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Introduction

This book of electronic projects represents some of the very best
projects to appear in73Magazine. Here is one volume you will find
projects for electronics experimenters, amateur radio operators,
and just anyone who has an interest in the exciting world of

. e lectronics. These projects cover the whole gamut of electronics.
From power supplies to test equipment and from receivers to
transmitters you'll find it all in these pages. Youcan build your own
antenna or your own amplifier, and there are even some simple

;one-evening projects to help you get started the easy way! We've
tried our best to give you a real smorgasbord of tried and tested
electronics projects that everyone from the beginner to the old pro
will find interesting and useful. So dig out your junk boxes, heat up
your soldering iron, and enjoy!
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Chapter 1
Power Supplies and Regulators

If you're going to build electronic projects you'll need some way to
power them. Of course, batteries can be used for some projects,
and others can be powered directly from the ac line, but for many
projects you'll need a permanent power supply that provides just
the right voltage. In this chapter you'll find a variety of power
supplies and regulators that can be constructed exactly as designed
or modified to fit your exact needs.
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A BASIC 13.8-V, 25-A POWER SUPPLY

The 13.8-volt ham radio transceiver has really come of age.
Many of these units are great for mobile operation, but when it
comes to fixed-station use, the transceivers can really come up
short-primarily because of the comparatively high current values
they draw on peaks.

The two-meter FM and police-scanner industries have given
us a variety of13.8-volt, low-current power supplies which inmany
cases can be bought more cheaply than built. However, the seem
ingly rarified 13.8-volt, fifteen-amp (or higher) power supply is not
that easy to come by, which really limits the possibilities with
transceivers drawing anywhere from sixteen to 20 amperes.

The Circuit
The power-supply circuit uses 2N3055 transistors. You can

tailor your current capability by the number of pass transistors you
use. I wanted a 25-Amp supply, so I used five 2N3055s. You can
figure roughly one transistor for every 5 Amps you'll be drawing. In
a lO-Amp supply, only two transistors would be used, and so on.
See Fig. 1-1 and Table 1-1.

The 2N3055 is an NPN power device built into a TO-3 case.
The 3055 is one of the more easily come by transistors and is very
cheap. Because of the power these little devils are going to be
dissipating, heat sinks should be employed. I used a heat sink with
approximately 27 square inches of surface area with four half-inch
fins, which cools nicely. Extreme heat can quickly mess up the
transistor junction (not to mention a nice paint job). Before secur
ing the transistors to the heat sink, apply some silicone thermal
compound between the 3055s and the surface of the heat sink to
provide a good positive heat transfer.

I have always used the rule of thumb that if you can't touch it,
you can blow it. If you don't care to go heat-sink shopping, use a
cooling fan. If you use a fan in addition to the heat sink, be sure the
air circulates in line with the fins. Blowing air perpendicularly to
the fins sets up standing waves-the aerodynamic kind-and tur
bulence and the cooling effect is minimal.

Transistor-mounting hardware is nice, but I didn't feel that it
was necessary. I attached the transistors directly to the heat sink
and then mounted the whole heat-sink assembly on a sheet of
PlexiglasTM attached to four standoffs. Since the transistor case is
common to the collector, I tapped a screw into one of the heat-sink
fins and this became my common collector tiepoint. It is important

2
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to keep all lead lengths constant. After drilling matching holes for
the base and emitter pins in the heat sink, heavy-gauge wire was
soldered (carefully) to each emitter pin through a 0.25-ohm resis
tor , and then a second piece of wire was attached to each base pin. I
then had only to connect the rest of the circuit to either the heat
sink or one of the two bus wires.

You mayor may not have difficulty locating a suitable trans
former capable of taking 120 V ac and squeezing it down to 17 to 24
V ac. I was lucky enough to locate an old, beat-up, ex-battery
charger transformer at a hamfest which gave me 120/17 V ac. I
think you will find old battery chargers to be a good source for the
transformer you will need. Remember, the transformer must be
capable of carrying the current you are going to draw from your
power supply. I paid $3.00 for my transformer and felt robbed; I
have seen them for a dollar. Yes, you do take a risk , but remember,
even if the transformer is no good, it is an excellent source of #14
AWG antenna wire (or larger)!

In the rectifier circuit there are two avenues to follow. Youcan
buy four diodes and make your bridge or you can do as I did and use
one of the nifty one-inch-square epoxy bridge rectifiers. The little
one-inch jobs are convenient because you don't have to mess
around figuring which end is the anode and which is the cathode.
Ordinarily, the expoxied bridges are simply marked ac, ac, +, and

As always, no matter what you do for rectification, be sure
your rectifier is rated for the current you will be needing. Most of

Fig. 1-1. Power supply schematic diagram.
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Table 1-1. Parts Ust For 25 Amp Supply.

C1-13,OOO-uF, 25-V electrolytic capacitor
C2-1Q.uF, 25-Velectrolytic capac itor
C3-0.22-uF, 1Do-V tubular capacitor
C4, CS-O.01-uF, 500 V ceramic capac itor
D1-D4-25-A diodes or epoxy bridge rectifier (see text)
D1-DS-1N4004 diodes
F1-Fuse, S Amp
F2-Fuse, 30 Amp
01 , 02, 03, 04, OS-2N30SS transistors
R1-12Q.Ohm 4-W resistor
R2-3000-0hm, VZ -W resistor
R3-SOO-0hm , 1-W potentiometer
R4, RS, R6, R7, R8-0.25-0hm, 1-W resistor
IC1-7812 voltage regulator
S1-SPST swltcn
S2-6-posltion wafer switch
T1-120/17·24-V ac power transformer (see text)
Miscellaneous: NE1 neon bulb, binding posts, line cord, Q.25-V dc
voltmeter, Q.3Q.A ammeter, heat sinks, chassis, blower, fuseholders;
and bulb socket.

the little square bridges are rated between 20 and 35 amps. I am
using a Semtech-Alpac 7905 only because I happened to have one
on hand. Motorola, International Rectifier, VARO, and EDl make
excellent equivalents.

Voltage regulation depends on adequate filtering and an IC
known as a 7812. After much experimentation. I found that my
voltage regulation (as well as hum attenuation) improved as I
increased the value of filter capacitor C2. Starting out with 2000
ILF, I worked my way upward to 13,000 ILF. Though I now have a
37,OOQ-ILF filter capacitor in the circuit, 13,000 ILFseemed to be
enough. The amount of filtering achieved by going from 13,000 to
37,000 ILF is very, very slight and detectable only with a scope.
Obviously one can't ignore the thought that if 13,000 ILFis good, a
higher value would be better, but let me caution you enthusiastic
high-capacity freaks against installing 150,000-ILF capacitors
without limiting inrush current. I haven't experimented beyond
37,000 ILF.

The 7812 voltage regulator is an IC device capable of main
taining excellent regulation as long as the input voltage falls be
tween 14.6 and 19 volts nominally. A number of companies are
producing the 7812 and it generally has some sort of prefix or
suffix, but the digits remain the same.
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In this circuit, the 7812 is above ground through a 200- to
500-ohmresistor. I don't put an exact value on this because it is not
that critical.

As was the case with the pass transistors, I mounted the 7812
on a heat sink affixed to a small piece of Plexiglas on standoffs (to
simplify its isolation from the chassis). The heat sink (see Fig. 1-2)
is made of four strips of one-inch-wide aluminum cut at varying
lengths and bent up a half-inch at each end. I then placed each one
"inside" a larger one. To keep the strips aligned, a hole was drilled
which also served to attach the 7812.

While it isrrt necessary, you can build in a selectable voltage
feature by connecting any number of.1N4004 diodes on a wafer
type switch. This switch goes between pin 3 of the 7812 and
ground. {Ifthis seems like a lot of hooey to you, you may disregard
the above and connect pin 3 of the 7812 to ground through R3. You
will see a voltage change of approximately 0.7 V with each position
on the switch. With my supply, I have the capability of as much as
15 V or so, and the switch permits me to "switch down to" the
proper voltage I desire (13.8 V dc).

The value of bleeder resistor Rl across the output is not
critical either but have something there for your protection,

By varying the resistance of R3, your output voltage will vary
considerably. I believe a potentiometer instead of a fixed-value

1-" . . ..•. --350' -- . .- .

1---- , 15· ··· ··-----1

1------280'---~

1------262· ----I

r~ 17' I

I l!:==~ =~
~
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Fig. 1-2. Heat sink construction details.
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resistor is a better route so that more flexibility is available for
future voltage needs which now might not be considered. As in my
case, if you are receiving 16.8 V from your transformer, 250 ohms
is sufficient to yield the 13.8 V de you want.

Should you be supplying your rectifier with 16 to 18 volts and
not be getting a stable 13 volts or so, check to be sure that you are
not losing (dropping) all of your voltage in your rectifier diodes or
epoxy bridge. Some of the epoxy bridge rectifiers are poor in the
area of voltage consistency. Try a different one, even of the same
manufacturer. Another place to watch for voltage losses is in your
wiring. The more current you draw, the higher your voltage drops
may become in your transformer, rectifier, filter capacitor, or
wiring. Wire which is too small may cause substantial voltage
drops. I would suggest using #14 AWG wire at least.

Hum Problems
My first test of the power supply was disastrous. Not only was

the regulation terrible, but the audio was 80% hum, 20% ham. Two
things lead to the elimination ofhum: First (and already covered), I
placed my voltage regulator above ground on the Plexiglas sup
port; second, I connected all of my chassis ground connections to
one point.

As with my other home-brew endeavors, I first mounted the
power supply on an open chassis. Bread-boarding can save you
much agony when it comes time to actually fitting the power supply
in a permanent box. I was able to come up with a perfect cabinet
(which formerly was a microvolt meter) for $1.00. When shopping
for an enclosure, don't overlook old, non-working te st equipment
etc. Metering can be added easily as shown in Fig. 1-3.

A 12'VOlT POWER SUPPLY•
This design will allow you to adjust it to fit your needs. Most of

the parts used are available from your junk box or local parts store.
The hardest item to locate at a reasonable cost is a transformer.
The voltage requirements for a good 13.5-V de supply are a
minimum of 36 V ac, center-tapped, or a single 18-V ac winding
(see Fig. 1-4). For a 13.5-V de regulator to perform, we have an
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upper voltage-sag limitation of 18 to 18.5 V de under a maximum
load. What we are asking the regulator to do is to maintain regula
tion at 13.5 V de with a difference voltage of 4 to 5 V de (13.5 V de
regulated + 5 V de = 18.5 V de unregulated). Keep in mind that this
is the minimum voltage needed to maintain regulation. If you
choose a transformer that yields a higher voltage difference regu
lated to unregulated), the product of this difference voltage and
load current, in power (heat), must be dissipated in the regulator,
which we will discuss later.

If you have a solid-state rig you wish to power check the
manufacturer's specifications for current consumption. Choose a
transformer which willhandle that load current with a voltage level
sufficient enough to maintain the unregulated supply require
ments.

Select a diode assembly which will handle the Ide output. My
requirement was a maximum of 20 amps to power a repeater and
amplifier. My diode assembly will therefore have to handle 20
amps. Each diode used will have a voltage drop ofapproximately 1
volt across it, and, at 20 amps, P =1 x E, or 20 amps x 1 volt =20
watts. Heat-sink these devices well to dissipate this energy.

The filter capacitor may be gauged by a simple rule of thumb.
For every amp Ide delivered, a minimum of 3000 IJ.F of capacitance
is required. Youcan have ripple in your supply and never notice it
at the output of the regulator as long as the maximum ripple
component never drops below the minimum unregulated voltage of
18 to 18.5 V dc. This capacitor value is arrived at mathematically,
but, for simplicity, let 's stick to the rule of thumb.

18 VAC X I . ~ • 252 VDC OUT

TI ,--__""'-

Jill
l.----4-~

CI

T I

JII

Fig. 1-4.Power supplyschematics.

FULL WAVE 8R IDGE FI LT ERED

36V AC X .7 ' 25.2 VDC OUT
~

I~ .
;;:::;CI

FULL WAVE CENTERTAP FILTERED
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Fig. 1-5. MC7812 regulator circuit.

Now let's get to work on the heart of the supply. The key part
of our regulated supply is a simple 3-lead posit ive regulator, an
MC7812 that you can get at Radio Shack. This device will handle a
maximum of 1 Ampalone, and has designed-in current limiting and
short-circuit protection. See Fig. 1-5.

There are many manufacturers of this device who use prefixes
other than MC, but 7812 is the device number. 78 is the design
series and 12 is the regulated output voltage. You are about to ask a
question! If I want 13.5 V de, what am I doing with a 12-V de fixed
regulator? It is very simple. To increase the voltage of the reg
ulator , we add one diode in series with the ground lead for every
.6-V dc increase desired. See Fig. 1-6. These regulators vary
slightly in regard to their actual regulated output voltage, but the
additional diodes will allow us to select the actual voltage needed.

In Figs. 1-5 and 1-6, I have used a .1-JLF capacitor. This
capacitor is needed to stabilize the regulator from ground loops.
Attach this capacitor as close to the regulator chip as possible.

As I mentioned earlier, this 3-lead regulator is capable of
I-Amp maximum output current. To achieve a higher current
capability, we add a pass transistor. This device will give the
current gain needed in the design . The pass transistor, or transis
tors, must handle the total output current of the supply. For this
20-ampsupply, I selected two 15-ampPNP power transistors to do
the job. One 20-amp device would do it , but for a heat dissipation
safety factor, I used two.

Let's stop for a moment now and talk about the difference
voltage I mentioned ear lier. If we have an unregulated de supply
voltage of 25 V de and a regulated output of 13.5 V de, the
difference voltage will be 11.5 volts. The product of the difference
voltage and the load current will be the power dissipated, in watts,
by the pass transistor. For example, 11.5 volts x 2 amps (load
current) = 23 watts of heat in the transistor. See Fig. 1-7.

My supply circuit requirement was 20 amps. Now, 20 amps x
1l.5 volts is 230 watts! That is a lot of power! The transformer is
going to help in this dissipation, though. Fortunately, the unregu-
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Fig. 1-6.Diodes addedto the regulator circuit.

lated voltage will sag, and we have selected a transformer that will
only deliver 18.5 volts unregulated at 20 amps. The difference
between 13.5 volts regulated and the unregulated 18.5 volts is 5
volts . So, a 5-volt difference x 20 amps = 100 watts, which is a big
difference! Using two pass transistors, we can dissipate 50 watts in
each device. With 50 watts ofheat to get rid of, you must use a good
heat sink to pass this power into the air effectively. We must keep
the junction temperature of the transistor below its maximum
rating to keep from destroying the device. In this 20-amp design, I
used a 120-CFM muffinfan and two heat sinks that would handle 80
watts using natural convection. By using forced air instead of
natural convection, I could mount the heat sinks in any position.
For natural convection, position the heat sink fins in a vertical
direction.

Heat-sink considerations should be given to the 7812 reg
ulator, also. At 20 amps, and a maximum beta per transistor of
approximately 50, we will have to handle a combined base current
of 400 rnA. The difference voltage of 5 volts will require a power
dissipation of .4 amps x 5 volts = 2 watts.

Fig. 1-8 illustrates the complete regulator, including the 6.8
ohm, Ih-watt resistor which is used to establish the bias of the
regulator and pass transistors. Using collector feedback with this

2S VDC 11-' - - - - II .SV - - - - - - --i-l /3 SV DC
UNREGULATED _--.__--,(

IN_DD2 (2)

E PASS(l I .5 V } X I l.OAD 12 AMP) · 23 WATTS

Fig. 1-7. Passtransistor added to circuit.
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IN4DD2 (2)

Fig. 1-8.Complete regulator circuit.

regulator chip proves to be very effective and stable. The supply
will even be free of rf instability unless the regulator chip is
involved in a concentrated rf field.

In the area of wiring, the only point ofnote is to use the proper
size wire to handle the current in the high-current areas. Also,
keep the two wire leads to the emitters of the pass transistors
equal in length to allow balanced emitter current.

We have discussed the regulator; now let's examine a current
limiter. See Fig. 1-9. This current limiter operates instantane
ously and it will only reset after the power is turned off and the
supply bleeds down, or a reset push-button, normally closed, is
added at point X. C2 should be sized to allow a delayed dropout, so
relay CRI does not buzz when it reaches the current limit. Resistor
"IR" is selected so that the current-limit relay will trip at 20 amps
and higher, depending on the setting of the 100-ohm pot. To
operate, a 6-V de drop is needed between the base and emitter of
Q3. This voltage provides bias current which permits collector
current to flow which, in turn, energizes CRl. CRI must handle the
total current of the supply even if it means paralleling contacts. To
select resistor IR, use .6 V120 A = .03 ohms. This "resistor"
turned out to be a coil of 14-gauge nichrome wire. By adjusting the
l00-ohm pot, we may now select a slightly higher current limit. If
your supply is smaller, use .6 VIyourcurrent = IR. For example,
.6 V15A = .12 ohms. This resistor will drop some voltage, so rate
the power carefully: P = .6 x 5 = 3 watts, and remember the
voltage drop. This .6 volts may not seem like much, but the
minimum unregulated voltage is 18 V de,

The last control circuit to design is called a "crowbar" circuit.
Its intent is to protect your gear from overvoltage due to a reg-
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ulator failure. See Fig. 1-10. In this circuit, we will select an
overvoltage of approximately 15 volts. This is done by adjusting
control R1 until the lampjust lights, and then backing the control off
slightly until the lamp does not light. Remember, to tum off the
lamp you must reset the SCR by momentarily disconnecting the
lamp or turning off the supply. After this calibration, remove the
lamp and connect the anode of the SCR directly to the output of the
supply. If, during use, an overvoltage condition occurs, the SCR
will conduct, the output will be short-circuited, and the current
limit circuit will turn off the supply.

Figure 1-11 shows the complete power supply schematic.
Figures 1-12 and 1-13 show what the completed power supply
should look like.

A 20-AMP. ADJUSTABLE, REGULATED DC SUPPLY

This supply is versatile in that one has a reasonable amount of
control over the heat dissipation of the pass transistors despite the
amplitude of voltage to be controlled.

Two paralleled power transistors are used as pass transistors;
the 2N3772 and 2N3773 might be described as extra-heavy-duty
2N3055s. I use this as a comparison because the 2N3055 is the
well-known workhorse. The 3772 and 3773 can dissipate 150
watts, as compared to the 3055's 115-watt capacity. These transis
tors can effectively control voltage amplitudes as low as 1.4 volts.
Each 3772 can very safely handle currents to 15amperes. The 3773
handles 10amperes, again as compared to the 3055's 5-ampere safe
capacity. These currents must, ofcourse, be kept within the power

lR
.0 311

CRI
24VDC

Fig. 1-9. Current limiter.
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Fig. 1·10. Crowbar circuit.

dissipation capability of the unit. One would not, for example,
attempt to drop 30 volts across a 3772 while pulling 15 amperes, as
this is a 450-watt dissipation and the transistor has a rating of 150
watts. Using two of these in parallel, the dissipation capability is
increased to 300 watts. (Even 300 watts takes a lot of heat sinking
to dissipate the heat.)

Refer to the schematic in Fig. 1-14. Let's examine some
practical extremes. Say we wish to regulate 13.0 volts at 20
amperes, and the input voltage (at the choke output) into the
regulators, using the full secondary , is 35 volts; this wouldresult in
a drop of 22 volts across the regulators. 22 volts x 20 amperes =
440 watts. Obviously, things would start to melt after a very short
operating per iod. Therefore, switches 51 and 52 have been incor
porated so that one can obtain the required voltage and current and
hold the dissipation within reasonable levels. Thus, setting 52 in
the low position, we are only using 0/.& of the secondary, or 22.5 V
ac, possibly deliver ing 25 volts (loaded) to the pass transistors. 25
less 13 = 12 volts across the pass transistors, or a total of 240
watts .

Following this same reasoning, it is apparent that the higher
the regulated output voltage, the smaller the voltage drop across
the pass transistors and the smaller the power dissipation.

Fig. 1-11. Complete power supply schematic diagram.
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Fig. 1-12. Top view of completed supply.

Note that, when using multiple secondary transformers, one
has the capabilityofchoosing the appropriate voltages. The switch
ing arrangement shown is the one I use. It may be convenient for
some applications to tap the secondaries at other points, i.e. ,
tapping at the I5-volt ac position will result in approximately a
60-watt dissipation for the above stated example.

The transformers I used were purchased from army surplus
(WW Il), They are hermetically sealed units and have an operating

Fig. 1-13. Bottom view of completed supply.
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Fig . 1-14. 17 Ampere super-regulated low-voltage universal power
supply-3.5-30.0 volts. 81 and 82-10 Amp contacts @120 V; 01-04-50 V,
30 Amp or equivalent; 02 and 03-2N3772 or 2N3773; 01-2N3055 or
2N3773;U1-JLA78GUIC; R1 and R2-paralleled.44 il, 4 watt orequivalent;
R3-2.0 wtt, 20k to 25k Wire-wound pot ; R4-5k, 2 W.

ceilingof60,000ft. The continuous operatingcurrent is calledout
as 10amperes. I have used the supplyfor over an hour ofcontinu
ous service at 17amperes and the cases stayed at room tempera
ture. The transformerseachhavetwo7.5-voltsecondaries. Ascan
be seen in Fig. 1-15, I use the windings in series and parallel
configurations. The choke possibly can be eliminatedwith some
whathigherpeakvoltagesbeingpresent. Anypossible increase in
ripple voltage will be smoothed out by the gain in the regulator
chip. The chokewasused in a previousunregulatedpower supply
built on this same chassis; therefore, it was retained rather than
removed. This chokewasbuiltfroma Triadfilament transformerI
had on hand. Originally, the transformer had four 6.3 V ac 4-amp
windings. The transformerwasdisassembled, the secondarywind
ingremovedandabout3 or4 layersofno. 10or 12wire wound onto
the core. The laminations were reinserted with all of the "E" s in
one direction and the "I''s placed at the end.

The regulatorchip, a FairchilduA78GUIC, is the wholekeyto
the success ofregulation. It drives a 2N3772; a 2N3773 or even a
2N3055 will workequally well. The rectifiers are 1N3209s, 100
volt, 15-amp units.Theyhappenedto be somethingI hadinmyjunk
box-suitable substitutionscanbe used, incidentally, they rancool
at 17amps; the heat sinkswere cut fromheavyaluminum heat sink
rails. Twoheat sinkswere used side bysideandisolatedfromeach
other, one sectionfor the rectifiers, the other for the pass transis
tors. For better dissipation, the radiator fins should be vertical.
However I have had no problems mounting them horizontally.
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The divider composed of R3 and R4 only requires about 1.0
rnAof current as the control current to the regulator is only 5 to 8
p.Aunder worst-case conditions. The control voltage is 5.0 volts.
The fixed values for a given voltage output at pin 3 can be calculated
from the formula Vout = [(R3 +R4)/R4]V, where V control on the
78GUIC = 5 V.

Figures 1-16, 1-17 and 1-18 show different views of the
ftnished power supply.

DUAL VOLTAGE POWER SUPPLY

The power supply uses two type 309K three terminal reg
ulator integrated circuits. These consist of an in, out and common
pin connection and thus this IC is the simplest possible device to
work with. The K suffix designates the type TO-3 package. This
regulator is also available in the type TO-5 package, but we will use
the higher power package to obtain output currents in excess ofone
ampere. This is a particularly fine power regulator speciftcally
built for five volt output for TTL use but a simple connection allows
the regulator to furnish higher output voltages with equally excel
lent regulation.

r'--+---"-..;'1I1 ,.....:.-.---.....28 4VAC THE ' OB Vi lle v i 8 , 2 V
WINDINGS ARE SUPPLIED TO

11It-.""--..L:L!:.X-U-_ 21 3VAC 0:0{bD~ ~TAGE VAR'A TlO~'

THEY ARE CONNECTED IN
SERI ES BUCKING OR SERIES

L..;---_14 2VAC AIDI NG CD~~[CTIO~

WITH A 8 8 AS PRIMAin'
K 8 1 ARE 12.BV

• THIS PRIMARy CONNECTION
IS ONE OF THE MANY WAr S
POSSIBL E. WITH SI IN THE
HIGH POSITION OUTPUT IS
INCREASED BY 10"," OF
~OM INAL

~---- O

Fig. 1-15. ITC transformer, part #BP-6242, size 4.5"x5.0" x 7.0", hermetl·
cally sealed , conservatively rated at 20.0 amperes continuous operation. A
pair of these can be substituted for the transformers in the text and offer
even more versatil ity. They are available for $19.50 each from Hiway Com
pany, 305 W. Wisconsin Ave., Oceanside, CA 92054.
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0"
Fig. 1·16. Front view of power supply.

The 309Kthree terminal regulator is rated by the manufac
turer at output currents in excess of one ampere and employs
internalcurrent limiting, thermalshutdown andsafe-areacompen
sation.Allofthis meansthat it is essentiallyindestructible. It also
does not require a lot ofexternal components, unlike most other
regulatorcircuits. It requiresonlytworesistors toprovideahigher
output voltage. All told, this is one of the easiest to build fully
regulatedandself-protectedpowersuppliesaround. SeeFig. 1-19.

There are no criticallayout precautions. If the supply should
exhibit a tendency to oscillate as evidenced by erratic operation,
simply connect a 0.22 p.Fcapacitor directlyfrom inputpin one to
ground as close as possible to the regulator.

If you canscrounge up some ofthe parts from yourjunk box,
youare already aheadofthe game, but lateronyouwillsee howall
of the parts maybe obtained from a sourcenear youto make it as
easy as possible for you to get started experimenting. When all
parts are onhand, youcanassembleandpackage them inanyway
you like.

The powersupply schematic maylook a little strange to you,
butdonot be alarmed. This is a solidstate versionofthe so-called
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"economy" powersupply, morepopular severalyears agothanit is
today. It is a combination of the well known bridge and full wave
rectifier circuit configurations. One regulator is connectedto the
transformersecondary winding center tap to yieldfivevolts at the
outputfor ITL circuits, and makes use of two ofthe diodes in the
bridgerectifier to workas a standardfullwaverectifiercircuit.The
other regulator is connectedto the outputofthe bridgerectifier to
yield about 14 volts at the output for CMOS and linear circuits.
This regulator is biasedupfromground by the two resistor divider
networkacross the output. The regulatedoutputvoltage is adjust
able by virtue of the variable resistor. The regulator requires a
minimum voltagedifferential ofabouttwovolts between the regu
latedoutputandthe devoltageat inputpin1fromthe outputofthe
rectifier diodes and filter capacitor.

Most CMOS integratedcircuitsare rated bythe manufacturer
at 15voltsmaximum, andit is wiseto limitthe outputvoltageofthe
power supplyto not over, say, 14volts. Avoltagebetween 12and
14 is goodin order to take fulladvantage ofthe exceptionally high

Fig. 1-17. Left side view of power supply .
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Fig. 1-18. Right side view of power supply.

noise inununity of CMOS integrated circuits, and is also a good
operating voltage for linear IC projects. The variable resistor may
be replaced with a fixed resistor ofequal in-circuit value, if it is not
desired to vary the output voltage. Temporarily connect a variable
resistor and adjust it to set the regulator output voltage as read by a
voltmeter. Shut off the power supply, remove and measure the
value of the resistor and solder in a fixed Ih watt resistor of the
nearest standard value.

Notice that the common terminal of the 309K is also the case
of the regulator, so it is necessary to insulate the higher voltage
regulator from the heat sink. For this purpose use the insulator
found in the power transistor mounting hardware kit. Spread a very
thin coat ofheat sink compound (silicone grease) on each side ofthe
insulator before mounting the regulator to the heat sink. Use the
power transistor sockets to save soldering directly onto the pins of
the regulator. An important reason for using the sockets is that
they have self-aligning insulated hubs that center the pins as they
pass through the holes in the heat sink. The socket also insulates
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the mounting screws from the heat sink and prevent shorts from
this cause.

ANOTHER DUAL-VOLTAGE SUPPLY

There are two de voltages that I generally need supplies to
provide: +5 volts for TTL and +13.6 volts as a car battery
eliminator. A 12.6 V ac filament transformer will not work well for
these de voltages. Those of you who have tried were frustrated,
I'm sure, by the attempt.

Take the +5-volt supply, for instance. Full-wave rectification
with the c-t grounded will yield a peak de on the filter capacitor of
(6.3 x 1.414) -0.5 = 8.4 volts. Now, an LM309K needs +7 volts
to regulate (a 2-volt regulator margin). This means that the
maximum ripple is 1.4 volts. Let's say you need 1 amp from this
supply and you chose a 1- or 2-amp transformer. Now, to get the
ripple to less than 1.4 volts, you start to pile on the capacitance and
the full-load ripple comes down. Then as you add more capaci
tance, the ripple goes up! What is going on here? As you add more
capacitance, the phase angle over which you draw current de
creases. This means that you are not continuously drawing 1 amp
from the transformer, but, instead, you are drawing many amps
over a short time to yield a continuous load current of 1 amp.
Transformer core saturation and winding resistance drops are
causing the problem. The truth is that this transformer will not
work except for small currents. The + 13.6-volt supply using a
bridge rectifier will yield the same picture-not enough margin for
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Fig. 1-19. Fully regUlated power supply.
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Fig. 1·20. Switching regulator showing basic functional blocks.

the regulator to operate. The next highest filament transformer is
24 volts-too much voltage and too much power to be thrown away
via the heat sink.

A switching regulator, Fig. 1-20, has some advantages inas
much as the utilization of transformers is concerned. The pulse
width is varied to the pass transistor to control the output voltage
as the load current changes. The efficiency can be very high with
this configuration. The disadvantages are formidable. Switching
transients clutter up the spectrum so that much shielding and
filtering is necessary. Transient loadchanges may generate output
voltage variations amounting to ±20 percent or more. As you
might gather, I don't recommend this circuit for the ham shack.

What we really need in a transformer is 18 V c-t. This voltage
is perfect for both the +5-volt and + 13.6-volt supplies. Few
distributors stock them so you really have to look around. Figure
1-21 shows a couple of ways to connect filament transformers to
furnish the required voltage.

Figure 1-22 shows a really great supply that uses easy-to-get
parts. I have included the Radio Shack part numbers for your
convenience.

Now, a wordabout the filter capacitor. It is as important not to
have too much capacitance as it is to have too little. You should
select a capacitor so that at maximum current you have enough
margin for the regulator to work. In the circuit of Fig. 1-22, Cl is
selected so that the ripple voltage is 5 or 6 volts. This allows the
transformer to furnish the 3 amperes ofoutput current over a much
wider phase angle. I have used the formula E =1/120C with good
results. E is the peak-to-peak ripple voltage, I, the de current in
amperes, and C, the filter capacitor in farads. This formula is not
exact but should be quite close for most applications.
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Resistors Rl and R2 in the circuit of Fig. 1-22 cause the
current to divide between the regulator and the pass transistor.
For three amperes at the load, two will flow through the pass
transistor and one through the LM309K. If you use a germanium
pass transistor, you can omit D2, as D2 compensates for the
base-to-emitter junction voltage drop of the pass transistor. Zener
diodes D4and D5form an overvoltage protection that will blow the
output fuse in case of a regulator failure. If you don't put in this
protection, you'll be sorry! An insulating washer is needed for Ul
as the case is above ground by the drop across D3. The case of U2
can be bolted to ground. Use a common heat sink having a thermal
resistance to ambient of less than one degree per watt. The addi
tion of panel meters to monitor the current would be a nice im
provement. The fuses would not be expected to blow as the power
supply is protected against short-circuiting and overload. Of
course, you can't load both regulators to their full capacity at the
same time, as this would overload the transformer.

HEAVY-DUTY POWER SUPPLY

This power supply disconnects itself from an over-current
load or short circuit, protecting its components without blowing
any fuses. It also disconnects it, for any reason, it should attempt to
provide over-voltage output, protecting expensive equipment

:
:

Fig. 1-21. Filament transformers connected to yield the required Input
voltages to the regulator.
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Fig. 1-22. Power supply using easy-to-find parts.

which it may be powering. Again, no fuses blow; it just discon
nects. See Fig. 1-23.

All the power transistors can be bolted directly to their heat
sinks, whichare bolted directly to the chassis, providing maximum
thermal conductivity and best use of available cooling area.

Equivalent source impedance is less than 5 milliohms, equiva
lent to a zero impedance source connected by about a foot of
16-gauge wire. No integrated circuits are used.

The power transformer was rebuilt from a large tube-type
color TV set and had a core area of about 3 square inches. The
primary was retained, all other windings being removed. Counting
the burns of a previous 6.3 volt winding showed the voltage per
turn to be 0.62, indicating that the desired 19.4 volts required 31
turns on each side ofcenter-tap. There was just room to snugly use
#12 in the available window. A pair of 1oo-ampere, 1oo-volt piv
diodes were used . An experimental dummy load showed the sec
ondary holding up to about 18.5 volts and the trough of the ripple at
17 volts with the 43,000 p.F filter capacitor.

About 26 volts de was present at no load, comfortably below
the 30-volt rating of the capacitor . A surplus computer power
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supply heat sink with three NPN TO-3 transistors having about 120
square inches ofcooling fins was used for the pass transistor output
stage. Mounted on the sink were the three 0.18-ohm emitter
balancing resistors which assure an extremely good current shar
ingbetween the three NPN transistors. However, this accounts for
a whole volt of drop at 20 amperes. Probably, O.l-ohm, 5-watt
resistors would be just fine and would conserve about half a volt of
drop. It was determined by experiment that 10 milliamperes into
the base of the Darlington-connected driver power transistor
would maintain a 20-ampere load. indicating a beta product ofabout
2000, which is somewhat higher at more moderate loads.

About a volt of high-frequency oscillation was observed at
output under moderate to heavy load. Adding the 24-ohm resistor
and 0.1 ILF capacitor to ground spoiled the high-frequency gain
enough to clear this up. Output ripple is less than 5 millivolts rms.

Experience had shown that a "crowbar" circuit was worth
while. This is merely an SCR connected across the output which is
triggered into conduction by a voltage higher than normal. Most
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Fig. 1-23. Heavy-duty regulated power supp ly. T1-2- 2N2906; T3-2N3715
or equivalent ; T6-8-RCA 40325, 2N5302, or an equ ivalent 15-Amp NPN.
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circuits of this type connect the SCR across the filter capacitor and
blow a fuse. I had intended to do this, but the negative terminal of
the capacitor is at a variable voltage depending upon load, so this
was impractical. As it happens now, if the SCR fires in addition to
shorting the output, it disables the differential amplifier and re
moves base current from the pass transistors, shutting down the
supply so rapidly that no fuse blows. The SCR I had available was a
real monster, but, under this condition of operation, the peak
current rating need be no more than 10 or 15 amperes.

Experiment a bit with this to make sure that the SCR conducts
with the voltage output somewhere between 14 and 15 volts. I had
to add one diode drop to the voltage of my nominal 14 V zener to
achieve this. A47Q-ohm, I-watt resistor serves as a minimum load
on the supply so that it doesn't accidentally turn on without having
depressed the start button. A small filter capacitor across it keeps
noise from the load from getting back into the supply. A little rf
bypassing on the way into the differential amplifier would be a good
idea so that rectified rf from that 2 meter amplifier doesn't bias the
power supply silly. Bypassing is simple with the negative side of
the output at chassis ground.

Not to be forgotten is the cable drop between the power
supply and its equipment load. A3-foot cable using #16 wire would
yield .024 Ohms for the pair, which seems small enough but it
represents half a volt drop and 10 watts ofpower loss! It's better to
use #12 or heavier. If the sense leads, A and B, which can be 22
gauge, are extended and brought back separately from the equip
ment end of the cable, the regulator will increase its output at the
power supply end to compensate for the voltage drop in the cable.
But try to use heavy enough wire to hold the cable drop to a quarter
of a volt or so. See Fig. 1-24.

"Il."" "" ...... . ' , ..~ ..

, '; FM',POWER SUPPly..... ... - .. "" ~

I built my FM power supply inside a 4" x 8" x 2" aluminum
chassis. Getting the transformer into the 2" dimension was a tight
squeeze; 2Y2" would have been better, and 5" x 10" X 3" would
have been spacious. The cord, switch, LED pilot light, output
socket, fuseholder and the TQ-3 power transistor went on one 2" x
4" end, leaving five faces blank. Inside , after finding room for two
surplus electrolytic capacitors and the transformer, I wired the
circuit on a couple of Cinch-Jones 2012 terminal strips.

Using a bigger transformer or more (thousands of) mi
crofarads could only improve things. The power transistor was
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bolteddirectly to ground andthe aluminum boxprovided adequate
cooling. If you use a steel chassis, however, youmayneed some
sort ofheat sink,but remember that a silicon transistor willwork
all right even when its case is uncomfortably hot.

Figure 1-25 shows the schematic of the 12 V supply. The
transformer is nominally 35Vat 1.5amps, center-tapped. It weighs
aboutonekilogram. An18V,2.5ampunitofabout the sameweight
andsize, used witha bridge rectifier,would probably be satisfac
tory.I wouldn't try to usea 12Vtransformer, as there isn't enough
reserve for low line voltage.

With the F-54X at a linevoltage ofonly100V, the supplyput
out3amps beforelosing regulation; at 105linevolts, 4amps;at 110
Vandup,Samps. For continuous service,twoamps isprobably the
limit, butsinceFMtransceivers spendmostofthe timeonreceive,
the lowcurrent works OK. The above figures are for 12.6V out.
For higher outputs, the transmit power will increase, but the
current capability at any particular primary voltage will be less.

Each diode specified is rated for 300 amps surge, 3 amps
average andwillstanda short circuitlongenough for the primary
fuse to blow. No heat sinking is needed.

The filter capacitors may see more than 30 V, so you need
capacitors rated at either 35 working volts or 25working volts/40
Vsurgerated. Theyshould haveat least2000p.Fper ampofrated
load (more is better).

The pass transistor I used was a 2N3715 (similar to a
2N3055). The plasticMJE 3055(oranyone ofthe many TO-3 size
silicon NPNpower transistors) should be satisfactory.

Fig. 1-24. Front view of heavy-duty power supply.
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Fig. 1-25. 3 A regulated supply (12.6 V). (a) Rectifier. (b) Regulator. The
capacitor on the output is a tantalum slug type. of any value over 10 IJ.F.
The 3 A unit will carry a typical 10 or 15 watt 2m transceiver . The 82 Ohm
resistor constitutes the short circuit protection. "Adjust to set output
voltage .

Although the regulator circuit is simple, it continues working
down to less than a volt between input and output - this is unusual.
To keep the voltage drop down, the pass transistor is driven from
the regulated output voltage, but this means that a separate start
ing circuit (two resistors and a diode of no particular type) is
needed to tum things on initially" Once the starting diode has
disconnected (during operation, its cathode is more positive than
its anode), the regulator is unaffected by the magnitude of the
unregulated input voltage-which is why it wouldn't start without
the extra circuit.

Multistage regulators may oscillate. Stabilize this one by
putting 10 IJ.F or more (tantalum type preferred) on the output. I
used a CS13AE 101K (100 IJ.F, 20 V), because I had a lot of them.

The PNP driver could probably be a 2N2905, but the 1 amp
plastic power transistor (2N4918) I used is harder to blowout and
has good gain down to 1 rnA. I mounted it inside the chassis with a
4-40 metal screw using the mica washer provided. The 82 ohm, 2
watt resistor protects both the transistor and the power supply in
the event of a short on the output. If you use higher resistances,
you'll get a lower maximum base drive to the pass transistor and
less short circuit current.
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Depending on the actual voltage of your reference (zener)
diode, you may have to adjust the voltage divider in the base of the
NPN amplifier. I prefer setting things up with a soldering iron and
putting ahigh resistance across one or the other divider resistor. In
this case, I used a 24K ohm across the 2.7k ohm, because the
IN753 had only 5.9 V drop at 6 rnA. If you put a !OOO ohm pot
between the two resistors, with the 2N3904 base hooked to the
arm of the pot, it will still work. The capacitor still goes from base
to ground.

Connect a capacitor across the reference diode. I've tried
everything from 1 to 40 ILF, so the size is not critical.

Place ceramic disc bypasses across the diodes (right
across-with very short leads) to reduce hash picked up on AM
broadcast sets. A number of commercial supplies, as well as
automotive alternator diodes, can cause this sort of interference.

In wiring high current supplies, it is good practice to run wires
from diodes and the power transformer directly to the big filter
capacitors and then run additional wires from the capacitors to the
regulator. Run the input leads together to keep the stray field
down-those wires are carrying 10 amp pulses. In a ham station, it
is also smart to filter all leads for rf; audio rectification in a
transmitter power supply can give some strange feedback.

A design-it-yourself program is as follows:
o Measure the output voltage. In this case, given 12.6 V, I

added 1 Vfor regulator variations and 15%for power line variation,
for a total of 15.6 V minimum instantaneous (de minus ripple) input
to the regulator at 115 V.

o Measure the load current and calculate ripple. For 2 amps,
given 4200 ILF (that was what I had), peak-to-peak voltage = 2 x
1/120 x 1,000,000/4299 = 3.97. On that basis, required de is 17.6
V and rectifier load R is 8.8 ohms.

o Using a vorn, check the power transformer for the follow
ingvalues: line voltage = 115V; secondary, no-load voltage = 39 V
(10% higher than nominal); ratio of primary to half secondary =
5.9; de resistance of primary =9 ohms. Primary resistance re
flected into half secondary is then 9 divided by (5.W = 0.26 olun.
Measured secondary resistance = 1.1 ohm; half of that = 0.55
ohm. Thus the series resistance of the transformer is effectively R,
=0.55 + 0.26 =0.81 ohm. At 20 amps instantaneous, the diodes I
picked have a 1.2 V drop with a slope equal to O. 01 ohm at that point
for a total of 0.82 ohm.

In applications where noise and ripple requirements are mod
erate, a grounded collector pass transistor is often convenient.
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Fig. 1-26. Five-volt supply .

Figure 1-26 shows the 5 Vsupply I built for a receiver frequency
counter that used LED readouts. The display added a strobed 1
amp load to the other drain, putting the requirements out of reach
of the usual IC units. The circuit, as shown, fit the parts I had on
hand and performed well enough down to below 90 V from the
power line. I used a compensated reference diode, but a 1N753 will
do as well. The FET current regulator (if you have one with I

D
around 7.5 rnA) is an improvement over a 1200 ohm resistor, and~
course a 741 is one of the best op amps you can buy.

Three power supplies were constructed as shown in Fig.
1-27. The first is a dual tracking supply with variable output voltage
oto ±20 volts and current to 100 rnA on each output (200 rnA total
current capacity). Also available is a +12, - 6 volt option. Current
sensing is done in both the positive and negative legs, and when the
current exceeds a preset level , a signal is developed to shut down
the output from the voltage regulator. This signal latches so that
output voltage can only be restored by pressing a reset switch.

The second supply has variable output from 2.6 to 25 volts and
current to 1 ampere. Up to 34 volts is available at reduced current.
This supply also has adjustable current sensing and, like the first
supply, the output voltage shuts down when the current exceeds a
preset level. Voltage is restored by pressing the reset switch.

The third supply provides a fixed 5 volt output at currents to 1
ampere for operating TTL circuits. This supply has output voltage
sensing and will shut down if the voltage moves outside a preset
range from 4.75 to 5.25 volts.

The first supply provides the power for the sensing circuits
used in all three supplies. Also, if anyone supply shuts down, the
other two will shut down also.
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All three supplies use voltage regulators that are short cir
cuitproof, an added safety bonus in the event that the current
sensing circuits are manually disabled or in the event of the failure
of some component in the current sensing networks.

Current Sensing
The current sensing network in Fig. 1-28 operates as follows:

Assume that initially no current is drawn from the supply. With R2
set to soon, R2 + R3 =21k and R4 + R5 =21k. With the wiper of
R4 set closest to R3, the voltage at pin 11 of voltage comparator
IClA will be 14 volts, exactly half the voltage across C1. Assuming
for the moment that no current flows in R1, the voltage across R6
and R7 will be 28 volts and the voltage at pin 10 of IC1A will be 14
volts also. When current is drawn from the positive leg of the
supply, a voltage drop develops across Rl and the voltage at pin 10
of IC1A drops below 14 volts. This drives pin 13 of IClA positive
and the resulting current in R21 charges C3. Ql fires, sending a
pulse through C4 to SCR1. SCRI turns on, operating relay Kl and
forcing Q2 to switch on. Q2 shorts out R27, thus reducing the
output of IC3 to nearly zero volts. K1 interrupts the current to IC6
in Fig. 1-29. Ql also sends a pulse to C14 in Fig. 1-29. This pulse
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Fig. 1-28. Dual tracking regulated supply .

turns on SCR2, forcing Q4 to switch on; this action reduces the
output of IC5 to zero volts .

When the load is removed from the output of IC3, the power
can be restored by opening S2A and S2B (normally closed
switches). By moving the wiper of R4 closer to R5, the voltage at
pin 11 of IClA is lowered. It then requires a greater voltage drop
across Rl (more current in the load at output of IC3) to lower the
voltage at pin 10 of IClA so that pin 13 will go positive. Thus the
sett ing of the wiper of R4 determines what current will drive pin 13
of IClA high.

An identical network consisting of R8 to R14 and IC2 senses
the current in the negative leg of the supply. The output of IC2
switches between 0 volts and - 26 volts approximately. Since IClB
will not operate normally with any input below -0.3 volts , the
voltage from pin 6 oflC 2 is divided down by R15and R17 so that the
voltage across R17 switches between 0 volts and - O. 25 volts. R16
and R18 form another voltage divider which provides - 0.15 volts
to pin 8 of IClB. Thus IClB switches like IClA in response to an
overcurrent in R14. D5 and D6 form an OR gate, hence isolating
the outputs of IClA and IClB from one another.

In Fig. 1-29, current sensing is done in the same manner as
described for the positive leg of Fig. 1-28. Since the maximum
current for this supply is 10 times greater than for the first supply,
resistance values have been adjusted accordingly. D9 forms
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another part of the OR gate that feeds R21.

Voltaie Sensini
For the 5 volt supply in Fig. 1-30, it is more desirabl e to have

output voltage sensing than current sensing. This is because there
are wide variations in the current demanded by TIL circuits when
they are switching from state to state. The current limit point
would always have to be set rather high, and consequently only
gross over-currents could be sensed. On the other hand, a circuit
that senses when the voltage falls below 4.75 volts, the lower
operating limit for 7400 series TIL, is quite useful. Suppose, for
example, that you are operating near the 1 ampere limit of IC6; a
brief current pulse could exceed this limit and the interna l circuit of
IC6 would then allow the output voltage to drop. Without voltage
sensing this could easily go unnoticed and your circuit would
malfunction.

In Fig. 1-30, D14 provides a reference voltage. R41 acts as a
voltage divider and is set to 5.25 volts. R42 is another voltage
divider and is set to 4.75 volts. IC1C and IC1D compare the output
of IC6 to these voltages and, if the output moves outside the
window from 4.75 to 5.25 volts, pin 1 or pin 2 will go high. This
signal goes to R21 of Fig. 1-28 and eventually shuts down all the
supplies.

Response Time
R21 and C3 determine the response time of the circuit. With

R21 = 3k and C3 = Ip,F, the circuit responds to an overcurrent,

...
'0'...

'"..,......
tY:~rlT ~"'--f--lll1f

O't SHUT OOW"
COMlIloUlOTO
'102

Fig. 1-29. Variable voltage power supply .

31



*'i
1
]

r s

''---~

.,
.. ~~,.L "c

z, v

·Z8v
FIG.Z

R4° ovtlt-VOLTAlir
1.' 1( SlNS(

+ Z8 V
F1G Z

Fig. 1-30. 5 volt power supply.

overvoltage or undervoltage that lasts 3 milliseconds or more. K1
adds an additional 7.5 ms to the time required for the 5 volt supply
to shut down. By reducing C3 to 0.1 IJ-F, response time can be
made as low as 0.3 ms. R21 can be increased to as much as 10
megohms if desired to lengthen the response time , but should not
be reduced below 3k.

The Voltage Regulators
The 4194TK regulator is internally current limited at about

350 rnA when the positive output is shorted to ground. It also has
interna l thermal limiting that will reduce the output when it gets
too hot. A small heat sink is required when the operating current is
100 rnA in each leg of the output. In Fig. 1-28, 53 is normally open.
When 53 is closed, R27 can be adjusted to give +12, - 6 volts
output for the operation of certain types of voltage comparators.

The 309K also has current limiting and thermal limiting. It
will provide a little over 1 ampere when mounted on a heat sink
with the circuit shown.

The TVR2000 has been available for a number of years and is
quite inexpensive.

In Fig. 1-29, the foldback current limiting option is not used.
Instead, simple short circuit sensing is used. R37 and R38 set the
short circuit current to a value of about 1.2 amperes. The relation
ship here is R • I =0.1 volt, where R37 and R38 in parallel make

sc out
up R R39 sets the output voltage. Q3 acts as a current booster and

so.
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is mounted on a heat sink. CI0 stabilizes the current limiting
circuitry and Cll stabilizes the regulator section oilC5. Different
values from those shown may be required to drive high capacitance
loads.

Selecting Resistors
Resistors of 1% tolerance are best for Rl , R3, R5 to R8, RIO,

and R12 to R14. This will make the final adjustments simpler and
will keep tracking errors in R4 and R9 to a minimum. In Fig. 1-29,
5% resistors will suffice for R32, R34, R35, and R36, providing you
choose them such that R32 :os; R34 and R36 ;;:. R25.

Regarding the tracking of R4and R9: Since they form a tandem
contr ol, it is important that they both exhibit approximately the
same resistance between their wipers and their ends for all rota
tions of the shaft. Failure to do so will mean that the positive and
negative legs of the supply will trip at different currents. Several
dual controls I bought did not track very well. Ifyou want very good
tracking, replace both R4 and R9 with a series of 5% resistors and
use a two pole rotary switch to select the current limit you want as
shown in Fig. 1-31.

Construction
All three supplies were constructed on a single 4" x 5"

printed circuit board as shown in Figs. 1-32 and 1-33. Also, see

TORS TO RI
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TO Icr

<SO

220 1
sw<

10 0

10 0

100

A

A

TO Ie"
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220 1 IvOm
60",A

4 0 ",A
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2~"''''

15m.
SmA

100

100

TO Rs TO RIO

Fig. 1-31. Switch selected resistors replace R4 and R9.
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Fig. 1-32. Parts Iayoul



Fig. 1-33. PC board



IC1
IC2,IC4
IC3
IC5
IC6
01-04 t
010-013 ~
07-08
05,6,9,15,16
014
01
02
03
04
K1
R4,R9
SCR1,SCR2

Table 1-2. Partial Parts Usl

339
741
4194TK
TVR2000 (available at Poly PaksI
309K
2 A 100 piv bridge rectifier

half of 2 A 100 piv bridge rectifier
1N4148
1N957B 6.8 V, 0 .4 W zener diode
2N2646
2N4249
MJE3055
2N5550
ITT type 24A02C18A
diJal section control ; see text
C103B

Table 1-2. IC3 does not plug directly into the board; the holes in the
board have been spaced out to assure clean etching. Solder a short
wire to the outside of each pin of IC3; insert the wires into the PC
board and solder. A piece of aluminum was bolted to IC3 as a heat
sink. There are so many connections to the PC board from the
external switches, controls, transformers, etc., that it was not
possible to arrange for an edge connector on a board of this size;
instead there are about 35 wires soldered at various points around
the edge of the board and all are routed to one end of the board so
that the board can be hinged outward from the chassis if parts on it
need to be replaced in the future .

All components fit nicely on a chassis 10" x 6" x 2" as shown
in Figs. 1-34 and 1-35.

Final Adjustments
Switch S2 to reset. Leave S3 open. This disables the shut

down mechanism. Connect a high impedance voltmeter between
pin 7 of IC1D and ground. Adjust R42 for a reading of 4.75 volts .
Connect the voltmeter between pin 4 of IC1C and ground. Adjust
R41 for a reading of 5.25 volts .

Set the wiper of R33 to the end closest to R32. Connect a
voltmeter between pin 6 of IC4 and ground. Adjust R31 so that the
reading just goes to zero.

Ifyou are using a dual potentiometer for R4 and R9, proceed as
follows: Set the wiper of R4 to the end closest to R3; the wiper of
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R9 should then be at the endclosest to RIO. Connect a voltmeter
betweenpin13oHClAandground. Adjust R2untilthe readingjust
dropsto zero. Hyourun outofadjustment withR2, interchange R6
and R7 and try again.

Connect the voltmeter between pin 14 of IClB and ground.
Adjust Rll until the readingjust drops to zero.

Hyouelect to use the switchedresistors inFig. 1-30, proceed
as follows: Set the switch in Fig. 1-30 to the 5 rnA position.
Connect a load betweenthe positiveandnegativeoutputterminals
ofthe supply andadjustthe outputvoltageso that the load draws 5
rnA. With avoltmeterfrom pin13oHClAtoground, adjustR2until
thevoltagejust dropsto zero. Hyourunoutofadjustment withR2,
interchange R6 and R7 and try again. Connect the voltmeter be
tweenpin14ofICIB andground. Adjust Rll until the readingjust
drops to zero.

. ADJUSTABLE BENCH SUPPLY

How about constructing an adjustable voltage power supply
that can have up to 1.5 amperes output with good load voltage
regulation andfull overload protectionat minimal cost?Admitted
ly, a $5.00estimatedepends a lot onwhatparts are available from
one's junkbox, butforjust a fewdollars spent ona newIC, onecan
have the "heart" of a very versatile power supply.

An LM317 is an adjustable, three-terminal positive voltage
regulator. Its simple external connections rather belie the com
plexityandperformance featuresofthe unit.AsshowninFig. 1-36
it has only simple in/out connections and a minimum of three

Fig. 1-34. The finished chassis.
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Fig. 1-35. Bottom view of power supply.

simple external components are required. The output voltage is
set bythe ratiooftworesistors, Rl andR2. Bymaking R2variable,
one canadjustthe outputvoltageto be anyvaluefrom a few volts
less thanthe dcinputvoltageto the regulatordown to aminimum of
about1.2volts output. Thus, if the inputdcvoltagewere 40 volts,
the outputvoltagecanbe continuously variedfrom about37 volts
down to 1.2 volts.

Although the outputvoltage is determinedonlyby a resistor
setting, the outputvoltage is regulatedat any given setting. The
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regulation will be about 0.1% going from no load to full load (1.5
amperes, assuming the transformer/rectifier used for the de input
voltage handles this current). The LM317 is also overload and
thermally protected. If the current limit is exceeded, such as by a
short circuit, the LM317 will simply "shut down." If the regulator
gets too hot, either because of excessive load current and!or
inadequate heat dissipation, it will also protect itself. Although one
can destroy the LM317 like any otherIC, it is pretty hard to do with
any sort of reasonable care.

The manufacturer suggests two additional capacitors (C2 and
C3) be used, which may prove useful in some applications. C2 is
used to bypass the adjustment terminal to ground to improve ripple
rejection. This bypass prevents ripple from being amplified as the
output voltage is increased. About 60 dB ripple rejection is
achieved without this capacitor, but it can be improved to about 80
dB by adding it. A 10 mF or greater unit can be used, but values
over 10 mF do not offer any significant advantage in further ripple
improvement. The manufacturer particularly recommends the use
of a solid tantalum capacitor type since they have low impedance
even at high frequencies. An alternative is the use of the more
readily available and inexpensive aluminum electrolytic, but it
takes about 25 mF of the latter type to equal 1 mF of the tantalum
type for good high frequency bypassing! C3 is added to prevent
instability when the output load presents a load capacitance of
between 500 and 5000 pF. By using a 1 mF bypass at the output
(solid tantalum again or aluminum electrolytic equivalent), any
load capacitance in the 500 to 5000 pF range is swamped and
stability is ensured. Both C2 and C3 will not be required for many
applications where the LM317 is being used with a specific load

V IN, DC
,I

lM317
I,

v OUT, REGUlAT(D

1e, I I
j~DJUS T

.,
.I, (. 3" 0

I' ';' I~" ".G., , CASE

_L. C2 S. : i ')' l M3 11,.; ••

"1" 10__ ' iJ,
, ,

,
CASE IS,

v, ADJU ST TERM INAL 3

Fig. 1-36. Basic adjustable voltage regulator circuit using an LM317. Nor
mally only three external components are needed, but C2 and C3 may be
useful in certain situations as explained in the text.
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Fig. 1-37. This is a PC board layout for the regulator suggested by the
manufacturer. R2 is shown as a multi-turn pot for ease of adjustment. The
figure also shows the pin connections for an LM317 if it is obtained in the
T0-220 plastic case.

circuit. But if the LM317 is used as the heart of a general purpose
bench type power supply, they should be included.

Figure 1-37 shows a PC board layout and component place
ment diagram. This layout has been suggested by the manufac
turer, but there is no need to follow it exactly as long as all of the
external components are grouped around the regulator with solid
short leads. Figure 1-37 shows the LM317 ina TO-220plastic case
which is designated the LM317T. Most amateurs will probably
prefer to buy the LM317 inthe familiar TO-3 metal case and, in this
case, it is the LM317K. But, when using the unit, note an important
difference as compared to the old LM309K. The case on the
LM309K was ground so one could simply bolt the thing down on a
chassis for heat sinking. The case on the LM317K is the output
terminal, so it must be properly insulated from a chassis.

Various power supply ideas and considerations can suggest
themselves for the LM317. For instance, R2, instead of being a
variable resistor, can be replaced by switchable fixed resistors to
obtain some of the commonly used supply voltages such as 6, 9, 12,
15 volts, etc. This idea, plus a continuously variable output voltage
position, is featured in the practical realization of a power supply
using the LM317 as shown in Fig. 1-38. This supply will deliver
fixed output voltages of6, 9, 12, and 15 volts (depending upon how
the trim potentiometers are set), plus a continuously variable
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output of 1.2 to about 24 volts. All outputs can deliver at least 1.5
amperes with the components specified. The supply is simple to
build in any size metal enclosure suitable for the components used.
The only precautions to observe are to firmly heat sink the LM317
to one side of the metal enclosure and to keep the 0.1 rnFcapacitor
going from pin 3 to ground, the 10 rnFcapacitor going from pin 1 to
ground, and the 120 ohm resistor going between pins 2 and I, all
connected directly at the LM317 terminals. The other components
may be mounted wherever it is convenient to do so.

The zener diode/resistorlLED combination at the output of
the supply serves as a crude but useful voltage output indicator
without having to build a regular voltmeter in the supply. The LED
just starts to glow when the output voltage is about 9-10 volts
(depending on the tolerances of the components used). The lk
resistor is adjusted so the LED just glows fully when the maximum
output voltage is reached. So by using the fixed output voltage
positions (which are adjusted using a good vom) and watching the
LED, one can obtain a fairly good estimate of what the variable
output voltage is set for.

VERSATILE POWER SUPPLY

Whether you need a supply to charge batteries, run a portable
tape recorder or radio, operate re lays, run your mobile FM rig in
the house, or power op amps or logic, this circuit definitely de-

I---r--@ OUTPUT

REGULATOR
CIRCUIT OF
FIGURE I
(EXCEPT FOR
R2 1

"

Fig. 1-38. A complete power supply using the LM317. The switch simply
selects different 5k ohm pots which are set for 6,9, 12, 15 and a variable
voltage output. The latter 5k pot is front panel mounted.The function of the
LED is described in the text.
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Fig. 1-39. Regulated +13 volts as 2 amps using NPN transistors.

serves a try. It's simple, uses a minimumofeasily obtainable parts
and, best yet, it works.

The basic circuit (Fig. 1-39) is a simple two transistor regu
lated supply. One transistor, Q1, acts as a reference voltage source
and the other, Q2, acts as a series pass regulating element.

The circuit is the same no matter what the output voltage.
Only the transformer, zener diode, resistor R2, and possibly Ql
and Q2 have different values.

Circuit Theory
The circuit consists of three sections-the transformer, rec

tifier and filter being one, the voltage reference another and the
series pass regulator transistor the third.

Pick your transformer for a slightly higher voltage than you
wish to regulate. For example: for 12 volts regulated output, use a
16to 19volt transformer (a6 volt anda 12volt filament transformer
in series). For 5 volts regulated output, a 6 Vfilament transformer
is used. And for 15 volts output, use a 24 volt transformer.

If you use a transformer capable of high current output, you
may need to put a resistor in series with the output of the rectifier.
This prevents the surge current, generated when the supply is
turned on, from destroying the rectifier diodes.

Of all the different rectifier circuits in use today, I prefer to
use the full wave bridge. The bridge circuit has a higher output
voltage than the standard full wave rectifier and a higher frequency
ripple than the half wave, making it easier to filter. However, any
type rectifier, as well as the conventional voltage doublers and
triplers, can be used with no circuit degradation.

For output filtering, I have found that using a 1000 f.LF
capacitor for Cl provides adequate filtering. The more capaci
tance, the more filtering, so you can increase this value ifyou wish.
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The regulator also acts as a capacitance multiplier so that the total
capacitance is the capacitance of C1 plus the capacitance of C2
multiplied by the gain, hfe. of Q2:

CT = C2 (hf) + C\

Resistor R2, the zener diode and Q1 form a voltage reference
circuit. Set the reference voltage to about 1.5 V above the desired
output voltage. The reference voltage is higher because there are
two diode voltage drops between this point and the output. To
determine the value of the zener current limiting resistor, R2, you
must first know the gain of transistors Q1 and Q2.

The de gain of Q1and Q2 can be found ina transistor specifica
tion manual. Gain, sometimes called Beta or hfe' is the ratio of the
collector current to the base current that caused it. For example:
for a transi stor with a gain of20, 1rnA of base current cause s 20 rnA
of collector current.

Now, knowing the transistor gains and the desired output
current, you pick a value for R2 by calculating how much current
must flow from the base of Q1 to make a corresponding amount of
current flow from the base of Q2, to cause the desired output
current flow into Q2.

For example, we wish to have a regu lated output voltage of 13
Vat 2.0 amps. The gain of Q1 is 70 and the gain of Q2 is 20. The
voltage at point A is 20 V. To cause 2.0 amps of current to flowfrom
the base of Q2 must be 100 rnA.

I = I out = 2. 0 A = 100 rnA
b gain 20

And similarly, to cause 100 rnA of current flow into Q1, the base
current must be

lb = 100 rnA =1.4 rnA
70

If you use a 15 V zener diode, the voltage drop across R2 is 5 V,so
from Ohm's Law:

R = ..li. = 5 VilA rnA =3.7k
1

Let R2 be 3.3k. The reason for this lower resistance is that most
transistors have less gain than that listed in JIe specification book,
so by using a smaller resistor more current will be available,
making up for possible low transistor gain. This also gives you a
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safety margin, in case you need just a bit more current than you
thought.

In picking transistors for Ql and Q2, not only must you pick a
transistor with suitab le gain but you must also choose it for its type
(NPN or PNP) , emitter-collector breakdown voltage (BV ), col-

ceo
lector current (I) , and power dissipation.

All of these circuits use NPN transistors. If you wish to use
PNPs, reverse the polarity of the rectifier output, the filter
capacitors and the zener diode. Isolate everything from ground. If
you require that the negative lead be grounded, ground the emitter
of Q2 (see Fig. 1-40).

BV is the voltage at which the collector to emitter junction
ceo

breaks down. For Ql this voltage rating must be high enough to
stand the difference in voltage between the rectifier output and
ground, and for Q2 the rectifier output and the regulated output.

The collector current (I) rating of each transistor is the
maximum continuous collector current that the collector to emitter
junction can safely pass . For Q2, this is the tota l output current
which you require from the supply.

Power dissipation is the maximum amount of power that the
transistor can dissipate before it is destroyed. The power dissipa
tion rating is usually given for an ambient case temperature of +250

C. If you heat sink the transistor (which I recommend for Q2), you
can exceed this dissipation by an amount which depends upon how
well your heat sink dissipates the power.

The output circuit consists of R3, a bleeder resistor chosen to
allow a couple of milliamps of current to flow, and capacitor C3,
which acts as a high frequency filter to keep any zener noise or
voltage spikes out of solid state equipment.

Construction
The circuit layout is not critical and almost any type of config

uration can be used. I have built the supply both on a piece of

)r---__---.-_-<> GND
Q2 l~'!>n
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• IOO~F
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Fig. 1-40. Regulated +13 volts at 2 amps using PNP transistors.
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pegboard with the device leads servingas hookup wire, and on a
printedcircuitboard. 'With the circuitboardshown inFig. 1-41, the
electrolytic capacitors are mounted external to the board due to

Fig. 1-41. Foil side view.
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their large physical size. This figure also shows Q2 mounted on the
board. While this will work for low power applications (one exam
ple is the supply running my TR22), I would suggest that you heat
sink this transistor, as it does pass the total loadcurrent and canget
warm.

You will notice that there is a break in the land coming from
the positive output of the bridge. This is where Rl, which must be
heat sinked externally from the board, is connected. If you do not
use Rl , connect a jumper in its place.

I used a resist marking pen to draw the circuit on a PC board.
Youcan do the same or make a photographic negative and use the
photoresist method of making a board. The board in Fig. 1-41 is
shown full size. I have mounted all of my supplies inside Bud
boxes, and, as there are quite a var iety of Bud boxes, no two
supplies look alike . The only precaution is to mount the heat sinked
transistor, Q2, where its case cannot be accidentally shorted to
ground. If possible, mounting it on an attachable heat sink and
mounting the heat sink inside the box (with a few ventilation holes)
will work fine.

IN'EXPENSIVE-POWER SUPPLY .

Here is a cheap but very adequate way to obtain 5 to 15
regulated volts.

Output regulation is typically on the order of .1 volts for loads
from a few milliamps to 4 amps or so, depending on the components
used. This circuit is very noncritical and easy to get going. With it,
just about any reference voltage may be had. The only requirement
is that the unregulated de voltage supplied to the regulator cir
cuitry must be few volts greater than the reference voltage of the
zener.

The transformers I used were two 6.3-volt filament junk box
specials with the primaries connected in parallel for llO-volt prim
ary voltage. 220-volt primary may be used for wiring primaries in
series. Caution must be used to keep the phasing correct. Ifyou get
no output, change the pairing of wires in the primary.

With the full-wave circuit described in Fig. 1-42, the unregu
lated output should be about 17volts or so. This should be adequate
for the regulation of 12 volts.

If you want 14 or 15 volts regulated, you may need to increase
the unregulated voltage to the regulator circuit. A full-wave bridge
should do this.

However, the pass transistor (or Darlington, whichever you
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REGULATEO

Fig. 1-42. Full wave circuit.

decide to use) will run cooler with the lowest possible unregulated
voltage on it to maintain good regulation. To determine what is
adequate , try the full wave first and measure the regulated voltage
output. If it varies more than a volt on full load from the supply, an
increase in the unregulated voltage is needed and a full-wave
bridge should be used.

Ul, the op amp, can be any type of 709, 741, etc. It is
operating with essentially an open-loop gain, and its job is to bias
the Darlington or pass transistor. When the unregulated voltage
wants to drop, the noninverting input referenced by the zener
diode and the inverting input of the op amp "see" a difference
voltage and amplify it , supplying the base additional bias which
enables Ql to amplifymore and hold the regulated output constant
by pulling the voltage back up.

The reference voltage in the noninverting input of the op amp
is determined by the zener reference. I use a 12-volt zener and a
regular silicon diode, connected as illustrated in Fig. 1-43.

The pair gives about 12.6 volts as a reference-12 volts for
the zener and about a .6 drop across the silicon diode. The zener
alone could be used for just 12 volts, or more diodes could be used
for .6-volt increases for each additional diode used with the zener.

Cl is any old filter capacitor-the more capacity, the better.
And, of course, it is rated for at least the unregulated voltage.

Ql is the main factor in determining the current that can be
taken from the supply. The larger the maximum collector current

Fig. 1-43. Zener referencecircuit.
-. Z I 12 VOLT - - 12

r' .6
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Fig. 1-44.Drlvertransistor
added to circuit.

REGULATED

of Ql is, the more the current that can be taken from your machine.
A Radio Shack power Darlington (TO-3 case) for $1.98 was used,
and the supply is good for about 4 amps. With a high-gain power
Darlington, the output of a 741 is all that is needed to drive it. If
more current demand is required, a larger Darlington or regular
power transistor can be used. However, if the beta of the transistor
is fairly low, a driver is needed between the 741 and the pass
transistor. Just about any PNP transistor will do. It should be
connected as shown in Fig. 1-44.

If lots of current is wanted, say 10 amps, a large pass transis
tor is needed. Pass transistors this large typically have betas of60
or less, which will require a driving current of about 1/6 amp,
which is far too much for the 741 and most other op amps. There
fore, a driver transistor with a high gain (beta) should be used to
allow the small output ofa 741 or similar op amp to drive anything.

If the op amp heats up to the touch, a drive transistor should be
used. Ql should be well heat sunk, and, ofcourse, the transformer
used should be capable of handling whatever current you want at
the load.

C2 is a. 001 to help keep any rf out of the regulator ifthe supply
is to be used for your 2m radio or the like. If used with digital
projects, a 10 ILF filter capacitor can be placed across ZI, ifnoise is
a problem, and/or a slightly smaller Rl used to move ZI from the
knee region where noise occurs. See Table 1-3.

There are many other regulators available on the surplus
market, but I have chosen to describe only the LM309 and J,LA7800.
However, if you spend a little time studying the published data
sheets on other units , I think you will find that most of the circuit
design procedures I have outlined here are directly transferable to
use with other three terminal regulators. See Fig. 1-45.

Parts Selection
The specifications for the regulators I am describing are

shown in Table 1-4.
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Table 1-3.Parts Usl

T1 6.3 V filament transformer or equivalent
D1, 2 about 50 piv at desired current, plus 50%
C1 20 to 20,000 uF, 25 volts
R1 470 to 820 Ohm, % Watt
Z1 12 V zener, or desired value from 2.4 to 33 volts
U1 741,709, etc., op amp
01 power Darlington or 100·Watt or more pass transistor,

NPN
02 any PNP: 2sc710, etc.
C2 .001 uF , 50 V

Figure 1-46 showsa practical powersupply circuit,usingany
one of the regulators in Table 1-4. It needs no additional parts. It
willworkwithallofthese three terminaldevicesbysimplyvarying
a few component values and ratings.

Figure 1-47 is alsopractical: If youcannot locatea center
tapped transformer, replaceT1andD1-D2from Fig. 1-46with the
transformer andbridgerectifiercircuitshown inFig. 1-47. Thefull
waverectifier ispreferred,becauseofthe smallerdiodedropofthe
two diodes in Fig. 1-46 than of the four in Fig. 1-47, but the
difference is not that crucial.

Now let's assign some values to the components in those
circuits.Use Table1-4to determinewhatregulatorto use forleI.

Fig. 1-45. Three terminallC regulators ,available ina widevariety ofvoltage
ratings, current capacities. and package styles, are easily used to make
high quality power supplies .
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Fig. 1-46. Here is a practical diagram for a power supply of any voltage.
needing no other parts. Use this schematic with center-tapped trans
for mers in a fu ll wave rectifi er configu ration . Regular vol tage/R1 value:
5/1.0kO. 1212.2 k. 15'2 .7k. 18/3.3k. 24/4.7k.

Make your choice on the basis of voltage rating and current capac
ity.

. ~ --,-
. THREE TERMINAL REGULATORS

Refer to the graphs in Fig. 1-48. There are five graphs for use
indetermining the T1 transformer voltage and Cl filter capacitance
for five separate one amp regulators. The transformer voltage is
for a center-tapped transformer with a full wave rectifier, as in Fig.
1-46. If you use the bridge rectifier configuration from Fig. 1-47,
halve the transformer voltage but remember to add one volt to
compensate for the voltage drop of the extra diodes. If you use the
schematic from Fig. 1-46, the current capacity of TI need only be
half an amp-or half of what you want the completed supply to
deliver. The lower voltage transformer needed for the less effi
cient bridge of Fig. 1-47, however, must be rated the full amp.

Filter capacitor Cl should be an aluminum computergrade
electrolytic. If you have any question concerning interpolating a
capacitance to use with any given transformer, round up. This will
help to make up for component tolerances and line voltage fluctua
tions. Since readings off the graph are minimum allowable capaci
tances , you might want to use a larger value capacitor anyway.

Table. 14. RegUlator Specifications.
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Device

LM309H
LM 309K
uA7805
uA7812
uA7815
uA7818
uA7824

Current

200 mA
1.0 Amp
1.0 Amp
1.0 Amp
1.0 Amp
1.0 Amp
1.0 Am p

Voltage

+5 vol ts
+5 volts
+5 volts
+12 volts
+15 volts
+18 volts
+24 volts

Package

TO-5
TO-3
TO-nO
To-no
To-no
TO-220
TO-220
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Fig. 1-47.11 you cannot locate a center-tapped transformer, substitute this
schematic for that of Fig. 1. Keep in mind the additional design considera
tions explained in the text necessitated by the extra diodes.

Since the graphs were calculated using one ampere of drain, if
some fraction ofan amp is to be drawn, the C1value canbe reduced
by that fraction. For example , if only 100 rnA is needed, then only
one tenth the capacitance is necessary, or any other such fraction.
It works the other way around, also-if you make a ten ampere
supply (with a pass transistor), you will need ten times the filter
size.

Exercise prudence when calculating capacitor voltage ratings.
Use at least one and a half t imes, but preferably twice , the rms
transformer voltage across the capacitor.

Do not omit C2. It is an rf bypass capacitor, especially neces
sary if the power supply is to be used inan area of strong rf such as a
ham shack-but still needed even if used elsewhere. C2 helps to
absorb the spikes and glitches on the line that are too sharp for C1
to respond to. It can be anywhere from around .10 f-LF to .33
f-LF - .22 f-LF is a happy medium.

10'OOOr-- ---,- ----,,.,........,- ---,- - - -----,

8,000

2,000

10 ZO 30 40
Tl TRa NSFOR'-' ER VOLT AGE

ec fUollS VOLT'S
Cr 'SECONoa RY

60

Fig. 1-48. Use this graph for determining C1 capacitance and T1 voltages.
The points labeled "0" are the dissipation limits explained in the text.
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Selection of the value of the output capacitor (C3) need not be
very exacting. You can use anywhere from around .005 IJ.F to a
couple of microfarads. Generally, use larger values for larger
currents. Acommonvalue for a one amp supply is about a 1 or 2IJ.F
tantalum. Some of the manufacturers' data sheets insist that it is
not needed, but, since the very next phrase in the paragraph is
always that its presence "helps to improve transient response," I
would not suggest omitting it.

These regulators do not work well at low current drains
around 5 rnA and under. Therefore, R1 has been calculated to draw
about 5 rnA from the supply. Ahalfor quarter watter is sufficient. A
pilot light (LED or incandescent) could be wired in to serve the
same purpose. If the supply is being built into a project so that the
drain is never allowed to go below 5 rnA, R1 could be altogether
eliminated.

The choice of rectifiers for D1 through D4 is not at all critical.
The graphs were complied using 1.3 volts as the forward diode
drop. This figure is based on the 1N4000 series silicon one amp
rectifiers. It should be close enough for interchanging with any of
their surplus equivalents or replacements. 1N4oo2 or 1N4oo3
diodes would be a good choice for any of the transformer voltages
on the graphs. Some ofthe lower voltage units can even get by with
1N4001s. Just make sure that you don't exceed the diodes' piv
ratings.

Automotive Applications
There are many times when you want to operate a transis

torized device in your car that requires a supply voltage different
from that of the standard 12 volt automotive electrical system. A
higher voltage requirement would take a power convertor exceed
ing the scope of this article, or a separate battery. But these IC
regulators are ideal for obtaining lower voltages from the 12 volt
electrical system. Figure 1-49 is a supply circuit tailored specifi
cally for use in a car.

An automotive environment is however, very prone to tran
sience. Special precautions should be exercised to protect the
regulator. Positive spikes on the input line can very easily cause
that input terminal to go above the maximum allowable input
voltage for the IC. Therefore, the zener diode (Z1) has been put
into the circuit to help shunt any higher spikes to ground. Youcan
use whatever zener you have in your junk box in the 24 to 30 volt
range.
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The rectifiers are absent in this version, but note that the
filter capacitor is still there. Keep it there-your car's alternator
puts out an awful de waveform. Filtering is still needed.

All of the other parts are the same as the other circuit dia
grams.

Construction Considerations
The construction considerations you need concern yourself

with when using these Ie regulators are not very numerous. But
those that do exist should be carefully observed.

There are definite reasons for the endpoints of the graphs in
Fig. 1-48. DoNOT extrapolate transformervoltagesfrom either end
of the graphs.

These regulators will only work when an input voltage be
tween certain limits is pres ent at the input terminal. The dropout
voltage, or level below which the unit will not operate properly, is
usually two volts greater than the rated output voltage. Thus the
LM309 needs an input of at least 7 volts to work correctly. If the
input is too low, it will not regulate at the desired voltage and the
ripple will be excessive.

The input level to these regulators cannot be too high, either.
The upper limit is almost always 35 volts, except in some of those
regulators with a high output voltage. For example , the pA7824
will take an input ofup to 40 volts, but the other units in the JLA7800
series (and the LM309)are limited to 35 volts . This figure includes
peak ripple voltage. If the input exceeds the absolute maximum
input rating, permanent damage may result.

There is another reason for keeping the input voltage as lowas
possible. The dissipation of the devices in the TO-3 or TO-220
packages must be limited to around 5 to 10 watts, depending upon
heat sink efficiency. (The LM309H, in its TO-5metal can package,
is limited to around 1 or 2 watts power dissipation.) In this case ,
exceeding the junction temperature limit, for whatever reason,

TO POSITIvE

~~~~~=:\~--""--~--,,,7.:i
FuSf I LOCI(

Fig. 1-49. This is a supply tailored for use in the transient-prone environ
ment of a car. Zener Z1 can be anywhere from around 24 to 30 volts. All
other parts are as in Figs. 1 and 2.
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Fig. 1-50. Here are the pin connec
tions for the TO-5 metal can, TO-3
metal power, and TO·220 plastic
power packages.

will only trigger the internal protective features-thennal shut
down and current limiting-causing no permanent damage. This is
especially important if you want to draw a full ampere from the
supply. Although the dissipation capacity is still a function of heat
sink efficiency, 20 watts is the absolute maximum dissipation
regardless of how much heat you remove from the case.

For these reasons I have included points, labeled D (for
dissipation limit), on the graphs in Fig. 1-48. If you want to draw
high currents from the Ie, use a transformer voltage to the left of
(above) points D and attach the regulator to an adequate heat sink
with liberally applied silicone grease. The Signetics LM309 data
sheet indicates that a typical commercial heat sink, the Wakefield
680-75, should be sufficient to allow the TO-3 package of the
LM309Kto dissipate from 5 to 7 watts at room temperature before
thermal shutdown is triggered. Use this as a guideline for deter
mining your own heat sink requirements. Keep in mind that my
placement of the dissipation limits in Fig. 1-48 is in no way abso
lute. Dissipation capacity is very dependent upon heat sink size and
efficiency. Simple experimentation should be used to determine
what size is needed for your specific application.

Refer to the base diagrams in Fig. 1-50 for finding the pin
connections of the TO-5 metal can, TO-3 metal power, and the
TO-220 plastic power packages. Follow normal wiring procedures,
with no other special precautions except to make sure that you use
large enough wire for the current you intend to draw.

Design Calculations
For those of you who want to apply my design procedures to

other three terminal regulators, or just simply want to knowa little
of the theory behind this shortened design method, here are all the
necessary calculations and a little on why they are used:

You do not get exactly 12.6 volts de from a 12.6 volt trans
former. Nor do youget 6.3; infact, there is no such easy one-to-one
relationship. Rather , you get a fluctuating de waveform whose
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amplitude varies all the way from zero to a peak value of Y2(or
about 1.414) times the transformer voltage.

As you increase the size of the filter capacitor, the ripple
stabilizes. The waveform approaches an inverse sawtooth-an
almost vertical charge time, followed by a nearly steady linear
discharge rate, all repeating every 8.333 milliseconds (cycling at
120 Hertz) . The peak value of the waveform remains where it was,
but the amount ofripple subtracted from it decreases. Approximat
ing a sawtooth will be close enough for our purposes.

Since specific transformer voltages are a lot easier to come by
than are capacitor sizes (especially if you rewind them yourself
but that's another whole story) , we will calculate the necessary
transformer size needed with a given capacitor. Let's start by
taking that capacitor size and calculating its ripple per given cur
rent drain:

V 81
r - C

where V = peak-to-peak ripple voltage, I =current drain in rnA,
r

and C = filter capacitance in p.F.
We now have the amount of ripple , the diode drop, and the

dropout voltage of our IC regulator. The sum of these voltages
equals our minimum necessary peak transformer value. The
minimum rms voltage that we can use therefore is:

V = (1.414) (Vd + V + 1.3)
t r

where VI =transformer voltage, volts center-tapped (rms), V
d
=

regulator dropout voltage (usually 2 + V '. and V = the rippleour' r
voltage we calculated above.

Since this equation is for use with a center-tapped transformer
and a full wave rectifier, here is a modified formula to use for Fig.
1-47. It is not simply half of the full wave value, so use this
modified formula instead of trying to work it out of the other one:

V = (.707) (Vd + V + 2.6)
I r

where all variable names are the same as before.
If you are using other rectifiers and have more accurate data

onthem, youcan insert your diodes' forward drop inplace ofthe 1.3
and 2.6 that I use for IN4000 series rectifiers. Remember that,
whatever the average current, the peak value is much higher at
specific instances. Currents above ten amperes can be in a one amp
power supply! Keep this in mind if you calculate your own rec
tifiers' forward drop.
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Fig. 1-51. This breadboarded supply was assembled with an LM309K for
use in testing TTL circuits.

Roundup your fmal answer. This will incorporate a safety
margin to allow for component tolerances and line voltage fluctua
tions. A ten or twenty percent round up margin could safely be
used, providing that you do not approach the absolute maximum
input ratings of your device. Your final calculation should be a
check to make certain that the instantaneous voltage, with the
actual component values you have decided to use, never exceeds
the capacitor or regulator input ratings. Whenyouround up, all that
you in fact are doing is improvingthe line regulation at only a slight
trade-off in size and efficiency.

The LM309 regulator (both the H and K package styles) has
been designated to be worst case 7400 TTL compatible. Barring
thermal shutdown or current limiting, their output voltage will
never deviate outside the 4.75 to 5.25 volt range that 7400 TTL
logic requires-even counting line, load, and thermal regulation
summed worst case.

The LM309H is therefore a prime candidate for on-card reg
ulators for logiccircuits needing less than 200 rnA-and it is infact
somewhat unique in this respect. The larger package styles, al
though still small enough for PC board mounting, are more condu
cive to chassis mounting. See Figs. 1-51 and 1-52.
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THE 723 VOLTAGE REGULATOR

Whenever you need a regulated power supply for the test
bench or forthat special Ie projectyou'reworking on,considerthe
723integratedvoltage regulator. This handy little device is inex
pensive, simple to use, and offers a lot of capability in a small
package. With it, you can builda quality regulatedpower supply
usingvery few parts. Readon andI'll showyou howeasy it is to
custom design your own regulator around the 723 to suit your
particular application. ,

Before we begin, let's look at a few characteristics of the
device itself. The 723operates witha rectifiedandfiltered input
voltagein the rangeof9.5 volts to 40 volts. The outputvoltageis
adjustable from 2 volts to 37 volts with.01%lineand loadregula
tion.

In case the terms "line regulation" and "load regulation" are
unfamiliar to you, line regulation is the percentage change in the
regulator output voltage for a change in the input voltage; load
regulation is the percentagechange inthe regulatoroutputvoltage
for a change in the regulator output current Ripple regulation,
which is defined as the ratio of the peak-to-peak input-ripple
voltage to the peak-to-peak output-ripple voltage, is typically 45
dB.

As you cansee, the regulationcharacteristicsof the 723are
excellent. Note, however, that the 723has twodisadvantages that

Fig. 1-52. Here is an example of an on-card regUlator using the LM309H.
The circuit is aTTL heads-tails game, taking its power from a 9 volt battery.
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Fig. 1-53. Function block diagram of a series voltage regulator.

we must deal with. The first of these is that this IC can provide a
maximum output current of only 150 rnA. This limitation can be
overcome by adding a single external pass transistor, as we will
see later. The second disadvantage pertains to the value of the
internal reference voltage of the 723, but I'll discuss this later and
show you how to overcome it as well.

To illustrate how easy this device is to use, let's look at the
723 internal structure and then design a few regulator circuits with
it. Figure 1-53 shows the essential functions of a typical series
voltage regulator. The reference voltage element provides a
known stable voltage which is compared with a sample of the
regulated output voltage at the comparator. The comparator sub
tracts the sampled output voltage from the reference voltage. This
difference voltage (or error voltage) is then amplified by the error
amplifier to provide drive for the control element. The control
element behaves similarly to a valve in a water line in that it
conducts more or less to adjust its resistance, and hence its voltage
drop, to yield the proper output voltage across the load.

Now compare the internal features of the 723 (Fig. 1-54) with
the regulator block diagram (Fig. 1-53). The 723 contains all the
necessary regulator components except the output sampling ele
ment. The reference amplifier, current source , and zener diode
comprise a stable temperature-compensated voltage source.
Other internal functions include an error amplifier, a series pass
trans istor (the control element), an adjustable current limiter, and
a 6.2-volt zener diode. The input of the error amplifier functions as
a comparator by taking the difference between the voltages applied
to the inverting and noninverting inputs. Note that the current
limiter and the 6.2-volt zener diode are features that are not
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essential to the operation of the regulator. However, the current
limiter is extremely useful for setting the maximum (short circuit)
current output from the regulator, and the 6.2-volt zener diode can
be used in floating or negative voltage regulator applications. One
caution should be noted here-the 6.2-volt zener diode is only
accessible in the 14-pin dual-in-line package. The flat pack and the
10-lead metal can packages do not have enough pins to accommo
date all the internal functions of the 723, so the Vz output is not
accessible. The pin outputs for the various packages are shown in
Fig. 1-55.

High-Voltage Regulator (7.1 volts to 37 volts)
A typical 723 regulator circuit is shown in Fig. 1-56. In this

figure, the temperature-compensated zener, the reference
amplifier, and the current source are represented by an equivalent
independent voltage source (a battery) to simplify the diagram. Vr
may vary somewhat from device to device (6.6 volts to 7.5 volts),
although it is typically 7.1 volts. The value of Vr establishes the
lowest possible output voltage obtained from this circuit.

R1 and R2 form a voltage divider network from which the
output sample (Vx) is taken. Therefore Vx =VoR1/(R1 + R2). If
Vx is greater than Vr, the error voltage (which is Vr - Vx) will be
negative and the output of the error amplifier will decrease, caus
ing the series pass transistor to conduct less. This , in tum, causes
Vo to decrease until Vx is equal to Yr. At this point, the error
voltage is essentially zero and the output voltage (Vo) remains
steady at a value equal to Vr(R1 + R2)/Rl. Should the output
voltage begin to decrease, Vx will begin to decrease proportional
ly. As Vx attempts to drop lower than Vr, the error voltage
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Fig. 1-54. Internal 723 functional block diagram.
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Fig. 1-55. 723 rc pin outpu ts.

becomes positive , causing the output of the error amplifier to
increase. The pass transistor then conducts harder, which causes
Voto increase until Vx = Vr once again. As before, Vo = Vr (Rl +
R2)/Rl.

Rsc is a series current-limiting resistor which is selected to
limit the maximum current the load can draw (lsc). Since this
resistor is connected between the base and emitter of the current
limiting transistor, the load current through Rsc forward biases
this transistor. Note, however, that the current-limiting transistor
does not conduct until its base-emitter junction potential is over
come (approx. 0.65 volts). For example, select Rsc =0.65/0 .10 =
6.5 ohms. When the load attempts to draw more than l00-rnA
output current, the current limiter conducts and robs the series
pass transistor ofdrive current from the error amplifier. The result
is that the output voltage begins to drop offto restrict the current to
the limit set by Rsc. Rsc is often selected so that the current
capability of the regulator and power supply components is not
exceeded. Therefore, you can short the output leads of the power
supply without damaging the power supply or regulator.

Follow the steps in Fig. 1-56 in selecting components for this
circuit. First, choose Rl so that the current drawn by the voltage
divider network (Rl and R2) is between 0.1 rnAand 5 rnA, and let's
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call this current lb. Suppose we let Ib =1 rnA; then Rl =Vx/lb.
But note that we previously stated that regulator action tends to
maintain Vx = Vr, so Rl = Vr/lb = 7.1/.001 = 7100 ohms. Next,
the selection of R2 is dependent upon the output voltage you want;
R2 = (yo - Vr)/Ib . Finally, R3 is chosen to balance the impe
dances seen by the input of the error amp. This improves error amp
stability and accuracy. Therefore, R3 should be equal to the paral
lel combination of Rl and R2. Ifyou want to keep the parts count to
an absolute minimum, then just connect Vr to the noninverting
input of the error amp and leave R3 out altogether. In most applica
tions, you'll never notice a difference. The capacitor (C) in most
723 regulator applications should be 100 pF to 500 pF. This
capacitor prevents the error amplifier from oscillating.

Low-Voltage RegUlator (2 volts to 7.1 volts)
The circuit of Fig. 1-56 has one primary disadvantage in that

the lowest output voltage obtainable from the regulator is limited

R3

It. "1--- -NON-INV--------y.----;; ---,
I v.. I
I I
I I
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L __2: ~ _ _ ...£.o~ _ CS _.£!o _o~_-.J

"1 .... C I,,> '"\ 1. II>

RSC

R2
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Fig. 1-56. High-voltage regulator (7.1 V to 37 V). To select component
values;

1. Choose Vo
2. Measure Vr (or assume Vr =7.1 V)
3. Rl = Vr/l b (Ib is between 0.1 mA and 5 mAl
4. R2 = (Vo - Vr)/Ib
5. R3 =Rl R2(Rl + R2)
6. Rsc = 0.65 (Isc = max. output current limit)
7. C = 100 pF to 500 pF
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Fig. 1-57. Low-voltage regulator (2 V to 7.1 V). To select component values :
1. Choose Vo
2. Measure Vr (or assume Vr = 7.1 V)
3. R1 =Vr/lb (Ib is between 0.1 rnA and 5 rnA)
4. R2 =R1(Vr - Vo)No
5. R3 = R1R2/(R1 + R2)
6. Rsc =0.65/1sc (Isc =max. output current limit)
7. C = 100 pF to 500 pF

by Yr. Therefore, this circuit cannot produce a regulated output
voltage of less than 7.1 volts. If you need a 5-volt regulated output
for TTL operation, you're out of luck. All is not lost, however,
since we can get less than 7.1 volts out of the regulator by rearrang
ing the components as shown in Fig. 1-57.

In this configuration, Vr is divided by Rl and R2 to obtain a
lower reference voltage 01x) for the error amplifier. The regulated
output voltage is sampled via R3 at the inverting input of the error
amplifier. Regulator action is similar to that previously described.
In this case, the error amplifier adjusts the conduction of the pass
transistor until Vo = Vx. First select Rl for a voltage divider bias
current (lb) of from 0.1 rnA to 5 rnAas before, (Rl = Vo/lb). Rsc
functions as previously described.

Variable-Voltaie Reiulator (2 volts to 37 volts)
The regulator circuits in Figs. 1-56 and 1-57 have fixed output

voltages. Both of these regulators could be made variable by
replacing Rl or R2 with a potentiometer, but we still have the
disadvantages previously mentioned in that the output of the circuit
in Fig. 1-56 is limited to an output voltage range of 7.1 volts to 37
volts, and the regulator of Fig. 1-57 is limited to an output voltage
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range of 2 volts to 7.1 volts. This is a particular disadvantage when
working with differing logic families because ITL circuits require
5 volts, while transistor and MOS circuitry require higher
voltage s. Therefore, if you're building a variable power supply for
your test bench, it is desirable for the supply to be variable over the
entire range of the 723, if possible. The regulator configuration in
Fig. 1-58 will do this quite nicely.

Rl and R2 form a voltage divider for the reference voltage
(Vr), while R3, R4, and R5 form an adjustable network which
samples both Vo and Vr. Together, these two networks comprise
the input circuitry for the error amplifier . For good bias stability,
let Rl =R3 and R2 =R4, so that, when the wiper of R5 is at point
A, the voltage from the error amplifier, and hence Vo, is at a
minimum <usuallyaround 2 volts).

Now let's determine the component values for this circuit. We
can begin by choosing R5 so that the current drawn from Vr is less
than 5 rnA(Vr is normally capable of supplying 15 rnAmax.). Once
R5 is determined, choose Rl + R2 so that this combination draws

R2 RI
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L V- I..'!.'!. __ .£Q~ _ CS _.£b. -P!!.!_.J
C

R4 R3 RSC

Vo-----..J
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Fig. 1-58. Variable voltage regulator (2 V to 27 V). To select component
values:

1. Choose Vo (here. Vo is the max. output voltage)
2. Measure Vr (or assume Vr = 7.1 V)
3. R5 = Vr/lb (lb is between 0.1 mA and 5 Ma)
4. Rl = VrVo/lb (Vr + Vo)(lb Is between 0.1 mA and 5 rnA)
5. R2 = Rl(VrNo)
6. Rl = R3
7. R2 = R4
8. Rsc = 0.65/lsc (Isc = max. output current limit)
9. C = 100 pF to 500 pF
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Fig. 1-59. Variable regulated power supply.

from 0.1 rnA to 5 rnA from Vr. Continue with the steps outlined in
Fig. 1-58 to complete the circuit.

Since the internal series pass transistor is only capable of 150
rnA, you may want to consider an external pass transistor. Almost
any good NPN power transistor capable of dissipating sufficient
power for your current requirements will be suitable. An external
pass transistor can be employed in the circuits of Fig. 1-56, Fig.
1-57 or Fig. 1-58 by connecting it just as shown in Fig. 1-59. The
internal pass transistor now becomes a driver for the external
series pass transistor.

The circuit I use for various IC projects is shown in Fig. 1-59.
The components for this circuit were chosen from the formulas
given in Fig. 1-58. This regulated power supply provides a variable
output of approximately 2 volts to 15 volts. Rsc was selected so
that the maximum output current is approximate ly 1.2 amps.

So there you have it! Now it's your turn, so give it a try. Just
follow the steps given in each figure to build a regulated power
supply to your own specifications. Since the selection of the bias
current (lb) is not critical, the component values selected can vary
over a rather wide range so that you have plenty of flexibility in
using parts you may already have on hand.

Current drawn by the load is adjustable from 0 to 10 amperes.
Input voltages up to 30 volts are permitted at full current; that's 300
watts dissipation! Heat sinking of the pass transistors is sufficient
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to permit 300-watt operation for about ten minutes, at whichpoint a
thermal protection switch shuts the current off. At 100 watts
dissipation the heat sink is adequate for indefinite operation. By
directing a small blower at the heat sink, I have run the load at 300
watts for hours without difficulty.

Since I desired essentially self-contained operation, I in
cluded a small supply in the unit to bias the load transistors.
Current is controlled by means of a front panel pot, and reverse
polarity protection is included. Afront-panel LED indicates opera
tion of thermal shutdown circuitry. I took advantage of extra heat
sink area to add two 8-ohm, SO-wattresistors. These are used for
testing audio amplifiers or to increase the dissipation capability of
the Power Waster circuit.

Circuit Operation
The simplified schemetics in Fig. 1-60 are useful in under

standing how the circuit operates. Commercial load boxes use
current sensing and feedback to set the load current. My approach
is simpler and uses the constant-current collector load-line charac
teristic of all bipolar transistors.

Figure 1-60Ashows the basic idea. The base ofQl is biased at
several volts from voltage source VI. The collector supply (V2) is

-=- VI

VARIABLE
BIAS
SUPPLY

DC SUPP LY
UNDER
TEST

Fig. 1-60. Constant-current bias circuits (a) A transistor with fixed base
voltage. Collector current is set by emitter resistor. (b) Basic circuit of the
electronic load. Emitter resistor is fixed. and both emitter and collector
current are controlled with base-bias supply voltage.
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greater than VI by at least 1 volt. The voltage at the emitter of Q1
is one diode drop (0.7 V) below the base voltage, and the circuit is
es sentially an emitter follower. Emitter current is set by dividing
the emitter voltage by Rl. As R1 is decreased. the emitter current
increases.

The collector current for any transistor is simply alpha (the
common-base current gain) times the emitter current. As alpha is
essentially equal to 1for any modem transistor, we see that setting
the emitter current also sets the collector current. And this is the
point, the collector current is determined only by the emitter
current. Collector voltage has almost no effect on the collector
current, provided the transistor is kept from saturation or break
down. Saturation occurs if the collector voltage becomes less than
the base voltage. Breakdown will occur if any excessive voltage is
applied.

The constant-current collector load line is a useful property. If
the voltage across R1 is small compared to the collector supply, a
lot of power can be controlled and will be quite independent of the
collector supply voltage. If a relatively low base-bias voltage is
used, most of the power will be dissipated in the transistor and
relatively little in Rl.

As useful as this circuit is, there are some disadvantages. The
main problem is that R1 must be a variable resistor capable of
handling the entire load current. In a practical circuit, this becomes
a 0.2-ohm pot rated for 10 amperes, which is an expensive item.

By arranging the circuit as indicated in Fig. 1-60B, things
become a bit easier. Resistor R2 is a fixed highpower resistor. The
base supply is made variable. Since the circuit is essentially an
emitter follower, the emitter voltage follows the base voltage.
Increasing the base bias increases the emitter voltage and the
emitter current through R2. This increases the collector current to
the desired value.

Within limitations, the collector current is set solely by the
base-bias voltage and the value of R2' These limitat ions are: The
collector supply must be at least one volt more than the maximum
base-b ias voltage, and must be less than the transistor breakdown
voltage for the current drawn.

In addition, it is assumed that the base-bias supply is capable
of supplying increasing current to the transistor base as the collec
tor current increases. The base current will be the transistor
collector current divided by beta, the common emitter current
gain. Beta will vary from 10-50 for practical power transistors.
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Fig. 1-61. 5chematicof the Power Waster electronic load. 51 isa75°CNO
thermal switch. 51 is in thermal contact with the heat sink. The collectors
of 02-05 are connected directly to the sink. LED CRB indicates thermal
shutdown. Jumper at point A is opened in test.

To convert these ideas into the fmaldesign, I had only to add a
base-bias supply, circuit overload, reverse polarity protection, and
to increase the number of load transistors to handle the required
power. The result is shown in Fig. 1-61.

Power is dissipated in the pass element (consisting of Q2, Q3,
Q4, and Q5 connected in parallel). Four TIP 35C transistors are
used in order to safely handle the lO-ampere maximum load cur
rent. Each pass transistor has a l-ohm resistor in the emitter which
corresponds to R2 of Fig. 1-60. In addition to setting the collector
current for a given base voltage, these resistors also equalize the
loaddistribution between the four pass transistors and help to keep
the load current constant as the transistor temperature increases.

Variable base voltage for the load transistors is obtained from
emitter follower Ql which operates from a 5-volt regulated supply.
This circuit consists of transformer Tl, the bridge rectifier (CRl
CR4), Cl, and an MC7805CP three-terminal regulator chip (UI).

The base of emitter follower Ql is connected to a variable
voltage divider consisting of Rl, the pot (R2), and diode CR5. Rl
and CR5limit the driver base voltage range to approximately 0.8 to
4 volts. An additional 0.8-volt offset in the base-emitter junction of
Ql results in a driver output voltage range of 0 to 3.2 volts.
Restricting the drive voltage to 3.2 V sets the maximum current
the load will draw to 10 A. CR5 was included to compensate for the
change in the base-to-emitter threshold voltage of QI as the temp
erature changes. In use, this simple bias supply has proven com
pletely adequate. There is very little drift in load current as the
temperature increases.

Some additional features are worthy of mention. Diodes CR6
and CR7 provide reverse polarity protection. A thermal switch
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(51) shorts the base-bias supply and turns the current off if the
heat-sink temperature becomes excessive. An over-temperature
shutdown is indicated by illumination of the LED (CR8).

R4 provides a return path to the transistor emitters for
collector-to-base leakage current. This assures that they will actu
ally turn offwhen the base-bias voltage is removed. R3 is there for
safety in case the wiper of R2 opens. This is the usual method of
failure for pots. Inclusion of R3 assures a path from base to emitter
for the collector-to-base leakage current of Ql. In its absence,
failure of R2 could cause the load to pull more than 10 Aand damage
something. With R3 included, the circuit just shuts off.

A series-connected pair of 8-ohm, 50-watt resistors is also
mounted on the heat sinkof the electronic load. These are provided
to increase the dissipation capability of the unit and, inaddition, are
handy for testing audio amplifiers.

Power Rating
While the nominal input capability of the Power Waster is 10A

at up to 30 V, it may be operated at higher voltages if the proper
conditions for safe operation are understood. In this section, I will
explain how the nominal power rat ing is derived.

All high-power transistors have a "safe area" of operation, in
which no damage will occur. Figure 1-62 is a safe-area curve for a
single TIP 35C. This is a plot of maximum-permitted collector
current as a function of collector voltage. Operation at any point in
the region below and to the left of the curve will not damage the
transistor. Combinations of voltage and current above and to the
right of the curve will certainly destroy the transistor.

It is interes ting that the power dissipation capability is not
constant. At a Vee of 5 V, a current of25 A is permitted. That's 125
watts. But if the voltage is increased to 50 volts, only 1 ampere is
allowed, providing a dissipation capability of only 50 watts! The
successful designer of high-power transistor circuits stares long
and hard at the safe area curves before pickinga finalconfiguration!

When I des igned the Power Waster, I tr ied to be conservative
so that it could really take abuse without failure. Thus , four TIP
35C transistors were used. In Fig. 1-63, the composite safe-area
curve for the four devices in parallel is shown. This is Curve B.
Curve A indicates the "rated" operating envelope for the Power
Waster. Only at the 10 A and 30 V point does the "rating" curve
approach the safe-area curve. At all other combinations of current
and voltage, the power dissipation is comfortably inside ofcurve B.
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This conservative design assures that the unit will never fail
as long as the 10 A and 30 V maximums are observed.

Construction
Construction of the electronic load can take almost any form

because of the non-critical nature of the circuit. In most cases, the
shape of the heat sink will determine the final configuration. In
order to dissipate 300 watts, a sink having a thermal resistance of
0.1 0 C per watt is required. This is a truly massive piece ofmetal. I
elected to depend upon thermal inertia to permit short tests ofup to
ten minutes duration and to let the thermal cutout act if things got
too hot. Continuous operation is obtained by directing a small
blower at the heat sink.

I used a 5" x 11" piece of heat-sink extrusion having 32
one-inch-high fins as a chassis. To this I fastened a pair of 0.75" x
2" pieces of angle to form a Il-shaped chassis with the fins on top.
All parts are mounted on the underside of the extrusion, and the
front and rear panels are formed by the pieces ofangle. Vertical fins
are more efficient, of course, but since a cooling fan is required to
obtain the full power rating, this arrangement is quite convenient.

OPERATION IN THIS
AREA WILL DESTROY
DEVICE

\
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Fig. 1-62.Safe-area curve forTIP 3SG. Safe operation is limited to thearea
below and to the left of the curve. Operation beyond the safe area will
destroy the transistor .
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Fig. 1-63. Operating areas for the electronic load : Curve A indicates the
rated operating area for the load. Curve B shows the composite safe area
of the four TIP 35C transistors used as the load element. The rated operat
ing area (Curve A) is well inside of the safe area.

Parts located on the front panel include the three bindingposts
for the 8-ohm resistors (R9 and RIO). These are at the left end of
the panel. Next is the LED over-temperature indicator. Adjacent
to the LED are the input terminals for the electronic load. The load
current adjustment pot, R2, is on the extreme right end of the
panel.

Mounted directly to the underside of the heat sink are the two
8-ohm resistors, the four emitter resistors for the load transistors,
and transistors Q2 through Q5. The thermal switch (51) is located
in the center of the sink. Two reverse-polarity protection diodes
(CR6 and CR7) are also mounted directly onto the heat sink near
the center of the front panel. All parts are mounted to the sink by
threaded holes tapped directly into the extrusion. The cathode
ends of CR6 and CR7 are connected to the sink via threaded
mounting holes. In the same way, the collectors of Q2-Q5 are
screwed directly to the sink. Thus, the connection from the polar
ity protection diodes to the transistor collectors is via the heat sink
itself. Fastening the transistors to the sink without insulating
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wafers puts the entire chassis at the potential of the positive supply
input.

Normally, I would have insulated the transistor collectors
from the sink but there is a good reason for not doing so. The
thermal impedance of the transistor junction to case is 10 C per
watt. Most insulating wafers have a thermal resistance of at least
0.50 C per watt. If a wafer were used, the resistances are sununed
to yield a thermal resistance of 1.50 C per watt. The junction
temperature would rise by fifty percent! Instead, I elected to have
the positive supply input on the sink and to exercise caution in
using the unit. The low voltages involved certainly pose no shock
hazard.

On the rear panel are located: the power transformer, bridge
rectifier, filter capacitor, 5-volt regulator, and the driver transistor
(Ql). The transformer is located at the left end of the rear panel.
The filter capacitor is in the center of the panel as is the bridge
rectifier, which is hidden by the capacitor in the photograph.
Adjacent to the filter capacitor is the 5-V regulator and the driver
circuit components. VI and Ql are both fastened to the rear panel
for cooling. Allsmall parts such as resistors, capacitors, and diodes
are mounted with push-in Teflon terminals. Threaded standoffs are
used for the larger components.

Not everyone who wishes to build this circuit will be able to
finda heat sink similar to the one I used. One approach is to use four
smaller sinks and to mount a load transistor on each. A suitable
configuration would use four Wakefield Engineering type NC-423
heat sinks . Individually, these units have a thermal resistance of
0.80 C per watt so the resistance of the combination would be 0.20

C per watt. Such an arrangement would premit inputs of about 150
watts without forced-air cooling.

R
0-20A. .

I

¢2~V.24VOC SUPPLY
AT 10 AMPS OR ELECTRONIC LOAD
2 ~ 12V BATTERY

- -

Fig. 1-64.Testing the Power Waster. A high-currentsupply such as a pair of
12-Vbatteries is connected to the load via current-limiting resistor R. The
resistor should be chosen to limit the current to a few amperes for the
initial tests.
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Fig. 1-65. Using the load to evaluate a power supply. Increasing current is
drawn from the supply. and the regulator performance is measured. The
load also may be used to.ensure proper current-limiter operation.

Testing
Afew simple tests prior to using the load will prevent damage

to it, or to the circuit being tested. First, break the circuit be
tween the driver transistor (Ql) and the load transistors (Q2
through Q5), at point A in Fig. 1-61. Apply 110 V ac to the power
transformer and verify that the voltage is variable from about 0 to
3.5 V as R2 is rotated. Zero volts should occur at the extreme
counterclockwise position of R2. This is the zero current setting.

Reconnect the circuit at point A. Then arrange a high-current
test setup similar to Fig. 1-64. Resistor R is chosen to limit the
current to 3 or 4 A under short-circuit conditions. Two automobile
headlamps in series may be used for this resistor. Set the current
control pot (R2) at minimum (CCWposition) and turn on the supply
and the bias supply in the Power Waster.

Increase the current setting until 2 A is drawn by the load.
Measure the voltage drop across R5 through R8 and assure your
self that the voltages are about equal. About 0.5 V should appear
across each resistor for a 2-A load. If no voltage appears, then the
associated transistor is not drawing any current.

Next , advance the current control. The load current should
increase smoothly until the voltage at the load input terminals
drops well below 5 V. At this point the load transistors will saturate
and the current will be set by resistor R.

The next step is to test the current-limiting feature to verify
that the load current is limited to about 10 A. Reduce R in value so
that for the supply voltage present under load, about 15 A may be
drawn. Again increase the loadcurrent from zero with R2. The load
shouldcurrent limit at 9 to 11 A if the same parts values were used.

If all of the above tests were successful, the electronic load is
ready for use . See Figs . 1-66 and 1-67.
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Applications
Mypurposeinbuilding the electronic load wasto enablerapid

test ofpower-supply circuits. The lO-A and30-V inputcapability
will suffice foralmostthe entire rangeofsolid-state suppliesfound
in amateur equipment. After I built the load, a number of other
applications surfaced. Some of these are worthy of mention.

The performance of a voltage regulator is easily plotted by
usingthe load, connected as indicated byFig. 1-65. The regulator
is connected to the load viaanammeter. Avoltmeteris connected
across the outputofthe supply. By increasing the loadcurrentand
noting the meter reading, the internalresistance of the regulator
may be found, and the percent regulation as a function of load
determined. If the supply hasacurrentlimiter, the current-limiting
pointmaybe found by slowly increasing the load current until the
voltage drops. The smooth control of current afforded by the
electronic loadmakes these tests easy.

At times it is desirable to know if a surplus transformer of
questionable ancestrycanmeet a givenrequirement. Ofparticular
concernis the "overhead" voltage requirement. This is the input
voltage required to maintain a regulator in operation (at full load)
subtracted from the output voltage.

Typical three-terminal regulatorsrequirea3-voltoverhead to
function properly. Ifall circuitparametersare known, it is easy to

Fig. 1-66. Interior view of the Power Waster. FourTIP 3Se load transistors
are mounted to the heat sink. The thermal switch is located between the
two center transistors. A U-shaped chassis is formed from the heat sink
and two pieces of aluminum angle stock.
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Fig. 1-67. The Power Waster. This electronic load is adjustable from 0 to 10
A and can dissipate up to 300 watts. The unit is built upon a piece of
heat-sink extrusion and has both reverse polarity and thermal overload
protection.

determine if a certain transformer, rectifier, and filter capacitor
willwork. Hjunkbox parts are used, the calculation is oftendifficult
or impossible. It takes only a few minutes to connect up the
unregulatedsupplyparts andapplythe expected loadcurrent using
the Power Waster. The unregulated voltage and ripple may be
measured, and the suitability of the components determined.

Battery charging is another application. Allbatteries must be
charged from a current source so the charging current is held
constant as the battery terminalvoltage increases. To use the load
as a battery charger, simply connect it in series with a source
having a voltageat least 4 Vgreater than the full-charge voltageof
the battery. Then place the combination in series with the battery
and dial up the desired charging current.

One finalapplication is protection of high-power transistors
during tune-up. The electronic load is placed in series with the
supplyand programmed for the maximum current that youfeel is
safefor the amplifier under test. At currents less than the setting,
the loadsaturates andthe voltagedropacross it is quitesmall.This
is especially true at the lower currents.

Should the amplifier try to draw excessive current, the
maximum willbe limitedto the set value. Response is very rapid.
Current limiting occurs in abouta microsecond and is muchfaster
than a normal power-supply current limiter. So effective is this
method of protection that I have built it into several solid-state
transmitters.
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Chapter 2

General Test Equipment

Every electronics experimenter needs good reliable test equip
ment. Some test equipment you can buy but if you build your own
you can save a lot of money and have fun at the same time. Some of
the test equipment in this chapter can't be purchased commercially
at any price.
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METERLESS. ~HMMETER .

This handy device is a low-cost audible continuity tester. It
uses both low voltage and low current. The tester is also small
enough to put in your shirt pocket because it uses a 35mm film
container for an enclosure. Originally I had a need for such a tester
during a project that was wire-wrapped and I needed to check a lot
of connections in as short a time as possible. The tester will give
you an audible indication ofresistance up to around 2000 ohms. You
can test semiconductor junctions with it and the tester will let you
tell the difference between just a few ohms of resistance because
different tones will be heard when testing different values of
resistance. Since this continuity tester will let you measure small
values of resistance, it is nice for testing any sort of wiring or
semiconductor components.

The LM3909 used in this tester is almost indestructible pro
vided it isn't fed with more than 1.5 volts. I use an AAA-size
1.5-volt battery in my tester and it has lasted almost a year now.
The tester provides enough voltage to turn on transistor and diode
junctions and it does so at low current levels. Maximum current
levels are obtained when the component being measured has close
to zero ohmsof resistance. If you use a lOoo-ohmearphone with the
tester, the current will be approximately 2 rnA. Ifyou use an 8-ohm
speaker, the current will be around 13 rnA. If you're not measuring
zero ohms, the current through the component or wire being tested
will be in fractions of a milliampere. The enclosure used for my
continuity tester was an empty filmcontainer and it is just the right
size to put in your pocket and get ahold of when you need it. If you
don't have a 35mm camera, ask one of your friends that does to give
you an empty film container.

Construction of this continuity tester will only take an hour or
so if you have all the parts ready. Youcan buy all the parts at a Radio
Shack store. Depending upon what you have in spare parts and your
junk box, the total cost will be from five to ten bucks.

The electrical design of the continuity tester is shown in Fig.
2-1. If you look at Fig. 2-2, you can see how the parts are placed on
the piece of experimenter circuit board. A completed continuity
tester is shown in Fig. 2-3. Looking at Fig. I-I, you should notice
that the earphone or speaker has to be connected for the tester to
operate. If you don't use an earphone and jack as I did, you might
want to install an on-offswitch to turn the tester offin case the test
leads touch together while it is waiting to be used.

Before you solder the parts in place on the circuit board, trim
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Fig. 2-1. Continuity tester schematic.

it down enough to fit into the film case. Then drill two holes in the
lid of the film case and pass the test leads through it. Figure 2-5 is
an example ofmy trimmed down circuit board. The capacitors used
in my tester were electrolytics rated at 50 volts , but any rating
small enough to fit on the circuit board and into the film case would
work just as well. The voltage rating needs to be only a few volts,
so tantalum capacitors would work nicely, too. Mer you have
soldered the components to the circuit board, drill a hole in the

aa SPEAKERI
EARPH ONE

TEST
PAOBES

Fig. 2-2. View from top of circuit board.
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Fig. 2-3. Completed tester.

center of the film container top for the earphone jack (if you use
one) and install it. Finally, solder the leads going to the battery and
touch the test leads together. Youshould hear a tone coming from
the earphone or speaker, depending on which you used. At this
point, your continuity tester should look like Fig. 2-4.

Hyou have some lowvalues ofresistance handy, try the tester
on them and listen to the different tones generated by different

I

Fig. 2-4. Partially assembled.
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Fig. 2-5. Circuit board.

values ofresistance. When you're sure that the tester is working
correctlyandall the wiresare soldered, wrapthe circuitboardand
the battery withelectricaltapeto prevent thingsfrom shortingout
once you put everything into the film case. Take a lookat Fig.
2-6-you cansee whatmytester looks likebeforestuffing every
thingintothe film case. Nowthat you've got the audible continuity
tester put together, youcanuse it to checkwiresandsemiconduc-

Fig. 2-6. Ready to install In the case.

79



Table 2-1. Parts ListFor Meterless Ohmmeter

C1 and C2 1-uF/15-Yolt electrolytic capacitors
R1 1000-0hm, 1/4W resistor
U1 LM3909 flashe r oscillator
81 1.5-Yolt AAA-size battery

Miscellaneous:
Circuit board (Radio Shack 276-170, Global Specialties Corp.
EXP-300l, Test probes , 35mm film container, speaker or earphone
and jack , wire, solder.

tors. By connecting it to a telegraph key, you've got a code practice
oscillator. If you replace the earphone or speaker with the correct
value of resistor (between 10 and 2000 ohms) and take an output
from across it, you have an audio signal generator, the output
frequency depending upon the resistance that you use.

AN OHMMETER FOR SOLID-STATE CIRCUITS

Figure 2-7 shows the circuit of the low-voltage ohmmeter.
Only about 250 m Vare developed across the test prods, far below
the value capable of forward-b iasing silicon junctions in solid-state
devices. But what have we here? A de current meter is in the
collector-base circuit ofa transistor connected in the common-base
configuration. Emitter-base bias is provided by B1, but look as one
may, there is no obvious source of collector bias. Nor is there any
subtle or tricky current path for polarizing the collector. How then
can the transistor deliver current to the meter? Actually, this is a
valid way of utilizing the characterist ics of a transistor. Although
infrequently encountered, a transistor so employed is capable of
providing collector current with zero-applied collector voltage! In

Fig. 2-7. Schemat ic circu it of the
ohmmeter for solid-state circu its.
Transistor 0 1 need not be a
2N404A. Any small signal PNP
germanium type will work.
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so doing, the transistor develops about 250 m V between collector
and base (this is the maximum voltage available at the test
prods). Although this mode of transistor operation is not generally
useful, it is just what the doctor ordered for our purpose. It should,
however , be realized that a germanium transistor such as the
2N404A must be used.

Other than the unique current-source for the microammeter,
this ohmmeter operates in the same manner as conventional in
struments. Note the range switch, SW2, enables the meter to be
used as a shunt-type ohmmeter for the low range, or as a series
type ohmmeter for the high range .

Popular 20,0000 per volt YOM's employ 50 ILA meter move
ments which has an internal resistance in the vicinity of 50000. On
many of these instruments, a 50 ILA current-measuring function is
provided. However, rather than clutter up the already congested
scales of such meters with additional markings, it would appear
desirable to make a conversion table relating microamperes to
ohms. Inasmuch as this introduces an inconvenience during test
procedures, the best bet is probably to obtain a 50 ILA de current
meter. Then one is free to inscribe high and low ohms calibrations
as shown in Fig. 2-8. This drawing is intended as a general guide
and is very approximate. So-called 50000 meters will vary consid
erab ly in actual resistance and it wouldnot be practical to provide a
universal template for transferring scale markings to meters.
Meters also vary in linerity and accuracy. It is much better to
calibrate the individual meter even though accuracy may not be the
primary goal in a meter for generalized trouble-shooting.

eoMICROAMPERE
DCCtJlRENT METER

INTERNAL RESlS1lINCE
APAlOx.:iOOClA

Fig. 2-8. Approximate appearance of high and low range ohms scales. To
be used only as a guide . Actual cal ibration is made with the use of known
resistances .

81



With regard to scale calibration of the meter face, the ensuing
procedure is a straightforward way to get a reasonable start. Ac
quire pairs of the following 5%, Y2 W, composition resistors: 10,
100, 1000, 10Kand 1ooKO. According to the way each pair is used
(parallel, singly or series) we then have at least the following
calibration values: 5, 10, 20, 50, 100, 200, 500, 1000, 2000, 5K,
10K, 20K, 5OK, lOOK, 2ooK. By appropriate combinations of
different values, one readily comes up with such values at 70, 700,
70000, etc . , or approximately 14, 140, 1400, etc. Additional resis
tors can be obtained for more extensive calibration. Decade values
are the most useful. Caution should be exercised in any attempt to
interpolate calibration markings-this just is not easy to do on a
scale as nonlinear as that of an ohmmeter. Two scales are cali
brated on the meter face, one for the high ohms-range, and the
other for the low-ohms range. The extremes of the high range are
1000 and 150K.The 150Kmarking is close to the zero of the 50 JLA
scale. The extremes of the low range are 100 and 3K. The 3K
marking is close to the "50" of the 50 JLA scale. When calibrating,
frequently check the zeroing of the meter. This is accomplished by
means of Rl. On the high range, an exact full-scale meter
deflection must exist with the test prods shorted. On the lowrange,
an exact-full-scale meter-deflection must exist with the test prods
apart.

The total measurement range of this ohmmeter is ten to
one-hundred thousand ohms with useful estimates possible some
what beyond this range. It happens that such a range is adequate for
the majority of tests in solid-state circuits. Although megohm
resistance values are occasionally encountered, the pronounced
tendency is for the resistances to range from several tens of ohms
to several tens of kilo-ohms.

To use the ohmmeter simply place switch SW1 in its ON
position and zero the meter (full-scale deflection, or 50 JLA on the
current scale) by means of Rl. If range switch SW1 is on "high
ohms," zeroing is accomplished with the test prods shorted. If SW2
is on "low-ohms," zeroing is accomplished with the test prods
apart. As with a conventional ohmmeter, ascertain that no voltage
sources are active in the circuitry to be tested. In using this
ohmmeter, the circuit can be investigated without regard to the
polarity of the test prods. This applies to electrolytic capacitors
and to all semiconductor devices, except tunnel diodes. In the vast
majority of test procedures using this ohmmeter, it will be un
necessary to remove solid-state devices in order to make meaning-
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Fig. 2-9. Simple audio volt-Ohm detector. SNLT-Mallory SC628Sonalert ."
0, through 04-1N5061 or equivalent. (Any general-purpose diode or
package bridge rectifier with a piv rating of 500 V or more should work.)

ful resistance tests of the associated passive-circuitry. Possible
exceptions can occur with germanium devices. In the case of
germanium transistors, one can revert to the technique of revers
ing the polarity of the test prods. Germanium tunnel-diodes, how
ever, should have one lead disconnected in order to free circuit
tests from the effect of their conductivity. Most modem circuit
boards tend to have silicon devices. In addition to ignoring the
junctions of bipolar transistors, this ohmmeter will ignore the
junctions of common signal-diodes, rectifier diodes, zeners and
varactors. A similar statement applies to the gates of FET's, the
emitters of Ul'I''s, and the entire family of SCR devices, including
TRIACS. Insofar as I have been able to determine, one should
likewise be able to ignore the presence of most IC modules.
Because of the great variety and the rapid evolution of IC's, some
reservation is purposely held here.

BUILD AN AUDIO YOM

The simple circuit described here willproduce an audio output
in proportion to the level of voltage (ac or de) and will check
continuity. See Fig. 2-9.

This unit will detect ac or de voltage to at least 300 volts and
down to as low as approximately 6 volts. It will distinguish be
tween ac and de,with the audiofrom ac sounding a bit raspy and the
de producing a more pure note . Checking for dc voltage is further
simplified by not having to worry about the polarity of the test
leads. The sound intensity is proportional to the level of voltage
applied.
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The lower limit of voltage detection depends on the value of
Rl, the sensitivity of the device, and your ears. With the circuit
shown, I have no problem "hearing" as little as six volts. In the
ohms position, the circuit will detect resistance from a short up to
approximately 40k ohms or more, with a fresh 9-V transistor radio
battery. Shorting the test leads together produces the loudest
signal in the ohms mode.

The circuit is quite basic, consisting of a full-wave bridge
rectifier with a Mallory Sonalert" transducer connected to the de
terminals, observing polarity, of course. The model SC628
Sonalert has a range of6-28 V de using only 3 to 14 rnAof current,
so the device is fairlysensitive. Withthe series resistor, Rl, or the
battery as shown in the circuit, the range of input voltage, or
resistance that produces a sound output, will surprise you. Switch
SI selects either an internal 9-Vbattery for ohms or series resistor
Rl for voltage.

The value of the resistor was determined experimentally to
permit a range of voltage to be checked that would most likely be
encountered by the average person, and limit the voltage drop
across the device to a safe level. At 300 volts, the Sonalert has
about 20 volts across it which is still within its range. Finally, a
lis-Amp fuse is included in series with one of the leads, in case
someone goofsand tries to hear voltage with the switch in the ohms
position.

The unit was built to fit into a small plastic instrument case,
with the test leads brought out directly to alligator clips for
maximum convenience and economy. Just about any small box or
enclosure that will hold the parts should work nicely, however.

One word ofcaution when using this tester-which holds true
for any YOM. Always make sure the circuit is de-energized before
checking resistance or continuity either by disconnecting all
sources of voltage and/or checking for no voltage first. Always
return the instrument to the voltage position after using the ohms
position, and you should never have to replace the fuse inside.
Also, it is not recommended for voltages in excess of 300.

YOM DESIGN

The most expensive part of a YOM (if bought new) is the
meter movement. Whatto lookfor is the most sensitive(lowest rnA
at full scale) milli-or micro-amp meter. A 500 /-LA will do very
nicely, but anything up to about 10 rnAwill do.
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After obtaining a meter, measure its internal resistance using
the resistance scale of a friends YOM.

For voltage measurement, resistors are wired in series with
the meter to obtain different voltage scales . Decide what voltage
scales you would like and see Table 2-2 for computing series
resistor values. It is shown using 1, 5, 10, 50, 100 and 500 volt
scales. Notice that none ofthe series resistors are standard values,
but two or more resistors could be wired in series to obtain the
proper value. To enable the meter to measure ac in addition to de a
rectifier and capacitor must also be wired into the circuit. Fig. 2-10
shows the ac-dc voltmeter.

For the addition of current scales different resistors must be
wired in parallel with the meter. For a scale two times that of the
meter, a resistor, equal to the meter's internal resistance, is wired
in parallel so that Y2 of the current goes through the meter and Y2
through the resistor. For a scale three times that of the meter two
resistors are wired across the meter so that Jh of the current goes
through the meter and % through the resistors. The number of
parallel resistors that are equal to the internal resistance is found in
the following formula (A+B) - 1 where A equals the desired
current scale in rnAand B equals the full scale current reading of
the meter. The parallel resistors for anyone scale can be combined
into one by using Ohm's law for parallel resistance: Example:

I want 500 fJ-A, 1rnA, 10m rnA, and 010 rnA current scales
using a 500 fJ-A 150 n meter. For the 500 fJ-A scale no resistor is
needed. For the 1 rnAscale one 150n resistor is used. For the 10
rnA scale 19-150n resistors are used in parallel which is equal to
about 7.9 n.Two 16n resistors in parallel couIdbe used. For the
100 rnA scale 199-150 n resistors are needed, equal to about .85
n. Just use two .43 n resistors in series.

The next step is ohms scale. Figure 2-11 shows the basic
circuit for an ohmmeter. Calibration of the ohms scale will have to
be found experimentally. Different values of resistors should be

Table 2-2. Resistor Yalues for YOM.

Current
Dlsired Rating Internal
Voltage of Meter Necessary Resistance Series
Scale in Amps Resistance of Meter Resistor

1 .0005 2000Q

"O~
1850

6 .0005 10K 150 9850
10 ,0005 20K 150 19850
50 .0005 100K 150 99850

100 .0005 200K 150 199850
500 .0005 1 meg. 150 999850
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Fig. 2-10. Ac-dc voltmeter.

tested in the circuit to obtain approximate calibration. In my circuit
using a 500/-LA 150n meter indicated about lOOK at little deflection
of the meter and about 1K at mid-scale.

Figure 2-12 is the circuit for the combined volt-ohm
milliampmeter using a 500/-LA 150nmeter. Five or ten % resistors
can be used but 1% are better if they are available at a low price.

Rx and exSUBSTITUTION BOXES

Every electronics experimenter should have both a resistance
and capacitance substitution box.

Resistor Substitution Box
Construction ofthis unit is simple. The resistors are mounted

across the switches' terminals. By opening a switch, that resistor
is connected in circuit.

The switches are arranged in rows of seven across and four
down (See Fig. 2-13 and Table 2-3). Then the resistor/switch
combinations are connected in series. I used slide switches in my
unit.

Fig. 2-11. Basic circuit for ohmmeter.
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Fig. 2-12. Circu it for combined YOM with a 500 ,LA 150n meter.

The rectangular openings were cut out with a nibbling tool and
the switches were mounted to the box panel with pop rivets.

With the use of 1% resistors, there is a possible error of ±
lOOk (that's with all resistors in circuit for a total of 9,999,999
ohms).

With this circuit, there is a poss ible monetary advantage over
conventional resistance substitution boxes which usually require

sz.

52.

521

52 8

BP I BP 2

Fig. 2-13. Schematic for resistor substitution box.
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R1 1 Ohm
R2 2 Ohm
R3·R4 3 Ohm
R5 10 Ohm
R6 20 Ohm
R7·R8 30 Ohm
R9 100 Ohm
R10 200 Ohm
R11 ·R12 300 Ohm
R13 1k Ohm
R14 2k Ohm
R15·R16 3k Ohm
R17 10k Ohm
R18 20k Ohm
R19-R20 30k Ohm
R21 100k Ohm
R22 200k Ohm
R23-R24 300k Ohm
R25 1 Megohm
R26 2 megohm
R27-R28 3 megohm
S1 through S28-SPST slide or
toggle switches
BPI, BP2-5-way binding posts
Misc.-wire, cabinet , rub-on
letters and numbers

Table 2-3. Resistor
Substitution Box Parts Ust.

sixty-three resistors and seven ten-position switches to cover the
same range.

Capacitor Substibltion Box
This capacitor substitution box has a range of from 10 pF to

within 10 pF of 1 f.LF, in 10-pF steps. That amounts to 99,999
possible values. This is done with only twenty capacitors and
switches. Construction of this unit is simple and straightforward.
The capacitors are connected between a common line (B1) and one
terminal on each switch. The other terminals on the switches are
wired to B2. The switches are arranged in rows of four down and
five across (Fig. 2-14 and Table 2-4). I used mica (5%) and poly
styrene (2%) capacitors in my unit.

Of course, the tighter the tolerance on the capacitors, the
more accurate the unit.

, WIDE-RANGE Rf RESISTANCE BRIDGE

Figure 2-15 shows the wide-range bridge principle explained
by a simple numerical example. The two legs of the bridge, R

A
and
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~, are made up of a single variable loo-ohm two-watt linear
potentiometer. Rc is a half-watt 50-ohm carbon resistance. ~
symbolizes the unknown resistance we wish to measure. E is a
voltage source, and I is the meter I will measure our null with when
the bridge is in balance.

Without going into a lot ofbridge theory and proofs that can be
found in any textbook, all we need to know is the basic bridge
equation for a balanced condition, which is: ~/Rll.=5OIRA. Solv
ingfor~, we find that ~ = (~)(5O)IRA' Now, as I've already said
that R

A
and~ are nothing more than a loo-ohm potentiometer, let

us set the potentiometer near one end of its travel so that R
A

is
equal to ten ohms. Then~ will be equal to 100-10, or 90 ohms.

Now, if we set the potentiometer near the end of its travel so
that R

A
isequal to90 ohms, we find that R" will be equal to 10ohms.

And, solving for R, we now find that ~ = (50)(10)/90 = 5.56
x x

ohms. These calculations show that a wide-range bridge design can
be achieved quite easily.

I know that already some of you will be saying "Why don't you
run the potentiometer to zero for both calculations just shown and
come up with a bridge with a range offrom zero to infinity? That is a
very good thought, but we do run into some practical limitations.
We would find that our bridge sensitivity would have dropped to
zero, for one thing. And secondly, as there is no such thing as zero

1. 519

Cl 9

81 8 2

Fig. 2-14. Schematic for capacitor substitution box.
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C1 10 pF
C2 20 pF
C3 30 pF
C4 30 pF
C5 100 pF
C6 200 pF
C7 300 pF
C8 300 pF
C9 0.001 uF
C10 0.002 uF
C11 0.003 uF
C12 0.003 uF
C13 0.01 uF
C14 0.02 uF
C15 0.03 uF
C16 0.03 uF
C17 0.1 uF
C18 0.2 uF
C19 0.3 uF
C20 0.3 uF
S1 through S20-SPST switch
es (slide or toggle type)
81, 82-5-way binding posts
Misc.-wire, cabinet , rub-on
letters and numbers

Table 24. Capacitor

Substitution Box Parts Ust.

resistance when the potentiometer is at the end of its travel, our
actual bridge range is somewhat less than zero to infinity. But with
a small transistor amplifier we can easily increase the basic bridge
sensitivity. And this increased sensitivity also allows our exciting
voltage to be anything from an ordinary rf signal generator, to a
grid-dip meter, to a simple low-powered variable-frequency oscil
lator. Ifa grid-dip meter is used, a single turn coupling coil attached
to the bridge input jack will provide plenty ofexcitation voltage. In
my own case, I use a Heathkit" Model LG-1 signal generator with a
maximum output of a tenth of a volt. This is adequate for proper
operation of the bridge. So, if care is taken in our calibration, we
can come up with a wide-range bridge sufficiently accurate for all
amateur usage.

The Actual Bridle Circuit
The basic bridge circuit just described is used in the final

circuit of Fig. 2-16. As in all rf circuitry, every effort should be
made to keep the internal bridge leads as short as possible to avoid
excessive lead inductance and capacity to ground. The input and
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Fig. 2-15. Basic wide-range bridge.

R.

output coax jacks are about an inch and a half apart on the chassis.
This allowed very short leads to be used.

A pair of binding posts, Aand B, are in parallel with the output
jackJ2 so that calibration resistors and wire-connected leads can be
easily connected without having to use clip leads or other methods
of connection. The 1N34 diode detector rectifies the nulling volt
age and feeds it to the transistor amplifier through a 4.7k resistor,
along with a couple of .01- IJ-F bypass condensers. The transistor
amplifier circuit was about the simplest one I know; it is a standard
differential amplifier.

The transistors used were a couple of surplus PNP 2N396As.
Any standard general-purpose transistor will work as well, al
though it may be necessary to use another value ofresistance ofR4
of Fig. 2-16. In my own case, I temporarily used a variable 25k
resistor for R4 and adjusted its value until the amplifier gave the
gain and stability I desired. Then the variable res istance was
measured with an ohmmeter, and a fixed value used in its place in
the circuit. It's a quick and easy way to optimize a circuit. The
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Fig. 2-16. Wide-range rf bridge.
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Fig. 2-17. Direct-reading bridge scale.

variable 10k potentiometer R2 used for balancing the meter cur
rent to zero during the initial null was an available 2-watt poten
tiometer, although a small trimpot can be used if desired. R3 is a
2-watt potentiometer-type variable resistance used as a sensitivity
control that limits the current through the 50- /-LA microammeter
when setting for initial null. Switch Sl turns the transistor
amplifier "on" or "off'. Switch S2 allows the transistor amplifier to
be used for other purposes, as will be described later on. The
entire bridge is self-contained in a 7" x 5" x 2" chassis. A coat of
gray enamel paint gives it a professional look. I have found that
painting the chassis before final assembly and baking it in the
kitchen oven for about fifteen minutes at 250degrees Fahrenheit
produces a hard, smooth finish.

Calibration
The simplest way to make the bridge direct-reading, which

avoids the use of separate calibration curves, is to paste a piece of
white cardboard directly on the chassis under the 100-ohm poten
tiometer knob. This allows actual values to be inked in when the
calibration is made. Figure 2-17 is a theoretical calibration sheet
illustrating the method just described. Theoretical values were
shown, as every individualcalibration will vary somewhat depend-
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ing upon the linearity of the lOO-ohm potentiometer and the actual
values of the resistance of the potentiometer at the ends of its
travel.

The calibration standards used were ordinary 5% tolerance
small fixed carbon resistors. The calibration technique is very
simple. Connect the calibration resistance selected across binding
posts A and B. Set the balance control to about the midway posi
tion, and set the sensitivity control to minimum sensitivity
(maximumresistance). Tum the power switch to the "on" position.
Now adjust the balance control until the meter reads zero.Applyan
rf voltage from the signal generator to jl, the input jack. The signal
generator frequency I used was 3.75 MHz, although the frequency
is not important since the basic bridge is not frequency-sensitive.
The meter will read some current. Adjust the lOO-ohm bridge
potentiometer until a null is obtained. Now the sensitivity control
can be increased to maximum sensitivity, and the output of the
signal generator can be increased as desired. The bridge poten
tiometer is now rotateduntil the best null isobtained.The dial scale
can now be marked for the calibrat ion resistance value. As many
calibration points as desired can be obtained in this way. The zero
resistance point can be obtained by shorting the binding posts and
observing the null. The infinite resistance calibration point is found
in the same manner except that the binding posts are left open. In
both of these instances, the null will be poorer than those obtained
at other points on the scale.

Actual Uses of the Bridie
Although the bridge is normally used to measure rf resistance,

its wide range allows it to establish other measurements where the
actual resistance values are of secondary importance. Therefore, I
am going to include those items which make the bridge so useful
under these circumstances. These secondary uses are of great
value, not only for obtaining specific data, but also in tying many
theoretical concepts we read about to simple observations that we
are now equipped to make. In almost all rf measurements, the
circuit being checked is frequency-sensitive so that at resonance
the circuit becomes a pure resistance. Knowledge of the resonant
frequency is read from the signal generator. The resistance value
read from the bridge will provide sufficient information for almost
any problem that the amateur may want to solve.

Antenna Resistance at Resonance. Connect your antenna
coax line to j2 and apply rf voltage from the signal generator.
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Establish a first approximate null by rotating the l00-ohm poten
tiometer knob on the bridge. Then vary the frequency of the signal
generator until the null is more pronounced. The final nulling
consists of adjusting both the frequency of the signal generator and
the variable control on the bridge . This is necessary to obtain the
best null. At the lowest null obtained, the resistance will be the
antenna system resistance, and the frequency will be its resonant
frequency. I was careful to say antenna system, as this is defined as
your antenna with the normal coax feedline attached. If for some
reason you want to know the actual antenna resistance, then your
feedlin e will have to be an electrical half wavelength long.

Tuning Your Matching Unit. This bridge is a wonderful
device to allow you to load your transmitter to exactly 50 ohms
without even putting a test signal on the air. Youno longer have the
worry of inadvertently loading up into a high swr condition and
possibly damaging your final. At the same time, you can't create
any unnecessary QRM on our already crowded bands. And once
you've done this for any frequencies, just note the dial settings of
your transmitter and matching unit, and you can quickly put your
transmitter on and be assured that you will be perfectly matched.
First off, load up your transmitter at the desired frequency into a
dummy load. (Normally, this is 50 ohms.) Then connect J2 to the
input of your matching unit, and connect the output of your match
ing unit to your antenna system. Select the frequency you just
tuned up your transmitter to on your signal generator. Then set the
variable l00-ohm potentiometer on your bridge to 50 ohms on the
calibrated scale. Tum up your bridge, and adjust your matching
unit until the best null is obtained. You are now completely tuned
up. You don't have to touch your transmitter tuning or loading at all.
Just reconnect your transmitter to your matching unit input and you
are finished. Actually, I can do the above more quickly than I've
written about it. And in addition, when you are done, you can't even
see your swr meter or reflected power meter wiggle when you put
your transmitter on the air. It's really fun to amaze your friends by
obtaining such a perfect match, quickly and scientifically, and
without any QRM on the air. It's tuning up your station in a really
engineering fashion .

How Good is Your Matching Unit? From the preceding
step it is easy to go a bit further and establish the resistive
matching limits of your tuning unit. It 's a quick method of compar
ing one kind of a unit against another. I'm sure we all agree that to
define the limits of a matching unit as "being able to load into a
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random wire" is not a very exact technical description. This is
particularly true since random could mean anything from a couple
of feet to a couple of wavelengths. I've found in my own case that
my bridge has allowed me to design a wide-range matching unit,
and quickly establish which variables are important to obtain the
wide range I desired for my specific antenna needs.

All you do is see what the resistance limits are that your
matching will load into and still retain 50 ohms at the input jack.
The technique is very easy. You can use your 5% calibrating
resistors for this purpose. Just connect a resistance to your match
ing unit output and jackJ2 of the bridge to the matching unit input.
Set the bridge resistance knob to read 50 ohms on the scale. Now
adjust your matching unit until you can achieve a bridge null at the
frequency of operation you have selected on the signal generator.
In this way you can quickly determine the upper and lower resis
tance loading limits of your matching unit. If the resistances you
select are too high or too low, you will not be able to obtain a
satisfactory null on the bridge. My home-built matching unit
matches from about 10 to 200 ohms without any difficulty. Gener
ally speaking, the wider the resistance range, the wider the range
of the matching unit for varying impedances. And you'll be sur
prised to find the different ranges obtained by different kinds of
matching units. It's an education in itself.

Resonant Frequency of Tuned Circuits. The ease with
which the bridge can determine the resonant frequency of a totally
enclosed tuned circuit is quite amazing. And it will even tell you
whether or not it is a series-tuned circuit or a parallel-tuned circuit.
Allyou need is two leads from the circuit being tested. Connect the
leads to output binding posts A and B. We know that ifa circuit is a
series one, its electrical resistance will be low. So, just to obtain
the best null, vary the signal generator frequency and the loo-ohm
control at the low resistance end of the scale. At the best null
obtained, the signal generator frequency will be the resonant
frequency of the tuned circuit. The resistance reading will be its
equivalent series resistance.

The parallel circuit is measured in the same way, except that
the bridge potentiometer is at the high end of the scale. The
resistance value measured will be the equivalent parallel resis
tance of the tuned circuit. And, as before, the signal generator will
indicate the resonant frequency of the tuned circuit. I mentioned
that the tuned circuit could be completely enclosed. This bridge
can measure resonant frequencies where it would be impossible to
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inductively couple in a grid-dip meter to make a similar measure
ment.

Measurement of Velocity Factor of Coax Cable. The
technique of measuring the velocity factor ofcoaxial cable is simple
when it is realized that an electrical quarter wavelength of line (or
odd numbered multiples thereof) open at the far end acts like a
series-tuned circuit at the near , or measured, end. Just connect
your piece of coax cable to J2 and null the bridge at the low
resistance end of the scale, at the same time varying the signal
generator frequency for the lowest frequency for the best null
obtainable. The equation for velocity factor in this case is: Velocity
factor = (length in feet) (FMH)/ 246 for a quarter-wave section of
line. And now, as an experiment, if you triple your signal frequen
cy, your line will again null the bridge. It is now acting as a
three-quarter-wavelength line. In this way, it is very easy to
demonstrate basic transmission line theory.

The same principle is used in determining the electrical halfof
a line open at the far end. This condition is equivalent to a
parallel-tuned circuit. Just adjust your bridge null at the high
resistance end of its scale, and at the same time adjust your signal
generator for the lowest frequency that will give you the best null.
The velocity factor can be checked and the formula will be velocity
factor = (length in feet) (FMH)l492 for a half-wave section of line.
Youcan also use this method for setting up for a half-wave section
of line if desired.

Characteristic Impedance of Coax Cable. The charac
teristic impedance of a coax cable can eas ily be determined with
the rf bridge. All you do is connect one end of the cable to J2 and
connect a selected resistor across the other end of the cable. The
selection of this resistance is such that when the signal generator
frequency is varied there is no change in the bridge reading. At that
point, the resistance selected is equal to the characteristic im
pedance of the coaxial cable. It is an easy matte r to try several
different values of resistance to terminate the cable, so that a
variation of signal generator frequency will show no change in the
meter reading. The null can now be obtained, and the resistance
reading will be the characteristic impedance ofthe cable. The value
read will be equal to the terminating resistance at the end of the
line. This illustrates the basic principle that a properly terminated
line presents a constant pure resistance to a varying input fre
quency.

Reflected Resistance of Tuned Coupled Circuits. AI-
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though it is possible to wade through a great deal of circuit theory
to prove that resistance can be reflected from one circuit to
another, this easil y performed experiment will show it in a manner
in which, if once performed, it will never be forgotten . An actual
experiment is such a wonderful way of firming up any theoretical
proof inanyone's mind. The principle ofreflected resistance can be
demonstrated as shown in Fig. 2-18 where a parallel-tuned circuit
is inductively coupled to a series circuit. Loading down the secon
dary with a resistance generates a reflected resistance in the
primary whose value can be determined by measuring the change
of resistance with the bridge. Close-coupling effects can also be
demonstrated by observing the re-tuning necessary to reestablish
resonance when the secondary is coupled into the primary. This
item described is an easy way to demonstrate rather complex
principles, particularly when teaching basics to students studying
for an amateur license.

The Transistor Amplifier. In addition to the many uses just
described, I found that the addition of an SPDT switch, 52, and a
couple of binding posts, C and D, would allow me to use the
transistor amplifier for other duties in my amateur station. One
valuable use is as a field-strength-meter amplifier. My regular
simple field-strength meter diode circuit is now far more sensitive,
which allows me to make my field-strength measurements further
away from the antenna and avoid close-field effects. This makes my
field-strength measurements more accurate and meaningful. A
second use is as a small experimental capacity bridge , which I built
using the same principles as the bridge previously described.

AC WATTMETER

The basic circuitry is as shown in Fig. 2-19. The formula I
used to determine the milliammeter range is: watts + line voltage
+ 1.414 + rat io = meter current in amps.

To construct your unit, you will need to decide what are the
minimum and maximum wattages you will want to measure. Since

PR IMAR Y RES I STANCE
MEASURED ON BRIDGE
;

TOBINDING=:JRP P[[5 ]
POST S A -B AS
ON BRIDGE

Fig. 2-18. The effect of secondary resistance being reflected in primary
circuit.
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Fig. 2-19. Multirange circuitry.

the meter scale is not a linear function, the meter scale will be
compressed at the lower end. I settled on a multirange unit.

The fuse should be of the household variety, since the I5-amp
size of type 3AB is difficult to find, and the type 3AG will vaporize
on the interior of the glass and provide no protection.

The bridge rectifiers can be made of type IN400I diodes,
since they only supply the meter movement current.

To have a multirange instrument, you can use either multiple
outlets, one for each range, or a heavy-duty (I5-amp) switch.

The current transformer is the heart of the instrument and
must be wound to suit your desires, as it is not commercially
available unless you want it custom made. To wind one yourself is
not a big undertaking and only requires some wire, tape, and an old
core. I used old speaker output transformers for my cores. The size
is not too critical, since there is only miniscule wattage require
ment of the meter movement. You should ascertain that you will
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have ample windingspace. I woundmy transformers with 604 turns
of #36 on the secondary for 117 volts line voltage. If you have 120
volts, use 590 turns, and for 115 volts, use 615 turns. The primary
was wound as follows: 10 turns #18 tap, 6 turns # 18, tap, 2 turns
#18, tap, 1 turn #14, tap, 1 turn #14. This gave me a total of 20
primary turns which, with the secondary of 604 turns, resulted in
the following ratios : 100 watts = 604:20 or 30.2, 200 watts =
604:10 or 60.4, 500 watts = 604:4 or 151, 1000 watts = 604.2 or
302, 2000 watts = 604:1 or 604.

The meter used had a fullscale value of 20 millamperes. A
recalculation of turns ratio may be made to accommodate another
meter range. A simple solution for the utilization of, say, a 0-1
milliammeter is to put a 100-ohm trimmer pot across the meter
movement and adjust it to read 100 watts for full scale deflection.

To calibrate my units , I used several 25-50-100 watt light
globes to provide me with loads to calibrate the meter scale. By
using them in parallel, I was able to acquire enough plot points to
make a new meter scale. I made my meter scale on white paper,
then inked the marks to suit and reinstalled it. I pasted the scale on
the reverse side of the original scale using rubber cement.

An error of ± 5% can be expected, since the line voltage will
vary by this amount. This error should not be objectionable, since
the equipment will be subject to the varying line voltage in opera
tion anyway. In order to lower the error rate, it would be necessary
to utilize an electrodynamic meter movement, whereby the elec
tromagnetic field of the meter could vary with the varying line
voltages .

--
RF WATIMETER

As the schematic (Fig. 2-20) shows, the circuit is a basic
rectifying type rf voltmeter. The prototype was built in a small can
of the plug-in-module variety that was scrounged from the junkbox.
About the only critical part is the series resistor. The capacitors in
the prototype were mica, but ceramic disks would work as well.
The diode can be a 1N34A, 1N270, 1N52, 1N38A, or just about

1"" ••

Fig . 2-20. Schematic diagram of the simple. accu rate. and easy-to-build rf
wattmeter.
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Fig. 2-21. Loga rithmic plots for determining power. The upper curve gives
resistance values for determining what the full-scale meter deflection will
be (remember to mult iply the series resistance value shown on the chart by
12 kill. The lower curve will allow you to determine your precise power out
if you use a 0-1 mA meter.

anything else. Use the oldham's rule of thumb: "When in doubt, try
it out!"

Two sockets might prove more convenient rather than one
with a coaxial tee as shown. Conventional minibox construction or
building into a new or existing rig will be more than adequate.
Point-to-point wiring is used to permit compactness and reduce
lead length.

"Fine ," you say, "but I don't have a huge mound of test
equipment. How do I calibrate it?" That is the beauty of it-you
don't! If the series resistor is accurate, the meter will be self
calibrating to a log scale. Remember, you know R and Z, and the
full-scale W. Now assume a half-scale reading, I = 0.0005, and
calculate W for half-scale. Plot these two points at 1.0 and 0.5 rnA
on Fig. 2-21, and connect by a straight line, which you may extend
the length of the graph.
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Install the meter through a coaxial tee at your antenna connec
tor , or through some other predetermined means, and terminate
with a dummy load. Applypower and read the meter. That's it! The
meter can be used with an antenna if your swr is belowabout 1.2:1.

CAPACITY METER

The generator is a 555 oscillating at approximately 200 kHz.
The frequency is adjusted by R2 when calibrating prior to use or
during use , if a reading is doubtful.

The output ofICI is used for the O-to-l00 pF range and is also
used to clock the first 74LS90. The output ofIC2 (pin 11) is the 555
frequency divided by 10. This frequency is used for the .001
full-scale range. The remaining 74LS90s operate similarly. Each
division by 10 is the frequency for the next larger decade of
capacity. The 74LSOO was added as a buffer. Since it would be
wasteful with the other gates doing nothing, the LED circuit was
added to give a visual indication that the clock and all dividers are

."

,"14 LS 9 0

I C 2- I C~ WIRED S IY'I,.A"

'co
741,.5 90 '"'41,.590

o E

~CA" •• '"

C or Si ll

."
ev IGNO

'400 104 7
7 49 0 ~ 10

Fig. 2-22. All resistors are V4 watt except as noted.
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working. There is a definite pulsating of the LED, so the user is
sure that the circuit is working.

The accuracy of the instrument is very dependent upon the
tolerance of the calibration capacitor, C3. Prior to use , C3 is
switched into the circuit and the frequency ofICI is adjusted by R2
until the meter reading is equal to the value of C3. Figure 2-22
shows C3 as being 5100 pF, 1% tolerance. Actually, any conve
nient value could be used, but the tap on the range switch would
have to be changed to make sure the correct frequency is being
applied through C3.

The condition of the battery can be checked by pressing 53.
When making a battery test, ensure that there isn't a signal path
through a capacitor to the meter, as this wouldgive a higher battery
voltage reading than really exists. The multiplier resistor will give
a reading of .9 on a full scale of 1.

Construction
I like sockets. It makes troubleshooting easier if a chip must

be removed, but sockets are not necessary. All 74LS90s are wired
the same as IC2. The range switch is wired to make 5 ranges
available. The additional position is used as the calibrate position.
A separate switch canbe used for calibration, but the user has the
chance of damaging his meter if the calibration capacitor is a .005
and the range switch is in the O-to-l00 range position. The ICs can
be replaced by 7490s and 7400s,but the current drain is rather high
for a 9-volt battery. If a power supply is used, there is no problem
using the TIL chips. The meter rectifiers are run-of-the-mill
diodes. The meter is a 50#LA meter with a O-to-l scale marked off
in .1 readings.

Use
Prior to use, the meter should be calibrated to compensate for

those variables that cause errors. After calibration, the unknown
capacitor is placed across the test terminals and read. A word of
caution is offered: Use this meter as you would a voltmeter in a
strange circuit. Start on the high range and work down until you get
a reading. This prevents pegging the meter and possibly damaging
it.

~ AUDIBLE TRANSISTOR "TESTER •-- . .

If this sad experience has happened to you, it may be because
you are like many experimenters who routinely use an ohmmeter
to test transistors and diodes. Though this method is effective, it
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can also cause the instant death of low-current semiconductor
devices. The typical ohmmeter can, on some scales, apply a rather
high voltage and current across the test leads, which may cause the
destruction of some semiconductor devices. Another fault of the
ohmmeter method is that the instrument must be checked visually;
this can lead to erroneous results or damage to equipment if a test
lead slips while making continuity checks. What is needed is a low
current (under 1 rnA) device which gives an audible indication of
continuity. Such a device should also be low in cost (for those of us
who are cheapskates or poor) and simple to assemble. Figure 2-23
shows such a device using a single 555 IC timer as a square wave
oscillator and an NPN general purpose transistor for switching.
Any method of construction can be used, as there is nothing critical
about the circuit, but the most convenient method is perfboard and
a socket for the IC. The checker can be assembled as shown in Fig.
2-23 for use as a continuity tester or, ifdesired, the device can also
be used as a code practice oscillator. If it is desired to use the
device as a CPO, it would be advantageous to be able to vary both
the tone and volume, although this will run the cost up a couple of
dollars unless the builder has the required parts in the junk box.
The two potentiometers can be added to the circuit as indicated in
Fig. 2-24.

, VERSATILE TRANSISTOR TESTER

Many of the new transistor testers appearing on the market
today provide two unique features:

1. Random lead connection.
2. Identification of transistor leads.

~r- .
2 , IK

555
lOOK I,

T IM ER •1.0 5
,!.

L-l 0 1
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~ .
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r:
TPI

01

10K

~il~-
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Fig. 2-23. Test oscillator (low current).
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I.

Fig. 2-24. Code practice oscillator.

With these features, the test procedure is greatly simplified,
and the person performing the test is assured that the test leads are
always connected correctly to the transistor under test. The advan
tages become immediately obvious when you are culling through a
large assortment of surplus transistors or when performing in
circuit tests on a crowded circuit board where it is often difficultto
identify the leads on a transistor.

The principle on which this circuit operates is simple. There
are only six possible ways in which the leads can be arranged on the
base of a transistor. See Fig. 2-25.

By the simple expedient of interposing a 3-pole, 6-position
switch between the test leads and the transistor, it is possible to
present to the input of the tester, one by one, all six of the possible
lead arrangements. The circuit for this switch is shown in Fig.
2-26.

Up to this point we have accomplished the goal of random lead
connection. To identify the transistor leads, it is necessary to color
code the wires from the switch to the transistor. Next, prepare a
chart which correlates the switch position with the colored wires
and their corresponding connections to the input terminals of the
tester. See Table 2-5.

For convenience, this chart can be attached to the box in which
the switch is mounted, or it can be affixed to the transistor tester

Fig. 2-25. Possible transistor leads.
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itself. One thing which should be mentioned is that the leads from
the switch to the input of the tester should be connected exactly as
shown on the schematic in Fig. 2-26. If these leads are changed
around, you will still retain the random lead connectionfeature, but
you will no longer be able to identify the transistor leads.

When using this switch for the first time, you will notice that
there is more than one position which will give an up-scale reading
on the meter of your tester. This presents no particular problem in
the interpretation of the test results, once you understand why this
happens.

To illustrate this, select a good transistor on which you can
positively identify the leads, and connect it to your tester. Mer
you have made the initial adjustments on your tester, press the gain
button and observe the beta. Nowreverse the emitter and collector
leads on the transistor, and repeat the test. You should observe
that the transistor still has a forward gain, but the beta will be lower
than that obtained previously. Why does this occur?

Actually, nothing strange or contrary to the laws of transistor
physics has occurred here. The emitter and collector of any tran
sistor are made of the same type of material and, from a theoretical
standpoint at least, we could say that the designation of the emitter
and collector are purely arbitrary.

In the real world of transistor design, however, the physical
structure of the emitter and collector are different. These differ
ences are dictated by design considerations such as input-output
capacitance, collector heat dissipation, and forward gain require
ments. From a practical standpoint, all of these factors add up to
one thing when testing a transistor. The connection of the emitter
and collector test leads which give the highest beta reading on the
meter positively identifies the emitter and collector leads on the
transistor.

On some testers, a collector-base reversal will give an indica
tion on the meter during the initial setup and adjustment of the

Table 2-5. Color Codes.

Switch position
#1
#2
#3
#4
#5
#6

Collector
red
red
yellow
black
black
yellow

Base
yellow
black
red
red
yellow
black

Emitter
black
yellow
black
yellow
red
red
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tester, but the transistor will not have any forward gain. In this
case, the emitter-base junction is forward biased, as it should be,
and it is this current that you see indicated on the meter in the first
part of the test. The collector circuit, however, is also forward
biased, and, therefore, the transistor will not have any forward
gain.

SEMICONDUCTOR TEST
GADGET-USE WITH YOUR SCOPE .

Transistor testers come in many assorted kits and variations
providing confusing data such as BV bo" BV , BV , R2D2, C3 ,

c ces evo po
and so on. All I want to know is if the transistor or diode is good or
bad.

This transistor/diode tester tells you just that. With a glance
at an oscilloscope face, you can see shorts, opens, and leakage be
tween collector and emitter and determine the overall quality of
the transistor in a matter of seconds.

All you need is an oscilloscope that works reasonably well, a
llO/6.3-volt transformer, 2 resistors, an SPST switch, and a set of
probes. See Fig. 2-27.

The transformer provides lowpower to the transistor or diode
to be tested and is read directly on the oscilloscope face.

c----~f-t-_-o.~

THESE THREE
LEADS TO INPUT
OF TRANSIS TOR
TESTER

B -----+--"'-++-0-"""9

CONNECT TO
IN PUT TERMINAL S
OF TEST ER
[ XACTl Y AS
SHOWN

Fig . 2-26. a-pole , 6-position switch (Mallory 3236.1).
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An in-circuit or out-of-circuit switch is provided so that the
transistor or diode does not have to be removed from the circuit to
be checked. However, I feel the transistor is checked best if
removed; this is a matter of personal preference.

At the in-circuit position, both resistors are in series provid
ing the lowest current applied to the circuit. This low current, 1
rnA or less, should not harm surrounding components associated
with the transistor or diode being tested.

This transistor/diode tester is to be used on deenergized
circuits only. I have not used it on an energized circuit, but I feel it
will be of no real value there.

After the tester is installed, touch the probes together. The
scope will go from its normal horizontal line to a vertical line.
Adjust the horizontal and vertical gains so that the line will be the
same length both vertically and horizontally. Adjust the centering
ofboth vertical and horizontal positioning so that the line will be in
the center of the scope. Youare now ready to check transistors and
diodes.

Select a transistor from the junk box; determine if it is silicon
or germanium and hold one probe on the base and touch the other
probe to the collector or emitter. If the transistor is good, the
screen should show a right angle. (If it is inverted, it doesn't
matter; just tum your probes around.) Now read from collector to
emitter. A straight line should show. This is a good silicon transis
tor.

Germanium transistors give a reading that will be slightly
different. From collector to emitter only, they will give some type
of right angle. With germanium transistors, I recommend that you
compare them with others of the same number out of the circuit.

68 0 n

~r-----~--.----_fO)vERT ICAl

~II.,,, '" M

'---...,----+---------to.>HORIZONTAL
INPUT

TEST PR08E S
TO
TRANSISTOR

Fig. 2-27. Test gadget schematic.
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Fig. 2-28. In-Circuit readings.

Figures 2-28 and 2-29 will give you an idea of what to expect
on your oscilloscope. Some of them can be confusing when check
ing transistors or diodes at the in-circuit position; this is why I feel
that out-of-circuit is best used to check transistors and diodes.
However, after some experience using this device and a little
circuit tracing to find resistors and capacitors used in conjunction
with the transistor or diode, you should be able to determine with
some degree of accuracy if the circuit is operational.

BARGAIN ZENER CLASSIFIER

The circuit is as simple as they come. Follow Fig. 2-30 and
you should have no problem building a useful gadget which comes
in very handy almost 90% of the time you build a new project.
Looking at the schematic, you'll notice the power transformer is
very important as it isolates the circuit from the ac line for safety.
Next, the diode rectifies the ac into pulsating dc. The following
120k resistor drops the voltage to the potentiometer. The elec
trolytic capacitor smoothes out the de ripple to provide a de voltage
of about 30 volts to the alligator clips. (It's the next thing to an
instant project.)

Place the cathode (the end with the band) of the zener that you
wish to classify in the plus voltage alligator clip, connect the vom,

TRANSISTORS (GOOD)

SILICON liERMANIUM

BE
., .,

Be ., .,
C£ .,

Fig. 2-29. Out-at-Circuit readings.
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as shown in Fig. 2-31, run the voltage up until the vom needle
stops, and that's the zener regulating, or breakdown, voltage. If
you connect the zener backwards in the circuit, you should get very
little, if any, indication on the vom meter because the diode is
conducting and presents a short circuit to the tester. This circuit
passes very little current through the zener under test, so you
shouldn't have any problems with zener burnouts.

If, after classifying all your diodes, you still don't have the
correct value, try putting two or three of them in series. When I
built my power supply, I needed a 12-volt to 13-volt zener. I put an
8.2-volt and a 4.3-volt zener together in series to obtain 12.5 volts
and, because of this, I could also tap at the junction of the zeners to
obtain a regulated 8.2 volts.

You'll find that regular diodes and transistors have a zener
action as well. Although voltage values will be random and current
capabilities small, they can often be used in place of a regular
zener diode. When the transistor is bad anyway, it beats throwing
it away.

You'll notice all parts have a wide tolerance, so you can use
any of the old parts you may have in your junk box. See Fig. 2-32.

IC AUDIO FREQUENCY METER

The 555 timer integrated circuit can easily be made into an
inexpensive linear frequency meter covering the audio spectrum.
The 555 is used in a monostable multivibrator circuit. The mono
stable puts out a fixed time-width pulse, which is triggered by the
unknown input frequency.

Referring to Fig. 2-33, transistors Ql and Q2 are used as an
input Schmitt trigger. The unknown frequency input is clipped
between 9 volts and ground by these transistors. Positive feedback
is used to insure the waveforms have fast, clean edges. The output
of Q2 is a square pulse with the same frequency as the input signal.
The output of Q2 is differentiated by C2 and R2 to provide a short
pulse for the 555. A small signal diode is connected across the

~OOK!: lOOK
r-----1~_-vw----,1 /2 WATT.

POTENTIQMET~ R

-~

Fig. 2-30. Zener tester.
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Fig. 2-31.Unit with azener diode being tested and showing proper hookup
to the VOM. Note that the VOM is indicating 8.6 volts even though the
tester voltage output is28 volts. Don't forget to set the VOM to measure dc
voltage. It doesn'tshowupvery well inthe photo, butl used red wire for the
plus all igator clip and black for the negative. These wires were then
inserted into 2 phone tip jacks on the top of the case.

differentiator to insure that the 555 input never exceeds 9 volts.
The 555 is connected in the standard monostable circuit. Since a
Schmitt is used to trigger the monostable, square, sine and ramp
type waveformsmay be used at the input to the frequency meter. A
nominal voltage of 1 volt rms is required to trigger the Schmitt
circuit.

The range scale timing resistors R3, which determine the
monostable pulsewidth, are small potentiometers mounted di
rectly on the circuit board. These pots are used to calibrate each
frequency scale.

The output of the monostable is a fixed width pulse. Every
time a zero crossing of the unknown frequency occurs, the mono
stable is tr iggered. Thus, as the frequency of the trigger pulse
increases, the monostable output has a greater and greater duty
cycle. The frequency limit on anyone range is determined by the
R3C3 time constant chosen. As the input frequency becomes too
great, the monostable output will never return to zero, because of
constant re-triggering, and a constant 9 volts will appear at the
output.

The monostable output is a pulse with a duty cycle dependent
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upon the input frequency. Thus, by intergrating or averaging the
output waveform, a de voltage is developed. This voltage is di
rectly related to frequency. Resistor and capacitor R4C4 is used as
a pulse averager, important on the lower range setting. As the
input frequency increases, the panel meter itself can act as a
waveform averager. Input frequencies greater than 50 Hz will be
averaged by the meter fairly well; however , at lower frequencies
the meter will respond to each cycle of the unknown frequency
input. The meter is used as a high impedance voltmeter. A 1 rnA
meter couldbe substituted with a change ofresistor R5. For a 1rnA
meter, R5 should be about 9.1k and R4C4 should be changed
appropriately. R4 should be a factor of ten less than R5, and the
same R4C4 time constant should be kept. This would make C4 a
very large value, so R4C4 couldbe left out if the lower frequencies
are of little interest (less than 50 Hz).

Fig. 2-32. Interior view. All the parts came from my junk box with the
exception of the caseand power transformer which are RadioShackstock
items.Asmall piece of perfboard was used to mount the parts ,and spacers
were used to lift the perfboard off the metal chassis.
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Fig. 2-33. 555 timer frequency meter.

The range scales are set up in decades. To calibrate each
scale, a standard input frequency is connected to the input . About 1
volt nns is needed to trigger the first stage. The monostable output
pulse period must be less than the maximum input frequency to be
measured on each scale. With the maximum input frequency
applied, each range potentiometer should be adjusted until the
value of the input frequency corresponds to the full scale meter
reading. The duty cycle of the monostable should be roughly 90%
at the maximum frequency input for each scale. This will give the
maximum dynamic range on each scale. This will give the
maximum dynamic range on each scale setting. If, for a 90% duty
cycle, the meter will not read full scale, meter resistor R5 should
be lowered accordingly. Each scale setting should be calibrated by
adjusting the respective R3 potentiometer.

During operation, when the scale reads offscale on any range,
the scale should be changed to the next higher setting. Once
calibrated, this frequency meter should read within 5% of full
scale. The usefu Ifrequency range of the meter is from tens ofhertz
to well over 50 kHz. Although decade ranges are shown, the range s
between the decades can easily be added to give as many frequency
ranges as deemed necessary.

. EFFECTIVE R~DIATED FIElD METER

The construction of the meters is very basic and quite flexible .
As you design rf meter for higher frequencies such as the VHF
bands, you should place components so that lead lengths in the rf
circuitry are as short as possible. The enclosures I used were
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Universal Meter Cases but most any type chassis or small cabinet
will be adequate. The enclosure ought to be metal as the circuitry
should be shielded. To shield the Universal Meter Case, I used
some roof valley aluminum to enclose the rear opening. It can be
easily cut to size with hand scissors. You will find this available at
most lumber yards or hardware stores.

Instrument Sensitivity
Sensitivity of the instrument is determined by the full scale

deflection of the meter chosen. The smaller the full scale deflec
tion, the greater the se nsitivity; for example, a 0-50 JLA meter will
be more sensitive than a 0-1 rnA meter. I used a 0-1 rnA meter for
the untuned meter and a 0-200 JLA for the tuned meter.

The length of your reference antenna will also affect sensitiv
ity: the longer the antenna, the greater the sensitivity. Also, dc
resistance of the ric will affect sensitivity. Choose an ric with low
dc resistance for maximum sensitivity.

Instrument Application
Once you have your field strength meter constructed and

operating, you can begin making some reference measurements for
future use.

What I do is install a small reference antenna outside the
immediate area of the transmitter; it does not have to be a great
distance from it. The important item is not to change the location or
length of the reference antenna once you start basic measure
ments.

For measurements with a beam, I note and record on paper
degrees of rotation "direction" and power input into antenna
transmission line. With a dipole or fixed array, direction need not
be recorded, but you must record input. Next , I proceed to mea
sure field strength with the meter. I record in my log the relative
reading for future reference, and if I suspect a problem antenna or
otherwise, I immediately go back to my original readings and make
a measurement. If you have significant energy loss in your ERF, it
will show.

You will also find the "ERF" meter a valuable instrument for
mobile or portable operation See Figs. 2-34 and 2-35.

-
'-SIMPLE BRIDGE FOR MEASURING METER RESiStANCE

There comes a time inevery ham's life when he must seek that
unknownmeter resistance. Here's a simple solution to that age-old
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Fig. 2-34. Untuned circuit. M1 - Dc meter (see text) . R1 - Sensitivity
control.

problem. The schematic is shown in Fig. 2-36. It's equivalent
circuit is shown in Figs. 2-37A and 2-37B.

In Fig. 2-37B, R2 is equal to R2, and R...D is the equivalent
parallel resistance of branch 1 and branch 2. Neglecting ~P' the
current through R2 would be 1.5 (E)/1500(R) = .001 A or 1 rnA,
the full-scale reading ofmost meters. Thus, when we reinsert ~P'
we know that the current is less than 1 rnA. This keeps the current
through each branch (Fig. 2-36) less than 1 rnA, protecting both
meters.

In Figs. 2-36 and 2-37B, when the resistance of branch one is
equal to the resistance ofbranch two, the currents through both are
equal. Thus, you know that when the reading on the meter under
test and the current reading on your meter are equal, the resis
tances of the two branches are equal.

The resistance of branch one is equal to the resistance of M1
(whichmust be known) plus R1, a potentiometer with a calibrated
dial. Ifwe select Rxso that it is equal to R

M1
, then, when R1 is equal

to 1? , the resistances of the branches are equal. If the res is-.A.'M-test

A NT

~------ - - -- - -- - - -- ---I
I

I

I

I

I I
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Fig . 2-35. Tuned circuit. M1 - Dc meter (see text). L1 and C1- Resonant
combination to cover frequencies you desire.
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tances of each branch are equal, the currents through them are
equal.

To find the meter resistance, one must plug in the meter
under test and rotate Rl until the currents through both meters are
equal. Then we know that Rl = 1 R and its resistance can be"'Motest
read directly off the calibrated dial.

The smaller the value ofpotentiometer Rl, the more accurate
is the measurement of R . This is because the dial can be.L'M·test
calibrated in smaller units.

As an option, a more accurate circuit is shown in Fig. 2-38. A
rotary switch can select different values of resistance to be added
to Rl. Thus, Rl can be made as small as you wish. R is now

"'M·test
equal to Rl plus the switched-in resistance.

Let's say you wanted to measure a meter's resistance using
only Rl (Fig. 2-36). IT your dial was calibrated with 100 notches,
the result would be 5 ohms per notch. IT we use the circuit in Fig.
2-38, the potentiometer is only 200 ohms, leaving 2 ohms per notch
on the same calibrated dial. Thus, we see how there is more
accuracy in a circuit such as the one shown in Fig. 2-38.

I would suggest that you choose a meter with a lowresistance.
Also, if you prefer, you can use an ohmmeter to read the resistance
ofR1, thus saving yourself the trouble of finding a calibrated dial.

As you can see, the circuit is a flexible one and can be
customized by the builder. All that is needed is a pen, paper and E
= IR.

.1. 5 "'·

r
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Fig. 2-36. Bridge schematic. 1
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Fig. 2-37. Equivalent circuits.

. FiElD STRENGTH METER .

RB P

The manual for my rig suggests that a "better procedure" for
loading it up is to use an swr bridge on forward or a field strength
meter to peak. plate and loading controls for maximum output
power. The field strength meter seemed the easy way out, since a
bridge costs fifteen dollars. The meter would cost me next to
nothing to build considering the present status of my junk box.
Therefore, I decided on the junk box approach to measure output
power.

R 2
150 0

R'

RI
200

(vARIABL E)

Fig. 2-38. A more accurate bridge.
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00 1
Fig. 2-39. Field strength meter
schematic.

While building the field strength meter, I consulted an article
in the July, 1976, issue of 73. The article dealt with building the
world's smallest field strength meter. The des ign given was stan
dard and allowed wide margins for parts substitution. Recently,
another ham wrote 73 about an rf choke that cost four dollars ,
adding that amount to the cost of his otherwise free field strength
meter.! just thought I'd mention that all parts in my field strength
meter came from junked PC boards, with the exception of the
meter movement.

When you go scounging parts for this project , remember about
the choke. Anything that will choke rf works. So, substitute freely ,
but don't change from a diode to a resistor.

As I said, the design is standard, but the antenna is quite
unconventional. Instead of using a piece of twelve gauge bare
copper or coat hanger wire, I used twenty-two gauge tinned copper
wire bent into the form of my initials.

Select the amount of wire you feel necessary to complete your
initials or whatever. Straighten the wire with a vise and a pair of
pliers. Starting at the top of the left initial, make a bend to form the
beginning ofthe antenna. Try to use one continuous piece of wire to
make the antenna. To insure this, draw your idea on a piece of
paper first. If you use one piece of wire the antenna will look a lot
better, and you will eliminate having to solder on extra pieces of

Table 2-6. Parts List
for Field Strength Meter.

1 diode, 1N914 or j ust about
any t hi ng else
1 50 uA meter
1 rf choke
1 pot , 1k or t her eabouts (I have a
500 Ohm)
1 .001 u F capacitor
1 m in i box
1 banan a plug
1 banana jack
2 shouldered washers
Plent y of twenty-two gauge wire
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wire. The joints make bulges in the antenna whichjust don't lookas
nice on the finished meter. Solder a few spots to hold this thing
together. Whilethe iron was still hot, I also attached a banana plug.

With the antenna done, I built the rest of the meter. The
easiest way to go is to mount the pot and use its terminals as tie
points. The wiring is the easiest you'll ever do. My only problem
was mounting the banana jack, which I solved by using two shoul
dered washers. See Fig. 2-39 and Table 2-6.

Taking a lead from modem art, you can make just about
anything for an antenna on your FSM. You'vegot to admit, now that
we have an alternative, that bare copper does look a bit uncouth!
This meter may not be the best or the smallest, but it does have
class!
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Chapter 3

Special Test Equipment

Not everyone is going to need each and every piece of special test
equipment in this chapter, but it sure would be great if you had
them all! Even if you only build one of these projects you can save a
bundle, not only on the piece of test equipment itself, but also
every time you use it.
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SIGNAL GENERATOR

The electrical circuit of the generator is shown in Fig. 3-1.
One FET is used as the basic oscillator in a Hartley-type circuit.
The second FET is lightly coupled through the 5 pF capacitor in its
gate lead to the oscillator. This stage functions as source follower
isolation stage. The last stage, the 2N3866, is designed to boost
the signal level up to about 1 volt output on most bands. This level
is far more than what is required for most receiver-type work, but
the increased level comes inhandy when doing transmitter exciter
work, where the generator might substitute for a vfo. The output of
the 2N3866 stage can be regulated by the 500 ohm carbon poten
tiometer, which will provide about a 30 dB variation in output
level. A47 ohm resistor can also be switched in across the output,
so a true nominal 50 ohm generator source impedance can be
simulated for tests such as receiver sensitivity. The switching in of
this resistor also serves as a high-low output level selector for the
generator.

Although the generator is not complicated electrically, its
true potential will not be achieved unless it is carefully con
structed. Fortunately, no elaborate construction work is required,
but attention should be paid to the few details mentioned here . All
of the circuitry is mounted on a single-side copperclad board
measuring about 2Y2 by 2Y2 inches, as shown in Fig. 3-2. The board
is wired point-to-point, using the isolated pad technique, starting
with the oscillator stage toward the back panel of the enclosure and
progressing forward to the 2N3866 stage towards the front panel.
There is nothing critical about the wiring, whatever technique is
used, but the circuitry should just be stretched out to provide
maximum separation between the oscillator and 2N3866 output
stage.

The heart of the signal generator lies in the band-switched
oscillator coil assembly and the variable tuning capacitor. The
tuning capacitor is readily available broadcast receiver type, which
contains a single section AM section of about 300 pF and a single
section FM section of about 25 pF. Such capacitors can often be
found with built-in tuning shaft drive reductions of 3:1 to 6:1. A
simple alternative to the AM/FM type is the even more readily
available standard dual section AM type, where one section, de
signed for local oscillator usage, has fewer plates. Remove more
plates from the oscillator section, so it is left with 4 stator plates
and 3 rotor plates.
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The coils for the six bands can either be purchased or con
structed from a mixture of home brew and commercial coils. As a
completely purchased set, one can use the Conar CO-69 through
CP-74 series. These are replacement coils for an old-fashioned
National Radio Institute tube-type signal generator, but they work
just fine in the FET oscillator described in this article. The coils
are available from Conar, National Radio Institute, Washington,
D.C. 20016.

Another alternative is to just purchase the coils for the lower
frequency bands, which would be almost impossible to home brew,
and wind the other coils. In this case , for the first three frequency
ranges one can use prewound J. C. Miller-type coils, which have
the necessary tapped windings. The types are 9015, 9013, and
9013. For the highest three frequency ranges, one can self-wind
the necessary coils on %" diameter slug-tuned forms. The wind
ings necessary and the tap points for each of the three coils are as
follows: 15 turns tapped at 4 turns from the ground end; 7 turns
tapped at 3 turns; and, 4112turns tapped at 2 turns. The latter coil is
wound using #18 wire while the other two coils use #24 wire.

The coils can be mounted directly on the 3P6T rotary
bandswitch, as shown in Fig. 3-3. The coils are secured to the
bandswitch with epoxy cement and wired in place. In order to
ensure a good ground connection for the coils, a piece of sheet
copper was cut out to resemble a 6-legged starfish and placed over
the bandswitch shaft, so one of the "legs" could be soldered to each

~
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I :~S'"
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Fig. 3-1. Schematic of the generator. Only one of the six oscillator coils is
shown for clarity. The FETs are HEP802 or MPF102 types. The output
transistor is a 2N3866 or 2N706. Other details are covered in the text.
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Fig. 3-2. The oscillator circuitry is mounted on a 2V2-inch square circuit
board. and the components associated with the zener regulator are on a
terminal strip on the rear panel of the enclosure. At this point, the
banclswitched coil assembly has not been installed.

coil.Thisarrangement is probably a bit overdone. Ground connec
tionsfromthe coilsto several ground lugs, equallyspacedaround
the shaft of the bandswitch, shouldsuffice just as well.

The generator is assembled in a standardcommercial enclo
sure, which measuresabout5 inchesoneachside. The dimensions
were basedonthe size ofthe bandswitched coilassembly, turning
capacitor andcircuitboard. With a bit ofeffort, one shouldbe able
to fit the generator into the more readily available 4" x 5" x 6"
aluminum enclosure.

Thegeneratorcanbepoweredeither from the aclineorfrom a
12-volt battery source, making it idealfor bothfixed andportable
applications. The powersupplyfor the generator is notincluded in
the same enclosureas the generator, andthis seems to contribute
significantly to the total lackofachumonthe outputsignal. The ac
power supply is an ac wall plug-mounted 12-voltde battery re
placement supplyof the type commonly sold to power transistor
radios.

Within the generatorenclosurethere is onlya diodeto protect
againstreverse voltage polarity, a 1000mFfilter capacitor, anda 9
V zener regulator. For portable application, 12 V from a battery
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pack, or even9Vfroma transistor radio-type battery, canbe used.
The 250ohmvariable resistor beforethe zener is adjustedfor the
maximum resistance valuethat still allows the zener to maintain a
constant 9 V output

Becauseofthe lackofa frequency readout scale, there is not
the usual need to try to adjust the lowand high frequency range
excursions oneachband. However, they should be checked witha
counter to see that sufficient overlapexists between ranges. The
slugtuning ofthe coilssuffices to correct the tuningoneachrange.
Although onehassomelatitudetoadjustthe frequency coverageon
eachbandto suit individual preferences,Table3-1showsa typical
arrangement, starting with the lowest frequency band.

The stabilityofthe oscillator provedto be goodenough onall
ranges except the highest, so that temperature compensation was
not needed. This is probably due to the low power operating
requirementsofthe circuitandto the fact that the powersupplyis
mounted externally to the generator. Since the highest bandwas
notusedextensively, it wasnottemperaturecompensated. But,by
selection of small value NPO capacitors placed across the small
section of the tuning capacitor and by watching the output fre-

Fig. 3-3. The bandswitch coil assembly is preassembled and then mounted
in place. Individual coils are fastened to the switch by epoxy cement and
wired in place.
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Table 3-1. Frequency Coverage.

Band
1
2
3
4
5
6

Low end
100
400
1.2
4.1
15.0
25.0

High end
570 kHz
1400 kHz
4 .5 MHz
17.0 MHz
39.0 MHz
75-80 MHz

quency change on a counter, it should be possible to achieve
excellent frequency stability on the highest range also.

Tone modulation can be added to the generator by the circuit
shown in Fig. 3-4. The circuit provides a single frequency tone
modulation, which is useful to identify the presence of the rf signal
when working with a receiver having only an envelope (AM)
detector. By placing the output of the audio oscillator on the gate of
the second FET (instead of on the base of the 2N3866 as Fig. 3-4
indicates), a slight FM modulation of the oscillator will occur. So,
the signal generator can be utilized with SSB/CW, AM or FM
receivers.

A sweep frequency capability can also be added to the
generator, by means of a varactor diode connected across the gate
terminal of the oscillator FET to ground, and driven by a suitable
sawtooth of triangular waveform.

SIGNAL TRACER

For this project you'll need a small transistor radio, a resistor
and a capacitor. The modification to the pocket radio involves four
steps. First, find the earphone jack and the earpiece and cord that
plug into it. Inside, the jack will have three wires connected to it: a
ground, a lead to the speaker, and another one trailing off to the
innards of the radio somewhere. This last wire actually goes to the
secondary winding of the audio output transformer (see Fig. 3-4).

Leave the ground wire undisturbed. Unsolder the wire to the
speaker and the one to the innards, both at the jack, and note which
went where. Solder the ends of these two together and tape them.
Now the radio is permanently connected to its built-in speaker.

The second step involves finding the point where the diode
detector connects to the volume control. This can be found by
tracing back from the center pin of the volume control along the foil
until you find the glass diode. Unsolder the end of this diode which
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Fig. 3-4. Audio oscillator which can be added to the basic signal generator
to aid in identification of the rf signal.

goes to the volume control, but leave the other end connected.
Solder a piece of insulated hookup wire to the free end ofthe diode.
The other end of this wire is soldered to the pin on the earphone
jack that was formerly connected to the speaker. Solder another
piece of insulated wire to the point on the circuit board where the
free end of the diode used to be. The other end of this wire is
connected to the remaining pin on the earphone jack that used to be
connected to the innards. Now, without a plug in the earphone jack,
the pocket radio will play normally, since the diode detector is
connected to the volume control once again, although now through
the contacts of the earphone jack (see Fig. 3-5).

For the third step, cut the earpiece offthe end of its cord. Strip
the ends of the wires, and with an ohmmeter or continuity checker,
find out which of the wires goes to the inner pin of the jack, and
mark it. The other lead is the ground connection, which can be
connected to an alligator clip. Solder one lead ofa 1 JLF capacitor to
the "hot" lead. This capacitor will keep stray de voltages out of
your pocket radio, thus preventing premature trauma. The free end
of the capacitor is the probe tip, and is to be connected to the
equipment under test, wherever you suspect audio should be. With
the earphone plug inserted in the jack, and the probe connected to
the circuit under test, you should now hear the desired signal. The
lead with the capacitor can be built into the plastic end of a
discarded ballpoint pen, to make a neater probe tip. The voltage
rating of this capacitor must be higher than any voltage you have in
the equipment under test. For tube type receivers, 600 volts is
usually adequate, while a 50 volt capacitor is adequate for transis
tor receivers and hi-fi gear .

If you're going to run the pocket radio from its own battery,
this step may be omitted. If you would like to run the pocket radio
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Fig. 3-5. The modified circuit

from the voltage in the gear under test, this formula can be used to
find the right value of dropping resistor:

R
. tan (Available Voltage) - (Voltage Needed)

eSls ce = .
Receiver Current

For example, if your pocket radio needs 9 V to operate, and 12V is
available, and the pocket radio draws an average of about .010 A,
then by plugging the numbers in:

~~-19 = .g1 = 3000 resistance needed

The wattage needed for the resistor can be figured by the
formula FR = P; that is, the current multiplied by itself, times the
resistance, gives the needed power rating in watts. In the example
above, it would be (.01) x (.01) x 300 = .03 watts. A It4 watt
resistor would give a more than adequate safety margin. If you're
planning to use a 150 V supply to run the pocket radio, a 14.1 kfi at
1.4 watts is the calculated value, and 15 kO at 5 watts is adequate
and a practical common value. This resistor is connected between
the positive terminal of the battery holder and the supply voltage
point, as shown in Figs. 3-6 and 3-7. Also, see Fig. 3-8.

Once completed, the pocket radio can be used normally, and,
by just plugging in the earphone plug/test probe, it becomes a
signal tracer or audio amplifier.

AN AUDIBLE LOGIC PROBE

The most serious short -coming ofconventional logic probes is
the need to watch for signs of a change. It's not always convenient
to be watching the probe during a test.

This unit gives an LED indication of the static state of the line
under test. When the LED is lit, the line is logic state "1." Any
logictransition which lasts at least 50nanoseconds is detected, and
an audio beep is generated. Both a "I" to "0" and a "0" to "I"
transition are detected.

Construction
My unit is built on a perforated epoxy board. Discrete compo

nents are mounted on a 16-pin header which plugs into an IC
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Fig. 3-6. Battery terminals with
added dropping resistor.

socket. Sockets are mounted by installing printed circuit board
eyelets under pins 7 and 14. Each eyelet is peened in its hole by
using oppos ing automatic center punches. The sockets are
mounted, and pins 7 and 14 are soldered to the eyelets. The rest is
a simple wirewrap job.

It is possible to run the device from batteries, although the
current is a bit high (about 70 rnA). Rather than use batteries or
steal power from the circuit under test, I decided to include a small
power supply. Everything is mounted in a small phenolic box.

Operation
There is no special procedure. Simply connect the input to the

line to be monitored, and a ground between this device and the one
under test. Once connected, an audible beep will be heard
whenever the line pulses or changes state. The LED indicates the
line's static state.

Theory
The input is squared by (Schmitt) IClA, which is also the LED

driver. IC1B and IC1C provide a delay before applying the signal to

Fig. 3-7. This photo shows the dropping resistor connected to the positive
battery terminal, and the lead from the volume control to the external jack.
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Fig. 3-8. This photo shows the diode detector (nestled snugly between two
i-t cans) and its lead (going to the jack).

the exclusive ORgate, IC2. When the inputchanges state, the two
signals applied to the exclusive OR gate will be different for a
period equal to the delay through ICIB and ICIC. The gate will
pulse lowfor thistime. Afterinversion byICID, the positivepulse
isapplied to thefirsthalfofthe NE556. (lC3). Thishalfiswiredasa
one shot with a duration of approximately one half second. The
outputofthis oneshot is applied to the secondhalfofIC3,which is
wiredas anaudio oscillator. When the oneshot isactive, it turnson
the oscillator, which in turn drives the speaker. Changing Cl will
adjust the duration of the beep; C2 determines the output tone.

Troubleshootinl
During initial wiring, leave out the jumperbetween pin 5 of

IC3andpin10oflC3. Check the powersupply to be sure it is +5 V.
PluginIC3.The oscillator should be heardrunning. This is a good
time to varyC2ifyouwould prefer a different tone. Afterthe tone
is working properly, connect thejumperbetweenpin5andpin10of
IC3.PluginICl-but notIC2. Touchpin12otICl momentarily to
ground. The oscillator should beep for approximately one half
second. Cl can be adjusted to vary the beep duration.

The LEDshould be lit. Touching pin2 oflCl to ground should
makethe LEDgoout. Insert IC2andtest the complete unit. Short
the input(pin2) ofICI to ground. The LEDshouldgo out andthe
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oscillator should beep. Remove the short and another beep will
occur.

If you want to test its ability to capture a pulse , I suggest
wiring a one shot (such as an SN74121) as a switch deglitcher. This
device will capture the pulse every time the switch is pushed. See
Figs. 3-9 and 3-10.

TV TEST UNIT

This is to describe a device of considerable value to the many
hams that service TVs either in the shop or at home. It has not, so
far as I am aware, been used or suggested by anyone else. It is
simply a regenerative receiver set on 15.75 kHz, the TV horizon
tal oscillator frequency.

With it the horizontal oscillator frequency can be set correctly
without a signal and the adjustment made in seconds without any
doubt as to whether to increase or decrease the oscillator fre
quency. Many of us have spent valuable t ime in the shop blindly
turning the slug in and out without the slightest idea where it
should be for the correct frequency. If the oscillator is not working,
there will be no signal regardless ofadjustment. Adjustment of the
horizontal oscillator in the usual manner only brings the frequency
near enough that the sync pulse can lock it in step and thus is no
assurance that in the free-running state it is on frequency.

This receiver may be built into any small case such as that
from a defunct transistor radio. Its variable condenser, audio
amplifier and speaker may also be used if good. It may be made
small enough to carry in a shirt pocket.

To conserve space and avoid hand capacity effect, an 88 mH
toroid coil was used rather than a regular horizontal oscillator coil
which would have required some shielding. See Fig. 3-11.

.,

Fig. 3-9. IC1: SN74132N. IC2: SN7486N. IC3: NE556. All resistors are V4
watt. except for the one which is V2 watt. 39 Ohms. Power supply current is
approximately 70 rnA.
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Fig. 3·10. Timing diagram.

This circuit using the collector at ground potential for rf was
chosen to simplify the audio takeoff. R5C5 provides additional
filtering to keep rf out of the audio output. Use the audio amplifier
in the original case, if convenient. If you must build your own, a
small IC is suggested for compactness.

Aregenerative receiver is most sensitive when not oscillating
at full strength, so it is a good idea to use variable resistors to
determine the best values for reliable but not excessive feedback,
replacing them with the nearest fixed small resistors. While I used
a 2N706 transistor, it is safe to assume that at least a hundred other
types, requiring different bias resistors, etc., may do as well or
even better.

Cl is made up ofone or more fixed mica condensers inparallel
with a small variable condenser or mica compression trimmer; the
latter is definitely second choice. The total capacity required
should be around .0018. Marked values are seldom correct. Tem
perature sensitive condensers are to be avoided for tuning. Silver
micas are preferred. The temporary use of an external variable
condenser ofconsiderable capacity willexpedite finding the proper
value and frequency.

With this receiver's antenna near the horizontal area of an
operating TV, listen for the 15.75 kHz signal when you are sure the
receiver is oscillating. When zero-beat is obtained, with final
tuning condensers in place in the final assembly, no further adjust
ment is required and it is ready for use.

With no signal or antenna on the TV to be serviced and with
front panel control, if any, set at midrange, adjust the horizontal
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slug for zero-beat with the receiver and you are finished with that
part of the job-no guesswork! If the sync doesn't take control,
then that is a different problem, and there is no need to twiddle with
the horizontal oscillator .

. POWER SUPPLY TESTER, USING A LOAD BANK

The first question asked might be, "What is a load bank?" The
term is taken from the electrical power industry to explain a device
to simulate a load on various power sources in order to check the
load performance of those sources.

Using the basic ideas presented here, load banks for most any
type of low voltage power supply can be built.

In order to properly evaluate the performance of a power
supply (whether home built or commercially built), the supply
must be tested at various degrees of loading-that is, no load, half
load, full load, etc. The major requirement for a suitable load bank
is that it be capable of providing these various load conditions.
Thus, several load elements are required, or at least one large
variable element is required, in order to cover several different
loadconditions. These load elements would typically be large fixed
or variable power resistors. If the power supply is of any size, the
load elements have to be of high power rating (10, 25, or even 50
watt) . A look at a parts catalog will show that power resistors get
expens ive as the power rating goes up and the different ohmic
values available go down. Also, power resistors present the prob
lem of how to get rid of the heat and how to conveniently mount the
resistors.

Instead of using the regular power resistor in the design of
these load banks, automotive bulbs and pilot lamps were used.

ANTENNA . 9V

CI

SEE
TExT

.~

I ~K

C ~
001

C4
002

L--....,....----+----4-~__4_--9 V

Fig. 3-11. 15.75 kHz oscillator schematic.
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SECTION A
LOAO BANK 13 aV@l 24 AMPS

SECTI ON B SECTION C SECTION 0

B

Fig. 3-12. All bulbs # 1073. All wire #14 TW. A, S, C, D--10amp relay
contacts or 10 amp switches (optional since connections can be made
directly).

These are readily available at auto parts stores, electronic parts
houses, and even department store electrical parts sections. Bulbs
are selected on the basis of voltage and current requirements and
typically work out very nicely in regard to both values. The prob
lem of power dissipation is very minimal and mounting can be very
simple. With the load elements decided, the actual construction of
the load bank can begin.

The first load bank requirement was for a rather large 13.8
volt de 24 amp de supply. It was decided to check one third, two
thirds, full load, and 133% of full load. Voltage and ripple were
observed under the various load conditions. The #1073 automo
tive bulb was selected with a nominal rating of 12.8 volts @ 1.8
amps. Since the power supply voltage was to be a volt higher, the
current at that voltage was approximated to be about 2 amps. This
is a fine feature of these bulbs-the voltage can be increased up to
20% of nominal rating without any problem in this application.

The bulbs were arranged in four groups or sections of four
each. See Fig. 3-12 for the circuit diagram. Each group presents a
load of about 8 amps at nominal voltage to simulate four load
conditions . In order to keep costs down and construction simple,
the wires consisting of #14 TW wire were soldered directly to the
bulb bases. The start and end of each section wire were wrapped
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-------~around a nail which was driven into the wooden base board. This
eliminated expensive sockets and, after all, a load bank is not a
device that is normally on display in the shack.

Since this load bank was to be used for a considerable amount
of testing and since four surplus relays were available, each load
section was wired through relay contacts. Any combination of
loading can be quickly selected. This extra feature can be elimi
nated with just the use of solder connections or switches with
proper current rating. The switching feature is certainly handy if
considerable testing is to be done, but adds considerably to the
parts cost if the junk box is not well stocked.

The second load bank was for a much smaller de power supply
with a rating of5 volts@l amp. Following the same design features
ofthe previous loadbank, a #502 bulbwas selected as loadelement
in four sections with two bulbs in each section, giving 30%,60%,
90%, and 120% of full load. Since the current requirements were
much less, about 0.3 amps per section, regular #22 solid hookup
wire was directly soldered to the bulb bases and toggle switches
(or even slide switches) used for controlling the load sections. A
small wood base board was again used for mounting the bulbs and
wiring with a small Vs inchpressed board panel (nailed to the edge)
to support the switches. This supply is most useful for checking
logic power supplies used with JCs, Overload or current foldover
characteristics can be checked on supplies designed with that
feature. See Fig. 3-13 for the circuit .

There are many advantages to these simple load banks be
sides the cost and ease of construction. The bulbs present a large
amount of light under full load to leave no doubt that the supply is
working. Also, there are no burn marks from power resistors on
the workbench or, even worse, the dining room table. Buying the

SECTION ..

LOAO BANK 'V@ I AMP

SECTION B SECTION C

POWER SUPPLY CONNECTIONS

SECTION 0
Stctlon Load

A 30%
A& B tm6

A,B,& C 90%
A, B, C, & D 12O%offull

Cumnt In Amps
@SIIOIt>

0.3
0.6
0.9
1.2

Fig. 3-13.All bulbs #502. All wire #22 solid. A, B, C, D---<>.3 amp switches.
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Fig. 3·14. Block diagram.

bulbs by the box reduces cost, and automotive type bulbs are
readily available, even at gas stations.

The purists may argue that the bulb is not a constant load
resistance due to the filament characteristics. This sudden heavier
than normal load when voltage is first applied to the bulb is very
short in duration and provides an even stricter load test of the
supply being tested.

The load bank ideas presented here can be extended to other
sizes and types of load banks by changing the bulb types and the
number ofbulbs ina section, and even the number of load sections.

These load banks have been used to check voltage and ripple
conditions on a variety of home brew and commercial supplies. The
cost is certainly cheap if proper shopping around is done on the
choice and source of bulbs.

. . - ~

FREQUENCY COUNTER .'- ~. ~ "' ,

My original goal in designing this counter was to produce an
inexpensive, no frills, reasonably accura te , minimum parts design.

High impedance FET input, .2 to 30 MHz frequency range,
sensitivity :s; 60 mV RMS across most of its range, and compact
packaging are some of its features. Also, two modes of timebase
operation are possible. -xtal controlled with an accuracy of ±20
PPM ±1 count and line frequency (±.05%). The heart of the
counter (less readou t and power supply) is mounted on 2 PC boards
( ~ 3" X 5''). The cost of the boards filled with parts (for line
frequency operation) plus the 6 Minitron readouts will run you
about $40. An additional $8 pays for the xtal controlled timebase,
and of course you'll need a power supply. Any junk box parts
substitute will naturally reduce your costs.
Operation

The block diagram of Fig. 3-14 shows the signal flow and
control. Referring to Fig. 3-15 Ql to Q4 shape the incoming signal
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to produce TTL compatible levels . A precise 100 ms gate (at IC19
pin 2) is then "or"ed together with the signal (lC19 pin 3). This
gated signal is counted down and displayed on the readouts. The
trailing edge of the 100ms gate triggers the one shot IC24. A pulse
is generated that strobes the quad latches IC7 to IC12. The stored
data is transferred to the decoders and readouts. The trailing edge
of the one shot triggers another one shot IC25 to produce the reset
pulse to counters IC13 to 18. Allcounters are reset to zero until the
next gated input is counted. Thus the sequence is: gate, count,
transfer, reset.

Construction
As mentioned earlier, the heart of the counter is mounted on

3" x 5" PC boards (actually 3" x 5-3/16"). Youcan package these
boards any way you like. Just allow sufficient ventilation in any
enclosure you use. One of the drawbacks of laying out small boards
is that you can't get all the circuit connections on them that you'd
like. So we're going to have to add some jumpers. Refer to Fig.
3-15 and Figs. 3-16A & B. After all the components are mounted,
jumper IC19 pin 2 to IC24 pin 3. Also jumper point "A" to the pad
right above it (for line base operation) . That's all the jumping we
need for the Input and Control board.

6 3 .... .o.( ."" .

."".
,.
I

I
Ht Olol C'''S l Al CO", TROI.LEO

(; 4 TI ~ G CI RCUI T

r----- -;;:TO"""IC'SS; ~~ 8E
Pt~S 4 . 13

Fig. 3-15. Input and Control board.
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Fig. 3-16A. Input and Control PC board .
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-~ Fig. 3-168. Component layout, Input and control board.



The Readout board will require the followingjumpers (refer to
Fig. 3-17 and Figs. 3-18A & B):
1. IC7 to 12-jumper all pins 4 and 13 (strobe).
2. IC13 to 18-jumper all pins 2 (reset).
3. IC13 to 18-jumper pins 1 and 12 on each IC only.
4. IC13 pin 11 to IC14 pin 14.
5. IC14 pin 11 to IC15 pin 14.
6. IC15 pin 11 to IC16 pin 14.
7. IC16 pin 11 to IC17 pin 14.
8. IC17 pin 11 to IC18 pin 14.

Also, power to all ICs and all power grounds will have to be
added. Refer to Fig. 3-17. Jumper grounds to the ground plane and
between boards. I suggest you use Molex terminals to mount all
ICs. The added cost is worth it.

The Input and Control board art work (Figs. 3-16A & B) is laid
out for 60 Hz operat ion. If you're satisfied with an accuracy of
approximate ly 500 PPM on your counter, use it as is. You won't
need the LM340-5T in the power supply, so that's an additional
saving.

The crystal controlled timebase should be added to get the
most accuracy from your counter Fig. 3-19 is a suggested circuit.
Layout is not critical and could be hand-wired in no time . If used,
you won't need IC22 and IC23. To connect, remove the jumper at
point "A" and connect the output on the last counter to point "A".

That's about it. If you got all the jumpers in right and your
power is connected right (double check), you should be finished.
The dot near each IC on the artwork is pin 1.

Make sure all ICs are installed correctly. That's another
reason for using the Molex terminals. It 's a lot easier to reverse an
incorrectly mounted IC with them.

There is no calibration procedure. If it's wired right, it'll
work. One word of caution. If the counter fails to count all the way
to 30 MHz, IC21 could be the cause . It has to divide by 5 up to 15
MHz. Substitute it with other 7490s until you get one that goes to
30 MHz on the input.

Finally, your counter is compatible with any of the prescalers
available on the market, extending its range to 300 MHz. Also, see
Fig. 3-20.

FREQUENCY STANDARD

With the proliferation of subbands and interference-obscured
net frequencies, the use of an accurate secondary frequency stan-
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dard is both good operating procedure and also helps fill our legal
requirements for frequency measurement capability under FCC
regulations. In addition, such a standard can be used as a timebase
or signal injector to test digital logiccircuits.

This frequency standard was designed to be a low cost answer
to the need for a good secondary frequency standard. It generates
marker signals of 1000, 500, 100, 50, 25, 10, 5, and 1 kHz, and 100,
10 and 1 Hz. With harmonics usable well beyond 30 MHz, markers
available to denote subband edges, align receiver dials, find net
frequencies, and measure the frequency of unknown signals.
Should your latest logic circuit not perk properly, two TIL level
outputs are available as substitute clocks or signal injectors.

Short term accuracy is approximately 1 part in 106
• The unit is

easily aligned to WWV with a short wave receiver. An attenuator is
included to permit matching signal strengths with the received
signal so that a zero beat can be easily and accurately identified.
Only one trimmer need be adjusted to align the standard.

With the standard still attached to the receiver and providing
an audible measure of its accuracy, a counter or other TIL
compatible device may be attached to either TIL output and that
device's accuracy checked.

A frequency burst mode is provided to allow identification of
the standard's markers in a crowded receiver passband. Enabling
the burst turns the output onand offten times per second, resulting

Fig. 3-17. Display board.
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Fig. 3-19. Crystal controlled limebase. Note: For a more versatile counter,
and to prevent overloading the front end, the input circuitry shown should
be added.

in an easily, recognized "beep-beep-beep." This burst also is avail
able on one TTL output.

An external de input makes operation in the field possible.
9-15 volts at 250 milliamps is all that you will need to have an
accurate standard available for Field Day. This is cheap insurance
against FCC out-of-band citations.

Circuit Description
The active devices in the frequency generation chain are 7400

series TTL. They are readily available, easy to use, inexpensive,
and capable of the fast rise times necessary for high level high
frequency harmonics.

The oscillator shown in Fig. 3-21 uses a 7404 hex inverter,
AI, with a 200 kHz crystal as the feedback element for frequency
stability. This circuit provided the cleanest output of those I tried. I
happened to have a 2000 kHz crystal on hand but the circuit will
work with a surplus 1000kHz crystal. In fact, you can eliminate one
7474 package by using a 1000 kHz oscillator.

Frequency division is accomplished by 7474 dual type D flip
flops A2, A9, and AlO, and 7490 decade counters. A3-A6, All, and
A12 wired for division by ten. The 7474s are used as toggle flip
flops by connecting Q to the data input. Preset and clear are not
used and are tied high through 1.8k resistors. The 7490s are ripple
counters and are prone to spikes and level changes in their output.
Proper bypassing of all ICs is necessary to prevent these devices
from putting spikes on the power buses. The .1 p,F bypass
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Table 3-2. Parts Ustfor Counter.

IC terminals Molex Soldereon
Series 90 Min itron Display (6)

Note: Transistors, ICs, terminals
and display are available from
Digf-Key Corp ., P.O. Box 126,
Thief River Falls MN 56701.

ICl to IC6
IC7 to IC12
IC13 to IC18, IC2l
IC24,IC25
IC22
IC23
IC19
IC20

R16,R17
R2
R3
R4, R13
R5
R6
R7
R8
R9
Rl0
Rll

7447
7475
7490
74121
7413
7492
7402
74S73
10k Y.W
1 meg
1.2k
150
270
3.9k
1.5k
390
100
3.9k
24k

R12
R14
R15
Cl , C3, C4, C11

C5
C6
C7
01
02,04
03
05 ,06

15
4.7k
1.5k
.1 mF 20 V
100 pF
.001 mF 20 V
100 pF
MPF 102
2N3638A
2N2222
2N2222

capacitors are not superfluous-use one at each Ie.
The various frequency outputs are selected by a rotary switch

and fed to A8c, one section of a 7400 quad gate. The selected
frequency can either be passed without change or gated with the 10
Hz output of A7, an NE555 astable oscillator, producing an easily
identified frequency burst at the output terminals,

Should you not have a switch with enough positions to suit
your needs or just wish something different in the way of frequency
selection, try the electronic switch of Fig. 3-22.

ED;
TOP I/ IE W OR LM 309 1<,

--

Fig. 3-20. Power supply.
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Fig. 3-21. Frequency standard schematic.

The NE555 timer A14 is used as an astable oscillator whose
output is a train of24 millisecond low-goingpulses with a period of
.81 seconds. A15a inverts this to a train of positive-going pulses.
A15b and A16a gate the pulse train under control of the STEP
push-button switch.

On each low-going pulse edge of pin 14, the 7493 binary
counter A17 increments by one. A16b forces a reset on a counter

• " . 22 0

Fig. 3-22. Electronic switch.
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output of 1011, permitting outputs from 0000 through 1010 to
select the eleven frequencies of the standard.

The binary output of A17causes the 74150 multiplexer A19to
select a signal from its inputs to be fed to the standard's output
buffers. A18, a 74154binary to one of sixteen decoder, enables the
corresponding LED.

To change frequencies on the standard, depress the STEP
push-button. The standard will step through its eleven outputs,
one every .8 seconds, until the button is released. When the
desired frequency is reached, as indicated by its LED, you have
three-quarters ofa second in which to release the button before the
standard steps again.

Because of the additional current required by the electronic
switch, the 2200 J-LF filter capacitor should be changed to 4700 J.LF if
this circuit is added.

The remaining gates of the 7400 are used as output buffers.
The two used for TTL outputs willdrive ten TTL loadsapiece. One
of these gates buffers the 1000 kHz output of A2a and makes it
available at a BNC jack on the rear panel. The other takes the
output ofA8c, which is controlled by the frequency selector and the
BURST switch, and makes it available at a BNC jack.

The output to a receiver is from A8b through a 100 pF
capacitor and a 500 ohm pot used as a signal level attenuator.
Connection of the pot as shown prevents the receiver sensitivity
from being affected by the attenuator setting.

The power supply uses the ubiquitous LM309K +5 volt reg
ulator. Since the circuit draws only 250 milliamperes, the project
case can be used as the heat sink. Dissipation of the 309 is only 0.7
watts.

Substitution for the surplus 7 volt power transformer I used is
easy. Use a 12.6 volt center-tapped filament transformer in the
configuration of Fig. 3-23.

In order to use the unit in the field, provision is made for an
external dc input. The .01 J-LF capacitor removes stray rf from the
power lines and the series diodes prevent damage from polarity

,,:JII,.
"'00 TO l M 30 9 K

·Izooo
. ,@ •• v

IN4001

Fig. 3-23. Center-tapped filament transformer circuit.
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Fig. 3-24. Divide by three circuit

reversal. Two diodes were used because I feel that the 14.5 volts of
a car battery under charge come perilously close to the filter
capacitor's 16volt rating. Withthe two diodes shown, applicable dc
input voltage is 9-15 volts. With the appropriate filter capacitor
voltage rating and a single diode, voltages in the range of8 to 25 can
be used.

Do not leave out the .22 /LF bypass capacitor on the 309 input
It prevents oscillation of the device should a remote battery be
used as a power source.

Construction
Because of the high speed switching characteristics of TTL

and the high frequency harmonic content of the output waveforms,
each IC is a transmitter and each interconnecting wire is an anten
na. A thoughtful layout and careful construction are important to
minimize unwanted radiation.

Switching transients appearing on the Vee and ground lines
can add unwanted noise to the output. I used a prototyping board
with Vee and ground planes to minimize glitches. A printed circuit
board would be even better. If you wish to build the circuit with
wire wrap sockets on vectorboard, use bus wire for the power
leads to the sockets. An effective technique is to interleave Vccand
ground bus wires for each row of IC sockets, with a row not
containing more than a half-dozen ICs.

Bus wire should also be used to connect the board directly to
the 309. Do not invite problems by grounding the board to the
chass is. Connect the chassis to the 309 case, the board to the 309
case , and the rectifier ground to the 309 case . This prevents the
board ground from rising above the power ground and developing
noise problems.
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Asynchronous TTL devices such as the 7490 generate plenty
of switching transients. Put a .1 ,."Fbypass capacitor between Vee
and ground at each device socket and another at the power input to
the board. Bypass the 309 input and output as shown to prevent
spikes and oscillation.

The leads connecting the frequency divider ICs and the selec
tor switch make excellent antennas, so shield the output from the
board to the attenuator pot and from the pot to the output terminals
with RG-174 coax to reduce unwanted pickup. Long unshielded
leads will reduce the effective control range of the pot.

Mechanical stability will be reflected in electrical stability.
Rigidly mount the crystal and trimmer capacitor close to the 7404
oscillator.

Changes
For those who would like accurate channel markers for 2

meter FM, try a 3000 kHz crystal in the oscillator. This frequency
can be divided by two 7490s to 30 kHz for standard channels and
then by half of a 7474 to cover splinter channels. The divide by
three circuit of Fig. 3-24 replaces A2a to retain the outputs of the
present standard.

With CMOSprices fallingand use ofthese devices increasing,
you may wish to provide an output compatible with CMOS logic
circuits. A 7406 open collector hex inverter package with a 2k
pullup resistor could be added to interface with CMOS logic levels.
Such an arrangement will have a deleterious effect on high fre
quency harmonic content, but will be fine for signal injection to a
CMOS circuit.

AUDIO FUNCTION GENERATOR

The generator features a frequency range of .05 Hz to 300
kHz, digital frequency display, and a sweep range of 1000:1 or
better. The unit produces sine, triangle, and square waves as well
as left- or right-sloped ramps and pulses with an adjustable duty
cycle of 1% to 99%. The output may be amplitude- or frequency
modulated by an external signal and adjusted in amplitude from six
volts peak-to-peak down to millivolts. The sine, triangle, and
square waves may be swept in frequency by a built-in linear sweep
circuit or by an external signal. The cost is in the $50.00 range if
you have a moderately stocked junk box. The majority of the parts
are stocked by Radio Shack. About half of the cost is in the digital
frequency display, which may be easily replaced with a frequency
counter or an analog scale.
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The entire unit consists of the function generator circuits, the
sweep circuits, the digital display circuits, and the power supply.
The function generator circuits actually contain two function
generators, designated the primary and secondary and labeled F1
and F2 in Fig. 3-25. The two generators may be set independently
of each other and it is possible to shift between the two merely by
changing the logic level at the FSK jack. The amplitude of the
output is absolutely constant from the lowest frequency up to 300
kHz with a usable signal generated up to about 1 MHz. Distortion of
the sine wave is adjustable and quite good at approximately .5%
THO.

Construction
The heart of the function generator is an XR 2206 IC. I

purchased my chip from Jameco Electronics, 1021 Howard Ave.
San Carlos, CA94070. Be sure to ask for the spec sheet; the add
itional 25 cents is well worth the price. I used the manufacturer's
recommendations on wiring the 2206 except for several modifi
cations that are peculiar to my function generator. If you do not
want to build the sweep circuit, then just leave those components
off of the circuit board; there are no components that are used for
both the function generator and the sweep circuits. See Figs. 3-26
through 3-30.

I used V4-watt, 5% resistors except for R12, which is not
critical but should be at least 1 watt. Capacitors C1 through C5 are

Fig. 3-25. The completed swept function generator. The knob labeled F1 is
the primary frequency control and is mounted on a 3:1 gear drive. The
SINfTRI output jack also provides a ramp function. All unlabeled jacks are
grounds, except the jack, far left, which is the variable de output.
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frequency-determining components and should be 5% or better,
and for best results should be made of some stable material such as
polystyrene. Other types of capacitors could be substituted,but the
generator will be slightly less stable. Wherever possible, I have
tried to provide large pads on the circuit board to accommodate
capacitors of different sizes.

Trimmer pots Rl, R2, R3, R6, R7,AlIld R8 all are mounted on
the PC board. I have provided space on the circuit board so that
either the stand-up or the lay-down type of trimmer may be used.
Front-panel pots R4 and R5 are the other frequency-determining
components. During normal use , R4 is the main frequency control,
and I have mounted mine using a 3:1 gear drive so that the fre
quency can be varied in small increments. Potentiometer R5 is
used to set the frequency of the secondary function generator and
to adjust the shape of the pulse and ramp functions. I found it
sufficient to mount R5 directly on the front panel without a gear
drive.
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Fig. 3-26. Schematic of function generator and sweep generator.
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Fig. 3-27. Schematic of digital frequency display .

The function generator may be swept infrequency by applying
a varying voltage to R5. For maximum frequency sweep, 1000:lor
better, this voltage should vary from 0 V to +3 V, with the highest
frequency being generated at 0 V. I have arranged the front-panel
switches so that the function generator may be swept or
frequency-modulated by applying a varying voltage to the sweep/
sync jack from an external source or from internal circuitry. The
internal sweep circuit is a linear ramp generator which provides a
3-V ramp at a frequency which allows one sweep to fill my scope
screen when set to 2 ms/cm. When the internal sweep circuit is
used, the ramp signal is applied to the sweep/sync jack so that it
may be used to trigger your scope.
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Operation of the sweep circuit is not overly complex. One half
of the 556 dual timer is wired as a monostable multivibrator which
is used for a time base. The 741 op amp inverts the output of the
multivibrator to provide a good trigger signal. The actual ramp is
generated by the other half of the 556 and the two transistors.
Transistor Ql is a 2N4250 or similar and provides a constant
current source to capacitor C6. This constant current allows C6 to
charge linearly. The other half of the 556 timer acts as a switch
which grounds the positive side of C6, when triggered by the op
amp. The voltage across C6 almost instantly goes to zero and then
begins to recharge. Transistor Q2 (a 2N2222) is a buffer amplifier.
By adjusting the de bias on this transistor, the amplitude and
position of the ramp relative to ground may be precisely set. The
output of this emitter-follower type circuit is the final sweep
signal.

The digital frequency display is a multiplexed unit and is based
on the Radio Shack three-digit BCD counter IC, part 276-2489.
The entire display was point-to-point wired on a multipurpose
22-pin edge connector circuit board which will just accommodate
the 9 ICs and three 2N2222 transistors. The timebase is derived
from the 6O-cycle line. I have found the accuracy to be quite good at
audio frequencies, often showing the same frequency as my lab
grade counter, up through 50 kHz or so. Even at much higher
frequencies, the difference is usually under 100 Hz and the error
will always be on the low side. The frequency generated by the
function generator is sampled at pin 11 of the XR 2206 and is
coupled to the digital display through a 33 pF capacitor. This signal
is then counted and displayed by the two sets of 14553 counter and
4511 driver ICs.

The wiring of the LED displays is a little unusual and requires
an explanation. If the counter is placed in the l00-ms timebase

Fig. 3-28. Power supply. C6 and C7 are 2.2-!J.F tantalum and are mounted
on the circuit board. All other components are mounted on the chassis.
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Fig. 3-29. PC board layout

position, it will count and display 1/10 of the actual frequency being
generated, so that 4552 Hz would appear as 455. I found this to be
distracting, so I added another LED display in the "ones" position
and set it to display a "0". Now the frequen cy display would appear
as 4550. In order to get the newly-added display to have the same
brightness as the other digits , I wired it as if it were in the
"millionth" position. There is no leading-zero blanking, so the new
digit will always show a zer o unless a frequency of one MHz or
higher is counted. In the one-second timebase mode, this newly
added digit will appear in the "tenths" position and will be zero
unless a frequency of 100 kHz or higher is counted. In this
timebase, the display would appear as 4,552.0. The decimal points
are wired to the timebase switch so they will always correctly
separate the hundredths and thousandths digits.

The digital display circuit is set up for common-cathode dis
plays with right-hand decimal points. Maximum current should be
limited to about 25 rnAper segment. I used Radio Shack 276-1644
displays but wouldrecommend some of the multiple-digit , multi
plexed units such as those sold by Digi-Key, Inc.

The timebase and control circuits for the display are fairly
straightforward. A GO-cycle signal is taken off the low voltage side
of the power transformer. Diode D2 and zener D1limit the voltage
excursions to -0.7 V and ± 5.1 V. This GO-cycle signal is applied to
a Schmitt trigger to produce an accurate square wave, and then

152

---- -~--- ------



passes through the 7492 IC wired to divideby six. The resulting
lO-Hz square wavetriggers the twoone-shotmultivibratorswhich
form the latch and counter reset pulses. In the one-second
timebase, the 6O-Hz signal is divided by ten in the 7490IC before
goingthroughthe 7492, so that a I-Hzsquarewaveis appliedto the
one-shots.Again, this is a surprisinglyaccuratesystem, andI have
been very pleased with the results.

The power supplyis fairlyconventional, usingan 18-or 24-V
actransformer,a bridgerectifier, andtworegulators, a 15-voltand
a 5-volt. H you use a 24-V ac transformer, be sure you do not
exceed the maximum voltage which may be applied to the reg
ulators; mine were rated for 35 V de, All of the power supply
components were mounted on the chassis. Note that a 2-wire
power cord is used so that the chassisgroundis floating and is not
connected to the house wiring ground. This allows the function
generatorgroundto be floating andset inrelationto other piecesof
test gear.

Calibration and Operation
Calibration is not difficult, but does require a de-coupled

oscilloscope. Thefunction generator circuithas three adjustments.
Trimmer R1adjuststhe amplitude ofthe signalwitha maximum of
six volts for the triangle waveform. Symmetryis adjustedby R2,
andR3adjustsdistortionofthe sine waveandmaybe replacedwith
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Fig. 3-30. PC board component location.
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a 200-ohm resistor with fairly good results. The three adjustments
will interact to some degree; the object is to maximize amplitude
and minimize distortion. The sweep circuit is adjusted using R6,
R7, and R8. The collector of Q1 should be monitored while adjust
ing R6, which should be set to a position giving the longest ramp.
Too little resistance here will make the ramp generator operate at
twice the trigger frequency. With an oscilloscope connected to the
output of the sweep circuit, adjust R7 so that the ramp just touches
the O-voltbaseline. The amplitude of the ramp is adjusted by R8 to
a value of three volts p-p. There is some interaction between R7
and R8, and these adjustments are somewhat critical-so be pa
tient.

Operation of the swept function generator should be fairly
obvious, but here are some helpful hints. When operating in the
sweep mode, 53 should be placed in the ON position and 54 placed
in the INT. This will apply the ramp signal from the sweep circuit
to the function generator and to the sweep/sync output jack for
synchronizing or triggering your oscilloscope. You will find the
signal appears to sweep from right to left as the lower frequencies
are to the right. If54 is placed in the EXT position, then an external
device may be used to sweep or frequency-modulate the function
generator. Whenever 53 is ON, the average frequency will be
controlled by R5 and the range switch.

To determine the range of frequencies actually being swept,
place the digital frequency display in the one-second timebase
mode. The displayed frequency will be very close to half of the
peak frequency and 500 times the lowest frequency. I have found
this to be a very handy phenomenon. If I am looking at the response
of a notch filter and want to know at what frequency the notch
occurs, I can adjust R5 until the notch is at the center of my scope.
At that point, the frequency displayed on the digital readout will be
the frequency of the notch. If I want to apply a swept signal of 10Hz
and I will be right on target.

When operating the generator with the sweep turned offand
52 in the NOR (normal) position, the secondary function generator
may be activated by grounding the F5K jack. The frequency of the
secondary generator is controlled by R5 (the primary generator is
controlled by R4).

One last item: Anyamplitude-modulating signal must have the
same dc bias as the output. Potentiometer R9 has been included to
provide an adjustable de reference voltage. The 220-ohm resistor,
R12, limits the current if the VAR de jack is grounded.
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Chapter 4

Amplifiers

Here are some easy-to-build amplifier projects. Preamps are some
of the easiest projects and the results are really dramatic. Linear
amps are for hams that want to really get their signals out. All of
these projects can be modified to suit your particular needs.
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~ ' "GENERAL PURPOSE PREAMP

Referring to Fig. 4-1, the circuit can be seen as a direct
coupled pair of 2N3904 transistors. This transistor is cheap, high
gain, fairly low noise, and very easily obtained. The Q2 transistor
is hooked up like any ordinary amplifier stage, but the base resistor
that normally goes from its base to ground has been replaced with
another transistor, Ql. This Q1 transistor varies the bias on Q2, so
the circuit is immune to heat effects. The way it's hooked up, if Q2
draws more current, the voltage on R2 rises, turns on Q1 harder
via the lOOk resistor connected to its base, and cancels out the
increased current in Q2. The result is almost no change in current
due to temperature variations. The capacitor C2 prevents the ac
signal from being fed back and reducing the overall gain. By placing
the capacitor as shown, a very small value, which is also small in
physical size and cheaper, will permit the amplifier to keep its full
gain to lowfrequencies as well as would be the case for a very large
C placed across R2. The values in Fig. 4-1 will amplify down to
about 10 cycles using a physically small capacitor. To make the
amplifier roll offat a higher frequency on the low side, reduce C2to
about 1 p.F or less, or, alternately, you could reduce the lOOk
resistor to about 10k. This would make the frequency roll off
around 100 cycles and turn the circuit into a speech amplifier rather
than a hi-fi type.

The circuit shown in Fig. 4-1 performs best when driven by a
moderate impedance source from 500 ohms to 3k ohms impedance.
With this kind of source, the gain will be about 250, and the output
noise with no signal in will be about 2 millivolts. This is equivalent
to an input noise of only 8 microvolts, so the noise is quite low for
all but extraordinary uses.

If you wish to drive the circuit with a low impedance source,
such as a speaker of 4 to 16 ohms or a telephone earphone (which
makes an excellent high output mike), use the circuit in Fig. 4-2.
Here, the base is tied to ground via a capacitor, and the signal is fed
to the emitter of Ql through a capacitor. This circuit will perform
very similarly to Fig. 4-1, but will have slightly highly gain reach
ing perhaps 500 and about the same low noise performance.

Ten microfarad capacitors are used throughout because they
are small and cheap, and are more than enough to do the job here.

This simple circuit can be made up in a ball smaller than an
acorn and put into mikes to give you more gain than you need to
drive even the worst transmitter. It also works well when driven
by a speaker put out in the yard to let you listen for prowlers at

156

-------~----_ . -_..--- -. -. ._- - - -



night, when you don't care to get out of a warm bed, but the dog
barks like he's on to something. Fed into any hi-fi input, such a
preamp will let you hear better than if you were out in the yard.
There are many other uses, and most of them will please you
because the low noise of this preamp lets you really hear clean
audio.

BARGAIN PREAMP

Here is the world's best deal in an audio preamp . It has high
input impedance for crystal and other high-impedance mikes. It has
low output impedance so it will feed into just about any following
amplifier, or even through a long shielded cable to an amplifier. It
uses a minimum of parts and a bargain op amp IC.

The circuit (Fig. 4-3) is based on the popular 741 op amp, the
ILA741. While this number is a Fairchild origination, there are now
many manufacturers and it is also part of the HEP line by Motorola,
available almost anywhere. The one used in this preamp was pur
chased on sale from Radio Shack, marked 741C, for only 39¢. The
HEP equivalent is Motorola number C6052G, and it performed
identically to the Radio Shack special. I tried the RCA CA3160, but
it oscillated in this circuit until I added the 150 pF capacitor across
the l -megohm feedback resistor. The RCA CA3160 is a premium
grade op amp meeting military specifications which is cheap
enough for this application. The 741 used is in a round 8-pin socket.
They are also available in an 8-pin mini-DIP form.

The use of the 741 was ideal for my application because it
works so well into a low-impedance load. I am replacing a carbon

r-----.--- + 6 to 18 vOLlS
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Fig. 4-1. General purpose preamp.
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Fig. 4-2. Low impedance preamp.

mike used in an RCA Carlone converted to a 2 meter base station.
The input impedance to the converted RCA rig is 1,000 ohms. I
could have removed that part of the circuit and fed a preamp
directly into the grid of the first audio stage, but I wanted to retain
the carbon mike jack and circuit for a secondary mike input because
plans call for the use of the crystal mike in a different mobile rig.

Measured frequency response of this circuit is 750 hertz to 9
kHz at the 3 dB down points. This response is the same whether
working into an infinite loador 1,000 ohms, but gain measurements
do differ with load. Voltage gain is 150 (43.4 dB) into a 1,000 ohm
load, but somewhat less into an infinite load. The gain of the
amplifier is affected by the feedback resistor between terminals 2
and 6 on the IC. The lower the resistor value, the lower the gain.
Without any feedback resistor, the gain can be as high as 100,000,
which is obviously more than one needs or can handle without
instability.

The 150 pF capacitor across the L-megohmresistor stabilizes
the IC against self-oscillation when using the CA3160, and may be
omitted for other 741-type ICs. With the capacitor, the CA3160
replaces the 741 directly. The only apparent adverse effect is that
it extends the frequency response to well over 100 kHz. There is
no apparent effect on performance as, obviously, any response
above about 5 kHz is lost in the associated circuitry of the equip
ment with which this preamp is used. On-the-air reports indicate
that the voice is clean and crisp, with no distortion.

Because the preamp was designed for use on a 2 meter rig,
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the input rfc is only a 10 JLH (Miller #4612) choke. For lower
frequency use, a 1 mH rfc is recommended. Also, a carbon 2,000
ohm resistor might be just as good. but it was not tried.

The rectifier diode may be any silicon diode except small
signal types. The lowest voltage- and current-rated axial-lead
diode will do. Other values of electrolytic capacitors than those
lised may be used as long as the capacitance values are reasonably
highand the voltage rating exceeds the voltage source by a factor of
two.

Anac tap across one of the tubes in the rig is the source of the
12.6 V ac. This was convenient. If 9 to 12 V de is available from
other points of the associated circuit, use it. Omit the rectifier
diode. but retain the filter to reduce hum.

Current drain is less than .5 rnA. A 9 V battery could be used
instead of the ac source, and filtering could be left out. The battery
would last a long time.

All small parts , including those of the rectifier-filter system,
fit easily on a 2" x 1W' PC board.

The PC board is not an etched-copper board, but a "PC-style"
board using Circuitstik stick-on wiring elements. The system
consists of pre-made circuit elements such as for transistors, ICs,
multi-element connections, wire strips. etc. These have adhesive
backs and a protective backing over that. Their board is glass
epoxy with perforated holes in a grid with .1" spacing. The hole
spacing matches that of the circuit elements. A circuit is made by
stripping the protective backing from the circuit pieces and apply-

SI DIODE

12.6 VAC
IOO pF

ABOUT

~600 ""'----'2V DC

~600

20~ F'

I~V

+-I-+-.-":"i.E---- OUT PUT

Fig. 4-3. Amplifier schematic diagram.
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Fig. 4-4. Completed amplifier with cover off 4"x 2"x1W' aluminum case.
The glass-epoxy board measuresonly 2"x1W',

ingthe circuitsto the board. The same circuitplanning and layout
as forprintedcircuitryisrequired,butthe needto etchcopperfrom
a copperclad board is eliminated. Circuitstik is available at most
large electronic supplystores. Of course, the usual etched-type
printedcircuitmaybe used, or evenpoint-to-point wiring. For the
latter, you may require a larger board and case.

Parts are mounted toonesideofthe boardinthe samemanner
as withanyPC board. The leadsare solderedon the other side to
the metal circuits, which are solder platedfor easier soldering. A
fewjumperwires are located on the bottomside for convenience.
Layout ofparts is not critical, but it is pretty hard not to follow a
straightforward layout from inputto output.The three-circuitjack
shown in the photo matches the plugonthe mike for PTT relay
operation.

Two 6-32 screws hold the board to the bottom of the case.
Two nuts, or spacers, shouldbe used to support the boardabove
the case bottom to clear the solder hills.

Shielded wireshould beusedbetweenthe outputandthe input
of the associatedcircuitry, if the distance is more than about six
inches.

While the 4"x2"x Ph" aluminum case into which this
amplifier wasbuilt is not essential, it does provide goodshielding
against rf pickup. If the amplifier is made part of its associated
circuitry, it maybe necessaryto addsome form ofshielding. Also,
see Figs. 4-4 & 4-5.
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INEXPENSIVE 400 WATT AMPLIFIER

The popularity of push pull circuits inIfamplifiers dropped off
shortly after World War II. The use of the pi network pretty well
solved the harmonic problem, worked well with a single tube or
two tubes, in parallel, lent itself to bandswitching, and used a few
less components. However, with the advent of TV, everybody
started putting low pass filters in the output line anyway, so we are
just about back to where we started from. So let's take a look at
push pull again.

The number one objection to push pull seems to be the neces
sity of an input tuned circuit to get the grids 1800 out of phase. As
will be seen later, this problem has been eliminated. Secondly, the
push pull circuit does not lend itself to bandswitching. This is true,
but there are people who are interested in one band only. Also,
with a small compromise in LIC ratio, you can cover two bands
with one coil. This is especially true if the two bands happen to be
15 and 20 or 10 and 15. You can even cover 10, 15 and 20 if you
prune very carefully and use a fairly sizable maximum capacity
tuning capacitor. Another possiblity, is the National all band tuner,
which does away with band-switching entirely.

Of recent date the grounded grid circuit has come to the
forefront. It requires no neutralizing and is ideal for the exciter that

Fig. 4-5. Bottom side of perfboard. The .1"-spaced holes match the Cir
cuitstik wiring elements. It looks and works like etched circuitry, but the
wiring elements are stick-on and eliminate etching.
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7411C
Silicon diode, HEP R0050or
equivalent

3 100pF capacitors
1 150pF capac itor
1 .01 uF capacitor
1 20 uF, 15V dc electrolytic
2 25 uF, 25 V dc electrolytic
2 5600 Ohm, 1/4 W resistors
1 13k Ohm, 1/4 W resistor
1 1 megohm, 1/4 W resistor
1 10 uH rfc
1 a-pin IC socket
Mike jack, PC board, and parts
based on your choice.

Table 4-1. Amplifier Parts List.

already has considerable power output. How about a push pull
grounded grid? It ought to work fine, but we have all of that
circuitry mentioned above. It occurred to me that since this is a low
impedance circuit to the input, a 4:1 balun could be used to get the
push pull excitation. Accordingly a two inch toroid core was or
dered from Amidon. Upon receipt of same, we wound 8 turns of72
ohm ribbon (receiving type) on it, and discovered that the drive to
the grids was about the same as that derived from a tuned circuit.
And it works on all bands.

The circuit in Fig. 4-6 will work at any power level but in this
design three restraints were imposed. First of all, the all band
tuner is rated at about 1500 volts, and it was desired to voltage
double an old TV power transformer for the de supply which also
comes out about 1500 volts. Secondly, the box to be used was of
limited size, so the number and size of components had to be kept
at a minimum. Last but not least, operation without a fan was
desired.

Grounded grid with a filamentary cathode is a headache be
cause you need to have big, bulky, hard to mount, filament rf
chokes which are expensive if you buy then ready-made. An indi
rectly heated cathode is much to be desired. Apair of 7094s was on
hand. These were ideal except at 1500 volts they don't operate at
maximum ratings. Several power tubes with indirectly heated
cathodes and higher dissipation ratings have come out recently.
Obviously many of the TV tubes could be used in the circuit,
operated at lower voltage and power levels .

Figure 4-6, using the all band tuner, was selected. Trial one
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did not include the ferrite beads and trouble with parasitics was
experienced. Beads were added to the grid circuit primarily be
cause the grids were easy to get at. Beads in the plate circuit might
be better. Ordinary parasitic chokes with shunt resistors will do
the same thing. Beads seem to be the cheap and easy way to do it.
At any rate, the parasitic problem was solved. The plate circuit
pickup coil was tapped and the taps connected to a rotary switch.
This gives adjustable loading ability. If you have a set of Be 610
plug-in coils with a swinging link, you get the same effect, only it is
continuously variable.

The unit shown in Fig. 4-7 uses a box left over from some
former project. It is in the vertical position shown because of the
National all band tuner which fitted best this way. All of the power
supply is in the bottom. The rectifiers are actually five 1000 V piv
diodes on each side, without any voltage dividing resistors or
capacitors .

At 10¢ each, it's too much trouble to add resistors and
capacitors. Just put in twice as many diodes as required for the
voltage. It saves space. The front panel is a piece of aluminum
sheet from an off-set printing system common to many newspap
ers. They are pretty thin but, as in this case , will cover an old panel
with the holes in the wrong places. The switches are ordinary
toggle switches mounted on the grounded front panel. There has
been no voltage breakdown to date. You could mount them insu
lated but then touching them might be an electrical hazard.

• ' lI IIoLU"
"" GE 162 ,U tili!,.
" " " 08 0 0 11" "

"00UC,, ( ~

Fig. 4-6. Push pull grounded grid linear.
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Fig. 4-7. The completed amplifier, ready to use.

IT you use the all band tuner, you should carefullycheck the
output frequency with a wave meter (grid dipper on diode posi
tion). Makesure youhavethe rightbandandmarksameonthe dial
For example, the 40 meter and the 15 meter points are close
together. You couldbe tuned to 15 whenyouthinkyouare on40 if
you are not careful.

50 WATT AMPLIFIER FOR 1296 MHz

The cavitybypass capacitor, part A (Fig. 4-8), top of cavity,
part C(Fig. 4-9), andchassis, part E (Fig.4-10), are cutfrom.016"
sheet brass. Theverticalcavitywall,part D (Fig.4-9), is cutfroma
cat-food can. Parts G, H, I, and J (Fig. 4-11) are press-fit tube
contactrings madeout of.010' brass sheet. They are assembledin
the following sequence:

1. Wrap part G around the 2C3917289 anode, and secure it
with2 pieces of #18 bare hookup wire twisted tightly withpliers.
Makesure the ends ofpart Gdonot quitetoucheachother. Slipthe
tube withpart Gwiredonjust barely intopart Aso that the bottom
ofparts G andAare flush. Tack solder G to Aaboutevery quarter
inch on the upper surface before smoothly flowing the solder
aroundthe full circumference. Use plenty of Nokorode soldering
paste and an Ungar#4033 SO-watt solderingelement to makethe
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Fig. 4-9. The top of the cavity.
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FOR C2 8 C3 .

Fig , 4-10. The chassis.

job easy. Remove the tube from part A, It should be a good tight
press-fit, but, by slowly twisting as you pull, it should be readily
removable,

2. Wrap part H around the tube's grid ring, and secure it with 2
or 3 wires, as above. Insert the tube into the chassis' center hole
until part H is flush with the top of the chassis. Solder.

3. Wrap part I around the tube's bottom outer cathode ring and
secure it with wire. Insert into part F all but 1116" of part I, and
solder,

4. Part] is made by wrapping around a 9/16" drill and squeez
ing with pliers until it makes a snug press into the inner filament
ring in the tube base.

5, Center part A on top of part B on top of part C and drill the 4
outer holes each 9/64" diameter. Bolt the 3 parts together with
conventional 1,04" 6-32 nuts and bolts. Solder the 4 nuts to the
bottom of part C. Also drill the two 9/64" diameter holes for the 2
tuning capacitors, and disassemble. Run two ordinary 1,04" 6-32 nuts

166



andbolts throughthe holes inpart C, andsolder the nuts to the top
ofpart C. Drill%" diameter holes throughpart A's tuningcapacitor
holes, and then reassemble parts A, B, and C with four Y4" 6-32
nuts and bolts each.

6. With scissors cut a %"-wide section of the cat-food can of
youreat's choice, File it smooth, or, better yet, sand it smoothona
belt sander. With parts A, B, and Cstill boltedtogether, tum them
upsidedown ona flatsurfaceandtacksolder part Dto the bottomof
part Cbeforeflowing the solder smoothlyaroundthe entire circum
ference.

7. Install and solder the output link and BNC connector as
shown, Thread inthe two tuningcapacitorsinthe bottomofpart C.

8. Install the tube in part G and A so that the top of part G is
flush withthe bottomofthe protudinganodering (tube is inas faras
it willgo). Carefully insert the tube intothe chassisandpart Huntil
the bottom of the cavity is flushwith the top of the chassis. There
should be no radial or axial side loads on the tube if you have

C6 8C]~1
- I l IZ "

112" OIAM..016 " :: _ _6 -32 THREADED
BRASS 0 I SC - : BR ASS
SOL DER -

P A RT ifF" . 0 16 BRAS S
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J\ )18 3 / 4 '

3/8" I-- J
f--IIIZ'-.j

(I . 0 16 " BRASS

..L .---- _
1/4"1
1~1' ======~~======::j

Io4QT E : L I IS BENT 9 0· ON DOT TE D
LI NE . SOL DER NOT CHED [NO
TO OUTPUT SN e . SOLDER
~1~f ~c~ ~~ 1~ lb~.IDE OF

NOTE CU T L ENG THS OF PARTS G . H 6 I
SO THE Y DO NO T QUITE T OU CH
WHEN F I TTED AND WRAPPE D
TIG HTLY ON TU BE .
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PAR T ~ Hu . 0 10 B RASSL .------ _
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114" 1 I
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.L; 9 / 16 " DRILL WI 1M"CJ PLIERS UNTIL TIGHT
1/4 PRESS F IT I N-r F I L AMENT HOLE.

I r- ' 12"---l

Fig. 4-11. Tube contact rings.
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Fig. 4-12. These knobs should be replaced with Insulated knobs.

followed these steps in sequence-just a comfortable press-fit.
Now, maintaining a gentle downward pressure on the tube, tack
solder the cavity to the chassis before smooth flowing solder
around the entire circumference.

9. Install the input BNC connector. Press-fit Parts F andI onto
the cathode ring as far as they willgo. The input blockingcapacitor
is modifiedby filingeach side ofa 500pF ceramic disc cap until half
of the leads have been filed away. Carefully tin each side with a
small (25 watt or less) soldering iron. Solder in the 2 pi-net
capacitors as shown. Solder the 500pF modifieddisc cap to the end
part F and to the inner conductor of the BNC connector. This is a
fragile part and easily broken when removing and/or installing
tubes. To further mechanically stabilize part E, take two burned
out %"-long glass fuses and solder them to part F on the side
opposite the two pi-net capacitors. They are structurally quite
strong, good insulators, and they are free.

Ifyou are like me, unable to resist buyingthose one buck each
2C39 tubes at hamfests, you are most probably, also like me,
throwing your money away. Of the first twelve tubes acquired this
way, one was good; the others gave only marginal gain or were
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Fig. 4-13. Input held at 4 watts.

worthless. Iaro Electronics offers factory-new 2C39s or 7289s in
quantities of 5 each that cannot be beat. I prefer the 7289 tubes with
the more heat resistant ceramic seals.

It is best to tune up this amplifier at a reduced plate voltage of,
say, 300 volts. Use W1HDQs favorite microwave 50-ohm load,
consisting of 100 feet of RG-58 coax. If you are an optimist, by all
means terminate the coax with 10 each lOOO-ohm, 1-watt resistors
in parallel. Be assured that you will not burn them out.

Using a Bird Thruline'" wattmeter with plate power off, and a
24-watt full-scale 1.0-1.8 GHz slug , adjust the input pi-net
capacitors for zero reflected power with approximately 5 watts
input. Ifyou are using a varactor tripIer, you must have a good 1296
MHz filter between the tripler and amplifier input, otherwise your
measurement will be totally meaningless as you will probably be

B'

2C39 /72B 9 1~
RFC)

L,

• OUTPUT

CI
I NPu T @---1~_":"':::':':""":'---~--t"

Fig. 4-14. Amp lif ier schematic.
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Table 4-2. Parts Listfor Amplifier.

C1
C2.C3
C4.C5
C6.C7
C8
L1
RFC1. RFC2
RFC3
R1
T1
J 1

500 pF (see text ) or ceramic ch ip
Arco 400 (see Fig. 1)
500 pF feedthrough
see F igs. 1 and 5
500 pF button bypass
see Figs. 1 and 5
10 turns # 26 1/8" diameter x 1" long
10 turns # 18 1/8" d iame ter x 1" long
50 to 270 n . }S Watt
6.3 V Cot @ 1 Amp
normally-closed m ini jack

measuring as much power at frequencies not on 1296 MHz as you
are on 1296 MHz. With a milliammeter in series with the cathode
resistors, you should obtain 30 to 50 rnAof grid current with the
plate supply off. Remove the milliammeter.

With the Bird Thruline'" wattmeter in the cavity's output line
and your dummy load attached, you should indicate about L-watt
output, still with no voltage on the plate, when the cavity is
properly tuned. Normal position of the tuning capacitors is about
Ys" from full IN. Though the aluminum knobs make a pretty photo,
it is bes t to remove them and use 2Y2" x W' diameter wood dowels
drilled to screw on the 6-32 tuning capacitors for adjustment when
the plate voltage is ON, or you will be in for a "shocking" surprise.
See Fig. 4-12.

With a new tube, you should obtain results as shown in Fig.
4-13 at voltages indicated. Also, see Fig. 4-14.

If you are adept with a so ldering iron and sheet-metal shears,
it is much easier and quicker to build a sheet-brass cavity than to
hog it out of brass ingots with a milling machine and lathe. A
tin-plated cat-food can cavity shows no measurable difference in
output or efficiency when compared with the same tube in a similar
silver-plated cavity. This is not to infer that a silver-plated cavity
would be no better than one made out of kraft paper or PlexiglassTM,

just that the IR losses of cavity walls made out of cat-food cans is
less than expected and not measurable with ordinary test equip
ment.
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Chapter 5

Radio And TV Receivers

Some of the most rewarding electronic projects are those that
involve building your own receivers. The joy and satisfaction that
you feel when you've finished assembling a receiver and you hear
(or see) those signals coming in is one that cannot be described, it
has to be experienced. So dig right in and build your own!
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A SIMPLE RECEIVER
~j •

There are 3 coils or transformers to wind and one i-f trans
former to be modified before construction begins. I use standard
%"-square 455 kHz transistor i-f transformers for a lot of my
construction work. In this case, Tl and T2 are wound on stripped
down i-f transformers using salvaged wire. Refer to Fig. 5-1 for
winding instructions. The vfo tank coil is pie-wound on a slug
tuned form. The bfo tank consists of a standard transistor i-f
transformer whose secondary has been modified to one turn . This
canbe accomplished by gently breaking the secondary leads right
close to the core with tweezers and unsoldering the remaining wire
at each pin. Winda new one-turn link over the existing windings,
and solder the ends to the same pins used by the original winding.

Since it was all being redone, I thought I'd make this version
smaller by mounting the resistors and diodes hairpin fashion. The
resulting layout is 2.1" wide by 3.9" long.

All resistors are If.&-watt, 5% units with one lead bent around a
full 180 degrees so that they can be mounted vertically in closely
spaced holes. Diodes are mounted similarly. All polarized
capacitors are dipped tantalum. All other capacitors are low
voltage discs, except where silver micas are indicated. See Fig.
5-3.

The two 5-30 pF trimmers are very small 5 mm types. These,
as well as some of the other parts, may give you trouble when
searching for sources.

After all parts have been mounted, you'll have quite a few
empty holes left over. These are meant for connecting leads to
external controls and for de power. The PC layout shows where
everything goes (see Fig. 5-2). Some holes will not necessarily be
used, such as all grounds located around the copper border. These
are for convenience and not specificallyassigned. Youwill also find
spare pads for +12 volts and +7 volts regulated.

With a 12-volt supply, the receiver should draw between 50
and 60 rnAwith no signal. A meter in series with the power lead or
a metered supply canbe used for the initial smoke test in order to
determine that there are no shorts or faulty parts. If drain is
normal, the followingprocedure should have you receiving signals
in 15 minutes or so.

Using a voltmeter, adjust the trimmer resistor for an output of
7 volts from the regulator. Make sure the regulator is working by
varying the voltage from the power supply up to 14 volts and down
to 9 volts . You should lose regulation at about 10 volts .
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Next, turn the rf and afgain controls to maximum and the bfo
to mid position. Slowly run the slug in the bfo transformer out
towards the top of the can. When you hit 455 kHz, you'll hear a
rushing noise with two peaks and a null in between as the core is
rotated. Set the slug to the null point which is zero beat. Make sure
turning the bfo tuning control varies the frequency on both sides of
zero beat.

The remaining alignment steps should be done with 180
degree operating range of the tuning pot centered so that the
excess travel is equally divided at both ends. Some sort ofvernier
drive is a necessity, and a scale should be mated with the drive so
calibration points can be marked off.

Set the tuning pot to the low end starting point and check the
vfo frequency. It should be at approximately 3.0 MHz. I use my
scope, but a counter can be used. If you have no convenient way of
reading this frequency, use brute force. Feed ina hefty signal at3. 5

EDGE OF BOARD
t

"([D",
VFO

Fig. 5-1. T1 and T2 are wound on
stripped 455 kHz transistor i-f
transformers using salvaged wire.
The vfo tank coil is pie-wound
with 7/44 litz wire on a Gowanda
series 7 coil form with carbonyl E
core. The Hum link is wound
over the pie.

3m{:-In
TI

T2

(BOTTOM VIEWS)
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BFO
TUNE

10K
LOG AF

Fig. 5-2. PC board and component layout. Mount the ceramic filters so
the circle on top of the case is towards the 20 pF coupling capacitors.

MHz and rotate the slug in the vfo tank coil until you pick up the
signal. The gain controls should still be at maximum and the vfo at
zero beat. Adjust the slugs in Tl and T2for maximum response. At
this point, you can turn down the at gain to a comfortable level and
reduce the rf signal to prevent overloading of the receiver front
end.

Once the low end has been set, run the signal generator up to
4.0 MHz, and rotate the tuning pot up towards the high end until
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you find the signal. The two ceramic trimmers across Tl and T2
should be peaked with the generator level set at a low level. Repeat
these steps several times until good tracking is achieved.

Finally, mark off intermediate frequencies on your dial with
whatever spacing you desire.

HF RECEIVER
The receiver is a single conversion, superheterodyne type,

with an FET front end, and is crystal-controlled. No bandswitching
is required when it is used over the 6-15 MHz range. Coilusage has
been held to a minimum to simplify construction. Construction is
also facilitated by the use of a single IC for all audio amplification
and the use of a commercial i-f amplifier module.

The schematic for the receiver is shown in Fig. 5-4, as it
would be used for WWV reception. Note that the only switching
which has to be done to receive WWV on different frequencies is
that necessary to select the appropriate local oscillator crystals.
The frequency coverage can be extended below 6 MHz and above
15 MHz, by using a different coil between the MPF 102 (HEP 802)
rf amplifier and mixer stages. Or, in the case of just extending
coverage below 6 MHz, a 100-200 pF padding capacitor, across the
210 pF variable capacitor shown, should extend coverage down to
the 80 meter band.

The MPF 102 rf amplifier stage is untuned at its input. Its
main purpose is to keep the antenna from loading down the tuned
circuits between the rf amplifier and mixer stages. This single
tuned circuit is sufficient to provide reasonable image rejection.
The MPF 102 mixer stage and MPF 102 crystal oscillator stage are
conventional. The oscillator stage is untuned. This has proven
satisfactory for general reception, using regular miniature HC61U
type crystals. With some sluggish crystals, the rfc shown in this
stage may have to be replaced with a tuned circuit.

The i-f amplifier module is a J. W. Miller type 8902-B. This
module is just a two-stage i-famplifier, complete with all necessary
i-f transformers, and it also includes an AM diode detector. Its use
greatly simplifies construction. Ifone can't find it readily available,
a simple substitute is to cannibalize the i-f section from a small
transistor portable radio. But, use an i-f section which has at least
two stages. The really cheap $5 portables often use only a single i-f
stage, and this will not provide sufficient gain for any sort of
reasonably sensitive reception.

The audio amplifier IC is a Motorola MC1306P. This is a neat,
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Fig. 5-5.This is the complete receiver. as assembled on an approximately
4"x 2" piece of perforated board stock.

inexpensive IC, which combines a preamplifier and 'h watt output
in one package. A minimum of external components are needed to
make it function. Hyou did "borrow" the i-f strip from a cheap AM
portable to build this receiver, don't be tempted to "borrow" the
audio section of the AM portable, also. Generally, the quality of
such audio sections is horrible, when compared with the clean
sound of the MC1306P used with any small, but decent, 8 ohm
speaker.

Figure 5-5 shows how the receiver was initially laid out on a
piece of perforated board stock. Simple point-to-point wiring was
used. The layout wasn't planned, but, rather, construction started
on a slightly larger piece of board stock. Starting with the rf
amplifier stage, the components were simply grouped together as
closely as possible, as I worked from left to right. The rf and mixer
stages were grouped around the interstage coil. The crystal oscil
lator stage is below the i-famplifier module, and the afamplifier IC
is just to the left ofthe electrolytic capacitor, shown at the extreme
right middle side of the board. When the receiver had been assem
bled, the oversize perforated board was carefully cut down to its
final size.

The tuning capacitor used is a regular BC type and is tem
porarily shown attached at the left side of the board. The receiver
should be mounted in a metal enclosure, and the ground leads used
in the receiver should be carefully grounded to the enclosure at
several points . Although the receiver did work fine wired as shown
in the photo, it probably would be safer , from the viewpoint of
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avoiding possible spurious oscillations, to utilize an isolated pad
type of component mounting/soldering technique.

To use the receiver to monitor SSB transmissions, a product
detector and bfohave to be added. The circuit for a suitable product
detector/bfo is shown in Fig. 5-6. It is relatively simple and
inexpensive. Ifthe product detector circuit is added to the receiver
using the J.W. Miller i-fmodule, you have to remove the shield can
from the module and take the i-fsignal offthe first IN67Abefore the
diode detector is built into the module. This operation is fairly
simple and obvious, ifone uses the module, since a diagram comes
with it, illustrating the modification. The diode AM detector need
not be disconnected, however. So, one can, ifdesired, add a switch
at the volume control to choose either the output of the product
detector or the output of the AM diode detector.

With a mixture of some parts from one's junk box and newly
bought main components, the receiver can be constructed for about
$20. This represents a rather modest cost for utility-type HF
receiver, for whichone can findmany applications around the shack
or in portable use.

FIVE BAND RECEIVER

I am sure many radio amateurs who have home brew rigs
would love to have a matching receiver. Deciding to do something
positive about this emptiness in the shack, I came up with a plan
that made the home brew receiver not only a possibility, but a
reality.

The plan centered on reducing the complexity and time of
construction dramatically by using a drugstore transistor AM
broadcast radio set as the main building block. Even if you never
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Fig. 5-6. Product detector/bfa, which can be added for SSB reception.
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Fig. 5-7. Block diagram.

start to build this receiver, I am sure that you will find it comforting
to know that if it ever became necessary, you could do it.

This receiver, being a dual conversion type, has two local
oscillators (LO)and two intermediate frequency amplifiers (IF). In
this circuit we have to make our own HF LO, while both IF
amplifiers and the MF LO are parts of the AM broadcast set.

We also have to make six other circuits to support our BC set
to make certain that our project winds up a real communication
receiver. These are the HF radio frequency amplifier, 1 MHz
amplifier, beat frequency oscillator (BFO), 5-meter, crystal filter,
and automatic noise limiter (ANL).

When all the circuits are working together, the ir operation is
spectacular for such a simple design. When the rf gain control is
two thirds up, a 0.2 microvolt 7.1 MHz signal at the antenna
connector will read 59. The receiver noise is too low under these
conditions for me to make a measurement with the simple equip
ment available to me.

All I can say about it is that I could hear only signal in the
phones, and I just finished working F6ARC on 40 meters with no
trouble at all. Any dual convers ion birdies are less than 52 and
located so they are no bother.

Drift and broadcast station feedthrough is nil. Each of the five
bands can be selected by a front panel control and is 0.9 MHzwide.
The 6 dB down bandwidth signal se lectivity is 300 Hz with the
phase control in the CWposition, and 1.2 kHz in the 55B position.
It is powered by a 9 V battery and the current drain is 30 mAo
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Circuit Description
The transistor AM broadcast set just keeps on doing what it

did before we bolted it to the front panel-changing. 55 MHz to 1.6
MHz rf to sound at the speaker or phones-so there is no need to
describe it any further. Figure 5-7 shows how it works in our
receiver and is supported by the outboard circuits. These will be
described in detail because each is unique in this receiver.

Starting from the antenna connector, Fig. 5-8, the
bandswitch, SI, selects one of the rf transformers. TI-T5. They
are broadband-tuned to the center of the desired frequency range.
Therefore, all the signals in the frequenc y range selected appear at
the gate of rf amplifier Q1. Here they are amplified as much as
possible without adding noise to the output. By using a low noise
MOSFET for this amplifier, the receiver signal-to-noise ratio is
greatly improved.

To prove this point without a lot ofmath, it is logical that ifthe
rf signal is made greater, the following gain controls will have to be
turned down to yield the same output that was present before
amplification. If noise was not added in the amplifying process, all
the frying sounds generated by these turned down stages will be
much less.

The output of the rf amplifier is inductive coupled to the gate
coil of the converter transformer, T6-TI0, and selected by the
bandswitch, which, also through other poles, applies this signal to
gate 1 of the HF converter Q2 (along with the HF LO output to gate
2).

The HF LO is crystal controlled for stability and uses FT-243
type crystals. The 20 meter, WWV, and 15 meter bands are at a
frequency higher than that at which these crystals will oscillate, so
a multiplier is used to double or triple their fundamental output
when the bandswitch is in these positions. This multiplier is a class
C ampiifier whose output is tuned to the selected frequency with rf
chokes and fixed capacitors.

Now things really start to happen. While the converter Q2 is
doing what is natural, its output is a real mess ofsignals, and we are
only interested in the ones that are the difference between the LO
and rf frequencies.

The unwanted signal that will cause the most harm is the very
strong one at the LO frequency. If it gets into the BC set loop stick,
overloading will take place and there will be birdies all over the
bands. To stop this LO feedthrough, the converter output is fil
tered by using a well shielded oscillator coil Tll (Fig. 5-9), re-
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moved from another BC set, and tuning it with a fixed capacitor to
about 1 MHz.

Because of a long coaxial cable run to this improvised trans
former, Zl was fabricated to swamp any VHF parasitics that might
develop. The base of the 1 MHz amplifier Q5 is connected to the
pick-up coil in Tll, resulting in a clean converted signal being
amplified. It produces a strong field around rf choke LB, which is
tuned to about 0.8 MHz with fixed capacitors.

This choke is mounted close to the BC receiver loop stick so
its field will be picked up with little attenuation. Strong spurious
signals (birdies) are unacceptable. Therefore, the importance of
keeping the HF La signal out of the BC set, and the BC La signal
out of the HF rf amplifier cannot be overemphasized. Most of the
receiver shielding and parts placement was made to achieve this
isolation.

The broadcast receiver is now able to tune and detect the
different HF signals that have been converted to frequencies that
are within its range. It is still not ready to be used for a reliable
contact, because it needs at least a beat frequency oscillator and
more selectivity.

The BFa is a series-tuned Colpitts type. It uses a transistor
BC set IF transformer for the frequency controlling element and a
front panel controlled capacitor to vary the pitch. Its output is taken
from the small untuned winding in the IF transformer,

The receiver's fine selectivity is achieved by connecting a
crystal filter between the collector of the BC set's first IF amplifier
transistor and its output transformer. To implement this, the
collector lead is disconnected from its original place, and recon
nected through a coaxial cable to another identical IF transformer
located on the Yz MHz crystal filter and ANL circuit board (Fig.
5-10).

This transformer, T12 provides the input for the FT-241 low
frequency crystal Y6and the 180degree out-of-phase signal for the
phase control C20. When C20 is critically adjusted from the front
panel, stray signals shunted around Y6are canceled and the filter
output has an extremely narrow bandwidth.

When it is closed, it sends a strong signal around Y6and the
bandwidth is useful for SSB communication. The output of Y6 is
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kept at a very high impedance and connected to gate 1 of Q6. Gate 2
has the BFO output and the ANL bias feed to it. The BFO is mixed
with the IF in this manner to prevent strong signals from pulling its
frequency .

The gain of Q6 is regulated by the amount of ANL bias at gate
2. Its drain is connected through another coaxial cable back to the
BC set IF transformer at the original collector connection of the
first IF amplifier transistor. This completes the IF amplifier circuit
again, but with the crystal filter , ANL, and BFO added to it.

To develop the automatic noise limited bias, the IF signal at
the input of the crystal filter is transformed to a low impedance by
Q7 and diode CR4 changes it to negative de, filtered by C24. This
diode is biased to different values above cut-off by the front panel
control R26.

When the signal exceeds this bias, the negative voltage is
developed which is subsequently fed to gate 2 of Q6.

The gain of Q6 will vary with a noise pulse all the way to
cut-off, depending upon the setting of the ANL pot R26. The diode
limiters are also part of the ANL but they are not adjustable. The
main function of CR1-CR2 is to prevent serious overloads from
damaging any components when the transmitter is keyed, and that
of CR5-CR6 is to prevent audio distortion.

The S-meter circuit has an unusual input network that nulls
out of the BFO component of the IF signal so it will not deflect the
meter. This is accomplished by adding the exact amount of 180
degree out-of-phase BFO power to the input of Q9 (Fig. 5-10).

It might look like a marginal balance, but I have not had to
change the original adjustment of R32, and a year has passed
without the meter being slightly deflected by the BFO. The rest of
the circuit is conventional with a voltage amplifier Q9followed by a
collector detector Q10 that deflects the meter.

The final two modifications require soldering inside the BC
set. One is to add manual IF gain control to prevent overloading,
and the other to stab ilize the collector voltage that feeds the MF
LO to prevent modulation and drift. To locate the proper place to
do both jobs will take some looking around.

A zener diode, CR3 (Fig. 5-10), is connected across the large
capacitor on the load side of the decoupling resistor feeding the
collector power to the rf circuits. The resistor is about 100 ohms
and the large can type capacitor makes it fairly easy to locate.

Next you will have to find the forward biasing resistor of the IF
amplifier base bias divider. My receiver has only one IF stage and
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it was no trouble to find. It will be about 150kand it feeds the power
we just stabilized through the AM detector diode, which also dou
bles as the AGCgenerator, on to the cold side of the IF transformer
base winding. This resistor is disconnected from the stabi lized
voltage and reconnected to the wiper of the front panel controlled rf
gain pot, R16 (Fig. 5-10).

Construction
I assembled my receiver on a 15 em x 10 cm x 5 em (6 x 4 x 2

inch) chassis having a 18.4 em x 12.7 em (7Y, x 5 inch) front
panel. The transistor AM broadcas t receiver was selected because
of its tuning dial and volume contro l layout. The negative side of its
battery was connected to the ground plane, and the speaker open
ing was covered with a gold metal screen that would make a pretty
good shield.

I found later that it had only one IF stage, but this certainly did
not affect its sensitivity or degrade the project. The BC set must
have extension shafts epoxied to its tuning and volume control dials
so they can be operated outside the front panel. The new tuning dial
is a vernier type and had to be mounted on a 1.1 em (7/16 inch)
homemade spacer so it would fit on the capacitor shaft.

The front panel controls, S-meter, speaker, and phone jack
are located so that they are easily accessible. After the BC set has
had its IF retuned to match the filter crystal, it is fastened to the
front panel with two #2-56 bolts . One of the bolts has a solder lug
under its nut so the BC set ground plane can be connected to the
meta l front panel through it.

The outboard circuits that convert the BC set into our com
munication receiver are made on pieces of "vector" breadboard
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Fig. 5-12. Looking toward front panel with top half of cabinet removed.
Top, left to right: s-meter, 1 MHz coupler next to loop stick antenna, AM
broadcast set. Bottom: HF LO crystal shield, S-meter amplifier over the rf
transformer shield, crystal filter and ANL circuit board.

material, and the components are soldered to press-in terminals.
They were all made as small as possible and tested before they
were mounted, using spacers, in the main chassis.

The bandswitch has two levels with three poles on each. Allrf
amplifier connections are kept on one level, with converter and HF
LO connections on the other. A lot of effort was spent trying to
keep the leads short and separated from each other, but it still
turned out a mess. However, it works better than anyone could
have imagined. I used #22 AWG solid insulated wire for the
interconnections, and bare wire for the jumpers.

All rf transformers are mounted on the top of the chassis and
are well shielded. The converter transformers are preassembled
on a plate that fastens to a flange around a cut-out in one end of the
chassis. These coils project into the underside of the chassis,
isolating them from the rf amplifier input. The tuning is broadened
by the heavy loading of both sets of coil with more primary (un
tuned) turns than would be used for high Q operation.

I used as much shielding as I could make without getting sick.
It is very important to keep the outputs of the two local oscillators
out of each other's converters, and the BFO harmonics out of the
HF rf amplifier.

The cabinet is fabricated out of aluminum sheet and provides
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the shielding needed to keep out broadcast station signals. The
front and rear panels are marked, after painting, with Datak dry
letter transfers, and then sprayed with clear plastic to prevent
them from being worn off. When the wrap-around top, bottom, and
side piece is buffed carefully, the receiver has a professional
appearance.

My semiconductors were selected because they were readily
available to me. The SE 4010 transistors came from an old printed
wiring board bought from a mail order house. When I ran out of
these, I used 2N2222 transistors from another board. Both are
replaceable with Motorola HEP55, a NPN rf transistor.

The MOSFETs, Q1, Q2 and Q6, are the contents of a Radio
Shack Archer Pack #276-628 called "Three MOSFET N Channel
Transistors." Youmust watch how you solder these units in place.
Keep all the leads shorted together during the process or the gates
will surely be ruined. After they are in place nothing seems to be
able to keep them from working. See Figs. 5-12 through 5-14 and
Table 5-1.

Alilnment

I aligned the tuned circuits of my receiver using equipment
commonly found in the ham shack. Operation one is to tune the rf
and converter transformers to the center frequency of their bands
using a grid dip meter for an indicator.

-

Fig. 5-13. Looking toward front panel with all shields removed. along with
cabi net. Left to righ t: converter transformers on loose panel . HF LO crys
tals on home brew holder. 1 MHz coupler. rf transformers, rf ampl ifier. Be
set. S-meter amplifier. crystal filter. ANL board.
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Fig. 5-14. Underside of chassis. Left to right: converter transformers on
loosened panel, HF LO converter circuit board in back of bandswitch, LO
multiplier, BFO in back of shield, 1 MHz amplifier.

Next, you must have the shields fastened into place, power
switch placed on, rf gain turned fully on, audio gain one quarter up,
ANL off, BFO off, phase capacitor fully closed, and the antenna
input supplied with a signal from a VFO. The coupling must be very
loose to the VFO.

The coupling recommended is two 50 ohm resistors side by
side, one fed by the VFO and the other across the coax connected to
the receiver antenna terminal. There is no hard electrical connec
tion between the resistors (only the rf field), and the spacing
between the two should be variable.

Back on the receiver, an oscilloscope is connected to the input
of the filter crystal, Y6, using a high Z probe. The slugs in Tll and
T12 are centered, and the bandswitch set to the VFO frequency
range. The VFO or the receiver dial is varied until the rf is picked
up and a Y2 MHz IF signal is seen on the scope. Tll, T12, and the rf
converter transformer combination, when switched in, are ad
justed until the IF signal is maximum amplitude.

The rf gain should be reduced along with the coupling to the
VFO during these adjustments, to keep the scope presentation at
an amplitude easy to see but not overloading the circuits (about a
volt peak).

Connect the scope probe to the drain of Q6 and retune the
receiver dial for a maximum display. Set the phase capacitor to its
minimum bandwidth position, which is found by moving the VFO

190



Table 5-1 . Values for Coils and Crystals.

BAND RE CE IVER RF AMP LI FIER CONVER TER CRYSTAL
(METERS) FREQUENCY RANGE HF LO

(MHz)
TRANSF. TURNS WIRE CA TRA~SF TURNS WIRE CB
SYM. ( AWG) (pF I SYM. (AWG) ( pF ) SYM FREQ.

1I L2 L3 L4 ( KHz)

80 3.13-4.18 TI 65 4 28 33 T6 65 7 28 47 YI 4 735

40 630- 7.35 T2 42 2 28 47 T7 42 4 28 56 Y2 79 0 0

20 13.35 -1 4 .4 0 T3 24 2 24 15 T8 24 3 24 47 Y3 7475

15 2050-2 1.50 T4 14 I 24 6.8 T9 14 2 24 33 Y4 7350

WWV 1440 - 15.40 T5 24 2 24 12 TIO 24 3 24 39 Y5 7975

COIL DIAMETER - 1/4 in l.635cm.l . CRYSTALS - FT'243 PRESSURE MOUNT TYPE .
L2slmm. FROM LI RF GROUND SIDE . L4 a L3 SAME SPACING : CA.CB .L1.L2.L3.a L4
SHOWN ON FIG. 2



dial around the detected frequency. Move the scope probe back to
the input ofY6and tweak up T12 and the first BC set IF transformer
so that their bandpass is centered on Y6's frequency.

Connect the scope to the output of the last BC set IF trans
former and tweak up the remaining BC set IF transformers so they
are also center tuned to Y6's frequency. The BFO is switched on,
the pitch capacitor centered, and the slug in T13 adjusted for a zero
beat, noted at the scope and the tone at the speaker.

The last and simplest adjustments are made to the S-meter
calibration pots, R32 and R33. Without an rf signal being applied to
the receiver input, rotate R34 fully clockwise, place the BFO
switch on, and adjust R33 to a position where M1 indicates zero.
Whenan rf signal is present, M1 will deflect to a value proportional
to its power. There is no clear-cut amount ofrf power per S unit, so
set R33 to a place where what you believe is a S9 signal in the
phones reads S9 on the meter.

If you use a dial marked 1 through 100 like I did, a calibration
chart will have to be made. One curve, and only one, is needed for
all bands, because the BC set does the tuning each time. Figure
5-11 shows how an easy-to-read chart may be laid out. The points
for the curve are located by picking up the output of a 100 kHz
crystal calibrator, and knowing the frequency of the converter
crystals. Subtracting the H.F rf frequency from it will locate the
band scales on the chart.
Conclusion

This whole project was a very satisfying success. However,
you could always do better if you had a second chance. The next
time, I would replace the FT-243 style crystals with smaller
devices, even though it would run up the cost.

Also, their frequencies would be such that the LO multiplier
could be eliminated, reducing the battery drain by 5 rnA. I believe
that I would make the front panel larger to accommodate a different
type of dial. I cannot find any fault with the semiconductor devices
or the BC set, so I would stick with them.

LOW-COST RECEIVER FOR SATELLITE TV

Unlike the vestigial-sideband AM video standard used for
terrestrial TV broadcast, DOMSATvideo incorporates a wideband
FM format, with audio multiplexed onto a subcarrier prior to
modulating the composite. The resulting wideband channel (see
Table 5-2) affords considerable "FM advantage" (signal-to-noise
enhancement for a given carrier-to-noise ratio); however, the
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bandwidth and format tend to complicate the receiver design task.
Were a signal consisting of vestigial-sideband AM video with

intercarrier narrowband FM audio available from the satellites,
receive processing would involve merely heterodyning the
selected channel in the 4-GHz transmission band against a stable
microwave local oscillator (LO), and applying the VHF difference
signal directly into the tuner of a conventional TV set. Unfortu
nately , with DOMSAT signals as they are currently formatted ,
such a down-conversion process would merely spread unintelligi
ble sidebands across six adjacent TV channels. Thus, it becomes
necessary to design a complete receiver , including heterodyne
conversi on stages, demodulators, and video and audio processing
circuitry, to recover and display sate llite TV.

Frequency Agility
It will be noted from Table 5-2 that the downlink band used by

most North American DOMSATs is 500 MHz wide, and that for a
given antenna polarization there will be present up to twelve video

Table ~2. Typical DOMSAT Sianal Characteristics.

Video Carrier

Channels
Adjacent channel spacing
Orthogonal channel spacing
Frequency band
Peak deviation
Max. video frequency
Pre-emphasis curve

Audio Subcarrler

Frequency
Peak deviat ion
Max. audio frequency
Pre-emphasis time const.

Energy Dispersal

Waveform
Frequency
Peak deviation

Coml=lO"'lte

EIRP
Path loss
99% power bandwidth
Received spectral density

24
40 MHz
20 MHz
3.7-4.2 MHz
10.25 MHz
4.2 MHz
CCIR 405-1

6.8 MHz
75 kHz
15 kHz
75 usec

Triangular
30 Hz
750 kHz

+65dBm
- 196 dB
36 MHz
-206 dBm/Hz
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Fig. 5-15. Spectral display of a 4-GHz DOMSAT downlink recovered on a
4.7-meter antenna and amplified by a GaAs FET Low-NoiseAmplifer(LNA).
Horizontal deflection is 100 MHz/div. and vertical sensitivity is 10 dB/div.
Eleven video carriers. along with their associated FM sidebands. are visi
ble. Note that the fourth channel above the bottom of the band is vacant.
Otherwise. channel spacing is 40 MHz and carrier-to-noise ratio appears
to be on the order of 10 dB.

carriers, spaced 40 MHz apart (see Fig. 5-15). That these signals
are ofextremely lowamplitude complicates the design of the Earth
station's antenna and low noise preamplifier, but we will assume for
the moment that an adequate signal-to-noise ratio exists at the
input of the receiver to permit signal recovery. The problem at
hand, then, is to select a particular 40-MHz wide channel from
among 12 such signals in a SOO-MHz wide band, while adequately
attenuating the adjacent channels.

A Tuned Radio Frequency (TRF) approach, with detection
occurring directly at the downlink frequency, would require
readily-tunable bandpass filters ofhigh Q (to accommodate the 1%
or so channel bandwidth) and skirts steep enough to reject adjacent
channels. Tuning requirements rule out both LC and resonant
cavity filters, suggesting the use of yttrium-Iron-Garnett (YIG)
sphere resonators for channel selection.

Although YIGfilters can readily be bias-tuned, their cost and
the complexity of the required driving circuitry tend to rule them
out for private terminal applications. Furthermore, it is far easier
to tune a single oscillator than a bank of filters. This suggests
heterodyne-downconverting a selecting channel into a fixed inter
mediate frequency, at which demodulation may take place.

I-f Selection
The selection of intermediate frequencies for super

heterodyne receivers involves careful attention to the required and
realizable mixer bandwidths, image rejection criteria, demodulator
circuit capabilities, and tuning constraints. These various consid-
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erations tend to be mutually exclusive, but it has been shown that
for narrowband systems, a reasonable compromise is achieved by
selecting an intermediate frequency approximately one-tenth the
frequency of the incoming the frequency of the incoming signal.
AlthoughDOMSAT video hardly qualifiesas a narrowband service,
we can use the one-tenth rule of thumb to establish a starting point.
For a 4-GHz input signal, this suggests a UHF i-f. However, the
various demodulator circuits compatible with wideband FM video
(quadrature detector, ratio detector, Foster-Seely discriminator,
phase-locked loop and the like) are all the most readily realized in
the lower portion of the VHF spectrum. An obvious solution is to
utilize dual downconversion, with first and second i-fs near 400 and
40 MHz, respectively.

In fact, numerous experimental DOMSAT video' terminals
have adopted the above frequency scheme, many employing UHF
TV tuners for the second downconversion. The drawbacks to such
an approach include the typical UHF tuner's restricted channel
bandwidth, relatively high noise figure, and poor local oscillator
stability. Nevertheless, when cost is the primary design con
straint, these problems can be circumvented.

Not so readily resolved is the input filtering requirement
which such a frequency scheme imposes. Assuming low-side first
LO injection and top-channel reception, the first conversion will
generate an image frequency which falls a mere 300 MHz below the
bottom edge of the down-link passband. An input filter capable of
providing adequate passband flatness and minimal insertion loss
over the 3.7- to 4.2-GHz band is unlikely to provide adequate
image rejection if a 4oo-MHz first i-f is utilized. One may wish to
raise the first i-fhigh enough to separate the image frequency band
well away from the downlink passband, thus simplifying input
filtering.

In fact, if the Low-Noise Amplifier (LNA) which precedes the
receiver utilizes a waveguide input, then an image filter already
exists. Rectangular waveguide is a high-pass transmission line. If
low-side first LO injection is used and the first i-f is carefully
selected, the LNA's waveguide input will itself reject the image
frequency.

Most commercial LNA's utilize an EIA standard WR-229
waveguide input. This guide has a lower TE l o cutoff frequency
near 2.5 GHz. This cutoff frequency is about 1.2 GHz below the
bottom edge of the receiver's required passband, so input losses
will be minimal. But a first i-fof, say, 1.2 GHz, will place the image
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frequency as far below cutoff as the input passband is above cutoff.
The image thus ends up quite far down the waveguide high-pass
filter's skirts, and may effectively be ignored.

True, the fixed 1.2-GHz first i-f requires that the first LO be
tunable, but we mentioned earlier that it's far easier to tune a single
oscillator for channel selection than a bank of filters. And even at
the top of the down-link passband, where the first LO must be
tuned up to 3 GHz, the image at 1.8 GHz is sufficiently far below
cutoffso that a 12-cm long input waveguide will afford on the order
of 60 dB of image rejection.

Another signpost pointing to the selection of 1.2 GHz as a first
i-f is realizable amplifier Q. The 3-dB bandwidth of the i-famplifier
string must be greater than or equal to the 20-dB channel
bandwidth in order to avoid unduly attenuating significant
sidebands. Assuming a channel bandwidth of 40 MHz and an i-f of
1.2 GHz, this dictates an effective first i-f Q of 30. This value is
readily realized with microstripline circuitry.

Despite the obvious economic advantages of the modified
UHF TV tuner conversion scheme, it was decided to employ a
1.2-GHz first i-f in the Microcomm DOMSAT video receiver. But
what of the second i-f-is it similarly constrained by the wide
downlinkpassband? Actually not. With channel selection occurring
in the first downconversion, the second i-f need only be wide
enough to accommodate a single video channel. Downconverting
the 1.2-GHz first i-fto any desired VHF frequency willallow ample
second-conversion image rejection with simple i-f filtering while
providing adequate bandwidth to pass the 4o-MHz composite.

Since the communications industry has long utilized 70 MHz
as a standard i-f for microwave links, it was decided to employ a
70-MHz second i-f in the DOMSAT video receiver. This makes it
possible to utilize any of the readily available 70-MHz wideband
FM i-f strips to demodulate the video information.

Gain Distribution
Gain partitioning for the DOMSAT video receiver depends

upon the available power from the satellite, the threshold sensitiv
ity of the demodulator circuit selected, and the gain of the receive
antenna utilized. It has been shown that for the illumination con
tours typical of most North American DOMSATs, an optimum
private-terminal antenna will exhibit on the order of +41-dBi gain.
Given the EIRP and path loss numbers listed in Table 5-2, it
appears that the signal level available to the LNA will be on the
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order of - 90 dBm.
The input threshold for a typical phase-locked loop (PLL)

integrated circuit operating as an FM demodulator at 70 MHz is on
the order of- 20 dBm. This suggests that between the antenna and
the demodulator, roughly 70 dB of conversion gain is required.

There are three sources ofgain available between the antenna
and the PLL. These include the LNA and first and second i-f
amplifiers. There are, similarly, three sources of loss in the sys
tem: the insertion loss of the transmission line which connects the
LNAto the receiver, and the conversion loss of the first and second
mixers. For a typical home installation, the feedline insertion loss
may be on the order of 6 dB, and if double-balanced diode mixers
are used for the two frequency conversions, it is safe to assume
that the conversion loss of each will be on the order of 7 dB. This
suggests that the overall gain of the LNA, first, and second i-f
amplifiers will need to total 90 dB for adequate DOMSAT video
reception.

In the interest of maximizing system stability and dynamic
range, it is desirable to distribute the required 90 dB of gain
uniformly between the rf and two i-f frequencies. A 30-dB gain
LNA is clearly feasible at 4 GHz and would require three stages of
GaAs FET amplification. This amount of LNA gain is sufficient to
adequately mask the noise temperature contribution ofthe feedline
and receiver, allowing the low-noise temperature of the FETs to
predominate. Similarly, it is practical to achieve the desired 30 dB
of 1.2-GHz gain by cascading two stages of ion-implanted silicon
bipolar transistor amplification. At 70 MHz, the required gain is
readily available from thin-film wideband gain blocks produced by a
number of different vendors.

A block diagram for the dual downconversion portion of the
DOMSAT video receiver, partitioned in accordance with the fore
going discussion, is shown in Fig. 5-16.

Construction of Conversion Circuitry
During the initial system-development phase of any new

product, it is common practice to build a number of different
amplifier, mixer, filter, and oscillator circuits, each connectorized
for coaxial input and output and with each circuit separately boxed
and shielded. A modular developmental system provides the en
gineer with the flexibility ofchanging one or more circuits without
having to disrupt the rest of the system.

But modularization has advantages for a production system as
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well. If every function represented by a block in Fig. 5-16 is
implemented in a separate, shielded module, then isolation be
tween stages is maximized and the crosstalk and stability problems
associated with stray rf coupling can be eliminated entirely.
Further advantages are realized in the area of maintainability.
Should a receiver fail, fault isolation by module substitution be
comes a viable troubleshooting technique. And, ofcourse, a modu
lar system maximizes user flexibility by allowing customers to
assemble from standard modules a custom system designed to
meet their precise needs.

The specifications of the modules developed to implement
Fig. 5-16appear here as Table 5-3. Each of these modules employs
microstripline construction, as shown in Fig. 5-17, to minimize
component count and assure duplicability.

Baseband Processing
Before the wideband FM composite shown in Fig. 5-18 can be

displayed, several processing steps are necessary. The 70-MHz i-f
signal will, of course, be demodulated first, and this may be
accomplished readily by using a monolithic PLL in a standard
circuit. The output waveform from the PLL will contain both the
video waveform and the modulated audio subcarrier, but superim
posed on these will be found the 30-Hz triangular energy dispersal
waveform added to all DOMSAT downlink signals as an interfer
ence reduction technique. This waveform is evident in the oscil
loscope display in Fig. 5-19.

Prior to attempting to remove the energy dispersal waveform,
it is desirable to amplifythe rather feeble video level available from
the PLL demodulator, and this may be accomplished using a single
monolithic TV video-amplifier Ie. Next an emitter-follower per
mits splitting offthe 6.S-MHz audio subcarrier for demodulation in
a standard TV sound i-fmicrocircuit, whose associated circuitry is
modified slightly for compatibility with the higher carrier fre
quency and peak deviation used on satellite audio.

After passing through a de-emphasis filter and passive video
low-pass filter, the video waveform may finally be applied to a
diode clamp circuit which will remove the energy dispersal
waveform (see Fig. 5-20). An emitter-follower then establishes
the desired 75-ohm video output impedance to drive recording or
display circuitry, as required.

A block diagram for a complete baseband processing subsys
tem is shown in Fig. 5-21. This circuit can be constructed on a
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MX·4200
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RF -1200 RF-1200

LO-1270

LO
MA- 1200
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Fig. 5-16. Block diagram of the heterodyne downconversion portion of the DOMSATvideo receiver. Shown at left is the 3.7- t04.2-GHz
input terminal from the LNA and feedline. The 7Q-MHzi-f output at right feeds the baseband demodulator and processing circuitry (see
Fig. 7). The potentiometer shown at the lower left represents the resistive voltage divider which tunes the first LO for channel selection.
Gain partitioning of the various blocks is discussed in the text



1200 MHz
1270 MHz
70 MHz
20dB
40 MHz
+ 13.5 V dc
20dB

Table 5-3. Typical Parameters for Conversion Modules.

MX-4200 DOUBLE·BALANCED MIXER
Input frequency 3.7-4.2 GHz
LO frequency 2.5- 3.0 GHz
Intermediate frequency 1.2 GHz
Isolation 20 dB
Conversion loss 7 dB

LO·3000 VOLTAGECONTROLLED OSC
Output frequency 2.5-3 GHz
Output power + 7 dBm
Spurious rejection 20 dB
Tuning voltage range 3- 10 V dc
Supply potential + 13.5 V dc

RF·1200 AMPLI·FILTER
Center frequency 1.2 GHz
3-dB bandwid th 50 MHz
Gain 15 dB
Noise figure 2 dB
Supply potential + 13.5 V dc

LO·1270 LOCALOSCILLATOR
Output frequency 1270MHz
Stability ± 0.001 %
Power out + 7 dBm
Spurious rejection 40 dB
Supply potential + 13.5 V dc

MA·1200MIXER·AMPLIFIER
Input frequency
LO frequency
Intermediate frequency
Conversion gain
3·dB bandwidth
Supply potential
Isolation

single printed circuit board and incorporated into a complete
DOMSAT video receiver by simply interfacing it to the downcon
version circuitry shown in Fig. 5-16.

Display Options
An ideal DOMSAT video receiver for the home Earth-station

market would provide an intercarrier audio, vestigial sideband rf
output for direct interface to the user's VHF TV receiver. Such an
rf output may readily be realized by using any of the available video
modulator microcircuits developed for the TV game and home
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computer industries. In fact, the video and audio levels available
from the baseband unit shown here are entirely compatible with
such modulators.

Unfortunately, incorporating an rf modulator in commercial
DOMSATvideo receiver would subject the entire receiver to FCC
type acceptance in United States. As more than one home com
puter manufacturer has discovered, the type-acceptance procedure
is burdensome in the extreme, with bureaucratic delays often
precluding a timely market entry. In addition, the resolution and
clarity of most of the available low-cost video modulators leave
quite a bit to be desired, and rf modulation would tend to degrade
overall video quality noticeably.

Apossible solution would be to provide the user with simply a
video and audio output from the DOMSAT receiver and allow him
to display the receiver's output on a studio-quality TV monitor.
However, few videophiles possess such a monitor, and the cost is
prohibitive.

Fortunately, most videophiles do possess a video-tape re
corder (in fact, the owner of a home satellite Earth station would
most likely find it impossible to function without one!) and the
average video recorder contains an extremely high quality rf mod-

Fig. 5-17. Typical microstripline circuit module used for satellite video
downconversion. Each module in the receivesystem is mounted in its own
shielded enclosure,and all are interconnected via coaxial cable as dis
cussed in the text.
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Fig. 5-18. Spectral display of a single wideband FM video channel after
dual·downconversion to a 7Q-MHz second i-f. Horizontal deflection is 3
MHz/div. and vertical sensitivity is 10 dB/div. This is the composite FM
signal from which video and audio are to be demodulated.

ulator. Allowingthe user to interface his DOMSATreceiver to the
TV via a video recorder provides an ideal solution to the type
acceptance dilemma. And those users whohave no recorder are, of
course, free to add an external rf modulator, any number of which
are available in kit or assembled forms.

Equipment Availability
Once priced in the tens of thousands of dollars, DOMSAT

video receivers are now being brought within the reach of the

Fig. 5-19. Baseband output of the PLL demodulator. Presence of the
energy dispersal waveform on the video composite is evident
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Fig. 5-20. The dc restorer Is simply a diode clamp circu it which removes
from the video waveform any vestiges of the energy dispersal waveform
seen In Fig. 5.

American consumer. The conversion modules shown in Fig. 5-16,
for example, have, since late 1978, been available to the experi
menter at $1000 complete , and to the OEM at significantly lower
prices in production quantities.

wwv-TO-SO-METER CONVERTER

This simple inexpensive frequency converter will place the
WWV 10-MHz signal anywhere within the 80-meter band.

PLL VIDEO
DEIIODULATOR AIIPLIFIER

EIIITTER
FOLLOWER

AF
SUBCARRIER
DEIIDDULATOR

AF OUT
~
6000HIIS

VIDEO OUT
IV p.p

1~ OHMS

DE-EIIPHASIS
FILTER

4 ,2 MHz
VIDEO LPF

DC
RESTORER

ElItTTER
FOLLOWER

Fig. 5-21. Block diagram of the complete baseband processing port ion of
the DOMSATvideo receiver. The above circuitry Is dr iven by the output of
the downconvers lon module set (seeFig. 3), and provides standard 1-volt
video and Q-dBmaudio outputs to an external modulator, studio monitor,
or video tape deck.
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15K

C3 C9
01 R2 '2 0 -y

R3 R.
3 3K 390 6 80

Fig. 5-22. Schematic diagram of the WWVconverter. Resistors are Y4 or V2
watt. Capacitors C3 and C10 are Mylar™, with all others being disc
ceramic.

Referring to the schematic in Fig. 5-22. Ll-C2 are tuned to the
WWV lO-MHz signal. This signal is coupled to the base of Ql by
L2. Oscillator Q2 operates at any selected crystal frequency be
tween6and6.5 MHz, and is coupled tothe emitter ofQl by C7. Ql
mixes the two frequencies. The L3-C5-C6 combination is tuned to
the 3.5-to-4 MHz difference frequency which appears at the collec
tor of Ql. Impedance matching to the 50-ohm receiver antenna is
provided by the C5-C6 capacitive divider.

Crystal frequency is determined by subtracting the desired
80-meter frequency from the WWV lO-MHz frequency. The 3750
to 3800-kHz range (6250-to-6200-kHz crystal) might be a good
choice for minimum signal interference. The crystal may be ob-

Fig. 5-23. Foil side of the circu it board.
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Fig. 5-24.Close-up of the L1-L2 inductor. L1 is 12ccw turns and L2 is4 ccw
turns of #24 enameled wire. L3 is 35 cw turns of #32 enameled wire. All
inductors are wound on a Y4-inch slug-tuned coil form.

tained fromJan Crystals, 2400 Crystal Drive, Ft. Myers FL 33906.
Specify type FT-243 holder and desired crystal frequency. This
crystal will be .005% tolerance.

The circuit board can be quickly and easily made by first
positioning and securing the copper face of a 1-%" x 3-%" board
under the circuit pattern in Fig. 5-23. Next, mark through the
pattern at each hole locationand then drilla #60 hole at each mark.
The inductor pin and crystal socket holes may require pattern
adjustment and larger holes. Also, check the lead spacing of your

Fig. 5-25. Parts placement guide (foil side shown).
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Fig.5-26. Topviewof thecompleted WWV·to-aQ-meter frequency corver
ter,

capacitors. The layout is for %-inch spacing but room is available
for the %-inch variety.

Finally, carefully connect the relatedholeswithlk-inch strips
ofart ormasking tape. Placemasking tapeoverthe component side
of the boardto preventacid from entering the holes. Thoroughly
cleanthe coppersurface after etching. Usingthis method, I easily
etched and assembled a checkout board in one afternoon.

The inductors are wound ona %-inch diameterslug-tuned coil
formas shown inFig. 5-24. These maybefound inmostjunkedTV
sets and radios. As viewed from the base, coils Ll and L2 are
woundcounterclockwise with#24 enameled wire,andL3is wound
clockwise with#32 enameled wire. Allthree inductors are wound
with no space between turns. L2 beginsat the end of Ll withno
space between the end of Ll and the start of L2. Secure the coil
ends withthreador tapeandapply twoor three coatsofvarnishto
hold the coil in place.

Capacitors C2, C5,andC6are soldereddirectlyto the induc
tor pins. I tried several sets of transistors, both NPN and PNP
types, and they all worked. Just reverse the voltagepolarityfor
PNPtypes. To align, connect a shortantenna andset L1andL3for
maximum S-meter readingwitha nonmetallic tool. Use shielded
cablefor hookup to the receiver. Also, see Figs. 5-25and 5-26.
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Chapter 6
Transmitters,

Transceivers And Accessories
Transmitters are easy to build and also a lot of fun. This chapter is
intended for ham radio operators who want to build "home-brew"
rigs. There are also projects for some pretty interesting acces
sories that can be easily built for a fraction of the cost ofa commer
cial unit.
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THE KEYCODER 1

The CW keyboard keyerdescribed here should appeal to any
amateur who wants to increase his code speed and send letter
perfect, space-perfect CW-or to anyone seriously interested in
teaching or learning the code.

Although there are a lot of articles and letters in ham
magazines about amateur radio clubs teaching code, the use of a
keyboard keyer as a teaching aid seems to have been neglected,
possibly because most such keyers are quite expens ive. Keycoder
I, makes an excellent clubproject. Whenused as a code teacher, the
keyboard keyer has the following advantages to recommend it:

o Perfect code-The learner always hears correctly formed
characters

o Variable speed-Character rate is continuously variable
from about 5 wpm to over 50 wpm (unlike code records or casset
tes)

o Repetition-The student can practice by himself the
characters that he is having difficulty with (again unlike recorded
code lessons)

o Instructor need not know CW! - Aunique feature-XYLs,
harmonics, and other non-hams can help the novice learner without
themselves knowing the code.

Other technical advantages of Keycoder I are:

o TTL Logic-9 inexpensive and readily available ICs, plus
about 2 dozen discre te components, make up most of the circuit; 7
toroidal cores and another couple of dozen discretes provide an
encoding matrix that would require over 100 diodes.

o RF Insensitive- With TTL ICs and only minimal by
passing, no rf problems have been experie nced with the two units
illustrated.

o Self-contained-Power supply, logic, monitor (with tone
and volume controls), and output circuit are all contained within the
keyboard case

o Simple construction- A commercially available IC board
makes wiring the logic easy (simple point-to-point wiring with no
critical steps)

Figure 6-1 is a close-up photo of the unit built by Charles H.
Haut W9UBA. Figure 6-2 shows my keyboard with a few control
variations.

Keycoder I is a TTL adaptation ofthe Touchcoder II keyboard
keyer descr ibed in the July 1969 issue ofQST. That article contains
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a very good discussion of the circuit theory and of the toroidal core
transformers used, so this information will not be repeated here.
Our theory discussion will take you on a tour of the TTL-version
schematic diagram (Fig. 6-3). For convenience of discussion, the
schematic is separated by dashed lines into the following six areas
representing functional blocks: (1) dot generator, (2) dash
generator, (3) shift register, (4) encoding matrix, (5) monitor, and
(6) output stage. The discussion that follows will be so divided
also, with some necessary overlapping. In Fig. 6-3 the logicstate H
("1") or L ("0") is shown for the output ofeach IC. These states are
for static conditions, when no character is being generated.

Dot Generator
IC1 is a 555 integrated circuit timer set up as a triggered

multivibrator. The frequency of the multivibrator (and hence the
code speed) is determined by the values of R1-R3 and C1, and is
adjustable by means of R2. The duty cycle is 50% for all practical
purposes, thus providing dots and character interelement spaces
that are equal. (Of course other R and C values can be substituted.
Those on the schematic are the ones in W9UBA'sunit; I used R1 =
1k, R2 = 5Ok, R3 = 15k, and C1 = 2.2/LF,with equally satisfactory
results.)

Fig. 6-1. Keycoder 1 built by W9UBA.
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Fig. 6-2. The author's version of Keycoder 1.

R4, R5, and CRI are bias components that are necessary to
make the first dot the same length as following ones. This is
because normal timer operation charges and discharges Cl be
tween 113 and % vee. However, on the very first cycle, Cl is
discharged, and has to charge from 0 volts to % vee. The resistors,
which are merely a voltage divider across the power supply,
maintain a bias voltage on C1; CRI prevents interference with the
normal triggering of ICI.

The output of the dot generator (pin 3) is routed to both the
output circuit and monitor through two sections of IC4 (NOR
gates); the first section is a summing gate (discussed later), and the
second section disables the output (and monitor) for the duration of
3 dot lengths at the completion of each character, to provide
automatic character spacing.

Dots are generated when pin 6 of ICI goes low, which occurs
only when pin 6 of IC3 goes low.

Dash Generator
As with other keyers (both keyboard and manual), Keycoder I

forms dashes by filling in the space between two successive dots,
thus producing dashes exactly 3 units long. The circuit action is as
follows: FF8 is a "D" type flip flop that clocks on the rising edge of
pulses applied to pin 11. When no dashes are called for, pin 3 oflC3
applies a "I" to the data input (pin 12) of FF8, and the Qoutput of
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this flip flop is high and the 'Q" output is low. FF8 is clocked each
time a dot is generated but does not change state as long as the IC3
output is high. When a dash is required, pin 10 of IC4 goes high,
causing pin 3 of IC3 to go low, and FF8 is readied to toggle when it
is clocked. For a dash to be formed, two dots are generated. The
first dot is passed through to the output but also clocks FF8. The Q
output of FF8 then goes high and holds the summing gate portion of
IC4 open after completion of the first dot. After arrival of the first
dot, pin 1 of IC3 also went low, readying FF8 to toggle back to its
static state. FF8 is clocked by the second dot, and its Qoutput goes
low again, but the second dot now holds the summing gate open.
Hence, the summing gate is open for a period of two dots and the
space between them, and a 3-dot-Iength dash is formed.

This same sequence of events takes place at the completion of
each character to automatically provide a 3-dot-length space be
tween characters, but this terminal dash is made silent by applying
a high to pin 12 of IC4.

Shift Register
As shown in Fig. 6-3, the shift register portion of the schema

tic consists of "0" type flip flops FFI through FF7, two sections of
a triple 3-input NAND gate (the third section isn't used) , the
remaining two NOR gate sections of IC4, and two gates of a
quadruple 2-input NAND gate IC (the fourth section isn't used). In
this mechanization, the 3-input NANDgates serve an OR function,
one sect ion of IC4 is used as an AND gate , and pins 4, 5, and 6 of
IC3 are really only an inverter, so things aren't entirely as they
seem.

The flip flops are all "0" types, and are packaged two per IC.
Note that the second flip flop of IC9 is the FF8 previously men
tioned. Only the Qoutputs (pins 5 and 9) are used, and these are a
logic high in the sta tic condition. For our purpose, the flip flops are
"set" (Q = "0") by applying a low to the ir "Clear" terminals (pins 1
and 13). Shifts occur from left-to-right only.

With the foregoing in mind, let's leave the hardware mechani
zation for a bit and refer to the Character Generation Table (Table
6-1). Here, the "X"s in the horizontal rows represent the dashes in
a character, the "X" furthest to the left is a "silent dash," and the
blankspaces to the right of the silent dash represent dots . Although
data is shifted left-to-right, we "read" Morse characters in this
table from right-to-left. For example, in the row for the letter "P",
starting from the extreme right we see a blank space which repre-
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Tabl. 8-1. Charact.r Generation Tabl• • XI Indicate theShift
ReaJst.r Flip Flop$ That Must b. Set to Fonn a Giv.n Character (Also

theToroidal Core Transfonners That the WireforThat Character Must Pass Throup).

Flip Flops

Character FF7 FF6 FF5 FF4 FF3 FF2 FF1

A X X
B X X
C X X X
0 X X
E X
F X X
G X X X
H X
I X
J X X X X
K X X X
L X X
M X X X
N X X
0 X X X X
P X X X
a X X X X
R X X
S X
T X X
U X X
V X X
W X X X
X X X X
Y X X X X
Z X X X
1 X X X X X
2 X X X X
3 X X X
4 X X
5 X
6 X X
7 X X X
8 X X X X
9 X X X X X
0 X X X X X X

X X X X. X X X X X
7 X X X
I X X X

X X X
AR X X X
SK x X X
AS X X

sents a dot. Movingto the left we findtwo"X"s, whichwe knoware
dashes , followed by another blank space for a dot, and finally
another "X" (which is the silent dash to separate this character
from the next). In terms of the hardware, the "X"s represent the
flipflops that are simultaneously se t when a keyboard key is struck
and also the toroidal cores that must be strung to generate that
character.

The character generation scheme , which was originally pro-
posed by James B. Ricks W9TO, has three rules:
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1. If only one flip flop is set, a number of dots will be gener
ated, the number being one less than the number of the flip flop set.
For instance, in the row for "S", only one "X" appears, in the
column headed FF4; therefore 3 dots will be generated .

2. If FFI and any other flip flop are set, a dash will be
generated.

3. If only FFI is set, a silent dash is generated.
As each dot or dash is completed, all entries in the appropriate

row of the table are shifted one column to the right, and another of
the three above rules is applied. For the letter "B", initially the
conditions for rule 2 are met, and accordingly a dash is generated;
after one shift to the right , rule 1 applies , and three dots are
generated; these three dots produce three more shifts, after which
rule 3 comes into effect and the character is completed, followed by
a 3-dot-length space.

Returning to Fig. 6-3 observe that the static state for the flip
flops is for their Q outputs to be high. This results in the other
gates in the register being forced to the logic states shown, ending
up with pin 6 of IC3 being high and the dot generator disabled .
Through a process to be described later, one or more of the flip
flops is set each time a key is struck. The resulting lows on the flip
flops cause the outputs of one or both sections of IC5 to change
state and, in tum, pin 1 of IC4 and pins 8 and 6 of IC3, thus starting
the dot generator. If pin 5 of ICg goes low and the Q output of any
other flip flop also goes low (rule 2), pin 10 oflC4 will go high, and a
dash will be generated; otherwise a dot will be formed. The dot or
dash causes pin 4 of IC4 to go from a high to a low. This pin is
connected to the clock inputs (pins 3 and 11) of the shift register
flip-flops, but a high-to-low transition does not affect a "D" type flip
flop. However, when the dot or dash is completed, pin 4 of IC4
again goes high, and the low-to-high transition does clock all of the
flip flops causing a right shift. That is, the Q output of each flip flop
assumes the logic state that its left-hand neighbor had before the
clock pulse. The resulting new set of Q outputs now initiates
another dot or dash which, in tum, produces another clock pulse to
shift the register to the right again, and so on until only the output
ofFFI is low. This is the condition (according to rule 3) to generate
a silent dash. What actually happens here is that FFI turns on the
dot generator, but since the other flip flop outputs are all high, pin 1
oflC4 is high and provides the output inhibit signal to pin 12 oflC4.
Note that the silent dash creates another clock pulse that shifts the
"I" output of FF2 into FF1, thus ending the character cycle and
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restoring the static condition.
In addition to starting and stopping the dot generator, pin 6 of

IC3 also activates the gate of the SCR that provides current drive to
the keyboard encoder circuitry. Therefore, the keyboard is locked
out during character generation, but is automatically reenabled as
soon as the character is completed. This feature also provides
automatic character repeat: A character is repeated, with 3-dot
length spaces between, as long as a key is held down. This is a fine
operating feature for sending words with double "o'ts and double
"I''s , etc. , but is not so hot for sending double "e"s at high speed. H
des ired, automatic repeat can be disabled by reducing the drive on
the SCR.

Note the "continuous dot" key connected between pin 10flC4
and ground (this is the switch labeled "DOTS" in Fig. 6-2). This is
depressed and held down while adjusting the SPEED control to
initially set the keyer to the desired code speed. The continuous
string of dots resulting from holding down this switch represents
the maximum sending speed for a given SPEED control setting.
Holding down the "E" key also produces a string of dots, but with
3-dot-Iength spaces between each one.

Keyboard Encoding Matrix
Toroidal core transformers, driven by an SCR, are used for

encoding keyboard contact closures to set the shift register flip
flops in accordance with Table 6-1. These transformers are made
by winding 10 turns of #30 enameled wire around half inch diame
ter powdered ferrite cores. The windings are equally spaced
around the circumference of each core, but the spacing is not at all
critical (see Fig. 6-4). Only cores with high permeability, such as
those in Table 6-2, should be used. The "one tum primary" of the
transformer is simply a length of the same type of wire passed
through the center of the cores appropriate to the character to be
formed (per Table 6-1). One end of this primary is soldered to the
keyboard contact of a given character, and the other end to the
cathode of the SCR. There is, of course, one such primary for each
of the 44 CWcharacters in the table, and several pass through each
core. With #30 wire the cores don't get too crowded, and there is
no effect on the cores by wires that pass around the cores but don't
go through them (see close-up photo of the logic board, Fig. 6-5).

One end of the secondary winding of each transformer is
connected directly to Keycoder's +5 V de regulated power supply,
and the other end to the "Clear" terminal of each shift register flip

215



____-p----~--- .O'OC

RI] ·R I9
24 0(1 CR3 · CAli

___-+._ _ ---+__ ~~:l~~,

I'V\...<"'VV........ ~'1 ·"7

Fig. 6-4. Toroidal core transformers used for encoding.

flop. When the SCR fires, a high current pulse passes through the
one turn primary connected to the key pressed. This pulse induces
a very short duration high voltage (up to 15 V) pulse in the secon
daries of the cores it passes through. These pulses are polarized in
opposition to the +5 Vapplied to the secondaries and drive them to
ground potential, thus setting the flip flops to which they are
connected. The resistor across each secondary is for loading to
suppress transients, and probably wouldn't really be needed (but is
cheap insurance). Its value isn't critical. The diode in parallel with
the resistor clamps the voltage to +5 V to prevent possible damage
to the flip flop from too high a voltage spike. This probably isn't
actually required either, but W9UBA and WA9VGS are cautious
fellows. The diode in series with the clamping diode to ground
prevents the flip flop "Clear" from being driven below ground
(negative voltages should never be applied to TTL ICs).

The SCR circuit works like this: C4 is charged up to the power
supply voltage through R8. The gate of the SCR is high, but current
cannot pass because the keyboard key is open, breaking the
cathode connection to ground. When a key is struck, the circuit is
complete and C4 discharges almost instantaneously (the actual
discharge time depends upon the time constant of C4-RS). This
discharge produces the high current pulse to fire the core secon
daries and set the flip flops. The instant a flip flop is set, pin 6 oflC3
goes low, closing the SCR gate, and C4 begins to recharge for the
next character. The closed gate ensures that the keyboard is
locked out until the character being generated is completed and IC3
pin 6 goes high again. C3 is simply a filter capacitor to prevent
transients from triggering the SCR.

Monitor
IC2 is also a 555 IC timer connected as a triggered multi

vibrator. The bias components used in the dot generator are not
necessary here since the IC is oscillating at audio frequencies.
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Noneofthe R or Cvaluesare criticalandcanbe chosento suit your
preferences or what you have available. With those shown, the
monitor produces tones from about 50Hzto several thousand Hz,
adjustable by Rll. Ofcourse Rll can be a fixed resistor if you'll
settle for a single tone. C6andR12form the simple but adequate
volume control. When set at its lowend, R12completely silences
the monitor, andat thehighendthe ICwilldrivea 2"-4" speakerto
a volume adequate fora medium-sized room. In the dotgenerator,
the "Reset" terminal (pin4) was tied-re--fS V de and the IC was
triggered onandoffviapin2. In the monitor, however, we switch
IC2onand offviapin4, since our drivingsignal (pin13 ofIC4) is
low in the offstate and high in the on state.

Table 6-2. Parts Ustfor Keycoder.

High Voltage PNP Transist ors

for Keying ServiCll

IC1-IC2
IC3
1C4
IC5
1C6-IC9
SCR
Ql
Q2

CR1-CRI6
Cl
C2
C3
C4
C5
C6
Rl
R2
R3
R4
R5
Rll
R7
RS
R9
RIO
Rl1
R12
R13-R19
RFCl
Reed Relay

Toroids
(7 reQUired)

Parts Lilt

555 Integrated Circuit Timer
Quad 2-input NAND gate (SN 74001
Quad 2-input NOR gate (SN 74021
Triple 3-input NAND gate (SN 7410)
Dual " 0 " Flip Flop (SN 7474)
2N889, or equivalent
2N3569. H EP 728 , or equiv. NPN audio tr ansistor
2N5416 PNP high voltage tra nsistor , or equ iv , (see

accompanying tab le)
1N914 switching diode, or equivalent
3 uF, 15 V electrolytic capacitor
0 .005 uF. 200 V capacitor
0.022 uF. 15 V capacitor
1.5 uF . 15 V electrolytic capacit or
0.01 uF, 15 V capacitor
8 us, 15 V electrolytic capacitor
1.2 k. % W resistor
15k miniature oot entiorneter. audio taper
10k, % W resistor
61k , % W resistor
47k , % W resistor
430 Ohm, % W resistor
6(X) Ohm, %W resistor
10k, % W resistor
1k, % W resistor
10k, % W resistor
100k miniature pcrennorrerer. audio taper
500 Ohm m iniatu re potentiometer, audio taper
240 Ohm, Y.W resistor
2.5 mH rf choke
Meshna Electro nics #S P·37A, SPST % A contacts. 3~

V coil
Order from Amidon Associa tes. 12033 Otsego St ., No.

Hollywood CA 91607

Number Vcbo
2N398A' 105
2N1275 100
2N1476 100
2N1654 lIDO
2N1655 125
2N1656 125
2N2042A' 105
2N 2043A' 105
2N2551 150
2N 2590 100
2N2591 100
2N2598 125
2N2599A 125
2N 2600A 125
2N3062 90
2N3063 90
2N3064 110
2N3065 110
2N3224 100
2N3413 150
2N3495 120
2N3497 120
2N3841 100
2N3842 120
2N3930 1130
2N4028 100
2N4357 240
2N4888 150
2N4889 150
2N5400 130
2N5401 160
2N5415 ' 200
2 N5416' 350
2SA305 125
2SA429 150
2SA510 110
2SA5 11 90
2SA 516A 120
2SA637 150
2SA639 1130
2SA885 150
"Germanium transistors,

all others silicon .
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Fig. 6-5. Close-up view of the logic board.

If Keycoder I is to be used exclusively with rigs that have a
sidetone, obviously the monitor could be eliminated completely,
but for the small number of components involved it's nice to have
the unit completely self-contained for code practice without con
nection to a rig.

Output Circuit
The TTL output of Keycoder I can be used to drive either a

keying relay, as shown in Fig. 6-3, or a PNP power transistor, if
you can find one with ratings adequate for the keying circuit ofyour
rig.

In the relay circuit shown in Fig. 6-3, Q1 can be any small NPN
audio transistor (I used a HEP 728 with R6 = 2200 ohms). The
value of R6 can be changed to optimize the base drive if you
substitute for Ql. For K1 I used a Griggsby-Barton 831C-2, which
is packaged in a 14-pin DIP package and includes a protective diode
(CR2). This relay is both small and completely silent, but is
relatively expensive and its contacts will only handle about 125
mW. However, this was adequate to key my Kenwood TS-250
transceiver (keying current 10 rnAat 12 V). A better choice would
be a surplus reed relay, such as listed inTable 6-2. These are quite
inexpensive (2/$1) , and will handle 500 rnAor better. W9UBAhas
used one of these relays to key his Drake T4X transmitter, Halli
crafters SR160, and several Heathkit rigs, without any difficulty.
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C2 and RFCI are for filtering any rf out of your rig's keying
circuit line, and mayor may not be needed depending upon how
"clean" your rig is. Without either filtering component in the
circuit I "froze" the contacts of one IC relay after several hours of
troublefree sending, but have piled up several dozen operating
hours without any relay problems after adding C2 astill have no
choke in the keying line).

Figure 6-6 shows the circuit for transistor keying. Again, Ql
can be any NPN audio transistor. W9UBAhas both a reed relay and
the transistor shown in Fig. 6-6 connected in parallel in the output
of his keyer, and switches back and forth between the two. Most of
his on-the-air contacts have reported no discernible difference
between the relay and transistor keying.

Construction
The keyboard unit is enclosed in a rugged and handsome case

that is spacious enough for all of Keycoder's component parts. It
was obtained from Meshna Electronics. It is built on a heavy cast
iron frame, and is trimmed in leatherette and imitation walnut grain
sheet metal. The keys are magnetic reed type, very smooth, with
about 3/16" travel. An added bonus in this assembly is the 10
rectangular switch positions (as seen in Fig. 6-1). Five of these are
dummies-the plastic switch caps are in place but there is no
switch beneath them-and I removed them and used the space for
mounting 3 control pots (Fig. 6-2). Four of the other 5 switches are
momentary action DPDT switches, and the fifth (labeled "PWR" in
Fig. 6-2) is a DPDT Push-On/Push-Off switch. The two switches
on the extreme right have screw-base "grain-of-wheat" light bulbs
installed in sockets inside the translucent caps. I wired one of
these, through a 20 ohm, 1 watt dropping resistor and the second
set of "PWR" switch contacts to the power supply, to serve as an
on-offindicator. W9UBAaccomplished the same purpose by instal
ling a red LED in a hole drilled in one of the switch caps (Fig. 6-1).

Fig. 6-6. Transistor keying circuit
for Keycoder 1.

TO GRID
8 LOCK
I([YING
C IRCUIT
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Fig. 6-7. Interior of W9UBA's Keycoder 1.

There are also plenty of unused key positions on the keyboard
(SPST), so you should be able to mechanize any control setup you
like without additional switches.

There is a diode matrix circuit board just beneath the bottom
cover of the keyboard case. This board contains about 160 diodes
and several dozen 33k resistors that can be added to your junk box
(although the leads are awfully short). This board is attached to the
case with a couple of screws and two multiple-lead ribbon cables
that are easily removed. Beneath this discarded diode board is the
key contact board, with all of the key contacts nicely labeled. Half
of the foil patterns from the key contacts go to solder terminals
grouped together at the bottom left-hand side of the board, and half
lead to similar terminals at the bottom right. I soldered the core
primary wires directly to the key contacts wherever they were on
the board, while W9UBA made these connections to the bottom
sets of terminals, resulting in shorter wire runs and a neater
appearance (see Fig. 6-7).

The 9 integrated circuits, the SCR, and their associated dis
cretes were all mounted in DIP sockets on a Radio Shack Universal
Display Board (pIN 277-108). This board is pre drilled for 10 14-pin
DIPs, and etched with solder pads for the DIP connections and 8
separate buses running the length ofthe board, 4 on each side of the
DIP patterns. These buses were used for +5 V de, ground, SCR
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common, and the flip flop chock line. We both used #22 hookup
wire for all connections; W9UBAran his wires on the top side of
the board while I made most of my connections on the foil side.
Either way, this board saves a lot of building time compared with
vectorboard construction or laying out and etching a PC board. The
board measures about 2Y2"X 6%".

Since the 555 ICs have only 8 pins, both of them can be
mounted in one 16-pin socket; the leftover sockets can then be
used for mounting the SCR and 555 discretes. The toroidal core
transformers and their diodes and resistors are also mounted on
the board, beneath the row of ICs (as seen in Fig. 6-5). The cores
are wound and soldered into the circuit, but the leads are left about
%" long. Anyone ofthe primary wires connected to the SCR is then
strung through each core before it is mounted and the wire is
grounded; if nothing happens, the core polarity is incorrect and the
long leads permit it to be turned 180°. When a core is operating
correctly, it is glued to the board with a drop of Duco cement.
Stringing the primary wires through the cores will be easier if the
cores are mounted so that their openings are in a reasonably
straight line.

The values of R7-C3 and R8-C4 required some juggling to get
reliable SCR operation. The most severe test of SCR and core
operation is generating the figure "0", since 6 flip flops have to be
set simultaneously to produce this character. If you have difficulty
generating "O"s, or with repeat operation, vary the values of the
above components, and/or try connecting R8 to the unregulated
output of the power supply to get a higher voltage and hence more
current.

All the integrated circuits were bypassed with .01 f.LF disc
capacitors from +5 V de to ground, at the buses right opposite each
IC. These capacitors are visible at the top of the board in Fig. 6-5.
In addition, each side of the power supply transformer primary is
bypassed to ground with .001, 400 volt capacitors. The all-metal,
completely enclosed keyboard case provides good shielding and
also contributes, to the lack of rf interference.

Figure 6-3 does not show the power supply, since the keyer's
power requirements are reasonably uncritical and the builder will
probably wish to fabricate his supply with whatever parts he has
available. The Keycoder draws about 100-125 rnA and the +5 V
should, of course, be regulated. We decided to build our supply
based on the RadioShack 5 Volt Regulated Power Supply PC board
(PIN 277-102, price $1.49). This board measures only 1%" x 3%",
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and can accommodate whatever parts you have or whatever circuit
variations you wish to make. Figure 6-8 is a schematic of the power
supply with the parts values as specified by Radio Shack. In this
configuration, the supply is rated at 1 A. The power supply is
mounted in the upper left-hand comer of the case in W9UBA's unit,
as shown in Fig. 6-7.

Referring again to Fig. 6-7, the output transistor and its driver
and associate d resistors are mounted on a scrap ofvectorboard just
to the right of the logic board, and the reed relay is just above the
vectorboard, mounted to a partition added to the enclosure. The
monitor speaker is mounted on the other side of this partition
(beneath and to the left of the relay).

The volume, tone, and speed control potentiometers have to
be miniature types if they are to fit in the area shown in Fig. 6-2.
The pots are mounted to a small piece of thin aluminum sheet,
which is held firmly in place when fitted between the keyboard
assembly and the outer case. W9UBAused full-sized pots mounted
under the row of keyboard switches, as shown in Fig. 6-1. Also
note in this photo the sub-miniature thumbwheel type pot mounted
ina rectangular hole cut in the switch cap (extreme left-hand one).

The speed control range can be increased at either the low
speed end or the high speed end, or both (by altering the values of
RI-R3 and Cl), but resolution will become poor if too large a speed
range is attempted, and it will be difficult to accurately repeat a
given speed setting. Two switch-selected pots could probably be
used to obtain a greater range of speeds without sacrificing resolu
tion. Audio taper pots should be used for speed tone , and volume
control.

Operation
Both W9UBAand I have had several compliments on having a

"gud fist" before informing our contacts that we were using a
keyboard keyer. More important, we estimate that our CWspeed

Fig. 6-8. Schematic of + 5 V dc regulated power supply.
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increased 5-10 wpm within 3 weeks after having our Keycoders on
the air. We believe this is due, in part, to hearing perfect code as
we are sending, and in part to the natural tendency to send faster,
since it's so easy (thus unintentionally inviting a higher speed
QSO).

It takes very little practice to get the rhythm of typing on a
keyboard keyer, and you don't have to be a good typist. Once you
know where the characters are on the keyboard, 20 wpm seems
incredibly slow, even for a "hunt-and-peck" typist. A good typist
must learn to allow enough time for long letters, such as "q" and
"s". to be completed before hitting the next key, and a shorter time
for letters like "e" and "i", but with just a little solo practice you'll
be ready to go on the air. It was originally thought that a 2 or 3
character memory, and/or a space bar mechanization, would be
added to Keycoder I, but operation without these features has been
so good that it has been decided to forego this additional circuitry.

Po VEST POCKET QRP RIG

There is nothing complicated about this project. See Figs. 6-9
& 6-10. A 2N2222, available for as little as a dime, is used in a
conventional crystal oscillator circuit. The oscillator is linkcoupled
to a low pass filter and a well-matched dipole, and that's it. The
usual rules apply: Keep leads reasonab ly short, don't use a big
soldering iron on the 2N2222, and listen to your signal to be sure
you aren't chirping. Output tuning is a bit broad, so adjust C1 for
best keying, even if it means giving up a few milliwatts .

Early mornings and daytime seem best for QRP work on 40
meters. Add two or three turns to the coil if you want to work both
80 and 40. Or add a switch and a 75 pF capacitor across C1. At 12
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Fig. 6-9.Schematic. L1-17 turns #24 on 1W ' dia.plastic form. L2-3 turn
link around low end of L1. C1 - 365 pF variable capacitor.
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Fig. 6-10. The completed QRP rig.

volts, my version draws about 45 milliamperes. The 2N2222 will
get warm if the key is held down for extended periods. Warm is
okay, but hot is not.

A MINIATURE TRANSCEIVER '

The entire project occupies 2 PC boards of identical size. Both
boards are 3.7" x 3" and can be stacked if desired. The receiver
portion is a simplified version of the MinicomMKV and covers 3.5
to 4.0 MHz. The transmitting exciter section output is also 3.5 to
4.0 MHz. By adding a suitable amplifier, the rig could be used as is
on 75 meters. For use on other bands, additional mixers and a
crystal oscillator would be used to heterodyne up to the desired
frequencies.

Circuit Description
The Collins filters from my junk box are all housed in the

V-style case which is cylindrical and for which the PC layout is
designed. Of the 2 filters from the collection which were suitable
for this application, one had a bandwidth of2 kHzand the other 3.1
kHz. Both worked well in this circuit.

A complement of 6 integrated circuits and 8 transistors pro
vide all the needed functions. One i-fstage, the vfo, and the bfoare
common to both receive and transmit modes. The input to the
mechanical filter and the output from the common i-f stage are
transferred from receive to transmit by means of diode switches.
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The upper- and lower-sideband crystals in the bfoare also switched
by diodes.

All the frills such as VOX, noise blanker, CWfilter, S-meter,
and other goodies were left out in the interest of miniaturization.
Whenassembled sandwich fashion, the whole rig fits in the palm of
your hand.

Speech Amplifierand Balanced Mixer
A CA3020 integrated circuit performs as both speech

amplifier and balanced mixer, thus contributing substantially to our
miniaturization efforts. This device, though designed for class B
audio amplifier service, has a bandwidth of 8 MHz and lends itself
to rf applications such as this. The chip houses an emitter-follower
input stage, a differential amplifier, 2 emitter-follower drivers, and
2 output transistors. The output transistors have uncommitted
collectors and emitters, which makes the device suitable for use in
our circuit.

The mike feeds into pin 10 which is the base of the input
emitter-follower. Input impedance is over 50k ohms. R2 is a preset
trimmer used to adjust the audio gain for the mike being used and,
once set, can be left alone. The 455-kHz carrier is introduced
across the emitters of the output transistors and a 50-ohm preset
pot is used to balance the signal. In some cases, cancellation of the
carrier from the output may not be complete and capacitive balanc
ing may be necessary. The PC board has provision for a small
capacitor on either side of the balance pot to ground.

A modified transistor i-f transformer is used to couple the
collectors of the output transistors to the mechanical filter. The
winding data for this and other transformers will be covered later.
See Fig. 6-11.

l-f Amplifier
The SPDT diode switch at the input to the Collins filter

connects it either to the transmitter mixer or to the receiver mixer
output . Following the filter is a JFET amplifier that stays in the
circuit for both transmitting and receiving. Then comes a second
SPDT diode switch that routes the output to a second i-f stage for
receiving or to a mixer for transmitting. The second i-fstage uses a
dual gate FET with age applied to gate 2.

Bfa, Vfo, and Transmittina Mixer
The bfo is crystal controlled and operates continuously since

it is common to both receive and transmit modes. An SPDT diode
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switch selects the desired crystal for either upper- or lower
sideband operation.

The vfo tunes from 3.045 to 3.545 MHz. It is also a common
circuit and operates continuously. It is actually a part of the re
ceiver section. The common vfo and bfo ensure that both transmit
ter and receiver will be on the same frequency . Since very little
energy is required by the mixers, no buffers are used after the vfo.
Output is taken from a l-turn link wound over the tank coil.

The 455-kHz signal and the output from the vfoare mixed inan
SG3402T IC balanced mixer . A3.5-t0-4.0-MHz output is produced
and the vfo signal is nulled by means ofthe 50k preset trimmer, R3.
The output transformer, T4, is fabricated from a standard transis
tor i-f transformer. A PC pad is provided for connecting a small
variable capacitor of 20 to 30 pF across the coil for front-panel
peaking at any frequency. A tiny solid dielectric type from a
transistor FM radio is ideal for this purpose.

Receiver
For those not familiar with the DMOS transistors, such as the

Motorola MFE521 used in the rf and i-fstages, they require a fixed
bias of around 4 volts on gate 1. This is provided by the 2.2k and
4.7k resistors whichform a divider across the 12-volt supply. Gate
2 is controlled by age voltage but, unlike the regular MOSFETs,
need not go negative to attenuate the signal. The DMOS transistor
works with all positive bias which simplifies the age. R4 is adjusted
so that the no-signal level on the age line is 6 volts. The transistors
will be working at close to maximum gain at this value of bias and a
strong signal will drive this voltage down to 3.5 to 4 volts. A
manual rf gain control is provided and would normally be mounted
on the front panel.

The mixer is an SG3402T IC which provides substantial gain
and, as mentioned before, places a very light load on the vfo.
Output load from the mixer is routed to the filter via the diode
switch.

A third SG3402T is used as a product detector and feeds the
LM380N-8 audio IC directly. Some of the audio output from the
detector is fed to a 741 op amp where it is amplified and rectified to
provide a positive de voltage which charges the 20-JLF tantalum
capacitor across its output. Part of this charge is bled offby means
ofthe two l-meg resistors and applied to the gate of the 2N5246 age
control transistor. As the de level increases due to strong signals,
the transistor conducts more heavily and causes the voltage at the
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drain to drop. Since the drain is connected directly to the age line,
receiver gain is decreased and the purpose accomplished.

Fillina inthe Details
There are some numbered pads on the boards and some with

letter designations. These notations also appear on the schematic
and should aid in keeping the external wiring straight. The pads
marked capital A, B, C, D, and E on both boards have to be
connected together in pairs, that is, A to A, B to B, etc. Mating
pads are directly above one another with the boards properly
oriented and component side up. This allows stacking if desired.
Pad A is vfo output. B is output from the common i-f, and C is bfo
output. Pad D is input to the filter, while E connects 12 volts to the
vfo from the other board's constant 12-volt supply connected to
pads marked 12C.

Pads to accommodate a balancing capacitor if it should be
needed as mentioned earlier are marked with small letters.One
pair is a and b, the other c and d.

Pads marked 12R are for 12 volts applied during receive
mode, and 12T designates a connection for 12 volts applied during
transmit. Only one pad is needed; others are spares. There is a
separate pad (12C)for the bfo, however, and it should be connected
to a constant source of 12 volts along with one of the other 12C
pads.

The pad marked TR is used to control the diode switches in
the i-fstrip. A 12-volt level is used for transmit and a ground level
for receive. A TR relay would normally control this line as well as
the 12R and 12T connections. The bfo crystals are similarly con
trolled by application of either 12 volts or ground to pad 10.

Of the other numbered pads, none needs individual explana
tion since the schematic clearly indicates their locations and the
function becomes obvious.

Coils and Transformers
All the transformers are fabricated from regular lO-mm 455

kHz transistor i-f transformers. T1, T2, and T4 require the bare
parts only, which means removing the tuning capacitor and all wire
from the bobbin. Carefully salvage all the wire as it will be used to
wind the new transformers.

The large windinggoes on first and the link is then woundover
the top. T1, T2, and T4 should be woundas in Fig. 6-12. Make sure
the pinout is correct. Views are lookingat the pin end or bottom of
the assembly.
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For T3, carefully break off the secondary leads where they
enter the bobbin. This is the side with 2 pins. Unsolder the
remaining wire from the pins and clean offexcess solder. Since the
new winding is center-tapped, you'll have to steal a pin from a spare
assembly and push it into the existing hole in the base. The new
link is bifilar wound over the top of the existing winding and
connected as in Fig. 6-12. Identify the winding in some way so you
won't have trouble orienting the transformer when mounting it on
the board. The new winding goes to the CA3020 output.

The vfo tank-coil, LI, is pie-wound on a slug-tuned PC coil
form. I used a Gowanda series 7 Velvetork form which is .209" in
diameter by .625" long. A carbonyl E (red) core was used for the
slug. Impregnate the winding with hot coil wax and put a single turn
link over the top of the pie for L2.

Construction
I doubt that there will be any mad rush to duplicate this rig

exactly as it stands, but parts of it may be of interest to some
readers . I even debated the need to supply PC layouts, but decided
they might prove helpful in some way. Just in case you do wish to
copy the layout as much as possible, the following information may
be useful. See Figs. 6-13 through 6-17.

All resistors, diodes, and rf chokes were mounted hairpin
fashion to conserve space. Miniature low-voltage ceramic ca
pacitors were used for coupling and bypass applications. Polarized
capacitors are dipped tantalum and resistors are I/.i watt.

T I

!l.,
~ J~T

2T

12

~IOT

L

T3

T4

USE UNMODIFIED I -F
TRANSF ORMER

® 1\L2

L2 j
U

USE UTZ WIRE

Fig. 6-12. Coil winding table. All bottom views.
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Fig. 6-13. PC board for transmitter.

Before mounting the SG3402T used as the receiver mixer, cut
off pin 6. Likewise cut off pin 4 of the product detector. The same
goes for pin 11 on the CA3020.

The two trimmer capacitors in series with the bfo crystals are
subminiature (5-mm) units in case you were wondering how they
squeezed into the space allotted to them. Incidentally, the exact
operating frequency for the crystals will depend on the particular
filter used, but this circuit will pull quite a bit and allow appreciable
leeway in crystal accuracy.

Note that there are two silver mica capacitors across the ends
of the mechanical filter whose purpose it is to tune the two trans
ducer coils. Values will depend on the type of filter used. For the
F455 Q2 that I used, I had to install a 91-pF capacitor at one end and
a 110-pF capacitor at the other end.

The 3-gang tuning capacitor is the same one used in the
Minicom receivers and has a range ofapproximately 3 to 20 pF per
section. An additional padding capacitor is required across each of
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the first 2 gangs. Use 20- to 22-pF silver micas and solder directly
to the frame before installation. When mounting this item, use
#4-40 screws W' long. Put a toothed washer under the head to
allow good contact with the copper. Place 2 flat washers over each
screw on the component side before mounting the capacitor. This
will leave enough space to clear the rivets that hold the compres
sion trimmers for the first 2 gangs.

I used MPN3401 (Motorola) diodes to do the switching since
they were in my junk box and are made especially for this use.
Regular silicon diodes should work okay, so don't panic.

Tune-Up and Checkout
A DPDT toggle switch can be used for TR switching by using

one section to apply 0 or 12 volts to the TR line and the otherhalfto
transfer 12 volts between the receive and transmit circuits. An
SPDT toggle can be used switch the bfo crystals. A 10k audio gain
control with log taper and a 10k rf gain control with linear taper are
the only other items needed at this time. With the boards lying on
the bench, make the jumpers between boards long enough so that
each board can be handled freely while making adjustments. The

Fig. 6-14. Component layout for transmitter board.
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Fig. 6-15. PC board for receiver.

copper border around each PC is ground and should be made
common with all other grounds and power-supply return.

Connect an 8-ohm speaker and 12-volt power supply to the
rig. Set all trimmers to midpoint. Run the screws on the 2 com
pression trimmers on the 3-gang capacitor up snug but not tight.
Turn the variable to full mesh. Connect a de scope or high
impedance voltmeter between the top of the rf gain control pot and
ground. Switch to receive and apply power. Current drain should
be between 55 and 65 mils. Turn the rf gain control all the way
down and adjust R4 for a reading of 6 volts . Disconnect the meter
and turn the rf gain to maximum. Turn up the audio gain and feed in
some signal at 3.5 MHz. Adjust the slug in the vfo tankcoil until the
signal is picked up. Adjust the cores in Tl and T2 for maximum
output. Run the variable capacitor up to the high end and feed in
signal at 4.0 MHz. Peak the response by means of the 2 compres
sion tr immers on gangs 1and 2. Repeat these 2 procedures as many
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timesas neededto achieve good tracking. T5 canbe peakedonthe
noisepresent. If the band is active,youcanconnect anantenna and
listen on the air to verifyproper operation of the receiver. Also
make sure bothbfocrystals are working. This concludes receiver
checkout.

An audio generator should be connected to the mike input
during tune-up ofthe transmitter. Turn R2to minimum andswitch
to transmitmode. Currentdrainshould be40 to 50mils. Connect a
scope to the outputside ofT3. Apiece ofdiscarded pigtailcanbe
temporarily soldered to the pad if necessary to make the scope
connections. With noaudio input, adjustR1to nullout the carrier.
If there is still sometrace ofrf, tacka mica trimmeracross padsa
and b and then c and d to see where improvement can be made.
Measurethe valueofthe trimmerat the best settingandsubstitute
a silver mica fixed capacitor.

Once the carrierhas beennulled, turn up R2andfeed insome
audio signal at around 1500 Hz. Adjust the level to a point just
below wheredistortion occursas observedonthe scope. Transfer

Fig. 6-16. Component layout for receiver board.

233



Fig. 6-17. Both boards fully assembled.

the scope to the output side of T5. Determine the values for the
capacitors that tunethe filterandinstallthemat this time.Turnthe
tuning capacitor upto the highendofthe bandjust below4.0 MHz
andtransferthe scopeto the transmitteroutputat T4. Shutoffthe

234

------c-~-- _. - - • . - , . - .- - - ,



signalgeneratorandnullthe vfosignalbyadjusting R3. Turnonthe
generatorandadjustthe core inT4 for maximum output. Later on,
a tuning capacitor can be mounted on the front panel to allow
peaking of the output as frequency is changed. That concludes
tune-up of the transmitter.

EASY QRP RIG

The purpose of this project wasto builda simpletransmitter
that could be duplicated easily by any amateur.

Mymaininterestas an amateurlies in designing andbuilding
my ownequipment. During numerous on-the-air conversations, I
discovered that home-brewing is nota forgottenart andthat many
hams are still interested in building at least some piece ofequip
mentfor use inthe shack.However, it seems that a goodportionof
newcomers (andnot-so-newcomers) are frustrated whentryingto
find a projectthat issimpleenough to understand, is cheap, andwill
produce a usefulitemwhich isnot time-consuming to build, debug,
and get operational.

This 5-watt, 80/40-meter, CW transmitter is all of this and
more. Allof the parts canbe purchased at your local Radio Shack,
assemblytime is less thananhour,andtune-up time is zero. Using
aPCboardpractically guaranteesthat the transmitter willworkthe
first time the key is closed. These features should make this a
project that both the Novice and old-timercan enjoy.

Myoriginal designcalledforvfocontrolofthe transmitter, but
that required five rather than three transistors. Additionally and
moreimportantly, the components neededto constructa stablevfo
cannotbe purchased at most Radio Shack outlets. To overcome

,;~••v
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Fig. 6-18. Transmitter schematic.
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these problems, crystal control was decided upon. At first thought,
crystals conjure up an image of hours ofoperating without a contact
as you wait for someone to happen upon your frequency. That
simply isn't the case , as will be shown later. Also, since Novices
now can use vfos, there are many crystals lying around in ham
shacks everywhere.

The transmitter can be built as a basic unit or with several
options , as shown. The basic unit consists of the loaded PC board
soldered to an antenna connector and power source. If the trans
mitter is to be used for serious operation-which it definitely is
capable of-then the options, which require only a little more time
and money, should be added. Options will allow T-R switching,
some frequency variation, two bands in one box, and a package that
is more pleasant to look at and show off.

The Circuit
As can be seen from Fig. 6-18, the transmitter meets the

design goal of being simple. Only three transistors are used to
generate the 5 watts of output power. Resonant circuit inductors
are formed using iron-core rf chokes . Common-value ceramic
capacitors are used either singly or in parallel to obtain the needed
capacitance. See Table 6-3.

Q1 operates as a Pierce oscillator at the crystal frequency.
FT-243 crystals, which are inexpensive and plentiful, can be used .
Output is taken from Q1 by a five-turn link over Ll. Q2 and Q3
comprise the class C final amplifier and are operated in parallel.
Parallel operation provides an easy method ofobtaining the desired
5-watt output.

The parallel combination of Q2 and Q3 presents about a
60-ohm load to be matched to the 50-ohm antenna load. This
collector impedance is determined from the formula RL = Vcc2

/

2po, where Vcc = 24 V and po = 5 Watts.
The impedance transformation is accomplished with a pi

network composed of U, C4, and C5. This network also offers
harmonic attenuation to the signal. The transmitter, as designed,
eas ily meets the FCC regulations for harmonic radiation.

R5 and R6 are used to equalize current flow in the two
trans istors. In all of the units built thus far, I have detected no
"hogging" of current by either transistor. Nothing special has been
done in selecting matched transistors. If they run equally hot, they
are matched well enough! Heat sinks are needed on both transis
tors to dissipate the heat generated. Since the type of heat sink
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needed is not available at RadioShack, they must be constructed by
hand. Light gauge aluminum can be used by forming a tightly fitting
cap over the transistor.

The design goal of using readily-available parts was realized
throughout the rig. Radio Shack disc ceramic capacitors are used
and have performed well. Unfortunately, there is a limited variety
of these parts. To obtain the desired capacitance, the capacitors,
where necessary, are soldered in parallel. This allows for the
elimination of variable capacitors to tweak the tuned circuits to
resonance. In all units assembled, the resonant circuits and match
ing networks have worked fine with no tweaking necessary.

To construct L1, remove the required number of turns from
the Radio Shack choke. Use this removed wire to form the link
winding, L2. Wind L2 over the Ql side of L1. 13 should be made
similarly except that no link is needed. The chokes work surpris
ingly well as resonant circuit inductors at 3.5 and 7 MHz.

Table 8-3. Parts Ust.(Radio Shack Parts Numbered in Parentheses.)

C1-C10-Ceramic disc (272-xxx)
C3 -80m: 220 pF; 40m: 47 pF
C4,C5 -80m: 690 pF (220and 470 pF in parallel);

-40m: 420 pF (220, 100, and 100 pF in parallel)
Copt -BC variable, approx. 30-200 pF
Jl,J2 -SO-239 (278-201)
J3 -Phono jack (274-386)
J4 -Phono jack (247-252)
L1 -80m: 8.4 uH, 8 turns removed (273-101)

40m: 10.0 uH, no turns removed (273-101)
L2 -5 turns wound over side of L1
L3 -Approx. 30 uH, 40% of turns removed (273·102)
L4 -80m: 2.4 uH, 16 turns removed (273-101)

40m: 1.2 uH, 23 turns removed (273-101)
01 -RS-2033 (276-2033)
02,03 -RS-2038 (276-2038)
R5,R6 -Each is 310 Ohm, 'h oW(271·001) in parallel
Sl -DPDT toggle (275-1546)

Fig. 2.
Cl -1000 uF, 50 V (272·1047)
R1,R2 - ';"w carbon (R2 can be made 5k variable

to provide 3-30·V output)
Sl -SPST (275-324)
Tl -24 V lamp, min. (273-1480or 273-1512)
Zl -Full-wave bridge rectifier, 1.4 A, 100 piv (276-1152)
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Fig. 6-19. Power supply schematic.

One departure from the norm in this project was the use of
+24 V for supply voltage rather than the more common 12 volts.
This was done for several reasons. It is much easier to build and get
operational a 24-volt supply than it is the additional stages required
to realize 5-watts output using a 12-V supply. This also makes the
transmitter simpler and cheaper (other design goals).

A schematic for a very simple 24-V supply is shown in Fig.
6-19. This supply can be made variable or fixed. It has performed
flawlessly at currents up to 1.5 amps. The regulator contains
internal short-circuit protection and is self-contained.

Han ac-operated supply is not desired, four 6-V lantern bat
teries can be operated in series to provide the needed 24 volts.
Many hours of transmitter operation can be achieved from such
batteries. Alternatively, and probably cheaper, sixteen D-cells can
be soldered in series for the supply voltage . Obviously, the 24-volt
supply should not be a deterrent to building the transmitter. It can
be used for later projects as well!

Construction
The transmitter is built on a 2W' by 3" PC board. Assembly

time is less than one hour due to the small number of parts used. A
number of transmitter boards have been constructed and each one
has worked fine when power was applied. See Figs. 6-20 and 6-21.

For best operating comfort, the transmitter PC board should
be mounted in an enclosure-as mentioned earlier. Any size or
type of enclosure will work fine. I used a Radio Shack type , which
makes for a nice-looking and compact transmitter.

A crystal socket should be mounted on the front panel to allow
for a change of frequency when desired. Avariable capacitor can be
mounted near the socket to allow for a small amount of frequency
excursion from the crystal frequency. On 80 meters, about 1.5 kHz
of change has been possible. On 40 meters, this increases to about
3-5 kHz. The amount of frequency excursion will vary, depending
mostly upon the crystal used.
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Switch Sl, a miniature DPDT toggle type, is used to switch
the antenna between receive and transmit. All connections be
tween Sl, the PC board,and the SO-239antenna connectors should
be made with coax. RG-t74 is preferred, but if it is not available,
RG-58 will work fine, The only other additions necessary are a
phono connector for voltage and a key jack.

Ifdesired, the 40-meter PC board can be mounted in the same
box as the SO-meter board to make a two-band transmitter.
Another toggle switch will be needed to switch the two boards to
the appropriate circuit points. See Figs. 6-22 through 6-24.

Operation
After assembling the PC board and the supporting parts into a

cabinet, the transmitter is ready for use. Initially, a dummy load
should be connected to the antenna connector. This allows for
testing without generating QRM on the air. The dummy load can
consist of two loo-ohm, 2-watt resistors in parallel. If a vom
(ammeter) is available, it might prove advantageous to hook it in
series with the plus side of the 24-V supply. Input power can then
be calculated.

After the key is plugged in, the supply turned on, and the
crystal installed, switch Sl to transmit and close the key. The vom

Fig. 6-20. PC board layout, foil side. (Single-sided, fiberglass, copper-clad
board)
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TO SlA

TO J4

Fig. 6-21. Component locations.

shouldreadabout350rnAofcurrent.This indicates an inputpower
of approximately 8.5 watts (pi = E x I = 24 x .35). All of the
transmitters I havebuilthavehada minimum efficiency (Po/Pi) of
around 60%. This indicates anoutputpowerofaround5 watts. The
input(andoutput) powerofyourtransmittermightvarydepending
upon the gain of the transistors used.

Fig. 6-22. Inside view.
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Fig. 6-23. Back view.

An antenna now can be hooked to the SO-239 antenna connec
tor. At the same time, a short cable should be run between the
receiver-out connector and your receiver.

Youare ready now for on-the-air contacts . You probably will
be as surprised as I was when you first use your new little pow
erhouse. Surprisingly, my best success has been in calling CQ.
The response ratio has been close to 50%. Using one crystal on 80
meters has resulted in numerous contacts up to 1500 miles away
with excellent reports in both strength and quality. The antenna
used in conjunction with the transmitter has been a dipole at 20
feet.

Fig. 6-24. Completed transmitter.
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r
AllBAND QRP RIG. .

Operating QRP is fun. Operating portable is fun. But, operat
ing QRP with the kind of inefficient antenna systems sometimes
encountered in portable operation is no fun at all. Sure, with a good
matchbox, you can loada barbwire fence, or a set ofbedsprings, but
those aren't the best radiators in the world, and the puny little 100
mWQRP rigs will have a hard time getting across the street. While
facing this dilemma, I decided someone should invent the perfect
QRP rig, one that is small enough to be super-portable, low
powered enough to run off a lantern battery, and gutsy enough to
make some noise across town into the average portable antenna.

Since I am the only inventor I know, I had to call upon myself
to come up with this "wonder-rig." And (if I do say so myself) I did a
pretty good job. The final outgrowth of the requirements is a
muscle-powered mini-watter I call the "Mini-Mite." Now you can
build yourself a Mini-Mite for less than twenty dollars. It is the
perfect Novice rig with its 7 watts de input; it is the perfect standby
rig for the oldtimers; and darned if it's not the answer to the QRP
nut's portable operating dreams. The rig is vfo controlled (why be
old-fashioned?), it runs a solid five watts, can be held in one hand,
and has a complement of controls you would expect to find only on
more expensive rigs. Youcan build it for any or all the bands of your
choice, 80-10 meters. And, finally, if you insist on staying around
the one watt level with your QRPing, you can leave out the final for
a dandy low-power "low power" transmitter.

Figure 6-25 is a block diagram of the Mini-Mite. The rig is
pretty straightforward as far as using conventional circuits. Once
you are into the schematic you will see some unique features that
save space and money in the rig. The vfo circuit is very stable and

Fig. 6-25. Block Diagram. The Driver and Final stage tuned circu its are
selected for the band of your choice. Note they operate straight through on
all bands for maximum efficiency. "This buffer is optional ; it may be added
to reduce vto pulling-this is especially helpful when the unit is used with
break-in keying. The keying points (shown by "X") have various advan
tages and disadvantages. See the text for a complete discussion .
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you have a choice as to using a bipolar vfo or an FET vfo (schema
tics for both are given). The buffer shown in dotted lines is optional;
it provides greater immunity to pulling as the rig is tuned and
keyed. This option is a must for the operator who wants "every
thing" in his rig, or who is interested in using break-in operation.
The buffer stage (solid lines) uses a broad-tuned low Q circuit
which resonates at 7 MHz, but passes sufficient 80 meter signal to
allow the rig to operate multi-band. The buffer operates class Aand
and runs at fairly low power. The amplifier stage is a wideband
outfit which delivers the first real power in the rig; you could use
the amplifier output as a transmitter output, except that it is rich in
harmonics. The driver serves two purposes; one, of course, is to
provide power drive for the final. The other use for the driver is to
select the harmonic of the vfo signal that will be used to transmit.
The driver tuned circuit alone does not provide adequate harmonic
attenuation, so ifyou decide to build the "QRP" Mini-Mite you may
leave out the final stage, but you must keep the final tuned circuit
because it provides the necessary harmonic rejection. For normal
QRP "plus" operation the driver feeds the final which in turn
generates the so-called high-power output signal. The final output
circuit is one of those unique circuits I mentioned, it uses slug
tuned forms to provide the tune and load controls. The output will
easily load into 50-70 ohms and a little more. Harmonic output at
the final is very low and when the rig is properly tuned the output
signal is very clean.

Figure 6-26 is the schematic of the complete Mini-Mite. Some
of the interesting features are the coils. You may pillage the
junkbox to see what you have, or you may buy three sets of the

Fig. 6-26. Schema tic Diagram. Coi ls are discussed in the text. All values in
pF unless otherwise stated. Resistors are given in Ohms and are all V2 watt
carbon types.
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Table 6-4. Coil Capacitor Data (Final Values Will Need Trim Ina).

Coil /Cap Band BO 40 20 15 10

Ll 16!#28E x x x x
113t on toroi d]

L.2 x Bt#2BE x x x
widespaced
5t l ink

L3 7t#2 BE Samo Samo Samo Samo
3! link

L4 3Ot#2BE 15t#2BE Bt#2BE 5t#2BE 4t#1BE
10t l ink 5t li nk 4t link 3t l ink 2t link

04 470pF 270pF l50pF l 00 pF 6BpF

L5 25t#2B E 13t#28 E 7t#2BE 4t#2BE 3t#1BE

C5 300pF 150 pF 75p F 50pF 37pF

L6 35t~BE 21t#2BE 1Ot#2BE 7t#2BE 5t#1BE

unitsgiveninthe parts list (SeeTable 6-4). For the vfocoil, Ll, the
buffer coil L2, and the rather unique output transformer 1..3, you
use only the slug from a coil. You do not use the coil form itself.
Coils U, L5 and L6 use the complete slug-tuned form as these
three coilsare tunableandmust have some means ofadjustment.

Construction
I am the biggest booster of perfboardconstruction when only

oneofanything is built, although Figs. 6-27and6-28showa printed
circuit boardfor building more than one of the units. The coils are
available fromRadio Shackandare sold twoto a packageat slightly
over a buck.

The vfouses an Amidon T92toroidalcoil, but other unitshave
been using the slug as described and they offered comparable
performance, Although you could construct the vfo in a separate
shielded box, it is providedfor right on the PC board. Figure 6-29
gives the schematicfor the alternate FET vfo. Bothvfostune with
a 365 pF tuningcapacitoranduse a 100pF fixedcapacitor in series
to limit the tuning range. Vfo tuning is linear for the bottom
100-200 kHz of the bandand then becomes non-linear(but usable)
over the remaining portion. This is generally acceptable, since
most people willjust put the linear portion in their favorite part of
the bandanyway. The FET vfowillprovidemore stability than the
bipolarunit, but it will run the cost of the rig up a little since the
sametransistor that is used inthe vfocanalsobe used as the buffer,
amplifierand driver stage. Also, youmayget slightly less drive to
the bufferusing the FET.
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The buffer stage provides a compromise between actually
isolating the oscillator and giving a little power output. That's why
there is an alternate buffer, to provide isolation and little or no
gain. Figure 6-30 shows the alternate buffer; the circuit uses no
tuned circuits. The Mini-Mite buffer is straightforward and uses
the slug form previously described. It should resonate around 7
MHz if you want to check your work with a grid dip meter. The
windings are wide-spaced along the entire slug, not wound closely
together. Hold the windings in place with a little Q dope, or
equivalent. The output link is wound on the cold end (Vee side) of
the coil and provides impedance matching for the amplifier stage.

The amplifier runs class B and there are no biasing resistors to
worry about. It is very simple: The input goes on the base, the
emitter is grounded, and the collector gets +12 through the output
transformer 1.3. 1.3 is left untuned and serves to couple wideband,
harmonic loaded output to the driver stage. The transformer itself
is a twist on the toroid. It is fabricated from a high-permeability coil
slug that has a hole all the way through it. Either grab one from the
junk box, or drill a hole (lengthwise) the rest of the way through the
Radio Shack slug after the tuning screw is removed. This stage
provides enough power to dimly light a #47 bulb connected across
the secondary. The power is to put some kick in the driver stage
and ifnot for all the harmonics, you could use this output for a QRP
transmitter all by itself.

Harmonics are taken care of in the driver to a great extent.
The higher power drive from the amplifier is used to drive the
driver into class C for most efficient operation. When the driver

Fig. 6-27. PC board layout, top and bottom views.
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Fig. 6-28. PC Board.

operates, current flows through the 22 ohm resistor, setting up a
reverse bias that causes the stage to operate class C. The resistor
is bypassed for the ac signal. The tuned circuit in the driver is close
to that in the buffer, except that the coil is tapped to yield a higher Q
with the higher power output. Harmonics at this stage are nothing
like at the amplifier stage, but to use this stage as theQRP rig, you
will have to couple the output tank circuit to get an acceptable
signal. The tuning of the driver coil is accomplished by a wooden
dowel shaft extension. The dowel should be approximately 4Y2
inches long to reach the front panel from its position under the PC
board. As can be seen in Fig. 6-31, the coil mounts on the PC board
directly. An angle bracket is satisfactory mounting.

The final stage will run a theoretical 7 watts de input. The
output circuit is a "T" network with slug-tuned coils used as the
output tuning and loading controls. The final output transistor is
rather expensive, but is hardy and generally works well in these
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Fig. 6-29. Alternate FET vfo. Capacitors and resistors in pF and Ohms
unless otherwise stated.

applications. It will operate at frequencies in excess of the 30 MHz
encountered in the 10 meter version of the Mini-Mite, so it is a
pretty good choice until research proves the existence of a better
all-around transistor. The rf choke used in the final is a high
current jobby. A conventional rfc has too much de resistance and
limits the output power stage can run. Wind forty turns #18 en.
close and in 2112 layers directly on one of those slugs.

Table 6-4 gives values for coils and capacitors to be used for
multi-band operation. Youmay wish to switch in the coil/capacitor
combinations, or do some experimenting with winding multiple
coils on the same form. Some of the problems are that the coil/
capacitor combinations are sympathetic to harmonics and you may
get false loading. But, as long as the Q is high enough, you could
make each band peak at some different setting of the slug in the coil
form. This helps eliminate the problem. Also, remember to use
shielded solenoid inductance formulas because the overlapping
coils act as shields and change the normal calculations. The cost
savings of this system would be significant. This could be our
answer to the old familiar tapped coil setups in tube-type rigs.

The final tuning coils are mounted on a piece of angle
aluminum. Each slug-tuned coil has a wooden dowel extension

10'

0 2 03

TO
" MINI -MITE

BUFFER

·'2- ........--+..-+-----+------'

Fig.6-30. The optional buffer is used in conjunction with buffer in transmit
ter to provide better isolation for break-in operation or for when some
pulling of the vfo cannot be tolerated.
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Fig. 6-31. Here is the Mini-Mite PC board.

approximately 3-%incheslong. The dowels used onall the tuning
setupsare standardJA inchdiameterunits. Theyare epoxiedto the
tuningscrews. When the coils are tuned to minimum inductance,
the knobs stick out from the frontpanela little way. You canbuild
the unit, tune it, then cut offthe dowels at the right approximate
length to keep the knobs from stickingout too far.

Construction is not too critical. The Mini-Mite is built in a
6x4x2 inchchassis (LMB #642); you mayadd the bottom plate
which is available for this chassis. The circuitboardis a very tight
fit in the box. In order to get the circuitboardin, it willhaveto be
slid into placebefore the tuningcapacitor is mounted. Then push
the circuitboardbackall the wayagainstthe backwallof the box.
Thisshouldleave enough roomto insert the tuningcapacitor. Hold
the capacitor in placeby meansof its mounting holes and screws,
then slide the PC boardforward into its mounting place. The PC
boardis heldawayfromthe chassis on JA inchspacers. Mount the
spacers inplace, tightennuts over the mounting screws, andthen
the PCboardis slippedintopositionandmorenutsare placedover
the mounting screws. This allows you to remove the PC board
without the hassle of always fumbling to find a way to hold the
spacers inplacewhileyoustickthe mounting screws throughthem
and the PC board. Also, see Table 6-5.

Before you can begin to operate the Mini-Mite, you must
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provide for the type of keying scheme which will best serve you.
For instance, you may wish to key the oscillator for break-in.
Figure 6-25 suggests some keying schemes. The PC board is set
up for keying the driver and final simultaneously. To change from
this requires some revision of the printed tracks. Keying the driver
and final is convenient and easiest, but has one major disadvantage.
Dirty key contacts will increase the chance that some voltage will
be dropped across the closed contacts. At the higher current levels
encountered at this point, you can drop, say, a volt or so, and lose
effective input power to the finaland driver, and degrade the output
signal. Keep the key contacts reasonably clean and you should have
no particular problems. Tuning up the Mini-Mite is pretty much
like tuning any other rig, except that you must also tune a solid
state rig for cleanest output signal. You will have to monitor on a
receiver as you tune up. You can use a #47 dummy load, but take
care not to leave the key down for periods over a minute or so, as
the overvoltage to the bulb will burn it out. Tuning to an antenna
can be accomplished with a field strength meter, in-line wattmeter,
swr bridge on forward power, or a tuning meter as shown in Fig.
6-32. Tune for maximum all the way around and you should get the
cleanest signal. Also, see Figs. 6-33 through 6-37.

Author's Note:
Add this modification (Fig. 6-33) to the Mini-Mite schematic.

All it amounts to is adding a 100 Ohm resistor and a 1k resistor in
the Buffer Amplifier. The 47k bias resistor is dropped so the stage
runs class C.

The best way to run the rig as a 1 watt output QRPer for
anyone not interested ingoing the full 7 watt route is shown in Fig.
8. Leave out the driver transistor and run a 100 pF between the
output winding from the amp stage and the collector connection on
the driver, then a 100 Ohm across the PA base to ground.

Table 6-5. Parts ust.

01 2N709 or one of four Radio Shack 276-608
02 2N697 or one of above package
03 2N697 or one of above package
04 GE63 or one of same package
05 Motorola HEP53001
Coils (see tex t l Radio Shack 270-376
Tun ing capacitor 365 pF Radio Shack 272-1344 or
equiv.
Cabinet LMB 642 (6x4x2 aluminuml
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Fig. 6-32. Tuning meter. M1 is a tuning indicator or battery level indicator
available from many mail order houses or the XYL's cassette player.

TWO-METER SYNTHESIZER

A low-cost, low-power, compact two meter synthesizer can
now be built due to recent developments in COSMOS technology.
The synthesizer covers 144-148 MHzand can be adapted to almost
any rig simply by programming the output divider and using the
proper crystals in the beat oscillator. Any repeater offset can be
generated, as the receive and transmit frequencies are indepen
dently set in 5-kHz steps. The unit uses a total of six integrated
circuits and draws about 60 rnA at 12 volts . My unit is interfaced
with a Heathkir" HW-202.

See Fig. 6-38. Q1, along with its associated components,
forms a vco which has an output in the 22-25-MHz region depend
ing upon what the voltage on VC1 is and ifQ9 is turned on or off. Q2
is a buffer amplifier which is connected to one gate of mixer Q5.
The other gate of Q5 is connected to Q7, which is the beat oscil
lator that also oscillates in the 22-25-MHz range depending on
which crystal is switched into its base . The output of Q5 contains
the sum and difference frequencies of the two signals present at its
gates. RFC4 and C21 form a filter which allows the difference
frequency to pass on to Q6 which shapes and level-shifts the signal
so that it is CMOS compatible.

The first gate of Z4 acts as a buffer to drive Z5, which is a
divide-by-N divider. The divider is connected to divide by 800 plus

220pF loon

·B UFFER·

· AMp ·

Fig. 6-33. Modifi cations to the Mini-Mite.
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Fig. 6-34. The original bread board view of the Mini-Mite (note the final Is
missing in this photo) just goes to show that layout is not critical, as this
unit worked quite well. Also this prototype used the optional buffer-the
two plastic-type just behind the vfo.

twice the switch settings, and then plus one if the 5-kHz switch is
on. These switches are labeled as to what decade of the frequency
they determine. The output of the divider goes to the input of Z3,
which is a phase comparator. The other input of Z3 goes to Z6, an
oscillator/binary divider, whose output is 833.333 Hz. This is the
reference frequency. The output of Z3 is connected to a low-pass
filter whose output goes to varactor Vel.

Let us now trace a complete cycle of the loop (see Fig. 6-39).
Suppose we want to transmit on 146.940 MHz, and we set the

Fig. 6-35. Here is the final tune-load assembly. The angle bracket is
mounted to the inside of the cabinet and the wooden dowels serve as
tuning shafts to the front panel.
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Flg.6-36. Here is the final version of the Mini-Mite component layout. The
output transistor has a finned heat sink. The vto is in the area shown with
the toroidal coil although other coils may be usedas discussed in the text.

switches as such. Our divider divides by 800 + 2(294) = 1388.
Suppose that the vco is free-running at 24.00 MHz. This mixes
withthe 23.3333-MHz transmit crystal to givean outputof .6667
MHz. This is divided by1388 togive480.3Hz.This is compared to
the 833.333-Hz reference, andthe 4046raises the voltageto Vel
to increasethe frequency ofthe vco. When the vcohasan outputof
146.940 MHz/6 which is 24.490 MHz, the loop will lock since
(24.490 - 23.333)/1388 equals 833.333 Hz.

The 4046willadjust its outputvoltageso that the two inputs

Fig. 6-37. The Mini-Mite. a "kilowatt" among CRP rigs, runs 7 watts peak
power for cutting through the CRM and clearing the frequency for the little
CRP rigs.
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are identical in phase and frequency. Q3, Q4, LED 1, and as
sociated components form an indicator that lights when the syn
thesizer is unlocked. This indication is useful when initially tuning
the synthesizer, and warns the operator not to transmit if the loop
becomes unlocked due to component failure, etc.

The second and third gates ofZ4 generate two signals: T and T
(pronounced not T). T is high in transmit and low in receiver, and T
is its complement. These signals switch between Yl and Y2,select
which set of frequency switches is connected to the 4059, and turn
Q9 on and off, whichplaces C6 in parallel with the vco tankto lower
its frequency range in the receive mode. Q8 is a buffer stage which
isolates the vco from the output circuitry.

Before the signal from Q8 goes to the receiver, it is passed
through the lowpass filter composed of C14, C15, C16, and RFC2.
This passes the 24-MHz rf, but keeps the VHF rf from the trans
ceiver from getting into the synthesizer. Q8 is also connected to
22, which is a quad flip-flop. By connecting the pins of22. The chip
can divide the 24-MHz signal by 2, 3, or 4, giving a 12-, 8-, or
6-MHz output. The transmitter's signal also goes through a low
pass filter.

21 is a five-volt regulator which supplies power to most of the
circuit. Some parts of the circuit require 12 volts, and this is
obtained at C46. In the HW-202, I take the supply voltage off the
ll-volt regulated line within the radio.

Parts layout is fairly critical, and it is recommended that the
PC board layout shown in Figs. 6-40 and 6-41 be used. Keep all
leads as short as possible and mount Y3and 21 flush to the board.
The use of IC sockets is encouraged. Resistors R28-37 and diodes
D4-15, D17, and D18 are not mounted on the board but directly on
the switches concerned. C50 and C51 are .OOI-ILF feedthroughs
mounted directly to the metal cabinet enclosing the synthesizer.
RFC6 is not mounted on the board but is connected directly to
feedthrough capacitor C50. RCA-type jacks are used for the re
ceiver and transmitter output connectors. RG-174/U, 50-ohm
miniature coax is used to connect the receiver and transmitter
output from the boards to their respective low-pass filters and
jacks. The lowpass filters are assembled around the jacks. There
are several jumpers that are connected to the bottom of the board
(Table 6-6). They are noted on the parts placement diagram as]1,
12, etc. For example, a jumper must be connected from one point
labeled ]1 to another point labeled 11. Some jumpers go to more
than one place. For example, there is a 14a, b, and c. This means
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Fig. 6-38. 2m synthesizer schematic diagram.

254



r OUT

TOUT

C26
'/OF

,..----~.q

R29 -R H,..

R41
lOOK

DIG 4001

A

1~OO17 RFC3 TO TRANS -Y I I,..H 'lITTE R

~14 7 J, 47

IOKH,
~

zs
4059

TO PIN 3
OF Z3

CI4 Rf C2 TO
.00 1 II&H RECE IVER

.----------}~

141 ,}, 47

~----+-'-l

8 ,11
13,14,24 23

looKH,

~

C22

1-0 1

RFC~

3. 3....H

+12v

t

ere (I'
.00 1 10

)

R~

390

RI 4
lOOK

0 2
2N2 8 57

C20
33

"9"
SWIT CHE S
S10 .51 1

'A "
SWITCHES
58 .59

255



sOO<N <1600

100KHz 10KHz
THUUBWHEEL THUMBWHEEL

9 +v Y +v

~
T } TO TRANSUIT-

4001 _ RECEIVE
T CONTROL

PTT

DIVIDE BY 2 X SWITCH
SETT INGS AND 5KHz SWITCH

MHz

'4.
_I

' 4 7

I I
'4'I _

14., ,

s33.333Hz

+V

t

TO TRANSMITTER
6,8. OR 12MHz

r-------------,

TRANSMIT TRECEi

i' 23.3333UHz r 21.5500UHz

! 26.667KHI

s33.333Hz
REfERENCE

4046
• COMPARATOR

LOW
PASS

P

Fig. 6-39. 2m synthesizer block diagram.



:;
a
>.
.!!!
'E:g
.0

U
a..

~
til
u::1----------:

257



J5C
TO +V

._...:-_~ TO
CI5

+V

J!lA
V.5V OUT

- +

*DETA IL:

P
DI9 IN914 IS

UT IN SWITH ERIES
R6 3.3K

J4 AT ~__....W"....

~~

Fig. 6-41 C. omponent placement.



Table 6-6. Ust of Required Jumpered Connections. Use RG-1741U Coax.

1. Cable J1 from pin 5 of Z6 to pin 14 of Z3; this Is the dlvlde-by-N
out.

2 . Cable J2 from C24 to R20; this Is the beat oscillator-to-mixer
line.

3 . A Cable from J4a to J4b and one from J4b to J4c; this Is the T line.
4. Cable J3 from R5 to +12 volts at R21; this Is the +12-volt line.
5 . A cable from J5a to J5b and J5b to J5c; these are + 5-volt connec

tions.
6 . Cable J6; this Is the T line.

that J4a goes to 14b and J4b goes to J4c. All jumpers are RG-174/U
coax, and provision is made at each point for the shield to be
soldered to ground. Table 6-7 shows the cable lengths.

The switching arrangement I used (Fig. 6-42) was designed to
keep the number of thumbwhee I switches to a minimum. The
arrangement consists of two sets ofswitches, one labeled Aand the
other B. 58 and 59 are 5P5T switches that comprise the MHz
selection for the A set. Placing both switches down (turning them
off)sets the MHz to 144, 59 up (58 down) is 145, 58 up (59 down) is
146, and both up is 147. 510 and 511 work in a similar fashion for
the B set. 55 is a thumbwheel switch that selects the 1oo-kHz step
for A; 56 does this for B. 57 is another thumbwheel that sets the
10-kHz step for both A and B. 51 selects whether or not 5-kHz step
is used. 53 and 54 select whether or not the A or B setting will be
used for transmit or receive.

As an example, if we want to go on 146.34/146.94 .with A
selecting the transmit frequency and B selecting the receive fre
quency, we set 58 and 510 to on, 55 to 3, 56 to 9, 57 to 4, 53 to A,
and 54 to B. To go on simplex on 146.34, say, to monitor the input,
we set 54 to A. To go simplex on 146.94, we set 53 and 54 to B. To
go on reverse 146.94/146.34, we set 53 to B and 54 to A. With this

Table 6-7. Cable Lenat!ls (RG-1741U).

Cable
J1
J2
J3
J4ab
J4bc
J5ab
J5bc
J6

Length (inches)
3%
3'1_
4'1_
3%
4V2
3%
2%
3V2
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Fig. 6-42. Switch arrangement.

method of switching, most common repeater pairings can be ob
tained. If a more sophisticated system is desired, an automatic
offset could be built in, or a keyboard-type entry system could be
used. The important thing to note is that the synthesizer only
requires the BCD code of the desired frequency-no look-up table
is needed.

Mount all of the parts on the board in the following order:
sockets, resistors, capacitors, chokes, transistors and diodes,
crystals, and jumpers. Before inserting the Ie chips, apply 12 volts
to the unit and check for the proper supply voltages at the IC
sockets. After turning the supply off, insert all of the IC chips. Tum
the unit on again and the unlocked light should come on. The first
signal to check on the unit is pin 14 of23. There should be a 5-volt
peak-to-peak square wave at a frequency of 833.333 Hz. With an
accurate frequency counter, preferably set to measure the period,
adjust C37 until the frequency, or period, is as stated. This adjust
ment could also be made by looking at pin 9 of 26 and setting C37
for a frequency here of 26.6666 kHz. Connect the positive lead of a
vtvm or FET vom to the lead of R1 farthest from VC1. The voltage
here probably will be either near zero volts or near 10 volts, either
of which represents an unlocked condition. With the synthesizer in
the receive mode , set the frequency select switches to 147.995
MHz and adjust the tuning slug on L1 until the voltage reads
approximately four volts. The unlocked light should now be extin
guished. Change the frequency select switches to 144.000 MHz
and check to see if the light is still extinguished. Simulate the
transmit mode by grounding the PTT line on the synthesizer and
check to see that the synthesizer locks over the same frequency
range in transmit. The voltages at R1 should be within 0.5 volts of
one another for the same frequency on transmit and receive.

Trim L1 until the tuning range is correct. Any constant flicker
ing of the unlocked light indicates an unstable condition, and the
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Fig. 6-43. Receiver output.

transceiver shouldbe keyed only if the light is fullyext inguished. A
brief flash of the light when sett ing the frequency select switches,
or when keying the transceiver, is just an indication that the
synthesizer has become unlocked momentarily while changing
frequency.

With the PTT line open (receive mode), connect a frequency
counter to the receiver output jack and set the frequency select
switches to 146.000 MHz. Adjust C34 until the counter reads
22.5500 MHz. Ground the PTT line (transmit mode) and adjust
C31 until the counter reads 24.3333 MHz. It should be noted that
the reading of22.5500 MHz in the receive mode assumes that Y2is
21.5500 MHz, which is the proper crystal for a 1O.7-MHz i-f. For
any other i-f, the counter should read (24.3333 - i-f/6). This
completes the calibration of the synthesizer.

The unit should be built in a metal box with a cover that makes
good electrical contact all around its perimeter. This prevents rf
from getting into the synthesizer from the transceiver. Connecting
leads to the transceiver should be made with RG-174/U. The first
step in interfacing the synthesizer to the transceiver is to select
Y2.Its value depends on the i-ffrequency ofyour transceiver. For a
radio with a 1O.7-MHz i-f and receive crystals in the 45-MHz
region, Y2 will be (23.3333 - 10.7/6) = 21.5500 MHz. For other
i-fs, (23.3333 - i-f/6) will give the value for Y2. Even though the
transceiver takes 45-MHzcrystals and 22-23 MHz comes from the
synthesizer, the receiver's oscillator and multiplication circuits do
the proper multiplication. Receivers using 15- or 22-MHz crystals
will also work with this scheme.

Connect the receiver output coax to the transceiver at an
unused receiver crystal socket. Use a .OOl-ILF capacitor to couple
into the socket (Fig. 6-43).

Fig. 6-44. Transmitter output.

RG- 174 / U
FROM FERRITE
SYNTHESIZER BEAD .001

===='=-==-=R-=-r~ UNUSED
. j lOonr SOCKET
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Fig. 6-45. Rear panel connections.

The transmitter output coax from the synthezier also goes to
an unused crystal socket, but a 100-ohm resistor and a .001-#
capacitor are connected as shown in Fig. 6-44. The resistor as
sures smooth operation of Z2. A ferrite bead is placed as shown to
act as a choke which keeps the VHF rf from entering the syn
thesizer.

The PTT input line should go to a line in the transceiver that is
open or has at least +5 volts on it during receive and is grounded
during transmit. This line will most probably be the PTT line from
the microphone to the relay. The +12-volt input line can go to the
same place from which the transceiver gets power, but if it is at all
possible, connect it to some source of regulated and hash-filtered
power within the rig. Aferrite bead should be placed at the ends of
the coax onboth the PTTand +12-volt connections. See Fig. 6-45.

The most difficult part of interfacing the synthesizer to a
particular transceiver is keeping stray rf from the transceiver from
getting into the synthesizer. This problem will be noticed when
your audio is reported as sounding bassy or distorted. A very
severe case of rf leakage will cause the unlocked light to glow on
transmit. A less severe case will cause the aforementioned bassy
audio.

If you have this problem, listen to yourself on a nearby re
ceiver. Disconnect the receiver's coax at the synthesizer while
transmitting, to see if the audio clears up. If it does, then this is the
path of leakage. Try more ferrite beads or an additional low-pass
filter in series with the other one. To check if the rf is leaking
through the power supply line, temporarily run the synthesizer off
a 12-volt battery and see if the audio clears up. If it does, try more
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ferrite beads ofa larger value for RFC6. To check if the rf is leaking
through the PIT line, disconnect it from the synthesizer and
simply short the PIT input to ground. H the audio clears up, try
more ferrite beads or another bypass capacitor. H none of these
remedies seems to cure the problem, then the transmit coax is
probably the path of coupling, and additional ferrite beads or
another low-pass filter probably will fix it.

Figure 6-46 is a spectrum analyzer photograph of the 6-MHz
output of the synthesizer being sent to my transmitter. The
analyzer is set for a 30-Hz resolution, 500 Hz per division, and a
10-Hz video filter in place. The vertical is calibrated at 10 dB per
division. The signal is very clean; there is no sign of the 833.333
Hz reference sidebands, and the noise is 60 dB down. Figure 6-47
is the output of my transceiver with the synthesizer set at 146.()()()
MHz. The analyzer is set for 3-kHz resolution, 100 kHz per
division, and 10 dB per division vertically. There are no close-in
spurs within 60 dB. Figure 6-48 is also the output of my trans
ceiver, but the resolution is 30 kHz, and every division now
represents 5 MHz. The strongest spur is at about 154 MHz, but it
is 60 dB down, complying fully with the latest FCC regulations for
spurious output.

Table 6-8gives the parts list and also see Figs. 6-49 and 6-50.

Fig. 646. The 6 MHz output.
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Fig. 6-47. Transceiver output, 3 kHz resoluti on.

A $10 PHONE PATCH

Youdon't have to spend $40 to $90 for a phone patch to match
your new solid-state rig. This simple circuit will give perfectly
adequate performance with parts purchased at your local Radio
Shack. For a cost of under $10 and one evening's work, you can
have a patch that will work with a new solid-state rig or an older

Fig. 6-48.Transceiver output, 30 kHz resolut ion.
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tube-type transceiver. This circuit (or variations of it) has been in
use by several hams in this area for a number of years (see Fig.
6-51). Withthe bypass capacitors shown, no effect from rf feedback
has been experienced, even when used with a kilowatt.

SI is a four-pole, two-position switch (RadioShack 275-1384
or equivalent) used to switch the patch on and off. The fourth
section of this switch (SId) is used to switch the patch into the
circuit in lace of the usual station microphone. If your rig has a
phone patch input, you can leave the mike connected to its usual
jack and use the alternate connection shown by the dotted line.

S2 is a DPDT toggle or lever switch. It allows you to select
XMIT (transmit) or ReV (receive) from the front panel of the
patch, rather than fumbling with the microphone PTT switch,
telephone handset, and receiver audio gain control all at once.

S2 is wired in such a way as to permit operation with many
types of solid-state rigs. These rigs often have the novel little
problem that the receiver audio is not cut completely off while in
the transmit mode. During normal operation this is not a problem.
However, with many of the usual phone patches, an audio oscilla-

Fig. 6-49. Top view of the synthesizer .
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Table 6-8. Synthesizer Parts Ust.

Resistors-ali V.·Watt , five percent
R1,R14,R23,R25,R38,R40,R41
R2,R18,R42
R22,R3
R4
R7, R15,R44
R13, R16.
R43
R6,R10,R12
R17, R21 , and one In radio
R20
R24,R26
R27-R37
R39
R9
R5
R8,R19
R11

100k
22k
1.8k
1.5k
10k
270 Ohms
4.7k
3.3k
100 Ohms
820 Ohms
2.2k
1 megohm
4.7 megohms
220 Ohms
390 Ohms
180 Ohms
1k

0.001 uF
0.001-uF feedthroughs
100-pF sliver mica
47 ;>F
33-uF tantalum
0.01 uF
2.2-uF tantalum
0.1-uF tantalum
0.1 uF
20pF
270-pF sliver mica
15-pF sliver mica
1-uF tantalum
120-pF sli ver mica
33-pF sliver mica
33pF
180 pF
27-pF sliver mica
10 pF
5-30-pF subminiature
tri mmers

Capacitors - all disc ceramic, unless otherwise noted
C1, C2, C10, C14, C17, C23, C35,
C36, C41, C45, C48 and two in radio
C50, C51
C3,C4
C9,C15,C16,C18,C19
C12,C27,C46,C49
C7,C22,C28
C42
C43, C44
C13,C25,C39,C47
C24
C29,C30
C32, C33
C8,C26,C40
C38
C5
C20
C21
C6
C11
C31, C34, C37
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RF chokes and colis
RFC1
RFC2,RFC3
RFC4
RFC5
RFC6
L1

l2

semiconductors
Z1
Z2
Z3
Z4
Z5
Z6
01
03,04,06
05
07,08
Q9
02
VC1
01-[)19
LE01
VR1, VR2

Crystals
Y1
Y2
Y3

Switches
55,56,57

53,54
51,52,58,59,510,511

Miscellaneous
2 RCA phone plugs and Jacks
RG-1741U miniature 5Q.Ohm coax
Amidon #64-101 ferrite beads

47/AH
1/AH
1oo/AH
3.3/AH
10/AH
1/4-lnch slug-tuned form wound
with 8 turns of #22 wire
20 turns #30 wire on Amidon
#73-801 ferrite bead

LM309H
74L573
4046
4001
4059
4060
3N128
2N2222
40673 or HEP F2004
2N3904
MPS6520 or HEP SOOO9
2N2857
HEP R2503 varactor
1N914 diodes
any type red LED
5.1-volt 'h-Watt zener diode

23.3333-MHz, Heath #404-586·
21.55OQ.MHz, Heath #404-584·
26.667-kHz, Statek type SX-1H

10-posltlon BCD switches with
endplates

SPOT toggle switches
5PST toggle switches

" Intern at io na l crystal
cat #435274
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Fig. 6-50. The finished synthesizer.

tion will result, with the phone patch acting as the oscillator
coupling element. Switch S2 disconnects the receiver audio from
the patch when in the transmit mode, thus eliminating the problem.

The second section of this switch (S2b) grounds the PTT line
when you wish to transmit. Ona few of the new rigs, this line is
called MOXrather than PTT. MOX stands for Manually Operated
Xmit, similar to VOX for Voice Operated Xmit.

Impedance matching is provided by T1 and T2, which are
identicaI8-ohm-to-1000-ohm (center-tapped) audio transformers.
Radio Shack lists this item as 275-1384. They are not critical, and
any 8-ohm-to-1000-ohm or 8-ohm-to-5OO-ohm audio transformer
will do. Good performance has been obtained even with a pair of
12-volt filament transformers. The 12-volt secondary is connected
in place of the 8-ohm winding and the U5-volt primary in place of
the 500- or 1000-ohm winding.

The transmit level is set by the 5OO-ohm pot connected to 1'2.
Bypass capacitors are shown on all input and output leads to
prevent rf feedback. A metal enclosure for the patch is recom
mended.

To use the patch, set the S1 to ONand S2 to ReV and listen on
the telephone handset. You can get a clear line (no dial tone) by
dialing the first digit of a local exchange. Tune in a station on your
receiver and set the audio gain control on the receiver for a
comfortable level in the telephone handset. Telephones are quite
tolerant and level setting is not critical. H the audio sounds com-
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Fig. 6-52. Low cost 10 watt ATV transmitter (exciter left, amplifier right) .

fortable in your ear on receive while listening through the tele
phone handset, it probably is acceptable.

Next, put S2 in the XMIT position and talk normally into the
telephone handset. Set the 500-ohm pot so that the meter on the
final in your rig swings into its normal area as though you were
using the station microphone.

There is no provision for VOX operation. Most hams prefer
manual RX/TX since it both prevents an operator's accidental
sneeze or cough from turning on the transmitter and allows you to
cut offthe speaker if he or she attempts to say something inappro
priate for transmission over your station.

One tip on phone patch use-for some reason, when you tell
someone on the telephone to talk louder, they will do so for a few
minutes and then lapse back to their original volume. However, if
you turn the audio gain control down so that they hear the other
station more softly, they will automatically speak up as though to
compensate.

. .
~ FAST SCAN ATV TRANSMITTER

Here's a compact 10 watt fast scan amateur television (ATV)
transmitter with audio on the video carrier and T/R switching that
can be built for about $120 (Fig. 6-52). The rig incorporates the
video exciter described in the June 1976 issue of 73 to drive a
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quasilinear 10 watt ~ meter amplifier. No amplifier tuneup is
required since it utilizes the Motorola MHW-710 sealed power
module. (For theory of operation of this module in the ATV mode,
refer to Nov/Dec 1975, page 37 of 73.)

Operating at 13.8 V de, the transmitter draws about 2.7 Amps
from an external regulated power source. Linearity and frequency
response performance is shown in Fig. 6-53.

As noted above, the construction details for the exciter have
already been given; therefore only the amplifier circuit will be
described here. Several different mounting arrangements are pos
sible, so you may wish to deviate from the followingprocedure. Of
course, both the amplifier and exciter can be located in the same
enclosure; however, experimentalists may prefer the two-box
modular approach to effect rapid exciter or amplifier interchange
with future designs.

Amplifier Construction Procedure
Refer to Table 6-9 and Fig. 6-54.
1. Drill holes in chassis and heat sink per Figs. 6-55and 6-56.

Make sure that holes in heat sink line up with holes in chassis.
2. Referring to Fig. 6-57, mount all components to PC board.

(Foil layout for board is shown in Fig. 6-58).
3. Using two #4-40 screws, lockwashers and nuts , bolt PC

board on two "L" brackets as shown in Figs. 6-59 and 6-60.
4. Spread heat sink compound over back of heat sink and

Motorola MHW-710module. Place module on inside ofchassis and

Fig. 6-53. Performance curves, 10 watt ATV transmitter. All vertical scales
uncalibrated. Power: 13.8V de 2.7 A. (a) Linearity : top scale-video in;
bottom scale-detected rf output; 10 usecldiv horizontal ; 10 watts out
(average). (b) Frequency response: top scale-video in; bottom scale
detected rf output ; 10 usecldiv horizontal ; burst order (in MHz)-<).5, 1.5,
2.0, 3.0, 3.58, 4.2.
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~ Table 6-9. ATV 10 WallAmplifier Parts Usl
I\)

Part Unit Total
# Description Qty Cost Cost Source of Supply

1 SW'x3"xl y,," Chassis; LMB #139 1 $2 .00 Electronic Supply Store
2 UG-l094 BNC Bulkhead Connector 3 $ .85 2.55 Electronic Supply Store
3 .001 uF feedthrough cap; Erie

#327-005-XSUQ-l02M 1 1.62 Electronic Supply Store
4 3/8"x3/4" "L" bracket; Calectro

#J4-641 (2 brackets in package) 2 .49 Electronic Supply Store
S Heat sink, 3"x4.7S"xO.46" Inter-

national Rectifier HE330·C or 2.72 Electronic Supply Store
Wakefield 623-K

6 Heat sink compound; Archer 276-1372 1 .89 Radio Shack
7 W' #8 screws, nuts and lockwashers

Ito mount heat sink to chassis; also
for gnd lug) 5 Hardware Store

8 y,," #6 screws, nuts and lockwashers
Ito mount MHW-710 with "L" brackets
to chassis) 2 Hardware Store

9 #8 hole terminal lug; Waldom #KT-198 3 Hardware Store
10 #8 nut (to secure ground lug soldered to

relay) Hardware Store
11 y.." #4 screws, nuts and lockwashers (to

attach PC board to "L" bracket) 2 Hardware Store

12 RG-188 cable 18" 3.00 Cable & PC Brd both

13 Amplifier PC board; cut, etched and from Stu Mitchell

drilled Ppd WA0DYJ, 14761
Dodson, Woodbridge
VA 22193



Cl 500 uF, 35 V dc, Axial #272-1018 1 .89
C2 .05 disc, #272-134 1 .39
C3 33 uF, 35 V de, PC Type, Lead aluminum 1 .30
C4-6 4.7 pF (or 5 pFl, #272-120 3 .29 .87
Rl 270 Ohms, ~ Watt, 10% 1 .10
R2100hms,%Watt,10% 1 .12
21 15 V zener, 1N4744 1 .40
A 13.8 V dc power supply with a rating of 4 Amps continuous is required.

14

15
16
17
18
L1

MHW-710-1 or -2 Power Amplifier
Module, Motorola. The 710-1 covers
400-440 MHz; the 710-2 covers 440-480
MHz. Either device will give equivalent
performance in the 435-450 portion of
the band.

#20stranded wire, insulated 20"
Stick-on lettering kit
DPDT relay, 12 V dc; Archer #275-206
Copper foil, Circuit-stick #9252
2% turn ferrite choke ; Ferroxcube VK200
20/4B .51

42.50

3.99
1.49

1.02

Call local Motorola
salesoffice for source
Electronic Supply Store
Stationery Store
Radio Shack
Electronic Supply Store

Eastern Components
1407 Bethlehem Pk.
FlourtOIMl PA 19031
$10 min. order
Radio Shack
Radio Shack
Lafayette; Elec. Supply
Radio Shack'
Electronic Supply Store
Electronic Supply Store
Electronic Supply Store
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Fig. 6-54.10 watt amplifier schematic. K1 is Archer (Radio Shack) #275
206 relay. L1 is Ferroxcube. VK2OQ-20/4B.

heat sink on outside. Place PC boardmountingbrackets onmodule.
Position brackets, module and heat sink so that all holes line up.
Bolt all together with two #6-32 screws, lockwashers and nuts.

5. Using four #8 screws, lockwashers and nuts , bolt the
comers of the heat sink to the chassis.

6. Solder all seven pins of the module to the PC board (pin
numbers shown in Fig. 6-58).

7. Mount 3 BNC connectors, feedthrough capacitor and
ground lugs to chassis. As shown in Fig. 6-60, also secure a #8
terminal lug to one of the screws holding the heat sink to the
chassis. This is the relay ground lug.

;;8"'~-3-11-6--------3/-,6-$...., f l6
.J..

3/16 1/4 3/8 I I 3/8 3/8

~~ ~

~8L J~
$ $

~ + HI V

~7j I-I---l HE AT SINK MOUNT S ~"'.j ~''\j
HERE

Fig. 6-55. ATV 10 watt amplifier chassis drill guide. Notes: All dimensions
are in inches. All measurements are from outside edge of chassis. Chassis
is LMB #139. Guide is not drawn to scale.
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Fig. 6-56. Heat sink drill guide. Heat sink is International Rectifier HE33D-C
or Wakefield 623-K.

8. Run twisted #20 wires from the feedthrough capacitor and
ground lug (next to feedthrough) to + and GND on the PC board
respectively. Solder a 500 p,F electrolytic capacitor across the
feedthro ugh and ground lug.

9. Completely cover the transparent plastic sides and end of
the relay with copper foil. Also run a .2" strip of foil across the
bottom of the relay (where the contacts are). The relay socket is
not used. Solder all copper foil pieces together to insure a good
shield.

10. Position the relay as shown in Fig. 6-60. Terminals A and
B will be up. Solder the #8 terminal to the copper foil at the end of
the relay opposite from the contacts. This will partially secure the
relay in place while also grounding the relay's shield.

11. Solder wire from the ground terminal to terminal #4 of the
relay. Solder a wire from the feedthrough capacitor (+ V de) to
terminal #1 of the relay .

12. Prepare four RG-188 cables as shown in Fig. 6-61.
13. Connect the 3" cable from the "IN" BNC to "IN" on the PC

board (module pin 7). Solder the cable shield directly to the

MHW-710~ 1L..-- --J1~

o
GND

o
OUT ~

VK200 
2 0 /48

o
GNO
o

-G-
10

1/2 w

C
IN

o
GNO

Fig. 6-57. 10 watt ATV amplifier PC board. component side.
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Fig. 6-58. 10 watt ATV amplifier PC board. foil side. All dimensions in
Inches. Board is glass.

grounded portion on the BNC connector. The other shield is
inserted in the holeprovided on the PC boardand soldered to the
foil. All shield lengthsmust be as short as possible.

14. Solder the W' long center conductors and shields of the
two4" long cablesto BNCs"A"and "R." Alsosolder the W' long
center conductor andshieldof the 6lf." cableto "OUT"on the PC
board(module pin 1). Again keep shield lengthsas short as possi
ble.

15.Solderthe 1W' longcenter conductor ofthe cablefromthe
PCboardto terminalAofthe relay. Solderthe shieldto the relay's

Fig. 6-59. PC board, prototype shown.
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Fig. 6-60. Internal (bottom) view.

copperfoil nearthe terminal thuscreatinga smallloop. Soldera4.7
pF capacitor between the grounded shield and the terminal (see
Fig. 6-62). Solderthe cablefrom BNC "A" to relay terminalB in
like manner. In the same way, solder the cablefromBNC"R" to
the relay terminalimmediately belowterminalA. Again all shield
lengthsshould be as short as possible. Alsokeep loops as closeas
possible to their respective capacitors.

16. Screwonbottomcoverofchassisand labelusingstick-on
lettering.

17. The amplifier is now complete (see Fig. 6-63).

Tune-Up With QRP Ril
Connect a short length ofRG-58 coaxfrom the "OUT"connec

tor onthe QRPtransmitter to the "IN"connector ofthe amplifier.

I REOUIREO "

------6.2~------

TO RELAY ~""""':~~....-----.....r----...1oJ9'"".,~ TO PC BOARD

CONTACTS~~ ~ ~=t'OUT '
.II- I L -1.1
~~ ~

2 REQUIRED

------4.0------

TORELAY .-.....: -.--=t, TO BNC
CONTACTS-l~~ ---{~~DNNECTDRS

~~~ L~::j

I REOUIREDTO IN BNC ~,..::~r--==-=----",~<IfI... TO PC BOARD ' IN'

~j-l L j .l~
1:=-----3.0----~=:I ~~~~:i'ONS ARE IN

Fig. 6-61. RG-188 cable preparation.
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~TO COP:ER FO~~::CT
RELAY (GROUNO)

Fig. 6-62. Relay contact connection.

Also connect a through-line wattmeter and dummy load or antenna
to the amplifier's output (ENC "N'). Apply 13.8 V de from a
regulated 4 amp continuous supply to both the amplifier and exci
ter.

Basically follow the tuneup procedure given in the QRP rig
article. Of course , now you will be aiming for a good picture at
about 10 watts instead of*watts. The following suggestions may
be of help:

o Remove the core from L6 on the exciter. Set the "L"
(level) control fully counterclockwise. These actions will knock
down the drive level which should make tune-up easier.

o Start with "C" (contrast) control fully clockwise.
o Adjust output modulation and power levels using the 4

variable capacitors in the exciter 's output circuitry.

Don't rely too heavily on the picture you see on your localTV
monitor since the 10 watt transmitter willprobably overload it. Try
to have an on-the-air station, remotely located, assist you. H you

Fig. 6-63. Amplifier, top view.
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use a coupler, detector and oscilloscope to tune up the rig, you may
note a 15 to 20 MHz oscillation on the signal. It will generally not
be observable on your TV monitor. To attenuate this parasi tic
signal, adjust Ll through L5 for minimum oscillation amplitude.

A complete ATV station is shown in Fig. 6-64. Be sure to use
hardline and a good antenna for best performance. As explained in
the QRP article, a separate receiver is required to derive audio
from a signal using the audio-in-the-carrier format.

Important Design Notes
Amplifier power output is highly dependent upon power sup

ply voltage. A 1 volt difference can result in a 3 watt difference in
output power. To achieve a good video signal at 10 watts average
power, 13.8 V de must be used. Current drain will be slightly less
than 3 amps. If the amplifier is driven hard into a class C mode (no
video), it will be possible to initially obtain about 15 watts. Youwill
note that as the amplifier warms up, the power output will drop.
This is natural operation for the Motorola module. Also don't be
alarmed if the heat sink and case get very warm. This, too, occurs in
normal operation. Ifyou should use the amplifier without video , try
not to overdrive it. Use the minimum drive power necessary to
achieve full output power (about 300 mW). Youwill generate fewer
spurs while also reducing possible damage to the input of the 710
module. Warning. When exciting the amplifier , always make sure
that BNC "A" is loaded. I smoke-tested the amplifier with about *
watts drive and no loadand found that the amplifier self-destructed
in 2 minutes. The MHW-710 is rugged and can handle short periods
of misuse but don't overdo it.

When procuring the 710, you will note that two models are
available: the 710-1 for 400-440 MHz and the 710-2 for 440-480
MHz. I have used both types and found that they perform equally
well in the 435-450 MHz portion of the ham band.

420 - 4 , OMH.
ANTENNA

HARDUNE

Fig. 6-64. Typical operational configuration.
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If you can't get at least 15 watts from your amplifier at a cold

start using 13.8 V de, you may be experiencing high losses in the
relay circuitry. To verify this, connect a cable directly from the
wattmeter to "OUT" on the PC board. Normally the relay will
exhibit a 1 watt loss in the 15 watt range. Relay efficiency is highly
dependent upon the length of cable between the relay and PC and
"OUT." If you do have a loss problem, experiment using different
cable lengths.

The rig is placed in transmit by applying voltage to both the
exciter and amplifier power terminals. This arrangement is rather
unconventional for normal PTT use, but has been implemented
here for simplicity. You may wish to use the spare set of relay
contacts and mount additional feedthrough capacitors to achieve a
standard switching scheme .
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Chapter 7

Antennas,
Mounts, and Matchers

Every receiver and transmitter needs some kind of antenna.
Strangely enough, antennas are probably the simplest electronic
devices to buildand yet at the same time the least understood. This
chapter starts by explaining the basics ofantennas and then goes on
to give you some easy-to-build antenna projects.
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ANTENNA BASICS

One of the questions most asked by newly-licensed Novices
is, "What should I use for an antenna?"

Whileno one solution is right for everyone, here is one which
should satisfy the requirements of most Novices (and some more
experienced hams), even if they live in places where materials are
hard to get. This idea won't cost an arm and a leg, either.

The half-wave dipole antenna is probably the most widely
used amateur antenna in the world, because it is cheap, easy to
build, easy to erect, easy to feed, and it gives good results. So build
your antenna system around the dipole. The "ingredients" you'll
need are wire, insulators, feedline, and supports.

Start with the wire. There are several good sources whichare
right on the beaten track. One is your local electrical contractor.
He always has scraps of wire left over that can be bought quite
reasonably (sometimes for nothing, if he is sympathetic toward
amateur radio). Ask him if he has any scraps of No. 12, 14, or 16
wire. He may have 10- to 30-foot longpieces, but don't worry about
that. These pieces can be soldered together with good results. Be
sure the joint is mechanically sound and that the wire is heated
enough to let the solder flow. Also, be sure you get copper wire and
use rosin-core solder (acid-core solder is for guttering). Don't
worry about the insulation. It won't harm the antenna's sending and
receiving properties. Don't get any insulation in the solder joints,
however.

Another source of wire could be your local radio and TV repair
shop. Ask the repairman if he has any old burned-out TV trans
formers he will give you. The se can be taken apart and the wire
taken from the core for your antennas . Be sure to sand off the
varnish used for insulation at any solder joints.

Egg insulators can be bought at an electronics store, but you
probably have the makings for some excellent insulators right at
home. Many consumer products now come in shatterproof plastic
bottles (shampoo, mouthwash, etc.). The bases of these bottles,
especially oval-shaped bases, can be cut out and made into very
good insulators.

Manyhams have the misconception that coaxial cable must be
used as feedline for dipoles. Coax if fine, but it isn't the only kind of
feedline that works. For years, I have used flat line, simply two
parallel wires , with excellent results. So where do you get flat
line? Just go to the local hardware or discount store and buy either
plastic-covered lamp cord or four-conductor flat TV rotator cable
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(you have to separate the rotator cable into two-conductor line, but
that's easy to do). Either the lamp cord or the divided TV rotator
cable has conductors spaced so that the characteristic impedance is
in the 50- to 75-ohm range-perfect for feeding dipoles.

Sometimes you may be lucky enough to have trees spacedjust
right so that you can erect your dipoles between them. Nylon twine
purchased at the hardware or discount store is fine for this. But
many subdivision lots have neither the space nor the trees to allow
convenient dipole placement. However, don't be discouraged. You
can make a support for the center of your dipoles using two 10-foot
TV masts (see your local discount store) nested together. Use
more than two masts ifyou can support them. Drive a 4/ x l/2" or %"
water pipe halfway into the ground, and slip the mast over the pipe.
For a 20-foot mast, no guying will be needed if you mount 80 and 40
meter dipole center insulators at the top and swing the elements
out in "semi-inverted-V" style at 90 degree angles (or as close as
possible) around the top of the mast. Use an eyebolt and nylon
twine to support the insulator s, and apply plastic electrician's tape
about 12" down from the top of the mast to prevent the antenna
from touching the metal. Use nylon twine to tie off the ends of the
dipoles (don't tie them too low where people walk!). See Fig. 7-1
for details.

A 40 meter dipole can be used for both 40 and 15 meters quite
effectively. A 10 meter "piggyback" antenna can be added to the 80
meter dipole (using the same feedline) with good results without
affecting performances on 80 (see Fig. 7-2). However, it is recom
mended that two different feedlines be used for the 40/15 and
80/10 meter dipoles, due to harmonic problems which can arise
when the same feed line is used to feed two antennas, one of which
is resonant at the second harmonic of the other.

Now, what about the lengths of the dipoles? Use this formula:
Length of l/2-wave dipole in feet (or l/2 A) = 468/frequency in MHz.
So an 80 meter dipole for 3.775 MHz is about 123' 11" long, a 40
meter dipole (7.125 MHz) = 65' 8", and a 10 meter dipole (28.150
MHz) = 16/8".

Be sure when you put up this or any antenna system that you
stay well clear of any overhead power lines. And be extra careful
when climbing trees or roofs. It is far better to have an antenna "not
quite as high as you wanted it" than to risk broken bones or worse!

THE "NO ANTENNAS" ANTENNA

Are you one of the unfortunate few who happens to be an
apartment dweller ham? And is your landlord or apartment man-
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Fig. 7-1. How to connect the dipoles .

ager one who forbids outdoor antennas ofany sort? If so, this article
may be for you. The problem of erecting an antenna in a "no
antennas outdoors" situation is a tricky one, indeed. This limits
one to indoor antennas, the logic being that what is not seen will not
be noticed.

After experimenting with many different types of indoor an
tennas, all with disastrous results and much TVI, I finally came
upon a coaxial dipole suggested by a fellow ham friend. This
antenna appealed to me because of its greatly attenuated har
monics , thus lessening the TVI problem. Unlike a conventional
dipole, this antenna is very broad-banded, covering from 500 kHz
to 1 MHz, depending upon band used, and with an swr under 2:1 at
band edges.

Its broadband characteristics are due, in part, to the feedline
being matched to the antenna and the electrical incorporation of its
own balun, with the result that no add-on antenna tuner or balun is
required. The coaxial dipole has a slight amount of gain over a
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conventional dipole has a slight amount ofgain over a conventional
dipole, and since the vinyl jacket covers the entire antenna, it
reduces static charge build-up considerably, which causes a pop
ping noise in the receiver when discharged. Thus , the coaxial
dipole is a very "quiet" antenna with slightly stronger signal punch
than a conventional dipole.

Construction of the antenna is simple. One may use either
RG-8/U or RG-58A/U coax, the latter being lighter in weight and
easier to work with. Maximum legal power can be used with either
choice of coax. For antenna lengths, see Fig. 7-3. The 40-meter
antenna will be used as an example.

Begin construction by removing 2.5 em (1") ofvinyl jacket (Ih"
each side of center) at the center of the antenna. Cut the shield in
the center all the way around the coax. Care must be used so that
you do not cut the dielectric or the center conductor. Next, form
two leads with the shield as shown in Fig. 7-4. This is the feedpoint
of the antenna.

From this center feedpoint, measure out each side of center
5.1 m (16'9") and cut the coax at that point. Remove approximately
2.5 em ofvinyl jacket from each of the ends and fold back the shield
so that the dielectric is exposed. Cut and remove about 2.5 em of
this insulation, being careful not to cut the center conductor. Then
twist the shield and center conductor together and solder. This
must be done at both ends and forms the 52-ohm matching section
and balun.

Next , cut two lengths of coax, each 4.4 m (14' 9") long. Then
remove 2.5 em of vinyl jacket from all four ends, fold back the

10 METER · PIGGYBACK" DIPOLE 1/2 ), . 46 8 11 IN MHzr . . --. - _. - .- ..--. _.- -- . '6 1t Bin ----1

FEEOLINE

Fig. 7-2. 80 and 10 meter dipoles .
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Fig. 7-3. Antenna lengths.

shield , remove center insulation, and twist shield and center con
ductor together as before. This forms the end sections of the
antenna. Attach one of these end sections to one end of the match
ing section by twisting together the prepared ends and soldering.
In the same manner, solder the remaining end section to the other
end of the matching section. Waterproof these joints as best you
can. Waterproofing of the ends will be done later, for they may
reed cutt ing for tuning purposes.

The next step is to attach the feedline. Any random length of
coax will do, but it must be ofthe same type used for construction of
the antenna. Remove approximately 2.5 em ofvinyl jacket from the
end offeedline , fold back the shield, and remove center insulation.
Form two leads with the shield and center conductor. At the
feedpoint of the antenna , connect the feedline by soldering the
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feedline center conductor to one of the feedpoint leads. Then
solder the feedline shield to the remaining lead. Youmay wish to
waterproof this area, making sure that the feedpoint leads do not
touch each other and short out. Follow this procedure for antennas
on other bands.

Erecting the antenna is next. If you have access to an attic or
crawl space in the roof of your apartment building, so much the
better. Using monofilament fishing line as anchor ties, a series of
half hitches along the vinyl jacket ends ofantenna will do nicely for
anchoring the antenna. The monofilament line will bite into the
vinyl as it is pulled taut.

If you are not fortunate enough to have access to an attic, the
antenna may be stapled to a living room or bedroom ceiling using
plastic cable ties or any other non-conducting material as support.
Wrap the cable ties around the antenna at intervals and staple the
free end(s) of the ties to the ceiling. Do not staple directly through
the antenna itself.

This antenna can be used as a dipole or inverted vee. Ifused as
a dipole, try to erect as much of it as possible in a straight line,
keeping it as far away from large metal objects as feasible . The
ends may hang down as long as they don't touch any nearby metal
objects. More than one antenna may be erected in the same area,
providing they are run at angles to each other rather than being
parallel. The reason for this is that the inactive antenna could
absorb some signal from the active antenna, thereby attenuating
the signal output.

CENTER OF
ANTE NNA

I
I

fEEOUN[
TO RIG

Fig. 7-4. Feedpoint connection.
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After erecting the antenna, check swr and trim the ends if
neede d. Be sure to twist the ends ofthe antenna as before (shield to
center conductor), then recheck swr. The antenna will interact
with any hidden wiring in walls, so a considerable amount may have
to be trimmed from each end. Once you have gotten the swr down
to an acceptable level, solder the ends of the antenna and water
proof them if desired. This completes construction.

Aside from a low-pass filter, no other add-ons are needed, the
filter being only a safety precaution. And, since the antenna is
basically omnidirectional, orientation can be determined by the
space available at your location.

Once you start enjoying the pleasures of operating from your
apartment with this antenna, you will be amazed at what you can
work and the signal reports you get with it. I have used coaxial
dipoles on 10, 15, 20, and 40 meters from an apartment, and all are
stapled to a ceiling in "inverted-U" fashion rather than as an
inverted vee. Signal reports received vary from S-6 to 60 dB over
S-9. TVI is minimal, considering my TV is only a mere ten feet
from the antenna and I run 200 watts PEP.

With these coaxial dipoles in use for over two years now, I
have gotten Worked All Continents, Worked All States, and DXCC
with 121 countries worked to date. So there's no telling what you
can do with this antenna and you may be pleasantly surprised at the
results. It sure beats non-operating just because you live in an
apartment! Happy DXing!

THE BETTER VERTICAL

How would you like to be a proud owner and user of an
inexpensive (around $60-$70) vertical DX antenna which

D Is self-supporting.
o Is attractive in appearance.
D Can be installed in a limited space.
D Gives a low vertical radiat ion angle even when it is one

wavelength long.
o Can be used on all present and future amateur bands.
o Minimizes TVI because its radiation is vertically polarized

and because harmonics are radiated at high vertical angles.
o Is safe from shock hazards because its base is grounded.
o Has a built-in lightning protection system.

Theory
An elevated-feed vertical antenna is not a vertical antenna

which is elevated. It is a vertical antenna which is fed at a point
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which is Y.3 of its height from the ground-see Fig. 7-5A.
I first came across the discussion of this antenna inAmateur

RadioTechniques. It contains a discussion of how an elevated-feed
vertical antenna can be applied to amateur work to obtain .. ...
low-angle radiation, without unwanted high-angle lobes, from ver
tical aerials of appreciable electrical length." It explains how feed
inga vertical antenna at the Y.3 point produces a current distribution
different from that of a base-fed antenna. This is true only in cases
where the antenna element is % A or 1 A long. If element length is
Y2 Aor less, the elevated feed willperform approximately the same
as a base-fed vertical antenna of the same height.

The comparisons of the current distributions and approximate
vertical-radiation patterns for the base-fed and elevated-feed an
tennas are shown in Fig. 7-5. To understand how a low vertical
radiation angle is achieved in the elevated-feed antenna, one
should study the current distribution along an antenna element.
TheARRLAntennaBook states that current is reversed every IhA

)' . 3/~

oT
2.
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-

t"

-1----

o
:L
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",0 "

I ."
--/

// /1
/j / / ~o"

/ ~/II / ELE . FEED

/ /:: .0"

Fig. 7-5. (A) Current distribution and (8) vertical radiation patterns for ~ A
and 1 A elevated-feed vertical antennas .
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Fig. 7-6. Currents along antenna element for ¥4 A. , elevated feed (A) and
base feed (B).

along the element. Figure 7-6A shows how this results in an
inphase collinear array in the elevated-feed antenna which is *A
long. This inphase current distribution along the antenna element
is the reason for its low vertical angle of radiation. If the same
antenna were fed at the base, the current distribution would not be
in phase-see Fig. 7-6B-and an unwanted high-angle lobe would
appear in the vertical plane as shown in Fig. 7-5B.

Design Considerations
In the design, I gave priority to the following considerations:

D Limiting the design to a reasonable height.
D Incorporating a top hat to dissipate static charge.
D Positioning the tuning unit near the ground.
D Designing and building a strong yet inexpensive center

insulator from readily available materials.
D Designing the antenna strong enough to be self

supporting.

I chose an overall antenna length of 33 feet as this would give
me a full wave-length-the longest practical length for DX
operation-on 10 meters. The 33-foot length meant that the upper
section must be 22 feet because the antenna is fed IfJ of the length
from the ground. This would make it Y2 Afrom the feedpoint on 15
meters, so I detuned it slightly to lower the impedance at that
point. The optimum length of the upper section, as determined by
15-meter and 20-meter band impedance curves, was found to be
24.5 feet .

Because aluminum tubing comes in 8-foot sections, and be
cause I would lose 2-feet in the bushings and overlap, the available
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length from three sections was reduced to 22 feet. To get around
this limitation, I decided to enlarge the considered top-hat section
to achieve the desired effective length. Four top-hat radials, each
1.3 feet long, were experimentally found to provide the missing
lime

The prospect of climbing a stepladder to adjust the tuning unit
did not appeal to me. To avoid this, I chose to place the tuning unit
near the ground and to use a 12.5-foot section of RG-8 foam coaxial
cable to carry the power from the tuning unit to the feedpoint.
Theoretical approximation showed that, at the worst, an swr of 7:1
would be present. The additional power loss for a 12.5-foot section
of RG-8 foam cable with an swr of 7:1 was found to be 0.25 dB. I
preferred this to climbing the ladder.

Power limit at an swr of 7:1 is found by dividing the power
rating of the cable at an swr of 1:1 by the swr under operating
conditions. For this application, this is 2200/7 = 314.3 watts. The
output from a kW linear should be approximately 500-600 watts.
For intermittent duty, the average power would be half of this
figure, or some 300 watts. This does not give much of a safety

I 1/4 " TuBt NG

123'

COAX TO I
FEED POINT --I -

RADIAL (TyP)

SMALL STONES TO
LIMIT INSERTION TO 2 7'

TU NI NG UNlT

R ADIAL (T YP)

COA X TO
TRANSMITTER~_ .

~J
CO A ll:IAl
lIG HTN ING !l TURNS

, ARRESTOR ..... · -S·DIA.,

LIGHTNING PROTECTION SYSTEM

Fig. 7-7. Final design of the elevated-feed vertical antenna.
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Fig. 7-8. Antenna tuning unit set for 20 meters. All air variables not in use
are shorted and grounded.

factor but I decided to go ahead and worry about it when and if I
acquired a linear.

To make the antenna as attractive as possible, I designed it
strong enough to be self-supporting. This presented no great
problem except for the center insulator, which proved to be the
greatest challenge ofthe whole project. It must be strong enough to
support the upper % of the antenna without guying. I finally settled
on building the insulator from PVC pipe reinforced with plexiglas TM

panels and nylon cord, the whole thing he ld together with silicone
rubber bathroom caulk and epoxy. I calculated the insulator's
strength to be much greater than that of the aluminum tubing right
above it. So, theoretically at least, the antenna should break at the
tubing and not at the insulator.

By calculating stress values for the whole antenna , I found that
if I used 1" steel pipe for the bottom Y3 sect ion and I-1f4", 1", and*"
aluminum tubing for the 3-piece upper % section, the antenna
would be strong enough to be se lf-supporting. The weakest link
would be the l- W' aluminum tubing section. Moral support for this
decis ion came from Capt. P. H. Lee's excellent book, The Amateur
Radio Vertical Antenna Handbook, where he used this size tubing
to construct his Mark II antenna. He claimed that the antenna was
flexible; it bent with a high wind and did not break.

The final design of this antenna is shown in Fig. 7-7, and the
tuning unit is shown in Fig. 7-8.
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Construction Procedure
The construction is started by the assembly of the center

insulator. Figure 7-9 shows how one piece is cut and inserted into
the other piece. Use PVC pipe cement to bond the two pieces
together.

Figure 7-10 shows how an inexpensive jig can be constructed
from a screwdriver and a piece of soft wood. This jig will hold the
cemented PVC pipe in a vertical position to ease the task of
cementing the plexiglas panels. The panels can be epoxied to the
pipe first so that they will stay in place when applying the silicone
rubber bathroom caulk.

Before cementing the plexiglas panels, insert the steel pipe
and aluminum tubing into the PVC pipe to the dimensions shown in
Fig. 7-11, i.e., to within 1/2" from each other, centered at the center
of the insulator. Mark the radial direction on the pipe, aluminum
tubing, and insulator. Drill holes 900 apart in the pipe and tubing for
the mounting bolts, drilling through the PVC pipe. When drilling in
pipe, use a If.a-20tap drill and enlarge the hole to Y4" when the pipe
is removed. The position of all holes is shown in Fig. 7-12. To
avoid weakening the pipe, stagger the tap holes. This procedure
will align all the holes and assist in the final assembly.

When the bathroom caulk has cured, wind five bands around
the panels as shown in Fig. 7-12. Use nylon or dacron line approxi
mately %" in diameter and space the bands evenly. Epoxy the line
for extra strength and to prevent it from unwinding. Drill the two
vent holes between the panels in the center of the insulator. Build a
little roof over the vent by using caulk. This will prevent moisture
from seeping into the insulator.

The three sections of the aluminum tubing are assembled as
shown in Fig. 7-13. The bushing is made by cutting 6" from the

Fig. 7-9. Joining the two 1-W' PVC sections.
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Fig. 7·10. Jig for the construction of the center insulator.

smaller of the two pieces at the junction, splitting it and forcing it
over the shortened piece.

The top hat is made by cutting a 3-foot length from aluminum
clothesline , bending it in the center, and bolting it in place as
shown in Fig. 7-14. After it is bolted in place, bend it until it is
perpendicular to the tubing. After bending, cut it to the dimension

114 • 20
NUT AND BOLT

1/4. 20 \SI L1CONE
TA P RUBBER

- . ,.hI CLEAR- CALK - -

~4:::,---- i- --- -- -- --
ELECTRIC TAPE

I - INCH SCH.40 PIPE

TYP. ,/4 -20 .,/2' BOLT
HOLDING PIPE TO
CENTER INSUL ATOR

ALUMINUM
FOIL

11/4' ALUMINUM
TUBING

Fig. 7·11. Locations of the pipe and tubing within the center Insulator.
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Fig. 7-12. Construction of the center Insulator.

shown (1'4") and spread the two wires until they are 90° apart.
Installthe topbuttonandseal the whole areawithbathroom caulk.

Ifpossible, obtaina piece of 1" Schedule 40 pipe whichis 15
feet long. If this cannot be obtained, use one IO-foot andone 5-foot
section. Position the 5-foot section next to the insulatorand join
the two pieces together byusinga 12-inch piece of1-lJ." Schedule
40pipeand114-20 bolts. Use ahuninum sheet betweenthe pipesfor
a tight fit. Drilland tap the holesat this junction by following the
same procedureas outlined previouslywhendrillingholes in the
center insulator. Drillone 7/16" holeapproximately 4-5feet from
the bottom end of the pipe. This is the exit hole for the coaxial
cable.

Cuta piece ofRG-8 foam coaxial cable15feet long. Strip one
end as shown in Fig. 7-11. Allow sufficient length of shield to

£;BUSHING MADE.FROM THE SMALLER OF THE
. TWOSECTIONS,

~
~ ~__ ~J-k

--------;
-----~l

I

114-20 BOLTSHOLDING--.--J
THE ASSEMBLY TQ9ETHER

Fig. 7-13. Assembly of the aluminum tUbing sections.
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Fig. 7-14. Top-hat assembly.

producethe slack. During assembly, the pipeandaluminum tubing
willcometogether across the W' gapforcing the coaxdown. The
slackis neededto prevent bending or damaging the center conduc
tor. Impregnate the center conductor andthe shield withsolderso
that about W' of soldered length willprotrude from the silicone
rubbercaulkwhenapplied. Apply siliconerubbercaulkas shownin
Fig. 7-11 to seal the cable from moisture.

Thread the cablefromthe insulator end to the 7/16" exit hole
by using a length of wire taped to the cable. Exercise caution in
tapingthe cablesince the hole does not allowtoo much clearance
for the RG-8 cable.

Figure 7-15showsthe position ofthe three components prior
to assembly. Use electrical tape and aluminum sheet wrapped
around the tubing andthe pipeas necessary to ensure a tightfit for
the center insulator. Cutholes inthemforthe bolts to passthrough
and smoothall edges so that the center insulatorslides smoothly
over the aluminum tubingand the steel pipe.

Slide the center insulator over the aluminum tubing. Verify
the markings which were made during the drilling to avoidhole
alignment problems.

Attach the shieldofthe coaxial cableto the pipefirst. To doit,
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drill and tap a %-20 hole in the pipe about ¥2" from the end, as
shown in Fig. 7-11. Screw a %-20 bolt from the outside of the pipe.
Secure the shield to the bolt inside the pipe with a nut. Tighten the
nut. Cut the bolt flush with the outside of the pipe wall.

Bend one edge of aluminum tubing and drill a 10-32 clearance
hole in the bent section, as shown in Fig. 7-11. Attach the center
conductor to the tubing by using 10-32 hardware.

Slide the aluminum tubing until it butts against the pipe.If the
slack in the shield is of correct length, the two pieces should butt
without any problem. If they do not butt properly, more slack in the
shield will be required.

With the two sections butted, slide the whole antenna until it
rests against a wall or other stationary object. Slide the center
insulator over the pipe until the mounting holes are in alignment.
Secure the insulator to the pipe by using %-20 x ¥2 bolts. Gently
slide the aluminum tubing out of the insulator until the mounting
holes are in alignment. Secure the insulator to the tubing using
%-20 x 2 bolts and nuts.

Install the antenna in a 1-1f2" pipe, 5 feet long, which is driven
into the ground to a depth of 4-1f2 feet. Small stones are dropped
into the pipe to limit the depth of insertion. Aluminum or hardware
shims are used to hold the antenna in place.

A ground radial system is needed for optimum performance,
especially on the S0- and 40-meter bands. I have five radials, each
33 feet long, and I plan to install eight more. As with every vertical
antenna installation, a low ground resistance is necessary for good
performance. A high ground resistance (few or no radials) results
in high power losses because the ground resistance is in series
with the radiation resistance of the antenna.

For this installation, I attached the ground radials to the 1/¥2"
buried pipe. I grounded the antenna to the pipe by using a ¥2" x Ifa"
aluminum grounding strap.

CHAIR l ~ REO'O - A L L SAME HEI GHT ) OR Eu UIVALENT SUPPORT

Fig. 7-15. Assembly of the elevated-feed antenna.
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Tunin, Unit Construction
The schematic ofthe tuning unit is shown in Fig. 7-S. The unit

is installed next to the antenna, but not grounded to it. It is
grounded only to the shield of the coaxial cable.

I constructed my tuning unit on a piece of plexiglas
7-!f2"xl6-Y2" and mounted it inside a watertight cabinet. Since I
had enough air-variable capacitors in my junk box, I decided to be
extravagant and use separate C2 and C3 air variables for the
15-meter and 20-meter bands.

One word of encouragement: The construction of this unit is
not complicated. The cost to build it need not be high. I obtained all
the parts and the cabinet for about six to seven dollars at two
hamfests held in my local area. The real bargain find was an old
Army surplus tuning unit which was priced at $5.00. This unit
yielded two air variables , the coil, and the enclosure. To those of
you reading this article who have not been to a hamfest, my advice
is to go to one! It is lots of fun plus being a place for some real
bargains.

Once the tuning unit is built, connect it to the coax feeding the
antenna and to the transceiver placed next to the unit. Follow the
procedure below to obtain tap points for your coil.

Tuning Procedure Usin, SWR Meter
(1) Connect the swr meter in the line between the tranceiver

and a dummy load.
(2) Tune the transceiver as usual for maximum output on the

SO-meter band. Adjust the swr meter sensitivity for a full-scale
forward power indication.

(3) Do not change any of the transceiver or swr meter set
tings. Switch the swr meter to read reflected power.

(4) Disconnect the dummy load and connect the tuning unit in
its place.

(5) Using the turns ratio in Fig. 7-S as a guide, connect the
appropriate wires to the coil using alligator clips or equivalent.

(6) Position all tuning unit switches to SO meters and adjust all
air variable to minimum capacitance.

(7) Watching the swr meter, place the transceiver in the
transmit mode. The swr meter may show anything from an off
scale reading to an swr of 1:l.

(S) Not changing any of the settings on the transceiver or the
swr meter, note the swr reading. Place the transceiver in the
standby mode.
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(9) If the swr was high, adjust the taps on the coil and repeat
steps 7 and 8. If the swr was low (swr meter deflection is Ih-%
scale, equivalent to an swr of about 3:1 to 5:1), leave the taps alone
and adjust the air variable for an swr of 1.3: 1 or lower.

(10) Repeat steps 7 to 9 until the swr of 1.3:1 or lower is
obtained. Record all settings for future reference.

(11) Repeat this procedure for the other bands.
The procedure is designed to obtain the best possible match

by adjusting the turns on the coil first . Once this is accomplished,
air variables are used to reduce the swr still further. Always adjust
one component at a time and fight the temptation to tinker with
knobs. It took me two days to learn this lesson.

Connectini the Antenna to the Shack
After installation and tuning, connect the antenna to the shack

by using buried RG-8 coaxial cable. Install the lightning protection
system as shown in Fig. 7-7. It consists of a coaxial lightning
arrestor grounded to a 5'-6' ground rod, followed by the turns in the
coax. Tape the arrestor well with electrical tape to prevent mois
ture damage.

Performance
The theoretical performance calculations were hammered out

with N9CR during various coffee breaks. He has a newly installed
three-element tribander atop a 60' tower. We chose to compare the
relative merits of the elevated-feed vertical antenna to those of the
beam 60 feet in the air.

Theoretical data for this comparison came from The ARRL
Antenna Book and P. H. Lee's book, TheAmateur RadioVertical
Antenna Handbook . The summary is presented below. We chose
the 20-meter band for this comparison.

A three-element beam 1 Aabove ground has a vertical pattern
consisting of two lobes. Only the lower lobe is good for DX. It has a
horizontal beamwidth of about 60° (- 3-dB points) and a vertical
beam width of about 15° in the lower of the two lobes. Judging by
the published patterns, we assumed that the power going into the
antenna is divided equally between the two vertical lobes.

The beamwidth of the elevated-feed vertical antenna on 20
meters is approximately 20° in the vertical plane. Since it is
non-directional, the horizontal beamwidth is 360°.

For DX operation, the spherical area illuminated by the beam
is 60° x 15°=900 "square degrees. " The spherical area illuminated
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Fig. 7-16. Antenna layout.

by the elevated-feed antenna is 200 x 360 0 = 7200' "square de
grees." The power gain of the beam relative to that of the
elevated-feed antenna can be calculated theoretically as:

Gain (dB)=10 log P/P
2

10 log 7200/900
9.03 dB over elevated feed

Because only half of the power (3dB down) goes into the
"useful lobe," the actual gain that the beam realizes over the
elevated-feed vertical antenna is 9.03 dB -3.0 dB=6.03 dB, or 1
S-unit.

On the air , the antenna performed beautifully for DX on 28
MHz and 21 MHz where the radiation is at low vertical angles. On
14 MHz, the antenna performed very well over the United States
and Canada, and fairly well for DX. On 7 MHz and 3.5 MHz, the
antenna lays down a strong ground wave; I had very good signal
reports from stations 30 and 40 miles away. Many fine 80- and
40-meter QSOs were also had with stations as far as 800 miles
away.

I 'A' !RIB.ANDER ,FOR THi ATTIC

Figure 7-16 illustrates the layout for a small 21'-long attic. If
you are fortunate enough to have a longer attic, by all means install
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segments C, D, and E horizontally in the same plane as A and B for
a slight, but measurable, gain ofapproximately 1dB on40 meters.
Test equipment required to optimize this antenna on your favorite
frequencies on each band consists of a grid-dip oscillator and swr
bridge. If you do not have a GDO, just followdirections, as both the
first and second traps are high inductance/low capacitance units
with resultant wide bandwidths.

The antenna segments with traps are resonant as follows:
Segment A is resonant on 10 meters, segment A+B+C on 20
meters, and segment A+B+C+D+E on 40 meters.

Trap LlICI is parallel resonant at 28.7 MHz, offering a high
impedance and thus isolating the rest of the antenna at 10 meters
and providing a loading inductance for shortening the 20- and
40-meter segments. Trap L2/C2 is parallel resonant at 14.2 MHz
and presents a high impedance, thus isolating the rest of the
antenna at 20 meters and providing a loading inductance for short
ening the 4o-meter segments, D and E.

Construction Detail
Ll is a 3-inch length of %" diameter broomstick using 5 feet of

no. 16 double cotton-covered (DCC) copper wire space-wound
with 19lh turns as shown in Fig. 7-17. No. 16 DCC copper wire
should be used if available, but ordinary bare bus wire may be used
if you carefully wind and space the turns on Ll and L2 to ensure that
there are no shorts. Cl is a 101f2-inch length of no. 18 zip cord.
Grid-dip LlICI and adjust to 28.7 MHz. L2 is a 6-inch length of %"

lI le I

SOLDER

SOlOER

19 1/2 TU RNS " 16 COPPER
Dec IF AVAILABLE

DROOP l iP CORD
90· TO LI
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Fig. 7-17. Coil L1 details .
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Fig. 7-18. Coil L2 details.

diameter broomstick using 12 feet of no, 16 DCC copper wire,
slightly closer than space-wound with 46 turns, as shown in Fig,
7-18. C2 is a 17%-inch length of no. 18 zip cord with one end
trimmed 6Y2" short and attached to L2 as shown in Fig. 7-18.
Lengths of each antenna segment illustrated in Fig. 7-16 are:

Segment Length
A 96"
B 24"
C 22"
D 46"
E 20"

Tuning
As the lengths ofall loaded segments interact with each other,

this multi-band antenna should be tuned exactly as follows or you
will surely come to grief! Using your GDO, tune traps L1/Cl and
L2/C2 individually, unconnected to anything, while they are bal
anced on a glass mayonnaise jar (empty) at least 8" above your
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wood workbench or desk. This is to avoid obtaining misleading
GDO readings due to stray capacitance. Start with both Cl and C2
an inch longer than specified and trim off 1;4" between GDO read
ings until the GDO null (max dip) is exactly at the desired fre
quency. Also, use your station receiver to check your GDO fre
quency reading, as all GDO readouts are onlyapproximate andmay
be as much as 1 or 2 MHz offactual frequency when coupled to the
trap under test.

After the traps are tuned with the GDO, leave them alone.
Install the entire antenna system as illustrated in Fig. 7-16. Using
very low power from the station transmitter, with the swr bridge in
the coax line, check swr at 28.5 MHz, 28.7 MHz, and 29.0 MHz.
Swr should be less than 2:1 if the antenna is installed correctly.
There must be no electrical power/lighting wiring parallel to or
close to any of the antenna segments if you wish top performance.
An overhead attic light is OK if installed close to the balun at the
center of the antenna and the light's wiring is run down the inside of
the roof, 90 degrees to the plane of the antenna, as shown in Fig.
7-16.

If you wish to change the center frequency on 10 meters, add
or subtract approximately %" per 100 kHz. After 10 meters is
satisfactory, check the 20-meter swr at 14.0 and 14.3 MHz, and, if
necessary, shorten or lengthen segment C for minimum swr at the
desired frequency. After 20 meters, adjust the width of segment E
for minimum swr on your favorite 40-meter frequency . A few
inches either way willmake a considerable difference as segment E
is, in effect, a capacity hat for the 40-meter dipole.

Harmonics
Being a multi-band antenna, this system is an extremely

efficient harmonic radiator. If there is any question in your mind
about your transmitter's harmonic output, you would do well to
include a coax antenna tuner between the transmitter and coax for
your own sake, your fellow amateurs, your neighbors, and the
FCC.

15-Meter Option
Although I do not operate 15 meters, the second method

described here was satisfactorily developed for a youngfriend who
does operate on that band. There are two obvious ways to include
15-meter coverage in this antenna system, if desired. The first
method uses a separate lO-meter trap with 1/2 turns of Ll and
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double the length of zip cord C1. The I5-meter trap, placed about
14" out from the new Ll, is tuned by additional capacity across the
old Ll (now the I5-meter trap). Both segments B and C are
shortened accordingly. The second method, and surely the
simplest, is another dipole from the balun in parallel with the
original antenna system. It should be slanted so that the outside
ends are dropped 2' below segment B, and, most importantly, not
less than 12" away from segments C and D to avoid disastrous
interaction/detuning of the original system. Ordinary plastic
clothesline can be used to support the dropped I5-meter dipole at
point X. See Fig. 7-19 for details.

1 TRIBAND DUAL DELTA
The formulafor the length of the driven element ofa delta loop

is IOOS/fMHz' Since I was bound to need some extra wire at the
ends, I cut the antenna to 71 feet overall in length for a 2Q-meter
loop. I mounted the antenna to the rafters inside the attic, using
screw hooks and ceramic insulators to hold the wire at three
corners.

I used #14 solid, Formvar-insulated wire simply because it
was cheap and available; you could use smaller wire ifcost consid
erations were important, however. Try to select a section of the
attic that doesn't have a lot ofmetal ductwork or plumbing lines that
could detract from the performance of the delta loop. Also, make
sure that the wire isn't touching any woodor metal inside the attic.

I initially fed the antenna with a random length of 5O-0hm
coaxial cable and a 1:1 balun. However I found out that the swr was
substantially higher than I wished. I measured the antenna with a
noise bridge and found out that an impedance-matching device
would be necessary to use the antenna on 20 meters. Rather than
changing the length ofthe antenna, using a length of72-ohmcoaxial

PLA STIC---!-·'V
CLOTHES LI NE
SUPP ORT

Fig. 7-19. 15-meter dipole option. Start with each segment "F" at 11'6".
Trim one inch at a time for minimum swr at your favorite 15m operating
frequency. Do not allow drooped ends of "F" closer than 12" to either
L2/C2 or segment 0, to avoid detuning other bands.
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Fig. 7·20. Top view of the dual delta loop.

cable to match the impedance, or using a gamma match, I chose to
substitute a 4:1 balun for the 1:1 balunalready on the antenna. I was
rewarded with an swr of 1.3 to 1 across almost all of the 2Q-meter
band. The broad-band characteristics of the antenna were helpful
with respect to swr, although overall efficiency suffered due to the
relatively low Q. As a bonus, the antenna worked very well on the
entire lO-meter band also, with an swr of 1.8 to 1 on the entire
band.

For a total investment of$25, I had a 20- and lO-meter antenna
that had a theoretical gain of 2 dB over a dipole and, best of all, it
was completely invisible to the neighbors.

Not happy with missing out on the action on 15 meters,
however, I added a second delta loop inside the first loop. The
second loop was cut to 46 feet and also was laid out in the form of an
equilateral tr iangle. The 15-meter loop was soldered to the 4:1
balun at the same point that the 20- and lO-meter loop was sol
dered.

Needless to say, adding the 15-meter loop increased the swr
of the 20- and lO-meter loop to over 2.5 to 1 on both bands. Since I
wasn't ready to give up yet, I took the 15-meter loop and rotated it
180 degrees so that the balun was nowat the apex of two delta loops
(see Fig. 7-20). This variation was a winner, with the swr on 20 and
10 returning to its original values and the 15-meter loop giving a
2.1 to 1 swr across the entire band.
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While I would like to say that I worked some exotic DX while
running barefoot with 3 watts on sideband, I can't say that the
performance of my dual delta loop is equal to that of a beam, but it
will provide a bit better performance than a longwire or a dipole,
and with an acceptable swr on 20, 15, and 10 meters.

The ante nna appears to be omnidirectional, although
ductwork inside the attic might affect the radiation pattern some
what. Needless to say, mounting the dual delta loop outside and
much higher than the 10-foot height of mine will provide some
increase in performance.

The low price ($30) and unobtrusive nature of the dual delta
loop make it attractive to hams who are faced with restrictive
covenants regarding towers and antennas. Try the dual delta loop;
you can't beat it for performance, price, and simplicity. It really
beats a dipole!

A TRAPPED DIPOLE

Often the need arises for a permanent low cost antenna. A
dipole or inverted vee is a good choice. They are easy to install and
cheap to build. One of the disadvantages of such antennas is that
they are only usable on a single band, unless they are fed with an
open feedline and an antenna tuner .

Most traps used in amateur radio multiband antennas are
made of a lumped inductance and capacitance in parallel. I tried to
overcome this.

By placing a trap 32 feet 6 inches from the feedpoint, a current
maximum will occur at 7200 kHz. With the correct wire length on
the outside end of the trap, the antenna can also show current
maximum at the feedpoint for 3900 kHz. In both cases, the dipole
functions as a half-wave dipole.

Why not add another antenna under the existing 80 and 40
meter wire, fed at the same feedpoint, with another trap tuned for
21300 kHz? An outside wire of the correct length will give current
maximumon 80, 40, 20 and 15 meters, all functioningas a halfwave
dipole.

The dimensions given here are resonant at 3.9 MHz, 7.2
MHz, 14.3 MHzand 21.3 MHz. For 40 meters it's 160 turns , for 15
meters, 55 turns. Number 12 magnet wire is wound on a lh inch
rod, close wound. The coil is removed from the Y2 inch rod and
placed inside the Y2 inch PVC pipe. See Figs. 7-21 and 7-22 and
Table 7-1.

The PVC pipe is cut to 18 inches for 40 meters, 10 inches for
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Fig. 7-21 . Trapped dipole .

15meters. The PVCis then placed insidethe % inch10, 1 inch OD
aluminum tube. The aluminum is cut to 16-Y2 inchesfor40 meters,
8-¥2 inches for 15 meters.

Drilla holeinthe center (ends) ofeight Y2 inchPVCcaps, and
mountstainless steel eye bolts on them. (Cut offthe eye bolts as
short as possible, so they willnot go intothe PVCtube.) Nowdrill
aholetofit the #12 magnetwirebelowthe eye bolt ineachendcap.
See Fig. 7-23.

Cementone endcapontothe PVCtube after bringing the end
of the coil wire throughthe smallhole. Secure a tin solder lugon
one end of the aluminum tube, as shown in Fig. 7-24, witha pop
rivet or smallscrew. Donotuse aluminum or copperfor the solder
lug. Slidethe aluminum tube over the PVCwith the solder lugend
first, andsolderajumper fromthe lugtothe coilwire as closeto the
PVC cap as possible.

You are nowready to tune the traps. The traps were adjusted
to frequency through the use of a grid-dip meter (checking on a
receiver for accuracy). The coil can be changed quite easily if an
extra turn or two is put onforadjusting purposes.The coilcanalso
be wound withspacing andcompressedor extendedto get the traps
exactlyonfrequency. Tune to7.2 on40meters. Tune to 21.3on15
meters.

40 METERS

I~ METERS

160 TURNS

r- 2 IN1~: _ 55TU RNS~~

Fig. 7-22. Don't forget to leave 2" one each end of each coil.

307



PVC cement
81/2" PVC caps
56" of 1/2" PVC pipe
1 balun , 1:1
4 ceramic insulators Table 7·1. Parts Ustfor Trapped Dipole.
135' of antenna wire
50" of 1" aluminum tubing (a
discarded lawn chair will do)
80'0f # 12 magnet wire

After the tuning is completed, the end cap can be cemented
on. The two wires sticking out of the end caps are to be soldered to
the antenna wires.

My antenna is supported in the center about 32 feet high and
10 feet at the ends. I showanswr of 1.2 to 1 on3.9, 1.3 to 1 on 7.2,
1.3 to 1 on 14.3 and 1.2 to 1 on 21.3. The CWbands can be worked
with the swr less than 2 to 1 on all CW bands.

The overall length is 106 feet, and it can be installed as an
inverted vee in a lot less than 90 feet.

:: SUPER LOOP ANTENNA'. To the urban amateur or apartment dweller, operation on the
80 and 40 meter bands often is out of the question. The main
problem is where to put the antenna. Various schemes, some of
them ingenious, have been tried with varying degrees of success.
Each has had its drawbacks. In preparing a book on amateur
antennas, I felt that there was a need for a simple indoor antenna
that the average Novice could build economically, that would
produce the results needed to encourage the neophyte further into
the hobby. The worst problem exists on 80 meters, and it was
there that this experiment centered.

After trying nwnerous configurations, it was decided that a
closed loopoffered the best hope. Loopantennas are often treated
as a specialized class. Little has been written on them, in compari-

/ / ./ / /

Fig. 7-23. The coil will expand to make a nice fit inside the PVC tube. The
aluminum fits snugly over the PVC, and the cap rims help hold the
aluminum tube in place. It all makes a very nice looking assembly.
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Fig. 7-24. Securing the solder lug.

son to the volumes written on other configurations, so little is
known of them by the average amateur. Except that they can be a
bit tricky to tune, there is no rational reason-it's just a class of
antennas that has never been fully explored. See Figs. 7-25and
7-26.

Onethingthat is known, however, is that a loopcanbe a very
efficient radiatorif it is properlymatchedto the transmitter. There
is where the bighole is; few loopsare matched to their associated
equipment, andthe consequentpoorresults quickly discourage the
user.

In spite ofits apparentlylargesize, the loopdescribedhere is
in the class known as small loops. Asmall loop is one in which the
total length of the wire used is small compared to a wavelength.
Current ina smallloop is all inonedirection, andis fairlyuniform in
magnitude. This loop uses a full 130 feet of wire-just Y2
wavelength. It is consequently aboutas bigas youcanget andstill
have a small loop.

TO
STATION

VI '
SWR ME TER

50 n COAX r

t c

I I

"

~
Fig. 7-25. 130' wound in 3 turns 2" apart. L-7 ~H, 24 turns, ¥4" diameter ,
1-Ve" long . C-365 ~F.
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TUNER

Fig. 7-26. The loop is wound three times around the room near the ceiling.
It's nice if it just fills the room, but it doesn 't have to. Also there's no reason
why it cannot be mounted on the roof.

Small loops behave as large inductors. They can be tuned to
any frequency at which they're still small loops with the appro
priate capacitor. Their radiation is polarized perpendicular to the
plane of the loop, and nearly omnidirectional in the plane of the
loop, with virtually no radiation in the directions perpendicular to
the plane of the loop. This may seem a contradiction to the next
statement because of the polarization. Asmall loop is considered in
engineering circles to be a magnetic dipole. That is, it does with
the magnetic component of the wave what a dipole does to the
electric component. Being primarily magnetic in its behavior, it is
relatively insensitive, when receiving to lightning and man-made
static.

The Super Loop, then, is the largest possible small loop,
positioned horizontally, and matched to the transmitter with a
simple L network. It is made with commondoorbell wire , since it is
used indoors. Doorbell wire comes in standard lengths of 65 feet,
so two rolls make a nice half-wave antenna. It was wound around
the wall of the room near the ceiling, the runs spaced about two
inches apart. Where the ends came together, the L network was
mounted, and 50 ohm coax fed down to the equipment.

The L network consisted of a 365 ILF "broadcast" variety
variable capacitor, one of the few parts still easily obtained, and a 7
microhenry inductor. The inductor was made by winding 24 turns
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of #18 wire on a scrap of 1/2 inch PVC pipe, also easy to obtain (lh
inch pipe has an outside diameter of % inch). When close wound
with #18 wire, the length of the winding is 1-1/8 inches. If other
wire size is used; it should be space wound to fill the specified
length.

The initial tune-up or Super Loop can be a stinker, and a
reflected power meter is recommended. Set the antenna tuning
capacitor to about % of its full capacity. With your transmitter set
for reduced drive, tune it up as you would a conventional installa
tion. Then set the reduced power meter for swr and tune the
antenna capacity for a dip in swr. Finally, repeak the plate tuning
capacitor of the transmitter. Because of the relatively small im
pedance transformation, the output tuning capacitor (sometimes
called the load capacitor) of the transmitter can interact considera
bly with the antenna tuning capacitor. It is here that things can get
sticky. The trick is to find that point where the two seem to
produce minimum swr. Once that point is found, the loop can be
relatively easy to use.

The first experiments with the loop brought almost fantastic
results until it was discovered that the loopwas proximity-coupling
into my outside wire. When the outside wire was taken down,
results seemed more rational. Good signal reports were obtained
with satisfactory QSOs as far as 1000 miles or more. The worst
results came from just over the horizon, which is to be expected,
since the loopis a lowradiation angle device because ofits horizon
tal position.

Swr averaged around 1.4 throughout the band, thanks to the L
network. I have good reason to suspect that the dimensions of the
loophave some tolerance, since it has the variable capacitor across
it There being no "ends" in the wire, the so-called end effect does
not apply, and the loopdimensions are governed by the wavelength
in space. As long as there is a fairly small side-to-end ratio, the
form factor isn't too important. Simply adjust it so that the half
wavelength of wire makes three full turns.

I have good reason to suspect that the behavior ofthe loopwill
vary somewhat from one location to another, since there is no way
of predicting what length of conductor will be within its field to
affect it. Nonetheless, based on the reports I've had, I think I might
be on to something. The only truly valid test is its use in many
different locations, and while I have several amateurs working on
loops, it will be quite a while before the results can be fully
evaluated.
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J . A FORTIFIED TWO-METER WHIP

Are you in need of a good 2 meter mobile anterma? How about
an anterma for your base station? Or, do you just plain have the
feeling that your station has become too commercialized and that a
portion of your setup should be home-brewed? Then, why not try
this anterma project? In actual checks it was found to compare
favorably with the commercially-made antermas tested. Whether
you decide to use the anterma for mobile or base station operation,
you'll be pleasantly surprised with its performance. The anterma is
easy to construct and tune, and best of all, it's inexpensive.

Design
One unique feature of this anterma is the construction of the

whip. It consists of a lf4"-diameter fiberglass rod with a shield of

SCHE M A TI C OtAGR A M

-31 ~ 14
TA PPED
11/81 FROM
GND END
(TAP - 20
AWGl

PL'259 COA X
CONNECTOR

l~
r---l._....,~I2.

SOLDE R TO
PL - 2 59
CONNECTOR

I~COPPER BRAID

42 112-

l~~~~sOLOE R TO WH IP

li 2 ~-13p F
NP O TRIMMER

COVER FOR
COIL PR OTECTIVE
CONTAI NER

COI L FORM
DE TA IL

(E MPTY THREAD SPOOL)
FIBERGLASS WH I P

DETA IL

o
1/16 -DIA
ORILL ED
HOLE

Fig. 7-27. A rigid 2 meter antenna for base or mobile operation.
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Fig. 7-28. The coil protective cover has been removed in this picture to
show details of the base coil.

copperbraid.This designwasselected becauseit providedrigidity
to minimize deflection during high winds or mobile operation.
Researchhas shownthat deflection ofthe flimsy-type whip caused
degradation of the verticallypolarized signal. In some instances,
the efficiency ofa %-wave antennaactually becomes less effective
than a J,04-wave antenna.

The fiberglass rod is fromthe pennant-topped-type whipthat
is made for mounting on bicycles. Many retail stores have given
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away these whips as promotional items. They also are readily
available from department stores and bicycle shops for approxi
mately $1.25.

The impedance matching coil is 3 turns of No.14 tinned copper
wire wound on a wood thread spool from your XYL's sewing
basket. It is tapped 1-Ys turns from the ground end. Asmall ceramic
trimmer capacitor across the coil provides a precise match in
conjunction with the base coil tap. The impedance matching circuit
is protected from the weather by enclosing it in an empty plastic
container. Fish food had come in the container we used.

Construction and Assembly
Since no tricky construction or special tools are needed, no

problems should be encountered. The fiberglass rod is prepared by
drilling the 1116"-diameter hole from the bottom as indicated in the
diagram. Another 1116"-diameter hole is drilled on the side of the
rod at point A. This should be drilled at a slight angle towards the
bottom to make the routing of the coil tap wire easier. The depth of
this hole is only to the extent of meeting with the hole previously
drilled from the bottom. When drilling these holes in the fiberglass
rod, it is important to use a sharp drill and not allow the drill to heat
up. It is best to cut the whip to proper length after the coil form is
secured in place.

Prepare the coil form and other parts as indicated. Check that
the hole in the spool is of the proper diameter to permit the spool to
slide on the rod. The notches filed into the coil form prevent the
coil from slipping. The hole for the coil tap is displaced Ys of a turn
from the alignment of the bottom notch.

After the coil form is prepared, feed the 20-AWG tap wire
through the tap-wire hole and out the bottom of the spool. Slide the
form over the fiberglass rod and carefully route the tap wire
through the drilled hole at point A and downward through the rod,
out the bottom. Allow sufficient length for the tap wire to be
soldered later in the PL-259 connector. Apply epoxy glue to the
appropriate rod area , slide the coil form into its proper position on
the rod, and take up any slack in the top wire. The final position of
the coil form should be such that the tap-wire holes in the spool and
the rod line up with each other and the rod extends sufficiently
below the bottom of the spool to accept the UG-176 adapter. To
hold the tap wire securely in position, apply a small amount of
epoxy to the tap-wire opening in the spool and at the bottom of the
whip.
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Two holes must be drilled in the cover of the coil protector. A
1f4" hole in the center will permit it to be slipped over the bottom of
the whip. With the cover in position on the whip, use the notch of
the coil form for determining the position of the second hole. This
is a V8" hole and should be drilled in the correct position to allow the
ground end of the coil wire to pass through the cover and be
soldered to the PL-259 connector. After both holes are drilled in
the cover, epoxy the cover (threads towards the coil form) to the
bottom of the wood spool. Position the feedthrough hole in the
cover so that the tap occurs at 1-V8 ofa turn when the coil is added.

With epoxy applied to the bottom of the fiberglass rod, slide
the UG-176 reducer onto the rod and up against the container
cover. Check that none of the other parts has slipped from its
proper position. At this point of construction, it is best to allow the
epoxy to harden before proceeding.

After the epoxy hardens, the UG-176 reducer can be screwed
into the PL-259 and the tap wire soldered in the center pin.
Measure 421h inches from the top of the coil form and cut the whip
to length.

The next step is to slide the copper braid shield over the
fiberglass rod. Tinned braid is recommended. However, if this is
not readily available, the shield from RG-8/U coax cable will work
fine. Ifthe braided shield is too snug to readily slip over the rod, the
diameter of the shield can be enlarged by squashing the braid
together a little bit at a time. If the diameter of the shield has to be
enlarged to any extent, be sure to allow for the shrinkage in length
that will occur. The braided shield is slipped over the full length of
the rod down to the coil form. The shield can be snugged to the rod
by running your hand tightly along the braid.

One end of the coil is secured by routing a 24" piece of
14-AWG wire through the hole in the cover and soldering it to the
side of the PL-259 connector. With the one end secured, the 3-turn
coil can then be easily wound on the form and soldered to the whip
shield. Solder the tap wire I-V8 turns from the coil bottom (ground)
and the trimmer capacitor across the entire coil. Cut off the braid
shield so that it extends ;S" above the top of the rod; twist and
solder. To protect the whip from the weather, shrink tubing,
plastic electrical tape, or a protective spray can be used

Mounting
For base station operation, I used a simple L-shaped

aluminum bracket with an SO-239 connector RG-58 coax, and four
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19W' groundradials. This arrangement is secured with U-bolts to
the mast abovea triband beam. For mobileoperation, the bracket
design is dependent on the type ofcar and individual desires. For
my mobile operation, I mounted a simple bracket and connector
arrangement directly to the luggage rack.

Tuning
The easiest methodto tune the antennais withafield-strength

meter at a distance ofapproximately 2 to 3 feet. Withthe antenna
connected and the transmitter keyed on an unused simplex chan
nel, adjust the trimmer capacitor with a non-metallic screwdriver
for a peak field-strength indication. The vswr will be minimum at
this point. Numerous antennas have been built, and, on all occa
sions, vswrs of less than 1.2 to 1 were obtained. The antenna, of
course, shouldbe situated awayfromall objectsandas highoffthe
ground as practical during tuning procedures.

Witha 5/16"-diameterhole drilled inthe bottom ofthe plastic
container to accommodate the whip, slide the container over the
whipand screw it into its cover. If the containeraffects the tuning
of the antenna, drill a hole in its side and retune the antenna with
the container in position. With RTV, seal the top opening of the
container, but not the bottom. The hole in the cover will help
prevent any moisture from accumulating.

Do you want to generate conversation? Just mention on your
local repeater the fact that you're using a home-brew antenna.

THE ponED J

Some antenna is better than no antenna at all. In many cir
cumstances where adverse weather conditions are encountered, a
primary consideration shouldbe to have an antenna that willfunc
tion dependably even though it might not provide the last dB of
gain. This antenna is designed primarily for 2 meter repeater
usage. The antennahas onlya modestamountofgainover a simple
ground-plane antenna. But, it has far better structural integrity.
The materials used to construct the antenna might vary a bit
depending on what is available locally, but the design permits
construction by anyone using only simple hand tools.

The antenna form is a commonly used variation of the old
fashioned J antennashownin Fig. 7-29. The variation, as shownin
B, simplyuses a closed metal cylinder for the lower 1;4 Asection
instead of the open-style construction of the originalJ antenna.
This type of constructionhas a numberofadvantages, suchas easy
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mounting on any type of mast, relatively inconspicuous appear
ance, and an all-metal, de grounded structure. Since the antenna's
central element and the metal cylinder are e lectrically shorted at
the base of the antenna, that point will be a low impedance point. At
the other end of the Y4 Acylinder, there will be a high impedance
point where consideration has to be given to proper insulation
between the metal elements of the antenna.

The mechanical dimensions of the antenna are given in Fig.
7-30. Depending on the materials available locally, the diameters
of the cylinder and the radiating element can vary a bit from those
shown. But the lengths should be closely maintained and dimen
sioned using the formulas shown in Fig. 7-29 for the particular
segment of the 2 meter band of interest. The mechanical construc
tion can vary a bit from that shown as long as the dimensions are
maintained, the central element is securely grounded to the bottom
ofthe 1/4 Acylinder, and the coaxialfeedline is connected properly.

In the method of construction shown, the end of the central
element is flattened out at the bottom and bent and bolted to the
bottom side of the Y4 Acylinder. Additionally, a small piece of the
same material as the central element is flattened out and used as a
brace to the other bottom side of the cylinder. The coaxial cable
shield is connected via a ground lug to the inside of the cylinder and
the inner conductor is either soldered or connected to the central
element at the point indicated via a ground lug. The connection to
the central element can be made before that element is inserted in
the cylinder. The connection of the cable shield must be made after
insertion. This requires a bit of dexterity working in the narrow
cylinder, but with good lighting and patience it can be done. One

1
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Fig. 7-29. Basic J antenna (A) and variation where lower V" A section is in
the form of a cylinder (B).
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Fig. 7-30. (A) A cross-sectional view of the antenna giving dimensions
centered in the 2 meter band. (B) A PVC pipe reducer used to insulate and
center the vertical radiator at the top of the V4 A cylinder.

handy wayto helpthings alongis to temporarily gluethe nutfor the
boltholding the ground lugona thin pieceofwood. Oncethe nut is
started on the bolt, the woodpiece can be broken away.

Before the final assembly step, check the electrical perfor
manceof the antennafor swr. It shouldcheckout with a very low
swr if proper dimensions have been maintained. If one wants to
optimize the swr, the feedpoint on the central element can be
variedslightlyupor down. Usuallythis canbe donewithouthaving
to change the connection point for the groundshield of the coaxial
feedline. This does meangoingthroughthe procedureofhavingto
take out and reinsert the central element, but it is not at all that
tediousafteronedoesit onceor twice. Duringthis test, the central
element canbe heldcentered in the upper end of the cylinderbya
PVC reducer fittingas shown in Fig. 7-3. These reducer fittings
canbefound whereverPVCpipingfittingsare available andonecan
be found which will fit exactly over a pipe havinga 1W' outside
diameter.

The final and most important step in assembly is to fill the
cylinderincompletely withan insulating compound. This willgive
the antenna its final mechanical rigidity and, more importantly,
completely excludemoisture leakage or condensation in the cylin
der. Manypottingor sealingcompounds canbeusedas longas they
contain noformofmetal filler. The plasticresin bodyfillers sold in
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automotive stores, with or without fiberglass reinforcement, are
readily available. However, to make the filler flow readily in the
cylinder, the filler should be heated so that it is fairly liquid. Don't
use an open flame to make the filler liquid, but rather insert the
container (a tin can will do) containing the filler into a bath of very
hot water. Temporarily plug the top end of the PVC fitting where
the central element protrudes and, with the cylinder initially held
at an angle, pour in the filler from the coaxial cable end.

The use ofa coaxial connector on the antenna was deliberately
avoided. Simple coaxial connectors, when used in a harsh outdoor
environment, will almost always eventually become the source ofa
problem. This is the same reason why screw-in elements, etc., are
avoided. Of course, this all means that the antenna becomes a
throw-away unit in case something should really damage it. But the
cost of materials involved to build another antenna is relatively
low. As long as it does last, one can use the antenna with the
confidence that none of the electrical or mechanical connections
inside the antenna are likely to become corroded.

The Y4 A cylinder need not be insulated from a metal mast as
long as it is fastened to the mast at the bottom of the cylinder with
the usual metal U-type mast clamps.

One can add parasitic or phased elements around the basic
antenna if it is desired to obtain some directivity. Parasitic ele
ments, of course, require no cable connection to the main element,
but then one has to go through a careful process of seeing that the
feedpoint of the main element is altered to compensate for the
presence of the parasitic element. In spite of the increased cable
cost, etc. , if one really wants to keep the weather-ruggedness for a
directive antenna installation paramount, it would be better to have
two spaced antennas of the type described with separate feedlines.
Then, the necessary phasing, matching, and switching can be done
from the protected environment inside the shack.

BREW UP A BEAM FOR .TWO

Here is a 2 meter beam you have been looking for. It has the
gain, directivity, and simplicity that put it ina class by itself. No cut
and try, no tuning, it has a 300-ohm feedpoint, or you can use
50-ohm cable with the balun at feedpoint with the same low swr.
The pattern is such that there is one lobe infront with no other side
lobes.

It is rugged enough to stand 3 inches of ice with no ill effects
during last winter's ice storm. There are many of these in use in
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Fig. 7-33. The 4-element model.

erect than an 80 meter dipole. I also give data on impedance
characteristics at and near resonance to aid in selecting a suitable
feedline. Many collinears are fed between the ends of the ele
ments, where a very high impedance exists. In the antennas de
scribed below, feed occurs in the center of an element at a rela
tively low impedance, high current point. This permits a good
match to 300- or 600-ohm balanced lines. Hone prefers, a 4:1, 6:1
or 9:1 ratio balun may be inserted so that the antennas may be fed
directly with coax. My collinears are fed with balanced line, and a
balun is introduced just outside the shack.

I was not able to find information on the impedances met when
feeding collinears at current points, so I performed measurements
on 3- and 5-element collinears suspended ~ to 1 wavelength above
ground. The impedances were measured on my Boonton 250-A
"RX" meter. The impedance at resonance of the 3-element cen
terfed antenna was found to be 372 ohms resistive; the 5-element
antenna showed an impedance at resonance of 600 ohms. Each of
these antennas operates across an entire ham band with vswr of
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Table 7-2. Dimensions asMeasured for 15and 20 Meter
Collinears. A= Halves ofcenter Element; B= Outer Elements; C= Matchlna Stubs.

Frequency Dimensions V.·wavelength In '&edllne
coax V = 0.88 twlnlead V = 0.82

21.2 MHz
14.15MHz

A
11' 4"
16' 6Y."

8
22' 7V."
33'1"

C
9'6"
14'3"

15'4"
22' 11V."

19'0"
28'6"

of outer elements as "B", and the matching sections as "C", for the
case of the 3- or 5-element centerfed collinear.

All half-wave elements should be of equal length in a given
antenna. One can erect the centerfed element and adjust it to exact
resonance, if desired, then add the stubs and outer elements.
Velocity factor V was found to be 0.95 for the 3-element collinear.
The 5-element collinear resonated slightly higher than the calcu
lated frequency; evidently a V of 0.95 overcorrects for end effects.
I found V here to equal 0.975 and I give the actual determined
dimensions for each antenna in Table 7-2.

I used home-brew nylon insulators whichare 2 to 3 inches long
and cut out of scrap. They are light and tough. One could also use
Plexiglas 1M or some other material or commercially-made ceramic
insulators.

The phasing sections could be of open-wire line (remember,
then, V would be about 0.95), but I chose 3OQ-ohm twinlead
because the stubs tend to blow around in high winds and ladder line
might twist up and short. (Also, I had a few scrap pieces of
3OQ-ohm twinlead in the shack.)

The antenna elements themselves I made of odds and ends of
#16 and #14 hard-drawn copper wire, but almost anything will do
here.

Care should be taken to fasten the phasing stubs to the in
sulators so that they do not fatigue and break off. Solder the stubs
closed at the ends. I suspended the collinears high in some maple
trees using clothesline pulleys and Y4-inch nylon line. One has been
up for two winters and has survived numerous ice storms and high
winds. Youmight wish to silicone or wax the twinlead to minimize
swr changes during rainstorms. I'm not fussy about these antennas,
except that I make sure that I never erect an antenna near, over, or
under a power line.

In Table 7-2, I have given actual dimensions for center fre
quencies of 14.15 MHz for the 3-element and 21.2 MHz for the
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5-element antenna. I use these collinears for working into Europe
with my Tri ton IV. The 15 meter collinear would make a dandy
antenna for Novice DXing. If one has the space for an 80 meter
dipole, then 2 or 3 hours investe d in construction and erection ofa
multi-element collinear will probably result in surprise and plea
sure that such a simple antenna brings such good results for only a
few dollars.

THE MONSTER QUAD

For years I had used a four-element monobander, and after the
loss of two towers, I decided to try the quad antenna. My first try
was with two-elements on an eight-foot boom, but it did not
compare with my four-element beam. Next, I used a four-element
quad on a 20-foot boom. However, my beam still worked better. I
was plagued with a low front-to-back ratio, high swr , and interac
tion between bands: So out came the books for many hours of
research. The results were a quad with high forward gain, high
front-to-back ratio , no interaction, and low swr with a wide
bandwidth. (The following specifications as to gain are approxi
mate but can be considered accurate by amateur standards.)

Four-Element Triband Quad Specifications
Boom length-30 feet; element spacing-lO feet , all equal;

gain-13 dB; front-to-back ratio-30 dB; wire size - #14
enameled copper; five-percent difference factor between ele
ments; design frequency-14.25O, 21.300, and 28.600 MHz.

Directors 1 and 2 are the same size. I used the formula
975/~Hz' The frequency and wire lengths are 14.250 MHz
68'4", 21.300 MHz-45'8", and 28.600 MHz-34'I".

For the driven elements, I used l005/fMH. The frequency and
wire lengths are 14.250 MHz-70'5", 21.300 MHz-07Y2" , and
28.600 MHz-35'1".

For the reflectors, I used 1030/fMHzto obtain wire lengths of
14.250 MHz-72'3", 21.300 MHz-48'4", and 28.600 MHz
36'0".

Spreaders
I used one-piece fiberglass spreaders 13-feet long and

screwed eyes through the arms to run the wire (see Fig.7-35).This
lets the arms move in the windand not break the wire, and also lets
the wire draw and sag with temperature changes and not bow the
arms. A note of interest: Bamboo can be used but should be
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wrapped with two-inch wide duct tape and then sprayed with
krylon'" or varnish.

Placement of the screw eyes is done by taking the wire length
in feet for each band, dividing the result by four, and inserting that
number into the formula A=C/ V2," where A is the distance along
the spreader from the center of the boom to the drill point and C is
the length of the element divided by four.

Example: Find drill point for 2Q-meter driven-element wire:

14.250 MHz=70'5"
70.5 divided by 4=17.625=C
Using C= V2,' A=17.625 v"2:" =17.625/1.414,
=12.46' or 12/5" from center.

Below are the drill points for each element:
Directors 1 and 2:
14.250-12'1"
21.300-8'1"
28.600-6'0"

WRAP BUTTS WITHAi.:-t__t--T-OUCT TAPE

"/--~r---;--brINSTALL ETELETS
THROUGH SPREADERS.
WRAP WITH DUCT
TAPE BEFORE
DRILLING

ETELET FOR
OUTRIGGER--____,

BOOM 30: 1/4' THICK. 40. 606IT6-----.4

Fig. 7-35. The monster quad.
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Driven element:
14.250-12'5"
21.300-8'3"
28.600-6'2"

Reflectors:
14.250-12'8"
21.300-8'6"
28.600-6'5"

These figures are to be used if you measure from the center of
the boom out. To measure from butt of the arms, add 1%" to each
figure. This way the arms may be drilled before attachment to the
boom spreaders. Each hole should be wrapped with duct tape after
drilling, then a small nail can be used to punch a hole in the tape.
Each spreader should be sprayed with krylon" or other type of
coating to increase its life and prevent the eyelets from rusting. I
also wrapped the butt ends with duct tape for added strength.

Feeding the Quad
I decided to use Ih-wave stubs after burning up a one-kw ring

transformer. It's no fun waiting two weeks for a new transformer
before you can operate! I used 72-ohmcoax, but kW-rated twinlead
can also be used.

Below are the lists of lengths for both coax and twinlead using
the formula L= 246(VF)/~Hz' where VF is the velocity factor of
the transmission line used.

Stubs: RG-11A/U coax, 2=72 ohms, VF=0.66. Length to
match driven elements: 14.250-11'4", 21.300-7'6", and
28.600-5'6". For 1-kW twinlead, 2=72 ohms and VF=O.71,
14.250-12'3", 21.300-8'2", and 28.600-6'1".

The stubs should be cut as close to the lengths shown as
possible , a PL-259 and barrel connectors installed on one end,
attached to 52-ohmcoax to the shack. I tuned each 52-ohmfeedline
to the shack using my noise bridge and R-4C so I would have little
swr on my feedlines.

One problem manyhams have is how to string the spreaders. I
drove a 2"-diameter , 4'-long pipe into the ground and attached the
arm supports to this pipe. I then drove 2 wooden 3' stakes into the
ground for each arm to keep them straight. By using this type ofjig,
each element can be wired, removed, and then placed on the boom.
I covered all nuts with General Electric clear silicone rubber, and
then I sprayed them with krylon",
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Fig. 7-36. Four-band mobile antenna construction details.

Conclusion
After the antenna was installed, measurements were made.

The swr was 1.6:1 at its highest point on any band, with very flat
response across each band. I can operate either the CW or phone
portions with the swr never going above 1.6: 1. I have been using
the antenna for about two years and have yet not to make it through
the pileups. The work involved is well worth the time, considering
the results obtained.

FOUR-BAND MOBILE ANTENNA
Do you ever find yourself cruising down the highway working

forty meters and wishing you could switch to twenty, fifteen, or ten
without having to stop to change resonators? You can! I ex
perimented with this contraption in 1960 and have been using it
ever since. There is even a commercial version that came out a
couple of years ago.

Any set of three resonators may be used but I prefer the
40-20-10 combination since you also get a 15-meter fallout from it.
When I first started using it with an old Galaxy V, I installed a
remotely-operated super-tuner gizmo in the trunk, but later found
that with patient stinger adjustments on the three resonators, the
tuner was not really needed. I am presently using an Atlas 210 for
mobile, and the broadbanded rigs are supersensitive to swr over
1.5:1. I have worked many foreign countries with this rig with good
signal reports. See Fig. 7-36.
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The strap that holds the resonators must be of sufficient
strength to prevent the angles of the forward andaft resonators
from changing, Changing thisangle affects theresonantfrequency.
The strapI happened to start outwithwasaboutone inch wideand
3lf.inches long. Aholelargeenough toaccommodate the threaded
extension on the mast is drilledin the center. (I happened to have
hadallHustler equipment so that is what I haveused since.)The
other holes on each end are large enough to hold non-corrosive
boltsthat willscrewintothe bottoms ofthe other resonators. The
strap is bentas shown witheachenddropped at forty-five degrees.
Theassembly isattached tothe mastandheldinplacebythecenter
resonator, and the time-consuming tuning is started.

Begin with the lowestfrequency resonator, adjusting to the
lowestswr, thenproceedto the nexthigherandthen the last. The
resonators interact, andthis procedure must be repeated several
times until the swr no longer canbe improved. I have1.1at 7.260
and1.35at 7.225and7.295. Ontwentymeters, the swr is less than
1.35acrossthe band andevenbetter onten. The swr doespeakup
to 1.5 onfifteen meters. I use the ten-meterresonatorto hold the
strap to the mast withthe twenty-meter resonator infrontandthe
forty-meter aft. This streamlinesthe assembly in the direction of
travelandreduceswind resistance. Also, withthe largerresonator
aft, it tends to stabilize the assembly at normal highway speeds.

I have found that the majority of the noise associated with
mobile reception canbeeliminated byusingthe copperbraid outof

COAX (LEADS CON'
NECTED TO RADIALS
D' DRIVEN ELEMENT)

Fig. 7·37. Beam construction.
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RG-8 coax as grounding the car hood and trunk lid to the frame of
the car. In addition, the exhaust should be grounded in at least two
places, one in front of the muffler and one aft. Be sure to scrape the
rust off to bare metal when attaching the grounding straps. The
braid can be cut to the desired length, the ends shaped to hold a
bolt, and then heavily soldered to make a good connection.

INEXPENSIVE BEAM

Looking for something fast, easy, inexpensive, and effective
on 10 meters? Well, this could be right down your alley.

A good majority of amateurs in the ham world started out as
CBers. What these ex-CBers don't realize is that they probably
have the materials for a good two-element 10 meter beam around
the house just sitting there and collecting dust. How about that old
CB ground plane you used to use? If this is one of your household
treasures, half the battle is won. Here's what I did.

I took my half-wave ground plane, (the particular one I used
was a Super Mag), and disassembled the four radials and hardware
that fastened the radials to the base. I then went to the local lumber
store and got a five-foot piece of 2x2. Jerry Swank W8HXR was
the supplier of the technical information, such as length of the
driven and director elements, the spacing, etc.

What I was going to attempt to build was a lO-meter beam
incorporating 2 elements. In this beam, one element is fed directly
from the feedline and is a half wavelength of the operating fre
quency (Fig. 7-3). This is called the driven element. The other
element receives power by either induction or radiation from the
driven element and is known as the director element.

The elements were fastened to the wooden boom by using the
hardware from my ground plane. Since the four radials were ap
proximately 81h' long each, I had to cut two of them to a length of
7'7" for a combined length of 15'2" for the director. The other two
radials were cut to 8'2" each, for a combined length of 16'4" for the
driven element.

If you cut one or both of the elements too short, don't fret,
because all is not lost. The length of the driven element will vary a
little according to the design frequency. I cut my driven element
too short and coiled a piece of bare wire on both sides of the driven
element. I then let the wire drape down until I got a good swr
reading (Fig. 7-38). Coaxial cable was then connected between the
two radials of the driven element, being sure the shield was
insulated from the center conductor. Spacing between driven ele
ment and director was around 4'3".
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Fig. 7-38. Wire coiled on end of
element.

The gainofthis antennawasfigured to be somewherearound
5 dB, butdon't let this smallfigurescare you. Usingthe Kenwood
TS-520S, this SO-cent cheapie (the cost of the 2x2) was found to
make a difference in receiving of 2 to 4 S-units higher than my
4-BTV vertical, and 2 S-units when transmitting. (polarization of
the other station will, of course, play an importantrole.)

So, as youcan see, for a very smallamountof space youcan
have a pretty effective DX antenna for a fraction of the cost of a
commercially-made beam. However, if you really feel ambitious
andhavethe extraaluminum aroundthe houseor canobtainit fora
reasonableprice, another element canbe addedfor anadditional 3
dB ofgain. A balun is not essential, but it couldprove to be quite
helpful in preventingyour coax from radiating.

Ifyou'rethinking that it takes anexpert craftsman andyearsof
experienceto buildyourownbeam,you'rewrong. When I builtthis
antenna (abouttwo years ago), I was 15 years old and had just a
Novice class license; I know that if I can buildmy own antenna,
anybody can!

MULT1BAND GROUND PLANE
The idea of feeding a vertical antenna-more specifically, a

ground-plane antenna-withbalanced transmissionlineis notnew.
Balanced, open-wire line lends itself well to multiband antenna
applications because of its low loss in comparison with prefabri
cated coaxial lines. The transmission line used with the antenna
described here is designed to have the least possible attenuation
withinreasonable limits.

Howcanbalanced linepossiblyworkwell withanunbalanced
antenna? Won't there be radiation from the line, and won't this

331



cause horrible TV! and other problems? Well, since hams have
been using unbalanced line (coaxial cable) to feed balanced anten
nas (dipoles and beams) for a long time and it has been shown that
this is a perfectly satisfactory practice, one might be inclined to ask
whether the situation should be any different the other way around.
In the case of the antenna at WIGV/4, balanced line is being used
with success to feed a ground-plane antenna.

Let's take a look at some of the theoretical considerations of
balanced transmission lines and antennas before I describe a mul
tiband ground-plane antenna without coils or traps that has proved
very effective.

Parallel-Wire Line
In the old days of radio, the type of transmission line most

often used was of the open-wire variety. The reason this kind of
line works is that at every point along the line the currents in the
two wires are always equal in magnitude and opposite in direction.
Since the two wires are very close together with respect to the
wavelength, they may be considered to occupy the same space.
The field produced by one wire therefore cancels that produced by
the other wire, and no radiation takes place.

For the currents in the two wires to be exactly equal and
opposite, the antenna must have certain characteristics. Ifone side
of the antenna presents a different impedance than the other, the
currents in the two feedline wires will not be exactly equal or
exactly out of phase. This may occur because one side of the
antenna is longer than the other, or because one side of the antenna
presents a different capacitance with respect to ground. See Fig.
7-39.

~
1I ,. l2e

CI

CI til C2 81" 82e
Fig. 7-39.Causes of feedline radiation. AtA, antenna not fed at center; at B,
one side of antenna closer to ground or obstructions; at C, feedline
brought away from antenna is a non-symmetrical position. These factors
can cause radiation from coaxial as well as parallel-wire lines. A perfectly
balanced system is, fortunately, not usually necessary for satisfactory
antenna performance .
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There is a third reason for radiation from a parallel-wire line:
antenna currents. Hone side of the antenna is closer to the line than
the other side, the electromagnetic fields from the two halves of
the antenna will not cancel each other in the vicinity of the line.
This will induce a current in the line equal in magnitude in both
wires but in the same direction (Fig. 7-39C). Consequently, the
line radiates because thi s current produces its own electromag
netic field. The se antenna currents cause the net current flow in
the two wires not to be equal and oppos ite , and this can result in
trouble with an all-too-familiar gremlin for hams: rf in the shack!

Usually, a small amount of radiation from a transmission line
is not a great handicap. This is fortunate because it is almost
unavoidable. We certainly would want to minimize line radiation if
we were using a highly directional antenna where front-to-back
ratio is important. But with a simple antenna such as a dipole or
ground plane, we need not worry about some deviation from
theoretical perfection.

Coaxial Line
Many hams got it into their heads that coaxial line is shielded

and therefore cannot radiate. This is not the case! Coaxial lines are
just as susceptible to radiation-causing factors as parallel-wire
lines. Antenna currents, induced in the outer conductor of coax,
will produce electromagnetic fields and rf in the shack. These
currents can be caused by any of the three situations shown in Fig.
7-39.

Coaxial line has the advantage ofbeing easy to install. It can be
run close to or directly over metal objects such as gutters and
pipes, and its attenuation characteristics and impedance will not be
affected. This is not true with parallel-wire line. Metal objects very
close to the latter type of line will cause "impedance bumps" and
possible imbalance.

The main disadvantage of coaxial line is that it has relatively
high attenuation. The swr becomes important at high frequencies
or with long runs of line. Generally, the antenna must,
impedance-wise, be fairly well matched to the line if coax is to be
used with maximum success. Any time the swr is 2: lor better, the
line will function at essentially full efficiency. But an swr of, say,
20:1, will almost always cause significant signal loss. Further
more, such a severe mismatch can cause conductor or dielectric
breakdown because of extreme currents and voltages at nodes
along the line.
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A heavy-duty, balanced transmission line such as is used at
WIGV/4 can be operated at amateur power levels with utter
disregard for the swr. Thus, all the matching can be done conve
niently at the operating position by means of a transmatch.

The Ground Plane
A full-size ground-plane antenna consists of a quarter-wave

verticalradiator and several quarter-waveradials (usuallythree or
four), and the base is at least a quarter wavelength above the
ground. Such an antenna exhibits excellent low-angle radiation
characteristics and consequently is good for DX work. It is less
effectivefor local communication where the angleofradiationmust
usuallybe nearIy 90degrees with respect to the horizon. However,
the low-angle reputation of vertical antennas has been somewhat
overemphasized. Even at a radiation angleof45 degrees the field
strength is nearlyas great as it is parallel to the horizon-see Fig.
7-4.

The groundplane is an uncomplicated andversatile antenna.
As the base is lowered to heights of less than 1f4 wavelength

above ground, losses begin to occur because the ground currents,
which shouldbe confined to the radial system, willbegin to flowin
the lossy earth. Three radials comprise a nearly perfect ground if
the base is sufficiently elevated. Ata heightofVs wavelength, some
of the ground currents will flow in the earth unless radials are
added.The closer the base gets to the ground, the more radialsare
necessary.

Supposewe tune a full-size, 20-meter groundplaneby means
of loading coils so that its resonant frequency becomes 7 MHz. If
the antenna was 1f4 wavelength above the ground on 20 meters, it
will be Vs wavelength above the groundon 40 meters. The radial
system will not be as good at the lower frequency because of the
lower height. Also, the radials are not 1f4-wavelength longon 40.
Although they are an electrical quarter wave in length, their physi
cal length is just Vs wavelength. This fact, too, will cause more of
the groundcurrents to flowinthe soil. But suppose it is impractical
to make the radials any longer; how are we to improve the effi
ciency without raising the antenna?

The answer is, ofcourse, to add radials. More radials willbe
required if their physical length is Vs wavelength than would be
necessary at the same height with 1f4-wavelength radials. I did not
try to mathematically figure out howmanyradials I would need. I
just decided, arbitrarily, that eight would be a good number. But
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Fig. 7-40. Vertical-plane radiation
pattern for a quarter-wave ground
plane antenna. Although it is gener
ally thought that such an antenna
radiatesonly at very low angles, we
can see that it radiates quite a lot of
energyat highangles.Only near the
zenith is the radiationlevelvery low.

maybe I'm getting ahead of myself. The loading system I used did
not require any coil winding; this would have restricted me to 40
meters, anyhow. I wanted a 4Q-through-10 system without any
traps or coils or stubs or multiple radiators. The mission was
accomplished simply be feeding a 2Q-meter ground plane with
open-wire line.

The Feed System
The actual installation is roughly illustrated in Fig. 7-41. The

antenna acts as a full-size, quarter-wave ground plane on 20 me-

.....- '

2 - -

Fig. 7-41. The system at W1GV!4. Only three radials are shown, but there
are actually eight A feeder-wire spacing of 5 inches is maintained. (The
viewing angle may give the impression that they are unevenly spaced.)
Illustrated by number : 1-16-footvertical radiator;2-hose clamps attach
ing feeder to vertical radiator ; 3-radial Wire, 16 feet long, no. 8 solid
aluminum ground wire; 4-strain insulator; 5-mast, 5 feet long; 6-TV
base plate; 7-TV standoff insulator; 8-feeder Wire, #8 solid aluminum
groun d wire.
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Fig. 7-42. Inductive loading of a
2D-meter ground plane for use on
40 meters. Because of the lower
electrical height and radial length,
ground currents are no longer
confined to the radial system. To
restore a good image plane, we
must either raise the antenna or
add radials.

' -'t~~
- -

ters. On 15and10meters there issomegainat lowradiationangles
andcorrespondingly lessradiation at higherangles. This worksout
verynicely sinceonlylow-angle radiation will bereturned to Earth
by the ionosphere on these bands; the skip distance is usually so
long that high-angle radiation will pass through into space.

On40 meters, the antenna is the equivalent of that shown in
Fig. 7-42, exceptthat there are eightradials rather thanthree. The
radiation resistance at the feedpoint is very low on 40, so it is
important that the connections between the feedline and the an
tenna be excellent. The feedline is constructedof #8 soft-drawn
aluminum TV ground wire, which canbe found in most hardware
stores. The spacingusedat WIGV/4 isfiveinches, butanyspacing
betweenthree andsix inchesis satisfactory. Sincethe dielectricis
air and the wire is very heavy, this line has just about the least
attenuation possible. Allconnections are aluminum-to-aluminum,
avoiding any corrosion problems that might result from contact
betweendissimilar metals. (perhaps immersing the entire system
in liquid helium would reduce the attenuation still further!)

Theantenna itselfisunbalanced; the currentis different inthe
radialsystemthan intheverticalradiator.This is true onallbands.
Furthermore, the antenna is non-symmetrical withrespect to the
transmission line, and some feeder radiation is thus inevitable. It
should be noted, though, that coaxial linealso willsufferfrom the
non-symmetry of the ground plane.

This non-immunity of coax to radiation-causing effects has
alreadybeen discussed. How much difference, if any, is there in
practice? Thiswasdetermined bymeansofafield-strength meter.
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Originally the system was a coax-fed 2Q-meter monoband antenna.
Tests were conducted at various locations in the vicinity of the
feedline on 20 meters both before and after the changeover to
balanced line. There is a little bit more radiation from the open
wire, but the difference is hardly noticeable . Radiation levels in the
shack are the same with both types of line (at the same power level,
of course) .

On 40 meters, the antenna is "tuned" by the feed system
rather than by coils as in Fig. 7-42. (The Vs-wavelengthsection of
line closest to the antenna has replaced the inductors.) On 15
meters, the feedline also "tunes" the antenna. On 10 meters, the
feedline has no actual tuning effect; the antenna is theoretically
voltage-fed on this band.

We can be pretty sure that the swr is very high on all bands.
But the line has such low attenuation that the swr is of no practical
concern. We haven't even paid any attention to the characteristic
impedance (Z) ofthe line! It is probably about 500 ohms. Assuming
the feedpoint impedance is 40 ohms resistive on20 meters, the swr
is about 12:1 on this band. It is no doubt quite high on 15 and 40
meters also, because of the reactance at the feedpoint on these
bands. On 10 meters, the feedpoint presents a pure resistance, but
its value is difficultto predict. There is a possibility that the line is
nearly flat on 10. But it doesn't really matter.

Construction Details
In order to minimize losses, every effort was made to ensure

that there are no electrically "weak" points in this antenna system.
The feedline spacing is five inches; longTV stand-off insulators are
used to support each wire individually at 1O-foot intervals. The
wire is wrapped with electrical tape until it fits tightly in the large
opening in the plastic part of the stand-off insulator. No splices
should be made in the line; soft-drawn no. 8 aluminum wire is
usually available in lengths that are any multiples of 50 feet.

The wires should be positioned so that they do not come
within five or six inches of metal objects. If the wires must be run
parallel and close to a metal pipe or downspout, both wires should
be kept at the same distance from the object. If the feedline must
cross over such an obstruction, it should cross at a right angle.
These precautions minimize chances of imbalance.

The connections at the antenna are made in such a waythat the
primary electrical contact is aluminum-to-aluminum. One feeder
wire is clamped directly onto the vertical radiator at the base , using
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three hose clamps spaced one inch apart . The other wire is con
nected to the aluminumbase mount, using the nut on one side ofthe
lower U-bolt holding the base mount to the mast . (The base mount
at WIGV/4 comes from a 14AVQ that has been multilated from
experimentation. )

The eight radials, each 16-feet long, also are made of #8
aluminum ground wire. The radials double as guy wires; strain
insulators are used to obtain the correct lengths for radial pur
poses. The mast is five feet tall. This, in addition to the height of
the house, puts the base about 16 feet above the ground.

It should not be necessary to go into much more construction
detail. The builder can put the antenna together to suit particular
needs and passions. The radials should be the same length as the
vertical radiator, but 16 feet is not a magic length. Actually, the
longer the better. However, any length over about 18 feet will
raise the radiation angle on 10 meters; lengths greater than 25 feet
also will raise the radiation angle on 15 meters. This mayor may
not matter, depending on band preferences.

The length can also be less than 16 feet. However, as the
length is shortened from this value, the radiation resistance will
decrease markedly on 40 meters and will rapidly become so small
that losses will occur no matter how hard we try to prevent them. I
can't tell you an exact minimum length because there is no real
cutoff. You'llprobably be able to make some contacts on 40 even if
the length is four feet , but if you opt for this size antenna, you can
rest assured that it will not be very efficient.

Performance
As of this writing, the antenna described here has been in use

at WIGV/4 for about four weeks. Many contacts have been made,
both longand short haul. Several thick DXpileups were cracked on
the first or second attempt. Europe andJapan have been worked on
40 meters, where the antenna is half-size. Since it is a vertical
antenna, we should expect that the low-angle radiation will be good
even on40 meters, so this is not too surprising. The antenna seems
to work exceptionally well on 10 meters; including the image, it
acts as a vertical 2-element collinear on this band.

Mostly out ofcuriosity, I decided to try tuning the antenna on
80 meters and found that the transmatch did provide about 1.5:1
match at 3.5 MHz. The turning was quite sharp, and I was indeed
surprised to work a midwestern station and get a report of 589!
Several other midwestern and northeastern stations have been

338



worked on 80 with goodreports. (Even so, I really can't believe
that this antenna is very efficient at that frequency.) The antenna
was designed with 40 through 10 in mind. Performance has been
eminentlysatisfactory considering the unobtrusiveness, smallex
pense, and simplicity of the open-wire-fed ground plane.

THE MAGNETIC MOUNT
The magnetsI used are 1 inchby% inchby Ys inchandcost 10

for a dollar at Radio Shack, but any similar square or rectangular
magnetswould work. Iused8 magnetsstucktogether in4 pilesof2
(Fig. 7-43). The body ofthe mountis the coverfroma canofKrylon
spraypaint (inthe colorofyourchoice). Anotherbrandofcoverwill
work, provided that it has the innercup, as inFig. 7-44. Almostany
goodsocketcanbe used, but I chosea phonesocket, since it holds
the plugfirmly, is simple to mount, and is all I had in the junk box.
Avoid RCA phono sockets; the antennamayfall out. If youuse an
50-239, solder up the coax before setting it in epoxy. Mount the
socketas showninFig. 7-44, andfillthe innercupwithepoxyto the
level necessary to hold the socket firmly without covering the
electrical and mechanical parts.

Next, put the magnetstogether as shown, andpaint themwith
epoxy. Before letting it dry, unravel some cable shieldingand lay
the wires across the top of the magnets evenly. Place a piece of
waxedpaper over the wire, andhold it inplace witha weightuntil
it's dry. Twist the excess wire together, andsolder it to the shield
connectionofthe plug. Thenputa smallhole inthe side ofthe body
of the mount, pass the coax through it and once around the small
inner cup, and solder it to the socket.

Fill the larger cup of the cover about 1f.I full with epoxy. Place
the magnetsdownona piece ofwaxedpaper, quickly turn over the
cup, and place it over the magnets so that the edges of the cupare
tight against the paper. The glue will flow down and cover the
magnets, sealing them in place. Put a weight on top of the unit

Fig. 7-43. Base of the magnetic
mount.
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Fig. 7-44. Details of the magnetic mount.

while the epoxy sets to minimize leakage. Nineteen inches ofpiano
wire or clothes-hanger wire soldered to the plug completes the
antenna.

On-the-air tests have been excellent, and the magnet mount
stays put under all road and wind conditions. And, even better,
when you get out of the car, it's very easy to hide the antenna.

~ MAGNET MOUNT ANTENNA FOR TWO-METERS

Here is a truly versatile magnetic mount two meter antenna
that is easy to build. The heart of this antenna is the magnet, which
must be able to retain its grip at high driving speeds and when low
hanging branches hit the antenna. After some searching in my
basement for a suitable magnet, I found a burned-out twelve inch
loudspeaker. The speaker had originally been used in a rock and
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roll guitar amplifier and had a large 2lh lb. ceramic magnet. Such a
speaker could be picked up gratis from any musical repair shop.

Assembling The Antenna
Before handling the magnet, remove your watch. Treat the

magnet gently, since the ceramic is brittle like glass. Carefully
remove the magnet assembly from the loudspeaker frame with a
small cold chisel. Now remove the metal pole pieces that sandwich
the magnet. These are usually lightly glued to the magnet and can
be removed with the aid of a rubber hammer . The large pole piece
is turned over and glued to the top of the magnet with epoxy (see
Fig. 7-45).

On the top of the magnet assembly, a loading coil is placed. I
used an old high voltage insulator, but almost any insulating mate
r ial such as phenolic, plastic rod or pipe will do. Ifcopper pipe caps
are epoxied to each end, this would form a suitable coil form.
Another excellent coil form would be a large blown-out cartridge
fuse which your local power company may be able to provide. The
dimensions used are not too critical and can be anything from % to
ll/.i inches in diameter and about 8 inches high.

Fig. 7-45. Close-up view of base and loading coil .
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Fig. 7-46. Loading coil and base.

On this form 9 turns of #14 gauge copper wire is wound. The
type of wire is not terribly critical and thinner wire could be used.
As a radiating element, a 39 inch piece of coathanger or other stiff
wire is used. For my antenna, I straightened out a heavy coat
hanger in a vise and soldered it to the top cap.The coil assembly is
now either soldered or epoxied to the metal base.

Finally a 14 foot length of RG-58 coaxial cable is connected to
the antenna, with the inner conductor soldered to the bottom end of
the loading coil. The outer braid is soldered to the pole piece with a
large soldering iron. Alternatively, a hole could be drilled and
tapped in the pole piece. The braid is then secured by means of a
screw and lock-washer. As a final step, the exposed braid and inner
conductor are sealed with silicone RTV to prevent water from
seeping into the coax.
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Tune-up
The completed antenna is now placed on a car roof or other

large piece of sheet metal and the rad iating element trimmed for
lowest vswr. If a vswr meter is not available, cut the antenna to 39
inches in length, and as long as reasonably low power levels are
used, the antenna should perform well. A good rule of thumb when
testing any home brew antenna is to make sure that it receives
correctly. Check it with an ohmmeter before firing rf into it.

Conclusion
My antenna, powered by the one watt from a TR-22 and placed

atop a 1960 Chevy, produced truly spectacular results. The
WR1ABV machine in Boston could be hit solidly while driving
through southern New Hampshire, at an airline distance of over 40
miles. Operating stationary mobile from Easton, New Hampshire,
it was possible to hit the WR1AEAmachine in northern Vermont
with good results, a total air distance of 60 miles. I hope this
antenna works as well for you as it has for me. Also, see Figs. 7-46
through 7-48.

-
A DELUXE QRP TRANSMATCH

I have found that QRP has many advantages. High voltage
components are unnecessary, bringing the cost of components
down to a reasonable range.

Because of my low budget and the low cost of the Argonaut
509, it was love at first sight. The Argonaut has many advantages.
At present I have no plans to use a linear, so I have no worries about
an antenna switch or a tuner.

Fig. 7-47. Schematic diagram.

l
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Fig. 7-48. Antenna mounted on top of author's 1960 Chevrolet

Figure 7-49 shows a complete schematic of the circuit. The
tuner can be switched in or out of the circuit. At position 11 of the
switch, I have provided a 50 ohm dummy load. This can be left out,
if not needed. If used, it should be capable of handling your trans
mitter's output. Position 12 is left unused on my setup, to provide
the option of a 100 kHz calibrator.

~ ANTENNAS i I
J2-10 ~: .'
~ \ 52 .'

'. ."'
'. "

II SOD

L, /),

IOOKH. CALIBRATOR L'
OR ANOTHERAHT.

~[ r("-t.. c.
~ ~ 51 ~

~c. ~ --r Tc,
, ,

Fig. 7-49. Note: Tap l1 every several turns.
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The tuner circuit was taken from the Radio Amateur's Hand
book.

L1 could be a roller inductor, but that would drive up the cost
of the circuit. The tuner works well on 80-10 meters.

Figure 7-50 shows the layout of my circuit. Extra room was
provided for the calibrator option.

For compactness, I used miniature 365 pF variables. C1-C2
could be a gang tuned capacitor, but that would cost more and take
up more space.

The phono plugs should be the shielded type , to prevent
unwanted radiation. See Table 7-3.

The cost of the unit should be 16 or 17 dollars, depending on
the cost of the case and what options are used.

NO~WIRE ANTENNA SWITCH

Originally I came up with this idea to feed a tri-band quad.
Now, the quad is a fine antenna and the fact that it can easily handle

Table7-3. PartsUst.

C1·C3 365 pF variable capacitor. (Radio Shack
272·1341 or equivalent!

L1 B & W3012
51, S2 1 pole, 12 posltlon (Radio Shack 276-1385)
S3 DPDT (Radio Shack 275·1546)
J1·J11 Single hole phono jack (Radio Shack

274-346)

345



L.I

CI
.O I ~F

)~-_lf------'----fO)

CR2

FI TI

{]~

Fig. 7-51. Control unit.

three bands makes it even better. However, there is a little
problem in feeding three driven elements on one antenna . Neither
three feedlines nor a matching system appealed to me, and neither
did using three hundred feet of RG/8U. The result was a remote
switch mounted on the boom of the quad with one feedline to the
shack and separate lines from the boom to each element. This
saved quite a bit of coax but added a control line for the remote
switch. There had to be a better way.

After some experimentation, a remote switch was perfected
that did not need a separate control line, used inexpensive relays
for switching, was small enough to mount on the boom of the
antenna, and did not cause a noticeable increase in swr. In order to
eliminate the control line, the antenna coax was used to carry de to
the relays while also carrying rf to the antenna. This dual use of a
feedline is a very common practice in TV antenna preamps where
the preamp is mounted on the antenna. The feedline carries power
to the preamp and signal back to the set.

To accomplish the necessary switching, two relays are re
quired. With both relaxed, the 20 meter element is connected to
the main feedline. With one relay energized, 15 meters is con
nected, and when the other relay energizes, 10 meters is con
nected. To make independent selection of the relays possible,
steering diodes are used in series with each relay. Then by simply
reversing the polarity of the control voltage, either relay may be
energized.

Remote control is handled at the operating position by the
control unit, which houses a simple power supply. Referring to
Fig. 7-51, rf is fed into the control unit at Il, passes through Cl., and
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comes out at J2. RFC1 is used to prevent rf from entering the
power supply while allowing the de voltage to be applied to the rf
line. Capacitor C1 blocks the dc from getting back into the trans
ceiver or linear. Switch S1 is a center-off slide switch and is used to
provide either a positive or negative voltage to the rf line.

At the remote switch end of the system, the rf passes through
C2, through the contacts of relays K1 and K2, and out to the
appropriate antenna. If no control-voltage is applied to the line, rf
will be fed out to]4. If a positive voltage is applied at the control
unit, relay K1 will energize and rf energy will be fed out to J6. If a
negative voltage is applied, relay K2 will energize and the rfwill be
switched to J5. See Fig. 7-52.

In constructing this project, it is necessary to use high quality
relays for K1 and K2. Since they will probably be mounted up on
the tower or even on the boom ofan antenna , they must be reliable.
The relays used here were surplus types ofthe hermetically sealed
variety and had 24 volt coils. Keep in mind that, if you are using
long runs of coax, there will be some loss of voltage at the relays
due to the dc resistance of the cable and connectors. For this
reason I do not recommend using relays with less than 12 volt coils.
For example, the 24 volt units I used draw very little current and
thus cause very little voltage drop to occur in the line. Also, the

J4
KI

4
J6

Fig. 7-52. Remote switch.
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capacitors used at Cl and C2 should be capable of handling the rf
power you plan to use. At the 200 watt PEP level, I have foundhigh
quality disc ceramics satisfactory, but at higher power levels I
recommend using transmitti ng type capacitors.

The power supply components are not specified because they
will depend upon the relays used. Typically, a filament transformer
and 1 A diodes should be satisfactory. Use enough capacitance in
the power supply to keep the relays from chattering.

The remote end of the system should be built into a watertight
container having appropria te mounting hardware to attach it to
your tower or wherever you plan to locate the unit. Use coaxial
cable to connect between the jacks and the relays, and anywhere
the rf path is more than 1Y2 inches. This should result in a system
with almost no reactance to cause high swr. Although I could not
measure insertion loss on my unit, it appears to be very low. Below
30 MHz, I cannot tell any difference on my swr indicator when
using the switch or connecting directly to my dummy load. At 2
meters it results in about 1.5:1 indicated swr. Since I only use it on
HF, the swr is no problem.

This system of remote control has many possibilities other
than those ment ioned her e. For example, if you only need it for two
antennas, use only one relay. Perhaps with a little work this
system could be used to switch the pattern on a set of phased
verticals or wire antennas. All you have to remember in expanding
upon this system is that the capacitors block de and look like a short
to rf, while the rf chokes pass de and block rf. I have used this
method in conjunction with a standard rf switch to work up a
five-band antenna switch using three feedlines. Separate lines
were used for 80 and 40 meters since these antennas were not
located near each other, while 20, 15 and 10 meters used a single
line. The saving in coax has been more than enough to offset the
cost of building the switch, and not having the extra coax lines
running into the shack has helped to clean up my operating area. I
think you too will find this a useful and money-saving addition to
your shack.

HOME-BREWING A PARABOLIC REFLECTOR
Some months ago, I began searching for a parabolic reflector

to augment some gear for the reception of GOES weather satellite
transmissions on 1691 MHz. A reflector on the order of 6 to 8 feet
in diameter seemed like a good compromise, so the search went on
. . . and on. After looking over some "finds" that several more
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Fig. 7-58. Pedestal mount.

floor flange. This "pins" the assemblyto the mast, making assem
bly a lot easier.

Pedestal
Postholediggers were used to a depth ofabout2 feet, then a

form for the pedestal 18 inches square by 6 inches deep was
constructed. AlO-foot lengthof1-inch galvanized pipe, alongwith
a section of 1-inch conduit (containing RG-8/Uand24 V ac lines)
was set in the form. The blockwaspoured, usingseveral bagsof
ready mix. See Fig. 7-58.

Cylindrical Horn
The hom wasconstructedusing%-inch PlexiglasTM, a disk is

cut to fit the open end of the 2-lb. coffee can (about5.9 inches).
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Using an expansion bit, cut a hole in the center of the disk large
enough to accept a l-inch male PVC adapter. Cut a J-inch PVC
union into two parts. Install a l-inch male adapter at one end of a
lO-inch section of l-inch PVC pipe. Insert this into the disk and
snug it up with the piece of union just cut. Install the disk in the
open end of the coffee can, drilling and tapping the Plexiglas disk
for six 4-40 screws.

Downconverter Housing
A weatherproof box (11" x 12" x 15'') of Y2-inch outdoor

plywood houses a MicroComm RX1691 downconverter. The box
was treated with preservative stain and caulked with a generous
amount of clear silicone seal. Actually, it's a box within a box, the
converter being further enclosed by sections of l-inch thick
styrofoam. A regulated 12-volt de supply shares the housing with
the downconverter. See Fig. 7-59.

Fig. 7-59. Downconverter housing mounted on mast
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Fig. 7-60. Inverted discone antenna.

MOUNTING
HOLE

I used the open-grid reflectorforseveralmonths, gettinggood.
results (usually full quieting) on the two GOES satellites I moni
tored: GOES Central and GOES East. Recently, I covered the
reflector, installing sections of Y4-inch hardware cloth (24-inch
width) to the inside of the reflector with loops of number 18
galvanized wire: I'll admit that there has been some slight im
provement in performance. I willcertainlysay that the open-grid
performance was well within what one could expect.

The project looks much more formidable than it really is and
the method easily could be extended to the fabrication of larger
dishes, say, for TYRO satellite use.

Fig . 7-61. Antenna cone.
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DISCONE ANTENNA FOR 1296 MHz

Ask most amateurs why they do not try the microwave bands,
and you will receive four standard answers:

o Nobody to talk to.
o No commercial equipment available.
o Communication is limited to line of sight.
o Construction requires lathe and mill precision work.

The first reply is self-serving-if you get on the band, then
there is another operator to talk to. The second reply is sadly true,
with the exception of the Microwave Associates "Gunnplexer."
The third reply reminds us of the response to two meter FM
before repeaters came on the scene. The fourth is a myth-many of
the pioneers in microwaves started with a soldering iron and tin
snips. Good examples of what can be done with simple tools are the
many fine construction articles by Bill Hoisington K1CLL.

This project shows how to construct simple and efficient
broadband antennas for 1296 MHz and up. The construction is not
difficult and can be done with simple hand tools. The antennas can
be classified as inverted discones. You can find the theory of
operation elsewhere; this will be concerned with the practical
construction.

Figure 7-60 shows a cross section of the inverted discone.
The conic portion has a 6Q-degree apex angle. The cone's base and
sides are all made three-eighths wave longat the lowest frequency
of interest. Most texts specify this length to be one-quarter wave,
but we have found that three-eighths wave gives a significantly
lower vswr. The disc diameter is also three-eighthswave. The cone
is made by cutting a semicircle from copper or brass sheeting with
a radius equal to the desired length and rolling it into a cone. The
edges are sweat soldered. The BNCconnector is sweat soldered to

VSWR

I. ~ ' r

Fig. 7-62. Vswr of 100 mm inverted discone antenna .
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Fig. 7-63. Polar plot of 100 mm inverted discone.

the disc, and then the cone peak is soldered to the connector' s
center pin. The entire assembly is slid into a Plexiglas™ radome
which serves to support the cone and weatherproof the antenna
(see Fig. 7-61). If the randome is allowed to extend below the disc,
it can serve as a convenient mounting ring. The antenna in the
photograph has a base diameter of 4 inches (100 mm). The vswr
from 1 GHz to 3.5 GHz is shown in Fig. 7-62. A typical radiation
pattern is shown in Fig. 7-63. The antenna is vertically polarized.
The horizonta l radiat ion pattern is a circle. The useful bandwidth
for an inverted discone is 5 to 1; a 1GHz design is useful to 5 GHz.
A smaller unit would be usable to still higher frequencies.
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Chapter 8

Batteries And Battery Chargers

Batteries are necessary for portable equipment and very handy to
have around in case ofan emergency. Nicads are probably the most
popular type of battery used by the electronics experimenter be
cause they can be recharged over and over again.
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l NICAD BATTERIES

Virtually all problems involving batteries come with com
plaints like: "Battery life too short"; "Won't hold a charge"; or
perhaps, "Battery too weak." Sometimes there is a real
problem-and sometimes the battery is not getting what it must to
do a good job.

Here are some practical tips :

o Fully charge the battery. Some chargers have a
NORMAL-TRICKLE switch. In the TRICKLE position, it would
take 24 to 60 hours to fully charge a dead battery. OnNORMAL, it
would take 12 to 14 hours. Nicad batteries can be charged continu
ously at the NORMAL rate with absolutely no damage to the
batteries whatsoever. Leaving the radio on while charging will
cause the charging rate to be longer.

o Don't over-discharge the batteries. Turn OFF the radio
when the batteries become low (the SQUELCH control usually
won't silence the radio).

o Never insert batteries backwards. This will almost cer
tainly ruin something.

o Inspect your batteries occasionally for any indication of
rust or corrosion. A white, powdery deposit around the rubber seal
at the positive end of the cell or an oily discoloration on the label
may be the first sign of an upcoming failure.

o If your batteries have a short life, check the battery
charging system. Two simple checks will be enough to find the
problem. First, check to see if the charger is putting out enough
current. Second, check to see if the radio draws too much current.
If the charger andradio are OKand youare allowingenough time on
charge, then the battery is probably at fault.

What isa Nicad Battery?
The nicad battery is two or more nicad cells connected to

gether. The nicad cell is called a secondary (storage) cell and is
used to store electrical energy until needed. It may be recharged
many times during its life.The cell may be described electrically
by its voltage and capacity.

Cell voltage is determined solely by the materials from which
the cell is made. Nickel and cadmium in a potassium-hydroxide
electrolyte produce a cell with a nominal voltage of 1.2 volts.
There is only a relatively small change in cell voltage from fully
charged to discharged conditions. Refer to the section on battery-
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testing (following) for cell voltage-measuring techniques. Cell
voltage varies from 1.4 volts when just charged to 1.0 volts, at
which point it is considered discharged. Nominalcell voltage is 1.2
volts since the cell is very near 1.2 volts for most of the time it is in
use. (Ofcourse, ifyou have a lO-cell battery, the battery voltage is
nominally 12 volts.)

Cell capacity is defined as the maximum current the cell will
deliver continuously for one hour. This capacity is given by the
battery manufacturer in milliampere-hours (mAh) for small cells,
and ampere-hours (Ah) for large cells. Capacity is determined by
the size of the cell. For example, an AA-size cell is rated around
350 to 500 mAh and a D-size cell is rated at 2.0 to 4.09 Ah. A very
important figure associated with cell capacity is the one-hour
discharge rate (C) which is numerically equal to the capacity. For
example, for a quantity, C, we can discuss the charge and discharge
ofnicad cells conveniently without concern for actual cell capacity.

Temperature
Battery operation should be at temperatures between minus

20 and plus 40 degrees C. They may, however, be stored indefi
nitely at temperatures between minus 60 and plus 60 degrees C.
Most batteries will self-discharge at rates dependent upon the
storage temperature involved. At 0° C, discharge amounts to 90%
in 60 days. At 20° C, it is 50% in about 55 days, and at 50° C, it is
50% in about 20 days.

Life
Generally , batteries may be expected to last several years

under normal use. Aminimum of300 cycles ofcomplete charge and
discharge is to be expected. If only a partial (say, 203V2) discharge
is used, the lifemayextend to 5000 cycles. However, if the battery
is partially discharged continuously, it should be periodically deep
discharged to realize its full capacity.

Charge and Discharge
Most batteries are normally discharged (in-circuit) at rates

less than C and charged at a rate of 0.1 C. If a trickle charge option
is available, the charge rate is 0.01 to 0.05 C. Most batteries may
be left on NORMAL (0.1 C) charge for indefinite periods without
damage. At the normal rate, a completely discharged battery will
recharge in 12-14 hours. Less time is required for partially dis
charged batteries. Charge rates above 0.1 tend to overheat the cell
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Table 8-1. Cell Voltages at20°C.

Fully discharged, open-circuit
Fully charged, open-circuit
Fully charged, charging at 0.1 C
Freshly charged, begin discharging at C
Fully discharged, discharging at C

· 1.2 V
·1 .27 V
1.45 V
1.4 V
1.0 V

"These voltages are reached slowly as the cell is allowed
to stand for a time.

and cause damage. Special "Rapid-Charge" cells are required for
fast-charging applications.

Table 8-1 (showing cell voltages) may be of help in under
standing battery function during charge and discharge.

Testing
The battery, charger, and radio constitute a small system

which is one end of a communication link. When this system fails,
testing each element is necessary to determine the proper correc
tion. Based on experience, the charger is the most likely to fail,
followed by the battery and then the radio. However, due to ease of
testing, test the charger and radio first.

For the 12-volt, hand-held radio chargers, connect a milliam
meter using a D'Arsonval movement (such as: Simpson 260 or
Triplett 630), capable of measuring 55 rnA, in series with a 240
ohm, l-watt resistor. Connect the meter-resistor combination
across each and every set ofcharging contacts for a 12-volt battery.
Observe correct polarity. The charger current should be 45-55
milliamperes.

Consult the appropriate data sheet for the radio under test.
Measure all applicable maximum current drain on: full squelch
receive, full volume receive, and transmit. Readings should not
exceed spec maximums.

A quick battery check would be: Charge at normal (0.1 C)rate
for 15-30 minutes. Measure battery or cell voltage. Less than 1.2
volts per cell (12.0 volts for a lO-cell battery) indicates possible
defective cells.

For a more complete battery test for a hand-held radio battery
with 10 AA cells, fully charge the battery for 12-14 hours at the
normal (0.1 C) rate. Connect a 27-ohm, lO-watt resistor across the
battery and monitor the time required to discharge the battery to
1.1 volts per cell. The time should be close to 60 minutes.
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This test will vary according to ambient temperatures. The
time will run short if the ambient temperature is much over 25
degrees C, or if started with the battery more than slightly warmto
the touch.

Conclusions
The nickel-cadmiumbatteries willperform excellently ifused

within their limitations. Poor performance usually results when
the limits are exceeded.

THE NICAD CONDITIONER

Quite a few nicad battery-charger circuits have appeared in
print lately. However, as none of the circuits would fill my re
quirements, considerable research and planning was done before
starting on this project. Most of the chargers described in articles
were for the preferred constant-current method. Others used the
constant-potential system. Still others used a combination ofboth.
Each of the ,articles detailed the advantages of its method, ne
glected to mention the disadvantages. Let us look briefly into each
of the systems mentioned.

Constant-current charging is usually done at the lO-houror .1
Crate (C is the rated capacity of the battery). This is fine, except
that it takes from 14 to 16 hours for a full charge-an awful long
time to be without your HT! Some of the newer chargers use
constant-current charging at the .3C rate so that full charge can be
obtained in as little as four hours. Remember that we must replace
between 130%to 150%of the battery capacity due to inefficiencies
in charging. This is a step in the right direction, but we must be
careful about overheating as this can ruin the cells .

Constant-potential charging is definitely not recommended.
With this method, the charge would start out at quite a high level,
resulting in some heat being generated within the cells . As we
approach the overcharge condition, additional heat will start to
build up. As the battery heats up, the cell voltages will decrease
somewhat, leading to even more overcharge current and greater
heat buildup. This is called therma l runaway, which will eventually
destroy the cells. Because of this problem, constant-potential
charging is generally not recommended. The voltage cannot be set
low enough to prevent thermal runaway and still fully charge the
cells.

Combinations of constant-current and constant-potential sys
tems have also been described. These systems charge the battery
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at perhaps the .3C or an even higher rate. A voltage sensor is
provided so that when the battery reaches some predetermined
level, the constant-potential method will take over. The voltage
here can be set to hold additional charging current to a suitable
value. One drawback to this system, however, is that cell voltages
can vary with repetitive charges. It can also vary with ambient
temperature. Then, of course, suppose the battery develops a
shorted cell. All of these problems mentioned will prevent the
battery from reaching the sensor cutoff, so that high-rate charging
can continue, eventually damaging the battery.

At this point, let me digress. Some experimenters and
suppliers of chargers believe that the charge should be terminated
after replacing 130% to 150% of the battery capacity. This is to
prevent losing electrolyte within the cells. Others prefer the bat
tery to remain on a trickle charge which may be as low as .01C of
the battery capacity. General Electric Company's Nickel Cadmium
Battery Handbook recommends that nicad batteries be charged at a
fairly high rate, but that at completion of the normal charging
period they be kept on a .1C-rate topping charge. As all cells in the
battery may not have identical characteristics, the topping charge
will permit the weaker cells to get a full charge without harming the
other cells. G.E. goes on to say that most nicads may be left on the
.1C charge rate for extended periods of time without harm.

Another item worth mentioning here is the memory effect of
nicads, but since we are all probably aware of this condition by
now, no discussion should be necessary.

Very few chargers described in magazine articles or that are
available from the HT manufacturers take into consideration the
state of charge remaining in the nicad battery. If the battery is not
depleted when put into the charger, this can lead toward develop
ing the memory effect just mentioned. To prevent this from hap
pening, the conditioner shown in Fig.8-1 was developed. This can
be built as a stand-along unit or may be incorporated into a com
plete charger system. Before the battery is placed on charge, it is
put into the conditioner. It will immediately go into discharge at the
1C rate. When the battery voltage drops to the l-volt-per-cell
cutoff point, the relay will drop out, thereby terminating any
further discharge. This procedure will not harm the battery and it
will erase any memory effects.

Another advantage gained by this conditioning is more operat
ing time per charge. In Fig. 8-1, the relay used should operate on a
low current and have a coil rating somewhat lower than the battery
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voltage. Resistor R is chosen so that the total current drain on the
battery, including the pilot light and relay, should total the
ampere-hour rating of your battery.

To describe the operation of the conditioner: When a battery
which is not fully discharged and has greater than 1 volt per cell is
connected, current will flow through the zener diode. This will
place a positive bias on the base of the transistor, causing it to
conduct. The relay is pulled in and the discharge cycle starts. When
the battery voltage drops to the l-volt-per-cell level, the zener
diode stops conducting, cutting off the transistor. This causes the
relay to drop out, terminating any further discharge.

The next consideration in the design of the charger was the
method to be used. I wanted a constant current to charge at a fairly
high rate. As it is necessary to replace about 130% of the battery
capacity for a full charge , I decided to charge at the .5C rate for
approximately two hours to replace 100% of the capacity. At the
end of this time the charger should switch automatically to the lC
rate to complete the charge, or for battery-topping.

Consideration was given to the control device. Some rapid
charge batteries have a thermistor built in. As the battery ap
proaches full charge, the resistance of the thermistor will change,
triggering the control device to reduce the charge rate. I found that
the thermistor resistance would sometimes change. Then again,
different manufacturers would use different thermistors. Some
times they were different from battery to battery. This method,
then, was discarded.

What was finally decided upon was a timer method of control.
The Motorola 4058 Programmable Timer proved ideal, as it can be
set for any time period desired. The circuit of the timer is shown in
Fig. 8-2. Once the timer is triggered, the countdown begins. At the
end of two hours, my timer operates, pulling in the relay for a low

0 1

BATTERY

R I

Fig. 8-1. Conditioner circuit
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charge rate. This system has proven itself most reliable, with none
of the defects listed for other charge-control methods. A copy of
the 4058 application bulletin may be obtained by writing to
Motorola.

Figure 8-3 shows the circuit of the complete conditioner/
charger. Althoughthe parts listed apply for use with my Motorola
HT 220 Slimline using a 225-mAhrapid-charge battery, the same
circuit can be appliedto any other battery. Onlya fewresistors may
have to be changed to vary the charging rates. The length of the
high-rate charge time can be changed very easily by changing two
or three jumper wires. See Tables 8-2 through 8-4.

Several refinements were added, such as pilot lights to indi
cate the charger/conditioner status, discharge, high-rate charge,
and low-rate charge. The power switch has been connected as a
safety switch to prevent accidental battery discharge. A self
testing feature is also included. Before inserting the battery, tum
on the power switch and press the start button. The discharge light
and the high-rate charge indicator lamps should come on. Release
the start button and both lamps will go out. Hyou press the start
switch and the low-charge lamp comes on, shut off the power
switch and then tum it on again.

Operation of the unit is extremely simple. Once you've
checked the charger as described, connect it to the battery. The
high-rate lamp should come on. Press the start button and the
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discharge lampshouldcome on. Whenthe battery is down to 1 volt
per cell, the high-rate charge lampshouldcome on again. This will
now indicate that the battery is receiving its charge.

As soon as the battery goes into the charge mode, a pulse is
sent to the timer to initiate the countdown. At the end of the
scheduled period, the timer will pull in relay 2, shifting the charge
to the lowrate. High-rate charging was purposely limited to 100%
return rather than 130% to prevent overheating of the cells.

This charger has now been in use for over a year, and it
performs flawlessly. A fully automatic system at last!

LOW COST TRICKLE CHARGER

You can build a trickle charger for just about zero cost. This
one was for a 12-V lead-acid storage battery in a recreational
vehicle that sits idle for considerable periods. It belongs to one of
my sons, and one day he came up with, "Hey, Dad, do you re
member that trickle charger you built for the Mercury back in

R4

0 3

_ START
PULSE..-----'-...,

R6

51 (A)

-. ~III~

Fig. 8-3. Circuit for complete conditioner/charger.
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Table 8-2. Parts Ust for FiR. 8-1.

D1-Zener diode (1 V per cells in batte ry)
D2-Silicon diode
R1-1000 Ohms, '12 Watt
R2-75 Ohms, 10 Watts
RY-Coil rated at less than battery voltage
Q1-Motorola HEP S0038
Lamp is type 387 in suitable holder.

1947? Could you build me one like it?" What a memory that boy
has!

Yes, I remembered it .. . and yes, I couldbuild one like it The
original was a zero-cost project , and the reproduction would fall in
the same category.

A bit of pawing through what remains of my once extensive
junk collection revealed a transformer with three 5-volt windings.
There's nothing sacred about the total voltage needed from the
transformer. Anything above about 15 volts and below about 35
volts can be used. The hyper-simple method of controlling the
charge rate can cope with a wide range of ac voltages.

The three windings were hooked in series-aiding. Yes,
there's "polarity" to ac .. . use a voltmeter to ensure series-aiding
and not series-bucking! A bit more digging in the junk heaps
produced an ancient base-mount socket for a light bulb. Sniffing
through my diode collection nosed out one with a 3-A rating; one
with a lesser capability would have served quite well.

What could be more simple! All that remains is to ascertain
the size of the light bulb you'll need for the desired charge rate.
Here my multimeter came into use . Starting with the lO-Arange
and witha 25-Wbulb in the socket, the charger was hooked across a

Table 8-3. Parts Listfor FiR. 8-2.

IC-HEP C4058P programmable timer
Q1-HEP SOO38 transistor
D-Silicon diode
RY-12-volt relay with de coil resistance greater than 250 Ohms
R1-27oo Ohms, 'I. W
R2-62oo Ohms, 'I. W
R3-1 megohm, 'I. W
R4-10k, 'I. W
S1-Momentary contact push-button switch
C-2.2 uFo35 V
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12-V battery. The meter barely moved. A milliampere meter was
substituted. It showed about 35 rnA, a bit on the light side. Other
light bulbs were tried, revealing that the charge rate could be
varied from a few milliamperes to over an ampere just by swapping
bulbs. The size bulb you might need will depend upon what voltage
your transformer produces plus what charging rate you desire. A
few moments of trial-and-error will show just what you need. Be
sure you start with a low-wattage bulb, or you might end up with a
popped diode or a bent needle!

Other than that small precaution, it's a foolproof project, one
providing a useful product at a very minimum cost. See Fig. 8-4.

HOME-BREW AN HT CHARGER

Having a set of dead nicads in your HT is no fun-especially
when you really need them! Ifyou find yourself in this situation and
haven't bought your handie-talkie complete with charging base at
the outset, chances are good that you will want to purchase one in
the very near future. The Wilson HT's charging posts, which are
recessed into the battery slide tray on the underside of the unit,

Table 8-4. Parts Listfor FiZ. 8-3.

T-Stancor P 6469, 25.2 V@1 A
F-1·A fuse
01-Zener diode (1 V per cells In battery)
02, 3-Silicon diodes
04-1·A bridge rectifier
R1-1000 Ohms, '12 W
R2-75 Ohms, 10 W
R3-1000 Ohms, V2 W
R4-250 Ohms, 10 W
R5-430 Ohms, V2 W
R6-620 Ohms, V2 W
RY1-4POT 12-Yolt coil (Allied Control TF 154C-C) (P and B KHU

17011)
RY2-SPST 12-Yoltcoil (greater than 250 Ohms)
S1-0PST toggle switch
S2-Momentary contact push-button-type switch
L1, 2, 3-Type 387 lamps in appropriate holders
C1-10 uF, 25 V
C2-4.7 uF, 35 V
C3-.47 uF, 35 V
C4-50 uF, 50 V
Q1, 2-Motorola HEP S0038
IC1-7812 regulator
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Fig. 8-4. Low cost charger.

make it very difficult to charge the unit without one. Custom
charger bases, accessories designed to service a specific manufac
turer's HT, are expensive. There are ways to charge the Wilson
1402SM and other similar units having tray-mounted charging
terminals, though doing so takes a bit of ingenuity.

I've experimented with a number of alternatives to charging
my unit, including removing the battery tray from the case and
charging it separately. Most of the approaches I tried were rather
cumbersome. I've found the simplest approach to recharging the
12-volt pack to involve no more than an inexpensive CB-type
hand-held recharger and a junked commercial charging base.
Here 's how it's done:

Purchase a RadioShack #21-516, or similiar nicad charger, of
the type used to charge their line of 12-volt CB hand-helds. The
battery packs of these units are electrically similar to the Wilson's,
though they are mechanically very different. Both use 10 series
connected AA-size nicads, each having an open-circuit voltage of
1.2 to 1.25 volts, to produce a supply voltage of 12 to 12.5 volts.
This charger, which resembles an ordinary transistor radio ac
adapter or battery eliminator, has a stated output voltage of 17.4 V
dc as indicated on its case. Don't worry about this. It won't harm
the nicads, as the voltage tapers off as the cells charge, and the
charging rate is limited to 40 or 50 mAo

As supplied, the charger comes with a cord which is termi
nated in a standard "inverted" de power plug. This is a standard
charging and power plug, and it is intended to plug directly into any
of the Radio Shack CB hand-heIds' charging jacks. To use the
charger with the Wilson or similar HT is more of a mechanical
problem than an electrical one. You need to scout out a junked
commercial charging base for any kind of radio pager, monitor,
pocket scanner, or small HT. We're not lookingfor a goodcharger,
just the base that can be modified to physically support the Wilson
and provide a means of feeding it the charger's output. I located a
defunct "Page-ette" base (used to recharge a small pocket-radio
pager) at a local hamfest for all of $2.50, purchased on an as-is
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basis. Other possible sources for these units, other than the flea
market circuit, are local fire and police departments, two-way
radio repair shops, and other commercial users. They may have
unrepairable or obsolete bases lying around either free for the
asking or which can be obtained for a very small sum. Use your
scrounging skills here! One word of caution, however: If you
should find a charger base that appears to be intact electrically and
you want to use it directly to charge your unit, be sure to check out
the charging voltage and current. Many of these units are low
voltage, high-current types, which would not be suitable for charg
ing the Wilson, even if it might fit snugly. Using such a base might
even damage your HT or battery pack, as well.

In any case, the charger base you locate will almost certainly
not accommodate the Wilson without modification to the base. You
will find that the Wilson is a physically large HT (at least the
1402SM is), and is much larger than most pagers and commercial
units. So, the base must be modified to accept it. To do this, first
remove the plastic sleeve generally used to hold the pager or HT
securely in place atop the charger base. It can be discarded, as it
won't fit the Wilson. Next, carefully file the rectangular opening in
the base until the Wilson can be freely inserted without undue
binding. Be sure, however, not to make the hole too large, which
would allow excessive slippage when the unit is inserted (it won't
have the support of the sleeve, which has been discarded).

Next, install a chassis-mount "inverted" de power jack on the
rear of the base to accept the plug on the Radio Shack charger.
These jacks, despite their strange name, are standard items and
can be obtained from Radio Shack, Olson Electronics, Burstein
Applebee, and most other mail-order stores. Remove or discon
nect the existing charger wiring-you won't be needing it. Route
the leads from the jack to the base's charging clips, being especially
careful to observe correct polarity. The tip on the charging plug is
positive and the shell is negative. Wiring is shown in Fig. 8-5. Note
that on the Wilson 1402SM HT, when looking at the unit from the
front, the positive terminal is on the left, while the negative termi
nal is on the right. Failure to observe correct polarity is guaran
teed to be an expensive mistake!

You're'almost finished, but getting a good, solid connection to
the recessed charging terminals on the Wilson can be a bit tricky.
Usually, a very short (y." or less) 6-32 screw, soldered upside
down to the top of the base's charger clip, will do the trick and make
good contact with the Wilson's terminals. In some cases, a
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"pointed" solder blob on each clip will be what is needed to make
good continuous contact when the HT is inserted and standing
vertically in the charger (Fig. 8-6). You will, of course, have to
inspect your charger base to determine what kind of clips it uses
and what must be done to accept the Wilson or whatever HT you
want to use with it. Usually, modifying and adjusting the clips is no
problem, but it takes a little patience to get the HT to seat just
right.

The Radio Shack charger I used will fully charge the nicad
pack in about 12 to 14 hours. Although it can be left connected to
the HT's terminals, it' s best to disconnect it to prevent any poss i
bility of overcharging the cells and to eliminate any possibility of
fire from overheating or failure of the charger unit. This can be
done very simply by unplugging the charger from the ac outlet,
removing the Wilson, and reinserting it so that it's no longer
resting directly on the charger clips, but, rather, is reclining on the
charger base at a 45-degree angle so that charging current cannot

....... - - WIL SON 1402SM H -T

o
.1 --6 -3 2 11 4, n SCREwSISEE TEx T '

~ _~- ---I CHARGING CLI PS

L __~---:-,o • INv ER TE D DC POWER JA CK

I MATE S WITH RAOIO S HACK CHARG ER I

AN Y CH ARG I NG BA SE
( SEE TE xT)

I===(~ IIO-r 20 VAC

STAN DAR D INv E RTED
POWER PLU G
t TIP POSITI VEl

Fig. 8-5. Charging systemshown above provides an inexpensive meansof
charging the Wilson 1402SMand simi lar handie-talkies that are charged
by means of terminals recessed in the battery pack. An old. defunct
charger base is modified to accept the Wilson and provides mechanical
support while charging.
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Fig. 8-6. Wilson 1402SMHT is shown in the charge position. ready to be
charged up from the small CB-type battery charger.

flow to the terminals. This position also makes for a dandy fixed
base operating position for the HT (Fig. 8-7).

While the best charging philosophy to follow is a highly
charged subject (pun intended), I believe that you can help ensure
maximum battery life by recycling the nicads three or four times a
year. This means letting the batteries discharge completely before
recharging them. Doing this tends to inhibit "plating" which re
duces the batteries' efficiency. By exercising a little care in charg
ing (not over charging and not charging in too many short spurts),
you should get well over a thousand charge cycles from a set. Be
sure, when charging, thateach of the ten nicads in your battery tray
is a good one, and that each is seated properly so that the charging
current flows through it in the right direction.

REGULATED NICAD CHARGER

More and more nicad cells are becoming available and many
hams are utilizing them in portable rigs and test equipment. To
avoid damaging these batteries though, a few precautions are
necessary:
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1. Always utilize the full capacity of the cell. Nicads have a
sort of "memory" action and a unit that is habitually required to
provide only lh of its rated capacity willgo dead at that halfway
level whenthe whole bit is needed.

2. Don'treverse chargea nicad. Keepthe chargecondition on
allcells ina series stringat the samepercentage rate. Substitution
ofa partially charged cell intoa series stringof fully chargedunits
mayruin the weaker cell through reverse charging.

3. When charging standardnicads (otherthan "Quick-Charge"
units), limit the charge current to about 1/10 the rated ampere
hour capacity. Excessive charge current causes overheating,
which mayresult in seal rupture and venting of excess pressure.
Once the seal is broken, the cell willrapidly dry out and become
useless. Figure 8-8 is representative of a "universal" type nicad
chargercircuit The transformer, rectifier, andfilter capacitor are
conventional design. The transformer itself is an 18 volt doorbell
unit which gives a rectified de outputof 25 volts.

Thecurrentregulatoris somewhat less conventional, asmost

Fig. 8-7. HT Is shown in the non-charging reclining position. Once charg
Ing is complete, the unit can be disconnected from the charger and Is
ready to operate portable or fixed-base as shown In the photo.
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hams are familiar with the emitter follower circuit in Fig. 8-9.
Placing the load in the collector circuit as in Fig. 8-8 allows a
measure of gain and results in better current limiting action.

In Fig. 8-8, resistor Rl is used to provide forward bias to the
base of Ql, bringing that transistor into conduction. Withno collec
tor load (batteries) in the circuit, the emitter current is very low.
Thus the resulting voltage drop across the base-emitter junction
and R2 is not adequate to forward bias the two diodes, Dl and D2.
This leaves the transistor in a full-on state with the whole supply
voltage present at the output terminals.

Now, if we put a heavy load (0 ohms) across the output
terminals, the current will increase(!), but how much? Watch what
happens. As the current increases, the voltage drop across R2 also
increases. When the base-emitter drop plus the R2 drop reaches
approximately 1.2 volts, the two diodes go into conduction and
limit any further increase in base potential. Thus the current is
limited to that point where the emitter circuit voltage drops equal
the series turn-on potential of Dl and D2.

For silicon diodes, the turn-on potential is about 0.6 volts.
This also holds true for the base-emitter junction ofsilicon transis
tors. This means that the required value for R2 is about 0.6 volts
divided by the current limit desired.

Varying the load (using 1 to 18 nicad cells) reveals that the
current limitingaction willhold within 1 to 2 rnA from 0 to 24 volts.
In other words, you can charge any random number of cells from 1
to 18 without adjusting the charger.

Transistor Ql should be chosen for a reasonably good hfe and
a power capability of twice the total supply voltage times the
current limit value. Since my primary interest is in 450 mAh
penlight cells , my charge current is set at 45 rnA. This means that
my transistor must dissipate 25 volts times 0.045 amperes, or
1.125 watts. Double that for safety and a 2 watt transistor is about
right.
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A JUNK-BOX HT CHARGER

Wouldn't it be nice to have a charger for the Wilson HT on the
bedside stand, in the living room, garage, or wherever else you
might like to monitor? This would allow you to listen and still keep
your batter ies charged so you could pick it up and go.

I decided that I would like one, so I checked the spare parts
department Gunk box) for necessaries and home brewed a cheap
charger that works as well or better than the factory model.

Its features include:
o Constant charge rate in both high and low mode;
o Low charge rate adjustable so batteries will stay charged

while monitoring;
o Use of voltmeters and milliammeters if desired and avail

able, but they are not necessary (more on this later).

Construetion
Any small box will hold the parts; I prefer the 5114" x 6" x 3"

box from Radio Shack. The transformer should deliver about 25
volts at the secondary. I found one with 48 volts center-tapped and
used one side for 24 volts. A bridge rectifier is used. The capacitor
value is not critical; in fact, you can even leave the capacitor out and
the charger will work. I measured the current drain of my Wilson
(in standby) and found it to be 25 rnA instead of the 14 rnAstated in
the specs, so I adjusted resistance to give 30 rnAon low charge and
55 rnAon high charge. This is about the correct rate (50-60 rnA) for
slow-charging AA nicads. You could fastcharge at 150-200 rnA
without any problems, but I think it is easier on the cells to use the
slow rate of about one-tenth the amp-hour capacity.

A 0-15-volt de meter is a helpful option across the output
terminals to determine the condition ofthe cells . At full charge, the
meter will show approximate ly 14 volts with the HT in the charger.
Also the condition of the cells is determined by the voltage drop
observed by transmitt ing with the Wilson in the charger. If the
cells are good, a 2Y2-watt HT will cause a voltage drop of Y2 to 1
volt. If the voltage drop is much greater, it is probably caused by a
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Fig. 8-10. Junk-box HT charger.

weakor dead cell. A milliammeter is an option, but one shouldbe
used to adjustthe values ofresistance to set the proper chargerate
when constructing the charger.

The problem of contacts for the charge terminals on the
bottomofthe Wilson is solvedbyusinga barrier terminal strip and
spade lugs bent to 90 degrees with a short length of #12 solid
copper wire soldered into the spade lugs.The hole inthe top ofthe
case is cut with tin snips and the edges are smoothedand covered
withrubber molding or tape. Poprivets are handyfor mounting the
barrier strip and transformer, and a hot-melt glue gun canbe used
to hold some small parts. The 100-ohm voltage divider makes
adjustmentof high-low charge rates simpler. Be careful to handle
the 11O-volt primaryside ofthe circuitwithcare. I advisegrounded
plugandchassis, a fuse at oneamp, andthe use ofa microswitchto
turn the primary on/off when the charger is in or out of use.

It is also a good idea to insulate or cover all Llfl-volt connec
tions inside the case. Don't forget the rubber grommet to protect
the power cordandto providesome sort ofstrain relief (a lmotwill
do).
Summary

The fourth charger I built was completed in about two hours
from mostly junkparts, and it works like a charm. So get busyand
have some fun building one or more. They are not critical; just
watch the milliamp charge rate. Consideringthat the commercial
version is about$40, these are very nice at about $5, dependingon
what youfind in your junkbox. I found the box, which I bought, to
be the most costly item at about $4. See Fig. 8-10.

A CHARGER WITH AUTOMATIC SHUTOFF

While operatingmobileonoccasion, I havefound it necessary
to recharge a run-down battery. This is particularly true when the
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ham rig was left on inadvertently all night. Contemplating the need
for a battery charger, but not wanting to pay the price for a new one,
I decided the junk box could be put to good use . I already had a 12.6
V ac, 10 amp transformer available and I thought a simple rectifier
circuit wouldmake a real simple battery charger. However, as long
as I was going to the trouble of making a battery charger from
scratch, I decided to add another dimension to the typical battery
charger circuit design. An automatic turn-off feature was designed
into the charger so a maximum charge voltage could be obtained.
After the predetermined battery voltage level was reached, the
charger circuit would automatically turn itself off. Thus, overvolt
age protection wouldbe inherent in this design. Since I had already
thought of other applications for the hefty de power source in the
ham shack, I put in an override circuit to the over-voltage sense
circuit. By using a Variac at the input of the transformer, an
adjustable de voltage was possible at the output when the manual
override was enabled. Figure 8-11 shows the basic block diagram
of the power supply with the automatic cut-off feature. The trip
voltage for the cut-off is adjustable with a variable resistor. Under
normal circumstances, the trip point is pre-set with a good, fully
charged battery connected across the output terminals.

Figure 8-12 shows the schematic diagram of the battery
charger . With the output voltage below the trip point level, transis
tor Q2 is turned on and the relay RL1 is closed, applying full output
voltage to the charger's terminal. As the battery is charging, its
voltage increases. When the battery voltage reaches the pre-set
level, zener diode D1 conducts, turning on transistor Q2 and the
relay. The charger's de power source is then disconnected from the
battery, preventing overcharging. If the battery voltage goes

VOLTAGE
TURN- OFF
RELAY

1I7VAC INPUT iavoc

HIGH CURRE NT
POWER SUPPLY

VOLTAGE SENSITIVE SWITCH
WITH Hy STERESIS

Fig. 8·11. Block diagram of the battery charger with auto-turn-off feature.
Powersupply canstand alone for general use.High current powersupply is
a standa rd design. Relay interrupts output when the battery voltage
reaches the pre-set th reshold .
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Fig. 8·12. Schematic diagram of the battery charger and high current
power supply with the automatic cut-off feature. A manual override per
mits use of the power supply by itself for general bench use.

below the threshold voltage by a small amount, the relay will
automatically connect across the battery, again charging it. Thus,
the charger may be left connected to the battery without fear of
overcharging. Resistor R

f
is used to provide some hysteresis so

the relay does not chatter when the threshold voltage is reached. R
f

is chosen for about 0.5 volt hysteresis. A 12 volt lamp is used to
show when the charger is charging the battery.

To furnish the power source at all times across the charger's
terminals, switch 52 grounds the threshold potentiometer so the
output voltage does not have any effect on the operation of the
relay.

If the ripple is too great, a full wave bridge rectifier may be
substituted for the 15 Ampdiode. The meter may be left out if it is
not necessary to monitor the charging current from the charger.

This charging technique may also be used to charge nicad
batteries. A resistor should be connected in series with the bat
teries however, to prevent excessive currents during the initial
charge process. The resistor should have a value to correspond to
the maximum charging current permitted. As the nicad batteries
come up to voltage, the charging current will drop accordingly.
When the predetermined battery voltage is reached, the current
will go to zero as the circuit is automatically disconnected. The
batteries will be thus protected from excess currents and destruc
tion.
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All of the part values are not critical, and should be changed
accordingly to agree with one's requirements and junk box. Sub
stitutions should be made to keep the cost to a minimum. The
transistors should be NPN types with reasonable current gains.
Most general purpose types will work. The 3.9 volt zener diode
can be replaced with a zener diode in the range of 2 to 6 volts. Its
only purpose is to furnish a relatively sharp voltage threshold. The
value of the potentiometer may have to be adjusted if the zener
voltage is changed drastically. The relay was a 24 volt de surplus
type capable of 15 amps of current, but other types should work
equally well. Most 24 volt relays will work in a 12 volt circuit.

A BATIERY VOLTAGE MONITOR

A device introduced by Litronix, Inc. , has wide application as
a voltage monitor in all types of battery-operated equipment. The
RCL-400 Battery Status Indicator is a current-controlled LED
which has a voltage sensing integrated circuit incorporated into a
small LED package.

The only additional circuit component necessary to build a
voltage monitor is a suitable zener diode, or string of forward
biased diodes , to bring the device into its normal operating range.
The RCL-400 is designed to turn on at 3 V and off at 2 V; thus
normal operation can be provided by selecting Vz = Vcc-3 V (See
Fig. 8-13). WhenVccdrops to Vz +2V , the LED is switched offby
the internal IC voltage sensing circuit to give a low voltage indica
tion. Since the device has a relatively constant current demand in
the on region ( - 10 rnA), the zener power rating need only be 114
Wfor most battery-powered equipment. One precaution is neces
sary: You must be sure that the voltage across the LED does not
exceed 5 V (its maximum rating).

For low voltage IC circuits using a nominal4. 5 V battery pack,
the required value ofVz is only 1.5 V. It is easy to obtain this value
by simply substituting a pair of silicon diodes in series with the
LED See Fig. 8-13.

STORAGE BATIERIES

Storage batteries have been with us a long time. The Babylo
nians used them, but Allesandro Volta rediscovered the galvanic
battery in 1800, and Gaston Plante came up with the first lead acid
storage battery in 1859.

380



Until the advent of the solid state age, amateur use of storage
batteries was usually limited to trying to re-charge the family car
battery, or a once a year cumbersome field day exercise. Inexpen
sive surplus storage batter ies have made really portable operation
not only within the means of the average ham, but a real pleasure.

Two types of storage batteries are generally encountered on
the surplus market: Lead acid, similar to your car battery, and
alkaline storage batteries. The most common alkaline batteries are
the nickel-cadmium and the nickel-iron (Edison) cells.

When buying a surplus battery carefully inspect the case for
cracks. Check the terminal posts for looseness or signs of internal
damage . Remember, there may be a good reason for Uncle Sam to
sell the battery! Buy the most recent battery possible (if they are
dated). The negative plates of dry charged lead-acid batteries tend
to oxidize rapidly on exposure to moist air, so look for the ones that
still have the seals over the filler plugs.

To get the best performance and life out of storage batteries
requires careful maintenance and charging techniques. Dirt, corro
sion and mechanical damage all shorten the life of a battery.

Terminal corrosion is best removed with a stiff fiber brush.
Mer the corrosion is removed, wash the battery with water
containing a mild detergent, and rinse with plain water. Mer
replacing the connectors, coat the connectors and terminals with a
light coat of cup grease or petroleum jelly to prevent further
corrosion.

Connectors should be the proper size to prov ide maximum
contact area with the battery terminals. Remember, lead has about
12 times the resistivity of copper! Always loosen and spread the
connector for easy fitting. Never drive connectors on with a ham
mer or mallet as this may cause internal battery damage if it doesn't
crack the case.

It is necessary to use completely separate sets of hydro-
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Fig. 8-13. Battery voltage monitor schematic.
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meters and syringes for lead-acid and alkaline batteries. The al
kaline cells are readily damaged by impurities, especially acid. The
Army even insists that completely separate sets of tools be used.

The electrolyte should be kept at the recommended level. If
electrolyte is lost by spilling, replace it with electrolyte. If the loss
is due to evaporation or electrolytic decomposition bring the level
up with distilled water. Don't use tap water as it may contain
mineral impurities harmful to the battery.

Lead Acid Batteries
These are by far the most common surplus batteries. The

small 6 volt Sniper Scope units, and the cased 4 volt Marine Corps
walkie-talkie units are most desirable. Most of these batteries
come dry charged. Dry charged batteries are activated by addition
of sulphuric acid electrolyte. This is usually available at local
battery shops. The most common specific gravity is 1.280. The
electrolyte should be at least 60 degrees F before filling. Fill
slowly until the electrolyte fills about half the battery. Allow the
battery to stand for 15minutes. Tap it gently several times during
this period to release the trapped gas. Continue to fill with electro
lyte to the operating level. The battery should then be placed on a
constant voltage charge (2.5 V/cell) until it is fully charged.

Battery life is largely determined by the charge-discharge
cycle, charging at too high a rate will cause the battery to heat up
rapidly and gas excessively. This can damage the separators and
buckle the plates destroying the battery. A temperature corrected
hydrometer is desirable for checking electrolyte specific gravity
during operation and charging. An approximate state of charge can
be found from the specific gravity. For most high discharge rate
batteries, a specific gravity of 1.280 represents full charge, and
1.110 completely discharged.

For constant voltage charging, the voltage should not exceed
2.75 volts per cell. For constant current charging the current
should be approximately 10% of the rated battery capacity. See
Fig. 8-14.

Alkaline Batteries
Nickel-cadmium and nickel-iron (Edison) are the two alkaline

cells commonly found on the surplus market. They have the same
positive plate material and use the same electrolyte (potassium
Hydroxide).

Unfortunately, all of the Edison cells I have found in surplus
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Fig. 8-14. Charge and discharge
curves for lead-acid cells.

stores have been badly damaged. Thanks to design changes in
certain anti-aircraft missile systems there is a good supply of small
nickel-cadmium cells. These cells are of two types, the hermetri
cally sealed type containing electrolyte, and the dry charged type.
If you get the dry charged type you willhave to obtain vent plugs to
replace the shipping plugs or you will rupture the cases on charg
ing. Vent plugs are packed in the carton with the cells, but they
have a habit of getting lost in surplus stores.

The potassium hydroxide electrolyte can be obtained from
three sources: 1, Surplus. The electrolyte is packed in cartons
ready for use. 2, Chemical supply houses. It can be ordered as a
powder or in tablet form. Order potassium hydroxide, reagent
grade and specify that it is for batteries. You will need distilled
water to dilute it to the proper specific gravity. WARNING:
Always add the potassium hydroxide to the water, never the water
to the potassium hydroxide! Proceed slowly. The chemical reac
tion liberates heat which can cause the solution to splatter if you
aren't careful. Both the chemical and the solution are highly caus
tic. They will do a fine job of dissolving skin. It is quite poisonous
so store it carefully out of the kids reach. Mix according to the
directions, or approximately 9 ounces of the powder to a quart of
distilled water . The specific gravity of the solution should be 1.32.
Check it with a hydrometer, but not the one you use for lead acid
batteries! 3. Your local druggist can make up small quantities for
you.

Fill the cells to the level mark, or just above the top of the
plates using an electrolyte syringe or a large eye dropper. Tap and
squeeze the cells to release the trapped air. Allowthe cells to stand
for at least 15 minutes before charging them.
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A rule of thumb is to charge the cells for 15 hours at a rate
equal to 10% of their rated service capacity (for a 10 amp cell the
charging rate would be 1 amp for 15 hours). The final charging
voltage will be 1.45-1.50 volts.

Since it is very difficult to determine the state of charge of
these cells it is advisable to charge used cells in this manner before
use. After charging the cells let them stand two to four hours before
adding distilled water (ifnecessary) to adjust the electrolyte level.

The cells are rated at 1.25 volts under nominal load. Open
circuit voltage of fully charged cells runs about 1.33 volts. The
voltage when loaded to the ten hour discharge rate ranges from
1.2-1.35 volts depending on state of charge. The state of charge
cannot be determined by measuring the specific gravity of the
electrolyte. One method is to measure the cell voltage under load.
The standard ten hour discharge rate is normally used. Figure 8-15
shows the approximate relation of cell charge to cell voltage. As
you can see from Fig. 8-15 this is a very flat discharge curve. A
more accurate way is to measure the current flowing into the cell
when it is connected to a constant 1.50volt source. If the current is
less than 5% of the 10 hour rating you can assume that the cell is
fully charged.

Paralleling of nickel-cadmium cells to increase the current
capacity of the battery is not recommended. The internal resis
tance varies sufficiently so that it is difficult to prevent cells from
over charging, failing to charge, and from reversing polarity.

Charging
Two methods of charging are commonly used for either lead

acid or alkaline batteries. They are the constant voltage and con
stant current methods.

The constant voltage method is the easiest to use providing
the charger has adequate capacity. Initial charging rates for a fully
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Fig. 8-15. Typical discharge curve
for nickel-cadmium cell.
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discharged battery are high, running from 3-5 times the 10 hour
rate for nickel-cadmium batteries, and 6 times the finishing rate for
lead-acid batteries. The advantage of constant voltage method is
that it is difficult to over charge the battery.

Whenusing the constant voltage method on lead acid batteries
you can take advantage of the "quick charge" technique used by
service stations. A high percentage of the charge can be put back
into the battery in a short period of time-if you are careful. The
rule is to keep the charging rate (in amperes) less thanthe number
of ampere-hours out of the battery. For example, if you have used
the battery for two hours at a five amp rate you can charge it at the
10 amp rate.

Whenusing the constant current method care must be taken to
prevent over charging. For lead acid cells this can be done by
checking specific gravity of the electrolyte. For nickel-cadmium
cells charge at the rated current until the cell voltage reaches
1.45-1.50 volts.

Figure 8-16 is the schematic diagram ofthe battery charged. It
is a simple bridge rectifier device built into a case made from a
BC-375-E tuning unit. A Variac provides continuous voltage ad
justment, while the transformer provides isolation and voltage step
down. All components except the rectifiers are mounted to the
front panel. The rectifiers, on insulated heat sinks, are mounted to
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the cabinet. The meter serves a dual purpose, reading either
voltage or current.

A three wire power cable is used to provide added safety. This
unit was built for less than half the cost of a 10 amp commercially
built home type charger.
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Chapter 9
Various Electronic

Devices and Gadgets

Here's a real variety of electronics projects! From an automatic
thermostat to a junk box anemometer and even special projects to
aid the visually and hearing impaired, this chapter contains quite an
assortment. Want to make your own crystal filters or build a
counter? Well, these projects and more are just begging to be built!
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AN AUTOMATIC THERMOSTAT

It is common knowledge that heating bills can be reduced by
setting the heat lower at night. As a matter of fact, most heating
engineers will tell you that a savings ofup to 16% can be realized by
lowering the nighttime temperature in a home by 10 degrees
Fahrenheit for at least 8 hours every day during the winter heating
season. While it is very easy to use your index finger to push the
thermostat back 10 degrees every night, this manual method does
not turn out to be very reliable. Either someone forgets or the
attitude of "I'm not getting up in the cold to turn up the heat" seems
to prevail. Thus, the use of an automatic "day/night" type of
thermostat is a better way to cut down on heat bills. This type of
thermostat, however, is usually rather expensive ($50-75) and
must be used in place of each thermostat in the house. In a dwelling
with multiple zones and multiple thermostats, this can be quite
expensive.

Here we describe a "day/night" heating control which will
automatically tum the heat down at night and back up again in the
morning. While this device sounds like a "day/night" thermostat, it
is different in that it connects to the 24V ac electrical system of the
furnace and will control all of the thermostats in a typical house. It
is easy and economical to build and can be installed quite simply on
either a hot water or hot air heating system. It has been designed so
that an inexperienced experimenter can build, install, and maintain
it.

Principles of Operation
A typical heating system has a circuit diagram similar to the

diagrams in Figs . 9-1 and 9-2. Note that, in these diagrams, all
thermostats have one side connected to a common point or com
mon wire . The entire heating system (except for the control for hot
water reservoir) is disabled if the connection between the 24V ac
transformer and this common point is broken. The "day/night"
heating control has a 117 V ac relay connected to a cyclic timer.
The "normally on" contacts of this relay are used to provide the
connection between the transformer and the common point. At
night, when it is time to set the heat back, the timer turns on the
117 V ac breaking the connection between the thermostats and the
transformer disabling the heating system.

When I was building my first unit , I asked a neighbor who was
a heating engineer if there was any reason why I should not let the
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house get as cold as possible during the night. His answer was a
definite, "Yes, there's a very good reason." It turns out that a very
complex relationship exists between the outside temperature, the
day/night setback temperature differential, and the amount of fuel
needed to bring the house up to temperature the next day. Because
of this relationship, there is an optimum "setback" temperature,
which for the average house is about 10 degrees for a maximum
savings of 16%. If you exceed this setback temperature by very
much, your savings will decline and it is possible to reach the point
where you are ultimately using extra fuel rather than saving fuel.
For this reason, an additional thermostat was included in the
system to provide an overall nighttime temperature for the house.
This additional thermostat uses the 24 V ac transformer on the
furnace for power and is connected to a 24 V ac relay. This
thermostat is set at a temperature which is 10 degrees less than the
daytime temperature. When the house temperature falls below this
nighttime setting, the thermostat closes, turning the 24 V ac relay
on. Since the power leads for the 117 V ac relay go through the
normally closed contacts of the 24 Vac relay, the 117Vac relay will
be inactivated and the system will go back to normal. At this point,
all of the daytime thermostats take control and call for heat as
required. When the temperature rises above the nighttime tem
perature, the heating system is once again disabled. Note that the
nightime thermostat does not turn on all zones automatically but
merely puts the heating system back to daytime or normal. This
was done to allow a given maximum temperature in a particular
zone and to permit a zone to be turned off. If a zone is turned off
during the day, it will not be activated at night by this system. I
wanted this feature for my own house where the basement zone is
offexcept for rare occasions. If I had used the nighttime thermostat
to turn on all zones, I would be wasting heat in the basement.
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Fig. 9-1. Typical hot water heating system.
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Fig. 9-2. Typical hot air heating system.

Construction
Simple, quick construction was one of the design goals of the

system since many neighbors expressed interest in this device and
contemplated building it for their homes. Reliability was another
goal, since few of the neighbors had an electronics background and
thus could not troubleshoot the system should a malfunction occur.
Consequently, parts were chosen on the basis of ease of construc
tion and reliability, rather than on a minimum cost basis. Those
readers with a good junk box and electronics knowledge can impro
vise and substitute, possibly saving a few dollars here and there.

I might ment ion that an all solid state version of this unit was
built and tested; however, since it was not totally reliable and was
expensive to build, it was abandoned. It is difficult to beat the relay
in regard to reliability and cost.

A small meta l box with dimensions of3" x 4" x 5" or larger is
used to hold the two relays. Top mounting sockets are used for the
re lays so that it will not be necessary to punch large holes in the
box. A small quarter inch electric drill and a screwdriver are the
only tools needed for the project. After assembling the unit, both
the timer and the control unit are mounted on a wooden board
which can be nailed to the cellar wall or any other convenient place.
I originally mounted lights on the box, but since they have no real
value and add unnecessarily to the cost of the unit, they were
omitted in all subsequent units. Hence the circuit has no lights
shown.

Allconnections made inside the box are brought out through a
W' grommet in a W' hole. Connections should be labeled as shown
in Fig. 9-3, using masking or adhesive tape.

The timer used is a heavy duty industrial timer and is very
inexpensive for its quality.

390



Installation
Install the nighttime thermostat in a central part of the house.

Do not mount the thermostat on an outside wall or a wall that gets
cold. Use twisted pair, solid thermostat wire or equivalent for the
run from the thermostat to the control.

After the control box and timer are mounted on the board,
connect the timer and control together as shown. (Ifyou use a timer
other than the Tork timer, then connect the 117 V ac timer leads to
the terminals marked "load" on the timer.) Plug the timer into an
outlet and test the unit as follows: Throw the lever in the timer to
"on" and the 117 V ac relay should pull in. Throw the lever to "off"
and the relay should drop out. Unplug the timer, cut the wire going
from the "common thermostat point" to the transformer, and con
nect the two ends to the control box leads marked "day therms."
Turn on one of the thermostats in your house and the heat should go
on. Leave the thermostat on, plug the timer in and tum the lever to
"on." The heat should go off. Connect the leads marked "24 Vac" to
the 24 V ac transformer and connect the "night therm" leads to your
night thermostat. Turn the timer on so that the 117V ac relay turns
on. Turn the nighttime thermostat to ten degrees or so below the
actual house temperature. The heat should stay off. Click the night
thermostat on. The relays should click and the heat will go on. At
this point the system is installed and ready for operation.

Note that all connections should be made with the appropriate
circuits de-energized. Never work on a "live" circuit. When mak
ing connections to the 24 V ac transformer, be sure that the circuit
to the furnace is turned off. In some cases, it may take two to three
minutes for the heat to come on due to inherent delays in the
controls for the furnace and the zone valves.

Operation and Use
In our household , the timer is set so that the heat is turned off

¥2 hour before bedtime and turned on ¥2 hour before rising. With
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Fig. 9-3. Day/night furnace control.
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these settings, our house remains comfortable before going to bed
and warms up before rising. In cases where we will be staying up
late beyond normal bedtime, we merely turn the nighttime ther
mostat way up until it "clicks in." This puts the system back to
normal without having to change the timer. In this case we turn the
thermostat down before retiring and the nighttime system takes
control.

It should be noted that when you set the trippers on your
timer, the trippers are set to turn "the control on" and "the control
off." This corresponds to disabling the thermostats and enabling
the thermostats. In cases where no one is at horne because of
school or work, additional trippers may be added to turn the control
on at 8:30 am and offat 4 pm or any other time. By doing this, the
heating system would be in "nighttime" mode from 8:30 to 4. In
this example, an additional fuel savings would occur for 7¥2 day
time hours. Additional trippers cannot be added to the inexpensive
timer noted in the parts list (see Table 9-1).

This system has been working for several years now and has
saved us a real 10% in fuel utilization. We are quite pleased with
the system; however, I will admit that it did take a while to get used
to it. First of all, the bedroom does get cold at night, which means
that we had to learn to sleep with three blankets and a quilt.
Second, visiting the "head" in the middle of the night can be a
chilling experience. Third, the temperature throughout the house
at night is not as uniformas when the system is in normal. This is of
little consequence since you should be asleep at this time.

Very obviously, the advantage of this system is fuel savings
for the individualhomeowner. It would not be unreasonable to save
twice the cost of the unit during the first winter. From the savings
that our family is seeing right now, we may do considerably better.
Aside from the savings experienced in the individual household,
this unit could have an impact on nationwide fuel economy if it were
used on a national basis. It could help us conserve our scarce
national fuel resources.

, JUNK-BOX ANEMOMETER
While most hams are worrying about their antennas, my

concern is my newly hewn wind generator propeller. Since my
garage doesn't corne close to a machine shop, and my frugal nature
abhors expenditure for an air brake or complex feathering device,
the natural thing to do is crank down the tower or immobilize the
prop for the high winds. But, when you can't spend all of your time
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Table 9-1. Recommended Parts Listfor Thermostat.

Quantity Description

120 V ac relay
Line Electric Co.
Model MKH2A

or

HI·G, 115 v sc
Model 4SLRP·215

24 V ac relay
Line Electric Co.
Model MKH1 A

or

HI ·G , 26 .5 Vac
Model 4SLRP-126

Sockets for Line Electric
Co. relays - Potter and
Brumfield #27E122

or

HI -G it4SLRP

Tork Time Switch
Model 1101

or

Sears ff34H5870

or

Sears #34H6442

Thermostat
Sears #42H9235

Thermostat wire
as required
Sears #42H9151

Supplier

Hatrv's

See notes

Hatry

See notes

Hatry

See notes

Grav bar

Sears

Sears

Sears

Sears

in the yard watching the weather or stay awake all night listening,
the first step is a wind indicator. Then, if you have a counter and an
alarm circuit, you've got the system down pat. Well, the counter
alarm comes next, but here's my answer to the indicator. This is an
adaptation of one by Hank Olson W6GXN. Almost any small signal
NPN transistors will do, and Olson's Electronics (Akron, Ohio)has
the Fairchild JLL914 (part TR 297). The RTL circuit is a little
antiquated but very effective. It is easily mounted on the small
printed circuit board from Radio Shack that accommodates the 914
and most of the smaller parts nicely. In case you are thinking of
adapting to ITL, the circuit for the JLL914 is in Fig. 9-4.

The wind spinner is made from three small kitchen funnels
(49t each) attached using a pop-rivet tool. The spinner plate may
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be cut from 1116" aluminum plate. A layout drawing (NTS) is in
Fig. 9-5.

The mast can be any type you choose, but aluminum is best
since it will not affect the field of the small magnets that pulse the
reed switch. This was a small worry for me, however.

The reed switch was mounted in a hole through an expired
felt-tip pen. It is offset mounted from the spinner pipe shaft by a
bracket to be under and 114" below the magnets.

Silicone compound from the hardware store filled the holes in
the funnels (tips cut off) and weatherproofed the reed switch in its
pen mounting. Silicone was found to be better than epoxy for
holding the magnet s to the aluminum spinner. Epoxy kept weather
ing loose no matter how clean the aluminum spinner was. An
overall mounting detail is provided in Fig. 9-6.

Try several NPN transistors from your junk box, since some
are more responsive than others. The wire connecting the reed
switch is your own choice, though coax is probably best. I used
speaker wire , expecting to replace it every year or so. Rf induction
did not appear to be a problem with the choke inside a 4" x 4" x 5"
minibox along with the circuit.

Parts and Assembly
The single greatest problem in this design is the bear ing. The

original concept was to use a simple teflon bearing similar to the
drill stop used for Y4-inch drills. This idea was not satisfactory. A
perfect solution was the discovery that a standard (1114'') thin-wall
chrome-plated drop pipe for a bathroom sink drain (about 6" long)
would accept the standard roller bearing used in the bottom of
sliding glass patio doors. Two of these bearings with 114" center
holes fit exactly into the drop pipe. The bottom one stops inside
about 3Y2" down. The top one is held in place with a stainless pipe

Fig. 9-4.ILL914 detail (or Motorola
HEP584).
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Fig. 9-5. Spinner details layout.

clamp tightened to hold. These bearings come in a brass version
and an aluminum-teflon version. I used the teflon at the bottom and
the brass one at the top. A 1f4" shaft for the spinner was attached
with a sheet metal screw and "Lock Tite" compound. You may
want to use a hole and cotter pin in the bottom of the spinner shaft
to keep the spinner from crawling out of the bearing holes at higher
speeds.

Calibration
I used Hank's technique of a calm Sunday morning, family in

auto, father with anemometer protruding over the top of the car
from the rear of the station wagon, pencil and paper in hand, and
mother driving and calling mph at speeds of 10, 20, 30, 40, 50, and
60. I stopped at 55 and found the relationship linear, and, with the
plots for the five points, I extrapolated a curve on some of my
daughter's school graph paper. I use the graph, but a scale could be
drawn and glued to the meter face.

I'm really pleased with my creation and use it quite often,
since the meter sits on top of my antenna coupler. To read it, I just
flip the switch, read the meter, and tum offthe switch to conserve
batteries. It's been in service for more than a year now. See Figs.
9-7 and 9-8.
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I· BUILD A GO-Hz FREQUENCY. MONITOR

How many times have you needed a simple , cheap, 6O-Hz
frequency indicator? Sure, a commercial reed-type meter is nice,
but it never seems to be available when you need it. The other
alternative, the station frequency counter , is bulkyand expensive.

Here is another device-a circuit-which can resolve cycles
per minute and costs only a few dollars to build. The circuit is
basically a frequency comparator, and the idea can be extended to
almost any frequency you wish. Figure 9-9 shows the schematic.
The reference frequency (60 Hz) is derived by using a color-TV
crystal and an MM5369 programmed divider (integrated circuit).
Both crystal and IC are very reasonab ly priced and useful for many
digital clock/timer projects as well. The input frequency is taken
from the low-voltage secondary of the power transformer. The
power supply is straightforward, using a bridge rectifier and a
5-volt IC regulator, U6.

The reference and the input frequencie s are processed by the
Schmitt tr igger, U2, and fed to the comparator circuit, U3, U4, and
U5. U3 provides identical pulse shapes to U4. U4 is a 4-bit counter
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Fig. 9-6. Anemometer assembly detail.
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which counts up with one input and down with the other. The
counter contents are decoded by U5 and used to light D5 to D8, in
sequence. The direction of the sequence will indicate whether the
input frequency is fast or slow. For the display, I used a 7-segment
readout with a defective segment, but four standard LEDs work as
well.

The PC artwork I used is shown in Fig. 9-10, and parts
placement in Fig. 9-11. Any method of construction you find con
venient to use with ICs is okay. Nothing is particularly critical, but
you may need 0.01-ILFbypass capacitors for the 7400-series ICs,
U6 should have a small heat sink.

It's simple to use . Plug it in and watch the rotation of the
LEDs. For the most part, the oscillator trimmer doesn 't really
have to be adjustable. If you're a purist, the oscillator can be set to
3.579545 MHz with a frequency counter on U1 pin 7, buffered
output.

Plug it into your localpower company, and you will see a very
slow rotation, once every five minutes or so, corresponding to a
frequency difference of perhaps four cycles in five minutes. Most
power companies rarely hit 60 Hzon a short-term basis because of
adjustments needed for demand, etc., but over the long term, all
the clocks stay on time. This is why the rotation will be fast
(clockwise) at some times while slow (counterclockwise) at
others. On an emergency or standby power system, you will see
quite wide changes of frequency with load variations .

Fig. 9-7. Circuit schematic.
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Fig. 9-8. The completed project.

That's all there is to it. One of these devices is inuse at a local
radio station. (Opening the throttle on a 30-kW diesel generator
until the fluorescent lights fire is not the best way to set engine
speed!) Try one for Field Day. See Fig. 9-12.

I THE SUPER CLOCK

Here is a really unique digital clock. Using the Cal-Tex
CT7001 MOS/LSI integrated circuit gives you a 12 or 24 hour
clock, four year calendar, 24 hour alarm, 9 hour 59 minute timer,
50/60Hz operation, failsafe battery operation, and will drive either
common cathode or common anode seven segment LEOs. The
basic circuit is built on a PC board only 3.3" by 5" and will fit in
Radio Shack's wood grain utility cabinet. By using a larger enclo
sure, a back-up battery pack may be added, along with a relay to
operate external loads with the timer. Construction cost should be
around forty dollars with careful shopping.

The schematic shown in Fig. 9-13 is adapted from both the
Cal-Tex and Radio Shack data sheets, plus my own ideas from past
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Fig. 9-10. PC board layout.

(unsuccessful) experience. The alarm circuit shown, Q14, 15, and
16, is quite annoying in the early hours of the morning. (Anyone
want to beat my record of 5 seconds hitting the snooze from across
the room?) I'm using an earphone element from an old te lephone for
the speaker, and it's loud. The display drive circuit can be pro
grammed with jumpers for either type of LED. Figure 9-14 is the
board layout for multiplexed common anode, and Fig. 9-15 is for
common cathode .

The power supply is simple and straightforward. However,
use a heavy duty nicad battery pack, as the displays are wired to be
on all the time. Ac is sampled from one side of the secondary of the
transformer through a resistor and diode to drive the chip timers
and counters. The power supply also supplies current for the timer
relay. Use a low current 12 volt relay with contacts rated at at least
3 amps for driving external loads.

The am and pm indicators will only operate in the 12 hour
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mode. They may be omitted if you wire for a 24 hour clock.
Figure 9-16 is the parts layout for the main board. Please note

that an insulated washer must be used at the mounting hole next to
Q13 ifyou use common anode displays . It is not needed for common
cathode .

Figure 9-17 is a full size negative layout for the main board.
Single-sided G-1O is best, but bakelite may be used.

Be very careful with the Ie as it can be damaged by static
discharges. Once in the circuit it is relatively safe, but can still be
destroyed by excessive charges (I found out the hard way).

Figure 9-18 is the front and back panel layout for the clock and
should be followed if the same cabinet is used; otherwise things
just don't fit. The only one that 's not critical is the size of the front
panel cutout for the display. It may be slightly smaller or larger.

<II
II:
III
Q.
2
~-.
III
II:

i
co..
III
~oz

Fig. 9-11. Component placement.
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Fig. 9-12. 50-Hz comparator.

Setting the Clock

First, before installing the IC, check for approximately 15
voltsat pins1 and22. Hyoudon'tget 15volts, look fora baddiode
inthe powersupply. Disconnect the linecordandcarefully plugthe
IC in the socket. Set the switches on the back as follows:
Function-Run, Time Set-Off, Timer Enable-Off, Alarm Enable
Off, Time/Date-Centerposition. Plugthe linecord in. The display
should showa1l8s. Set the Function to Clock Set andTime Set to
Minutes/Days. Momentarily depress the Advance push-button.
The display shouldchange to all Os, Don't worry if one or more
digitsare blank. DepresstheAdvance switchagainandthe minutes
should start counting. Switch to Hours/Months and repeat to set
hours. When the time you have set corresponds with the actual
time, turn the Function to Runandthe clock shouldstart counting.
Payattentionto theamandpmindicators whensetting the time, as
the calendar changes daysat midnight. Set theAlarm, Calendarand
Timer inthe samemanner. The Alarmmaysoundas yourotate the
Function switch, but will stop as the times are set.

The Alarm Timepushbutton is a normally openswitchthat is
wiredinparallelwiththe Function switchso that youcancheckthe
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COMMON ANODE DISPLAY

JUMPER W·X
JUMPER Y·Z
NO JUMPERS R-S . T'U

BEND LEADS
AS SHOWN O

c
o 0

o
E

TOP VIEW
01-07

TOP VIEW
OB-013

Fig. 9-14. PC board and parts layout for common anode LED display. Board is multiplexed for Monsanto LEOs: MAN 1, 1A, MAN 5, 7, 8,
MAN 51, 52, 71, 72,81,82. Cut pin 6 on LED (decimal point) as it is not used. Board is 1.5" x 5".



COMMON CATHODE DISPLAY

JUMPER x-r
JUMPER R-S.T-U

Eoe
TOP VIEW
01-07

INSERT
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BENDING
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B~E TOP VIEW
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~o Fig. 9-15. PC board and parts layout for common cathode LED display . Board is multiplexed for Monsanto LEOs: MAN 54. 74. and 84.
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-----.SNOOZE (INZl

~ALARM ENABLE (IN31

~SET CALENDAK (INZl

(

Fig. 9-16. Main PC board and parts layout. All resistors Vol W, 10%except
R1--68Oil 2W. 01·08 are 50 volt, 1 Amp 1N4001 or similar. 09-022 are
1N914. Displays are mounted vertically at points marked byarrows,se
cured to main board with plastic glue, such as Ouco cement.

time that the Alann is set for without fumbling aroundthe back.
The Snooze switchis the same, andbothare frontpanelmounted
forconvenience. TheTimelDate switchwillforcethe Ie to display
one or the other. In the center position the time willbe displayed
for8 secondsandthe datefor2 seconds. The Mode switchcontrols
howthe Timer will function. In the AOff, B Off position, pin3 will
be high for the preset time whenTimer Enable is closed.

A On, B Off pin 3 willbe highfor the preset time and at the
Alanntime. AOn, B On, pin3 willbehighforthepreset timeat the
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SUPER CLOCK
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Fig. 9-18. Front and back panel layout. Snooze and alarm time switches
may be mounted on either side of display. Display cutout may be larger or
smaller, but should be 4.5" long.

Alarm time. The Timer will only function when Timer Enable is
closed. Opening the switch stops the Timer counting, and disables
the output.

This Ie also has a back-up oscillator to keep time when
operating from a battery. If you really want to get it accurate,
substitute a 25k pot for the 10k resistor and adjust it as close as you
can. Then wire in a fixed precision resistor of the same value.

General Information
Once the clock is working properly and the back-up oscillator

is fairly accurate, you may get the idea to use the clock in your car.
That is also the reason for two de inputs on the back: one plugging
in a battery to carry it out, and one for operating off the car's
electrical system. One word of warning: In some states it is illegal
to use red indicators for anything except an emergency condition,
so use a different color for the display if you ever plan to use the
clock mobile. (Allyou people with digital tachometers, take note.)

If a larger case is used, the timer relay circuit may be added.
With it, you can do a number of different things, such as turn a lamp
on and off, tum the rig on at scheduled time , etc., as long as the
relay contacts can handle the load.

If you use a DPDT switch for Alarm Enable, an LED can be
wired to indicate when the Alarm is active. This could save you
from jumping through the ceiling on Saturday morning.
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The onlytime you'llhave to manually set the calendar is Feb.
29th. February is programmed into the IC for 28 days. Oh, well,
setting a clock once every four years isn't hard. Table 9-2 is the
parts list.

TOUCH-TUNE FOR THE VISUALLY I:IANDICAPPED

A local ham with a visual handicap and limited wrist action
needed a means to determine the frequency to which his Drake
TR4-CWwas tuned. The limitationsofhis license naturallydeter
mine the bandlimitswithinwhichhe must operate. Andhe must do
this with a very highdegree of precision-to be able to go back to
some designated frequency as well as to stay within the limits.

The approachtaken is for this amateur to modify his TR4-CW
(it can be returned to normal with little or no problem) so that he
couldoperate withrelative ease and be sure ofhis frequencywithin
± kHz at all times.

The first method tried was to use label tape (Dymo'" or
equivalent) with braille markings attached to the face of the trans
ceiver front panel, using the dimple on the tuning-knob skirt as a
reference point. This method lacked precision of adjustment and
was difficult to use because of the limited wrist action of the ham.
The markingscanbe seen under the new plastic disk in Fig. 9-19.

After studyingthe design ofthe tuningassembly on the trans
ceiver in detail, it was apparent that the easiest and most practical
formoffrequencydisplaywouldbe a diskbehindthe tuningknob, in
place of the graduated skirt. If the braille markings were on the
peripheral edge of the skirt and the skirt were transparent, then
either a sightless or a sighted amateur could operate the equip
ment. Inaddition, the limitedwrist actionwouldnot be a problem.

Table 9-2. PartsL1st-"Super Clock."

1 CT70011C
16 2N708 NPN
1 loo0hm %W
.1 6800hm2W
2 1.2k %W
14 4.7k % W
1 10k %W
2 12k % W
7 22k %W
8 lN4001
13 lN914
2 LED - Discrete
6 LED Seven segment displays
1 12.6 V ac 300 mA Transformer
1 150 pF NPO
1 .01 uF Disc
1 100 uF 16 V Electrolytic

1 5 pennon non-snorurq rotary
3 SPOT Center off sub-miniature
1 SPST sub-miniature
1 DPDT sub-miniature
3 SP N.O. momentary contact
1 Ac line cord
1 Cabinet - Radio Shack #270-260
1 28 pin DIP socket
6 14 p in DIP sockets
1 Main PC board
1 Display PC board

Hardware . wire , plastic window
Most of these parts are available at Radio
Shack. If you use the above cabinet, get
the sub-mini switches, or they won 't fit.
The seven segment LEOs are from Poly 
Paks (common anode] .

409



Fig. 9-19. Overall view of the TR4-CW with modification In place.

A scrap of If.-'-thick plastic, such as PlexiglasTM, was obtained
from a local supply house at a very low cost. A local machinist
turned a 3lf.!" disc from this piece and drilled a W' hole in the center
to fit the tuning shaft. See Fig. 9-20. A concentric hole had to be
drilled partway through the disc at the center to allow for the larger
diameter of the concentric shaft on the tuning shaft. This concen
tric shaft turns the plastic discs on the interior frequency display.

Drake has used a short piece of rubber tubing to transmit the
turning motion of the knob to the interior frequency display discs.
Since our design for this modification precluded changes which
would prevent returning the set to normal for possible later resale,
a piece of ruby-red eraser was used to make a new pad that was not
as thick as the original piece of tubing (see Fig. 9-21).

When the new parts, rubber pad, and plastic disc were assem
bled on the tuning shaft, it was discovered that the tuning-knob set
screw would not engage the tuning shaft. This minor problem was
overcome by machining a 3/16" x Ifs" circular flat-bottom groove.
This groove allowed the knob to be inset into the new plastic disk
far enough for the set screw to engage the shaft and its rough
bottom to increase the friction between the knob and the new
plastic disc. This machining must be done very slowly, or the
plastic will chip along the edges or melt under the cutter. The
original aluminum knob skirt was saved, along with the rubber
coupling, so that the transceiver could be returned to normal
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configuration at a later date, if necessary.
Nowthat the mechanism was working, some method had to be

derived so that frequency could easily be determined. Since the
tuning system was designed so that one complete turn of the knob
was 25 kHz, the perimeter of the new disk was divided at 25
equidistant points (perimeter divided by 25), representing 1 kHz
per division. The braille system was used to mark the divisions.
The dots were put on label tape, using a braille typewriter that the
sightless ham owned. These small pieces of tape were then at
tached to the periphery of the disk at the appropriate places.

The I-kHz points were simply marked with a dot while the 5-,
10-, 15-, 20-, and 25-kHz divisions were marked with the appro
priate braille symbol and the left-most columnofdots aligned as the
marker. The starting and ending points were indicated with the
25-kHz braille tape. In order to establish a reference mark on the
transceiver face, a simple columnofdots was put on a piece of label
tape and attached above the window of the face plate (see Fig.
9-19).

Since Drake does not specify the amount of over-travel of the
PTO, each transceiver dial will stop at a different frequency. By
determining the frequency of the stop (by a sighted ham) and
counting the number of turns necessary to get to the edge of the
subband, the amateur was able to establish one edge of the subband
limit. The set screw hole in the knob can be set so that it is vertical
when the edge of the subband is reached, thereby giving the
amateur an additional point of reference for counting the number of
turns from the PTO stop. The primary reference line is the left
hand edge of dots on the braille 25-kHz mark. With the subband
located, the amateur now can stay within the band or operate on a

II IS III
Fig. 9-20. Detail of plastic disk and rubber spacer.
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Fig. 9-21 . Olose-up of plastic disk and rubber spacer mounted on the
tuning shaft

predetermined frequency by aligning the dots used as reference on
the front panel with the braille markings on the periphery of the
disk. Using this method, the amateur can dial the desired fre
quency with an error of less than 1 kHz.

The system has now been in use for several months and is
working very satisfactorily. The braille dots on the tape attached to
the disk edge seem to stay much better than expected. In applying
these markers, it is extremely important that the edge of the disk
be absolutely clean and that the adhesive on the tapes not be
touched with your fingers during application. Small pin heads could
be used in the future, but they must be very small so that the ham
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can feel the entire braille digit without having to hunt aroundfor it.
This scheme could be used on any equipment that use s an

external tuning knob with enough shaft so that the knob can be
reinstalled after the disk is installed behind it. Also, the
frequency-tuning knob frequency-per-revolution must be some
thing that is easily determined.

A VISUAL SIGNAL FOR THE DEAF

Afriend recently asked me for something which could be used
in conjunction with an alarm clock in order to awaken his deaf
nephew in the morning. The circuit which I finally came up with is
shown in Fig. 9-22.

Basically, it works as follows: The sound of the alarm is
picked up by a crystal microphone element, amplified by UlA and
UlB, and detected by the full-wave rectifier consisting ofUIC and
diodes DI and D2. The rectified voltage is next applied to a
comparator (UID). When the input signal is loud enough and of a
long enough duration, the rectified voltage on the inverting input of
UID exceeds the reference on the noninverting input, causing the
output ofUID to go to Vee. This turns on transistor QI, which then
enables U2, a 555 timer operating as a one-second oscillator. The
output of the 555drives a triac, which in turn causes a lampplugged ,
into the ac socket to flash at a one-second rate.

For best results, tape the microphone to the alarm clock and
adjust the comparator threshold so that only the alarm clock sound
triggers the unit. Transient noises willnot enable the circuit due to
the RC time-constant at the detector output.

All of the parts are readily available at your local Radio Shack.
I used an LM324 quadop amp, but any quad, two dual, or four single
op amps can be used. The pin numbers shown were for my particu
lar layout but, of course, any of the op amps can be interchanged.

This unit performs quite well, and is certainly more of an
attention-getter than the original timer used . The original timer
was used to simply turn on a light. The tr iac used can handle up to 6
amps, so several lamps can be plugged into the unit. The lamps will
continue to flash as long as the alarm is sounding.

. ~ . ~

. Vt:lF,NOTCH FILTER", ..

Having been reintroduced to VHF by modifying an old FM
receiver to cover the weather satellite frequencies, I eagerly
awaited crystals for a two meter FM rig that I had recently pur
chased at a hamfest. After plugging the crystals in and erecting a
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quarter-wave whip in my operating room, I was encouraged to hear
the local 19-79 repeater come booming in. Waiting for a pause, I
pressed the mike switch to call Normal WB4LJM for an air check.
However, the immediate response was noise from the other side of
the room.

The weather satellite receiver squelch was being keyed by
overload from the two meter rig. It did not take long to determine
that the two meter signal was entering the weather satellite re
ceiver through its antenna, all other leads being shielded and
filtered. Separating the satellite receiver antenna to reduce coup
ling is nearly impossible, so I called on the land line to see if we
could cook up a filter for the weather satellite receiver. Our first
thoughts were for a narrow bandpass cavity, but that idea was
rejected for several reasons. First, I am basically lazy and could
envision that as a several week project. Second, my operating
room, the bedroom, has very limited space and my wife does not
think that a copper pipe is as beautiful as I do. Third and finally, the
high Q of such-a filter would prevent using the weather satellite
receiver to monitor police and other services without a coax
switch. What was needed was a rejection filter tuned to 146.19
MHz.

A very effective rejection or notch filter can be formed from a
wavemeter, i.e., a tuned circuit coupled to the transmission line to
couple power out of the line at only one frequency. It was decided
that high enough Q could be obtained by using coaxial lines for the
resonators. A simple circuit was wired together in a minibox with
BNe input and output connectors. Then Norman made a swept
frequency response curve. The tap position was changed, and new

IN

OUT

!----200mm-L--- ----.

RG58

Fig. 9-23. Construction of the rejection filter.
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Fig. 9-24. Response of the filter for various tap positions .

curve was measured. The fancy name for this cut-and-try develop
ment method is "an empirical investigation."

The actual circuit consists of a shorted one-eight wave co
axial line that is capacitively tuned to resonance with a small
trimmer. The input and output taps are made by cutting the cable
and splicing it back together, as shown in Fig. 9-23. Figure 9-24 is
the re sponse curve of the filter for var ious tap positions. The
rejection bandwidth, or Q, becomes sharper as the tap is moved
towards the shorted end ofthe coax. The final filter has an insertion
loss ofabout 1.6 dB at 137.5 MHz and a rejection ofalmost 23 dB at
146.19 MHz. The insertion loss might be reduced if rigid coax
having a solid outer conductor is used. The rejection frequency is
tunable from 127 MHz to 163 MHz. This filter is easily constructed
and will probably find more applications as more systems are added
to my station.

HOW TO MAKE YOUR OWN CRYSTAL FILTERS

Everyone knows that good, high-frequency (3-9 MHz) crystal
filters for use in SSB exciters or accessory CW filters for trans
ceivers are expensive. However, if one has a bit of test equipment
and is short on cash but long on patience, it is possible to home
brew very good crystal filters using relatively simple circuitry and
without the need for complicated coupling networks.

The crystal filter circuit of Fig. 9-25 has a number of advan
tages. First of all, no tuned circuits are involved. The crystals are
simply paralleled" and from one to six crystals can be used, depend
ing upon whether one wants to construct a simple CWfilter with a
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very sharp response or an SSB filter with a specific bandwidth. The
frequency spacing of the individual crystals used is critical; this
will be covered later in detail. The crystals are driven from a
low-impedance source by the first-stage emitter-follower. At the
series-resonant frequency of the crystals, the signal voltage will be
developed across the .ool-#£F capacitor and drive the output
amplifier . At frequencies other than those where the crystals
exhibit series resonance, the capacitor serves as a bypassing
element and helps sharpen the skirts of the filter response. Some
signal leak-through will occur because of stray capacitance across
the crystals; this is compensated for by coupling some signal from
the collector of the first amplifier around the crystals via the
loo-pF variable capacitor. A number of general-purpose transis
tors can be used in the circuit. With those shown, the circuit will
have about lO-dB gain.

To make the circuit work properly, the series resonance of the
crystals used must be carefully controlled. The only exception
might be if one decides to use only a single crystal to form a simple
CW filter. However, even for CW reception, the bandwidth pro
vided by one crystal is too sharp and provides uncomfortable
reception. Therefore, a controlled bandwidth of 200 to 500 Hz
should be used. Such a filter can be constructed using at least two
crystals spaced in frequency by the desired bandwidth and cen
tered on the i-f frequency desired. For an SSB filter, at least six
crystals should be used. This is because the individual crystal
series-resonant frequencies should not differ by more than about
300 Hz. Otherwise, the passband of the filter will not be smooth, as

·9- 12'"

<7. " l~
I~O. 2_2 k

t---<> OUT~UT
01..

I", Pu T iOO ..
I, ,

I I

00'11 ,
22.
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Fig. 9-25. Simple crystal filter circuit does not require any tuned circuits.
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Fig. 9-26. A typical response one
could expect from the crystal filter
circuit shown in Fig. 9-25. In this
case, it would be for a two-crystal
circu it with the crystals ' frequen
cies (series-resonant frequencies)
separated by about 300 Hz.

it is just a composite of the highly selective passband of each
individual crystal.

The type of overall response one might expect from this type
of filter is shown in Fig. 9-26. The ultimate rejection that one can
achieve with the circuit depends on how carefully the circuit is
constructed to prevent stray coupling around the crystals, and on
how carefully the 100-pF variable is adjusted. Values of 40 dB can
be achieved before the skirts of the filter response start to flare
out. Admittedly, this is nothing like the 80-dB out-of-passband
rejection of an expensive 8-pole commercial crystal filter. It is
sufficient, however, for a simple SSB exciter, and more than
adequate for an accessory CWfilter in a transceiver when the SSB
filter is also left in operation to sharpen the skirts of the overall i-f
response.

One may ask how there can be anything inexpensive about a
circuit whichmight require up to six crystals. The answer is to use
the old-style FT-243 crystals. These crystals are available for
$1.00 or less each from various suppliers aAN Crystals, for in
stance), and they allow easy disassembly and access to the crystal
itself. The latter is important since there is no easy way of specify
ing the series-resonant frequency for the crystals to be used in the
circuit. So, one has to obtain crystals which are marked approxi
mately for the i-f frequencies of interest, disassemble them, and
grind them to the exact frequencies needed. This operation, par
ticularly the "grind" part, is not as terrible as it sounds. In fact, the
whole operation is relatively simple.

The circuit of Fig. 9-27 is used to find the series-resonant
frequency ofa crystal. A signal is applied from a single generator or
vfo. The voltage across the crystal is monitored by any high
impedance instrument which will respond at the frequency being
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used. Usually an oscilloscope is the most suitable instrument. The
"bandwidth" of the oscilloscope may be far below that of the test
frequency being used , since only an indication of the voltage
change across the crystal is necessary. A "S-MHz oscilloscope ,"
for instance, will easily respond to signals up to 10 MHz or more in
frequency (although, of course, it cannot be used to analyze the
waveform of lO-MHz signals).

As the test frequency is varied, there will be a sharp drop in
the voltage across the crystal when its series-resonant frequency
is reached, producing a short circuit. The voltage drop is very
sudden, and one must vary the test frequency slowly. The series
resonant frequency should be within a few kHz of the frequency
stamped on the crystal holder. The FT-243 crystals are easy to
disassemble, and the rest of the job now consists of taking the
crystal apart, grinding it slowly to raise its frequency, and then
testing it back in its holder until one collects the desired number of
crystals with the proper series-resonant frequencies.

Although acids can be used to "grind" crystals, it is usually
better to use a very slightly abrasive material such as 3M "Tri
mite" silicon carbide paper (with a fineness of400 or greater). This
paper is obtainable at large hardware stores and comes in 9" x 11"
sheets. The paper is taped to any flat surface, and the crystal held
flat with a finger and rubbed on the paper with a circular motion.
The grinding should be done "wet." That is, the crystal should be
kept moistened with water. After grinding, the crystal is carefully
cleaned with rubbing alcohol and avoiding any finger marks, put
back in its holder.

To go back for a moment, it shouldbe mentioned that although
the FT-243 holders are easy to disassemble with just a screw
driver, the operation should be done carefully. The contact plates
and spring should be kept in the same order for reassembly. Also,

Fig.9-27.A testsetupformeasuring
the series-resonant frequency of a
crystal. Capacitance effects across
thecrystalmustbeavoided, so short
ladswhichgo directlyto theplatesof
the oscilloscope must be used. A
suitablelow-capacitance probemay
alsobeusedwiththe oscilloscope or
a suitable VTVM.
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the crystal should be marked on one comer so that it is set back in
the holder in its original orientation.

The amount ofgrinding a crystal needs to change its frequency
depends on the pressure used while grinding, the number ofpasses
while grinding, and so on. However, it takes very little practice to
get some "feel" for the changes which take place in the crystal
frequency as one grinds it. For instance, with a 8-MHz crystal, one
circular pass on the abrasive paper might change the crystal fre
quency by 150 Hz. One hundred passes might change it as much as
20 kHz. For lower-frequency crystals, more passes will be re
quired for a given frequency change. A4-MHz crystal might change
60 Hz in one pass and 7 kHz in 100 passes.

Obviously, as one approaches the desired crystal frequencies,
the grinding has to be done slowly and patiently. If one goes
slightly too far in the grinding process, the crystal frequency can be
lowered slightly with a very soft lead pencil. Lightly rub the
surface of the crystal with the pencil and then use a soft cloth and a
drop of rubbing alcohol to distribute the coating. With a bit of
patience between grinding times and possible corrections, one can
easily come "right on" with regard to frequency.

Although the acid approach is not really recommended, those
amateurs who have access to the chemicals required and who can
be careful in their application may want to try it. If so, one should
use an ammonium biflouride solution diluted with two part s of
water. The crystal is simply placed in the solution (using a small
pair of tweezers) for 30 to 60 seconds at a time, removed and rinsed
with water, and dried. The crystal frequency is checked and the
process repeated as many times as necessary. The whole process
is quite easy, but it must be emphasized that the chemical solution
is very corrosive and must be used and disposed of carefully.

~ OVERVOLTAGE PROTECTION CIRCUIT

The following is in response to the requests for more informa
tion about the overvoltage protection circuit which appeared in the
March 1978, issue of 73.

Let me begin by stating that the system was carefully tested
before it was written up and submitted for publication. Since that
time, it has come to my attention that one component could prove
troublesome and somewhat improved performance can be obtained
by making two rather minor changes.

VR
2

is listed as 5-6 volts and noncritical. However, it is the
basis of the abrupt turn-on/tum-off characteristic found in this
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Fig. 9-28. The original overvoltage protection circuit.

system, VR
2

suppresses the 5- to 6-volt offset voltage at the
collector of Q2'

At the low current level found in this circuit , the zener diode
may not show sharp enough turn-off characteristic. This property
will be helped along in the right direction by connecting 2 or 3
IN4001s (or other cheap silicon diodes) in series with VR., as
shown inFig. 2-29. An alternative solution would be to use a 6.8- to
8.2-volt zener for V~.

If the voltage is applied to this circuit and slowly increased
from about 5 volts to whatever level was intended, the system will
malfunction. The voltage set/trip control will exhibit some unusual
properties. This malfunction will happen only under the above
stated conditions. It may be prevented by making the following
simple changes:

1. Disconnect the 10kand 5600-0hm resistors from Q
2

collec-
tor.

2. Disconnect Q] collector from B+.
3. Connector Q

2
collector to B+.

4. Connect Q1 collector to the junction of the 10k and 5600
Ohm resistors that used to be tied to Q collector. See Figs. 9-28

2
and 9-29.

At this point you are almost there. As it stands, after complet
ing the above operation, the fuse will clear if the input voltage is
below the intended set point. In order to correct that malady and
finish the project, it is necessary (andhighly desirable) to make the
final modification.

Disconnect the zener diode, VR2 from the base of Q3' and
connect it to the base of ~ (another 2N3414, etc .). Connect one
end ofa 1500-ohm, ~-watt resistor to B+ , and the other end of itto
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the collector of Q
6

and the base of ~. Connect the ~ emitter to
ground. That's it! See Fig. 9-30.

The initial adjustment is done in the same manner as in the
original, and it is very smooth and very resetable. This modification
was checked out using a power supply that went from 5-25 volts
with excellent results. The trip point could be set anywhere from 8
volts to 25 volts and it would consistently fire at the trip point
±0.25 volt.

THE PANIC BUnON

What would you do if you were operating away and noticed a
wisp of smoke coming out of your new linear amplifier? Or if you
were working on some gear and felt a whole lot ofelectrons running
between your fingertips and your toes? Or if you were going on
vacation and wanted to make sure your station wouldn't be oper
ated in your absence?

You'd want to kill the power (1 hope!), and in at least the first
two cases, you'd want it off/ast. And it might be even nicer if this
could be done easily by somebody else, such as one of the kids-or
even the dog-if you got into trouble and couldn't kill the power
yourself. Aside from these situations, there are times when it is
merely convenient to know that all your shack power is off.

A properly-engineered kill-switch system thus has a number
of. advantages, and if you have not yet installed this basic safety/
convenience feature, you might consider it. In most cases it is a
simple thing to do, it is economical, and whether or not you ever
plan on using it, just getting it in place is guaranteed to give you a
good feeling. At the very least, your station will have a new touch
of class.

'0'

'600 ...,0" C" "'~
CO ('51- AOO/ ~

Fig. 9-29. Improved overvoltage protection circuit
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Fig. 9-30. The final modification.

The basic circuit for a kill switch is shown in Fig. 9-31. It
consists of three parts: a contactor (relay) in series with the main
power line, one or more kill switches, and a reset switch. This last
is nice if you ever wish to restore power once it has been killed.
The circuit also shows a transformer, the purpose of which will be
explained shortly.

The contactor is the heart of the system. It should have
high-current capacity contacts at least equal to the trip point of the
circuit breaker feeding the shack, and preferably twice that. The
reason is that the contacts will carry all the current your shack is
using, and if it is necessary to kill power at a time of high-current
draw, you will want the contact to open cleanly without arcing.
Good reliable contactors (UL listed) are available from your
friendly local electrical distributor.

The contactor should have a low-voltage coil; 24 V ac is a
readily-available standard. This is so you won't have any unneces
sary high voltage running around the shack to the kill switches. The
transformer secondary voltage should match the contactor coil
voltage; 24-volt bell transformers are readily available at lowcost.
You also can use 12V ac, which is a standard and readily available,
but the current draw by the contactor coil will be about twice as
muchand it will tend to get warm. Whatever you use , the contactor
should be rated for continuous duty, both in the coil and in the
contacts.

The kill switches are normally-closed push-button switches,
and they should be located so they are easy to get to and easy to
operate. I prefer industrial-grade actuators with big red push
buttons (3" or so in diameter) so they can be hit easily with an
entire hand-literally, "pan ic buttons." On my own service
benches , kill switches are located so they also can be hit easily just
by moving a knee. If you use more than one kill switch, they're just
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wired in series as shown inFig. 9-31. Industrial-grade switches are
highly recommended because what is most important is reliability.
It would be mortifying, to say the least , to smash one in panic and
then discover it didn't work because you broke it!

The reset switch is a normally-open push-button switch, but
can be any other type of switch as well. It needn't be especially
reliable or easy to get to, but it should not be located far from the
contactor because it willhave high voltage (110Vac) on it. Like the
kill switches, the reset switch need have no great current-carrying
capacity.

The contactor should be mounted in an enclosure, UL
approved, of course, near where the power line first enters the
shack. The transformer and reset switch can be mounted near the
enclosure, or on it, using knockouts, depending on the enclosure
you get. The whole thing can be placed inside a locked box, if
desired, to prevent unauthorized access to the reset button. The
24-volt line (or whatever low-voltage line you have selected) just
runs out of the box/enclosure. Very simple.

When wiring up the contactor, a few safety precautions are in
order. First, make sure power is off at the circuit breaker, and
verify that it is off by means of a portable lamp or circuit-tester
inside the shack at the point you plan to cut into the power line.
Secondly, make sure you insert the contacts into the hot side of the
power line, not the cold or "neutral" side. In most localities, the
black wire is the hot and the white wire is the neutral. Younever,
ever, want to put a switch or any other kind of interruption into the
neutral.

}

TO SHACK
OUTL ETS

RESET
( NORMAL LY OPEN )

r---~--- -- --- - - ~

L I ENCLosu RE

BlACIl,
(HOT)

"H ITE II 24V 11( " ov
( NEUTRAL I

GREEN
( EAATH I

L- _ _ _ _ ----- - - - - - -
Kil l SWITCHES
( NORMAL LY CLOSED)

TO {CIRCUIT
BREAKER

Fig. 9-31. Schematic for the kill-switch system. Only the hot wire may be
interrupted-the neutral and earth wires must not be broken. Check with
local authorities to verify respective wire colors in your locality.
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If you find a green wire also, don't cut it! It is the earth wire,
and if it gets broken, you may have all kinds ofproblems in all sorts
of places where you don't want them when you don't want them.
(You may even find your trusty soldering iron is frying you as well
as the solder, for instance. Not much fun.) If you have any doubts
about the color coding, check with your local power company or a
local electrical contractor. Note: In some communities it may be
required that a licensed electrician actually make the connection
for you and/or that the result be inspected by the local building
inspector .

Once the contactor is wired up, just run the low-voltage line
through the kill switches and you're in business. Now, and only
now, you can turn shack power back on at the circuit breaker. The
shack will still be dead, however, because the contactor contacts
are open and thus there can be no voltage on the coil to energize it.
Pressing the reset button applies 110 volts to the transformer,
which supplies the low voltage to the contactor coil (through the
kill switches), energizing the contactor and closing the contacts.
The contactor will remain energized when the reset button is
released because the transformer-like all the other equipment in
the shack- is now getting its primary power through the contacts.

And there you are! With luck, you've got a nice new conveni
ence for the shack. With somewhat less luck, you've got a simple
system that'll keep you from having no luck at all. Just one final
point: Teach the familyhow to kill power if they ever need to. Ifyou
ever need assistance, smashing one of the prominent red buttons
should be the first thing they do, and such a time is definitely not
the time to explain the sys tem to them.

. BUILD THIS MINI-COUNTER

Sooner or later, anyone who does much work with communi
cations equipment discovers the need for a accurate frequency
counter. Let's face it, crowded communications channels make
knowing your frequency more important than ever. This is where
this counter project comes in.

Would you like to have a counter that measures frequency up
to 135 MHz and beyond-one that is pocket-portable with battery
power to make accurate measurements simple anywhere? Of
course you would! The Model 304 Communications Counter has
these features and much, much more: a low price tag of about $50,
easy, one- to two-eve ning construction, and a superior sensitivity
from 4-mV rms at 27 MHz to 12-mV rms at 135 MHz with input
protection.
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The 304's battery drain is low enough (130 rnA) that you get
long hours of operation on a set of charged nicads. You get a
frequency range of below 1 MHz to over 135 MHz, covering ham,
CB, commercial, radio control, and TV frequencies. And, best of
all, you can measure the frequency to within 100 hertz of what the
transmitter is putting out . If you are in a hurry, you can select a
reading to within 1 kHz, and get five readings per second versus
one reading per 2 seconds on the 100 Hz range. Accuracy can be up
to ± 0.002% ± 1 count if the counter is calibrated on a frequency
standard. Now that you know what this counter can do, go out and
look at units selling from twice to three times as much as this one.
One wonders why no one has thought of this design before.

Construction of this project will be a pleasant surprise be
cause it is very easy. Thanks to a clever PC board layout, this
project uses only a single-sided PC board, making duplication from
the pages of this magazine a snap. There are only six wire jumpers
in the board-for those of you who hate to install jumpers. There
are sockets for all ICs and a minimum number ofcomponents. Since
there are only three ICs and one transistor, your construction time
for the board should be about four hours of casual work. Add
another evening for the cabinet work and you are all set.

The parts in this counter should be easy to get. The two main
CMOS chips have been on the market for nearly three years, and
the prescaler chip has been used for well over one year. The rest of
the parts are not too critical. All parts are available from the
surplus houses. To assist you, however, I am including addresses
of typical suppliers of the key parts, plus the addresses of the
manufacturers who make the ICs. If necessary, you can write for a
local dealer's name and address.

How It Works
This counter project is based on three ICs: One amplifies and

divides the signal by 100, another counts it up and displays 7 digits
of information, and the third generates precise timing signals to
control the second chip. Check Fig. 9-32 for details as you read.

Input signals applied toll first encounter a protection network
composed of C1 (which blocks de), R1 (which limits input current)
and D1-D2 (which limits input signal). The purpose of this network
is to protect the counter from "real world" overloads such as an
accidental dose of excessive de voltage, 120 volts ac, and exces
s ive rf signal. This keeps IC1, the preamp/prescaler chip, safe.
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Fig. 9-32. (A) Block diagram of the model 304 counter. It features a 6-digit
display, a 135-MHz counting range, and only three ICs. Power is supplied
by a 5-volt nicad battery pack. Switch S2 selects either 1-kHz or 1oo-Hz
resolution of the input signal. (B) Inside the ICM-7208 (IC2) counter array.
(C) Inside the ICM-7207A timebase controller. An input connected to the
divider section controls the gate time, and thus the resolution ofthesignal
being counted by IC2.

Next , the protected signal goes to ICl. Although this IC was
designed by National Semiconductor for synthesized FM stereo
radios , it works great in a counter. It has a preamp stage for high
gain which has sensitivity of up to 4 mV at 27 MHz, then a series of
ECL (Emitter Coupled Logic) and low-power Schottky TTL divid
ers. It divides the input signal by 100, so 100 MHz in equals 1 MHz
out. This is necessary because the counter-display chip to be
described won't count a TTL signal much beyond 2 MHz.

The divided signal enters IC2, a CMOS/LSI chip that counts it
and displays the results on an LED display. Figure 9-32 shows a
general overview of this chip. The signal from IC1 passes through
seven decade counters. They count up the signal. After it is
counted,the data is passed on to the display via the latches (one per
decade counter), through the multiplexing circuitry, and on to the
display. Actually, the multiplexing circuitry consists of a big data
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selector at the output of the latches, squeezing 7 digits (at least 4
lines each) into a single set of7-segment lines. The latches hold the
signal while the decade counters are reset to zero and count up the
signal again. The latches are then opened allowing the new reading
to pass through to the display. This prevents the rapidly changing
decade-counter outputs from reaching the display and causing a
blur of numbers. The sequence in which the count-latch-display
reset cycles occur is determined by the third IC.

The third IC generates the key signals necessary for IC2 to
count the input signal properly. Figure 9-32 shows a block diagram
of this chip. A 5.24-MHz crystal connected to IC3 is the source of
the proper frequency. It drives a Pierce-type oscillator inside the
chip, which has the advantage of very high stability. (The circuit
isn't much like the old 6AG7 tube Pierce oscillators of days gone
by, but it accomplishes the same result.) The output drives a
divider chain composed mostly of binary devices, and then the
output drives a series ofgates generating the precisely-timed gate ,
latch, and reset pulses needed by IC2. Also, an input connected to
the divider chain controls its length-or number of stages-and
selects a l-second gate time or a IOO-ms gate time. An output from
IC3's divider chain also carries the multiplex signal for IC2. This
signal determines when a digit will be scanned by IC2's multiplex
er, and is just as important as the other signals.

Construction Guide
The first step is to round up the parts. Ifyou are lucky, you can

probably scrounge most of them from your junk box, but more
likely you will have to buy at least the ICs. All of them have been
available to the industry for years, and they are starting to pop up in
the ads.

The LED display is commonly used in low-cost calculators,
and can be almost any such unit; the pinouts have been pretty much
standardized by various manufacturers. We have used National
NSB-I88, Litronix DL-94 displays, and others with success. The
HP unit specified is recommended because of its superior appear
ance, but its price tag may drive you to scrounging a junk calculator
instead. Order any parts you need , plus the crysta l. If my own
experience is any indicator, you should order the crystal first.
They are custom made, and take time to get.

The next step is to obtain or make the PC board. Luckily, this
one is a single-sided type , and can be made at home using the G-C
"Lift It" kit, or the newer printed circuit transfer films such as PCP
type A, which is carried by Tri-Tek, Inc. (See Table 9-3 for
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Item

IC1-National OS-8629

IC2-IC3lntersil
ICM·7208IPI and
ICM·7207AIPO.
Note : These parts come
as a set
Yl-5.24288 MHz
crystal

OISl-H-P display

C7-20 pF tr immer cap

Factory

National Semiconductor
2900 Semiconductor Dr.
Santa Clara CA 95051

Intersil, Inc .
10900Tantau Ave.
Santa Clara CA 95014

JAN Crystals
2400 Crystal Dr.
Ft. Meyers FL 33901
(813)-936-2397

Hewlett·Packard, Inc.
Optoelectronics Oiv.
1501Page Mill Rd.
Palo Alto CA 94304

Sprague, Erie, etc .

Distributor
Tri-Tek, Inc.
7808 North 27th Ave.
Phoenix AZ 85021
(602)-995-9352
Poly Paks, Inc.
PO Box 942
S. Lynnfield MA 01940
Stock *92CU4079
(617)-245-3828
JAN Crystals

Poly Paks, Inc.

Tri·Tek, Inc.
Stock' CAP9308

Table 9-3. Supplier Usl

Case-LMB·CR-531 Haeger, Inc.
725 Ceres St.
Los Angeles CA 90021

Note on the "Factory" column: These people should be contacted only for a loelll
distributor; only JAN Crystals wlllll8l1 small quantities of parts to Individual Ull8fll.



address.) It might be wise to silver-plate the fmished board to
improve high frequency performance, but that is up to you. While
the improvement will be slight, the appearance will be considera
bly better. Drill all holes with a number 64 drill, and then drill out
the four comer holes with a Va" drill. Now let's start the wiring.

You should install the jumpers and IC sockets before doing
anything else. Refer to Fig. 9-33, whichshows the component side
of the board. Cut up three I" pieces ofno. 28 solid wire or resistor
leads. Then cut two 2" pieces of wire. Install one 2" wire between
the two holes near the right center of the board, as shown in Fig.
9-33. Install the other 2" jumper between the two holes near the
left center of the board. Install a I" jumper near the bottom of the
board at the cutout. Move up to the center of the board, and install
the remaining two I" jumpers. Be sure to get the jumper nearest
the left center of the board in the proper holes. An 8-pin IC installs
next to it. When done, check to be sure all connections are sol
dered. Also, trim away the PC board at the bottom to form the
trapezoid-shaped cutout, if you haven't already done so.

Next, install the 8-pin low-profile IC socket in the top left
comer, next to that small jumper. Move down from it and install a
14-pin low-profile socket near the bottom edge. Finally, install the
28-pin socket next to the right edge of the board. I recommend
the use of low profile sockets because they make later installation
in the cabinet easier. Molex" pins will suffice, however. Check for
solder bridges, fix, and flip the board over. Cut a 1%" piece of
insulated hookup wire, strip, and solder one end to pin 12 on the
14-pin socket, and the other end to pin 19 on the 28-pin socket.
This wire shows up on Fig. 9-34. (Note that there is a "I" to
identify pin 1 on each socket.)

The next step is to install the eight segment resistors on the
foil side of the board. About Y4" ofeach resistor lead appears on the
other side of the board for mounting the display, so don't trim the
leads offfrom the row of wires in the center of the board. Start with
the A segment resistor, R2. Lay the resistor against the board
between the A on the socket (28-pin)and the A pad in the center of
the board. Pass the resistor end through the A pad, so that the lead
comes through the hole in the center of the board. Remember that
this is for the display, so don't trim it. Solder to the pad. Bend the
resistor body so that the other lead won't touch any other foil but
the A pad on the 28-pin socket.

This process is identical for the other resistors, and is shown
in Fig. 9-34. Repeat with installation of the D segment resistor.
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Fig. 9-33. Component side of the board.

Position it over the A resistor you just installed, and bend the leads
so they go from the D in the center of the board to pin 2 on the big IC
socket. Note that there isn't a D next to pin 2 on the 28-pin socket.
(There wasn't room for it.) Continue by installing the E segment
resistor in the same manner, leaving at least Y." of lead sticking
through the center of the board to mount the display. Continue with
the F, G, B, and one end of the C resistors. Attach a piece of bare
wire to the other end of the C resistor, slip a piece of insulating
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tubing over it, and solder the wire to the Cpad on the big IC socket.
Pick up another 470-ohm resistor and bend the leads so that one
end goes to the pad just below "Input" on the board, and to the
display. Cut the end flush with the board where the lead comes
through near "Input," but not the one coming through the center of
the board. That concludes the res istor installation for the display.

Continue by cutting up seven I" wires for use as jumpers.
These jumpers tie the digit leads from IC2 to the cathodes on the
display. Heavy wire, just large enough to fit the display holes,
might work better here, but the wire size you use is up to you.
Bend one end of each wire into a small right angle, so that the wire
looks like the letter L. Pass a wire through the foil side of the
board, and place the short arm against the foilpad. Solder carefully.
Put a wire in each pad that doesn't have a resistor. Use patience and
care to prevent the wires from touching the adjacent resistored
pads. This concludes the hardest part of the project.

Tum the board over to the component side and very carefully
clip the 15 wires down to about W' above the board. Place the
display over the wires, being sure to leave the hole on the far left
side of the display open. All holes on the right side must be used.
00 not leave a hole open here or the counter won't read right. Press
the display down flush against the board, and solder quickly. Use a
minimum of heat to avoid loosening the wires soldered to the
counter PC board. Clip off the excess wire .

The rest of the wiring needs no comment; refer to Fig. 9-35
for details. Install resistors R9 and RIO at the top of the board and
Rl along the left side. Move to the bottom right and install R12.
Now you have installed all re sistors.

The semiconductors go in next. Install Ql at the top center of
the board, as shown in Fig. 9-35. For your convenience, the E, B,
and C were marked on the reverse side of the board. Move over to
the top left side of the board and insta ll 01/02 in the spaces near
Rl. Note that the bands on these diodes point in opposite direc
tions. Move to the bottom right comer of the board, and install 03.
That completes the semiconductor installation. The IC installation
will follow later.

Now let's install the capacitors on the front of the board. Refer
to Fig. 9-35, then tum to the top left side of the board. Install
C2-C3-C4-C6as close as possible to the board. Jump over the 8-pin
socket and install C5 as close as possible to the board. Bend it flush
with the board before soldering. Move down the left side next to
the 14-pin socket and install C8 near it. Thenjump over the socket
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Fig. 9-34. Foil side of the board. Take your time and lostall those resistors
correctlyl
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Fig. 9-35. Completed component side of the circuit board. Your finished
board will look like this.

and install ClO as shown. Bend it flush with the board before
soldering. Skip over to the bottom right side ofthe board and install
C9. Be sure the negative terminal faces the outside edge of the
board. That completes capacitor installation on the front of the
board.

While you are working with the front, dig out YI and install it
next to CB. Also, bend the crystal over against the board edge
before soldering. Figure 9-35 shows it standing up, but this is not
normal practice.
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Flip the board over to the foil side so that you can install the
remaining capacitors. Install C1, standing on end, at the input pad.
Leave the other end free . Install C7 in the spot near the center of
the board. Note that on most trimmers there are three leads. The
two closest together go to the heavy ground foil on this counter,
while the third goes to the crystal and IC3. That completes
capacitor installation.

Next, the switch and mounting hardware are installed. Attach
six 3" wires to the terminals of 52. Then wire up this switch as
shown in Fig. 9-35 and Fig. 9-36, cutting the wires to size as yougo
along. Install four spacers in the corners with 4-40 hardware and
lockwashers. Note that the spacers are on the front side.

That just about wraps things up on the module. Finish by
installing the ICs. Be careful about pin 1 orientation. Remember,
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pin 1 is identified on the PC board ifyou get confused. Then cut two
1" pieces of hookup wire, strip both ends, and install at the bottom
of the board near the cutout. See Fig. 9-34. Also, cut a 5" piece of
the same wire and attach near the end in the bottom left corner of
the board That completes the module assembly. It can be tested
by applying 5-volts de to the wire off the bottom center of the
board

Now you get to work the case. Figure 9-37 shows a drilling
template for the front of the box. Drill out the box and nibble the
display hole. Clean up the box, label it with press-on transfers, and
spray it with clean acrylic spray to preserve the finish.

Complete the assembly by installing the module in the box and
wiring it up. First, install 11 and 12 in the top of the box. Then slip

Fig. 9-38. Rear view of PC board showing switch wiring.
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the module into the box and secure it to the front with screws and
lockwashers. Mount 52 on the top of the box, too. Snap in 51 and
wire it up. Install the battery pack and wire it up to the other side of
52 and ground. Finish up the job by wiring up12 and C1 to 11. Don't
close up the box until you finish calibration. Charge up the batteries
and you are all set!

Calibration and Operation
There are several ways to calibrate your counter, with the

simplest being to measure a known frequency. This is how I
calibrated the model 304 counter. Connect a signal of 50 mV or so
at 10 MHzfrom a frequency standard to11. Yourstandard should be
accurate to at least ± 0.001%; ±0.0005% or better would be highly
desirable. Press the check button and set the resolution switch to
100 Hz. Youwill get a reading close to 10 MHz. Adjust trimmer C7
until you get a reading of exactly 10.000 MHz. That completes
calibration with a standard. If you don't have access to a frequency
standard, a transmitter will do as well. You should have a high
quality counter to measure the transmitter. A CB set will do.
Attach a piece of coat-hanger wire about 12" long to 11. Then key
the transmitter after you set the resolution switch to the 1oo-Hz
position. Key the transmitter in brief steps and do not modulate it.
A walkie-talkie is ideal for this since little power is necessary.

Table 94. Model 304 Counter Specifications.

Model 304 Counter Specifications
1. Accuracy: Adjustable to up to ±0.0002% or better, short term .
Also ± 1 count error on all measurements.
2. Frequency Range: From below 1 MHz to over 135 MHz.
3. Gate Times: Switched 1 second or 0.1 second. Display cor 
respondingly updated 2 seconds or 0.2 seconds respectively.
4. Input: About 500 Ohms at low signal levels (below 0.5 volt).
5. Power requirements: 5 V de at 130rnA, no signal. Power supplied
by nlcad batteries .
6. Resolution: 100 Hz and 1 kHz of the measured frequency.
7. Sensitivity: Typical rms sine wave sensitivity for stable coun t is
55 mV at 1 MHz, 4 mV at 27 MHz, 5 mV at 50 MHz and 12 mV at 135
MHz.
8. Special Features: Hand·held portable unit. Diode-protected in
put, easy construction, long battery life, etc .
9. Display: 0.105" LED calculator-type with 7 digits.
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Table 9-5. Parts Ustfor Counter.

Parts List
B1-4 "AA" Nicad batteries in square holder
C1-0.1·uF, zoovon Mylar capacitor
C2, C3, C4, C6-0.01·uF, eovou disc capacitors
C5, C10-0.1-uF, 25-volt disc capacitors
C7-6-to·20-pF trimmer
C8-27-pF mica capacitor
C9-100·uF, 6.3·volt electrolytic
01, D2-1N4148 diodes
D3-1N4002 rectifier diode
IC1-National DS·8629N VHF prescaler
IC2-lntersil ICM·7208IPI counter chip'
IC3-lntersilICM-7207AIPD timebase controller chip'
J1-BNC connector, UG-1094, Amphenol 31-221
J2-RCA jack
Q1-2N3905 PNP silicon transistor

Resistors: All resistors 1/.-Watt film except for R12.

R1-47-0hm resistor
R2 through R8, R11-470-0hm resistors
R9-10k resistor
R10-15k resistor
R12-100-0hm, lf2-Watt resistor
S1-SPST Push-button switch
S2- DPDT miniature toggle switch
DIS-1-Hewlett·Packard 5082-7441 9-diglt LED display, "Industry
Standard" calculator LEDdisplay, Poly Paks 92CU2954,or similar.
Y1-5.24288 MHz crystal In HC·18/U holder with wire leads.
Loading capacitance is 12 pF, accuracy Is ±O.OO5% at room
temperature.
Misc. - 9-volt acldc battery charger with RCA plug, PCboard, Bezel,
318" spacers (4 each), LMB CR·531 case, 4-40 screws, wire, etc .

•Available from Poly Paks as a set. Stock #92CU4079.

PC Boards
The PC board (stock #STGM-279) for this project is avail

able for $5.60 (drilled) or $4.00 (undrilled) from O. C. Stafford
Electronic Development, 427 South Benbow Rd., Greens
boro NC 27401 . Add $1.00 for shipping.

Adjust C7 until the counter reads the exact transmitter frequency
when the counter is held near the antenna. That completes calibra
tion of the counter. Close up the counter case and secure it with
screws.
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Operation is a snap with this counter. Simply connect low
level signals to be measured to J1 and press S1. You then read the
frequency offthe display. The resolution switch, S2, is designed to
offer you two time bases , and, thus, two different gate times. Use
the O.I-second position where you want a speedy display of fre
quency, and use the I-second position where you want greater
accuracy. This willallow you to read up to the last 1 kHz position on
the display with S2 set to 0.1 second, and read to the last 100 Hz
position with S2 set to 1 second. As you can see, each has advan
tages.

Afew tips on using this counter: Youmight want to fabricate a
12" whip antenna out of a male BNC connector and a piece of
coathanger wire. Epoxy the wire inside the plug. With this setup,
you should be able to measure a 100-mW CB walkie-talkie at least
15 feet away. If your performance-select ICl, this counter will
cover the 2 meter ham band. Finally, whenever you measure a
transmitter or signal generator, be sure to operate it in the unmod
ulated mode, or SSB units in the CW mode. This will give you
maximum accuracy in your measurements.

Also, see Fig. 9-38 and Tables 9-4 and 9-5.
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Chapter 10
Special Projects

and Useful Information

Here are some different types of projects. Did you know, for
instance, that you can build your own automobile voltage reg
ulator? Well, you can, and here we show you two different ways to
do it. There are other projects too, ofcourse, and some very useful
information on home-brewing circuit boards. There's even a pro
ject to build your own electronic TV games!
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A SIMPLE CAR VOLTAGE REGULATOR

A price of $22 for a new voltage regulator in my automobile
gave birth to this simple yet very effective solid state replacement.
The circuit should be usable in almost any negative ground system
using an alternator.

A few words about the automotive battery charging system
will help in understanding the operation of this circuit. An alter
nator's output voltage, and thus its charging current, is controlled
by varying the field current in the alternator. Full voltage on the
field winding will give full output from the alternator, and reducing
the field voltage will result in reduced output. The output capacity
of any alternator is limited by its design, primarily the wire size
used. In fact, loadingan alternator heavily will rarely damage it, as
it will put out just so much current, and beyond that its output
voltage will drop, limiting the total power available.

In the usual electromechanical type regulator, a resistor is
switched in series with the field winding to reduce the alternator
output. When the battery voltage drops due to a heavy load, the
resistor is shunted by a pair of contacts on the relay, which is
voltage sensitive. Under normal conditions, with the engine run
ning, battery voltage should be approximately 13.6 to 13.8 volts,
indicating the battery is receiving a charge.

In order to best understand the electronic circuit, it can be
looked at as a switch, either supplying no or full voltage to the field
winding. Start with a low battery voltage. Diode Dl, a 13.0 volt
zener, does not conduct as longas the battery is below 13.0 volts. If
Dl is not conducting, no bias is applied to Ql base, keeping Ql
turned off. If Ql is off, Q2 is on fully, being biased by R2, 120
Ohms. It then applies fullbattery voltage to the field windingon the
alternator. This of course means the alternator will put out full
voltage to the battery, causing it to charge.

Now, as soon as the battery voltage increases to 13 volts, a
small amount of bias is applied to Ql base as the diode begins to
conduct. If the battery reaches 13.6 volts, the zener diode will
conduct fully, dropping 13.0 volts and leaving .6 volts to bias Q1.
When this happens, Ql turns on fully, reducing the voltage on Q2
base to very close to zero. Q2 turns off, removing all voltage from
the field. Now the alternator output is reduced to zero, so the
battery receives no charging current.

In actual use, this entire process happens very rapidly, and the
constantly changing alternator is in effect smoothed out by the
battery. Battery voltage will always be the zener diode voltage
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SWITCH

Fig. 10-1 . Simple car voltage regular schematic.

plus the drop across the base-emitter junction of Ql, about.6 to. 7
volts. Resistor R3 limits the base current to a safe value.

My unit was built on a large heat sink with all parts being
supported by the transistor leads. This is not really necessary, as
both transistors are operating as switches and consume very little
power. The circuit has survived the past winter in my car, and has
always kept the battery properly charged, and at a fraction of the
cost of a new regulator. It might be a handy circuit to keep in mind
the next time you are left with a dead battery due to a faulty
regulator, or if you are doing any experimentation with windmill
power and surplus auto alternators.

SOLID-STATE CAR REGULATOR

Many car owners, at one time or another, experience electri
cal system problems usually resulting from a dead battery. In many
instances, the battery is blamed for the malfunction when, in
actuality, the electromechanical type voltage regulator is the real
cause of the problem. This is usually the case, even though the
voltage regulator may appear to be functioning properly.

To understand why this happens, consider the fact that a
properly charged and maintained lead-acid storage battery should
last the life of your automobile. When an early failure occurs, it's
usually due to the voltage regulator consistently undercharging or
overcharging the battery in the system. In fact, more battery
failures result from improper voltage regulation in automotive
electrical systems than for any other reason.

Excessive undercharging will cause the battery plates to be
come covered with lead sulfate, commonly referred to as "sulfat
ing." On the other hand, overcharging a storage battery raises the
temperature of the electrolyte, resulting in extreme oxidation of
the plates, whicheventually crack or buckle. The end result ofboth
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of these improper charging conditions is the same . . . a dead
battery.

Electronic Vollate Replation
To overcome the above problems, it's necessary to regulate

the charging voltage at the proper level. It's up to the voltage
regulator to maintain the proper system voltage and, for many
years, this task has been accomplished with an electromechanical
device. The main disadvantages of these devices are voltage varia
tions due to temperature changes, unadjustable voltage settings,
and mechanical type failures.

Many auto manufacturers have recognized these problem
areas and as a result are switching over to solid state designs. In
fact, if you own a late model car, it may already have an electronic
voltage regulator. However, there are still many cars in existence
today with the old style electromechanical regulator. If yours
happens to be one, you can easily update it with a precision,
electronic voltage regulator.

For less than $10 in electronic components, you can build your
own solid state voltage regulator that should outperform any elec
tromechanical regulator on the market today.
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Fig. 10-2.Schematic. 01-18 volt zener diode, 1 watt; 02-1 N4oo7,100piv,
1Amp rectifier; IC1-LM723 voltage regulator (14pin, DIP);Q1-2N2063A
(SK3OO9) 10 Amp PNP transistor; R1, R3-470 Ohm. V2 watt, 10% resistor;
R2-500 Ohm, 10 turn trimpot ; R4-51 Ohm, V2 watt, 10% resistor ;
Miscellaneous-T0-3 transistor socket , 14pin DIP socket, barrier terminal
strip, T0-3 mica washer kit, PC board, minibox, optional relay (see text).
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Fig. 10-3. Construction details.

How It Works
As indicated in the schematic diagram (Fig. 10-2), this solid

state automotive regulator uses a minimum of components to
achieve high performance without sacrificing reliability. The heart
of the unit is the LM723 precision voltage regulator Ie, which is
internally temperature compensated. This integrated circuit is
connected as a switching type regulator to control current flow to
the field of the alternator. Resistor R2 is adjusted to maintain a
system voltage of 13.8 volts, the fully charged voltage of most
standard car batteries.

If the alternator tries to produce a voltage above the set level,
the LM723 turns off the pass transistor, Ql, thereby cutting off
field excitation in the alternator. When this happens, the output
voltage from the alternator begins to drop. As soon as the output
level drops below 13.8 volts, the regulator turns the field current
backon to raise the output voltage. This cycle is repeated hundreds
of times a second to maintain the alternator's output voltage pre
cisely at the set level.

The external pass transistor, Ql, is required to handle the
large field current of most alternators (approximately 3 amps),
since the LM723 has a maximum output current capability of 150
rnA.

Construction Details
The solid state voltage regulator may be built in a small

minibox (2-%" x 2-1fs" x 1-%") as shown in Fig. 10-3. Transistor
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Q1 is mounted on top of the minibox, which is used as a heat sink.
Insulate the transistor from the metal case using a TO-3 transistor
socket and mica washer kit. This is necessary to prevent the
transistor's case (collector) from shorting to ground.

A barrier type terminal strip (3 terminal) is used to bring the
BATT, GNDand FIELD connections out. Ifa relay is required (see
installation details), you may elect to construct the unit in a larger
minibox to house the re lay. Also, a six terminal barrier strip will
then be required to make external connections to the relay.

In some installations, depending on the mounting location of
the regulator, you may want to seal the enclosure for moisture
protection. However, if the mounting location under the hood is
carefully chosen, this should not be a problem.

The external pass transistor is not critical and almost any 10
amp, PNP transistor will be adequate. However plan to use only a
DIP version ofthe LM723 and not the TO-5version. The reason for
this is that the DIP version has an internal reference zener diode
(Vz) and the TO-5 version does not. The TO-5may be used, but you
will have to add an external zener reference diode. Also, the
printed circuit board layout (Fig 10-4) has been designed for the
DIP version.

How to Install Your Electronic Regulator
First, try to obtain a copy of the schematic diagram for your

automotive electrical system. Most local libraries will have au
tomotive manuals containing this type of information. You should
become thoroughly familiar with this diagram before proceeding
with the installation.

Referring to Figs. 10-5 through 10-8, determine which system
best fits your own car. Four basic types of alternator systems are
illustrated: Ford!Autolite, Delcotron/GM, Motorola/AMC, and
the Chrysler/Plymouth system with an ammeter. With the excep
tion of Chrysler/Plymouth, most systems will require an external
relay to maintain the alternator charge indicator light function.
However, if you install an external ammete r you can eliminate the
requirement of the relay. Simply connect the regulator as shown in
Fig. 10-5.

The next step is to find a suitable location under the hood to
mount the electronic regulator. Preferab ly, this location should be
near the battery and away from areas subject to moisture or exces
sive heat.

Disconnect the old regulator and mark each of the connecting
wires for future reference, and use crimp-on connectors to connect
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Fig. 10-5. Simplified diagram for a typical electrical system containing an
ammeter in lieu of the alternator indicator light. This type of system does
not require an external relay to convert to an electronic voltage regulator.

the new regulator to the system. This willmaintain the integrity of
the original system connections should you ever want to convert
back to the original configuration. If an external relay is required,
mount it ina protected space, preferably with a dust cover or within
the regulator enclosure.

After the unit is installed, recheck all wiring to insure that the
system is properly connected. Before starting the engine, tum off
all loads until the system voltage is properly adjusted and stable.
After the engine is started, adjust the system voltage (with trimpot
R2) for 13.8 volts at the positive terminal of the battery.

Check to see if the regulator is functioning properly by in
creasing the engine speed and adding loads to the system. The
voltage should remain constant. Note: At slow idle, with loads

NOli . COf'itI'I(C1K* SMOUlO If: MAOf:
""CLOSi AS"OSS...1 TOPOStTIVI
TFlII MINAI..

ALTERN ATOR

I' II

'A
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Fig. 10-6. Simplified diagram for a typical Ford electrical system with a
charge indica tor light. This type of system requires an external relay to
maintain the function of the indicator ligh t. RLY 1-any 6 voll relay with 3
Amp SPOT contacts.
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Fig. 10-7. Simplified diagram for a typical Oelcotron (GM) electrical system
with a charge indicator light. This system also requires an external relay if
you want to maintain the function of the indicator light. RLY1-any 6 volt
relay with 3 Amp SPOT contacts.

turned on, the voltage may drop slightly, since the alternator is not
producing at its rated output. At cruising speed, however, the
correct voltage should be maintained if the system is operating
properly.

Conclusion
This completes the installation and check-out of your elec

tronic voltage regulator. It should provide many years of trouble
free operation in addition to extending the life of your lead-acid
battery.

As a final suggestion, you may want to monitor the system
voltage on a continuous basis for the first few weeks after installa
tion. If no problems are experienced during this initial trial period,

ELECT RONIC
VOLTAGE

REGULA TOR

Fig. 10-8. Simplified diagram for a typical Motorola (AMC) electrical sys
tem with an internal isolation diode. An external relay will be required to
maintain the function of the indicator light. RLY1-any 12 volt relay with 3
Amp SPOT contacts.
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it can be safely assumed that the voltage regulator is compatible
with your particular electrical system.

HOME-BREW tlRCUIT BOARDS

Hand wiring circuit boards is a not-uncommon means of mak
ing quite satisfactory boards which can match in effectiveness, if
not always in appearance, those which have been etched. It is my
purpose to pass along some ideas which have worked for me to
make the job easier and!or more economical.

Some projects in which the usual procedures of applying a
resist (mechanically or photographically) and then etching do not
pay, include: one-of-a-kind devices with complex patterns, those
for which commercially-available boards are not available or are
inordinately expensive, those in which the builder wishes to make
changes from a published design, and those for which the builder
does not have facilities for applying resist, etching, and drilling. Of
course, there is always the tinkerer who stubbornly insists on
doing ajob in his own way, trying something new and differe nt from
the established methods of handling a project.

One has to start with a board of some kind. The phenolic,
prepunched board sold by Radio Shack is good, given the shortcom
ings ofphenolic. It is punched .100 x .100 inches for IC sockets and
other small components. This is a 2-%" x 6" board and two larger
sizes are also sold. You will probably need to cut boards to size for
specific use; a fine hacksaw or model railroad track saw works well
with phenolic or epoxy boards.

Higher -quality board , usually glass epoxy, is available as
surplus cards from computers and other devices. The trick here is
to buy boards which have high-density packaging so that there are
many ICs mounted on them. This leaves a lot ofholes from which to
select when you come to arranging your own layout. I once found an
8-1/2" x 14" board which included 82 ICs, neatly arranged in rows,
plus a 1.8 MHz crystal and associated transistors, capacitors, and
resistors, all for $1.75. A better buy was an etched board without
any components for a couple of cents. Cut into pieces (after the
components were removed from the first board), these boards have
provided numerous smaller boards for various projects.

A surplus board must be cleaned off. Removing the capacitors
and resistors is an easy trick, even if you want to be careful enough
to use them again. Slip a small screwdriver under the component,
heat one lead on the other side of the board, pry up gently, and
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repeat with the other lead. Test all items before using them again.
You don't know why the board was declared surplus.

ICs are another matter. It is almost imposs ible without a
special soldering iron, to heat seven or eight pins all at once. The
solder can be removed with one of the de-soldering "wick" pro
ducts on the market. I use small size shielding from unwanted mike
cable or the like, dip it in soldering paste, lay it on the line of pins,
and heat it with an iron. It sucks the solder up so that the IC can be
pried off, one side at a time. The heat is likely to ruin the ICs, of
course, but these are usua lly house -numbered and you do not know
what they are; thus, they are of no use to you anyway. If you have
facilities for determining IC types, you would probably be testing
the devices at the same time, so you can discover what they are and
whether they are good all at once.

Now you have a board with a lot of empty holes and connec
tions among them, and the next job is to remove the excess foil.
The quickest and easiest way to do this is to dump the board (or any
portions that you have cut off for use) into PC etchant and let it do
its dirty work. Dab spots of resist (fingernail lacquer , paint, candle
wax, etc.) on the pads at each IC location. This will permit the pads
to remain while everything else is etched away, and will give you
something to anchor the IC sockets to when you begin soldering
your own circuit. It may be handy to save a ground (common) bus,
or pads for external connections to the board, if these will not get in
your way. I have tried to compare the pattern on a board with the
pattern of the circuit on which I am working, in an effort to save any
connections which may be useful, but I do not recommend this.
Especially on a doublesided board, or in a complex circuit, it is the
road to instant insanity.

Follow the safety notes and instructions on the etchant bottle
carefully. The stuff stains hands and clothing, and is definitely
injurious to eyes and other sensitive skin areas. It is convenient to
have a pail of water handy to dip the board into as a rinse to check
things as you go along. Likewise, it is worthwhile to use a pair of
plastic tweezers (photo print tongs, for example) to handle the
board in the solution. Do not bother to heat the solution according
to the instructions unless you are in a hurry. When all of the
unwanted foil has etched away, wash the board, clean offthe resist
with chemical solvent, a "Rescue" pad, or with fine steel wool, and
wash the board again.

I am a great believer in IC sockets because I am not a believer
in the specs of the bargain ICs I buy. Sockets are cheap-30¢ or
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less by mail-and they save hours when you have to change the ICs
around to find whichones do not work. Molex sockets are a dubious
bargain. They do not slip into the holes easily, and, after a few
insertions and removals, they are not reliable. At first glance, it
would appear that IC sockets with long pins for wire-wrap applica
tions would be easier to solder to, but I find that the extra length
gets in the way of precision work and I wind up with two or three
pins soldered together.

A word about the holes in the board. You will find many of
them plugged with leftover solder, and you will find need for a few
where the original manufacturer neglected to foresee your re
quirements. Stop at your friendly neighborhood hobby shop and
buy a couple of fine drills; number 62 or smaller is good. At the
same time, if you do not have one, get a cheap pin vise. With this
combination, you can ream out plugged holes and drill new ones.
Youcan do this while holding the board in one hand and the pin vise
in the other, and thus make holes after you have begun mounting
components. You cannot do this safely with a hand drill or drill
press.

At the hobby shop, you can also get a small eggbeater-type
hand drill made by X-Acto~ which is light and, if handled carefully,
will not break too many of the little twist drills. However, buy
several twist drills at a time as they go fast!

The wire that you use should be as fine and as flexible as you
can find. Teflon™ insulation is good for resisting any tendency to
shrivel up when the heat of soldering hits it. Again following the
surplus route, I have had luck in finding cables made up of many
leads of fine stranded wire, number 24 or 26 or so, with various
colors of insulation, which I have separated into individual leads.
Solid wire is a nuisance .

Wiring this kind of board by hand is admittedly no fun. There
are too many repetitious operations, since so many ICs use the
same connection schemes. After a while, it becomes a question of
"Did I wire pin number five and which pin is number five?" If you
have an etching pattern for the device, make a Xerox" copy of it to
follow, inking in each connection as you solder it. If not, do the
same on a circuit diagram. Yes, this is the same way that beginners
did it in the old days ofmetal chassis and 24o-volt transformers, but
it works.

Solder two or three comer pins of each Ie socket to the pads
which you thoughtfully left on the board This will hold the sockets
in place while you get down to serious business. Then, again
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following the old octal socket tradition, wire in the "high-voltage"
leads first, then the ground (common) leads. After that, tackle the
rest of the wiring.

As with any other complex wiring job, color coding will help
keep matters straight so that youknowwhere youare. I use yellow
or red for Vcc, blackfor common, and one or two additionalcolors
for other leads. Leads coming off the board for interconnection to
other boards, switches, etc., must be color-coded or you can get
hopelessly lost. If you do not have enough colors of insulation for
this, use bits ofcolored insulationfrom larger sizes ofwire, slipped
on the leadsand snuggedup against the boardend ofthe leads. And
make notes as you proceed, reminding yourself of what each color
indicates .

You will want a wire stripper, and the small plier-type with a
notch to cut the insulation, but not the wire, works well. Set the
closure adjustment carefully, since you cannot afford to take any
strands of wire offwith the insulation.There is not that muchwire!
Other handy tools include a couple of small screwdrivers, small
longnosepliers, a small pair of diagonalcutters, a small soldering
iron, andpossibly a smallfile. The key workin the wholeoperation
is "small."

Preform the leads before you solder them in. Strip about %
inch of insulation, tin the end of the wire, cut the lead to approxi
mate size, then strip and tin the other end. Bend a hook ineach end
small enough to fit snugly on the Ie socket pin and solder it on.
Where leads are inthe clear, withnopossibility ofshorting to other
leads or pins, you can strip and tin a longer piece of wire. Bend a
hookin it as before, solder it to a pin, pull it against whatever else it
is to be connected with, solder it, and clip off the excess. This
speeds thingsupa bit. Ifyouhavean etchingpattern, try to follow it
fairly closely with your wire leads. The designer may have had
some reason for lead placement.

A circuit board wired in this manner will probably win no
prizes for neatness, and some unkindfriends maycompare it witha
rat's nest. But the system works and is a suitable substitute for
drawing artwork, sensitizing, exposing, developing, etching, and
drilling boards, which may be beyond the experimenter for one
reason or another. See Figs. 10-9 through 10-14.

There are TV games sold in every discount store and almost
every major electronics periodicalhas hada construction article on
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Fig. 10-9.Jumper wires on the component side of the board are useful at
times to avoid too much clutter on the foil side. Push-in terminals (Radio
Shack 270-1392) were used here as junctions for anchoring the Iight
colored 5-volt line, and as soldering points for connection to the Ie
sockets on the other side of the baord. Terminals are also used along the
front edge of the board to bring out leads which will later be soldered to
them. Board here is 2-1f.z" x 5-W' .

them. The commercial units cost between $75 and $100and the
construction kits are aboutthe same cost, but there are consider
able differences among them. Some may be using older designs
which mayhaveas many as 100chipsto perform onlyonegame, or
at the other extreme one chip to perform six games. Obviously,
Wilbur would havebeen better offbuying a unit which performed

Fig. 10-10. Bare wire can often be used to an advantage, as shown in the
thin horizontal lines on this board. The center two lines are the 5-volt dc
supply ; lines at top and bottom edges are common bus. Leads coming off
the board also show small sleeves of colored insulation slipped on for
color-coding. Board is three inches square.
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Fig. 10-11. Section cut from a larger computer board and then etched
clean, leaving pads for anchoring IC sockets. foil strips on edges for
ground bus. as well as other leads which seemed to be useful. Board is
2"x 31/2".

more than one game and allowed variations within each. Fewer
parts would necessarilymeana lowerprice and increased reliabil
ity.

The AY-3-8500-1 made by General Instruments is a 24 pin
MOSintegrated circuitTV game chipcapableofplayingsix diffe
rent TV games. The features are as follows:

1. Six selectable games-tennis, hockey, squash, single
player practice, and two rifle shooting games

2. Automatic scoring
3. Score display on TV screen: 0-15
4. Selectable bat size
5. Selectable ball speed

Fig. 10-12. Circuit built on a 3"x6" Radio Shack board 276-1395. It looks
like a rat's nest of wiring, but color coding and a little care made everything
come out right. This kind of sloppy wiring is permissible only when there is
no rf or audio circuitry involved.
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Fig. 10-13. Oneexample of the "rawmaterial"-asurplus computer board
measuring 8-Y2"x14".ICs are not removed until a smaller piece is hacked
out for a specific purpose. More than three dozen resistors, diodes,
capacitors, and transistors were carefully taken out for future use.A board
such as this would make an excellent "mother board" for a project which
is made up of several smaller modules.

6. Selectable deflection angles
7. Automatic or manual ball service
8. Realistic sounds
9. Shooting forwards in hockey game

10. Visually defined playing area for the four ball games.

Game Descriptions
Tennis. The tennis game picture on the TV screen will be as

shown in Fig. 10-15. There will be one bat or player per side, a
playing field boundary and a center net. Scoring position is as
illustrated. After reset is applied, the score is 0 to 0 and the ball
will serve arbitrarily from one side toward the other. It is the
opposing player's objective to intersect the path of this ball and
deflect it back toward his opponent. If no intersection occurs, a
point will be automatically scored against the erring player and the
ball willagain be automatically served toward him again. Serve will
not change until he scores a point and gains the advantage. A game
concludes when one player's score totals 15 points.

The exact details of the game are a function of the optional
speed, size, and angle selections. While the game is in progress,
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Fig. 10-14.Unused holes which remain after etching a board clean may be
used to anchor leads and other components. On this 2-Y4"x3-V2" scrap of
board. a strip of foil was allowed to remain as a ground bus. Etchant crept
under the resist, leaving a ragged edge, but enough foil was left to be
useful .

Fig. 10-15. Tennis game with ball in play.
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three audiotones are output to indicate boundary reflections, bat
hits and scores.

Hockey. The rules of the hockey gameare exactlythe same
as the tennisgameexceptthateachhuman playercontrols twobats
or players on the screen. These players shown in Fig. 10-16 are
referred to as the goalie and the forward respectively. The goalie
defends the goal, while the forward is located in the opponent's
playing area. When the game starts, the ball will be arbitrarily
served from one goal toward the other side. H the opponent's
forward can interceptthe ball, he can shoot it backtowardthe goal
andscorea point.Hthe ballis missedit willtravel to the otherhalf
ofthe playing areaandthe opponent's forward willhavethe oppor
tunity to deflectthe ball towardthe goal. Hthe ball is "saved"by
thegoalie or it reflectsfrom aboundary, thesameforward willhave
an opportunity toagain try to deflectthe ballbacktowardthe goal.
This method of jamming the ball between the forward and the
goalie is a very effective scoringmethod andmakesfor an excep
tionally exciting game. Scoringandaudioare the sameas the tennis
game.

Squash. Thisgameis illustratedinFig. 10-17. There are two
playerswhoalternatelyhit the ballagainst a backcourtboundary.
Scoring and audio are the same as the tennis game.

Practice. Thisgameis illustratedinFig. 10-18 andis similar
to squash except that there is onlyone player.

Fig. 10-16. Hockey game with ball in play.
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Fig. 10-17. Squash game with ball In play.

Rifle. The riflegameis illustratedinFig. 10-19. Rifle 1game
results in a large target which randomly shoots across the screen
whileRifle 2requires that the target bounce aroundwithin the area
defined by the TV screen. External circuitry listed in Fig. 10-20
conditions optical inputto a photocell located in the barrel ofa toy
pistol or rifle which is aimed at this random target. When the

Fig. 10-18. Practice game with ball in play.

459



Fig. 10-19. Rifle games 1 and 2 target.

trigger (PB3) is "pulled" the shot counter is incremented. If the
rifle is ontarget, the hit counteris incremented. After15shots the
score is displayed.

Circuit Description
The simplest circuitutilizing this game chip is illustrated in

Fig. 10-21. A DIPswitch(51-58) is used for rarely changed func-

+6.21,1

HIT
PULSE
TO PIN 23

[-:;;:;-~@~T~E~~~----....:!}'- TRIGGERPULSE
TO PIN 24

Fig. 10-20. Rifle circuit. PT-1 photo transistor TIL64 or equiv.; 4098-dual
monostable; 4011-quad 2 input NAND; all resistors Y2W5%;all caps min.
25 V dc ceramic.
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tions such as game selection, rebound angle and bat size. A $2.00
eight section switch such as this serves to lower overall costs by
replacing about $8.00 worth of toggle and rotary switches while
maintaining miniaturization. Sl through S6 are the game selection
switches. Only one of the switches is enabled or placed in the ON
position. The others must be left open or the game chip will try to
play more than one game simultaneously. The correct procedure
for selecting a game is to tum the currently programmed game off
(all six switches open) and then close the particular switch for the
desired game. Switches 1 through 6 willselect the followinggames
respectively: Rifle 1, Rifle 2, tennis, hockey, squash, and practice.

Bat size and ball deflection angle are controlled by DIP switch
sections S7 and S9 respectively. With S7 open the larger bat size is
selected. Ona 21" television screen this willappear to be about 2".
When this switch is in the closed position, small bats of approxi
mately half the previous size will be displayed. All paddle game
photos illustrate the large bat selection.

When first playing a TV game, a player may want to find his
bearings and fine tune his eye-hand coordination. For just this
reason General Instruments provided for selectable bounce, or
deflection angles. When S8 is open, three rebound angles are
enabled-plus and minus 20 degrees and straight back at 0 de
grees. With S8 closed, five rebound angles are possible-plus and
minus 20, plus and minus 40, and 0 degrees. This latter selection
requires considerable player skill and dexterity and adds new
dimensions to otherwise repetitious games. If that were not
enough, selectable ball speed is also available. The ball speed
switch SWI is used more often than the game select switches and
therefore should be a more easily used slide switch. When this
switch is open, low speed is selected. In this mode the ball takes
1.3 seconds to traverse the screen. Whenthe switch is closed, high
speed is chosen and the ball will dart across the screen in .65
seconds. There is a complete understanding of the concept of
human fallibility after playing a game which combines small bat
size, full rebound angles, and a fast ball speed. With this combina
tion, the cure for boredom becomes electronically induced insani
ty.

If these features were not sufficient, there are more
realistic sound and automatic scorekeeping. All games consist of
15 points with both players starting with a score of zero after
pushing the game reset button (PBl). Withpin 7 grounded through
the manual serve push-button (PB2), play will resume automati-
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cally upon the release of the reset button. Automatic start is
signified by the game ball being arbitrarily served into the playing
area, and each time a point is scored, the ball will come into play
into the court defended by the player having scored the point. If
automatic start is not desired, the reset and serve buttons should
be pressed simultaneously when resetting a game. The reset
button is then released while still depressing the serve button.
This will allow complete player readiness and will only put the ball
in play when the serve button is finally released. Score is in
cremented (up to a high of 15) each time a player fails to deflect a
ball away from goal.

All of this rebounding and scoring results in some very in
teresting game sounds. A ball hit upon a paddle results in 32
milliseconds of 976 Hz tone. A boundary reflection is 32 mil
liseconds (msec) of488 Hz tone and score is 160 msec of 1.95 kHz
tone. This square wave oscillation is amplified by a 2N2222 tran
sistor and applied to a 100 ohm.2 watt speaker. (An 8 ohm speaker
may be used with proper current limiting in the collector circuit.)
SW2 is provided to switch off the sound without having to shut off
the game. Player positioning is remotely controlled through cables
attached to pins 10 and 11 of the game chip. Each player control
consists ofa 1 meg pot and .1 microfarad capacitor which combines
to form a variable time constant utilized by internal timing circuit
ry. Longer or shorter time constants will result in relatively diffe
rent vertical player positions. To reduce noise, this extension
cable should be shielded; otherwise, a display malady referred to
as "herringbone effect" will result.

For a TV game to be properly displayed on a raster scan
television, the proper video signal, similar to that of any commer
cial TV station, must be applied to the antenna. Such a video signal
results from synchronized dividers inside AI, which divide the 2
MHz master clock (Fig. 10-22) and output the required 60 Hz
vertical and 15750 Hz horizontal sync signals. These signals from
pin 13 are combined with those of the ball output, right player
output, left player output, and score and field output (pins 5, 8, 9,
and 21 respectively) in a two bit digital to analog converter formed
with a 4072 CMOS dual 4 input OR gate. This type of video output
is referred to as composite video output and is suitable only for use
on video monitors and not standard televisions. This video output
may in turn be used to amplitude modulate an rf carrier suitable for
a standard television receiver. Figure 10-23 illustrates a sample
circuit of this basic type of modulator. With the components cho-
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Fig. 10-22.2 MHz oscillator. Miller
9055 miniature slugtuned coil ; all
resistors V4 W 5%; all caps min. 25
V ceramic.

sen, the frequency is approximately that ofVHF channel five. (This
circuit is intended for illustration only and acceptability by the FCC
as a proper class 1 rf modulator is not inferred.) The modulator
output is connected directly to the TV antenna terminals, with the
antenna disconnected, and adjusted for the best reception.

This game is a marvel of engineering ingenuity through which
General Instruments has succeeded in enlightening the average
American to the latest advances in electronic technology. It is easy
to overlook 16K bit RAMs and microprocessors, but it is hard to
ignore such a marvelously exciting TV game when presented on
your own home television. Also, see Figs. 10-24, 10-25 and Table
10-1.

NEW LIFE FOR OLD TRANSFORMERS

Whenamateur radio was very young, it was necessary to build
everything from scratch. Youcouldn't just buy the components and

WQUNO ON
1/4 W RES ISTOR

"
~
TuRNS

VIDEO
FROM FIG I

..62V

2
TURNS 68K

IOpF IN914

J 33 pF

Fig. 10-23. VHF modulator sample circuit. All resistors V4 W 5%; all caps
min. 25 V ceramic unless otherwise noted. NOTE: THIS IS AN ILLUSTRA
TION OF A SAMPLE VHF MONITOR. THIS CIRCUIT HAS NOT BEEN Ap·
PROVED BY THE FCC.
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Fig. 10-24. Inside of author 's game unit illustrating parts layout.

home brewareceiveroratransmitter; youactuallyhadtomake the
components themselves. Hyou neededa coil, youwound oneonan
oatmeal box. Rectifiers werejarsofsomefoul-smelling electrolyte
withthe anode andcathode inserted. Capacitors were builtupand
soon.Thereasonwas, ofcourse,thatthe necessarypartswerenot
available.

Today, kit-building is popular among hams and computer
hobbyists for economic reasons and not becauseassembled units
are hardto get. Building is great fun, andI enjoy it, andthe money
savings certainly enter into the fun. I'm not suggesting that

•

Fig. 10-25.Game circuit built by author.
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Table 1()'1. Parts Ust for Fip. 1()'20 and 1()'21.

PB2

SW3

PT-1

SW1,2.

A1
A2
A3
A4
oi. Q2
Sl·S8
PB1,PB3

AY-3-85QO-1 MOS game chip General Instruments
4072 Dual 4 input OR gate CMOS RCA
4011 Quad 2 input NAND CMOS RCA
4098 Dual monostable CMOS RCA
2N2222 or equiv .
8 position DIP switch Gray Hill or equiv.
SPST momentary push-button
C & K Subminiature
DPST momentary push-button
C & K Subminiature
SPSTslide switch
Alco Subminiature
SPST toggle switch
C & K Subminiature 3 A 115 V ac
TIL 64 phototransistor or equiv .
Texas Instruments
1N914 diode Texas Ins.
100 uF electrolytic 15 V dc
1N753A or equiv.
1 meg composition potentiometer 2 Watt
Allen-Bradley or equiv.

SPK tOOn.2 watt speaker
LED NSL5053 LED or equiv.
All resistors are % Watt 10% unless otherwise indicated.
All capacitors are ceramic type with min. voltage ratings of 2S V dc
unless otherwise indicated.
MISC extension cable, batteries, box, hook up wire, etc .

01,02
Cl
21
R1, R2

everyone start fabricating their own ICs or keyboards, but I think
that some might find the following information useful.

When I decided on the Processor Technology SOL System, I
ordered only the PC board kit in order to stay within my budget.
This is a complete microcomputer on a board with video and
keyboard interfaces, cassette controller, serial and parallel I/O
ports, RAMand ROM, and much more. All I needed to get it flying,
other than the actual construction of the kit, was a keyboard, video
monitor, cassette recorder, and a power supply. The first three
items I had left over from an amateur radio slow scan to fast scan
TV project, and my junk box held all of the components for the
power supply, except one. I didn't have a suitable power trans
former.

Requirements
In order to allow for some future growth, I had decided on the

followingcapacity: +8 volts at 10 amps, +16 volts at 2.5 amps, and
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Fig. 10-26. Typical TV power transformer.
110VAt
PRIMARy

2~ TO ~OO VAC
SECONDARY

6 3 VAe 02 TURNS)
FILAMENT

~ VAt RECTIFIER
FILAMENT

-16 volts at 2.5 amps. A tour through all of my magazines and
catalogs didn't disclose exactly what I was lookingfor, so I decided
to make my own. Besides, I wanted it right now! This was not a
case of getting carried away in my desire to fire up my machine,
since I've built (rebuilt) transformers before.

Only three ingredients are needed: a roll of wire, some tape,
and an old power transformer. Retired tube-type television sets
are the best source for good transformers. They usually run 300
watts or more and are designed for continuous duty. Discarded TV
sets are free for the asking at almost any TV repair shop. Since I
never throw anything away, I just happened to have two on hand.

Identify the Windings
The whole operation is comparatively simple; mine took one

hour and ten minutes. The first step is to determine what you have
to work with. Figure 10-26 is a drawing of a typical TV power
transformer. Some have more than one 6.3-volt windingbecause of
the great number of tubes in the set.

Most, but not all, transformer leads use a standard color code
(Table 10-2). To determine how yours is laid out, connect a line
cord to the leads you suspect are the primary, and clip a voltmeter
to the 6.3-volt filament leads. In case you guess wrong, start out
with the meter on its highest scale to protect it. Insulate all of the
other leads and plug the cord into a 110 V ac outlet. The meter
should read between 6 and 7 volts. Ifnot, try some other leads until
the right combination is found.

For safety's sake, unplug the line cord while making connec
tion changes. This may sound elementary, but it is easy to forget in
the heat ofan experiment. I once cut a line cord in half while it was
hot and put two big notches in the jaws of my diagonal cutters
before they sailed across the room.

Dissection
Once you have found the primary and one of the 6.3-volt

filament windings, you are ready to start dissecting. Record lead
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colors if they are not standard. What you have to do is remove the
windings from the core, rewind them, and then put everything back
together again.

The transformer case is usually held together with four bolts
at the corners. Remove these, and the shells will come off. The
core consists of E- and l-shaped metal pieces, glued and laminated
together. At first, it would appear impossible to separate and
remove the individual pieces, but, once a few are taken out, the
rest will practically fall out.

Inserting a knife blade or thin screwdriver between the layers
and moving it from one end to the other will separate them, and the
I segments can be easily removed. Use the blade or one of the I
segments under the top E segment all the way around and through
the middle of the winding, and it should pull out with a pair of
long-nose pliers. Wigglingit back and forth while pulling should do
the job. Once the first segment is out, the rest can be loosened and
pulled out without problems .

You want to get rid of all of the windings except for the
primary, which you'll reuse. It should be closest to the center ofthe
winding pileup. You can determine this by tracing the leads you
identified earlier. Starting from the outside, unwind the layers one
at a time until you get down to the level you identified as the
6.3-volt filament winding. As you unwind this layer, count the
turns of wire carefully. This is important! This tells how many
turns each of the new windings must contain.

Mine had 12 turns, which means that this transformer was
designed to have two turns of wire per volt. Using the simple ratio
formula P/S = VPNS, where P is the number of turns in the
primary, S is the number of turns in the secondary, VP is the
voltage in the primary, and VS is the voltage in the secondary, it is
possible to determine how many turns each of the other windings
had, but it isn't necessary. All you want to know is how many turns

Table lG-2. Power Transformer Lead Color Cod••

Primary
High voltage secondary
Center tap. if used
Rectifier filament
6.3-volt filament
6.3-volt filament #1.. if used
6.3-volt filament :#3. if used
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black
red
red and yellow striped
yellow
green
brown
slate



Fig. 10-27. Rewinding guide. 11 0 VAt
PRIMARY

per volt your transformer has. If you were building transformers
from scratch, you could use whatever value you desired, but two
seem to be standard, as it has been the same onall of the transform
ers I've rewound.

Remove all the rest of the windings except the primary, and, if
it is covered with a copper foil shield, leave it in place. Wrap the
primary winding with tape , and you're ready to start rewinding.

Rewinding
The number of tums needed for each winding is the turns per

volt time s the desired voltage. Figure 10-27 shows how I rewound
my transformer. For the 16-volt windings I used # Formvar insu
lated wire, which will handle more than 3 Amps (Table 10-3).
Plastic or enamel insulated wire or smaller sizes can also be used if
your current requirements are lower.

Windthe higher voltage windingfirst, leaving a foot or so for a
connecting lead. Windtightly and neatly until you reach the center
tap (32 turns on a 2 turns-per-volt transformer), leave a loop about
a foot long for the center tap, and then wind the second half of the
winding with another one-foot lead at this end. If all of the turns
won't fit on one layer, double back toward the beginning. Wrap this
winding with tape.

Windthe 8-volt windingnext , using wire large enough to carry
the required current (Table 10-3). I didn't have any #10 but did
have plenty of #16, so I used 3 strands of #16 loosely twisted
together, which should handle more than 10 amps. Slip some
insulation over the leads, and tag them for identification. I used

#10
#12
#14
#16
#18
# 20

14.8 Amps
9.3 Amps
5.8 Amps
3.7 Amps
2.3 Amps
1.4 Amps

Table 10-3. Current·Carryina
Capacity of Wires in Transformers.
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plastic insulation removed from lengths of regular house wiring.
Shrink tubing or tape can also be used.

Reassembly
Put the segments back together in the windings by alternately

stacking them just the way they came out. A hammer and a small
block ofwood may be necessary to drive in the last segment or two.
Do not use the hammer directly on the segments-you'll flare the
edges and they will not fit together closely. Make sure that the
holes in all of the segments are lined up, and replace the covers and
any insulating material they may have contained. Tighten the bolts
good and tight. The first transformer I rewound had an audible hum
until I really clamped the segments together.

Now you've done it and can check the voltages with a meter.
They may differ from our design voltages a little, but, after rectifi
cation and filtering , you'll have plenty for your regulators. Also,
see Figs. 10-28 through 10-34.

NEW LIFE FOR OLD KLYSTRONS

What? Use a vacuum tube in this modem era of solid-state
electronics? Reading about Gunn diodes, Impatts, and other such
exotic devices is fine, but with the exception of the Microwave
Associates Gunnplexer, there are no complete solid-state oscil
lators available to the amateur. This became very apparent while I

Fig. 10-28. Retired television transformer with the covers removed.
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Fig. 10-29.The winding pileup otthe transformer sitting on top ofthe Eand
I segments.

was trying to put together a receiver for direct reception of televi
sion signals from geosynchronous satellites at 3.7 to 4.2 GHz.

A multi-stage oscillator-multiplier chain was ruled out be
cause of insufficient time. If everything works, the final receiver

Fig. 10-30. The winding form taped and ready for rewinding. All of the
windings except the primary have been stripped away.
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Fig. 10-31. The end of the center-tapped 32-volt winding. Tape is used to
hold all of the loose ends in place. All leads should come off the same end
of the form as the primary so that they will match up with the holes in the
transformer case.

might have a solid-state local oscillator, but then again, maybe
not-why discard a working circuit? Reflex klystron oscillators of
the 723 and 2K25 class (see Fig. 10-35) have been available on the

Fig. 10-32. The 8-volt winding-In this case, 16 turns of 3 strands of #16
wire.
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Fig. 10-33.The winding form completely rewound, taped, and ready to be
mounted back in the core.

surplus market for over thirty years. Output frequencies from
below 3 GHz up through 9.6 GHz are currently available with
output powers in the neighborhood of 10 to 150 milliwatts. These

Fig. 10-34. The transformer reassembled. It has been said that the seg
ments should be shellacked before reassembly, but that seems like a
messy job, and I haven't found It necessary.All that remains Is to insulate
the leads and replace the covers.
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Fig. 10-35. 723-class reflex klystron.
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klystrons have found applications in the past in polar-plexers and as
pump osci llators for amateur and commercial parametric
amplifiers . The tubes listed in Table 10-4 are similar in construc
tion and can be mounted in octal sockets that have had pin 4
removed and bored out with a number 24 drill. The output is via the
small diameter, rigid coax line which terminates in a short probe.
The probe was used to directly excite a waveguide or was capaci
tively coupled to a coax cable.

In normal operation, the tube shell is operated at 250 to 300
volts above ground. This puts the output cable, which is connected
directly to the shell, at a hazardous potential. However, byoperat
ing the cathode at a negative voltage, the shell and output cable can
be maintained safely at ground potential.

Table 1~. Reflex Klystrons From 2.7 to 9.88 GHz.

Tube
726C
726B
726A
2K22
6115
2K26
2K25"
723A1B

Output
frequency(GHz)

2.7-2.96
2.88-3.18
3.18-3.41
4.3-4.9
5.1-5.9
6.25-7.06
8.5-9.66
8.5-9.66

Output power(mW)
100
150
100
115
100
100
30
25

" Improved version of 723A/B, both of wh ich can reach 10 GHz by
stretching the cavity.·
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Fig. 10-36.726A klystron with coax output and terminal strip.

Figure 10-36 showsa 725A klystronmounted onanaluminum
plateforuse as a local oscillator forthe satellitereceiver. The tube
is clamped by a simplesplit block to allow conduction cooling and
provide a mechanically stable support. This degree ofmechanical
rigidity is not required but was convenient in this case. Also,
free-standing operation with convective cooling is alright. The
oscillator covers a measuredfrequency range of from below3.2
GHz to above 3.5 GHz.

The outputfrequency ofthisparticular tubeasa function ofthe
rotationofthe tuning screwis shown inFig. 10-37. Bychanging the

3 .6
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Fig. 10-37.Output frequency of 726A as a function of tuning-screw rota
tion.

475



reflector voltage, the output frequency could be shifted electrically
plus or minus fifteen megahertz from the mechanically set fre
quency. This FM characteristic can be used for fme tuning or for a
form of afc with simple circuitry.

The output probe is terminated with an SMA connector. A
cross section of the connector assembly is shown in Fig. 10-38. A
BNC connector could be used with equal success. The output
probe center conductor is clipped close to the insulated sleeve, the
ferrule is slid back onto the probe. Then the center conductor is
soldered to the coax connector. Following this , the ferrule is slid
forward, screwed to the connector with two 2-56 screws, and then
sweat-soldered to the probe.

Power leads run from a barrier strip to the tube. Connections
to the tube are made with a modified octal tube socket-see Fig.
10-39. Whilenormal operation requires - 300to -700 volts at zero
current for the reflector, operationat reduced potentials and output
powers is not only possible but desirable in that power dissipation
and heat are reduced substantially. This adds to the tube life
expectancy.

Operation has been at cathode voltages as lowas -150volts at
10 rnA and reflector voltages of -150 to -300 volts. With a

i-56 SCREWS-

r'6mm1
SWEAT
SOLDEREO" ~ n
~OU TPUT COAX

BRASS Jl ~ ~\
FERRULE SMA CONNECTOR~

DRILL WITH
.24 DRIL L

Fig. 10-38. Coax connector detail and assembly.
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CA P

Fig. 10-39.Socket modifications and wiring diagram.

- 300-volt cathode supply, output powers in excess of60 milliwatts
were readily obtained. With a -ISO-volt cathode supply, the out
put dropped to about 4 mW, which is still sufficient for use as a local
oscillator. Even at the high powers with only free convection
cooling, life expectancy is high. Tubes pulled out of service after
hundreds of hours of service and stored thirty years or more are
still operating.

A word of caution: The reflector must never become positive
with respect to the cathode. If it does, it will draw current, heat up,
and outgas, ruining the tube. To prevent this from occurring,
merely connect a rectifier diode between the cathode and reflector
as shown in Fig. 10-39.

The theory and operation of reflex klystrons is available
elsewhere and therefore is not covered here. What I hope I have
accomplished here is to remind other amateurs ofthe availability of
relfex klystrons as packaged sources of microwave power that are
rugged, cover a wide spectrum, and are economical.
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Chapter 11

Easy One
Evening Projects

Okay, if the projects are easy, why are they in the back of the book?
Well, if you have read this far and still haven't built one of the
projects presented in the first 10 chapters, this chapter will get you
started for sure. All of these projects can be easily completed in
one evening and some can be put together in only a few minutes.
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i WORLD'S SMAllEST CONTINUITY TESTER

Using a rubber-type two-pronged plug, the few components
that make up this tester are mounted inside the plug. The hole in
the end of the plug through which the cord enters is used for the
NE-2 neon bulb.

Two small holes opposite each otherare made near the base of
the plug for the probe wires to extend, and the two lOOk, Ih watt
resistors within the plug cavity, being in series with the probe
cords, prevent shock. A piece of % inch i.d, aluminum tubing Ih
inch long, placed over the bulb end of the plug, with a % inch o.d.
clear plastic lens pressed into the tube, protects the bulb and
enhances the appearance of the miniscule tester. Make the probe
wires longenough to suit your needs. See Figs. 11-1 through 11-3.

I SIMPLE FIE.LD-STRENGTH METER

For many years I have used two field-strength meters, and
they are still in use . I shall give credit to Io Jennings W6EI
(deceased), for he is the person whoshowed me the simple circuit.
This little gadget is non-frequency selective. I have used it from 2
meters through 160 meters. The telescoping antenna may be
adjusted to its shortest length when working with 2 meters to keep
the needle on scale. I use this field-strength meter to adjust all my 2
meter Is, base-loaded % wavelengths , beams, etc.

The meter used should be a 100 microamp up to a 500 mi
croamp movement. The diodes may be germanium type , such as

Neon Bulb

Probes

Fig. 11-1. Continuity tester schematic .
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Fig. 11-2. Component placement.

IN34, etc. Silicon diodes will also work, but are a bit less sensi
tive . The diode leads may be left their normal length . The sloped
meter box is ideal. The box does nothave to be metal. See Fig.
11-4.

Fig. 11-3. The finished tester.
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AN TENNA
10 - 30 In.

Fig. 11-4. Simple field-strength meter.

A two-way coax switch is a real convenience for switching
between two antennas, or for grounding an antenna, or for switch
ing one antenna to another rig. Take a small minibox, Bud
#5A30005 or #5A3014, and with a %" drill or a Greenlee punch cut
three holes as shown in the drawing in Fig. 11-5. These are cut on
the three sides of the U-sect ion.

Mount three 50-239 connectors on the three sides of the
U-shaped section. Then punch a W' hole in the other section and
mount a heavy-duty toggle switch-SPOT. I used a OPOT and
strapped the two sections together to take heavier current.

Connect as shown in Fig. 11-6. Use a flexible piece of coax
shield from RG-58/U for connection to the "common"connector so
that the box can be put back together easily.

Use #12 wire or the center conductor from RG-8/U coax for
the other connections.

The total actual parts cost was $5.02, saving about $35 over a
commercial switch of the same type.

The same idea can be used without the toggle for an
emergency T connector, by connecting all three SO-239s together.

,
i SUPE~ SIMPLE IT GENERATOR

Figure 11-7 shows a schematic detailing my circuit for the
generation of touchtone™ frequencies. It works extremely well, is
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Fig. 11-6. Coax switch schematic. ~
o TRANSCEI ¥ER

TO ANTE NNA TO ANTENNA
NO I NO 2

TOGGLE SWITC H

Quite easy to construct, and is inexpensive. Total cost for the
project was under nineteen dollars.

The oscillator is a Motorola MCI44110CP chip using a 1 MHz
crystal. The chip generates both the high and low tones, feeding
the energy to the amplifier through the lk resistors and the
l-microfarad capacitor. Values for the output resistors can vary
from a few hundred ohms to about 60 kilohms. The value of the
resistor shunting the crystal can vary from about three to fifteen
megohms.

The amplifier consists of an LM-380N. This is one of the
handiest linear chips around. It can output as much as two watts of
audio with a minimum of components. In the configuration shown
(this configuration may be used for just about any audio amp
application,as a look around myshack will be evidence),input from
the oscillator is fed to the inverting input. The value of this compo
nent may vary from about 470 pF to about .003 microfarads. The
4.7k resistor controls the tone of the outputted signal. If desired, a
pot may be substituted for the fixed resistor, and any tone which
will both work and please the operator's ears may be selected.
Output is taken through a 25-microfarad capacitor and an 8-ohm
speaker. The 380 is designed to operate into 8-ohms loads. The
value of the capacitor may range from about 18 microfarads to well
over 100. For 12-volt operation, change the 4.7k resistor between
pins 2 and 6 of the LM380 to a lk and add a .01 JLF capacitor
between 6 and ground.

Construction is easy. I built mine on a small piece of vector
board using telephone wire to make connections. A later model
was built using a PC board. It is highly recommended that an IC
socket be used for the MCI44lOCP. I used sockets on both chips.
They are inexpensive and can save a lot of grief! An old transistor
radio box was used to house the unit and keyboard. I used the
Chomerics EF-21360 keyboard. The terminals will only stand very
brief periods of heat, as evidenced by the fact that I ruined one
while overzealously trying to attain a good connection. On the
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Fig. 11-7. Simple TT generator schematic.



second one, I held the wire against the keyboard terminal with
pieces of spaghetti. Heat-shrinkable tubing may also be used I put
a pot into the output line between the speaker and capacitor to
reduce the volume, as the 380 can put out quite a lot ofaudio! I also
installed an external jack, as shown in the schematic, to permit
direct connection to my rig.

LINE NOISE SUPPRESSOR

One of the most irritating sources of electrical noise, charac
terized by sharp clicks heard through the speaker of a receiver, is
contact noise. The make/break cycles of appliances, aquarium
heaters, flashing Christmas tree lights, and other noisy electrical
contacts can wreak havoc with radio reception.

Fortunately, there are several options which may be elected
to minimize these ear-splitting distractions. Perhaps the simplest
is the installation of a O.l-p.F capacitor across the contacts them
selves.

Since it is often difficult to find direct access to the offending
contacts, an alternate solution is found by bypassing the plug with
the capacitor. Probably the simplest way to do this is by rigging a
plug-in interference filter as shown in Fig. 11-8.

Fig. 11-8. Line noise suppressor.
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For standard 120 lines, select a mylar'" capacitor with a
6OO-volt rating. Insulate the exposed capacitor leads and connect
them directly to the terminal screws ofany convenient plug. Insert
the plug-infilter into the same outletas used to power the offending
contact device.

The bypass capacitor acts as a smoothing filter for the sharp
voltage-spike transients generated by the sparking contact. While
it is true that the capacitor might actually resonate an unusually
long line cord to enhance the noise at some frequency, in actual
practice this is extremely unlikely to happen within the passband of
most receiving installations.

SIMPLE DIODE TESTER

For many years I have used my ohmmeter to test diodes. The
usual technique was to set the meter on R x 10, fumble with the
test leads to get a "low" reading (OK in the forward direction),
reset the meter to R x 100 or R x 1000, refumble to reverse the
diode, and check for a "high" reading (OK in the reverse direction).
Usually, aroundthe second fumble I would lose track as to whether
I actually reversed the diode and would have to fumble a few more
times to recheck.

Recently, I purchased a bag of 100 untested switching diodes,
and anticipating a long evening of lead switching, testing, and
retesting, I decided to build a simple diode tester. Construction
time was about 15 minutes, a good investment if you occasionally
or more than occasionally test diodes.

The circuit shown (Fig. 11-9) was built in a 3" x 4" x 1"
plastic box. Three holes are drilled: one for each LED and one for

390D +9Y 3900
I}4W I/~W

"GREEN LED

+9.

!11K TOGGLE !11K
I/~W SWITCH I/~W

01.02
2N2222 OR
1IIlYCO....DN
NPH SWITCH

CLIPS TO CONNECT
11 ,,~DE UNDER TEST

---*---

Fig. 11-9. Diode-tester schematic.
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RED ONLY-OPEN GREEN ONLY-OK REVERSE
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~ TOGGLE
~ SWITCH

CLI~' TO CONNECT DIODE

Fig. 11·10. Front-panel layout

the toggle switch. The "instruction plate" was written on a self
stick label and mounted just above the switch. Two test leads with
clips are brought out to connect with the diode as shown by the
symbol drawn just below the switch. Figure 11-10 shows the
physical arrangement of the front panel.

A standard 9-volt battery connector is brought out the back to
power the circuit. I recently have standardized all of my small test
instruments on 9 volts and bring out the connectors. WhenI want to
use an instrument, I simply connect a 9-volt battery, thus saving on
power supplies and multiple batteries for instruments I only occa
sionally use.

Operation of the tester follows the "instruction plate." Con
nect the diode, throw the toggle switch to the left, and check that
both the red and green LEDs are on. Ifonly the red LED fires, the
diode is open. Now throw the toggle to the right; only the green
LED should be on. Ifboth the red and green LEDs fire, the diode is
shorted. Note: If the diode fails both tests, you probably have
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connected it backwards. Thus, the tester also can be used to find
the polarity of unmarked diodes.

Caution: Many toggle switches connect the center terminal to
the end terminal opposite the direction of the toggle handle. When
the toggle handle is to the left, the center and right rear contact (as
viewed from the front) are connected. Check yours out with an
ohmmeter before wiring it in accordance with the schematic.

THE CAPACITOR COMPARATOR

The simple circuit here is an easy one-evening project that
when completed will provide an audio tone comparison ofa built-in
reference capacitor to an unknown capacitor connected to the test
clips. Bearing in mind that the larger the capacitor the lower the
tone, it is a simple matter to establish the value of unmarked units.
The circuit , as described, will identify caps between. 5 pF and .001
JLF by providing tones between 8 kHz and 100 Hz. The heart of the
tester is a 555 timing IC and may be operated from any de voltage
source between 8 and 14 volts. See Fig. 11-11.

An LED indicator is provided for testing values larger than
001 JL which do not produce a tone but merely turn the LED offand
on. A .1 JLF unit will trigger the indicator at approximately 5 Hz.

Piston, compression, and rotary trimmers may be identified
by first making a comparison fully closed and then fully opened.
Smallgimmick caps made from twisted leads are also easily sized.

The LED is, of course, optional, as well as the number of
reference capacitors. Any NPN switching or audio transistor may
be used in place of the MPS6512. If the LED is not needed, the
transistor may be eliminated and the speaker with its 1 JLF coupling
capacitor is connected directly to pin 3 of the IC.

SIMPLE TR SYSTEM

How many of us start our first ham station with manual
transmit-receive switching? You know, "real" manual switching.
First the other guy turns it over to you, then you throw the receiver
into standby, then you throw the transmitter out of standby, and
finally you frantically flip that little knife switch that does all the
antenna changeover work. Maybe you've even forgotten all about it
by now, but chances are that many of the Novices who are reading
this are pretty familiar with how it feels to wonder if the other
fellow gave up on you during the intermission. It's not an impossi
ble situation to remedy, though. For about two thirds the cost of
the popular Dow Key "60" coaxial reply, you can build a 1000 W
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Fig. 11-11. LED indicator and RX-see LED specs. Capacitor bank : 1 =.7
pF; 2=3 pF;3 =5 pF;4 = 10pF; 5 =25 pF;6 =50 pF;7 = 100pF;8 =330pF;
9 = 470 pF; 10 = 680 pF; 11 = 820 pF. Test switch-SPDT push-button.

capacity transceive switch that gives you convenient one switch
operation.

The heart of this little gadget is a Kurman 115 V rf power
relay. This may be expensive, but compared to virtually any simi
lar rf relay, the cost is a rea lly solid investment. It has quite
impressive specs.

The relay coil itself draws about a watt at 115 V, but if you
prefer odd coil voltages, models are available with 6, 12, and 110V
de coils. The DPDT, self-wiping contacts are capable of handling
1.5 kW at frequencies up to 450 MHz. Standard G-7 insulating
bridges provide excellent rf isolation between contacts . The relay
can be easily mounted on one side of your enclosure by using the
four tapped #6-32 mounting holes provided. See Fig. 11-12.

A four pole, three position telephone lever switch is used for
the front panel transceive switching. The middle position provides
a standby condition for both transmitter and receiver. Two of the
DPDT contacts are used to switch the transmitter and receiver
standby circuits, while the third energizes the relay. Onmy model,
the fourth contact was used to short the receive antenna terminals
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during transmit, thus providing extra protection from front end
burnout.

Three 50-239 female coax connectors were mounted on the
rear panel to provide standard interconnection to any rig. The
power cord is also mounted on the back of the Radio Shack 5-1/4" x
3" x 5-%" cabinet, being passed through a grommet for safety's
sake. Additionally, a four pin socket is mounted below the coax
connectors for hookup to the receiver and transmitter standby
circuits. Since transmitter standby is often just a switching of the
primary ofthe plate transformer, the socket pins must be capable of
handling 2 A or so. An optional power switch can be installed, as
indicated on the schematic, but it's not really necessary because
the relay will be turned offanyway when the lever switch is in the
center position.

For most applications, the .001 JLF bypass capacitors will
adequately prevent rf from riding out on the incomingpower leads.
However, leads should be kept short on the capacitors bypassing
the relay coil since such coils tend to pick up a lot of rf at high
frequencies and subsequently put it right into the power line. Also,
if the transceive switch is intended to be operated into a constant
impedance, then coax is suggested for all rf carrying leads within
the box.

This switching system allows considerable versatility at
nearly any power level and with virtually any equipment. I experi
enced only one difficulty. It may be necessary to weight down the
entire assembly to prevent it from moving all over the place when
the lever is thrown.

Otherwise, you should have a reliable switch that will serve
your needs for manyyears to come, no matter how much your other
equipment changes.

,
,', .BlOWN FUSE INDICATORS FOR lOW VOLTAGE

At first glance the unit to be described would appear to be
strictly a luxury, but use it once, and you'll wonder how you ever
got along without it.

It is a well known fact that individuallyfused circuits not only
give increased protection to equipment, but simplify troubleshoot
ingby isolating the defective circuits. But it also means more fuses
to check when troub leshoot ing.

In ac equipment it is a simple matter to connect a neon bulb
directly across each fuse; thus, when all is well all bulbs are out
(being shorted by the fuse). Whena fuse blows, the bulb is placed in
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IIQVAC

FUSE GOOD
NEON BULB OUT

Fig. 11-13. Circu it for ac use.

LOAD I IOVAC

FUS E BLOWN
NEON BULB LIGHTS

LOAD

series with the load and, glows (without allowing enough current
flow to damage the defective circuit). A look at Fig. 11-13 will
make this operation clear .

I "borrowed" the idea from a piece of military gear several
years ago, and have used it ever since. Many hours have been
saved by knowing exactly which unit to check when something
"went south."

Many times I have wished that such a system could be applied
to the mobile rig, but since the 6V in my VW (or the 12 in your
Cadillac) will not light a neon bulb it seemed out of the question.
Then a light came on in the think department. How about incandes
cent bulbs? Theory could not find a flaw in the idea (at least not my
limited theory) so it was decided to give it a practical test, using a
sealed beam unit from a headlight as a "load." It worked!

The values used were selected for easy calculation, but the
theory will hold in any case. Assume, for example, a 6A load. The
next higher rating of fuse is lOA, which should give adequate
protection. Now, connect a 60 rnA pilot lamp across the fuse. If all
values are considered to be exact (of course they never are, but this
is theory) our circuit may now conduct lO.06A before the fuse
blows. If a short develops at point A in Fig. 11-14, the fuse will
blow, but the lamp will merely have its normal brilliance, announc
ing to one and all that F1 has blown. If the short is only momentary,
the bulb will be placed in series with the load, but application of
Ohm's law will show us that our 6A load has a resistance of only

FUSE GOOD
DIAL LIGHTOUT

Fig. 11-14. Circuit for dc use.
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1.on, while the 60rnA bulbhasa resistance of lOOn, thus mostof
the applied voltage willbe dropped across the bulb, andit willstill
light.

This method worked out so wellon the mobile rig that it was
alsoappliedto the entireautomobile, withallthe bulbsinstalledon
a single paneljust belowthe dash.

Unless youhavea largesupply ofpilotlightsocketsandjewels
onhand, this would at first appearexpensive, but there is a sneaky
wayaround this. Bulbsmount nicelyina grommetset intoa hole,
and coating them with a special paint made for putting orange
parking lightsonoldermodel cars makesa very attractive installa
tion. In the event the bulbs tend to creep out of the grommets, a
drop of Duco cement applied to the bulb and grommet will cure
this, andreplacement is so seldomthatconnection maybemadeby
soldering directly to the bulbs.

GRAVITY DETECTOR

The complete circuit is shown in Fig. 11-15. The loadresis
tor, R2, is selected to set the operating point on the negative
resistance slope of the thermistor's characteristiccurve. Typical
characteristics for an 8 or 10,000 ohm bead are shown in Fig.
11-16. R1is used to preventapplying anabruptsurge ofcurrentto
the bead, since these take appreciable time to reach operating
temperature.

The thermistor should be mounted in a small clear plastic
case, usingextreme care not to breakthe fragile leads, or losethe
thing by sneezing when you open its container. Flexible leads
connect to the rest of the circuit. All connections shouldbe sol
dered, sinceif clipleadsare usedandonehappened to comeloose,
the naturaltendency is to clip it right backon. That canbe disas
trous.

R3
8K-IOKPWI

-=-Bl
22.5v

THERM-
L.- ~~-~ISTER

Fig. 11-15. Schematic of gravity detector.
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Fig. 11-16. Characteristic curve for a bead thermistor. Values may vary
widely.

Rather than tell your friends how it works, let them try to
figure it out The theory is that the thermistor bead has a little
chimney of convection currents ofheated air rising from it. Moving
it sidewise lets the chimney follow the bead, since the air in the
plastic box is trapped there. Moving it up or down changes the rate
at which the heated air rises from the bead, modifying its tempera
ture. Because all a thermistor does is change its resistance with
temperature, a phase sensitive output signal is obtained, which is
observed on a scope or voltmeter.

\ SOLAR-POWERED ALIGNMENT TOOL
~ .

Two common methods of calibrating the direction of a beam
antenna with respect to true north (or south) are: to align the boom
in the direction of the polestar, or to apply the variation correction
to the magnetic north (or south) reading of a compass. Unfortu
nately, there is no accommodating star at the south celestial pole
for observers in the Southern Hemisphere. The variation correc
tion depends upon one's latitude and longitude.

The method I shall describe here is simpler; it is based upon
the sun's meridian passage at any locality in the world. All one
needs to know is one's approximate longitude obtained from a
world map and the local mean time (LMT) of the sun's meridian
transit. At this moment, the sun is at its maximumaltitude and is on
a north-south line. Table 11-1 lists the LMT of the sun's meridian
passage on the first, tenth, and twentieth of each month. These
values do not vary by more than about one minute from year to
year.

Since our clocks are based on standard or zone time and not on
local time, it is necessary to apply a longitude correction, con
verted to time units. Table 11-2allows this, to the nearest standard
meridian. The standard meridians theoretically are spaced 150
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Table11-1. LMTs ofSun'sMeridian Passaae. These Times Basically Correspond tothe
Sun's Transit over the Greenwich endian, Taken from the American Ephemeris ancl
Nautical Almanac.Becausethe Sun's Apparent EastwardDailyMotion isofth Orderof
10 orLIss, the Slipt DifferenceBetween theGreenwichand theLocal MeanTi of
the Sun's Meridian Transit May be N leeted.

Date Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
1 1202 1213 1211 1203 1156 1157 1203 1205 1159 1149 1143 1148

10 1207 1213 1209 1200 1155 1159 1204 1204 1156 1146 1143 1152
20 1210 1213 1207 1158 1156 1201 1205 1202 1153 1144 1145 1157

apart to the east or west of the Greenwich prime meridian. If the
station longitude is east of the standard meridian, subtract the
difference in longitude in time units between your station and the
nearest standard meridian from the LMT; if the station longitude is
west of the standard meridian, add the longitude difference in time
units to the LMT. Thus, standard or zone time =LMT plus or
minus the difference. Because the time zones have ragged bound
aries, it may be necessary to add or subtract one hour and, in some
instances, one-half hour, as the custom dictates.

To demonstrate the simplicity of the solar method, two exam
ples are chosen.

(1) What is the standard time ofmeridian passage of the sun at
longitude 114020' Won October 15? From Table 1 we interpolate a

Table 11-2. Difference of Lonlitude Conversion.

Time
Arc (minutes)

0 ° 00' 0
0° 1S' 1 4 ° 00' 16

0° 30' 2 4 ° 1S' 17

0 ° 4S' 3 4 ° 30' 18

1° 00' 4 4 ° 4S' 19

1° 1S' S 5° 00' 20

1° 30' 6 So 1S' 21

1° 4S' 7 So30' 22

2° 00' 8 So4S' 23

2 ° 1S' 9 6° 00' 24

2 ° 30' 10 6 ° 1S' 2S

2 ° 45' 11 6 ° 30' 26
3 ° 00' 12 6 ° 4S' 27
3 ° 1S' 13 7 ° 00' 28
3 ° 30' 14 7 ° 15' 29
3 ° 4S' 1S 7° 30' 30
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value of 1145 LMT. The nearest standard meridian is 120° W. The
difference in longitude between the station and the nearest meri
dian is 5° 40'. From Table 11-2, this amounts to 23 minutes. Since
the station is east of the standard meridian, the Pacific standard
time of the sun's meridian passage is 1145-0023 = 1122 PST.

(2) What is the standard time ofmeridian passage of the sun at
longitude 25° 40' E on March 25? From Table 1, LMT = 1205. The
difference in longitude between the station and the nearest stan
dard meridian of 30° E is 4° 20', which from Table 11-2 is equiva
lent to 17 minutes. Since the station is west of the standard meri
dian, the standard time of the sun's meridian passage is 1205 +
0017 = 1222.

At the standard time the sun is on the meridian, that is, due
north or south, depending on your latitude, line up the antenna
boom with the sun or parallel to any shadow cast by a vertical
structure (pole, tower, etc.). Anerror of4 minutes in time amounts
to a change in the direction of the sun of only 1°. Set the direction
indicator of your rotator to 0°. Make certain that the radiating
element of the antenna is on the correct side of the boom
otherwise you could be 180° off. That's all there is to it!
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Mini-counter 425 Semiconductor test gadget 106
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Storage batteries 380
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Nicad batteries 360
Nicad charger, regulated 373 T
Nicadconditioner 363 Test eqUipment, general 75

special 119
0 Thermostat, automatic 388

Ohmmeter 80 Touchtone'" generator 482
meterless 76 Touch-tune 409

Overvoltage Transceivers 207
protection circuit 420 miniature 224

Transformers 464

p Transmitters 207

Panic button 422 fast scan atv 270

Phone patch 264 Transistor tester 103
audible 102

Power supplies 1
Triband dual delta 304adjustable 37
Trickle charger 367dual voltage 15, 19

FM 24 TR system 488

heavy duty 21 TV games 453

inexpensive 46 test unit 129
Two-meter beam 319low voltage 28

synthesizer 250
regulated 11
tester 131 wflip 312

12 volt 6 y
25 amp 2

Vhf notch fiIter 414versatile 41
Visual signal 414

Preamp, bargain 157
generalpurpose 156 Voltage regulator, 723 57

VOM, audible 83
design 84

Q
QRP rig, allband 242 W

easy 235 Wattmeter, ac 97
vest pocket 223 rf 99
transmatch 343 Z
quad, monster 325 Zener dassifier 108
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