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Don’t be misled by o es . . . they are based
on experience, large q ity buying of materials,

great engineering a jient office personnel.
We are happy ha to hold the line on
prices for you. So.. . . ay more when you can
get the best for less!

FIM 2 METER ANTENNAS

FM TWIST

Ten elements horizontal polar-
ization for low end coverage and
ten elements vertical polarization
for FM coverage. For OSCAR
buffs we have 144 MHz and 432

MHz models.

4-6-11 ELEMENT YAGIS

The standard of comparison in
VHF-UHF communications, now

P_OWER PACK cut for FM and vertical polariza-

The big signal (22 element array) tion. There are models coverin
for 2 meter FM uses two A147-11 the 450 MHz, 220 MHz and 14
yagis with a horizontal mounting MHz bands. All are rated at 1000
boom, coaxial harness and all hard- watts with direct 52 ohm feed and

ware. PL-259 connectors.

IN STOCK WITH YOUR LOCAL DISTRIBUTOR

@ cushcraft

CORPORATION

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




in the last five years E.T.0. has introduced a//
these advances in linear amplifier design:

1. Full kilowatt ‘locked-key-continuous’
capability in self-contained desk-top
cabinet.

2. Rugged, highly-linear, ceramic
grounded-grid triode tube(s).

3. Ducted-air cooling with rear intake
and exhaust to keep cabinet cool, noise
and dirt intake to a minimum.

4. Thermally-controlled, whisper-quiet
computer-grade centrifugal blower.

5. Electronic bias control for minimal
power waste, lowest heat generation.

6. Full CW break-in capability with in-
tegral electronic T/R switch.

7. Complete 10 through 160 meter
coverage.

8. Vacuum tuning for precise reset-
tability, quick bandchange, hi-band
efficiency.

9. No-tune-up instant bandchange even
at maximum-legal-power level.

10. Plug-in power transformer with tape-
wound Hipersil® core for efficiency,
shipping & handling convenience.

11. ‘Toropad'® - suspended shipping
pack.

12. Full coverage 160 through 6 meters.
13. Metering of peak power input.

14, LED instant drive level indication.

15. Grid-current-derived, amplified lo-
Z-output ALC.

16. Easy-access, modular extruded
aluminum cabinet.

17. Six and two meter coverage with a
full continuous kilowatt (24+ KW PEP)
dc input capability in all modes.

18. Improved vacuum relay/solid state
QSK (break-in) system to preserve the
full capability of high-performance re-
ceivers.

19. 72 ? ? ? Coming soon . . .

These features, so far as we know, are
still not available in any competitive lin-
ear amplifier at any price: 1, 3, 4, 5, 6,
7,9, 10, 11, 12, 13, 14, 15, 17, 18!

WHY NOT PUT ONE OF THESE SUPERB
ALPHA MAXIMUM-LEGAL-POWER LINEAR
AMPLIFIERS IN YOUR STATION NOW —
FOR A BETTER SIGNAL AND GREATER
OPERATING ENJOYMENT THIS SEASON
AND IN THE YEARS AHEAD?

The ‘NO-TUNE-UP' ALPHA 374 . . . Fea-
tures 1, 2, 3, 5, 9, 10, 11, 13, 14, 15, 16.

‘THE ULTIMATE' ALPHA 77D — Features
1,2,3,4,5, 8,10, 11, 12, 13, 14, 15, 16,
18 . . . AND the knowledge that you own
the most advanced linear amplifier avail-

ahis. $2695

The new VHF ALPHA V74 — Six and two
meter ‘cool kilowatt’ offered by popular
request. Features 1, 2, 3, 10, 11, 14, 15,
16, 17. A full kilowatt FM/FSK input re-
quires just 20 watts drive; 2 KW PEP
highly-linear SSB only 35 watts PEP drive.

$1195

T' EHRHORN TECHNOLOGICAL OPERATIONS, INC.
BROOKSVILLE, FLORIDA 33512

More Details? CHECK—OFF Page 110

(904) 596-3711
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For the best RTTY, you need
alithe helpy

-

u can get.

Its all right here.

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

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

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

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

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

Assembled:

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

$390 — ST-6/425 Hz Disc/AK-1

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

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

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

HAL Communications Corp |
Box 365, Urbana, Illinois 61801
Telephone: (217) 367.7373

Enclosedis$___________ for the
following items: [] ST-6 Assembled
[1 With all options; [] ST-6/425 Hz
Disc; [ ST-6/AK-1; [ ST-6 kit;
[J ST-6 Cabinet; [J 425 Hz Disc kit;

(1 AK-1 kit
[l Charge to my Master Charge
-

BankAmericard # ___
Master Charge/Interbank # and
ExpedieL. - —

[ Please send me the HAL catalog

Name

Address

.C_l.t.y_f S!a[e!ftb T

[ ———————

More Details? CHECK—OFF Page 110
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A

Recently there has been rising concern
over the possibie harmful effects to liv-
ing tissue due to heating by electro-
magnetic radiation in the frequency
range from 10 MHz to 100 GHz. Al-
though microwave engineers have been
aware of the potential hazards of work-
ing around high-power microwave trans-
mitters for 25 years or more, few people
expressed much concern about the pos-
sible radiation hazards of lower-
frequency equipment. However, from
150 to 1200 MHz the internal body
organs are susceptible to damage from rf
heating, and the eye is especially prone to
damage from radiation above 1000 MHz.

The scientific community is not at all
satisfied that there has been sufficient
research for formulating rf exposure
standards, but based on present knowl-
edge, various governmental and indus-
trial organizations involved in establish-
ing radiation safety standards have rec-
ommended exposure limits referred to
as Radiation Protection Guide Numbers
(RPGN). At the present time the gener-
ally accepted RPGN value is 10 milli-
watts per square centimeter, and the
Occupational Safety and Health Admin-
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istration (OSHA) has promulgated a
standard which limits exposure to power
densities greater than 10 mW/cm?2 of
body area.

Authorities generally agree that rf
power levels ane-tenth the OSHA stand-
ard (1 mW/cm?2) do not have any notice-
able effect. Using this as a basis, what
are typical safe distances from a high-
frequency amateur antenna?

Since the safe distance from an an-
tenna depends on its radiated power in a
given direction, the most direct ap-
proach to finding the distance is to use a
graph such as that shown in fig. 1. These
curves are based on an isotropic radiator
so antenna gain {power ratio, not dBi)
must be factored in for the practical
case. A half-wave dipole, for example,
has a power gain of 1.64 over an iso-
trope (2.14 dBi). Assuming 1000 watts
into the antenna, what is the minimum
safe distance? The effective isotropic
radiated power (EIRP) is 1.64-1000 or
1640 watts and the distance for a power
density of 1 mW/cm?2 is about 24 feet.

Since most dipoles are installed at
least 25 feet above ground, they obvi-
ously pose little threat at amateur
power levels, but what about multi-
element beams and stacked arrays?
Assuming the array is at the top of a
54-foot tower, and not facing into a
building, an EIRP of about 29 kW
would be required to produce 1
mW/cm2 in the center of the main lobe
100 feet away. With 1000 watts into the
antenna, this corresponds to a power
gain of 29 or 14.6 dBi.

Few amateur antennas exhibit this
much gain, but EME operators who use
large arrays or big parabolic reflectors
should use caution. A 30-foot dish with
only 10 watts input at 432 MHz, for
example, is hazardous at distances of
less than 18 feet!

Jim Fisk, W1DTY
editor-in-chief



THE FIRST AND STILL
THE LEADER'!

the exciting super
compact 1IC230

PUT OVER 67 CHANNELS IN THE PALMS OF YOUR HANDS
SPECIAL FEATURES:

® No More Crystals Over 67 tully synthesized channels available

@ All Channel Capability Travel with confidence that you'll be able to work
all repeaters along the way.

@® Super Compact . . . 2.28" high x 6.14” wide x 9.72" deep at a weight of only
5.5 Ibs.

@® Quick Dismount Mobile Mount Allows quick car installation,

@ Easy Operation . . . Punch up frequency, select repeater or simplex mode, and
you're on the air. (A crystal may be added for a unique repeater frequency.)

@® Modular Construction . . . In case of a problem, modules can easily be removed

and sent for repair. A replacement module will be air mailed to minimize
down time.

@ Super Hot Receiver . . . Better than .4uv / 20db. sensitivity, helical filters to
eliminate intermod . . . plus a super E filter and a mosfet front end.

IF THERE IS A SIGNAL, YOU'LL HEAR IT ON THE IC-230!
LATCH ON TO THE IC-230 AT YOUR AUTHORIZED ICOM DEALER

Distributed by: ICOM WEST, INC. ICOM EAST, INC.

Suite 3 Suite 307
IC OM 13256 Northrup Way 3331 Towerwood Drive

Bellevue WA 98005 Dallas TX 75234

Dealerships Available

More Details? CHECK - OFF Page 110 september 1975 5




presst®p

AN IMPORTANT STORY is still Prose Walker's decision to step down as chief of
the Amateur and Citizens Division on July 3lst. Deputy Division Chief Dick
Everett is presently serving as Acting Division Chief.

In The Long Term the question of who'll be filling Prose's shoes is a tough
one. Ideally the job requires an engineer—ham with strong managerial experi-
ence — plus appropriate Civil Service status. Though the new chief is likely to
come from within the Commission it isn't an absolute must. However, candidates
without Civil Service Ratings must establish their qualifications with Civil
Service before they can be considered for the post.

CB RESTRUCTURING — DOCKET 20120 — has been partially decided in a recently
released Report and Order. Most important change is a sharp relaxation of pro-
hibited communications effectively permitting the hobby use of CB that has al-
ready characterized the service legal or not.

Also Relaxed are identification procedures, with an operator required to give
only his callsign instead of both; the '"quiet" period between five-minute series
of transmissions has been reduced from five minutes to one minute; inter-licensee
communications are now permitted on all 23 channels. Channel 9 continues to be
classified as the emergency calling channel, and channel 11 has been designated
a general calling channel.

Notable Emissions from this initial Report and Order on the Docket are the
expansion to additional channels above the present band and the proposed conver-
sion to all SSB. Though action on these can be expected eventually, it will prob-
ably rest to some degree on what happens with Class-E CB.

MANDATORY REVIEW OF LOGGING TAPES for repeaters operating under "automatic
control” will not be required as a result of recent FCC decision. Logging tapes
must still be made and kept for 30 days, and if any operating problems are re-
ported to the control operator or licensee during that period the tapes must be
reviewed and corrective action taken within 72 hours or the system must shut down.

This Easing Of Requirements for repeater operators takes most of the sting out
of the Commission's Report and Order — mandatory review had been the principle
objection raised by the repeater fraternity.

AMSAT MEMBERS not planning to attend AMSAT's annual meeting at the ARRL Con-—
vention in September are reminded that their ballots for the Director's election
are needed to insure a quorum. The annual meeting is scheduled Sunday, September
14, at Reston, Virginia.

New Two-Color Bumper Sticker Decals are now available from AMSAT. They are
being sent free to new members and renewing old members, or sold three for $1
plus SASE from AMSAT, Box 27, Washington, DC 20044,

TV _TUNER WITH MEMORY has some interesting design features for Amateur radio
applications. Announced in July by General Instrument, the tuner uses a non-
volatile memory chip that contains 100 lines of 14 bits each. Each line can be
programmed for one TV channel, and when needed the memory information is fed to
a l4-bit CMOS D/A converter to produce an analog voltage which is applied to a
varactor diode and tunes in the station.

HAM GEAR SHORTAGES have been plaguing dealers for some time and are likely to
get worse before they get better., The major cause of the problem is the CB explo-
sion, since many manufacturers — particularly those in the Far East — supply
both the Amateur and CB markets and it pays them to put their major effort in
the market with the most money.

TYPE ACCEPTANCE OF AMATEUR GEAR is still a hot issue around the FCC. Don't be
surprised to see a Notlice of Proposed Rule Making come out of the Commission soon.
Continued Abuses By CBers using Amateur transceivers and manufacturers build-

ing "broadband" linears for the "Amateur Radio market' that just happen to de-
liver full output with only 4 watts drive (on ten meters, of course) have pretty
well forced the FCC to act.




COMBO

Element for element, our rugged High-Q beam antennas are designed to
give you the biggest signal your transmitter is capable of.

Now when you install one of these Swan antennas you can make sure
you're running full bore all the time by hooking our new SWR/RF Power

meter in the coax.

Heavy duty 4-element Tribander
Four elements work on 10, 15 and 20
meters. Optimum spacing for maxi-
mum performance. Precision tuned,
weatherproof traps. 100-mph winds.
TB-4HA. $249.95

Heavy duty 3-element Tribander
Three elements work on 10, 15 and
20 meter bands. Rugged construc-
tion. Precision tuned, weatherproof
traps. Excellent performance on
lighter tower. TB-3HA. $189.95

Economy 2-element Tribander Light
enough for standard TV rotator but

withstands 80 mph winds. Two
working elements on 10, 15 and 20
meters. TB-2A. $129.95

Heavy duty 2-element 40-meter Beam
Two elements on steel beam. Maxi-
mum performance for 40-meter CW
or phone. Big, weatherproof high-Q
loading coils. Easily takes 100 mph
winds. MB-40H. $199.95

SWR/RF Power meter Combination
meter measures standing wave ratio
and antenna power. Low insertion
loss lets you leave it in circuit. 3.5 to
150 MHz. $21.95

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

SWAN BEAM ANTENNA SPECIFICATIONS

& S/ S g
Q[ o b = e &,.:.“’ i~} g
§/ % T > 5 T &
ST I
Y ‘:" g (4] &)
§/<8) 59 £/ I [ <8 [SHES) "
§/ $/E [Fe §/5e) SR8
TB-4HA | 9 dB | 24-26 24’ 28'-10" | 18'-6"" | 100 | 148 6 54
x1.5” mph | Ibs. | sq. ft.| lbs.
TB-3HA | 8 dB | 20-22 16’ 28'-2" 16' 100 | 110 4 44
dB_[x1.5" mph | lbs. | sq. ft.| 1bs.
TB-2A 5dB | 16-18 | 6.5 278" | 14'-3" | 80 60 1.8 18
dB |x1.5" mph | Ibs. | sq. ft.| Ibs.
MB-40H | 4 dB | 16-18 | 15.75' | 30'-4" | 17'-6'" | 100 | 80 2.5 40
| dB | x15" mph | lbs. | sq. ft.| Ibs.

ELECTRONICS

A subsidiary of Cubic Corporation

305 Airport Road, Oceanside, Calif. 92054




* SIX METER =
2KwW
+ AMPLIFIER -

A

K1DPP

inductively-tuned

six-meter kilowatt

Construction details
for a high performance
grounded-grid
six-meter linear

using 3-500Zs

At one time or another most serious six-
meter operators have appreciated the
value of having a high-power amplifier
for extending their communications
range — scatter, extended ground wave
and aurora contacts are enhanced con-
siderably by the proper use of an ampli-
fier. | decided to build a two-kilowatt
PEP linear amplifier around a pair of
grounded-grid Eimac 3-500Zs because |
have a Swan 250C which easily provides
the 100 watt PEP input drive require-
ment. In addition, | have two other rf
power amplifiers using 3-500Zs which
have given me trouble-free service for
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Donald Cook, K1DPP, 628 Rindge Road, Fitchburg, Massachusetts

the past several years. A spare pair of
tubes that were sitting on the shelf
helped convince me to go in this
direction.

After acquiring operating manuals
from different manufacturers and going
through the various amateur magazines,
scanning articles and circuits which used
3-500Zs, | built the six-meter kilowatt
described here,

The 3-500Z tubes are air-cooled
power triodes designed for zero bias
operation and are rated to 110 MHz.
They are cathode driven with the grids
at rf and dc ground. The tuned-cathode
input circuit (fig. 1) provides good lin-
earity and minimizes the drive require-
ments, The filaments are isolated from
rf ground with the high-current bifilar rf
choke, RFC1. The tuned plate circuit in
this amplifier, however, is a bit unusual
- the normal pi-network tuning capaci-
tor has been replaced by an inductively-
tuned or shorted-turn plate tank coil.
Most circuit losses at 28 MHz and up are
due to residual circuit capacitance and
much of this undesired effect is due to
the pi-network input tuning capacitor
commonly used at lower frequencies.!



In this circuit the pi-network input
capacitance, C5, consists of stray circuit
and tube capacitance.

The control relay, K1, which
switches the amplifier into the circuit
and shorts out the 10k, 10 watt resistor,
allowing normal plate and grid current
to flow, is operated from a low current
dc supply derived from a winding on the
filament transformer. External inter-
locks (not shown here) make it impos-
sible to apply plate voltage without first
turning on the filaments and blower.

The two meters on the front panel of
the amplifier shown in the photographs
are used to read the grid and plate cir-
cuits. Since the meters | used had
100-milliampere movements, | used re-
sistance shunts to provide a multiplier
of five for the grid current meter (500
mA) and ten for the plate current meter
(1 ampere).

construction

The pi-network inductor is wound
from Y%-inch (6.5mm) diameter copper
tubing and the shorted turn is made
from a section of 1%-inch (38mm) cop-
per water pipe. This slug is moved in

Plate compartment of the six-meter kilowatt
showing construction of the pi-network in-
ductor, parasitic chokes and RFC2. The neu-
tralizing capacitor is located between the two
tubes. The pi-network loading capacitor is
positioned underneath the tunable inductor.

and out of the inductor to tune the
plate tank circuit to resonance. Con-
struction details for this assembly are
shown in fig. 2." Although | used a sim-
ple spinner knob on the inductor tuning
screw, a turns-counting dial could be
used to provide a logging reference for
various operating frequencies.

The grid pins on the 3-500Z sockets
are directly grounded to the chassis with
Y%-inch (6.5mm) wide copper strap. One
end of the strap is soldered to the sock-
et pins and the other end is attached to
the chassis with 6-32 (M-3.5) screws and
nuts. Make sure that both contact sur-
faces are clean for low-resistance,
trouble-free grounding. The homebrew
filament choke consists of 12% bifilar
turns number-12 (2.1mm) Formvar on a
Ye-inch (13mm) diameter ferrite rod
(suitable filament choke kits are avail-
able from Amidon Associates').

The shunt-feed rf choke, RFC2, is
connected directly across the plate tank
circuit, so it must provide good isolation
over the entire six-meter band. Hand
winding, as described here, is highly
recommended as no commercially avail-
able rf choke is apt to provide as good
performance. The winding is most easily
accomplished by feeding two number-
20 (0.8mm) wires through one hole in
the coil form and winding a bifilar coil
of 30 turns, ending at the other hole in
the form. Remove one of the bifilar
windings and you will have a tight, even-
ly spacewound winding that makes an
excellent six-meter choke. The cold end of
the rf choke is bypassed to ground with
a 500 pF TV-type doorknob capacitor.

The 500-pF dc blocking capacitors,
C3 and C4, are mounted between two

*Major components for the shorted-turn in-
ductor are available from Edward A. Stoltzfus,
Engineering Machinist, Beacon Light Road,
Parkesburg, Pennsylvania 19365.

TAmidon Associates, 12033 Otsego Street,
North Hollywood, California 91607, Filament
choke kit is $2.50, postpaid.
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INPUT

VDX
CONTROL

Ccl

c3,C4
C5S
Cé6
Cc7

CN

CR1
K1l

L1

L2

Lt

17 VaC

50 pF compression mica trimmer (AR-
CO 462). Adjust L1 for resonance with
C1l comgpressed 90 percent

500 pfF, 5 kV doarknob capacitor
(Centralab 858S)

residual circuit and tube output capac-
itance

250 pF air variable (E, F, Johnson
154-1)

500 pF, 10 kV doorknab capacitor (TV
type)

Neutralizing capacitor, copper strap 12"’
(13mm) wide by 312" (89mm) long

Silicon diode, 600 PIV, 1 A

110 Vdc relay, 3 pole, double throw
(Potter & Brumfield KA14DG or
Heath 69-55

3 turns no. 14 (1.6mm), airwound, 12"
(13mm) diameter, 5/8” (16mm) long
2 turns no, 18 (1.0mm) insulated wire,
12** (13mm) diameter, placed between
turns of L1 (note polarity)

brass plates, one of which is attached to
the top of RFC2. The other plate is con-
nected to the pi-network inductor L3
{see photo of the rf compartment).

The amplifier is built on a homemade

10 (8 september 1975

L3

PC1,2

RFC1

RFC2

T1

QUTPUT

fig. 1., Six-meter kilowatt
uses inductively tuned pi
network for high efficien-
cy. In this circuit the pi
network input capacitor,
CS, consists of tube autput
capacitance and stray cir-
cuit capacitance, Capaci-
tors marked with an M are
mica types. Construction
of the tuned inductor, L3,

% | is shown in fig. 2,

o
8- 8+
3%z turns Y (6.5mm) copper tubing,
3" (76mm) long, 2-1/8" (54mm) Inside
diameter, Tuning siug details are shawn
in fig, 2.

Parasitic suppressors, Each consists of
three 50 ohm, 2 watt resistors shunted
across Y2 (13mm) wide copper- plate
strap, Install as close to the plate cap as
passible (see phota)

12Y2 turns no. 12 (2.1mm) Formvar,
bifilar wound on ¥2’' (13mm) diameter,
312" (89mm) l{ong ferrite rod (Amidon
Associates filament choke kit)

30 turns no. 20 (0.8mm) enamelled
wire, space wound on 3/4" (19mm)
round, 3-3/4’" (95mm) long ceramic or
Teflon rod. Drill holes for wire ends
12" (13mm) and 2-3/4" (70mm) from
top or rod

dual secondary transformer. 5§ Vac at
30 amps (filaments), 120 Vac (retay
K1 dc suppiy)

chassis made from 3/32-inch (2.5mm)
thick aluminum sheet and is 1-3/4 inch
{4.5¢m) high, 12 inches (30.5cm) wide
and 13 inches (33cm) deep. The front
and rear panels are 1/8-inch (3mm)



thick aluminum, 8 inches (20.5cm) high
by 13 inches (33cm) wide. The inner
right- and left-hand panels are 1/16-inch
(1.5mm) thick aluminum, 7% inches
(19cm) high by 13 inches (33cm) long.
These two panels can be made from per-
forated stock or solid sheets can be drilled
to provide for ample air intake and ex-

(24.5cm) wide, 8-3/4 inches (22cm)
deep and 6 inches (15cm) high. The top
cover for this compartment is made
from perforated aluminum sheet and
should be installed at all times to pro-
tect the operator from the lethal volt-
ages which are used to operate this
equipment.

haust to cool the plate and filament seals. The bottom cover is 1/16-inch
The rf compartment is 10 inches (1.5mm)} thick aluminum, 13 inches
8-3/4" J
{22.2 ¢m)
s /@ é® J@ see veTaL
E -t .4'!/‘
e N
4 PZNN 4 T
[ / hY
[N =N
&
; /@ \@ 55
4-3/,8"
(1t cm)
il RF COMPARTMENT SNEL
TOP _OF CHASSIS l
i 35"555[5;5372" HOLES "H"'/a” (3 mm)
l-s/s“ (9.5 mm)
1. Insulating disc, 1-3/4'" (44.5mm) diam- S. Lead screw, Y’ (6.5mm) diameter
eter, 3/8'" (9.5mm) long (2 required). brass rod, 9-7/8' (25cm) long, thread-
ed ¥2-20 (M7) for 8" {21cm).
2. Tuning siug. 1-5/8" (41,5mm) OD, 6. Guide rods, Plastic or fibergtass rods,
1/16" (1.5mm) wall copper water pipe, Ya'' (6.5mm) diameter, 9%’ (23.5mm)
3" (76mm) long, long (2 required). Drill and tap one end
2" (13mm) deep for 6-32 (M3.5)
3. Tuning mechanism, make from brass machine screw.
rod, ¥’ (13mm) OD, 3-5/8" (92mm) 7. Panel bushings for %' (6.5mm) shaft
long. Drilt and tap for 14-20 (M7) (6 required)
thread for full length. Thread outside " .
diameter %-13 (M12) 1’ (25mm) on 8. Panel bushing nuts (6 required).
both ends. 9. Shaft stops, for ¥' (6.5mm) shafts (4
required),
4. Brass nuts, 12-13 (M12), split into two 10. Machine screws, 6-32 x 13’ long

pieces about 3/16' (5mm) long.

(M3.5x6.5) (2 required).

fig. 2. Construction of the tuned pi-network inductor, L.3. This arrangement requires a minimum of
machine work and uses readily available materials.
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(33cm) wide by 14 inches (35.5cm)
deep with %-inch (13mm) lips formed
on two sides to provide a mating surface
for the top cover. The U-shaped top
cover is also made from perforated alu-

K 137

with simple hand tools. The vox con-
nector and power plugs are all brought
out on the rear panel along with the in-
put and output coaxial connectors.
Cooling air must be provided to

TOP VIEW

(33 cm)
2" 2"
(305 cm) (i 27 em;
2-12" 8"
(6.4 cm) (3 mm) BACK PANEL
] I
1
1
I
H
[
: 4-5/,8"
1 7 em)
)
1
Ll
i [
1
. I
13-1/4" 4 6-1/4" DiA 1
(337 cm) (10.2 cm) cuTOUT I
OVERALL |
_ )
I
I
!
® |
l 1
1
3-50
2-1747 0z {
(5.7 cm) :\_
2-1/2° X 4-1/8"
! (64 X 10.8 cm)
- ¥ ! cuTouT
== I
i
i
I
|

fig. 3. Air-system lay-
out. The cooling air
passes across the tube
envelopes and the warm
air exhausts out the
side of the amplifier en-
closure, Fan should
provide 13 CFM at 0.2
inch (Smm) back pres-

sure. Author used a 6" \
(15cm) diameter, six-

btaded fan (Heath

R B

CENTER LINF
OF FAN

3-5/8"
(8.2 ¢cm)

2-3/8"
(6 ¢m)

266-259) and Heath

420-83 fan motor, Suit- ‘ix

~
“~_ SIDE VIEW

able substitute is a no.
3 impelier at 3100 rpm
(Ripley 8472, Dayton
1C180 or Redmond
AK-2H-01 Ax).

minum, The trim around the raw edges
an the top and bottom covers is car
Jdoor protective edging that is available
from most department and automotive
stores; it is very easy to work and cut
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maintain the plate seals of the 3-500Zs
below 225°C and the filament seals be-
jow 200°C. Many 3-500Z power ampli-
fiers are designed around a system of
air-system sockets and chimneys, along



Eimac HR6). The Johnson 122-275-1
ceramic tube sockets are mounted off
the chassis about 1/8 inch (3mm) to al-
low air flow around the base of the
tubes to cool the filament pins.

with a centrifugal blower. The noise
generated by the blower motor and air
movement through the cooling system,
however, is very distracting. Extensive
tests by Eimac have shown that for CW

table 1. Typical operating data for the 3-500Z in rf linear
amplifier service, class B (two tubes).

Dc plate voltage 1500 2000 2500

Zero signal plate current (mA) 130 190 260
Single tone dc plate current (mA) 800 800 800
Single tone dc grid current (mA)) 260 260 240
Two-tone dc plate current (mA) 520 540 560
Two-tone dc grid current (mA) 160 160 140
PEP useful output power (watts) 660 1000 1200
Intermodulation distortion products (dB) -46 -38 -33

and ssb operation at legal amateur
power limits the 3-500Zs may be ade-
quately cooled by a lateral air blast
blown against the tubes by a small,
properly positioned rotary fan,?

The arrangement of the cooling fan
in the six-meter kilowatt is shown in fig.
3. The fan is mounted in the rf compart-
ment wall, between the tubes, in line
with the center of the glass envelopes,
and blows cooling air across the enve-
lope and plate caps (use a good heat-
dissipating plate connector such as the

Under-chassis view of the six-meter kilo-
watt showing placement of major com-
ponents. The tuned cathode circuit is
located at right center.

With this arrangement maximum
plate dissipation of about 450 watts per
tube is achieved for the 3-500Z. While
this is about 10 percent short of the
maximum rating, dissipation is suffi-
ciently high that the pair of tubes will
easily handle the maximum amateur
power limit for CW or ssb operation
under normal operating conditions. For
continuous operation (RTTY or ssty,
for example) the power input must be
reduced to about 750 watts.

neutralizing

The neutralizing capacitor, CN, is
formed from a 0.032-inch (0.8mm)
thick copper strip, 1/2-inch (13mm)
wide and 3%-inches (89mm) long into
an L-shape with the foot of the L about
3/8-inch (10mm) long. The foot is
drilled for mounting to the threaded
stud of a small ceramic feedthrough
bushing. The feedthrough bushing is
centrally located between the two
3-500Z2s and in line with the socket
mounting holes toward the rf choke( see
photograph). This capacitor is adjusted
to lean in toward the center line of
the tubes.

Inductor L2 is inserted between the
turns of L1, the input circuit coil, and
adjusted until the amplifier is neutral-
ized (stabilization occurs when maxi-
mum grid current, maximum output
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and minimum plate current all are
reached at one setting of the plate tank
circuit). With the amplifier turned on
but with no drive signal, grid current
should be zero. | used an insulated rod
to adjust L2 through a small hole in the
bottom compartment. The neutralizing
capacitor should be adjusted with the
power turned off.

Two views of the power amplifier which show
the various pieces of metalwork which were
used in its construction.

tune up

Before applying any voltages to the
amplifier, carefully check all the wiring.
Then install the two tubes and use a
grid-dip oscillator to approximately set
the tuned cathode circuit and pi net-
work output circuit to the desired oper-
ating frequency. | used 50-ohm resistors
across the input and output coaxial fit-
tings during the grid-dipping operation
and made sure that all relay contacts
were closed.

After the amplifier has been cold
tuned with the grid-dip meter, remove
the 50-ohm resistors and connect the
six-meter exciter to the input and a
dummy load (or antenna) to the output.
A monitor scope or relative power
meter (an swr bridge works well) will
provide a good output indication during
initial testing of the amplifier,

First tune up the exciter for full nor-
mal CW output with the amplifier
switched out of the line. Reduce exciter
output, apply power to the amplifier
and tune the amplifier for maximum
output with reduced B+, Gradually in-
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crease the excitation and high voltage to
get the feel of a very smoothly tuning
six-meter power amplifier.

For CW operation with a 2500-volt
power supply tune the plate circuit and
adjust the exciter drive for a plate cur-
rent reading of about 400 mA (about
125 mA grid current). | am using a
power supply with a tapped primary
which | can switch from 2300 volts for
CW and tuning, and then to 2800 volts
for ssb operation.

| usually tune for maximum output
with the lower voltage and then switch
to the higher voltage for ssb. Apply ssb
drive from the exciter and advance the
microphone gain control for an average
plate current reading of 350 mA. An
occasional voice peak may boost this up
to 600 mA. A monitor scope will show
you more than any plate meter can be
expected to, and should be used at all
times when you are running high power,
The manufacturer’s operating data for
the 3-5002Z is published in most hand-
books and should be consulted as a
guide for proper use of these tubes in
amateur service.

references

1. William Orr, WESAI, “Inductively-Tuned
High-Frequency Tank Circuit,” ham radio,
July, 1970, page 6.
2. William Orr, WGSAI, Radio Handbook,
19th edition, Editors and Engineers, Indian-
apolis, 1972, page 22-35.
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transceiver better...
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Improved Automatic Gain Control (AGC).
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tunable

RC notch filter

Discussion of an
RC notch filter
which can be tuned
with a single

variable resistor

Of the host of RC notch filters that
have been devised, the twin-T (also
called parallel-T) has enjoyed the great-
est popularity by far. This is surprising
because, in order to make this circuit
adjustable or tunable, three compo-
nents, either resistors or capacitors,
must be varied simultaneously. To make
matters worse, these three components
don’t all have the same value as shown
in the basic circuit of fig. 1. One of the
resistors is one-half the value of the
other two, and one capacitor is twice
the value of the others, Therefore, an
adjustable twin-T notch filter requires a
three-gang potentiometer, and the track-
ing and alignment problems can be
troublesome if not expensive.
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There is another circuit, however,
which has performance comparable to
the twin-T, but which can be tuned over
a wide frequency range by means of a
single potentiometer. Although this cir-
cuit has been around for about 20 years,
it has seldom appeared in the electronics
literature and is not widely used.

To my knowledge, this tunable notch
filter first appeared in print in 1955
when it was mentioned by Henry P. Hall
of the General Radio Company in the
September issue of /RE Transactions on
Circuit Theory. He discussed it further
in the July, 1961, issue of the General
Radio Experimenter. That same year,
General Radio brought out its Type
1232-A Tuned Amplifier and Null De-
tector; this instrument used Hall’s tun-
able notch filter as a feedback element
around an amplifier to produce a con-
tinuously tunable, narrow-band audic
amplifier. General Radio still markets
this instrument for about $700.

1 ‘JW——T——O QUTPL
2c

INPUT 2

i
TNO
e

!
foup (H2) = STRC
R, OHMS

€. FARADS

fig. 1. The twin-T notch filter is difficult tc
tune because three components must be vari
ed simultaneously.



In the October, 1969, issue of EEE
Magazine, Ralph Glasgal, in his article,
“Tunable RC Null Networks,” referred
to the circuit as a “‘bridged differenti-
ator.”” These articles are the only ones
on this circuit of which | am aware. The
following sections describe my own in-
vestigations.

6(RI+R2)

INPUT O » A A 2 —O OUTPUT
c c
4 I j|
N AN |
1
ndall R2w f, (Hy) » ———————
w2 eI RTRZ
AA

v R, OHMS
/j7 C, FARADS

fig. 2. Basic circuit for a tunable RC
notch filter which requires only one var-
iable resistor.

the circuit

Fig. 2 shows the basic configuration
of Hall’s tunable notch filter. The tun-
ing pot is composed of R1 and R2, R1
being the resistance between one end of
the pot and the wiper, and R2 the resis-
tance between the other end of the pot
and the wiper. The other resistor in the
circuit must have a value equal to six
times that of the pot. All three capaci-
tors have the same value, which simpli-

fies things if you want to match them
for best performance.

The null frequency equation in fig. 2
may be solved for different values of R1
and R2, and the results plotted to show
how the notch frequency changes as the
wiper is moved from one end of the pot
to the other. Fig. 3 shows the result if
the pot is assumed to be linear. When
the wiper of the pot is at its mid-
position (50 per cent of rotation) the
notch frequency has its lowest value,
and very little change in null frequency
occurs in the middie section of the pot.
As the wiper approaches either end of
the pot, however, the null frequency
begins to increase quite rapidly and
would theoretically become infinite at
the ends of the pot.

From the curve of fig. 3 it can be
seen that, in a practical tuned notch
filter, the tuning pot need only cover a
relatively small percentage of the range
shown. In other words, if the actual pot
were used with fixed series resistors so
that the pot covered only the range
from 1 to 10 per cent, the relative fre-
quency range would be from 10 to 3.3,
or a 3 to 1 frequency range. Fig. 4
shows a schematic of how this would be
implemented. Once the value of the pot
has been selected, the values of the

e

fig. 3. Relative

RELATIVE FREQUENCY OF NULL

notch frequency of \

the circuit shown in i

fig. 2 vs the rota-
tional position of

the potentiometer

wiper. (] i0 20

40 50 60 70 8o S0 00
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fig. 4. Relationship of resistance values for a
3:1 notch-filter tuning range.

three resistors may be calculated from
the relationships shown.

It can be shown that the lowest
notch frequency is given by

27700
fo =“CR (1)
where f, is in Hertz, C is in microfarads,
and R is the resistance of the pot in
ohms. The highest frequency to which
the notch may be set is equal to three
times the value given by eq. 1.

practical examples

As a starting point, | had on hand a
20k pot and some 5 per cent, 2000 pF
dipped-mica capacitors. These compo-
nents would give a lowest notch fre-
quency of

= 27700
n ~ {0.002)(20 x 103)

The highest notch frequency should be
three times this value or about 2079 Hz.

Using the resistor relationships of fig.
4, the circuit design was completed as

~ 693 Hz

1.33M

AAA

+——OOouUTPUT

T 2000

INPUT O— I

2000

2000

fig. 5. Notch filter which tunes fram 693 to
2079 Hz. Performance of this circuit is plot-
ted in fig. 6.
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RESPONSE (d8)

shown in fig. 5. It was necessary to con-
nect resistors in series to arrive at some
of the values shown, and the pot had a
tolerance of at least 10 per cent. Fig. 6
shows the response of this filter with
the tuning pot set at each end of its
rotational range. Depth of the notch
varies, but is greater than 50 dB in all
cases; at 1160 Mz, the notch depth is 54
dB. Actual notch frequencies at the
ends of the pot match the calculated
values reasonably well, and the tuning
range is slightly over 3 to 1.

4 FTTY
4
o >
—10 ™ R //
/ B
§
_20 _’_\ 4N /
. /!
- 30‘
-40 l
-50
670
il
—-60
2055
| )
30 50 100 200 300 500 Ix 2k 3k LT3 10k 20k

FREQUENCY (HERTZ)

fig. 6. Frequency response of the notch
filter of fig. S with the potentiometer set
at each end.

The response curves of fig. 6 point
out the value of tuning capability in
notch filters. Because the notch is so
sharp and narrow at the point of maxi-
mum attenuation, it is difficult to get
the peak right on a particular frequency
with a filter built with fixed-value com-
ponents. With a tunable notch, however,
it's a simple matter to set the notch
right where you want it.

An example of a tunable notch filter
for 60 Hz is shown in fig. 7. Such a
filter can often be useful in high gain
audio and sub-audio circuits to mini-



333k

INPUT O I AN —O0oUTPUT
o.f .1
o/ O
It
AN
500 5k 50k
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fig. 7. Tunable notch filter for 60 Hz can be
used to minimize hum pickup from the ac line
(circuit tunes from 40 to 120 Hz).

mize the effects of stray pickup from
the ac power line. This circuit tunes
from about 40 to 120 Hz.

In the examples above, the tuning
ranges can be easily changed by multi-
plying or dividing the capacitor values
by a factor. For example, doubling the
capacitor values of fig. 5 would result in
a tuning range of about 335 Hz to 1028
Hz, while cutting the capacitor values in
half would give a tuning range of about
1340 to 4110 Hz.

optimizing notch depth

Greatest notch depth will result
when the ratios of component values
approach the exact theoretical design
values. In this regard, there are two re-
quirements: the capacitors should all be
exactly equal in value, and the large-
value resistor connected from input to
output should be exactly six times the
resistance in the variable-resistance
branch of the network.

Capacitors may be matched by meas-
uring them on a capacitance bridge or a

f_.—_/\—‘\
INPUT O- A — OouTPUT
1 Lt
~c TRIMPOT  1<C
m c ™
I
1\
R
Yy - o)

fig. 8. Notch depth may be optimized by us-
ing a trimpot to set the series resistance to
exactly 6R. Notch depth of the 60 H2 filter in
fig. 7 was increased from 44.5 to 57 dB using
this simple technique.

direct-reading capacitance meter and se-
lecting those most nearly equal in value.
An easy way to optimize the resistance
ratio is to replace the resistor connected
between the input and output with a
trimpot and fixed resistor, or simply a
trimpot, as shown in fig. 8; the trimpot
can then be set for the deepest notch.
Since changing this resistance also
affects the notch frequency, it will be
necessary to repeatedly adjust first the
trimpot and then the tuning pot until
the notch can no longer be improved.

9———OOUTPUT
1.33M
1= 2000 < 2000
ran 2000 ran
L
AN
2k 20k 200k

fig. 9. Tunable bandpass audio amplifier uses
RC notch circuit as the feedback element.
Tuning range of this circuit is 700 to 2000
Hz. Frequency response at 1000 Hz is plotted
in fig. 10,

Once the trimpot has been set, however,
it needs no further adjustment when the
tuning pot is set to another frequency.

As an example of what this optimiza-
tion can mean, the 60 Hz notch filter of
fig. 7 was first built as shown with un-
measured ceramic disc capacitors and 5
per cent resistors; at 60 Hz it had a
notch depth of 44.5 dB. By selecting
capacitors with equal values and replac-
ing the 333k resistor with a 500k trim-
pot, | was able, by careful adjustment,
to increase the notch depth to 57 dB.

tuned amplifier
The tuned notch filter can be used as
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the feedback element with an op amp to
produce a continuously tunable narrow-
band audio amplifier. | used the circuit
of fig. & in conjunction with a 741 op
amp to build a tunable bandpass audio
amplifier which will tune from about
700 to 2000 Hz. This circuit is shown in
fig. 9. With the tuning pot set for a cen-
ter frequency of 1000 Hz, the 3 dB band-

cause the bandwidth is quite narrow as
it stands.

Although | used plus and minus
12-volt power supplies for the 741 op
amp, two 9-volt batteries should work
okay; battery drain should be about 1
mA or less with a 2000 ohm load.

| have found that trying to increase
the tuning range of this amplifier by in-
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fig. 10. Frequency response of the tunable bandpass audio amptifier when tuned to 1000 Haz.
Bandwidth at -3 dB points is 23 Hz; at ~30 dB the bandwidth is approximately 773 Hz.

width is 23 Hz, the 6 dB bandwidth is 39
Hz, and the 10 dB bandwidth is 68 Hz.
At 1000 Hz, the voltage gain of the cir-
cuit measured 36 dB.

Fig. 10 shows the frequency response
of this circuit when tuned to 1000 Hz.
High-frequency rolloff is quite good,
being about 43 dB down at 2000 Hz, so
this circuit can convert a 1000 Hz
square wave into a very nice sine wave.
Low-frequency response flattens out,
however, to a value determined by the
ratio of the 1.33 megohm resistor to the
1 megohm input resistor. Some highpass
filtering would improve the low-
frequency skirt considerably, however,
No attempt was made to optimize this
notch circuit as described previously be-
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creasing the value of the tuning pot and
decreasing the value of the 200k resistor
results in self-oscillation when the pot is
set near its low frequency extremity.
This article contains everything |
know at the present time about this tun-
able notch filter circuit and its applica-
tions. | hope | have presented enough
information for those interested to
make good use of this valuable but little
known circuit. All data was taken using
a 600-ohm audio generator and an ac
vtvm with an input resistance of 10
megohms. If readers have guestions or
can further enlighten me on these cir-
cuits, | would be pleased to hear from
them.
ham radio
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Free-standing or guyed,
Tri-Ex Towers stress quality
All towers are hot dipped
galvanized after fabrication
for longer life. Each

series is specifically engi-
neered to HAM operator
requirements.
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An aerodynamic tower
designed to hold 9 square
feet in a 50 mph wind. Six
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Self-supporting when
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A ‘W' brace motorized tower.
Holds large antenna loads
up to 70 feet high.

Super buy.

TM Series
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tion for really big antenna
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Free-standing, with motors
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optimization
of the
phase-locked

RTTY terminal unit

The original design concept of the
phase-locked loop RTTY terminal unit
included totally automatic and universal
operation requiring a minimum of ad-
justment. The initial design would copy
any afsk shift between 150 and 100 Hz,
operate at data rates up to 110 baud,
and automatically track a drifting
signal.l Another publication described a
modified autostart system that incor-
porated an anti-CW feature.?

Since the original article was pub-
lished there have been two distinct
developments in amateur RTTY opera-
tion:

1. Wide shift (850 Hz) has almost com-
pletely disappeared from the high-
frequency amateur bands with the ex-
ception of some operation on 80 meters
{and, of course, wide shift is still the rule
on two-meter fm).

2. The continued use of 60 wpm for 95
per cent of amateur RTTY operation,
even with the availability of 75- and
100-wpm speeds.

This latter development is undoubt-
edly because of the vast amount of
60-wpm teleprinter machines available
and the fact that most RTTY operators
can’t type more than 60 wpm,

With these two developments in
mind, and in response to requests from
readers, 1’'ve attempted to optimize the
detector circuit to decrease the required
minimum input-signal-to-noise ratio of 6
dB (for 99 per cent correct copy). In
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consideration of users having commer-
cially made printed-circuit boards,3 one
constraint was placed on the modifica-
tions: no printed-circuit changes would
be necessary — only parts substitutions,
deletions, and parts value modifications
would be used.

modifications

For the phase-locked loop detector
(fig. 1) changes are shown circled. In the
original loop, the lowpass filter capaci-
tor, C7, was selected to give a foop
bandwidth of approximately 400 Hz.
This value was selected in compliance
with Shannon's rule for operation at the
highest data rate of 110 baud: 110 baud
+ 2 = 55 Hz signaling rate; 55 Hx X 7 =
385 Hz, or the required minimum loop
bandwidth. But for 45-baud (60 wpm, 5
level), a 22.5-Hz signaling rate results,
thus requiring a loop bandwidth of only
157.5 Hz. A 180-Hz loop bandwidth
was used because 0.22 uF was the near-
est standard value capacitor to the de-
sign value for C7. To complement the
preceding change, the phase-locked loop
output RC ladder filter cutoff fre-
quency was also lowered by increasing
the value of C8, C9, C10 and C11 from
0.01 to 0.022 uF.

The ssb position of the mode switch,
S1, is now used for 170-Hz shift, and
the vco frequency-set pot, R5, is ad-
justed for a natural vco frequency of
2210 Hz at TP-2 with no audio input
applied to the TU. This new frequency
setting allows the vco to swing symme-



trically to either side of its natural
frequency, thus reducing the probability
of the loop unlocking on noise.

The normal position of the mode
switch, S1, is used for 850-Hz shift and
its pot, R6, is adjusted for a natural vco
frequency of 25650 Hz at TP-2, as in the
original article. Other shifts, such as 425
or 85 Hz, can be copied simply by
adjusting the receiver frequency so that
the shift is centered on the appropriate
vco natural frequency.

In the tracking comparator, an RC
network consisting of R11 and C12 is

C12 bhas been changed to a 0.33 uF
mylar, and R11 has been changed to 1
megohm to maintain the same time
constant. To take advantage of the high-
er impedance presented by this RC net-
work, U2 has been changed from a
N6741T to a NEB36T, an fet input op
amp. The minimum detectable shift was
measured at 40 Hz with an input-signal-
to-noise ratio of 10 dB and a noise
bandwidth of 3 kHz.

The tracking comparator output low-
pass filter cutoff frequency has been
decreased to 30 Hz to optimize the
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fig. 1. Circuit modifications to the phase-locked loop RTTY terminal unit for improved perform-
ance. New circuit values are circied. All resistors are 5%, /2 watt unless otherwise specified.

used to produce a signal-derived refer-
ence voltage for the noninverting input
of U2. The RC time constant was se-
lected to be 2.5 times that of the long-
est space condition at 60 wpm, which is
the blank key having a space duration of
132 milliseconds. Accordingly R11 and
C12 were selected to give a time con-
stant of 330 milliseconds. However, the
leakage path through electrolytic capaci-
tor C12 limited the minimum detectable
shift to approximately 150 Hz. Thus

section for the 22.5-Hz signaling rate
used with 60 wpm, 5-level RTTY. To
accomplish this frequency change, ca-
pacitors C16 and C17 were increased
from 0.033 to 0.068 uF. Also affected
was resistor R14, which was deleted to
produce a higher voltage to the input to
the Schmitt trigger, U3, so that its
operation on marginal signals would be
improved. The noise rectifier in the
noise squelch circuit was changed. The
output filter capacitor, C15, was in-
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creased from 10 to 39 uF to provide a
longer time constant, which reduced the
effects of static crashes.

experimental procedure

The phase-locked loop? TU was con-
nected to a test setup (fig. 2). A Wave-
tek model 134 function generator was
used to generate a 22.5-Hz square wave
to simulate a 60-wpm, 5-level RTTY
signal. This signal was fed through an

10, 1610, and 1960 Hz was imposed by
the use of a Krohn-Hite dual electronic
variable filter with both sections con-
nected in series for highpass operation,
These instrumentation methods gave
simulated receiver bandpasses of 3000,
1200 and 500 Hz respectively.

All tests were started at a 10 dB s/n
ratio, which was then reduced until the
output of the Schmitt trigger (fig. 3,
Channel 4) exhibited excessive jitter or

WAVETEK 134 WAVETEK 132 KROHN-HITE 3323 [PHASE-LOCKED LOOP|
FUNCTION FUNCTION ANO [ELECTRONIC FILTER TERMINAL UNIT TP-5
GENERATOR NOISE GENERATOR| (@ SECT. HiGHPASS) UNDER TEST PR
MONITOR
TP-2
vCo
FREQUENCY

TEKTRONIX SIO3N
OSCILLOSCOPE

WITH 5BI2N AND
DUAL 541N

CHANNEL 2, T8 2

CHANNEL 1, TB |

MONITOR

CHANNEL 3, TB 2

fig. 2. Test setup for the phase-locked loop
terminal unit.

attenuator to the voltage-controlled gen-
erator input of a Wavetek model 132
function and noise generator. This latter
instrument could simultaneously gener-
ate both a signal as well as random noise
in a front-panel controlled, calibrated
ratio. In these tests the signal used was
an afsk sine wave shifted 170 Hz be-
tween 2125 and 2295 Hz, and a random
noise sequence of 220 -1 was used at a
maximum noise clock frequency of 48
kHz, thus ensuring that a random noise
sequence could not repeat in a time
period of less than 21.85 seconds.

Noise clock frequencies of 48, 45
and 39.3 kHz were used to produce
upper noise bandwidths of 3, 2.81, and
2.46 kHz so that the signal-plus-noise
bandwidth was always centered on 2210
Hz, which is the shift midpoint and the
natural frequency of the phase-locked
loop? vco. A lower bandwidth limit of
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CHANNEL 4, TB |

TEKTRONIX 564
STORAGE SCOPE
WITH 384 T8. 8 3.5
PECTRUM ANALYZER)

failed to follow the afsk keying signal
{fig. 3, Channel 1). This s/n ratio was
considered to be the minimum usable
input signal for a given simulated re-
ceiver bandpass. The test results were: 0
dB minimum s/n for a simulated re-
ceiver bandpass of 3 and 1.2 kHz. For
500 Hz, it was -3 dB.

conclusion

Figs. 3A, 3B and 3C illustrate the
input and output waveforms for the test
setup and TU with input s/n ratios of
zero and -3 dB and simulated receiver
bandpasses of 3, 1.2, and 0.5 kHz.
These figures represent a 6-dB improve-
ment for the worst case and a 9-dB
improvement for the best case over the
original design.

Comments, contribution of ideas,
and criticism are welcome from users of
phase-locked loop terminal units.



A. 3-kHz noise bandwidth; signal-to-noise ratio, 0 dB.

B. 1.2-kHz noise bandwidth; signal-to-noise ratio, 0 dB.

C. 500-Hz noise bandwidth; signal-to-noise ratio, -3 dB.

Center frequency, 2200 Hz; dispersion, 200
Hz/cm; sweep speed, 5 sec/cm; vertical sensi-
tivity, 200 mV/cm.,

fig. 3. Input and output waveforms from test
setup show improvements of 6 and 9 dB over
original design for worst- and best-case condi-
tions.

Channel 1: afsk keying voltage; horizontal,
10 ms/cm; vertical, 50 mV/cm,

Channel 2: signal + noise at 3 kHz band-
width; horizontal, 0.2 ms/cm; vertical, 100
mV/cm.

Channel 3: PLL vco at TP-2: horizontal, 0.2
ms/cm; vertical, 10 V/cm,

Channel 4: Schmitt trigger output: hori-
zontal, 10 ms/cm; vertical, 10 V/ecm.
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ham radio

toroidal coil inductance

Toroidal inductors are being used
more and more in amateur communica-
tions equipment because of their small
size, high Q and self shielding proper-
ties. Michael Gordon’s article® makes it
relatively easy to determine the number
of turns to wind a cail on a particular
core. He includes numerous core con-
stants and a helpful equation necessary
to achieve a specific inductance. Fig. 1
contains much of that information in
graphicai form and was developed for
buiiders who tend to shy away from
using mathematical formulas. To deter-
mine the required number of turns on a
particular toroid core, simply locate the
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fig. 1. Inductance vs number of turns for four
popular Amidon toroidat cores. Dotted line
shows actual measured inductance values for a
T50-2 core; discrepancy from calculated
values is small.
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desired inductance, L, on the vertical
axis, draw a horizontal {ine through L to
where it intersects the appropriate core
line, and read off the number of turns,
N, on the horizontal axis, beneath the
intersection point.

The graph of fig. 1 can be expanded
to include more core types and a greater
number of turns if desired. Fortunately,
Gordon’s expression N = K\/E plots as a
straight line on log-log graph paper;
therefore, by using paper with more
cycles, a more complete nomograph can
be obtained. | constructed the original
graph by rearranging the above formula
into the form L = N2/K2, where K is
one of the core constants, and then
solved the equation for L when N is 20
and 100. This gives two points which
can be connected by a straight line.

The dashed line shows actual mea-
sured values for an Amidon T50-2 core.
Four test coils were wound using
number-26 (0.4mm)} ename! covered
wire. A commercial Q meter was used to
measure Q, and the inductance was cal-
culated from the resonant frequency
formula. The small discrepancy noted
between the measured and calculated
inductance values could have been due
to connecting lead length and Q-meter
accuracy.

Charles Miller, W3WLX

*Michael Gordon, WBI9FHC, ‘‘Calculating the
Inductance of Toroids,” ham radio, February,
1972, page 50.
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single sideband

speech splatter

An informative
discussion of

nonlinear ssb operation
and what to do

about it

If you've listened on the low-frequency
end of the 20-meter phone band when
two or three rare DX stations are com-
ing through, you’'ve probably noticed a
steady, noise-like signal between the DX
stations. Under good conditions the
noise may be S2 or S3; more likely it's
S9 or more. This steady noise seems to
come from no particular station; in fact
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R. P. Haviland, W4MB, Box 45, Daytona Beach, Florida 32019 =

it seems to emanate from all stations of
the band. The noise is caused by splatter.

When only one station is causing
splatter, it's a good bet the operator will
be told his transmitter is at fault. Some-
times this brings an apology and an
immediate resolution; often it brings a
protestation of innocence based on the
equipment in use: My so-and-so off-
the-shelf rig has super automatic level
control; it can’t be me.” A cop-out
response? Perhaps not. The fellow in
question may not understand the causes
and cure of splatter.

This article presents some hints on
the causes, cure, and source of splatter
interference and what can be done
about it to help alleviate the noise prob-
lem in the congested amateur phone
bands.

source of splatter

Splatter comes from a single source;
in fact a rather simple one. There is a
relationship between the way a signal
changes and the bandwidth it occupies.
The relationship is easily described math-
ematically, but this does not lead to
a good understanding of the process.
For this discussion let’s look at some



special types of signals and use these as
analogies.

A simple example of a signal with a
high rate of change is a pulse of width
At, corresponding to a dot of a CW
signal or to an ideal radar pulse. With
respect to time, the signal is off for a
long period, then on at constant
strength for a period At, then off again
for a long period. With respect to fre-
quency, the relative strength of this
signal varies with frequency; its spec-
trum is shown in fig. 1. Most of the
signal energy is contained in the band-
width defined by f = 1/At.

For example, suppose the pulse rep-
resents a dot with a width of 50 milli-
seconds and a dot speed of 24 words per
minute. Most of the energy will be
contained within a band 20-Hz wide. (f
the pulse is from a radar, having a width
of 0.2 microsecond, most of the signal
energy will be contained within a band
5-MHz wide. On a relative basis, the
shape of these two signals is the same.

Both of these signals have additional
peaks extending outward from this cen-
tral band, as shown in fig. 1. These
additional components aie the source of
key clicks on CW signals and the typical
buzz of a radar signal when a receiver is
tuned well away from center frequency.

fig. 1. Rectangular

pulse and its frequency
spectrum.

RELATIVE AMPLITUDE

DISTANCE FROM CENTER FREQUENCY

The components extend far from the
center frequency.

For a perfectly rectangular pulse, the
magnitude of the components is defined
by the relationship (sin X)/X. This rela-
tionship is called the aperture function
and is the envelope of the spectrum

amplitude for a single square pulse. The
X, in this case, is 7T, f, where T, is the
pulse duration (seconds) and f is the
frequency (Hz) at which it is desired to
know how much signal amplitude exists.
If the pulse duration is 0.1 second and
you want to know how much splatter

fig. 2. Triangular
pulse and its fre-
quency spectrum.

N

DISTANCE FROM CENTER FREQUENCY

RELATIVE AMPLITUDE

exists at, say, 100 Hz from center fre-
quency, then

7(0.1)(100) = 107
and
sin10w
107

There is no splatter at all at exactly
100 Hz from center frequency. How-
ever, if you ask about splatter 5 Hz
from center frequency,

=0

7(0.1}{5) =057

and (sin n/2)/n2 = 1/72 = 2/m = 0.636,
or about two-thirds the signal you'd
hear exactly on frequency.

The influence of this idealized signal
extends over the entire band, from dc to
infinitely high frequencies. The change
in signal strength with frequency is
slow. For example, if the maxima have a
strength of 100 mV at 10 kHz from the
center of the CW signal, they will have a
strength of 50 mV at 20 kHz from the
signal, 25 mV at 40 kHz, etc.

For a given pulse width and ampli-
tude, the only way we can change the
signal spectrum is to change the rate of
change of the signal or rise time. This
affects the strength of components far
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from the center frequency of the signal
without changing the main part of the
signal very much. For example, suppose
the pulse were changed from a perfect
rectangle to the triangle of fig. 2. The
energy distribution is now described by
the relationship [{sin X)/X12, but the

BALANCED S/DEBAND

CARRIER
OSCILLATOR

fig. 3. Block diagram of the basic filter-type
ssb transmitter.

peak amplitudes far from center fre-
guency decrease twice as fast as before.
If the maxima are 100 mV at 10 Hz
from center frequency, they will be 25
mV at 20 kHz; 6.25 mV at 40 kHz, etc.
The energy very close to the center
frequency is identical for the triangle
and the rectangle. Other wave shapes
can show greater reduction of the ““far-
out’’ components.1

This modification of wave shape and
its effect on far-from-center frequency
components is the principle of the key
click filters used in CW. Note that the
shaping can’t stop key clicks — all it can
do is reduce their strength and, in par-
ticular, reduce the strength of the com-
ponents relatively far from the signal.
For the 20-wpm signal, clicks beyond a
few hundred Hz can be brought to the
noise level or below.

The important point of this discus-
sion is that any signal that goes on and
off will spread across a band of fre-
quencies. How far it spreads and how
much energy occurs at each frequency is
determined by the interval between on
and off, the rate of change of the signal
during the on period, and the maximum
amplitude the signal reaches.
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ssb signal generation

Now let’s apply these principles to
ssb phone signals. We'll ignore some
“fine structure,” such as the effect of
turning the transmitter on at the begin-
ning and off at the end of a trans-
mission. What we want to look at is how
a signa! supposedly contained within the
speech bandwidth can appear many kHz
from this nominal band: in other words,
we want to know where splatter comes
from. To do this let’s look at how the
signal is formed and processed.

Fig. 3 shows, in block diagram form,
an elementary single-sideband trans-
mitter. Audio and carrier are processed
by the modulator to produce a double
sideband suppressed-carrier signal. The
modulator also produces distortion pro-
ducts at twice the frequency of the
carrier, three times its frequency, etc.
However, all of the signal outside the
passband of the filter is rejected; there-
fore, only speech products lying be-
tween about 300 and 2400 Hz, plus the
small amount of distortion that lies
within this range, are passed on to the
following amplifiers. At the output of

OQUTPUT

INPUT

fig. 4. tdeal amplifier has linear relationship
between input and output.

the filter the signal is free of widespread
spurious components: it is splatter-free.

This nearly ideal signal is then ampli-
fied and finally transmitted. If the am-
plifiers are linear, no energy will exist out-
side the passband. That is, the amplifier
output signals must bear adirect relation-



ship to the input signals. Each ampli-
fier must follow the faw

8out = klejn)

The transfer function of the am-
plifier must look like fig. 4. Unfortu-
nately, most amplifiers don’t attain this
ideal relationship and this is where the
trouble comes from. In looking at this,
let's again remember we're not inter-
ested in ““fine structure;’’ that is, distor-
tion close to the transmitted signal or
regeneration of the rejected sideband, or
things of that kind.2 We want to know
the source of splatter.

splatter due to flat-topping

One characteristic of practical ampli-
fiers is that they saturate. The output
reaches some maximum level then
doesn’'t increase further. Instead of
being linear they have the relationship
shown in fig. 5. The effect on a typical
signal is shown in fig. 6; it becomes
amplitude-limited and is usually called
flat-topped. The effect of flat-topping is
the same as if the transmitter were
putting out an ideal signal plus a

SLOPE = O

ouTPUT
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fig. 5. Input-output relationship of an ampli-
fier which saturates.

negative-going pulse that cancels the top
of the signal (fig. 7). The transmitter is
now transmitting its intended signal and
is also transmitting a radar-like pulse.
Flat-topping generates splatter. Since
speech waveforms last for relatively

short periods, and since only the tip of
the wave is cut off, the radar-like pulse
formed by peak clipping has a very
short duration. Therefore, it spreads a
long way from the desired signal and
repeats at each voice peak, generating
the sound amateurs call “‘buckshot”’.

fig. 6. Ssb two-tone test with saturation.

Note that the signal close to the
center frequency is perfectly good.
Don’t ask the station you are working if
you are splattering; he can’t tell since he
hears a perfectly good signal. It's the
station well removed from the center
frequency who hears the splatter.

splatter due to bias-off

Another characteristic of practical
amplifiers is the tendency to ignore
small signals. For a small input they
show no output for a time. The transfer
function tends to look as in fig. 8,
which causes the bottom end of the
signal to be clipped. Again, this is equal
to a normal signal plus a distortion
term. In audio amplifiers, where push-
pull operation is common, this clipping
is called crossover distortion. It also
exists in single-ended amplifiers and is
the result of improper bias adjustment
— the bias is set too high — often in an
attempt to reduce the tube idling current.

This form of distortion is less likely
to cause trouble than that from positive
peaks, since only a small part of the
signal is affected. However, evidence
indicates that the importance of this
form of distortion has recently in-
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creased as power companies lower line
voltage or allow poorer line voltage
regulation. These acts reduce the plate
voltage {unregulated) but usually don't
affect the bias voltage, since it is regu-
lated. Effectively, the reduced line volt-
age increases the bias on the tube
and therefore increases this type of
distortion.

splatter due to parasitics

Another characteristic of practical
amplifiers is a tendency to oscillate,
often at a frequency far from that at
which they are designed to work. Some-
times this parasitic oscillation starts at a
specific plate voltage and dies out when
the voltage increases beyond this level
or when it decreases below this level
again. The effect on the input-output
relationship can be as in fig. 9. Either of
these oscillations will create splatter as
the parasitic turns itself on and off.
Very similar effects can appear if the

&y
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fig. 7. Fiat-topping as the sum of an idea) sig-
nal plus puises.
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amplifier is merely unstable instead of
oscillatory. This action causes the ampli-
fier output to increase beyond its nor-
mal value, then level off, or perhaps
even drop back to normal.

Probiems of these types are very
common when amplifiers are first tuned

ouTPUT

INPUT

fig. 8. Input-output relationship of an ampli-
fier with crossover distortion,

up. They may arise again because of
components that become defective or
change values: more commonly, they
arise when an amplifier isn't adjusted
properly or if it’s operated with voltages
appreciably different than those for
which it was adjusted. It's likely that
the really bad cases of splatter are due to
such parasitic oscillations or instability.

splatter due to level control

Let's go back to the flat-topping
situation, which is the most common
problem. A number of automatic means
of preventing flat-topping have been
developed. Most work by detecting a
particular level of signal at the final
amplifier and feeding the signal back to
an earlier amplifier to reduce the gain.
This scheme is called automatic level
control, ALC, or overdrive detection.
The intent of these systems is to reduce
the value of k in the linear input-output
relationship, esyt = & (e, ), to the point
where linear operation is maintained —
by keeping all peaks betow the overioad
point.



Unfortunately there can be some
problems with these automatic circuits.
It takes a finite time for the overload
signal to be detected, fed back, and for
it to reduce the gain of the earlier stage.
This time delay can also introduce a
problem, as shown in fig. 10. The rela-
tively sudden decrease from the initial
value of k to a second value is just as
effective in producing splatter as any
other change of equal rate and magni-
tude. An associated splatter source may
be the click of the vox relay pulling in:
it's gone before the ALC circuits can
act, but it can still produce splatter.

Some transmitters incorporate cir-
cuits to prevent these sudden changes
from occuring. There may be several
gain-controlled stages, or several control
sources, with different time constants.
These complex circuits definitely help
prevent the rapid changes shown in fig.
10; however, even they can’t cope with
the results of a wide-open gain con-
trol. The transmitter struggles zealously
but just can’t prevent splatter from
occurring.

splatter due to the receiver

To be complete, we should note that
receivers also include some linear stages,
and can have almost identical problems.
Problems arise if these stages are over-
loaded, unstable, or if the automatic
gain control circuit time constants don’t
match the rate of change of a particular
signal being received. Splatter reports
can be generated in the receiver, so that
a false report is perfectly possible. If
you're told you're splattering, it's in
order to ask about the precautions
against receiver overload, assuming your
transmitter is operating linearly.

detecting your own splatter

Many stations are equipped with an
oscilloscope or monitor. This is by far
the best way to operate, but it's neces-
sary to be cautious. A scope won't show
all splatter problems. Example: suppose

two transmitters are operating. One is
an ssb transmitter with two-tone modu-
lation. The second is an a-m transmitter
100 percent modulated by the un-
filtered output of a full-wave rectifier.
As seen on a monitor scope, what is the
difference between these two signals?

ouTPUT
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fig. 9. Input-output relationships of an ampli-
fier with parasitic oscillations.

The answer is that, to casual inspec-
tion, there is absolutely no difference.
Both look like the ideal signal of fig. 7.
Even detailed inspection of the envelope
will not show any difference. The only
way a scope can detect the difference is
to look at the rf waveform. When this is
done, a phase reversal will be found at
each zero crossing of the envelope for
the two-tone test: the rf wave of the
a-m signal doesn’t show this reversal.
This very small difference won't show
up on any of the usual types of signal
monitor; yet the difference as seen by
outside receivers is enormous. The two-
tone ssb signal is clean while the recti-

september 1975 33



fier-output modulated a-m signal
spreads to many, many times the fre-
quency of the modulating sine wave.
Fortunately this situation is artificial
but it does show that casual observation
of the scope is not enough; some atten-
tion to detail is necessary. The first

ouTPUT

INPUT

fig. 10. Input-output relationship of an ampli-
fier with poor automatic teveling control.

point to watch for is flat-topping, usu-
ally the only item observed. Sharp peaks
of the voice signal are a good indication
that splatter is not occurring from flat-
topping. However, splatter due to para-
sitics or to instability can cause a pat-
tern that resembles, very closely, the
sharp peaks of a voice pattern. It takes
careful examination of the signal, and,
in particular, examination of the rate of
rise around the midpoints of the signal,
to detect splatter-producing parasitics.
The type of splatter that arises from
sharp changes at the lower signal levels
is also detectable on the scope, but also
only by careful observation. The rule
should be, inspect the entire signal, not
just peaks.

Many operators with stations using
transmitters incorporating automatic
level control {(ALC) eliminate the scope
and place their dependence on the auto-
matic circuits. As long as the circuits are
working properly and the transmitter is
adjusted properly, this is satisfactory.
The circuits do work if given half a
chance; however, the practice of turning
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the gain fully open is responsible for
much splatter. The gain control should be
set to give ALC action as recommended
by the instruction book.

Stations using transmitters without
ALC and no scope have a special prob-
lem. It's almost impossible to detect
splatter generation by reading the
meters on the transmitter. About the
only automatic way of preventing splat-
ter is to choose an exciter that can't
overdrive the amplifier. In most cases,
this means limiting the exciter power to
about one-tenth to one-twentieth the
power of the final amplifier. |If the final
is to run 1000 watts input, the ex-
citer should run no more than 50-100
watts input.
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“Let me put it this way, If you asked me
your QSA, I'd give you about a 2.3-1.”
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100-watt

solid-state power amplifier
for 432 MHz

Design and construction
of a 100-watt
solid-state

power amplifier

for linear, CW,

or fm service
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R. Keith Olsen, WA7CNP*

There has been a tremendous increase in
ssb activity on 432 MHz since the
launch of Oscar 7 in late 1974. How-
ever, many amateurs who are communi-
cating through Oscar’s 432-to-144-MHz
translator are using only 5 to 15 watts
ssb output on 432 MHz so they must
use complex, high-gain antennas to hold
a good signal through the satellite. Few
432-MHz power amplifier designs have
appeared in print, and because of mech-
anical considerations, vacuum-tube am-
plifiers are difficult to build at this fre-
quency. This article describes a two-
transistor, 100-watt PEP, solid-state
linear amplifier which solves many of
these problems. The components used
in the amplifier, for the most part, are
readily available.

*RF Power Circuits Engineering, Motorola
Semiconductor Products Division, 5005 East
McDowell Road, Phoenix, Arizona.



The transistors used in this power
amplifier are the new high reliability
Motorola MRF306s. The MRF306 is a
28 volt, 60 watt, 225 to 400 MHz
power transistor and is unigue in that it
is internally matched for broadband use.
Internal matching is nothing more than
extending the matching network to the
actual chip inside the package. This is
accomplished by incorporating the bond
wires and additional MOS capacitors as
tuning elements between the base lead
and thr transistor die {fig. 1). The ladder
network transforms the input impe-
dance of the device in a controlled man-
ner so it represents a low foaded Q at
the frequency of use, hence the name,
“Controlled Q Transistor."”

Gold metalization is used inside the
MRF306 to provide high reliability, rug-
gedness, and long life. The device can
withstand a load vswr of 30:1 at a//
phase angles at 60 watts CW output,
This kind of ruggedness offers burnout
protection against hazards such as a for-
gotten antenna connector or even a mis-
laid screwdriver!

theory of operation

The power amplifier described here is
essentially a narrowband, parallel ampli-
fier that can be tuned from 420 to 450
MHz. For conventional ssb use, a push-
pull configuration should be employed;
in this case, however, both transistors
are being driven at less than what they
are capable, and operate in the class AB
linear mode. Fig. 2 is a spectrum display
of a two-tone test | ran on the amplifier.
The center frequency is 432 MHz, the
two tones are spaced 500 kHz apart,
and power output is 100 watts PEP. The
drive level is approximately 10 watts
PEP.

As you can see, the 3rd and bth
order intermodulation products are
down 28 dB. IMD responses greater
than -30 dB can be attained by running
the amplifier at lower power levels (see
fig. 3), but since 100 watts is intended
to be the “worst-case” condition, | chose

to demonstrate its response there. |
might add that you should always pay
very close attention to the linearity of
any amplifier, especially when operating
in crowded bands or when using one of
the OSCAR satellites. When you operate
an amplifier too close to the saturation
point of the curve, you not only in-
crease the incidence of spurious emis-
sion, your ssb signal also becomes mushy
and distorted.
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fig. 1. The MRF 306 power transistors used in
this amplifier use a ladder network between
the base lead and the transistor die to trans-
form the input impedance of the device so it
represents a low Q at the frequency of use.

AY!

This power amplifier can also be used
on CW and fm. When | first built the
amplifier | biased it into class C, and
was able to drive and sustain 140 watts
of output power for more than 30 min-
utes () cheated a bit by using a fan be-
cause the ambient temperature of the
heatsink can rise above 80°C). If you
wish to use the amplifier for either CW
or fm, and not on ssb or a-m, you can
replace the class AB bias circuit with a
ferrite bead and a four-turn inductor
from the base of each device to ground
as shown in fig. BA. The devices can be
driven further into class C by placing a
2.7 ohm, % watt resistor between the
inductor and ground (fig. 5B). This re-
sistor is required only if you desire
greater efficiency or have a greater drive
level capability.

construction

The amplifier is built on 1/16 inch
{1.5mm) thick double-clad G10 epoxy-
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fig. 2. Spectrum display of 100-watt amplifier
at 432 MHz shows 3rd and 5th intermodula-
tion distortion products aredown 28 dB refer-
enced to 100-watt output (each vertical divi-
sion = 10 dB).

glass printed-circuit board. | normally
design with 1/16 inch (1.8mm) thick
glass-teflon board, but at $135 a sheet
it's a bit expensive for amateur radio
projects. Epoxy-glass circuit board is
somewhat lossy at 432 MHz, but is stiil
quite acceptable for amateur use con-
sidering the cost differential.

However, it is imperative that you
use double-sided board. It is also impor-
tant that the ground on the bottom side
be tied closely to the ground pads on
the top side. This is accomplished by
using either eyelets or plated-through
holes from one side to the next. {f you
don’t have eyelets you can do it by drill-
ing holes through the board with a
number-50 (1.8mm) drill; you then
ptace number-18 or -20 (1.0 or 0.8mm)
wire through the holes, solder both
ends, and trim them off flush with the
circuit board. | recommend that you
make such a connection under each
Unelco capacitor. As for the holes for
the transistor flanges, a good drill, a file,
patience, and a little elbow grease are all
that is necessary.

The Unelco metal-clad mica capaci-
tors have a dual purpose. Not only are
they important to the input and output
networks, they also serve as supports for
the transistor leads. The Unelco capaci-
tors are a bit expensive, but at these fre-
quencies they cannot be replaced by
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anything other than porcelain chip
capacitors such as those manufactured
by ATC.

The transistors should al/ways be
screwed down to the heatsink {(thermal
compound underneath) before soldering
the leads as it is possible to crack or
break off the ceramic cap of the device.
(The clearance holes in the flange are
made for 4-40 [M3] screws.) Once this
is done, the base and collector leads can
be connected to the microstrip with 2
to 5 mil (0.05 to 0.10mm) thick copper
or brass strap. Be sure that the width of
the strap does not exceed the width of
the microstrip.

The Arco variable mica trimmers
work surprisingly well at uhf. Piston
variables are better suited for uhf work,
but here again the price tag is prohibi-
tive. When you look at the bottom of
the Arco variables you will notice that
there are two small grounding tabs on
each side. These tabs must be soidered
to the ground plane to reduce the
amount of lead inductance inherent in
the capacitor. Be careful, when install-
ing the capacitor, to make sure it
doesn’t short out the microstrip.

The collector and base biasing cir-
cuits are best placed between the two
devices in the center of the board (see
fig. 6). The 580 pF feedthrough capaci-
tor, C12, is mounted on a piece of
0.7x0.4 inch (18x10mm) copper strap.
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fig. 3. IMD performance of the 100-watt
432-MHz power amplifier vs output power
(Vce = 28 Vvdc, quiescent collector current =
100 mA).
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c1,cz, 20 pF mica trimmer (Arco 402) C17,c18 25 pF metal-clad mica capacitor
Ccl4 (Underwood)
€3,C4 40 pF metalclad mica capacitor CR2 1 amp silicon diode with 0.6 volit

(Underwood) forward drop (Motorola MR501)
C5,C6 25 pF metalclad mica capacitor L1-L4 4 turns no. 22 (0.6mm) enameled

(Underwood) wire, closewound on 1/8" (3mm)
c7,C8 40 pF mica trimmer (Arco 403) mandrel
cl9 R1 50 ohm, 5 watt
c9 100 pF metal-clad mica capacitor R2 30 ohm, 1 watt

(Underwood) R3,R4 1 ohm wirewound, Y watt
Cc1lo0 200 pF metal-clad mica capacitor RS5,R6 6.8 ohm, 1 watt

(Underwood) z1 Microstrip 0.11" (3mm) wide, 0.75"
c11 0.01 MF disc ceramic, 100 V (19mm) long
c12 80 oF All Bradiey feedth h z2 Microstrip 0.11" (3mm) wide, 1.3"

6 P en Bradley feedthroug (33mm) long

capacitor

Z3,Z24 Microstrip 0.11" (3mm) wide, 2.3

C1l3 1 MF tantalum, 50 V (58.5mm) long
C15,C16 40 pF metal-clad mica capacitor Z5,26 Microstrip 0.16" (3mm) wide, 1.7""

(Underwood)

{43mm}) long

fig. 4. Schematic diagram of the solid-state 100-watt linear amplifier for 432 MHz. This amplifier
may also be used on fm or CW by replacing the class AB bias circuit with a ferrite bead and

inductor as shown in fig. 5.

A 0.192 inch (5mm) hole is drilled
through the strap for insertion of the
capacitor and a small right-angle bend is
placed in the strap so it can be soldered
upright on the board.

The 1 uF tantalum capacitor, C13, is
connected on the side which is elec-

trically closest to the power supply. The
0.1 uF disc capacitor, C11, is connected
on the other side of the feedthrough.
The collector chokes L3 and L4 come
straight off the feedthrough to a point
on the collector leads as close as possi-
ble to the cap of the devices.
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bias circuit

As you may or may not know, the
heg (dc current gain) of transistors will
vary from device to device but will al-
ways stay within a prescribed tolerance.
As a result of some laborious experi-
mentation, | have determined that the

FERRITE
BEAD

fig. 5. Power amplifier can be operated in
class C for fm and CW by connecting a ferrite
bead and inductor from the base of each de-
vice to ground as shown in (A). The devices
can be driven further into class C by adding
the 2.7 ohm series resistor as in (B). Inductor
L1 is 4 turns no. 22, 1/8" (3mm) inside
diameter,

biasing scheme used in this amplifier
will keep the MRF306s biased between
20 and 50 milliamps of quiescent collec-
tor current. This variation in quiescent
current has little or no effect in IMD
performance but does have a small
effect on gain.

The placement of the 1-ohm wire-
wound resistors, R3 and R4, is not as
critical as that of the collector chokes; it
is still advisable, however, to have the
bias brought in as close to the transistor
package as possible. Remember, too,
that the 1-ohm wirewound resistor acts
as an rf choke. Carbon varieties will not
work in this application.

It is necessary to use approximately
100 nH of inductance in series with the
6.8 ohm resistors, R5 and R6, as they
are carbon-composition resistors. The
junction point of diode CR2, resistors
R2, R3 and R4, and capacitor C10 use
the isolated tab of the Unelco capacitor
as a standoff. The anode lead of the
zener diode, CR1, may be soldered
directly to the circuit board. The cath-
ode lead then serves as a tie point for
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fig. 6. Component placement for the 432-MHz power amplifier.
Full-sized printed-circuit board is shown in fig. 7.
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resistors R1 and R2. The other end of
resistor R1 is connected directly to +28
volts.

Finally, the 100 pF series capacitor
in the output, C9, is mounted by plac-
ing it on its side on the microstrip with
its isolated tab connected to the BNC
output connector. This capacitor pre-

ments and sufficient voltage regulation
to prevent gross V.. fluctuations dur-
ing load and no-load conditions, as en-
countered during modulation. Fig. 8 is a
basic block diagram of a simple power
supply that meets these requirements
for this amplifier.

The transformer should provide from

fig. 7. Full-sized printed-circuit layout for the 100-watt
linear power amplifier. Component placement is shown in fig. 6.

sents only a small impedance bump in
the collector load circuit. Its main pur-
pose is to prevent shorting the d¢ power
supply to ground when using a dc
grounded antenna such as a Yagi.

power supply

Let’s digress for a moment and give
consideration to a subject that is often
neglected in articles such as these: A
good power supply. Good IMD response
is not only dependent upon bias, a good
linear device, and proper collector load-
ing, but also on a power supply that is
capable of following the load changes
presented by ssb operation. The power
supply should have enough current
capacity to handle peak current require-

26 to 35 volts with a current rating of
10 amps or greater. If you thumb
quickly through practically any surplus
parts catalogue you will find many suit-
able transformers at very reasonable
prices. The bridge rectifier is anything
capable of 10 amps. | recommend using
the MDA962-1. A Motorola MPC1000
voltage regulator IC, foliowed by a large
capacitor, will provide excellent
regulation.

Tune-tup of the amplifier is not as
tricky as it may seem, although it will
require a little caution at first. It is
advisable, if you have a means of vary-
ing the drive level, that you begin by
applying only 3 to 5 watts to the input.
It is very important that you get the
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collectors loaded to a “ball park” point
before you start pouring on the coal.

When you first begin tune-up, adjust
the input trimmers until you see a small
deflection of output power. Then imme-
diately adjust the output trimmers for
peak output, ignoring the input match
for the moment. The best way to adjust
the output is to adjust C8 for a peak
before adjusting C7 and C19. Capacitors
C7 and C19 should be adjusted so that
both Q1 and Q2 are equally sharing the
load. Once you have a reasonably good
collector load established, you can go
ahead and do the same to the input
match.

You will notice that, as output
power increases, the output circuit will
require small amounts of adjustment.
This is because the required collector
load impedance changes slightly as
power increases. A small decrease in

Ti
(See
Taxt)

10,000 pF

il

fig. 8. Basic block diagram of a regulated
28-volt supply for the 100-watt solid-state
power amplifier. The Motorola MPC1000 is a
positive voltage regulator designed to deliver
up to 10 amps dc.

-y Moag62-1 |+ * 28 v
SOF =l
3

capacitance will probably be required
on all the output trimmers as output
power comes up. Alternately adjust the
input and output circuits until you have
reached your desired operating point
{around 100 watts output).

The collector current should be
between 6 and 8 amps depending upon
the operating frequency. Capacitor C8

Top view of the solid-state 100-watt 432-MHz power amplifier, showing placement of the various
components. Component designations can be easily correlated with the printed-circuit layout

diagram in fig. 6. Input is at the left.
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may be adjusted for slightly better effi-
ciency but be careful not to drive the
amplifier above 100 watts PEP output
as severe flattopping will occur in the
output waveform.

| hope you find this amplifier to be a
useful tool in extending the capabilities
of your 432 MHz station. There are
many ways that this amplifier can be
made to work even better, but it was
my desire to make it as simple and in-
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fig. 9. Plot of drive vs output power for the
100-watt 432-MHz power amplifier operating
in class AB (Vg = 28 Vdc). Note that the
knee of the curve is just above 100 watts out-
put; this corresponds to the rolloff in IMD
performance shown in fig. 3.

expensive as possible without seriously
degrading performance.

A lot of the technology employed in
solid-state power devices and amplifier
design is new to amateur radio (and to
industry as well) but as soon as techni-
cal publications and education programs
can get geared up to this new tech-
nology, this type of work will become
more and more commonplace. It should
be the job of amateurs who are familiar
with this technology to show the rest
how it is done, and also to be the first
ones to improve its implementation.
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SUPER LOGARITHMIC SPEECH PROCESSOR
MODEL LSP-520BX

400% MORE RF POWER is I!m”s with this
plug-in unit. Simply plug LSP-520BX into
the circuit between the microphone and
transmitter and your voice suddenly is trans-
formed from a whisper to a DYNAMIC
OUTPUT!

Look what happens to the RF Power Output
on our NCX-3, It was tuned for normal SSB
operation and then left untouched for these
“before’” and "after" oscillograms.
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Fig. 1 SSB signal before processing. See the
high peaks and the low valleys. Our NCX-3
is putting out only 25 watts average power.

g

Fig. 2 SSB signal after processing with LSP-
520BX. The once weak valleys are now strong
peaks. Our NCX-3 now puts out 100 watts
of average power.

Three active filters concentrate power on
those frequencies that yield maximum intelli-
gence. Adds strength in weak valleys of
normal speech patterns. This is accomplished
through use of an IC logarithmic amplifier
with a dynamic range of 30dB for clean audio
with minimum distortion.

This unit is practically distortion-free even
at 30dB compression! The input to the LSP-
520BX is completely filtered and shielded
for RF protection,

Size is a mere 2 3/16H x 314W x 4D. Mane
back if not delighted and ONE YEAR U
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Order now or write for FREE brochure.

LSP-520BX .. . $49.95
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601-323-5869

MFJ ENTERPRISES
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MISS. STATE, MS 39762
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hand-held touch-tone

New Motorola
tone-encoder IC
is the basis for

this miniature

Touch-Tone encoder
for use in
hand-held fm

transceivers
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Al Lowenstein, K7YAM, Motorola Semiconductor I

The continuing increase in the popu-
larity of autopatches, on both two
meters and 450 MHz, coupled with the
large number of hand-held fm trans-
ceivers now available, has generated the
need for a truly compact tone encoder.
With the introduction of a single-chip IC
for this purpose, the handie-talkie
Touch-Tone is now a practical achieve-
ment and for less than $35 you can
enjoy all the benefits of your autopatch
while operating portable with a handie-
talkie.

The Motorola MC14410 is a comple-
mentary mos IC and is functionally a
2-0f-8 tone encoder or Touch-Tone.! It
is available in both plastic and ceramic
packages, but for amateur purposes
there is no reason to pay the premium
for the ceramic package. Designed for
4.4 to 6 volts, it will withstand moder-



ate over-voltages. As it requires only 4
to 5 mA, it has little effect on the total
current drawn by the radio and can be
switched with the T-R key. The IC is
complete within itself except for a
1-MHz crystal and the necessary compo-
nents to limit voltage and match the
output to the radio.

Unlike many other hybrids available
today, the MC14410 is not susceptible
to rf interference, so close proximity to
the transmitter is no problem. The
board shown here was designed to slide
into the PL area of an Omni-housing
Motorola HT220 radio. Fortunately, it
is small enough to be tucked away in
some corner of almost any fm trans-
ceiver. The crystal can be remoted on
pigtails, and does not have to be
mounted on the printed-circuit board,
but can be located wherever space is
available.

construction

Any good PC board material can be
used for the circuit board. Since the
solder pads are small, a board with good
adhering foil is necessary; the phenolic
materials seem to lack this attribute.
Use a number-64 (0.9mm) drill and a
high-speed drill motor to avoid tearing
the pads. The IC should be soldered in
last to avoid any possible static build-up

board first; Teflon insulated wire is eas-
ier to work with because the insulation
doesn’t melt at soldering temperatures.
The double pad on pin 11 of the IC is
for the fourth column tone if you have a
4x4 keyboard — it was not needed here.

As shown on fig. 1, the 1-uF capaci-

* ALTERNATE FOR Ci

fig. 1. Schematic diagram of the minia-
ture Touch-Tone encoder for the HT220
fm handie-talkie.

tor, C1, must be a nonpolarized unit. An
alternative is to use two 1-uF electro-
lytics in parallel with reversed polarity.
Since the output is approximately 25
kilohms to ground, the capacitor can be
tied directly into the audio line.

A zener diode, CR1, is used to limit
the voltage to the IC at high battery

CAAD
fig. 2. Component layout for the = [ l
miniature tone encoder. Full-size % a g A ] E 1‘ =)
circuit board layout is shown in o [ e
fig. 3. Kits and components are
output|

available from Contact Labs, 35

W. Fairmont, Tempe, Arizona
85282.

on the MOS devices. Use a soldering
iron, not a gun. Pins 1 and 7 are clipped
off as they are not used.

Very flexible, fine gauge wire is ad-
vised for the board-pad leads; the leads
should be approximately 2-1/2 inches
(6.5¢cm) long. Solder all the wires to the

conditions; it should be picked so that
Vpat(hy = Vz = 7 volts. For the HT220,
since the battery goes to approximately
16 volts at full charge, a 9-volt zener is
used. Then, when the battery is low,
there will still be 4.5 volts (13.6 - 9 =
4.5 Vdc) available for the encoder.
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fig. 3. Full-size printed-circuit board for the
miniature tone encoder.

The Chomerics ER-21623 pad pins
must be clipped to approximately 1/8
inch (3mm) so they will clear the com-
ponents of the HT220. Remove the fuse
in the HT220 front cover from its clip
while cutting the slots for the pins. An
Xacto saw works well after pilot holes
have been drilled; a Dremel Mototool
could also be used. Extreme neatness
isn't necessary as the Chomerics pad will
completely cover the slots after it is
epoxied into place.

The four plastic pins at the corners
of the pad should be cut off and filed
flush with the case. Fit thin pieces of
cardboard around the pin areas to sup-
port the pad (see fig. 4). The pad is then
epoxied to the front of the radio. Be
sure to roughen the plastic of the radio
with fine sandpaper to insure a good
bond. Also, be careful to only epoxy
the four edge rails of the pad. A little
goes a long way, and epoxy can seep
around the inside edges of the pad and
make it inoperative.

After the epoxy has hardened, you
are ready to put it all together. The pins
of the pad should be tinned using a
good clean hot iron. Do not overheat
the pins as they will come free inter-
nally from the pad, resulting in erratic
or no operation, The eight wires from
the circuit board can then be soldered

CHOMERICS
ER-21623

fig. 4. Cardboard inserts |E[ %% UE‘
(hatched areas) are used to |I. ¥ ol
support the Chomerics @
Touch-Tone pad (see text), = @{{’.
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to the keyboard. The B+ supply, ground
and audio are picked up as shown in the
photograph. The difficult part is stuff-
ing all those wires in. A gentle loop
between the front cover and main cir-
cuit board will suffice, and there don't
appear to be any detrimental effects
from having the eight wires right next to
the radio circuitry.

Interconnect points for the Touch-Tone en-
coder installed in a Motorola HT-220.

The output potentiometer, R4,
should be adjusted to produce a 4 to 5
kHz final frequency deviation when one
key is depressed. This assumes, of
course, that the radio’s modulation
causes a similar deviation during normal
voice operation. Note that the micro-
phone is live, so use precautions while
dialing.

reference
1. Jon DelLaune, W7FBB, "Digital Touch-
Tone Encoder for VHF FM,” ham radio,
April, 1975, page 28.
ham radio



The worlds most complete line
VHF - FM Kkits and equment

W

TX144B Kit. . exciter — 1 watt — 2 meters . . . 29.95

TX144BW/T . factory wired . .......... 49.95
TX220B Kit. . exciter — | watt — 220MHz . .. 29,95
TX432B Kit. . exciter — NEW — 432 MHz . . . 39.95

\-»

PSI Kit .. power supply regulator card . . . 8.95
PSI2C Kit . . . 12 amp — 12 volt regulated
power supply wicase . .., .. .. 69.95
PS12CW/T .. factory wired . .......... 85.95
PS24C Kit . . . 24 amp — 12 volt regulated
power supply wfcase . ...... 99.95
PS24CWIT . . factory wired ........... 114,95
RXS50C Kit . . 30-60 MHz rcvr w/2 pole 10.7 s
xtal filter. .. ciisceiaei 59.95 =
RX144C Kit. . 140-170 MHz rcvr w/2 pole \
10.7 xtal filter . .. ....u... 69.95
RX144C W/T . factory wired [ mounted . .. .. 114,95
RX220C. ... 210-240 MHz rcvr w/2 pole xtal
POTAIMRE. o ronins vioomipiins 69.95
RX432C Kit. . NEW — 432 MHz receiver . 79.95 RPT144 Kit . . 2 meter — 15w — complete  , . . 364,95
RXFL ..... T0DB filter option for all RX- Rocy RPT220 Kit . . 220 MHz — 15w — complete . . 364.95
(WIEXEN) & v e e e e e 9.50 RPT432 Kit . . NEW — 10 watt — 432 MHz
FEPORIBT 5 56 ini v wowie it 4 e =4 399.95
RPTI144 . ... NEW — 15 watt 2 meter
repeater — factory wired . ., .. 595,95
. RPT220 . ... NEW — 15 watt — 220 MHz
HT1448B Kit. . repeater — factory wired . . . . . 595.95
3 M = = ehaniiel RPT432 . ... NEW — 10 watt — 432 MHz
hand held xevr ..., 129.95 repealer — factory wired ... 64995
OTHER PRODUCTS BY VHF ENGINEERING
CD1 Kit . ... 10channel receive xtal deck
wldiode switching . . . . $ 695
CD2Kit , . .. 10 channel xmit deck w}’swm.h
and trimmers . .. ...... 14.95
COR2 Kit , . . complete COR with 3 second .md
» 3 minute timers . 19.95
- g . g CWID-1 Kit . . NEW — code identifier — 160 hul‘.,
E:g:g:::\ﬁ:fl‘[ ::;nl':)':" I:i‘(l:.?:l’“ 25w ... ;{:;2 field programmable diode matrix 39.95
PA4010H Kit . 10w in — 40w m;l' - ;ﬂ'.l;, """ = SC2 Kit 10 channel auto-scan adapter
switching . ......0000 004 59.95 . for RX .... el 19.95
PA4OTOH W/T factory wired . . o o oo oo 74.95 Crystals , . . . we stock most repeater & simplex
PA144/15 Kit. similar to PATSOTH less case, . Bars Aar146.0:147.0 o5 oz e EL
connectors & switching . . . . . . 39.95 DPLX-144 ., . 2 meter, 6 cavity, close spaced
PA144/25 Kit. similar to above — 25w . ... .. 49.95 | . duplexer — tuned to frequency . 399.95
PA220/15 Kit . similar to PA144/15 for 220 DPLX-220'... 220 MHz, & cavily duplexer
MR i S 39.95 tuned to frequency ., ... ... 399.95
PA432/10 Kit. NEW — similar to W\M”IS ex
cept 10w and 432 MHz . . L. 39.95 SHIPPING INFORMATION: All shipments are F.0.B. Bing
PA140/10 . . . NEW 10w in 140w out hamton, N.Y, 13902, Shipments will be made by the most
2 meter amp factory wired . . 179.95 convenient method, Please include sufficient funds to cover
PA140/30 . . . NEW — 30w in 140w out w.hip|r\|np .:nd)ln.mdlu:g Figure \I\lnpli:g \Ih.ugn:\ on a minimum
e p weight of 2 pounds per unil with the exception ol the
2meter amp — factory wired . . 159.95 Iull:‘mmg Ps II;.'l 1; Ibs., PS 24C 25 !b\..‘Rrpulrr\
25 Ibs,

320 Water St, ® PO Box 1921-H & BINGHAMTON, NY 13902 ® 607-723-9574
DIVISION OF BROWNIAN ELECTRONICS CORP

More Details? CHECK—OF F Page 110 september 1976 47



how to use

milliammeters

A discussion of

meter shunts

and other techniques
to adapt surplus

panel meters to the
operating requirements

of your own circuits

Quite often neither your junkbox nor the
local surplus outlet has the meter you
need for some new piece of equipment.
It is very easy to substitute low-range
microammeters or milliammeters where
higher range milliammeters are wanted,
or voltmeters in some cases. Meters have
a generally-unknown internal resistance
and a shunt resistor will divide the total
circuit current flow between the meter
and the shunt according to Ohm's law.
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It is not necessary to determine the
meter resistance to apply this ancient
trick, although that is not particularly
difficult, and meter shunts can be satis-
factorily made with readily-available
materials. For example, on a recent rig |
shunted a 60 mA meter to read 600
mA, a 200 uA meter to read 20 mA and
a 100 uA meter to read 10 mA. The
basic test setup for current-meter shunt-
ing is a variable current source and a
calibrated meter, either a small battery,
with a series variable resistor, or an
adjustable current-limiting pawer supply
such as the Heath HP-28 which can be
set at the desired full-scale current.

For milliammeters, shunt resistances
are often very small: a 10 mA meter, for
example, is likely to have about 2.5
ohms internal resistance and a 200 mA
meter, about half an ohm. In the resis-
tance ranges desired, copper wire makes
quite satisfactory shunts.

meter shunt theory

For fulf-scale meter readings there
will be an IR drop across the meter. If it
is desired that the meter read full scale
when the total circuit current is higher,
the shunt must have whatever resistance



will pass all the additional current at the
same {R drop. For example, a 10 mA
meter with 2.5 ohms internal resistance
will have an IR drop of (0.01 X 25 =
0.025 volt). If you wish the meter to
read full scale when the circuit current
is actually 100 mA, the shunt must pass
90 mA at 0.025 volt, which calls for a
0.278 ohm shunt (0.025V + 0.09 mA =
0.278 ohm). A standard-value 0.27 ohm
resistor will do the trick.

It is not difficult, however, to zero in
on the right shunt value without know-
ing the internal resistance by taking a
random length of small copper wire,
placing it in series with the constant-
current source, connecting the meter to
one end and tapping it (with a needle-
tipped probe) along the shunt wire until
the meter reads full scale. Number-30
enamel wire, for example, has about 0.1
ohm per foot (3.28 ohm per meter) and
the resistance and current-carrying
capacity of other wire sizes appear in
the ARRL Handbook. Thus, 2.8 feet
(85.3cm) of number-30 wire wound in a
small coil would make a suitable shunt
for the previous example.

A lot of trial and error can be saved,
however, by some simple calculations.
Start by making a trial shunt, erring on
the low resistance side if you have lim-
ited control over your constant-current
source. Here is how it went shunting a
60 mA meter to 600 mA. With about 3
inches {76mm) of resistance wire, 60
mA in the circuit produced a meter
reading of 15 mA, meaning that 45 mA
was being passed by the shunt. As the
IR drop across the meter and the par-
allel shunt is the same, two Ohm’s law
expressions can be stated in terms of
three unknowns: the meter resistance,
Rmn, the test shunt resistance, R, and
the common voltage across the meter
and shunt, E,

E = 0.045R,
E = 0.015R,,
R, = 0.333 Ry,

When this meter is used in the 600
mA circuit the required current division
between the meter and the shunt is 60
mA through the meter and 540 mA
through the shunt. Using the same set of
equations, the relationship of the meter
resistance to the desired shunt resis-
tance, R, is calculated as follows:

E = 0.540 R,
E = 0.060 Ry,
R: = 0.111 R,

Since the meter resistance, R, is an
unchanging value, the desired shunt
resistance, R;, compared to the test shunt
resistance, R, is:

0.111 Ry

0333R,, ~ 0-333

R,

Fs- =
This is the same as saying that the wire
in the desired shunt should be exactly
one-third the length of the wire in the
test shunt. The unknowns are still un-
knowns, but the desired result has been
achieved.

When shunting sensitive milliam-
meters or microammeters, a low-range
resistance decade is nearly essential be-
cause the resistance values are too high
for lengths of copper wire. Alterna-
tively, a small-value potentiometer can
be used as a variable shunt, the value set
for full-scale reading at the desired cir-
cuit current and then measured with an
ohmmeter.

The approximate shunt values can be
estimated by noting that 1 mA meters
typically have about 30 ohms resistance;
500 uA instruments, about 90 ohms;
100 uA, 500 ohms; and 50 wA, about
2500 ohms. (If a decade resistance box
is used, be sure it has shorting contacts
or the full circuit current will instantan-
eously go through the movement during
switching!) With this technique, the
actual value of the desired shunt is
determined and it is possible to select
series or parallel combinations of stan-
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dard-value resistors that will closely ap-
proximate the desired shunt value.

Note that decade resistance boxes
can be constructed with only four resis-
tances by using the Mallory type 154L
switch, which automatically arranges a
1-ohm, two 2-ohm and a 5-ohm resistor
so as to provide the entire decade range.
In the one-tenth to one ohm range
switch contact resistance is not likely to
be serious. Such a decade will be very
convenient if you plan to design shunts
for very many meters.

There is less chance of blowing out
meters accidentally in test set-ups if you
wire the shunt in series with the current
source and tap the meter around the
shunt, rather than the other way round.

You will probably find that resis-
tance wire is a bit hard to come by, and
generally bare wire intended for heating
elements is all that can be found. Stan-
dard Scientific Supply* carries Chrome-
A resistance wire (80 percent nickel and
20 percent chromium) which has the
best temperature/resistance relationship.
Its resistance characteristics are listed in
table 1.

critical damping resistance

If a meter is heavily shunted, the
movement will be severely damped by
self-induced current, and this may be
undesirable in applications such as meas-
uring the plate current of a linear, or
VU instruments. The amount of damp-
ing can be reduced by putting a small
resistor in series with the movement and
shunting the combination of that resis-
tor with the movement

An interesting experiment with a sen-
sitive high-quality meter is to vary the
shunt resistor with a potentiometer and
observe how the needle oscillates before
finally coming to rest. The largest resis-
tance for which the needle approaches
the final setting without overswing is

*Standard Scientific Supply Corp., 808 Broad-
way, New York, New York 10003.
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called the critical damping condition.
With more resistance there will be a
slight overswing, and with less resistance
the final setting will be approached
more slowly.

In amateur applications there is no
particular need to achieve critical damp-

table 1. Resistance characteristics of Chrome-A
nickel-chromium resistance wire.

resistance resistance
B&S per foot per mater
gauge diameter (ohms)  (ohms)

18 0.0400" (1.02mm) 0.406 1.332
20 0.0320" (0.81mm) 0.635 2.083
22 0.0253” (0.64mm) 1.017 3.337
24 0.0201" (0.51mm) 1.610 5.282
26 0.0159" (0.40mm) 2.570 8.432
28 0.0126" (0.32mm) 4.100 13.451
30 0.0100" (0.25mm) 6.500 21.325

ing, but it can easily be approximated
by making the series combination of the
shunt and resistance in series with the
coil equal to the critical damping resis-
tance.

meter multipliers

Voltmeters can also be multiplied
using additional series resistors, and low-
current milliammeters or microam-
meters can be easily converted to volt-
meter use. In this use, it is well to
operate far below the wattage rating of
the shunts because the temperature co-
efficient of standard carbon resistors is
not the best. In addition, the maximum
voltage across any one resistor should be
kept below about 400 volts.

One of the best uses for shunts is for
multi-circuit metering of equipment
where different current or voltage
ranges are desired for each circuit. In
such configurations it is very useful to
mount the shunts on the switch — gen-
erally a non-shorting type. You must
watch the voltages on the various cir-
cuits, and on the meter as well. Current
production panel meters from Weston
and other firms built to government



specifications are tested at 3000 volts
(actually 2600 volts rms) between the
movement and the case, but very old
meters with metal zero-adjust screws
shoutd be used in high-valtage circuits
only with great caution.

If a multiplier resistor is used to
expand the range of a voltmeter which
is switched off the multiplier, leaving
the multiplier resistor floating, it will
assume the full voltage patential which
may be more than the switch insulation
can stand. A better approach is to run
the multiplier to ground, taking the
voltage off a tap on the multiplier resis-
tor. With this arrangement, the voltage
across the switch contacts will be far less.

ayrton shunt

You can easily convert a sensitive
meter into a multirange milliammeter
with a few standard-value resistances
and a switch using the configuration
known as the Ayrton shunt shown in
fig. 1. The values given will yield full-
scale readings of 10, 100 and 1000
mifliamperes within a few percent from
a 1 mA meter with 50 ohms internal
resistance. If your meter has less inter-
nal resistance, add enough resistance in
series to bring it up to that value. A

10 mA I
b2
IO%
o™y Ry

s | gpumn
%0 SISTANCE
000 2 Ry Ry = 50 OHMS
3 I ma
9
ot 0.1

fig. 1. Using the simple Ayrton shunt circuit
shown here, a 1 mA meter with 50 ofims
resistance can be used to measure 10, 100,
and 1000 mA,

rough way to measure internal meter
resistance is to adjust a constant-current
source through a resistor to bring the
meter to full scale, and then add enough
resistance in parallel to bring the meter

to half scale. The added resistance then
equals the meter resistance.

Meters are sometimes found with
non-linear movements, and they can be
particularly useful in some applications
(and of course internal resistance cannot
be found in the manner just described).

ARCS5 ANTENNA
CURRENT INDICATOR

%* 20 EACH I1500-OHM, 2-WATT

RESISTORS, CONNECTED IN PARALLEL

CALIBRATION
SCALE | POWER

40 mwW
150 mw

SODNBLBAWN—~
N
~
Q
£

fig. 2. This wide range rf wattmeter uses sur-
plus non-linear ‘“antenna current indicator”
meter used in Command Set transmitters.

Many amateurs have such meters in
their junkboxes which were salvaged
from war surplus Command Sets, a 2%-
inch (64mm) meter with a zero-to-ten
indication labelled, “antenna current
indicator.” Half-scale of this meter is
about 5 milliamperes, but it is very
sensitive at the low range and very
insensitive at the high range. Built into
the rf wattmeter shown in fig. 2, a scale
reading of 1 corresponds to 40 milli-
watts on my instrument, 5 corresponds
to 1.6 watts, and 9 corresponds to 17
watts. This wattmeter is for 75-ohm
systems but a similar arrangement could
be built for 50 ohms (I often use 75-
ohm coax, as low-loss 75-ohm CATV
cable is often available on the surplus
market.

If you cannot find a non-linear meter
you can achieve the same result by
shunting any meter with diodes and add-
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ing enough series resistance to the move-
ment to bring the combined IR drop to
about the contact potential of the
diode. Table 2 gives the full-scale IR
drop of a common {(and typical) series
of panel micro/milliammeters. Since sili-
con diodes start to conduct at about 0.6
volt, nonlinearity is achieved by adding
enough series resistance to the move-
ment at Ry in fig. 3 so that the com-
bined IR drop is in this general range.

If too large a resistance is added the
meter will not reach full scale; if just
enough resistance is added so that full
scale can be achieved the reading will be
very nonlinear, and by adding less the
linearity is improved. In fact, merely
adding a protective diode alone will
produce some degree of non-linearity,
although it is not likely to be noticeable
except in microammeters.

Parenthetically, meters are protected
only up to the point where the shunting
diode blows out, and with high-current

table 2. internal resistance of Simpson type
1212C panel milliammeters (typical of quality
panel instruments).

internal full-scale

full-scale resistance IR drop
reading (ohms) (volts)
50 LA 5000 0.250
100 UA 2000 0.200
200 MA 1000 0.200
500 UA 200 0.100
1 mA 46 0.046
5 mA 23 0.115
25 mA 3 0.075
50 mA 1.5 0.075
100 mA 0.75 0.075
200 mA 0.6 0.120
1 amp 0.05 0.050

diodes available so inexpensively on the
surplus markets, it makes sense to use a
10-ampere diode in any setup (such as
an experimental bench supply) where
short circuits are occasionally possible.
These diodes need not be heatsinked.
Nonlinearity of the opposite sort can
be achieved by putting zener diodes in
series with meters, and some very odd
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curves of current versus needle deflec-
tion can be obtained by various combi-
nations of zeners and shunt diodes, All
of these effects, of course, ruin the
original scale calibration.

Zener diodes in series with milliam-
meters result in expanded-range volt-

Ry

OPTIONAL
SHUNT

F— -AAA——

fig. 3. Simple circuit for non-linearizing
meter movements uses semiconductor diode
(see text).

meters. For example, a 150 volt, 10
watt zener such as the TN3011, in series
with a 1N4007 and 100-ohm resistor,
spreads out 100 to 130 volts over the
entire scale of a 50 mA meter. The
amount of resistance determines the
amount of compression. Lower voltage
zeners — typically just above the target
voltage — are very useful for expanded
scale monitors of battery packs and
transmitter filament voltages. The addi-
tional series diode is only necessary
when monitoring ac.

summary

Liberal use of meters can be one of
the design features where the home
builder can outshine the commercial
source. Good quality panel meters are
still in abundant supply in surplus and
at flea markets, often at very low prices.
Changing scales and ranges is not very
difficult for many types, though it is
not possible to open up the newer her-
metically sealed-instruments. The more
odd-ball the scale, of course, the lower
the selling price.
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Our new priority crystal processing, using a mark sensing order system, is designed to expedite
orders for International Crystals and EX Kits. It's another effort to improve our order processing
and make a proven reliable system even better. Your order in the future will be processed by
using mark sensing order cards and prepunched name and address cards Complete and return
the coupon and we will mail you a special kit containing instructions, order cards and
a prepunched name and address card This is the first step in our new 'no delay’ order

processing.

For International Crystals, EX Oscillators and Amplifiers
SPEEDS AND SIMPLIFIES ORDERS...
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INTERNATIONAL CRYSTAL MFG. CO, INC.
EX ’E—‘LJT PO Box 32497 Oklanoma City Ok 7313;
Send Special Kit to
NAME
ADDRESS
CiTY STATE 2IP
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magnet-mount

mobile antenna

This simple,
magnet-mount

vhf antenna is useful
for temporary

mobile operation
where a permanently
mounted antenna

is not available

A magnet-mount antenna is an indispen-
sible item for anyone currently working
vhf fm on 144, 220, or 450 MHz, When
used in conjunction with a cigarette
lighter adapter to provide 12 Vdc for
the fm rig, it permits mobile operation
from almost any vehicle at a moment’s
notice. Thus, from an emergency stand-
point, you are not restricted to a vehicle
already equipped with a vhf antenna. In
addition, the magnet mount is useful for
those who do not wish to cut a hole in
their car to operate mobile.
Unfortunately, commercially avail-
able magnet-mount antennas are expen-
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George Allen, WT1HCI, 80 Farmstead Lane, Windsor, Connecticut 06095 IR

sive, and up to now it has been difficuit
to obtain magnets with the right surface
area, the right holding power, and the
right price. This article describes a very
simple quarter-wave magnet-mount an-
tenna which can be built in about a half
hour for any of the three vhf bands
mentioned. The total cost of the an-
tenna, not including coaxial cable, is less
than $6.00. All parts are readily avail-
able, and the magnets can be obtained
locally.*

The magnet-mount antenna is really
too simple for words; fig. 1 shows a
drawing of the antenna. It simply con-
sists of a good quality magnet, a 1%:
inch (38mm) long 6-32 or 8-32 (M3.5 or
M4) flat-head screw, three nuts, a lock
washer, coax connectors, and a cable
clamp.

construction

To build the antenna, connect a fe-
male uhf chassis connector to the mag-
net as shown in fig. 1. Run the coax
under the cable clamp (or tape the
coax to the screw if you don’t have the
clamp), and connect the inner conduc-
tor to the center of the coax connector
and the shield to the flange. Take a
piece of brazing rod of the proper
length (see fig. 1), and solder it to the
male uhf connector. Use some silicone

*If you can’t find a local source, the 1% inch
diameter magnets are available for $3.95 plus
postage from George Allen Engineering, 8C
Farmstead Lane, Windsor, Connecticut 06095,
Connecticut residents add 6% sales tax.



bathtub caulking such as that made by
GE to fill up the male connector to
provide a good seal. The brazing rod can
be obtained from any welding supply
house.

In regard to the magnet, use round
button or shallow pot Alnico magnets
or equivalent of 1% or 1% inches (32 to
48mm) diameter. Magnets of this size
provide enough holding power, while
smaller magnets won't hold well and
will blow off your car at high speeds.
Note that when your antenna is not
being used, make sure that the
“keeper,” the small metal piece pro-
vided with the magnet, is placed across
the poles of the magnet. The use of the
keeper prevents loss of magnet power.

tuning

Although this simple magnet-mount
antenna will give you good results, it is
not quite as efficient as a quarter-wave
antenna permanently mounted on your
car. In most cases, however, you prob-
ably couldn’t see the difference between
the magnet-mount antenna and one that
is permanently mounted. In regard to
feedline matching, it is difficult with

APPROXIMATE LENGTH FOR ﬂ'
QUARTER -WAVE
3/32" (2.5 mm) DIA. WHIP BRAZING
ROD
MHz N om
144 22 559 ElLL WiTH
ILICON
220 s 38! 70 SEAL
450 8 203

(PL-259)

FEMALE CHASSIS TYPE—  pocaq
UMF COAX CONNECTOR

($0-239}
6-32 NUT
(USE LOCKWASHER)

CABLE CLAMP

fig. 1. Construction details of the simple
magnet-mount mobile antenna. Dimensions
are given for quarter-wave operation on 144,
220 and 450 MHz.

MALE UHF
CONNECTOR

this type of antenna to get the swr
down to 1:1. However, this really
doesn’t matter since your feedline is
very short and the overall losses will be
small.

To tune the antenna, place the an-
tenna on the center of the car roof or
trunk and connect an swr bridge in the
line between the transmitter and the
antenna. Start snipping off pieces of
brazing rod by 1/8 inch {3mm) at a time
until the swr falls between 1.5:1 and
2:1. At this point the antenna is tuned,
and the only remaining thing to do is to
put some silicone seal or tape on the
end of the antenna to protect against
injury. Note that the swr may vary
when the antenna is used with different
cars.

performance

| have been doing quite a bit of
traveling in the last six months and have
been taking this antenna with me. It is
convenient to use, works well, and has
yet to come off a car roof at speeds up
to 80 mph. | have been using the an-
tenna on all sorts of rental cars and have
had no problems except where the car
has a vinyl roof. In those cases | place
the antenna on the trunk. The magnet
won’t hold well through the thickness
of the vinyl.

In practice, | place the antenna on
the center of the roof or trunk and run
the coax through a window, leaving the
window slightly open so as not to dam-
age the cable. | connect the coax to my
rig and I'm on the air! [t does not
appear to be necessary to protect the
car paint from the magnet. | have been
using these mounts for four years and
have yet to scratch the paint with a bare
magnet.

I hope that this short article gives
you the incentive to build this simple
antenna; it's handy either for daily use
or to keep in the closet for use in that
emergency when you can’t use your
own car.

ham radio
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DENTRON - for qua

160-10AT SUPERTUNER™

Want an antenna tuner to match everything between 160 and
10 through balanced line, coax line and random line, pump
out the full legal limit and look and sound good doing it?
Supa'rtuner”"| is the one for you at just 3"9 50

160-10AT-3K SUPER SUPERTUNER™
Designed and engineered to be compatible with the full-power
highly efficient modern amplifiers now available to the ama-
teur. In our opinion the finest tuner on the market today.

$229.50

80-10AT SKYMATCHER™

Here's an antenna tuner for 80 though 10 meters, handles full
legal power and matches your 52 ohm transceiver to a random
wire antenna. 80-10AT is yours for only $59 50

160AT SKYMATCHER™

160 meters is a blast! This antenna tuner brings the fun of
160 to you while handling full legal power. Matches your 52
ohm transceiver to your present antenna or any random
length antenna ranging from a short whip to an extra long

wire. Only 35950

160XV TOP BANDER™

160 meters is only a step away from 80 with this remarkable
Dentron 160 meter transverter. Specifically designed to bring
simple low cost 160 meter capability to any amateur station
currently equipped for 80 meter CW, SSB, or AM operation.
No modification of your existing equipment is required. Just
“plug in and play” and you're on 160 meters with 100 watts
transmit power and a super sensitive receiver. Just 319950

2 MHz MARS Unit $229.50

COMING ATTRACTIONS FROM DENTRON

® 160 meter solid state receiving converter @ “Dual-meter’ in line wattmeter
@ Audio Rectification Filters for RFI problems in HiFi, tape recorders, organs, intercoms, etc.
Write for full details
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and PERFORMANCE

N

SKYMASTER ™

A fully developed and tested 27 foot vertical antenna covers
entire 10, 15, 20, and 40 meter bands using only one
cleverly applied wave trap. A full 4 wave antenna on 20
meters. Constructed of heavy seamless aluminum with a
factory tuned and sealed HQ Trap, SKYMASTER™ is weath-
erproof and withstands winds up to 80 mph. Handles 2 KW
power level and is for ground, roof or tower mounting.
Radials included in our low price of $84.50

SKYCLAW™

A tunable monoband high performance vertical antenna, de-
signed for 40, 80, 160 meter operation. SKYCLAW™ gives
you the following spectrum coverage:

BAND BANDWIDTH
(Meters) (kHz)
160 50
80 200
40 entire band

Tuning is easy and reliable. Rugged construction assures
that this self-supporting unit is weatherproof and survives
nicely in 100 mph winds. Handles full legal power limit. All
this coverage for $79.50

160 METER MOBILE TOP BANDER™

Now you can operate on 160 meters in your car, boat,
plane or RV. Covers 10 kHz bandwidth without adjustment
and entire 160 meter band with adjustment. It's stream-
lined 1014 ft. length includes a slim lightweight, factory
sealed loading coil. Handles 500 watts. Standard 34"-24
ball mount thread. Now $59.50

ALL BAND DOUBLET

This All Band Doublet or Inverted Type Antenna covers 160
through 10 meters. Has total length of 130 feet (14 ga.
stranded copper) aithough it may be made shorter if nec-
essary. This tuned Doublet is center fed through 100 feet
of 450 ohm open balanced transmission line. The assembly
is complete. Add rope to the ends and pull up into position.
Tune with the Dentron Super Tuner and you're on 10
through 160 meters with one antenna! Now just $24.50
for the Dentron All Band Doublet.

NOTE: All prices are postpaid in U.S.A.

Phone: 216-425-8073
e
=
“MAKING AMATEUR RADIO MORE FUN!"

Deniron_

: RADIO CO., INC.
MOBILE™ 2100 Enterprise Avenue
(YMASTER™ SKYCLAW"MTOPBANDER Twinsburg, Ohio 44087
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300-Hz

crystal filter

for Collins
receivers

Recently a number of 455-kHz Collins
crystal filters with a 6-dB bandwidth of
300 Hz have become available on the
surplus market.* These filters, which
were built to military specifications,
have a 60-dB bandwidth of 1200 Hz and
maximum insertion loss of 5 dB, are de-
signed for a source and load impedance
of 2000 ohms, and do not require any
resonating capacitors’ (mechanical fil-
ters for Collins receivers are designed for
terminations of 50 kilohms or greater
and require external capacitance to reso-
nate the transducer coils). If the crystal
filter is not terminated with 2000 ohms,
passband ripple will be on the order of 6
dB or more and spurious response will
seriously degrade skirt selectivity.

Since the filters in Collins receivers
are isolated by dc blocking capacitors,
the required terminations for the crystal
filter are most easily provided by simply
connecting 2200-ohm resistors across
the input and output terminals. Be sure
to remove the 100 pF resonating capaci-
tors from the circuit, however, as they
will cause excessive passband ripple and
unwanted spurious response. When ter-
minated with 2200-ohm resistors pass-
band ripple is nil and the skirts roll off
smoothly to 80 dB or more.

Unfortunately, however, this simple
resistive loading results in a serious
impedance mismatch which manifests it-
self as 10 to 12 dB of additional circuit
loss. Increasing the terminating resistors
to 3900 ohms will reduce the loss about
3 dB, but passband ripple starts to
suffer. A better solution is to drive the
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crystal filter with the simple emitter
follower circuit shown in fig. 1. This cir-
cuit, which requires only 10 mA of cur-
rent, reduces circuit loss to 3 dB or less
and provides the filter with the required
source impedance.

The emitter follower can be built on
a small section of perforated circuit
board which is supported by the input
and output wiring. Power is derived
from the screen circuit of the mixer
tube. Make sure that the emitter
follower is properly isolated with dc
blocking capacitors as any dc voltage on
the filter transducers will damage them
(the filter switch has shorting contacts,
so any voltage on the switch may dam-
age adjacent filters as well). However, if
you follow the circuit shown in fig. 1,
which is completely isolated, you will
have no difficulties.

Installation of the filter in 75S3B
and later model S-line receivers requires
only a length of number-20 (0.8mm)
tinned bus wire, a lockwasher, and a
4-40 nut. The filter is installed below
the chassis, on one side of the filter
shield compartment, as shown in fig. 2
*The Collins 300-Hz crystal filters,
X455KF300, with data sheets, are available
from Gary Fertik, W1EBC, 40 Pilgrim Trail,
Woodbury, Connecticut 06798. Price is
$49.95, postpaid.

TXF455KF300 fitters, Collins part number
526-7073-010. Other Collins crystal filters
with the same generic nomenciature but with
different part numbers are designed for 20k
terminations; some require external capaci-
tors. Although the filter described here is the
most common, check the data sheet which
comes with your filter.



(installation suggested by WABSOBG).
Three holes are required: two for the
electrical terminals and one for the
mounting screw. Since these holes are
below the chassis the filter installation
does not deface the receiver. The filter
is symmetrical so either end may be
used for the input or output.

Collins 75A4

Owners of Collins 75A4 receivers
should be particularly interested in the
300-Hz crystal filter as the narrowest
bandwidth filter designed specifically
for this receiver has a 3-dB bandwidth
of 500 Hz, and these filters are very
difficult to find on the open market. Al-
though there are two methods of install-
ing the 300-Hz crystal filter in the
75A4, the installation shown in the
photograph is recommended because it
provides maximum isolation between
the input and output (this same method
is also recommended for Collins type-FA
mechanical filters).

Turn the 75A4 upside down on your
bench (front panel forward) and remove
the bottom cover. The three filter
sockets are in the front right-hand
corner next to the selectivity switch.
The crystal filter is installed in the
shield which crosses the three filter
sockets. Two 1-inch {(25mm) deep slots
must be cut in the shield as shown in
fig. 3. Use sharp tin snips and place rags
underneath the work area on both sides

VWA—O+105V
2w

INPUT - ouTPUT

X455KF300
CRYSTAL FILTER 2.2k

fig. 1. Emitter-follower circuit which provides
carrect source impedance for the crystal filter
and minimizes circuit loss. Most general-
purpose npn transistors may be substituted in
the circuit.

of the shield to catch any debris. After
cutting the slots, bend the tab toward
the rear of the receiver so it forms a
90-degree angle with the shield. A hole
for the filter mounting screw is drilled
in the center of the tab, % inch (6mm)

1BIO

XFLa XFLI XFL2

FILTER

X455KF 300

XFL4 XFLI 6

fig. 2. Installation of the Collins X455KF 300
crystal filter in S-line receivers.

from the end (the threaded stud on the
other end of the filter is not used).
After the tab is finished, temporarily
set the filter in place to check for clear-
ance between the top of the filter and
the bottom cover of the receiver {if you
follow the dimensions shown in fig. 3,
the top of the filter should be approxi-
mately flush with the top of the shield).
Locate the input and output wires to
filter socket A (underneath switch S2)
and their respective connection points
on the switch wafers {note that one of
the wires is grounded). Remove the two
100-pF resonating capacitors. Install the
emitter follower circuit shown in fig. 1
between switch S2 and the crystal filter.
The emitter follower common is con-

*In some Collins 75S3B receivers there is suf-
ficient clearance under the filter shield on the
top of the chassis that the crystal filter can be
installed in the existing crystal-filter sockets.
Although the terminals of the X455KF300
will not fit the sockets, short lengths of no.
20 {0.8mm) wire can be soldered to the filter
terminals and plugged into the sockets.
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nected to the grounded terminal on the
rear wafer of S2; the input coupling
capacitor, C1, is connected to the other
switch terminal which goes to filter
socket A. Install two short lengths of
number 20 (0.8mm) bus wire to each of
the connection points on the front
wafer of switch S2. (If you don't want
to include the emitter follower, connect
bus wires to the rear wafer as well.)

Connect a 2200-ohm resistor across
the output terminals of the crystal filter
and install the filter on the mounting
tab using a lockwasher and 4-40 nut.
Wire in the emitter follower and solder
the two bus wires to the output ter-
minals. Total installation time should be
two hours or less.

Since you have the bottom of the re-
ceiver open, this is a good time to apply
some contact cleaner (such as GC Elec-
tronics Tunerlube) to each of the switch
contacts. It's also a good idea to dab
some silicone grease on the switch de-
tent mechanisms. If your 75A4 is like
most, the only lubrication the receiver
has ever seen was applied at the factory,
and that's pretty well dried up. A little
switch care now may save an expensive
replacement problem later.

fig. 4. Crystal filter installation in the Collins
75A4 receiver. The emitter follower is on the
small circuit board to the left,
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fig. 3. Collins 75A4 filter shield, showing
modifications required for installing the
crystal filter, Completed installation is shown
in the photograph.

An alternative method is to mount
the crystal filter on a small L-shaped
bracket which is attached to the chassis
with the screw which holds the left-
hand end of the filter shield (next to the
i-f gain control). In this case the filter
connections are made to filter socket C.
However, this method is not recom-
mended because the connecting wires
are quite long and lowered input-output
isolation degrades the high skirt selec-
tivity of which the filter is capable,

operation

If another mechanical filter is in-
stalled in filter socket A, it must be
moved to socket B or C. Operation of
the 75A4 with the sharp 300-Hz filter
requires some practice to gain full ad-
vantage of its high skirt selectivity. The
setting of the passband tuning control is
quite critical and for best results should
be set so that CW signals peak at a pitch
of about 700 Hz. When you tune in a
signal with a broader filter, set the main
tuning for a 700-Hz note before switch-
ing the sharper 300-Hz filter into opera-
tion. If the signal is tuned for a higher
or lower note (assuming the passband
tuner is set for 700 Hz), the receiver
must be retuned slightly to find the
signal. With a little practice, you'll find
that the narrow bandwidth and high
skirt selectivity of this filter do an excel-
lent job of cutting interference or dig-
ging into the noise for weak signals.

ham radio



SPECIAL SEPTEMBER SALE

1402 SM - 2.5 Watt 1405 SM - 5 Watt
Hand Held FM Transceiver Hand Held FM Transceiver

SPECIAL INCLUDES: SPECIAL INCLUDES:
* Rubber Flex Antenna * Rubber Flex Antenna
¢ Complete Set Nicad Batteries * Complete Set Nicad Batteries
» Leather Case * Leather Case
e 52.52 Crystal e 5252 Crystal
* Your Choice of 2 Pair of ¢ Your Choice of 2 Pair of
Common Frequencies Only Common Frequencies Only

Extra Xtals, $4.50 ea. Extra Xtals, $4.50 ea.

$320 VALUE $400 VALUE
$199.95 $279.95

+ 6 Channel Operation.
Individual Trimmers on all TX
and RX Xtals.

All Xtals plug in.

« 6 Channel Operation
Individual Trimmers on all TX
and RX Xtals,

All Xtals plug in.

S Meter/Battery Indicator.
10.7 IF and 455 KC IF,
12 KHz Ceramic Filter.

S Meter/Battery Indicator.
10.7 IF and 455 KC IF
12 KHz Ceramic Filter,

.3 Microvolt Sensitivity for 20
db Quieting.

Microswitch Mike Button.
SizeB7/8x17/8x27/8in.

« Weight 1 1b. 4 0z., Less Battery.
+ Current Drain RX 14 MA TX 450 MA.
« 2.5 Watts Minimum Qutput - 12 VDC.

ACCESSORIES
SM1  SpeakerMike............... $ 29.95

.3 Microvolt Sensitivity for 20
db Quieting.

Microswitch Mike Button.

« SizeB7/Bx13/4x27/8in.
« Weight 11b. 4 0z., Less Battery.
« Current Drain RX 14 MA TX BOO MA.
« Switchable 1 & 5 Watts Minimum Output - 12 VDC.
« High Impact Lexan® Case.

ACCESSORIES

BC1 Battery Charger. ............ $ 36.95 SM2 SpeakerMike . ............... $ 2995

XF-1  10.7 Monolithic IF Xtal BC2 Battery Charger . ............. $ 36.95
Filter (Installed) ............ $ 10.00 XF-1 10.7 Monolithic IF Xtal

TE-1  Continuous Sub-Audible Tone Filter (Installed) ............. $ 10.00
Encoder (Installed) . ......... $ 3995 TE-1 Continuous Sub-Audible Tone

1410A 12 Watt Amplifier (Mobile) . ... $109.00 Encoder (Installed) . .......... $ 39.95

4288 S. POLARIS AVE., LAS VEGAS, NEVADA 89103
(702) 739-1931

TO: WILSON ELECTRONICS CORP.,

SHIP ME 1402 SM 1405 SM SEPTEMBER SPECIALS

PLUS (OSM1 [BC1 (OsM2 [OBc2 OXF1 OTE1 [O1410A

ENCLOSED IS COCHECK [IMONEY ORDER [MC [BAC
CARD # EXPIRATION DATE

XTALS

NAME ADDRESS

CITY STATE ZIP.

SIGNATURE

Enclose additional $4.50 for prepaid shipping & handling. Nevada residents add sales tax.
Sale ends September 30, 1975.

More Details? CHECK—OFF Page 110 september 1975 61
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touch-tone decoder
circuit boards

Dear HR:

Due to the rather large response to
my article on Touch-Tone decaders
which appeared in the December, 1974,
issue of ham radio, | have decided to
offer printed-circuit boards for sale to
those individuals who might want them.
| am also putting together some kits for
those builders who have a hard time
finding all the necessary components.
All the parts and materials are top qual-
ity, commercial grade and 1Cs will be
pre-tested to ensure performance. A set
of boards is $12.95, and a kit, including
boards and toroids, is $37.50.

John F. Connors, W6AYZ
Electromedics

3295 Brookdale Drive

Santa Clara, California 95051

ssb transceiver

Dear HR:

A small number of the transceivers
built from the ssb transceiver article in
the August, 1974, issue of ham radio
suffer from apparent agc instability. The
symptoms are generally motor-boating
at certain signal levels.

The problem is not, in fact, due to
the agc but to instability caused by i-f
feedback through the unused trans-
mitter section of the circuit. It may
easily be cured by connecting a single
0.1-uF capacitor with low rf resistance
between the transmitter section power
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supply line and ground (as near as possi-
ble to the SL610C amplifier). Installing
this capacitor does not remove the ne-
cessity of grounding the transmitter
power line during reception and vice
versa.
| apologize to anyone who has been
inconvenienced by this fault, but the
majority of these transceivers are not
affected and the problem has only re-
cently been brought to my attention.
Brian D. Comer, G32VC
Plessey Semiconductors

quadrature-phased
local oscillator

Dear HR:

| have been following the articles
concerning direct-conversion receivers
and find the communication between
Madey and Shubert regarding the Phase
Il receiver in the June, 1974 comments

SYMETRICAL CLOCK

CLOCK | I l I l I | I I I | I |
oo I
I E S ——

ASYMETRICAL CLOCK

CLOCK II ll Il II Il Il
(T B IS
I R S ——

Fi F2
o} [
o '

i '

'

fig. 1. Waveform of the quadrature-phased
yocal oscillator, showing independence of
local-oscillator quadrature an clock-period
asymmetry. Asymmetry of negative-going
transitions would imply gross frequency in-
stability.

COUNT SEQUENCE



+5v +5v

fig. 2. Schematic of a direct-phasing quad-
rature local oscillator designed for a direct-
conversion 80-meter receiver. Timing se-
quence is shown in fig. 2.

section most interesting. The diagram of
a quadrature-phased local oscillator |
have been working on for use in a 3.5-
to 4-MHz receiver is shown in fig. 2.
As the timing diagram (fig. 1) demon-
strates, the design is free of asymmetry
errors since it is responsive to the
negative-going transition of the clock
waveform, and the clock may exhibit
any periodicity it wishes, within device
limitations. The circuit was intended for
use with MC1496-type product detec-
tors and has provision for switching the
phase of the local oscillator to effect
sideband reversal rather than performing
the task at audio and having to accept a
compromise in unwanted sideband re-
jection.
Douglas K. Beck, K62X
Sunnyvale, California 94086

Collins 75A4 mods

Dear HR:

Recently, when the avc failed in my
Collins 75A4, the usual changing of
tubes had no effect. Actually, a small
amount of avc action remained — the
S-meter needle rose slightly off zero
with very strong signals. The trouble
proved to be R86, a 39k resistor. Both
R86 and R87 had suffered severe over-
heating — R86 had changed in value
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1 13
e 172
mciea8 74s112 9 resne
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’ g !
+5v

o (N

sy 745157

[
Slojwis]

13
3]

=

UsB/LSP
SELECT

3

from 39k to approximately 3k, causing
overheating of R87 and eventual failure
of the avc.

My 75A4 manual lists R86 as a
half-watt resistor. However, a friend has
a later 756A4 manual, and it shows a
rating of one watt (the serial number of
my receiver is in the 2500 series). If you
experience avc failure in your 75A4,
first check R86 and, if you're working
on the receiver anyway, make sure that
R86 is a one-watt resistor.

Incidentally, | cannot recommend
too highly the 75A4 mixer mods de-
scribed by W6Z0 in ham notebook. |
installed them over a year ago and have
been extremely pleased with the results.
| also changed the first rf amplifier from
a 6DC6 to a 6GM6 as recommended by
W2VCZ, and recommend that, too, as it
increases gain and sensitivity. However,
| would not plug in the 6GM6 without
first installing the W6Z0 mixer modifi-
cations.

Bob Locher, WIKNI
Deerfield, lllinois 60015
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Heath HM-2102
wattmeter mods

Dear HR:

With reference to the item on the
Heath HM-2102 wattmeter by VEGRF,*
the following additional information
might also be of some interest. It was
interesting to read how one amateur
solved the problem of calibrating his
Heath HM-2102 below an swr of 1.5:1,
In my case the problem was solved in a
slightly different manner.

In my initial calibration, using a Bird
Termaline wattmeter, the minimum swr
null was about 1.3:1. This was within
the specified limits called for in the
Heath instruction manual and, for all
practical purposes, should have sufficed.
However, in actual tests erroneous read-
ings were obtained, often below the
1.3:1 reference level. An inspection of
the schematic shows that C3 in series
with C4 (the trimmer) will produce a
capacitance of 1.99 to 5.56 pF. The
total capacitance would then have to be
changed to either a value lower than
1.99 pF, or higher than 5.56 pF. A 2 pF
capacitor placed across C3 showed that
the null could not be brought down to
fess than 2:1. Obviously the total capa-
citance of C3 and C4 had to be de-
creased instead of increased.

Cutting the long lead from C3 to the
circuit board and inserting several values
of capacitance in series with C3 showed
an immediate improvement in the null,
In my case a 10 pF capacitor brought
the null down to a 1:1 swr. The total
range of all three capacitors in series is
now 1.66 to 3.57 pF. Replacing C3 with
a capacitor of about 4 pF would prob-
ably have produced the same results.
Since the capacitors in this circuit form
an ac voltage-divider network, changes
in this circuit will also affect the watt-
meter reading so the wattmeter will also
have to be recalibrated.

*R. Fransen, VEGRF, "“Better Balancing of the

Heath HM-2102 Wattmeter,” ham radio, Jan-
uary, 1975, page 56.
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In my case no thought was given to
changing capacitor C16 since this ap-
pears to be a bypass for frequencies
outside the desired range of 50 to 160
MHz. Changes here could influence the
sensitivity of the bridge and may even
bypass energy at the wanted frequencies.

In addition to the above, | found two
other slight modifications to be useful.
The first concerns wattmeter calibra-
tion. According to the instruction man-
ual, power calibration is performed with
the wattmeter in the 25-watt range; no
provision is made for calibrating in the
250 watt range. However, after calibrat-
ing the wattmeter on the low range
using 20 watts of power, switching to
the high range showed a meter reading
of about 16 watts. An examination of
the schematic shows that if R8, a 68k
resistor, is veplaced by a fixed resistor
and potentiometer in series, a second
calibration can be made on the 250-watt
range which is quite accurate. In my
case R8 was replaced by a 51k, 1/4-watt
fixed resistor in series with a small 25k
potentiometer.

The last modification was for con-
venience more than anything else. In
order to locate the remote chassis closer
to the coax feedline, the short piece of
five-conductor cable supplied with the
kit was replaced with similar cable
about 6-feet (1.8m) long. One end of
the cable was connected inside the
cabinet in accordance with the instruc-
tions, but the other end was terminated
in a small five-pin plug instead of being
connected directly to the remote
chassis. A matching five-pin socket was
mounted on the chassis off to one side
of coax connector A. Short leads were
then run from the circuit board to the
five-pin socket. To prevent rf from
reaching the indicator unit through the
cable, the ferrite beads supplied with
the kit were mounted at the socket
instead of on the circuit board. Now the
indicator unit and remote chassis can be
easily separated.

B. T. Ring, K3VNR
Riverdale, Maryland



TOUCH TONE ENCODERS

SOLID STATE CRYSTAL CONTROL TONE ENCODERS

* 12 or 16 Touch Tone digits Bell System Compatibility
+ Ideal for hand held units Easy Installation

* Choice of 4 keyboard styles Sub-miniature size
* RF proof Crystal Controlled

* Temperature, —20* to 150*F Single Tone capability
CMOS IC Encoder Low cost

3
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Style A Style B Style C

SELF-CONTAINED KEYBOARD ENCODERS

Complete 12 or 16 digit Touch Tone keyboard encoders for mounting directly to side of hand-
held transceivers. All electronics included WITHIN keyboard, nothing to add inside of trans-
ceiver. Only %" thick. Ready for easy installation, just add three connections to unit. RF proof.
Select keyboard style when ordering.

DT™M

$49.50

SUB-MINIATURE TOUCH TONE ENCODER AND KEYBOARD

Touch-Tone encoder for mounting INSIDE hand-held transceiver, keyboard mounts on side of
transceiver. P.C. board only 0.8 x 1.2”. RF proofed. Assembled and ready for easy installation.
Select keyboard style when ordering.

DO IT YOURSELF ENCODERS

Now, buy all the major parts — ‘“ala-carte” and build your own Touch Tone Encoder. All you
need is a Keyboard, Digital Touch Tone Encoder, a 1-MHz crystal, and P.C. board. Parts come
with complete set of application notes, schematics and instructions.

Keyboard, your choice of keyboard style

Digital T. T. Encoder with 1-MHz HC-6 Crystal .

Digital T. T. Encoder with 1-MHz Slim HC-6 Crystal

P.C. board 0.8" x 12" ..

All resistors, capacitors, and P.C. board . . .. ...
(With purchase of keyboard, encoder and crystal)

AUTOMATIC TOUCH TONE DIALER

Automatic mobile telephone dialing is now available. By the
push of a single button you can automatically dial up to six
segarata 7-digit numbers. All solid-state micro-power COS-
MOS design. Automatic PTT operation. Programmable to send
telephone number only, access code plus telephone number
or telephone number plus an identification number. Low profile
dash mount, easy installation. Compatible with most radio
equipment., Available with keyboard for manual dialing of
numbers. Manual operation provides automatic PTT opera-
tion with 1% second transmitter hold.

AD-6 Without keyboard 99.50
AMD-6 With keyboard 119.50
Factory programming of numbers $7.50.

ORDER TODAY — SEND FOR FREE NEW CATALOG

DATA SIGNAL, INC.

Successor to Data Engineering, Inc.

2212 PALMYRA ROAD, ALBANY, GA. 31701
912-435-1764

More Details? CHECK—OFF Page 110 september 1975 [ 65



non-synchronous

impedance transformer

In matching one impedance level to
another, as in antenna work, the usual
device is a quarter-wavelength trans-
former section whose characteristic im-
pedance is the geometric mean of the
two impedances to be matched {fig. 1).
When it is necessary to match one trans-
mission line to another, and particularfy
in coaxial line applications, obtaining a
length of line of the proper intermediate
characteristic impedance may present a
major problem.

The non-synchronous transformer
shown in fig. 2 offers a way out of this
dilemma. It is composed of two abbrevi-
ated lengths of transmission line of the
same characteristic impedances as the
impedances being matched. The pro-
curement problem is therefore greatly
simplified. As indicated in fig. 2, the

transformer section length can be seen
to vary according to the impedance
ratio. For example, if a 2:1 impedance
transformation ratio is required, each
section of the transformer would be 28°
8’, making the total length about 56%
degrees, or in terms of wavelength,
0.156 A.

It must be pointed out that the
naon-synchronous transformer is not ai-

2, 22 2 2,

Y—o —

2, Z,VZ. 2, 2,

-
JL_*?_‘L" —

Tt

fig. 1. Characteristic impedance of the
quarter-wavelength transformer is equal to the
geometric mean of the impedances being
matched.
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fig. 2. The non-synchronous transformer con-
sists of two lengths of transmission line of the
same characteristic impedance as the impe-
dances being matched, with length varying
according to the impedance ratio.

ways interchangeable with the quarter-
wavelength version. The quarter-
wavelength transformer will match an
infinite number of impedance pairs, as
long as their geometric mean is equal to
the characteristic impedance of the
transformer. The non-synchronous
transformer, on the other hand, will
match only the impedance pair for
which it was designed. Within these
limits, however, the non-synchronous
transformer compares very favorably in



bandwidth as well as impedance-
matching characteristics, and should
find ready application in coaxial
impedance-matching networks.

Henry Keen, WoTRS

drilling aluminum

The following hint for working with
aluminum, which may not be common
knowledge, was given to me by ham
friends in Portugal: apply a drop or two
of alcohol when drilling aluminum. It
not only makes the work easier but re-
sults in a much cleaner cut.

Ralph Cabanillas, Jr., W6IL

metric conversions for
screw and wire sizes

Here's a conversion chart you can use
for plugging in metric values for ma-
chine screws and wire sizes. Ham radio
articles have been including metric
equivalents for dimensions of physical
quantities such as area, length, mass,
temperature, and volume. We have
wanted to include metric equivalents for
machine screws and wire but have only
recently been able to obtain equivalent
data for this hardware from the Inter-
national Standards Organization (1SO).
The ISO standard has not yet been
adopted by all countries, but these

table 1, Thread conversion, American to metric.

nearest
American metric
standard standard
0-80 M1l.6
1-64 M1.8
2-56 M2
3-48 or 3-56 M2.5
4-40 M3
6-32 M3.5
8-32 M4
10-24 or 10-32 M5
12-24 or 12-28 M6
1/4-20 M7
3/8-16 M10
7/16-14 Mi12
172-12 m12

table 2. Wire-size conversion, Amercian (AWG])
to metric.

nearest
American metric
standard standard

(AWG) (mm)
2 6.5
4 5.2
6 4.1
8 3.3
10 2.6
12 2.1
14 1.6
16 1.3
18 1.0
20 0.8
22 0.6
24 0.5
26 0.4
28 0.3

30 0.25
32 0.2

tables will at least give overseas readers
an idea of what size the author specified
in the nearest metric standard.

Jim Fisk, W1DTY

short circuit

In DJ2LR’s excelient article on
crystal oscillators in the June, 1975,
issue of ham radio, there was an error in
fig. 5 (10k pot incorrectly shown). The
correct schematic is presented below.

i Tg 22V
2N44i6

i 560

ouTPUT
!
—_ 15
Aer
560
i
>
< 56k
5 33pF

AUDIO
INPUT
T 560

6.8v i\loﬂ |

L

AAA A
VWA —

2200 10k
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low-voltage,
high-current
power supplies

High-current power supplies are an
absolute requirement in commercial
two-way radio shops and are now on the
verge of becoming a requirement in the
ham shack. Most of the new solid-state
equipment being released for the ama-
teur market is designed for 12-volt oper-
ation, either mobile or from a fixed sta-
tion 12 Vdec supply. The 12-volt ac sup-
ply has been a problem in the past be-
cause well-regulated, high-current sup-
plies tend to be complex and expensive
to build while commercially available
supplies are even more expensive and
are frequently in short supply. VHF
Engineering has recently announced two
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inexpensive solid-state 12 Vdc power
supply kits which are simple to build
and can be used in either commercial or
amateur applications. Two models are
available, the PS12C for 12 amps, and
the PS24C for 24 amps.

The circuit for both power supplies
consists of a full-wave dc current source
feeding a capacitive filter network and
an IC voltage regulator. The IC regulator
controls a set of pass transistors and
keeps the output voltage consistent to
within 2% over a load range of from
zero to 20 amps (zero to 10 amps in the
PS12). Large heat sinks are provided to
dissipate the heat produced by the pass
transistors. The 12-amp supply is rated
at 10 amps continuous or 12 amps for
50% intermittent duty. The 24-amp sup-
ply is rated at 20 amps continuous or 24
amps for 50% intermittent duty. Cur-
rent limiting prevents damage to the
supply in the case of an accidental short
circuit. The output voltage of both sup-
plies may be adjusted over a nominal
range from 12 to 15 volts. The supplies
may be used as general purpose, variable
voltage supplies by replacing the voltage
controlling resistor with a 10k poten-
tiometer.

The VHF Engineering high-current
power supply kits are complete with all
parts, computer grade capacitor, epoxy
glass circuit boards, styled case, and
complete instructions. Average con-
struction time is one evening or less.
The 12-amp supply kit, model PS12C, is
priced at $69.95 ($85.95 wired and
tested). The 24-amp supply kit, model
PS24C, is $99.95 ($114.95 wired and
tested). For more information, write to
VHF Engineering, 320 Water Street,
Binghamton, New York, 13902, or use
check-off on page 110.

More Details? CHECK—OFF Page 110



scientific calculator

The new six-ounce HP-21 from
Hewlett-Packard is the smallest and low-
est priced model in HP's line, and is
designed primarily for scientists, engi-
neers and students, The HP-21 has all of
the trigonometric and logarithmic func-
tions of the HP-35. In addition, the user
can calculate in either degrees or radi-
ans; convert from polar to rectangular
coordinates and vice versa; format and
round the display in either fixed or
scientific notation; and perform register
arithmetic (+, -, X, ) with the contents
of the HP-21's single addressable
memory.

The new calculator has five fewer
keys (30) than other HP pocket models,
but since several keys serve dual func-
tions, the HP-21 is able to perform more
functions and operations than the
HP-35. Like other HP pocket calcula-
tors, the HP-21 features the company's
RPN logic system with a four-memory
stack that holds intermediate answers
and automatically brings them back
when needed in a calculation.

The HP-21 comes with an owner's
handbook, soft carrying case and an ac
adapter/recharger that allows the calcu-
lator to be operated on ac while its
batteries are recharging. Optional acces-
sories include a security cradle and a
reserve power pack (with batteries). The
HP-21 will be sold through leading col-

More Details? CHECK—OFF Page 110

send
for
your

FREE

copy
now!!!

In it you'll find hundreds of quality
consumer electronic products.
Amateur radios, CB radios, scanners,
antennas, masts, towers, rotors,
tools, components, electronic kits,
technical books, test gear, digital
watches, calculators, portable radios.
televisions, microphones, speakers,
audio equipment, high fidelity, stereo

systems, tape recorders, and much,
much more. If it's electronic and it's

quality, TECO has it

WRITE FOR YOUR FREE COPY
TODAY

ﬂ TELCO

ELECTRONICS -

P 0 Box 1050 « Garland. Texas 75040

USED HAM EQUIPMENT FOR SALE
GOOD SELECTION AVAILABLE
REASONABLE PRICES
Walt Van Arsdale, K5SXO

(214) 348-1560

TECO

ELECTRONICS -

P O Box 1050 « Gariand Texas 75040
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You're Ahead
when mobile witha
Larsen Kulrod®
Gain Antenna

= TOPS IN PERFORMANCE =
= LOWSILHOUETTE GOOD LOOKS
= VSW.R.LESSTHAN1.3TO01 =
= HANDLES FULL 200 WATTS =

Larsen Kulrod VHF Antennas are the result
of over 25 years of practical experience in the
two-way radio field. They are rugged, reli-
able and built with infinite care to assure
top performance. Models available to fit all
standard mounts and for all popular ama-
teur VHF frequencies. Each is equipped with
the exclusive Larsen Kulrod, your assurance
of maximum efficiency and no loss of RF
through heat. Comes complete with all in-
structions. Models for 2 meters deliver a full 3
db gain over 1/4 wave whips . . . the 420-440
MHz and 440-460 MHz collinears . . . 5 db
gain and full 100 watts capability.
Sold with a full money back guarantee . . .
the most liberal in the mobile antenna field.
Whether you work via repeater or simplex
you deserve to have a Larsen Kulrod. Get
full fact sheet and prices, today.

@rsen Antennas

11611 N.E. 50th Ave. P.0O. Box 1686
Vancouver, WA 98663
Phone 206/573-2722

@ Kulrod
a trademark of Larsen Electronics
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lege bookstores and department stores,
by direct mail and through HP’s calcula-
tor sales force. For more information,
use check-off on page 110.

525-MHz

uhf prescaler

The new Pagel model 525 uhf pre-
scaler divides frequency by ten to ex-
tend the range of any 50 MHz or higher
counter to the vhf and uhf bands. The
unit also contains a 20 dB preamp for
the unscaled 1 MHz to 50 MHz range to
improve frequency counter sensitivity
to 5 millivolts rms or better, Sensitivity
is 50 mV rms at 500 MHz, and 30 mV
rms below 400 MHz. A through-line
feature with an internal signal sampler
can be used with transmitters up to 100
watts (requires an external 50-ohm
dummy load). This feature can be used
to perform simultaneous power and fre-
quency measurements and is a great
time saver.

The model 525 operates from the
117 Vac line or battery power (8 to 15
volts) and may be used for portable or
mobile use, Price is $159. For more in-
formation, write to Pagel Electronics,
6742-C Tampa Avenue, Reseda, Califor-
nia 913356, or use check-off on page 110.

envelope detector

The Modset recently introduced by
David R. Corbin Manufacturing is an
envelope detector which can be used
with an oscilloscope to provide a clear,
hum-free display of the transmitted
audio waveform from ssb and a-m trans-
mitters. The Modset is built into a rug-
ged, machined aluminum box, and in-
cludes input and output impedance
matching and an overload protection
circuit.

The Modset accepts any input signal
from a few milliwatts to 25 watts peak
power and operates over the frequency

More Details? CHECK—OFF Page 110



range from 200 kHz to 30 MHz; to 50
MHz with slight reduction in output
level. Higher power levels can be moni-
tored by using a short whip antenna or
probe instead of the 50-ohm direct
coupling. Output level is 0.1 to 10 volts
(relative to input power), dc reference
plus recovered audio to 10 kHz. The
unit is priced at $29.50.

For more information, write to
David R. Corbin Manufacturing, Post
Office Box 44, North Bend, Oregon
97459, or use check-off on page 110.

keyer chip
adds dash memory

A companion to the 8043 keyer-on-
a-chip has been announced by Curtis
Electro Devices. Called the 8044, this
new cmos IC offers dash memory in
addition to the features found on the
8043. These are dot memory, dot, dash
and space completion, instant start, key
debouncing filters, iambic operation, in-
ternal sidetone, weight control and prac-
tically zero power dissipation.

An exact pin-for-pin equivalent to
the 8043, the 8044 yields a top per-
formance one-IC electronic keyer capa-
ble of running on 5 to 12 volt supplies.
Usual power supply is a 9-volt transistor
radio battery. The 8044 may be plugged
into any keyer designed around the
8043 such as that described in the April,
1975, issue of ham radio.

The keyer kits are offered. The
8044-1 contains the 8044, a printed-

More Details? CHECK—OFF Page 110

PIGIY [T
NEW BIPOLAR MULTIMETER:

AUTOMATIC POLARITY INDICATION

Model ES 210K

Displays Ohms, Volis or Amps in 5 ranges =«
Voltage from 100 Microvolls to 500 V + Resisl-
ance from 100 Milliohms to 1 Megohm « Current
from 100 Nano Amps to 1 Amp $£80.00cCase
included. (Optional probe $5.00)

40 MHz DIGITAL FREQUENCY COUNTER:

* Will not be damaged by high power transmission levels,
* Simple, 1 cable connection Lo transmitter’s outpul.

ES 220K — Line frequency time base
1 KHz resolution 5 digi: $79.50. Case extra: $10.00

ES 221K — Crystal time base
100 Hz resolution . . 6 digit: $109.50 Case extra: $10.00

DIGITAL CLOCK:

ES 112K/124K * 12 hour or 24 hour clock. S$46.95
Case extra Metal $7.50

CRYSTAL TIME BASE:
ES 201K - Opt. addition to ES 112K, 124K or 500K
Mounts on board. Accurate to .002% 525.00

I.D. REMINDER:
ES 200K - Reminds operator that 3 minutes and 45seconds
have passed. Mounts on ES 112 or 124 board. Silent LED
flash: $10.95. Optional audio alarm S4 extra

SPECIAL OFFER: Ask about our
unique Clock Kit Special. Prices as
low as $20.00!

Each kit contains complete parts list with all parts, schematic llustrations
and easy to follow, step by step instructions. No special toals required

ORDER YOURS TODAY:
Use your Mastercharge or
Bankamericard

Money Back Guarantee

505!/ Centinela « Inglewood, Ca. 90302 - (213) 674-3021
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NEW! NEW!

NEW!
DELUXE P.C. KEYER

The keyer you can’t afford
not to buy!

In either a 5 volt TTL or a 9 volt C-MOS
version this new module type IC keyer can
be easily adapted to your own custom
package or equipment.

Versatile controls allow wide character
weight variation, speeds from 5 to 50
w.p.m. plus volume and tone control.

Solid-state output switching saves
power, eliminates all those annoying relay
problems and is compatible with both
grid block and solid-state circuitry.

With its side-tone monitor and 90 day
warranty the Data Signal PC Keyer is the
one for you.

TTL Keyer Wired 219.95

Kit $14.95

C-MOS Keyer Wired ;24.95
Kit

19.95
DELUXE RECEIVER PREAMPS

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

TFREQ GELUXE PREAMPLIFIER
(MHE) usE | STAGES KAIN 9B NF 9B KIT WIRED
AT HIGH SINGLE | 25 | 2 [310%0]s1350
14, 21 o 28 FREQ | DOUBLE @ | 2 $20 50 | 526 50
DSCAR SINGLE | 25 2 |s1250]515%

281030 | SPECIAL DOUBLE | 48 7 |3245033050
el SINGLE | 25 7 | 31050413 50
50 10 54 6 METER | DOUBLE | 48 2 |32050)%26 50
e T weF SINGLE 20 25 |3 9503125
108 1o 144 AIRCRAFT | DOUBLE an 1 25 518 50| 324 50
SINGLE | 20 25 [s9%0(s12%

135 10 139 | SATELLITE | DOUBLE | 40 l 25 |s1850[324%0
SINGLE | 20 | 25 |3 930(%1250

144 1o 148 2 METER | DOUBLE | 40 25 |si1850)%24 %0
SINGLE | 20 25 (s 9%0(si2%

146 1a 174 | MIGH BAND | DOUBLE | 40 25 |31850|%24 50
SINGLE 18 25 [s9%0(s2%

220 10 225 | 134 METER | DOUBLE | 35 25 |s1850]%24 %
UHF SINGLE 15 25 [s9s0(s12%

225 18 300 AIRCRAFT | DOUBLE | 10 25 51850 (524 %0
| 1vu30 | WF BROADBAND 9% | ) 31795

Write today for complete details

Data Signal, Inc.

Successor to Data Engineering, Inc.
2212 PALMYRA ROAD, ALBANY, GA. 31701
912-435-1764
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circuit card, a socket and instruction
manual. The 8044-2 kit contains the
foregoing plus the parts necessary to
complete a deluxe keyer exclusive of
chassis, jacks, switches, speaker and
knobs. This keyer will key +300 volts at
200 mA. The 8044 is priced at $24.95,
the 8044-1 kit at $32.95 and the 8044-2
is $57.95. Like the 8043, the 8044
carries a lifetime guarantee,

For further information, contact
Curtis Electro Devices, Box 4090,
Mountain View, California 94040, or
use check-off on page 110.

essential formulae for
electronic and
electrical engineers

This new book by Noel M. Morris
provides all of the essential electrical
and electronic formulas required by stu-
dents, technicians and professional en-
gineers. The rapid growth of electronics
technology has made it practically im-
possible to memorize all the formulas
which are required. This book contains
all the basic equations in the fields of
electronics, electrical engineering, con-
trol systems, measurements, logic, tele-
communications and mathematics. Sec-
tions include electrostatics and electro-
magnetism, complex numbers, ac and dc
circuits, transients, amplifiers and oscil-
lators, modulation and transmission
lines. The Sl system of units is used
throughout.

This book assumes that the reader is
familiar with each of the formulas, so it
does not provide any typical examples
or information describing how to use
them. However, for the serious worker
who frequently needs this information,
this valuable book provides it all in one
place. 26 pages, softbound, 8%x11%
inches, $2.95 from Halstead Press, a
Division of John Wiley & Sons, 605
Third Avenue, New York, New York
10016.

More Details? CHECK—OFF Page 110



tracking voltage
regulators

Three new dual tracking voltage regu-
lator ICs are now available from
National Semiconductor. Called the
LM125, LM126 and LM127 (LM325,
LM326 and LM327 for commercial tem-
perature range), the regulators are de-
signed to provide balanced positive and
negative output voltages at currents up
to 100 milliamps. Input voltage can be
as high as *30 volts, and there is a
provision for external adjustable current
limiting.

The LM125 provides tracking out-
puts of £15 volts making it ideal for op
amp power supplies. It features output
voltages balanced to within 1% and line
and load regulation of 0.06%. The
LM126 provides 12 volt outputs bal-
anced to within 1% and features line
and load regulation of 0.08%, while the
LM127 has +5 and -12 volt outputs
which are compatible with most mos
circuits.

For more information, contact
National Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara,
California 95051, or use check-off on
page 110.

stepped drill bit

The Unibi!,® a versatile single flute
step drill that does the work of thirteen
conventional twist drill bits, is now
available. The first Unibit model, de-
signed to fit any three-jawed %"’
(6.5mm) chuck, is intended primarily
for use with hand-held electric drills. It
has a starting diameter of 1/8" (3mm)

More Details? CHECK—OFF Page 110

The
“STANDARD”
by Heights

Light,
permanently
beautiful
ALUMINUM
towers

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.

ALUMINUM
Self-Supporting

to Assemble
and Erect
All towers mounted
on hinged bases

Complete Telescoping
and Fold-Over

Series available

And now, with motorized options, you
can crank it up or down, or fold it
over, from the operating position in
the house.

Write for 12 page brochure giving doz-
ens of combinations of height, weight
and wind load.

ALSO TOWERS FOR WINDMILLS

HEIGHTS
MANUFACTURING CO.

In Almont Heights Industrial Park
Almont, Michigan 48003
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NEW-~ Saailvd

KEYBOARD and
ENCODER KIT

TITITITINIT T
EEEEEEEREER

53 Keys

One Chip MOS Encoder
Upper and Lower Case
Standard ASCIl Output
Two Key Lockout

* % % %k %

We are happy to announce a new addition to
our keyboard and encoder line, Our new KBD-
3 uses a one chip MOS encoder system to give
you maximum possible features with a mini-
mum number of parts.

This keyboard produces a standard ASCII
coded output that is compatible with TTL,
DTL, RTL and MOS logic systems. You have
the option of wiring the kit for normal type-
writer style output in both upper and lower
case letter, or all upper case format. All com-
mon machine control commands such as “line
feed", *‘return’, “control’, etc. are provided
on the keyboard. Four uncommitted or extra
keys are available for your specific use re-
quirements. Two of these have isolated output
lines to the connector for special functions
such as “*here is",

Keyswitches are standard, full travel style
with gold plated contacts for long troublefree
service, Requires +5 Volts and -12 Volits.

KBD-3 Keyboard and Encoder Kit $49.50 ppd

SOUTHWEST TECHNICAL

PRODUCTS CORP.

219 W. Rhapsody Dept. HR
San Antonio, Texas 78216
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and each of twelve succeeding steps
removes material in 1/32"” (0.8mm) in-
crements up to 1/2” (12.6mm) dia-
meter, Each step penetrates material up
to 1/8” (3mm) thick.

The Unibit is made of industrial
grade high-speed steel, heat treated and
tempered to assure maximum strength
for long wearing, rugged use. It exhibits
superior characteristics when drilling
thinner gauges of sheet metals such as
steel, copper, brass and aluminum as
well as most plastics and wood. Starting
a hole with the Unibit is a snap because
its single flute design eliminates skidding
and the need for center punching. Chat-
ter and vibration are also kept to a
minimum. Its design geometry also
helps prevent the Unibit from penetrat-
ing softer material too fast and
“hogging-in.”

Many other operations, considered
difficult with conventional twist drills,
can be conveniently accomplished using
the Unibit. Its unique cutting edge angle
automatically de-burrs a hole, eliminat-
ing a time consuming countersink tool
change. The Unibit allows for sizing or
aligning and reaming operations, drilling
intersecting holes as well as enlarging a
slot or a square into a round hole. In
addition, the Unibit is available with a
special non-slip key on its shank that
prevents it from spinning in the chuck.

The newest Unibit drill, Model II,
enables the drilling of eight round holes,
sizes 9/16-inch (14.5mm) to one-inch
(25.5mm), with a single bit. The Unibit
Il requires a starting diameter of 1/2-
inch (12.5mm) or larger and removes
material in 1/16-inch (1.5mm) incre-
ments in eight steps.

Designed for use with any 1/2-inch
drill chuck, Unibit Il works equally well
with hand-held electric drills as well as
drill press equipment. The Unibit 1l is
made of industrial grade, high speed
steel, heat treated and tempered to
assure maximum strength for long wear-
ing use. It's patented design features a
single flute to assure smooth penetra-

More Details? CHECK—OFF Page 110



tion of materials and, unlike conven-
tional twist drills, it is easily sharpened
without special tools. Unibit Il is ex-
tremely versatile and allows the user to
perform many operations including
intersecting holes, making round holes
from slots, hole de-burring and a “hole-
opening’’ reamer.

Unibit literature, information and
prices are available by contacting the
Unibit Corporation, Box 331, Depart-
ment 2, Wyoming, New York 14591, or
by using check-off on page 110.

how to use
ic logic elements

Just released and completely illus-
trated, this new book by Jack Streater is
designed to help the engineer or techni-
cian who has not previously used or
designed digital logic circuits meet the
challenge of digital ICs in electronics. The
practical problems and limitations of con-
necting IC logic elements into logic
systems to accomplish the required result
are thoroughly covered.

The first two chapters cover binary,
BCD, and decimal number systems and
Boolean algebra with its applications to
simple switching circuits. The next two
chapters discuss gates and gate combina-
tions, and the following chapter explains
bistable elements and their uses. Then the
logic families (RTL, DTL, TTL, ECL,
CTL or CML, MOS and diode logics) are
discussed and compared.

Another chapter is devoted to off-the-
shelf logic elements — breadboarding,
testing, troubleshooting and locating
sources of data on integrated circuits. The
final chapter includes experiments to aid
in understanding the operation of logic
circuits. A glossary of digital terms has
been included as an appendix.

Soft cover, 160 pages, $4.50 from HR
Books, Greenville, New Hampshire
03048.

More Details? CHECK—-OFF Page 110

NEW! HR-440

12 Channel
440 MHz FM Transceiver

_ American Made
wm, Quality at Import Price g

Delivers 10 Watts of Power
and 12 Channel Capability

You'll like the crystal clear transmit
and receive performance of
this compact 440 MHz unit . . .
and so will those listening.
Solid state design brings you
the best in American Made
circuitry. Features include
Automatic Frequency Control and
UHF power module. Frequency
range is 420-450 MHz, with 0.5 av
tune-up sensitivity and 3 watts
audio output. No need to worry
about current drain, either. And
all of this for the low, low price

of only sadgnu

__, Amateur Net
Fec,‘emci ELECTRONICS, INC.

7707 RECORDS STREET
INDIANAPOLIS, INDIANA 46226

An FM Model For Every Purpose ..
Every Purse

HR-6
12 Channel-25 Watts

e

ACT 10H/L/U
3 Band-10 Channel

HRT-2
5 Channel Hand-Held
6 Meter FM Transceiver 2 Meter FM Transceiver FM Scanner Receiver
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Heathkit"104...

...New performance

standard for
SSB transceivers

A revolutionary "'new generation” transceiver. It's
completely solid-state and totally broadbanded to
eliminate preselector tuning. And the output can
be instantly switched from 100 watts to 1 watt. The
true digital readout offers resolution down to 100
Hz and outstanding tuning accuracy. Receiver in-
termodulation distortion has been minimized and
there are very few active devices ahead of the
highly selective crystal filter. Adjacent channel
overload is negligible, yet sensitivity is better than
1 uV (.6 uV typical) and front-end overload is dra-
matically reduced. The 104" is 12 VDC-powered
for mobility and the optional HP-1144 fixed station
supply fits inside the SB-604 speaker cabinet. An
optional noise blanker can be installed in the
“104" and an optional 400 Hz crystal filter im-
proves CW selectivity.

Kit 5B-104, 31 Ibs., mailable ... ............. 669,95*
Kit SBA-104-3, 400 Hz CW crystal filter,

BT T s o o 36.95*
Kit SBA-104-1, Noise blanker, 1 Ib., mailable ..... 26.95*
Kit SBA-104-2, Mobile mount, 6 Ibs,, mailable .. ... 36.95*
Kit HP-1144, Fixed station power supply,

28 Ihs, mallable: oo e e 89.95*

S$B-230 — the lowest-cost
conduction-cooled linear around

The SB-104's "silent partner.” 1200 watts PEP or
1000 watts CW from less than 100 watts drive. It's
rated at 400 watts input for slow-scan TV and
RTTY. The high-efficiency Eimac 8873 triode is
double-shielded to reduce stray RF and a massive
heat sink replaces noisy fans and blowers. The
230" assembles in just 15 to 20 hours with no
alignment.

Kit $B-230, 40 Ibs., mailable
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S$B-634 station console combines
5 convenient accessories

The "634" performs 5 important functions—a 10-
minute digital ID timer with visual or visual and
audible indicators an RF wattmeter that reads 0-
200-or 0-2000 watts with =10% accuracy, an SWR
bridge, a hybrid phone patch that can be used
manually or with VOX control, and a 24-hour digi-
tal clock that runs independently of all other func-
tions. It's a must for every well equipped station.

Kit SB-634, 14 Ibs., mailable 179.95*

SB-614 station monitor shows you
how clean your signal is

Highly visible 1%2 x 2" CRT detects problems that
can reduce the effectiveness of your signal — non-
linearity, insufficient or excessive drive, poor car-
rier or sideband suppression, regeneration, para-
sitics and CW key clicks. It monitors SSB, CW
and AM signals from 80 to 6 meters. Push-pull
drive for keystone free trace; automatic sync
sweep generator with 3 ranges from 10 Hz to 10
kHz. Can be used as an ordinary oscilloscope
from 10 Hz to 50 kHz.

Kit SB-614, 17 Ibs., mailable

SB-644 remote VFO

Designed exclusively for the SB-104. it provides
split transmit and receive control and you aren't
frequency-limited in any way — transmit at one
end of the band, receive at the other. The "644"
even has two crystal positions for fixed-frequency
control. The “644" has a linear dial, but the exact
frequency is displayed on the "104's” digital read-
out. The display automatically changes when
switching from transmit to receive.

Kit SB-644, 10 Ibs., mailable

SB-604 station speaker —

response-tailored to SSB

Designed to match the SB-104 in styling and per-
formance, The "604" uses a 5 x 7", 3.2-ohm
speaker. And there's room inside for the HP-1144
power supply. With connector cable and plug.

Kit SB-604, 8 Ibs., mailable

More Details? CHECK—OFF Page 110



Heathkit"202...

...top value
standard for
2-M transceivers

The HW-202 puts you on “two" at a price you want
to pay, with the features you need. It operates on
any 2 MHz segment from 143.9 to 148.3 with inde-
pendent selection of 6 transmit and 6 receive
channels, and all 12 can be netted. A solid 10
watts min. transmitter output, a hot 0.5 xV re-
ceiver sensitivity. Dual-gate MOSFET front end...
IC IF...dual conversion...10.7 MHz crystal filter
...built-in hash filter/voltage regulator...crystals
for 146.94 MHz...push-to-talk mike...quick-con-
nect cable for 12 V hookup...antenna coax jack
...quick-release gimbal mount...complete align-
ment procedures using the front panel meter...
and a complete line of accessories to put you on
“two'’ with maximum versatility and low cost.

Kit HW-202, 11 Ibs., mailable

Crystal Certificates.

Order from Heath, mail certificates to crystal mftr.,
get the crystals you specify, postpaid.

HWA-202-6, one Transmit Crystal certificate ....... 5.95*
HWA-202-7, one Receive Crystal certificate ........ 5.95*

Tone Burst Encoder.

Put this in your “202" so you don't have to whistle
while you work repeaters. 4 tone buttons can be
preset to any tone between 1800 and 2500 Hz.
Burst duration is adjustable. Stability is *1%
from —30° to +50°C. Mounts behind removable
front panel bezel of your 202",

HWA-202-2, 1 Ib., mailable

AC Supply.
To work your “202" as a fixed station. Delivers
13.8 VDC @ 2.2A. with better than 1% regulation.

More Details? CHECK—OFF Page 110

Circuit breaker protected. Wire it for 120 or 240
VAC. Includes 3-wire line cord and transceiver
cables.

HWA-202-1, 7 Ibs,, mailable

40-watt 2-M Amplifier.

Hauls up fringe repeaters by putting out a mini-
mum 40 W from 10 W input. Only 7A battery drain,
and so compact (3 x 4% x 52) that it fits any-
where. Internal antenna changeover relay and
sensing circuitry for automatic T/R switching.
Tuned input/output circuits for low spurs and cov-
erage of any 1.5 MHz portion of 143-149 MHz.

Kit HA-202, 4 Ibs., mailable ................... 59.95*
Mobile 2-M antenna; % -wave whip w. rear deck
clip mount has 3.4 dB gain over Ya-wave. Inc. 17’
coax.

HWA-202-3, 2 Ibs., mailable
Fixed 2-M antenna; % -wave vertical w. radials has
3.4 dB gain over Ya-wave; for mast mt.; less coax.
HWA-202-4, 4 Ibs., mailable .................... 17.95*

New mobile 2-M colinear; V4 & %-wave phased
radiators; 5.2 dB gain; swivel trunk lip mt. 17’ coax.
HWA-202-9, 3 Ibs., mailable ................... 37.95*
New fixed 2-M colinear; two % -wave phased radi-
ators; 6 dB gain; for mast mt. Heavy duty. Less
coax.

HWA-202-10, 8 Ibs., mailable

Send for FREE Catalog
W Dept. 122.09
Benton Harbor, M| 49022

- * &
g =
[] Please send free catalog
[JEnclosed is . please send models

Heath Company,

———

AT

e i e

MaiL OROEN PRICLS] F.0.0, FACTONY

AM-313B
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Power for the
Professional!

New Proto Boards
PB-203 and PB-203A
with built-in
regulated
short-proof

power supplies!

Ready-to-use. Just plug in and start

building! 2 extra floating 5-way binding

posts for external signals (PB-203 only). Completely
self-contained with power switch, indicator lamp and power
fuse. 24 14-pin DIP capacity. All metal construction . . .

no chipping or cracking as with plastic cases. Two-tone
Quality case makes both PB-203 and PB-203A aesthetically,
as well as technically attractive.

Continental Specialties Corp. offers
a total line of breadboard test devices
.. . everything from inexpensive kits
to high-power professional units and
logic monitors too. Each high quality,
compact unit comes with a guarantee
of complete satisfaction or your
money back within 10 days. Here are

but five of the “hottest” items we make. . .

;"“'-- T

PROTO BOARD
100

Complete Kit . . .

A complete mini- -
breadboard budget 1 995
kit with full IC capacity

Add $1.50
shipping/handiing
The PB-100 is a low cost, big 10 IC capacity
breadboard kit, complete down to the last nut, bolt
and screw. Includes 2 QT-35S Sockets; 1 QT-358B
Bus Strip; 2 5-way binding posts; 4 rubber feet:
screws and easy assembly instructions. 4.50”
(114.3mm) wide x 6.00” (152.4mm) long x 1.35"
(34.3mm) high. Order your PB-100 kit! Start building
and testing now!




PB-203 PB-203A
* 3 OT-59S Sockets ® 3 QT-59S Sockels
= ® 4 QT-59B Bus Strips ® 4 QT-59B Bus Strips
5 ® 1 QT-47B Bus Strip e 1 QT-47B Bus Strip
S ® Fuse ® Power Switch ® Fuse ® Power Swilch
o ® Power-On Light ® Power-On Light
o ® 9.75"L x 6.6"W x 3.25"H ® 9.75"L x 6.6"W x 3.25"H
- ] ® Weight: 5 Ibs. ® Weight: 5 Ibs
EL ® 5V, 1 AMP regulated power ® 5V, 1 AMP regulated power
@ supply supply (same as PB-203)
® +15V, V2 AMP regulated
2 power supply
m e —15V, V2 AMP regulated
o power supply
~
]
: 75. 120.
m Add $2.50 shipping/handling Add $2.50 shipping/handiing
©
% QUTPUT SPECIFICATIONS OUTPUT SPECIFICATIONS
214 Output Voltage 5V =+ %V Output Voltage 15V, internally
- Ripple & Noise @ %2 AMP adjustable
o 10 millivolts Ripple & Noise @ ' AMP,
Load Regulation Better than 1% 10 millivolts
Load Regulation Better than 1%

Continental
Specialties Corp.
LOGIC MONITOR
brings ICs to life
faster than a scope...
safer than a

voltmeter

LM-1 8

95

Self-contained, pocket size. No
adjustments or calibrations needed.
Puts life into digital designs. Just
clip to any DIP IC up to 16 pins.
NO POWER SUPPLY NEEDED!

- Simultaneously displays static and
: dynamic logic states of DTL, TTL,
HTL or CMOS on 16 large high Intensity LEDs. Watch
signals work through counters, shift registers, limers,
adders, flip flops, decoders, entire systems. Concentrate on
signal flow and input/output truth tables. Forget probe
grounds, pin counting or sync polarity. Precision plastic
guides and flexible plastic web" insure positive connections.
Versatile. Fast. Accurate. Indispensable. Order yours today!

L8 m G/61 J1aquardas

each

Add $2.50 shipping/handling

E==SE=PROTO-CLIP offers power-on...
hands-off signal tracing...under $5!

Trace signals or troubleshoot
fast. Inject signals or wire
unused circuits into existing
boards. Flexible plastic web®
construction eliminates
springs and pivots. Plus, the
narrow throat is perfect for
high density pc boards.
Order now!

PC-14 14-pin Proto-Clip: $4.50 ea.
PC-16 16-pin Proto-Clip: $4.75 ea.
Add $1.00 shipping
and handling

Scope probes,
test leads lock
onto unique
toothed grips
Yo N‘ -. 3 >

COPYRIGHT CONTINENTAL SPECIALTIES CORPORATION 1975

All Continental Specialties breadboard test devices
are made in the USA, and are available off-the-shelf
from your local distributor or CSC. Direct purchases
may be charged on BankAmericard, Master Charge
or American Express. You get a FREE English/Metric
conversion slide rule with each order. Foreign
orders please add 10% for shipping/handling.
Prices are subject to change. Write or phone for
complete illustrated catalog, plus the name and
address of the CSC dealer nearest you.

*Patents Pending

1] o—

CONTINENTAL SPECIALTIES CORP.

44 Kendall St., Box 1942, New Haven, CT 06509 - 203/624-3103
West Coast Office: Box 7809, San Francisco, CA 94119 + 415/383-4207
CANADA: Available thru Len Finkler Ltd., Ontario



CRYSTAL FILTERS
and
DISCRIMINATORS

XF9-NB
We are pleased to announce the latest addition to the KVG high performance 9 MHz crystal
filter line. The XF9-NB is a 500 Hz band width filter designed for CW reception and narrow band
digital data circuits. Its characteristics almost eliminate the ringing effect present in less sophis-
ticated narrow band filters. The XF9-NB, like all other KVG 9 MHz filters, has internal input and
output transformers to facilitate matching its natural impedance to adjacent circuit stages.

Write for detailed specifications. Price $63.95
Export inquiries invited. Postage 50¢

VHF PREAMPLIFIERS

We are pleased to announce the introduction of VHF pre-amplifiers for the 50, 144 and 220 MHz
bands. They consist of a two stage wide band amplifier (no tuning required) with twin outputs
for feeding two independent receivers. They are especially useful for rejuvenating older con-
verters/receivers. Additionally the twin output feature has many advantages for twin operating
and similar multi-channel receiver situations. They are constructed on glass-epoxy G10 P.C.
board mounted in our standard die-cast aluminum box.

MMa 50 MMa 144 MMa 220
Freq. Range (MHz) 50-54 144-148 220-225
Nom. Gain 20dB 16dB 15dB
N.F. (typical) 2.5dB 2.8dB 3.4dB

$29.95 $29.95 $34.95

Power 12V D.C. at 20ma typical
147 x 24" x 414" plus connectors
Specifications apply to 50 ohm input/output system.

Shipping $1.00.
VHF CONVERTERS UHF

MMc 50 MMc 144 MMc 220 MMc 432 MMc 1296
RF Freq. (MHz) 1 50-54 144-148 220-224 432-436 1296-1300
IF Freq. t 28-32 28-32 28-32 28-32 28-32
N.F. (typical) 2.5dB 2.8dB 3.4dB 3.8dB 9.0dB
Nom. Gain 30d8B 30dB 26dB 28dB 20dB
$53.70 $53.70 $64.45 $64.45 $85.95
Power 12V D. C. SPECTRUM

1* x 214" x 414" 4. connectors

Very low N. F. units on special order. . INTERNATIONAL
tOther ranges, amateur & commercial, to order. BOX 1084 CONCORD
Shipping: Filters, $.50: Converters, $1.00 MASSACHUSETTS 01742
U. S. A

WANTED FOR CASH

{€¥¢

5 |

~d ® % et i
490-T Ant. Tuning Unit ARC-51 Control Box g— J ransceiver
(Also known as CUlG658 } r P { (also known as MRC95,
and CU1669) ARC-51 Transceiver-3» l__'r -‘- 483 ARC94, ARC102, or VC102)

Highest price paid for these units. Parts purchased.
Phgone Ted, W2KUW collect. We will trade for new THE TED DAMES co-
amateur gear, GRC106 and PRC74 also required. See 308 Hickor 2456treet Arlington, N.J. 07032

HR last issue for other equipment required. (201) 99 Evenings (201) 998-6475

82 ﬂ september 1975 More Details? CHECK—OFF Page 110



Thousands...

of Drake

TR-3 and TR-4
Sideband
Transceivers
are giving
dependable
service...

many of them
since 1963!

o —

v TR-4C
the Drake an
is already surpassing their record!

Now at your dealer's
@ R. L. DRAKE COMPANY
® 540 Richard St., Miamisburg, Ohio 45342
Phone: (513) 866-2421 Telex: 288-017

More Details? CHECK—OFF Page 110 september 1975 [l 83
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. o CEEEEEEED €.
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- )
250 MHz FREQUENCY COUNTER
MODEL 4X6C

(includes temp. compensated oscillator —
.00059% from —30* to +60°C.)

SPECIFICATIONS

Frequency Range . . .......... 500 kHz — 250 MHz
Sensitivity . . ......... Less than BO mV at 150 MHz
T P PP - P i 50 ohms
Max. Input Voltage ............ 15V rms, 50 V dc
Time Base .. ......Crystal Clock plus-minus 10 ppm

0°C to 40" C ambient
ROBIOUR + . 00765500 8 wvninas 6 Digit 7 Segment LED
POWRE s.urae 54 35 0 woaraie i mis e dnaisnie e i i 120 V ac
Dimensions . ................24"H,10"L,7°D
CBDINOL . vvervnrirssnnssassasnssnsss Light blue
PRICE cas s s s s $270.00 fob Shawnee

Include $2.50 to cover (Wired and Tested)

Postage and Insurance

BANKAMERICARD

Phone:
405-273-9024

K-ENTERPRISES OFFERS:

PD 301 PRESCALER
with Power Supply
Kit $43.50 Assembled $55.50

Add $1.50 Postage & Insurance

Model PD 301 is a 300 MHz prescaler designed
to extend the range of your counter ten times.
This prescaler has a built-in preamp with a
sensitivity of 50 mV at 150 MHz, 100 mV at 260
MHz, 175 mV at 300 MHz. The 95H90 scaler is
rated at 320 MHz. To insure enough drive for
all counters, a post amp. was built-in. The pre-
amp has a self contained power supply regu-
lated at 5.2V 4 .08%. (Input 50 Ohms, Out-
put Hi Z)

All prescalers are shipped in a 4" by 4" by
114" cabinet. All are wired and calibrated.

AL

K-ENTERPRISES 1401 E. Highland « Shawnee. Okla. 74801

R-X NOISE BRIDGE

= Learn the truth about your antenna.

* Find its resonant frequency.

¢« Find R and X off-resonance.

* Independent R & X dials greatly simplify
tuning beams, arrays.

* Compact, lightweight, battery operated.

« Simple to use. Self contained,

* Broadband 1-100 MHz.

* Free brochure on request.

*  Order direct. $39.95 PPD U.S. & Canada

(add sales tax in Calif.)

PALOMAR

BOX 455, ESCONDIDO, CA 92025

POLICE CALL

FREQUENCIES/CALL LETTERS/
AREAS OF OPERATION
e Police * Ambulance * Rescue Squad
o Fire * Paramedic * Government
1975 EDITION

® 9 Volumes now available

Price . . .$4.95 per volume, plus postage and handling.
B0 per volume for first class or
30 per volume for fourth class
New Jersey residents add 25¢ per volume for
sales tax

® VOLUME 1 ... Connecticut, Maine, Massachusetts, New
Hampshire, New York, Rhode lsland,
Vermont

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

® VOLUME 3 Ohio, Michigan

® VOLUME 4 . Iinais, Indiana, Kentucky, Wisconsin

o VOLUME 5 . lowa, Kansas, Minnesota, Missouri,
Nebraska, North Dakota, South Dakota

® VOLUME 6 District of Columbia, Florida, Georgia,
North Carolina, South Carolina, Virginia,
West Virginia

® VOLUME 7 Alabama, Arkansas, Louisiana,
Mississippi, Oklahoma, Tennessee, Texas

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

* VOLUME 9 California, Oregon, Washington

Send Money Order or Check to:
POLICE CALL MAGAZINE
LEBANON, NEW JERSEY 08833

84 september 1975
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an extraordinary
combination of
digitally synthesized

receivers...

each with buiit-in capacity to satisfy
a broad spectrum of singular applications.

ITT Mackay Marine 3020A and 3021A Radio Receivers
feature solid state construction, dual conversion and
super-heterodyne design providing continuous frequency
coverage from 15kHz to 29.9999MHz. Frequency selec-
tion is accomplished by step tuning, while the 3021A
Receiver uses sweep tuning. These receivers meet strict
requirements of British MPT, German FTZ, Norwegian
NTA, Dutch and Spanish PTT and Canadian DOC, and
can be used wherever maximum reliability and ease of

maintenance are required.

Write or call Ed Engebretson, General Sales Manager
(K41QD), today for complete information on these two

quality, high performance receivers.

ITT Mackay Marine, 2912 Wake Forest Road, Raleigh,

North Carolina 27611. Telephone: (919) 828-4441,

ITT Mackay Marine
Mr. Ed Engebretson, General Sales Manager
2912 Wake Forest Road
Raleigh, North Carolina 27611
Please send complete FREE information on the
exciting new:
[J 3020A Step Tuning Receiver
[1 3021A Sweep Tuning Receiver

NAME TITLE —_—
COMPANY — — — —
ADDRESS —
CITY —________ STATE ZIP e
COUNTRY _

Federal Supply Schedule Group 58 Part VI,
Contract GS-005-24018

ITT Mackay Marine

More Details? CHECK—OFF Page 110
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CRYSTALS

$3.95 ea.

plus postage I 1
Fla. residents 49, Sales Tax -

2 Meter Amateur Crystals in the 144-148 MHz Band. For All SAVOY part numbers.
Write for FREE EQUIPMENT and PART NUMBER LIST.

Most Amateur equipments can use SAVOY standard part number at the LOW —
$3.95 price.
If Standard Part numbers do not fit your equipment, send us crystal specifications
you desire. Advise frequencies & quantities required. We will quote price & delivery.
Postage: (Continental U.S.A.)
PP or 1st Cl. & handling add 10¢ per crystal
Airmail & handling add 15¢ per crystal

Prices subject to change without notice

Savoy Electronics.Inc.

P. O. Box 5727 — Ft. Lauderdale, Florida 33310
Tel: 305-563-1333

LEARN RADIO CODE

THE EASY WAY!

® No Books,To Read

® No Visual Gimmicks To
Distract You

® Just Listen And Learn

If you're a HAM and live or travel
in New England, you’'ll eventually
discover us. Why wait? Come in
now and let us assist you in your
equipment selection.

techniques—This course will take

NEW ENGLAND'S HAM HDQTRS. :

Sells & Services: 9'95 LESS THAN HALF THE TIME!
| t i i i
ATUAS NEWTRONICS Album contains three 12  Available in Cassette also

LP's 2% hr. Instruction for only $10.95.
BOMAR CRYSTALS REGENCY

CUSHCRAFT STANDARD £ PSi Lo N Eﬂ RECO RDS

DUPLEXER KITS TEN-TEC
EMERGENCY BEACON VHF ENG. 508 East Washington St., Arcola, lllinois 61910

ITC MANY OTHERS

Our large inventory also includes ALUM'NUM TOWERS

kits, amateur radio publications and % TELESCOPING
ment in the Boston area. * WALL MOUNTED
Our business is devoted entirely to * GUYED
Amateur Radio! é * FREE STANDING
&
i
&

Based on modern psychological

the largest selection of used equip-

HAM COMMUNICATIONS
QUALITY MADE * LOW PRICED
ALUMA TOWER DIVISION

386 MAIN STREET FRED FRANKE, INC.
MEDFORD, MASS. 02155 g DO e P NE (308 se7dass o0
r SOME TERRITORIES AVAILABLE

TUFTS EXCELLENT FOR

RADIO ELECTRONICS
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IS 1.V ANTENNAS . ..

They're heard when others aren’t

Some well known band openers are:

e KLM’'s 20 METER 5 ELEMENT “BIG STICK"
e KLM's 6 METER 8 & 11 ELEMENT

e KLM's 2 METER 12, 14 & 16 ELEMENT

e KLM's 220 MHz 14 ELEMENT

AND NOW

Winner in the 1975 West Coast VHF-UHF Antenna Measuring Contest . .

KI.M’s NEW 432 - 16 Element Long Boom (12')

Specifically Optimized for 432 MHz (430-440)
(8 will give you Eme capability)

15.0 dB over dipole

Also . . . Brand New for the 420-450 MHz Band

4 NEW AMPLIFIERS
® PA 10-35C 10 WATTS INPUT 35 WATTS OUT
® PA 240C 2 WATTS INPUT 35 WATTS OUT
® PA 10-70C 10 WATTS INPUT 70 WATTS OUT
® PA 2.70C 2 WATTS INPUT 70 WATTS OUT

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

NEW ECHO Il OPTIONS AVAILABLE:
PREAMPS ASSEMBLED $20.95
PREAMPS INSTALLED IN ECHO II $25.95
USB/LSB ASSEMBLED . $22.95
USB/LSB INSTALLED IN ECHO Il . $27.95

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

KI.M ELECTRONICS
1600 DECKER AVE.
SAN MARTIN, CA. 95046

408-683-4240
408-226-1780

More Details? CHECK—OFF Page 110 september 1975 87



0PTOEI.ECTRONICS INC. Eﬁﬁu%'?aé’s"ﬁ??gﬂgsﬂ“ s

+ § Digits Hrs-Min-Sec . Drilled Fiberglass PC Boards « 50 or 60 Hz. Op. [ —
* Choice of Six Displays * All Kits Complete Less Case * Guaranteed Compnnnnt: | I
Clock Kits Clock-Calendar-Alarm Kits LED Display Options
i, dbs AT s 33 | o
A , . ¥ -3 (B)MAN-7 i
5314-AY 2095  7001-AY 3495  YELLOW .3” (GMAN8 | K orte e
5314-AG  20.95 7001-AG 34.95 GREEN a* (6)MAN-5 $1.00 per order. We
5314-B 22.95 7001-B 36.95 D A4n (6)MAN-B4AL pay all other ship-
5314.C 24.95 7001-C 38.95 RED .6” & .3" (4)DL-747 &(2)MAN-7 ping. Fla. res. add
CLOCK-CALENDAR-ALARM KITS (IN ADDITION TO ABOVE) FEATURE: 49 tax. COD & cred-
* 28-30-31 Day Calendar » Time Base Oscillator for AC Failure Battery Back-Up it card orders ac-
* Display Alternates Time & Date * AM/PM Indicator * 24 Hr. Alarm & 10 Min. Snooze cepted by phone day
This Kit Uses The Fantastic CT-7001 Chip For The Person Wanting Everything In A Clock Kit or eve.
Instructions Include Info To Customize Circuit With Options Such As Aux. Timer, Alarm On IND, etc.

CABINET 71735 Wt ST
PSLDE;.IIELAS l;l:ASSIS

3" HIGH /&~
6% WIDE , 25 I
512" peep | 2334 $6.50 wirs any cLock kit

Chassis Serves As Bezel To Increase Contrast of Digital
Displays. Use Grar With Any Color — Red With Red
Displays Only (Red LED's with Red Chassis Brightest)

JUMBO LED's Red-Green-Yellow

ANY MIX 6/%$1.00 100/$14.00
LED PANEL MOUNTS 6/45¢ 100/% 6.50

Bi-Polar LED's Lights Red One Polarity Green Rev. $1.25

25 AMP FULL WAVE BRIDGE 100 PIV

— DIODE PACKS —
sy SLON mr o
7 3/$5.00 RI%E 5078300

MICROPROCESSOR  &.27 | 2102

$2595 | 1K RAM
8008 Jom | 2

PLEXIGLAS FOR READOUT BEZELS 37 x 67 x %"
GRAY OR RED 75¢ ea. 2/$1.25 Approx. Size

— IC SPECIALS — SUPER BRIGHT

CT-7001 Clock- cal 55 95 SZ? .00

MM-5314 Cloc 800 7-SEG LED

TCA30 Tone S, 2. gg lg 00 MAN-64AL
imer . .

4250 P. OP Am 125 500 13MA/SEG

723 T0.100 40V C 75 3.00 RPN DIp

723 M-DIP £40V .75 3.00 A" CHAR. HT.

09 T0-3 5V 1.50

JokdzTo31v 198 s3] $1.85 10/$18

oLD OLD oLD
RELIABLE RELIABLE

$495.00 RX 1 ROTATOR $495.00

10 YEARS OF PROVEN SERVICE. THE HEAVY
DUTY ROTATOR THAT WILL TURN ANY BEAM
ARRAY YOU WANT TO INSTALL. CONTROL
BOX TO MATCH S LINE. 115VAC SELSYN IND.
380 DEGREES ROTATION, LIMIT SWITCH UNIT
IS 914" DIA. 28" IN HEIGHT.

Bt b v OB B
Designed Built Backed
by ANTENNA MART
Box 7, Rippey, lowa 50235

ARR 5 SOLID STATE
= VHF RECEIVER

Easily converted to 2-
meter FM, Now set for
163-173 MHz, 16 chan-
nels. $19.95 postpaid
continental US: Includes
schematic diagram and
conversion details. As de-
scribed in  the Surplus
Sidelights Column, (Pg.
58 Oct. CQ

: i $
BE=mm| OVER 300 SOLD POSTPAID
W BankAmericard & COD Welcome

Electronic Equipment Bank, Inc.

516 Mill Street, N.E. Vienna, Virginia 22180
(703) 938-3350

DUPLEXER KITS

PROVEN DESIGN. HUNDREDS SOLD IN US, CANADA,
EUROPE. CONSTRUCTION WELDED ALUMINUM_ IRIDITE
& SILVER PLATED. SEE JAN. 74 QST RECENT EQUIP-
MENT. ALL PARTS PROFESSIONAL QUALITY. EVERY-
THING SUPPLIED. NO SPECIAL TOOLS. RECEIVER &
TRANSMITTER CAN BE USED FOR TUNE UP.

MOD. 62-1 6 CAVITY 135-165 MHz POWER 250W
ISOLATION GREATER THAN 100dB 600 kHz.
INSERTION LOSS .9 dB MIN. TEMP STABLE
OVER WIDE RANGE PRICE $349.00

MOD. 42-1 4 CAVITY SAME AS 6 CAVITY EXCEPT
ISOLATION GREATER THAN 80 dB 600 kHz
INSERTION LOSS .6 dB MAX.  PRICE $249.00

NORTH SHORE RF TECHNOLOGY

9 SOUTH ST SALEM MASS 01970
TEL. (617) 745-4177

88 september 1975
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SAVE $$$ AT THE FM
SUPERMARKET OF VALUES!!

YOU CAN INDEED SAVE $$$. ALL OF THE ITEMS WE ARE OFFERING THIS
MONTH ARE AT THE LOWEST PRICES WE'VE SEEN ANYWHERE. DON'T
DELAY . . . AT SUCH PRICES WE DON'T EXPECT STOCK TO LAST TOO
LONG . . . ORDER NOW.

GENERAL ELECTRIC VOICE COMMANDER III

SOLID STATE XCVR =T ONLY

IDEAL FOR STRIPPING -
CONVERTIBLE TO 2 MTR — 529'9§ shipping
1 WATT TRANSMIT - .
NICADS INCLUDED 3",:“’"‘,5“"""’"
UNCHECKED BUT COMPLETE Extra Nicad

External Mic.

DON'T MISS OUT ON 220 MHz

220'S REALLY GROWING. IN AREAS LIKE CHICAGO 223.5 IS A BUSY SIMPLEX CHANNEL.
HERE'S YOUR CHANCE TO GET IN ON THE FUN WITH LITTLE INVESTMENT AND YET
WITH A QUALITY RADIO. CHECK THESE FEATURES:

COBRA VHF 200

All solid state fm XCVR

e

Individual trimmers all xtals
‘ . .5uv receiver or less
Powin e Uses same xtals as Midland
Special group price available. ONLY 5189.95 & shipping

Call for details.

PROTECT YOUR MOBILE INVESTMENT

SELF CONTAINED, COMPACT AUTO THEFT ALARM AT UNBELIEVABLY LOW
PRICE. PROTECT YOUR VALUABLE MOBILE. NO SWITCHES TO INSTALL FOR
INTERIOR PROTECTION. ANY INTERIOR LIGHT GOING ON TRIGGERS THE
ALARM. NOT AFFECTED BY AUTO CLOCKS. CHECK THESE FEATURES:

ONLY 4 WIRE HOOK UP
BUILT IN YELP SIREN (110 DB)
$29 95 BUILT IN SENSING CIRCUIT
; o USUAL INSTALL TIME 1 HOUR OR LESS
+ shipping PRICED LESS THAN MOST SIRENS ONLY.

‘ , @ ik 10 watts output .
. o ® . 12 channels (223.5 supplied)
CORRA @20

TERMS OF SALE: Sales to licensed Radio Amateurs for use on Amateur freqs only. All
prices FOB Oak Park, IL. Check with order, COD or you can charge to
your BankAmericard or Master Charge.

STORE HOURS: Mon.-Thurs. 9:30-6:00, Fri. 9:30-8:00, Sat. 9:30-3:00. Closed Sun. & Holidays
INQUIRIES WITHOUT ZIP CODE OR CALL . .. NO ANSWER
WANTED: Good used FM & test equipment. No quantity too large or small. Finders fees too.

SPECTRONICS INC.
1009 GARFIELD STREET
OAK PARK, ILL. 60304
(312) 848-6778
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“MINI-PORTABLE” DIPOLE KIT

. P

Mounts vertical or horizontal - Electrical 1/2 wave length

Go Mobile!
“‘RESONATORS"'

40 or 20 Meters

9%

in Cont’l USA

For mast, windowsill, boat, mobile home, or auto
Quick erect - Up to 500 watt PEP. Hi-Q helical resonators
Tuneable tip rod - 15’ approximate length - 40 or 20 meter

band models * add $5.00 for prepaid shipping

RADIO KiNG

25326 CRENSHAW BLVD., TORRANCE, CALIF. 90505
PHONE: (213) 534 -4456

50 HZ PRESCALER

MODULE

Only 35 mv. required at 500 Mhz.
20 mv. at 150 Mhz.

Miniature size: 1.5 x 1.5 x .4 inches
Fits right into existing equipment

F/10 output, TTL compatible
Overload Protected up to 2 volts input
Requires 12 to 15 VDC at 100 ma. max.

Measures a 1 watt transmitter from 6 feet
using a 1/4 wave antenna at 500 Mhz.

PS-M Prescaler Module wired & tested $ 99.00

Still available: Prescalers with 110 VAC
power supplies, 150 mv. sensitivity, F/10
and F/100 outputs, 3 x 4 x 1.5 inches
PS-K kit...$89.00 PS-A...$109.00

All orders ptease add $.85 ftor shipping
Calif. residents add 6§ sales tax

=EBEVy asEmmiagmm

P.0. Box 961 R
Temple City, CA 91780

CATALOG

GOVERNMENT SURPLUS
ELECTRONIC EQUIPMENT

For 1975

FREE UPON REQUEST! Write for
Copy of Catalog WS-75 Now!
Address: Attention Dept. HR

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 - LIMA, OHIO - 45802

Confused? There is only one
way to go for high-quality FM
kits!

VHF & UHF FM TRANSMITTERS
VHF & UHF FM RECEIVERS
VHF & UHF CONVERTERS
VHF & UHF PREAMPLIFIERS

SCAN ADAPTERS
RCVR ALIGNMENT OSCILLATORS
Designs featured in Ham Radio Articles
— Send SASE for catalog —

HAMTRONICS, INC.

182 BELMONT RD., ROCHESTER, N. Y. 14612

920 september 1975
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N NN Y NN SEEN SN NN BENN BN BN CLIP OUT AND ORDER NOW -----—---l

THIS PAGE IS YOUR ORDER BLANK!
ORDER NOW AND SAVE!

Specials at Unbeatable Prices

_GENAVE, 4141 Kingman Dr., Indianapolis, IN 46226 (317+546-1111)
- HEY, GENAVE! Thanks for the nice prices! Please send me:

6TX-200-T operate Auto-atch
2-meter FM, 100 channels, 30 watts Spucial *25995

(incl. 146.94 MHz)

6TX-200

2-meter FM, 100 channels, 30 watts

was $299.95  (Incl. 146.94 MHz) NOW $21995
6TX-100

}Ya-meter FM, 100 channels, 12 watts (VERL ~ $ 1 9995

was $300.95 (Incl. 223.5 MHz) SPECIAL
2-meter FM.

6TK-10 1o 5hmes  wow! ’!*13995

6TX-2
2-meter FM, 10 channels. 30 watts M $19995

was $299.95  (Incl. 146.94 MHz)

6TX-600
6-meter FM. 100 channels, 35 watts  SPECIAL $ 19995

was $309.95  (Incl. 52.525 MHz) NOW

[] PSI-11 Battery Pack (with charger) @ $109.95 $

[] ARX-2 2-M Base Antenna @ $29.95 § o

[[] Lambda/4 2-M Trunk Antenna @ $29.95 $

[] TE-l Tone Encoder Pad @ $5995 ¢
[] TE-ll Tone Encoder Pad @ %4995 § .
[] PSI-9 Port. Power Package (less batteries) @ $29.95 $

[] PS-1 AC Power Supply @ %$6995 $_ 00
and the following standard crystals @ $4.50 each: _ — e
Non-standard crystals @ $6.50 each: _ - e

(allow B8 weeks dellvery.)

For factory crystal installation add $8.50 per transceiver. Sub-Total: $

IN residents add 4% sales tax: TOTAL: $ )
CA residents add 6% sales tax: (minimum order $12.00)
All orders shipped post-paid within continental U.S. PHONE_ _

NAME_____ _ AMATEURCALL
ADDRESS — —GITY_ - STAIE&ZIP—
Payment by: [ Certified Check/Money Order [ Personal Check 1 C.0.D. Include
Note: Orders accompanied by personal checks will require about two weeks to process. 20% Down.
1 20% Down Payment Enclosed. Charge Balance To:

[ BankAmericard #__ . . BExpires:__ — -
[ Master Charge # Expires._____ Interbank #___

N N NN BN B M ) Prices and specifications subject to change without notice. s . e N

More Details? CHECK—OFF Page 110 september 1975 91



PROGRAM AT FAIRGROUNDS INCLUDES:

9/26 FRI. NITE 6:00 P.M.-?
BARBECUE & CAMPING

9/27 SAT. 8:00 A.M.-5:00 P.M.
FLEA MARKET
EQUIP. EXHIBITS
TECH. TALKS
FOX HUNT (2 Meter)
PRIZES (All Profits Converted Into Prizes)
FOOD & REFRESHMENTS

10¢0BEER COURTESY OF
RMS & HAM RADIO

TALK-INS:
146.04/.64
146.52, 146.94, 449.05

RMS CORPORATION

THE ELECTRONIC STORE

675A GREAT ROAD (ROUTE 119)
LITTLETON, MASS. (617) 4B6-4973
ICOM MATRIC-KEYERS
HUSTLER ANTENNA SPECIALISTS
CONSIGNMENT EQUIP. LARSEN
KLM RADIO PUBLICATIONS
LARGE INV. COMPONENTS USED EQUIP.

1-495 to Rte. 119 Groton Exit 19

2 miles on Right

PLAN NOW! SEE US AT
NASHOBA VALLEY HAMFEST
SEPT. 27, 1975 — AD THIS PAGE

collecting dust? '

BUYERS & SELLERS:

RADIO BROKERAGE

Buyers buy free. sellers pay 10% fa
sale s made las a result of our servicel

‘617-536-8777 | BIVERS & SELLERS

1y WF Sun 12pm 6pm EST|PO Box 73
. T Th Sat h}:l"‘? wm EST | Boston, Mass 02215

, at Nashoba Valley Hamfest

SRR

92 ﬂ september 1975

NEW ENGLAND'S LARG|

— AT THE -

NASHOBA VALLEY HAMFEST

SATURDAY, SEPT. 27, 1975 - WESTF[IRD MASS. — 4-H FAIRGROUNDS

EST FLEA MARKET!

EXIT 20-BOSTON ROAD

/.’%i‘ S CHELMSFORD

HﬁRT
POND

NOTE: LOOK FOR HAMFEST
SIGNS ON RT. #110.

‘--FAJRGROUNDS

FLEA MARKET SPACE . $2.00
GENERAL ADMISSION . $1.00
YL/XYL & Children under 12 ... .. FREE

DEALERS WRITE FOR DETAILS TO:

NASHOBA VALLEY HAMFEST
675A GREAT RD.
LITTLETON, MASS. 01460
617-486-4973

Radio Amateurs
Reference Library
of Maps and Atlas

WORLD PREFIX MAP — Full color, 40" x 28"
prefixes on each country

cities, cross referenced tables

. shows
DX zones, time zones,

$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

$1.25

AMERICA! Full
- includes Central America and tne

RADIO AMATEURS MAP OF NORTH
color, 30" x 25"

Caribbean to the equator, showing call areas, zone
boundaries, prefixes and time zones, FCC frequency
chart, plus wuseful information on each of the 50

United States and other Countries $1.25
WORLD ATLAS — Only atlas compiled for radio ama-
teurs. Packed with world-wide information — includes
11 maps, in 4 colors with zone btoundaries and coun
try prefixes on each map. Also includes a polar pro-
jection map of the world plus a map of the Antarctica
— a complete set of maps of the world. 20 pages.

size 824" x 127 $2.50

Complete reference library of maps — set of 4 as listed

above 53.7
See your favorite dealer or order direct.

Mail orders please include 75¢ per order for postage and handling.

Wﬁ;;i;op RADID AMMEUH llbnok i

BROCHURE! h Dept, £ 925 Sherwood Drive

Lake Bluff, I1l. 60044

More Details? CHECK—OFF Page 110
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It's the way to grow.

Everybody wants the ultimate ham station,
but the only way most of us are going to get
it is to start now and grow into it.

And the best way to start is with our
700CX.

Then you'll have an excellent transceiver
with 700 solid watts PE.P. input of SSB
yower at the lowest cost per watt—about a
yuck—of any comparable equipment.

And when you're ready to add capability
and features, plug in or hook up Swan ac-
cessory equipment for easy expandability.

For instance, just plug in our 510-X crys-
tal oscillator when you want extra fre-
quency coverage. If your kind of traffic calls
for separate transmit and receive frequen-
cies, our 508 VFO is made for your station.
Want VOX? Plug in the Swan VX-2 and
start talking. Or hook up our FP-1 telephone
patch in minutes.

And when you're ready for that big jump
to all-the-law-allows, our 2000-watt P.E.P.
input Mark II linear amp is waiting in the
wings.

Add our complete selection of power sup-
plies, microphones and other options and
yvou've got everything you need for a full-

ouse rig in matching specs and matching
decor.

So your ham station will look and per-

form like it belongs together.

With the 700CX you'll never be troubled
by things like cross-modulation and front-
end overload because the design is excel-
lent. All bands from 10 to 80 meters with
selectable upper or lower sideband, AM,
or CW with sidetone.

Get started on your dream rig today. See
the 700CX at your nearest Swan dealer or
order direct from our factory.
700CX Champion Transceiver ... .. $649.95
117-XC 110V AC Power Supply . ... $159.95
(includes Speaker and Cabinet)

117-X 110V AC Power Supply ..... $114.95
(less Speaker and Cabinet)

510-X Crystal Oscillator .......... $ 67.95
508 External VFO ................ $269.95
VX-2Plug-InVOX ............... $ 4495
FP-1 Telephone Patch. .. ..........$ 64.95
Mark II Linear Amplifier . ... ... .. $849.95

(complete with 110/220 VAC power supply
and tubes)

Dealers throughout the world
or order direct from

Swan.
ELECTRONICS

A subsidiary of Cubic Corporation
Home Office: 305 Airport Road * Oceanside, CA 92054
Telephone: (714) 757-7525



SEE YOU SEPT. 6th & 7th AT
RADIO EXPO 75

WHILE YOU'RE IN THE AREA . . . VISIT THE NATION'S LEADING FM SPECIALISTS AND
CHICAGOLAND'S #1 AMATEUR OUTLET. WE'RE EASY TO GET TO. ONLY MINUTES AWAY
FROM CHICAGO LOOP. CHOOSE FROM A WIDE SELECTION OF FAMOUS BRANDS.

M \,8\'56“ R «hygain l'33'1-'5"31\4'

or wo S

y AT
<Smm. o -
SPECIAL EXPU BONUS . .. DURING SEPTEMBER YOUR Explo L

SAVE ON NEARLY EVERY ITEM IN OUR STORE. HERE ARE JUST A FEW OF THE WAYS TO SAVE:
WITH EXPO 75 TICKET YOU SAVE . . .

20% ... OFF cATALOG PRICE OF ANY USED MOTOROLA TUBE TYPE
TRANSCEIVER

20% ... OFF NORMAL PRICE OF USED MOBILE & BASE PARTS

$10-25.00 . . . OFF our EVERY DAY LOW PRICES FOR NEW TRANSCEIVERS,
TRANSMITTERS, OR RECEIVERS.

PLUS SIMILAR SAVINGS ON ANTENNAS, COAX & ACCESSORIES.

SPECTRONICS lNC. STORE HOURS: Mon. thru Thurs. 9:30-6:00

Friday 9:30-8:00, Sat. til 3:00.

1009 GARFIELD STREET Closed Sunday and Holidays.
OAK PARK, ILL. 60304 =
(312) 848-6778 m aanhuiacary
o ooteme ]

DON'T MISS THAT)

CW @S0

- 6 BANDS 200-500 KC 1.5-18 MHz

CRYSTAL PHASING, ANTENNA ALIGN.

BEAT DOSCILLATOR, AUDIO GAIN CONTROL
AVC-MVC PHONE - C.W, PHONE - SPEAKER JACKS
220 V.D.C. 70 M.A. & 24 V.D.C.

FULL ) d 18 x 1034 x 9%, WT. 40 LBS
- X X ' . .
BREAK-IN S USED, CHECKED, WITH DYNAMOTOR $49.95

CW’TRRI\ISMJ;';,EEEB KOLAR, INC.

BC-348 RECEIVER

[N

15WATTS

4484 E. TENNESSEE ST., TUCSON, AZ. 85714
TELEPHONE: AREA 602-748-1900

¢ Built-in Antenna Relay

® 160, 80, or 40M Plug-in Coil

® Crystal Control

® Zener Regulated Chirpless Keying
¢ Clean Output — "T” Network

® Built-in 115 VAC Supply

MODEL 50K - BASICKIT............$39.95
ADD-ON OPTIONS: SIDETONE (200-21K)...§ 595

KEYER 200-22K .5 1395 DELUXE PORTA-PAK $59.95

MODEL 50W-BASIC WIRED........ $49.95 ups prepaid
T REGULAR PORTA-PAK $39.95
MODEL 50WSK WITH SIDETONE & KEY ceeees 37995 R pAKUDS prepaid
ORDER DIRECT OR WRITE FOR BROCHURE -

.. AND NAME OF NEAREST DEALER. po TA

/) PHONE: (B14) 432-3647 P. 0. BOX 67

L A bttt BOX 185:A « FRANKLIN, PA. 16323 J SOMERS, WISCONSIN 53171

94 [ september 1975 More Details? CHECK—OFF Page 110



NEW KITS ! NEW KITS !
JAMES ELECTRONICS

P. 0. BOX 822 BELMONT, CALIFORNIA S4002
(415) 5928097
DIGITAL VOLTMETER
]

2 & T digit, 0-2 wolt Digital Voltmeter
Meale BOOUGSE 4 baedd

x LD11O, LDITTT DVM
" MnNr Pty

$39.95 Per Kit

LOGIC PROBE

$9.95 Per Kit

DIGITAL COUNTER

$29.95 Per Kit

ONE KI LOBYTE RANDOM ACCESS MEMORY

$69.95 Per Kit

5VOLT 1 AMP TZL SUPPLY

6 VOLT 1 AMP
TIL SUPPLY

age. inchuding the hardware 1os anly

$9.95 Per Kit

PLASTIC INSTRUMENT CASE

$5.95 Per Case

Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds.
Add $1.25 for Postage — Write for FREE 19755 Catalog
California Residents — Add 6% Sales Tax

IAMES

BOX 822, BELMONT, CA. 94002
PHONE ORDERS — (415) 592-8097

CASHARUONIE

Money! You can get top dollars now for U.S.
surplus electronics, particularly Collins. Write
or call now for your bigger than ever quote.
Space Electronics Corp., 76 Brookside Ave.,
Upper Saddle River, N.J. 07458 (201) 327-7640.

ELPROCON
1 WATT 2 METER TRANSMITTER

TWO CHANNEL CAPABILITY
* FREQUENCY RANGE 144-148 MHz
POWER OUTPUT 1 WATT INTO 50
OHM LOAD
SUPPLY VOLTAGE 12 VDC
MULTIPLICATION FACTOR BX
NARROW BAND FM =+ 5 KHI
RUGGED BALANCED EMITTER ouT-
PUT TRANSISTOR
* SIZE 334" X 17"
TESTED & FULLY ASSEMBLED
(Less Xtals)
$29.50 postpaid in U.S.

ELPROCON

DEPT. DS . 1907 W. CAMPBELL
PHOENIX, ARIZONA 85015

More Details? CHECK—OFF Page 110

ATTENTION
HAMS!

Would you like to be able to put your ideas to
use instead of just thinking about them? Con-
tract this service to start your ideas to reality.

WE CAN DO:

(A) Analyze your circuit with a computer
to see how it will work under different
conditions before it is constructed.

(B) Design completely from your ideas any
piece of equipment you could dream up.

(C) Construct any piece of equipment you
desire.

(D) Supply parts to builders of their own
equipment.
You will own ALL rights to any design work
contracted for and could market your own
ideas. Even make money.
I will be pleased to hear from you.

DENNIS J. REGAN, K6RGS

RADIO AMATEUR ENGINEERING SERVICE
5105 Brockton Ct. Bakersfield, CA 93309
Telex: NR 682-455 Phone: B05/831 2222
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Announcing the newest additions to
the growing line from SCS, leader in
linearized Power Amplifiers for the dis-
criminating amateur.

AMPLIFIERS with
VERSATILITY

2 METER

2M10-140L $199.95 10W IN, 140W OUT
2M30-140L $179.95 25-30W IN, 140W OUT
2M10- 70L $139.95 10w IN, 70w OUT
220 MHz

1.3M10-120L $219.95 10W [N, 120W OUT
1.3M30-120L $199.95 25.30W IN, 120W OUT
1.3M10- 60L $159.95 10W IN, 60W OUT

Write now or contact your nearest dealer!

SPECIALTY COMMUNICATIONS SYSTEMS
4519 Narragansett Avenue, San Diego, CA 92107
o eater Inguinses iwited)

714-222-8381

500 MHZ PRESCALER

Extend the range of your present frequency counter
to measure through 500 MHZ (typically 525 MHZ)
Works into any standard counter rated for 5 MHZ or
higher. A must for work on 2 meters, 432 MHZ and
commercial hlﬂh bands

* Selectable biasing for true linear use.

* No tuning across entire Amateur band.

* Fully VSWR and reverse voltage protected.
* Switchable from Linear SSB to Class C.

MEMORY
B25129

1024 bit ROM(256x4 PROM)
-access time 50 NS

-Power dissipation .5 MW/BIT
-Tri-state output

ZN3565 NPN TO-106
30v Beta 150 min.
500 mw.

-Field programmable Each $.15 «150 mv sensifivity
-16 pin DIP 10 pak $1.00 *Input overload protected
Each $5.00 8 for $34.95 ¢ g 50 ohm Input Z

eSmall size
23/4x21/Bx15/8"

DIP RC NETWORKS

14 and 16 pin IC packages containing
precisfon resistors and capacitors.
NO SCHEMATICS AVAILABLE
Sample indicates most contain 10 to
15R and 1 or 2C.

Assortment of 15 $1.00

VOLTAGE REGULATORS T0-3

*BNC conneclors
*Divide by 100 or 10
eLight blue case
*Model Ps 2A $99.95
Prescaler is shipped assembled, tested and ready to
operate. Complete with line cord power supply

DAVIS ELECTRONICS

1 AMP POSITIVE 1 AMP NEGAT IVE 636 Shendan Dr., Tonawanda, N.Y 14150 716/874 5848 9

195 17, TIRED OF IGNITION NOISE?

1.95 17.¢ End ur gmbloms now with our SHIELDED
IGNITION SYSTEMS. Easily installed kit pro-
vides all items necessary to reduce ignition
noise to less than 1 “S'" Unit. Kits for 1965-

EACH 10 PAK
$1.95 $17.¢

3
3
3
1

T:%%

“FALL SALE!

1975 U.S. autos except 1975 GM.
With a $25.00 prepatd order we will include a s30-95 — Kit for 6 cyi. U.S. Auto
CT5001 4 function, 12 digit calculator IC with
data Offer expires October 31, 1975 335-95 — Kit for 8 cyl. U.S. Auto

Add $4.98 for Electronic Ignition Systems.
— Mass, residents add applicable Sales Tax —
— Specify Year !nlfg., Englne, Model and
8" or 13/16" Hex Size of Spark Plugs —
— Drder now or send SASE for details —

SUMMIT ENTERPRISES
20 Eider Street
Yarmouth Port, Mass. 02675
617-398-3837

A1l merchandise 15 new unused surplus

and is sold on a money back guarantee SEND Fo"
Five dollar minimum order. Free first

class postage on all orders. Califor- FREE FI-YER
nia residents please add sales tax

Write to: "x.-’a x

box AF Carmichael, Ca.

95608

* SEPTEMBER SPECIAL — Are you ready for your next contest?

LOW COST PROGRAMMABLE ELECTRONIC KEYER WITH MEMORY.
T TE————

NEW LOW PRICE!

$59.97 ppd.
$79.50 ppd.
This keyer stores one or two code messages for broadcast at any time. FEATURES: Dot and Dash

Memory, Two Independent 256 Bit RAM Memories, Keys up to —150 Voits, Self Completing Characters,
6 to 60 WPM, lambic Keying.

Dual lever PADDLE supplied for $20.00 extra This Month Only.

NEW ENGLAND DIGITAL ELECTRONICS

BOX 684 KENMORE STATION e BOSTON, MASS. 02215

Complete Kit for only
ASSEMBLED unit

96 september 1975 More Details? CHECK - OFF Page 110



ATA™ PRINTED CIRCUIT KIT

MAKES PRINTED CIRCUITS THREE WAYS!

1 FULL SCALE ARTWORK MASTER

DEVELOPED

MAGAZINE ART FIL PHOTO RESIST ETCHED
2 ILLUSTRATION . POTTIVE . NEGATIVE ' IMAGE ON CIRCUIT
COPPER CLAD BOARD

CIRCUIT BOARD
3 DIRECT ETCH DRY TRANSFERS APPLIED TO COPPER CLAD BOARD d
CAMERA
DARKROOM
FILM CUTTING
TRACING

KIT CONTAINS 5" x 6" steel printing frame, 4 sheets 5" x 6" photocopy film. yellow filter, chemicals for 1 pint film developer
and 1 pint film fixer. 5" x 6" copper clad board, 3" x 4%," copper clad board. spray can of photo etch resist, 1 pint resist developer,
2 sheets 8%2" x 11" layout film, 1 roll 1/16" printed circuit tape, 1 roll 1/32" printed circuit tape. 8 sheets dry transfer direct etch
PC patterns including pads, transistors, round can and flat pack ICs, DIP ICs. edge card connectors. lines, circles, jogs, etc.,
% b anhydrous ferric chloride to make 1 pint etchant. instructions.

ER-4 COMPLETE PHOTOETCHSET........ postpaid $24.95
AT YOUR DISTRIBUTOR OR DIRECT (N.J. residents add sales tax)

USES DATAK’S POS-NEG PROCESS
The revolutionary photographic way
thatmakes PERFECT printed circuits
from original art or a printed page.

The DATAKcorp. 65 71st St. e Guttenberg, N. J. 07093

10 CHANNEL SCANNER

For All Regency HR serles 2, 2A, & 2B
MT-15, MT-25, & AQUAFONE Transceiver

FEATURES:
« Selectable Priority Channel
(Selected By Channel Selector Switch)
10 Second Delay Before Scan Resumes After Transmit
2 Second Delay Before Scan Resumes After Signal Loss
Plugs Into Existing Crystal Sockets. Simple 5 Wire
Hook-Up Without Major Modification To Radio
« Simple Maodification For Selective Channel Bypass
« Optional Digital Channel Display
SCANN 10B 10 Channel Scanner $52.50
(Wired Only)
D10B Digital Channel Dlsplay $21.75
(Wired Only)
NET PRICE FOR BOTH e $74.25
HR-28 With Both instalied . 5299 99
GTHRZB Crystal Deck (6 more FQ's in
t $11.50, Wired 315 50

HF 144 U MOSFET Preamp
t $11.95, Wired $17.95

Topeka FM Communications & Electronics
125 Jackson

Topeka, Kansas 66603
913-233-7580

More Details? CHECK—OFF Page 110

UNIVERSAL TOWERS

FREE STANDING ALUMINUM TOWER

10' ta 100’ |
Prices fram $110.00 (30") \
MOST ‘:\
POPULAR

HAM TOWER

EVER MADE!

REQUEST

NEW CATALOG
OF

TOWERS &
ANTENNAS

Midwest Ham Headquarters

For Over 36 Years
HAMS! Write For Free Catalog and Wholesale Prices/

ELECTRONIC DISTRIBUTORS, INC.

1960 Peck Muskegon, Ml 49441
Tel: 616-726-3196 TELEX: 22-8411
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D
MICROPROCESSORS!

Lowest prices INPOLY PAKS SMASHES

ROMS! RAMS!
USA! 6 '_ 9 MEMORIES!
O 8008 Microprocessor . . $39.95
L RR L
Y TO PUT TOGETHER! Y. bet it L agine <4 Statie .
9.FUNCTION, 8-DIGIT Gitors. but it ONLY REQUIRES 2 | [] 1101 258 bit RAM . .. 1.50
MEMORY CALCULATOR KIT ;. et Wi W1 aweaeo Tozi kan Tl 338
pteiiy are MS Memofy  Storage  an )
U IT Mooty Rerall (requires sery Tittle soldenngr. The | B ::22“’ 103: }:)AMRAM' . 5'23
y . . splay restore Rey onserve battery life. Your | O 62 20 it -
It's the easiest multi- -~ seconds atter the last | 0 25;32( haracter zenprv.-lzx))ru . iz.go
4 2 S e the hple MMS. sraceuble PROM . 19.95
function kit today! B T Yeries Sird ri‘wfnlmlall Dineats | MMS2099 Hraceatlc PROM 15,95
o lefe noshenw - i ¥ N ved e o K .
© DOUBLE MEMORY gk Han ecimal, Clear Coneiant. Poreene od | O 17024 Eraceable PROM ... 19.95
* Percent, Constant, anithmetic key red, white and blue colors. Lightweight, O 8223 Programmable ROM . . 2,95
Display Restore ket sie 5 27t hack widny x Hhe®

from sle of sl h; display panel mack ease. Mty | ‘BLASTAWAY'ON 1N4000

<y, school, home, and for the yodagsters
Ships anto any Pocket, hriefease with ease. Kasy-to- RECTIFIER PRICES
inderstand pietoral instruction booklet and how-to- Troe PIV Sale
Baak AC/DC too!
NCLUDES: case, 22-key keyhoard kit, ON-OFF TJ1N4001 5010 for 4Sc
~witeh (part of keyboard) PC board, driver and memory L] 1N4002 100 10 tfor 55¢
4-Function cualculator chips, #-digit “bubble™ magnifier LED array

(0 1N4003 200 10 tor 65¢
Arithmetic array cable. AC adapter jack & wires, battery case

+ 22 KEYS! Pattery card displuy, instruction and pictoral Wp,by"j O 1N4004 400 10 for 75¢
Y8 Jen vonstruction banklet ! L[] 1N4005 600 10 for 85¢
¢ ] 1N4006 800 10 for 99¢

-~ UJ 1N4007 1000 10 for1.29
42 DIGIT DIGITAL VOLTMETER
DVM cHI Type MM5330 by National utilizes P channel low-thresh-

old enchancement mode devices and ion implanted deple-

]
tion mode devices. Provides logic circuit for 41, digit
DVM. All logic tor four decade counters, a divide by
four rounter, a divide by two counter for over-range .
blanking, latches for all counter stages, an output ROM

to generate BCD to 9°s complement BCD of the latches |
and a module 4 counter to sequentially present each

{ dees 3 < S
fluteoae luches, thra ROM 1o the 4Ch ouputs oluy | MONSANTO! XCITON!

reset for all counter stages, transfer puls t t
Money-Back e ey T e b0 i tnertion T (AR LITRONIX1 OPCOAL
GUARANTEE “’:41!; lh‘;lrucllu{n“xhoets and diagram on “‘how-to-build
| a 4Y, digit DVM™. Ideal with ot Litronix 1.7 single,
on all items 514.95 V22 wnid dual digits, 16-pin DIP, oo 5 2 TEC 5 for $1
- . ) y
oK EYBOARD KIT = $4.95 U355 || /a9 | Cheact | Cmeaiam
« ’ Y i
it includes 4 x 2Y,” G-10 glass etch board, O Red O Red
it 51 ppaten & x 207 G.10 mlss exched pe voard | 2ferss Demn | g xior
numerals, plus diagram an ‘‘touch tone encoder''. Muakes 3 oR G Amber a A::;or
many ‘‘keyboard systems'' readily available. ().f,,. ¢ E 5 G Clear G Clear
A T
u558
o . . x.12
s et i POSTAGE STAMP | ", Biees  Beiow
Motorola Communications at MOBILE SPKR 3 fo s’. 0 Green [J Amber
H the original cost of $4.50 Mi r
| each (for insertion in their KE o $1.98

i Micro (Axlal) MV-50 style
Walkie Tall:‘ie ng’}:f;’(" toa, covering broad range MNATIONAL N :w's(o CIoar). 110 for syl.
It's a 60-ohm imp E. in sound. Extremely well- . y, & : e 1
It's an excellent speaker made. LM-340T VR's 2o [1 MV-S5 Red . for $

% 70.220 Case * 1 Amp

* POSITIVE VOLTAGE
INDUSTRIAL SPEED CONTROL 0 $4.95 | $1.75 £ach 7-SEGMENT READOUT SALE!
A $30 item from G.E, Model 633A (made for Xerox) Buy 3 — Take 10 * Up to 20 miis per seg. at SV. MAN-1
A that controls home, shop and industrial lighting too! A Y o .anu * Al fit into 14-pin IC socket.
9] very elaborate circuit for controlling mapy electrical :LL’-’:‘ao»os' .y Type Size Color Sale 3 for
d and electronic devices. Easily controls speeds of electric 30087 6 v 0 MAN'1 .27 Red $2.50 $6.00
drills, brush type motors, etc. I15vac, rated at 1100 11.M-340-087 8 v ] MAN-3MA .12 Red ‘69  2.00 MAN-3;
watts. With variable speed or dimming control in 1LM-340.12712 v ] MAN-3AB .27 Red 1.95 5.00
heavy-duty aluminum case. 8 x 2% x 2, With diagram | | tM-340.18718 T MAN.5 .27 Green 1.50 4.00 )
and hookups. jLm-340-2a124 ¥ O MAN-6 .6 Red 4.50 12.00
[0 MAN-64 .4 Red 3.50 9.00
[J MAN-7 .27 Red 1.00 2.50
H ma

TRVERIQ BUY ANV AN 7 i dons”
I ‘ ‘k TAKE 15 e Type  Sizo Color sate 3 for >
KE 25% e R
- B ellow B o
00 TA ° SLA-3 .7 Green 4.95 12.00
BUY 1 vas | Bazsiss %8 el 3w miie

SN7489
8 SN7490 .59

u
Ll
z
~
»
-
«
7]
©
«»
20000000
@
r
»
w

. 20c CATALOG Fiber Optics, 'ICs’. Semi’'s, Parts
MINIMUM ORDER — $4.00

POLY PAKS

P.O.BOX 942 LYMNFIELD,MASS,. 01940

Oen74157 .95 ] 701C__ (33 Red 1150 3.00 )
(1sN7400 $.16 C‘S"”:g'z ’;},8 DSN74158 95 U] FND-70 25 Red  1.50 3.00 sta-s
Osn7401 .16 a SN7493 s9 | ClsN741601.3 A—Comman Cathode, others Common Anode
O SN7402 .16 OSNTa94 (95 | ISN74161 1-25; B—With bubble magnifier
O sN7403 -‘g 82.‘:;495 79 Dsm:‘gi \‘-go C—Plus or Minus 1
(15N7404 . n7496 79 | DSN7 ‘20
SENSCHI G3n7a100 1140 | DSNI4183 130 LITRONIX ‘JUMBO’S”
cen7407 .35 QSN74108 42 | OSN741731.88 « Singles size: 1 x 3/4 x 5/16
Osn7408 12 as 108 52 | OsN741741. * Duals slze: .8 x .9 x .
(1SN7409 19 g SN_"] 07 .44 | BSN741 75 1.30 * 7-Segment, 25-mils per segment
CJsN7410 .16 QsN74 89 | OSN741761.20 Type  Slxe Color Ssle 3 for
SNn7411 .25 (JSN74108 . CleN74177 1.20 (37210 .5 Red $5.95 $15.00
8 N7413 .59 89 (OSN74180 .93 G 727E .S Red 5.95 15.00
JSMiata 1.65 Cien74a181 2.98 0 7a6F .6 Red 3.95 11.00
o 5:7416 .34 OsN74182 .74 0 747 6 Red 3.95 11.00
g SN74\7 .34 CisN74184 1.98 D—Plus or Minus 1 plus a digit (1Y% digits)
D2N74z0 18 DsnN74185 1.98 F—puaidizs ™"
AS 74190 1. —Plus or Minus
TisnN74l2 43 0OsN 20
: 4191 1.
g g:;:ig .29 %2:;4\92 1.25 § Terms: add post met 40
426 .25 C1SN74193 1.25 Phone Orders: Wakefield, Mass, (617) 245-3829
O oN7? 29 1.20 § Retail: 16-1% Del Carmine St., Wakefield, Mass.
0 Sm:’l‘:g;’) ‘16 S (off Water Street) C.0.D.'S MAY BE PHONED
2 .
‘a9

.90
74199 1.75
:74200 4.95

good
vY0l
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RATES Non-commercial ads 10¢ per
word; commercial ads 35¢ per word both
payable in advance. No cash discounts or
agency commissions allowed.

HAMFESTS Sponsored by non-profit
organizations receive one free Flea Market
ad (subject to our editing). Repeat in-
sertions of hamfest ads pay the non-
commercial rate.

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 15th of second preced-
ing month.

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

YAESU OWNERS — Present or Prospective — Listen
for FT Net: Saturday 1700 GMT, 14.325+. Discuss
new equipment, modifications, questions, answers,
International Fox-Tango Club. SASE brings complete
club information and free sample Newsletter. Miit

Lowens, WA2AQQ, 3977F Sedgwick Ave., Bronx,
N. Y. 10463.
RADIO MUSEUM NOW OPEN. Free admission.

25,000 pieces of equipment from 1850 telegraph
instruments to amateur and commercial transmit.
ters of the 1920's. Amateur Station W2AN. Write
for information. Antique Wireless Association,
Main St.,, Holcomb, N. Y. 14469.

RTTY — NS-1 PLL TU (HR 2/75) Undrilled board
$4.75 ppd. Wired/tested $29.95 ppd. Nat Stinnette
Electronics, Tavares, FL 32778

FINDLAY HAMFEST — Sept. 7 — Riverside Park,
Findlay, Ohic. For advance drawing tickets write
Clark Foltz, WBUN, 122 W. Hobart, Findiay, 45840.

ENGRAVED RADIO LICENSE. Exact reproduction in
solid brass. Permanent identification. Send good
Xerox copy, with $5.00, to Metal Art Graphics, 1136
Potomac Ave., Hagerstown, Md. 21740,

SELLING Collins made R-1150 SSB receiver, 2-30
MHz, accuracy 1 x 10-8 per day, sensitivity 1 uv,
$425. AN/URM-25F AM generator, 10 kHz to 50
MHz, crystal calibrator, precision shielded atten-
uator, $160. AN/URM-26B AM generator, 4-405
MHz, piston attenuator, $225. AN/URM-120 watt-
meter, in line, 2 to 1000 MHz, 10W to 1000w, $125,
Manuals included. James Walter, 2697 Nickel, San
Pablo, Ca. 94806.

FIGHT TVI with the RSO Low Pass Filter. For bro-
chure write: Taylor Communications Manufacturing
%’o,rsnpaang, Box 126, Agincourt, Ontario, Canada.
$2.00 BUYS 2”7 x 8” ENGRAVED ACRYLIC CALL
PLATE. 2 lines add $.50 Woodgrain or coiors below.
White letters. Pins $1.00, 1”7 x 3#, 2 lines. Blue,
red, black. Guaranteed. Order, or request brochure.
Fagtzaservice. Holly, Box 3926-F, Hollywood, Florida
33

DANE COUNTY SWAPFEST. Dane Co. Expo Center,
Madison, Wis. Sept. 28, 8 a.m. Box 3403, Madison,
Wisc. 53704 for information.

SELL: Spectrum Analyzer, Polarad model TSA, with
three plug-in units. Frequency range 10MHz to 22.5
GHz. $450.00, R, Smith, P. 0. Box 528, Moss Beach,
Calif. 94038 (near San Francisco) (415) 728-5086.

RADIO ARCHIVES, amateur ancedotes solicited
for (SASE subscription) monthly PR newsletter.
Electronic Avocations, 3207 4th St. N., Minneapo-
lis, Minn. 55412,
“HOW-TO BUILD DIGITAL EQUIPMENT” New, fast,
inexpensive way. Detailed instructions, plans —
$1.95. Guaranteed. Creative Resources, Box 58872,
Houston, Texas 77058.

50 FREE INTERNATIONAL QSL EXCHANGE COU.
PONS -— Send large self addressed stamped en-
velope, or 2 stamps. Swaney, Box 54, Goose
Creek, SC. 29445,

CASH PAID for current Motorola 2 way radios,
parts & acc. also HT 100 -+ 220. Contact Frank
DiRico, 416 Adams Street, Quincy, Massachusetis
02169. 617-542-9050.

TELETYPEWRITER PARTS, gears, manuals, supplies,
tape, toroids. SASE list. Typetronics, Box 8873, Ft.
Lauderdale, Fl. 33310. Buy parts, late machines.

THE KNIGHT RAIDERS VHF CLUB'S auction and
flea market will be held on October 4th, Saturday,
at St. Joseph’s Church of East Rutherford, Hack-
ensack Street, East Rutherford. Free admission,
free parking, refreshments available. Talk-in will
be on 146.52 and 146.94. Flea market tables: $5.00
for a full table, $3.00 for a half table. Reserve your
tables in advance by writing to The Knight Raiders
VHF Club, Inc.,, K2DEL, P.” O. Box 1054, Passaic,
New Jersey 07055.

MANUALS for most ham gear made 1940/65, some
earlier. Send SASE for specific quote. Hobby In-
du;gly, W@JIK, Box H-864, Council Bluffs, lowa
51 .
AMAZING, NEW, UNIQUE, EASY, method of master-
ing the Morse Code. Send $5.95 to GENERAL, Dept.
979, Box 137, Northbridge, CA 91324.

WANTED: tubes, transistors, equipment, what have
you? Bernard Goldstein, W2MNP, Box 257, Canal
Station, New York, N. Y. 10013.

RADIO CONTROL EQUIP.: E-K 4 channel, on 53.5
MHz. Transmitter, 2 receivers, 2 batteries, 8 servos.
A steal at $185.00 plus shipping. J. D. Wothe, 20
N Passage, Fairport, N. Y, 14450,

EXCLUSIVELY HAM TELETYPE 21st year, RTTY
Journal, articles, news, DX, VHF, classified ads.
Sample 30¢. $3.00 per year. Box 837, Royal Oak,
Michigan 48068,
FOR SALE: Late 51S1 and 55G1. Also late KWM-2,
512B-4 and power supply. KH6FMT, Box 758, Koloa,
Hi. 96756. (808) 742-2002.

PC's, Send large S.A.S.E. for list. Semtronics, Rt.

#3, Box 1, Bellaire, Ohio 43906.

MANUALS for Govt. surplus gear, only $6.50 each:
URM-25D, R-220/URR, SP-600JX, TT-63A/FGC, TS-
4978B/URR TS-382D/U, ALR-5, URM-32, TS-173/UR,
TS-174/U, TS-175/U, BC-779B, TS-34A/AP, CV-591A/
URR, TS-413A/U, SG-3/U, TS-452B/U, LM-21, PRC-10,
BC-639A, LP-5, 0S8-88/U, 0S8-8A/U, OS-8C/U, TV.2/
U, 08-46/U, CV-278/GR. Immediate delivery. Thou-:
sands more in stock. Send 50¢ (coin) for 22-page
catalog. W3IHD, 7218 Roanne Drive, Washington,
D. C. 20021.

TELL YOUR FRIENDS about Ham Radio Magazine.
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There’s
nothing
likeit m

“callbook

Respected worldwide as
the only complete authority
for radio amateur

QSL and QTH information.

The new 1975 U. S. Callbook has nearly
300,000 W & K listings. It lists calls, license
classes, names an addresses plus the
many valuable back-up charts and refer-
ences you come to expect from the Callbook.

Specialize in DX? Then {cu'ru looking for
the new, larger than ever 1975 Foreign Call-
book with almost 235,000 calls, names and
addresses of amateurs outside of the USA.

United States Foreign Radio
Callbook Amateur Callbook
All W & K Listings DX Listings
$12.95 $11.95

with with

3 Service Editions 3 Service Editions
$18.95 $17.95

Order from your favorite electronics deal-
er or direct from the publisher. All direct
orders add 75¢ shipping and handling per
Callbook.

¢OR RADIO AMATEUR
WRTReE e callbook
W Dept. E 925 Sherwood Dri
erOC h ePt ke Bluft, 1l 60044

100 [ september 1975

“HAM BUY LINES”. Send name and address for
Iiterla;ura. lacopelli, 1720 77 St., Brooklyn, N. Y.

1214.

HOMEBREWERS: Stamp brings list of high quality
components. CPO Surplus, Box 189, Braintree,
Mass. 02184.

CANADIAN JUMBO SURPLUS and Parts Catalogs.
Bargains Galore. Send $1. ETCO-HR, Box 741, Mon-
treal "A" H3c 2v2.
TEST EQUIPMENT: Tektronix 545 scope $595. H/P
608B signal generator $295. Need R-390 recvr. E.
P. Reeves, WJCHG, 1659 Wetmore, Tucson, Ari-
zona 85705.

CINCINNATI HAMFEST: 38th annual — Sunday,
September 21, 1975 at the New Stricker's Grove
on State Route 128, one mile west of Ross (Venice),
Ohio. Flea market, contests, model aircraft ﬂ;Igs.
food and beverages all day. Advanced Tickets $7.00,
covers everything; $8.00 at gate. For tickets or
further information: Carl J. Dettmar, WBNCV, 8630
Cavalier Drive, Cincinnati, Ohio 45231.

WANTED: Ham Radio Magazine. March & November
‘71, February '72, May August ‘73, February &
October '74, January & Mn; '75. Wil gay a fair
price. Edward A. Stoltzfus, P. O. Box 73, Parkers-
burg, PA 19365.

SELL — Quality nylon cable ties 6 inch for $2.75
pp/hundred. New Manuals for AN/ARC-3, AN/
ARC-12, AN/TRC-1 for $5.00 pp. W4VQD/@, 106
Sheridan Ct.,, Leavenworth, Ks. 66048.

SALE: Communicator VFO, Globe VFO, HyGain 6-2
antenna, reasonable. WA2EUS, 110 Lafayette St.,
Copiague, N. Y. 11726.

VERY in-ter-est-ing! Next 5 big issues $1. “The Ham
Trader,” Sycamore IL 60178

ITALIAN STAMPS for collection. | send you for dis-
patch same value of FET MOSFET IC TRANSISTOR,
only by Air, registered small packet, sample, gift,
no parcel post, not insured! Send to Bruni - Poste
Campomicciolo - 1-05100 Terni - succ. 7 - Italy.

PORTA-PAK the accessory that makes your mobile
really portable. $59.95 and $39.95. Dealer inquiries
invited. P. O. Box 67, Somers, Wisc. 53171.

JAPANESE TRANSISTORS — All Transistors original
factory made. Over 500 types available. Write for
free catalog. West Pacific Electronics, P. 0. Box
25837, W. Los Angeles, CA 90025.

RP TRANSMATCH for HW7, Ten-Tec, and others.
end stamp for details to Peter Meacham Asso-
ciates, 19 Loretta Road, Waltham, Mass. 02154,

INTERNATIONAL friendship, emergency communi-
cation public service, monthly publication “World-
radio”, trial subscription - two issues $1, 2509-C
Donner, Sacramento, CA 95818.

SOCIETY OF WIRELESS PIONEERS offers Life Mem-
bership to active and former C.W. operators on
comm'l.,, military, gov't., etc. wireless/radio cir-
cuits. Contact: Society of Wireless Pioneers, Dept.
H, P. O. Box 530, Santa Rosa, California 95402.

FOR SALE: Swan 250C, 6-meter transceiver with
P/S speaker, remote VFO, noise blanker & TV2D
2-meter transverter, mint condition. K3IPM, 215-
355-2867. Stanley Smith, 133 Hogeland Rd., South-
ampton, Pa, 18966. e

NOW PAYING $2000.00 and up for ARC-94/61BT
ARC-102/618T. $1200.00 and up for ARC-51BX,
$1500.00 and up for 490T.1 antenna couplers. We
also need these control boxes — C-6287/ARC-51BX,
C-6476/ARC-51BX, C-714E-2. We also need R-1051
receivers, RT-662/GRC-106 transceivers. We buy all
late aircraft and ground radio equipment. Also
pack radios. We are buyers not talkers. Bring your
equipment in, you are paid on the spot. Ship it in,
you are paid within 24 hours. We pay all shipping
charges. If you want the best price for your equip-
ment, call us. Call collect if you have, and want
to sell or trade. We also sell. What do you need?
D & R Electronics, R.D. #1, Box 56, ilton, Pa.
17847. Phone — 717-742-4604 - 9:00 a.m.-9:00 p.m.

RECIPROCATING DETECTOR, write Peter Meacham
Associates, 19 Loretta Road, Waltham, Mass. 02154,

More Details? CHECK—OFF Page 110



WANT: Non-working R-390-A receiver, also will re-
calibrate the vfo from same for $40.00 postpaid.
Make it track within one KC. Want 390-A parts.
W4AIS, 306 Thornwood Dr., Taylors, S. C. 29687.

FREE BARGAIN CATALOG. LEDS, «xtals, micro-
phones, headsets, IC's, relays, ultrasonic devices,
precision trimmer capacitors, unique components.
Chaney's, Box 15431, Lakewood, Colo. 80215,

OSCAR SLIDES, set of 5, $1.25. Launch and space-
craft. Proceeds AMSAT. K6PGX, P. O. Box 463,
Pasadena, CA 91102.

RTTY DEMODULATORS: ST-6, 170/425/850 shift,
AK-1, Hal case, $290; ST-5 with autostart, $125;
ST-5 with autostart, AK-1, $170. All three new,
tuned, complete; UPS prepaid 48. Fred Firestone,
WBSIEE, 806 N. School St., Normal, IL 61761.
309/452-4032. —

RECONDITIONED TEST EQUIPMENT for sale. Cat-
alog $.50. Waiter, 2697 Nickel, San Pablo, Ca. 94806.

SPRING MILL (INDIANA) HAMFEST, Sunday, Oc-
tober 12, 1975 at Spring Mill State Park near
Mitchell, IN. Prizes, flea market, entertainment.
Write The Hoosier Hills Ham Club, P. O. Box 375,
Bedford, IN 47421, ——u—

MANUFACTURERS, Distributors! The Memphis Ham-
fest will be bigger than ever. The dates are Satur-
day and Sunday, October 4 and 5. Best location
possible — State Technical Institute, Interstate 40
at Macon Road. Security. Contact Chairman, Harr
Simpson WA4SCF, Box 27015, Memphis, TN 38127,
phone 901 358-5707.

CALIFORNIA QSO PARTY. October 4 & 5, spon-
sored by the Northern California Contest Club. The
biggest party ever — all 58 of California's counties
represented, 200 different W6 stations to partici-
pate. Jain us. ———

MOBILE IGNITION SHIELDING provides more
range with no noise. Available most engines in
assembled or kit forms, plus many other suppres-
sion accessories. Free literature. Estes Engineering,
930 Marine Dr., Port Angeles, WA. 98362,

GREATER SYRACUSE (NEW YORK) HAMFEST, Sat-
urday, October 11, 1975, 9 a.m. to 6 p.m. at the
Syracuse Auto Auction, 4 miles south of Syracuse
on U.S. Route 11 between Nedrow and La Fayette,
New York. Exhibitors, flea market, contests, speak-
ers, forums, panels and Eyeball QSO’'s. Lunch
counter, nearby campsite. Apple Festival for whole
family. Tatk in 31/91. Donation $2.00 at door —
before October 1st, $1.50. For information contact
WA2UBT, Allan Brown, 128 Atkinson Avenue,
Syracuse, New York 13207.

QSL'S — BROWNIE W3CJI — 3035B Lehigh, Allen-
town, Pa. 18103, Samples with cut catalog 35¢.

PENNSYLVANIA QSO PARTY, September 13 & 14,
1975. All amateurs are invited to participate. Write
to the sponsors, Nittany Amateur Radio Club, P.
0. Box 60, State College, Penn. 16801 for com-
plete rules, scoring and other details.

MEMPHIS is beautiful in October! The Memphis
Hamfest, bigger and better than ever, will be heid
at State Technical Institute, Interstate 40 at Macon
Road, on Saturday and Sunday, October 4 and 5.
Demonstrations, displays, MARS meetings, Flea
Market, XYL entertainment, prizes. Informal din-
ners Saturday night. Dealers and Distributors wel-
come. Talk-in on 3980, .34-.94 and MARS. Contact
Harry Simpson WA4SCF, Box 27015, Memphis, TN
38127 or telephone 901 358-5707.

TEXAS — The Tidelands Amateur Radio Society's
Annual Hamfest is Sunday, October 5, 1975, 9 a.m.
'til ? at the Galveston County Park, lLeague City.
Advance registration $1.50, $2.00 at door. Free
parking, swap booths and refreshments available.
Main drawing for prizes at 3:00 p.m. for info send
S.A.S.E. to Luke Sterling, 105 Seabreeze Drive,
League City, Texas 77573.

NEW CANADIAN MAGAZINE. “Electranics Work
Shop’”. $5.00 yearly, sample $1.00. ETCO8, Box
741, Montreal, H3C 2V2.

TRAVEL-PAK QSL KIT — Send call and 25¢; re-
ceive your call sample kit in return. Samco, Box
203, Wynantskill, N. Y. 12198.

More Details? CHECK~—OFF Page 110

DATA SHEETS
WITH EVERY ITEM
749 ICWITH -
EVERY $10 ORDER

FREE

e REDUCE YOUR PROJECT COSTS

e MONEY-BACK GUARANTEE

® 24-HOUR SHIPMENT

e ALL TESTED AND GUARANTEED
TRANSISTORS (NPN):
2N3663 TYPE RF Amp & Osc to 1 GHz (pl.2N918) 6/$1.00
2N3565 TYPE Gen. Purpose High Gain (T0-92/106) 6/$1.00
2N3567 TYPE High-Current Amplifier/Sw 500 mA 4/$1.00

2N3866 TYPE RF Power Amp 1.5 W@ 450 MHz $1.50

2N3903 TYPE GP Amp & Sw to 100 mA and 30 MHz 6/$1.00
2N3919 TYPE RF Power Amp 10-25 W@ 3-30 MHz $3.00
2N4274 TYPE Ultra-High Speed Switch 12 ns 4/$1.00
MPS6515 TYPE High-Gain Amplifier hpg 250 3/$1.00

Assort. NPN GP TYPES, e.g. 2N3694, 2N3903, atc. (15) $2.00

2N3638 TYPE (PNP} GP Amp & Sw to 300 mA 4/$1.00
2N4249 TYPE (PNP) Low-Noise Amp 1uA to 50mA 4/$1.00
FET's:
N-CHANNEL (LOW-NQISE)
2N4091 TYPE RF Amp & Switch (T0-18/106) 3/$1.00
2N4416 TYPE RF Amplifier to 450 MHz (T0-72) 2/$1.00
2N5163 TYPE Gen. Purpose Amp & Sw (T0-106} 3/$1.00
2N5486 TYPE RF Amp to 450 MHz (plastic 2N4416) 2/$1.00
E100 TYPE Low-Cost Audio Amplifier 4/$1.00
ITE4868 TYPE Ultra-Low Noise Audio Amp 2/$1.00
TIS74 TYPE High-Speed Switch 4052 3/$1.00
Assort. RF & GP FET’s, e.g. 2N5163, MPF102, etc. (8) $2.00
P-CHANNEL:
2N4360 TYPE Gen. Purpose Amp & Sw {T0-106) 3/$1.00
E175 TYPE High-speed Switch 12552 (T0-106} 3/$1.00
SEPTEMBER SPECIALS:
1N4154 DI00E 30 V/10mA-1N914 except 30 V 25/$1.00
2N2222 NPN TRANSISTOR GP Amp & Switch 5/$1.00
2N2907 PNP TRANSISTOR GP Amp & Switch §/$1.00

2N3553 RF Power Amp 5 W @ 150 MHz, 10W @50 MHz  $2.00
2N3904 NPN TRANSISTOR GP Amp & Switch 5/$1.00
2N3906 PNP TRANSISTOR GP Amp & Switch 6/$1.00
2N5108 RF Power Amp 2W @ 450, 1W @ 1 GHz $2.50
E101 N-CHANNEL FET Low Current, Low Vp Amp/Sw  3/$1.00
MPF102 N-CHANNEL FET RF Amp-200 MHz 3/$1.00
340 T 1A VOLT. REG.-Specify 5, 6, 12, 15 or 24 VW/Ckts  $1.75
2556 DUAL 555 TIMER 1 usec to 1 hour {DIP) $1.00
8038 WAVE FORM GENERATOR "] AWave W/Ckis  $4.50
MM5316 DIGITAL CLOCK-Snaoze/Alarm/Timer

Hrs, Mins, Secs, 4 or 6 Digit-With Specs/Schematics $5.50

LINEAR IC’s:

308 Micro-Power Op Amp (TO-5/MINI-DIP) $1.00
309 K Vottage Regulator 5V @ 1 A (TO-3} $1.50
324 Quad 741 Op Amp, Compensated (DIP) $1.75
380 2.5 Watt Audia Amplifier 34 dB (DIP) $1.29
555X Timer 1 5-1 hr. Dif. pinout fram 555 (DIP) $ .85
709 Popular Op Amp {DIP/TO-5) $.29
723 Voltage Regulator 3-30 V @ 1-250mA (DIP/T0-5) $ .58
739 Dual Low-Noise Audio Preamp/Op Amp {DIP) $1.00
1458 Dual 741 0p Amp (MINI-DIP) $ .65
741 Freq. Comp. OP AMP (DIP/T0O-5/MINI-DIP} 3/$1.00
DIODES:

ZENERS—400mW, Specify Voltage 3.3,3.9,4.3,5.1,6.8, 8.2,

9.1, 10, 12,15, 18, 22, 24, 27 or 33V (:10%) 4/$1.00
1N3600 TYPE Hi-Speed Sw 75 V/200 mA 6/$1.00
tN3893 TYPE RECTIFIER Stud Mount 400 V/12 A 2/$1.00
1N914 or 1N4148 TYPE Gen. Purp. 100V/10mA 15/$1.00
D5 VARACTOR 5-50 W Output @ 30-250 MHz, 7-70 pF $5.00
F7 VARACTOR 1-3 W Qutput @ 100-500 MHz, 5-30 pF $1.00

*MAIL NOW! FREE DATA SHEETS supplied with every 1tem from this
ad. FREE ON REQUEST-749 Dua! Op Amp ($1.00 value) with every
order of $10 or more, postmarked prior 1o 10/30/75

ORDER TODAY-A|l items subject to prior sale and prices subject to
change without notice. All items are new surplus parts — 100% func-
tionally tested.

WRITE FOR FREE CATALOG offering hundreds of semiconductors not
tisted here. Send 10¢ stamp.

TERMS: All orders must be prepaid. We pay postage. $1.00 handling
charge on orders under $10, Calif, residents add 6% sales tax. Foreign
orders — add postage. COD orders — add $1.00 service charge.

ADVA........

BOX 4181 AS, WOODSIDE, CA 94062
Tel. (415) 851-0455
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Hale Electronics Brings You . . .

REPEATER ID'er , e
S b

MODEL IDC-100

All solid state fully automatic repeater
identifier and ID control mtd on 3" x 6"
PC board

Includes CW ID memory, interval timer,
hvy duty xmitter-hold switch, tone genera-
tor, CW speed and audio level controls.
Unique actiuitr sensinf circuit allows 1D
only at end of transmission - no ID over
conversation

Requires S5vdc @ 200 ma, regulated

Wi:’ed. tested .
an rogramme

with ‘;our call .. $46‘50

CG-256
RTTY/CW
Generator

Directly compatible with ST-6 in either RTTY or CW

mode. (Photo shows CG-256-R which includes reed relay.)

CG-256 Xit (open collector/TTL output) $23.50

With Reed Relay, add $3.00; Wired & Tested, add $8.45

Board with Programmed Memory & Manual $16.50
Write for more details & spec. sheet.

Call/write for details on reg. pwr. supply kit & HP-2A
Preamp for 2 mtrs ($9.95 kit, $13.95 wired & tested).
(Mo. res. add 49 sales tax) Prices ppd US & Canada

Hale Electronics
P. 0. Box 682 — Cape Girardeau, Mo. 63701
Tel. 314.334.0420

CFP ENTERPRISES
IS

—— MOVING

We're gearing up to serve you better
than ever with new facilities and
new hours. Jim Beckett, WA2KT]), is
back to staff this new operation and
is looking forward to meeting you.

Contact us now for service aimed at
solving your radio equipment needs.
We'll continue to bring you our
present lines and back them up with
service facilities.

Opening date is expected to be
September 2!

CFP Communications

Division of CFP Enterprises
211 NORTH MAIN STREET
HORSEHEADS, NEW YORK 14845
Phone: 607-533-4297

607-739-0187
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WANTED: November 1970 HAM RADIO to complete
my collection. Write Richard Rosen, 420 Riverside
Drive, Apt. 12D, New York, N. Y. 10025,

COMING TO FLORIDA? Use our Club station or
your own rig and our all-band antennas to work
DX or your home town. All hams welcome. De-
tails — H. E. Saxton, WAQED, c/o Spanish River
Inn, Delray Beach, Fla. 33444,

PACK RAT HAMARAMA, Sunday October 5 at Bucks
County Drive-In Theater located on Rt. 611 in War-
rington, PA, (near exit 27 of Penn., Turnpike and
north of Willow Grove, PA). Sponsored by the Mt.
Airy Radio Club. For further information and flier
with map — SASE to K3IMXM — Lee A, Cohen,
8242 Brookside Road, Elkins Park, PA 19117.

DO-IT-URSELF DXPEDITION — Stay at ZF1SB —
Cayman |s. Vertical antenna and Caribbean at your
doorstep. Diving/fishing if band folds. Write Spanish
Bay Reef Resort, Box BOOK, Grand Cayman, B. W. I

FISHER SCIENTIFIC CO. and Subsidiaries is at-
tempting to compile a roster of Ham's that are
employed by them. If you are employed by them,
of a subsidiary, please contact Fred Shetler K3VMS
at the Instrument Manufacturing Division, Indiana,
Pa. 15701. We are interested in your handle, call,
position held, and address of home QTH.

160 METER TOP LOADING SECTIONS for vertical
antennas, $34.50 ppd. B0 meter sections, $31.50
pd. Details write Bill Turney, WA@RFF, 1414
Easl 9th, Hutchinson, Kansas 67501.

CLEVELAND'S LARGEST ELECTRONIC HAMFEST
and Flea Market will be held Saturday, September
27th, at the Cuyahoga County Fairgrounds in
Berea. Easy access from Hopkins Airport, Inter-
state 1-71, 1-90, and the Ohio Turnpike. Listen for
the Buckeye Belles or Chix and “Talk In" from the
East on 146,76, South on .82, West on .88, and
locally on .52 and .94. Eastcars, Midcars on 40
and 80 M and 52.525 for farther out. Tickets $1.50
before Sept. 24th — $2.00 at 8:00 when gates
open. Flea market parking earlier — bring your
own tables. For early tickets and information on
motels and camp grounds, send a check and
S.A.S.E. to: Cleveland Hamfest Association, Box
43413, Cleveland, Ohio 44143,

HAM RADIO has all the license manuals you need!
Write for details.
BUY—SELL—TRADE. Write for monthly mailer.
Give name, address, call letters. Complete stock
of major brands. New and reconditioned equipment.
Call us for best deals, we buy Collins, Drake, Swan,
etc. SSB & FM. Associated Radio, 8012 Conser,
Overland Park, Ks. 66204, 913-381-5901.

FERRITE BEADS: Ferroxcube beads w/specification
and application sheet — 10 @ $1.00 postpaid. In-
cludes latest catalog. CPO Surplus, Box 189,
Braintree, Mass. 02184.

MOTORHOME FOR SALE. 25 ft. Sportscoach (RB)
1973, excellent condition, many extras. Antennas -
2 mtr, TV, (2) HF - 4 KW generators, sleeps six.
$1,500 down, assume loan. Send SASE for more
info. W6KHS, 212 Magellan St., Capitola, CA 95010.

QUANNAPOWITT RADIO ASSOCIATION annual auc-
tion, ﬁreatest and oldest in N. E., S:!h.m:iaxA Oc-
tober 4th, St. Joseph's Parish Hall, Wakefield, Mass.,
10 AM. -. 4 PM., doors open 9 AM., 10% com-
mission, no minimum. Door prizes, special prizes.
Talk-in 146.52.
SB-104 OWNERS CLUB — Covers related Heathkit
equipments., Send SASE for details to Chuck Har-
rison, RD 2, Box 1, Main Street, North Stoning-
ton, CT 06359.

HT220 HI-BAND, 4 freq. universal $250.00. D. M.
Herlihy, 2338 Berry St.,, Lemon Grove, Cal. 92045.

1N5231B ZENER 5.1v 10/$1.00 1N4007 .11 ea., Re-
sistors 14W 59% .04 ea. FREE CATALOG. Orders
below $B8.00 add $.50 Postage. NuData Electronics,
104 N. Emerson St.,, Mt. Prospect, Ill. 60056.

YOUR AD belongs here too. Commercial ads 35¢
per word. MNon-commercial ads 10¢ per word.
Commercial advertisers write for special discounts
for standing ads not changed each month.

More Details? CHECK—OFF Page 110
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MINI POWER SUPPLY KIT « 48 HOUR MAIL SERVICE « QUALITY PARTS — NO JUNK!
Build your own +5 volt powaer Module » CASH REFUNDS ON OUT-OF STOCK ITEMS = COMPLETE SATISFACTION OR MONEY BACK
at a fraction of commaercial cost!

8 vk roquliond @ 400 WA POWER SUPPLY SPECIAL UNIVERSAL BCD UP/DOWN
with overload protection  * DYilled & Plated Board We brought s large quantity of parts COUNTING MODULE WITH LATCH
low ripple for TTL work!  « All Components to make & quality power supply for

T « Complate Instructions TTL & linear work Low Current
Culﬁph(n * Transiormes Actusl sise
*n 2387
LouD! ~
- "|: WATT WARBLE ALARM KIT +5V 154 &4 +12
components you nesd to build & +16V 160 mi %qﬂn‘
dual tone warble alarm but the spesker 1% ronclation . +24
WO FC BOARD NEEDED $2.00 low ripphe e 4 95
~_
YOU GET: = Drilled & Plated Board bt
10.7 MHZ CERAMIC FILTER « Al components including 6lorsas
transiormes
5 |_69 12-95 » Complete imitruction =Xl & Fiated PY: Bowd
Miniature Sire o « MOS Counting Chip
No Tuning Reguired B60HZ CRYSTAL TIME BASE KIT = 25 inch Character Phosphor Rlesdout
S Sl 205 KHLE Use with mos clock « Presettable +N Counting 10 IMHL
S0DB Bandwidth: 700 KHZ (Max) hips requiting GOMZ = Up or Down Counting
inser tion Low 10 DB (Max) « Board Nty standard edge connecton
Impedance 330 ohm $9.95 + Complate Instructions
The bandwidth can be narowed by - = Application & Project notes
toading fitter with a higher impedance 3 o o et UDES: - * Units can be Cascaded
PC Board
RCA CA3043 §GREEN PHOSPHOR READOUT 7.68%c wtal for 12 Vot
Tramistors, resstons, etc operation Send 264 for Catalog * POSTAGE PAID ON ALL
High Gain, IF AMP, 1.4V Fillament Mo binary divicer ; FREE WITH ORDER __ ORDERS OVER $5.00
FM Detecior Lmite; ROV S BULLET ELECTRONICS
AF Pre Amp \ ; ATshrink T
LI o cunen UBINGE . 05 Decads Counter/} P. O. BOX 1465
99¢  with Spes T 180 ma per readoutl 1 FOOT CUT LENGTHS §7 Seg. Decoder LAKE WORTH, FLORIDA
H ’.ﬁq‘:;. assorted sizes. | 1-! ICD4033 33460
2N3055 69¢ &l i, 14 Pin Dip Limited Qty NO COD.'S
2N4443 721 16 P $195 each CHECK OR MONEY ORDER
400V 8A SCR 10 for $7.00 ‘Cl‘ﬂ 10 INCLUDE 50¢ for handiing on all orders less than $5.00

Only
$37.50

{less batteries)
POSTPAID USA

® Precision crystal

THE TIGER

* Fully guaranteed 150/0 SCIVi!IgS on GGS

A Capacitive Discharge Ignition system absolutely
guaranteed NOT to interfere with your radios & equally
® Markers at 100, 50, 25, 10 or 5 kHz se- guaranteed to improve your auto’s operation and gas
Al R mileage.
lected by front panel switch.

: e No rewireing necessary. Engine cannot be damaged by
e Zero adjust sets to WWYV. Exclusive circuit improper inwtallation, Either of three models fits any

suppresses unwanted markers. vehicle or stationary engine with 12 volt negative
® Compact rugged design. Attractive, com- ground, alternator or generator system. Uses standard

letel If contained. coil & distributor now on your engine. Dual switch

piefely se ¥ permits motor work or tune-up with any standard test
® Send for free brochure. equipment.

Write for free booklet that not only is the BEST des-
cription of CDIs, but also explains the need for such a

PALOMAR system. Current prices assured til Jan, ‘76.
ENGINEERS D-D ENTERPRISES

P.0. Box 7776
BOX 455, ESCONDIDO, CA 92025 San Francisco, CA 94119

More Details? CHECK—OFF Page 110 september 1975 103



INFO-TECH MORSE KEYBOARD

FEATURES:
VARIABLE SPEEDS FROM 8 TO 35 WPM
ADJUSTABLE WEIGHT
64 CHARACTER RUNNING MEMORY WITH BUFFER
FULL INDICATOR
BOTH GRID BLOCK AND CATHODE KEYING
ADJUSTABLE GAIN SIDE TONE MONITOR
(;JA]I;SSOTP:’JRE 64 CHARACTERS FOR DELAYED TRANS-
|
INCLUDES THE FOLLOWING SPECIAL KEYS: BK, BT,
AR, 5K, CQ AND DE
‘N’ KEY ROLLOVER TO AVOID MISSED CHARACTERS
FULL ONE YEAR WARRANTY .
AND BEST OF ALL . . . ONLY $239.50

Delivered in the Cont. USA
SEND FOR DATA SHEET FOR ADDITIONAL INFORMATION
WATCH FOR INFO-TECH'S NEW FAMILY OF DIGITAL
SYSTEMS . . . COMING SOON . . .

RTTY KEYBOARD, RTTY TO VIDEO DISPLAY,
AND MORSE TO VIDEO DISPLAY.

INFD TECH P. O. BOX 84
i CHESTERFIELD, MO. 63017

THE ULTRA-BAL 2000

NOW .------ An extremely rugged, weather proof BALUN!
oFull 2KW, 3-30 MHZ., 11or 114 ratios.

- *Special Teflon insulation, May be used
with tuned lines and tuners.
= With dipole insulator and hang.up hook.
ONLY $9.95ppd. (state ratio)

At your dealer or order direct

K.E. EIECtl’OI‘IICS Box 1279, Tustin Calif. 92680

HTTY VIDEO DISPLAY UNIT

19t cr LELAND ASSOCIATES

" VIDITYPE
181’04 GLASTONBURY RD.
"mn]-i !T 8?23550 TROIT, MI. 48219
VHF/UHF g

Ten meters through 432 MHz. A post card will bring our
full 1974 Catalog.

@ J @|ﬂ BL laboratories

260 NW POLK AVE
CORVALLIS, OREGON 97330
Telephune: 503-757-1134

ME-3 microminiature tone encoder

g elements
o slability

7.0 Mz-203.5 Hz

.95 M K FIELD REPLACEABLE

5 $29.95 each Mml be. LGN, FREGUENCY
N TERMINING TS

R : WRELA CALIFORNIA &PEIT ey s e

AR B i $3.00 sach
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e STABILITY
e HIGH QUALITY
e QUICK DELIVERY

Write or Call
R/T LaBs., INC.

4126 COLERAIN AVE., CINCINNATI, OHIO 45223
513/681-3444

FREE gift! Just for

writing for your free
YAESU Cdtalng

radio
Everything from Set to Signal !
2602 E. Ashlan, Dept. H
Fresno, Calif. 9372
(209) 224-5111

L] L]
FTI01E Yaesu $749.00
with New Speech Processor

*NEW! SILVERPLATE-NEW!

SINGLE SOLUTION » NO MIXING » NO FUSS = NO
LETHAL CHEMICALS » FAST ACTING ON COPPER -
BRASS = BRONZE + BRUSH ON OR DIP « RINSE
AND DRY + IDEAL FOR THOSE COMPLICATED JOBS *
6 LIQUID OZ, BOTTLE SILVERPLATES UP TO 1800

SQUARE INCHES OF METAL - $7.00

. ABAR RESEARCH .
11118 PARKER STREET, MOKENA, IL. 60448

CASH For 2-WAY E¥ foMen

erc. EQUIPMENT
nus:L:s aaszs NH‘I'A

MMILE-TELEPHONES
PEATERS, n’rs BnNTRﬂLS, TONE EQUIPMENT
EQUIPMENT
peratlorlal Units Only
Commissions/Finders Fees

CAL-COM SYSTEMS, INC.
701-51A KINGS ROW, SAN JOSE, CALIFORNIA 95112
Telephone 24 Hours 408/998-4444

More Details? CHECK—OFF Page 110



FREQUENCY

AVAILABLE FOR
AIRCRAFT, FIRE, POLICE
AND AMATEUR FREQUENCIES

Check these features:
@ Smallest size of any commercially available synthesizer
— only 1-3/8” x 3-3/4* x 7,

Excellent spectral purity since no mixers are used.
00059 (5 parts per million) accuracy over the tem-
perature range of —10 to 460 C.

Immune from supply line voltage fluctuations
operated from 11 to 16 volts D.C.

Up to B000 channels available from one wnit. Fre-
quency selected with thumbwheel switches.

Available from 5 MHz to 169.995 MHz with up to
40 MHz tuning range and a choice of 1, 5 or 10
kHz increments (subject to certain restrictions depend-
ing on the frequency band selected).

Top quality components used throughout and all ICs
mounted in sockets for easy servicing.

All synthesizers are supplied with connecting hard-
ware and Impedance converters or buffers that plug
into your crystal socket,

L]
L ]
L] when
L ]
L]

VANGUARD NOW HAS THE WORLD'S LARGEST SELECTION OF

SYNTHESIZERS FROM $129.95

SEND NO MONEY.
WE SHIP C.0.D.
ORDER BY PHONE
AND SAVE TIME.

We ship open account only to U.S. and
Canadian government agencies, univer-
sities and selected AAA rated corpora-
tions.

Vanguard frequency synthesizers are custom programmed to
your requirements in 1 day from stock wnits starting as
low as $129.95 for transmit synthesizers and $139.95
for receive synthesizers. Add $20.00 for any synthesizer
for 5 kHz steps instead of 10 kHz steps and add $10.00
for any tuning range over 10 MHz. Maximum tuning range
available is 40 MHz but cannot be programmed over
159.995 MHz on tramsmit or 169.995 MHz on receive
(except on special orders) unless the i-f is greater than
10.7 MHz and uses low side injection, Tuning range in all
cases must be in decades starting with 0 (i.e. — 140.000
— 149.995 etc.). The output frequency can be matched
to any crystal formula, Just give us the crystal formula
(available from your instruction manual) and we'll do the
rest. We may require a deposit for odd-ball formulas. On
pick-up orders please call first so we can have your
unit ready.

VANGUARD LABS

196-23 JAMAICA AVE. HOLLIS, N. Y. 11423

Call 212-468-2720 between 9:00 am and 4:00 pm
Monday through Friday

Amateur Radio's
Prestige Convention

Hotel Sahara
Las Vegas

Special Air Fares
from selected cities
SAROC

Box 945
89005

JANUARY 8-11, 1976

More Details? CHECK—OFF Page 110

ECHO Il REPEATER

>

A COMPLETE LINE OF FM AMPLIFIERS
model — power output — gain — price
6METER FM | 2METER FM

A4950 - 50W - 10db - $183. | MODEL C - 25W - 4db - 569
A40960 - 50W - Bdb - $192, MODEL D - 50W - 7db - $99
AB949 - 100W - 10db - $270. |SUPER D KIT - 80W - 3.5db - $60

450 - UHF MODEL DS - BOW - 3.5db - $139
b MODEL 25 - 30W - 7db - $167 MODEL E - 35W - 10db - $80.
b MODEL 30 - 30W - 9db - $194. | SUPER E KIT - 40W - 11db - $60
# MODEL 50 - 50W - 6db - $261. | MODEL ES - 40W - 11db - $115
OTHER PRODUCTS 100 - 100W - 7db - $209
4ECHO 11| FM REPEATER - $949 1-10-0 - 100W - 14db - $226.
{MODEL 34 WATTMETER - $70. | 350 - 100W - 4db - $185.

[]

MODEL 3 WATTMETER

r
1
;
;
b
t
1
;
3
1
1
4
1
1
4
1

DYNAMIC M

COMMUNICATIONS
848 AVE."E” P.0.BOX 1016

(305)844-1323

AIVIERA BEACH, FLA, 33404 |
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NEWLY ARRIVED!
COILS — COILS — COILS

Sets of Cartons of Cases of

6 100 1000

COMPACT — MINI — PRIME
34" (10mm.) SQUARE CANS 14" (7mm.)

=\ COILS

I.LF. & OSC.
for AM/FM/SW

Made to specs of large Eastern U. S. mfr.

Send large SASE for mfr. part no., use, size

and prices per sets of 6, cartons of 100 or
lots of 1000,

m. weinschenker

K3DP) BOX 353:IRWIN, PA. 15642

CAREER OPPORTUNITY

Major amateur radio manufacturer seeks branch service
center manzger to establish, organize, and operate Ohio
area service center. Key qualifications should include: ama-
teur radio license, H.F. and V.H.F. solid state and digital
bench service experience, strong customer relations back-
ground, and FCC Commercial License desirable. Send com-
plete resume ONLY to: Yaesu Musen USA Inc., 7625 E.
Rosecrans Ave., Unit 29, Paramount, Ca. 90723. No Phone
Calls Please.

FEELING .

(O )

7\

LEFT
ouT? <

Do you sometimes feel as though the world
of amateur radio is moving a good bit faster
than you are?

There's little question that our hobby has
really been on the move lately what with FM,
SSTV, satellite communications, RTTY, not to
mention the solid state revolution and the
many new doors that it has opened.

Ham Radio has kept its readers up to date
on this fast moving scene. They've been better
informed, they've had more fun from their

hobby.
Don't take a chance

Don't miss another issue
SUBSCRIBE TODAY

HAM RADIO
Greenville, NH 03048

Please enter my subscription for Ham Radio:
1 year (12 monthly issues) $8.00
($10.00 foreign)

3 years (36 monthly issues) $18.00
($26.00 foreign)

NAME __CALL
ADDRESS___ — - -
CITY STATE ZIP —

Reduces Printed Circuit Board Art Work Fram 2 Hours 1o 10 Min

Simple as A.B.C.

A. Stamgp Components on P C Boasd B, Use Pan 10 bntwrconnect Lises C.Hch Boas

E3 digital T2L LOGIC
~. techniques PROBE
“A New-Dimension in Digital Logic Level Probes"

7 Segment Display Indicates Logical Condition
Complete Kit less case: 25.00 ppd é t';&"

Write: “P" Pulsing
P. O. Box 6121, Clearwaier Fl. 3351B “F"* Floating

ALDELCD SEMI-CONDUCTOR SUPERMARKET Introductory Special
1000 Volt 2 Ampere Rectifiers

10 Silicon Diodes 1N4148

10 Germanium Diodes 1N34

10 Assorted Zener Diodes

10 Silicon PNP Transistors Plastic 2N3906

10 Power Transistors Germanium & Silicon assorted

100 Silicon & Germanium Diodes assorted

100 Rectifiers assorted 1 amp unmarked

100 Transistors assoried unmarked

All Items Postpaid  $5.00 Minimum Order Send For Complete Lls

ALDELCO, Dept. H., P. 0. Box 341, Lynbrook, New York 11563

333333233

NTAINS ADDITIONAL STAMPS
Beaan s g o i G
|||||||| o s— (| T
o v i € Only *2% each Tour V9%
N # ] DUAL WuiNE g3 FLAT PACK
c} e BOunD o ROCREY E
O P moUNE o BOCRT =
..’ 10N FRANSATOS SOCEF" =3 VPN ROUND TR PN ROUND
- YO 10 TRARAETOE Lorel! ﬁ:
. LARGE & bEALL BOMWST BaD -t —
. . “ 4y E
-
PLUS = e
S o M-TECH
ool N W

PNCRID Ve 1T

$995

DIPUI._; .~ ANTENNA CONNECTOR

2* HYE-QUE (HQ-1) dipole connector
has coax 50-219 socket molded into
glass filled plastic body to accept

coax PL-2%9 plug on feedline. Drp
cap keeps coax fittings dry. Instruc
tions included. Guaranteed. At your

dealers or $3.95 postpaid. Com
panion insulators 2/%.99.

BUDwIG HFG- co. PO Box 97H, Ramona, CA 92065
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JPRA

INDUSTRIES

2285 SOUTH MAIN ST.,SUITE 1
SALT LAKE CITY, UTAH 84115

DIVISION

COMMUNICATIONS

WELCOME
TO THE WORLD OF VHF VERSATILITY!

The MINI-AMP | expands the versatility of your
handi talki or low-power rig to equal that of a
good mobile/base rig. Look at the advantages
this kit offers:

Low cost/watt — $49.95 plus postage (12 oz.)
Interfaces with any rig from 100mW to 3 watts+

Can be used on motorcycles, in boats, planes,
cars, campers, or anyplace where 12 volts DC
is available.

Super compact — only 3" x 47 x 27,

Light weight — only 12 oz. Easily concealed in
car or boat to reduce the possibility of theft.
If you are constantly worried about your mobile
rig being stolen, conceal our Mini-Amp | under
your dash, seat, etc. and use your handi-talki
for maximum portability and security.

These are just some of the reasons that we feel
our Mini-Amp | is the most practical and versa-
tile amplifier on the market. For answers to any
further questions, you may call our toll free
number, 800-453-5717. | will be happy to help

e ol 7. Bind

WA7VRM

il o

20 WATTS/12VDC
25 WATTS/13.5VDC

P. S. Watch for 100 Watt amplifier coming soon.

Specifically designed
for rigorous environments
FEATURES

REPEATER IDENTIFIER

— CLEAN SIGNAL —
— ALL CHANNELS —

Wide temp tolerance: —40°F to +185°F
Maximum reliability: high noise immun-
ity of CMOS IC's. Rugged transistor
switch. Code speed & ID interval fac-
tory set with fixed resistor

Minimum power requirement: 100 uA
standby & 2MA while identifying.
Voltage from 5V to 15V DC
Adaptability: 125 bit diode matrix can
be reprogrammed by user
Conservatively priced at $95.00. Only
$80.00 less cabinet. PPD

TRI-LINE CO. Tel: (714) 564-4185
Box B, La Quinta, Ca 92253

Enclosed is $ Please send ID-2A

with/without cabinet
Call Letters .

Name

Address

City/State/Zip

1 e W B

Actual Spectrum Analyzer Photograph
of an RP Synthesized Radio

ONLY RP GIVES YOU BOTH
PLUS
e SUPER ACCURACY (.0005%)
e FULL 2M FM COVERAGE
144-148 MHz

WORKS WITH MOST FINE AMATEUR
OR COMMERCIAL GRADE RADIOS

MFA-22 SYNTHESIZER

SEND FOR :
FULL DETAILS F" Electronics
810 DENNISON DRIVE

IQ[ BOX 1201
|

CHAMPAIGN, IL 61820
Phone: 217-352-7343

More Details? CHECK—OFF Page 110
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INTERNATIONAL MORSE DECODER

International Morse Decoder
International Morse Code IN
Parallel ASCII OUT

Television Display Circuit
ASCIl IN; Display a single row of up to 30
characters on your TV screen; No connection
to TV set required.
$118

Audio Converter Unit
Couple your receiver to the International Morse
Decoder; Two stage active filter plus level de-
tector; Can also be used to drive an audio
oscillator for static free CW reception

The above circuit boards are shipped assembled and tested

PINON

ELECTRONICS
P. O. BOX 2192

Aha, the SECRET of PC Board
success finally revealed. A perfectly
balanced ]ighﬁnﬁ tool combining
magnification with cool fluorescence.
Excellent for fine detail, component
assembly, etc. Lens is precision
ground and polished.

Regularly $67.00. Now, over 30%
discount (only $46.00) to all li-
censed Hams, verified in Callbook.
Uses T-9 bulb (not supplied).

Include $3.00 U.S. postage, or $4.00 in
Canada. $5.00 elsewhere. California Res-
idents include 6% sales tax.

Or send stamped envelope for free bro-
chure of other incandescent or fluorescent
lamps suitable for all engineers, archi-
tects, students, etc.

D-D ENTERPRISES
DEPT. A, P.0. BOX 777
SAN FRANCISCO. CA 94119

MESA, ARIZONA 85204

WE'RE FIGHTING
INFLATION

NO PRICE RISE IN 75 __

FOR FREQUENCY
STABILITY
Depend on JAN Crystals. Our large stock of quartz
crystal materials and components assures Fas!
Delivery from us!

CRYSTAL SPECIALS

Frequency Standards

100 KHz (HC 13/U) $4.50

1000 KHz (HC 6/U) 4.50

Almost all CB sets, TR or Rec $2.50
(CB Synthesizer Crystal on request)

Amalteur Band in FT-243 ...ea $150

4/$5.00

B80-Meter. $3.00 (160-meter not avail.)

Crystals for 2-Meter, Marine, Scanners, elc. Send
for Catalog.

For 1st class mail, add 20" per crystal. For Airmail,
add 25*'. Send check or money order. No dealers,

please.

11 Bob Whan & Son Electronics

I { 2400 Crystal Dr.. F1. Myers. Fla. 33
i \- All Phones: (813) 936 7
L Send 10' for y calalog with 12

CRYSTALS : circuits and lists of

frequencies in stock

108 september 1975

NOW THE ONLY NATIONAL
AMATEUR RADIO NEWSLETTER
WITH THE LATEST ...

FROM
« FCC w-
« ARRL = }
« INDUSTRY =
* PROPAGATION L5 i
+ CONTESTS et il ¥
. DX ol _-r".l
[ ISSUE*
AFTER ISSUE

. AFTER ISSUE!

'v/v/v N> | +52 issues
/ per year

A four page. instant
newsleller in the mail
when it happens. nol

weeks later

1 year $12.00 US, Canada & Mexico — $15.00 Worldwide

I REPORT

GREENVILLE, NH 03040

More Details? CHECK—OFF Page 110




Drake

In stock for immediate shipment.

R4-C Receiver $549.00
SPR-4 Solid State Gen. Cov. Receiver $599.00
T-4XC Transmitter $580.00
MS-4 Speaker $24.95
AC-4 Power Supply $120.00
WV-4 Wattmeter 20-200 MHz $74.00
Globalman EK-108D Electronic Keyer, wired,
complete with paddle. $74.95

nice condition with schematic
Collins 516-F2 A.C. Power Supply — Used, good
cond., lab tested O.K. . $110.00

ANTENNAS — TA-36, TH6-DXX, in stock, write
or call.

Collins phone patches, removed from equipment,
$24.95

Savoy DGA-2M, 2 meter collinear . $29.95
Trunk lip bracket for DGA-ZM $£14.95
HyGain 14 wave 2M grd plane ... $13.00
Hustler 4 BTV Vertical Antenna $79.95
HyGain 18V 10-80 m. vertical 33.00
HyGain BN86 Deluxe Balun . $15.95
HyGain 18 AVT/WB 10-80 meters vertical $97.00

Newtronics CGT-144 52 dB gain. Trunh Ilg
mount
Newtronics G6-144A fixed station antenna GdB
ain $52.00
old Line Single Pole, 5 position coaxial switch,
wall bracket or panel mount, 1 KW AM $17.
Times Wire & Cable, T-4-50, RG-8 foam 28¢/ft.
B"rd We are official distributors for
Bird Wattmeters and elements.

C.D. Ham |l Rotator
New Improved $5¢3 $139.95
8 conductor cable for HAM Il or CD-44 16¢/ft.

IC-230 — Call or write $489.00
Johnson small matchbox. Millen KW Transmatch.
Astatic D-104 Mike new $26.10
Astatic UG-8 Stand for D-104 new $19.95
B & W B50A or 852 for PiNet Band switching
inductor for 66.75
B & W 334A Dummy Load-Wattmeter 0-300MHz

52'.3. 0 10, 100, 300, 1000 watts $149,95
37 Dumm;'r Load-Wattmeter 0-300MHz,
52!’ D 15, 50, 300, 1500 watts $175.00

Sockets for 80?2 8121, B122 $3.95
EBC Jr.-2 meter FM synthesized XCVR $599. 00
MC Jones Mod. 575.5 Micro Match SWR bridge,
N Connectors. Use with 200 uga meter. New

value $100.00 $24.95
Kenwood TS-520 $629.00
New Arrivals!

Ameco 2 and 6 Meter Xmitter TX-62

Heathkit SB600, SB610, SB630.

RME — VHF-126

Standard, Base Station, SR-C14, 22 Channel, 2
Meter FM, 10 watts

New ltem!

DX Engmeermg Speech Compressor for Collins
32S xmtr $98.50; for Collins KWM2 $98.50; for
Drake TR4(C) $128.50.

New ltem!

SOLID PORCELAIN INSULATORS newly arrived!
With coax use as center insulator — open wire
feed — can be used with homemade 8 Balun
— Handles up to 5 KW input. Furnished with
instructions $3.00

Johnson 154-10 or equal. Single section 23 thru
347 pF for KW transmatch. Replaces Millen
16520 $35.00
Johnson 229.202 18 mH variable inductor 10 to
80M for KW transmatch $35.00
Johnson 229-203 28 mH variable inductor 10 to
160M for KW transmatch " $37.00

B & W Minductors - Air-Dux cml stock
Stocking TEN-TEC — Fast Availability!
VENUS Finest SSTV, Latest Models, S5-2, SLOW

SCAN MONITOR KIT S 269.00
Cl, FAST SCAN!SLOW SCAN CAMERA

& CONVERTER $469.00
We have VIBROPLEX in stock!

Gold-Line In line Wattmeter — 144-162 MHz,
0-50wW., 500 $17.50
Gold-Line Matcher reflected Power Meter, 144-
220 MHz, 1000 W . $35.00

NPC POWER SUPPLIES

115 VAC Input - 12 VDC 4 amps out $29.95
Same as above but regulated $47.95
Model 108R — 115 VAC/13.6 VDC 8 ams

continuous 12 amps surge. Regulated $69.95

CONSTANT VOLTAGE TRANSFORMER. Input 115
VAC @ 60Hz output, 24V @ 15 amps with
matchm% AC capacitor . $19.95
Hammarlund Dual Section 320/320 per section
Xmit'g Capacitor $29.95
Tubes for worldwide and domestic, commercial
service. Large stocks of meters and capacitors.
ITC 2000 FM, SSB & CW Synthesized 2 meter
transceiver g $695.
R-389 Receiver. 15-1500 kcs, mechanical di nal
readout, motorized tuning $37
Ameco Model PT Preamp, factory wired 369 95
Regency HR-6 6 mtr FM transcvr, new cnd $199
Heath Warrior HA-10 Amplifier with 4 811A's
and power supply $185.00
Swan 700-CX \mth matching 117XC power supply
and speaker, plus WM-1500 Wattmeter. All mint,
like new $650.00
Realistic DX-160 Solid-State General Cmrarage
Receiver with SP-150, like new 0

Recently received! 2500 meters. What do you

need? Lots of other goodies.
Strain-axial antenna

Bafry EXtra connector for all

SBE Linear Systems Slow Scan TV Monitor,
Model SB1-MTV & SBE Slow Scan TV Camera,
Model SB1-CTV. Orig. boxes — both mint con-
tion — Write or call.

BARRY BUYS UNUSED TUBES AND VACUUM
CAPACITORS. Send Your List. Tube Headquar-
ters. Diversified Stock. Heavy Inventory of Eimac
tubes, chimneys, sockets, etc. 3-500Z or 3-400Z
Specify $50.00.

BARR Y 512 Broadway

DEPT. H.9
212-WA-5-7000

TELEX 12-7670

NY, NY 10012

ELECTRONICS

Add shipping-escess refunded-Quated FOB N.Y.C.

September Hours
Saturday, 10 am. - 2 p.m.
Monday-Friday, 9 a.m. - 6:30 p.m.

'WN1USO

~ JOHN YOUNG

8460 North River Road
- Mesa, Arizona 80950

More Details? CHECK—-OFF Page 110

MﬂTEUR RADIU CRLL LABELS

SKANDIA, INC., Dept. 7Y
Londonderry, N. H. 03053
Call Letters

Name

Address

City.

500 Labels $6.25 ppd BIEIG Zip...
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No room? Get a
-fjain vertical antenna!
7 |

Even if you're limited to just a few square feet of real
estate, you've got room for a high performance Hy-Gain
multi-band vertical. Great coverage in minimum ground
space, or roof mount for optimum performance using
Hy-Gain 12RMQ or 14RMQ Roof Mount/Radial Kit. All
these antennas are entirely self-supporting.

T 18HT Hy-Tower 6 thru 80 meters

| Unquestionably the finest multi-band omnidirectional
vertical antenna available. Entire structure is radiating
element with automatic band switching. All hardware
iridited. Unique stub decoupling for 50 ohm input on all
bands. Also operates 160 meters with loading coil. Takes
maximum legal power with ease. No roof mount. Ht.
50". Wt. 100 Ibs.

Order No. 182

18AVT/WB 10 thru 80 meters

True Ya wave resonance on all bands, automatic band
switching and optimum wide-band performance com-
! bine to make the 1BAVT/WB one of the most popular
amateur antennas. Three heavy duty Hy-Q Traps, top
} loading coil, extra heavy duty construction. Roof mount
with 14RMQ. Ht. 25 Wt. 10.7 Ibs.

Order No. 386

18V 10 thru 80 meters

i Low cost, high efficiency, and quality construction
’ | make the 18V ideal for budget-conscious HAMSs. Easily
tuned to any 10-80 meter band by adjusting feed point
at base inductor. Highly portable. Roof mount with
14RMQ. Ht. 18". Wt. 4.6 Ibs.

| Order No. 193

| 14AVQ/WB 10 thru 40 meters

¥ Improved for even greater wide-band performance!
1 Three separate Hy-Q Traps with oversize coils for ex-
4 tremely high Q. % wave resonance on all bands. Out-
standing low angle radiation pattern. Roof mount with
| 14RMQ. Ht. 18". Wt. 8.6 Ibs.
[ Order No. 385
12AVQ 10, 15 and 20 meters
Inexpensive tri-band vertical for performance with mini-
l . mum investment in space and equipment. Low radiation
b 3 angle. Roof mount with 12RMQ. Ht. 13'6"". Wt. 6.8 Ibs.
| Order No. 384
L ] For prices and information, contact your local
Hy-Gain distributor or write Hy-Gain.
-fJain
No. No. No. No. No.

182 386 193 385 384

Hy-Gain Electronics Corporation; B601 Northeas! Highway Six; Lincoln, NE 68507, 402/464-9151 Telex 48-6424
Branch Office and Warehouse; 6100 Sepulveda Bivd., #322; Van Nuys, CA 91401, 213/785-4532; Telex 65-1359.
Distributed in Canada by Lectron Radio Sales, Ltd.; 211 Hunter Street West, Peterborough, Ontario

More Details? CHECK —~OFF Page 110 september 1975 m



KENWOOD
\/UM oottle
i Jpcc |

There are several good transceivers on the mar-
ket today. But if you compare them carefully. ..
study the specifications, note the important
features, and finally talk to some Kenwood own-
ers, you will have to come to the same conclu-
sion that thousands of others have come to. ..
you can’t buy a better rig for the money than a
Kenwood. Every unit is built with pride and
designed to give top performance year after
year. Join the switch to Kenwood.

The TS-520 shown
with the VFO-520 and SP-520
The TS-520 is the final word in SSB transceivers
. . . the "hottest little rig on the air.” It is a com-
pact, mostly solid state, all-in-one transceiver
with built-in AC/DC power supply and speaker. It
operates SSB and CW on 80 thru 10 meters.
Features include 2-position ALC and double split
frequency controlled operation.

Available at select Kenwood dealers throughout the U.S.
Distributed by

TRIO-KENWOOD
COMMUNICATIONS INC.

116 East Alondra / Gardena, California 90248
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the ncw look

of a proven performer

the
tem

SSB

...a proven name, a proven value. Look

at the specifications, look at the price
tag, ask any of the thousands of Tempo
ONE owners about its reliability . .. and
the reason for its unparalleled
popularity will be obvious.

SPECIFICATIONS

FREQUENCY RANGE: All amateur bands 80 through
10 meters, in five 500 khz. ranges: 3.54 mhz., 7-7.5
mhz., 14-145 mhz,, 21-21.5 mhz,, 28.5-29 mhaz.
(Crystals optionally available for ranges 28-28.5,
29-29.5, 29.5-30 mhz.)

SOLID STATE VFO: Very stable Colpitts circuit with
transistor buffer provides linear tuning over the range
5-5.5 mhz. A passband filter at output is tuned to pass
the 5-5.5 mhz, range.

RECEIVER OFFSET TUNING (CLARIFIER): Pro-
vides +5 khz, variation of receiver tuning when switched
ON.

DIAL CALIBRATION: Vernier scale marked with one
kilohertz divisions. Main tuning dial calibrated 0-500
with 50 khz, points,

| The Tempo line is available
-l at select dealers throughout the U.S.

11240 W. Olympic Bivd., Los Angeles, Calil. 90064
931 N. Euclid, Anaheim, Calif. 92801
Butler, Missouri 64730

o ‘ONE’

TRANSCEIVER

FREQUENCY STABILITY: Less than 100 cycles after
warm-up, and less than 100 cycles for plus or minus 10%
line voltage change,

MODES OF OPERATION: SSB upper and lower
sideband, CW and AM,

INPUT POWER: 300 watts PEP, 240 watts CW
ANTENNA IMPEDANCE: 50-75 ohms

CARRIER SUPPRESSION: -40 dB or better
SIDEBAND SUPPRESSION: -50 dB at 1000 CPS
THIRD ORDER INTERMODULATION PRODUCTS:
-30 dB (PEP)

AF BANDWIDTH: 300-2700 cps

RECEIVER SENSITIVITY: 1/2 uv input S/N 10dB
AGC: Fast attack slow decay for SSB and CW,
SELECTIVITY: 2.3 khz, (-6 dB), 4 khz. (-60dB)
IMAGE REJECTION: More than 50 dB,

AUDIO OUTPUT: 1 watt at 10% distortion,

AUDIO OUTPUT IMPEDANCE: 8 ohms and 600 ohms
POWER SUPPLY: Separate AC or DC required. See AC
"“ONE" and DC "ONE" below.

TUBES AND SEMICONDUCTORS: 16 tubes, 15
diodes, 7 transistors

TEMPO “ONE" TRANSCEIVER $399. 00
AC/ONE POWER SUPPLY

117/230 volt 50/60 cycle . .. $99.00
DC/1-A POWER SUPPLY 12 volts DC $120.00

Prices subject 1o change without notice

Hemry ity

213/477-6701
714/772.9200
816/679-3127



via this satellite for 30 years.

The first moonbounce signal was heard nearly 30
years ago when the U.S. Signal Corps Engineering
Laboratory (under the direction of W4ERI, the Project
Officer) received echoes from the moon on 111.5 MHz. A
pair of EIMAC 1000Ts, driven by EIMAC 450THs, were
used in the transmitter. The first radio amateur EME
(Earth-Moon-Earth) echoes were received by W4AO and
W3GKP twenty-five years ago. Again, EIMAC was there.

The first two-way moonbounce QSO took place 15
years ago. between W6HB and WIBU. EIMAC Kklystrons
were used at both stations. From these early, controlled
experiments, EME communication quickly. grew as inter-
ested VHF operators turned to this new and exciting
mode of communication.

Today, aided by EIMAC tubes, moonbounce QSO's
are commonplace on the 144 MHz and 430 MHz bands
using CW and SSB modes. On 2 meters, for example,
W6PO has worked 7 countries and 28 states via moon-
bounce using an EIMAC 8877 in his transmitter. On 432
MHz, VE7BBG has worked 5 continents using two EIMAC
4CX250Bs.

VHF moonbounce is here! Interested? Send your
QSL card for EIMAC’s Amateur Service Bulletin AS-49
and get the latest information on this fascinating mode of
communication. EIMAC, Division of Varian, 301 Indus-
trial Way, San Carlos, California 94070. (415) 592-1221.

Photo courtesy of NASA



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116

