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REPEATER, 

I f  you haven't 

already raceived 

a copy of our NEW 

1970 Catalog of Precision 

Quartz Crystals & Electronics 

for the Communications Industry, 

SEND FOR YOUR COPY TODAY! 

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

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

That's one of the reasons you can 
depend on your local repeater t o  be 
there (precisely there) when you're 
ready to use it. FM'ers use the 
repeater output as a frequency stan- 
dard. And for accuracy, crystals by 
Sentry are THE standard. 

I F  YOU WANT THE BEST. 
SPECIFY SENTRY CRYSTALS. 

YOU'VE USED A 
SENTRY CRYSTAL 

SENTRY MANUFACTURING COMPANY M Crystal Park.  Chickashat Oklahoma 73018 n- - PHONE: (405) 224-  6780 
TWX-910-830-6425 



Once in a decade. .. 
a new equipment design 

to excite the amateur world 

HENRY RADIO PROUDLY PRESENTS 
ITS KENWOOD SOLID STATE 
RECEIVER AND TRANSMllTER 

Never before has there been an amateur receiver and transmitter like the KENWOOD R-599 
solid state receiver and T-599 hybrid transmitter. The wait is over - the promise of the tran- 
sistor has been fulfilled. KENWOOD sets new standards of performance, reliability, flexibility, 
styling, and value. 
THE R-599 RECEIVER: 1.8 to 29.7 MHz .5 THE T-599 TRANSMITER: Clear, stable, select- 
microvolt sensitivity nominal @ Dial readout able side-band, AM and CW * dway VFO Flex- 
to 1/2 kilocycle * Special detectors for SSB, AM, ibility plus Receiver Incremental Tuning (RIT) 
and FM Transceive operation with T-599 when used with the R-599 Amplified ALC 
Built-in 100 kc and 25 kc crystal calibrator Built-in VOX Full metering, including cathode 
Built-in 500 cycle CW filter Provision for two current, plate voltage, ALC and relative Power 
meter and six meter coverage with optional ac- Output Built-in CW Sidetone monitor and semi- 
cessory self-contained converters * Advanced automatic break-in CW * Built-in power supply * 
"Space-Age" styling Adjustable threshold Maximum TVI protection* Employs only 3 vac- 
squelch The price. . . only $298.00 uum tubes The price . . . only $345.00 
Deliveries start in November. Order yours today. Become the proud owner of the world's most 
technologically advanced amateur Receiver I Exciter combination. 

S-599 Speaker. $14.50 CC-29 2 meter converter. $29.50 CC-69 6 meter converter. $29.50 

Hen! Raga 11240 W. Olympic Blvd.,Los Angeles, Calif. 90064 2131477-6701 
931 N. Euclid. Anaheim. Calif. 92801 7141772.92OO 
Butler, Missouri 64730 8161679-3127 

"World's Largest 1)istributor of Amateur Radio Equipment" 
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.V iim 
B ond IOO k fisk 

High-frequency radio communications has 
always been at the mercy of the sun, with 
its sporadic cataclysmic bursts of electro- 
magnetic radiation that convulse the iono- 
sphere. The mighty sun will always dictate 
the condition of the ionosphere, but the 
unpredictability of solar disturbances is 
probably as disconcerting as the distur- 
bances themselves. A new solar-activity 
monitoring system, installed this summer 
by Cambridge Laboratories, may end the 
unpredictability once and for all. 

Cambridge Labs tried once before to 
develop a solar-activity prediction system, 
but i t  didn't work out; primarily because 
of the large number of errors, reporting 
inconsistencies and variations in instru- 
ment calibration. 

The new program, however, is different. 
While the observation stations were under 
development, a parallel program was initi- 
ated to establish uniform reporting and 
observing techniques, as well as carefully 
calibrated equipment that would provide 
standardized information. 

The basis of the system is a huge net- 
work of sensors and data-processing equip- 
ment. The network consists of f i f ty 
ground-based optical and radio observa- 
tories all over the world. Each station is 
equipped with ionospheric sounders, radio 

receivers that measure galactic noise, neu- 
tron monitors and magnetometers. (Mag- 
netometers are used to measure the inten- 
sity of the earth's magnetic field.) The 
ground stations transmit their data by 
teletype to a large computer complex at 
Offutt Air Force Base in Omaha. In addi- 
tion, data from orbiting satellites i s  fed 
into the system, so the computer is up to 
date on the radiation level in space. The 
computer processes the data and forecasts 
changes that affect high-frequency com- 
munications. 

Although the program is being conduc- 
ted primarily for the benefit of the Air 
Force, amateurs can expect some fallout 
in the form of improved propagation no- 
tices from WWV. 

In the future, when WWV broadcasts 
an N7 propagation forecast, you should 
be able to expect pretty good, undisturbed 
DX conditions with some degree of cer- 
tainty. There are bound to be some anom- 
alies until they shake all the bugs out, but 
hopefully some of the sorcery and ambi- 
guity of propagation forecasting will soon 
be a thing] of the past - a thing to remi- 
nisceabout, like the time 9Z IAA dropped 
into the solar noise just as he answered 
your call. Jim Fisk, WIDTY 

editor 
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As the experimenter progresses through 
vhf into uhf and the microwave regions, i t  
becomes evident that instrumentation is 
required to assure optimum performance 
of equipment and antenna systems. For 
the most part, the amateur suffers under 
the handicap of being unable to adequate- 
ly measure loss or gain at high frequen- 
cies. For this reason many can only guess 
the actual gain of their antenna or rf 
preamplifier, or the actual loss in their 
transmission line or r f  filters. 

Very little has appeared in amateur 
publications to assist the experimenter to 
assign meaningful loss or gain values to 
the various components of his systems. 
For example, crosstalk in antenna relays 
or loss in baluns are unmeasurable with 
most amateur equipment. Only by know- 
ing the performance of the various com- 
ponents in the complete system can one 
obtain the overall performance desired. 

The amateur often bases measure- 
ments of gain or loss on such unreliable 
devices as a receiver S-meter or a 
through-line watt-meter. These indicators 
along with pilot lamps, rf ammeters, and 
many "swr bridges" leave much to be 
desired at frequencies above 100 MHz. 

This article describes the construction 
and operation of one of the most useful 
measuring tools for the vhf-uhf experi- 
menter. No calibration instruments are 
required-all measurements are simply de- 
rived from the indication on a 0-1 dc 
milliammeter. With this instrument the 
amateur can determine meaningful deci- 
bel loss or gain figures previously un- 
measurable, including gain in antennas or 
preamps, loss in attenuators or transmis- 
sion lines, and crosstalk in coaxial.relays. 

6 m october 1970 



the swr meter 
Drawing upon the experience of the 

microwave industry,' i t  i s  found that for 
many years measurements in the vhf 
through microwave regions have been 

The swr meter has two major features: 

1. I t  indicates power ratio directly 

2. I t  requires no calibration from an 
rf standard. 

RF S I G N A L  S W R C E  
IYWTl!4E MXXllAlED 

AT I W O H I  lnrs PaD INDICATOR 

Q 
STR4ICHT-THROUGH C M X I A L  
ADAPTER UG 79/U OR UG.94/U DEVICE TO BE TESTED 

fig. 1. Instrumentation for measuring power loss. Meter is first adjusted for full-scale deflection with 
straight-through adapter inserted at point X;  then device to be checked i s  inserted. 

made with a laboratory instrument term- 
ed a vswr indicator or simply swr meter. 
This instrument has far greater utility 
than its name would imply, as will be 
shown later. 

The swr meter should not be confused 
with simple devices such as swr bridges, 
antennascopes, or other gadgets that base 
their calibration accuracy on the charac- 
teristics of their semiconductor diodes. 
The accuracy of such devices is  doubtful 
at vhf and above, and each instrument 
must be individually calibrated from a 
known standard. 

With good circuit design and careful 
use, swr-meter accuracy can be essentially 
that of the readout instrument. Power 
ratio may be converted to dB by applying 
a simple mathematical relationship or i t  
may be taken directly from a graph. 

For all loss or gain measurements a 
tone-modulated signal source, a demodu- 
lator, and an indicating meter are neces- 
sary. With this setup, power can be read 
out for transmission lines, filters, direc- 
tional couplers, and other devices. Anten- 
na gain may be measured indirectly over a 
suitable test range by comparing the 

fig. 2. Conversion chart 
for finding dB loss from 
meter indication. 
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relative gain of the antenna under test fig. 2, which may be used with reasonable 
with that of a carefully constructed refer- accuracy. 
ence antenna. 

slotted-line measurements 
theory of operation Although this article deals primarily 

The swr meter consists of a stable with loss measurements, the swr meter 

SWR METER P-' 
RF SIGNAL SOURCE 

S W T T E D - L M  S S T O N  
ANTCNNA (R 

AMPUNOE MOCWUlED LOSS PAD 
AT la7OHr 

IDAD UVDER TEST 

fig. 3. Setup for measuring vswr with a slotted line. 

high-gain amplifier, tuned to an audio 
frequency, with a calibrated meter read- 
out. The swr meter i s  designed to display 
power ratios when used with an rf de- 
modulator (or detector) operating in the 
square-law region. Measurements are 
made on the demodulated audio-signal 
voltage output of the detector, as it is 
directly proportional to the incident rf 
signal power amplitude. By amplifying 
demodulated audio rather than rectified 
dc, stability and sensitivity are assured. 

using the swr meter 
The test setup for rf loss measure- 

ments is shown in fig. 1. To make a 
reading, the instruments are connected as 
shown, and the swr meter gain is  adjusted 
until the meter reads exactly full scale 
(1.0 mA or 0 dB). The circuit is opened 
at point X and the device to be tested is  
inserted. I f  the device presents a power 
loss at the signal frequency, the meter 
deflection will be less than full scale. The 
resultant fraction of full-scale reading 
represents the fraction of power flowing 
through the device under test. The loss 
can be converted to dB by 

loss in dB = 10 logto 1.0 
I 

(1) 

can be used for i t s  originally intended 
purpose-to measure vswr with a slotted 
~ i n e . ~ , ~  The slotted line is a mechanically 
precise section of transmission line, usual- 
ly 50 ohms characteristic impedance, 
fitted with a movable rf detector probe 
(fig. 3). The probe samples the voltage 
field along the section of transmission 
line. The high gain of the swr meter i s  
necessary to amplify the low-level of the 
sampled voltage in the line. 

The combination of slotted line and 
swr meter not only provides greater accu- 
racy than achievable with reflectometers 
or other instruments, but also indicates 

Instrumentation for a complete microwave swr 
measurement setup. Shown are swr meter. 
signal source. and coaxial accessories. 

where 
I = meter reading (mA) I - 
This relationship has been plotted in 
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the position of the standing wave along 
the line. The location of the standing 
wave is  necessary for solving trans- 
mission-line problems. 

Measurements of vswr are made by 
first positioning the slotted-line probe 
carriage along the line until the point of 
maximum voltage is located. The swr 
meter gain is then adjusted to full scale (1 
mA or 0 dB) at this point. 

With the amplifier gain fixed, the 
probe carriage is then repositioned along 
the line to the point of minimum voltage 
or null. Vswr is the square root of the 
indicated power ratio: 

vswr = f i  (2) 

where I is the meter reading in milli- 
amperes. 

This relationship is  plotted in fig. 4. 
For vswr less than 3.16 curve A is  used; 
for vswr greater than 3.16 swr-meter gain 
is increased by one 10-dB step and curve 
B is  used. 

signal source 
The rf-signal source may be a labora- 

tory signal generator, although a readily 
constructed transistorized, crystat- 
controlled source will serve nicely. An 
output-power level of 1-10 mW is ade- 
quate for most measurements, including 
antenna range experiments. Special care 
should be used to assure low rf-harmonic 
content, rf-output amplitude stability, 

Crystal-controlled 432-MHz signal source. Box 
seams were hard soldered to reduce rf leakage. 
Switch is actuated by a plastic rod through a 
brass tube soldered to panel. 

and constant modulation percentage. 
Minor variations of frequency do not 
normally cause loss of accuracy due to 
the relatively large bandwidth of the 
demodulator and device under test. The 
modulating tone, on the other hand, must 
be amplitude and frequency stable. 

10 
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a 
3 
0' 

2 5  

2  
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I 5  

\ 

l L  \ 
01 015 0 2  0 2 5 0 3  0 4  0 5  10 
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fig. 4. Calibration curve for determining 
vswr as a function of meter readout. 

demodulator 
The demodulator, or detector, recov- 

ers the audio component from the ampli- 
tude-modulated signal. A coaxially 
mounted semiconductor diode, thermo- 
couple, thermistor, or barretter are all 
capable of serving as a demodulator. For 
circuit simplicity and sensitivity, we have 
chosen to consider the semiconductor 
diode only. 

Diodes display very accurate square- 
law characteristics at very low levels of 
incident rf energy. In the square-law 
region, a demodulator produces an audio 
output signal voltage directly proportion- 
al to its rf input power (or input voltage 
squared) . 

Point-contact diodes such as the IN21 
series in a suitable coaxial diode mount 
(see fig. 5) are useful for rf input levels 
producing less than 0.14 mV rms rectified 
audio output. At higher input levels, the 
diode characteristics deviate from the 
square law, thus reducing the accuracy of 
measurements. 

A significant improvement in sensitiv- 
ity can be realized by employing the 
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more advanced hot-carrier diode as a 
demodu~ator.~ These diodes are now 
available for less than $1.00 each. The 
hot-carrier diode, provided with a small 
direct-current bias, will produce an 8- to 
10-dB improvement in sensitivity over the 
1 N21. This additional sensitivity comes in 
handy for antenna-range work when using 
a low-powered signal source. 

Fig. 6 illustrates a simple coaxial 
mount made of common coaxial connec- 
tors and a hot-carrier diode. 

CrnXL4L 
CAPACITOR 

INPI TYPICALLY 

TYPE BNC 
OJNNECTOR 

fig. 5. Microwave crystal demodu- 
lator using a IN21 diode. 

amplifier-indicator 
We have observed that semiconductor 

diodes behave in an accurately predict- 
able manner at very low power levels. We 
can take advantage of these character- 
istics by using a high-gain amplifier and 
meter readout. 

The amplifier must have sufficient 
voltage gain and power output to provide 
full-scale meter deflections for signals less 
than 1 pV.  The circuit should be gain 
stable and linear for al l  signal levels. 
Thermal noise and hum effects should be 

acceptable compromise between noise 
rejection and ease of operation. 

The input circuit consists of an imped- 
ance-matching transformer and a network 
to provide dc bias for the hot-carrier 
diode demodulator. A 1 :7 turns-ratio in- 
put transformer converts the low-imped- 
ance demodulator output to the optimum 
input impedance of the amplifier. A 
miniature output transformer, rated at 
600:12 ohms, was selected. The turns 
ratio for this unit i s  7.07:l. This transfor- 

H P A - a n  4 m p ~  
HOT CARRIER F E E O T m n  

O W E  CAPACITOR 

WF INPUT Y-- 
fig. 6. H o t  carrier diode demodulator. Much 
higher sensitivity is possible using this device. 

mer is a good choice, since i t  is much less 
susceptible to 60- or 120-Hz magnetic 
hum pickup than a higher-impedance 
transformer would be with the same turns 
ratio-example: 200: 10k ohms. 

A forward bias of approximately 30 
p A  dc is  necessary when using a hot- 
carrier diode demodulator. The bias may 
be disabled when using a IN21 or 1N23, 

50-ohm coaxial components. From left to right, 
two attenuator pads, commercial crystal holder 
(fig. 5 ) ,  and homemade demodulator (see fig. 

suppressed. 6). 

The amplifier circuit of fig. 7 meets all 
conditions for gain, power output, stabil- 
ity and linearity. Amplifier linearity here 
implies that any increment of the 
1000-Hz input signal will produce an 
exactly proportional increment in dc- 
meter current. Thermal noise and hum 
are suppressed to acceptable levels by 
limiting the amplifier 3-dB bandwidth to 
less than 50 Hz. This bandwidth is  an 
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since point-contact diodes generate a 
great deal of noise with dc bias current. 

Following the step-up transformer is 
the first section of the range switch. This 
switch attenuates the gain of the ampli- 
fier in exactly 20-dB steps. Because the 
instrument is to be used only with 
square-law detectors, each attenuation 
step is marked as 10 dB. Attenuator 

Of greater importance is the matching or 
tuning of the modulating frequency of 
the signal source to the LC filter in the 
amplifier. 

Four transistors in a direct-coupled 
configuration provide additional gain, 
phase-i nversion, and complementary 
symmetry output. The 1000-Hz ac ampli- 
fier output is available for external use, if 

Using the swr meter with a slotted line. 

resistors are of the metal film type, 1% 
tolerance. 

A four-stage, direct-coupled, high-gain 
transistor preamplifier contains coarse 
and fine gain controls in i ts  negative 
feedback loop. The second section of the 
range switch at the output of the pream- 
plif ier prevents overloading of any stage 
over the entire range of inputs to the swr 
meter. 

A two-transistor feedback pair consti- 
tutes the second amplifier stage and 
drives a 1000-Hz LC filter consisting of 
an 88-mH telephone-loading toroid coil 
and two Mylar capacitors, C1 and C2. 
Due to the very low output impedance of 
this amplifier stage, capacitors C1 and C2 
are effectively in parallel and resonate the 
coil near 1000 Hz. The values of these 
capacitors are proportioned as shown to 
provide the required passband shape fac- 
tor. I f  it is desired to peak the amplifier 
response at exactly 1000 Hz, a few turns 
will have to be removed from the toroid. 

desired, but is not directly used to deflect 
the meter. I t  is  the dc current to the 
class-B complementary symmetry stage 
that drives the meter, thus accomplishing 
the ac-to-dc conversion. The large amount 
of feedback in this stage reduces the 
closed.loop voltage gain to near unity. A 
0-1 dc milliammeter is a good choice for 
indicator, as i t  i s  rugged, inexpensive, and 
readily available. 

Other circuitry includes a simple volt- 
age-regulated power supply to maintain 
constant voltage to the amplifier as the 
battery voltage declines throughout its 
useful life. 

construction 
Components are mounted on perfo- 

rated board for simplest construction. 
Care was given to avoid ground loops by 
having only one ground connection to the 
metal cabinet at the BNC input jack. A 
bus bar ground wire, with each ground 
made in the same sequence as shown in 
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fig. 7. Schematic of complete swr meter for microwave measurements. Sufficient gain, output. 
stability, and linearity are provided for input sign$s less than 1 pV. 

the diagram, will eliminate ground loops. 
The precision range resistors are mounted 
directly on the range switch. 

instrument performance 
The completed instrument meets the 

following specifications: 

sensitivity less than 0.14 pV rms 
for full-scale meter de- 
flection at maximum 
gain. 

noise greater than 10 dB be- 
low full scale at maxi- 
mum gain. 

gain 70 dB in seven 10-dB 
steps using square-law 
demodulator. 

bandwidth 45 Hz at 3-dB down. 

battery drain 5 mA with no input 
signal, and 6 mA with 
input signal for full- 
scale meter deflection. 

error sources 
A few precautions are necessary to 

realize full measurement accuracy. A sig- ! 

nificant source of error i s  caused by 

operating the demodulator at too great a 
level. Overload can be minimized by 
attenuating the signal source so that the 
swr meter gives on-scale deflection when 
operating on one of the three range- 
switch positions of greatest amplifier 
gain. 

Measurement errors will be caused by 
any deviation from 50-ohm resistive 

The swr meter with cover removed. Circuit 
board is mounted on meter terminals. Demodu- 
lator bias on-off switch, mounted next to 
battery, is accessible from rear of unit. I 
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impedance of the signal source or detec- 
tor loading.* A convenient solution is  to 
insert a loss pad rated at 10 dB or greater 
after the signal source and another loss 
pad ahead of the detector mount. (See 
fig. I . )  

Additional error can result from any 
change of the dc resistance in the demod- 
ulator circuit caused by connecting or 
disconnecting various attenuator pads 
during tests. A solution to this problem is 
to connect a shorted quarter-wave stub, rf 
choke, or parallel-resonant circuit from 
demodulator rf input to ground. Such 
circuits display high shunt impedance for 
rf across the demodulator, while pro- 
viding a low shunt impedance path for 
the 1000-Hz audio signal. 

Good practice dictates special precau- 
tions when measuring attenuation greater 
than 20 dB or slotted line vswr greater 

" A n  impedance o f  50 ohms has been accepted 
as standard fo r  coax lines, matched connectors, 
and test equipment. I f  it's necessary t o  use 
another impedance, all pads, connectors, and 
transmission lines must  conform t o  the selected 
impedance. 

than 10. For these measurements, a sub- 
stitution technique using a previously 
calibrated loss pad can be of assistance, as 
will be shown in Example 3. 

examples of operation 
Example 1. Let us measure the loss 

of a length of 50-ohm coaxial cable at 
432 MHz. The equipment setup of fig. 1 
i s  used with a 432-MHz signal source. The 
swr meter gain controls are carefully 
adjusted for full-scale meter deflection 
(1.00 mA or 0 dB). The junction (X) 
between the two loss pads i s  then opened. 
and the cable under test is inserted at this 
point. With the coaxial cable in the rf 
circuit, the meter indicates only 0.40 mA. 
This indication represents a transmitted 
power of 40 percent through the cable, or 
60% loss in the cable at 432 MHz. 
Referring to eq. (1) we convert the meter 
reading to power loss in dB: 

Loss in dB = 10 logl0 1.0 
= 3.98 dB 0.40 

Fig. 2 may be used to simplify conver- 
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sion from meter reading (power loss) to 
dB. 

Example 2. For our second example, 
suppose the unknown is a loss pad. When 
the pad is inserted in the line at (X), the 
meter reading is  less than 0.10 mA. 
Without touching the coarse or fine gain 
controls, the range switch is switched in 
10-dB steps until the meter reading falls 
between 0.10 and 1.00 mA. The number 
of 10-dB steps of gain change must be 

Loss in dB = 20 + 10 logl 0 1.00 = 36.0 dB 
0.25 

Example 4. The gain of a receiver 
preamplifier is measured by first connect- 
ing it into the line at (X).  The swr meter 
is then adjusted to exactly full scale. 
When the premaplifier i s  removed and a 
straight adapter substituted, the meter 
then reads 0.125 MA. From formula or 
chart we calculate the preamp gain to be 
9.03 dB. By this procedure, we measure 

W A X I A L  TEE 
CrnNEClKa 

fig. 8. Measurement arrangement for  determining crosstalk in  an antenna change-over relay. Meter  is 

adjusted t o  ful l  scale w i t h  loss-pad inserted at point X .  Relay is then substituted and crosstalk is 
determined by adding pad loss t o  meter reading i n  d B .  

added to the reading. the loss when the preamplifier i s  removed 
In this example the meter reads 0.50 from the circuit. 

mA after the gain has been increased by 
one 10-dB step. The loss of our pad under C O ~ C ~ U S ~ O ~  

test is: This article covers the construc- 
1 .o Loss in dB = 10 + 10 log10 

= 13.0 dB 

Example 3. Antenna-relay crosstalk i s  
measured by first connecting a pad of 
known loss at (X)  and adjusting the signal- 
source output and amplifier gain for ex- 
actly full scale. For this example we use a 
pad with 20-dB loss. The pad is now re- 
moved and the relay i s  connected at (XI. 
(See fig. 8.) 

With the relay actuated in the transmit 
mode, the meter reads less than 0.10 mA. 
With the coarse and fine gain controls 
fixed, the gain i s  increased by one 10-dB 
step of the range switch. The meter i s  
then found to indicate 0.25 mA. The 
relay crosstalk loss is: 

tion and operation of an instrument of 
great utility for the serious experimenter 
in the uhf region. With careful construc- 
tion the swr meter will perform as claim- 
ed. When used according to instructions 
given, the instrument will take the guess- 
work out of rf measurements at vhf and 
uhf. 

references 

1 .  MIT Radiation Laboratory, "Microwave 
Techniques," U. S. Government Printing Office, 
NavShips 900,028. 
2. Hewlett-Packard Co., "Operating Manual, 
415B or 415E." 
3. Edward L. Ginzton, "Microwave Measure- 
ments," McGraw-Hill Book Co., New York. 
4. Hewlett-Packard Co., "Hot Carrier Diode 
Video Detectors,'' Application Note 923. 
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PEAK \ 

the sideband 

minituner 

I Here's a 
0 
m 
d pocket-sized rn .- - 
L. L 

direct-conversion g - 
m .- 
U 

receiver =- 
m 

u for 80 and 40 meters 
m 
V) 

all for ' E 
a 
U J  

less than $25 .c 
2 

This kitchen-tabletop project has appeal 
for everyone, from the beginner to the 
seasoned experimenter. It 's perfect for cw 
practice, motel monitoring on trips, or 
for keeping an ear on your favorite net 
while the big rig is tied up on the DX 
bands. I t  can monitor your transmitter on 
ssb and cw, provide a signal source for 
tuning other receivers, and it can keep 
you in touch when power lines fail. I f  
you are a ORP fan, it will provide you 
with a vfo and companion receiver for 
your little transmitter. Not to mention, 
of course, i t s  value as a conversation piece 
when one of the locals drops over. 

The inspiration for this project came 
from an article entitled "Direct Con- 
version-A Neglected Technique" by Wes 
Hayward and Dick Bingham. After work- 
ing with this principle, I'm convinced that 
it should not be neglected, for there is no 
simpler or less-expensive approach to 
respectable ssb and cw reception. 

design 
The heart of this receiver is an ex- 

tremely simple product detector circuit 
(fig. 1). The preselected incoming signal is 
chopped a t  a rate determined by the vfo 
output frequency, with a resultant audio 
product appearing a t  the drain. Since the 
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vfo signal level a t  the gate is relatively able antenna, the sensitivity of this circuit 
high compared with the incoming signal is far more than adequate. 
level at the source, conduction time is Selectivity as well as sensitivity is 
short, and linearity is excellent. The out- determined within the audio range. The 

C1 365 PF miniature mica BC tuning L 1  3- or 4-turn l ink on L 2  

capacitor 
~2 36 turns no. 30 enameled wire on 

C2 470 pF small mica .68 diameter toroid form 

C3 140 pF small mica L 3  5-turn link on L 4  

C 4  15/16 x 1-3/8 x 1-15/16 inches. L 4  22 turns no. 22 enameled wire on 
6.3-123.1 PF and 5.7-78.2 PF .68 diameter toroid form, tapped 5 
(Lafayette 32E11067 or equivalent) turns from ground end 

fig. 1. Schematic of the direct-conversion minituner cw/ssb receiver. The only circuits to build are 
the Product detector/preamplifier, A, and the vfo. 8. 

put of the detector, after being fed 
through a low-pass filter, is amplified by a 
low-noise fet audio preamplifier. This 
single stage provides enough gain to drive 
one of the inexpensive imported audio 
modules. In this case, a Realistic 
277-1240 100-mW unit was used. This 
unit requires an input of only 1 mW for 
full output, unmodified. With any reason- 

RC values shown provide reasonable se- 
lectivity for casual listening without sacri- 
f ic ing system gain. The Realistic 
277-1240 audio board contains an 82k 
ohm feedback resistor between the out- 
put transformer secondary and the base 
of the transistor in the second stage. A 
0.001-pF capacitor connected in series 
with the resistor does wonders in improv- 
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ing overall gain at  voice frequencies. This the detector will be destroyed. Thus, the 
combination causes the amplifier to be oscillator module must be well-shielded 
very frequency selective and decreases the from the rest of the package. I accom- 
interference problem between adjacent plished this by building a separate box for 
stations. the vfo from two-sided pc board. A 

fig. 2. Parts layout for the 
product-detector board. Com- 
ponents are shown as seen 
from the bottom of the board. 
Etched board is shown on the 
next page. 

construction 
The receiver consists of three small 

printed-circuit modules mounted in a 2 x 
3 x 5-inch minibox. Since the audio 
amplifier is preconstructed, a good por- 
tion of the work is already done. The 
other two modules are extremely easy to 
lay out and construct. Fig. 2 and 3 show 
the board templates and component 
mounting. 

Since the oscillator must maintain 

fig. 3. Parts layout for the vfo 
circuit board. Components are 
viewed as seen from the bot- 
tom of the board. Etched 
board is shown on the next 

page. 

less-elaborate shield could consist of a 
small minibox or an aluminum bracket. 
The power lead is  bypassed a t  the vfo 
shield, and the vfo output lead is a length 
of small-diameter coaxial cable. 

For the sake of stability, al l  fre- 
quency-critical capacitors are of the mica 
variety. The tuning capacitor, in this case 
a miniature air variable, has a ball-bearing 
rotor mount for smooth operation. All 
components on the module must be 

sideband isolation and stability, a few securely mounted, and al l  frequency- 
simple considerations are in order. I f  critical wire leads must be rigid. By 
high-level vfo radiation reaches the rf following these few suggestions, you can 
input port of the detector via the antenna expect quality reception from the finish- 
line and its tuned circuit, the linearity of ed project. 
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adjustment 
Tuneup is  a relatively simple matter 

because the oscillator is the only section 
requiring initial adjustment. Since the 
same value'of inductance is used for both 
the 80- and 40-meter bands, capacitance 

input circuit covers 80 and 40 meters 
with enough overlap so that no induc- 
tance adjustment is necessary. Variable 
capacitor C1 peaks the incoming signal 
just as the antenna trimmer or preselector 
control on a commercial receiver. What 
could be simpler? 

is the only variable determining range and 
band placement. The variable- and fixed- 
capacitor values are thus considerably 
greater for 80 meters than for 40 meters. 
For the 2-section variable capacitor speci- 
fied in the parts list, I left six rotor plates 
on the 80-meter section and only one on 
the 40-meter section. This provided about 
300 kHz of coverage on each band. I f  you 
use one of the inexpensive imported 6 : l  
vernier drives, 300 kHz is the most you 
will be able to cover and s t i l l  maintain 
smooth tuning. The fixed mica capacitor 
values should place the vfo output some- 
where within the amateur bands, where 
you will be able to pick up the oscillator 
on your station receiver. 

Minor fixed-capacitance substitutions 

may be necessary to achieve the precise 
coverage you desire. Once you have the 
desired placement worked out on both 
bands, the station receiver can be used for 
an accurate final calibration. The tuned-rf 

conclusion 
Despite its surprisingly good perform- 

ance, this unit is not the ultimate in 
direct-conversion design. The possible 
avenues of exploration are many. For 
example, the Realistic 277-1577 audio 
board provides 350-mW output for 
300-pV input at 500 ohms, and is  well 
worth trying in place of the less-sensitive 
100-mW module used here. Furthermore, 
a dual-gate mosfet product detector de- 
serves consideration. And, with a stable 
vfo, this circuit should perform as well at 
144 MHz as i t  does at 3.5 MHz. The 
possible arrangements are almost endless. 

Nonetheless, and regardless of its po- 
tential for further development, the side- 
band minituner works very well as it is. In 
fact, you'll find it one of the most useful 
minibox projects you can build. 

ham radio 

"I think I 'd  like i t  better over 
by the fence after all." 
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voltage-probe 
receiving 

antenna 

A new two-inch-high 

electronic device 

that out-performs 

The voltage-probe antenna, or vpa, is a 
new approach to miniature high-perform- 
ance broadband receiving antennas that 

I exhibits low-noise characteristics and 
does not require tuning over the frequen- 
cy range from 30 kHz to 50 MHz. 

The vpa consists of an antenna probe 
and solid-state amplifying and matching 

I 

circuitry designed to feed into 50-ohm 
coaxial line. The antenna probe itself 
consists of a rod two inches long, top 
loaded with a small disc as shown in the 
photo. The electronic circuitry is contain- 
ed in the small cylinder below the anten- 
na probe. Dc power, isolated from the 

20 m october 1970 

a 3-foot whip 

below 40 MHz 

incoming rf, is fed to the circuitry 
through the coaxial feedline. 

how it works 
The vpa senses voltage from an incom- 

ing radio wave with i t s  antenna probe, 
and the electronic circuitry acts as an 
impedance converter by transferring the 
input signal voltage from the highly react- 
ive antenna probe to a 50-ohm resistive 
impedance level. The vpa performs much 
like a cathode follower, but with very 

>. high gain. The circuitry consists of an fet 
low-noise input stage, a buffer-driver 
stage and an output stage to match the 
probe to a 50-ohm transmission line. 

.2s' .- The theory behind the vpa is based on 
the fact that when a quarter-wave mono- In 

o pole antenna above a ground plane is 

< made infinitely short, its power gain 



decreases only slightly from a theoretical 
maximum of 2.14 dB to 1.76 dB (over an 
isotropic). However, as the antenna gets 
shorter, antenna resistance decreases 
while the reactance increases. This is a 
familiar problem to the amateur who has 
worked with small 75-meter mobile an- 
tennas. 

As an example, at 20 kHz, a 1-meter 
stub over a ground plane exhibits an 
effective resistance on one-millionth ohm, 
and capacitive reactance of 10 million 
ohms. Since these two components are 
effectively in series as shown in fig. 1, the 
voltage available to the amplifier i s  infini- 
tesimally small. 

The electronic circuitry used with the 
vpa does not match impedances in the 
usual sense. Instead, i t  makes the reactive 
component small in comparison to the 
very high input impedance of the fet 
amplifier, swamping out the reactive com- 
ponent. The result is that most of the 
input signal appears across the amplifier 
input terminals. 

performance 
As pointed out by ~ 6 ~ 1 0 , ~  the abil- 

i ty of an antenna to extract a radio signal 
from space is dependent upon the anten- 
na's effective aperture or capture area. 
This capture area may be used as a basis 
to compute the antenna's gain as com- 
pared to an isotropic. The gain of the vpa, 

fig. 2. Performance of the voltage-probe 
antenna as compared t o  a 1 3 '  4" whip. 

when placed 42 inches over a ground 
plane, i s  -10 dB, and is  flat from 30 kHz 
to over 50 MHz. As a point of compar- 
ison, a quarter-wave whip (matched to 
the receiver) exhibits 2.14 dB gain. How- 
ever, the whip is a high-Q device, and 
performance deteriorates rapidly as you 
deviate from its resonant frequency. 

The results of a comparison test be- 
tween the miniature voltage-probe anten- 
na and a 13-foot, 4-inch whip are plotted 

fig. 1 .  Equivalent circuit f o r  a miniature 
1-meter-long stub antenna at 20 kHz.  

in fig. 2. For these tests, conducted by 
the Kollmorgen Corporation, both anten- 
nas were located side-by-side on a 50 x 
80-foot metallic ground plane. The whip 
sat on a 9-inch pedestal in contact with 
the ground plane; the vpa was on a 
42-inch post, also in contact with the 
ground plane. The outputs, brought out 
through 50-ohm coax, were compared on 
the same receiver; a precision variable 
attenuator was used to measure differ- 
ences in signal level. 

Performance of the vpa can be im- 
proved by elevating i t  further over the 
ground plane. This is because of signal 
pickup by the output coaxial cable. Al- 
though vpa gain is flat to 50 MHz, the 
effective gain over a whip antenna in- 
creases substantially with decreasing fre- 
quencies. The vpa shown in the photo, 
for example, will out-perform a 3-foot 
whip antenna at all frequencies below 40 
MHz. 

references 
1. James Kennedy, K6MIO. "Antennas and 
Capture Area," ham radio, November, 1969, 
page 42. 
2. Robert Fischer, "Voltage Probe Antenna," 
Kollrnorgen Corporation report ER848.1, 29 
January 1968, Kollrnorgen Corporation, North- 
arnpton, Massachusetts 01060. 

ham radio 

october 1970 21 



designing 
with 

i c  voltage 

regu 

In herent 

device constraints 

are analyzed, 

and design examples 

ators 

manufacturer, over which the designer 
has little control. 

The voltage regulator IC is a complete 
electronic circuit block, and certain pack- 
age terminal conditions must be met 
regardless of the regulator's relationship 
to the rest of the system. These are: 

1. The minimum regulator input 
voltage 

in 
are given 2. The maximum regulator input 

. - voltage 

to obtain optimum 3. The maximum regulator output - 
3 current. 

regulator performance 8 TWO more constraints are added when 
the voltage regulator becomes part of  a 
voltage-regulated power supply system: 2 

Some of the load-handling capability of 
an IC voltage regulator may be sacrificed 
i f  a less-than-optimum system design 
approach is  used. This article describes a 
design procedure that assures full realiza- 
tion of the regulator's load-handling capa- 
bility and compliance with all its ratings. 
Design examples, using a typical IC volt- 
age regulator, are included. 

The cost of a monolithic IC voltage 
regulator is usually less than that of a 
voltage regulator of comparable perform- 
ance constructed from discrete compo- 
nents. In return for this reduced cost (and 
increased convenience) the designer is 
confronted with a set of regulator oper- 
ating constraints, imposed by the IC 

4. The minimum voltage drop across 
the regulator 

0 
c 5. The maximum allowable regulator 
0 

power dissipation 
.- 
5 Since the IC operating parameters and 

the power requirements of the load are 
P predefined, the volt-ampere characteristic 8 of the unregulated voltage source i s  the 
o' only manipularab/e system variable. The 
J boundaries represented by the preceding 

S constraints can be plotted on a graph of 

- regulator input voltage vs regulator out- 
put current, and will enclose a region that 

c contains all the allowable combinations .- 
0 

;j of unregulated input voltage and regula- 
c tor output current. Obviously, the volt- 

ampere characteristic of the unregulated 

22 october 1970 



power supply must lie within the bound- 
aries of this permissible operating region. 
The mechanics of this technique are 
demonstrated later in the article. 

device limitations 
The maximum input voltage that may 

be applied to an IC voltage regulator is 
restricted by the IC secondary breakdown 
limitation and, when current flows, the 
maximum allowable junction temper- 
ature. The maximum current that may 
pass through a voltage regulator IC is  
restricted by the current-carrying capac- 
ity of the interconnections within the IC, 
the maximum allowable junction temper- 
ature, and the voltage applied to the 
regulator when the second-breakdown 
region is approached. Power dissipation 
limits will normally be exceeded before 
second breakdown is reached with in- 
creasing current-unless, of course, the 
case temperature is prevented from rising. 

The minimum input voltage applied to 
an IC regulator must be adequate to 
maintain appropriate bias currents 
through the internal zener diodes. Fur- 
thermore, a minimum input-output volt- 
age differential must be maintained to 
assure that the series pass regulating 
elements retain control over the output 
voltage. The greater of these two mini- 
mum input voltage restrictions must al- 
ways be satisfied. The maximum allow- 
able power dissipation i s  limited by the 
maximum allowable junction temperature 
and the thermal resistances from junction 
to ambient. 

The numerical values and package pin 
connections cited in the remainder of this 
article apply specifically to the Motorola 
MC1469R connected as shown in fig. 1. 
The comments and procedures are, how- 
ever, equally applicable to all other volt- 
age regulator ICs. 

typical regulator circuit 
A complete voltage regulator circuit 

using a typical IC voltage regulator (the 
Motorola MC1469R) appears in fig. 1. 
The unregulated input voltage is applied 
to pin 3 of the MC1469R, and the IC 

output voltage appears at pin 1. Capaci- 
tors C1, C2, C3 provide circuit compensa- 
tion, noise filtering, and assure output- 
voltage stability. 

The 2N706 transistor, 01, and cur- 
rent-sensing resistor, R,,, limit (via pin 4) 
the maximum output current of the 
regulator to that which causes a voltage 
drop of 0.6 volt across R,,. Thus, the 
short-circuit current, I,,, is defined by 
R,, and is determined from the expres- 

where I,, = the approximate short-circuit 
current limit in amperes, and R,, = the 
resistance in ohms of the current-sensing 
resistor. 

The regulated and current-limited out- 
put voltage, V,, appears at the emitter of 
Q1. This voltage is sensed by pin 5, and 
the voltage at pin 1 varies, as required, to 
keep the voltage a t  pin 5 constant. The 
constant voltage required at pin 5 is a 
function of R1 and R2, and R1 is  
determined from 

R1 = 2 V 0  - 7  

where V, = the desired regulated output 
voltage in volts, and R1 = the resistance 
(in k ohms) of the voltage-setting resistor. 

Pin 2 of the MC1469R is  the shut- 
down control. A positive voltage applied 
to pin 2 causes the regulator output 
voltage to drop to zero and reduces the 
regulator input current to a few-hundred 
microamperes. Aside from its obvious use 
as a regulator on/off control, the shut- 
down control automatically limits the 
maximum IC chip temperature i f  a con- 
stant positive reference voltage is applied 
to pin 2. The voltage required to shut 
down the regulator is a function of the 
chip temperature: 

Vpin 2 = 1.38 - 3.4 x 1 o - ~  (Ti - 25OC) 

where Vpin 2 = the approximate voltage 
in volts that must be applied to pin 2 to 
shut down the regulator at a given junc- 
tion temperature, Tj, and Ti = the junc- 
tion temperature in O C  at which shut- 
down will occur. Since the shutdown 
voltage decreases approximately linearly 
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at the rate of 3.4 m i l l i vo l t~ /~C,  the 
shutdown voltage under a particular set 
of operating conditions can be deter- 

where PD,,, = the maximum allowable 
mined experimentally and i t s  value used 

device power dissipation in watts at an 
to calculate the chip temperature rise. 

ambient temperature, T,, in OC. The 
This technique has the advantage of not 

constants in the formula reflect a maxi- 
disturbing the thermal characteristics of 

mum junction temperature of 150°C and 
the IC through the attachment of an 

a thermal resistance from junction to 
external temperature-measuring device. 

The continuous load current from the ambient of 41.G°C/watt. 

MC1469R must not exceed 500 mA. I t  
will withstand a maximum input voltage establishing boundary conditions 
from pin 3 to ground of 35 Vdc; the Now that the necessary facts have 
minimum input voltage must be 9.0 Vdc been ferreted out of the IC data sheetrl 
or 3.0 Vdc higher than the voltage at pin and the regulator circuit operation is  
I ,  whichever is greater. understood, the boundaries on the volt- 

The voltage at pin 1, Vpi, 1, can be ampere characteristic of the unregulated 
determined only after the regulated out- input source become evident. The lower 

f ~ g .  1. Complete power-supply 
regulator circuit designed around 
the Motorola MC1469R.  Com- 
ponents Q1 and Rsc may be 
eliminated i f  current limiting is ME OCF 

not desired. 

put voltage, V,, and R,, have been 
specified. The equation: 

where IL = the load current in amperes, is 
valid for all IL from 0.0 to I,,. Note that 
Vpin 1 increases linearly from V, at IL = 

0 to (V, + 0.6) at IL = I,,. 
The MC1469R can dissipate 3 watts at 

an ambient temperature of 25OC without 
a separate heat sink. The actual power 
dissipation is calculated from the voltage 
drop across the IC and the current into 
the IC, and is closely approximated by 

PD actual = (Vpin 3 - Vpin 1) lpin 3 

where P i s  in watts, V is in volts, and I is 
In amperes. 

The voltages and currents are defined 
in fig. 1. I f  the MC1469R i s  operated 
with no heat sink at ambient tempera- 
tures other than 25OC, the maximum 
allowable power dissipation can be com- 
puted by 

limit of the unregulated input voltage is 
restricted by the minimum input voltage 
requirement of the IC; the maximum 
current required from the unregulated 
power supply is equal to the regulator 
short-circuit current; the maximum volt- 
age from the unregulated power supply 
must be less than the maximum IC input 
voltage limit, and must lie below the 
curve describing the ICs power-dissipation 
limit. 

The general procedure for establishing 
these boundaries follows (again referring 
to  fig. 1, and using the MC1469R param- 
eters) : 

1. Specify the intended regulated out- 
put voltage, Vo. The value of !?I may 
be calculated at this time. 

2. Specify the desired short-circuit 
current limit, I,,. Calculate R,,. I,, 
must be less than 500 mA. 

3. Calculate Vpin 1 from IL = 0 to IL 
- 
- IS,. 
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4. Determine the minimum allowable 
Vpin 3 by adding 3.0 Vdc to the 
values of Vpin 1 calculated in step 3. 
I f  this value of Vpin 3 is less than 9.0 
Vdc, set Vpin 3 equal to 9.0 Vdc. 

5. Calculate the maximum allowable 
power dissipation, PDmCtx,  at the an- 
ticipated temperature, T,. 

R E U T W 1  OV7R/T LOW CURRENT, IL (MA) 

"mmm A- WIMUH mnms 

fig. 2. Restrictions on the unregulated input  

voltage t o  the 3.5 V dc regulator circuit. 

6. Calculate the maximum allowable 
Vpin 3 for several points by substi- 
tuting corresponding pairs of Vpin 1 
and IL into the following equation 

'pin 3 = - + pin I 
IL 

Calculated values of Vp,, 3 greater 
than 35 Vdc, must be set equal to 35 
Vdc, since Vpin 3 must not exceed 35 
Vdc. Note that the calculated Vpin 3 
i s  somewhat optimistic, since i t  
doesn't include the power dissipation 
in the IC internal control circuitry. 

7. Plot the data from step 4 and step 
6 on a graph of I L  (from 0 to I,,) as a 
function of Vpin 3 (from 0 to 35 
Vdc). The volt-ampere characteristic 
of  the unregulated power supply con- 
nected to pin 3 must lie within the 
region bounded by the two sets of 

data. I f  the two sets of data intersect, 
the short-circuit current specified in 
step 2 cannot be tolerated and must be 
reduced. 

design examples 
Three design examples, using the step- 

by-step procedure previously outlined, 
follow. 

Example 1. Design a regulated power 
supply using the MC1469R delivering 3.5 
Vdc at 0 to 500 mA, operating at an 
ambient temperature of 25OC. 

1. Vo = 3.5 Vdc; R1 = 2V, - 7 = 0 
ohms 

2. I,, = 500 mA; R,, = 0.6/1,, = 1.2 
ohms 

3. VPin 1 = V, + IL R,, = 3.5 + 1.2 
IL  = * 

4. VlIin 3 (min) = Vpin 1 + 3.0 = * 

5. 150 - T, 
PDmax = --- = 3.0 watts 

41.6 

* Values of these parameters for elev- 
en different load currents, from 0.0 to 
500 mA, are tabulated below. 

lL s t e p 3  
rnA V d c  

s t e p  4 
V d c  

(6.50)g.O 
(6.56)g.O 
(6.62)g.O 
(6.68)g.O 
(6.74)g.O 
(6.80)g.O 
(6.86)g.O 
(6.9219.0 
(6.98)g.O 
(7.04)g.O 
(7.10)g.O 

Step 6 
V d c  

( 135.0 
(63.6)35.0 

33.6 
23.7 
18.7 
15.8 
13.9 
12.5 
11.5 
10.7 
10.1 

7. The data from steps 4 and 6 are 
plotted in fig. 2. Note that Vpin 3 
(max) i s  restricted to 35.0 Vdc, and 
that Vpin 3 (min) i s  set equal to 9.0 
Vdc. The unregulated input voltage 
must lie between 9.0 and 10.1 Vdc at 

IL = 500 mA, and between 9.0 and 
35.0 Vdc when IL = 0. 
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Example 2. Design a regulated power 
supply using the MC1469R delivering 5.0 
Vdc at 0 to 500 mA, operating in an 
ambient temperature of 25OC. 

The calculations follow the pattern of 
example 1. R1 is 3.0k ohms; values for 
Vpin 1 from step 3, Vpin 3 (min) from 
step 4, and Vpin 3 (max) from step 6 are 
tabulated below. Again, Vpin 3 (min) 
must be set equal to 9.0 Vdc, and Vpin 3 
(max) is restricted to 35.0 Vdc. The data 
from steps 4 and 6 are plotted in fig. 3. 

IL  S tep3  Step 4 Step 6 
m A Vdc Vdc Vdc 

Example 3. Design a regulated power 
supply using the MC1469R delivering 3.5 
to 5.0 Vdc (variable) at 0 to 500 mA, 
operating at an ambient temperature of 
25 OC. 

R1 is  replaced with a variable resistor 
adjustable from 0 to 3000 ohms to allow 
the output voltage to be set anywhere 
from 3.5 to 5.0 Vdc. R,, remains at 1.2 
ohms for current limiting at 500 mA. 
Vpin 3 (min) and Vpin 3 (max) from 
examples 1 and 2 are compared on a 
point-by-point basis, and the highest val- 
ues of Vpin 3 (min) and the lowest values 
of Vpi, 3 (max) become the new 
restrictions on Vpin 3, as shown in fig. 4. 

modifying the unregulated supply 
One of the key points mentioned 

earlier was that ". . . the volt-ampere 
characteristic of  the unregulated voltage 
source is  the only manipulatable system 
variable." Thus the volt-ampere character- 
istic of the unregulated power supply 
must conform to the limits established by 
the design requirements of the power- 
supply regulator. I f  adequate control can 

be exercised over the selection of the 
power-supply components, the unregu- 
lated power supply can be designed to 
conform directly to the unregulated input 
voltage requirements of the IC voltage 
regulator; i f  not, the unregulated power 
supply load profile must be modified 
externally. 

I built an unregulated dc power supply 
with components on hand for use with 
the regulator in example 3. I t s  output 
voltage was measured at various load 

NWT W A G E  

I 
A 90 V 

81)Y 1 a6v 

m w .  ~ A u Y I E O E W ) r m ,  
- I F I N w T - ~ I N T H I S R E ( Y C I Y  -- 

I I 4c 

o ~ ~ m m u o m a a "  
REUUlTOR a/7RIT 1DA9 CURRENT; IL (MA) 

"MCHBR A a n u m M L m M M  m m  

fig. 3. Restrictions on the unregulated input 
voltage to the 5.0 V dc regulator circuit. 

currents and was varied from 17.9 Vdc at 
0 mA  to  13.9 Vdc at 500 mA. The 
volt-ampere characteristic of this supply 
is superimposed on fig. 4 and identified as 
the "unacceptable input voltage profile." 
The output voltage of this supply would 
have exceeded the maximum allowable 
voltage on pin 3 of the MC 1469R, under 
the specified design conditions, and the 
IC power dissipation would have been 
exceeded when the regulator output- 
current demand increased much beyond 
270 mA. A substantial portion of the 
total output current capability of  the 
voltage regulator IC could not have been 
used. 

A 10-ohm resistor placed in series with 
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the positive lead from the unregulated 
power supply modified the power-suppl y 
load profile, producing the "typical input 
voltage profile" volt-ampere curve in  fig. 
4. Note that the voltage applied t o  p in 3 
of the MC1469R remains in the permis- 
sible input voltage region for all values o f  
IL, allowing the fu l l  capability o f  the 
voltage regulator IC t o  be realized. 

Experimental measurements on this 
voltage regulator system revealed an 
MC 1469R junction temperature rise o f  

fig. 4. Input voltage restrictions and experimen- 
tally-determined unregulated power supply 
volt-ampere characteristics for a 3.5 to  5.0 V dc 
variable regulated power supply. 

86 OC at Vo = 3.5 Vdc and IL = 500 m A  
(2.8 watts dissipation). The measured 
junction temperature rise was 30 OC 
below the calculated value; this is attri- 
buted to  (a) the conservative thermal 
resistance values used i n  the IC data 
sheet, and (b) the additional thermal path 
created b y  attaching the IC case t o  the 
mounting studs o f  the particular socket I 
used. 

reference 

1. "Motorola MC1469R Positive-Power- 
Supply Voltage Regulator Integrated Circuit 
Data Sheet," Motorola .Semiconductor Prod- 
ucts, Inc., P. 0. Box 20912, Phoenix, Arizona 
85036. 

ham radio 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 9% sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor- 
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal- 
vanized for carefree main- 
tenance. Models available, 
by height, are: MW-35', MW- 
501, and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order1 See your local 
dealer or write for free cata- 

t TOWER 
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lunar-path 

nomograph 

An aid 

for determining 

signal attenuation 

due to variance 

in earth-moon 

distance 

Here's a handy operating aid that will be 
appreciated by the moonbounce gang. I t  
allows accurate determination of the var- 
iance in free-space signal loss caused by 
the change in earth-moon path length. 

The distance between earth and moon 
a t  the moon's perigee, which is  the point 
of the moon's orbit closest to earth, is 
nominally 22 1,463 miles. At apogee, or 
the point of the moon's orbit farthest 
from earth, the nominal distance is  
252,710 miles. This variation can account 
for a 1.28-dB change in signal level for 
the earth-moon path, or a total of 2.56 
dB for the round trip. 

The optimum time for moonbounce 
work, of course, is at the moon's perigee. 
However, since the earth-moon path dis- 
tance varies, it's convenient to know the 
expected signal levels a t  times other than 
perigee. 

data forecasts 
I t  will be necessary to know the 

distance between earth and moon at the 
time of interest. Various tables can be 
consulted, but the most convenient 
source of this data is  Sky and ~elescope,' 
a magazine published for astronomy en- 
thusiasts. In the Celestical Calendar sec- 
tion of this magazine, perigee and apogee 
times of the moon's orbit are given, 
together with earth-moon distances and 
the moon's effective diameter. This data 
is published a month in advance, since 
perturbations in the moon's orbit cause 
perigee and apogee to vary from month- 
to-month. Other useful information is 
also given. Sunspots and times of meteor 
showers are forecast, and articles are 
published on radio astronomy and satel- 
lite activity. 

using the nomograph 
Table 1 i s  a computer printout giving 

free-space signal attenuation in dB for 
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table 1. Computer printout showing free-space path attenuation for several 
frequencies as a function of various earth-moon distances. 

distance 50  MHz 144 MHz 432 MHz 1296 MHz 2375 MHz 3600 MHz 

(miles) (dB) (dB) (dB) (dB) (dB) (dB) 

several frequencies and earth-moon dis- 
tances. The attenuation numbers can be 
read directly from the table for earth- 
moon distances between 220,000 and 
255,000 miles in the 5000-mile incre- 
ments. The nomograph (fig. 1) is ~ ~ s e d  for 
linear interpolation to determine the free- 
space signal attenuation for earth-moon 
distances not given in the table. Note that 
the table and nomograph are based on an 
earth-moon distance of 220,000 miles. 

frequency, then add this number to the 
interpolation factor. Example: 

Earth-moon distance = 233,000 miles 

Operating frequency = 2375 MHz 

From table 1 the free-space loss 
(220,000 miles) = 21 1.36 dB 

From fig. 1 the interpolation factor 
(233,000 miles) = 0.50 dB 

fig. 1. Nomograph for 
determining loss (inter- 
polation) factor for ac- 
tual distances between 
earth and moon. 

DISTANCE FROM EPRTH 70 MaYVfMlB X l U W )  
fm MILES/MVISMv) 

example Therefore, the free-space attenuation for 
Knowing the earth-rnoon distance, 233,000 miles = 21 1.36 + 0.50 dB = 

enter fig. 1 at the distance, and move 21 1.86 dB. 
reference 

vertically to the intercept line. Then read 
the interpolation factor on the 1. Sky and Telescope, Sky Publishing Gorp., 

49-50-51 Bay State Road, Cambridge, Massa- 
From table 1, determine the free-space chusetts 02138. 

loss at 220,000 miles for your operating ham radio 
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converted 
BC-1206 

for 

7 MHz 

Another surplus item 

easily modified 

with transistors 

for 

low-frequency work 

The BC-1206 beacon receiver is another 
of the fine units still available on the 
surplus market that lends itself to modifi- 
cation for amateur use. It tunes from 200 
to 400 kHz and has a 135-kHz i-f. The 
original design was for a 28 Vdc power 
supply.' 

For some time I had been thinking 
about adapting a BC-1206 for use as a 
portable ham receiver. I t  looked like a 
natural for solid-state conversion; so I 
replaced the tubes with transistors, added 
a solid-state bfo, 40-meter crystal conver- 
ter, and a manufactured audio stage. 
Result: an all-solid, completely portable 
receiver. 

construction 
Preliminary work consisted of check- 

ing the unmodified receiver on 28 Vdc, 
then on 12 Vdc after paralleling tube 
filaments. Reception of local and distant 
stations was good. It would have been 
possible to use the receiver on 12 volts 
with only a converter and bfo, but I 
chose the solid-state route for the chal- 
lenge and because of economic reasons. 

beat frequency oscillator 
The bfo (fig. 1) i s  a miniaturized 

version for 135 kHz adapted from refer- 
ence 3. I t ' s  mounted in a sawed-off TV i-f 
can, to which solder lugs were attached 
and bent outward for soldering to the 
inside front panel. I wired the compo- 
nents around the original i-f coil form 
after removing the wire. The submini- 
ature rf choke was mounted inside the 
form by drilling a small hole through the 
form and pulling one choke lead through 
the hole. The original slug can be used to 
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control pitch. I f  no pitch control i s  
desired, the slug can be removed. 

I removed the original phone jack and 
substituted a %-inch panel bushing. The 
bfo assembly was mounted with the pitch 
control protruding through the bushing 
for front-panel access. 

The bfo is  well shielded, and a pi- 
network filter is included in i t s  power 
lead to minimize stray radiation. I used 
miniature coax cable for the outout lead. 
In the completed receiver, a "birdie" was 
picked up at the bfo's second and third 
harmonics. A phase-shift oscillator, which 
would have no harmonic output, should 
alleviate this problem and is a possible 
improvement. The receiver is used for cw 
and ssb only, so I didn't include a bfo 
control switch. 

the converter 
The 40-meter converter (fig. 2) is a 

miniaturized one-band version of another 
design.4 It is housed in a steel box that 
fits into the space left by the i-f detector, 
the audio tubes and the output transfor- 
mer. 

I drilled a hole in the side of the 
crystal socket and mounted the socket 
horizontally to provide clearance for the 
housing. No special precautions are neces- 

Interior view of modified receiver. Con- 
verter is in box with crystal on top. 

sary in construction except to keep L1 
and L2 axes at right angles to minimize 
coupling. 

Since my interest was in the 7- to 
7.1-MHz range, and receiver bandwidth is 
best between 200 and 300 (on the main 
tuning dial), a 6.8-MHz crystal was used. 
The rf amplifier isn't needed for sensitiv- 
ity, but it helps to suppress images. 

detector and audio 
A single IN270 could be used as a 

detector, with the bfo voltage injected at 
the i-f amplifier gate. However, I decided 
to use a product de te~tor .~  Experimental- 
ly, a pnp germanium transistor was a 

Rear view showing how the audio deck is 
mounted. Battery is an Eveready 246; 
six size D cells in series could be used. 

good substitute for the two diodes (fig. 
1). 

I used a Round Hill model AA-100 
audio amplifier" because I had one on 
hand. However, other audio boards, mod- 
ules, or ICs will work just as well. 

I mounted the audio amplifier on the 
rear deck of the receiver after removing 
all the original rear components except 
the small open-frame filter choke. To 
make the amplifier f it into the space, it 
was necessary to remove the output 
transformer, relocate one 100 p F capaci- 
tor, then saw off both ends of the board. 

'Round Hill Associates, Inc., 434 Avenue of 
the Americas, New York, N. Y.  1001 1. 
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I put a thin sheet of  insulation on both and r f  stages will tend to oscillate if jfets 
sides of the board and cemented more are used. Rather than neutralize these 
insulation to the inside back of the circuits, I used 3N128 mosfets, which 
amplifier housing to ensur;e agiiinst short provide good stability and adequate gain. 
circuits. The usual precautions must be used when 

fig. 1. Schematic of converted BC-1206 beacon receiver wi th  added b fo  and audio stages. 
Components marked wi th  an asterisk are original. R F C l  and R F C 2  are 3.9 mH (J. W. Mil ler 
7 0 F 3 9 3 A I ) .  

Next, I solder-mounted the output 
transformer below the board and recon- 
nected the transformer. Since the board 
operates from positive ground, the input 
and output windings must be lifted from 
board ground and connected to the main 
radio chassis ground to avoid shorting the 
battery. These are pins 1 and 9 respective- 
l y of T 1 and T3 on the AA- 100 board. 

The amplifier oscillated when it was 
connected to the common battery source, 
and the usual decoupling methods didn't 
help. The problem was cured by connect- 
ing the open-frame filter choke in series 
with the amplifier's negative lead. A 
2%-inch 3-ohm speaker was mount- 
ed in the space left by the original rf and 
converter tubes. 

i-f and rf amplifiers 
The receiver will work merely by 

replacing tubes with fets; however, the i - f  

handling such devices. I used an MPFIOS 
(2N5459) and an MPF104 (2N5458) for 
mixer and local oscillator. 

I varied resistances for each stage for 
optimum performance, then soldered 
fixed resistors into the circuit. The agc 
line was left intact, although i t  has little 
effect on operation. Better agc might be 
had by using double-gate mosfets. 

power supply 
Optimum supply voltage is 9 volts, 

although the receiver will operate on 7% 
volts with less audio. With 12 volts, 
additional spurious signals will appear in 
the output. These are caused by the 
crystal oscillator beating with the local 
oscillator harmonics. A t  9 volts, idle 
current is about 15 mA with peak current 
over 35 mA. 

Small transistor batteries will work, 
but they have poor regulation and short 
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life for this application. The larger tran- good results, which satisfied an urge for a 
sistor-radio batteries are better. Nicad or com plete, miniaturized, all-battery- 
mercury batteries are also good. Six size operated, solid-state station. 
D flashlight cells in series make an eco- Low-power transmitters are fun, but 
nomical power pack. it's more fun using a low-power receiver 

RF AMPLIFIER MIXER 
? L W -  ?ZVkHr  m - 400kH1 

L1. L2 secondary is I 2  5 .0~ L 3 15 turns no. 3 0  en- 
turns no. 30 enam- a m e l e d ,  close- 
eled, closewound w o u n d  o n  11s" 

on 1/4" slug-tuned slug-tuned form 
form; primary is 7 
turns no. 3 0  enam- 
eled, closewound 
over cold end of 
secondary. 

fig. 2. Solid-state converter for 7 MHz. Components fit  into space formerly occupied by  tubes and 
output transformer. "Gimmick" is two 1" lengths of hookup wire twisted together. 

the exterior 
I drilled additional holes in the right with the transmitter. The receiver is also a 

side of the case for a speaker grill and valuable adjunct to your station for emer- 
added a hole in the left side for the gency use. 
antenna connection. I also added bumper 
feet to the bottom, a cutout in the rear to 
pass the battery connector to the outside, 
and mounted a battery holding strap onto 
the rear of the cabinet. 

operation 
The converted 8C-1206 provides sen- 

sitive, stable, and fairly selective cw and 
ssb reception in a small package with low 
power requirements. I t  needs only a short 
antenna: a wire about 15 feet long or so. 

I've used this receiver with a compan- 
ion low-power transistor transmitter with 

references 
1. Grayson, "Surplus Schematics Handbook," 
Cowan Publishing Corp., Fi f th Printing, August, 
1967, p. 49. 
2. "Instruction Manual, Model 524 Beacon 
Receiver," Setchell Carlson, Inc., St. Paul, 
Minnesota. (Sometimes available with surplus 
receivers.) 
3. Marriner & Meredith, "Transistorized 
455-kHz BFO," ham radio, July, 1968, p. 12. 
4. Sam Creason, "An FET Converter for 40 
and 160." 73, October, 1967, p. 26. 
5. "Heterodyne and Product Detectors," The 
Radio Amateur's Handbook, ARRL Staff, 1969 
Edition, p. 97. 
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low-noise 

converter 
for 

432 MHz 

A circuit 

using inexpensive fet's 

that gives 

a good account 

of  itself 

over the long hauls 

Now that economically priced solid-state 
devices are available for use above 400 
MHz, the cost of building uhf equipment 
has been considerably reduced. The con- 
verter described here uses only seven 
active devices, all of which cost less than 
$3.50. The 2N5245s net at 70d, the 
40237s are 38d, and the diodes are about 
30d apiece. 

The bandwidth of the converter a t  the 
3-dB points is between 431 and 433 MHz. 
The noise figure is 3.5 dB. I f  you'd like to 
reduce this another half dB or so, a 
2N5397 fet can be used in the first rf 
stage instead of the 2N5245; however, 
the 2N5397 costs about $8.50. 

The circuit is conventional (fig. 1). 
Two fet grounded-gate amplifiers and a 
common-emitter mixer are used. Oscilla- 
tor output i s  about 8 mW. The quad- 
rupler output is somewhat below this, but 
i t  provides sufficient injection voltage for 
the mixer. Both input and local oscillator 
signals are applied to the mixer transistor 
base. This arrangement offers the best 
conversion efficiency for this type transis- 
tor a t  these frequencies. 
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layout and construction 
Component arrangement, component 

spacing, and wiring placement have been 
optimized for best performance based on 
several earlier versions. Shielding isn't 
necessary, since there appears to be 
enough feedback in the front end to 
eliminate any tendency toward instabil- 
ity. As a matter of fact, the shielding that 
was installed around each of the first 
three stages in the original model had to 
be removed to eliminate regeneration. 
The spacing between tuned circuits in the 
amplifier and mixer was optimized to 
provide satisfactory interstage coupling 
without the use of capacitors. 

The chassis measures 5 x 7 ~ 2  inches. 
The circuit board is glass epoxy with 
copper foil on one side. These boards are 
available from many surplus outlets. 
Some are pullouts from computer mod- 
ules and have discrete components 
mounted on them, which can be salvaged 
for your junk-box inventory. 

Component arrangement. R f  arnpli- 
f ie6  and mlxer tuned circuits are 
mounted along the near edge of 
board; oscillator and power supply 
are at rear. 

All wiring except that for the power 
supply is on top of the board. This allows 
power to be fed to all stages via feed- 
through capacitors, which minimizes 
coupling problems in the wiring. The 
board should be drilled as closely as 
possible to the dimensions on the tem- 
plate except for holes associated with the 
power supply. 

coil construction 
The Q of the tuned circuits was 

increased when the hairpin loops were 
made of copper strip instead of wire. 
Coils L1, L2, L4, and L9 are made by 
cutting 20 gauge flashing copper in strips 
% inch wide by 2-1/8 inches long. The 
mixer coil, L5, should be % inch shorter 
to reduce i t s  inductance so that it will 
resonate with the tuning capacitor piston 
halfway inserted. The end of the coil that 
is soldered to the feedthrough capacitor is 
trimmed to a point. When the loops are 
installed they should stand 1-318 inches 
above the board. 

Coil L3 is  made from a copper strip 
2% inches long. The ground end should 
not be trimmed to a point but should be 
bent out 118 inch for soldering to the 
board. Otherwise its.construction i s  the 
same as the other amplifier coils. 

The i-f output coil, L6, consists of 18 
turns of no. 24 enamelled wire close 
wound on any type of 3116-inch diameter 
slug-tuned form. (A grid-dip oscillator 
should be used to check the coil.) The 
output link, L7, is made from three turns 
of no. 22 enamelled wire wound on the 
cold end of L6. 

The oscillator coil, L8, consists of 
4% turns of no. 20 enamelled-wire, space- 
wound, % inch long by % inch I.D. The 
output tap is  located 1 turn from the top. 

local oscillator 
An rf choke is  used in the crystal 

circuit to allow warping of the crystal 
frequency without appreciable loss in 
output. I suggest the crystal be ordered 
for 100.872 instead of 100.875 MHz, as 
the frequency will fall much closer to 
100.875 if the crystal is ground for this 
lower frequency. The oscillator operates 
from the 10-V regulated supply, and the 
stability after a few minutes warmup is 
excellent. The frequency at 432 MHz was 
checked and exhibited a drift of about 
300 Hz over a 3-hour period. 

assembly 
The unit should be assembled in the 

following sequence after the board is 
drilled. 
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C 1  1-8 p F  p is ton variable ( T r i k o  106-01M) T I  12.6 V f i lament  t ransformer  (Calectro 

0 1 - 7 5 0  o r  equivalent)  
C 2  1%-10 P F  air  padder  (Johnson T1065 )  

Y 1 100.872 M H z  5 t h  over tone crys ta l  (see 
C R l  any d iode ra ted a t  2 0 0  V p iv  tex t )  

C R 2  1 O V z e n e r  fets are Texas Ins t ruments  2 N 5 2 4 5  o r  S i l i con i x  

J 1  U G - 1 0 9 4 A l U  B N C  receptacle 
2 N 5 3 9 7  

52 p h o n o  jack 
transistors are R C A  4 0 2 3 7  

feedthrough caps are A l l en  Bradley FWSN, 4 7 0  
J 3  standard ac receptacle t o  accommodate 

TV cheater cords 
P F 

R F C l  7-3/8" length no. 2 4  w o u n d  o n  112-watt are DM15 l5O1 
resistor chassis is Ca l i fo rn ia  A l O l .  5 x 7 x 2 inches 

R F C 2  Same as R F C l  (may  n o t  be necessary) 

fig. 1. Schematic o f  t he  4 3 2 - M H z  solid-state converter.  C i r cu i t  features low-noise f r o n t  end and 
highly stable oscil lator. 

1. Install all feedthrough capacitors. 5. install the oscillator coil. -,-his 

2. Install the transistor sockets, using coil is rigidly supported by mounting 
a good grade of cement. i t  in a vertical position. Solder the 

bottom end to the center of the 
3. Install the piston tuning capacitors 

feedthrough capacitor, and connect 
and connect them to the proper termi- 
nal on the sockets. 

the top end to C2 and the collector 
pin on the transistor socket using 

4. Install the output slug-tuned coil. short, stiff leads. 
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~6 0 OFT 
I OFT O CRYSTAL 

0 

D c/OO$ 0, 
clO OFT 0~~ OFT 0 0'5 

FT 

fig. 2. Full-size drill template for the 432-MHz converter. Holes for feedthrough capacitors (FT). L 
and C1 are 3/16" diameter. BNC connector holes are 3/8". Transistor sockets and J2 require 114 
holes. 
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6. Install the hairpin loops, being 
careful to  solder them to  the feed- 
through capacitors so that the capaci- 
tor isn't shorted with a drop of solder. 
The coupling capacitors on L 1, L5 and 
L9 are soldered onto the loops near 
the top on the bypassed side. 

7. Complete the quadrupler and oscil- 
lator wiring. 

8. Finally, install the power supply, 
then complete the wiring on top of the 
chassis. 

The two fets should be installed with 
the input tuned circuit connected to the 
source and the output connected to the 
drain so that 2N5397 or 2N5398 fets can 
be used if desired. When the 2N5245s are 
installed, the drain and source will be 
reversed; however this will have no effect 
on their operation. This i s  not true with 
some of the other fets. 

tuneup and adjustment 
I f  a commercial-type signal generator 

isn't available, I'd suggest that one of the 
vhf small-signal sources be built in 
accordance with my article in a previous 
issue of ham radio. The converter can be 
aligned using the third harmonic from a 
144-MHz transmitter. However, it may be 
difficult to obtain optimum performance 
unless a variable output generator of 
some type is used. 

The first testing should begin with the 
oscillator and quadrupler. A gdo tuned to  
the oscillator frequency will allow you to 
determine i f  the crystal i s  operating on 
the proper mode. A vtvm with an rf 
probe can be used to peak the quadrupler 
output. The probe should be coupled 
through a 33-pF capacitor to the top of 
the mixer hairpin loop and the quad- 
rupler adjusted for maximum output. I t  
will be necessary to use one of the 
lower-voltage scales to detect the very 
small amount of rf at this point in the 
circuit. Once the signal from the genera- 
tor or from the 144-MHz transmitter i s  
found, all tuned circuits can be readjusted 
for optimum signal. 

A word of caution here: When peaking 

the circuits, tune off the incoming signal 
and check the noise level as indicated on 
a receiver S meter. The objective is to get 
the greatest possible signal-to-noise ratio. 
Final adjustments can be made with a 
noise generator, which should be used if 
possible. A second word of caution: Use 
a noise generator for very slight readjust- 
ments only. You may get one of the 
stages tuned to the image frequency and 
the noise figure will appear to be very 
good, but 432-MHz stations probably 
won't be heard unless they're next door. 

The final adjustment should be made 
with the converter mounted in the chassis 
with all of the mounting screws tightened 
carefully. Final adjustments can some- 
times be made quite well while listening 
to a distant weak signal provided i t  isn't 
fading. 

operating results' 
Several of these converters have been 

operating in this general area with very 
good results. Noise figure has been mea- 
sured at close to 3.5 dB on all units. I 
have never failed to copy WBGPDN's two 
watter in Stockton with this converter 
connected to a 16-element colinear anten- 
na only 24 feet high. Stockton is  well 
over 100 miles from my location, and the 
path i s  across several mountain ranges. 
Stations in the San Francisco bay area as 
far south as San Jose, a distance of about 
80 miles, are worked regularly. Only 
about four stations use more than a few 
watts on 432 MHz. 

While converters in this band are not 
as easy to build and adjust as those for 
144 and 50 MHz, they will work without 
too many difficulties if one is careful in 
construction. Try to use a hefty signal 
when starting the alignment and graduate 
later to weaker signals. 

My thanks to many of the dedicated 
vhfers in this area who provided much 
helpful information in building this con- 
verter. 

reference 
1. James W. Brannin, KGJC, "A Stable Small- 
Signal Source for 432 MHz," ham radio, March, 
1970, p. 58. 
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partners 
in 

excellence 

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

An outstanding technical guide 
to all phases of amateur radio. 
In 832 pages 20 complete chap- 
ters are devoted to such subjects 
as single sideband, antennas, mo- 
bile equipment, RTTY and much, 
much more. 

This excellent book has received 
wide acclaim on both sides of the 
Atlantic and belongs in your li- 
brary . . . now. $11.95 

OTHER 
POPULAR RSGB PUBLICATIONS 

Radio Date Reference Book $2.50 
VHF-UHF Manual 3.75 
Amateur Radio Techniques 2.50 
Amateur Radio Circuits Book 2.00 
World at Their Fingertips 2.50 

All prices postpaid in USA & Canada 

b o o k  

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

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

Act Quickly! A price increase will 
be announced very soon. Send 
your subscription to us today 

div is ion  

Box 592  Amherst, New Hampshire 03031 
'WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS - 

DEALER INQUIRIES INVITED 

M o r e  Details? CHECK-OFF Page 94 october  1970 a 39 



precise 

frequency 
tuning 

with 

ssb equipment 

Hints on 

pinpointing 

operating frequency 

in the ssb, cw, 

and rtty modes 

Single sideband has come of age. That 
struggling infant, the "new" communi- 
cations mode that initially attracted only 
a select group of amateurs, has finally 
been accepted. Gone are the somewhat 
snobbish (but enjoyable) sideband din- 
ners and sideband forums that used to be 
so popular. Articles explaining single side- 
band are now conspicuous by their ab- 
sence in the amateur literature. 

Despite the wide acceptance of ssb, 
some of its aspects remain mysterious and 
confusing to many. One is  how to deter- 
mine the actual transmitted and received 
frequency, a capability especially needed 
by net-control stations and to a lesser 
degree by net-responding stations. 

This article reviews some of the basic 
principles unique to ssb and offers sugges- 
tions to aid in adjusting transmitters and 
receivers to a desired frequency with 
certainty and precision. 

background 
Sideband started on the ham bands 

with home-constructed exciters. Then we 
added linear amplifiers, vox, bandswitch- 
ing, and the oscilloscope to check linear- 

In ity. Receivers became more complex. We 

2 added sideband slicers, compression am- - plifiers, Q multipliers, etc., until a side- 
c- o bander's station looked like the bargain .- 
L 

r" basement in a radio store. 
Then manufacturers made exciters 

i 
a available-receivers too. These were fol- 
c 

lowed by linears. In 1957 Collins intro- 
4 duced a revolutionary little set that be- 

came the vanguard of the industry-a 
% transceiver. The KWM-1 combined both 

transmitter and receiver in one compact 
d package, and the radio-store look of the 

ham shack gave way to a neat, wife- 
B approved station. 
L- 
O Sideband transceivers so dominate 

ham radio today that even seasoned hams 
I at times feel as though they are operating 

a-m equipment in unfamiliar territory. 
The following paragraphs will help to 
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dispel some of the confusion associated 
with tuning ssb equipment and allow you 
to  determine operating frequency 
whether using voice, cw, or rtty. 

a-m signals 
For a start, let's look at the grandpa 

signal, amplitude modulation. Basically, 
any radiotelephone transmitter merely 
translates audio frequencies to radio fre- 
quencies, and the receiver translates the 
radio frequencies back to audio frequen- 
cies. To accomplish this, one must use a 
frequency translator into which is inject- 
ed two signals: that which is to be 
translated and another signal generated 
locally In an oscillator. When combined in 
the frequency translator, the two signals 
are said to be heterodyned. Sum and 
difference signals are produced, and the 
composite signal consists of the cw carrier 
and two mirror-image sidebands, which 
contain the a-m signal. A graphical repre- 
sentation of this is shown in fig. 1. 

ssb 
Those who take license exams must 

learn that, "For each modulating fre- 
quency an upper and lower frequency 
appears either side of the carrier by an 

-- 
LOWER S I D E M h D  U M R  SIIIEBANO 

fig. 1. Representation of amplitude-modulated 
signal, consisting of carrier and two sidebands. 

amount equal to the frequency of the 
modulating tone." For speech, a band of 
frequencies (roughly from 300-3000 Hz) 
appears rather than .individual side fre- 
quencies. These are called sidebands. 

As the magazine articles told us when 
ssb was new, "No information is  passed 
by the carrier. All it does is  'blow the 
whistle.' Therefore, we don't need the 
carrier for communications. Also, since 

i t  contains all the information needed for 
communications." This concept is  depict- 
ed in fig. 2. The upper sideband remains, 
as in the a-m signal, but the carrier and 
lower sideband have been suppressed. 

ssb tone generator 
A statement similar to that made 

earlier about an a-m signal can be made 
about an ssb signal: "for or modu- 
lating frequency an upper and lower 
sideband appears, which is removed from 
the suppressed carrier by an amount 
equal to the frequency of the modulating 
tone." 

The practical result is that, if you feed 
a pure tone of a given audio frequency 
into a quality ssb transmitter, a single 

SLPPRESSED UPPER SIDEBANO 
L W E R  SIDEBAND 

fig. 2. Single-sideband signal; one sideband 
and the carrier have been suppressed. 

frequency will be produced that is re- 
moved from the suppressed carrier by an 
amount equal to the audio frequency. 
Many ssb transmitters and transceivers 
take advantage of this phenomenon by 
using a tone generator to derive a cw 
signal. 

Now here's where the confusion be- 
gins. I f  you calibrate your receiver so the 
dial hairline coincides with 0 on the dial 
when you tune to zero beat against the 
calibrator signal, what you actually hear 
i s  the suppressed-carrier frequency. Theo- 
retically, no energy is either radiated or 
received on that frequency. I f  you're 
operating phone on upper sideband, com- 
munication is  taking place 300-3000 Hz 
above the dial reading. I f  on lower side- 
band, the energy is  300-3000 Hz below 
the dial frequency. 

cw frequency spotting 
The explanation above is fairly easy to 

understand, but let's say you own a 
transmitter that generates cw by passing a 
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tone through the balanced modulator and 
the sideband filter. You're the control 
station for a cw net, say, and must place 
your transmitter on a specific frequency 
to begin calling the net. How do you set 
your dial to obtain that frequency? 

This isn't too difficult. I f  you know 
the frequency of the tone generator, and 
the upper-sideband position is used for 
cw, then tune your dial lower in frequen- 
cy by an amount equal to the frequency 
of the tone oscillator (see fig. 3). I f  the 
audio tone is converted to "carrier" and 
the true carrier i s  suppressed, to be on 
frequency you must sidestep the dial 
tuning to place the resultant "carrier" 
where the true carrier would h s ~ e  been if 
it were radiated. 

RESULT4NT 
CARRIER 

SUPPRESSED SUPPRESSED 
LSB IMAGE 

-- 

, n a m l E R , ,  I 
fig. 3. Frequency setting on cw with ssb 
transmitters using a tone generator. I n  the 
example shown, usb is used; dial setting 
must be set lower in frequency by an 
amount equal to tone oscillator frequency. 

As an example, you're to call a cw net 
on 3565 kHz, and your sideband trans- 
mitter generates cw with a 1500-Hz tone 
oscillator working against the upper side- 
band bfo crystal. By setting your dial to 
3563.5 kHz, your output frequency will 
be 3565 kHz; 

suppressed carrier frequency = 3563.5 

tone oscillator frequency = 
+ 1.500 
3565.000 

frequency setting on rtty 
Now let's suppose you're a control 

station for a tty net and you're feeding 
tones into your sideband transmitter, 
which it converts to frequency-shifted rf 
for transmission. How do you set the 
transmitter on frequency? 

Usually, but not always, a center 
frequency straddled by the two tty fre- 
quencies is assigned as net frequency. I t 's  

possible your ssb exciter won't pass audio 
frequencies above about 2500 Hz, so you 
use a tone generator that operates on 
1275 and 2125 Hz. This gives the more 
commonly used 850-Hz shift. One-half of 
850 Hz is 425 Hz; 2125 minus 425 is 
1700, 1275 plus 425 is 1700. Therefore, 
from this we may conclude 1700 Hz is  
the center frequency. To straddle the 
assigned frequency, first zero-beat your 
dial against the nearest 100-kHz point, 
then tune to 1700 Hz above the assigned 
frequency with the exciter and receiver in 
the Isb position. With 2125 and 2975 
tones, the above information applies, 
except the center frequency is now 2550 
Hz. Therefore, you should tune 2550 Hz 
higher for these tones. 

Most sideband exciters neither have 
dials that can be read this accurately, nor 
does the output frequency ordinarily 
coincide this closely with the dial reading; 
but this is good ballpark information for 
much of the equipment available today. 
Very exacting requirements will demand 
the use of a counter or other accurate 
frequency meter to set up the individual 
transmitted frequencies precisely. 

mark and space signals 
Reference has been made to operating 

rtty on lower sideband. This is an arbi- 
trary practice followed by amateurs, 
MARS, and some military organizations 
on the hf bands. What actually i s  trans- 
mitted can be remembered easily by 
stealing an acronym from a tobacco 
company, "LSIMFT." Supply the words, 
"low space makes fine teletype." The 
mark frequency is  always the higher 
frequency transmitted, and space is  the 
lower frequency. In practice the space 
signal sounds higher, but that's because of 
sideband inversion due to operating the 
equipment on lower sideband. When a 
transmitter employing a carrier i s  used, 
such as the a-m and fm equipment on the 
vhf bands, the tones are broadcast 
"right-side-up" with the space tone high- 
er. This is known as afsk, or audio 
frequency-shift keying. 

ham radio 
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the 

Transceiver 

of the 70's 

1 KW Solid-state 
Transceiver 

Rarely is the amateur radio fraternity offered an important new product 
with the engineered-in reliability found in modern professional and military 
communications equipment. NRCl's new NCX-1000 is one of these excep- 
tional products. It was conceived and developed for radio amateurs by the 
same company that gave the Marine Corps its rugged solid-state AN/GRR-17 
tactical communications receiver, that gave the Navy its versatile AN/URT-22 
exciter-transmitter, and that produced the classic HRO-500 VLF/HF receiver. 

The NCX- 1000 combines rock-solid design, exceptional performance, 
and a power punch. It's the finest solid-state, self-contained, 5-band kilowatt 
transceiver available today - the odds-on choice of the discerning amateur, 
be he rag-chewer or DX-er. See it now at your dealer's store, or write for 
complete details. 

RADIO COMPANY, INC. 
11 1 Washington Street, Melrose, Mass. 02176 

More Details? CHECK-OFF Page 94 october  1970 43 
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the simplest 

filter 

These circuits 

offer the ultimate 

in simplicity 

for effective 

cw reception 

Many audio filters have appeared in maga- 
zine articles for both cw and ssb. The 
more popular of these have been centered 
around 44- and 88-mH toroids available 
for as l i t t l e  as 30 cents each from surplus 
sources.* This article describes such a 
filter for single-tone cw reception, but 
with all the nonessential frills removed. 
Also these filters have been tested on an 
audio-frequency spectrum analyzer, so 
their response using actual speaker loads 
is  known quite exactly. 

filter criteria 
A cw filter must have one prime 

qualification to be considered good, 
namly very narrow bandwidth. Since 20 

wpm represents only about 10 Hz actual 
information bandwidth, the filters of use 
to hams can be very sharp indeed. How- 
ever, we can't practically use a 10 Hz 
filter, because transmitter plus receiver 
drift would require constant retuning. 
Also the filter would ring, producing 
disagreable-sounding code. The ringing 
could be removed by damping, but the 
pulses would s t i l l  have rounded, sine- 
wave-like shapes. Therefore, the filter 
should be somewhat wider than the mini- 
mum bandwidth based on information 
theory. 

Assuming ssb-grade frequency stabil- 
ity, the combined short-term drift of 
transmitter and receiver will seldom ex- 
ceed 50 Hz. This bandwidth, being five 
times wider than the minimum necessary 
to pass all the information, will pass 
pulses with a square-wave shape. So a 
practical cw filter should not be narrower 
than about 50 Hz; and to be called good, 
it should not be wider than about 100 
Hz. 

Another desirable feature for a gen- 
eral-purpose filter is that it operate in the 
speaker leads to eliminate the necessity 
for modifying resellable hardware. 

I f  you're using an ssb receiver, all of 
which have linear product detectors, 
there is absolutely no signal-to-noise ad- 

'See flea market ads in practically any issue of 
ham radio. 
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vantage whether the filter i s  in the pre- 
detection (i-f) or postdetection (audio) 
circuits. This isn't true for a-m receivers 
with their conventional detectors, how- 
ever. For these, a Q multiplier in an i-f 
stage will give the ultimate in weak signal 
reception. But the audio filter i s  equally 
useful in a-m receivers for interference 
rejection. Why? Because the nonlinearity 
of the a-m detector becomes serious only 
on weak signals, where this nonlinearity 
produces noise. On weak signals the audio 
signal-to-noise ratio is considerably de- 
graded from that which prevailed in the 
i-f amplifier before detection. This weak- 
signal degradation doesn't occur in an a-m 
receiver under normal interference con- 
ditions, since then the signals are strong 
enough to operate the a-m detector above 
the degradation point. 

However, you can't have everything; 
and even with an ssb receiver, a very 
narrowband filter in the speaker leads 
won't prevent a strong adjacent signal 
from generating strong agc, thus weaken- 
ing the signal you're selecting with the cw 
filter. This can be annoying if the strong 

88 mH 
TWO - WINDING 

Tt>ROID 

INPUT 
4-16A 

C Frequency 
(PF) (Hz) 

fig. 1. The simplest 
audio filter. Band- 0.22 1200 
width is about 70 Hz  0.5 720 
at 1.2 kHz; circuit Q 1.0 52 0 
is approximately 17. 2.0 380 

adjacent signal is cw, because receiver 
gain will flip up and down in response to 
keying. The desired signal will sound like 
one subjected to severe flutter or fading 

conditions. The only remedy for this in 
ssb receivers is a filter ahead of the agc 
rectifier. In a-m receivers, filtering in the 
i-f amplifier will prevent this problem. 

circuit O 
The Q and hence the bandwidth of 

any practical filter is a function of the 
quality of components and circuit load- 
ing. Circuit Q defines the bandwidth as a 
percentage of the operating frequency. 

fig. 2. A filter with 40-Hz bandwidth at 1.2 kHz. 

Thus a filter with a Q of 10 operating a t  1 
kHz would have a bandwidth of 100 Hz; 
and at an operating frequency of 100 Hz, 
the same coil with a larger tuning capaci- 
tor would still have a Q of about 10 but a 
bandwidth of only 10 Hz. Obviously if 
your desired signal had interference from 
a nearby signal, the lower you set the 
beat note, the easier it would be to 
separate the two signals with a given 
filter. With an ssb receiver, about 300 Hz 
is the lowest you'd care to go, because 
the audio circuits have very little gain 
below this frequency. You can therefore 
choose a frequency between 300 and 
about 1500 Hz, depending upon personal 
tastes. 

the simplest filter 
The simplest filter circuit having all 

the desirable features just described is the 
series-resonant type of fig. 1. The capaci- 
tor for this circuit should be 0.22 pF for 
a I-kHz operating frequency, and 1.0 pF 
for 500 Hz. This filter has a bandwidth of 
about 70 Hz at 1.2 kHz and proportlonal- 
ly more or less at other frequencies. The 
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Q of the filter is thus about 17, which 
consists almost entirely of the coil Q. 
Since this is the case the 0, and hence 
bandwidth, won't vary much if the speak- 
er impedance is between 4 and 16 ohms. 

For those who might want a very 
narrow filter but don't want to operate a t  
a beat frequency near 500 Hz, the circuit 
of fig. 2 will give about 40 Hz bandwidth 
a t  1.2 kHz. 

The 88-mH toroid in these circuits is 
an unplotted type available from surplus, 
and the low-impedance windings of fig. 2 
are each 6 turns of wire wound over the 
existing windings. Put the input winding 
on one side of the core and the output 
winding on the opposite side for the 
narrowest bandwidth. However, neither 
the number of turns nor their placing is  
very critical. 

selectable-frequency filter 
As I mentioned at the beginning of 

this article, these filters are designed for 
bare-bones simplicity. However, if you'd 
like more versatility at the expense of a 
few more components you can make a 
number of tuning capacitors switch- 
selectable. A selection of filter frequen- 
cies will allow the cw operator to copy 
signals that may otherwise be lost in 
extremely heavy interference. A schemat- 
ic of a multiple-frequency filter is shown 
in fig. 3. 

insertion loss 
The insertion loss of all filters of this 

type is about the same: approximately 20 
dB. This means 1 volt out for 10 volts in. 
This sounds high but really isn't. The 
audio-volume control can be cranked up 
to compensate. This insertion loss results 
because we're using a practical toroid 
instead of a perfect inductor. The Q of 17 
means the coil has an effective ac resis- 
tance, including wire loss and core loss 
(and speaker load) of about 35 ohms. The 
insertion loss is the ratio of coil ac 
resistance to load resistance, which can't 
be improved for that particular coil. The 
speaker I used was a 3.2-ohm unit, which 
gave the 10: 1 ratio of load resistance to 

total resistance reflected in the 10:1 
input-to-output voltage readings in my 
measurements. This is  explained so you 
won't feel something is lacking to cause 
such an apparently large insertion loss. 

The filter in fig. 1 doesn't have dc 
continuity. Some ssb receivers, with no 
output transformer in their audio power 
amplifiers, require a dc path through the 
speaker. Mv Galaxy V is an example. A 
4- to 16-ohm resistor across the input to 
the filter will solve this problem. 

fig. 3. Frequency-selectable filter for improved 
cw reception. S1 is a shorting-type switch that 
connects the canacitors i n  parallel. 

You've probably seen more complex 
filters for cw, but none will outperform 
these circuits in actual use. The loss of 
these filters increases 6 dB for each 40- or 
70-Hz excursion from design center fre- 
quencies, and response is 40 dB down 
200 or 350 Hz away. 

a closing note 
The simplicity of the filter will allow it 

to be placed almost anywhere in your rig. 
The toroid measures about 1 by '/2 inch, 
and the capacitors can be physically 
small. The filters will perform as stated if 
wired into your speaker leads i f  you'd 
rather not disturb the wiring of an expen- 
sive transceiver. 

ham radio 
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MXX-1 Transistor 
R F  Mixer $3.50 

A single tuned circuit 
intended for signal 
conversion ih the 3 to 
170 MHz range. Har- 
monics of the OX 
oscillator are used for 
injection in the 60 to 
170 MHz range. 

Lo Kit 3 to 20 MHz 

Hi Kit 20 to 170 MHz 
(Specify when ordering) 

SAX-1 Transistor 
R F  Amplifier $3.50 

A small signal ampli- 
fier to drive MXX-1 
mixer. Single tuned 
input and link output. 

Lo Kit 3 to 20 MHz 

Hi Kit 20 to 170 MHz 
(Specify when ordering) 

PAX-1 Transistor R F  
Power Amplifier $3.75 
A single tuned output 
amplifier designed to 
follow the OX oscilla- 
tor. Outputs up to 200 
mw, depending on the 
frequency and volt- 
age. Amplifier can be 
amplitude modulated. 
Frequency 3.000 to 
30.000 KHz. 

BAX-1 Broadband 
Amplifier $3.75 

General purpose unit 
which may be used as 
a tuned o r  untuned 
amplifier in RF and 
audio applications 20 
Hz to 150 MHz. Pro- 
vides 6 to 30 db gain. 
Ideal for SWL, Experi- 
menter or Amateur. 

For The Experimenter! 
International EX Crystal & EX Kits 
OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER 

Wrlte lor complete catalog 

INTERNAT1 ONAL 

CRYSTAL MFQ. CO, INC. 
10 NO LEE . OKLA ClTY OKLA. 73102 

More Details? CHECK-OFF Page 94 october 1970 47 



ferrite bead 
rf stoppers 

In certain 

applications 

ferrite beads 

are excellent 

replacements 

for r f  chokes 

Radio-frequency chokes have certain un-  
desirable character ist ic~ tha t  must be 
recognized and corrected i f  they are t o  
operate as intended. R f  chokes have 
"holes" i n  their frequency-versus-imped- 
ance response that can cause resonance i n  
conjunct ion w i t h  stray circuit  capaci- 
tances." This phenomenon can result i n  
high circulating currents that w i l l  destroy 
the choke coil. 

This article discusses ways o f  impeding 
the f low o f  r f  current b y  using ferrite 
beads. These beads are made o f  ferrous 
particles imbedded i n  a ceramic material, 
much l ike the cores i n  some r f  coils. The 
physical structure o f  the beads is some- 
what different, however, i n  that  they 
have a hole through their centers t o  
accept a wire. 

characteristics and uses 
Running a wire through a ferrite bead 

greatly increases the inductive reactance 
o f  that length o f  wire. This reactance 
follows the familiar 6.28fL law, which 
shows that  as the frequency increases, so 
does the reactance. At  50 MHz, for 
instance, one inch o f  wire through a 
ferrite bead may show an impedance of 
50 + j45 ohms. String o n  more beads, and 
the impedance goes up. It increases i n  a 
smooth and total ly predictable manner- 
no  holes, no  peaks. 

N o w  let's see how these beads can b e  
used i n  ham equipment. For  decoupling 
dc and ac power leads, they're ideal: 
small, effective, free o f  dc (or low- 
frequency ac) resistance, and n o t  suscep- 
tible t o  resonance f rom associated capaci- 
tance. 

The increased impedance offered b y  
the beads at  higher frequencies suggests 

*An example is  the requirement for modifying 
the plate-feed choke in high-power tetrode 
amplifiers when they first became popular. This 
i s  explained in George Grammer's "Pi-Network 
Tank Circuits for High Power," QST, October, 
1952 and in the 1953 edition of the ARRL 
Handbook. editor. 
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another application: that of vhf or uhf 
parasitic-oscillation suppression. Remem- 
ber that the impedance consists of a 
resistive as well as a reactive component. 
This acts as a potent suppressor of vhf or 
uhf oscillations, while having very little 
effect on the primary signal. 

This same characteristic can be a tem- 
per saver in eliminating rf pickup and 
rectification of amateur signals by audio 
equipment. One of the most frustrating 
jobs you can tackle is that of curing rf 
pickup (and rectification) in a neighbor's 
transistorized hi-fi audio equipment. The 
low impedances encountered in these sets 
make rf bypassing almost a hopeless task. 
A ferrite bead or two slipped over the 
base (or gate) lead of each susceptible 
transistor can save much hair tearing. 

drawbacks 
There must be some negative factors! 

For one thing, the beads saturate with 
too much current through the wire upon 
which they're strung. This means you 
can't use them to decouple the filament 
of a high-powered transmitting tube in 
the grounded-grid circuit. Also, they're 
not suitable in place of an rf choke in 
parallel-feeding a transistor in a powerful 
transmitter. 

One reason why these handy little 
devices haven't found greater use among 
radio amateurs is that they are not listed 
in most supply catalogs." Ferrite beads 
are manufactured by Stackpole Carbon 
Company, Electronic Components Divi- 
sion, St. Marys, Pennsylvania, and by 
Ferronics, Inc., 66 North Main St., Fair- 
port, New York 14450. You may have 
difficulty in purchasing small quantities 
from these sources, however. 

In summary, the use of ferrite beads 
offers a quick, easy, and painless cure for 
many of the problems confronting the 
builder of ham equipment. Use them- 
you'll like the way they work. 

ham radio 

'One exception t o  this is Wor ld Radio, 3415  
West Broadway, Counci l  Bluffs, Iowa 51501. 
W R L  lists them o n  page 82 o f  their 1970 
catalog as number 75A054;  12  beads i n  a 
package f o r  $2.00. 

1 BOOKS!  
Radio Society of Great Britain ! VHF-UHF MANUAL - G. R. Jes,sop, G6JP 

I Probably the most comprehens~ve work of its 
kind ever published. Covers everything from 
beginners to  advanced material. Only $3.75 
AMATEUR RADIO TECHNI UES - Third Edi- 

tion - J. Pat Hawker, 6 8 A  
Brand new edition - completely revised. A very 
complete collection of short articles and ideas 
covering many aspects of amateur radio. In. 
cludes new enlarged semiconductor section. 
160 pages. Only $3.50 
AMATEUR RADIO CIRCUITS BOOK 
Completely revised - new edition. A very handy 
collection of many useful circuits for amateur 
use. Loaded with good ideas for that new con. 
verter. exciter or other project you are working 
on. Only $2.00 
RADIO DATA REFERENCE BOOK - Second 

Edition - By G. K. Jessop G6JP 
Here in a 148 age book & one of the most 
complete cornpiPations of radio and electronic 
charts, nomographs, formulas and design data 
available. Whether you design, build or operate, 
this is a book you must have. Only $2.50 
WORLD AT THEIR FINGERTIPS - John Clarrl- 

coats, G6CL 
A very interesting history of the RSGB and of 
amateur radio in  Great Britain. i t  gives a great 
insight into the develo~ment  of our hobby. 
Paper back edltion $2.50 Deluxe edltlon $6.50 

Other Important Volumes 
RADIO HANDBOOK - 18th Editlon 
How to deslgn, build and operate the latest 
types of amateur transmitters, receivers, trans. 
ceivers and am~l i f iers .  Provides extensive. sim- 
plified theory on practically every phase of 
rad~o. 848 pages Only $13.50 
ALL ABOUT CUBICAL QUAD ANTENNAS by 

W6S.l ----... 
Construction and tuning data. Multi-band Quads. 
Charts, drawings and photos for your Quad. 
Full complete data on homemade Quad anten.. 
nas. The new X.Q Quad. $3.95 
VHF HANDBOOK by Orr W6SAl 6 Johnson 

W6QKI 
First complete Handbook covering the VHF 
spectrum! Many VHF construction projects. 
Design and construction of VHF transmitters, 
receivers and antennas! Make your VHF statlon 
work! $3.95 
THE CARE AND FEEDING OF POWER GRID 

TUBES by Robert Sutherland, W6UOV 
Just as the title says, a very complete rundown 
on the use of power tubes. Be sure to  read 
this before you start work on your new linear. 

Only $3.95 
BEAM ANTENNA HANDBOOK by William Orr, 

W6SAl 
New edition. Theory, design, construction, and 
the instal lat~on of rotary beam antennas! SWR 
data! Multi-band beams, 40 meter beams. 20 
mete DX beams! How to make your beam 
work! 200 pages. $4.95 
NOVICE 6 TECHNICIAN HANDBOOK by W6SAI 

and W6TNS 
All about amateur radio in non4echnical Ian. 
guage! How to learn the code. How to assem. 
bie your ham station. Transmitters! Receivers! 
DX! How to get QSL cards. $3.95 
ELECTRONIC CONS~UCTION HANDBOOK by 

Robert Lewis, W8MQU 
All about design - construction - layout and 
testing of electronic equipment. Non-technical 
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Getter performance of your equipment! $3.95 1 
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ideas for an 

electronics 

workbench 

Like to  build 

your own gear? 

Try these 

suggestions 

for an efficient 

and 

safe work area 

What would you say is the one most 
important piece of equipment in your 
electronics workshop-oscilloscope? 
Vtvm? Clearly it's your workbench. A 
well-designed workbench can mean the 
difference between pleasure and drudgery 
i f  you spend long hours experimenting 
and building your own ham gear. I f  
you're planning a new workshop or 
would like to improve your existing one, 
the suggestions offered in this article will 
help you design a work area having an 
efficient arrangement of facilities. Design 
suggestions also stress comfort and safety. 

basic requirements 
Key requirements for an electronics 

workbench are accessibility to test equip; 
ment, tools, and spare parts; adequate 

, strength; and reasonable cost. I f  you 
work on modern equipment, as I do, you 
probably won't have a piece of equip- 
ment heavier than 50-75 pounds, so a 

/ massive bench is not a requirement. The 
trend of modern electronics equipment is 1 such that a good workbench can be built 
from scratch for less than i t  can be 
purchased. Let's take a look at some 
design considerations. 

size and height 
A bench with dimensions less than 1% 

x 4 feet i s  probably too small for maxi- 
mum comfort and efficiency; i f  more 
than 2% x 5 feet, i t 's really too large for 
modern electronics work. 

The bench working surface can be 
either 29 inches from the floor if an 
adjustable office chair is used (recom- 
mended for long-time comfort), or 36 
inches high for standing a t  the bench or 
sitting on a tall chair. (The Sears catalog 
has a good choice of such chairs.) What- 
ever the bench height, a slight adjustment 
will be necessary if you're taller than 
about 5% feet. Alternately sitting and 

N w standing, over long periods of time, i s  
r 5 restful. 

a The lower height i s  nice because every- 
f thing is closer to the floor. For example, 

2 a scope on a cart1 will free much bench 

q space. I f  the cart i s  close to the floor, the 
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low c.g. i s  insurance against toppling a 
piece of expensive test equipment. On the 
other hand, a higher bench will allow 
several storage shelves underneath. To 
resolve this problem, I suggest you make 
some scaled sketches then mock up some 
experimental designs with cardboard car- 
tons. 

shelving 
Shelves are necessary in any workshop, 

of course. A t  least one should be mount- 
ed over the working surface. Mount i t  

S A f E T I  FUSE VERY 
NEAR M4lN BOX IF 
NO FUSE IN B O X  

LlGHTlffi 
FUSE 

4 
LIGHT 

SWITCH. 
LIGHTS. 

ETG 

BENCH 

fig. 1. Simple but  effective input 
wiring circuit. Lighting and power 
circuits are independent. 

about 15 inches to the right of the 
working area i f  you're right-handed; op- 
posite if you're left-handed. I t  should be 
about 12 inches above the working sur- 
face. I f  you do a lot of experimenting, 
you can't have too many shelves. I'd 
suggest planning your workbench installa- 
tion so you can add more shelves later. 
You can buy metal brackets at Sears that 
will accept a wide variety of plain pine 
boards. 

parts storage 
An excellent source of plastic storage 

boxes for small parts i s  Allied Electron- 

ics." These boxes are made by Vlchek. 
Examples are Vlchek P812 (12 compart- 
ments) and P824 (24 compartments) at 
about $2.00 each. Many arrangements are 
available for your needs. These little 
boxes can be nested in a modular arrange- 
ment for easy access to parts. 

construction notes 
Many facts taken for granted by car- 

penters and cabinet makers will come as a 
surprise if you're not familiar with wood- 
working techniques. For example, i f  your 
plan calls for a length of common 2 x 4 
lumber, you'll discover that the item you 
buy is about 1-5/8 x 3-518 inches. Com- 
mon pine or fir is good and inexpensive, 
but lookout for knots and warped mate- 
rial. 

You can save yourself the trouble of 
cutting material to size for a little extra 
money. Most lumber supply dealers offer 
a cutting service. But watch out-if the 
dealer has one of those large vertical 
frameworks that takes anything from 
small board to a sheet of plywood, 
chances are the salesman will cut the 
piece by pulling a rotary saw down it. I've 
seen three of these arrangements, and 
none would cut square to either edge or 
surface of the work. 

assembly 
How do you assemble the pieces? 

Again, assuming you're not much of a 
carpenter, here are some useful hints. Use 
screws to join large subassemblies so 
they'll come apart for moving. Use nails 
for smaller work (shelves, bench top, 
etc.). An effective and strong joint can be 
made by running a thread of glue along 
the material to be joined then nailing the 
pieces together. The nails should come 
out without weakening the joint, but it's 
best to leave them in. 

lighting 
Good planning for a workbench in- 

cludes lighting. Fluorescents are preferred 
to incandescents, as they offer more than 
twice the light per hundred watts of 

*Allied Electronics catalog 280, p. 267. 
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power. I f  a light is  poorly positioned, 
your vision becomes less effective and 
you tire rapidly. 

Three to five well-positioned 40-watt 
fluorescents will provide good illumina- 
tion for most work if the fixtures aren't 
too far from the bench. Used fluorescent 
fixtures are often available from electri- 
cians and should require very little repair. 
Electrical noise is a problem with some 

could put some of your gear at 115 Vac 
with respect to ground. 

antenna simulation 
An antenna connection is  a useful but 

not necessary provision at your work- 
bench. I f  you can afford it, a signal 
generator producing a controllable micro- 
volt signal is preferable, because i t  can be 
used for realistic sensitivity measure- 

WORKBENCH - [LOWER SHELVES OPEN TO WTSIDE 

TODLBOX AND 
SMALL-P4RTS CART 

fig. 2. Suggested workbench installation. 

fluorescents; but in industrial and person- 
al experience, I've never found corrective 
measures necessary. 

power circuits 
Your workbench should receive elec- 

tric power from at least two circuits (see 
fig. 1). A large fuse near the main breaker 
box is  good insurance against unforseen 
problems. The input line should be run 
into a box equipped with two more fuses; 
one for lights and one for power circuits. 
With this arrangement, the lights won't go 
out if your work blows a fuse. Note that 
the emergency switch turns off bench 
power but not the lights. 

grounding 
Grounding is important. A good 

ground system consists of a heavy copper 
wire (about no. 8) from the workbench 
to a copper-clad rod driven into the earth. 
Maximum length of the connecting wire 
should be not more than about 15 feet. 

Avoid transformerless ac-coupled pow- 
er circuits. They're dangerous and not to 
be trusted, because a simple accident 

merits. I've seen usable gear priced as low 
as $15. 

To approximate operating conditions, 
a simple dipole can be erected. Make each 
leg about 0.1 wavelength and conlbect a 
47-ohm resistor across the feed point. 
The antenna can be strung out of the way 
in a corner of the shop. Run the coax 
cable to a connector on the bench. 

summary 
A good bench setup is shown in fig. 2. 

A few instruments can occupy the bench 
working surface, and parts are easily 
accessible on the shelves below. Test 
signals are available from a small antenna, 
and a separate connector can be used to 
patch a cable to your operating position 
to pick up your main antenna through an 
swr meter or tuner. The toolbox, sitting 
on a small cart, i s  convenient. Good- 
quality casters should be used on a l l  the 
furniture shown in the sketch. 

reference 
1. Jim Ashe, WIEZT, "A Cheap & Clean 
Scope Cart," CQ, April, 1970, pp. 34-36. 
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introduction to 

thyristors 

How to use 

thyristors, 

four-layer diodes, 

silicon-controlled 

rectifiers, 

and triacs in 

electronic equipment 

Of the three great basic classes of semi- 
conductors -- diodes, transistors and 
thyristors - there is no question that 
thyristors are least known to hams. There 
is good reason for that besides the fact 
that thyristors have become popular only 
fairly recently: thyristors have limited 
application in most ham equipment. 
Nevertheless, they do have many inter- 
esting uses in amateur gear and in the 
many other facets of electronics most 
hams enjoy. For this reason, all hams 
should know something about them. This 
article is an attempt to present some basic 
facts about these important devices and 
how they are used. 

Thyristor is a hard word to define to 
someone who doesn't know what a 
thyristor is. Rather than belabor the 
point, I will ignore this problem and 
simply say that there are many types of 

thyristors, but the most popular are 
silicon controlled rectifiers (scr's), triacs 
and four-layer diodes. Other less im- 
portant members of the family are five- 
layer diodes, gated bilateral switches, 
gate-controlled switches, light-activated 
scr's (laser's), gate turn-off switches, and 
turn-on, turn-off controlled reactifiers. 

fig. 1. Four-layer diode $1: 
construction and sche- 
matic representation. 1 

four-layer diodes 
The simplest type of thyristor is the 

four-layer diode. Its name comes from Its 
construction. A regular diode is made of 
two layers of semiconductor material 
which form the anode and cathode. A 
transistor contains three: an emitter 
(cathode), base and collector (anode). A 
four-layer diode has four layers of alter- 
nating p-and n-type silicon; only the 
outer two layers are connected to ter- 
minals. 

The symbol for a four-layer diode is 
derived from the numeral four, as can be 
seen in fig. 1. 

The four-layer diode is indeed an odd 
device. I t  is  a voltagecontrolled switch, 
and has two "states," very high resistance 
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(off) and very low resistance (on). On the 
reverse direction, that is, when the 
cathode is more positive than the anode, 
it acts like any regular silicon diode; it 
conducts very little current, and as the 
voltage is raised, the current increases 
slowly until a certain voltage (the reverse 
breakdown voltage) is reached. Then the 
current increases rapidly. This high 
current with high voltage drop leads to 
high power dissipation, which will des- 
troy the diode if the current is not 
limited to a low value. A four-layer diode 
is not used in this way; regular diodes are 
much cheaper! 

In the forward direction (positive to 
anode), however, the four-layer diode 
acts quite unlike a regular diode. As you 

fig. 2. Forward- and reverse-biased 
four-layer diode. 

While there are many commercial uses 
for four-layer diodes, ham applications 
are limited. However, in at least some 
cases, four-layer diodes can simplify 
circuitry considerably. One example is 
the sawtooth or relaxation oscillator; here 
the four-layer diode acts like a low- 
voltage, dc neon lamp. Fig. 4 shows the 
circuit. Since the four-layer diode does 
not conduct until the breakover voltage is  
reached, it is out of the circuit for all 
practical purposes while the capacitor i s  
charging up - until it reaches the break- 
over, when it suddenly conducts, dis- 
charging the capacitor. The cycle then 
repeats, and the result is a sawtooth 
output voltage. The resistor and capacitor 
are chosen to provide the proper repeti- 
tion frequency. The resistor must be 
fairly large and the source voltage con- 
siderably higher than the breakover 
voltage for best wave shape. The saw- 
tooth oscillator can be used to generate 
pulses for triggering scr's or as a code or 
test oscillator. 

may recall, the forward voltage drop 
across a regular silicon diode remains 
approximately 0.7 V over a very wide 
range of currents through the diode. A 
four-layer diode, on the other hand, 
conducts virtually no current until the 
voltage across it rises to the breakover 
voltage, when it will suddenly switch to 
the on state and conduct heavily with a 
very low voltage drop, much like a 
conventional silicon diode. Thus, raising 
the voltage switches the four-layer diode 
from off, (no current flow, or high 
resistance) to on (high current flow, or 
low resistance). Because of the small 
voltage drop in the on state, very little 
power is dissipated in the device; a typical 
drop is 1.2 V at 70 mA, or 84 mW. 

If current through the four-layer diode 
is reduced below the holding current of 
the diode, as by breaking the circuit, the 
four-layer diode switches off again. 
Notice that the four-layer diode is a dc 
device. This operation of the four-layer 
diode is shown graphically in fig. 3. 

I 1 FCXWARO WLTAGE OROP 
IN VN" STATE 

I REVERSE-BIASED I 
REGION LIKE REGULAR 
SILICON OlOOE 

-I 

fig. 3. Volt-ampere characteristics 
o f  the four-layer diode. 

Another use of the four-layer diode is 
as an overvoltage relay, as shown in fig. 6. 
If the source voltage rises to an excessive 
value, the four-layer diode will trigger, 
energizing the relay and disconnecting 
sensitive equipment. The resistor can be 
used to limit current if the relay coil has 
insufficient resistance. It will have negligi- 
ble effect on the switching voltage. 

october 1970 a 55 



sources of SUDD~V current-limiting resistor should be chosen . .  . 
Four-layer diodes are made by a to keep the current through the four- 

number of companies including Motorola, layer diode and meter to a safe level. For 

and Crystalonics. They are fairly a level of 50 mA, a reasonable value for 

expensive to individuals because they are 
not used very widely and are tricky to 
make. An example of a commercial four- 
layer diode is the Motorola 1N5158, 
which has a nominal break-over voltage of 
8 V, a holding current of 1 to 20 mA, and 
a continuous forward current of 180 mA. 
It costs about $3.75. 

For experimenting, a low-voltage scr 
can be used as a four-layer diode by 
ignoring i ts  gate. This is especially nice 
because low-voltage scr's are undesirable 
for most amateur uses and can be bought 
a t  very low prices. This type of two- 
terminal operation of scr's is not recom- 
mended by manufacturers, though. It can 
cause a change in characteristics or even 
damage the device. This will probably not 
bother most experimenters as long as 
they stick to low-voltage and low-current 
operation. 

finding the breakdown voltage 
Of course, you'll have to determine 

the breakover voltage when you use an 
scr as a four-layer diode. Fig. 7 shows 
how to find this breakover voltage. 
Simply increase the variable voltage 
supply (with an eye on the voltmeter) 

Package commonly used for four-layer diodes is 
the same as that used for conventional diodes. 

VOLTAGE r n H  
GREATER THAN 
BREAIWER KU- 

fig. 4. Sawtooth generator circuit. 

most four-layer diodes, the resistance 
should be the maximum voltage divided 
by 0.05. For 50 volts, it should be 1000 
ohms. 

This same test circuit can be used for 
testing four-layer diodes, too. Reject 

CtRRENT UMITING 
RESISTOR 

( I F  NEEDED1 

fig. 5. Overvoltage cut- 
out relay. - 

four-layer diodes can be bought from 
some surplus dealers, and it's always a 
good idea to check them before use. 

Another way to turn on a four-layer 
diode is  shown in fig. 6. Here a positive 
pulse turns the four-layer diode on and 
energizes the load. This arrangement is 

) LOAD 

POSITIVE 

fig. 6. Alternate way to 
turn on a four-layer 
diode. 

until the current through the diode better in many switching applications 
suddenly increases and the voltmeter than using the four-layer diode as a true 
reading drops. The voltage at which this voltagecontrolled switch. The switching 
happens is the breakover voltage. The point i s  precisely controlled. 
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silicon-controlled rectifiers 
The silicon-controlled rectifier, or scr, 

is the most popular thyristor. Unlike the 
four-layer diode, the scr has hundreds of 

VARIABLE HXTAGE 
UP TO M V  

fig. 7. Determining the breakover 
voltage of a four-layer diode. 

practical uses in consumer, industrial, 
military-and amateur-equipment and 
is widely used. Modern plastic-encap- 
sulated scr's are inexpensive enough to be 

fig. 8. Construction and schematic 
symbol for the silicon-controlled 
rectifier. 

used in low-cost appliances, and this, in 
combination with their usefulness, is 
revolutionizing the whole idea of control 
circuits. 

The scr is very similar to the four-layer 
diode in construction. It is a sandwich of 
four layers of silicon containing different 
amounts and types of impurities. The 
symbol and construction are shown in fig. 
8. The scr can be thought of as a 
four-layer diode with a connection to the 
layer next to the cathode. This con- 
nection is called the gate, and is what 
makes the scr so useful. 

An scr acts just like a four-layer diode 
except that it can be turned on when in 
the blocking state by applying a short 
pulse of positive current to the gate. The 
scr will then suddenly switch from the 
blocking state to the conducting state and 

have a low voltage drop much like a 
conventional silicon rectifier. The charac- 
teristic curve of an scr is shown in fig. 9. 
Notice that is identical to the curve of the 
four-layer diode (fig. 3) except that 
triggering the gate "overcomes" the for- 
ward blocking voltage. 

This is oversimplifying slightly, since 
small values of triggering current actually 
reduce the forward blocking voltage 
rather than turning the scr on. However, 
it 's best always to use more than the 
minimum gate current necessary to 
switch the scr on and avoid this problem. 

The gate trigger current is very small in 
relation to the amount of current the scr 
can control. For example, with the 
8-ampere 2N4178, a triggering current of 
20 mA at 1.5 V will turn the device on. 
The scr acts like a very sensitive relay 
with a very high amplification of 400 
(8000/20). 

in  addition to i t s  sensitivity, an scr 
switches very fast. A conventional in- 
expensive scr can easily switch on in 
about 1 microsecond, and off in 20 ps. 
This means that it can easily switch on 
and off during one cycle of an alternating 

fig. 9. Volt-ampere characteristics of 
the silicon-controlled rectifier. 

+I 

/ 
f 

B R E I I D O W  
VOLTAGE 

current even at 10 kHz (which has a 
period of 100 ps). This i s  a very impor- 
tant characteristic of the scrs, and makes 
it extremely useful for power control. 
As a comparison, conventional me- 

F(YIWAR0 VOLTAGE DROP 

DIFFERENT 
VALUES OF 

G4TE CURRENT - . . - - - - - . - - - - 
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~ e t a l - s t u d  package used for the 8-ampere 200V 
2N4170 scr and M A C 2 4  triac. 

chanical relays switch i n  around 
25,000 ps, and very fast reed relays in  
1000 ps. Not  too surprisingly, scr's are 
replacing relays in  many applications 
where this speed is important. 

Though scr's are often used t o  replace 
relays, they have a few characteristics 
that make them quite different. For one, 
you can turn an scr of f  only b y  reducing 

I the current through it below the holding ' 
level. A pulse at the gate turns it on, bu t  
you have t o  break the current (or a t  least 
reduce it t o  a very low level) t o  turn it 
off. This is n o  problem when the scr is 
used o n  alternating current since the 
current falls t o  zero (and below, t o  
negative values) during each cycle, bu t  
some means must be provided t o  turn o f f  
an scr used o n  dc or  it wil l  stay on. 

Another important difference is that 
there is no  isolation between the control 
circuit and the controlled circuit i n  an 
scr, as there is i n  mechanical relays. This 
may or  may not  be a problem. 

Siliconcontrolled rectifiers have many 
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other advantages over relays, however: no  
contact bounce, no  burned contacts, no 
contact arcing, extremely long life, no 
movement or acoustic noise and smaller 
size. 

Some typical relay-type scr applica- 
tions are shown in figs. 10 t o  13. Fig. 10 
is a simple latching switch; it operates on 
dc. Simply applying a positive voltage t o  
the input turns the scr, and hence the 
load, on. The positive voltage can be 
taken f rom the positive supply through a 
resistor. To  tu rn  the load off, power 
through the scr must be interrupted 
momentarily. I f  a conventional relay is 
used as a load, this makes an excellent 
latching relay. In  any case, a small input 

fig. 10. Simple latch- 
ing switch. 

signal can control a large load current. 
Figs. 11 and 12 are simple lamp drivers 

(as for  use w i th  ic's). I n  each case, a 
positive pulse turns on the lamp. In fig. 
11, since the circuit operates f rom dc, it 
has a "memory" and wi l l  remain o n  unt i l  
power is interrupted. In fig. 12, the lamp 
does not  remain on after the input is 

fig. 11. Lamp driver 
with memory. -3 

removed since the scr is operated o n  ac. 
Incidentally, note that in this circuit (but 
not  fig. 11) the lamp receives power only 
half the t ime (when the anode is posi- 



tive) so will not light to full brilliance. 
Because of this, a 4.5-V lamp is suitable 
for use on 6 V. These last three circuits 
can be used on high line voltages as well 
as on low voltage i f  the proper com- 
ponents are used. 

A full-wave ac switch is shown in fig. 
13. It applies full supply voltage instead 
of half to the load. This makes it more 
practical for most ac applications than 
the simpler half-wave switches. 

These relay-type scr circuits represent 
a fraction of many others possible. Any 
ham can likely think of other examples. 
However, another type of application far 
overshadows the relay uses: it is in phase 
control of ac power that scr's really shine. 

fig. 12. L a m p  driver 
without memory.  

No other device has proven so versatile in 
thisuse. The motor speed controls used in 
electric drills, blenders and lamp dimmers 
are common examples known to  every- 
one, but scr's are also vital to modern 

EFFECTIVE 

fig. 14. Peak and effective values 
of alternating current. 

drawing of a standard sine-wave ac vol- 
tage. The peak value is 100 volts and the 
effective or root-mean-square (rrns) value 
is 70.7 volts. An alternating voltage with 
a 70.7 V rms value has the same heating 
value as a 70.7 Vdc. The 117 V line is 
117 V rms. 

Now suppose this 70.7 V ac voltage 
were connected to  a 100-ohm resistor. By 
Ohm's Law ( I  = EIR), 70.71100 or 0.707 
amperes would flow. As a consequence, 
the power dissipated would be (by P = 

El ) ,  70.7 x 0.707 or 50 watts. If we 
wished to dissipate less power, we could 
reduce the voltage to a lower value, say to 
half (50 V peak, 35.35 V rrns); the power 
would be 12% W (not 25 W, figure it 
out). However, reducing the voltage is not 
always that convenient. Adjustable auto- 
transformers such as General Radio 
Variacs are fairly large, heavy and ex- 
pensive. 

Suppose we took a different approach. 
Instead of trying to reduce the peak and 

industrial power controls. rms voltages with a Variac, let's leave the 
Ac phase control is quite easy to peak value alone and reduce the rms, 

follow i f  you understand peak and rms since it's the important one in this appli- 
values of alternating power. Fig. 14 is a cation. One way to do this is to keep the 
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off. What is needed is a device that offers 
better control. 

The scr does just this. It can be turned 
on so fast that a load can be turned on 

fig. 15. Rms value of rectified alternating 
for only a small part of a cycle; fig. 16 

current. gives an example. Here the scr is not 
triggered on unti l  half way through the 

voltage from the load part of the time. A 
diode in series with the load would do 
this by blocking either the positive or 
negative half cycles (see fig. 15). Then the 

100 

-- 

fig. 16. Rms value of alternating current with 
scr triggered halfway through the positive cycle. 

effective value would drop to  70.7 per- 
cent of the value without the diode, or to 

positive cycle. Then voltage is applied 
from then until the voltage drops to zero. 
The scr acts like a conventional rectifier 
for the rest of the cycle, blocking the 
voltage. In  this case the rms voltage would 
drop to  half, or 35.35 V, giving 12% W 
dissipation. 

The triggering of the scr can be ad- 
justed to permit effective power between 
zero and 70.7 percent. Switching in a 
diode connected in parallel to  the scr, but 
with reversed polarity, will cover 70.7 
percent to full power. Other methods, 
which will be described shortly, can be 
used t o  obtain full variable control with- 
out switching. 

50 V, reducing the power to 25 W. Why 
70.7 percent instead of 50 percent? practical 

A practical scr speed control must 
include some method for triggering the 
gate on. Probably the simplest practical 
speed control for universal motors (ac-dc 
motors) is the circuit shown in fig. 17. It 

117 VAC 5W lN4W3 
controls the average motor voltage by 
setting the firing point of the scr. The 
time required for the capacitor to  charge 
to the gate turn-on voltage is set by the 

fig. 17. Simple half-wave motor speed control 
(not for induction motors). 

potentiometer. Once the scr is on, the 
capacitor voltage drops to  less than the 
forward voltage drop of the scr for the 

Remember that you reduce the sum rest of the half cycle. During the reverse 
(root-mean-sum) t o  one half, then take a half cycle, the diode blocks any current 
square root. which would t ry  t o  pass through the gate. 

A diode works well, but gives limited The capacitor is then ready to  begin 
control - full on, 50 percent of power, or charging when the next half cycle starts. 
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A better control is shown in fig. 18. In 
this control, the neon bulb acts as a 
relaxation oscillator and generates pulses 
that trigger the scr. Adjusting the potenti- 
ometer changes the point in the cycle at 
which the bulb fires, varying the rms 
voltage applied to the load. Since this is a 
half-wave control, it can be used only to 
70 percent of brightness or speed. Adding 
the diode and switch fills in from 70 
percent to about 95 percent. This circuit 
is not suitable for control of the ac 
primary of a transformer because of i t s  
imbalance. 

Neon bulbs are cheap triggers, but are 
unreliable and do not permit full range of 
control. They are also sensitive to radia- 
tion: heat, light and radioactivity. This 
can cause fast changes in speed with 
changing conditions. The bulbs used in 
commercial circuits contain a tiny 
amount of radioactive material that 
"biases" the bulb and prevents change 
under normal conditions. If you use a 
conventional bulb, such as an NE-2, at 
least paint it black or shield it. 

An improvement in the circuit in fig. 
17 results from replacing the neon bulb 
with a "solid-state neon bulb," a bilateral 
trigger diode (BLT). A bilateral trigger 
diode has characteristics similar to a neon 
bulb, but breaks over a t  about 20 to 30 
volts instead of 60 to 70 V. This results in 
better control. Incidentally, a bilateral 
trigger is a three-layer diode, and is not a 
thyristor. It is a symmetrical transistor 
with no connection to the base. A 
Motorola MPT20 BLT costs about 65 
cents in a single quantity. 

A unijunction transistor (fig. 191, 
four-layer diode, two transistors, or even 

fig. 
using 
fier. 

21. Full-wave control 
one scr and bridge recti- 

fig. 19. Half-wave speed control using a uni- 
junction-transistor trigger. 

an ic relaxation oscillator can also be used 
for triggering an scr. 

Throwing the full-power switch is a 
nuisance, so Cull-wave control is prefer- 

L--' 
fig. 20. Full-wave speed control or "variable 
transformer" using two silicon-controlled recti- 
fiers. 

able in most uses. One way to obtain this 
is with two scr's connected back-to-back, 
as shown in fig. 20. Triggering is slightly 
more complex than might be wished for, 
though, as the scr's must be triggered out 
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of  phase. One scr is triggered directly 
(through the primary o f  a pulse trans- 
former), and the other is triggered b y  the 
out-of-phase secondary winding. A simple 
transformer can be used for this i f  it can 
pass a short pulse, i. e., few turns, low 
capacitance, high-frequency core. Special 
triggering transformers are made by  
Sprague and others. 

Another approach t o  full-wave control 
uses one scr and a simple triggering 
circuit, bu t  requires a full-wave rectifier 
bridge (fig. 21). The bridge supplies 
single-polarity ac t o  the scr so that it is 
effective on both cycles. Both figs. 20 
and 21 can be used for  transformer 
primary control, i. e., as an adjustable 
transformer. 

A number o f  other scr projects that 
have been described in  ham magazines are 
listed i n  the bibliography. 

what scr to  use 
Many inexpensive scr's are available t o  

the experimenter. The 2N5060 is a 
plastic-encapsulated 800-mA, 30-V scr 
that costs about 69 cents. The 2N4170 is 
a stud-mount, 8-A, 200-V scr for  general 
line use. It costs about $2.10. A plastic 
version o f  the 2N4170 is the 2N4442, 
which costs about $1.50. 

Scr's are also available from surplus 
dealers. Unfortunately, it requires fairly 

fig. 22. Schematic and construction of the triac. 

sophisticated equipment t o  check them 
properly, and nothing is more dis- 
heartening than having a project not  work 
because of bad or marginal semicon- 
ductors. 

the triac 
The triac is a three-terminal (tri-) 

bidirectional thyristor for use on alter- 
nating current. Fig. 22 shows the symbol 
for a triac and its internal construction. 
The two power terminals of a triac are 
called anode one ( A l )  and anode two 
(A2) rather than anode and cathode since 
it is not  a unidirectional device. The 
internal operation of a triac is rather hard 
t o  understand, bu t  it can be thought o f  as 
two back-to-back scr's wi th a single, more 
versatile gate. One o f  the strongest points 
of the triac is that it can be triggered on 
in  any o f  four modes: A2+, G-; A2+, G+; 
A2-, G-; o r  A2-, G+. The construction o f  
the triac hints at how this is possible. In  

( FORWARD VOLTAGE OROP 
IN "ON'STATE 

BLOCKING 
VOL TAG£ 

.v- . - +V 

VOLTAGE 

FORWARO VOLTAGE OROP 
IN 'ON' STATE 

- I  

fig. 23. Volt-ampere characteristics o f  the triac. 

each mode, different junctions "dis- 
appear" when they are biased properly t o  
form a simpler device. 

The triac, unlike the scr or four-layer 
diode, has no reverse breakdown voltage; 
instead it has high blocking voltages in  
each direction (see fig. 23). I f  either is 
exceeded, the device wil l  switch into the 
on state much like an scr. (Incidentally, 
this makes the triac protect itself f rom 
most voltage transients.) I n  practical use, 
of course, the device is triggered on by  
the gate in  a manner very similar t o  an 
scr. 

Unlike scr's, triacs cannot be used at 
frequencies much above 60 Hz at present. 
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11 7 VAC MAC 2 - 4  

P 
11 7 VAC MAC 2 - 4  

P 5 100 

HESISTOR AND 
CARICITOR RmlXRED 
FCII INDUCTIM L W S  

fig. 24. Static ac switch using a triac. 

Scr's are available with higher voltage and 
current capability than triacs, and scr's 
cost-less. On the other hand, triacs can 
simplify circuits considerably and are 
widely used because of this. A typical 
triac is the 200-volt, 8-ampere Motorola 
MAC2-4; it costs $3.45. 

uses of triacs 
Triacs have many uses similar to those 

of scr's. One is as a switch or relay for ac 
use, as shown in fig. 25. The resistor- 

range. This emi can be conquered, 
though. Careful shielding and filtering can 
cure most problems. A completely dif- 
ferent approach is called zero-point 
switching. A zero-point switch turns on a 
circuit only when the voltage is crossing 
zero; since no current is broken, there is 
no emi. To get variable control, a zero- 
point switching control will apply a few 
complete cycles of power to the load, 
then turn off the power for a few cycles. 
This results in the desired rms voltage 
level. Zero-point switching cannot be 
used with lights; it causes flickering. 

conclusion 
Thyristors are here to stay in elec- 

tronics. Though the ham will probably 
never see too many in his communica- 
tions equipment, he will run into many in 
auxilliary gear and household appliances, 
making an understanding of their working 
worthwhile. 

... - 
MPT M 

,-7.. OIpF 

117VAC 

f ig .  25. Full-wave :;: loo 

Phase-controlled triac 
; ;oerF , i a o s p r  speed control, lamp 

driver, ect. - - - . . - . . 

capacitor network is necessary for in- 
ductive loads to hold down the rate-of- 
voltage rise, since an excessive value can 
trigger a thyristor on. 

Fig. 25 shows a simple triac lamp 
dimmer, or speed control for universal 
motors. Notice the similarity to the half- 
wave scr control in fig. 18, but also 
remember that this is a full-wave control. 

radio-frequency interference 
Radio-frequency interference (rf i), or 

electromagnetic interference (emi), is 
often a problem when thyristors are used 
in phase-controlled circuits. A thyristor 
can turn on so fast that i t  creates large 
amounts of harmonics (hash) up to vhf 
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modular 

two-meter 

converter 

Like to experiment 

with new 

vhf front-end designs? 

This packaging concept 

New low-noise solid-state devices for 
two-meter receiver front ends are being 
announced a t  such a rate that it's frustrat- 
ing trying to decide which direction to 
go. With my limited budget of time, 
money and ambition it became apparent 
that I couldn't build a complete converter 
for every new product announcement. I 
finally decided to go i n  the direction 
described in this article: the modular 
approach. This allows maximum circuit 

S O ~ V ~ S  many 3 modification with minimum effort. 
d The converter described here consists 
C 

modification problems of a bipolar oscillator, jfet mixer, and jfet 
rf stage (fig. 1). The converter is built on - 

C a flexible box-chassis. After the basic 
V) 

circuit is completed, all sorts of low-noise 
$ front-end designs can be constructed on 



. Jq'" I P f" 
L1. L 3  8 turns of no. 22 enameled wire L 5  3 turns no. 18 wire 3/8" dia. x 3/8" 

tapped 3 turns from cold end. Core long 
Micrometals T30-0 

F Gulton MF-223 miniature low-pass 
L 2  8 turns of no. 22 enameled wire. filter 

Core Micrometals T30-0 
All three 1000-pF capacitors are ceramic (Erie 

L4 Primary 21 turns no. 28 enameled type 8133 or Vitramon equivalent) 
wire. Secondary 3 turns no. 28 enam- 

eled wire over cold end of the pri- Micrometals cores are available from Amidon 

mary. Core Micrometals T37-10 Associates. 12033 Otsego Street. North Holly- 
wood, California 91607 

fig. 1. Schematic of the modular two-meter converter. Inexpensive ifet's are used in rf amplifier and 
mixer; oscillator circuit will deliver 15 mW with a 12-V supply. EM indicates a button mica; SM 

indicates silver mica. 

individual boards, placed into the proper 
Completed converter partially inserted 
into enclosure. Aluminum shields slide enclosure, and connected by cable. The 
into slots on the side of the box. final circuit can be updated easily as new 
providing good interstage isolation. designs come along. 

packaging 
The circuit isn't new, but the construc- 

tion technique i s  somewhat different 
from that used in the usual two-meter 

converter. The photos show the modular 

packaging scheme. The box is  a Pomona 
Electronics model 3306 with a 3328 
bottom plate. The aluminum divider for 
the internal shielding is model 3327. The 
glass-epoxy circuit boards were etched, as 
explained later. I think it 's evident that 
any one of these units can be removed 

and replaced with a new design with l i t t le  
effort. Remaining circuits need not be 
rebuilt. Also, removed boards are s t i l l  
available for future use and comparison 
purposes. 
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the circuit maining converter circuits. With a 12-V 
The local-oscillator circuit was sup- power supply, the oscillator delivered 15 

plied by WA6NCT as his favorite. It uses mW into a 50-ohm load. The second 
a Motorola MPS3563, which is one of the harmonic was down 27 dB, and the third 
inexpensive epoxy-package transistors. In harmonic was down 44 dB below the 

fig. 2. Full-size drawings of circuit 
boards. Oscillator, rf amp, and mixer 
are shown in A. B, and C respec- 
tively. 

quantities from 1 to 99 i t  sells for 
fifty-five cents. The oscillator operates 
directly a t  116 MHz and starts every 
time voltage is applied. Tests were run on 
the oscillator independently of the re- 

Top view of circuit boards. Top 
to bottom am the oscillator, rf 
amplifier, and mixer. 

fundamental signal. All other harmonics 
were better than 60 dB down. 

The mixer is a standard 2N4416-jfet 
type popular with many vhf amateurs. 
The gate circuit consists of a coil wound 
on a small toroid and tuned by a ceramic 
trimmer. The toroid coil has a Q of 135. 
The toroid was chosen to allow tight 
packaging of the converter. The rf fields 
are fairly well confined to the toroid, 
which helps reduce any tendency toward 
instability. The output, or i-f, coil is  also 
a toroid. The LIC ratio of the i-f tuned 
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circuit was chosen to give a 3dB band- 
width of 2 MHz, and the circuit was 
peaked for optimum response in the 
middle of the lower 2 MHz of the 
144-MHz band. The converter covers the 

Bottom view of circuit boards. 
Oscillator, rf amplifier, and mixer 
are shown top to bottom. 

entire band and has a slight decrease in 
gain above 147 MHz. The 2N4416 mixer 
source resistor was chosen to establish the 
proper bias point. 

To determine the correct value of the 
source resistor, I measured the zero-bias 
drain current of the 2N4416 actually 
being used-in my case, it was 11.2 mA. 
Various values of resistance were tried 
until the drain current dropped to about 
25 per cent of the zero-bias drain current, 
or 2.8 mA. The local-oscillator injection 
was then adjusted by the choice of a 3-pf 

coupling capacitor and the placement of 
the tap on L3 until the drain current rose 
to about 40 per cent of the zero-bias 
drain current, or 4.4 mA. The resulting 
bias voltage is about 0.7 of the pinch-off 
voltage, which allows a good compromise 
between high-conversion transconduc- 
tance and low cross-modulation with high 
local-oscillator injection. 

The rf amplifier is a 2N4416 in a 
common-gate circuit. The input and out- 
put coils are toroids very similar to the 
mixer input coil. The bias for this stage is 
provided by resistor R1. A blocking 
capacitor from the coax center conductor 
to the tap on the input coil prevents 
shorting the bias supply of the 2N4416 rf 
stage. 

construction 
Glass-epoxy single-sided circuit board 

is  used for all three boards. Large areas of 
copper reduce the lead inductance. Nar- 
row traces are not good practice in the 
vhf uhf region. The boards are coated 
with Kodak KPR photosensitive resist. A 
mechanical negative is made by placing 
Rubylith over the circuit board pattern 
and removing the red filter with an 
Exacto knife from areas where copper is 
to remain." An ultraviolet light is used to 

Presensitized board is available from Allied 
Electronics, 100 North Western Avenue, Chi- 
cago, l llinois 60680. Rubylith is available from 
most graphic arts stores. 

"What's this Q R N  signal you send 
everytime I come into the room?" 
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expose the board. Kodak developer can 
be used, or plain tri-chlorethylene i f  
available. Amateurs with photographic 
equipment can make a negative from the 
scale patterns. 

Another technique that works well but 
doesn't yield as good a job is to use 
ordinary Scotch electrical tape for the 

tuning adjustments to be made. 
No sockets were used for the transis- 

tors. Also, no shielding was required 
between input and output of the 
2N4416s. The common-gate rf stage pro- 
vides complete stability. 

The converter has sufficient gain to 
operate directly into a Collins 75A4 

Interior construction of the modular two-meter converter. 

resist. Mask off (with the tape) all copper 
not to be etched. A warm ferric chloride 
bath can be used for the etchant. The 
boards to be etched are placed face down 
in the solution and agitated to speed up 
the process. After the boards are etched, 
they can be sheared or cut to size. 

Boards are mounted vertically on the 
box lid. Aluminum shields are placed 
between each active board. The short 
length of coax with rather expensive end 
fittings i s  not really necessary for good 
performance. The fittings were available, 
however, and allow for quick disconnect. 
A short piece of coax with each end 
soldered into place would be adequate. 
Small holes through the box walls allow 

receiver, as modified according to a pre- 
vious article in ham radio by W ~ Z O . '  
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The Next Voice You Hear. . . 

Could be WA47ZE. . . 
or it could be W0MFL/4 

They just happen to be our Chief Engineer and our Manager of Quality Control 
at SignallOne. . . active hams, too! 

And they are DXercising your new CX-7 in SignalIOne's radio club shack at our 
St. Petersburg plant. 

I t 's  all part of our expanded comprehensive inspection and test program 
implemented at SignallOne. Every CX-7 is DXercised on the air before shipment . . . and 
it's a really enjoyable assignment for WA4AZE and W0MFLl4. High quality 
components, plus elaborate testing and reliability requirements, make the CX-7 the real 
DX'ers choice. . . plenty of punch to work thru the ORM . . . and plenty of sensitivity to 
haul in those rare ones . . . 

This expanded program is a rigorous one that would do justice to any piece of 
space-age electronic communications gear. . . tests that include receiving inspection of 
components. . . in-build tests that must meet high quality control standards. . . and 
others that have been designed to the sophisticated criteria of electronic 
engineering. . . things like 100 hr. burn-in and 29 shake testing. 

After the testing comes the "DXercising" where experienced hams (they're 
engineers, too) go on the air to make sure that your CX-7 meets the normal high 
operational standards. 

That's where WA4AZE and W0MFL14 come in . . . and they know what they're 
talking about. 

"It  Speaks for Itself" ,IlmE,,,,,,"E 
A Divls~on of ECI ( A n  NCR Subsidiary) 

2200 Anvil Street N. St. Petersburg, Florida 33710 



improving the 

voice commander 
fm sets 

Here are some 

simple modifications 

to cure receiver 

instability 

and change 

bandwith response 

of this equipment 

in various models 

Many requests have come to my attention 
for help with the General Electric Voice 
Commander. Many hams aren't happy 
with these sets because of receiver insta- 
bility. This article offers a means for 
resolving the receiver instability problem 
and provides information for converting 
narrowband receivers to wideband opera- 
tion. A couple of minor but useful 
transmitter modifications are also des- 
cribed. 

The Voice Commander was manufac- 
tured in three models: Voice Commander 
I, II, and Ill. Model I used subminiature 
tubes in the transmitter, but the receiver 
is essentially the same as in the other 
models. Components and physical layout 
for the receivers were changed orrly slight- 
ly throughout the entire model series. 
Models II and I I  I have nearly identical 
receivers. 

An rf amplifier was added to the 
receiver of the Model I l l .  This circuit is 
on a separate chassis hidden under the 
transmitter board. Also included is  a ptt  
relay for an external microphone. In this 
article, all references are to the Model I1 1; 
however,'they apply to Model II except 
for the part about the receiver r f  ampli- 
fier. 

The Voice Commanders were manu- 
factured in two production splits. Split 1 
covered 132-150 MHz; split 2 covered 
150-174 MHz. Most high-split units will 
tune to ,146-147 MHz with no trouble. 
Information is  included here on appro- 
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priate padding to accomplish this tuning 
range. 

receiver rf amplifier 
The receiver rf amplifier is model 

4EA19A10 (low split), or 4EA19A11 
(high split). The original unit used G.E. 
part no. 19C300037-2 transistor. I t  was 
replaced in revision A with part no. 
19A115413-1 (2N2996). The higher gain 
of this transistor produced oscillation in 
some receivers. This led to revision B, in 
which the collector was moved to a tap 
on the output'coil, and a 10k %-watt 
resistor was added across the coil. 

I f  your receiver i s  revision A, the 10k 
resistor is sufficient to tame it. To pad 
from high to low split, which is normally 
not necessary, add a 3-pF capacitor across 
input and output coils. 

curing receiver instability 
The basic complaint of receiver insta- 

bility can be corrected by following the 
steps outlined below, in which dc voltage 
distribution is  rearranged to eliminate a 
tendency toward regeneration and oscilla- 
tion. These changes were incorporated by 
G.E. into later versions of the Voice 
Commander. A manual for the Voice 
Commander I l l  is available from G.E.* 

modifications 
The first step is  to identify the chassis. 

Inside the square can are three small 
chassis with a lid on each. Remove the 
lids. The chassis are identified as follows, 
although the numbers are sometimes hard 
to see. 

1. 4EL13A10 (low i-f gain and dis- 
criminator board). 

2. 4EF29A10 (narrowband) or 
4EF29B10 (wideband) high i-f gain 
second-oscillator/mixer and low i-f fil- 
ter board. 

3. 4EF14A10 ( l o w  spl i t )  or 
4 E F14A11 (high split) front-end 
board. 

Begin with the low i-f gain and dis- 
criminator board. At each end of the 

board is a black lead running to the high 
i-f gain and low i-f filter board. Unsolder 
the black lead at hole 14 (near the 
discriminator transformer) and let i t  hang 
loose for now. Move the other black lead 
from hole 13 to the top of R3 (2.2k 'hW) 
next to hole 13. You're now temporarily 
finished with the discriminator board. 

Remove the high i-f gain and low i-f 
filter board (center chassis) and turn i t  
over to the solder side. You'll see a wire 
in sleeving connected from a point in the 
center of the board (hole 4) to one end. 
The end connection is at hole 9; remem- 
ber i t s  location and unsolder the end of 
the wire from this hole. Move the end of 
the wire to the opposite end of the board. 
The black wire hanging there is in hole 
14. (You disconnected the other end 
from the discriminator board.) Remove 
this black wire and discard. Connect the 
wire previously removed from hole 9 to 
hole 14. Install a 2k %-watt resistor 
between hole 4 and hole 9. Use sleeving 
and dress the leads carefully. 

Now turn the board over and locate 
R2, a 6200-ohm %-watt resistor next to 
hole 13. Install a 0.047 pF capacitor from 
the top of R2 to hole 13. Unless you have 
very small components, I recommend 
that you order the capacitor from a G.E. 
service center. The part number is 
5492638- P6. 

Unsolder the black wire from hole 13 
and let i t  hang. This wire connects to the 
4EF 14 front-end board. 

receiver wideband conversion 
I f  your Voice Commander is a narrow- 

band unit and you wish to convert i t  for 
wideband use, you'll need a 47k %-watt 
resistor, a miniature I k  pF capacitor 
(G.E. part no. 5491500-P7), a miniature 
1 2 0 0  p F  capac i to r  (pa r t  no.  
5491500-P8), and a miniature 12 pF 
capacitor (part no. 5495334-P42). 

Looking at the top of the high i-f gain 
and low i-f filter board, locate 02, which 
is near the center of the long side and 

'General Electric Co., Box 4197, A & SP, 
Lynchburg, Virginia 24503. Enclose check or 
money order for $1.00. 
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next to one of the four slug-tuned coils. 
(02  is a TO-18-size transistor.) Locate the 
two small holes for the 47k resistor 
between Q2 and the slug-tuned coil. The 
47k %-watt resistor will f i t  into this 
space, although it's a tight squeeze. In  the 
area bounded by the four coils are seven 
capacitors. Four of these are 110 pF. 
Leave these alone. Replace the 3300-pF, 
2.7-pF, and 4700-pF capacitors with 
1000-pF, 12-pF, and 1200-pF capacitors 
respective1 y. 

front-end board 
I f  your unit i s  qne of the high-split sets 

and you wish to convert i t  to low-split 
operation, remove front-end board 
4EF 14A11. Locate three air-wound coils, 
and pad each coil with a 4-pF capacitor. 
Turn the board over, and you'll see a 
short, black wire hanging from J2. Re- 
move and discard this wire. Install a 
5%-inch-long length of black no. 24 wire 
in J2. 

The first-oscillator crystal is inter- 
changeable between Voice Commanders 
I, 11, I II, the Progress Line portable, the 
transistorized portable (TPL), and Voice 

"Before you send in that article 
on converting this rig to solid stage 
don't you think we should try i t?" 

Director receivers-in case you want to 
borrow one to check i t  out. 

reassembly and alignment 
At  this time, replace the three chassis 

into the square can. Use care, especially 
with the center board with the added 2k 
resistor on the bottom. Dress the black 
wire hanging from J2 on the front-end 
board through the same slot containing 
the coax cable. Run the black wire along 
the edge to the audio-squelch board. 
(This is a square board with a round hole 
in the center.) This board will be identi- 
fied as 4EA18A10 (narrowband) or 
4EA18Al l  (wideband). Only the purist 
will worry about the difference here. 

Connect the black wire from the 
front-end board to hole 8, the location on 
the audio-squelch board already having a 
black wire going to the low i-f discrimina- 
tor board. Do not disconnect the wire 
already attached to hole 8. 

The receiver is now ready for align- 
ment. The low i-f i s  290 kHz; the high i-f 
is 8.7 MHz. Test point 1 is the limiter 
metering, and test point 2 i s  the discrimi- 
nator secondary metering. Be careful of 
the four slug-tuned coils in the low i-f 
filter, as a strand of rubber i s  usually 
placed inside as a friction device and i t  
has a strange feel on the tuning tool. 

transmitter 
The Voice Commander I1 and Ill 

transmitters are simple and straightfor- 
ward. On some models, the crystal plugs 
in; on others it's soldered in. A tuning 
chart i s  mounted inside the back cover of 
all units. The only coils needing alteration 
are those in the driver and final, and a 
simple squeeze will suffice. 

The audio system of the Voice Com- 
mander transmitter is pretty hot. I f  you 
wish to speak close to the microphone, 
reduce the sensitivity by shunting a 
390-470-ohm resistor across the micro- 
phone cartridge. 

With the modifications described in 
this article installed in your Voice Com- 
mander you will have a unit that is a 
pleasure to use. 

ham radio 
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NEW SINGLE-BAND BEAM 
FROM MOSLEY 

WITPI 
EXPAPIPE 

Model CL-20 

ON 20 METERS 

DON'T LIMIT YOURSELF! 

When you install a 20 meter beam, there is  on1 y one 
antenna investment you can afford . . . The NEW CLASSIC 20 
with expanded DX capabilities, thanks to the new 
Classic Feed System "Balanced Capacitive Matching." 
This new array promises to be the most universally accepted 
amateur beam ever developed for 20 meters. 

TAKE A LOOK AT THE VITAL STATISTICS! 

POWER RATED: 1 KW AM/CW: 2 KW P.E.P. SSB input to the final. 
SWR: 1.511 or better. 
MATCHING SYSTEM: Balanced Capacitive. 
FEED POINT IMPEDANCE: 52 ohms. 
NUMBER OF ELEMENTS: 5. Aluminum tubing: 6063-T832. 
MAXIMUM ELEMENT LENGTH: 38 ft. 1% in. 
BOOM LENGTH: 46 ft. 
RECOMMENDED MAST SIZE: 3 in. OD. 
TURNING RADIUS: 28 ft. 
WlND SURFACE: 18.7 sq. ft. 
WlND LOAD (EIA Std. 80 MPH): 364.45 Ibs. 
ASSEMBLED WEIGHT: Approx. 139 Ibs. 
SHIPPING WEIGHT: Approx. 145 Ibs. via 

For detailed brochure write . . . Dept. 198 

Manufacturing TV Antenna-Accessories 
for nearly a Quarter of a Century. 

Write for the Free Booklet, 
"How to Improve Your TV Picture" 

Department 198TV 

l l] l l l l /pY i?&~&& 4610 N. LINDBERGH BLVD., BRIDGETON, W. 61044 

More Details? CHECK-OFF Page 94 october 1970 a 73 
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improved 
transceiver selectivity 

The advantages of operating with 
transceivers are well established. How- 
ever, most transceivers on the market lack 
adequate selectivity for cw reception. I've 
seen many circuits for narrowing receiver 
audio bandwidth, but they are either too 
complicated or entail too many modifica- 
tions, which reduce the transceiver's 
trade-in value. 

I use a parallel-resonant circuit be- 
tween the audio-driver and power-ampli- 
fier tubes in my transceiver to improve 
selectivity. Don't be misled by the simpli- 
city of the circuit (fig. I ) ,  as it works very 
well. The toroid coil, which is available 
from surplus outlets, and capacitor C 
form a tuned circuit at the desired audio- 
tone frequency. A value of C that will 
give the desired audio frequency may be 
chosen from table I. 

Only two connections need he made at 
the transceiver-nothing to disconnect or 
modify. Simply install the tuned circuit 
between the audio power-amplifier tube 
grid and ground through a switch. The 
assembly may be remotely located or 
mounted at the operating position. The 
tuned circuit and switch may be mounted 
in a minibox, with a shielded cable to the 
transceiver. Thus no holes or othe$ altera- 

tions are needed that will degrade the 
transceiver. 

As with all passive networks, this filter 
causes some loss in audio power, especial- 

ly as C is increased beyond 0.5 MF. This 

means you'll have to crank up the volume 
control a bit higher than normal. This 
shouldn't pose a problem, because most 
transceivers have volume to spare. 

A A 
fig. 1. Simple f i l ter for CW selectivity. 

table 1. Capacitor values fo r  desired tone 

tone value of C 
(Hz) ( P F )  

With this simple filter you'll find that 
interference from other signals and man- 
made noise will almost disappear. Cw 
signals a few hundred Hz apart can be 
separated easily, and the main tuning dial 
becomes very sensitive. 

J. Donato, VE3BWD 
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L 1 31  turns no. 18 airwound. 5/8" 
diameter, 1-7/8" long, (B&W 3007)  
tapped at 2. 11 and 27 turns (tunes 

4 4 0  M H z )  

fig. 2. Preselector for use with general-coverage 
receivers. 

general-coverage 
preselector 

The circuit in fig. 2 was designed for 
receivers tuning between 0.5-30 MHz. 
Active devices are an fet in a common- 
gate, source-input circuit and an npn 
silicon transistor in a standard common- 
emitter circuit. The transistors are inex- 
pensive. The fet, a GE FET-1, costs 
$2.25; the 2N3563 transistor i s  available 
from Poly Paks a t  four for a dollar. 

The preselector has fairly uniform 
gain. Measured at the receiver, preselector 
gain i s  20 dB between 2-30 MHz, with a 
rising characteristic toward the low end 
of the broadcast band, where the gain of 
most receivers seems to be down. 

The low-impedance source input of 
the fet matches low-impedance antennas. 
The fet i s  used mainly as an impedance- 
matching device and has little gain when 
used alone. High output impedance of the 
fet and high input impedance of the npn 
transistor results in low tank-circuit load- 
ing; thus tank-circuit O remains high. 
With a 5-volt power supply, total current 
drain i s  less than 2 mA. 

L 2  59  turns no. 18 airwound. 1" diame- 
ter, 1-7/8" long, (B&W 3016)  tapped 
at 7, 28 and 38  turns (tunes 1.75-18 
M H z )  

L3 ,L4  8 0  turns no. 26 closewound on '12" 
slug-tuned ceramic form. brass slug 
(L3 tunes 1.05-2.2 MHz .  L 4  tunes 
0.5-1.25 M H z )  

Another fet could have been used 
instead of the npn transistor; however, 
the 2N3563'S gain characteristic, togeth- 
er with i t s  low price, made it a desirable 
choice. 

The broadcast band is divided into two 
segments. A two-gang capacitor, with 
provisions for paralleling, is used. This 
gives some flexibility, but i t  isn't entirely 
necessary for satisfactory operation. The 
variable capacitor i n  the antenna circuit is 
used to vary input coupling on the 
lower-frequency bands, since overloading 
causes cross modulation. 

The transistor sockets and related cir- 
cuit components are mounted on a 2 x 
4-inch piece of perf board. This board, 
plus the larger parts, are mounted on a 4 
x 7-inch piece of wood. 

With my DX-150, which has spotty 
sensitivity and some image problems, the 
preselector improves reception on the low 
end of the bc band and on 160 meters. 
With a 25-foot-length of wire for an 
antenna, the preselector-receiver combi- 
nation performs very well. 

George Hirshfield, W50ZF 
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printed-circuit labels 
Often it's desirable to permanently 

label components, terminals, and the 
printed-circuit board itself. These items 
may be labelled with copper by using 
dry-transfer letters. The letters resist the 
metal etchant in the same manner as tape, 
etch-resist pencils, ink, or paint placed on 
the copper-clad board. 

Dry transfer labels for electronic 
equipment are made by Datak Corpora- 
tion, Passaic, N. J. Many amateurs use 
them to label panels or chassis. The 
transfers resemble decals, but are more 
convenient to use. The lables are transfer- 
red by lightly rubbing over the characters 
with a ball-point pen. The sheet of 
characters is  gently lifted to assure a 
complete transfer. This technique isn't 
convenient for use with boards using 
photo-resist chemicals, however. 

Earnest A. Franke, WA4WDK 

harmonic generator 
The circuit shown in fig. 3 will pro- 

duce 50yV harmonics through 1296 
MHz with an input of 0.15-1 V from a 
100- or 1000-kHz crystal oscillator. With 
a germanium diode instead of a tunnel 
diode, harmonics can be heard up to 
about 147 MHz. 

fig. 4. Complete har- 
monic generator cir- 
cuit including refer- 
ence Oscillator. 

ture, the voltage developed across the 
resistor alters the base current, through 
dc feedback, to stabilize the collector 
current. I am not using an emitter resis- 
tor, however, and have had no trouble. A 
larger resistor, up to about 470 ohms, can 
be used. This will affect the output of the 
circuit. The emitter resistor should be 
bypassed to prevent gain loss due to 
degenerative feedback. 

A complete circuit is shown in fig. 4 
for those who don't have a 100- or 
1000-kHz oscillator. 

Chuck Spurgeon, W5GDQ 

INPUT FROM 

W V  H M C  

SEE TEXT 

fig. 3. Basic harmonic genera- 
tor using a tunnel diode. 

hardware for uhf use 
When building vhf and uhf compo- 

nents such as resonant cavities and strip- 
line amplifiers, the need occasionally 
arises for nylon screws and nuts. Many of 
us don't have a supply of such items and 
look for substitutes. 

A 2- to 5-ohm bias resistor can be A source of raw material is the flexible 
inserted between emitter and ground to plastic handles used on ordinary cotton 
prevent possible thermal runaway. As the swabs known (appropriately) as O TIPS. 
collector current increases with tempera- The handles measure 0.10 inch in diam- 
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eter-just the right size for a 4-40 die. The 
0-TIP handles will thread nicely for use 
as screws. All that remains to be done is  
to saw a slot in one end to accept a 
screwdriver. The cotton swabs are avail- 
able for a few cents in any drug store. 

Insulating nuts or washers can be made 
from sheet plastic. Drill and tap a 4-40 
hole in the sheet, then punch out the 
material around the hole with a paper 
punch. The disc out of the punch be- 
comes the nut or washer. 

Ted Swift, WGCMQ 

six-meter mobile antenna 
It's easy to assemble an effective six- 

meter mobile antenna from hardware- 
store material. An additional advantage is 
that no holes need be made in the car if 
the antenna is only temporary. 

My antenna was made of two tele- 
scoping pieces of do-it-yourself aluminum 
tubing and an inexpensive plastic ice 
chest. The plastic foam of the ice chest is 
the nearest thing to air, and it must be 
reinforced at critical points. This is impor- 
tant for mobile operation a t  high speeds. 

I mounted the ice chest on a cartop 
carrier and ran a horizontal dipole 
through it, fore and aft. Each of twp 
larger sections of the tubing entered the 
plastic ice chest and were joined in the 
center by a dowel. The coax feed was run 
from this point through a hole in the 
bottom of the ice chest. I inserted the 
small-diameter tubing in the ends of the 
larger sections and adjusted the antenna 
for minimum standing-wave ratio. 

The antenna was highly effective on a 
cross-country trip. I obtained good signal 
reports, worked some good DX, and the 
antenna was durable a t  high speeds; how- 
ever, the reinforcement is  essential for 
this. 

I f  a carrier is made from the suction 
cups and straps available at auto-supply 
stores, the entire antenna is less expensive 
than any commercial version and is appar- 
ently a better radiator as well. I noticed 
little evidence of directivity. 

Guy Black, W4PSJ 

/I1 "CHALLENGER" 
LINE 

Outstanding Performance a t  Lower Cost! 

ill Featuring: 

only 

' 

f.0.b. Asbury Park. N.J. 

' Balun Fed 5 Element TRI-BAND" 
Model TBSEC/lKWP 

10-15-20M Single Trans Line Array 

EXCLUSIVE TELREX 
CUSTOM FEATURES . 49 Ib of Educated Aluminum (R) gain 8.5 

DB Epoxied, hi-q, h-v ceramic capacitors. 
resonated traps. 

111 . Custom machined, heavy wall sectionally 
coupled and reinforced. 2 % "  x 211 x 18' 
aluminum boom, dural, taper-swaged ele- 
ments. throueh construction. . Individual optimum spaced, optimum tuned 
reflectors provide 28 DB, F/B on 10. 15 & 

. Patented broad-band, encapsulated balun 
supplied. . Stainless steel electrical hardware. heavy- 
duty cadmium plated steel tiltable mount. 
ing plate. . Survival rating 110 mph, power 1KW peak 
rain or shine! 

At selected dealers . . . 
or order direct for fast personal service. 
Other CHALLENGER models from 3h through 
80 meters available. Write for catalog PL70. 

111 - f i ! /m~  ANTENNA LABS 111 
111 Asbury Park, N. J. 07712 111 
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digital frequency meter 

Incentive Licensing 

' '-  'W 

Brush up - Tone up - Shape up 
with AMECO Technical Books 

and code practice records. 
EASY TO UNDERSTAND BOOKS- 

............ # 16.01 Advanced class license guide .50 
.................. # 17-01 Extra class license guide .75 

Radio amateur theory course. Latest edition 
is ideal for brushing up. 

................................ # 102.01 (over 300 pages) 3.95 

THE FASTEST AND SIMPLEST WAY 
TO INCREASE CODE SPEED.. . 

AMECO CODE PRACTICE RECORDS 
(331/3 RPM) 

#104-33 Contains material to increase 
................ code speed from 13 wpm to 22 wpm 3.95 

# 106-33 19 to 24 wpm supplement 
............................................................ to above 3.95 

AND FOR THOSE OF YOU 
WHO ARE A BIT RUSTY 

#103-33 Contains material for 8 to 18 wpm .... 3.95 
#105.33 supplement to above ...................... 3.95 

A T LEA D/NG 
HAM DISTRIBUTORS 

aD 
DIVISION OF AEROTRON, INC. 
P. 0. BOX 6527 RALEIGH N. C. 27608 

The FM-6 digital frequency meter, 
manufactured in ki t  form by the Micro-Z 
Company, measures and displays the fre: 
quency of any transmitter carrier oper- 
ating up to 35 MHz-automatically and 
continuously. Connection is  made with a 
coax T connector and special cable to any 
transmitter, transceiver, or exciter with 
an output from 1 to 600 watts. For 
higher power transmitters, the unit is 
inserted between the exciter and the final 
amplifier. 

The heart of the FM-6 is  a 100-kHz 
crystal oscillator, adjustable to WWV, 
that produces a precise gate to permit the 
unknown signal to pass to  a digital 



counter and display. To increase accuracy 
and prevent ambiguous readings, a special 
dual synchronizer circuit is used to 
synchronize the gate with the signal to be 
measured. 

The readout consists of two longlife 
NixieR tubes that display both kilohertz 
and megahertz together with the appro- 
priate decimal point. As an example, i f  
the frequency is between 7248 and 7249 
kHz, the dial will read 7.2 on the MHz 
scale, and 49. on the kHz scale. On higher 
frequencies, the highest digit i s  deleted. 
(ie. 14.3 MHz would read 4.3). The 
readout is constant as long as a carrier is 
on the air. Once every second a sample of 
the transmitter signal i s  made, and the 
frequency reading is "updated." This 
process takes only a few microseconds 
and the reading is  stable and constant 
between measurements. Measurement ac- 
curacy is within 100 to 200 Hz, and the 
readout accuracy is 1 kHz. 

The unit is all solid-state and uses 
TTL-MSI (medium scale integration) log- 
ic. A high-voltage power supply for the 
tubes, and a regulated supply for the logic 
circuits is self-contained in the small 
metal enclosure (3 118" high, 5 112" wide 
and 7 114" deep). The easy-to-assemble 
ki t  is supplied with all parts, cabinet, 
circuit board, coax connectors and detail- 
ed assembly instructions; $139.50. A 
factory assembled unit is $169.50. For 
more information, write to Micro-Z Elec- 
tronic Systems, Box 2426, Rolling Hills, 
California, 90274, or use Check-off on 
page 94. 

rotary qsl  file 
In  the new products release in the 

July, 1970 issue, it was indicated that 
each rotary QSL holder comes complete 
with 600 clear plastic pockets. This was 
in error-each holder comes with 160 
plastic pockets. The model CB-8-H rotary 
QSL file i s  $8 post-paid from M-B Prod- 
ucts & Sales, 1917 Lowell Avenue, Chica- 
go, Illinois 60639. For more information 
use Check-off on page 94. 

IT'S WHAT'S INSIDE 
THAT "COUNTS" 

Accuracy and stability has been 
placed first in the design of the TBL-1 
Marker. We feel a marker should be more 
accurate than the receiver it is going to 
calibrate - so no compromise has been 
made with quality. 

Fairchild, Motorola, JFD, Jan, Mal- 
lory, IRC and Keystone components are 
used throughout. It costs more, but 
calibrate with the best. Hundreds have 
been sold to government, amateurs, 
SWL's, schools and laboratories around 
the world. 

Try one today. 

4 

Frequency marker, less cablne and switch 
Specifications: Glass E ox Board. Adjustment 
to zero beat with W W ~  dses 100 KHz crystal 
(not supplied). 3 to 4 VDC. Compact - 1.75 x 
3.75 inches. Install anywhere! 
Complete easy-to- $16.50 Wired and 

assemble kit Tested s19.95 
SWITCH s1.w CRYSTAL ONLY $3.50 

with purchase of any of above 

or 

SELF-CONTAINED UNIT 
The TBL Marker is a complete unit includ- 

Ing the circuit board shown at left and powered 
with 3 "C" type flashlight batteries. Merely 
connect to your receiver antenna - no internal 
wiring necessary. A front panel control allows 
zero beat with WWV. 

Special introductory 
Less crystal and batPd:E $29.95 

POSTPAID U.S.A. 
SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 
48 ELM STREET, NEW CANAAN, CONN. 06840 

Tel. 203-966-3553 
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HERE IT IS! 
The All NEW 

Radio Society of Great Br i ta in 

V H F  - U H F  MANUAL 
by G. R. Jessop, G6JP 

Over 250 pages devoted to all phases of 
the world above 50 MHz. Includes chap- 
ters on Propagation, Tuned Circuits. Fil- 
ters, Receivers, Transmitters, SSB, Mobile 
Equipment, Antennas and Accessories. 

Only $3.75 
Postpaid U.S.A. & Canada 

ALSO FROM THE RSGB 

Radio Communications Handbook $11.95 
The outstanding handbook for the radio 
amateur. 

Amateur Radio Circuits Book $ 2.00 
Radio Data Reference Book $ 2.50 
World at Their Fingertips $ 2.50 
Amateur Radio Techniques $ 2.50 

I All postpaid U.S.A. 8 Canada 

I Order today from 

book d iv is ion  
BOX 592 

AMHERST. N. H. 03031 

low-cost rf detectors 
Radiation Devices Company has an- 

nounced a new line of low-cost coaxial rf 
detectors for r f  demodulation and voltage 
measurement over the frequency range 
from 1 to 1000 MHz. Units are available 
without terminating resistors, or with disc 
terminations of 50 or 75 ohms. Point- 
contact or hot-carrier diodes may be 
specified, with positive or negative output 
polarity. Frequency response is  f0.5 dB 
to 500 MHz, and 51 dB to 1000 MHz. 
Maximum output voltage is  3 volts rms 
(point-contact diode) or 25 volts rms 
(hot-carrier diode). Power dissipation is 1 
watt at 25OC. Mounted in BNC-type plug 
or jack with panel mounting option. 
Prices range from $12 to  $15; for more 
information write to Radiation Devices 
Company, Post Office Box 8450, Balti- 
more, Maryland 21234. 

log-periodic antenna 
. .- - -- 

Hy-Gain Electronics Corporation has 
announced the availability of an all new 
rotatable log-periodic antenna that pro- 
vides continuous coverage from 6.2 
through 30 MHz. This antenna has been 
specifically developed for limited-space 
applications and is  one-half the size of 
comparable antennas covering the same 
frequency range. The wideband coverage 
of this antenna makes i t  ideal for MARS, 
maritime, and government high-frequency 
communications applications. 

The vswr over the operating range is  
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less than 2: l .  Gain is  10 to 12 dB over an 
isotropic; front-to-back ratio is 10 dB 
average. Power handling capability is 1 
kW average, or 2 kW peak. Input imped- 
ance is 50 ohms. The boom length is  36 
feet, and the longest element is 40 feet. 
Weight is 250 pounds. 

This new log-periodic array, the 
LP-1017, is priced at $1400. A complete 
system, the 5017, includes the antenna, 
Hy-Gain R-3501 rotator and remote- 
control indicator, and a roof-mounted 
20-foot support structure; the 5017 is 
priced a t  $2850. For more information, 
contact the Hy-Gain Electronics Corpora- 
tion. RR3, Lincoln, Nebraska 68505 or 
use Check-off on page 94. 

digitom 
Digitone Telecommunications Asso- 

ciates offers a number of interesting prod- 
ucts for the vhf-fm amateur operator. 
Digitone decoders, logic processors, and 
other associated devices have been devel- 
oped to fill the need for highly reliable, 
inexpensive solid-state tone-control 
equipment. The decoding devices are 
highly versatile in that different combina- 
tions may be selected to achieve varying 
degrees of complexity. Control outputs 
may be derived directly from the decoder 
(recognizing single tones), from a binary- 
decimal converter (recognizing tone 
pairs), or from the decimal code pro- 
cessor which recognizes and responds to 
sequential three-digit tone-pair codes. 

Products currently available from 
Digitone include the TDM-202 tone de- 
coder module, the BDC-203 binary- 
decimal converter, decimal code pro- 
cessors, DPS-201 decoder power supply, 
COR-221 carrier-operated relay, ACU- 
222 autopatch control unit, STE-101 
single-tone encoder, and TTE-102 tel- 
touch encoder. 

For more information on the complete 
line of Digitone products, and a copy of 
their latest application notes, write to 
Digitone, Post Office Box 116, Ports- 
mouth, Ohio 45662, or use Check-off on 
page 94. 

ANTENNA MOUNT KlTS 

COMPLETE PACKAGED KlTS INCLUDING 

SPIDERS OR V-SUPPORTS BOOM TO MAST MOUNT 

.ALL NECESSARY ASSEMBLY HARDWARE 

.INSTRUCTION MANUAL 

HEAVY DUTY CAST ALUMINUM 

DELTA LOOP MOUNT KIT 

DL-1 12) 1%" Hub V.Supwns 
(11 1%" Boom to 1'/1" Mast T.Mount . . . Net 514.65 

DL-2 (21 2" Hub V-Supports 
Ill 2" Boom to 1%" ~ a s t  T ~ o u n t  . . . . . . Net $22.45 

DL-3 (21 3" Hub VSupports 
(1 1 3" Bwm to 2" Mast T-Mount . . . . . . . . . Net 536.95 

QUAD MOUNT KIT 

1%" Hub Splders lSmall Spider for VHFl 
1%" Bwm to 1 %' Mast T Mount . . . . . Net $10.85 

1%" Hub Sptders 
(Heavy Spider for 6M & 1OMl 

ll/." Bwm to 1 %" Mast T-Mount . . . . . Net $13.75 

1 X" Hub Sp~ders 
1%" Bwm to l'h" Mast T-Mount . . . . . . . Net $14.65 

2" Hub Solders 
2" Boom to 1%" Mart T Mount . . . . . . . Net 522.45 

3" Hub Spiders 
3" ~ o o m  lo 2" ~ a r r  T Mount. . . . . . . . Net $36.95 

OTHER AMATEUR HARDWARE 

COAXIAL REACTANCE GAMMA MATCH 

6 mc - $6.95 1 10 mc . $7.95 1 15 mc 58.95 ( 20 mc - $9.95 

TAPERED FIBERGLASS ARMS - ALL LENGTHS 

sc*~d MOBILE COMMUNICATIONS FILTERS 

BROAD BAND BALUNS 
HANDLE IN EXCESS OF 2000 WATTS 

DIPOLE I BEAM / ETC. I us E 1 512.95 

ORDER DIRECT OR FROM YOUR OlSTRlBUTOR 

KIRK ELECTRONICS DIVISION 
ELRCTROISC m R P .  

115 WESTPARK ROAD.0AVTON. OH10 45459.5131433 3101 
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What's Your F ~ e q ?  
MONITOR YOUR 

"ON-THE-AIR" SIGNALS - 
CONTINUOUS ! 
AUTOMATIC ! 
ACCURATE ! 

Large (l/2 inch numbers), bright "NIXIE" display 

Measures Khz and Mhz 
Example: A transmitter on 7204 Khz would read Mhr or Khz 

Operates with any exciter - transceiver - transmitter 
(1 to 600 watts - 1 to 3 0  Mhz) 

100 Khz crystal reference (adjustable to WWV) 

fm-6 Freq Meter - Kit - $139.50 
Assembled - $169.50 

Micro-Z Co. 

DIODES. READ hFE (DC BETA) DIRECTLY ON 
YOUR VOM (current ranges required). 

Do you bulld or deslgn transistor circuits? 
Measure hFE at any IC range O.lmA to 1A. 
Match transistors in pairs. If you use surplus 
transistors. this tester IS a must. Check them 
instantly without readjustment each time when 
test~ng the same type at a speed of perhaps 
50 a minute. Test hipower TO-36 or tiny T0.92. 

If you build servo or regulated supply. check 
DC BETA. I t  w ~ l l  make the job so much easier. 

THE GREATEST IN VALUE AND Test Triacs and SCRS and other variety of 
devices. 12 connecting jacks for current and 

VERSATILITY voltage measurements, inserting load resistors 
and meters. Battery voltage can be adjusted 

GET MORE INTIMATELY for preclse results. Comes w ~ t h  deta~led manual. 

Model,, lM.73 Specifications: Size-7" x 6" x 3". 
ACQUAINTED WITH TRANSISTORS Four D" cells, not included. 9 fixed and 1 

variable ranges. Measurements-hFE, hfe (in- 

ELIMINATE GUESSWORK d~rect). VBE. VCE (sat). IGT. VGT. IH, R ,  many 
others by connection. Controls-2 range controls, 
volt. adj., NPN.PNP switch. Manual. 

PAIR THEM, MATCH THEM Complete Kit  IM-73 - $19.88 
Plus 51.00 shipping USA 

Calif. res. add 5 % %  sales tax. 
Let the capabilities of your own VOM 
work with the IM-73 tester t o  save you 
well over one half the cost of a self 
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flea MI? market 
- -- -- - 

I RATES Commercial Ads 25$ per 
word; non-commercial ads lo$ per word 
payable in advance. No cash discounts 
or agency commissions allowed. 

I COPY No special layout or arrange- 
ments available. Materlal should be type- 
written or clearly printed and must in- 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to  corrected ad In next 
available issue. Deadline IS 15th of 
second preceding month. 

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

ELECTRONICS YOUR BAQ? Looking for an elec. 
tronics course . . . that you can pay for by the sub- 
ject AND take ONLY the subjects you NEED? . . . 
that you can change into ANY PHASE of electronics 
after completion of basics WITH NO PENALTY? For 
ful l  information, write: EDCO ENTERPRISES INC.. 
P. 0. Box 432, Sparks, Nev. 89431. - 
QSL'S - BROWNIE W3CJl - 3111-8 Lehiph Allen- 
town, Pa. 18103. Samples 106. Cut catalogu'e 256. 

ORIGINAL EZ-IN DOUBLE HOLDERS display 20 
cards in plastic, 3 for $1.00, 10 for $3.00 prepaid. 
Guaranteed. Patented. Free sample to dealers. 
Tepabco. John K4NMT. Box 198R. Gallatin, Tennes. 
see 37066. 

TAMPA HAMFEST - Hillsborough Amateur Radio 
Society, Inc., announces its Annual Tampa HAM- 
FEST to be held Sunday. October 11, 1970 at Lowry 
Park. Sligh Ave. and North Blvd., in Tampa, Fla. 
Plenty of Free Parklng. Lots of Prizes. - - 
COLLINS-KWM-2 #13000. PM2. CC52, $750; 30L1, 
$325; 75828 w/noise-blanker, $300; al l  mint cond. 
32\12, HT41, HT37, DXlOOB, HA6 w/ps (new) 
Antennae, Misc., K7HRW, 685 Emerson Way, Sparks, 
Nevada 89431. - 
RGSU or R G l l U  - Low loss foam coax 10 foot 
PL259 - SO239 - 40$ each, 15/$5, Jacketed h . i n c i  
aluminum 50 ohm Foamflex 204 foot. New factory 
sealed Ham-M Rotor $95. Everything new! F.O.B. 
Monte Southward, R. I, Upper Sandusky, Ohio 
43351. 

1916 QSTS wanted. Especially May and June. An 
unreasonable price paid! Ted Dames, WPKUW, 30g 
Hickory Street, Arlington, N. J. 07032. - 
KITS WIRED, Heath and others. Written guarantee 
given before assembly; 12% of retail price. Stan- 
fill. WOMZU. Hills. Minnesota 56138. - 
CIRCUITS for 32 electronic projects, R.F., audio 
and gadgetry, complete plans $1.00. P.M. Elec- 
tronics, Inc., Box. 46204, Seattle. Wash. 98146. 
Dealer inquiries invtted. 

NORTHERN CALIFORNIA HAMS: Best deals - new 
and reconditioned equipment. Write or stop for 
free estimate. The Wireless Shop, 1305 Tennessee, 
Vallejo, California 94590. - 
"DON AND BOB" GUARANTEED new goodies. Bug- 
catcher all band mobile KW coil standard icore 
2408T, 311 dia., 8TPI, 24.95, write i o r  quote custom 
coils. Monarch KW SWR-relative power dualmeter 
bridge 15.95; Motorola HEP170 epoxy diode 2.5A/ 
1000 PIV (reg. 824) 39d; GE 3A/600V. 2.95/10; 
new RCA 6LQ6 3.50: 61468 4.45: Cetron 5728 
15.95; Many discontinued tubes available, write for 
quote. Ham.M Rotor, 97.00; TR.44 59.95; Capacitor: 
Jennings vacuum varlable 300PF/7.5KV 20.00. Com. 
puter 3000P.F/30V 354: Write for cash quote's new 
gear. All rtems guaranteed, order must include 
sufficient postage, excess refunded. Mastercharge, 
Bankamericard, GECC. Madison Electronics, 1508 
McKinney. Houston, Texas 77002. (713) 224-2668. - 
HEATHKIT SB-401, SB-301, SB-600, Two 4.1000A's. 
$500. Good working condition. Once-in-a-lifetime 
deal. Contact Fred, 860 N. 23rd St., Springfield, 
Oregon 97477. 

POLICE - FIRE - AIRCRAFT - MARINE Calls on 
your broadcast radio with TUNAVERTER S! Tun- 
able - Crystal! Brochure. Salch Company, Woods- 
boro HMC, Texas 78393. - 
PC BOARR 3/32 inch. 2 oz. Cop er one side 
paper base. Specify size desired. 1.g~ per squard 
inch plus postage. HAL Devices, Box 365H. 
Urbana. lllinols 61801. - 
COLLEGE: SB401 with Mic and Crystal Pack. 20 
hrs. $225.00. RME 6900 with match spkr. $175.00. 
OM 1 Scope $30.00. BC669-D Transceiver w/Power 
Supply $50.00. WA9TJK. Greg Drover, 24499 State 
Road, #23, So. Bend, Indiana 46614, Phone - 
Area 219, 288-8653. - 
I AM COMPILING information to publish a Hamfest 
Directory for 1971. Any club can have their ham- 
fest listed free by having an officer of the club 
send all information to  me before December 1 
1970. Art Collatz. K9JZM. 2127 Market St.. Blu; 
Island, Illinois 60406. 

SAVE. On all makes of new and used equipment. 
Write or call Bob Grimes. 89 Aspen Road. Swamp. 
scott, Massachusetts. 617-598.2530 for the gear u 
want at the prices u want to  pay. - 
VHF-UHF RF AMPLIFIER: AM-915A/TRC-24. RF 
Multiplier/Amplifier. 4X150A mult ipl~er, 4X150G 
amplifier. Good for 144-432 MHz multiplier/ampl~. 
fier combination. Can run up to 500 watts Input. 
Need only B C  and fllament power to operate. Good 
condition with tubes $45. Fair condition without 
tubes $25. Send check or money order to Richard 
Solomon. 19 Pierce Road. Watertown. Massachu- 
setts 02172. 

GREENE DRAGON FLY . . antenna for 20-40.75 
meters . . one feed line . . SWR one to one . . 
and guaranteed-self construction drawings $5.00. 
Greene, Box 423, Wakefield, R.I. 02880. - - 

NOVICE CRYSTALS: 40-15M $1.38. 80M $1.83. DON'T BUY QSL CARDS from anyone until you 
Free flyer. Nat Stinnette Electronics, Umatilla, See mY free samples. Fast sewice. Economical 
Florida 32784. prices. Little Print Shop, Box 9848, Austin, Texas - 78757. 
TEKTRONICS SCOPES 51313, DC to 18 MHz, good - 
cond. Asking $275, area 201 542-8084 or 625 Pine. FOR SALE, - HY GAIN TH4 $50.00. Henry Ingwer. 
brook Road, Eatontown, N. J. Also 511 $175 or sen, Topsfleld, MA 01983. 
less w/trade. After 5:00 p.m. - - DRAKE R4B - brand new - save $100. Factory- 
BUY. TRADE, SELL - Used Receivers. Steven sealed, shipped prepaid. KgKDI, 419 S. Euclid Ave.. 
Kullmer. Evergreen Hatchery, Dysart, Iowa 52224. Oak Park. 111. 60302. 
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PICK 
YOUR 
POWER 

Your choice of 3 economical 
continuously variable power supplies 
All units include modern cabinet, short circuit protection, ground- 
ing cord and offer excellent regulation and ripple characteristics. 
Ideal for the opamp user - use orlly one supply. 

SINGLE UNIT PS-61C $49.95 
Plus or M ~ n u s  1 - 15 VDC. load current 0.700 Ma. 

Usable up to 1 Amp over 10 VDC. 
Regulation: 0.0005% VDC par mA load current. 
Ripple: less than 0.005 Vrms at ful l  load. 
Floating output: either output terminal may be 

grounded. - 
DOUBLE UNIT PS-62C $74.95 

Same electrical specifications as PS.61C for  each output. 
Perfect for operational amplifiers. 
Two completely independent power supplies to  be used 

in any combination. 
Plus or Minus 2-30 VDC at  700 mA load. 
Plus and Minus 1-15 VDC at 0-700 mA. 
Plus or Minus 1.15 VDC at  0.1.4 Amps. 
Single On.Off switch for added circuit safety. 

TRIPLE UNIT PS-63C $99.95 
Same electrical specifications as PS-61C for each output. 
Three completely independent power supplies to be 

used in  any combinat~on. 
Plus or Minus 3-45 VDC at  0-700 rnA. 
Plus and Minus 1-15 VDC at  0-700 mA. Also plus or 

minus 1.15 VDC at 0-700 mA. simultaneously. 
Plus or Minus 1-15 VDC at  0-2.1 Amperes. 

3 SAND SPRINGS ROAD 

I 1 I FET CONVERTER KITS DUAL GATE MOSFET CONVERTERS 
FOR 50. 144 AND 220 MHz FOR TWO METERS 

Basic two-meter converter described in  
February 1969 issue of VHF Communica- 
tions. The most popular VHF converter in  
Europe! Hundreds already in  use in  North 
America. 

Kit contains: Glass-epoxy p.c. board (sil- 
verplated), crystal, coil forms and trim- 
mers. Requires additionally: Three FET's 
(TIS 34, MPF 107, etc.), two bipolar tran- 
sistors (TIS 45, etc.), coil wire, fixed 
capacitors and resistors. IF 28-32 MHz. 
12 VDC/16 mA. Typical noise figures 
(with MPF 107's) 50 MHz: 2, 144 MHz: 2, 
220 MHz: 2.5. Kit price $10.20 each 

SPECTRUM si INTERNATIONAL 
BOX 87C TOPSFIELD 

MASSACHUSETTS 01983 

Low nolse f~gure (2).  Excellent cross mod- 
ulation and Image reject~on (116 MHz xtal 
oscillator). IF 28.30 MHz. 12 VDC/20 mA. 
Silverplated, glass-epoxy p.c. board. All 
~nductors shielded. Fully assembled and 
aligned. Braun Model DGTC 22, $35.00 

: 
1 
Z 

H~Ehly compact corlverte; (3"x2"xlfr); can 
be- mounted ~n e x ~ s t ~ n g  receiver or trans. 
ceiver cabinet. Electrical characteristics as 
above, except any IF between 14 and 32  
MHz can be selected by simple plug-in of 
the appropriate oscillator crystal. (1 16  
MHz crystal furnished with converter). 0s -  
c~llator-emitter follower output for use 
with transceiver. Schilling Model HS 1000 
Jx, $39.50 

84 o c t o b e r  1970 More Details? CHECK-OFF Page 94 





SWAN PRODUCT LINE COMPLETE FOR ALL OF 
YOUR NEEDS - mobile fixed portable 

See us for the 
CYGNET 260 / 270 

and the updated 500-CX 

THE DELUXE 500-CX 
DALLAS HAM CENTER SINCE 1941 

YOUR DEPENDABLE HAM SUPPLY HEADQUARTERS 
COME SEE - CALL OR WRITE 

AL MARKWARDT, MGR., W5PXH 

ELECTRONICS 
CRABIREE'S xim Ross r v r ,  o r l u r ,  rx i r z o l .  74B536l 

NEW REPRESENTATIVE ORGANIZATION 
Freehold, New Jersey - Irving Strauber, 
W2ERV/W4M\7C, has announced the 
formation of Irving Strauber Associates. 
This organization will act as manufac- 
turers representatives in the electronics 
and communications field. 

Three separate divisions have been set 
up. One will service OEM accounts, 
another electronics distributors, while 
the third will concentrate on industrial 
business. 

Mr. Strauber states that his firm has 
already acquired a number of lines from 
some of the best known manufacturers 
in the communications field. Other 
names will be added in the future to 
further round out their product line. 

The address of this new business is 
Irving Strauber Associates, 14 Bernice 
Drive, Freehold, N. J. 07728. Telephone 
201-431-2367. 

I 
I Radio Amateur 

I 
I 
I 
I 
I 

Gold I 
IJ Rhodium ( 

call letters 
I 
I 

$5.00 Ea. 

I 
1 IJ Rhodium I 
I 
I 

I 

call letters 

I $5.00 Ea. 
I 
I 

I 

I 
1 Rash Ordmr lo: RADIO AMATEUR CALLBWK, Inc. I 
I Dept. E. 925 Sherwood Drive. Lake Bluff, 111. 60044 
L ,- - - - - - - - - - - - - -1 - - 
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FOR SALE Factory-sealed: 3OLl $445: 31284, $175; 
516F2, $135; 3283, 516F2, 7583 (6EH7 RF amp), 
31284 $1000' 75S1 32S1 516F2 31284 $695 
30L1 '$300. gwan 5d0c l l j ~ c  V X ~  $ 4 5 0 . ' ~ ~ 3 2 ~ '  
$225: HW32A. HP23A $i40. KW ~ a i c h  Box meter' 
$125. Thunderbolt ~i;?ear $250. Galaxy 360 PSA 
300, $185. SP600JX17, factory-reconditioned. '$250. 
Messenger Ill. AC supply. $100. Filter F455-Y60 (6 
kc. for 75S1. 7532. 7533). new. $25. Variac 220V/ 

10s. 550. Transformhrs: i l 5 / 1 2 . ~  n 

100 ft. Telrex control cable iPVC jacket). $350: 
31285. $250. 62S1. $500. NCL2000, $350. SR160. 
PS150-12 DC p.s.. $195. T4 Reciter (factory-sealed 
carton), $350. HA-460 Lafayette transceiver, $60. 
HW22A. HP13. $145. Lamda VR supplies (rack- 
mountin ), $25, write for details. Power suppl~es. 
115 V A ~ / ~ O O O V D C  with rack oanels. UTC com. 
ponents. $25 (write for speclfic;). - ~ ~ ~ - 8 i 2 1 , -  $5. 
Henry 2K-D, $450. Heath "Ch~ppewa" KLl .  KS1 
$250. Capacitors. 2 ea 4 mfd/lOKV. $25 ea. choke: 
20 hy. 1.0 amp. $25. 4CX1000. sealed carton, $ 100. 
4-400. sealed cartons, $22.50. Transformer, 220/ 
3KV (no C. T.) 10 amps, $75. James W. Cra~g. 
WIFBG. 29 Sherburne Avenue. Portsmouth, N. H. 
03801. (603) 436-9062. 

LISTING SERVICE - Gear to  sell? Need rig? Sellers 
$1.00 lists information year. Buyers - free. SASE 
brings details. W8TXX Listing Service, Box 11 11. 
Benton Harbor. MI  49022. - 
THE ANNUAL HAMFEST AT LAKE TEXOMA LODGE 
on Lake Texoma near Kingston Oklahoma will be 
held November i3 .  14 and 15. '1970. All i h e  pro- 
grams indoors and there will be entertainment for 
all. Technical discussions and swapland shop. 
Ray Bryan. W5IQ. Box 246. Kingston, Okla. 73439. 

SWAN 250, 117XC AC supply and TV28 (new). 
SB 500 Transvarter. Clegg-Venus XCVR and 416AC 
SUPD~Y. SASE for deta~ls. Scottv. 14534 Vaunhan. - .  ~ - 
Detrok. Mich. 48223. - 
SIX NEW BOXED COLLINS mech. filters for sale 
1.5 KC lug in (455 46) with spec sheets $25 each. 
URM Z ~ A  Sip Gen. 4.405 Mc. $350. URM 25E Sia 
Gen. 10 Kc To 50Mc. $350. Both good with acceg 
sories. Fifteen new (sealed in cans) 7035/4X150D 
tubes $12 each. Check or COD to N. F. Moss, 
K61WG/KL7. PO Box 2191. Fairbanks. Alaska 99701. 
Will buy or trade for any legal aircraft radio gear 
such as Narco King ARC Coll~ns or Bendix. - 
TEST EQUIPMENT - Signal Generators: Meas. 80. 
2-400 MHz - $250: URM26A. 3-405 MHz - $225; 
Meas. 658. l5kHz - 50 MHz - $350: HP608A, 
10-500 MHz - $425. Counters: Berkeley 5500. 
Univ. EPUT - 100 kHz - $165: HP524B. 10 MHz - $495; HP525A. 10-100MHz plug.in - $115; 
HP526B. Time Interval plug.ln - $95. All guaran. 
teed. Many more, send SASE for list. Grattan 
Gray, P. 0. Box 941, Monroe, MI  48161. - 
REVISED REQUIREMENTS for the Okinawa Award. 
as follows: QSLs required: 25 - KR6 and KR8 
applicants; 10 - BV. CR9. DU. HL/HM. JA/KA. 
KG6. VS6. W/K applicants: Rest of the World send 
5. KR6 and KR8 aoolicants must submit cards. 
All others. send only a' log book extract with signed 
confirmation that required QSL information had 
been received and verified by two licensed amateur 
radio operators, or by an official of a recognized 
radio club or society. Send al l  applications and 
$1.00 (U.S.) or 10 IRC's, to QSL and Awards Mana- 
ger. Okinawa Amateur Radio Club. P. 0. Box 465. 
APO. San Francisco, CA 96331. 

PACKER'S DISTRIBUTING will specialize In sales 
and service of Amateur and Citizens Band Equip- 
ment. Industrial Communication and Home Enter- 
tainment systems. Opening date for the Green 
Bay. Wisconsin store will be announced within 
the next thirty days. Packer's Distributing. 6918 
Maple Street. Omaha, Nebraska 68104. 

DRAKE R4A, T4 with AC supply, best offer. Heath 
HW-17 factory reconditioned and modified to  HW. 
17A. $98.00. K4CWW. 217 Milton Drive. Carrboro. 
N. C. 27510. - 
TELL YOUR FRIENDS about Hem Radio Magazine. 

DEVICES 
7 HRLf-, 

THE most versatile keyer now available. 

s" - . -  . + - . * 

Send for full details on the HAL  311 BC 
and the complete line of HAL electronic 
keyers. There is a model to  f i t  your re- 
quirement and budget from $16.00 to  
$48.50. 
Now available in k i t  form for even greater 
value. 

Fe5 I 

I TOUCHCODER II KIT I 

HAL 311BC 

ELECTRONIC 

KEYER 

Complete k i t  of parts, excluding keyboard, 
for the W4UX CW code typer. 
All circuitry, including PS and monitor on 
one G 10 glass PC board. 
Transistor grid block and cathode keying. 
Only $45.00. Write for full details. 

- - -- 

RYRYRYRYRYRYRYRYRYRYRYRYR 
HAL RTTY TUIAFSK KIT 

All TU and AFSK circuitry, including PS, 
on one 3x6" G 10 glass PC board. 
850, 170, and CW l D shifts 
Zener protected transistor loop switch 
High and low impedance audio output 
$40.00 HAL TUIAFSK cabinet $6.50 
RYRYRYRYRYRYRYRYRYRYRYRYR 

MAINLINE RTTY EQUIPMENT 
HAL offers complete parts kits for the Main- 
line ST-6 TU and other RTTY equipment. 
Get both the circuit boards and parts from 
one source and save. Please write for full 
details and prices. 

DOUBLE BALANCED MODULATOR KIT 
For the DBM in March 1970 Ham Radio 
718x2" G I  0 glass PC board 
4 HP 2800 hot carrier diodes matchkd by 
HAL. 2 Indiana General CF102-Q1 
toroids. 
Instructions included. $5.50 postpaid. 

H m U m D k k  HP?8m . .. .W. 121$10W MaIcWbvHAL 4M.25 

fl 
lCrl!~LBm,Bl4 . . 604 l g L 9 2 3  . . . W 
MRTL MC790P. M W . .  . . . . . . . . $2 00. 10R19 M 

MC724P. MCIRJP. MC79IP. MC725P. $1 05. lOR9 50 
A l a  Ao i l .b le  MC7B8P. MCBBOP, MC787P. MC9760P 

OTUIP.  SN7IZC4N IDIP).SN7IIOOL IT051 . f 1.50. 7SlO.W 
T O R 0 1 0 3  Indin. Gsnanl CF10206. CF10201. CF 101.02.. . . . . . . . . . . Y3d 
CINCH ICoc*ms. 14 DIP. 8-ICS. . . . ,604 HAL DEVICES 

Write for our complete catalog. 
Remit with order; please add postage. 
HAL DEVICES Box 365H. Urbana. 11 61801 
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GET YOUR NEW 
ISSUES NOW! 

Over 290.000 QTHs In 
the U.S. ed~tion $7.95 

er 140,000 QTHs in 

These valuable EXTRA features Included in both editions! 
a PSL Manaterr Around the Radio Amateurs' Prefiles 

World! by Countries! 
Census 01 Radio Amateurs a A.R.R.L. Phonetic nlphabet! 
throughout the world! Where TO 
Rad~o Amateurs' License 

Circle Class! 
a World Prefil Map! a International Postal 
a International Radio Information! 

Lrnateur Prefixes a Plus much more! 
See your favorite dealer or order d~rect (add 2% for mailing 
in U.S . Possess~ons 6 Canada. Elsewhere add SO$). 

RADIO AMATEUR acDa .I! Lake ~ 2 ~ ~ 1  Bluff. 111.60044 

GEM-QUAD I:IBIIE - GLASS 
ANTENNA FOR 10. 15. and 20 METERS. 

Two Elements $87.00 
Extra Elements $50.00 ea. 

Shipped Freight Collect 
INCLUDES U.S. Customs Duty 

KIT COMPLETE WITH 
SPIDER 
ARMS 
WIRE 
BALUN KIT 
BOOM WHERE NEEDED 

SEE OL'R FULL PAGE IN MAY ISSUE 

Rtr!! two  elements now - n third nnd fourth may  
hc ndded Inter with little effort. 

Enjoy opt im~rm forward gain on DX, with n 
mnximsm hock to front rntio nnd ercellent tide 
discriminntion. 

Get n mnrimtrm stnrct~rral strength with low 
 wight, tr.?ing otrr "Tridetic" arms. 

XIANITOBA DES1C.V INSTITUTE 
AU'ARD Ji'INNER 

C.nad1.n R h n t  No. 794506 
U. S. P.l."l P.ndi". 

20 Burnett Avenue. LVinnepeg 16. Manitoba. Canada 

BUG CATCHER 
ALL BAND 

MOBILE ANTENNA 
STANDARD COIL 
SIZE: 3". 8TPI 

I CORE 2408T 

li 36" BASE EXTENSION 

96" WHIP, preferred 

STD 3/8"  FllTlNGS 

COIL ONLY $24.95 
Price FOB Houston 

Write for Quote on  Custom Coils. 
Bui l t  t o  Speclflcations. 

MADISON ELECTRONICS 

1508 McKlNNEY 
HOUSTON, TEXAS 77002 

PARTS! NEW - CLEAN 
MANY IN 
ORIGINAL CARTONS 

MRTL MC79OP 
IC 's  

$1.90 each 
10 for 518.00 

CL 914 .55 each 
10 for $5.00 

100 KHz FREQ. STD. CRYSTAL HC 13/U $4.00 

PC SUBMINIATURE TRIM POTS made b CTS 
250 !!. 1 K, 10 K. 25 K. 100 K &$l.00 

ERIE CERAMIC TRIMMER 3-12 pf, 5-25 p f  
PHENOLIC BASE 5/$1.00 

TRIPLE- H METER MODEL 227-T 0-25 m a  DC 
NEW I N  BOX $8.00 

1500 25v ELECTROLYTIC 21h" x If' .50 

UTC TRANSFORMERS (BOXED) 
CG 140 
H-72 
HA 106 

fj:E 
$9.00 

HA 137 $8.00 

WW RESISTORS 5 w .2 ohm 3 0 6/$1.00 

PLEASE ADD POSTAGE 

LOGIC COMPONENTS 
BOX 224 

NEW CANAAN, CONN. 06840 
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VISITING ROME? I would be  pleased t o  meet 
American Hams visi t ing Rome. As I work i n  the 
tour ist  f ~ e l d  I might be of help t o  them. Dr. Cor- 
rado Di Pietro. I lDP. via Pandosia 43. 00183 Rome. 
Italy. 

WANTED: CUSTOMERS. No experience necessary. 
"HOSS TRADER ED MOORY" savs i f  vou don't buy 
your Ham Gear f rom him, you might  pay too 
much' Shop around for  your best prtce and then 
call the  "HOSS" before you buy! Used equipment: 
Swan 270 Cygnet. $409.00; Drake T4-XB. $395.00; 
R4.B. $379.00: TR-4. $519.00: GT.550. $415.00: 
Ham-M. $89.00: 75A-4, $319.00; 75s-3. $399.00; 28.  
$175.00; S X - I l l ,  $99.00; SB-100: $299.00; NC-183D. 
$125.00; NC-303. $16?.00; Swan 350. $275.00: HX-10. 
$169.00. Write f o r  Free" l ist on  other equi ment. 
We no& have the new Varitronics IC-ZF, A n - ~ e c  
Keyers. and Tymeter 24 hour Clocks. MOORY 
ELECTRONICS CO.. Box 506. Dew~ t t .  Arkansas 
72042, Phone (501) 946.2820. 

DRAKE TR-4, new condition, very l i t t le use, and 
DC-3 $400.00. Don Alfred, 559 Bob.Hope Drive. 
Nokomts. Fla. 33555. - 
THE WINDSOR AMATEUR RADIO CLUB wi l l  host 
the Radio Society of Ontario (RSO) Convention 
1970. October 23-24. Place: Holiday Inn. Rivers~de 
Drive. Windsor Ontario, Can. (Across t he  River 
f rom Detroit, Michigan). Registration: OM $4.00. 
YL $3.00. Student $2.00. Talk i n  stations on 75 and 
2 meters FM. Programs for  t he  Ladies - Door 
Prizes. Tentative forums include - R.S.O. - 
A.R.R.L. - Antennas - Amateur TV - FM Sew. 
ic ing and homebrew - RTTY and more. - 
APACHE TX-1 and SB.10 and H'Crafter SX.1OlA 
$275. Gary Moeller. Milford. Iowa 51351. 

HENRY 2K3 floor console i n  l ike new condit ion cal l  
or wri te Mel Marsley. 2242 Stevens Av., Kalamazoo. 
M I  49001. ~ h 0 n e  616 342-8838. - 
NEW. 3rd edition. Amateur Radlo Techniques by  
J. Pat Hawker, G3VA. Latest edttton of th is  popular 
book has 48 more pages and much valuable new 
material. New deluxe binding. Only $3.50. Order 
today f r om Comtec. Box 592, Amherst. N. H. 03031. - 
SALE: TELETYPE Model 15 60 w. .m., perfect. 
$50.00. H.W. 16 HGlO $80.60. Art  8 i c k .  7 Abrew 
Street. Bayshore. N. Y. 11706. 

CALIFORNIA: HQlBOC, excellent, $220: VHF/UHF 
Receiver. RDO. manual. 30-1000 MHz. $100; Oscil. 
loscope. TS-34, $40; Frequency Meter. LM-13. 
caltbration $40: BC453, $10: Eico GDO $15; Power 
Suppl~es. Modulation Transformers, Tubes. WA6CFE. 
71 2.27R.01 10 - - - - - . - - - - - . 
ATTENTION: Galaxy V. Mark 2, A.C., Console, 
V.O.X.. $370. Gonset G.50, $150. CV.71 T.U.. Lab 
A l i ~ n e d .  $65. B i l l  Handel. KBSSY, (216) 247.6130. - 
VHF-UHF COMMUNICATIONS RECEIVER. A.M.. cov- 
ers f rom 225 to 400 Mc. 750 discrete frequencies 
selected with external switch box. Design simi lar 
to ARC.27, but  much smaller. Original government 
acquisition cost $18.350. Good for conversion or  
parts. Salvage value much more than my  pr ice 
of $25.00. Send for detailed information. Money 
back guarantee. Richard W. Solomon. 19 Pierce 
Road. Watertown. Massachusetts 02172. 

CHARTER JET FLIGHT TO SAROC. Roundtrip New 
York City - Las Vegas, $229.00, depart JFK 10:OO 
a.m.. January 7th. Roundtrip Chicago - Las Vegas. 
$199.00. depart O'Hare 12:OO noon. January 7th. 
Return January 10th. Includes meals and dr inks 
aloft. Flamingo Hotel Room, three nights, double 
occupancy, transportation and baggage in and out  
of Flamingo Hotel. Dinner Show, Midnight Show. 
Saturday Buffet Luncheon. Sunday Breakfast. 
SAROC Tickets, Tax and Gratuity. $60.00 wi l l  
c o n f ~ r m  reservation, includes one dol lar service 
fee. Final payment due before November 25th. 
Flight cancellation or  wri t ten request for deposit 
refund wi l l  be accepted unt i l  December 1st. SAROC. 
Box 73, Boulder City. Nevada 89005. - 
YOUR AD belongs here too. Commercial ads 254 
per word. Non.commercial ads 10C per word 
Commercial advertisers wri te fo r  special discounts 
for standing ads not  changed each month. 

NEED CRYSTALS? 
48 Hr. 
DELIVERY 

can supply crystals 
2KHz to 80 MHz in 

types of holders. 

Color N cryrtal 12579, 545KH1) wire leads $1.60 4 for $5.00 
100 KHz Ircq. rtd. crystal lHC13/U) 4.50 
1WO KHz Ircq. std. crystal IHC6IU) 3.50 
Any C0 crystal TR. or REC. 

~ X C C P ~  rynthts~ztr cvrtall 2.25 
Any amateur band crystal (ercept 00 & 160 

meters) ~n FT-243 holdrrs 1.50 M 4 for $5.00 
Any marim trqurnry (HC6IU) 2.05 
80 mctrr - FT.243 bidrrs 2.50 

We have in stack over six million crystals which include 
types CRlA/AR FT243 FT241 MC7, FT249, HC6/U, 
HC13/U, H C ~ ~ ' / U ,  HC~BIU, btc. Send IOC for our 
1970 catalw wtth orctllator c~rcuits, l!sttng thousands 
of frequenc~rr ~n stak lor jmmrdiate del~very. (Add 10C 
per crystal 10,  above prlces for shipment 1st class mall, 

it). 

Special Quantity Prices to 
Jobbers and Dealers. 

ORDER DIRECT 
with check or money order 

to 

2400H Crystal Drive 
Fort Myers, Florida 33901 

6th NATIONAL CONVENTION 
JANUARY 7 TO 10.1971 

r.!tt, 512 110 ~ I u %  Idx. slllql~ordollhlt? 
i l t c  llp.tnry h4.111 Ill fIcl"3111~ll 111111.1, 1.A. \'C)!BT 

IrAKII(.. 31)ll!v.or(~I bq hol~lhl.r~~ /Lit,!,ld.t ARC. lnc . llor 7 1  Ilooldr~t 
I.llq N*'!c,~.I R'IIIIIT 

Contact SAROC for 

Charter Flights from Chicago and New York 

THE FABULOUS 
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BOB'S DISCOUNT ELECTRONICS 
720 N. Hudson, Okla. City, Okla. 73101 

Phone 232-1384 
'WE TAKE TRADE-INS ON ALL LINES OF 

NEW EQUIPMENT" 

TWO-WAY RADIOS - SALES - SERVICE 

We will pay CASH tor your used Ham Gear 

SPECIAL: DRAKE TR4, 6 weeks old 

Your Bankamerica Card Welcome Here 
Write for list of used gear - Big Discount 

for Cash on al l  New Lines of Ham Gear 

L 

-DIODES - - - - - - - gTpJ - 
STUD- 

PIV TOP-HAT EPOXY EPOXY MOUNT 
1.5 AMP 1.5 AMP 3 AMP 6 AMP 

50 .04 .06 .12 .15- 
100 .06 .08 .16 .20 
200 .08 .10 .20 .25 
400 .12 -14 .28 .50 
600 .14 .16 .32 .58 
800 .17 .20 .40 .65 
lo00  .20 .24 .48 .75 

PRICES PPD. U. S. A. 
PA. RESIDENTS ADD 6% PA. SALES TAX 

M. WEINSCHENKER K3DPJ 
PO BOX 353. IRWIN, PA. 15642 

i 

I 

N E W  ARRIVALS 
R25/ARC5 1.5 to  3 MC receivers. Complete 

with all tubes and internal parts. Very ex- 
cellent used. Covers Marine & 160 meter 
band. 12 Ibs. $24.50 

Rl9/ARC12 118 t o  148 MC receivers. Tuns- 
able. Complete with all tubes and internal 

excellent used. Covers Air- 
!%:'VHVFe;kl 2 meter bands. $34.50 

AIR INDUCTOR 60% turns. #16 tinned, 2%"  
diameter. 5%" long. Clear plastic center 
piece. 2" w. x 6%" 1. x %If thick. 2 Ibs. 

4/$9.50 $2.00 em. 

30 to 450 pf. 1250~.  spacing. variable capaci- 
tor. Hammarlund. 2ft sq. x 6%f1 I. + % f f  
for single. % I r  shaft: 2 ceramic end lates 
2" sq. l/,tf thick. 3 Ibs. 4/$12.50 k . 7 5  ;a. 

148C1 NBFM Adapter, made by Collins, for 
their 75A series receiver. Converts your 
AM receiver to Narrow band FM; for 455 
KC IF. On metal chassis 4%" x 2%11 x 
l % t f  h. -t 3" for detector transformer. 
Terminated in  octal plug. Less tubes. 6AL5 
& 6AU6. New. 1 lb. 4/$5.00 $1.29 ea. 

B C Electronics 
Mailing Address 

1249 W. ROSEDALE AVENUE 
CHICAGO, ILLINOIS 60626 
PH. 312-334-4463. 784-4426 

. . . STORE HOURS . . . 
Wednesday 11:OO a.m. to 2 3 0  p.m. 

Saturday 10:OO a.m. t o  2:30 p.m. 

5696 N. Ridge Avenue. Chlcaso 

. . . THE BEST 

C O N V E R T E R  \qR Model 407 

f .Q $39.95 
Ppd. 

144-146 MHz in. 28-30 MHz out 
or 146148 MHz with a second crystal 

available for $4.95 extra 
A ful l  descriptinn of this fantastic mnverler 
would fil l this paxe, hut ~IIII can take our word 
for i t  (or those of hundreds o f  satisfied users) 
that it's the hest. The renstln is simple - we use 
three RCA dual gate MOSFETs, onr bipolar, and 
3 diodes in  the hest circuit ever. Still not crrn- 
vinced? Then send for IIII~ free catalog and get 
the full descripti<~n, plus p h ~ l t ~ ~ s  and even the 
schematic. 
Can't wait? Then send us n postal money order 
lor $39.95 and we'll rush the 407 ~III~ ~II y1n1. 
NOTE: The Model 407 is ~ l s o  nvail;lhle i n  any 
Ire uency comhination up to ,150 MHz (some i ~ t  

er prices) as listw1 i n  clur catn111a. New York h i k t  
City and State resiclents add local satles tax. 

VANGUARD LABS 
Dept. R. 19623 Jamaica Ave.. Hollis. N.Y. 11423 

5% BONUS PAID FOR 
ElMAC AND VARIAN TUBES 

4-65A, 4-125A, 4X150A, 4-250A, 
4CX250B-K or R, 4-400A, 445A, 
4-1000,4CX1000,4CX5000, X13, 

R390A, GRC 106-108, PRC 9, 10, 
25, 74, 77, URC9, VRC 12, etc. 

- 

The TED DAMES Co. 
308 HICKORY ST., ARLINGTON, N. J. 07032 

Phone: 201 9984246 
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""f ,: Nt, >, ,,,.(r ,I," It,", I FI#,.LINC,. 

A New Magazine ! 
Not really. New in the U.S.A. perhaps, 

but very well known in Great Britain and 
now being offered to you here. 

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

Audio Construction Projects 

Receiver Construction Projects 

Transmitter Construction Projects 

Test Equipment Projects - Radio Control Projects 
... and much more 

Try a subscription to this interesting 
magazine, we are sure that you will not 
be disappointed. 

ONE YEAR SUBSCRIPTION - $5.00 

Write 
RADIO CONSTRUCTOR 
Greenville, N. H. 03048 

Name ................................................................................ 

Address ............................................................................. 

City ........................................... State ................... 

zip .............................. 

/y;?,A N o w  B I G G E R  a n d  
B E T T E R  T h a n  E v e r !  

----MAIL THIS COUPON NOW---- 

NAME: I 
I / ADDRESS: 

I an: 
i 

STATE: - ZIP: - I 
L-------------,------J 
For your FREE CODY. f i l l  out counon ond moil. Dear. Ha 

WE PAY HIGHEST 
PRICES FOR ELECTRON 

TUBES AND SEMICONDUCTORS 
- 

H & L ASSOCIATES 
ELIZABETHPORT INDUSTRIAL PARK 

ELIZABETH. NEW JERSEY 07206 

(201) 3514200 

Radio Amateurs 

WORLD PREFIX MAP- Full color. 40" x 2.9". shows 
pref~xes on each country . . .  DX zones. tome zones. 
cttles. cross referenced tables . poslpaid $1.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD - from the center of the Uniled States! Full 
color. 30" x 25". listing Great Clrcle beartngs In de. 
grees for SIX major U.S. cllles; Boston. Washtngton. 
D.C . M~ami .  Seattle. San Francisco & Los Angeles. 

postpaed $1.00 

RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" x 25" - includes Cenlral Amer~ca and the 
Car~bbean to the equator, showsng call areas, zone 
boundar~es, prefixes and t ime zones. FCC frequency 
chart. plus lnformatlve snformatlon on each of the 50 
U n ~ t e d  States and other Countr~es postpaod $1.00 

WORLD A T U S  - Only atlas compaled for radto ama- 
teurs. Packed wi th world.wide informatton - ~ncludes 
11 maps. In 4 colors wlth zone boundaries and coun- 
t ry  preflxes o n  each map. Also includes a polar pro. 
lectlon map of the world plus a map of  the Antarctica 
- a  complete set of  maps of the world. 20 pages. 
size 83A" x 12" . . . . . . . . . . .  postpa~d $2.00 

Complete reference l ibrary o t  maps - set o f  4 as l isted 
above . . . . . . . . . . . . . . . . . . . . . . . . . . . .  postpaidS3.00 

Sea your favorite dealer o r  order direct. 

RADIO AMATEUR 

Lake Bluff, 111.60044 
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I Special-Purpose Receivers, Panadapter 1 
R A K : ~  complete k/dwg 15-600 khz TRF 125.00 
RFI (Nolre & '~ ie ld  Sirewth Meters) are basically radio 
rcvrs. TS-587/U (no ant. accessor~es) somewhat mod~fied as 
an RFI Meter OK as rcvr 15-400 mhz $195. FERRIS 
#32A, .15-201mhz, complet;, OHC, w/cha;ts & bwk, $175. 
#326 is later model, $275. Navy OFI, .15-17% mhz, OHC, 
w ~ t h  book $75 MORE PROFESSiONAL setups to $4000.00 
S T O D D A R ~  and EMPIRE DEVICES: ASK! Also ark aboui 
SPECTRUM ANALYZERS, if interested. 
455 khz Panadapter, various models, all 100% OK, all with 
instruct ion books . . $57.50 
WWV COMPARATOR RCVR has meter to zek-beat your 
signal w ~ t h  W W  switched tunirq at 21/2/5 10/15/20/25 
mhz. BECKMAN #905R sold for 5650. &om us 0°C 
and with book - -~ . . . . $175.00 

Hi-Sensitivitv w ide i~and  AM I FM R C V R -  
38-1000 MHz: AN/ALR.5 consists of brand-new Tuner/ 
Converter CV-253/ALR In original factory pack and an 
exc., used, checked OK & grtd. main rcvr R-444 modifled 

l f o r  120 v. 50/60 hz. Packed with each tuner is the1 
factory c h ~ k o u i  sheet. The one we opened showed 
SENSITIVITY: 1.1 uv at 38.3 mhz, 0.9 at 133 mhz, 5 at 
538 mhz 4% at 778 mhz 7 at 1 ghz. 
~ 0 t h  - book - & - pwr-input - . piug,3a~~ - - for . 275.00 - -. 

R-390/URR Rcvr: Collins xtl-zero-beating, 
driftless receiver, grtd 100% perfect. . . 795.00 -- 
R-390A/URR has m ~ h .  fillerr, grtd perfect. . . 995.00 -- -- 
Regul. Pwr Sply for Command, LM, Etc. 

PP-106/U: Metered. Knob-adjustable 90-270 v up to 80 
ma dc; also select an AC of 6.3 v 5A or 12.6 v 2% A 
or 28 v 21/2 A. With mating output p/ug & 
all tech. data. Shpg. wt. 50 Ibs. 
BARGAINS WHICH THE ABOVE WILL POWER: 

19.50 
LM-(') Freq. Meter .125-20 MHz .01% CW or AM 
with serial-matched calib. book, tec'h. data,' mating plug: 
Shipping wt. I 6  Ibs. . . . .  . .  . .  57.50 
Same, less calib. book. 27.50 
A.R.C. RI lA:  Modern 9-5'er' rcvr i%-550 khr . . . .12.95 
A.R.C. R22: 5~0.1600 khz rcvr w/tuning graph . 17.95 
A.R.C R32: 108-132 mhz rcvr 325" 

If vou don't see it here. ask' for it! 
But don't ask for a general catalop . . . we believe that 
is nonsense in surplus . . . we get new things in almost 
every day! WE ALSO BUY! So tell us what you have, 
condition, and your asking price! 

You can be sure with Barry . . . 
Fair dealing since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors, 

Vac. Variables, Test Equipment, etc. 

No Quantity too Small. 
No Quantity too Large. 

11 Write or Call now . . . BARRY. WZLNI I 
BARRY ELECTRONICS 

512 BROADWAY NEW YORK. N. Y. 10012 

2 1 2 - WA 5-7000 

PERSONALIZED CUP AND STEIN. GOLD LEAF 
HANDLE AND PERMANENT BLACK LETTERS 
MACHINE WASHABLE. ATTRACTIVE AND USE- 
FUL GIFT FOR ANY HAM. SPECIFY RIGHT OR 
LEFT HANDED. CALL AND NAME. CUP $2.50. 
STEIN $4.75. PP. U.S. AND POSSESSIONS 
ONLY. CHECK OR M.O. CALIF. ADD 5':;, SALES 
TAX. SPECIAL CLUB OR COMMERCIAL IN. 
QUlRlES SOLICITED. 

D E  PIAZZA ENTERPRISES 
P. 0. Box 1127 Costa Mesa. CA 92626 

-WORLD (ISL BUREAU- 
P U N  I W r  ICI'IWI\Rl? YOUR li i %  t P L E l \ t  A R R A Y I . I  ALPHABET 
I C A L L l l  10  .4NI I'WCE IN WORLD IPILLUOIFd, A L L  FORLlGN 
COUNIRILS AN,> TO OR WIIH1N USA C I N A D A  1.110 MEXICO FOR 
4 c  EACH 

P U N  2 I O U  USE OUR SPECIAL LOG FORM AND SEN0 US A COPY 
WL SUPPLY QSL - MAKE OUT QSL - DELIVER QSL ALL FOR 
8, EACH 

5200 Panama Aue., Richmond, CA USA 94804 
Y 

m I c  FIST THE PROFETSIONAL KEYER &=, NOWWI,. .,l,TIN,,O.N TI,,.. . 
P SENOSCOCONTEST SLOUENCE PLUS YOUR CALL 

EK mM S 179% 

CUSTOUMEMORV S W %  

WRITE FOR SPECIFICATIONS 

tmm:z *bunt.onVlr W.wnu-UOIO 

AT LAST 
a SPEECH COMPRESSOR that 

REALLY WORKS 
. LOW DISTORTION CIRCUIT . 5-10 D B  IMPROVEMENT I N  

TALK POWER . FULLY WIRED & TESTED 
NOT A KIT  . SEVERAL MODELS TO 
CHOOSE FROM 

S111con transistors. FETs 
Glass c i rcu i t  boards 

0 . WORKS WITH PHONE PATCH . Qual i ty construct ion includes 

FULL WARRANTY-ONE YEAR . Performance second t o  none 

INTRODUCTORY LOW PRICES - 
$20.50 to $34.95 
( I l l inois residents a d d  5% sales tax) 

Wri te f o r  specifications 
a n d  in fo rmat ion  sheets 

(free) 

Demonstrat ion Tape BOX 1201H 
cassette avai lable CHAMPAIGN, ILL. 

($2.00 deposit) 61820 
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MULTI-ANTENNA COUPLER 
I:lrmlrintrr Antenna Switching . Couples several antenna5 to a single transmission line . Weatherproof . Compact "black box" plugs into line . Saves operat~nq Limp . Saves coax and switches . Works 

with all ty~es of antennas . Handles full legal power . Models ava~lable for all bands, 2 l o  160 meters . Prtced 
from $24.95 Write for information. 
antennalabs 

'.I , ,  . a ,  8 %  4.e 2 ,  ,.% "I ,,rs " A ~  ..,a < ""..cr75 02-3 

BACK ISSUES 
ALL AVAILABLE 68 & 69 BACK ISSUES 

12 IN ALL 

Only $4.00 postpaid 
1 

FORWARD ISSUES 
1 YEAR SUBSCRIPTION 

$6.00 
3 YEARS SUBSCRIPTION 

$12.00 
I 

ORDER TODAY FROM 

HAM RADIO MAGAZINE 
GREENVILLE, N. H. 03048 

L 
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TYMETERe 
"Time At A Glance" 
,,p qm 

1 
Wo~nut or ebony plastic core. 

A( your ~~~l~~ or 4 H. 7'h"W. 4"D. 110'4 60 

SOMETHING Really NEW! 
a name you 

will be hearing a good deal of 
from now on. 

NO Chemicals - NO Mess A revolutionary new material for the construe. 

No Layout Restrictions tion of exper~mental and prototype "printed" 
circuit boards. 

Flexible - Conforms to any Sur- Clr-Kit is high purity .o02fr copper protected by 
lacquer and coated with an exclusive heat re- 
sistant pressure sensitive self adhesive. Just 

Use for Crossovers - Either in- remove backing paper and place in selected sulate with Teflon or Mylar or use position. Press down firmly. If modifications 
are necessary just rip i t  up and start over. 

other side of board. Cir-Kit can be used for modifying existing 
Simple Circuit Changes boards or building up new ones. The perfect 

answer for small quantity applications or one of 
Full lnstru~tions a kind amateur projects. 

Send SASE for Small Sample and Complete Details 
or 

5 feet 1/16" or 118" wide $.60 Sheets 6" x 12" - $2.50 each 
100 feet 1/16" or 118" wide $7.95 or 5 for $7.95 

Order Now 

Dealer Inquiries BOX 592 The World's Most 
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RTTY? 
T H E N  WAIT! 

Coming Soon - The most comprehensive RTTY manual ever published 
RTTY Theory, Practice and Standards 

All types of RTTY Equipment, both Domestic and Foreign 
TU's many different designs including the new ST-6 soon 
to appear in "Ham Radio" 

Accessories 
Test Gear 

Operating Procedures 

Compiled by BARTG - Published by RSGB 

This book is a world-wide effort to  give the RTTY enthusiast the 
very best reference ever offered. 

Watch our ads carefully. This exciting new book will be ready soon. 

corn'-= 
Box 592 Amherst. New Hampshire 03031 

1 KING OF THE TRIBANDERS 
GAIN NEW THGDXX TRIBANDER 

$169.95 

BN 86 BALUN 
100' RG 8 COAX 
PREPAID FREIGHT U.S.A. I 

BRING OR SEND COUPON IN 
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Snide 
Some S M ~  * Remarks about Raytrack 

There are some people who marvel that a short 
wave receiver can tune in stations thousands of 
miles away. You and I know that this is normal 
and natural. There are some people who believe 
that only a linear whose name matches that of 
their transceiver will perform appropriately. You 
and I know their thinking t o  be wrong. Rut per- 
haps this confining view is just as well -- for I 
doubt if Dan Eisenmann, for example. could make 
his Raytrack Horizon VI Amplifier the beautiful 
linear it is if greater customer pressure existed. 

This six meter linear does not have a Raytrack 
transceiver t o  drive it with, it does not have a 
spurious input filter, it does not have automatic 
tuning, it does not have ALPL (Automatic Legal 
Power Limiting), and it wasn't designed t o  turn it- 
self off in a microsecond if the antenna load wasn't 
connected t o  it. Worse. it does not have the latest 
zero drive tubes parallel connected t o  enable it t o  
function at the mere thought of excitation. Dan 
wanted these features and more but we dealers 
did succeed in explaining that some of the six 
meter boys could tune an amplifier and read their 
meters correctly and that there were a few "tech- 
nicians" who had been known t o  understand 
VSWR, and further if this new amplifier were made 
completely "idiot proof '  that he  did not have 
enough money t o  finance the deluge of orders 
that would result. Then we showed him he would 
have t o  borrow at the bank. and with interest the 
way it is today the bank would be taking in more 

than Raytrack. And, damn it, the boys in the shop 
would unionize (all three of them) and that too 
would mean more expense. Then if that wasn't 
enough the IRS would suddenly take notice and 
offer t o  carry their side of the wheelbarrow to the 
hank. And Dan. if that kept up for long. the nest 
thing you'd realize is that our  cousins in J A land 
would put their noses into the air and sniff a good 
thing. too. (Where would you he then. Mr. Franken- 
stein Eisenmann?) 

And so reason prevailed. Raytrack did the proper 
thing. they concentrated on making an honest 
2 kw six meter linear wit11 real tranqmitting tuhes 
that could he  fed from anybody's Swan, Drake 
o r  Heath exciter and with simple connections -- 
only three of 'em - so clearly laheled that even 
Johnny Newham could hook it up right the 
first time. 

And they soldered every joint and put a lockwasher 
where a lockwasher was supposed t o  he and fin- 
ished their unit by testing it on the air and into a 
dummy load with proper instruments -- and lo 
fellows. look what we got - and don't say that the 
price is high 'cause it ain't! 

Study the photo and the specs and if you have 
something t o  listen with. tune me in, that is pre- 
suming that my demonstrator has not heen sold 
(the last time it lasted I 1 /2  hour --s' help me.) 

2000 Watts P.E.P. And SSB - 
Two Eirnac 3-5002 Zero Bias Triodes 4 I 
Adjustable "ALC" Network I 
1000 Watts AM, CW And RTTY 
Exciter Feedthrough 
Relative Output Indicator 
Tuneable Input 
Separate Heavy Duty Solid State 
Power Supply 
Designed For Continuous Duty 

AMATEUR NET $659.00 

HERBERT W GORDON C O M P ! !  
HELPING HAMS TO HELP THEMSELVES 
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The Yaesu FTdx 560 Transceiver. 
560 watts PEP SSB. 500 watts CW 
$450 complete. 
All you add is mike, speaker 
and antenna. 

Incredible. 

At $450 the Yaesu FTdx 560 is an in- shows you the FTdx 560's superiority 
credible buy. It would be impossible if over rigs you're more familiar with. 
it weren't for a couple of facts. One, the Once you've looked over the FTdx 560 
Yaesu is made in Japan; two, it's sold literature we think you'll agree that the 
direct to you--eliminating the big deal- amateur operator's impossible dream 
er's profit. has become an incredible fact. 

These days, when you think of Jap- 
anese-built products, think of Nikon, or 
Sony, or Toyota. And Yaesu. Our trans- 
ceivers are state-of-the-art engineered 
and carefully hand-assembled. They're 
so solid, stable and reliable we guaran- 
tee them for one year. Yaesu is quite 
likely the best transceiver made any- 
where in the world today. 

The complete Yaesu story is a long 
one. So we've compiled a comprehen- 
sive information packet that gives you 
the complete picture. Including things 
like comparative detail phot~s,  a sche- 
matic, and a comparison chart that 

SPECTRONBCS WEST 
Box 338, Lakewood, Calif. 90714 1 Telephone: (213) 421-6167 

SPECTRONBCS EAST 
Rox 1457. Stow, Ohio 44224 / Telephone: (216) 923-4567 

1 r P l i s e i n I  m G u r  G e i a e i u  GdT960 
I information packet: 
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City 8 S t a t e t i p  Code- 
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NOTHING COMES CLOSER THAN THE SWAN 500CX 
The performance of the Swan 500CX in your 
car may not quite equal your home station, but 
you will be amazed at how often the difference 
is very small. Many Swan mobile operators 
have established enviable DX records. QSL 
cards on file here at the factory verify solid 
contacts from all continents, including stations 
in Antarctica. 
Old timers who have fought QRM with old 
style AM equipment have discovered a new 
world of mobile communication thanks to  the 
Dower and ~ u n c h  of the Swan 500CX trans- 

-The 500CX installs conveniently under the 
dash of most cars, and the power supply goes 
under the hood. Add the Swan Model 35 high 
Q single band mobile antenna, or your choice 
of either the Swan Model 45 or 55 band switch- 
ing mobile antenna, and you can enjoy mobile 
operation t o  the fullest. Home station perform- 
ance with a mobile rig? Nothing comes closer 
than a Swan transceiver. 
ACCESSORIES: 

Model 500CX . . . . . . . . . . . . . . . . . . . . . . .  $565 
ceiver. The efficiency of the SSB mode coupled Model 14-11, DC supply . . . . . . . . . . .  
with the convenience of transceiver opera- 
tion and a Dower level unmatched in the Mobile Mounting Kit . . . . . . . . . . . . . . . . .  .$ I2  
field represent a combination well worth look- Model 35 Single Band Antenna, from . .$20.90 
ing into. So i f  haven't heard ZL' Model 45 5 Band Manual Switching DU or JA say I. "stand by the mobile . . . . . . . . . . . . . . . . . . . . . . . . .  station." then a Swa;l 500 CX in Antenna .$79.50 
your ca r  t h i s  summer! Model 55 5 Band Antenna 

. . .  (Remote control band selection) .$129.50 

See your Swan dealer today. 

@ SWAM 
E L E C T R O N I C S  
305 Airport Road 
Oceanside, California 92054 
A Subsidiary of Cubic Corporation 
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