2 KVA 1 Ph. 205-250 v to 220-240, Los Ang. 195.00 MONARCH
20  KVA 3 Ph. 195-255 v to 220-240, Los Ang. 195.00 SWR AND
Miscellaneous Bargains: POWER
GENERAL RADIO #1610A: A complete Capacity-measuri
system in a 43" high cabinet, sold for $2090.00. Brid;:z METER

Oscil., Null Det., Filter, Guard ckt, etc. Excellent condition

gstgaranulgeidﬂ Enta T B e ke T “3'% Reads output and reflected power simultane-
egu 'wr Sply 25-31 v, [T

et tgeitily By FOB Los Angeles 5950 9us|y._ May be M.t in line up to 2000 watts. Low

k&N ﬁlsy A2: 532[‘0!{]0 Capacilance&Gandutl!ntll%rsidga insertion loss. Size 5x2x2. Good to 175 Mhz.

ssembly, measures insulation, etc i

AN/ASM si hcm\"m,';;‘“g T’gi Set for AN/ASQ-8 ;";g"‘;u PRICE $14.95 Insured Postage & Handling $1.50

tometer, wit 5, fo an

GAS LASER: Speclra Physics #110 with lens, less the MADISON ELECTRONICS SUPPLY

simple power supply. With book 50.00 1508 McKINNEY — HOUSTON, TEXAS 77002

NANOSEC PULSES 32 KV, 3 ma. Details: Ask! 60.00

HOIST TEST SET for AN/AQS-10 Sonar vev- 2150 (713) 224-2668

HUGHES #VTW-29 Stored Energy Welder pwr 27.50

RAYTHEON #18A Stored Energy Welder Pwr Sply = 27.50

STODDART TS-587 (NMA-5) RFI Meter 15-400 MHz, needs
%?";4351?“&“1“ ]l:le;n w,&hahonlt PR A 97. !SI() FIRE & BUHGL“R M.HRMS
ectronic Freq nger (or walt amp!
fier?) Tnput 230 v 1 ph 60 Hz. Output adjustable 105-130 171 Nsosbook: . Cataes
v, 320 to 3900 Hz, 1 ph. 195.00 Save
CML #33828 3 ph Electronic ?rtq Converter, 1500 VA.
Tnput 220 v 3 ph 60 Hz, output 115 v, 3 ph, 350 to 450 Hundreds
Hz; or use 500 VA any leg with no danqer of unbalance; or
Ilogo VA any leg (3 KVA total) for any 10 second st;rﬁng tlf
oa 1
Dollars
If you don’t see it here, ask for it! Or ask for the KIND equipment from famous manu-
of material you want, like Oscilloscopes, Counters, VTVM's, sy step by step illustrated instructions,
etc.,, etc. But don't ask for a general catalog . . . we no \,U_;ﬂ tools required. Save up to 75%. This
believe that is nonsense in surplus . . ., we get new things .md‘mnk is a must for every homeowner and busi-
in almost every day! WE ALSO BUY! So tell us what you nessman. Just $1 cash, check or M.O.

have, condition, and your asking price. Write WI1]JFT

R. E. GOODHEART CO. INC. ALARM COMPONENT DISTRIBUTORS

Box 1220-HR, Beverly Hills, Calif. 90213 33 NEW HAVEN AVE., DEPT. HR

. 6
Phone: Area Code 213, Office 272-5707 __7*‘_ILFORD CONN. S

92 may 1971 More Details? CHECK—OFF Page 94




WORLD QSL BUREAU

THE ONLY QSL BUREAU to handle all
of your QSLs to anywhere; next door, the
next state, the next country, the whole
world. Just bundle them up (please arrange
alphabetically) and send them to us with
payment of 4¢ each.

RESONATE ANY 40 OR 80 METER F5.0%
DIPOLE INVERTED VEE ON 160 METERS Ppd
Handles 250W PEP (140W DC)
5349 Abbeyfield, Dept. 3, Long Beach, Calif. 90815

5200 Panama Ave., Richmond, CA USA 94804
Use coax or open feedline
Lewispaul Electronics, Inc.

ANTENN/
k\f@}é « Use with any SWR bridge
303 West Crescent Avenue

MODEL 48MV MATCHOVER WILL
TOP BAND SYSTEMS * Made in USA—Guaranteed
Allandale, New Jersey 07401

TYMETER-

“Time At A Glance™’

Walnut or ebony plostic cose.
4"H, 73, W, 4D, 110V &0

At Your Dealer, or
cy. Guaranteed One Year.

DIRECT FROM

PENNWOOD NUMECHRON CoO.

TYMETER ELECTRONICS
7249 FRANKSTOWN AVE PITTSBURGH, PA. 15208

.% ELECTRONIC FIST . THE PROFESSIONAL KEYER
L., Check the Reviews
) ® OST March 1971 ® POP. ELECT,, July 1970
® CQ, January 1971 & 73 January 1971
® Ham Radio, August 1970, December 1970, March 1971
* |CMEMORY FOR EK-39M now only $39 951!
li] [ 1T ELECTRD  From your ham dealer or direct
PULLIULC DEVICES  8ox 4080, Mountsin View, Catormnis — 54040

Radio Amateur
Emblems engraved | Gold
with your call letters. ( Rhodium
D /
call letters
gfﬂm«_ ( $6.00 Ea.
1 Gold
Rhodium
call letters
$6.00 Ea

All illustrations 7] Gold
are actual size =
[7] Rhodium
( “call letters

z / )\Q/ﬂ_ $6.00 Ea.

Two or more ‘emblems at the same time $5.00 each.

| Rush Order To: RADIO AMATEUR CALLBOOK, Inc.!

; Dept. E. 925 Sherwood Drive, Lake Bluff, Iil. 60044 |

o ——— T —————————— -

More Details? CHECK—OFF Page 94

ANNOUNCING A NEW DIGITAL KEYER
Featuring squeeze keying, dot-dash memories,
transistor and relay output, variable pitch keying
monitor with built in spkr, regulated power
sugply. 8 I.C., 5 transistors, 5 diodes, handsome
abinet and a warranty that is unequaled. Logic

board and power supply monitor board can be

purchased separately. Send for brochure.
BAKER & WINNAY
420 Maplewood Ave., Springfield, Pa. 19064

INVENTORY REDUCTION SALE on new surplus tubes, .50 ea.

1714, 5Y3, 6H6, 6J5, 6J6, 6K7, B6SA7, 65J7, 6SK7,
65N7, 65Q7, 6V6.
AMP-MODULATOR UNIT AM-8781/FRC - 2 Ibs. S. Wt

This item worth 20 times our SPECIAL PRICE of $2.95
Potting compound, synthetic rubber, dries in & hours. Kit
includes stirring tools, dispensing tube, etc. 35¢ each
Nickel cadmium battery 1.4v @ 7.5 AMP HR $3.95
Send 10¢ for catalogue. For the best deal on the surplus
market BOB-FRANK ELECTRONICS

407 Ritter Road, Harrisburg, Pa. 17109

Headquarters for STANDARD COMMU-
NICATIONS in Central New York.

Featuring the exciting new SR826M two
meter solid-state FM transceiver.

Also dealers for the ETO Alpha Seventy,

the ultimate in high frequency linear
amplifiers.
Your trade accepted — write for used

equipment list,

C. F. P. ENTERPRISES
10 Graham Road West
Ithaca, N. Y. 14850
607-257-1575
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AdvyerTisers

check-off

... for literature, in a hurry —
we'll rush your name to the companies

whose names you “‘check-off”

INDEX
—Alarm ~—Iinternational Crystal
—Alpha —Jan
—Amidon —K-N
—Avanti —LA
—BC ~—Lee
—Baker & Winnay ~Lewispaul
—Barry ~—Madison
—Berkshire —Micro-Z
—Bob-Frank -~Morse Telegraphers
—Bob's —Mosley
~—Camp Butler ~—Newtronics
—Comtec —Palomar
—Cir-Kit —Pennwood
—~Clegg —R & R
—Comcraft —RP
—Cubex —Calibook
—~Cushcraft ~—Radio Constructor
—Curtis —Sentry
—Drake -—Spectronics
—Dycomm —Spectrum
—Ehrhorn —Standard
—Eimac —Structural Glass
—Eye Bank —Swan Antenna
~Flinn —Swan Electronics
—Goodheart —TAB
—Gray —Top Band
—Greene ~—Tri-Ex
—H & H —Triangle
—H & L ~—Unadilla
—HAL —VHF Communications
—Hallicrafters —Vanguard
—Heath —Weinschenker
—Heights —World QSL
—Henry

May 1971

Please use before June 30, 1971

Tear off and mail to

HAM RADIO MAGAZINE — “check-off"
Greenville, N. H. 03048

NAME

CALL

STREET.

CITY.

STATE.

94 [
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Repair by mail.

Except for driver and finals, the Yaesu FT-101 is
all solid state. Ten FET's, 3 IC's, 31 silicon tran-
sistors and 38 silicon diodes do the job—
solidly. Most of these components are found on
computer-type plug-in modules. Should one of
them ever give you trouble, just send us the
module. We'll send you a factory-new replace-
ment by return mail.

But with the FT-101, you can expect every-
thing but trouble. Like a built-in VOX, 25 KHz
and 100 KHz calibrators, the WWV 10 MHz band,

a high Q permeability tuned RF stage and a 5
KHz clarifier. All of that in a portable rig that
sounds like it was home base.

The FT-101 is thirty pounds of power. You can
work the world on 260 W PEP, 180 W CW or 80
W AM maximum input power. The world between
80 meters and 10 meters. And you'll hear it back
with 0.3 microvolts sensitivity —and a 10 db
signal-to-noise ratio.

This rig even includes 12 VDC and 117 VAC

More Details? CHECK—OFF Page 94

built-in power supplies right in the package. You
supply the 12 or 117 volts plus an antenna and
you're air-ready.

For in-motion operation, a noise blanker is
essential. We didn't forget to include it in the
FT-101. It picks out noise spikes and leaves you
with nothing but clean, crisp signal copy.

Though plug-in modules mean quick, conveni-
ent repair, we don't really expect to hear from
FT-101 owners. Unless it's on the air. Maybe
that's why we unconditionally guarantee it for
a year. The FT-101 — only $499.95.

SPECTRONICS WEST

Dept. H, 1491 E. 28th, Signal Hill, Ca. 90806 / (213) 426-2593

SPECTRONICS EAST

Dept. H, Box 1457, Stow, Ohio 44224 [ (216) 923-4567

[0 Please send new color catalog of all Yaesu
products.

I |
} |
l [ Enclosed find$ }
| Please send model(s) — — |
| |
| Name e — = l
I Address — I
| City__ State_ Zip ——s }
I All prices F.0.B. Signal Hill, Ca. l
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Now you don’t have to pay
twice the price
to get twice the rig.

Picture this pair in
your shack. The Yaesu
FLdx 400 transmitter
and the FRdx 400
receiver, Loaded with
power. Loaded with
sensitivity. Loaded with features. Loaded
with value, Read on, and discover how you
can have the most up-to-date receiver-
transmitter rig in the world...and at an
unbelievably low price.

The FRdx 400 Receiver

Get a big ear on the world with complete
amateur band coverage from 160 meters
through 2 meters, including WWV and CB
reception. Four mechanical filters do it—
they provide CW, SSB, AM and FM selec-
tivity. Separate AM-SSB-FM detectors are
included, along with squelch and transmit
monitor controls. Plus a noise limiter and
a variable delay AGC. And a built-in notch
filter with front panel adjust for notch depth.

The FRdx includes calibration markers at
100 KHz and 25 KHz, with accurate cali-
brator checks verified by WWV, A solid-
state FET VFO for unshakable stability. And
a direct-reading 1 KHz dial affords fre-
quency read-out to less than 200 Hertz.

The FRdx 400 sells for $359.95.

The FLdx 400 Transmitter

Here's how to set yourself up with dual
receive, transceive or split VFO operation.
The FLdx 400 with its companion receiver
brings you the ultimate in operational flex-
ibility. Flexibility like frequency spotting,
VOX, break-in CW, SSB, AM and even an
optional FSK circuit.

The completely self-contained FLdx 400
features a built-in power supply, fully adjust-
able VOX, a mechanical SSB filter, metered
ALC, IC and PO. A completely solid-state
FET VFO provides rock-solid frequency
stability.

We rate the FLdx 400 very conservatively.
That rating guarantees you 240 W PEP input
SSB, 120 W CW and 75 W AM. The FSK
option will go all day at a continuous 75 W.
And you get full frequency coverage on all
amateur bands — 80 meters through 10

96 may 1971

meters — with an optional provision for
certain other bands that you can person-
ally specify. For all that, you pay just
$299.95.

u o

FL2000 B Linear Amplifier.

Ideal companion to the Series 400, this
hand-crafted linear is another example of
Yaesu's unbeatable combination of high
quality and low cost. Designed to operate
at 1500 watts PEP SSB and 1000 watts CW,
this unit provides superb regulation —
achieved by a filter system with 28 UF effec-
tive capacity.

Other features include dual cooling fans
(one for each tube), individual tuned input
coils on each band for maximum efficiency
and low distortion, and a final amplifier of
the grounded grid type using two rugged
carbon-plate 572 B tubes. Ready to operate
at only $299.95.

SPECTRONICS WEST

Dept. H, 1491 E. 28th, Signal Hill, Ca. 90806 / (213) 426-2593
Dept. H, Box 1457, Stow, Ohio 44224 / (216) 923-4567
I [[1 Please send new color catalog of all Yaesu

products
[ Enclosed find $

Please send model(s)

Name
Address -
City State Zip

I All prices F.O.B. Signal Hill, Ca

e . . e S S — — —— ————————

More Details? CHECK—OFF Page 94



The Yaesu FTdx 560 Transceiver.
560 watts PEP SSB. 500 watts CW.

$450 complete.

All you add is mike, speaker

and antenna.

Incredible.

At $450 the Yaesu FTdx 560 is an in-
credible buy. It would be impossible if
it weren't for a couple of facts. One, the
Yaesu is made in Japan; two, it's sold
direct to you—eliminating the big deal-
er's profit.

These days, when you think of Jap-
anese-built products, think of Nikon, or
Sony, or Toyota. And Yaesu. Our trans-
ceivers are state-of-the-art engineered
and carefully hand-assembled. They're
so solid, stable and reliable we guaran-
tee them for one year. Yaesu is quite
likely the best transceiver made any-
where in the world today.

The complete Yaesu story is a long
one. So we've compiled a comprehen-
sive information packet that gives you
the complete picture. Including things
like comparative detail photos, a sche-
matic, and a comparison chart that

shows you the FTdx 560's superiority
over rigs you're more familiar with.
Once you've looked over the FTdx 560
literature we think you'll agree that the
amateur operator's impossible dream
has become an incredible fact.

SPECTRONICS WEST

Dept. H, 1491 E. 28th, Signal Hill, Ca. 90806 / (213) 426-2593

SPECTRONICS EAST

Dept. H, Box 1457, Stow, Ohio 44224 / (216) 923-4567

| Flease send new color
products

catalog of all Yaesu

| Enclosed find §

Please send model(s)



EIMAC’s new 8873 family
covers the electromagnetic spectrum
from DC to 500 MHz.

No need to compartmentalize your thinking when you contemplate EIMAC's new
8873 family of zero bias triodes. This tube for all seasons has three interesting
configurations that allow you unprecedented design freedom: conduction cooling
to heat sink (8873), axial cooling (8874) and transverse cooling (8875). Your choice

8873
CONDUCTION COOLED
ANODE

8874
AXIAL COOLED

ANODE

8875
TRANSVERSE COOLED
ANODE

to overcome today's design constrictions.

Consider that the 8873 family provides up to 1000
watts PEP input or 500 watts continuous duty input
per tube to 500 MHz. Low grid interception allows
low drive power to be combined with low intermodu-
lation distortion in linear service.

Observe that while the 8873 family performs in
superior fashion as a linear amplifier in SSB service,
it is also ideally suited for high gain, class-C FM or
AM service in the VHF/UHF range. Electron control
by EIMAC's new segmented, self-focusing cathode
and unique aligned grid structure provide the key to
this improved performance. The grid, moreover, is
terminated in a low inductance contact ring about
the base of the tube, permitting very effective intra-
stage isolation to be achieved up to the outer fre-
quency limit of operation.

Note that these rugged triodes are exceptionally
well suited for class-B audio service as well as for
pulse operation demanding high peak current capa-
bility at modest drive power.

Remember the 8873 family of triodes covers the
electromagnetic spectrum from DC to UHF with ease,
meeting widely divergent requirements in a package
you can hold in the palm of your hand. Use these
compact tubes in table-top design where space is a
scarce commodity or where high density packaging
is imperative.

Write EIMAC today for details and circuitry on the
8873 family of grounded grid triode tubes.
Another example of EIMAC's ability to
provide tomorrow's tubes today. EIMAC,
301 Industrial Way, San Carlos, California M
94070. Phone (415) 592-1221. varian
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