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FIVI 2 METER ANTENNAS

POWER PACK

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
cut for FM and vertical polariza-

The big signal {22 element array)
for 2 meter FM uses two A147-11
yagis with a horizontal mounting
boom, coaxial harness and all hard
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watts with direct 52 ohm feed and
PL-259 connectors
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simply a great
transceiver |

© Y0-100 MONITOR SCOPE ~ FT-101B 160-10 METER* TRANSCEIVER

The FT-101B transceiver features advanced, solid-state, plug-in modular
circuitry-with a complete line of versatile accessories including the NEW
Y0-100 Monitor Scope. Add this ideal companion for complete signal

monitoring.
FT-101B FEATURES: ACCESSORIES AVAILABLE:
® 240 watts PEP input (180 watts CW) ® FL-2100B 1200 watt linear
® AC & DC power supply ® FV-101B External VFO
® Noise blanker ® YO-100 Monitor scope
® VVOX with break-in CW ® SP-101B External speaker
® 25 & 100 KHz calibrators ® SP-101PB Speaker/Phone Patch
® WWV reception ® MMB-1 Mobile mount
® |nternal speaker ® FA-9 Cooling fan
Y0-100 FEATURES: ® X F-30C 600Hz CW filter
® 1500/1900Hz tone generator ® YD-844 Desk microphone
® Wide range inputs for all ® 160 meter crystal

mode monitoring-even RTTY

Compare the features, versatility, and performance. Ask the amateur
who owns one and your choice will be Yaesu-the world’s leader in
amateur communications equipment.

o .
| *160 meter crystal optional

; b
% Specifications subject to change without notice Visit your dealer for details |

or write for our new catalog. =
All Yaesu produclts warranted
by the selling dealer. Complete

after-warranly service available

”“U MUSEN USA INC in Paramount, Calit

?625 E. Rosecrans Avenue, Unit #29 Paramount, California 90723 (213) 633-4007

More Details? CHECK—OFF Page 94 march 1975 [ 1
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MODEL CX-11... Deluxe Integrated Station

PMow FoaZiny

New solid state broadband linear pow-
er amplifier 10-160 meters. 150 Watts DC
output — requires no tuning, operates
into any VSWR — continuous duty at
full rated output.

New concept front-end design — utiliz-
ing double active balanced mixers for un-
matched sensitivity, blocking and cross-
modulation rejection.

Solid-state modular construction utiliz-
ing gold-plated, pins and plug-in sockets
for all transistors, IC's, and circuit board
connectors.

Five Bandwidths of selectivity are stan-
dard — 2.4, 1.5, 1.0, 4, .1 kHz.

Peak notch filter with adjustable fre-
quency notch depth and Bandwidth
controls.

RTTY narrow and wide shift FSK-LSB.

Built-in electronic Keyer with indepen-
dent speed and weight control and par-
tial or full dot memory.

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

New six-digit frequency counter utilizing
new !4 inch amber or red LEDs opti-
mized for a non-blinking, stable display.

2 m march 1975

ADDITIONAL FEATURES

Dual VFO's for transceive, split operation, or
dual receive.

Adjustable IF shift.

Receive or transmit offset tuning.
Push Button spotting.

Adjustable R.F. clipping.
Instantaneous break-in CW.
Built-in Wattmeter.

Built-in noise blanker,

Adjustable R.F. power output.
Pre-IF, adjustable noise blanker.

Now in production at $2600

Distributed by

PAYNE RADIO

BOX 525, SPRINGFIELD, TENNESSEE 37172
Phone seven days and evenings 615-384.2224

For a brochure, personal service and a top
trade on your gear contact Payne Radio

Contact the factory for parts and service only

. s/gr75//0rne

Box 127 Franklin Lakes, NJ 07417
Tel: (201) 8910459

More Details? CHECK—OFF Page 94
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Two of the major semiconductor manu-
facturers are working on new families of
bipolar digital logic that may do as
much to revolutionize the computer
world as anything in the past. Texas
Instruments, for example, has developed
a new family of Schottky logic, called
Schottky I, with 1-to-2-nanosecond
delays {(compared to 10 nanoseconds or
so for TTL) which operates from a
single 5-volt power supply, offers better
performance than today’s ECL 10k and
is provided in standard, easy-to-use pin-
outs. Unfortunately, because of the dis-
mal market conditions which are facing
the semiconductor manufacturers just
now, it may be months before Schottky
11 is available to designers.

Although not a great deal is known
about Motorola’s new bipolar logic
family, it is known to feature 1-to-2-
nanosecond delays and will be com-
patible with ECL 10k. However, they
have been working with a system of
complementary constant-current logic
{C3L) with 1-nanosecond delays (and 1
mW per gate} that could provide the
necessary performance. Motorola is also
rumored to be working on a family of
sub-nanosecond logic called ECL 100k

Nand gate built
with new c3t

logic features sy
speed, ltow-
power consump-
tion and high
packaging
density.

ouTePyT

INPUTS
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that should provide some answers for
digital designers who are looking for
faster and faster computers.

The complementary constant-current
logic is particularly interesting because
it combines the best of several worlds
not previously available on one chip:
very high speed, high packaging density
and low power consumption. The high
packing density of C3L is due to its very
simple transistor-gate structure, shown
below, which consists only of a pnp
current source transistor, an npn switch-
ing transistor and a few Schottky barrier
diodes. By way of contrast, the
Schottky TTL gate uses four transistors,
plus diodes.

Because of the simple structure, a
five-output gate requires only 12 square
mils (0.008 square mm). By compar-
ison, a low-power cmos circuit of the
same complexity requires about 65
square mils (0.04 square mm) of chip
space. This high packaging density
means that a 1000-gate C3L array could
be placed on a 150-by-150-mil (4x4mm)
chip.

While you may be hard put to think
up an application in your amateur sta-
tion for a 1000-gate logic array, many
traditional analog circuits (TV tuners,
for one) have gone the digital route in
recent years, and other devices, such as
frequency synthesizers, small hand-held
calculators and digital meters, would
never have seen the light of day in an
all-analog world. If the past is any indi-
cation, future digital applications will
have an even far wider effect.

Jim Fisk, WiDTY
editor-in-chief
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The perfect companion for your IC-21A, the DV-21 is an all new unique
DV - 2 1 digital VFO to complete your ICOM 2 meter station. The DV-21 will operate

in § or 10 KHz steps over the entire 2 meter band. It can also scan either
empty frequencies, or the frequencies being used, whichever you select. Complete, separate
selection of the transmit and receive frequencies, is as simple as touching the keys. When you
transmit, bright easy to read LEDs display your frequency. Release the mic switch, and the receive
frequency is displayed. There are also two programmable memories for your favorite frequencies.
You won't
believe the fea-
tures and versa-
tility of the

. MC-RACR
DV-21 until -
5 . 4 ( ' P gl |
you've tried it. . Mav oryumen
It’s new, and it’s i
from ICOM.

Distributed by:

ICOM WEST,INC. ICOM EAST Div. ACS Inc.
Suite 232 —Bidg. Il Suite 509

300-120th Ave. N. E 13777 N Central Expwy
Bellevue Wash 98005 Dallas Texas, 75231
(206)454-2470 (214)235-0479
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AMATEUR LICENSE FEES REDUCED with reductions to go into effect March 1. New
fee schedule is $4 for a new license or renewal, $3 for a modification. Requests

for special calls will still cost $25.

WWV/WWVH PROPOSE CUTBACK in services, solicit advice from users, Write Time
and Frequency Services, National Bureau of Standards, Boulder, Colorado 80302 for
detailed questionnaire.

BICENTENNIAL CALLSIGNS pretty well set, will use only AA-AL prefix block to
cover both continental and offshore W and K prefixes during 1976 celebration.
Though stateside bicentennial prefixes will use present numbers to indicate call
areas, look for some real odd balls for such things as Alaskan Novices...

220-MHZ CLASS-E CB still very much a threat —— recent letter from OTP Acting
Director Eger to FCC Chairman Wiley urges giving "every consideration" to "expe-
ditious action" in granting Class-E 222-224 MHz! The letter cites the need for
a "disciplined" citizen's communications service, half-billion dollar a year
market, gives lip service to value of amateur service -- and would let us con-
tinue to use the new CB band, with limitations! Class E could start up as early
as May!

GOVERNMENT AGENCY SHAKES ANTENNA TOWERS —-- OSHA, the occupational safety
people, want all towers over 20 feet to have a built-in OSHA-approved ladder
(16-18" wide, with side rails mounted 6" off the tower)! Since the OSHA ladder
is heavier than most light-duty amateur and TV antenna towers, such a requirement
would have a great effect on tower prices. Ruling would become effective this
summer barring protests, but look for lots of those from users and makers alike.

ARRL DIRECTORS' MEETING in January confirmed Dick Baldwin, WIRU, as League
General Manager and QST editor to replace John Huntoon. Dick took over February
1, while John continues as both ARRL and IARU Secretary.

Docket 20282 Discussion occupied much of the Directors' time, resulted in
authorization of a "membership opinion survey" to be conducted on the Division
level. Survey will be made in time for individual directors to consider results
before a special board meeting in May when League response will be determined.

NATIONAL ENVIRONMENTAL POLICY ACT OF 1969 appears likely to have little direct
impact on amateur radio, but indirect effect on the unwary may cause lots of
bother. Environmental impact report must be filed with amateur license applica-
tions on Form 610 or 610B only if the station will have a 'major" impact on the
environment. Installations having a "major" impaét are: Antenna towers or an-—
tennas over 300 feet high (but not an antenna mounted on an existing structure
300 or more feet high); satellite earth stations with dishes of 30 feet or more
in diameter; locations in a wilderness area, wildlife preserve or national
scenic or recreation area; stations affecting sites significant in U.S. history;
and any involving extensive changes in land-surface features.

Applications Other Than The Above are considered "minor" and no statement need
be filed. However, to be on the safe side, until new forms are available, add a
statement such as, "This application is a 'minor action' as defined by Section
1.1305 of the Commission's rules." somewhere on the form unless you will have a
"major" environmental impact, in which case a call to the FCC is advisable.

NEWLY ANNOUNCED HAND-HELD CALCULATORS, as promised in January editorial, offer
more performance for less cost. New HP-21 Scientific from Hewlett-Packard ($125)
is more powerful than HP-35 and features 32 pre-programmed functions including
rectangular/polar conversion, while new programmable HP-55 ($395) provides 49-
step programming and 86 keyboard functions. Also new are Novus Mathematician
($80) and 10-digit Corvus 500 ($200).

6 Il march 1975
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Atlas-210

5 BANDS 200 WATTS
SOLID STATE
SSB TRANSCEIVER

$599

Don'’t let the small size fool you. The spectacular Atlas
transceiver is truly a Giant Killer. Just 7 pounds of
sheer dynamite, it occupies only 0.18 cubic feet. But
this is only a small part of the story. There are many
other reasons why you will want to own an Atlas Transceiver:

MOST ADVANCED STATE-OF-THE ART CIRCUIT DE-
SIGN, INTRODUCES A NEW ERA IN PERFORMANCE
SPECS. We ask you to mark these words. They are not
merely an advertising statement.

RELIABILITY. Total value engineering, craftsmanship
and quality control give you unsurpassed reliability.
With over 1000 Model 180's now on the air, we at Atlas
are proud of their most exceptional reputation for per-
formance, reliability, and owner satisfaction. It is safe
to say that practlcallnaveryowner has alove affair going
with his Atlas radio. You too can have such an affair.
RECEIVER SENSITIVITY AND RESISTANCE TO OVER-
LOAD AND CROSSMODULATION, SECOND TO NONE.
(Better than anything else we have seen or any other
claims.)

SELECTIVITY: A breakthrough in filter design by Net-
work Sciences. Designed specially for Atlas, this filter
provides unprecedented selectivity. Only 9200 cycles
wide at 120 db down when installed and measured in
the Atlas transceiver! -‘Ask any other brand for specs at
this level! And to top this off, the front end design of the
Atlas makes it possible to utilize this fantastic degree
of selectivity!

TRANSMITTER TALK POWER: 200 watts of linear solid
state power input, with clear, crisp audio.

NO TRANSMITTER TUNING: Simply connect to a 52
ohm load and you're on the air. Infinite SWR protected.
IDEAL MOBILE SIZE: One-third the size of any other
5 band HF transceiver. Only 3% in. high, 9% in. wide,
9% in. deep.

PLUG-IN DESIGN provides quick removal from mobile
mount. Plugs into AC console, as illustrated, giving you
a handsome desktop station.

AMERICAN MADE AND GUARANTEED BY:

LAe ATLAS

490 Via Del Norte, Oceanside, California 92054
Phone (714) 433-1983

MODULAR DESIGN with plug-in R.F., L.LF., and A.T. cir-
cuit boards permits easy servicing.

Model 210 covers 3700-4050; 7000-7350; 14,000-14,350;
21,100-21,450; 286400-29.100 KHz.

Model 215 covers 1800-2000; 3700-4050: 7000-7350;
14,000-14,350; 21,000-21,450 KHz.

The new 210 and 215 are identical to the former Model
180 except for band coverage.

SPECIAL MARS MODELS, 210M/215M permit out of
band operation when used with Model 10X external
crystal oscillator accessory.

NOISE BLANKER, optional plug-in. Also VOX, and other
accessories.

CUSTOMER SERVICE, second to none. Your satisfac-
tion is guaranteed.

ALL THIS, and priced lower than any other 5 band solid
state or hybrid transceiver.

AR 2D I e e
AR117ACConsole ...............
AR 200 Portable ACSupply .........$ 89
Plug-in Mobile Mount. .. ........... $44

Available NOW at your Atlas dealers. See him
for complete details, or drop us a card and
we'll mail you a brochure and dealer list.

73 Herb Johnson WEQKI



ultra low-noise
uhf preamplifier

Design and construction
of an ultra low-noise
preamplifier with a

1.0 dB noise figure

at 432 MHz

that provides

high performance on

144 and 220 MHz as well

8 march 1975

Joseph H. Reisert, Jr., W1JAA, Chelmsford, Massachusetts 0180 1N

There is always a need for a better
preamplifier with a lower noise figure
and higher gain. Such a preamplifier was
introduced in November, 1972.} This
preamplifier took up the slack after the
TIXMO5 disappeared and the low-noise
fets bottomed out, and it introduced
several new features to amateur radio
including state-of-the-art noise figure,
wide bandwidth, low-Q input, current-
source biasing and built-in limiter. In
addition, it required no tuning.

Since the original preamplifier was
introduced, an improved version has
been developed. This new preamplifier
has higher gain, lower noise figure, and
an improved biasing scheme while em-
bodying all the other features men-
tioned above. It has been duplicated by
over twenty-five individuals throughout
the world and is the input preamplifier
used at most of the 432-MHz EME
stations. Two of the die-hard paramp
users now have models of these pream-
plifiers in use. It meets or exceeds their
paramp performance and is easily



mounted at the antenna, a feature not
easily duplicated with paramps and their
associated pumps.

requirements for low noise figure

A low-noise-figure transistor is
required in the circuit but it is not the
only requirement for a low-noise-figure
preamplifier. Other requirements in-
clude proper operating current and volt-
age, optimum source impedance, low-
loss matching circuits, low feedback,
moderate gain and good stability, to
mention a few. Let’s discuss these re-
quirements separately.

The need for a low-noise-figure tran-
sistor should be obvious. You cannot
attain a noise figure which is lower than
the device is capable of delivering due to
other factors affecting the design. You
will be lucky, at best, if you end up
within 0.25 to 0.5 dB of the device's
capability.

Joe Reisert, WI1JAA, was first licensed in
1951 as WN2HQL, and in 1956 earned
his Extra Class license. He moved from
Long Island to San Jose, Califarnia, in
1961, where he was licensed as
WABTQGY, later as WEFZJ. He attained
the DXCC Honor Roll in 1968 and
presently stands at 330 confirmed. In
the late 1960s he became interested in
uhf, had his first 432-MH2 contact in
1970, and put his EME station on the air
in 1972. Before moving to Massachusetts
{ast spring he had warked nine states on
432 MHz from California plus Canada
and Australia. He is joint holder of the
2304-MHz tropo DX record of 330 miles
set in February, 1974, and is active from
Massachusetts on 432-MHz EME.
Primary amateur interests are DX, EME,
and antenna and receiver design.

Joe was formerly the supervisor of
Microwave Product Engineering at Fair-
child Microwave after working at Sperry,
IBM, Lockheed and Wescom Microwave,
and is presently manager of Microwave
Applications Engineering at Alpha Indus-
tries, Inc., in Woburn, Massachusetts — a
leading manufacturer of microwave
diodes.

The collector current ({lc) and
collector-to-emitter voltage (Vcg) are
also prime considerations. Generally,
Vg is not too important if it is greater
than 6 volts. Lower Vcg generally
lowers the cotlector cutoff frequency
{f+) and hence, the gain. The collector
current, on the other hand, is very
important. Older devices were usually
optimum with 1.0 to 1.5 mA collector
current. The newer devices, as a rule,
work best at 2 to 3 mA collector current
and their noise figures do not degrade as
fast as their predecessors’ at higher col-
lector currents {more on this later).

The optimum source impedance is
the impedance that the transistor wants
to see in order to deliver the lowest
possible noise figure. At frequencies
below 1000 MHz this value is seldom 50
ohms. Therefore, a matching network is
usually necessary between the antenna
input and the transistor. This network
must have very low loss since any losses
will add directly to the overall noise
figure of the preamplifier.

In addition, low feedback is essential
to low-noise operation and feedback
will usually raise the noise figure. This
also applies to series feedback in the
emitter lead. The emitter should be well
bypassed to ground to prevent degenera-
tion and higher noise figures. Current-
source biasing is preferred since it allows
the emitter to be grounded directly
without bypassing. A suitable scheme
was used in the original preamplifier.
This design will include a simpler and
fess critical circuit.

High gain is essential for low noise
performance. If the gain of the pre-
amplifier is not high enough, the overali
system noise figure will be degraded due
to the noise figure contribution from
the second stage. However, if the pre-
amplifier gain is too high it may become
unstable or may overdrive the second
stage and cause desensitization or inter-
modulation distortion. A good rule of

march 1975 9



NOISE FIGURE (4B)

thumb is to strive for 10 to 13 dB
minimum preamplifier gain. Gain above
18 to 20 dB should be avoided since it
generally indicates a potential instabil-
ity. More on this later. A method for
computing gain and overall noise figure
is discussed further in appendix 1.

tradeoffs
Noise figures below 1.5 to 2 dB are

figure preamplifier may yield up to 2 dB
better signal-to-noise ratio thana 1.5 dB
noise figure unit.

Cost is obviously the most important
tradeoff. Low-noise-figure, high per-
formance transistors are expensive.
However, in view of the performance
gained, it is penny wise and pound
foolish to cut corners too closely.
Generally speaking, a low-noise transis-

3
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fig. 1. Typicat FMTA4575 noise figure and g9ain at 432 MHz vs
collector current (Vg constant at 7 volts),

usually wasted on meteor scatter and
tropo communications. At 144 MHz
this is still a low enough noise figure for
EME since the sky temperature is usual-
ly not much lower than the terrestial
temperature. Therefore, a good fet is
sufficient to deliver all the performance
needed. However, on EME above 420
MHz the sky temperature may be below
70° K, so a lower noise figure is
desirable. For example, a 1 dB noise

10 march 1975

tor suitable for tropo operation up to
450 MHz will cost about $10, and up to
$25 for a higher performer. The sky is
the limit when it comes to the extreme-
ly low noise figures (1.5 dB or less)
necessary for EME.

In the preamplifier presented here a
device costing less than $50 will out-
perform just about any device presently
available at any price. On EME you may
spend hundreds, and maybe thousands,

20

GAIN (dB}



of dollars and hours building a suitable
station. Why skimp when it comes to
the preamplifier? A suitable perform-
ance increase in the antenna may be
completely out of the question due to
size or money.

Gain isn't everything, but it does
help. This is especially true when the
preamplifier is remotely mounted. An
extra gain margin helps to overcome

dom exceeded 13 dB. Other high per-
formance devices which were tried in-
cluded the Fairchild FMT4225 and
Hewlett-Packard HP-21 series. They
delivered high gain but higher noise
figures (1.5 to 2 dB typical). Likewise,
the Amperex BFR90 and BFR91 sel-
dom provided noise figures below 2 dB.

The Fairchild FMT4575/4578 and
FMT4000/4005 were true eye-openers;

NOISE

| DEVICE UNDER]
L— Ficure TEST

sTUB

sTuB Low ]

TUNER 50-0HM

GENERATOR FIXTURE

T NOISE FIGURE DETECTOR
UNER CONVERTER

VARIABLE
VOLTAGE

SUPPLY

cable losses. Furthermore, on the more
modern low-noise transistors the gain
increases quite smoothly when the col-
lector current is increased while at the
same time the noise figure may not rise
as rapidly as you would expect (see fig.
1). As an additional by-product, the
intermodulation distortion decreases
significantly with increasing lc. Again,
it pays to use a high performance
transistor so you can “have your cake
and eat it too.”

A broadband preamplifier can pre-
sent some problems since there is little
or no discrimination to out-of-band
signals. Therefore, an input filter is
highly recommended. A suitable type
will be discussed in the latter part of
this article.

transistor selection

| have evaluated many npn transis-
tors, all with an eye on minimum noise
figure and maximum stable gain at 432
MHz. The circuit described in reference
1 used the NEC 2Nb5650 series {and its
offshoots such as the NEC V766). How-
ever, a 1.4 dB noise figure was the
lowest measured, and stable gain sel-

fig. 2. Test setup for evaluating the noise figure of
microwave transistors. The connection indicated by
POWER the dotted line is required only if an automatic
noise-figure generator is used.

they easily vyielded a 1.25 dB noise
figure and 1 to 1.1 dB was not un-
common. Since the FMT4000/4005 and
4578 are higher priced and didn’t pro-
vide better performance, | decided to
design a preamplifier around the lower
priced FMT4575. At %44 (each} it
delivers the most performance per dollar
of any transistor presently available and
will challenge the best of paramps at
432 MHz.

For those interested in evaluating
their own devices a lab test setup can be
built as shown in fig. 2. The device to be
tested is mounted in a suitable low-loss
transistor mounting fixture which in-
cludes a 50-ohm input and output line
with dc blocks. This mounting fixture is
connected between two low-loss double-
or triplesstub tuners. A noise-figure
generator is connected to the input stub
tuner and a very low-noise-figure con-
verter is connected to the output tuner.
Then the bias voltage and current are
adjusted to predetermined values (per
manufacturer’s data sheets).

The output tuner is first adjusted for
maximum stable gain and then the input
tuner is adjusted for minimum noise

march 1975 [ 11



figure. After optimization the bias
points are varied up or down (within
manufacturer’s ratings) and the tuners
are readjusted. This procedure is con-
tinued until the lowest possible noise
figure is obtained.

circuit description

While the preamp described here is
guite similar to the original design, there

this impedance can be approximated by
a series circuit consisting of a 50-ohm
resistance and an inductive reactance of
80 ohms (see fig. 3).

It so happens that at 432 MHz most
of the low-noise transistors evaluated
generally required a similar network
except that the values varied from 25 to
75 ohms for the resistance and from 30
to 100 ohms for the inductive react-

Construction of the ultra low-noise preamp showing placement of the main components.
Components can be identified from fig. 7 on page 17.

are important differences. They are
basically the transistor used, the input/
output matching and the current source.

The transistor was chosen by the
method described above. Then the
transistor test fixture was split apart and
a low-loss 50-ohm termination was sub-
stituted for the noise-figure generator.
With the aid of a network analyzer, the
desired source impedance was measured.
This impedance is called the optimum
source impedance as described earlier.
In the case of the Fairchild FMT4575,

12 ’7"' march 1975

ance. These values can be easily simu-
lated by slight changes in the inductance
value and by placing a small (0.3 to 3
pF) low-loss variable capacitor either
between point X or Y to ground (fig. 3).
However, this capacitance value is not
critical and seldom vyielded much im-
provement in noise figure on the devices
| tested.

A low-loss input matching circuit is
very important. Therefore, low-loss
components should always be used with
the least complicated, low-Q circuit.



This is in direct contrast with previous
design philosophy which frequently
used filters and/or resonant input cir-
cuits. Such circuits can contribute
additional losses. The input of a low-
noise preamplifier is a poor place to
obtain selectivity. A better choice is to
install a low-loss filter external to the
preamplifier as discussed later.

The final input matching circuit
chosen was a low-loss, low-Q, L-
matching section consisting of L1 and
CR1 (fig. 4). Capacitor C1 is a blocking
capacitor {not a critical value). How-
ever, a low-loss, high-Q type is desired.
RFC1 is essentially a low-Q parallel-
resonant circuit at 432 MHz and there-
fore is effectively out of the circuit. It
actually works quite well from 100 to
450 MHz. Some of the physically larger
RFCs available are parallel resonant
below 450 MHz and are not recom-
mended. A grid-dip oscillator can be
used for a quick test or, you can wind
your own choke using a 0.1 to 0.2-inch
(2.6 to 5.0 mm) diameter air core. A
higher inductance RFC can be used if
only lower frequency operation is
desired.

Do not leave out the hot-carrier
diode, CR1. It is the capacitance part of
the L-matching section and adds about
0.75 pF to the circuit. OQther hot-carrier
diodes can be substituted provided the
capacitance is 0.5 to 1.0 pF at zero volt.
Do not use ordinary silicon or ger-
manium diodes since they may increase
the noise figure.

Diode CR1 also functions as a low-
loss limiter and can save the transistor
from being damaged if the preamplifier
is subjected to excessive rf. Even rf from
a high-frequency transmitter operating
near a vhf antenna can do damage. This
type of limiter is simple and effective.
An added advantage is that it is placed
after the selectivity. Hence, it will only
activate when a strong input signal is
present —~ it will not generate extra-
neous signals such as is common with
back-to-back diodes connected across

the input of a preamplifier ahead of the
selectivity.

The bias scheme is a modification of
the current source used in the previous
design and is a variation of a method
proposed by Fairchild Semiconductor.?
I refer to it as “zener-diode biasing.” It
is much simpler than the ftransistor
current-source and is less prone to
oscillate. This bias scheme allows the

TO
X OR Y

1
i\

fig. 3. Rf equivalent circuit for an. opti-
mum source impedance network as de-
scribed in the text.

emitter to be grounded directly, is
insensitive to transistor current gain,
provides some dc protection to the
transistor and requires no adjustments.

Fig. 5 is a simplified circuit of the
zener-diode biasing scheme. The zener
diode, CR2, sets the transistor collector-
to-base voltage (Vcg), R3 sets the I¢
with a fixed supply voltage and R1
provides a keep-alive current flow for
CR2. CR2 also provides protection to
Q1 and limits the collector voltage to a
fixed value. Once the proper values are
chosen the transistor can be changed
without any re-adjustment. The opera-
tion of this circuit is described in detail
in appendix 2. CR3 (fig. 4) is an /idiot
diode (if you leave it out you're an
idiot).

The output matching scheme is sim-
plicity in action. This transistor (and
many others like it} is so “hot’’ that all
attempts at output matching caused
instabilities. A computer program called
SPEEDY?3 was called into action and a
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program was written to select an output
network which was unconditionally
stable (will not oscillate regardless of
input or output load). The final net-
work turned out to be a 37-ohm collec-
tor resistor without any other matching
elements. However, this lowered the
gain too much. It was determined
empirically that the collector resistor
R2 can be raised to 100 ohms and
seldom causes any instabilities. There-
fore, if the input to your preamplifier
and converter is highly reactive (most
are), then the 100-ohm resistor may
have to be lowered accordingly. This
type of loading is also applicable to
other preamplifiers which are only
conditionally-stable.

Finally, a simple "‘bias-tee” consist-
ing of RFC2 in the preamplifier and
RFC1 and C1 in the bias tee itself (see
fig. 6) was added in case remote installa-
tion is desired. It not, this circuitry can
be eliminated.

construction

Fig. 7 shows the preamp construc-
tion and the FMT4575 pin configura-
tion. A small cast aluminum box such as
the Pomona 2417 (2.25x1.3756x1.125
inches or B57x35x29mm) is recom-
mended. This box is available from most
major electronic suppliers for $1.60.
However, almost any shielded box is
acceptable. The entire preamp is built
on a small 1-1/8x2-inch (29x51mm)
piece of doubleclad glass-epoxy
printed-circuit board which is attached
to the box cover by the connector
screws. If remote installation is not
desired, FT3 can be mounted through
the PC board and cover for power
supply connections. This method of
construction is versatile and simplifies
soldering and testing. If you use the
Pomona box, be sure to remove the
paint where the lid contacts the box.
Also file off the anodized coating on the
edge of the cover which contacts the
box. Failure to do so may result in
erratic operation.
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Be sure to check the data sheet for
proper connection of any transistor
other than the FMT4575. There is no
industry standardization for lead identi-
fication on microwave transistors. The
emitter lead length on this type of
microwave package is not too critical
and 1/8 inch (3mm) is recommended
for operation up through 500 MHz.
Both emitter leads should be the same
length and both should be grounded.
The leads of CR1 should be kept as
short as possible so that it performs like
a capacitor.

The rf connectors should be a good

C1100-180 pF miniature dipped mica or
ceramic

C2 1000 pF miniature ceramic disc cR1

CR1 hot-carrier diode (Hewlett-Packard
5082-2810)

CR2 6.2 volt zener diode (1N4735)

CR3 silicon diode (1N914)

FT1- feedthrough capacitors, 470-1000 pF

FT3

J1,J2 SMA-type coaxial connectors (see text)

L1 4 turns no. 24 on 0.1" (2.5mm) diam-
eter, spaced wire diameter (approxi-
mately 30 nH)

Ql Fairchild FMT 4575 low-noise tran-
sistor (see text)

R2 100 ohms, ¥s watt (see text)

RFC1 0.47 UH miniature rf choke (Nytronics
SWD=0.47)

RFC2 0.2-0.47 UH miniature rf choke or Ohm-
ite Z2-460 (value not critical}

fig. 4. Schematic diagram for the ultra low
noise 432-MHz preamplifier. RFC2 is required
only if the preamplifier is installed remotely.



uhf type such as SMA (OSM®). Discon-
tinuities in BNC connectors can cause
noticeable noise figure increases when
operating with such a low-noise-figure
device. Type-uhf connectors are
definitely unacceptable at 432 MHz.
Type N or TNC are also acceptable, but
may be too large if a small box is used.
An inexpensive version of the SMA
connector is manufactured by the E.F.
Johnson Company (JCM series, part
number 142-0296-001) and is priced
under $2.00. The type of output con-
nector is not critical.

operation and test

After the preamplifier is assembled, a
careful check of the wiring is recom-
mended. Next, the preamplifier should
be connected to a +12 volt power
supply through a milliammeter (0O to 10
mA recommended). Terminate the pre-
amplifier with a 50-ohm input and
output load if available. If not, connect
an antenna and converter to the pre-
amplifier.

For proper operation, the total cur-
rent should be 3.5 to 5.0 mA. If the
indicated current is greater than 5 mA,
remove power and recheck circuit wir-
ing. High current usually means either a
short circuit and/or improperly con-
nected zener diode. |f the power supply
is variable, bring the voltage up slowly.
At +11 volts, the current will be about 1
mA less than at +12 volts; with a +13
volt supply the current will be about 1
mA higher than at +12 volts. This
indicates proper operation of the zener
diode biasing circuits.

RS * suppLy

O voLTace
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It should not be necessary to make
any adjustments. However, if you have
sufficient test gear available, adjust the
turns spacing on L1 for best noise figure
by pulling apart or squeezing. This
usually will only vary the noise figure
by £0.1 dB. For those purists who want
to get all they can squeeze out of the
circuit, an additional 0.3 to 3 pF low-loss
piston capacitor can be placed between
the input or transistor side of L1 to
ground (see figs. 3 and 4).

input filter

It is advisable to use a low-loss,

+12
VOLTS

INPUT FROM OUTPUT TO
PREAMP CONVERTER

Ccl 100-200 pf small dipped mica or
ceramic capacitor

FT1 470-1000 pF feedthrough capacitor

RFC1 0.3-0.47 UH miniature rf choke (Ohm-
ite 2460)

fig. 6. 432-MHz bias tee for use when the

preamplifier is instailed remotely is buiit into

a small shielded box. Be sure to keep the leads

on capacitor C1 as short as possible.

quarter-wavelength cavity filter ahead of
the preamplifier since the simple broad-
band input circuit may cause inter-
modulation products from out-of-band
signals. A suitable filter is shown on fig.
8. It should be connected as close to the
preamplifier as possible. This can
usually be accomplished with a short
coax adapter. Multiple-element filters
such as comb-line and interdigital types
are not recommended. The input vswr
to this, and most other, low-noise pre-
amplifiers is typically 5:1. If a multiple-
pole filter is used, it may suffer severe

passband ripple due to the high vswr.
The net result may be additional loss

fig. 5. Dc schematic of the zener-diode bias scheme.
Typical values are given in appendix 2.
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and, hence, higher noise figure at the
operating frequency. It may also cause
out-of-band oscillations.

A word about the use of the pro-
posed filter may be in order. After
many hours of testing and re-testing
various quarter-wavelength filters, | have
concluded that a filter should not be
tuned while connected to the pre-

greater this margin, the less chance that
the preamplifier is only conditionally
stable. Many uhf preamplifiers | have
tested only showed 2 to 4 dB
difference, a clue to their instability.

performance

The ultra low-noise preamplifier
really holds up to its title. The noise

Rear view of preamplifier showing locations of R1, R3, CR2 and CR3. Components
can be identified from fig. 7 on next page.

amplifier. Best results occur when the
filter is adjusted by itself for minimum
vswr with a good 50-ohm termination.
Then the filter adjustment is locked in
place. No further adjustments should be
attempted if best results are to be
achieved. Just connect the tuned filter
to the preamplifier and accept its per-
formance.

If very sensitive test equipment is
available, the overall stability of the
preamplifier may be tested. The reverse
loss (inverting the input and output
connections) should be at least 8 to 10
dB greater than the forward gain. The
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figure, when measured with a low-noise
converter (2 dB maximum noise figure),
is typically 1.2 dB. Some of the
FTM4575s have even been below 1.0 dB
and few have ever gone above 1.25 dB.
The collector current can be easily
adjusted by varying the supply voltage
+1 volt. The lowest noise figure usually
occurs at 2 mA Ic. With the circuit
shown in fig. 4, this will measure 3 mA
to the preamp (subtract 1 mA, the
keep-alive current of the zener diode -
see appendix 2).

A typical plot of noise figure and
gain versus collector current is shown in



fig. 1. However, at 2 mA I¢, the gain
will be 1 to 1.5 dB lower and the
intermodulation performance will drop
by 6 to 8 dB. Therefore, 3 to 3.5 mA I
is recommended and is set by the values
in fig. 4. It is interesting to note that the
noise figure is optimum from 1.0 to 5.0
mA e and therefore no re-tuning is
really necessary as only slight improve-

noise-figure measuring gear and units
using the 5722 noise tube. Above 30
MHz these devices tend to generate
additional excess noise which tends to
make noise figures look better than they
really are.

For instance, at 30 MHz the output
of a typical automatic noise figure
generator is 5.2 dB excess noise while at

FORMING THE LEADS

SHIELD B, C C
a2
43 -
(19 -22mm} 5 |3 13
—

3
(8" —xl

E J2
ﬁ3 /sus'vea LEAD ON BASE

J (SEE TEXT)

fig. 7. The ultra low noise 432-MHz preamplifier is built on a small section of double-clad
printed-circuit board which is attached to the cover of the cast aluminum box.

ment is possible at higher collector
currents.

If a variable power supply is avail-
able, the operating paint can be smooth-
ly and easily varied up to 10 mA
¢ for improved gain and intermodula-
tion performance. The noise figure will
typically only be degraded up to 1 dB
under these conditions; if only a fixed
supply is available, R3 (see fig. 4) can be
changed to 390-ohms and an external
1000-ohm potentiometer (wired as a
rheostat) can be used to vary .. In this
case a milliammeter in series with the
preamp power supply input is recom-
mended. At extremely cold tempera-
tures the noise figure decreases while
the gain increases. Hence, instabilities
can occur; they are easily rectified if 1¢
is varied accordingly.

noise-figure measurements

One last point may be in order
concerning noise-figure measurements.
Below 500 MHz there are considerable
discrepancies when using automatic

432 MHz the excess noise can climb to
6.4 dB. If this is not accounted for the
preamp may show a 1.2 dB better noise
figure than the true value. This
discrepancy is well known by the manu-
facturers and typical values are avail-
able. However, manufacturers are
reluctant to compensate the older
models since it would invalidate all test

data and units in the field.

On the Hewlett-Packard 343A this
effect can be easily compensated for by
lowering the diode current from 3.31 to
25 mA at 432 MHz. Errors on the
Hewlett-Packard 349A gas tube are less,
typically only 0.4 dB. Newer units such
as the AIL-75 should not have this
problem. The so-called ‘‘hot-cold”
method of testing is the most accurate
system but is tedious and requires liguid
nitrogen.

The noise figures quoted in this
article have been tested by the hot-cold
test method and with automatic test
gear that was compensated. Therefore,
the results are true noise figures, not ad-
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vertising propaganda. Results have been
widely correlated at the National Bur-
eau of Standards, Boulder, Colorado;
CSIRO (Commonwealth Scientific and
Industrial Research Qrganization), Syd-
ney, Australia, and elsewhere. In most

/— TUNING KNOB
174-20 (M6.0 X /w— 174-20 (MB.0 X 1)
LOCK NUT THREADED BRASS
OR COPPER ROD
CI:E__:__I
{76 mm} TUBING,
1716 TO 1/8 INCH

r (1.5-3 mm) THICK

CAVITY~3 INCH

WALL, 5 INCHES

1-7/8" (12.7 cm) LONG,
(47.5 mm) Lz COPPER OR BRASS.
‘ M
gYPE ‘N OR
Uva
4w 13 M chx LENT
7 i CONNECTOR-
2 PLACES
4|
2
(5! mm}

i

—-‘ fe—0.25" (6 mm)

2 PLACES

Cl 1.5-2.0 inch (38-51mm) diameter brass
discs soldered to tuning shaft and L2

L1,L3 number-12 copper wire spaced 0.25
inch (6.5mm) from L.2

L2 0.75-0.875 inch (19-22mm) OD copper
or brass tubing

fig. 8. Typical quarter-wavelength cavity filter
for use on 432 MHz. Loss of this design is less
than 0.2 dB and 3-dB bandwidth is 15 MHz2
(typical). Sweat solder the lower ends of L1,
L2 and L3 to the base plate. Adjust for
minimum vswr with 50-ohm termination and
tock tuning control. Cavity may be silver
plated for long-term, Jow-loss performance.

cases this preamplifier exhibited 1.0 to
2.0 dB lower noise figures than the
once revered [ow-noise standards such
as the TIXMO05, AF239, etcetera.

other variations

As pointed out earlier, this pre-
amplifier works well at other fre-
guencies although perfarmance deterio-
rates above 500 MHz. The circuit was
not optimized for other frequencies.
However, even as is, the naise figure will
be tess than 2 dB at 144 and 220 MHz.
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Some slight adjustments will easily opti-
mize operation at any frequency from
50 to 1000 MHz.

Other transistors will probably work
well in this circuit “as is.”” However,
gain may be lower, the stability poorer,
and the noise figure higher. Therefore,
some adjustments or changes may be
necessary, but these changes have al-
ready been discussed and shouid not be
a problem.

summary

This preamplifier should bring you
right up to the state of the art in noise
figure. It is simple to build and operate
with no adjustments necessary. Don’t
forget the input filter, especially if you
operate in a strong rf environment.
Remember that this problem may be
worse when the preamp is antenna
mounted since the input line losses are
usually lower.

It is hoped that this article will
inspire more vhf/uhf building and oper-
ating activity. Antennas and trans-
mitters are presently approaching the
optimum. Now it is time to update our
receivers to go along with this trend.

My special thanks go to Fairchild
Microwave for the use of the test
equipment and devices necessary to
design this preamplifier. Special thanks
go to Will Alexander, WABRDZ, for all
his helpful suggestions. Last but not
least, let me thank my wife for typing
this manuscript. She says, “’It's the most
boring thing I've ever typed.”’
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appendix 1

noise figure

The affect of gain on overall system noise figure
can be calculated using the formula:

NF, -1  NFy-1

G, | G;G, "

NFr = NF, +

where: NF1 = overall system noise factor
NF, = noise factor of the first stage
NF, = noise factor of the secand stage
NF4 = noise factor of the third stage
G; = power gain of first stage

G, = power gain of second stage

Note that ail numbers must be in power gain form
since the use of dB will result in large errors,
especially when low noise figures are used. Noise
factor can be converted to noise figure by applying
the formula:

noise figure = 10 log; o {noise factor) (2)

Conversely, noise figure (dB), can be converted to
noise factor by

noise factar = 10 antilog; ¢ (noise figure) (3}

Refer to the illustration below for a typical
example. First convert the noise figures {dB) to
power factors using eq. 3. Then calculate the total
noise factor using eq. 1

4-1 + 10-1

10 10-18

=1.69+0.3+0.056 = 1946

NFy = 1.50 +

noise figure = 10 log; ¢ (1.946)
=10(0.29) =2.9dB

PUT PRE- PosT- CONVERTER £
_— .
N AMPLIFIER AMPLIFIER

2 3

NOISE FIGURE, 10 dB
GAIN = 20 dB

NOISE FIGURE,2 d8
GAIN =10 dB

‘ h
NOISE FACTOR, 1.59
GAIN =10

NOISE FIGURE, & dB
GAIN =12 d8

dB

NOISE FACTOR, 10.0
GAIN = 100

NOISE FAGTOR,4.0

EQUIV
Pow GAIN = 16

FORM

Note that the overall system noise figure is 0.9
dB higher than that of the preamplifier aione.
Raising the preamplifier gain to 13 dB or dropping
the noise figure of the second stage to 4 dB would
drop the system noise figure to approximately
2.45 dB - a worthwhile improvement. It quickly
becomes apparent that another post amplifier with
a lower noise figure may be necessary if you are to
approach the low noise figure of the preamplifier.
Why pay the price of a low-noise transistor and
then lose part of its capability due to a high
second-stage noise figure?

appendix 2

zener diode biasing

Refer to fig. 5. CR2 is a zener diode and
determines the collector-to-base voltage, V¢, of
the transistor Q1. The base-to-emitter voltage,
Vge. of most low-noise transistors is 0.7 to 0.8
volt and retatively constant. Therefore, the
coilector-to-emitter voltage, Vg, of Q1 is a fixed
voitage which is the sum of the Vgg and the
voltage of CR2. The current through R3 is given
by the equation

| = Vs - Vee
R3

The current through R3 divides between Q1
and CR2. ignoring R1, the only current flowing
through CR2 is the base current of Q1. Therefore,
most of the current flows through the collector of
Q1 as Ic. If the dc current gain of Q1 is low, the
current through CR2 will increase accordingly.
However, if the dc current gain of Q1 is high (as it
usually is), the current through CR2 is low and the

regulation as a zener is poor. Therefore R1, a
1000-ohm resistor, has been added to the circuit
to force at least 0.7 mA through CR2. Since there
is usually some base current, a value of 1.0 mA can
be assumed for calculations.

As an example, assume you want to operate
from a 12-volt power supply with a Vo of 7.0
volts and an I of 3.0 mA

_ VS*VCE_ 12*~77i7
RS = *Ticma) 0003 +0.007 1250 0hms

A 6.2 volt zener would be an appropriate
choice for CR2. The collector current can be
readily varied by changing either R3 or the supply
voltage as indicated in the text. In the circuit of
fig. 4 an additional diode was added in series with
the supply voltage for reverse voltage protection.
This voltage drop must be subtracted from the
power-supply voltage when calculating the value of
resistor R3.
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solid-state

These simple

solid-state

S-meter circuits
feature printed circuits
that attach directly

to the meter

terminals

It's a pleasure to tune in a nice strong
S9 +20 dB signal, but it's even nicer if
you have an S-meter on your homebrew
receiver with which to read signal
strengths. The unfortunate thing is that
very few S-meter circuits are available,
and most of those that are available are
carry-overs from the vacuum-tube days.
Several popular circuits using either a
single device or an IC have the further
disadvantage that they are at full scale
with no input signal and decrease with
increasing signal strength, just opposite
to what you would like to see on the
meter face.

The most straightforward approach
to signal-strength indication is by volt-
age amplification of the detected audio.
Most detected audio signals are in the
10 to 50 mV range, and pushing this up
to drive a 5-mA meter movement takes
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S-meters

a voltage gain of about 100, plus the
added current gain. Neither of these
task s are easy with a single active device.

Commercially available meters with S-
unit calibration seem to be limited to two
movements, 0 to T mA and 0 to 5 mA
types. Many modestly priced and mili-
tary surplus meters also have these same
basic movements. In addition, there are
a number of specialty meters with
removable scales that use a basic 0 to 1
mA movement, and these can be readily
adapted for amateur applications.

Fig. 1 and 2 illustrate two types of
S-meter PC boards which mount direct-
ly to the rear of a meter using the

SHURITE S-METER
(MODEL 3333)

+

METER AMPLIFIER
PC ASSEMBLY

METER MOUNTING HAROWARE
MAKES ELECTRICAL CONTACT

WITH PC BOARD (2 PLACES) .. §

fig. 1. Construction of the 5-mA S-meter
circuit shown in fig. 4. Printed-circuit {ayout
is shown in fig. 7,



METER MOUNTING MARDWARE common-emitter voltage amplifier with
MAKES ELECYR;CHL CONTACT

WITH PC BOA a simple positive pulse rectifier for the

CALECTRO S-METER \ meter. The 35-uF meter shunt capaci-

y (MODEL 01930} tor, C1, filters the rectified audio signal.

_ METER [\ ® Fig. 4 is an S-meter amplifier for a
: YERMINALsz

typical 0 to 5 mA meter movement. Simi-
lar to the O to 1 mA design, the second-
S stage voltage amplifier, Q2, is followed
) by an impedance-matching stage, Q3, a
/ ‘ simple emitter follower. Performance
METER AMPLIFIER specifications for both circuits are given

in table 1.

(;@

PC ASSEMBLY

fig. 2. S-meter assembly designed for Catectro
D1.931 1-mA meter. Circuit is shown in fig. "2 TO si8V
3, printed-circuit layout in fig. 5.

meter’s plus and minus terminals. This
allows free access for panel mounting,
separates the meter-amplifier circuits
from the rest of the receiver, and
provides for easy add-on or modifica-
tion at a later date.

circuit operation

Fig. 3 shows a schematic for a meter
amplifier designed for a 0 to 1 mA S- fig. 3. S-meter amplifier designed for a 1-mA
meter. The fet input provides a high meter movement cansists of two-stage voltage
impedance to the detected audio and amphf'lerA and f'neter recfhfier. Printed circuit

e . . . for this circuit is shown in fig. 5.
minimizes toading and distartion prob-
lems. The second stage, Q2, is a

construction
v Fig. 5 and 7 show the PC board
1o +5voc  |layouts and component installation dia-

grams.” Resistors can be 1/8- or 1/4-
watt units although 1/2-watt compo-

haz nents can be bent slightly or installed

Qi
2N5459
table 1. Performance specifications of the

S-meter circuits shown in figs. 3 and 4.

Audio signal input (5-9) 25-30 mV p-p
Audio signal input
(full scale) 50-60 mV p-p
Frequency response 500 Hz to 10 kHz
input impedance greater than 1 meg
Power supply 12 to 15 vdc

fig. 4. S-meter circuit designed for 5-mA

meter movement uses two-stage voltage ampli-

fier with an emitter-foilower output, Printed- *Undrilled printed-circuit boards are available

circuit layout for this circuit is shown in fig. 7. from the author for $1.00 postpaid.
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AUDIO INPUTO

fig. S. Printed-circuit layout for the 1-mA
S-meter circuit, Full-size printed circuit is
shown in fig. 6.

vertically on the board to fit. The values
for the source and emitter by pass capac-
itors is arbitrary, and almost any tan-
talum or electrolytic above 5 or 10 uF
will work satisfactorily. An inexpensive
dipped tantalum is recommended. The
same general capacitance discussion
applies to the 5-mA board, but more
room is available on this board for the
installation of axial-lead components.

An infinite number of transistor sub-
stitutions are possible in these two
circuits. Almost any audio n-channel,
depletion-type fet should work at Q1 by
adjustment of the 560-ohm source resis-
tor for maximum voltage gain at the
base of Q2. A general-purpose audio
npn transistor can be substituted for Q2
and Q3 by adjusting the 15k bias
resistor of Q2, and the 7.5k bias resistor
of Q3, respectively. In both cases the
resistors should be selected for maxi-
mum voltage gain to the succeeding

fig. 6. Printed circuit for the 1-mA S-meter.
Component layout is shown in fig. 5.

METER ——
L

+V

AUDIO
INPUT

fig. 7. Prirtad-circuit layout for the S-mA S-meter circuit. Full-size printed

circuit is shawn in fig. 8.
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fig. 8. Printed circuit for the
5-mA S-meter. Component layout

\-o

is shown in fig. 7.

stage or in the case of Q3, selected for
maximum meter movement. When
selecting bias resistors, it is suggested
that a 20- to 50-mV 1000-Hz audio
signal be applied to the input of Q1, and
that a high-impedance scope or vtvm be
used to monitor signal gain.

application notes

Fig. 9 shows a typical application for
the S-meter assemblies in a receiver.
Since the detected audio level will vary
with each receiver, it is necessary to
install a sensitivity adjustment. Al-
though this schematic shows a potentio-
meter, a simple two-resistor voltage
divider is adequate. The sensitivity ad-
justment should normally be set for a
meter indication of S9 (approximately

TO AUDIO FILTER

OR AMPLIFIER

DETECTED AUDIO —
FROM RECEIVER I-F

oscouPst‘/

CAPACITOR

SENSITI VITY__,/

ADJUSTMENT

half scale) with a modulated 50 uV
signal applied to the receiver's antenna
terminal. The sensitivity control should
be a 50k to 100k unit to minimize
Joading effects on previous stages.

Since many 0 to 1 mA and 0 to 5 mA
meters have different screw terminal
locations than those shown here, you
may want to use Vector board construc-
tion, following the general parts and
connection data shown in fig. 5 and 7.
An alternative is to locate the PC board
externally and use jumper wires to the
meter.

If meter motion bothers you, the nee-
dle can be damped (or left to free swing)
by increasing {or decreasing) the value of
the 35-uF meter shunt capacitor.

ham radio

AMPLIFIER STAGES f

METER AMPLIFIER
PC BOARD ASSEMBLY

i
i
!
METER !
|
I
|

fig. 9. (nstalling the S-meter amplifier in a typical receiver. Sensitivity pot may be replaced by

simple resistive voltage divider, if desired.
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high-frequency
lowpass filter

A simple,

easily duplicated,
lowpass filter,

with 60-dB attenuation
on channel 2

that can be built

for under five dollars

24 march 1975

Neil Johnson, W20LU, 74 Pine Tree Lane, Tappan, New York I

One of the best ways to motivate a
casual reader to build a project is to
describe something comparatively
simple to construct which has more-or-
less universal appeal. When such a pro-
ject is presented along with a solution to
any parts procurement problems, the
desired result is often achieved: the
reader becomes a builder. The following
is offered with such a philosophy in
mind.
design

Recently a supply of high-quality
ceramic capacitors came to my atten-
tion at the extremely low price of six
for a dollar — they usually sell for three
dollars apiece. These are ideal fora TVI
lowpass filter being rated at 67 pF at
7500 Vdc and they are small enough to
be non-inductive since they're only 3/4
x 3/4 inch (19mm x 19mm). My first
thoughts were to use these in a relative-
ly non-critical lowpass filter circuit of
the type shown in fig. 1A. This is



merely a combination of three pi-
section filters, as shown in fig. 1B. No
tune-up adjustments would be needed,
and the circuit is easily reproduced.
That dream went down the drain when
the resuitant filter showed compara-
tively low attenuation at TV channels 2
and 3. Unfortunately this is where it is
needed most. One could re-design,
possibly by lowering the cutoff fre-
quency and thus omitting 28-MHz
coverage, but only at the cost of larger,
more cumbersome, and more expensive
components.

Back to the old reliable. If we elect
to keep the good features of the simple
filter mentioned above, and then add
series-tuned circuits at each end of the
filter, we find that most of our needs
can be satisfied by the design shown in
fig. 2. Engineers describe this type of
lowpass filter as having M-derived ter-
minating half sections at each end, with
two constant-K midsections. Most of
the construction is non-critical, and
when the end sections are tuned to
channel 2 (66 MHz) or channel 3 (61
MHz) the theoretical attenuation ap-

fig. 1. Initial filter design in (A) provided poor
attenuation at crucial lower television channei
frequencies. Electrical equivalent of the cir.
cuit is shown in (B).

proaches 60 dB, a ratio of one miilion
to one! Assuming that your transmitter
is properly shielded and filtered, this
should cure any TVI problems except
the toughest ones. As an unintended
bonus, this should prove to be a very
rugged filter, difficult to burn out even
when operated on lines with high
standing-wave ratios.

chassis

| used an unpainted LMB type 780
“tight-fit"’ chassis as the basis for this
filter. It is made with a great deal of
attention, and the close mechanical tol-
erances employed by the manufacturer
should endear this type of chassis to all
filter builders. | also tried to simplify
the internal shielding problem by using
a smaller LMB type 770 ‘tight-fit”
chassis to enclose the center section of
the filter. While this is a good design, |
felt that even better shielding and har-
monic attenuation were called for, at
least in the prototype circuit. The addi-
tional vertical shield is the result of
these considerations.

Personally, | doubt whether such
extreme ‘‘weatherproofing’’ is required
in all installations. You might simplify
your construction initially by omitting
the vertical interstage shield, adding it
later if needed. In a strong TV signal
area | don’t believe this shield will be
necessary. The Y%-inch (6.5mm) square
rods which | attached to the main
chassis cover as a precautionary measure
are similarly optional.

coil winding instructions

All five coils are wound with either
number-16 or -14 enameled wire,* using
a %-inch (12.5mm) diameter form as a
mandrel. Wind the coils in closewound
fashion and leave 1-inch (25mm) pigtails
at each end. Bend these at approxi-
mately right angles, carefully remove

*Do not attempt to use bus-bar wire or hard
drawn copper wire for the coils. These types
are prone to spring open to a greater diameter
when removed from the %-inch (13mm} form.
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the enamel, and tin the ends. Space the
coils wuniformly by wusing a 2-inch
(51Tmm) length of number-14 wire as a
gauge, passing it between the turns from
one end of the coil to the other. After
this is done, make certain that the shape
and spacing of the coils is not altered by
handling; if this happens, re-space the
turns with a piece of number-14 wire as
outlined above.

| used number-16 enameled wire for
the end-section coils (L1 and L5), since
the current carrying capacity of
number-16 wire (22 amperes continuous
in open air) is more than adequate. |
chose number-14 wire for the inductors
carrying the throughput (L2, L3 and
L4) since | wished to keep losses down.
The filter should be capable of handling
the output of all but the highest pow-
ered amateur rigs, although it was design-
ed to serve the 90% of amateurs who
own high-frequency rigs in the 200 to
300 watt input class. All capacitors were
checked at 1000 volts ac before installa-
tion, and the completed filter was tested
at 700 volts ac. A 1-kW input trans-
mitter will have an rf output of 800
watts at most; if this is fed into a well
matched 50-ohm coaxial line, the maxi-
mum rf voltage will be 200 volts at a
line current of 4 amperes.” The filter
could probably handle this with no
trouble.

W20LU's lowpass filter is housed in LMB-780
chassis which provides a compact, nearly rf-
tight enclosure.
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It is not necessary that the mechani-
cal layout be followed, but if you do,
success will be easier to come by. One
item of note: In the mechanical design
of this filter | took a close look at the
problem of interstage leakage. When
you consider that the coils are only

L2 L3 | L4
038uH 0 3uM
YL
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T &7 67
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Ccl1l,C6 50 pF APC or MAPC variable

c2,c3 67 pF 5%, 7500 working volts dc

c4,C5 (Centralab type B50S ceramic capa-
citor, 6 for $1.00 from John Meshna,
P.O. Box 62, E. Lynn, Massachu-
setts 01904)

L1,LS 0.2 MH, 3 turns no. 16 or no. 14
enamelled, ¥z inch (13mm) 1D, spac-
ed 1/8 inch (3mm) per turn

L2,L4 0.3 MH, 5% turns no. 14 enam-

elled, Y inch (13mm) 1D, spaced
1/8 inch (3mm) per turn
L3 0.38 UH, 7 turns no. 14 enamelled,
Yz inch (13mm) ID, spaced 1/8 inch
(3mm) per turn
fig. 2. Final design: lowpass filter with
42.5-MHz cutoff frequency and theoretical
attenuation of TV channels 2 and 3 greater
than 60 dB. Filter is enclosed in LMB 780
chassis (5.25x3.0x2.13 inches
[134x76x54mm]; components C2, C3, C4,
C5 and L3 are enclosed in an LMB 770 box
(2.75%x2.13%x1.63 inches [70x54x41mm]).
Construction details are shown in the photo-
graphs.

Ye-inch (13mm) in diameter, the large
holes often found in interstage shielding
assume noticeable proportions. To keep
inductors L2, L3 and L4 from "'seeing”
each other, | reduced the diameter of
the pass-through holes to 3/16 inch

*Standing waves on the line will cause the
maximum rf voltage to increase. Editor
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(5mm). Also, center inductor L3 was
offset so that it was mounted as far as
possible from the other two parallel
mounted coils. Attention to these seem-
ingly small details makes the difference
between a first-class filter and one hav-
ing only “so-so”’ characteristics. It is all

MHz for channel 3) with a grid-dip
oscillator. If you lack this simple instru-
ment, | found that if the filter is
constructed closely following the orig-
inal, the two end capacitors are each
about 75% fully meshed and at an angle
of 41°. This was measured both with a

036pH e
- Y_I =, [ v \T i
| 4
4 L L
Icz,ca caﬂ‘ i |
| 134 i34 -
h P 5 ” T:
F1 = 31 MHy F2 = 37 5MHz
(A 0 (c}

fig. 3. Tuneup data for the lowpass filter. The input and output sections in (A) are first shorted to
ground and tuned to 55-MHz (Channel 2 video carrier) or to 61 MHz (Channel 3 video carrier).
Center section in (B) should resonate at 31 MHz, and terminating half-sections (C) should resonate
at 37.5 MHz. Filter cutoff frequency is 42.5 MHz.

too easy to nullify part of the potential
attenuation of such a filter unless you
remember that our goal is to cut down
on TVI! harmonics by a ratio of a
million-to-one!

tune up

When the end sections are first in-
stalled, short them to ground with a
short strap and dip them to 55 MHz (61

Center section of the filter consists of four
8505 ceramic capacitors and one inductor,
contained ina LMB 770 Minibox.

machinist’s protractor and the 25¢ plas-
tic type that can be found in stationery
stores. If the filter is built as described,
the intermediate sections should come
out close to the optimum figures (see
fig. 3) since the mid-section capacitors
are rated at 5% accuracy.

conclusion

Full instructions for dipping and
tuning lowpass filters can be found in
both the ARRL Handbook! and the
Radio Handbook?. Follow the drawings
closely and the odds are that the TVI
beasties will no longer flow out through
your coaxial line. Total cost? A pleasant
surprise in these days of high inflation.
How does five dollars strike you . . . and
with spare parts left over!

references

1. Radio Amateur’s Handbook, 47th edi-
tion, ARRL, Newington, Connecticut, 1970,
page 585.
2. The Radio Handbook, 17th edition, Edi-
tors and Engineers, Ltd., New Augusta, | ndi-
ana, 1967, page 380.
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channel scanner

for the
Regency HR-212

Construction data
for a 12-channel
frequency scanner
to update

this popular

two-meter transceiver

28 march 1975

Ray Johnson, WA@ SJK, Marion, lowa 52302 I

If you've been thinking about trading
your Regency HR-212 two-meter fm
transceiver for one of the scanning
models on the market, but find you
have more time than money, then this
modification may be the solution to
your problem. For about $20 you can
provide your HR-212 with scanning
capability.

Explicit details on parts layout are
not included because the circuit was
built on a board designed for experi-
mentation and isn‘t the best possible
layout. Although | used wire-wrap for
IC interconnections, there's no reason
why someone with more time and talent
couldn’t use printed-circuit techniques.
As the photo shows, the mods made to
the transceiver front panel don’t detract
from its appearance.

Since the HR-212 uses diode switch-
ing of receive crystals, half of the
scanning circuit is already contained in
the unit. The circuit described here is
essentially an electronic switch which
replaces the receive mode rotary switch,
S2, on the HR-212.



The scanning circuit operates as
follows:

1. The circuit scans 2, 3, 4, 5, 6, 7, 8,
10 or 12 channels, depending on how
programmed. These numbers can be
changed easily when crystals are added
or removed.

2. Scanning will stop and remain stop-
ped on the channel being monitored if:

A. There is an incoming signal on that
channel.

B. The LOCK switch is in the LOCK
position.

C. Transceiver is in the transmit
mode.

D. The SCAN-MANUAL switch is in
the MANUAL position.

Scanning will resume three seconds after
the locking stimulus has been removed.

3. If scanning has been locked manu-
ally, pushing the STEP switch causes a
jump to the next channel. If the scanner
is stopped on an incoming signal, push-
ing the STEP switch will cause the
scanning operation to resume until
another active channel is encountered.

4. The SCAN-MANUAL switch takes
the place of the original mode switch,
S3, on the HR-212. When placed in the

Bottom view of Regency HR-212 showing
terminal board and voltage-regulator leads
protruding through chassis. Small wires go to
scanner board switching outputs, others go to
LEDs and crystal-switching diodes (S1A).

MANUAL mode, the scanning circuit is
disabled and receive frequency follows
transmit  frequency. (Transmit fre-
quency is always determined by the
transceive rotary switch.)

construction

Receive channel indication is by
means of LEDs, one for each channel

LTI
T* ,¥!¥!¥ Y #v5080 LEDs
Jall;llrrlisi'll'mmc

BERR L [0 T T e
L] |

L= =

L ——0¢ &) B——— rrf:z:
R — - - ___o
fig. 1. LED board and switching connections.

Switch S1A is the transceive 12-position
switch on the HR-212. The HR-212 switching
diodes are common to this switch (CRS501
through CR512).

(fig. 1). The LEDs are placed on a
3x2%-inch (76x64mm) copper-clad cir-
cuit board, which is then mounted to
the front chassis panel (see installation
instructions). These LEDs will then pro-
trude through small holes which are
drilled in the front panel of the cabinet.
| chose to place the indicators on the
right side of the channel identification
positions. This method still left enough
room for identification using standard
Ya-inch (6mm) embossing tape.

The scanning circuit (fig. 2) is con-
structed on a 2x4%-inch (51x114mm)
copper-clad circuit board. Discrete com-
ponents are interconnected through the
copper of the circuit board wherever
possible. Wire-wrap sockets are used for
the integrated circuits, and connections
are made between them and to the
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discrete components using wire-wrap
terminals which are soldered to the
board. Discrete component values can
vary to some extent from values given
with the exception of Resistor Ry and
capacitor Ct. Therefore, don't be afraid

capacitors (fig. 3). This IC comes
packaged in a TO-3 transistor case and
can be mounted directly to the chassis
below the scanner board. Don’t neglect
to use the bypass capacitors as shown
with the voltage regulator as it is impor-
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fig. 2. Scanner board schematic. Logic can be changed via the programming
matrix to scan any desired number of channels.

to use your junkbox. Almost any npn
silicon transistor can be used for Q1, Q2
and Q3.

The b-volt power supply necessary
for the ICs and LEDs consists of an
LM335 voltage-regulator IC and several
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tant to keep rf and transients out of the
5-volt supply.
testing

When the scanner board has been
completed, test it with an oscilloscope



or voltmeter before mounting it in the
HR-212. Before applying 5 voits, con-
nect the squelch input to a 5-volt point
in the circuit and ground pins 6 and 7 of
the SN7492 IC (U3). When voltage is
applied, a square wave of approximately
6 Hz should be detected on the collec-
tor of Q3 (point Y). If no square wave is
present, then look for it on pin 3 of the
NEG55 timer [C (U1). If nothing is
there, then check the voltage on pin 4
of U1 and U2; both should read more
than 2 volts dc. |f the oscillator is
working properly, then check the
squelch locking circuit by grounding the
squelch input. Oscillation should cease
abruptly. When 5 volts is reapplied to
the squelch input, oscillation should
resume in about three seconds.

The scanner board switching outputs
are checked as follows: place a 10k
resistor between 5 volts and pin 1 of U4
(SN74145N). If the oscillator is run-
ning, the voltage on this pin should drop
to zero momentarily once every two
seconds. Perform this same test for pins
2 through 6 of U4 and 1 through 6 of
U5. Now ground pins 10 and 12 of
U2 (SN7400N). All switching outputs
should remain constantly at 5 volts. If
the scanning circuit has passed all the
preceding tests, then wash up and pre-
pare for surgery (if you’re not shaking
too badly).

installation

First remove the dial light from the
receive dial (right) side of the HR-212.
Then cut the wires off of the receive
channel rotary switch (S2 of HR-212)
close to the switch. Remove the 12-
position rotary switch and replace it
with a 3-pole, 2-position rotary switch.
Mount the LM335 voltage-regulator IC
on top of the chassis {centered in front
of the transmitter circuit board). Mount
a 12-terminal board or block on the
underside of the chassis below the volt-
age regulator. Connect the wires remain-
ing from the removal of S2 to this
terminal board in a sequential manner.

LED board. Position the board in front
of the chassis, making sure it clears the
transceive dial on the left. Mark and
drill holes for the manual-scan switch
shaft and the momentary contact step
switch (this switch is mounted on the
LED board}). The step switch will pro-
trude through the hole vacated by the
receive dial window on the front cabinet
panel. Remove the front panel from the
cabinet and drill twelve 3/32-inch
{2.5mm) holes for the LEDs. Then line
up the LED board and front panel using
the hole drilled for the manual-scan
switch shaft as a guide.

Clamp the panel and board together
and drill the LED board using the front
panel as a template. These holes should
then be enlarged to 1/8 inch (3mm).
Etch a suitable pattern on the board to
which the LEDs can be soldered, and
make a provision for the 68-ohm
current-limiting resistor. When the LEDs
are mounted, check to make sure they
all work, then secure with epoxy. This is
very important, because the MV-5080
LEDs have very delicate leads that will
break off if the LEDs have any freedom
of movement. Finally, attach thirteen
8-inch (20cm)} feads to the board {one
for each LED and one for the 5-volt
common bus).

Mount the momentary contact
switch on the LED board, then carefully
position the board on the front chassis
panel and mount it on %-inch (6mm)
spacers. The spacers should be secured
to the chassis first, then the LED board
should be positioned loosely over both
the spacers and nuts. Dress the wires
through the front chassis panel and
connect them to the proper terminals
on the terminal board beneath the
chassis. Connect the b-volt common
lead directly to the 5-volt side of the
voltage regulator.

Scanner board. Mount four 1-inch
(25.5mm) spacers to the chassis and
secure them with nuts. Position the
scanner board far enough away from the
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front chassis panel so that wires can be
routed between, then mark and drill
mounting holes on the circuit board.
Mount the board loosely on the spacers.

Connect twelve wires to the switch-
ing outputs using the wire-wrap tool,
then connect the other ends to the
appropriate terminals below the chassis.
The rocker switch on the HR-212 is
now used for the locking switch, S2. It

+10TO
6V +5V
INPUT OuTPUT

LM335

= 1T

fig. 3. Power supply for the scanner modifica-
tion uses a LM-335 voltage-regulator IC.
Bypass capacitors are important.

should be open in the UNLOCKED
position. Two unused, normally open
contacts on the HR-212 transmit-receive
relay are used for K1. The 470-ohm
resistor in series with this relay is
optional. Its function is to shorten the
delay time of the scanner. This may be
desirable if most of your activity is via
repeaters.

The squelch input is connected to
the HR-212 receiver. Locate Rb, a 33k
resistor connected directly to the
transmit-receive relay; replace this resis-
tor with a 27k resistor. The squelch in-
put line should be connected to the side
of this resistor that is not common to
the relay.

Follow the programming matrix for
setting the number of channels you
intend to scan. The dashed lines on the
schematic show how the scanner would
be programmed for four channels. You
may wish to employ a switch or
switches to facilitate easy programming.
Connect the SCAN-MANUAL switch to
the circuit board and note that the
rotating contact of the TRANSCEIVE
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rotary switch should also be connected
to the SCAN-MANUAL switch at point
X. All that remains to be connected
now is the power supply. Try the
scanner out for awhile before you fasten
the board down. The scanning rate can
be increased by making C+ or Ry smaller
(preferably C+ only).

conclusion

Parts layout for the scanner circuit
is not critical. There was enough room
on the board for the scanner as well
as a tone-burst oscillator, which was
designed around a Signetics NE566
function-generator IC. You may wish to
lay out the entire project on a printed-
circuit board rather than use the wire-
wrap method.

The greatest problem encountered
with this scanning unit initially was that
it tended to go wild during transmit
operation due to rf and transients get-
ting into the TTL ICs. This should not
be a problem if all bypassing capacitors
shown are used. Additional 0.05-uF
capacitors can be installed at the V¢
input of each |C if this problem persists.

If you don't like the idea of drilling
holes in your HR-212 cabinet, you
might consider building the scanner as a
remote unit. This will require a 15-
conductor cable and connectors. The
output of the SN7492 counter could be
used with a BCD-to-seven-segment de-
coder to drive a seven-segment display
as a means of channel identification.

If you live in an area with a lot of
two-meter activity you’ll probably find
it necessary to improve the selectivity of
your HR-212.1 If you don‘t, you may
find the scanner locked on 146.88 MHz
while the received station is transmitting
on 146.94 MHz.

reference
1. Paul J. Dobosz, WABTMP, ‘‘Narrowband
Modifications for the Regency HR-2 Series of
VHF-FM Transceivers,”” ham radio, Decem-
ber, 1973, page 44.
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low-cost

az-el antenna mount

for satellite
communications

This simple,
easy-to-build
azimuth-elevation mount
will provide added range

for satellite contacts

34 march 1975

Stuart D. Cowan, W2LX, Box 596, Rye, New York 105808

This article describes a simple, easy-to-
build az-el (azimuth and elevation)
mount for medium-sized vhf beams, and
suggests that experimenting with the
angle of elevation of beam antennas and
the type of polarization, using the vari-
ous vhf propagation modes, may yield
useful scientific information.

In my az-el antenna mount the azi-
muth rotor is a TR-44, although a
smaller, less expensive unit would work
as well with small beams. (Oscar 6
expert K2BZT uses two Alliance U-100
rotors in his az-el mount which handles
a 10-element circularly polarized Yagi.)
The TR-44 azimuth rotor is mated to
the bottom plate of a plywood sand-
wich by an 11-inch (28cm) stub mast
and the bottom mast support which
comes with CDR rotors. The stub mast
can be as long as five or six feet (1.5 to
2 meters) to get the beam antennas
higher, but much more than that would



be pushing your luck in ice and wind
storms.

plywood sandwich

The plywood sandwich consists of
two pieces of half-inch (13mm) ply-
wood 8x9%: inches (20x24cm) and four
spacers of the same material which keep
the top and bottom plates one-half inch
(13mm) apart so that the mounting
hardware does not touch. Construction
details for the plywood sandwich are
shown in fig. 2 and 3.

A unique feature of the sandwich is
that the elevation rotor mounts directly
over the azimuth rotor which results in
balanced downward thrust. Unbalanced
weight creates a bending moment which
strains both mast and rotor.

fig. 1. Alliance U-100 elevation rotor

mounted directly over COR TR-44 azimuth
rotor by means of plywood sandwich and
11-inch (28-cm) stub mast,

Before assembly, the two plywood
plates and four spacers should be sanded
and given at least two coats of high
quality, outside house paint. After the
sandwich is bolted together, the two
seams are sealed with vinyl tape to keep
water out, and the unit is given a final
coat of paint. If this sounds too fussy, it
is only because | have seen water pour
out of waterproof baluns, trickle down
the inside of new coaxial cable, split and
destroy plywood, and fill a sealed
quarter-wave transformer made of
hollow tubing. No one will ever know
how many weak signals are due to
watered-down power!

elevation rotor

The U-100 elevation rotor is attached
to the top of the plywood sandwich
using the mast hardware supplied with
the unit. Use flat washers and lock
washers throughout. Tape the seams of
the U-100 to keep water out. The bolts
holding together the two halves of the
U-100 loosen with time; tighten them
every six months.

The U-100 rotor permits the boom
holding the vhf antennas to pass entirely
through the rotor unit, as the photo-
graphs show. Blonder-Tongue Prism-
Matic rotors offer the same advantage.
This is a must to achieve proper weight
balance. If a single crossed Yagi is
mounted on one side of the elevation
rotor, a counterweight should be
mounted on the opposite side.

The cross boom is a 5-foot (1.5-
meter) wooden pole from a beach um-
brella in order not to detune the Yagis,
which should be mounted as closely
together as possible. A metal boom
could be used, but | prefer a strong, well
painted wood boom for proper de-
coupling.

The two 3-element Yagis are mount-
ed at 90° to each other, and 45° to the
boom. One beam could be mounted
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vertically and the other horizontally, but
that posed a problem in this case be-
cause of the beam hairpins and baluns.
The stub mast must be long enough to
permit the beams to clear the support-
ing structure when the beam is rotated
at full 90° elevation.

elevation control

A word of caution: before installing
your masterpiece on top of a tall tower
or high roof, conduct a dry run on the
ground where you can easily, “correct
any malfunction,” as they say in the
electronics industry. (The first time |
elevated my antennas they pointed
down into the driveway.)

Calibrating the elevation control is
simple. | use east for the horizontal
position and north for 90° elevation
(straight up). A paper elevation calibra-
tion chart is pasted to the control unit
between E and N.

use with satellites

While you do not nead a beam, or an
az-el mount, to work successfully
through a satellite, using a good beam
on such a mount gives superior results

fig. 2. Details of sandwich made of Va-inch
(13mm) plywood, well painted against
weather. Bottom plate bolts to mast support
for TR-44 or Ham-M rotor. Top plate bolts to
U-100 rotor. Bolts fasten plates together,
separated by four plywood spacers. Dimen-
sions are shown in fig. 3.
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fig. 3. Construction details for the bottom
plate of the plywood sandwich. Top plate is
similar (see fig. 2).

with less power. And the tests you can
make are very educational. The Oscar
satellites give you an opportunity to do
something which amateurs have never
before been able to do — listen on the
downlink to your own signal coming
back to you from a distant point (outer
space) so that you can instantly hear the
results of changes in power, types of
antennas, and beam headings and eleva-
tion angles. There's no guesswork, no
baloney, no inflated reports!

With a satellite, those adventuresome
souls with a high-gain beam on an az-el
mount are the first stations to access the
bird on its pass, have the best signals (if
they keep the beam heading in the right
direction, at the right elevation), and
work through the satellite up to the last
possible moment before it drops over
the horizon. On the other hand, an az-el
mount keeps you a lot busier on a
satellite pass than a fixed antenna so if
you are the nervous type, you probably



would be better off to stick to a ground
plane. Another possibility is the auto-
matic az-el control system described in
the January issue of ham radio.!

vhf propagation

There are numerous types of vhf
propagation to explore and much to
learn about over-the-horizon vhf/uhf
paths, most of which exhibit very un-
predictable behavior. Here is ideal terri-
tory for the purposeful amateur seeking
a chance to contribute to scientific
knowledge.

making possible short-range communica-
tions (under 500 miles), such as be-
tween California and Nevada. Antennas
are tilted upward and aimed at a meteor
shower over northern Oregon so that
the angle of reflection equals the angle
of incidence on the reflection path.
PfEStO — meteor reflection contacts over
short distances!

polarization

Besides experimenting with the angle
of elevation, worthwhile tests can be
conducted comparing horizontal, verti-

fig. 4. Assembly, supported by
four braces, mounted on 2x4-foot
(60x120cm) plywood frame for
fastening to flat area. TR-44 rotor
can be mounted on regular tower.
Length of mast from TR-44 to
U-100 should not exceed 5 to 6
feet (1.5-2 meters).

For example, does the angle of eleva-
tion of an efficient multielement beam
with a relatively narrow main lobe
affect vhf/uhf propagation which results
from ducting, sporadic-E, temperature
inversion, obstacle gain, aurora reflec-
tion, tropospheric scatter, ionospheric
scatter, etcetera? If it does affect propa-
gation, then in what way?

It is already known that the angle of
elevation is important in satellite and
moon reflection communications.
Moonbounce expert W6PO reports that
once an antenna is high enough to be
free of ground effect, elevation control
is a key factor in meteor trail reflection,

cal and circular polarization (right- and
left-hand). W6PO suggests that tilting an
array sideways — halfway between hori-
zontal and vertical polarization — to
achieve “lopsided polarization” might
lead to interesting results.

Circular polarization may be pro-
duced with a helical beam, or with two
Yagis, one of which is fed 90° out of
phase with the other. The Yagis may be
on the same boom, or separate as shown
here. With Yagis, the transmission line
to one beam is an electrical quarter-
wavelength longer than the line feeding
the other beam, thus imparting a minute
delay in the power fed to the second
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fig. 5. Az-el mount assembled using two 3-element 144 MHz Yagis at 90° to each other for circular
polarization. Cross boom extends through U-100 rotor. Feed line and phasing harness not shown.

beam. Data on circular polarization may
be found in references 2 and 3.

The results of these tests can be
recorded by a reliable observer at the
other end of the path, preferably using a
tape recorder, or better, by having that
amateur patch your signal into the tele-
phone line so that you can actually hear
the effects of the changes you make.

summary

Vhf and uhf territory, 50 MHz and
higher, is one of the few remaining
frontiers where pioneering amateurs still
have an opportunity to contribute
scientific discoveries in the honored
tradition of the amateur service (the
discoveries have been a bit sparse of
late).

Except for satellite and moonbounce
communications, little is known about
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the effects of changes in angle of eleva-
tion of antennas, and their polarization,
on the propagation and reception of vhf
and uhf signals. Who can tell what
awaits the determined amateur with a
pioneering spirit?

Thanks are due K2BZT, W6PO and
WBESAI for data in this article, and to
WAZ2ECC for the photographs.
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for solving
engineering
problems

An example

of the versatility
of these machines
plus some

expert advice

on their use

During the last few years the use of
small electronic calculators has become
increasingly popular in broadcast and
communications engineering. The smali
units available, even the $19.95 house-
wives' grocery-store special, offer a
speed of operation and portability far
above that of the slide rule. Almost
overnight the field of mechanical calcu-
lators has been wiped out by progress.

In keeping with progress, a new
breed of calculators of the mini-
computer type has appeared on the
market and several machines of reliable
manufacture are now available. They are
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Raymond P. Aylor, Jr., W3DVO, 4708 Argyle Avenue, Garrett Park, Maryland 20766

programmable calculators

within reach of the average budget and
will prove themselves in the first engi-
neering problem calling for a repetition
of calculations to be made in some
orderly sequence. These machines are
known as programmable calculators:
they can accept one or more programs
and can process them from a series of
memory registers. Numbers may be re-
catled, changed, or restored at will in
these registers.

programmable computers

The word ““programmable’’ is apt to
conjure up some scary ideas in the mind
of the casual reader. Let’s see what the
word means. We may start out and store
in the memory registers those quantities
that are known or which we’ll want to
process, doing all this before we load
the program into the machine. If de-
sired, a sample calculation may be made
at this point to acquaint ourselves with
the routine, but this is not really neces-
sary. Better that we go into LOAD, then
proceed as if we were making an ordi-
nary calculation, manipulating the keys
to work toward an answer. Then we go
back into the RUN mode. The program
is now stored and we may insert new
values into the memory registers and
give the machine the go-ahead to
process the new data.

The beauty of such an operation is
that it doesn’t have to be entered in a
precise machine language such as
BASIC, FORTRAN IV, or COBOL. In
these languages, the big sophisticated
machines must be commanded in an
exact routine, using precise statements,
and using exact names for what is to be



done. In the operation described here,
the user simply goes through a series of
key manipulations as if he were operat-
ing an ordinary electronic calculator.

A relatively new machine, the Com-
pucorp 324G,* will perform such rou-
tines and run a very high program-step-
to-memory ratio, presently 8:1, and will
present 10-digit results! The sophistica-
tion of the programming is left to the
imagination of the user. The machine
actually processes to the 13th digit
although only presenting 10 — with no
apologies being offered to users of the
IBM-360 or to equally serious program-
ming with ordinary single-precision
results.

elementary programming

Without attempting to go into an
elaborate computer course, one or two
no-no functions apply equally to the
Compucorp 324G and the big IBM jobs;
and the first of these is multiplication or
division by zero. This is another way of
saying that the memory registers should
be loaded before inputing a program,

Several years ago ham radio published a
rather whimsical article about how compu-
ters might someday influence amateur
radio.* The author made a prediction that
has now become a reality: low-cast calcu-
lators for home use. In a later issue we
presented an article by another author,
who described a method of circuit analysis
using a canned program, ECAP, but which
required large machines such as the {BM
1620.t Here’s yet another offering on
solving electronic design problems using
the computer. Only this time the machine
is one of the relatively low-cost mini-
computers known as a programmable cal-
culator. Author Aylor leads you through
the action in a step-by-step fashion (with
advice on avoiding pitfalls} from initial
programming to the final result — all on
the new Compucorp 324G. Time has
indeed marched on. Editor

*Louis E. Frenzel, W5TOM, "“Computers
and Ham Radio,’’ ham radio, March, 1969.

™™.A.Ellis, KTORV, “Computer-Aided Cir-
cuit Analysis,” ham radio, August, 1970.

else the idiot symbol, such as £----, will
appear. There are ways of getting a-
round this and the procedure will be
explained later. Another no-no s
attempting to take the square root of a
negative number, in which case the
result is identical. In both cases the
RESET button is convenient, and for-
giveness is instant.

Before expiaining how you might
wind up in either of the above situa-
tions, a brief explanation on how to
form a loop is given. We have always
been accustomed to using the equal sign
(=) in expressions such as 2 + 3 = 5,
Think of this idea in another context:
“l have taken 2 and added 3 and
replaced it by 5.” Both statements are
the same since | am no longer interested
in the 2 or the 3, but in my future
thoughts | now have 5. | could do the
same thing on the machine if | had a 2
in the program, recalled a 3 from a
memory register, took the sum, and
placed the 5 back in the memory
register formerly occupied by the 3. The
next time around | might add 2 again,
and | would recall the 5 from the
register and put the sum 7 back into the
same register, and so on.

some examples

The above was a simple exercise in
repetition, which may be included in a
program as a stepping function. A typi-
cal example would be in the design of a
directional antenna where you want to
obtain a value of field intensity for
every five degrees of azimuth. The
above routine would be placed either at
the beginning or the end of the pro-
gram, storing the azimuth value in one
of the registers and including the quan-
tity for each successive step either in the
program itself, or in one of the other
registers. Each time the START button
is pressed, the value in the register
containing the azimuth would step for-
ward, and the calculator would compute

*Marketed in the United States and Canada
by Monroe Business Machines
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the new value of field intensity at the
new azimuth. Don’t forget that you can
recall the stored number from your
controlling {azimuth) register as many
times as you wish with the RECALL
button, and the value will not be de-
stroyed until you use the STORE key.

The stepping function, which is in-
corporated in a loop, is by no means

Compucorp”
Page | of 2
PROGRAM Fogrnho  BBO7A7L-A R
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Stepping to form a loop is by no
means confined to any specific part of
an equation. For convenience, the Com-
pucorp 324G micro-computer has a set
of parenthesis or brackets and you can
form a stepping loop within these
boundaries if desired. There is one
additional no-no associated with the use
of these: you must always use the same

Progrom Numbar 8807471-A Poge 2 of 7

QPERATING INSTAUCTONS PROGRAM $7EPS
Loadirg the Pragrom 1iser fo]ra
Lok 1osT 3 pfrer tale
31 al-
2. Swikhw LOAD , MROGI ox | o
3. Key in progrom s|ReL fesfreL
4. Swichro  RUN oz 8le
1= a1[cHsm
5. et DP o deired ofsarr as -
Runalng the Program sist 8|St
4. Enter ond yhore the voriablas ay reqired: rofs 50[8
o s TRCL  [si[RCL
123 526
R, (ohm) st nfsn tss|ov
%y thms} st o2 st fufral
+ egrem) o 3 1s]4 s[4
slrz fselcmsn
7. Prew VS 2, dlplays ulst st
8. ToRead Prow '8]s s8fst
N w s 1fx 99
1 afct feafys
2, L8 mo m
7y "L |- "
1| ]
ulreL s
nfs “
|- ]
lowv o7
BReL (08
N o
|- n
2chsn |71
Kotst THw ragrom yisich the taactive valuss in hms. Program b aulg n
datermioms vl voloss in mictohanios ( H) and prcolarads oy "
10 construct the network, catriaving valuas in registers 7, 8 an i
ufrcr |
32 [
asx 7
kel |n
AEGSTER als "
= n
|

fig. 1. Part A of a program for use with Compucorp 320-series programmable calculators to solve a
typical problem: finding component values for a T-network. Page 1, Jeft, presents the problem, shows
data to be entered into the machine, and shows the network reactances obtained from the program

steps on page 2, right*.

confined to additive guantities. In the
directional antenna example you could
have as easily started at 360 degrees (or
180 degrees for that matter) and used
the subtractive form of stepping; i.e.,
taking away 5 degrees each time the
function was repeated.

*The equations for Z1, reactance of the input
leg; Z2, reactance of the output leg; and Z3,
reactance of the shunt coupling mesh; are as
presented in F.E. Terman’s Radio Engineer’s
Handbook, McGraw-Hill, New York, 1943,
page 212 (equation series 113).
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number of closing parentheses as used
for entrance. Failure to do this wili get
you that great big error £---- signal, and
only use of the reset button will clear
the machine. Once that signal comes up,
the reset button is the only key on the
board that will work. Moral: get it in
right next time.

using parenthesis

Here's a specific example of a short
program with an internal loop. In this
instance, the stepping function will be



enclosed within parenthesis, which stip-
ulate the power to which a number will
be raised. This is the old ““double-each-
day’’ routine. You've heard the one of
going to work for only a penny a day
and having your wages doubled every
day and so on until you make it rich.
The equation for this exercise is day's
pay = 2(N+1) x 0.01. Let's see how to
form a loop with the Compucorp 324G,

First go to RESET, which clears the
display, then switch to LOAD and the
machine is ready to receive the program.
Then proceed as follows:

action explanation
Punch 2 installs the integer to be raised to
(N + 1) ( program starts).

AX  Instructs the machine that the next
expression will be raised to a power.

( Entrance parenthesis,

1 Incrementing step, once per day.

+ Addition command,

Prepares machine to go into mem-

ory register on next stroke.

] Memory register stored under key
0, reads, and presents sum.

= Prepares for storage.

Alerts for next stroke, which wili

put selected number under next key

punched.

o] Destroys that which was previausly
in register 0 and puts in a new
quantity, N + 1, which is the step-
ping function.

) Closing parenthesis. The guantity
(N + 1) is now polised and ready
for actlon because you conditioned
the machine with AX earlier.

= This is the go-ahead for the mach-
ine to raise 2 to the (N + 1) power,
Remember, the original was raised
to an increasing power each day.

X Multiply command, You must con-
vert whole numbers to pennies and
doHars.

.01 One hundred cents per dollar.
= Presents final result.
START/
STOP Halts program.
RESET Clears display to all zeros.
RUN Terminates and conditions com-
puter for RUN mode.

Now let’s see what we've done. The
calculator is capable of storing up to 80
steps or operations, and the display
presents a running account of each time
you press the key. Although there are
only 17 apparent actions before the
switch to RUN, the above storage actu-
ally consumed 20 of the 80 available
steps. Why? Because, near the end of
the program, entering .01 to con-
vert cents to dollars required three
key operations — the decimal, the zero
and the one. The last step is actually a
switch operation and does not count as
a step.

We are now ready for a step test. For
exactness we store a zero to obliterate
anything remaining from the program
entry operation, then press START/
STOP and the machine momentarily
displays a 1, meaning the first day has
passed. The machine pauses and pre-
sents .02. Press START/STOP again and
the machine displays a 2, pauses, then
presents .04, and so on. After pressing
START/STOP twenty-four times, the
answer will be 167,772.16, or in hard
Uncle-Sam-type greenbacks,
$167,772.16 — not bad for a day’s pay
after only twenty-four days on the job!

additional looping forms

The example above was a rather
simple one in a relatively common
exercise. Earlier we used an example of
destructive replacement inthe 2+3 =5
procedure, and that is exactly what we
are doing here. In this example we
installed the stepping increment (the
fourth action), and on the sixth and
seventh action we retrieved the quantity
stored in register 0. The moment we
punched the EQUAL button, the pro-
gram added 1 to the quantity retrieved.
Thus added, we are no longer interested
in the quantity stored in register 0 so we
use the storage key (ST, ) and store the
new, added value in register O.

To review, you went into register O,
retrieved what was there, added 1 to it,
used it in the calculation, then destroy-

»
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ed it by placing a new number as a
replacement into that register, which
previously contained the old number.
All you did was replace the old value of
N with a new value, defined as N + 1.
The rest is simple: put in a closing
bracket and you have the portion of the
equation shown as a power all set to go.

The Monroe 324G Scientist programmable
calculator used by the author.

The calculator has been patiently wait-
ing, poised since you told it that you
were going to raise 2 to a power in the
first and second steps of the program.
Obviously, all that is necessary now is to
punch the equal button — calculation
gets under way immediately. The rest of
the procedure places the decimal point,
presents the result, and stops the calcu-
lation. Omission of START/STOP, a
common mistake, will allow the
machine to run wild until it hangs up on
some value with more than 99 values or
figures presented as an exponent in
scientific notation.

There are other variations that are
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somewhat more sophisticated but easily
worked on the machine. Suppose you
want to construct a map and keep the
longitude constant while walking up the
curvature of the earth with a stepping
value and reach a distance and bearing
for each intercept — or suppose you
want to construct a tower guy anchor
(actually a large block of concrete) and
given the weight requirement, you must
know the most economical dimensions
for placement. Or suppose you must
design a transmission line-to-antenna
network while solving for all phase shift
values. The rule is the same: store it,
recall it, and sum it in presentation.
Store the presentation in the same
register that kills the old value by
destructive replacement and let the re-
mainder of the program do the spade
work, then go on from there.

There are a few other routines that
will become apparent as the user gets
more familiar with the use of the
machine. For example, the Wayne-Kerr
balanced impedance bridge, which is
manufactured in Great Britain, gives a
reading of the equivalent parallel cir-
cuit in terms of millimhos conductance
shunted by equivalent picofarads sus-
ceptance, and the instruction book gives
the equations for conversion. The equa-
tions are basic, requiring the conversion
of the susceptance to reactance at a
specified frequency.

Now, the condition where the sus-
ceptance dial reads zero picofarads is
very real and means that the load is
purely resistive, a function of the con-
ductance. If, during the course of the
factoring, the calculator encounters a
zero in the denominator, it will latch up
on the error signal. The way to avoid
this is to input a small additive constant,
such as 0.1 x 10739, into the capac-
itance value within the program. The
machine adds the zero capacitance to
the 0.1 x 10739 picofarads residual, and
the sin committed never shows on
10-place results. Of course, it would



have been easier to have inverted the
conductance with the 1/X button and
ignored the capacitance reading. But the
objective is to achieve a program that
will work with any list of data you use,
with an answer {meaning no error latch-
up) on anything you insert, and this
means no exceptions.

Although taking the square root of a
negative number was introduced as a
no-no at the beginning of this article,
there may be an exception in certain
problems where you are stepping one or
more variables in a multiplication form
and wish to compare the product with a
constant that is the criteria beyond
which you cannot go. This constant is
stored in another register. You then
arrange to subtract the product from
the constant and take the difference,
then promptly take the square root.
When the calculator attempts to go past
the boundary condition — you guessed
it: error! It's easy to reset and then
recall the values that caused the latch-
up. Note that earlier mention was made
of dimensioning a large block of con-
crete to use as a guy anchor for a tower.
With concrete costing $150 to $200 a
cubic yard in place, overdesign can be
costly and underdesign can be disastrous!

a typical program

The discussion that follows is specifi-
cally arranged for the Compucorp 324G
minicomputer and consists of two pro-
grams that can be stored under a single
bank of memory registers. The programs
are typical of problems encountered in
electronics; in this case it's desired to
find the inductance and capacitance of a
T-network between a generator {(usually
50 ohms but subject to the user's
choice) and a load such as an an-
tenna, where any impedance may be
encountered.

Both programs (fig. 1and 2} are based
on standard handbook equations. Pro-
gram 1 yields the impedance of the
three arms of the network. Program 2,

into which the desired frequency is
entered, gives the network values in uH
and pF. In running the programs it's
easy to plug in variables, store a value
associated with program 1, then give the
machine the go-ahead by pressing the
START/STOP key. Then you switch to
program 2, the machine retrieves the
impedance values stored in program 1
and, using the frequency value entered
in program 2, converts and displays the
network numbers in microhenries and
picofarads. Stepping is not included, but
plenty of room exists in program 1
at step 60 to recall any values from the
first three registers and add the steps in
place of S/S (START/STOP) using the
same old rule: recall, add (or subtract),
store, punch S/S, and be prepared to
process again.

analysis

Now let’s see what went on in part 1
of the program. The expression under
the radical was recalled and multiplied,
the square root extracted and put to
rest in register 6 at step 10 (fig. 1B).
Then you recalled the phase shift from
register 3, took the sine and promptly
stored it into register 4 at step 15 for
later use. Next you obtained the cosine
with the second function (F2) button
and stored it into register 5; but while it
was available, you multiplied by the
input impedance from register 1 and hit
the equal (=) button for the product,
then subtracted from the square-root
quantity you had stored into register 6
at step 10.

At step 28 you came back for the
sine you put into register 4 and divided,
switched the sign in step 31, and put the
input leg of the network into register 7
on step 33. The same process, with the
stored quantities (sine @ and cosine @)
and the value under the radical, is
repeated, which takes you up to step
50, yielding the output leg impedance.
The shunt, or mesh, leg value is ob-
tained by dividing the number under the
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radical by the sine, which is entered into
register 9. Registers 7, 8 and 9 now have
input, output, and shunt leg values
respectively; program 1 is concluded
with START/STOP; and you switch
back to RUN.

Program 2 is for those allergic to
reactance tables and only requires 40
steps. The microcomputer is switched to

Compucorp*
oge 1 of 2
DERIVATION OF ELEMENT VALUES FROM REACTANCE Modaly 24
VALUES FOR A T NETWORK (SEE ALSC 8807471-A) owre /74

e Aylor

QEsCRPTION

This progrom derives the component valves in o T network from the given reacionce valuey
independuntly, or o» colculaled by Progrom A.

FEATURES:

® The progran is copble of specitying component valums ot vy freauency dwired
{raqusncy wntered in MHz).

» Al unit convenions o microheniies and picolorats are provided tor in the progrom
EXAMPLE AND TEST PROBLEM.

Having determined reoctive values for ranfer from 30 10 75 chm ot 8- 707 1o by 2, = 46.%,

7, 37.86, and 23 = -65.16%, find nework component volues for f, - 1.2 M

L Enter Press Duscription
1,25 sT0 Eroquency in MHz

It Program A has cof bean used, only then,

4.9 stz z,
7.8 st8 z,
-65.16 ST z

2. Follow logding intructions on ravene side
3. Peam  S/S. 1953.80 disploys

4. ToRead Pres Answers

Z] RCL 4 5.98 in miccahenries
12 RCL 5 4.82 in microhenries
24 RCL 6 1953.80 in picokurads

J

eters in impedances and phase shift.
With further recalling, registers 7, 8 and
9 have the reactance values, and recall-
ing 4, 5, and 6 gives you the design
value of each component. Don't forget
register 0 down in the left-hand corner,
which contains the frequency.

At this point, if you want to make
changes in any parameter in registers 0,

Program Nombar 8807471-8 Paga 2 of 2

( orenatinG sTRUCTIONS PROGRAM S 18P

Loading the Pragram o [rser ar

Vo terer ) ST 0 2(RCL - fa2
1o “a

2. Swikhta LOAD , ROG2
afx “«

3 Kay in program sfee e

4 Swikhto RUN 8(x “
HE a7

5. Set DP oudesired . M

Running the Progrom »

6. Enter ond tore the voricblen:

Enter Press
1, (MHz) oo n

1 uted without Progrom A, then

S AT T LR
EREE

2, (ohma) s 1 5

v 5

2, lohm) s sl e

2, fovne) a9 e s ]

n}- ©

7 P /S 2y displons [omN Tor
alst  |e

5. ToResd Praas s v
2, w4 nufrer s

2z, RCL 5 »(8 4
nlow e
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fig. 2. Part B of T-network design program which uses the results of the program shown in fig. 1 to
calculate the actual network inductance and capacitance values.

program 2. Examination of the pro-
cedure shows that you recalled the
values in registers 7, 8, and 9 then
calculated the component sizes to pro-
duce the new values and stored them
into registers 4, b and 6, which had been
used in program 1 but are no longer
needed — a case in point to illustrate
destructive replacement.

In considering the 3x3 portion of the
keyboard of the 324G microcomputer,
you have a complete grid under the nine
registers. Using the recall button regis-
ters 1, 2, and 3 have the design param-
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1, 2, or 3 we can enter or store the new
value in the register, switch to program
1, hit START/STOP, then switch to pro-
gram 2, hit S/S again, and you will have
an entirely new and different set of
network values. The program described
applies not only to matching antenna
impedances but may be used for inter-
mediate or output stages of transmit-
ters, delay lines, or any problem of a
similar nature in impedance matching.
The designer always has contro! of the
parameters he enters, and he may wish
to make a number of trials before



deciding on the most economically feas-
ible set of final components.

You might ask, ““What does all this
buy me?” On the presumption that
you've followed the previous paragraphs
and understand the manipulation or
game plan, it's only a jump upward into
BASIC or FORTRAN IV. You've al-
ready learned an elementary form of
assembly language.

final remarks

The average reader will find it's easy
to generate programs within a very short
time. There's really nothing complicated
if a few simple ground rules are
observed; i.e., start as deeply within the
equation as possible, attacking the con-
stants, and store for recall after the
variables have been processed. As stated
earlier, use the various registers for short
storage, enter, kill, or substitute as you
manipulate your way out. If you want
to pause to read intermediate data, it's
as easy as pressing the START/STOP
button, but be wary of using this mode
too often since you and the machine
may become out of phase. When you
want to bracket something, a set of
parenthesis is available, which can be
doubled if you want.

A little green man is inside the
machine to count the number of en-
trance parentheses and make sure you
use the same number of closed paren-
theses before you terminate the pro-
gram. He's the same fellow who places
the machine in lock-up if you violate
any of the rules; but forgiveness is
instant with the reset button, and you
are permitted to start over again.

Programming and debugging come
only with practice. There are all kinds
of tricks that an operator will develop
on any computer, whether using the
simple program presented here or one
on the big IBM-360 or IBM-370. The
union of man and machine occurs only
when one plus one functions as one!

ham radio

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 319.95
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.

[ FmEq. | 1 [ DELUNE PREAMPLIFIER
(Mhz) USE STAGES [GAIN ¢B NF dB  KIT _WIRED
HIGH | SINGLE FI] 2 $10.50]313 %0

14, 21 o 28 FREQ DOUBLE | &# 7 |s20%0|s26 50
= OSCAR | SINGLE | 25 2 [51230(315%

28 10 30 SPECIAL | DOUBLE | 4B 2 |s2a50(s3050
S SINGLE | 25 P ECEEE]
s0wS4 | bMETER |OOUBLE | & | 2 |520.50)%2 50
I VHF | SINGLE 20 25 |3 95031250
108 to 184 | AIRCRAFT | DOUBLE | 40 25 |s1850|82450
SINGLE | 20 25 (39508125

135 10 139 | SATELLITE | DOUBLE | 40 25 |$1850(524.50
1 SINGLE 20 25 |5 9503125
144 10 148 7 METER | DOUBLE | 40 25 |51850 32450
SINGLE | 20 25 |3 9%0(s125%0

146 to 174 | WIGM BAND | DOUBLE | 40 25 |s1850|524 50
SINGLE | 18 25 |3 950(512%

720 1o 225 | 114 METER | DOUBLE | 35 25 |s1850]524 50
UNF SINGLE | 15 25 [39%0(312%

229 10 300 | AIRCRAFT | DOUBLE | 30 25 |sins0|s2450
"1t 30 HF BROADBAND 193 | 3 s

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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Put together

the

top-value Heathkit

2-meter package!

Start with the Heathkit

HW-202 2-Meter FM Transceiver.

It's an all solid-state design that you can build and completely
align without special instruments. And this compact little beauty

gives you independent pushbutton selection of
6 transmit and 6 receive crystals. 10 watts
minimum output. Will operate into an infinite
VSWR without failure. And for the ultimate

in convenience there's the optional tone

burst encoder for front panel selection of

four presettable tones. The HW-202 kit includes
two crystals for set-up and alignment and
simplex operation on 146.94; push-to-talk mike;
12-volt hook-up cable; heavy duty clips for use

with temporary battery; antenna coax jack; gimbal

bracket, and mobile mounting plate.
See specifications below.
Crystal certificates available
at 5.95 each.

Kit HW-202, 11 Ibs., mailable .. .179.95*

Kit HWA-202-2, Tone Burst Encoder, 1 Ib. . .24.95*
Kit HWA-202-1, AC Power Supply, 7 Ibs. ....29.95*

Kit HWA-202-3, Mobile 2-Meter Antenna, 2 Ibs. ......17.95*
Kit HWA-202-4, Fixed Station 2-Meter Antenna, 4 Ibs. . .15.95*

Add 40 watts of output

with the Heathkit HA-202 2-Meter
Amplifier. It's designed for the
HW-202,41bs. ............ 69.95*
i N
.

Tune-up your 2-meter rig

with maximum precision. The Heathkit
HM-2102 VHF/SWR Bridge make
ithappen, 41bs., .......ou.. 34.95*

New Heathkit
10-Watt Amplifier,

HA-201, is perfect for hand helds
or any 1 to 1%z watt 2-meter rig,
31bs. ... R 25.95*

HW-202 SPECIFICATIONS — RECEIVER — Sensitivity: 12 dB
SINAD* (or 15 dB of quieting) at .5 uV or less. Squelch
threshold: 3 4V or less. Audio output: 2 W at less than 10%
total harmonic distortion (THD). Operating frequency sta-
bility: Better than +=.0015%. Image rejection: Greater than
55 dB. Spurious rejection: Greater than 60 dB. IF rejection:
Greater than 75 dB. First IF frequency: 10.7 MHz =2 kHz.
Second IF frequency: 455 kHz (adjustable). Receiver band-
width: 22 kHz nominal, De-emphasis: —6 dB per octave from
300 to 3000 Hz nominal. Modulation acceptance: 7.5 kHz
minimum. TRANSMITTER — Power output: 10 watts minimum.
Spurious output: Below —45 dB from carrier. Stability:
Better than +.0015% .0scillator freq y: Z, approxi
mately. Multiplier factor: X 24. Modulation: Phase, adjust-
able 0-7.5 kHz, with instantaneous limiting. Duty cycle:
100% with ~» VSWR. High VSWR shutdown: None. GEN-
ERAL — Speaker impedance: 4 ohms. Operating frequency
range: 143.9 to 148.3 MHz. Current consumption: Receiver
(squelched): Less than 200 mA. Transmitter: Less than 2.2
amperes. Operating temperature range: — 10°t0 122°F (— 307
to +50° C). Operating voltage range: 12.6 to 16.0 VDC (13.8
VDC nominal). Dimensions: 23" H x 814" W x 978" D.
*SINAD = Signal + noise + distortion

Noise -+ distortion

HEATHKIT ELECTRONIC CENTERS — Units of Schiumberger Products Cor
Retail prices slightly higher

7 Pnoenia, CALIF . Ansheim, El Ce

ar

[_Healh Company
Dept. 122-03
Benton Harbor, Michigan 49022

[ ] HEATH -
Schlumberger

[0 Please send my free 1975 Heathkit Catalog.

[J Enclosed is $- . plus shipping.
Please send model(s)____ =
| Name—— _
| Address — —

| City __State Zip B
| Prices & specifications subject to change without notice. |
|_ *Mail order prices; F.O.B. factory AM-SO?_J



Your best buys In scopes
come from the hams at Hea

singie or dual trace, there’s a low-cost
Heath scope to fit your need.

The 10-4530
ssull
professional
scope
with a
practical
price

A versatile easy-to-use single-trace scope for ham or hobbyist,
Features DC-10 MHz bandwidth, 10 mV sensitivity . . . cali-
brated X-channel input for X-Y operation ... TV coupling for
service work . . . time bases from 200 ms/cm to 200 ns/cm
... digitally-controlled trigger circuits ... kit-form 10-4530
only $299.95* . . . assembled & calibrated S0-4530, $420.00*.

Our best
scope
...the
dual-trace
10-4510

A precise lab-grade scope with DC-15 MHz bandwidth . . . post-
deflection accelerated CRT for high brightness ... 1 mV/cm
input sensitivity . .. 45 MHz typical triggering bandwidth . . .
Time base sweep to 100 ns/cm ... vertical delay lines for
complete waveform display ... X-Y capability . . . operates on
any line voltage from 100 to 280 VAC. Kit-form 10-4510 only
$549.95* . . . assembled & calibrated $0-4510, $750.00*.

INSTRUMENTS
ROUNDTABLE

Bob Ashton
Instruments Design Engineer
K9EQB/8

The INSTRUMENTS ROUNDTABLE presents tips from the
Heath technical staff to simplify your measurements.
Many different Heath instruments will be covered in
future issues, often by the engineers who designed
them. Your comments and suggestions are welcome.
The following questions reflect some measurement
problems with oscilloscopes.

@. How can | make accurate measurements in applica-
tions where the oscilloscope input impedance loads the
circuits under test?

A. Use a low-capacitance scope probe such as the
Heath PKW-101. Be sure o consider the attenuation
factor of the probe when making voltage measure-
ments. Also, remember to compensate the probe for
your scope's input capacitance to insure accuracy over
the frequency range.

Q. How can | tell if a waveform or a segment of a
waveform is an exact multiple of the power line fre-
quency (60 Hz)?

A. The easiest way to check is to switch your scope's
trigger select control to the “line'" position. If the
waveform or a segment of the waveform stops its hori-
zontal movement across the screen, it is an exact mul-
tipie of the power line frequency.

@. How can | tell if my transmitter is putting out har-
monics?

A. You can use your scope if the transmitter frequency
does not exceed the useful bandwidth of your scope.
Connect a loop of wire at the end of a probe and place
it near the tank or antenna connection. If the sine
wave pattern displayed has "‘wrinkles’ in it, there may
be harmonics present. At slower sweep speeds these

For information on all
the Heath scopes

.. .send for your free copies of
our latest catalogs. Our '75
Heathit Catalog describes the
world's largest selection of elec-
tronic kits — including a full
line of lab & service instru-
ments. The latest Heath/Schlum-
berger Assembled Instruments
Catalog features a complete line
of high performance, low cost in-
struments for service and design
applications.

More Details? CHECK—OFF Page 94

wrinkles look like light and dark horizontal lines
Heath Company
Dept. 122-031

through the raster.
HEATH
Schlumberger
Benton Harbor, Michigan 49022

[ Please send the new 1975 Heathkit Catalog.

[J Please send the latest Assembled
Instruments Catalog.

Name ==

Address.

City. State iy
PMAIL ONDER PRICES; F.0.8. FACTORY

PRICES AND SPLCIFICATIONS SUBJECT TO CHANGE TE-321

WITHOUT NOTICE.
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electronic

for
linear amplifiers

A simple electronic
vox biasing circuit
that lowers quiescent
plate dissipation

of linear power amplifiers

The use and value of an electronic bias
switch has been known for some time,
having been introduced in the popular
ETO Alpha 70/77 linears. Bryant sub-
sequently published an excellent version
of that circuit in QST.! It has signifi-
cant application in two-kilowatt PEP
input class-B and class-AB1 linear ampli-
fiers where, especially in the latter,
nominally two-thirds of the total plate
dissipation is required in the quiescent
state for best linearity.2 This immedi-
ately gives rise to the impact of such a
device as a means of reducing tube
dissipation, the accompanying heat, the
ambient noise, as well as {engthening
tube life and saving some of your power
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Marv Gonsior, W6VFR, 418 E| Adobe Place, Fullerton, California 92635 NN

bias switching

bill. One further consideration is the
possibility of reducing the fan speed, its
resultant noise and power consumption.
Also, the high class-AB1 idling current is
no longer a problem, permitting greater
linearity.

circuit

Basically, the bias switch data and
background were well covered by
Bryant, and served as an excellent basis
for a modified design to fulfill my
particular requirements, which | prefer
to call Electronic Vox Biasing, or as a
friend dubbed it, a Vox Box. That more
accurately describes the action of my
circuit shown in fig. 1. This was, | felt,
necessary because the original circuits
were much too fast, resulting in a very
harsh vox-like action, especially on the
make of the switch, and other operating
time constants, which were far too
short, giving rise to what might be
described as a paper-crunching sound,
especially at the end of a sentence
during ssb operation. For CW break-in
operation, however, it would be very
effective.

The problem centered on how to
siow down an inherently fast circuit due
to the saturation characteristics of the
transistors resulting from the high
current gain of the Darlington configur-
ation. After considerable work an inte-
grator circuit, consisting of C3 and R3,
was finally developed which allowed
for a softer make that provided an
almost indiscernable operation of the
switch. The speed on the make, or ris



time of the switch, was changed by a
factor of 20, from 2 to 40 milliseconds.
The decay time of 140 milliseconds is
no problem at all since C2 and R2 may
be easily altered to any required time
constant.

It should be recognized that the
quiescent bias voltage itself at point A
in fig. 1 supplies V.. to the Darlington
pair. This is the self-bias developed by

current, |, drawn by the cathode holds
it in operation in its active mode. In my
particular case, the voltage at point A
varies from 55 volts to 0.7 volt (the
Vee(sat))- Depending upon the particular
operating biases and the tube used in
the linear amplifier, the quiescent bias
voltage will vary. Since, for the reasons
stated above, the switch will only oper-
ate when it is installed in the cathode

Ve o-- —':R‘s‘ -
+50v 100Kk ‘:
|
1

POWER AMPLIFIER
CATHODE

Srs
3 50K st
TIOW ww

O [RANSMITTER
COMMON

CR{, CR2 » M-P 2800 OR INSI4

fig. 1. Electronic vox biasing circuit. The transistors used for Q1 and Q2 depend upon the cathode
voltage of the power amplifier tube (see tabie 1). Adjust C1, R1 for drive level. Switch S1 permits
establishing operating point for class-AB1 amplifiers and is used as operating switch in case of bias

circuit failure.

the cathode current across resistor R5,
which becomes ordinary center-tap bias
on the amplifier. The system operation
becomes apparent as an electronic
normally-open spst relay which removes
the unwanted self-bias in its closed state
with appropriate time constants.

As has been shown, the Darlington
pair has its V. supplied by the cathode
voltage in its quiescent mode. The plate

table 1. Transistors for the electronic vox biasing circuit.
output voltage output voltage output voltage

<50 Vdc 50-125 Vdc 50-125 Vdc
Ql 2N5681 (TO-5} 2N3439(TO-5) 2N3439(T0-5)
2N3440 (TO-5) 2N3440(T0O-5)
Q2* 2N5681 (TO-5) 2N3439 (TO-5) 2N6262 (TO-3)
2N3440 (TO-5) 2N6354 (TO-3)
RCA411(TO-3)
DTS423(TO-3)

*Use heatsink with TO-5 devices

circuit, for independent test it is neces-
sary to temporarily supply the V..
separately through a 100k limiting resis-
tor, R6, to point A.

Table 1 outlines the various switch-
ing devices which will satisfy the re-
quirements for Q1 and Q2 with V ¢,
ratings greater than 100 volts. Further, a
heatsink such as an IERC type UPTO-3
may be added to transistor Q2 which
will considerably extend its 100-watt
power dissipation. The heatsink, used in
combination with the necessary heat-
conducting grease, will satisfy the most
demanding requirement.

The sericus designer could consider a
total redesign of the circuit starting with
an op-amp shaper driving a transistor as
a voitage follower, rather than the Dar-
lington configuration. This would pro-
vide complete control of the rise and
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decay times. This will be something for
a future project.

construction

| built my electronic vox biasing
circuit on one-sided, copper-clad Vector
board as shown in fig. 2. It only took a
couple of hours to build, and could be
done in less time if an unclad board

the electronic vox biasing circuit will
hold 1, to its normal switched value of
0.7 volt, i.e., essentially zero biasing. In
the event resistor R5 were to open up,
resistor R4 will prevent the full plate
voltage from appearing on the cathode.
These fail-safe precautions are in order
for obvious reasons and will provide the
user with a reasonable amount of volt-

fig. 2. Construction of the electronic vox biasing circuit built by W6VFR. Although copper-clad
perf board is shown here, a ground plane is not necessary, and since parts placement is noncritical

point-to-point wiring is satisfactory.

were used since a good ground plane is
apparently not required. Parts location
is very noncritical and no problems were
encountered with any instability, etcet-
era. Switch S1 may be a miniature relay,
as | used, or a simple spdt toggle switch
to short the bias switch to set the
proper operating quiescent current, |,
or to eliminate the switch in case of an
open-type failure.

In the case of a shorting-type failure,
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age and dissipation security, since the
total |, flows through transistor Q2
along with the aforementioned high
voltage risk.

Fig. 4 depicts the switch operation at
a half-second sweep speed, with a male
voice saying, ‘‘one, two, three, four.”
Fig. 5, at the same sweep speed, depicts
the word, ““four.” As may be seen, the
switching speed looks much like conven-
tional CW keying time constants.



|
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| CATHODE
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L __———1

fig. 3. Typical application for the electronic
bias-switching circuit, In rf power amplifiers
using directly-heated tubes (such as the
3-500Z), the cathode output of the bias-
switching circuit is connected to the center-
tap of the filament transformer.

A few words are in order regarding
the time constants. Resistor R2, in
combination with C2, basically estab-
lishes the decay time of the switch with
some interaction with the make time.
Capacitor C3 in combination with R3
affects the make and the break, while
the combination of R1and C1 establishes
the keying sensitivity and the hold time.
These should be set for the reliable
operation of the switch at the highest
frequency of operation and at the low-
est anticipated power level.

fig. 4. Oscilloscope display of electronic
vox biasing circuit voltage output with
male voice saying, *'1, 2, 3, 4." Sweep
speed is 0.5 second.

A dc-coupled scope is highly recom-
mended for adjustment for all time
constants, bearing in mind that the
current gains of the semiconductors and
variations in component values will alter
the result to some degree. All of my
timing measurements were made on a
H-P 1220A oscilloscope. At 14 MHz,
the keyer will reliably turn on complete-
ly at 0.5 volt rms as indicated on the
output meter of a Measurements Cor-
poration model 65B signal generator
and verified with the oscilloscope.

The results of numerous on-the-air
tests, both under local and skip condi-

+38 vDC

fig, 5. Oscilloscope display of electronic vox
blasing circuit voltage output with male voice
saying, ‘“four.’’ Sweep speed is 0.5 second.

tions, indicate little or no perceptible
switching action, and a 32°F tempera-
ture reduction in the outlet air tempera-
ture of my linear amplifier. This, at b5
cfm air flow, calculates to a 520 watt
average power reduction, a well worth-
while improvement by any criteria.

references
1. J.A. Bryant, WAUX, “Electronic Bias
Switching for RF Power Amplifiers,” QST,
May, 1974, page 36.
2. Linear Amplifier and SSB Service Bulletin
72, Eimac, San Carlos, California, 1966.
ham radio
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low-power

dc-dc

A simple
transformerless

dc-dc converter circuit
which may be used
for those applications
where you need

a separate

low-current supply
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converter

Gail A. Graham, WSMLY, 1003 Wade Street NE, Albuquerque, New Mexico Il

When designing electronic systems
around ac power, an additional supply
voltage seldom represents any problem.
For low power an additional rectifier
and/or regulator will often suffice, and
worst case means the addition of a small
transformer. When mobile operation is
considered the problem becomes more
difficult. If the requirement is for a
voltage of the same polarity and lower
than that of the automobile battery,
then a simple voltage regulator will do
the job. However, if you need a voltage
that is higher or of opposite polarity
than the vehicle battery, then something
more elaborate is indicated. Occasional-
ly it is possible to obtain power from an
existing converter and suitably regulate
it, but with more and more equipment
being designed for direct 12-volt opera-
tion this option is fast disappearing.

The transformerless dc-dc converter
described here may be adapted to a
variety of low-power applications re-
quiring voltages either higher or of
opposite polarity than the vehicle bat-
tery. This power supply may aiso find
some application as an on-card supply in
fixed installations. As a negative voltage
supply it may be used to power linear
ICs such as operational amplifiers. By
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fig. 1. Low-power dc-dc converter may be
used to supply negative voltages (A) or posi-
tive voltages of greater value than the input
(8). For paositive-ground systems, allow the
ground shown in these circuits to float.
Voltage-current capabilities of these circuits
are listed in table 1. All diodes are TNS14,
1N4148 or equivalent.

using the vehicle battery as the positive
supply and the dc-dc converter for the
negative supply, signals may be refer-
enced to the vehicle ground. This is very

fig. 2. Voltage output from
the positive voltage booster
(fig. 1B) may be increased by
the use of voltage multipliers
as shown here. Diodes are
1N914, 1N4148 or equivalent.

convenient, especially in control appli-
cations. As a voltage booster supplying
voltage of the same polarity but of a
higher potential it provides a convenient
source for such things as trickle charging
12-volt nickel-cadmium batteries.

The basic negative converter is shown
in fig. 1A and the positive booster
shown in fig. 1B. Fig. 2 shows how
additional diode-capacitor voltage-
doubler sections may be added to in-
crease the voltage output of the positive
voltage booster (at the expense of avail-
able current). The same principle may
also be applied to the circuit of fig. 1A
to produce negative voltages of higher
potential. Although all the schematics
indicate a negative-ground input power
source, positive-ground input may be
used by grounding the positive input to
U1 and floating the ground shown in
fig. 1 and 2.

operation

Operation of the dc-dc converter is
straight forward, U1 is a 555 timer IC
operated as a free-running square-wave
oscillator. The 555 makes an ideal oscil-
lator for this application as it requires
only three external components for
oscillation and the output has the
ability to source and sink up to 200 mA
without additional buffering. The fre-
quency of operation is determined by
R1, R2 and C2 (with the values shown
it is approximately 6 kHz). Capacitor
Ct is used to reduce the amount of

& = iopF
+ ouTPUT
T outPuT
Yy
.
1 +T_Io”
- --—---6Pp|-e--0
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6-kHz signal radiated through the input
power lines.

Since the switching times of the 555
IC are quite fast, this 6-kHz signal
generates harmonics up into the higher

necessary to insert small (100-uH) rf
chokes in the power leads to further
reduce these harmonics.

The 6-kHz output at pin 3 of U1 is
capacitive coupled by capacitor C3 to a

tabie 1. Voltage-current capabilities of the dc-dc converter shown

For circuit of fig. 1B, add input voltage to output

voitage (i.e., S-volt input with no load, E output = 5 + 3.8 =

in fig. 1.
8.8 volits).

Input=5Vdc Input=6 Vdc
output output
3.8V, 0 mA 4.8V, 0mA
2.2V, 1 mA 3.2V, 2mA
2.1V, 2 mA 3.0v, 4mA
2.0V,3mA 2.9V, 6mA
1.9v,4mA 2.7V, 8 mA
1.9V, 5 mA 1.5V, 10 mA
1.8v,6 mA
0.6V, 7 mA

Input =9 Vdc  Input = 12 Vdc
output output
7.7V, O0mA 8.9V, 2mA
6.2V, 1 mA 8.4V, 10 mA
6.1V, 2 mA 8.1V, 15 mA
6.0V, 4mA 7.9V, 20 mA
5.9V, 6 mA 6.7V, 30 mA
5.7V, 8 mA 6.1V, 40 mA
5.6V, 10 mA 5.7V, 50 mA
5.3V, 15 mA 5.5V, 60 mA
5.0V, 18 mA 5.0V, 70 mA
4.2V,20 mA 4.6V, 80 mA*

4.0V, 90 mA*

*Current exceeds rating of recommended diodes.

high-frequency bands and may be heard
on a communications receiver if the
switching transients are not filtered. If
the dc-dc converter is operated as part
of a high-frequency receiver, it may be

**| wish | could establish a single transmission
for almost three minutes with you."”
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rectifier circuit and filtered. The output
fifter capacitor, C4, may be increased
above the 10 uF value shown if a low
ripple content is essential. However, for
operating an op-amp or two the amount
of ripple with the circuit as shown is not
objectional for most simple applica-
tions. Voltage-current capabilities for
various voltage inputs are listed in table 1.

construction

Construction of the dc-dc converter
is not critical although capacitor C1
should be as close as possible to U1 to
reduce radiation of the 6-kHz harmon-
ics. As it is anticipated that the con-
verter will probably be incorporated as
part of another circuit board, no PC
layout is shown. For prototype applica-
tions, however, it may be convenient to
build up a few on small PC boards (the
supply shown in fig. TA will fit with
room to spare on a PC board 3/4-inch
wide by 1%-inch long {19x38mm).

ham radio



144 MHz
220 MHz

Why make do with a converted Mark Il Gizwachi when you
can get a complete repeater designed for Hams by Hams,
AT A PRICE YOUCANAFFORD. The RPT 144and RPT 220
are self-contained—all solid state machines. Conservative-
ly rated, high quality, components deliver EXCELLENT
RELIABILITY. Careful consideration has been given to
both interfacing and control flexibility.

Factory wired and tested $595.95

Kits available Write for details

e 'l-nf engineering

— DIV, of BROWNIAN ELECTRONICS CORP. —
320 WATER ST. P.O. BOX 1921 BINGHAMTON, NY 13902 607-723-9574

More Details? CHECK—OFF Page 94 march 1975 57



brass pounding on wheels

The saga of Old 1401 — first radio communications

from the rolling White House, the presidential train

Many of the operating stories we read in
the amateur publications are about sea-
going brasspounders. This one is about a
brass pounder who rode the rails. Back in
the summer of 1942, | was working my
shift at WAR in Washington when an
officer walked up behind me and tapped
me on the shoulder. He told me to go
pack my clothes for a trip to a warm
climate. That was how | started as the
first CW operator at the White House.

| learned that the White House had a
Signal Corps detachment that now had
the task of providing communications on
a continuous basis between the Presi-
dential Train and the White House. |
believe this was the first time such a thing
had been attempted in the United States.
The Washington end was to be handled
by the big War Department communica-
tions center, WAR; the remote end by the
train plus relays, when necessary, from
local stations along the way.

My first trip on the communications
car, Old 1401, was the second trial run
for the car. On this trip | went with the
detachment commander, Col. Beasley; a
radio operator recently made a Lieu-
tenant, Lt. Greer; a civilian engineer from
the War Department named Jack Kelle-
her; a radio maintenance man named
John J. Moran; and a Secret Service man
named George J. McNally. It is interesting
to note that all of us were amateur radio
operators. We went from Washington,
D.C. to New Orleans and returned with
our car in a regular passenger train,
coupled between two baggage cars.

O/d 1407 was a combine car. That is,
she was half baggage and half passenger.
She had been built for the Baltimore and

58 march 1975

Charles W. Clemens, Jr., K6QD, 9971 Deerhaven Drive, Santa Ana, California 92705

Ohio Railroad in 1914. At the time | first
met her, all identification on her sides
had been painted out. Her number was
her only identification, and it was painted
in beautiful gilt over the entrance at the
passenger end.

Inside, a couple of front seats had
been removed and an operating table
installed in their place. One operating
position was located on each side of the
aisle between the seats. Each position had
a Super Pro receiver and a BC-342.

The BC-342 was a new model at that
time, designed for use in tanks and other
rough riding vehicles. This receiver was
installed on shock mounts, but my first trip
proved that the best way to mount
equipment on the train was to bolt it
down solidly. Installed in this manner,
the whole car moved as one unit and the



receivers worked beautifully. There was,
however, a modulation on the received
signals imparted by the train’s vibration.
But this was better than having the tubes
jump out of their sockets — which they
frequently did when the equipment was
on shock mounts {the tube clamp was not
yet in common use).

Telegraph lines alongside the tracks
provided a lot of clicks that made it
difficult to copy poor signals. However,
we didn't have too much trouble with
this problem except in the Southwest.
The transmitter was a BC-447, running
about 300 watts.

The clearance requirements for rail-
road cars prohibited using a real antenna.
Ours was a wire inside an insulating tube
mounted on standoffs about six inches
above the metal roof of the car. This was
later changed to a copper tube, the same
size as the insulating tube, with much
better results. Qur frequency complement
ran from 3 MHz to 17 MHz.

| was supposed to contact a number of
Army stations along the way, none of
them more than a couple of hundred
miles from our route. As might be expec-
ted, results were poor and it was decided
to contact WAR in Washington direct.
Successful contacts were made from New
Orleans and on the way home. The only
real difficulty came when we were close
to Washington. At that time, it was
difficult to receive WAR on any frequen-
cy. Overall, however, our results were
encouraging and we were assigned the
task of accompanying President Roose-
velt on his swing around the country
visiting military bases and aircraft plants.

To my knowledge, this big trip was the
first time continuous communications
had ever been attempted between the
presidential train and Washington. We
contacted WAR in the eastern half of the
country and WVY (San Francisco} or
WVD (Seattle) in the western half. Re-
sults were excellent. In fact, our volume
of traffic was so high that it was neces-
sary to pick up an additional message
clerk in Seattle, our first major stop, to
handle the paper work.

To make a long story quite short, |

worked six years on the Presidential
Train, traveling with Presidents Roosevelt
and Truman in the United States, Canada
and Mexico. We logged well over a hun-
dred thousand miles.

Equipment and facilities were im-
proved over those years, and when | left
Old 1401 in 1948, the car had a small
operating room, a code center, a small
bunk room with four bunks, a lounge
room, and the baggage haif of the car
packed with equipment. We had two
BC-339 transmitters for our message traf-
fic. These were fixed station Federal jobs
that loafed along at 1500 watts in radio-
teletype service and could easily run 3 kW
on CW.

A single BC-610, a 500 watt a-m
transmitter, was available for occasional
broadcast services. We also had a 250-
watt Motorola fm transmitter for guard
radio service. On the receive side, we had
the two BC342s | mentioned earlier,
two Super Pros, a big Navy receiver
whose type number | can't recall, two
Western Electric CV-31 teletype con-
verters and a single teleprinter.

We also had a telephone switchboard
that provided service throughout the
train. The telephone cable permitted us
to provide music throughout the train
and intercom service, too, if it were
desired.

Power was provided by two 25-kW
diesel generators. Only one of these was
required, and we switched them every 24
hours. We also had two 100-amp battery
chargers to charge the train’s batteries
when we were parked away from railroad
terminal facilities, and two converters to
provide ac power from the batteries to
run our receivers in standby.

Today, the train is no more. O/d 1401
has been retired and the President’s car —
Ferdinand Magel