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NRCl's 

NCX-1000 
the 

Transceiver 
I 

of the 70's 

1 KW Solld-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. 
Washington Street, Melrose, Mass. 02176 

617-662-7700 



IF YOU'VE 

REPEATER, 

If y o u  haven't 

already received 

a copy of our  NEW 

1970 Catalog o f  Precision 

Quartz Crystals & Electronics 

for  the Communications Industry, 

SEND FOR YOUR COPY TODAY! 

Somewhere along the line, i n  vir- 
tua l ly  every ham repeater i n  the 
world, you ' l l  f i n d  a couple o f  Sentry 
crystals. 

Repeater owners and FM "old- 
timers" don ' t  take chances w i t h  
frequency-they can't a f fo rd  to. A 
l o t  o f  repeater users depend o n  a 
receiver t o  be o n  frequency, rock 
stable ... i n  the dead o f  winter  o r  the 
middle o f  July. The  repeater c rowd 
took  a t i p  f r o m  the commercial 
"pros" a long t ime ago-and went 
the Sentry Route. 

That's one o f  the reasons y o u  can 
depend o n  your  local repeater t o  be 
there (precisely there) when you're 
ready t o  use it. FM'ers use the 
repeater o u t p u t  as a frequency stan- 
dard. A n d  fo r  accuracy, crystals b y  
Sentry are T H E  standard. 

IF  YOU WANT THE BEST, 
SPECIFY SENTRY CRYSTALS. 

U'VE USED A 

SENTRY MANUFACTURING COMPANY S Crystal Park ,  Chickasha,  Oklahoma 7301 8 
l-T- - PHONE: (405) 224- 6780 

TWX-910-830-6425 



Hearing, i s  believing! 

INCLUDING THE FAMED DRAKE RELIABILITY 

Years of Drake transceiver design experience make the 
TR-4 one of the finest available. Ahead in  circuitry and 
compact lightweight packaging, it is ideal for mobile 
use, portable, and vacations. USB, LSB, CW or AM. 

300 Watts PEP input on SSB, 260 watts input on CW. Com- 
plete Ham Band Coverage: all necessary crystals for 80 thru 
10 meter ham bands. Separate Sideband Filters: Nominal 
1.7:l Filter Shape Factor: Crystal Calibrator VFO Indicator 
Light Automatic CW Transmit Receive Switching Solid State 
Permeability Tuned VFO for accurate 1 kHz divisions on all 
bands. VOX or PTT for use on AM or SSB. 

ACCESSORIES 

AC-4 120V 50/60 Hertz 
Power Supply . . . . . . . . . . $ 99.95 

DC-4 12 VDC Solid State 
Power Supply . . . . . . . . . . $125.00 

MS-4 Matching Speaker . . . . $ 22.00 
RV-4 Remote VFO- 

Separate Receive and 
Transmit frequencies on 
same ham band . . . . . . . . $110.00 

FF-1 Crystal-Control Adaptor $ 26.95 
MMK-3 Mobile Mounting Kit $ 6.95 

R. L. D R A K E C O M PA NY 540 Richard Street, Miamisburg, Ohio 45342 
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T .. jirn 
B ond I O O  k fish 

Perhaps you've noticed the articles in the 
national news media aimed at educating 
the lay public about the electronic com- 
puter and its impact on modern society. 
Some of these news items are well done 
and reflect the responsibility of the repor- 
ter. Others, while leaving something to be 
desired in authenticity, nevertheless pro- 
vide some amusing reading. An example 
of the former is the extensive coverage 
given to the Apollo 12 lunar landing 
module navigational computer and i t s  
vital role in the success of the mission. 
These reports did a pretty good job of 
informing the public about a complex 
subject in a nontechnical manner. On the 
other hand, articles in the same publica- 
tion described the computer as some kind 
of electronic monster bent on invading 
personal privacy and generally disrupting 
the status quo of the credit consumer and 
taxpayer (i.e., you and me). 

Regardless of what the public is led to 
believe in the national news media, the 
fact remains that the computer and the 
vast industry behind i t  are a solid part of 
the American scene and will be around 
for awhile. 

A casual glance at the electronic indus- 
try trade journals will give an idea of how 
rapidly computer technology is  changing. 
The intense competition for new markets 
has resulted in innovations, new devices, 
higher speeds, and more efficient circuits. 

An area of computer innovation not 
generally known to the public is inter- 
active computer graphics. Simply stated, 
the technique consists of using hardware 
designed to enable the engineer to com- 
municate directly with the computer. In a 
typical application, the engineer watches 
the problem on a crt screen as the 
solution is being developed. He can com- 
municate directly with the computer 
through a light pen and a typewriter. The 
typewriter allows him to carry on a 
conversation directly with the computer; 
he uses i t  to respond to cues displayed on 
the crt screen. The light pen, which is a 
pencil-shaped bundle of fiber optics 
coupled to the crt, allows the engineer to 
precisely place lines or circles of desired 
dimensions on the crt screen, create new 
shapes, or change the display to the 
desired scale-all in real time. 

The beauty of interactive computer 
graphics lies in the phrase, "in real time." 
Using former techniques, the engineer 
was required to design a program, run it, 
study the printout, then iterate changes 
through the system until an acceptable 
solution was obtained. A t  upwards of 
$600 an hour for computer time, it's easy 
to understand why this new innovation of 
computer technology has been received 
with such enthusiasm. 

Jim Fisk, WIDTY 
editor 
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gallium arsenide 

experiments 

Theory and 

application 

of light-emitting 

diodes and 

photodetectors 

in communications 

circu its 

One o f  the  most  interesting fields o f  
electronics that  has been neglected b y  
amateurs is communications b y  lasers and 
their relatives, the l ight-emitt ing diodes. 
Experimental data is meager i n  the am- 
ateur literature. Ready-made equipment, 
o f  course, doesn't exist. 

I became interested i n  bu i ld ing a d iode 
laser communications l ink between m y  
home and a local broadcast station, b o t h  
fo r  the novelty o f  the idea and t o  com- 
municate w i t h  colleagues. The  experi- 
ments reported i n  this article are a first 
i terat ion toward achieving the laser l ink. 

The  professional l iterature describes 
bulky, expensive optical devices as mod-  
ulators placed i n  f ron t  o f  equally expen- 
sive ruby  rods o r  gas lasers. The  light- 
emitt ing diode (LED) and d iode injection 

Broad-area quadrature detector for broadcast- 
band response. A 1-MHz pilot carrier, injected 
through the lens shade. produced sidebands 
above and below 1 MHz in a Hallicrafters 
sx-122. 
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laser are well within amateur means, so I 
investigated those. 

My early experiments were made with 
equipment designed from scratch and 
with a minimum of help from reference 
material, because I wanted to learn by 
doing. After much trial and error, I was 
able to achieve what I believe is an 
amateur world record for one-way 

a word of caution 
Unless you've had experience with 

laser diodes, I'd recommend starting first 
with LED's. An early attempt with in- 
jection lasers ended in disaster. These 
devices must be operated with a power 
supply duty cycle of 0.1  percent^ 

preferably less. The average power of a 
diode laser must be kept low to avoid 

VISIBLE 
LIGHT 

4 b.- 
ULTRA 

+UHF- t S H F 4  c E H F +  M u  FAR-INFRARED-NEAR I i i I Z l  
I I 

3 x109 3 ~ 1 0 ~  3x107 3x106 3 x 1 0 ~  3 x 1 0 ~  3 x 1 0 3  3Xlo2 

WAVELENGTH (WGSTROMSI 

I I I I I I I I 
I 1 0  lo2 103 18 105 106 10' 

FREQUENCY 1GHrI 

I I I I I I I I 
30 3 0 3 3x16 '  3x10.' 3 x 1 0 ~  3 x 1 ~ ~  3 x 1 0 ~  

WAMLENGTH (CMI  

fig. 1 .  Approximate  spectral regions. "Near" I R  and UV spectra are referenced t o  visible light. 

ranging with LED's: a distance of 250 overheating, so pulsed power supply is 
feet. This was done with the equipment used. I f  its duty cycle is much above, say, 
described in the following paragraphs. 1 0.05 percent the injection laser will go 
used a GE SSL-4 LED transmitter and a up in smoke no matter how good its heat 
broad-area detector comprised of seven sink. Cryogenic cooling allows higher 
GE L14A502 phototransistors in a duty-cycle pulsing, but this is beyond the 
honeycomb matrix." The 250-foot range means of most hams. 
is five times as far as that obtained with 
commercially designed equipment using a operating frequency 
white (incandescent) noncoherent light 

The equipment used in these experi- 
source and the same type detector. 

ments operated in the infrared region (fig. 
"The SSL-4 is available f rom G .  E. for about 1). Because of the nearness of infrared to 
$7.50. Write Miniature Lamp Dept., General the visible light portion of the spectrum, 
Electric Company, Nela Park. Cleveland. Ohio optical equipment can be used to enhance 
441 12. The L14A502's were obtained f rom G .  
E. as a sample operation. The optics I used were a sur- 

plus NC-3 gunsight, an fl1.9 two-inch- 
t ~ h e  gunsight ($10.00) and achrornat (about diameter achromatic lens. and a surplus 
$3.50) are ava~lable f rom Edmund Scientific ~ ~ i ~ i ~ h  type cv.148 sniperscope image 
Company, 101 E .  Gloucester Pike, Barrington. 
New Jersey 08007. The CV-148 ($5.00) can be 

tube.+ The gunsight was used to collimate 

obtained f rom John Meshna, Jr., Box 62, E. light rays the LED; the achrOmat 

Lynn,  Massachusetts 01904. was used to focus light input and output. 
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The image tube was used as an infrared 
detector in some experiments. Its sensi- 
tivity is low for LED work, but it's a 
good detector for laser use. 

how LED's work 
When driven by an external power 

source, certain semiconductor materials 
produce light. The light can be in the visi- 
ble or invisible part of the spectrum, 
depending on certain laws of quantum 
mechanics. I f  an LED's p-n junction is 
forward biased, electrons from the n 
region (valence band) will flow across the 
energy-band gap into the p region (con- 
duction band). Here the electrons re- 
combine with electron holes, then fall to 
a lower energy level where they emit a 
photon, which is a quantum of light. 

The wavelength of the emitted photon 
depends on the energy-band gap between 
the n and p regions. LED's constructed of 

glossary 

responsivity output signal per unit 
input signal of photo- 
dectector. 

sensivity change in output per 
unit input change of a 
photodetector. 

spatial coherence phase relationship be- 
tween two wave trains 
in space (determines 
output directivity of a 
laser). 

spectral coherence a measure of the restric- 
tion of a photode- 
tector's light output to  
a single wavelength or 
band of wavelengths 
(i.e., color response). 

lasing phenomena exhibited 
b y  certain materials 
w h e n  the threshold 
c o n d i t i o n  has been 
achieved for self-sus- 
taining photon emis- 
sion. 

Improved Broad-area detector using seven GE 
L14A502 photo transistors connected as di- 
odes. A maximum range of 250 feet was 
obtained at twilight with this unit. A surplus 
NC-3 gunsight was used as a collimator. 

gallium arsenide (GaAs), as used in my 
tests, have a band gap that permits radia- 
tion in the near infrared region (refer- 
enced to visible light; fig.1 ) .  Visible light 
may be emitted from LED's with a wider 
band gap. For example, LED's made of 
gallium phosphide emit green light. 

LED output i s  determined by the 
geometry of the host material pellet and 
the device's packaging. Some GaAs LED's 
are packaged with a parabolic reflector as 
part of their structure. An epoxy lens col- 
limates the light output to a very narrow 
region of the device's optical axis. 

LED light output is noncoherent, 
whereas that from a laser is coherent. The 
significance of these terms will become 
apparent when we consider the laser, dis- 
cussed n6xt. 

lasers 
The first operating laser was demon- 

strated by T.H. Maiman in 1960. Its 
principles have been covered extensively 

monochromaticity degree of response to 
in the literature. The following brief de- 

one color in the electro- scription, although considerably simpli- 
magnetic spectrum. fied, i s  given to show the comparisons 
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between LED'S and lasers. coherence 
Laser is an acronym for "light ampli- 

fication by stimulated emission of radia- 
tion." In its most prevalent form, the laser 
is used as an oscillator. I t  can be used as 
an oscillator. I t  can be used as an am- 
plifier, but its spontaneous (noncoherent) 
emission is so great that i t  doesn't per- 
form well as an amplifier at low input 
levels.* 

An LED, as explained above, emits 
light due to the transition of electrons be- 

DETECTOR 

SUPPLY 
CIRCUIT 

,I/ 
OPTICS 

fig. 2. Basic arrangement for a simple pulsed 
light system. Achromat lenses increase perform- 
ance. but are difficult to align if separation 
between source and detector is great. 

tween energy levels. However, the light 
output is noncoherent, which means its 
phase and amplitude are not correlated 
(recall that if two wavetrains of the same 
frequency are in phase, their amplitudes 
are maximum). 

In  a laser, radiation from an external 
source, called a pump, raises the electrons 
of the active material from a lower to a 
higher energy level. Some of the electrons 
are absorbed, but some will be driven 
downward to an intermediate level, from 
which they will return to their original 
low-energy state and emit photons. This 
process, called stimulated emission, con- 
tinues in a chain reaction similar to a 
nuclear explosion. I f  the laser output is 
coupled to a resonant circuit of high 0, 
and if certain optical arrangements are 
used, an extremely powerful and co- 
herent light source is  produced. 

The difference between laser and LED 
operation is that LED's do not exhibit 
stimulated emission, and their light out- 
put is spatially noncoherent. 

Two types of coherence are involved: 
spectral and - spatial. The former deter- 
mines how closely light output is re- 
stricted to a single wavelength or band of 
wavelengths, while the latter pertains to 
waves in space. Spectral coherence is  a 
measure of monochromaticity. Most 
LED's and al l  lasers produce monochro- 
matic (single-color) light. Since spatial 
coherence depends of the frequency of 
pumping radiation, which does not occur 
in LED operation, LED's exhibit little 
spatial coherence. 

I f  the input wave to a laser (supplied 
by the pump) has plane wave fronts, the 
laser's output will also contain plane 
waves. The degree of phase correlation 
(or regularity) between these plane wave 
fronts i s  a measure of spatial coherence, 
which determines directivity. The laser 
beam will have almost constant width for 
a distance, S, according to the following 
relationship 

where D is  the diameter of the laser out- 
put source, and A is the wavelength of 
radiation. Beyond this distance, S, the 

The SSL-4 LED mounted in an Am- 
phenol MX-1025/U cable termination. 
encapsulated with epoxy (right). The 
surplus CV-148 image tube is shown at 
left; the battery supplies 510 volts for its 
photocathode. 

'Thus the term "loser" i s  sometimes used; i. e., 
"light oscillation by stimulated emission." 
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wave begins to assume a conical shape 
with wave fronts assuming a sphere, as in 
radiation at radio frequencies. 

pulsed light systems 
A simple pulsed light system using 

LED's is shown in fig. 2. This basic sys- 
tem can be modified to include a speech 
modblator and various postdetection 
amplifiers, as well as the optics shown 
focus divergent light to allow wider spa- 
tial separation between LED and detec- 
tor. The theoretical separation is of the 
order of several miles. In practice, this is 
limited to several yards because of the 
difficulty in aligning the optics and LED 
response to stray fields. 

detectors 
The limiting element in an LED com- 

munications system is the detector. The 
best detectors for light transmission have 
high responsivity and sensitivity. Minority 
carrier lifetime determines responsivity, 
whether we're discussing photodiodes, 
photo transistors, or image tubes. A de- 
tector with high responsivity will deliver 
an output signal within picoseconds after 

ELECTRIC OR 
/MAGNETIC FIELD 

- PHOTOCATHODE PHOSPHOR 

fig. 3. A typical electron image converter 
tube. These respond well t o  pulsed light 

sources b u t  sensitivity is l o w  f o r  L E D  
work.  

an input signal is applied. Sensitivity is a 
measure of the change inn detector's out- 
put per unit input signal change. Some 
authorities use the word "responsitivity" 
t o  describe detector performance-a 
coined word combining both terms. 

broad-area response 

Another important consideration for 
light detectors is broad-area response. A 
simple analogy using the human eye will 

explain this. If you've ever been on a hill- 
top at dusk you may have noticed how 
bright an incandescent lightsource ap- 
pears on the skyline. Here we have many 
point sources of light that are partially 

HEATH TWO'ER 

+ 1 m v  
ZENER REGULATED 

5W 

HEP 24 1 

TRIGGER  KEY.-^, 
fig. 4. A pulsed power supply for  L E D ' s  

that develops about 900 mW. It 's not 
suitable for  an injection laser, however. 

collimated into parallel rays. With suffici- 
ent sensitivity, there's almost no limit to 
the amount of incident light falling on 
the broad-area retina of the eye. A photo 
detector should have an array of at least 
ten input sources to receive noncoherent 
radiation from an LED. 

I made my broad-area detector array 
by arranging several GE type L14A502 
photo transistors in a honeycomb matri)c. 
These were connected as photodiodes in a 
lens-in-can arrangement to provide optical 
gain. 

detector response 
Photo transistors (or more correctly, 

photo duo-diodes) are of the npn type. 
When operated in the reverse-bias mode, I 
consider them to be p-n diodes. They re- 
spond to rms output only. Peak power, as 
from a pulsed system, can't be sensed by 
these devices, even with a 6 percent duty 
cycle. The only diodes that respond to 
peak input are the p-i-n types such as the 



Schottky barrier diodes. However, these higher sensitivity and spectral response 
are rather expensive." when considering the CdSe cells. 

The cadmium selenide (CdSe) photo 
cell has relatively high sensivity, but suffers the image converter tube 
from the same disadvantage as the com- The S1 image tube is  a good candidate 
mon npn photo duo-diodes: linear re- for an infrared detector. A simplified 

. - - 

ASTABLE MULnVIBRATDR 
l w o  PPS 

LOW- POWER E D 3  

fig. 5. A power supply good for 1.25 watts. Duty Cycle is 50 percent. Speed-up diodes D l  and D2 
shape the output pulse trailing edges. 

sponse. An envelope detector must be 
used with these for best results. Cadmium 
selenide cells exhibit a spectral shift fur- 
ther into the visible light region. You 
must, therefore, make a tradeoff between 

"The type PIN-5 ($24.00 post-paid from Unit- 
ed Detector Technology) seems to have greatest 
responsivity for pulsed light. 

sketch is shown in fig. 3. These tubes 
respond to pulsed light because the 
phosphor screen (made of Willemite PI 
phosphor) has a storage effect on the re- 
combined secondary carriers received 
from the photocathode. The storage 
phonomenon results from a sort of math- 
ematical integration of impinging elec- 

fig. 6. An L E D  modulator. Circuit on right can be used for improved voice modulation (per JA3HA). 
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2N3866 

2N3866  

3 3  
2N3866 

W 3 8 6 6  

- 

MILLER 
73FU4AF 

a 

.. 2 2 0  
:: IW 

- 
J 

RCA TYPE TA- 7324A 

TA- ?234 /SSL-4 MEULATOR 
WTPUT OPm - USE LOW 
NDC VIDEO CWKE 



trons. Image tubes that respond to repeti- 
tion rates of the order of 100 pps are 
made of P20 phosphor. Nonimaging 
photodiodes, properly biased, operate 
similarly on pulsed light: the Schottky 
barrier is an equivalent mechanism to the 
image tube phosphor in its storage effect. 

power supplies 
A pulsed power supply that will deliver 

900 mW is shown in fig. 4. I t s  duty 
cycle is about 1 percent. When the capaci- 
tor i s  fully charged the HEP-241 bipolar 
switches the pulses through the scr, which 
acts as a gate. The result is a current pulse 

less than 200 nsec. Diodes Dl and D2 
shape the trailing edges of the pulses. 

The series resistor in the output should 
be 4, 6 or 10 ohms when the supply is 
used with LED's such as the ME-2, SSL-4 
or TA-7324A respectively. I'd recom- 
mend using a no. 248 miniature lamp to 
replace the LED when testing a new 
light-source design. It's a lot better to 
blow up a lamp than an ME-2 at $30.00 
each. 

modulators 
The modulator shown in fig. 6 is pat- 

terned after a circuit in G.E. Solid-State 

fig. 7. Quadrature detector used for  receiving LED output  translated t o  the broadcast band. C l  is 
five .005 capacitors i n  parallel; R 1  is five 5 6 0  o h m  resistors in  parallel. T 1  is a tuned quadrature coil 
wound on 57-1736 carbonyl sf toro id;  primary is no. 32  wire  wound t o  f i l l  7/8 o f  the core; 
secondaries are 1/8 of the core's circumference. T 2  is a 1 : l  quadrature coil and consists of no. 32  
wire wound t o  f i l l  a 57-1736 toroid. 

whose amplitude is  determined by dy- 
namic response of the thyristor. Pulse 
width is determined by the supply's 
dynamic resistance and the 2k resistor. 
This circuit is very good for 70-ampere- 
peak, high-threshold emitting devices but 
is unsuitable for injection lasers. 

A 50 percent duty-cycle pulsed supply 
is shown in fig. 5. The heart of the circuit 
is an astable multivibrator. The supply 
puts out square pulses with a rise time of 

Lamp Manual No. 8270. 1 made changes 
to allow use of npn overlay transistors in 
place of the original pnp's. This circuit 
will work between audio and video fre- 
quencies. Shielding may be a problem 
when using the modulator with LED's. 

The modification shown on the right 
of fig. 6 is based on experiments by 
JA3HA for voice modulation. The LED 
on the right is forward biased to half max- 
imum cw current value, with no modulat- 



ing signal present. A 500 Hz tone is then 
npplietl, and average forward current is 
increasetl to 2 amps. (The LED must Ile 
in a heat sink.) The 500-Hz soill-ce i s  then 
replaced with a speech ampliltel-. Voice 
peaks will not cause Idsing in the LED. 

a single-port input. All three ports, i f  
used, have a common ground. Ninety- 
degree phasing exists between the two 
output ports, netting 180° as in a con- 
ventional balun. Advantages are reason- 
ably high gain, no neutralization, and 
limited bandwidth at the lower resonant 
frequencies. It also has low noise re- 
sponse. 

The optical input to this detector con- 
sisted of five G.E. L14A502's operatina ., 
nonl inearily (rms response), connected in 
a matrix. 

S L I M  
SWITCH detector for 50 MHz 

OFF 

f i g .  8 .  Simple photodetector for 
50-MHz response. One or more photo 
transistors can be used, depend~ng on the 
tuning method. The pramary of T 1  is 2 
turns, secondary IS 7 turns on a Perma- 

cor 57-6075 toroid. 

quadrature detector 

A simple circuit for one or two photo- 
diodes is shown in fig. 8. Parallel instead 
of series tuning is suitable for one photo- 
diode. With a junction capacitance of 2 
pF, i t  should be possible to tune as many 
as five photodiodes in parallel. In a 
series-tuned arrangement, 10 pF should 
allow response to perhaps 400 MHz. 

broad-area detector 
My most successful broad-area detector 

used seven GE L14A502 photo transis- ,. ..,,., 

A successfl~l detector for output in the tors connected as photodiodes (fig. 9). 
broadcast band is shown i f  fig. 7. The Component values were chosen to bring 
circuit i s  similar to a 1:1 balun, except the response of the IC into the audio 
that output is obtained at two ports from region. The surplus tape head shown in 

0 
it' 1 

T h e  1.25-watt LED 
power supply. This sup- 
ply runs quite hot, and 
should have a 2.5- 
ampere transformer and 
2.5-ampere epoxy recti- 
fiers. Wakefield 25451 
heat sinks are used for 
t h e  astable multivi- 
brator transistors. 
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the schematic couples output into high- tectors for ranges of the order of a mile. 
impedance headphones. LED'S used with optics allow narrow- 

conclusions 
beam transmission, but optics alignment 
is very difficult. 

I t  is tlifficult to pulse modulate LED Finally, common light sources have 
light beams. Audio and vicleo modulation much greater spatial beam spread than 
is practical at 1000 feet or less; however, LED's. However, ordinary 50,000-hour 
the limiting parameter is stray fields. An- lamps can be replaced by LED'S for per- 
other factor is the requirement of ex- haps 25 years before the LED output de- 
pensive, high-voltage photomultiplier de- creases to half power. 

fig. 9. Improved broad-area detector using L 1 4 A 5 0 2  photo transistors and an R C A  CA3035  IC  
audio amplifier. With this unit and an SSL-4 light source. I achieved a range of 2 5 0  feet. C1  i s  seven 
.O1 capacitors in  parallel; R l  is seven 680-ohm resistors in parallel. T I  is a surplus magnetic tape 

head. Capacitor CZ is from .O1 to .033, depending upon desired audio response. 

Another view of the broad-area detector. references 

1. "Solid-state Lamp Manual 3-8270," Speci- 
alty Lamps Market Development & Product 
Planning, M in~a tu re  Lamp Dept., General Elec- 
tr ic Company, Nela Park, Cleveland, Ohio 
441  12. (Price: $2.00 for 1968 edit ion) 
2. E. K. Howell, "Effective Irradiance,"Techni- 
cal I n f o r m a t ~ o n  Series R66-EGP-9, General 
Electric Semiconductor Producn Dept., Elec- 
tronics Park, Syracuse, New York. 
3. Al lan Lytel,  "ABC's of Lasers and Masers, 
No. IAL-2," Howard W. SamslBobbs-Merrill 
Publish~ng Company, Indianapolis. Indiana, 
1965. Price: $1.95. 
4. "L14A502 Data Sheet," General Electric 
Company, Nela Park, Clevtsland. 01110 441 12. 
5.  "Solid-State Lamp Bullet in 3-8268," Minia- 
ture Lamp Dept.. General E lec t r~c  Company, 
Nela Park, Cleveland. Ohio 441 12. 
6. "Application Note 3439," FICA Electronic 
Components & Devices, Harrison, New Jersey, 
issued June. 1967. 
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modulation standards 

for 

vhf fm 

A discussion 

of modulation 

circuits 

and techniques 

to improve 

the performance 

of fm systems 

It is  not widely realized that there are 
certain variables in frequency modulation 
or fm that must be defined and standard- 
ized before full compatibility is obtained 
between transmitting and receiving equip- 
ment. In this article I will attempt to 
identify these variables, point out current 
standard practice and discuss how these 
standards affect transmitter and receiver 
circuitry. 

modulation level 
In amplitude modulation systems the 

modulation limit is related to carrier 
level. This limit is called 100 percent 
modulation. There is no such inherent 
limitation for fm systems. Any modula- 
tion level, or deviation, may be trans- 
mitted as long as the receiver bandwidth 
will accept i t .  

Two standard receiver bandwidths are 
currently found in amateur practice. 
These bandwidths, as well as most of the 
other standards which we will discuss, 
stem from commercial practice-and the 
large amount of commercial fm equip- 
ment used by amateurs. The most com- 
mon bandwidth permits a deviation of 
515 k H z ;  this referred to as wideband. 
Newer commercial equipment permits a 
deviation of only +5 kHz;  this referred 
to as narrowband. (Narrowband should 
not be confused with the nbfm permitted 
on the amateur bands below 30 MHz; 
nbfm is  limited by regulation to +-3 kHz.) 

Narrowband may be copied on a wide- 
band receiver with only a slight loss of 
audio, but wideband is not copyable on a 
narrowband receiver because of modula- 
tion excursions out of the receiver pass- 
band. When both types of equipment are 
in use, modulation levels are set for the 
narrower receivers. 



fig. 1. Modulating frequency dependence of 
f m  and p m  w i t h  constant audio input level. 

audio response characteristics 
Through use, "frequency modulation" 

has come to refer to any angular modula- 
tion system, either true fm or pm (phase 

A constant audio level applied to a 
frequency modulator will result in a 
certain frequency deviation which does 
not change with the modulating frequen- 
cy. However, a constant audio level ap- 
plied to a phase modulator will only 
result in a constant peak phase shift. The 
frequency deviation depends on how ra- 
pidly the phase shifts. Since the phase 
shift becomes more rapid as the rnodu- 
lating frequency is increased, the frequen- 
cy deviation of a phase-modulated trans- 
mitter is directly proportional to the 
modulating frequency as shown in fig. 1. 

The result is that a pm signal detected 
in an fm discriminator will have a 6 dB 
per octave rising audio characteristic. This 
can be overcome in one of two ways. I f  
an RC network that will cause a 6-dB-per- 
octave rolloff across the entire audio 
range is placed in the transmitter audio 

TRANSMITTER RECEIMR 

AUDIO 
PHASE 

R F  
M1LULArnR 

fig. 2.  Frequency modulat ion and fm-equivalent systems. 

modulation). Although the difference be- (before the phase modulator) the trans- 
tween an fm and a pm modulator is mitted signal will be identical to a true fm 
known, i t  is not widely realized that the signal (fig. 28).  The alternative is to place 
two systems result in an inherent differ- the same RC circuit after the frn discrimi- 
ence in audio-response characteristics. nator in the receiver (fig. 3A).  In this case 

TRANSMITTER RECEIVER 

fig. 3. Phase modulat ion and pm-equivalent system. 
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the system audio will still have a net flat 
response but the transmitted signal will 
be pm. 

I t  is pm which is standard for commer- 
cial' f 2  and amateur use. For this reason, 
when a frequency modulator is used an 
RC network with a 6-dB-per-octave rising 
characteristic is placed in the transmit 
audio circuit prior to the modulator (fig. 
3B). I f  steps are not taken to assure 
standardized audio response different 
equipment combinations can result in 
either high- or low-pitched received audio 
with accompanying loss in intelligibility. 

The RC rolloff network used in the 
above examples should have a time con- 
stant of RC=530 microseconds for a 
low-frequency limit of 300 Hz. The rising 

AUDIO STAGE 

T 

fig. 4. Modi fy ing an a-m receiver t o  slope 

detect pm.  Capacitor C and switch are added. 
Shunt clrcuit impedances are assumed to be 
hlgh relative t o  R and are ignored in  computing 
RC. 

response RC network for use with a 
frequency modulator should have a time 
constant of R'C'=53 microseconds for a 
high-frequency limit of 3 kHz (R in 
ohms, C in farads). The closest standard 
component values may be used. 

An improvement in reception may be 
gained when slope detecting pm on an 

fig. 5. Speech cllpping for  con- 
stant maxlrnum frequency d e v ~ a -  AUDIO 

t ion wi th  phase modulation. R ' C '  
= 53  rnlcroseconds and RC = 5 3 0  

rnlcroseconds for  3-dB points at 

300 and 3000 Hz. 

a-m receiver if audio rolloff is added as 
with the fm discriminator. Not only will 
the unnatural high pitched quality be 
eliminated, some noise reduction will 

result. A shunt capacitor may be selected 
for the proper time constant (530 micro- 
seconds may be used) in conjunction with 
an existing plate load resistor (see fig. 4 ) .  

FREQUENCY ( H z )  

fig. 6. Normal ized response 

of the  circuit of fig. 5. 

Provision should be made to switch the 
capacitor out for a-m reception. This 
arrangement is recommended for moni- 
toring purposes only because of the infe- 
rior reception provided by slope detec- 
tion. Also, tunable receivers are discour- 
aged for fm communications because 
they encourage poor operating practices. 

speech clipping 
Speech clipping is a useful method of 

maintaining high average deviation levels 
without going beyond the receiver band- 
pass. It has previously been established 
that the system in use is phase modula- 

~ - z + & % $ = q  MODULATOR 

tion; since pm exhibits a different devia- 
tion level for each modulating frequency 
it's obvious that fixed amplitude clipping 
by itself will not work unless it is made 



frequency dependent. This is normally Summary 
done as shown in fig. 5 by preceding the Despite the fact that fm is the general 
clipper with a network with a 6-dB-per- term applied to angular-modulated vhf 
octave rising characteristic. This enables and uhf work, the truth is that p n  is the 

system in use from the point of view of 
system audio response. Audio compen- 
sation must be used with fm modulators 
and detectors to maintain correct audio 
recovery for maximum intelligibility. 

Modulation levels are restricted only 
by receiver bandwidths (except on those 
lower frequencies where the FCC speci- 
fies maximum bandwidths). Speech clip- 
ping is almost universally used but special 
audio frequency processing is necessary in 
the transmitter to limit a pm signal to a 
constant maximum frequency deviation. 
Standard modulation levels are wideband 
( 1 5-kHz deviation) and narrowband 
(&kHz deviation). 

MODULATING FREOUENCY (HZ) reference 
fig. 7. Deviation character- 
istics of the circuit of  fig. 5. 

the clipper to take a bigger bite of the 
higher frequencies. The clipper is fol- 
lowed by a 6-db-per-octaverolloff network 
that restores the unclipped audio 
to a flat response as shown in fig. 6. The 
net result is a pm signal clipped to a 
constant maximum frequency deviation. 

When the audio clipper i s  used with a 
frequency modulator rather than a phase 
modulator, network RC is  left out but R'C' 
is left in. The resulting signal is thesame as 
pm limited to a constant maximum fre- 
quency deviation. 

It should be noted that excessive 
clipping with this method will cause a 
noticeable loss of high audio frequencies. 
However, at normal clipping levels the 
spectral distribution of speech is such 
that little high-frequency clipping takes 
place, and the highs appear normal. This 
loss effect has been noted on many 
improperly adjusted repeaters around the 
country where the receiver i s  overdriving 
the clipper. Not only i s  excessive distor- 
tion created by too much clipping, but 
further degradation of intelligibility is 
caused by the muffled highs. 

1. EIA Standard RS-152A. "Minimum Stand- 
ard for Land-Mobile Communications FM or 
PM Transmitters 25-470 Mc.," Electronic In- 
dustries Association, 1959, Section 6. 
2. EIA Standard RS-204, "Minimum Stand- 
ards for Land-Mobile Communications FM or 
PM Receivers." Electronic Industries Associa- 
tion, 1958, Section 11.  
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"I'll betcha a steak dinner 
that he's not  married." 
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solid-state 

conversion 
of the 

Circuits 

for modernizing 

your gr id-dip 

osci l lator 

to  obtain 

greater flexibil ity 

and sensitivity 

The grid-dip oscillator i s  one of the most 
useful items of test equipment to  have 
around the ham station. The main short- 
coming of most tube-type gdo's is their 
requirement for ac power. This i s  no 
problem at the workbench, but it's a 
definite limitation for portable or mobile 
work. Anyone who has used a gdo to 
tune an antenna knows what a chore it 
can be to run an ac power extension line 
up s tower not to  mention the safety 
hazard. 

Today's catalogues offer a selection of 
solid-state "dippers" in an attractive price 
range. They have the advantage of being 
usable anywhere. I f  you already have an 
older gdo, you may have considered 
trading i t  in for one o f  the comtemporary 
models, or 1n;lybe even l~ui ld ing a solid- 
state unit from scratch. 

A simpler and much cheaper solution i s  
to convert your tulle gdo to  a solid-state 
circuit. I f  you're re l~~ctant  about tearing 
into a commercially built uni t  or k i t  
don't be. The conversion task is simple, 
painless, and can be done in an evening. 
The result will give you the performance 
and flexibility of the latest models a t  a 
fraction of the cost. 

the  tuned c i rcu i t  

Before you I-each for the soldeling 
iron, inspect your tube~typegdo'sschema- 
tic. The tunecl circuit will influence your 
tlecision on the solid-state circuit to  use. 
You'll want to keep the t~ lned circuit 
intact as well as the dial calillration. Thus, 
you won't have to change your plug-in 
coils. 

The gdo is nothing mot-e than a silnl~le 
oscillatol-. In tulle types, the rectified grid 
cclrlent i s  rne;tscrred on a meter to  indi 
cate a "dip" when power is ahsolbed 



from a nearby resonant circuit. Solid- 
state devices don't have grids, or course, 
so an indication on a solid-state gdo's 
meter is obtained from the oscillator's 
rectified output. The basic operating prin- 
ciple i s  the same In both circuits. 

Common tuned tank circuits used in 

TUNING u C m C I  FRAME TOR 

GROUNDED 

Q 0 e 
fig. 1. Typical tuned circults used in  gdo's. 
Split-capacitor tank I S  shown in  A ;  parallel 

grounded and parallel ungrounded versions in  B 
and C. 

commercially built gdo's are shown in fig. 
1. Your schematic will show if your. ~ ~ r i i t  
has a split-capacitor, parallel-grountied, or 
parallel-ungrountled tank. This will deter- 
mine the type of solitl state circuit you 

fig. 2. Solid-state gdo w i t h  
split-stator tank. A pnp 

transistor could also be 
used by reversing battery 

polarity.  

might try it. Your final decision will 
probably be based on what's on hand. 

npn or pnp circuit 

An npn transistor circuit I used in 
converting a Heath model G D - l B ,  which 
has a split-stator tank, is shown 111 fig. 2. 
This circuit worked well with many tran- 
sistors, including the 2N2926 and 2N706, 
up to 200 MHz. 

A pnp transistor may be ~~secl in the 
same circuit if ~ O L I  reverse the battery 
polarity. In both cases oscillator output 
was more stable than in the original tube 
circuit. Less frecluent adjustment of the 
sensitivity control was required during 
measurements. 

common-base circuit 

I f  your tube gclo has an ungrounded 
parallel tank, the common-base circuit 
shown on page 442 of the RCA Tran- 
sistor Manual, Series SC-12 (reproduced 
in fig. 3 1, is suitable. 

fet oscillator 

The cjrcujt J finally used to convert my 
Heath GD 1B is shown in fig. 4. Advan- 

ORIGINAL ~ X I L U ~ ~ O R  DETECTOR / METER 
TUNED CIRCUIT CIRCUIT 

C I R N I T  

m---- 

can use. 
For the solid-state device, you have a 

choice of a bipolar transistor, fet, uni- 
junction transistor, or tunnel diode. All 
give good performance with minor varia- 
tions. For simplicity, only the first two 
arc considered. However, if you have a 
favorite unijunction-diode circuit you 

t;ryes over the ci~.cuit in fig. 2 are fewel- 
components and gl-eater sensitivity in 
obtaining a dip. This circuit recluires a 
higher voltage s~rpply, however. I user1 
two 9-volt transistor batteries in series to 
obtain full.scale meter deflection over the 
instrument's range. 

Since it i s  impractical to illustrate a l l  
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the applicable circuits for gdo conversion, but don't do this until all other compo- 
I've included a list of articles in the nents are mounted. 
references that should contain circuits After assembling and wiring the com- 
you can use. ponents, temporarily attach the transistor 

leads to the flea clips without soldering. 
construction This allows preliminary checkout. 

After you've selected a suitable circuit, The photograph shows how the tran- 

fig. 3. Common-base 
gdo circuit reproduced 
f rom the R C A  Transir- 
tor  Manual.  NOTE X = JUMPER USED FOR FREOUENCIES O E R  45 MHz 

you're ready to start construction. 
Remove all the original oscillator and 
power-supply components ( i f  any) and 
their wiring. Don't remove the tuning 
capacitor, coil socket, meter, or sensi- 
tivity control. Take care not to disturb 
the wiring between the tuning capacitor 
and coil socket. 

The logical spot for the transistor is 
that vacated by the tube. You can mount 
a transistor socket on an adapter plate 
placed over the tube-socket hole. If you 
don't like transistor sockets, cut and drill 
a small piece of perforated board and 
mount i t  over the tube-socket hole. Flea 
clips inserted in the board will allow 
permanent soldering of the transistor- 

sistor was mounted in the Heathkit 
GD-1B. The socket mounting tabs were 
soldered directly to the copper-plated 
bracket that originally held the tube. 
Component leads must be kept short, 
particularly thoses connected directly to 
the transistor and the tuned circuit. 

Small-value capacitors should be high- 
grade silver mica. Bypass capacitors should 
be ceramic, not paper, to avoid stray 
resonances in the oscillator. All resistors 
are composition type, %I or '/z watt. 

The battery may be mounted in the 
space previously occupied by the power 
supply, using an appropriate bracket for 
the type of battery suited to your voltage 
and space requirements. Be sure to wire 

fig. 4. Grid-dip oscillator 
using an fet.  This circuit 
provides greater sensitivity 
w i t h  less coupling because of 
fet's high input  impedance. 



the battery connector with the correct 
polarity for npn or pnp transistors. 

In the circuits shown in fig. 2 and 4 the 
sensitivity control is a 250k, linear-taper 
potentiometer. I f  your gdo uses a lower 
value, I suggest replacing it with a 250k 
potentiometer and an spst switch to 
control battery power. 

SLIDE SHORTED 
TURN ULDNG COIL 
FORM 

TO LOWER TO INCREASE 
FREQUENCY FREQUENCY 

Q 0 

fig. 5.  Methods for adjusting gdo 
coils for calibration correction. 

checkout 
After wiring and carefully checking the 

circuit, install the battery and transistor. 
Plug in a coil, apply power, and turn up 
the sensitivity control. If you don't get a 
meter reading, the circuit isn't oscillating 
or you forgot to use a heat sink when 
soldering the diode rectifier. 

Assuming you obtain a reading, in- 
crease the control for full-scale meter 
indication and tune the capacitor from 
minimum to maximum to check for 
full-scale readings over the entire range. 
Repeat this for each coil. If any false dips 
are noted without the coil coupled to 
another circuit, you have a "built-in" 
resonance. Most likely this will occur on 
the higher-frequency coils (40 to 200 
MHz) if lead lengths are too long or if 
nonresonant bypass capacitors were used. 

calibration 
Finally, check the dial calibration by 

beating the oscillator against a good 
com m unications receiver. Calibration 
may be a bit off if stray capacitances of 

the new circuit vary from the original. 
While most dippers are only approxi- 
mately calibrate, you'll want to maintain 
reasonably accurate calibration. Loosen- 
ing the dial-locking screw and readjusting 
its position relative to the tuning capaci- 
tor will take care of most cases. However, 
if the calibration error exceeds this 
method of correction, or if the error 
occurs only on certain coils, the following 
tips will help. 

Sliding a one-half inch strip of alu- 
minum foil over two or three turns of the 
coil will lower its frequency. Conversely, 
a single shorted turn of wire placed 
around the form will increase the coil's 
frequency as you slide it toward the coil. 
Fig. 5 illustrates these methods. After 
calibration has been adjusted, the shorted 
turn or foil strip may be permanently 
cemented in place. 
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integrated 

audio 

f ilter-frequency 

translator 
for 

cw reception 

A sharp 

audio f i l ter 

combined with a 

keyed audio 

oscil lator- 

using economical 

ICs 

Many amateurs like to use an audio filter 
to improve selectivity when receiving cw 
signals. Such a filter requires no internal 
modifications to a receiver, and the filter 
can be switched in or out of the circuit as 
desired. However, when using an audio 
filter you must accept the fact that the 
cw signals will have the same tone. This 
can become tiresome over a long period, 
because the audio tone has no harmonic 
content to provide a more pleasing music- 
al  quality. 

An audio filter should have sharp 
response to be effective. Really sharp 
audio filters within the useful audio- 
frequency range are expensive, except for 
some surplus types such as the FL-8. 
Also, since filter response must be in the 
800-1400 Hz range, many good bargains 
in very sharp filters, such as the teletype 
units, must be disregarded. 

the audio keyer 
An audio keyer has been the classic 

solution to the problems of (a) varying 
the tone frequency of the audio selective 
device and (b) allowing the use of filters 
of almost any audio frequency. The keyer 
operates as follows. 

Receiver audio is passed through an 
audio filter whose output activates a 
keyer circuit. The keyer circuit switches 
the output of an audio oscillator at the 
same speed as the received signals. The 
audio oscillator tone can be varied with- 
out affecting the received signal. 

Several audio-activated keyers using 
vacuum tubes have been described. Un- 
fortunately, because of the components 
then available, these keyers were quite 
bulky (almost the same size as some 
complete receivers) and expensive. Al- 
though their advantages were recognized, 
it's doubtful if many amateurs attempted 
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to build them. 
Simple integrated circuits now avail- 

able allow an audio-activated keyer to be 
constructed very compactly and inexpen- 
sively. In fact, an audio keyer can be 
made to fit inside the spare space in many 
audio filter enclosures. The IC keyer to 
be described doesn't have all the refine- 
ments of the vacuum-tube unit, but it 
satisfies most operational needs. 

stage.) The squarer stage output is fed 
into an enable gate, which controls the 
audio oscillator signal to the audio ampli- 
fier. When a square wave is present a t  the 
squarer output, the audio oscillator signal 
i s  gated to the audio amplifier. Thus, the 
audio oscillator follows input-signal key- 
ing to the audio filter. 

Noise can also activate the stages, so a 
level control for the squarer is included. 

FROM 

AUDIO 

qpT 16°F 

(-j 
F L A T  

" ~ 9 1 4  BOTT(WI VIEW 

' Q 
fig. 1. Schematic of the  frequency translator-keyer, A,  using Fairchild p L 9 1 4  IC's. T h e  p L 9 1 4  
internal circuit is shown in  B. 

circuit functions 
Fig. 2 is a block diagram of an IC 

frequency translator-keyer. The circuit 
differs slightly from the vacuum tube 
concept. Whereas the tube unit uses relay 
driver stages and relays for control, the IC 
keyer employs a wave shaper and a gating 
circuit. 

The block functions are as follows: the 
squarer stage accepts the output of the 
audio filter, which is fed from the receiv- 
er audio output. The squarer converts the 
filter's sine-wave output into a square 
wave of the same frequency. (The squarer 
may be considered as a hard limiter 

The time constants for coupling to the 
stage can be chosen to further increase 
noise immunity. A bypass switch is in- 
cluded to disable the keyer when scan- 
ning a band. I t ' s  easier to find signals 
without audio selectivity; also false trig- 
gering from noise and interference is  
avoided. 

Audio filters have rather high attenua- 
tion, so the audio signal should be taken 
from the receiver speaker terminals rather 
than from the headphone jack. A trans- 
former may or may not be required to 
match the audio filter input, depending 
on its impedance. The filter can peak at 
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almost any frequency as far as the keyer 
circuit is concerned. However, because of 
the restricted i-f, bfo and af response of 
most receivers, it's advisable to choose an 
audio filter in the 300- to 400-Hz range. 
This range is broad enough to include 
most audio and teletype filters described 
in amateur publications. 

circuit description 
Fig. 1 shows the keyer circuit using 

three pL914 IC's. Design has been kept as 
simple as possible. The input unit, ICI,  is 
the sine-to-square wave converter. The 

tors in electronic keyers. The components 
shown will provide a fundamental signal, 
high in harmonic content, of about 1 
kHz. The resistors can be replaced by a 
dual 20 kilohm or 50 kilohrn potentis- 
meter if a variable tone is desired. This i s  
especially recommended for those who 
like to change the receiver bfo pitch when 
receiving signals without an audio filter. 

IC2's output is at a very low level. In 
general, i t  can be only directly coupled 
and used with sensitive headphones. No 
additional audio amplifier circuits are 
shown, as individual circumstances will 

N D l O  ENABLE &Dl0 
OSCILLATOR GATE AMPLIFIER 

KEYER 1 
input level potentiometer is shown as 100 
ohms, but its value should be close to the 
audio filter output impedance. The cou- 
pling capacitor from the potentiometer 
arm to terminal 1 of IC1 was chosen to 
provide optimum performance and to 
avoid false triggering on noise. 

IC2 is the enable gate. I f  the internal 
connections of IC2 are followed (fig. 2A), 
it will be seen that when terminal 3 i s  at a 
positive level, the transistor associated 
with this terminal switches its collector to 
near ground potential. This places the 
emitter-collector resistance of the transis- 
tor associated with terminal 2 at a high 
level, which allows signal flow from ter- 
minal 1 to 7. When terminal 3 is not 
positive, the base-emitter fotward bias on 
the transistor associated with terminal 2 
rises to about the same value as the 
supply voltage, and terminal 7 is shorted 
to ground. 

IC3 i s  a simple multivibrator audio 
oscillator similar to those used as moni- 

fig. 2. Block diagram 
Of the I C  frequency 

dictate what is necessary. Any phone- 
type transistor amplifier can be used to 
boost the output of IC2. 

PEAK _ - OUTPUT ., 

construction 
There's nothing critical about the 

construction or wiring. Leads should be 
kept reasonably short, and the wires to 
terminals 3 and 7 of IC2 should be 
separated from each other and from the 
connection to terminal 1. 

translator-keyer. - TUNE 

The circuit of fig. 1 is mounted on a 
vector board. Sockets aren't used. The 
pL9 14 IC's are soldered in place. 

Supply voltage of 3-3.5 volts can be 
obtained from either two size-C cells in 
series or from a well-filtered (minimum 
1,000 E.IF output capacitance) source 
within the receiver. 

operation 
Tuning is done with the audio filter 

and keyer out of the circuit. When a 
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desired station is found, the mode switch 
is  set for the audio filter output (peak Beautify our bgnds 
position), and the receiver bfo i s  varied to 
peak the signal within the audio filter 
passband. Then the keyer output is 
chosen, and the audio oscillator frequen- 
cy i s  varied to obtain the desired tone. 

With some practice, varying receiver 
audio output level and keyer input level 
will reduce the effects of false triggering. 
However, i f  good noise immunity can't be 
obtained, even when using a noise limiter, 
the input stage (IC1) can be converted to 
a Schmitt trigger as shown in fig. 3. . . . . . . . . . . . . . . . .  . w i t h  i)t .rf( .( , t  (:U ~ T O I L I  t t ~ t -  

al l  I C  t m / C  F/Sf Keyer 

I P I  - 
1 -a Independent Weight Gjntrol (EK-39) 

Instant Start, 8-50 wpm 

-150 VDC Solid State Output 

HEATH, COLLINS and DRAKE Colors 
rlUDl0 INPUT 

IN270 Built-in Monitor and Powtlr Supply 
rn 

Paddle or Squeeze Key C~mpatihle 
fig. 3. Schmit t  trigger circuit modif ication for  

the I C 1  stage of fig. 1 A  involves only  a simple I And Now, IAMBIC MODE Option! 
bias change a t  terminal 1. T h e  diode m a y  also 

improve operation. ...... EK-39 lamhic D r l ux~  (81C's) 397.95 

EK-38 Iambic Deluxe (71C's) ...... 82.95 

Unlike the simple squarer circuit, EK-38 Ftandard (61C's) ............... 79.95 
which reacts to low-level signals, the ...... 
Schmitt trigger will produce an output EK-38K Kit (Standard) (61C's) 69.95 

signal only when the input level exceeds a Reed Relay Option, add .................... 4.00 
certain value. Thus, selection is provided 
against low-level noise (low in the sense Specify Color 

of being some value less than the trigger- 
ing level). -rhe output signal will drop to 220 VAC Model Available on Special Order 

zero only when the input signal falls California Residents add 5% Sales Tax 

below the triggering level. 
The Schmitt trigger circuit should be 

used only when the noise can't be han- 
dled by the simple squarer circuit. Also, 
the Schmitt trigger should be used with 
cw agc, since large variations in audio 
output level between cw characters can 
cause the trigger to lock on or off faster 
than the keyer input-level control can be 
adjusted. (O, from your Ham dutnhutor) 

BOX 4090 

ham radio Mountain View, ca~~fornm w 
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I rf 
power 
detecting 
devices 

What to expect 

from bolometers, 

barretters, and 

thermistors in 

measurement 

applications 

Devices for detecting electromagnetic 
energy have been around since the early 
1900's. These include the early electro- 
lytic detector, carbon coherer, Fleming 
valve, and galena-catwhisker combination. 
Detectors similar to the latter are still in 
use. Modern materials and packaging, 
however, have improved their perfor- 
mance and reliability. 

In this article I'll discuss various detec- 
tors and compare their advantages and 
disadvantages as applied to rf power 

measurement at amateur frequencies 

basic detectors 
Two types of detector are in common 

use. The first depends on unidirectional 
resistance between elements. This type 
includes all semiconductor diodes and 
their vacuum-tube counterparts. The 

second type changes resistance when i t  
absorbs rf energy. Examples of this detec- 
tor are bolometers, barretters, and therm- 
istors. 

Both detector types have many appli- 
cations in detection and demodulation of 
rf energy. 

definitions 
Many take for granted that detection 

and demodulation are one and the same 
thing. This is not the case. Radio- 
frequency energy doesn't have to carry 
modulated intelligence to be detected. An 
example is the simple diode wavemeter, 
which has an indicator that reveals the 
presence of an unmodulated rf carrier. 

demodulation 
Demodulation is a byproduct of the 

detection process. Demodulation trans- 
lates modulated intelligence, riding on the 
detected carrier, into a form that can be 
displayed aurally or visually. An example 
of demodulation is when an rf carrier, 
modulated by a l -kHz tone, appears as a 
l-kHz voltage a t  the detector's output. 

Common diode detectors are used to 
convert r f  energy to dc voltages and 
modulated rf energy to ac voltages that 
can be measured with orginary test equip- 
ment. Thus, r f  voltages, current, or power 
can be quantified by using rf detectors 
and the proper readout device. 

the diode detector 

Diode detectors have characteristics 
that affect their accuracy in rf-measuring 
applications. An understanding of their 
drawbacks as well as their advantages is 
essential to using them effectively. 

Diodes have a high impedance between 
their elements when reverse biased, 
fig. IA, and a low impedance when biased 
in the forward direction, fig. 1B. This 
resistance characteristic allows the cur- 
rent to flow in only one direction, result- 
ing in dc pulses flowing in the load. 

The resistance characteristic is non- 
linear. I t  obeys a square-law function, 
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which occurs when the diode's output i s  
proportional t o  the square of the input 
(assuming constant input impedance for a 
given range of input levels). 

equivalent circuit 
Another characteristic is that the resist- 

ance i s  directly proportional to  the power 
dissipated. The square-law characteristic 
i s  due to the physical properties of the 
junction, fig. 2. In this circuit, C i s  
the barrier capacitance due to  charge 
storage in the barrier region. R represents 
the nonlinear barrier resistance, which i s  
about 5k ohms at low current levels and 

fig. 1 .  Reverse- and forward-biased diode junc- 

tions. Meter  response is a function of diode 

junction resistance, which is high when reverse 

biased, A,  and l o w  when forward biased. 6. 

falls rapidly with increasing current. The 
barrier-spreading resistance, r, i s  due to 
the construction of current paths in the 
barrier region. Its value wil l  be as high as 
50 ohms in point-contact diodes, decreas- 
ing to  tenths of an ohm in diffused- 
junction types. 

measurement errors 

Most power and vswr meters are cali- 
brated in terms o f  the square-law func- 
tion. However, i f  too much power i s  
applied to  the diode, a readout error can 
result. 

The diode's square-law region i s  typi- 
cally limited to input levels between 0.25 
and 1 mW. Above 1 mW, the diode's 
output will deviate in excess of 10 per- 
cent from the square-law response. In 
terms of dB error, 

E= 10 log ( I  + d) 

where E is the error in dB and D (100) i s  

the percent deviation from the square-law 
function. 

Crystal diode sensitivities of the order 
of 5k pV/mW are readily obtained at 
frequencies below 1 GHz. By proper 
choice of detector load resistance, the 
square-law range (5 percent deviation- 
error band) can be optimized to allow 
power ration (attenuation) measurements 
over a range of 36-38 dB with errors of 
the order of 0.2 dB. I f  the diode IS 

overdriven, errors of 1 dB or more can 
occur. This i s  a considerable error at 
microwave frequencies in some appli- 
cations. 

bolometers 

These detectors (fig. 3) use fine plati- 
num wires (known as Wollaston wires) as 
active elements. The active elements are 
small compared to  a wavelength at the 
measurement frequency. Their changes in 
resistance, however, are sufficiently large 
for accurate measurements with small 
changes in input power. 

Bolometers are used with a specific 
"bias" current, which activates a bridge 
circuit. Typically, a bolometer presents 
200 ohms to the bridge, although this 
may range from 50 to 400 ohms. The 
bolometer generally presents a 50-ohm 
resistance to its input. Excitation currents 
are of the order of 4.5 to 4.7 mA. A 
simplified bridge circuit is shown in fig. 4. 

sensitivity 

Bolometers are less sensitive than di- 
odes. Normal sensitivities range from 4 to 

fig. 2 .  Equivalent circuit of forward-biased 
semi-conductor diode junction. Functions of 
circuit constants are discussed in  the text.  

10 ohms per mW of rf, depending on 
the temperature coefficient of the re- 
sistive elements. In terms of voltage, this 
works out to about 21 pV/mW. 

Bolometers are preferable to  diodes 
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when overdriving and burnout is a prob- 
lem. At powers over 1 mW, bolometers 
deviate about 10 percent from square-law 
response due to convective cooling of the 
resistance element. However, this devia- 
tion is nearly linear with power level and 
is easily compensated in measurements. 

This deviation irom square-law re- 
sponse falls to less than 2 percent at 200 
mW; thus bolometers can be used for 
relative power and attenuation measure- 
ments over a 53-dB range with less than 
0.2-dB error (5 percent square-law devia- 
tion). This is approximately 15 dB more 
power range than is available with diodes. 

The dynamic range numbers (dB) are 
given on the assumption that signal-to- 

noise ratios are at least 10, which is an 
acceptable value for accurate results with 
most instruments. 

Unlike diodes, bolometers are not 
affected by overload up to about 32 mW, 
including 15 mW bias power. 

barretters 

Barretters are a type of bolometer 
employing a single Wollaston wire ele- 
ment, fig. 5. Usually they're used as shunt 
elements, fig. 6, and are packaged to 
replace crystals in applications where 
wider measurement range and greater 
power-handling capability are desired, 
and where a decrease in sensitivity can be 
tolerated. 

fig. 4. Simplif ied bolometer 
or thermistor bridge circuit. 

thermistor detector 

A thermistor is another important rf 
detector. Thermistors are resistance ele- 
ments made from one of several metallic 
oxides such as oxide of manganese, 
nickel, titanium and zinc. All exhibit a 

MICA OR CERAMIC negative temperature coefficient. The 
SUBSTRATE slope of resistance versus temperature of 

SHUNT BYPASS 
CAPACITOR Q 

thermistors is much greater than that of 
bolometers. Thus, thermisiors have im- 
proved sensitivities that range from 50 to 

oc 814s INWT ANO 
BRIUX SGN4L INPUT 

RI. RP . 1 m  LW w s m  WIRE arr 
METAL-FILM RSISTDR ELEMENlS 

0 

fig. 3. Schematic. 6, and physical representa- 
tion. A ,  of bolometer.  I n p u t  resistance is 50  
ohms nonreactive; bias input  t o  bridge is 
typically 200 ohms. 

100wV/mW of rf input. 
Like bolometers, thermistors require a 

bias current. This is usually adjusted to 
provide a "zero power" resistance of 100 
to 200 ohms. Thermistors also have a 
large overload capability and the widest 
dynamic range of all the rf detectors. This 
makes them ideally suited for accurate, 
steady-state power measurements. How- 
ever, thermistors have disadvantages that 
limit their applicability. The prime limita- 
tion is  their relatively slow time constant. 
Ranging between 1 and 3 seconds, i t  
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prevents the thermistor from measuring 
peak pulsed or peak ssb power. Addition- 
ally, audio-frequency modulated signals 
can't be demodulated with a thermistor, 
as its resistance changes too slowly to 
follow an audio signal. Another dis- 
advantage is its sensitivity to ambient 
temperature changes. This tends to make 
long-term stability a serious problem. 
Most thermistor rf detectors use dual 
elements that tend to compensate each 
other for drift. 

FUSE STUD MOUNT 

Q 

MICROW4VE DIODE 
IN21 CASE 

MICROWAVE COAXIAL 
OIOOE 

METALLIC- OXIDE 
I MATERIAL 

W I "  L E A 0 9  
CERAMIC DISC 
SUBSTRATE 

THERMiS TOR 

0 

fig. 5. Packaging o f  barretters and thermistors. 

A. B and C use Wollaston-wire elements. 

Unlike diodes and bolometers, therm- 
istors are insensitive to overload and can 
be exposed to fairly high-level rf inputs 
for short periods without damage. The 
output characteristic of thermistors, 
although opposite in polarity, i s  similar in 
slope to the curve of bolometers and will 
permit a measurement range from 
approximately 50uW to 5 mW. 

rf detector readouts 
In many amateur applications, only a 

relative indication of rf power is needed. 
This requires only a milliammeter and a 
potentiometer for a sensitivity adjustment. 
In many other applications such as meas- 
uring transmitter efficiency, antenna gain, 
feedline or filter losses, or low level 
injection powers, it's desirable or even 
necessary to get a quantitative figure in 
watts or dB. In these cases more sophisti- 
cated circuitry must be employed. For 
best accuracy and repeatability, the null- 

balance measurement system is usually 
employed. Usually a variation of the 
Wheatstone bridge provides high accuracy 
especially at low power levels. Tempera- 
ture stability and dynamic range are a 
problem with these units. Many techniques 
have been imployed to eliminate these 
problems. 

self-balanced bridge 
Practical measurement bridges differ 

from the simple Wheatstone circuit of fig. 
4. Usually some sort of a "self- balanc- 
ing" circuit is ernploved.l Shown in fig. 
7, the self-balancing bridge is direct read- 
ing and is much less sensitive to ambient 
temperature variations. With the proper 
bias adjustments, i t  can be used with all 
types of bolometer, barretter and ther- 
mistor detectors for input powers up to 
100 mW depending on the type of de- 
tector employed. In  the self-balancing 
circuit, the Wheatstone bridge forms a 
coupling network in the feedback loop of 
a high-gain audio amplifier. The resulting 
audio oscillator automatically adjusts its 
output voltage to maintain a balanced 
condition in the bridge network. When 

BIAS AND 
R F  INPUT EUIaGE INPUT 

fig. 6 .  Barretter or thermistor m o u n t  circuit. 

the bridge is unbalanced by an rf input, 
an equal amount of audio power is 
removed from the bridge, restoriny bal- 
ance. This is read out in terms of voltage 
by the audio voltmeter (fig. 7 )  whose 
scale is calibrated directly in terms of rf 
power. 

attenuators and filters 

The power range of all detectors may, 
of course, be greatly extended by cali- 
brated attenuators2 and directional cou- 
plers.3 Most ham-type swr bridges use 
a crude form of directional coupler to 
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sample relative rf power on a transmission 
line. Where fairly accurate results are 
desired, precision couplers are employed, 
sometimes with calibrated attenuators 
when even more power reduction is re- 
quired. For amateur use, attenuators can 
be made from carbon composition resis- 
tors or from calibrated lengths of 
RG-58/U coax (at vhf). 

Measurement errors due to improper 
detector use are varied. Some are of little 

frequency. 
When measuring output power from 

sources containing harmonics, some type 
of selective filter with a calibrated inser- 
tion loss should be used to reject the 
unwanted power before i t  reaches the 
detector. 

Representative filters are described in 
the references. Further details on rf pow- 
er detectors are contained in Henney's 
"Radio Engineering Handbook," 1959 

u 

TUNED 
AUDIO 

IN WATTS DC BRIDGE BIAS 

4 1  

fig. 7. Self-balancing bridge and power meter.  This circuit is much less sensitive t o  temperature 
changes than the simple Wheatstone bridge. 

significance in amateur applications. For 
amateurs, most problems result from 
gross overdrive of the detector. This 
results in destruction of the unit through 
burnout, or a serious departure from the 
idealized square-law output curve with a 
resultant measurement error. Errors due 
to this can be reduced by using attenua- 
tors and by knowing the input parameters 
of the detector. 

Another common error resulting in 
amateur rf detector applications is also of 
importance. All rf detectors described in 
this article are ~~ntuned; that is, they have 
no inherent selectivity and will accept 
power over a wide frequency range. 
Therefore, when measuring power sources 
with high harmonic content, the detector 
will sum the power in the desired fre- 
quency as well as that in its harmonics. 
This results in nonexistent and colossal 
"efficiency." What's worse, it can cause 
operation on an undesired or spurious 

edition. 
I hope this discussion will provide a 

better understanding of this basic meas- 
urement tool and encourage its use in 
amateur applications. 
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A 5 B A N D  260 W A T T  SSB 
TRANSCEIVER W I T H  BUILT-IN 
AC A N D  D C  SUPPLY, A N D  
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Just hook up an antenna and microphone, connect the '270' to  a power source, and 
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Come on in for all of the specifications and a demonstration. If you can't come in ... 
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in the world. 
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design criteria 
for 

ssb phase-shift 
networks 

I 

V) 

How to min imize % 
*- 

B 
a network er rors  a. - 
-!i - 
V) 

for effective 2 
C 
0 sideband suppression - c, 
C . - . - - 
L 
m 

an analysis o f  Norgaard 
%- 
0 - 
0 and Dome circuit  
s! 

Phase-shift networks in amateur phasing- 
type exciters consist of passive elements 
arranged to produce two equal-amplitude 
s~gnals in phase quadrature. Two net- 
works are recl~rired: one operates at audio 
and the other a t  radio frecluency. 

The rf network operates at a single 
frequency, whereas the af network must 
pass a band of voice frequencies. The rf 
network is fairly simple to adjust, but the 
af network is more critical as to construc- 
tion and adjustment. This applies not 
only to the network, but to its associa?ed 
circuits as well. 

theory 
Two popular audio networks are an- 

alyzed: Norgaard and Dome. Design- 
center conditions are considered first. 
Then network errors are discussed in 
terms of their effect on carrier suppres- 
sion in a practical system. A brief treat- 
ment of the rf phase-shift network is also 
given. 

Four areas are considered: 

1. The ideal case. 
2. Network phase errors. 
3. Network amplitude errors. 
4. The general case (combined effects 
of phase and amplitude errors. 

ideal case 
A lower-sideband signal, for example, 

requires a voltage of the form 
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Vo = A cos (WC - wm)t  (1) outputs whose phase difference is 90°; 
thus four signals are produced: 

where 
Vo is the lower-sideband voltage a. V1 = A sin (wm t)  (2) 
A is the signal amplitude 
wc is the carrier frequency (o = 27rf) 

b. V2 = A sin (wm t + n/2) (3) 

urn is the audio-signal frequency c. V3 = B sin (wc t) (4 
Two networks are required to produce 

this voltage, one each for the audio and d. V4 = I3 sin (wc t + 7112) (5) 

carrier frequency. Each network has two where A and B are amplitudes of the 

SIDEBAND 
S S D N  1 

( d B 1  

-3 6. +16. 

WAS€ ERROR (DEGREES) 

fig. 1 .  Sideband suppression as a funct ion o f  phase error, A, and amplitude unbalance, B,  assuming 
ideal conditions. F o r  3 0 - 4 8  attenuation, errors must not exceed 23.6O and 6.5 percent respectively. 

The phasing system o f  producing ssb signals 
hasn't been t o o  popular. As the author points 
out, the audio networks are t r icky t o  adjust and 
the degree o f  sideband suppression depends on  
h o w  well the networks are designed t o  l im i t  
phase and amplitude errors. 

Phase-shift network theory is presented here 
in  terms o f  system equations. Realizing that 
mathematical articles don't appeal t o  many 
readers, I feel this one is appropriate because o f  
the renewed interest i n  phase-shift techniques 
for  direct-conversion receivers. The phasing 
method is also interesting for  vhf ssb work.  This 
article presents essential data for  those wishing 
t o  avoid the pitfalls associated w i t h  phasing 
networks. Wi th an understanding o f  their basic 
concepts, the networks can be tailored t o  
produce quite acceptable results. 

Although n o t  included because o f  space 
limitations, an appendix accompanying the 
manuscript derives the equations in  the text. 
Interested readers may obtain a copy f rom ham 
radio fo r  $1.00. editor 

audio and carrier signals respectively. 
I f  signals a and c are applied to the 

input of one balanced modulator, the 
modulator's output will be of the form 

4 [COS (WC - o m ) t  - cos (wc + wml t l  (6) 
2 

Similarly, i f signals b and c are applied to 
another balanced modulator, its output 
will be 

A 2 [COS (WC - o m ) t +  cos ( w c +  wm)t]  ( 7 )  
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S (in dB) = 

From this equation the curves of fig. 2 
are plotted: the suppression may be read 
directly once the phase error and ampli- 
tude unbalance are known. The curve 
corresponding to the suppression limit of 
30 dB is shaded; for acceptable operation, 
the audio phase-shift networks errors 
must not lie outside this area at any 

2. Overcome the insertion loss of the 
audio phase-shift network which fol- 
lows it. 

3. Tailor the frequency response so 
that frequencies outside the range of 
300 to 3000 Hz are attenuated. 

The first two requirements are easily 
met if usual precautions are taken to 
minimize distortion. For the third re- 
quirement, filtering must be used in the 
preamplifier because the signals presented 
to the phase-shift network must be re- 
stricted to the frequency range men- 

PIETPMSING 

AMPLIFIER 

RF 
RIIISE- SHIFT 

K M R K  

fig. 3. Typical phasing-type ssb exciter. 

AF CHAIN 

frequency. For example, a phase error of 
+3.6O is acceptable only with perfect 
amplitude balance (points X) ;  i f  the 
amplitudes differ by, say, 5 percent. the 
phase error can't exceed *2.2O (points 
Y ) .  

From the foregoing we can consider 
the requirements of an ssb phasing ex- 
citer, a block diagram of which is shown 
in fig. 3. The amplifiers in the audio 
frequency chain are considered first. 

(UTPU T 

R F  CHAIN 

A SN W,T 

audio preamplifier 
The audio preamplifier must 

m T P H A S W  
AUDIO 

AAWLlFlER * 
B SH WcT 

tioned. The reason is that practical net- 
works exhibit increasing phase errors out- 
side this range, producing poor sideband 
suppression. 

- 
M U W E D  

MmULATOR 

postphasing amplifiers 
Each audio phase-shift network output 

drives an audio amplifier. The amplifiers 
buffer the network outputs from the 
modulator inputs and offer the correct 
terminating impedance to the networks. 

Optimum phase-shift network per- 

A 03 1%-q,JT 
O - 

SSB 

formance requires correct output termi- 
nating impedance, which is usually high 
and must be constant. The amplifiers 

1. Amplify the low-level output of must introduce no phase or amplitude 
the microphone. errors in addition to those produced by 
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fig. 4. Norgaard network, A, and Dome network, B. Input drive floats in both circuits. 
Equal-amplitude outputs are taken from Points X and Y.  

the phase-shift network. These amplifiers tions similarly to the audio chain, but at a 
must have a wide frequency response and fixed, cornparitively low frequency. This 
minimum amplitude distortion. simplifies its design because 

1. The oscillator frequency may be 
rf circuits accurately maintained by crystal con- 

The rf chain of an ssb exciter func- trol. 

PHASE 

1 DEG)  

TYXY, nz 

AMRI JUDE 

18WHz 35416 

PHASE 
E R R 0 6  
1OEGI , . 1 

fig. 5. Error response of Norgaard network. A, and Dome network, B. Suppression with the Dome 

network falls below 30 dB between 600 and 910 Hz .  
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2. The rf phase-shift network oper- 
ates at only one frequency, so it 's 
simple to design, construct, and adjust. 

Crystal frequency is determined by 
operating frequency and unwanted mixer 
products. The final operating frequency is 
obtained by mixing the ssb output of the 
exciter with a heterodyned frequency. 

detailed network analysis 
The Norgaard and Dome audio phase- 

FREWENCY (HZ) 

fig. 6. Sideband suppression as a 
function of frequency. N o t e  mar- 
ginal performance of the D o m e  
network around 750 Hz. 

shift networks have the following charac- 
teristics: 

1. The Norgaard (fig. 4A) is a bridge 
network designed to be terminated in 

fig. 7. Insertion loss of 
Norgaard and D o m e  
phase-shift networks. 

an infinite impedance. Its input re- 
quires two antiphase signals whose 
amplitudes are in the ratio 2:7. 

2. The Dome is shown in fig. 4B. I t  i s  
a full lattice network. Outputs are 
developed across a finite, complex 
impedance. Its input requires two anti- 
phase signals of equal amplitude. 

Each network operates on the differ- 
ential phase principle. The phase angle 
with respect to the input of each output 
increases with frequency, but the phase 
difference between the outputs remains 
constant at 90°. 

The amplitude and phase response of 
the Norgaard and Dome networks are 
shown in fig. 5A and 5B. In both cases 
ideal component values, input drive ra- 
tios, and terminating impedances are as- 
sumed. The arrows on the curves indicate 
the direction of increasing frequency; 
several spot frequencies are also shown. 

amplitude response 
In  the Norgaard network, the ampli- 

tude ratio of the two outputs remains 
very close to unity; worst-case unbalance 
is  of the order of only 0.1 percent. The 
suppression curves are quite flat in this 
region, so amplitude unbalance has negli- 
gible effect on the final suppression value. 

In  the Dome network, maximum error 
i s  approximately 3 percent. Amplitude 
unbalance is therefore responsible for 
degrading maximum obtainable suppres- 
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sion by several dB. network (fig. 7).  Note that little variation 
in insertion loss is evident for either 

phase response network. Expressing the gain at 1 kHz 
The maximum phase error produced (by taking Vo as the mean of the nearly 

by the Norgaard network is +2.g0 at equal otuputs), the Norgaard and Dome 
3000 Hz. The phase error i s  primarily 
responsible for limiting sideband suppres- 
sion. 

Fig. 6 compares the two networks over 
a wider frequency range. Note sideband $ 
suppression at line frequency. The Nor- ' , 
gaard network suppresses the unwanted $ 
sideband 7.5 dB at 60 Hz, increasing to &' , 
15 dB a t  120 Hz. This means that the $ 
audio preamplifier must be designed to 3 40 
attenuate these frequencies on the un- 8 
wanted sideband. a 

The Dome network phase error ranges 
.a 

from -2.g0 to 4.2O. Unwanted sideband 
suppression decreases to 28.8 dB at 750 '3 
H z .  FREOUENCY (Ha 

Q 
network gain 

I f  the amplitudes of the two antiphase 
input signals are Vi  and kVi, where k is ,, 
the ratio of the appropriate network (i.e., 
217 or I ) ,  and Vo is  the output si 
amplitude, then network gain is 

v o  G =  - 
Vi ( I  + k) 

This plotted versus frequency for 

fig. 9.  Usual method of coupling 
audio preamp to either network. A. 

Center-tapped transformer should be 

used for the Dome network, 6. 

O(ITPLfr STAGE 
OF PREAMPLlFiER 

POTENllOME7ER C M N  

~ ~ ~ [ ~ - - w F T  fNORWIARD/ DOME) N E W W  

11 1 ~ I L X M ~  NETUrWX PHASE 

FREOUENL7 (Hr l  

0 
fig. 8. Effect of drive-ratio errors (i.e., incor- 
rect values of k). Norgaard network response i s  
shown in A: Dome network in 8. 

networks exhibit -13.1 and -15.2 dB 
respective1 y. 

incorrect drive ratio 
As mentioned previously, the correct 

drive ratios for the Norgaard and Dome 
networks are 217 and 1. Even very small 
deviations from these values will result in 
degraded performance (fig. 8). Allowing 
for other imperfections in the system, the 
drive ratio for the Norgaard network 
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should be kept within +2 percent, or 
within the range 0.28 to 0.29. The Dome 
network is similarly affected, but to a 
greater extent. In this case the maximum 
tolerable error is about 1 percent of 
optimum. 

fig. 10. Effect of terminating outputs of Nor- 
gaard network. A, and Dome network. 6, in a 
finite impedance. 

practical considerations 
Input signals to the network are usual- 

ly transformer coupled from the audio 
preamplifier. Amplitude ratio i s  obtained 
by resistive divider (fig. 9A).  

The voltage ratio of the phase-shift 
networks is extremely critical. Common 
practice i s  to include a preset potentio- 
meter across the transformer secondary 
to adjust this ratio. A potentiometer just 
doesn't have the long-term stability to 

maintain a fixed and accurate ratio of the 
two input signals. The tapped resistor 
network should be considered as part of 
the phase-network. The same care should 
be used in choosing its components as 
those of the phase-shift network. 

The actual values of the resistors in fig. 
9A are not important provided they are 
in the correct ratio. They should be 
comparatively low in value and consistent 
with drive capability and terminating 
resistance of the audio preamp. This will 
minimize unwanted phase shift due to 
stray capacitance. 

Regarding the Dome network, the 
resistive divider should not be replaced 
with a center-tapped transformer (fig. 
9B), because the voltage amplitudes ac- 
ross the two halves of the winding won't 
be within 1 percent of each other over 
the passband. 

terminating impedance 
So far I've discussed network perform- 

ance under ideal conditions (infinite ter- 
minating impedance). It i s  instructive to 
consider performance when the networks 
are terminated in a finite impedance. 

The Norgaard and Dome circuits are 
compared in fig. 10, in which each is 
terminated in an infinite impedance and 
several values of finite impedance. 

A 10-megohm load doesn't seriously 
affect sideband suppression of the Nor- 
gaard network (fig. 10A). However, a 
I-megohm termination makes quite a 
difference. For even lower values, the 
curves flatten at the low-frequency end 
and are shifted further downward. Sup- 
pression is less than 30 dB over much of 
the passband with load impedances below 
500k. 

Load constraints on the Dome net- 
work are even more critical (fig. 10B). 
Terminating impedance fcr this config- 
uration should be of the order of 10 
megohms. 

transistor applications 
With both networks, minimum accept- 

able terminating impedance is  very high 
compared to the input impedance of 
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conventional transistor amplifiers. Prob- the overall response of the preamplifier 
ably fet's should be used here. It might be This is determined by coupling capacitor 
possible to replace output resistors R5 values and transformer response, in addi- 
and R6 (Dome network) with transistor 
amplifiers that have an input impedance 
equal to the resistors. Care must be taken 

60 
in amplifier design to ensure constant 
imput impedance. - 

2 53 
L 

capacitive loading 6 
When the Norqaard circuit is used with 2 40 

tubes, resistors R2 and R4 (fig. 4A)  also ' "a function as grid-leak resistors, this elimi- w 9 
nates any additional loading. Stray capac- $ 
itance across the network output must be 5 
considered in this application, however. I 

The solid curve of fig. 11 shows the 
suppression of the Norgaard network I I I I I I I m xu 400 sm l a 0  m m m  

FREWENCY ( H Z )  
when each output is terminated in a 
complex impedance, consisting of a paral- 
lel combination of 20 pF and 10 meg- 
ohms. Such a small value of capacitance 
has negligible effect at the low-frequency 
end of the passband; but as the frequency 
is increased, the suppression peaks are 
lower and shift slightly lower in frequen- 
cy. Performance is still satisfactory, how- 
ever, because the suppression doesn't fall 
below 38 dB except at the extreme 
high-frequency end of the passband. 

The Dome network also may be used 
with the output resistors acting as grid- 
leak resistors, but stray capacitance will 
have negligible effect because the outputs 
incorporate large shunt capacitors (C5, 
C6 in fig. 4B). 

audio preamp frequency response 
When followed by the Norgaard net- 

work the preamplifier's frequency re- 
sponse should be as shown in fig. 12. 
From 300 to 3000 Hz the response is flat 
as is taken as the reference level of zero 
dB. The suppression of the unwanted 
sideband over this range is always better 
than 30 dB, and the network's amplitude 
response is quite flat (fig. 7). Below 200 
and above 3000 Hz, preamplifier frequen- 
cy response follows the curve of fig. 6. 

Frequency response of the preampli- 
fier followed by the Dome network is 
similar, except that the curve dips slightly 
at mid-band. The curve of fig. 12 shows 

fig. 11 .  Performance degradation due to  

stray capacitance in  Norgaard network. 
Large capacitances shunting D o m e  net- 
works eliminate this problem. 

fig.- 12. Audio preamplifier frequency 
response. A slope of about 15 dB/octave 
is required at each end of the passband 
to  ensure 3 0 - 4 8  sideband suppression. 

FREWENCY (HZ) 

tion to the contribution of a filter. The 
response curve's slope at the extreme 
ends of the passband is about 15 dB/oc- 
tave. 

ham radio 
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I electronic keyer 

oscillators 

A basic 

oscillator circuit 

does double duty 
e 
Q, 

as a clock .; 
s 
b 
*- 

and sidetone generator 
d 

in this application 5 
c 
3 
t of  ICs a 
E 

If you are a cw operator you've probably 
seen the large number of electronic keyer 
articles published in the amateur litera- 
ture during the past few years. So many 
have appeared that a l l  circuits seem to 
look alike. In general, however, most of 
the designs have a few interesting features 
worth noting. 

The oscillator described here uses a 
special kind of integrated circuit, the 
LU380A, made by Signetics. The oscilla- 
tor i s  used in an electronic keyer known 
as the Electronic Fist." The logic form of 
the IC, called Utilogic, is neither DTL, 
TTL, nor RTL. Although not too well 
known in amateur circles, Utilogic is 
widely used in industry. The distin- 
guishing feature of this IC is that the 
NOR and OR gates have inputs at the 
transistor bases. This means that the 
input impedances are fairly high, on the 
order of 15-25k ohms. Because of this 
high input impedancz, the devices can be 
used in multivibrators and oscillators. 

*The IC  and keyer are available f rom Curtis 
Electro Products, Box  4090, Mountain View, 
California 94040. The IC  is $1.34 plus 50c 
handling and mailing. The keyer i s  $49.00 ( k i t  
form) or $56.00 (wired and tested). 

fig. 1. Basic oscillator used in the "electronic 
fist" keyer. Three NOR gates plus timing 
constants R1 ,  C 1  form this simple circuits. 
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keyer oscillators ual capacitance values. It turns out that 
Two oscillators are used in the elec- 3.3 Hz works out to 7.92 wpm. This is 

tronic keyer mentioned above. One, the based on: 
clock, forms the dots and dashes; the 
other is a sidetone generator. Both oscilla- Code speed (wpm) = 2.4 x dot fre- 

tors are of the form shown in fig. 1. Each quency in Hz 

uses three-quarters of  a quad two-input The origin of  this formula is obscure, 
NOR gate, the LU380A. The oscillator but it correlates closely with the other 
consists of  three NOR gates arranged in a rule-of-thumb, which is: 
ring. The only other components in the Code speed (wpm, = no, of dashes in 
basic circuit are a timing resistor and seconds 
capacitor. The rings consists of an odd 
number of inverting gates; thus it has no Tests show that the calculated value is 
stable state and tends to oscillate at a very close to that measured. 
frequency determined by C1 and R 1. The To find the upper end of the speed 
frequency is roughly equal to 1/(2RC), range when R2 is cranked down to zero 
where frequency, R, and C are in Hz, resistance, we find the theoretical upper 

fig. 2. Clock oscillatov 
circuit. 

H W  - NO OUTPUT 

ohms and farads. The maximum obtain- 
able frequency is about 5 MHz. The 
output is a pretty fair square wave at the 
lower frequencies. 

clock oscillator 
For the clock oscillator, we use the 

circuit shown in fig. 2. The keyer is 
designed to operate at 8 wpm for the 
lower end of the speed range. Using 
readily available components, and trying 
to keep the value of R2 + R3 fairly low 
for linearity of  adjustment, we find that a 
value of 25 pF for C2 and C3,5k for R2, 
and lk for R3 will yield a frequency of 
3.3 Hz. Even though C2 and C3 are in 
series, they effectively yield their individ- 

Utilogic is a registered trademark of the 
Signetics Corporation. 

speed is 47.52 wpm. This, again, agrees 
closely with the value found in practice. 
In the actual keyer, R3 is selected to 
meet the 50 wpm mark exactly. 

operation 
Diode D l  shunts reverse bias around 

fig. 3. T iming diagram showing ef- 
fect of eliminating gate input  clamp. 
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C2 when the keyer is idling. Otherwise, 
the capacitance of C2 would slowly dis- 
appear due to its reverse polarity. The 
best choice for the capacitor would be a 
nonpolarized type, but i t  would be as 
large as the whole keyer. C3 needs no 
protection, since i t  has a very low duty 
cycle of reverse bias. 

Diodes D2 through 05 are a negative 
clamp on the gate input to ensure that 
the first cycle of the oscillator is close to 
the same length of succeeding cycles. Fig. 
3 shows the clock waveform without 
these diodes. The first cycle starts with 
the input of gate A resting near ground 
potential, but subsequent cycles start at 
the threshold point of the gate. The error, 
in any case, i s  not great and can be 
discerned only with instruments; and the 
resulting cw sounds fine either way. 

Fig. 4 shows the error after correction. 
I t  also shows the high degree of dotlspace 
ratio accuracy obtainable with this simple 
circuit. 

The control input of gate A inhibits 
oscillation when i t  is held at logic state 1. 

tor frequency, normally 800 Hz, is adjust- 
able by R4. The output is gated by NOR 
gate B, which drives the base of a 2N404 
through current-limiting resistor R5.  An 

KEYING SPEED ( w p m )  

fig. 4 .  T iming accuracy o f  the clock 

circuit after correction. N o t e  high 

degree of dot/space ratio. 

ordinary output transformer, with a 
500-ohm center tapped primary and 
8-ohm secondary driving a 2-inch speaker, 
completes this simple monitor circuit. 

NOTE ALL GATES ARE 1/4 W 3 8 O A  NOR GATES 
$, ; + 5 OV ON PIN 8 GROUND RN 1 

fig. 5 .  T h e  sidetone oscillator. Frequency i s  adjustable by R 4 ;  output  level b y  R6 .  

When the control input is lowered to 
logic state zero, the oscillator starts gener- 
ating the first character. I found this 
instant-starting clock much simpler to use 
than the free-running variety, which tends 
to force spacing between letters. 

sidetone oscillator 
The sidetone oscillator, fig. 5, is of the 

same form as the clock. Sidetone oscilla- 

The output level, controlled by R6, i s  
adequate for a roomful of people. Fairly 
high efficiency is obtained, since the 
2N404 operates near class C. 

reference 

1.  L. Brock, "Utilogic NOR and OR gate 
Appl~cations," Signetics Corporation Applica- 
tions Memo 97, June, 1969. 
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transistor 

frequency 

multipliers 

Selecting transistor 

frequency-multiplier 

circuits 

for maximum 

efficiency 

and output 

The circuit board in the photograph was 
put together to try out different circuits 
for frequency doubling from 14 to 28 
MHz; a high-output signal generator pro- 
vided the 14-MHz drive. A wattmeter 
across the output provided readings for 
comparing the relative efficiencies of dif- 
ferent multipliercircuits. 

The transistor used for nearly all the 
tests, the 2N5188, is an inexpensive npn 
transistor rated at 4 watts maximum 
dissipation at 25O C; this indicates a 
maximum dissipation of 2 watts or so with 
a moderately sized heat radiator slipped 
over the transistor case. Typical cutoff 
frequency for the 2N5188 is 325 MHz. 

m Selected 2N5188's can be used in class-C rf 
' E  service up to about 150 MHz-at lower 

frequencies nearly all units give equally .- 
5 good results without special selection. 
U 
m- An rf voltmeter was connected from 

base to ground (or emitter) to make sure 
r the maximum base-to-emitter breakdown 
0 

voltage of 5 volts peak was not exceeded 
during tests. The proper value for the 

c w base-bias resistor in frequency multipliers 
k ranges from 100 to 5000 ohms. I f  the 
L 

base-bias resistance is too great the tran- 
K 
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sistor may be damaged by high rf drive 
since the 5-volt rating is easily exceeded. In 
most of these tests a 1000-ohm bias 
resistor was used, and the r f  drive adjusted 
to 3 volts rms maximum. 

14 MHz 
INPUT 

f 28 MHz 
eo arrwr 

C O P  
35 

fig. 1.  This circuit is essentially the 
same as fig. 3 although the transistor 

collector is at rf ground. 

The 2N706, 2N2711 and 2N222 pro- 
vide moderately good efficiencies when 
operated as frequency multipliers up to 
about 1/5 of their cutoff frequency. The 
2N4427, 2N3866, 2N3553 and similar 
power transistors provide more output on 
two meters than the 2N5 188, but they cost 
several times as much. Two 2N5188 
stages-one as a frequency multiplier pro- 
viding 0.1 to 0.3 watts output and the 

fig. 2. This circuit Pro- 
vides a low-impedance 
path f r o m  base t o  emit -  
ter and effectively con- 

nects the collector-to- 

base feedback capaci- 

practical circuits 
Four practical frequency-doubler cir- 

cuits are shown in fig. 1 to4. Although the 
circuit of fig. 3 is the one usually seen in 
the literature, the circuits of fig. 2 and fig. 
4 proved to be far superior. The circuit of 
fig. 1 is a little unusual in that itscollector 
is grounded for rf, but i t  is basically the 
same as fig. 3 (and actually performed 
about the same). Fig. 1 has slightly less rf 
radiation loss since the collector is con- 
nected to the case-the construction used 
for most transistors that are rated at more 
than 0.5 or so. However, in the 14-to-28 
MHz frequency doubler tests the rf loss 
wasn't high enough to warrant the use of 
the comrnon-oscillator layout over the 
more usual grounded- or common-emitter 
circuit. 

The reason the circuits in fig. 2 and fig. 
4 gave twice as much output as the others is 
quite simple: the transistor has a relatively 
high feedback capacitance between collec- 
tor and base, so any appreciable impedance 
from base to emitter-even a single-turn 
link-causes degeneration; theseries-tuned 
28-MHz circuit in fig. 2 provides avery low 
impedance path from base to emitter and 
effectively connects the collector to-base 
feedback capacitance across the output. 
This eliminates degeneration and increases 
output by 1.5 to 3 times in doubler, tripler 

tance across the output.  0 h + l e v  

other as a buffer with 0.5 to 1 watt and quadrupler stages. 
output-offer an economical way of build- The series-trap circuit also provides 
ing a two-meter transmitter. The more excellent efficiencies at vhf and uhf but it 
expensive power transistors can then be requires careful adjustment. Thedisadvan- 
used as power amplifier stages for a few tage of the circuit in fig. 2 is that i t  will 
watts of fm or cw. break into self-oscillation if the series- 
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resonant circuit is incorrectly tuned; i t  also The ratio of C2 to C1 should be between 
requires an additional adjustment in the 5: 1 and 10: 1. 
frequency multiplier. I n most  small-power frequency- 

The advantage of the series-tuned cir- multiplier circuits the collector must be 
cuit is that it can be applied to an existing connected to a tap on the output tuned 

fig. 3. This is the  fre- 

q u e n c y - m u l t i p l i c a t i o n  
circuit usually seen in  

the literature. 

frequency multiplier in a vhf or uhf 
converter or transmitter to obtain more 
output. Usually a small moderately high-Q 
r f  choke coil can be selected which will 
resonate with a 5- or 10-pF piston capaci- 
tor to the desired output frequency. With 
this simple modification tripler and quad- 
rupler stages really come to life as far as rf 
output is concerned. 

The frequency-multiplier circuit in fig. 
4 i s  my favorite for doublers, triplers, or 

circuit to obtain a reasonable impedance 
match. To minimize undesired harmonic 
output the tuned circuit should have an 
operating Q of at least 15. In  usual designs 
the collector tap is located 116 to 112 the 
total number of turns from the cold end. 

Low-power frequency-multiplier cir- 
cuits, such as those used in vhf receiving 
converters, can be designed with the 
collector connected to the hot end of the 
tuned circuit i f  the tuned circuit has a 

14 MHz 

2- 
fig. 4. This circuit is 
W6AJF's  favorite for 
f r e q u  e n c y - m u l t i p l i -  
cation service. 

quadruplers-at high or low power. It pro- resonant impedance in the range of 1000 
vides a low-impedance path from base to to 3000 ohms. I f  the circuit doesn't tune 
emitter i f C2 is  large enough to provide a sharply it indicates low circuit Q and poor 
reactance of only a few ohms at the output harmonic suppression, and may mean the 
frequency; if the reactance is below 10 collector load or external load is too heavy. 
ohms excellent results can be obtained. ham radio 
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partners I 

in 
excellence 

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 RSGR PUBLICATIONS 

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 Corn- 
rnunication. 

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. 

Box 592 Amherst. New Hampshire 03031 

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

All prices postpaid in USA & Canada 

'WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS - 
DEALER INQUIRIES INVITED" 

We can now offer this fine maga- 
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out- 
going QSL Bureau) for only $6.00 L a year. 
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rtty 

frequency-shift 
meter 

z This instrument m. .- 
B 
C 

wil l  measure r t ty shi f t  5 
s - 
ti as well as 5 .., - 
s 

small frequency a s 
i 
L 

differences 
aa 
8 in  any audio fi lter 
m 

One of the problems confronting the rtty 
operator is measuring the correct fre- 
quency shift between mark and space 
signals. 

This article describes a direct-reading 
indicator with which you can measure 
these frequencies from your receiver out- 
put. By offsetting the mark frequency to 
zero and increasing meter sensitivity, the 
difference between mark (2125 Hz) and 
space (2295 or 2975 Hz) can be accu- 
rately measured. 

the circuit 
The circuit consists of an input ampli- 

f ier, Schmitt trigger, monostable multi- 
vibrator, averaging amplifier, and meter 
amplifier (fig. 1). The input amplifier has 
an input sensitivity of about 100 mV. 
The Schmitt trigger squares the input 
signal, which is then differentiated by the 
300-pF capacitor. The negative pulses are 
clipped by a diode, and the positive 
pulses trigger the monostable (one-shot). 
Thus a series of rectangular pulses is  
produced whose repetition rate is equal 
to the signal frequency. Pulse amplitude 
and length are respectively 3.6 V and 80 
microseconds. 

The averaging amplifier produces a 
steady negative dc voltage proportional to 
the average voltage of the waveform at 
the one-shot's output which is, in turn, 
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INPUT AMPLIFIER SCHMITT TRIGGER MONOSTABLE MV AVERAGING AMPLl F lER 

+ IOV +3 6 V  

a".' -4.3 
LM3OIA 

4 n  

4 7 1  25°F 181 

f 3 6 V  

METER l M P L l F l E R  ZERO .A 

fig. 1. Schematic of 
t h e  f r e q u e n c y - s h i f t  
meter and power sup- 
p ly .  Instrument sensi- 
t ivity is controlled b y  a 
s imple  switching ar- 
rangement f o r  the  feed- 

back resistors i n  the  

meter amplifier. 

BOTTOM VIEWS 
5 0 0  

" R E R ~ ~ E D  m ~ ~ 6 5 3 1  

proportional to input frequency. Typical have a gain of 1, 3.3 or 10 corresponding 
waveforms are shown in fig. 2. to 3000, 1000 and 300 Hz respectively. 

Instrument sensitivity is selected by Potentiometers R 1  and R 2  allow a small 
switching the feedback resistors in the current opposite in polarity to the signal 
meter amplifier. The meter amplifier will current to be applied to the meter ampli- 
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fier; thus the meter indication is fully 
adjustable. 

calibration 
An accurately known audio frequency 

is required for calibration. With no input 
to the instrument, set offset controls R 1  
and R 2  to zero and the range switch to 
300 Hz. Adjust R3 for a zero indication 
on the meter. Set the range switch to the 
appropriate range for the calibrating fre- 
quency; i. e., the range that gives the 
highest reading without pinning the 
meter. Next apply the calibrated signal, 
and adjust the calibration control for the 
correct meter indication. 

If 1 percent resistors are used as 
shown, only one range need be calibrated; 
the others will be automatically correct. 
Zero-set and calibration controls may be 
preset screwdriver-adjustment pots 
located on the back of the instrument. 

shift measurement 
To use the instrument, set the range 

switch to 3000 Hz and apply the mark 
frequency to the input. The meter should 
indicate the mark frequency. Set the 
meter to zero, with the mark frequency 
still applied to the input. Then switch the 
meter to the 1000-Hz range for 850-Hz 
shift, or to the 300-Hz range for 170-Hz 

meter protection 
While the circuit is virtually fool- 

proof, it's possible to pin the meter in the 
forward direction if the input signal's 
frequency is too high. The meter can be 
pinned in the reverse direction when no 
input is applied with the offset control 
advanced. Therefore, the diodes in the 
meter amplifier output are included to 
protect the meter from possible high 
overload levels. 

noise response 
If noise is  on the signal to be 

measured, as when measuring the shift of 
a weak signal, errors may result because 
the Schmitt trigger will fire on noise 
pulses as well as on signal. The error may 
be reduced by using the minimum audio 

METER 

fig. 3. Application o f  the circuit 
for  adjusting small differences in  
audio f i l ter output  frequency. 

fig. 2. Typical  waveforms. These wi l l  appear a t  

similarly labeled points in  the  schematic. 

shift. The zero point might need readjust- 
ment with the fine offset control. Now 
apply the space frequency to the input. 
The shift may then be read on the meter. 

signal that will give a steady reading. 
Errors due to noise will be no problem, of 
course, when setting your transmitter's 
shift by monitoring its signal on your 
receiver. 

other uses 
The instrument is also useful in ad- 

justing audio filters for rtty and other 
uses. A typical test setup is shown in fig. 
3. 

While most audio signal geneators have 
good absolute accuracy, their calibration 
is seldom good enough for measuring 
small differences in output frequency. In 
setting up many filters, particularly for 
rtty, filter bandwidth is often more im- 
portant than center frequency. 

ham radio 

june 1970 a 5 5  



curing trouble in 
mobile power supplies 

Remember the days when only three 
things could go wrong with a mobile 
power supply? A sticky vibrator, a bad 
buffer capacitor, and-if things were real- 
ly bad-a transformer. 

I t  wasn't hard to figure out which i t  
was; they all blew the fuse. A done-in 
transformer spewed was and varnish, and 
a worn-out buffer made even a new 
vibrator sound ragged. And substituting a 
new vibrator was a sure way to bring the 
output voltage back up to normal if the 
old vibrator was shot. 

Nowadays when a fuse pops, i t  all 
happens so quietly you hardly think 
anything's wrong at all. The buzzing 
vibrator has been replaced by transistor 
switches. The frequency they flip-flop at 
i s  audible but so quiet you can't usually 
hear it. And when one of the transistors 
goes- i t  generally goes completely. 
There's no bounce, rattle, or noise. Just 
thump! and the fuse or circuit breaker 
pops open. 

the heavy demands 
A lot is expected of the mobile power 

supply. Take the one pictured in fig. 1. 
It's big enough to operate an ssb linear 
from a 12-volt car battery. I t  can furnish 

up to 500 mA at 2 kV, if it has to. 
Typically, i t  runs about 2.1 kV with an 
average load of 180 mA. I t  also supplies 
-1 10 volts at 60 mA, for bias. 

The switching transistors in a supply 
like this must be heavy ones. Likewise the 
transformer and rectifier diodes must be 
rated to withstand lots of voltage and 
current. Input wiring and components 
must carry the heavy battery-current 
drain of a supply like this-as much as 30 
or 35 amps. 

Running a unit like this on the repair 
bench requires the same kind of care 
you'd use installing it. Heavy wiring from 
the dc supply is a must. No ordinary 
battery eliminator today can handle the 
load, so you'll need a storage battery. A 
charger across i t  will keep i t  at full power. 

An ideal bench setup brings the 12- 
volt battery cables up to %-inch bolt 
terminals at the back of the bench. A 
4-foot cable is made up from two No. 6 
awg wires terminated at one end in 
soldered-on eye terminal lugs; the holes in 
the lugs fit over the terminal bolts. The 
other end of the test cable has a heavy- 
duty Jones female plug to fit this power 
supply. Other cables can be made up for 
other power supplies. 

A 60-amp cartridge fuse (Buss 
FUN-60) in the battery-cable line pro- 
tects the battery. I t  doesn't take long for 
a dead short to ruin battery plates and 
burn the insulation right off the cable 
wires. I f  you set up your bench like this, 
occasionally spin the cartridge fuse in its 
holder; that keeps the contact clean and 
cool. 

the switched inverter 
The basic inout circuit of the Heath 

Heathkit HP-13 dc supply, their newest model, 
Is designed for mobile operation of the 58-1 01. 
SB-1 1OA. HW-100 and Heath Single Banders. 



mobile supply i s  diagramed in fig. 2. A 
40-amp breaker protects the car battery. 
An input relay is  necessary because no 
ordinary switch could carry the power for 
this supply. A switch on the transmitter 
closes the relay. A choke and capacitor 
decouple the input dc line, so no hash 

fig. 1. Heathkit HP-14 power supply, although 
no longer marketed, is an example of a high- 
voltage mobile power supply that can be used 
with a 1-kW PEP linear amplifier. Switching 
transistors are heavy-duty types, and heavily 
heat sinked. (Two are out of sight on other 
sides of the unit.) 

from the dc-to-ac inverter can affect 
other accessories. 

When the input relay closes, 12 volts 
positive is applied to the emitters of both 
transistors through a short portion of the 
transformer winding. The collectors are 

grounded, making them negative with 
respect to emitter. That's the first re- 
quirement for operation of pnp transis- 
tors. 

At the same time, the rest of each 
winding half is feeding the positive volt- 
age to the bases and to resistors R1 and 
R2. The voltage at the base of each 
transistor i s  less positive (thus more nega- 
tive) than that reaching the emitter, 
because the winding drops some of i t  (R 1 
and R2 are dividers with the winding 
resistances). With base negative (to the 
emitter) the pnp transistors can conduct. 

However, the transistors are not per- 
fect matches. One conducts more than 
the other. Heavy electron current flows in 
one (for this example, let's say it's Q l ) .  
The path is  from ground through collec- 
tor to emitter, through a short portion of 
the transformer winding to the center 
tap, and out to the positive battery 
terminal. 

As this current builds up, i t  develops a 
magnetic field in the winding. That field 
applies a negative-going rise to the base of 
Q1, adding to the negative bias already 
there. The transistor conducts even more. 

Meanwhile, the same magnetic field i s  
backward-biasing the other transistor. 
The portion of transformer winding be- 
tween Q2's base and emitter applies a 

01 

fig. 2. Dc-to-ac inverter is the difference be- 
tween a mobile supply and an ordinary ac 
supply. Only one of each parallel transistor pair 
is shown in this diagram to keep it as simple as 
possible. Input is 12 volts. often at 30 amps or 
more under load. 
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positive-going voltage to the base, which 
cuts that transistor off. No current can 
flow in the collector/emitter/winding cir- 
cuit of that transistor. 

Sooner or later, the transformer satu- 
rates. That is, even though current in 0 1  
keeps increasing, the magnetic field 
doesn't. Then, no more extra base bids 
for 0 1  is developed by the transformer 
winding. Q1 current suddenly begins 
dropping off. 

As the magnetic field collapses, the 
whole process reverses itself. Suddenly, 
0 2  gets the go-ahead bias i t  needs to start 
conducting. And it does. The more it 
does, the more its end of the transformer 
winding forward-biases it. I t  takes off like 
Q1 did earlier. Current goes way up. And 
all this time, Q1 is being cut off like 0 2  
was earlier. 

This goes on till the transformer satu- 
rates at the 0 2  end. Then again the 
process reverses and 0 1  takes over. The 
transistors keep switching back and forth, 
generating more or less of a square wave. 
There's a photograph of how it looks on 
the oscilloscope in fig. 3. Notice how 
transformer saturation tapers the voltage 
off gradually until suddenly the other 
transistor takes over. Then the waveform 
has straight sides till full voltage is 
reached in the other polarity. 

Another factor that rounds the trailing 
corner of the output waveform (and 
causes the overshoot at the leading cor- 
ner) is the capacitor across the high- 
voltage secondary. Without it, transient 
overshoots and preshoots could generate 
large counter-emf's that might damage 
the transistors. In this respect, the 470-pF 
capacitor acts like the buffer capacitor in 
old vibrator supplies. 

A resistor-capacitor network in the 
base circuit of each transistor is further 
protection; they absorb any transient 
spikes that might zap the base junctions 
of the transistors. 

trouble in the switcher 
The most likely trouble is  a shorted 

transistor. As mentioned on the sche- 
matic, each transistor i s  actually a pair; 
there are four transistors, with heat sinks. 

If a transistor shorts, the switcher quits. 
Usually, the breaker opens-from the 
short or from overcurrent in the two 
opposite transistors. 

To test the shorted one, you have to 
disconnect the base and emitter leads. 
Usirally, the leads have tips that slip down 
over the pins. If the wires are soldered, 
don't overheat the pins disconnecting and 
reconnecting them. 

Use your ohmmeter. Clip the common 
test lead to the collector (grounded in 

fig. 3. Waveform developed by dc-to-ac inver- 
ter. This  shaped square wave is  w h a t  is fed t o  
the rectifier doubler circuit by the transformer 
secondary. 

this example). The ohmmeter should read 
open or extremely high to both pins. 
Next clip the ohmmeter common to the 
base pin and touch the probe to the 
emitter. Then reverse them. You should 
get a low reading (but well above zero) 
one way and a high reading the other. I f  
you ge: an infinite reading both ways, the 
transistor i s  open. I f  you get zero or a 
very low reading both ways, the transistor 
is shorted. 

Be cautious replacing the transistor. Be 
sure it's the right type. I f  i t  opens, the 
others overload and may go. Position the 
new one carefully. Sometimes the 
mounting holes are sloppy and the base 
or emitter can touch chassis ground. I f  
it's the base, goodbye new transistor! 

I f  a transistor blows, also check the 
base resistors and electrolytic capacitors 
(with one end loose). It only takes a few 



minutes. A poor electrolytic may let 
transmitter keying transients damage the 
transistors. I f  so, a new transistor may 
soon go the way of the old one. 

I f  you have a capacitor checker with a 
power-factor test, use that. Also measure 
capacitance. I f  not, use your ohmmeter. 
Make sure both electrolytics charge up 
quickly and don't show a resistance be- 
low 50k. I f  they charge slowly, power 
factor i s  too high. You can measure 
resistors directly. 

charges across the two strings of capaci- 
tors add, and the output is double the 
input. 

The bleeders, R1 through R7, have a 
number of purposes. For one thing, 
they're a safety factor. They drain off 
any charge on the capacitors, and on any 
capacitor in the transmitter, when the 
supply is shut down. Also, connected as 
they are, they equalize voltage distribu- 
tion across all the electrolytic capacitors. 
Without them, one capacitor might devel- 

fig. 4. D c  output  section 
of typical mobile hv sup- 
ply.  Diodes i n  series in- 
c r e a s e  voltage rating 
wi thout  expense o f  hv 
diodes. Circuit  is full- 
wave doudler. Bleeders 

distribute voltage among 
capacitors, which are also 

in  series for  higher volt- 

age rating. 

RI THROLkH R6 - POOL AT I WATT EACH 
CI THRCVGH C 6  - POJ AT 450 VOLTS EACH 

1": 
the high dc side 

You can have trouble with the dc 
circuits of a mobile supply, too. That 
consists of rectifier diodes, filter capaci- 
tors, and bleeder resistors. 

The output of a supply in this example 
is diagramed in fig. 4. The transformer i s  
the one you see in fig. 2, but only the 
secondary is drawn here. 

The transformer steps up the voltage 
of the primary waveform, which is only 
about 10 volts peak to peak (p-p) at the 
emitter of the transistors. There's about 
1000 volts p-p across the secondary wind- 
ing and C7. 

Diodes in series give a rating to with- 
stand such high voltage. There are seven 
diodes in each leg of the voltage-doubler 
circuit. 

The doubler is a simple full-wave type. 
On one half-cycle, diodes D8-Dl4 charge 
capacitors C4-C6. One the next, diodes 
D l -07  charge capacitors C1-C3. The 

op too much voltage and break down. 
Also, R 7  is a small-value divider resis- 

tor in series with the six main bleeders. I t  
develops a 6-volt positive dc. This output 
is ordinarily for automatic level control 
(ALC) bias. 

The bottom winding develops about 
125 volts p-p. That's rectified in a diode 
connected with anode to output. A filter 
capacitor and bleeder resistor keep the 
output at a negative 130 volts dc (-1 30 V 
dc). That's bias for the linear amp. I n one 
Heath linear, i t  also operates the antenna 
relay. 

dc output troubles 
Some troubles in a supply like this can 

be diagnosed from the symptoms. 
Low output, for example, can be the 

result of an open diode. That leaves only 
half the doubler working, and no-load dc 
output is reduced to half or less. 
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An open bleeder can cause the parallel 
capacitor to be damaged. I f  output drops 
drastically with even slight load, check 
each output resistor and capacitor. You 
may have to disconnect one end of each 
capacitor to get a meaningful ohmmeter 
or checker reading. 

Whenever you find an open bleeder 
resistor, always replace its capacitor too. 
I t  has taken an overdose of voltage. Even 
if i t  seems healed, its ability to form a 
dielectric may be impaired. 

A shorted diode in a series string like 
this doesn't show up immediately. Later, 
another may go, then another. Eventual- 
ly, one will probably burn open. Some 
may develop backward leakage that will 
eventually damage others. So, when any 
diode trouble is found check all the 
others in that series string. Just check 
them one at a time with your ohmmeter; 
you don't even have to disconnect them. 
One direction should read less than 100 
ohms (actual amount depends on the 
ohmmeter battery). The other direction 
should read open. 

It's a good idea to check the bleeders 
periodically. Just watch a voltmeter con- 
nected to the dc output. Turn the supply 
on, with no load connected. Then turn i t  
off. The meter should drop to zero volts 
in a matter of 1 or 2 seconds. I f  not, 
BEWARE. The bleeder i s  open. 

An open R7 shows up in other ways, 
too. Most notably, the ALC output volt- 
age (6 volts) rises to practically the full dc 
output voltage. The linear couldn't take 
that. I f  the ALC diode in the linear 
blows, first thing to check is the ALC-bias 
bleeder in the power supply. An easy was 
is by the bleeder test just described. 

Troubles in the -130 volt bias supply 
are ordinary. I f  output is very low under 
load, R9 or the diode is probably the 
culprit. I f  it's low even without a load, 
the capacitor (C8) is probably bad. Be 
sure to connect any replacements with 
proper polarity. Check the 100k bleeder, 
too. A meter on the output, with no load, 
should drop to zero as fast as the meter 
pointer will allow, when you turn the 
supply off. 

caution-high voltage 
You've got to be careful around these 

supplies. Never assume the bleeder is 
okay. A jolt of 2000 volts, when current 
capability is 500 mA, can cool you for 
good. I t  only takes 8 or 9 mA to make 
your heart fibrillate, i f  you don't get aid 
within a very few minutes the damage is 
permanent. Dead permanent. Even a 
couple of milliamps can hurt an already 
weak heart, or weaken a good one. 

I never work around one of these 
except with two things: a 1-meg 2-watt 
carbon resistor I know is good, and a 
jumper lead. The resistor goes across the 
output before I turn on the supply the 
first time. I t  stays there until the last test 
i s  run and I'm sure the internal bleeders 
are working. Besides that, I always keep a 
jumper clipped across the high-voltage 
output except when I'm firing up the 
supply for a live test. When I turn i t  off, 
back on goes the jumper. This may seem 
like trouble, but so are funerals. 

Whenever possible, I do my trouble- 
shooting with tests that don't require me 
to fire up the unit. That takes some of 
the danger away. (I wrote about that kind 
of troubleshooting in this department in 
August 1968, page 52; November 1968, 
page 62, and January 1969, page 52.) 

what's ahead in repair bench 
Solid-state equipment is now the rule 

more than the exception. With i t  comes 
the old fear of not being able to keep the 
gear operating. More specifically, hams 
worry about how to track down trouble 
in a solid-state receiver or transmitter. 

Most hams can do pretty good de- 
ciding what section or stage is fouled up. 
But their unfamiliarity shows through 
when they get down to troubleshooting 
the circuits inside the stages. 

Next month, I'l l show you a sure-fire 
approach to servicing transistors. I won't 
make a super-speed technician out of 
you, but when you get through reading 
next month's column you'll know how to 
find out what's working and what isn't. 

ham radio 
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We'll pay you ten bucks 
to join the fun on the 
2 meter F M  repeater 

this month! 

This page is worth $10.00':' 
in cash on the sensational 
Varitronics HT-2 two meter 
FM Amateur Walkie Talkie 
. . . super hot receiver, two 
watts out, ni-cad powered 
with charger, completely 
portable or mobile. 

See it at your dealer's today. 

*Simply ma i l  this page with your 
H T - 2  warranty ca rd  du r i ng  th is  
mon th  only, and  we w i l l  r e fund  
$10.00 i n  cash on your purchase 
price of the HT-2. Now's the time 
to move to the exciting 2 meter FM 
band . . . and get paid $10.00 for 
doing it! 

Arizona Interstate Industrial Park 
2321 East University Drive 

Phoenix, Arizona 85034 



knight-kit 

two-meter 

transceiver 
I f  you've been shopping around for a 
little two-meter rig, you've probably seen 
the ads for the Knight-kit TR-108 trans- 
ceiver. This little unit covers the entire 
two-meter band, and combines a sensitive 
double conversion receiver with fifteen 
watts input  and a built-in 117- 
Vacll2-Vdc power supply. All you need 
to get on the air i s  an antenna and a 
crystal for your favorite two-meter fre- 
quency (an optional vfo kit i s  available if 
you want to move around the band a bit). 
Also, i f  you want to go mobile, an acces- 
sory mobile mount i s  available. 

receiver 
The first stage of the two-meter re- 

ceiver section i s  a 6HA5 grounded-grid rf 
amplifer. This stage provides adequate 
gain and noise figure for the maximum 
range that can be expected with the 
TR-108. The crystal-controlled oscil- 
latorltripler that feeds the first mixer uses 
a third-overtone crystal cut to 37.883 
MHz-a 6CW4 serves as the oscillator and 
the triode section of a 6GJ7 as the tripler. 
The pentode section of the 6GJ7 is used 
as the first mixer with a resulting output 
of 30.35 to 34.35 MHz. Since the con- 

verter section has a 4-MHz bandpass, each 
coil must be properly peaked to maintain 
the broadband characteristics. The con- 
verter section is the most critical part of 
the whole transceiver, and is prewired and 
aligned by the factory for maximum per- 
formance. Sensitivity is 0.5 pV for 10 dB 
signal-plus-noise to noise ratio. 

The output from the converter chassis 
is fed into the second mixer through a 
coaxial cable. The triode section of a 
6EA8 is  used as a tunable oscillator to 
provide injection for the second mixer; 
the second mixer i s  the pentode section 
of the same 6EA8. The oscillator circuit 
is a temperature-compensated shunt-fed 
Hartley circuit that tunes from 32 to 36 
MHz; output from the second mixer is a t  
1650 kHz. 

The 1650-kHz i-f strip in the TR-108 
transceiver uses two high-gain 6BZ6 amp- 
lifiers and three double-tuned i-f transfor- 

>, mers. The double-tuned i-f transformers 
I- 
n provide a simple way to obtain narrow 

bandwidth. The selectivity i s  6 dB down 
at the 8-kHz points. Image rejection is 
rated at 55 dB and i-f rejection is better 

E than 50 dB. 
The dual-diode 6AL5 used in the de- 



tector/automatic noise limiter stage is 
very sensitive to low-level signals. The 
first diode section of this tube functions 
as a standard a-m detector. The agc volt- 
age is derived from this section, filtered 
and fed back to the control grid of the i-f 
amplifier stages. 

The second-diode section of the 6AL5 
is  used as a series-gate noise limiter. This- 
type of noise limiter introduces negligible 
distortion, even under strong-signal con- 
ditions with high-level modulation-most 

from 300 to 3000 Hz, the speech range 
required for maximum intelligibility. 

transmitter 

The transmitter may be crystal con- 
trolled with crystals in the 8-MHz range, 
or an external vfo may be used. The 
Knight-kit V-107 vfo is designed to go 
along with the TR-108 and its six-meter 
cousin, the TR-106. The 6CL6 oscil- 
latorltripler stage i s  operated as a Colpitts 
oscillator with the plate circuit tuned to 

WNVERTER 
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fig. 1 .  Block diagram o f  the TR-108 two-meter transceiver. 

I 
ZEZ6 OSCILLATOR 

limiters distort the desired signal when 
limiting begins. The series-gate circuit is 
self-adjusting over a wide range of signal 
levels so the limiting level is compatible 
with the amplitude of the incoming sig- 
nal. 

One triode section of a 12AX7 is used 
for the audio amplifier to drive the 6L6 
audio power stage; the other triode sec- 
tion of the 12AX7 serves as a microphone 
preamp. The audio output transformer 
has one primary and two secondaries; the 
primary i s  matched to the 6L6 audio 
power amplifier. In the receiver mode, 
one of the secondary windings is used to 
drive the speaker. A front panel jack 
allows headphone operation or an ex- 
ternal speaker. The second audio-trans- 
former secondary winding i s  used for 
modulation. The frequency response of 
the audio stage i s  engineered to cover 

. J 
MICROPHONE 

the third harmonic of the grid circuit. For 
vfo operation, the tube serves as an amp- 
lifierlbuffer and tripler. Excellent vfo 
isolation is provided by the pentode. 

The output from the 6CL6 drives a 
6BQ5 tripler stage. This small beam-po- 
wer tube drives the 2E26 power amplifier 
to its full capacity. The compact 2E26 
stage runs at 15 watts input. The output 
circuit is a conventional pi network de- 
signed to work into 30 to 90 ohms with a 
vswr less than 3: 1. 

The Knight-kit engineers gave har- 
monic generation very careful considera- 
tion when they designed the TR-108 in 
an effort to eliminate problems with har- 
monic radiation. A double-tuned trans- 
former is used to couple energy from the 
6BQ5 tripler to the final; this reduces 
harmonics and provides adequate drive 
over the complete two-meter band. The 

RmER TRIPLER 
AMPLIFIER TRIPLER PREAMRIFIER 
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output pi  network furnishes further har- 
monic suppression and the wrap-around 
case shields the entire unit so undesired 
radiation is minimized. 

power supply 

The power supply is one of the most 
interesting circuits in the transceiver since 
i t  is designed to operate from either 117 
Vac or 12 Vdc. Switching from one 
power source to the other is automatical- 
ly accanplished by using the proper 
power plug. 

In the dc-todc-converter mode, the 
supply uses a two-transistor oscillator to 
switch the primary 12-volt dc power on 
and off at about 90  Hz: the resultant ac is 
stepped up by the transformer. In  the ac 
mode, the transformer functions as a 
normal step-up type. The high voltage dc 
is  provided by a voltagedoubler circuit 
across the transformer secondary. Power 
for an external vfo i s  available on the 
back panel. 

summary 
The transceiver is fairly easy to as- 

semble and with the excellent instruc- 
tions furnished with the kit, only a few 
evenings work is required to do the job. 
Plenty of lineup and tuneup instructions 
are provided as well as hints for operating 
on the vhf bands. The instruction manual 
also includes information on building a 
simple antenna, mobile installation and 
mobile noise suppression, as well as some 
excellent dope on television interference 
and how to cure it. 

Performance is right up to the manu- 
facturer's rating. You're not going to 
work any moonbounce or meteor scatter 
with 15 watts input, but with a good 
antenna and patience, you may be able to 
work a little DX when the band opens up. 
In the meantime, the little TR-108 is  
great for local ragchews, DX nets and a-m 
repeaters. The receiver is more than sen- 
sitive-the 15-watt input rating of the 
transmitter is the limiting factor as far as 
maximum range is  concerned. You can 
be sure you'll hear the other guy if he can 
hear you. 

ham radio 
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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- 
50f ,  and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order! See your local 
dealer or write for free cata- 

CO~MRJ 
VISALIA. CP 



Tllc P o w e r - M ~ t r  ~ncludes a Synchrodync direct convt,rslon rccr21ver and solid 

Put more slate CW transmitter. Drift is less than 100 Hz. Adequate recelver sensillvlty 
even fnr "down ~ ~ n t l s r "  DX sionals. An "Mu dcr~ved f~ l t e r  orovides 2 KHz . . . . . - . - - - - . - adventure into selectivity. Built-in side-tone, Teceiver muting. Integral br&k-in keying with 
adjustable delay (PM 3A only) makes operating virtually effortless. Keying is 
clean and wave shaped for easy copy. 

Amateur A compact Power-Mite transceiver excels as a traveling companion. I t  needs 
only an antenna, key, headphones and a lantern battery for Instant Radio CW communication wherever you are. 

POWER-MITE PM 3 $69.95 
POWER-MITE PM 3A $79.95 

Old timers who are a I~ t t l e  bored w ~ t h  high 
power are finding the Power-Mite a refreshing 
challenge. Beginners experience all the thrills of 
conquering distance and making new friends. 

POWER-MITE PM 2 $54.95 
POWER-MITE PM 1 $49.95 (LESS crso 

Ideal for the Novice, portable operation, ORP 
work and emergency service. I t  may be used to 
drive a linear amplifier. 

Transceivers are wired, ready-to-operate low power band-switching packages, with flywheel tuning and 
slide-rule dial. The PM 1 i3 PM 2 can be crystal controlled for Novice use. 

20 meters - - - -- 
80 meters 14 0-14 8 MHz _ 3 5-4 0 MHf - - -  

Finish Baked enamel End ~ane l s .  walnut (same) 
wood grain. 

Power Required 12 DC 30 ma. to receive 12 V. DC. 20 ma. to receive 
450 ma. to transmit 200 ma. to transmit 

Semi-conductor Devices 1 dual-gate MOSFET, 1 integrated 1 dual-gate MOSFET. 1 integrated 
circuit, 8 silicon transistors .- 

circuit, 4 silicon transistors 

Types of Reception CW-SSB-AM 
Selectivity 2 KHz at 6 db down points (same) 
Sensitivity Less than 1 uv (same) 
Antenna output impendence Pi Network 50-75 ohms. Fixed Link 
Audio Output lmpendence 1000 ohms. (same) 

Frequency response r?z 3 db 200-2500 Hz 
- -- - - 

Frequency Stability Less than 100 Hz drift. No warm up - - - - - - - (same) 

Power Input Appr~xlmalely 5 watts Approximately 2 watts. 
Front panel controls On-off. 40-20 band switches (3), On-off 40-80 band switches (3), 

transmit-receive, volume, receiver transkit-receive. volume, VFOlcrystal. 
peak, tune-operate, tune. receiver peak, oscillator tuning and 
load. Metered amplifier. ampllfier tuning. Metered amplifier. 
Head phone tip Jacks. Head phone tip jacks. 

Tuning Slide-rule - - - - dial. - Flywheel -. - tuning (same) 
Size HWD 4M". 10%". 656" (same) 
Shipping weight 3 pounds zJ/r_pounds 

LOW COST ACCESSORES FOR POWERMm TRANSCEIVERS ARE AVAILABLE 

1bqrTEN U=-. . " -TEC,IWC. We're 15 Smokies mi. When N. come of vislting Gatlinburg see the us! 

SEVIERVILLE. TENNESSEE 37862 
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tebook 

antenna dimensions 
repairing broken 

coax connectors 

The insulation in SO-239 coax chassis 
connectors sometimes breaks and falls 
out after a period of use. While a new 
connector costs only 59c, it is often far 
easier and quicker to repair a broken one 
than replace it. Set the piece of gear on 
the bench so the connector is upright. 
With a pair of long nose pliers squeeze the 
four parts of the inner connector sleeve 
together and fill the inner part with 
melted candle wax. Epoxy resin is used to 
replace the original broken and lost in- 
sulating material. After the epoxy har- 
dens overnight remove the candlewax 
with a small screwdriver or with a 5/32" 
twist drill, and the SO-239 will be per- 
manently repaired. 

Robert B. Kuehn, WOHKF 

Here's a chart of antenna dimensions 
that should be handy if you're getting 
ready to put up a new sky wire. This i s  
part of a computer listing I ran that 
covered the spectrum from 3.5 to 30 
MHz with readouts for each 50 kHz 
change in frequency.* The first column 
of the chart, table 1, i s  the operating 
frequency in MHz. The following six 
columns give the dimensions of 518 wave- 
length, 112 wavelength, 1!4 wavelength, 
tho length of one side of a cubical quad, 
the length of an inverted vee, and the 
proper radial length for a ground-plane 
antenna, all lengths given in feet. To 
convert from hundreths of feet to feet- 
and-inches use the chart in table 2. 

Jim Barcz, WASJMY 
'A copy of the complete computer printout, 
from 3.5 to 30 MHz in 50 kHz steps, with 
dimensions to six decimal places, i s  avaiable 
from ham radio for $1.00. 

table 2. Conversion chart from hundredths of feet to  inches. From table 1 an inverted-vee antenna 
on 3.9 M H z  is 118.974 feet long. This is equivalent to 118  feet, 11.64 inches (after rounding off to  
118.97 feet). 



Antenna dimensions; length in feet - length (feet) 

1/4A l3," 
66.857 71.7'14 
65.9 15 70.704 
65.000 69.722 
64.1 10 68.767 
63.243 67.638 
62.400 66.933 
61.579 66.053 

60.779 65.195 
60.000 64.359 
59.241 63.544 
58.500 62.750 

---7 
radials inverted 

vee 
132.571 
130.704 
128.889 
127.123 

125.405 
123.733 
122.105 

120.519 
118.974 
11 7.468 
116.000 

frequency 
(MHz)  
3.50 
3.55 
3.60 
3.65 
3.70 
3.75 

3.80 

3.85 
3.90 
3.95 
4.00 
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X 3" INSULATORS HY.GAlN I I BALUN 

COAX FEEDLINE 

fig. 1 .  Multiband dipole designed for wooden boats by WZINS.  This antenna would also b e  sui table 
for por tab le  and apartment stations. 

portable all-band antenna 
Al tho~~gt i  the antenna shown in fig. 1 

was designed primarily for operation on 
large wood boats, i t  looks ideal for any 
amateur with limited space. Vertical an- 
tennas are vil-tually unmanageable on 
lal-ye non-metal boats, and must be con- 
stantly retuned, matched and re-reso- 
nated; this all-band miniature dipole is 
relatively non-critical, easy to tune and 
easily matched. Although i t  can be 
rotated to take advantage of any inherent 
directivity, most users don't go to the 
trouble. The antenna is tuned up on the 
lowest hand of operation (either 40 or 80 
meters) with a grid dipper and antenna- 
scope. Operation on the higher bands is 
provided by the two Waters Mobile 
Band-Adders. The original design of this 
antenna is attributed to W21NS, and i t  
has been built by a number of boat 
enthusiasts with excellent success. 

elmac chirp and drift 
Even though the Elmac AF-67 is f i f- 

teen years old, i t  still has many fine 
attributes. In  fact, I just bought one. I t  
worked fine on a-m, and it's tailored 
speech characteristics are as desirable 
today as when i t  originally was designed. 
However, in its original form i t  had two 
serious flaws that limited it's usefulness: a 
chirpy cw signal and unacceptable drift 
on 15 and 20 meters. 

The chirp was cured in my unit by 
regulating the supply to the buffer/multi- 
pler stages. A 420-ohm dropping resistor 
and a 10k bleeder along with an 062 
regulator in serles with an OA3 provide 

the proper operating voltages (see fig. 2). 
Keying with the new regulated supply is 
clean and chirpless. 

Frequency drift was noticed only on 
15 and 20 meters. A 35-pF variable 
capacitor, C15, is unique on these bands, 

LOW B t  ro BUFFER/ 
FROM 4 2 0  MULTlRlER 

ELMAC PS-&' 

fig. 2. Regulated supply eliminates 
chirpy cw signal from Elmac AF-67. 

so i t  was suspect. Sure enough, when it 
was replaced with an ordinary 35-pF 
trimmer the drift disappeared. I mounted 
the trimmer on the bottom plate of the 
vfo module because the original position 
was almost inaccessible. 

I carefully examined the faulty capa- 
citor and found that only one leaf of the 
rotor shaft contact spring was soldered in 
place-the other leaf maintained electrical 
contact through pressure. I suspect that 
some type of diode action was occuring 
between the pressure spring and the 
mounting nut, but because of the in- 
accessibility of the original mounting 
position, I didn't put the unit back in the 
transmitter to run further tests. 

George Hirshfield, W50ZF 

6 8  G;I june 1970 



MXX-1 Transistor 
RF 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 
RF 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 RF 
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 or 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 

Wrile tor complele catalog 

INTERNAT1 ONAL 

- 
CRVBTAL MFQ. CO., INC. 
10 NO LEE . or ln  L ~ T Y  OKW. 73702 
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meters, or about fifty feet on 40 meters) 
is the very minimum length that will 
produce satisfactory practical com- 
munication results. This, of course, as- 

ments sumes a means of resonating the wire to 
the operating frequency. Furthermore, 
this is independent of the feeding tech- 
nique providing it is properly done. 

Now, it 's a plain fact that any un- 
shielded conductor carrying appreciable 
RF current will radiate. James Clerk 
Maxwell told us as much back in 1870 or 
so. But to merely radiate, and to radiate 
effectively under typical amateur condi- 

multiband antennas tions in a ham's backyard, represent 
two different things. 

Dear HR: Let's not talk microvolts per meter or 
First, allow me to congratulate you for things like. that-I'll define "effective ra- 

a fine magazine. Through i t  many vatu- diation" from an antenna as occurring 
able and useful data become available to when a typical fifty-watt (dc input) ama- 
those of us who otherwise have no access teur station in the cw portion of the 
to it; e.g. specifically practical design data band can successfully compete with nor- 
for semiconductor high-frequency appli- mal QRM conditions, achieving at least 
cations. I f  you're not employed in the fifty percent "comebacks" on calls pro- 
business, as I'm not, such information is perly made under any but contest condi- 
hard to come by. Although a poor school- tions. Unless Mr. Orr's location is con- 
teacher can hardly afford to do much siderably better than mine I'll respect- 
with it yet, 1 do find it invaluable in fully bet him a drink that his antenna 
maintaining a modern perspective in elec- described in fig. 2, page 19 (March, 1970 
tronics. issue) will not meet this test consistently 

However, I do have reservations about unless his antenna is  more than thirty feet 
some things I read in your magazine. above "dirt." (Most of my friends and 
Take for instance Mr. Orr's, "Simple myself have to work with antennas con- 
Dual-band Antennas" in the March issue. siderably lower than this.) 
Now, far be it to deny Mr. Orr's technical Mr. Orr makes much of the satisfac- 
veracity; I have long found his writings tory swr he achieves with his antenna. 
both stimulating and correct. But, on the This i s  nice, I suppose, but he could 
basis of some grassroots antenna experi- achieve an swr of unity very easily merely 
ence I'd like to challenge the practical by hanging a 50-ohm, non-inductive resis- 
radiating efficiency of his half-wave radia- tor across the far-end of his RG8lU. So 
tor, folded-into a quartewave space. I what? Swr near unity is a desideratum, no 
don't think that he or anyone else can do doubt, but i t  is no guarantee of a good 
it. signal as any experienced radioman 

Living as I do in one of those relatively knows. What counts is, "stirring up the 
small-lot suburban areas this business of ether" as we used to say back in the 
getting up a good antenna for the pre-relativity days. 
80-meter cw band i s  a live, pragmatic I f  Mr. Orr would take the wires he 
issue. In facing this issue at my own "folds back," and drop them vertical- 
place, and that of my friends, I have ly down to within five feet of the ground 
found that a doublet-type antenna with a at each end (to make the total wire 
total radiating length of about four-tenths length at least 100 feet), then couple a 
of a wavelength (100-foot wire on 80 good open-wire line to the center instead 

70 june 1970 



of that pretty but lossy coax I'll bet he 
would stir-up the ether much more. Of 
course, he'll need a good antenna tuner a t  
the bottom end of his feedline but that's 
no problem for a good man. He can then 
run a short piece of coax to his antenna 
relay. Then he'll be in business for blood 
instead of kicks. Furthermore, if he 
makes the tuner coils plug in he can tune 
his antenna for other higher frequency 
bands too with remarkably good results. 
(Why are so many "modern" radiomen 
apparently allergic to the good old tuned, 
open-wire line? What's so sacred about 
coax?) 

Let me put results where my mouth is: 
last winter I was interested in some QRP 
work with a small 8-watt (input) trans- 
mitter on 80-meter cw. My first attempts 
were with an approximately quarter- 
wave-long doublet. I made a contact or 
two but not much fun. Then I hung 
about fifteen feet of wire on each end of 
the doublet. One would think that I had 
jack4 up the eight-watter and put a 
hundred watter in i t s  place! I soon 
worked all districts with my pipsqueak 
and had many long, solid ragchews. Lots 
of fellows thought I was kidding them 
when I told them my input was only 
eight watts. So, who is correct here, 
James Clerk Maxwell, Mr. Orr, or yours 
truly? Probably all of us somehow or 
other. But I hope I've stirred-up a little 
thought-and maybe an anti-coax revolu- 
tion. 

C. R .  Rockey, WSSCH/WSEDC 
Deerfield, Illinois 

make mine canadian club 

Of course, Mr. Rockey is correct. And 
so are James Clerk Maxwell and I. All 
practical antennas are a series of compro- 
mises. The finesse comes into play in 
selecting compromises available to best f i t  
the situation. 

The antenna in question, a compact 
folded dipole, works. As my first witness, 
enclosed is a photo and drawing of the 
Russian Sputnik 111 space satellite which 
bristles with folded monopoles (eight in 

all). A similar form of antenna is often 
used for glide-slope detection on jet 
aircraft (see Antenna Engineering Hand- 
book, first edition by Jasik, McGraw Hill, 
N. Y., section 27-5). 

Personally, I've used an 80-meter 
sixty-five foot folded dipole about 20  
feet in the air for local skeds (up to 500 
miles or so using 180 watts PEP input). No 
difficulty was experienced in laying down 
a strong signal with the abbreviated an- 
tenna. 

Some years ago I used a vertical 
monopole version of this antenna 
squished down to 22 feet with four 
full-size radials. Using a kilowatt on 80 
meters WAC was achieved including many 
European Contacts- which really separate 
the men from the boys on the West Coast 
(antennawise). 

Finally, I take mild issue to Mr. 
Rockey's claim that a 100 foot antenna is 
the very minimum length that will pro- 
duce satisfactory results on 80 meters. 
Look about at the eight-foot antennas 
that are used every day: they are called 
mobile whip antennas. (You can use two 
of them back to back for a pretty good 
sixteen foot dipole, too!.), 

I demur from entering the coax-versus 
open wire line discussion. Using open 
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wire line, in my opinion, is like washing 
your feet with your socks on. 

On second thought, I'll reserve that 
drink offer until I meet Rock. Hesounds 
like a great guy. Maybe we'll get together 
some day for a chat and 1'11 order two CC 
on the rocks. Bottoms up!. 

William I. Orr, WGSAI 

a-m modulator 

Dear HR: 
In  reference to Mr. Hall's article "A 

Different Approach to Amplitude Modu- 
lation," (ham radio, February, 1970) i t  
should be pointed out that some undesir- 
able aspects are associated with this type 
of approach. Although this modulation 
technique does eliminate the modulation 
transformer and the conventional class-B 
modulator transistors, it i s  interesting to 
examine the trade-offs involved. 

Basically, the method described con- 
sists of modulating the power supply 
series regulator transistor. The problem 
arises from the unusually high dissipation 
this system requires of the regulator 
transistor. Unlike conventional modula- 
tion where the rf amplifier collector 
current flows through the low resistance 
secondary of the modulation transformer, 
this method requires that the entire rf 
amplifier current flow through a regulator 
transistor which must have a voltage drop 
across i t  greater than the supply voltage 
to the rf amplifier. This means that the 
average regulator transistor dissipation 
will always exceed the entire input to the 
transmitter r f  amplifier. 

Although the article makes reference 
to the fact that efficiency is low, the 
figures quoted are somewhat misleading 
because they are bases on 100% sine-wave 
modulation. In  practical use involving 
voice modulation and normal pauses be- 
tween words, the quiescent dissipation 
becomes more significant from a heat 
producing standpoint. Since the idling 
current for conventional class-B modula- 
tor transistors is  quite low, Mr. Hall's 
method would require nearly twice the 
input power in the quiescent state. This i s  

a situation similar to running the modula- 
tor transistors of a conventional system in 
class A. 

Although the regulated power supply 
would probably be used with either 
method, with conventional a-m the mod- 
ulator would not normally be supplied 
from the regulated output. Therefore, the 
regulator transistor dissipation would be 
modest since the power transformer volt- 
age would be selected such that only a 
few volts are dropped across the regulator 
transistor. 

The fact that this amplitude modula- 
tion method requires twice the normal 
supply voltage and, therefore, consumes 
twice the amount of power (idling) would 
probably preclude its use with battery 
operated equipment. The choice of this 
circuit for ac operated (or mobile) equip- 
ment should be quided by whether i t  is 
practical to dissipate the additional heat 
produced. The space savings facilitated by 
eliminating the modulation transformer 
and transistors may conceivably be offset 
by the additional heat sink area required 
to  satisfy regulator transistor temperature 
requirements. 

Jerry Manikowski, W9JGV 
Hanover Park, Illinois 

In reply to Mr. Manikowski's remarks 
about my article, I wish to thank him for 
bringing up the fact that the efficiencies 
mentioned in the article are misleading 
because they are based on 700% sine 
wave modulation. His point is well taken, 
and I am guilty o f  an oversight there. 

The "usually high dissipation" re- 
quired of the regulator transistor is the 
price that must be paid for elimination of 
the conventional modulator. I t  was not 
my intention to imply that this modula- 
tion approach offered something for 
nothing; rather, it is presented for its 
novelty and because it requires no modu- 
lation transformer. 1 t . i ~  hoped that some 
builders will find the scheme useful in 
some applications, as indeed one has. 

Courtney Hall, WA5SNZ 
Dallas, Texas 
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see the Mnnn ' 
for the best in USED 
communications equipment 

Two-Way FM Units Walkies Repeaters 
Mobile Phone Bases Mobiles 

Here are some of the great buys at Mann . . . 
Motorola Models 
U43GGT 30Watt Mobile 15OMHz less acc T-Power 12V 154.00 
U44BBT l5Watt Mobile 450MHz 12volt T-Power less acc 124.00 
U5lGGT 5OWatt Mobile 40-5.MHz 12V T-Power less acc 154.00 
FMTR 80D 25W 6v or 12v 40.50 M.Hz With accessories 34.00 
T43GGV 25Watt 6/12V 15OMHz wlth Accessor~es 124.00 
T44AAV 15Watt 6/12V 450MHz with Accessories 34.00 
Motorola Model Numbering system (A Mann C & E Customer Service) 

Typical Model Number Example U51GGT-1100 
1st Letter is type of housing 
B = Indoor upright base C = Indoor Compastation D = Dash mount mobile 
H = Hand held J = Outdoor upright base K = Outdoor Compastation L =Table 
Top Base P = Portable R = Railroad T = Trunk mount mobile U = Universal 
( f r on t  o r  rear)  Moun t  mob i l e  X =  Un i t  b u i l t  f o r  a par t icu lar  cus tomer  
Y = Repeater 
1st Number is Transmitter Power 
0 = Receiver only 1 = less than 0.75W 2 = 0.75 to 3.9W 3 = 4 to 15W 
4 = 1 6 t o 4 0 W  5 = 4 1  t o 6 9 W  6 = 7 0 t o  lOOW 7 = 1 0 1 t o  134W 8 = 1 3 5  
to  239W 9 = 240W and Up 
2nd Number is  Frequency Band 
1 = 25-50MHz 2 = 72-76MHz 3 = 136-174MHz 4 = 450-470MHz 5 = 952- 
960MHz 
2nd Letter is Receiver type 
3rd Letter is  Transmitter type 
4th Letter is Power Supply 
B = 117V AC D = Dynamotor T = Transistor V =Vibrator 
1000 Series Standard Squelch Wide Band 
1100 Series Standard Squelch Narrow Band 
3000 Ser~es Coded Squelch Wide Band 
3100 Series Coded Squelch Narrow Band 

Common abbreviations: 
MHz megahertz V volt 
acc accessories T-Power Transistor Powered 
w/acc with accessories 6/12V is NOT the same as 6V or 12V 
W watt 

WRITE FOR FREE CATALOG 

Mann CoMMuNlcmoNs 
PO. Box 138, 18669 Ventura Blvd., Tarzana, Calif. 91356 

Phone: (213) 342-8297 

M a n n  G u a r a n t e e  
Money refunded wi thout  question ~f equlp. 
men t  is  returned wi th in seven days f rom 
shipment, undamaged, freight prepald. 

used, and is sold as-IS. All i tems shipped 
FOB Tarzana. California. Crystals, ovens. 
antennas not included unless specif ically 
stated in  catalog. All equipment i s  sold on 
a first-come. f~rst -served basts. 
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general-coverage receiver 

instrumentation amplifier 

A low-cost self-powered IC signal con- 
ditioner with continuously variable volt- 
age gain from one to greater than 1000 
has been announced by lntegrated Con- 
trols, Inc. Input impedance is  greater than 
100 megohms on the lower gain ranges, 
and the input overvoltage capability is 
f30 Vdc continuously. The output is 
short-circuit proof, and current limits at 
20 mA. The gain-bandwidth product is 
700 kHz, low-frequency noise is typically 
10 pV,  and gain stability is typically 
better than 100 ppmI0C. Operating tem- 
perature range is zero to +70° C. The 
mercu ry battery pack provided permi ts 
greater than 1000 hours of continuous 
operation exclusive of transducer excita- 
tion. $85 from lntegrated Controls, Inc., 
P. 0. Box 17296, San Diego, California 
921 17. 

The new Knight-Kit model R-195 
solid-state communications receiver kit 
tunes the international and domestic 
shortwave bands, marine weather and 
navigational beacon bands plus the stand- 
ard a-m broadcast band. (Frequencies are 
200-420 kHz, 550-1800 kHz, 1.8-12 
MHz.) The receiver includes a tuned rf 
stage for high sensitivity and low noise, 
and the large illuminated slide-rule tuning 
dial makes tuning easy. 

Field-effect transistors are used in the 
front end for high sensitivity with low 
cross modulation, and ceramic i-f filters 
provide selectivity and interference rejec- 
tion. Sensitivity i s  better than 2 pV for 
10 dB signal-plus-noise to noise. Selec- 
tivity is 4.5 kHz at the 6 dB points. Other 
features include series-gate automatic 
noise limiter, avc, built-inbfo and product 
detector, remote receiver muting connec- 
tions, built-in speaker and headphone 
jack. 

The R-195 receiver kit is priced at 
$89.95. Knight-Kit's new modular con- 
cept makes assembly of this ki t  easy wen 
if you've nwer built a kit before. Most 
parts are already soldered to the printed- 
circuit boards, and all critical adjustments 
have been made at the factory. All the 
builder has to do is follow the detailed 
step-by-step instructions and solder the 
connections between circuit boards. Full 
description of this new receiver can be 
found in Allied 1970 catalog, sent free on 
request from Allied Radio Corporation, 
100 N. Western Avenue, Chicago, Illinois 
60680. 
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test equipment catalog 
A new 44-page test equipment catalog 

from Tucker Electronics describes over 
2000 different test instruments and 
microwave components for sale or rent. 
Most of the listed items are either new- 
surplus or used-reconditioned; till are 
calibrated to the manufacturer's original 
specifications by a calibration laboratory 
(traceable to N.B.S.). Included in the 
catalog are voltmeters, transfer standards, 
signal generators, oscilloscopes plus many 
others; manufacturers include Dumont, 
Fluke, General-Rad.io, Hewlett-Packard, 
Polarad, Tektronix and others. For a 
copy of catalog no. 18, write to Tucker 
Electronics Company, P. 0. Box 1050, 
Garland, Texas 75040. 

commun icat'ion receiver 

The new Drake SPR-4 communica- 
tions receiver i s  an all solid-state unit that 
may be programmed to suit your present 
and future interests. The front-end of this 
.new receiver uses a dual-gate mosfet that 
provides signal-handling characteristics 
that are said to be superior to the best 
tube receivers. The all solid-state design, 
of course, has the advantages of low 
power consumption, mechanical and ther- 
mal stability and reliability. 

The SPR-4 can be programmed with 
accessory crystals for 23 ranges (each 
tuning a 500-kHz band) from 0.5 to 30 
MHz plus 150 to 500 kHz. Crystals 
supplied with the receiver allow coverage 
on these ranges: 150-500 kHz, 0.5-1.0 
MHz, 1.0-1.5 MHz, 6.0-6.5 MHz, 7.0-7.5 
MHz, 9.5-10 MHz, 11.5-12 MHz, 15-15.5 
MHz, 17.5-18 MHz and 21.5-22 MHz. 

These r,anges cover the most popular 
short-wave listening frequencies and in- 
clude aircraft radio and weather, marine 
ship and shore stations, high-frequency 
communications, WWV standard time sig- 
nals, foreign broadcast, CB and amateur 
radio. 

This new receiver features avc on a-m, 
cw and ssb with time constants selected 
for optimum effectiveness on each mode. 
Audio output is held constant within 3 
dB over a 100-dB range of input signals. 
Sensitivity on ssb and cw is0.25pV for 10 
dB signal-plus-noise to noise ratio. Hum 
and noise are more than 60 dB below rated 
output. Accessories include a matching 
speaker, crystal calibrator, noise blanker, 
loop antenna, and transceive adapter that 
allows full transceive operation with 
Drake T-4B and T-4XB transmitters. The 
model SPR-4 is priced at $379.00. For 
more information, or the name of your 
local dealer, write to R. L. Drake Com- 
pany, 540 Richard Street, Miamisburg, 
Ohio 45342 

eimac application bulletin 
The new Eimac 4CX600 family of 

ceramic-metal tetrodes i s  designed to 
meet the demands of modern communi- 
cations systems. These new tubes are 
ruggedized, compact, radial-beam tet- 
rodes for use up to 890 MHz. Closely 
controlled parameters plus state-of-the-art 
assembly and testing permit an extremely 
high-gain bandwidth product and low 
intermodulation distortion level to be 
achieved simultaneously. 

Eimac's Application Bulletin number 
14 covers these tubes in detail and 
includes circuits for a tunable 140-250- 
MHz stripline amplifier, a 432-MHz cavity 
amplifier, a 150-MHz class-B amplifier, as 
well as many others. This bulletin, which 
normally sells for $1.50, will be available 
free of charge to the first 100 readers of 
ham radio who write to Bill Orr, WGSAI, 
Advertising Manager, Eimac Division of 
Varian, 301 Industrial Way, San Carlos, 
California 94070 



vhf fm transceiver 

The new Varitronics IC-2F fm trans- 
ceiver for two meters (and IC-6F for six 
meters) provides a full 20 watts input 
wi th 12 or more watts out. New innova- 
tions in these units include APC (auto- 
matic protection circuit) which consists 
of an swr bridge and two dc amplifiers 
that bias the power-amplifier and driver 
transistors off if the unit sees high vswr in 
the transmit mode. This saves the trans- 
istors from possible damage. In addition, 
direct access is provided to the discrim- 
inator so an outboard zero meter can be 
used, and all switching is done electron- 
ically, eliminating problems with relays. 
These new transceivers also include a dc 
input filter that does away with alterna- 
tor hash, a squelch circuit that uses 
thermistors to eliminate temperature- 
induced squelch drift, a hinged chassis for 
easy servicing, test points brought up from 
boards for easy voltage, current and 
frequency checks, a low-pass output 
filter, and zener-regulated supply voltages 
for a l l  oscillators. 

The receiver features a quiet fet front 
end with ceramic filters and integrat- 
ed-circuit i-f stages. Actual sensitivity i s  
below 0.2 pV for 20dB quieting. 

Units are supplied complete with 
crystals, microphone, mounting bracket, 
plugs and dc cabling. The only accessory 
is the ac power supply (IC-3P). This 
power supply incorporates a sensitive 
zero-type discriminator meter, and is  des- 
igned to provide a stand for the trans- 
ceiver. Hardware is  provided to mate the 
transceiver and the ac power supply into 
one neat compact unit, if desired. For 

more information on the new IC-2F and 
IC-6F. write to Varitronics Incorporated, 
3835 North 32nd Street, Suite C, 
Phoenix, Arizona 85018. 

decoderldriver ic 
Motorola's new BCD-to-decimal de- 

coderldriver, the MC986019760, converts 
a four-bit complementary BCD code 
into a one-of-ten output with sufficient 
voltage to drive a neon-filled display tube. 
The high-voltage output transistors in the 
ICs allow direct operation of the display 
tube without background glow. With the 
M C 9 8 6 0 1 9 7 6 0  decoder ld r i ve r ,  
MC8671767 quad latch and MC8801780 
decade up counter, designer can build a 
completely integrated readout system 
that is smaller, faster, and less expensive 
than conventional systems. Supplied in 
the 16-lead dual in-line plastic package, 
the MC9760P sells for $5.55 in small 
quantities. For more information, write 
t o  Technical Information Center, 
Motorola Semi-conductor Products, Inc,. 
Box 20924, Phoenix, Arizona 85036. 

lightning arrestor 

A lightning arrestor originally devel- 
oped for protecting military communica- 
tions equipment is now available to radio 
amateurs. This nGw arrestor, the Dale 
Electronics LA-8A4C, provides perma- 
nent protection from lightning damage to 
your radio equipment. This arrestor has 
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T A K E  YOUR P ICK 
These units wlll replace the 100 kHz callbrator built Into most receivers. Uslng 

your 100 kHz crystal thls unlt will provlde sharp accurate markers wlth readouts 
at 100 - 50 - 25 - 10 and 5 kHz usable thru 50 MHz. Keep your recelver calibrated 
at all times, locate sub bands, MARS frequencies and band edges. 

4 

Frequency marker, less cabinet and switch SELF-CONTAINED UNIT 
Speclfications: Glass Epoxy Board. Adjustment The TBL 1 Marker Is a complete unlt includ- 
to zero beat with WWV. uses 100 K H ~  crystal ing the c~rcu l t  board shown a t  left and powered 

w ~ t h  3 "C" type f lashl~ght batter~es. Merely 
(not suppiled). to VDC. - x connect to  your recelver antenna - no internal 
3.75 ~nches. Install anywhere! wlrlng necessary. A front panel control allows 

zero beat w ~ t h  WWV. 
Complete easy-to- $16.50 Wired and 

assemble k ~ t  Tested $lgm95 Less Specla1 crystal introductory and batterms prlca $29.95 
SWITCH s1.w CRYSTAL ONLY $3.50 POSTPAID U.S A. 

with purchase of any of above SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 
48 ELM STREET, NEW CANAAN, CONN. 06840 - TeI. 201-966-3553 

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

See us for the 
CYGNET 2601 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 2W8 DALUs, TX 75ml. 7a 5161 
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been proven so reliable that Dale Electro- 
nics wi l l  pay you $2000 i f  a properly- 

installed LA-8A4C fails t o  protect your 
equipment from lightning damage. The 
ultra-reliable LA-8A4C can withstand five 
direct strokes o f  lightning, eliminates 
heavy static buildup and installs easily in 
any 52- or 72-ohm coaxial feedline. 
$19.95 i s  the standard price for the 
arrestor-the added protection o f  the 
'$2000 warranty policy costs you nothing. 
Dale Electronics, Inc., P.O. Box 609, 
Columbus, Nebraska 68601. 

fm t r a n s c e i v e r  

Galaxy Electronics has announced a 
new two-meter f m  transceiver, the 
FM-210. This new solid-state uni t  
features a high-performance fet-front-end 
transceiver and 3-channel crystal-con- 
t r o t  l ed independent transmitlreceive 
selected by front panel controls, highly 
effective squelch system and a speech 
compressor for optimum intelligibility 
under adverse operating conditions. The 
FM-210 is designed for operation f rom 
12- t o  14-Vdc supplies; an optional power 
booster provides higher power operation 
f rom either 12-1 4 Vdc or 11 7 Vac. Total 
power drain i n  the receive mode, wi th the 
audio squelched, is 60 mA: during trans- 
mi t  the current drain is 500 mA. 

Receiver sensitivity is 1 uV for 12 dB 
quieting; 0.5 uV for 12  dB SINAD. On 
transmit the uni t  runs 5 watts input ( 3  
watts out), and w i th  the optional power 
booster, 10  watts input (6  watts out), 
The power booster is actually a dc- todc  
converter that provides 24 Vdc t o  the 
final power amplif ier transistor. The 
transceiver also includes adjustable band- 
width, 2 t o  2 0  kHz, and an adjustable 
clipping filter that provides u p  t o  30 dB 
clipping. The FM-210 is normally con- 
figured for  wideband operation; narrow 
band is available on special order. 

For more information o n  this new 
unit, write t o  Galaxy Electronics, 10 
-South 34th Street, Council Bluffs, Iowa. 
The transceiver is priced at $299.95; the 
optional power booster is $39.95. 
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Two meter fm is quick and easy with 

the DYCOMM VHF FM RF AMP 

THIS PROFESSIONAL FM RF AMPLIFIER 
IS THE SAME AS USED IN  THE 
DYCOMM 101 VHF FM MARINE 

RADIOTELEPHONE 

Use it for FM or CW or as driver 
for HI POWER amplifier 

COMPARE THESE OUTSTANDING 
FEATURES: 

Cleanest Carrier you ever put out - No 
spurious emission with any combination 
.of drive, load or power supply variation. 

All Silicon-Plug in  Transistors 
Wide Band - no tuning required 140-150 

MHz 
Low Power Consumption -, 12V @ 1.5A 

for 10 W Min Output 
Ideal for Remate Location, or repeater/ 

mobile use. 
Low Drive Required - less than 100 Mw 

for 10 W output 
Use up to 150°F Ambient with no derating 

Hi reliability 
Hi efficiency 

Very compact Low cost 

Furnished with complete use information 
and schematic 

PRICE: $59.95 
ready to plug in and get out 

220 MHz Model available 
Dealer Inquiries Invited 

For more Info Call or Write - 
Jim W4MRl Joe W4ZUW 

Lew W7BCD 
(305) 844-1323 

DYNAMIC COMMUNICATIONS 
301 BR3ADWAY 

RlVlERA BEACH, FLA. 33404 



short circuits 

Conversion of the Hallicrafters 
SR-160 to an SR-500 (to gain greater 
power output), cannot be done as des- 
cribed on page 66 of the February, 1970 
issue. The biggest problem lies in the 
filament circuit-the 8236 tubes have 
6-volt heaters and will be immediately 
zapped if the SR-160's 12-volt filament 
circuit isn't changed. 

high-frequency converter 
The crystal oscillator stage in the 

high-frequency mosfet converter shown 
on page 30 of the January, 1970 issue is 
incorrect. Each of the crystals should be 
returned to the base of the 2N4124 
oscillator stage, not to ground. Also, the 
unlabeled capacitor across L5 in the 
mixer drain circuit should be 170 pF. 

varactor modulator 
In  the frequency-modulated crystal 

oscillator in fig. 10, page 18 of the 
September, 1969 issue, the MV-833 va- 
ractor is installed backwards. The diode 
must be reverse biased for correct opera- 
tion. 

432-MHz ssb converter 
The B+ supply to the crystal oscillator 

in fig. 1, page 50 of the January, 1970 
issue should come directly from the 
positive terminal of the OC5 voltage- 
regulator tube. Also, the oscillator B+ 
lead should be bypassed with a uhf-type 
feedthrough capacitor, and the cathode 
bias resistor in the 6J4 grounded-grid 
amplifier stage should be 56 ohms. 

ic noise blanker 
The 47k resistor in the emitter circuit 

of the Schmit trigger in fig. 3, page 54 
of the May, 1969 issue should be 47 
ohms. The circuit will not trigger reliably 
unless this resistor i s  less than 150 ohms. 

ham radio 

WE NEED YOUR SURPLUS TUBES 

2K (any digits) 3E29 
3K (any digits) 

4CX3000A/8169 
4CX5000A/8170 
4CX5000R/8170W 
4CX10,000/8171 
4X150G/8172 

4CX250R/7580W 4PR60A or B 
4PR (any digits) 

4CX350A/8321 5-125B/4E27A 
4CX1000A/8168 

TW (all types) 
TWT (all types) 

4000 series 
5000 series 
6000 series 
7000 series 
8000 series 

Please send us your surplus inventory 
lists. We want to buy other tubes and 
TX - RX - test equipment. 

5% Bonus over Best Offer 

The TED DAMES Co. 
308 HICKORY ST.. ARLINGTON, N.  J. 07032 

Phone: 201 9984246 
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NUVISTOR LOW NOISE PREAMPLIFIER 
For 27 (CB), 28,50, 144 or 220 MC. (Also available 
for 150- 170 MCS) 

-P, Add this Ameco Nuvistor Preamplifier to your receiver 
(or converter) to improve the sensitivity and noise figure. ~ 8 "  t - Two tuned circuits also improve rejection of image and 

\ 
spurious frequencies. Compact, easily connected and t 

/ nr @ low power requirements, wired and tested with tube. 

c- - Models PV 27, 28, 50, 144 & 220 
* 
9 Write for details on 150-1 70 mcs and others. 

Ideal for improving performance of surplus FM Two-Way equipment for "NET" 
operation on the 2 and 6 meter bands. 

AMECO EQUIPMENT CORP. 
A SUBSIDIARY OF AEROTRON, INC. m P. 0. BOX 6527 m RALEIGH, N. C. 27608 
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CRYSTAL FILTERS 
By KVG of WEST GERMANY 

High performance 9 MHz xtal filters for SSB. 

FM, AM & CW applications. Perfectly suited 
for miniaturized solid-state equipment. 

Size 1 - 27/64" x 1 - 3/64" x 3Arr. 

Filter Type 

Applicat~on SSB. SSB I AM AM 
Transmit. FM 8 CW I 

- A- 

Shape Factor 

$21.95 $30.25 

Matchlnf HC25/U crystals: 8998.5 (USE). 8999.0 

v 

SPECTRUM 

(BFO), 000.0 (carrier). 9001.5 (LSB). $2.75 each. INTERNATIONAL BOX 87 TOPSFIELD 
MASSACHUSETTS 01983 

XF.9A 1 XF-98 1 XF.9C XF-90 1 XF.9E I XF-9M 



I f  you have any interest in the frequencies above 30 MHz then you need this book. It is 
probably the most comprehensive work of its kind ever produced, ranging from advanced 
material to simple circuits for the beginner to vhf. An attractive layout and clear style 
make the VHF/UHF Manual a most worthwhile addition to your library. 

3.75 postpaid 
b o o k  division 

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

DEALER INQUIRIES INVITED" 



I know my big brother, IC-2F, is a b i t  stronger and maybe a litt le better lookin', but don't 
forget I've got a few things goin' too! I hear real good at 0.4 uV. I'm completely portable 
with a battery pack and my own antenna, besides working at home with an AC power 
supply or in your car . .  . I can go anyplace with you. I have some RF amplifier friends 
that will help me out i f  needed. I'm sti l l  the best 5 watt input unit on the market. 
Besides, I play for a $100 less than my brother. 

See the FDFM-2 two meter FM 
transceiver at your dealer now. 

Arizona Interstate Industrial Center 
2321 East University Drive Phoenix, Arizona 85034 
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flea ~ C L  market 
I RATES Commercial Ads 25$ per 
word; non-commercial ads 10$ per word 
payable in  advance. No cash discounts 
or agency comm~ssions allowed. 

I COPY No special layout or arrange- 
ments available. Material shoulds be type- 
written or clearly pr~nted 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 
clalms made. L~abi l i ty for correctness of 
material l im~ted  to  corrected ad ~n next 
available issue. Deadline IS 15th of 
second preceding month. 

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

TRADE 28KSR. 19, TYPING REPERFORATOR. TT/L-3. 
for 28ASR. 60 cycle supply or motor for mite. 
David G. Flinn, 10 Graham Road West, Ithaca, N.Y. 
14850. - .- - 
TOUCHTONE DIAL equivalent from Denmark. Ten 
button, convertible to all twelve with data included. 
State color: beige or black, limited number green. 
l2VDC required for oscillator operation. $16.00 
postpaid USA. J. O'Brien. W6GDD. 6606 5th Street 
Rio Linda, CA 95673. 

PLYMOUTH (ENGLAND) RADIO CLUB announces 
an Official Mayflower Certificate to be awarded 
during the period of the Mayflower Celebrations. 
from March. 1970 to November. 1971. Qualifications 
are: One QSO with GBZUSA, or any THREE mem- 
bers of Plymouth Radio Club, or any THREE Ply- 
mouth CITY Stations; SWL's - Reports of similar 
nature to above. Cost of Certificate will be 2 
IRC's (2/. in stamps for UK Stations). No QSL's 
are necessary to verify QSO's, just log extracts 
which will be checked at PRC. Send qualifications 
to A. Baker, G3KFN. 74 Travistock Road, Stoke, 
Plymouth, Devon., England. 

ON-THE-AIR HAM RADIO facilities will be provided 
by the U. S. Navy's Washington voice in amateur 
radio. K4NAA, operating daily from the Sheraton 
Park Hotel in Washington. D; C. during the three 
days of the Armed -Forces Communkation and 
Flectronics Association Convention in June. AFCEA 
delegate;-with amateur licenses are invited to take 
advantage of the Navy's ham station during the 
convention on June 2. 3, and 4. K4NAA fixed port- 
able will he operational from 0900 to 2200 EDST 
with CW, SSB, and RTTY on the 10, 15, 20, 40, an,d 
80 meter bands. A specially designed QSL card IS 
available to amateurs who are inv~ted to make con- 
tact during the AFCEA convention. - -- 
QSLS. Second to  none. Same day sewice. Samples 
25C. Ray. K7HLR. Box 331. Clearfield, Utah 84015. 

EVANSVILLE. IND. HAMFEST. 4H Grounds (High- 
way 41 North 3 miles) July 12, 1970. Air condi- 
tioned, Swappers/Hams/Families welcome. 

FOR SALE: HW.12 with calibrator, $80. HW-22, 
$70. Globe Kin 500A (500W, a m  and CW), $125. 
Gonset 913A 508.watt 6M linear. 5200. Gonset 910C -- ~~ 

6M ~ i d & ' i i I i r  (a.m, CW and ssb) with ac and dc 
supplies, Laff lOOW linear plus many extras. $360. 
Gonset 2M lOOW llnear w/spare 8265, $90. Gonset 
Communicator Ill 6M. $115. 6M Ameco Preamp. 
$10. Eico 720 90W CW transmitter. $55. Tecraft 
6M converter with supply (7-11 ,MHz out). 935. 
Knight R-100A en'l coverage receiver, $60. Heath 
vfn VF.1. Irl-161%. 215. Eico 23-channel CB trans- 
&ivei, $775.- ~-eitt i  k x - 3 0 - 6 ~  transmitter (i.m. CW 
and SSB). $140. Heath HA-20 175W 6M linear. 
$110. Factory-sealed Ameco PT reamp, $55. Heath 
Sixer, w/crystals and mlke. $3!!. Ameco 6M con- 
verter with power supply. $15. Swan 14C dc 
module, $50. Drake factory-sealed DC.4 12 Vdc 
supply, $105. Factory-sealed Ameco OCMW monitor, 
$12. Westcom noise blanker for Swan 250, $20. 
Gonset 6M G-50. $160. Ham-M rotator. $105. 
Factory-sealed 24.hour Pennwood clock, $14. All 
items fob. Tom Dittrich, WB2LZD, 605 Broad St., 
Endicott, N. Y. 13760. 

POLICE - FIRE -.AIRCRAFT - MARINE Calls on 
your broadcast r a d ~ o  w ~ t h  TUNAVERTER SI Tun- 
able - Crystal! Brochure. Salch Company, Woods. 
boro HMC, Texas 78393. 

WORLD QSL BUREAU - see ad page 88. - 
FOLLOWING EQUIPMENT has been stolen: KWM.2A 
Transceiver w/136B-2 Noise Blanker. S#16922; 
KWM-PA Transceiver w/136B-2 Noise Blanker. S# 
16942. 3128.4 Cabinet Speaker, S#63314 3128.4 
cabinkt Speaker, S# unknown: 516F.2 ~ d w e i  Sup- 
ply. S#58705: 516F-2 Power Supply. S#58521; 30L-1 
Linear Amplifier. S#27604. Anyone having in- 
formation is asked to contact Dave Leopard. Texas 
Instruments, Inc.. 13500 North Central Expressway. 
Dallas, Texas 57222. 

GREENE DIPOLE CENTER INSULATOR . . . see ad 
page 96. Seutember 1969 Ham Radio. - - 
COMMERCIAL LICENSE EXAMS: Second $18.00: 
First $24.00: Sample questions: Price list $1 
refundable. Ebco Enterprises, P. 0. Box 432. 
Soarks. Nevada 89431. - 
DRAKE R4A/T4 combo with MS-4 and AC supply. 
$495. K4CWW. 217 Milton Drive. Carrboro. N. C. 

FOR SALE 3-element Gotham tri-band beam. Brand 
new never used. $45. You pick up or will shin 
collect. Steve Perry. WB2ESN. Rocky Point. N. Y. 
1177R - --,,-. 
OVER 10,000 SEMICONDUCTORS. New. Name.Brand - At consistent Savings. Hard.to.get. R.F. Power. 
Microwave. A.F., etc. Send for Semiconductor and 
Parts Catalog today. K. & J.B. Electronics, Dept. 
E-3. 3805 New Haven Avenue. Fort Wayne, lndiana 
46803. 

THE TRI-STATE AMATEUR RADIO SOCIETY announ. 
ces its Twenty-third Annual Hamfest to be held 
Sunday, July 12, 1970, at the 4-H Youth Rural 
Center on Highway 41 North. Advance registration 
51.50 and 52.00 at the door. For details contact 
Jack Young. KgLAU, P. 0. Box 492. Evansville. 
lndiana 47703. - 
SOMERSET COUNTY HAMFEST - The 5th SCARC 
Annual Hamfest will be held Sunday. June 7 a+ the 
Casebeer Grove 4 miles north of Somerset. Pa. on 
US Route 219. Registration starts at noon. Rain 
or  Shine - Free tables indoors for swap-shop. 
Write K3YVS. 719 Division Street. Berlin. Pa. 15530. - 
TELEGRAPH KEYS WANTED: Wire, wireless. Spark 
or CW. Related books. Ted Dames. WPKUW. 308 
Hickory St.. Arlington. N. J. 07032. - 
SQUEEZE KEY. tFle ~ ~ l t i m a t e  electronic Keyer. In- 
tegrated circuits, silicon transistors throughout. 
Ruilt-in double lever key, monitor speaker, relay. 
Beautiful import. SASE for brochure. Dave 
Kennedy. WgDL, R.R.#l, Box 295.8, Elburn. Illinois 
60119. 

HEATHKIT TS4A Sweep Generator, covers 3.6 to 
220 MC. Mint. Original cost 569.95. CIE N-5157 
Electronic Slide Rule. Best offer takes. S. J. Stans- 
field. 131 W. Race St., Leslie, Michigan 49251. 
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When it comes to antenna systems. n . 
a space problem? an installation problem? is yours a budget problem? an appiiutions problem? 

or simply a problem of where to buy? 

Your one-stop solution is ANTENNAS, INC. 

Exclusively specialists in radiating systems, complete systems or any component part. 
Arrays - complete or i n  ki t  form, quads, yagis, dipole assemblies, verticals - fixed or mobile. 
towers. masts, rotors, guy and control cable, transmission line, coax relays and switches, connectors 
and adaptors, test gear, technical publications, corrosion resistant hardware, corrosion proofing 
chemicals, insulators, installation and wiring hardware, aluminum tubing and plate, wire, and much. 
much more. 

I f  your requlrements are for a complete system, major components, or  the smallest yet important 
piece of hardware - 
ANTENNAS, INC. has: 

Amphenol Estes Millen . Swan 
Antenna Specialists General Cement Mini.Products Telrex 
B & W  General Electric Mor-Gain Times Wire 
Belden Gentec Mosley Tri.Ex 
Bilada Goldline Newtronics Tristao 
CDE Rotors Gotham Omega-T Unadilla 
Cushcraft Ham-Kits Phasar Vesto 
DGP Heights Polygon Plastics Waters 
D PZ Hy-Gain Productos Joga Whittaker Cable 
Dew-Key E. F. Johnson Rohn 
R. L. Drake Kirk Electronics Saxton Wire 
E Z Way Kreco South River 

Our prices and deliveries are hard to heat . . . anywhere. 
ANTENNAS. INC. can be your one-stop, 
single-source. Write toda for our 90- ANTENNAS, IN C. ~:!w~~~z\: ~;;s~t~~cp wftr. c a t a ~ ~ ~ ~  rerundable. first 

. . . THE BEST 

2 M E T E R  

Model 407 

144-146 MHz in. 28-30 MHz out 

WE PAY HIGHEST 
PRICES FOR ELECTRON 

TUBES AND SEMICONDUCTORS 
- 

H & L ASSOCIATES 
ELIZABETHPORT INDUSTRIAL PARK 

ELIZABETH, NEW JERSEY 07206 
(201) 351-4200 

or 146-148 MHz with a second crystal 
available for $4.95 extra 

A ful l  descript~nn of this fantastic mnverter 
would fil l this page, but y ~ ~ u  can take our word 
for i t  (or  those of hundreds of satisfied users) 
that it's the hest. The reason is simple - we use 
three RCA dual gate MOSFETs. one bipolar, and 
3, diodes i n  the best circuit ever. Still not nrn- 
v~ncpd? Then send for our free catalog and get 
the f r ~ l l  description, plus photos and even the 
schematic. 
Can't wait? Then send us n postal money order 
lor S39.95 and we'll ritsh the 407 o ~ ~ t  to y~ t r .  
NOTE: The Model 407 is also available i n  any 
fre urncy comhination up to 450 hIHz (some at 
higler prices) as l i s t 4  i n  our cataiog. New York 
City and State residents add local sales tax. 

VANGUARD LABS 
Dm. R. 196-23 Jamaica Ave.. Hollis, N.Y. 11423 

BACK ISSUES 
1968-1969 
3 for $1.00 

OUR CHOICE - NOT YOURS 
REGULARLY 75$ EACH 

HAM RADIO 
GREENVILLE, NH 03048 



TOROlDSl Lowest prlce anywhere. 40/$10.00 POST. - 
PAID. Center tapped 88 or 44mhy. (5/$2.00). 32KSR 
printer. Reconditioned, perfect $200. Lorenz ASR 7 
page printer (all 60 speed) $100. Perf tape 11/16" 
$10/case/40. Electrosensitive facsimile paper $3/ 
box/250. Stamp for list. Van WPDLT. 302H Passaic 
Avenue. St~rling. New Jersey 07980. - 
SPRING HOUSECLEANING! Must clean shack to  
make room for new gear. Many good~es must go 
at chance-of-adifetime prices. Send SASE for  ----MAIL T H I S  COUPON NOW---, 
detailed list. Bargains include Comdei CSP-11 
speech rocessor. $75. Drake L4 linear amplifier. 
$450. 8 el Cushcraft 15-meter beam. $45. 6 ele- I ment 6-meter beam. $15. Calibrated 1296-MHz 
grid-dip meter and signal generator, $30. All items 1 elm: 

I 
STATE: - ZIP: - 1 fob; no shipping of antennas. WITDY, Box 25, , 1 

Rindge, N. H. 03461. For your FREE copy, fill out coupon and moil. Dent. HR 
THE ATLANTA RADIO CLUB'S 43rd Annual Harnfest 
will take place June 13-14 at  the North Dekalb 
Shopping Center. Atlanta, Georgia. Location is at 
Interstate 285 and the Lawrenceville Highway. 
Main prize drawing at  2 m. Prizes include Swan 
500 C w/AC Power ~ u p p c ,  Color Television, Ham 
M Rotator. Classic 33 Beam. Dinner-Dance on June 
13 at 8 3 0  p.m. In the S and S Cafeteria. Lenox 
Square. Special drawing this night is an HW.12. 
For reservations call K4ZYK or K4YID on Atlanta 
Radio Club Net every Saturday at 5 p.m. on 
3975 khz. - 
WANTED: CUSTOMERS. No experience necessary. 
Write or call "HOSS TRADER ED MOORY" for the 
best deal on new or used equipment. USED E UIP 
MENT BARGAINS: Guaranteed: 75A-4. $28.001 
KWM-2. $695.00: 30L.1. $385.00: R4-A. $279.00: 
28, $169.00: Galaxy 5. $229.00: HT.37. 5179.00: 
H 170AC. $209.00: SX.96, $99.00: HX.10. 5169.00: 
NS1303. $199.00: NCX-3. $155.00: Swan 350. 
$275.00: Swan 500, $339.00. Write for "Free" List. 
Contact us for Special Deals on Brand new Equip- 
ment i n  factory sealed cartons with ful l  factory 
warrantv and Soecial Prices on New Tower and 
Beam Packages.' Ed Moory  holesa sale Radio Co.. 
Box 506, Dewitt. Ark. 72042. Phone (501) 946-2820. 

NOVICE CRYSTALS: 40-15M $1.33, 8OM $1.83. 
Free flyer. Nat Stinnette Electron~cs. Urnatilla. 
Florida 32784. - 
NEED CODE PRACTICE? Mia,mi area. Can g b e  
instruction and practlce - pr~vately, or to  groups 
at various code speeds up to  25 wpm on straight 
key. or to  35 wpm on bug - days or evenings. 
Phone 666.7380 Mon. thru Fri. evenings only, 
Blake Brownrigg. Coconut Grove. 

MAYFLOWER 70 AWARD has been instituted by the 
Committee governing The Cheshire Homes Amateur 
Radio Network Fund. to  commemorate the 350th 
Anniversary of the Sailing from Plymouth of The 
Pilgrim Fathers for America. The object of this 
Award is to continue our efforts to provide Amateur 
Radio Equipment to  the Homes which care for the 
incurable sick and permanently disabled. Al l  profits 
from this Award will be devoted to  this purpose. no 
Member of the Committee will receive payment or 
reward for his s e ~ i c e s .  The Award is open to  al l  
Amateur Radio Operators and SWL's throughout 
the World from January 1. 1970. No t ime limit. 
Any Band or Mode. No QSL Card required. But a 
certified copy from Log Book must be sent. Oper- 
ators in the U.S.A. must submit proof of ONE con- 
tact with an Amateur Radio Station operating from 
Plymouth. England. SWL's as above but Reception 
of ONE Amateur Station. The cost of Certificates is 
ONE DOLLAR which includes Postage by surface 
mail. Forward all claims to: W. M. Clarke. G3VUC. 
Fillace Park. Horrabridge, Yelverton, Devon. PL20- 
7TE. Enaiand. - - 
TECH MANUALS - R-390/URR, R-390A/URR. 
BC-639A. $6.50 each. Many others. List 20C. 
S. Consalvo, 4905 Roanne Drive. Washington, DC 
20021. - 
FOR SALE H W 32-A mint  condition, $75.00. Max 
Holland, W4MEA. Hiwassee College. Madisonville. 
Tennessee 37354. 

" SWR AND 

Reads output and reflected power simulta- 
neously. May be left in line up to 2000 watts. 
Low insertion loss. Size 5x2~2.  Good t o  

PRICE $15.95. FOB HOUSTON. 

MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY - HOUSTON. TEXAS 77002 

I . - Radio Amateur I I 
graved Gold I 

Rhodium I n 

I - 
1 Gold I 
I Rhodium 1 
I 

call letters 
I 

I I 
I $5.00 Ea. 

I 
I IJ Rhodium 1 
I 
1 cal l  letters 

I $5.00 €a. 
I 
I 

I I 

SELL SX-111, like new-$100: VFO-$15: CIE corres- I 
pondrnce course-$80; Stancor 5VCT-60A.$20: Drew- I Rush Order b: RADIO AMAfEUR CALLBWK, Inc. 

ing.WB2SMQ. New Jersey 08722. 628 
Avenue* Beachwood* L ~ e p t .  E. 925 Sherwood Drive, Lake Bluff, 111. 60044 - - - - - - - -  - - - - - -  -1 

june 1 9 7 0 0 8 5  
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New Products From P== e 1 THE PHASE CORPORATION 

TEST OSCILLATOR 
THREE FUNCTIONS IN ONE SMALL PACKAGE 

GENERATES PULSE, SAWTOOTH, AND SQUARE 

rrleer 
"our 

yoof 
qesS 

'ow ' elk 
e* "lt* 

**c6 
.,*e 

&,<\*QQ 

All Solid-state Portable and Compact 
C ' i e ~ k  out your Sweep C~rcuits 

Speclnations: 

Frequency: 
Saw and Pulse 0.1 HZ- 100 KHZ 
Square 0.05 HZ- 50 KHz 

Rise Time 
Square and Pulse 0 . 5 ~  Sec. Model 01K (kit with custom case) $34.95 

Pulse width lrsec. e loo KHZ Model O1W (wired and tested) $54.95 

FOUR TRACE PRE-AMP 
CONVERTS ANY SINGLE TRACE SCOPE TO 

DISPLAY UP TO FOUR SIGNALS AT THE SAME TIME 

as Ou*, ,. 
-''so+ rhr 

" rr 
te F~~~ ace, or 

&5tS 
e,o* 

r-ce 

@ 
Portable and Compact Sync. Output 

U S P ~  T~riie S h a r ~ n ~  Techn~ques 
Speelncations: 

Bandwidth: 1 megaheh/channel 

Maximum Input volts per channel: 50 volts p-p 

Maximum Output volts per channel: 0.5 volts p-p 
Display Time: 50 rSec. 

Transition Time: 5 aSec. 
Model AlKC (kit with custom case) $34.95 

Input Impedance/Channei: 1 meg. ohm Nlodel AlW (wired and tested) $54.95 

SEND CHECK. MONEY ORDER OR ASK US TO BILL YOUR 
BANKAMERICARD OR MASTER CHARGE 

86 Q june I 970 



SPECIAL OFFER - Ham Radlo Blnders regularly 
$3.95 each - now three for $10.00 postpaid. Ham 
Radio, Greenville, N. H. 03048. - 
THE MILLIWATTER is a non-profit monthly QRPP 
(5 watts or less) newsletter. Operating news. QRPP 
construction projects, technical info, low power 
WAS standings. etc. For sample copy send address 
and stamp to Mike Czuhajewski. WABMCQ, Route 
3, Paw Paw, Mich. 49079. - 
QSCS - BROWNIE W3CJl - 3111-8 Lehlgh, Allen- 
town. Pa. 18103. Samples 106. Cut catalogue 2 5 ~ .  - 
FOR SALE: 32S1 516F2 75S1 31284 $725 3283 
516F2. $600. KWMP 5 1 6 ~ 2  '$675 ' 3 1 2 ~ 5  $265' 
Electrocom FSC-250.' ~ ~ . 1 0 6 .  ~ i l t b r s  ~ ~ 6 1 2 7 5 ~ :  
2125A. 2975A: ready to go with the ~ol l ln ;  
"S-Line". $250. 7593. $400. Variac, 220V/31 amp. 
$50. Model "B" sltcer. $35. KW matchbox meter 
$135. Clegg "66'er". $125. Collins 302~:3 watt: 
meter, $70. HT.32, $175. HT-32B, $250. HT.33A 
$250. SW.350C. 117-XC Shure k450  mike $425: 
Transformers: 12.6/1.O 'A,  $1.50. 12 8/20 'A $7. 
2880 VCT/500 ma, $15; 1300 ve/3.0'A. $20: 6.4 
VCT/2O A $7. 5 VCT/30 A $8. HA-410 mike an- 
tenna, $85. TA-33. $60. cla;slc-53, $85. 'AR-22 'indi- 
cator, $25. Ham-M. $85. SR-46-A. HA-26. $150. 
75A.2, vernier knob Model "B" Sltcer $195 HRO. 
50.T1. sokr. ca~lbratbr. Model "B" ~ l t ce ' r  217k TR.1 .............. 
( ~ r a k a  'recbnditioned 'A~;.-'~o, AC-3 MS.4 $400. 
T4X (Drake recondltioned Aug. "69) ; oxy dabinet. 
AC.3. $395. Squires-Sanders SS-ld. g s . 1 ~ .  SS.lS. 
(factory retonditioned. Mar. '70). $575. HA..] keyer; 
Vibrokey. $70. Eldico EE-3 keyer. $45. HW-32-A. 
HP-23-A. mike. 2140. Collins F455Y-60 l fnr 7 5 $ 1 1  . - - . - - , . - . . - - - , 
75S2), $23. 30i.i.-$350.- 3oL-i (factory sealed). $450. 
Prop-pitch motor (converted), transformer: $25. 
SR400. HA20. PS500AC. PS500DC. new moblle 
mount: $850. HA20 (new). $125. Linear-Systems 
fL350.12 (sealed carton). $85. HX500. $250. 
TRADE for late Ham-Gear: Nikon "F" (f 1.4 50 m m  
lens) with carryingcase. Bell 6. Howell #200EE 
16 m m  movie camera. carrying-case. and 5 car. 
tridges Kodachrome. James W. Craig. 29 Sherburne 
Avenue. Portsmouth. N. H. 03801. - 
WANTED 3-10002 or 4CX1000A. fil. xfmr. and 
socket. Also need xfmr.-3000 VDC-IA. Drewing 
WBZSMQ. 201-349.9253, 628 Anchor Ave.. Beach- 
wood. N. J. 08722. - 
SING a September son 1 1970 ARRL National 
convention September 25.86-27. Statler-Hilton Hotel. 
Boston. Free brochure & discount coupon from 
WIVRK. 28 Forest Ave.. Swampscott. Mass. 01907. 

WORLD RADIO'S used gear has trial-guarantee. 
terms! 22'er - $129.95: 66'er . $99.95: 99'er - 
$69.95; KWMZA - $749.95: 350 late - $289.95: 400 
R 420 VFO - $279.95: NCX3 . $159.95: Galaxy V - 
$229.95: HT40 - $49.95; 75A; - $ 149.95: 2A - 
$159.95; R4 . $299.95. Free Blue-Book" list for 
more. 3415 W. Broadway. Council Bluffs, Iowa 
51501. - 
NORTHERN CALIFORNIA Hams: Best deals - new 
and recondltioned equipment. Write or stop for 
free estimate. The Wireless Shop. 1305 Tennessee. 
Vallejo. California 94590. 

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 11 want to pay. 

SELL: TWO ROTORS Cornell type AR22/R. A/1 
condition. $20.00 ea. Heath HA 20. 6M Linear. 
2/10W in, out 125W P.E.P./75W D.C.A.M. Mint 
cond. New 6146s in. 290.06. PLH Audio Com- 
pressor AFC-1/W AC supply/ In.Out switching/ 
Shielded Cables/ never used. $25.00. All F.OR. 
Mont Vernon, N. H. 03057. F. P. Pursell WIDEM. - 
CIRCUITS for 32 electronic proiects, R.F.. audio 
and gadgetry, complete plans $1.00. P.M. Elec- 
tronics. Inc.. Box 46204. Seattle. Wash. 98146. 
Dealer inquiries Invited. - 
THE PINE RIDGE AMATEUR RADIO CLUB of 
Chadron. Nebraska will hold their annual hamfast/ 
picnic at Nebraska State Park, located 9 miles 
South of Chadron on highway 385 Sunday June 
7th. all amateurs and families welcome. Bring a 
covered dish and our own eating utensils. the 
club will furnish so& drinks and coffee, no charge. 

Sand perfect rnorse code - from 5 to  50 
words per minute. Excellent to  bui ld up your 
code speed - anyone can send practice code. . Self.completing characters with auto- 

matis character spacing. . Precislon kit includes al l  parts. such 
as metal case and printed circuit 
boards, and detailed, illustrated in- 
structions. . Pre-assembled keyboard with stand. 
ard type-writer key arrangement and 

. Self.contained pattery operated - 
two standard D" cells. All solid 

. Built.in sidetone and speaker, f a d  
acting relay output. 

Basic Pro-Key Klt  ....................... $149.50 p p  

Added Buffer Storage Ki t  ............................. $34.50 p p  
(See March '70 issue - Ham Radio Magazine) 

Micro-Z Ca 

GEM-QUAD FIBRE - GLASS 

ANTENNA FOR 10, 15, and 20 METERS. 

Two Elements $87.00 
Extra Elements $50.00 ea. 

Shipped Frelght Collect 
INCLUDES U.S. Customs Duty 

KIT COMPLETE WITH 
* SPIDER 

ARMS 
WIRE 
BALUN KIT 
BOOM WHERE NEEDED 

SEE OUR FULL PAGE IN JUNE '69 ISSUE 

Rtry two elements now - a third and fourlh may 
he added later with little efort. 

Enjoy optimtrm forward gain on DX, with a 
mnximf~m hack lo  front ratio and excellent side 
di.~crimination. 

Get a maximfrm strrrchrral strength with low 
twiuht, trainu otrr "Tridetic" arms. 

20 Burnett Avenue, IVinnepeg 16, Manitoba, Canada 

june 1 9 7 0 n 8 7  



SAVE HUNDREDS OF FEET OF COAX 
FEED ALL YOUR ANTENNAS WITH ONE TRANSMISSION LINE 

AntennaLabs' new MULTI-ANTENNA COUPLER automatically connects the 
line to the correct antenna for the band. Eliminates the need of switching and 
individual lines. Weatherproof. Models available for many combinations of 
antennas. Specifications for Model 1: Input Freq.: 3.5-29.7 MHz. Output A: 
3.5-7.3 MHz. Output B: 14.0-29.7 MHz. Power handling: 2000W. Impedance: 
52 ohms. VSWR: Less than 1.5:l. Terminals: S0-239. Price: $24.95, post- 
paid. Write for specs on other models. 

AntennaLabs, P. 0. Box 458, Ocean Bluff, Mass. 02065 

Increase talk power drastically! 

Installs iattrnally - always with you - 
Fud - Mobik - DXpditioning! 

- Works with Phone Patch 
- Frilly wired - not 1 kit 

No Holes 15mia. iastrllrtioa ia 

HW100, SB101, SB401 ud others 
- - Full year warranty -free litcrclhrrr 

MODEL RPC-3 rC Electronics 
$24.95 BOX inor 

POSTPAID CHAMPAIGN. IL nszo 

SOUND RIDICULOUS? 
N o t  a t  a l l !  Tha t  i s  a b o u t  w h a t  y o u  w i l l  p a y  
whether you  buy  a box  o f  parts o r  a fu l l y  as- 
sembled, rugged, heavy duty BTI LK-2000. Extra 
weight  means extro dependobil i ty, plus: Ade- 
quate back-up power  Good harmonic suppres- 
sion . Operat ing convenience . Eimoc 3-10002 . ALC Fast a c t i n g  o v e r l o a d  p r o t e c t i o n  . 8 0  
through 10 meters . Prestige styl ing Adequate 
cooling, even on  o continuous use bosis. 

BTI LK-2000 ... For 
marlrnum lsaal  arnoteur 

h ..... price $79500 

... BTI LK-2OOOHD 
For heavy duty oppllca- 
t ionr such as MARS, high 
power RTTY and 551). . . . .  - Price $89500 

*- 

T R A N S I S T O R S  
Factory rejects. All types. PNP NPN. Darling. 
tons-Dual units. Just all kinds. No guarantee 
but spot check shows at least 60% good. 

$3.75 - 100 f 14.00 - 500 $19.75 - 1000 
Al l  ppd. PA residents add 6% state sales tax. 

M. WEINSCHENKER K3DPJ 
BOX 353. IRWIN. PA 15642 

I W O R L D  QSL BUREAU- 
PUN I. W r  lOAWARD YOUR ObLs IPLEASt &RRAN(.f  ALPHABET 
ICALLV) TO I \ N I  PLACE IN WORLD. INCLUIIkN<; AI.L FOREIGN 
COUNTRIES. ANI I  TO OR WITHIN USA. CANADA. AND MEXICO. FOR 
4, EACH 
P U N  2. I O U  USE OUR SPECIAL LOG FORM AND SEND US A COP*. 
WE SUPPLY QSL - MAKE OUT QSL - DELIVER QSL. ALL FOR 
8 ,  EACH. 

1 5200 Panama Avr.  Rlchmond. CA USA 94804 1 

CAMP ALBERT BUTLER INVITES 
HAM RADIO ENTHUSIASTS OF ALL AGES 

TO TRY FOR YOUR 

GENERAL CLASS TICKET 

This Sutnmer! Our 11th Season 
STUDY INSTRUCTION 

LEADING to GENERAL ADVANCE 
and AMATEUR EXTRA LICENSE 

This  w-ed Amateur Radiu (:amp, Y.M.C.A. owned and 
opernted. can u c c ~ ~ m m ~ ~ d n t e  60 u.rmper\. There i\ no age 
I~rn t t .  M'r have hud  c.trnpers f n m  7 thmuph 74 yrars '11 
acr. I t  1s v r ~  h ,  r lphnl , , 1 1  you can copy 5 u p m  o r  have a 
hc,vice o r  Tec nsr8.m t~cket. hu t  nt is nclt npcessary. T ime  
rs d ~ v i d e d  Iretween radiu classrs In m ~ d e  .snd theory and 
usunl camp art iv~t ies. such as swlmmlng archery, riflery 
htkmg, etc. Gt,II p r i v i l r ~ c s  are included' at the beauti ful  
New River Co t~n t r y  (:lub cwurse. 
I;ntlre stal l  cunwsts crf licensed hams who  are instructurs 
I n  r lectrtcal englneennc i n  sc,nje o f  our  finest m,llrger and 
un ivcn i twr .  C:amp open\ August 1 and closer August 
15th. l ' o ~ t i < ~ n  <,I 5200.00 includes a l l  camp expenrrs: 
rttttn~. n ~ r i ~ l s .  notrboctkr, tertboc,ks, and insurance. Send 
for our bmchure. - - - - - - - - - - - - - - - - -. 

I C. L Pete-, K4DNJ I 

I General Secretary 
I Gilvin Roth Y.M.C.A.. Elkin. N. C. 28621 

1 
I ' Please send me the Booklet and Ap lication Blank ' 

for the Camp Albert Butler Radio {ession. I 
I NAME .................................................. .. ............................ I 
I CALL ....................................................................................................... I 
I ADDRESS .......................................................................................... I 

............. . . . . . . . . . . . . . . . . .  .................. I CITY STATE ZIP , 



40TH ARRL WEST QULF DIVISION CONVENTION - 
July 17, 18. 19. Orange, Texas. Come by car, 
plane, or boat, but come to the fun, fellowship and 
entertainment. A bargain you can't afford to miss. 
Registration 58.50. Orange Amateur Radio Club, 
BOA 232, Orange, Texas 77630. - 
1916 QSTS wanted. Especlally May and June. An 
unreasonable price paidl Ted Dames, W2KUW. 30g 
Hickory Street, Arlington, N. J. 07032. 

ORIGINAL E t l N  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. 

FOR SALE - HY GAIN TH4 $50.00. Henry Ingwer. 
sen. Topsf~eld. MA 01983. - 
TELL YOUR FRIENDS about Ham R8dlo Magazine. - 
WANTED - DONATION of low band FM equipment 
and accessories, such as GE Progress Line, both 
mobile and base for rescue squad. Send t o  Bi l l  
Dunn, Winchester Rescue Squad. Winchester, Va. 
22601. 

CAMPOREE - Brandon Amateur Radlo Society's 
Second Annual Camporee will be held at Florida 
Camplands June 12. 13. 14. Contact WA4YNW. - 
HAVE FEW 5894 tubes see 432 Amplifier April 
Ham Radio, trade/sell $5, list VHF/UHF SASE. 
W4API, Box 4095. Arlington, V ~ r g i n ~ a  22204. - 
ANNUAL HAMFEST of the Champlain Valley Ama- 
teur Radio Club wlll be held on July 19 starting 
at 10:30 a.m. EDT, at  the club shack on the Akey 
Road. Cad ille. N. Y. (7.2 miles west of Platts. 
burgh on g u t e  3). Food and bevera es available 
on the grounds. talk-in on 146.3k146.94 FM 
(WlK00)  and 3925 KC. SSB. Send advance regls. 
trations ($1.50) to CVARC, Box 241. Cadyville, 
N. Y. 12918. Fun and prizes for all ages. - 
TOROIDS 44 and 88 mhy. Un  otted. 5 for  $1.50 
ppd. W. Weinschenker. Box 35g. Irwin. Pa. 15642. 

- -  - 

THE IOWA 75 METER phone net annual picnic wlll 
be held on the second Sunday in  August - August 
9. 1970 - at Anson Park in Marshalltown. Iowa. 
All amateurs and their families are cordially in. 
vited. Each should bring a covered dish and his 
own service. Festivities will begin around noon. 
Prized will be offered and a swap table wlll be 
available. - 
THE WASHINGTON STATE HAMFEST will be July 
11th and 12th this year. This event wi l l  again be 
sponsored by the Radio Club of Tacoma, and will 
be held at the Sportsmens' Chateau. 164th ana 
Canyon Road, south of Tacoma. Activities include 
CW Awards Program. QLF and QAS contests, mo- 
bile judging and mobile efficiency contests. tech. 
nical meetings, technical displays. QCWA displa . 
manufacturers' displays. 75 and 10 meter mob iL  
hunts, swap shop. ho le-hone contest, womens' 
and childrens' activities. after dinner program. 
many fine prizes. etc.. etc. Camping space avail- 
able on the grounds - $1.00 per night with free 
electrical hookup. 3970 KHz. 50.5 MHz, and 146.76 
MHz FM will be monitored for arriving mobiles. 
$5.00 includes Saturday evenin dinner and regis- 
tration; children under 12 $I.% for dinner only. 
Logger's breakfast sewed by the club Sunday for 
only $1.25. Snack bar open both days. All dinner 
resewattons must be made in advance. For in- 
formation. Hamfest tickets, or motel reservations. 
contact John Austin, K7CZF. 8478 Eastside Drive, 
N.E.. Tacoma. Washington 98422. 

EARLY VACATION? Then tear u p  that ticket to  
Tahiti. There'll be more fun at  the ARRL Hudson 
Division Convention. October 17-18. Hilton Motor 
Inn. Tarrytown. N. Y. Exhibits. Lectures. Contests. 
Gabfests, New York sightseeing. Fun. OSL Hudson 
Amateur Rad~o Council, c/o Larry Strasser. 3591 
Bainbridge Avenue. Bronx. N. Y. 10967. No charge 
for a suntan. - 
YOUR AD belongs here too. Commercial ads 256 
per word. Non-commercial ads 10C per word. 
Commercial advertisers write for special discounts 
for standing ads not changed each month. 

NEED CRYSTALS? 

supply crystals 
Hz to 80 MHz in 
ypes of holders. 

Color TV crystal (2579, 545KHz) wire Icads $1.60 4faS5.W 
100 KHz frq. std. crystal (HC13/UI 
1M)O KHz f rq .  rtd. crnlal IHC6/U) 
Any CB crystal TR. w REC. 

except rynthnizer Crvlals 

1.50 w4fw8.W 
Am marine frqucmy (HCb/U) 
80 mclcr - FT.243 holders 

We have in stock nwr six million crystals which include 

e prices for shipment 1st class mail, 

Special Quantity Prices to 
Jobbers and Dealers. 

ORDER DIRECT 
with check or money order 

2400H Crystal Drive 
Fort Myers, Florida 33901 

Radio Amateurs 

--.. - 

WORLD PREFIX MAP- Full color. 40' x 28". shows 
pref~xes on each country . . .  DX zones, time zones. 
cities. cross referenced tables . . postpaid $1.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLO- from the center of the United Slates! Full 
color. 30" x 25". listlng Great Circle bearlngs in de. 
grees for six major U.S. cittes; Boston. Washington. 
D.C . M~ami. Seattle. San Francisco & Los Angeies. 

. . . . . .  . . . . .  postpa~d 11.00 

RADIO AMATEURS MAC OF NORTH AMERICA! Full 
color. 30'' x 25" - includes Central Amernca and the 
Car~bbean to the equator, showtng call areas, zone 
boundaries. prefixes and time zones. FCC frequency 
chart, plus informative ~nformataon on each of the 50 
Un~ted States and other Countries. . .  .postpaid $1.00 

WORLD ATUS - Only atlas compiled for radio ama- 
teurs. Packed with world.wide information - includes 
11 maps. on 4 colors with zone boundaries and coun- 
try prefixes on each map. Also includes a polar pro- 
jection map of the world plus a map of the Antarct~ca 
- a  complete set of maps of the world. 20 pages. 
size 8%" x 12" . . . . . . . . . . . . . . . . . .  postpaid $2.00 

Camplets refenma Ilbrary of map8 -set of 4 as listad 
above . . . . . . . . . . . . . . . . . . . . . . . . . . . .  postpa1dS3.00 

See your favorite dealer or order direct. 

k 
00 INC 

Dept. E. 925 Sherwood Drive 
Lake Bluff, 111.60044 

june 1 9 7 0 0 8 9  





HERE'S THE ALL NEW 

m SELF CONTAINED VFO 
m SUPER SENSITIVE 

SOLID STATE RECEIVER 
m 40 WATT TRANSMITTER 
m HIGH LEVEL MODULATION 
m SPEECH CLIPPER 

BUILT-IN AC AND MOBILE 
POWER SUPPLY 

m AMPLIFIED AGC 
ADJUSTABLE SQUELCH 

COVERS MARS AND CAP LITTELL RD., EAST HANOVER, N. J. 07936 

-. I - 
". . . IN THE DOG HOUSEI" 

MOVE IN 
WITH DESIGN INDUSTRIES 

WIFE-APPROVED 

COMMUNICATIONS DESK 

AND CONSOLES 

. . . would YOU believe . . . SOME hams are  
ermit ted into the house . . . perhaps even the I-?. lvlng room when their  stat ion includes a Design 

Industries Communications Desk or  Console? 
Send Today for Our Speciol Wife Pocificotion Kit 

- Detcriptrve Brochures - 
DESIGN INDUSTRIES, INC. 
P.O. Box 19406 Dept. T 
(214)-528-0150 Dallas, Texas 75219 

J & J ELECTRONICS 

COMPLETE-SELF CONTAINED 

7 
Autostarl - Heavy duty loop supply - Electron~c keyer 
stags - Single bar lunlng eye - 2 Inch scope lndlcstor 
with separate power supply - 2 Sets 01 hiters for 850 h 
170 cycle shdt - Motor control stage - Includes both 
FM (Limiter) & AM (Limiterless) wnth 3 sectlon low-pass 
t~ltar tor optomum reception of 60 75 100 WPM - 8% x 
19 gray hammerlone sllkscreened front panel suitable for 
rack.mounling 

WIRED and tntod by L a  expert: W l S 0 0 .  john R w h a  

I Windham Road 
Cantarbury Ct. 06331 

1 ANTENNA HARDWARE 
COMPLETE LINE 

ALL SIZES 

SPIDERS T-MOUNTS 
UNIVERSAL MOUNTS 

u.3 FIBERGLASS ARMS ' 7 YAGl & BEAM CLAMPS ' DELTA LOOP SUPPORTS . . 
- .  

, .-- 2 BALUNS a GAMMA MATCHES 

.- . 
WRITE FOR INFORMATION 

KIRK ELECTRONICS DIVISION 
E L E f f r n E C  CORP. 

I t 6  UESlPlRK R O A D  . D A Y T O W  . OH10 151158 
P H O N E  5131.33 3101  

"Time At A Glance" r m  
7 

A( your ~ ~ . l ~ ~ ,  or 4 'H.  7'h''W. 4"D. llOV 60 
n l R F f l  FROM cy. Guoranleed One Year. 

june 1 9 7 0 ~ 9 1  



$2538 ACB. - Cost Frequency Meter for $75! 
AN/URM-79 (FR-4/U In Transit Case): 100 khz to  20 
mhz, 7 bands, each 5 0  000 dial div. .001% accur., .0001% 
itabil. Measures & h i t s .  Built-In AC sply, scope for 
!ero-beating, speaker for monitoring. Serial-matched calib. 
jook includes instruct. Exc. cond., money- 

. . . . . .  ,ack grty OK. Shpg. wt. 146 Ibs. 75.00 
Hi-Sensitivity Wide-Band AM I FM RCVR 

p 1 0 0 0  MHz: A N ~ A L R - 5  cpnsistr of brand-new Tuner/ 
.onverter CV-253/A R In orlglnal factory pack and, an 
rxc. used checked OK & grtd. main rcvr R-444 modlfied 
'or 120 'v, 55/60 hz. Packed with each tuner is the 
'actory checkout sheet. The one we opened showed 
SENSITIVITf: 1.1 uv a t  38.3 mhz, 0.9 a t  133 mhr, 5 a t  
538 mhz 4% a t  778 mhz, 7 a t  1 ghz. 
Ni th  boo; & pwr-input plug, a l l  for . . 275.00 
SP-600-JX(*) Rcvr: 0.54 MHz, the popular late-type Ham- 
narlund Super-Pro, aligned, grtd, exc. physl- 
:a1 cond. too, w/boak. . . . . . . . . .  325.00 
R-390/URR Rcvr: Coll lm xt l -wnthnlz im 
driftless recelwr. ~ r t d  100°/e p ~ r f e c t  . . 795.00 , - 
$2000 MASTER OSCIL. XMTR OR RCVR TMC VOX-2 
(0-330/FR) 2-64 MHz (IFO, read out to 7 places. Re- 
scttability & stability better than 20 ppm. Xtal in 
double-controlled oven calib. each 50 kHz plus 6 xtal-con- 
trolled frea. PO to 55 ohms 2W 2-4 M'HZ (fund.). 0.5W 
4-64 MHz.' Replaces xtal osc in  xmtr or use 
as local osc in rcvr. Exc. cond. w/all tech data 179.50 

Regul. Pwr Sply for Command, LM, Etc. 
PP-106/U: Metend. Knob-adjustable 90-270 v up to 80 
ma dc; also select an AC of 6.3 v 5A, or 12.6 v Z1/2 P 
or 28  v 2% A. With mating output plug 6 
al l  tech. data. Shpg. wt. 5 0  Ibs. 19.50 
BARGAINS WHICH THE ABOVE WlLL POWER: 
LM-(*) Freq. Meter: .125-20 MHz .01% CW or AM 
with serial-matched calib. book, t dh .  data: mating plug: 
Shipplng wt. 1 6  bs. . . . . .  57.50 
Same, less callb. book . . . . . . . . . . .  . . 27.5C 
TS-323 Freq. Meter: Similar t o  above but 20-480 MHz. 
.001%. With data. . . . . .  169.50 
A.R.C. R11A: Modern Q-5'er 130-550 k l u  12.95 

. . . .  A.R.C. R22: 540-1600 khr w/tuning graph 17.95 

If you don't see it here, ask for it! 
. . .  But don't ask for a general catalog we bellwe that 

is nonsense in surplus . . .  we get new things in  almost 
every day! WE ALSO BUY! So te l l  us what y w  have, 
condition, and your asking prlcc! 

FOR JUNE DELIVERY 

HAM RADIO BOUND VOLUMES 
Volume 2 - 1969 

$14.95 
Order From 

HAM RADIO MAGAZINE 
Greenville, N. H. 03048 

92 n june 1970 

SAVE $100 

The regular Amateur net price of the SB34 
i s  $449.00 - while they last, your cost 
i s  ONLY $349.00. We also have a limited 
number of  matching SBPLA linears avail- 
a l e  for $229.00 (reg. $259.00). Tradeins 
wil l  be tdten, md financing i s  available. 

S B E ACCESSORIES 
... SBPVOX VOX Accessory unit.. $37.95 .. SB3-XC 25kc Crystal Calibrator.. 28.95 

SB2-MB Mobile Mtg. Bracket.. ..... 12.50 
SB2-CW Codaptor.. ............... 42.50 ............ SBFMIC Microphone.. 14.95 

AMATEUR ELECTRONIC SUPPLY 
4828 West Fond du Lac Avenue 

MILWAUKEE. WISCONSIN 532 16 
Phone (4 14) 442-4200 

+ +  
(7 %P 

P e e t  ,." 
You can be sure wi th  Barry . . .  

Fair dealing since 1938  

Send l ists o f  your unused TUBES, 
Receivers, SemiConductors, 

Vac. Variables, Test Equipment, etc. 

N o  Quantity t oo  Small. 
N o  Quantity too Large. 

. . .  Write o r  Call now BARRY, W2LNl 

BARRY ELECTRONICS 
512  BROADWAY NEW YORK, N. Y. 10012 

2 1 2  - WA 5.7000 
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or PDS stock :3P $1.75 each the un~clue propr.r t~e> of  cl,~cl.f~liic: optlcb I I I  pipr  I llght a, well A\ ~ n ~ a g e s .  Klt - I  ~nc ludes PVC I 

ft. l ight p+e. a longer coherent bundle I m a g e  
transmit ter)  & more experiments. 

BLISS-FULL PAK #2 $10.00 

IC flat pak. 12 volt 700 m ~ l .  Stock ::F26. 

S e r ~ ~ l t ~ v e  11, t ~ ~ t > t  R IR 
Bank of 8 d~odes  
S~ng le  d ~ o d e  .75 

F ~ b r e  opt l r  face plate lens frori) St;ltl~j:tit scnpr 
Just releaserl f rom gov't securlty wr.ips Cost 
to gov't $80 00 An unusual r nys t~ f y~ny :  optrral  
dev~ce  riSL 53.50 

BLISS-FULL PAK it1 $5.00 

Klt ;: 2 ~nc ludes  al l  of the  above but more 
f~bres, longer lengths, fatter bundles and also 
includes l ~ g h t  source, heat s h r ~ n k  tublng, a 5 

12 volt 50 watts 72 rnc .ME3 

12 volt  10 watts 174 m c  $M87 

I 1 F~bre  opt lr  coherent rod npprox ? ~ r i r hes  r 0 07 1 

meter band by turnlng slugs, w/d~rect ions. 
4.5.3 mc T.20 ' ' * ' 5.3.7 mc T-21 

$9.00 each or 2 for $17.00 

equ~pmen t  hi- f i  speaker. Some wi th  noise sup. 
pressor kit. High quality. most made to  sell i n  3 feet of  f l h l r  i:l.r\, :'no f ~ t i r r \ l  w ~ t l i  ,.>ri.ctl i~,, 
the  $100 range. A real "find." . . .....$ 15.00 Make your own l1$Ii1 pl[)e<, C l l r ~ s l ~ ~ ~ d ~  t r re  I ; !<  

Hybrid less spkr ........ . . .  ....... . .............. $8.50 & ~ h s g ~ ~ y f c 6 k c I ~ ~ ~ B ~ g d l d ~ t 1 g ~  Any lenetf '  you 

Sa l~d  clad rod. l ight cnters one rncl, comes out 
the other. May be bent tn flame. 

#CR 8 inch pieces 25c ea. 5/$1.00 

~~~~d new factory packed autonroblle radios, 
around 1961, 12 ,,,,it neg, ground, ,qo 

choice of models, The exceptional sensitivity 
of an auto radio makes it superlor for use in 
car, boat, truck, camper, etc.. where you are 

equipment are described in our  catalog. 

of 2 ft. assembly 
light pipe fanning 

I ft lericth 1.1ckr.1~~1 glass f~l)rc,\ i:'clC I ~ l ~ r t ~ ~ . ~  
each enrl s ~ a l e r l  dn(l nn11c;llly p r , l ~ \ l ~ ~ i l  for 
r nax imun~  light conrluct~on Plnz 11g:it arounrl 
corners, ~ n t o  difficult locations, etc. 

#LP-1 $1.00 



H R LEVICES 
L 

THE most versatile keyer now available. 
Send for full details on the HAL 311 BC 
and the complete line of HAL electronic 
keyers. There is a model to fit your re- 
quirement and budget from $16.00 to 
$48.50. 
Now available in kit form for even greater 
value. 

TOUCHCODER II KIT 
Complete ki t  of parts, excluding keyboard, 
for the W4UX CW code typer. 
All circuitry, including PS and monitor on 
one GI0  glass PC board. 
Transistor grid block and cathode keying. 
Only $45.00. Write for full details. 

RYRYRYRYRYRYRYRYRYRYRYRYR 
HAL RTTY TU/AFSK KIT 

All TU and AFSK circuitry, including PS, 
on one 3x6" G10 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 $5.00 
RYRYRYRYRYRYRYRYRYRYRYRYR 

HAL 25KHz MARKER GENERATOR 
50 KHz or 25 KHz markers to 144 MHz 
Small 1x2" GI0 glass PC board 
Requires 100 KHz signal and 3 vdc 
$4.95 wired, $3.95 kit. Postpaid. 

DOUBLE BALANCED MODULATOR KIT 
For the DBM in March 1970 Ham Radio 
718x2" GI0 glass PC board 
4 HP 2800 hot carrier diodes matched by 
HAL. 2 Indiana General CF102-Q1 
toroids. 
Instructions included. $5.50 postpaid. 

. . . . . . .  H o t C I . C O e  H P m  W. 1M10.00 Matchad by HAL. .  , 4 6 4 2 5  
.......... . . . . . . . . . .  

fl .... . . . . . . . . . .  
l c r l p L m . 8 1 4  6Od I ~ L 9 2 3  W)( 

. .  
MRTL MC~W.  MCEW.. n . m .  r o n i e  w 

MC724P. MC789P. MC792P. MC72SP.. .S1.06. i o n 9  50 
A l o  Availabfa MC788P. MCBBW. MC767P. MC978W. 

W A V :  SN727OIM (DIP). ................. .S1.75. 7lflO.00 
............ TOROIDS: ld i -Gmn1  CF10208. CFIO201,CFlOlQZ.. 50( 

CINCH ~csdms. 14.~1P.8-ICS ...... 80( HAL DEVICES 

Write for our complete catalog. 
Remit with order; please add postage. 
HAL DEVICES Box 365H, Urbana, 11 61801 

L 

Aerotron, Inc. 

AntennaLab 

Camp Albert Butler 
Clegg Associates, E. 
Communications Tec 
Crabtree Electronics 

Dames Co.. Ted 
Design Industries 

Dynamic Communications ............................................. 78 

E-Z Way Products, Inc 
Eirnac Division of Va 

........................ Fair Radio Sales ............... 85 

Goodheart Co., Inc.. R. 
Gordon Co., Herbert W. 

H & L Associates ..... 
HAL Devices ....................................... 94 
Hafstrom Technical Products .................................. 88 
Hammarlund Manufacturing Co. ............................ 48 

Lewispaul Electronics 

Mann Communications 
Meshna, John, Jr. 

Radio Shop, Lab 1 

Signal/One ................................................................ Cover IV 
Spectronics Cover 111 
Spectrum International . . . . .  80 
Structural Glass. Ltd. 87 
Swan Electronics 5 

Ten-Tech, Inc. ...................................................... 65 
Telrex Communication Engineering 

Laboratories 

United Technical Institute . 43 

Vanguard Lab 84 
82 

90 
90 
88 



I/ Bonus $ave $75.00 11 
may be used towards the 

purchase of any new 
equipment with the purchase 

of every Galaxy GT-550 
at amateur net cost 

cash 1 no trade. $550.00 

THE POWER HOUSE 
Full 550 Watt only $550.00 

L. A. AMATEUR RADIO SALES 
24214 Crenshaw Boulevard 

Terrence, California 

Phone: 534-4456 

june 1 9 7 0 0 9 5  



a sensible approach to tower design 

When Drake Dimitry commenced manu- 
facturing towers he did so with two 
overwhelming purposes in mind. He 
wanted to prove that a light weight 
aluminum tower had substantial advan- 
tage to tower users and he wanted to 
design a series of towers which pro- 
vided exactly the mechanical strength 
and height necessary for most instal- 
lations. 

Conventional towers are usually order- 
ed without regard for the individual's 
specific requirements and chosen on 
the basis of price versus height for 
the most part. Drake felt that there 
was a great deal of waste in such cases 
and that towers could be provided 

which fit more particularly the indivi- 
duals requirement and which could 
then be expanded as need be to fit 
ever changing load requirements of 
the average American ham. 

The concept developed by Mr. Dimitry 
is the answer to such a requirement. 
It is sensible beyond compare and 
while this page does not offer means 
of illustrating the detail by which all of 
the facts can be made clear, we, none- 
theless, have available a rather nice 
set of literature which we can send out 
to all hams who ask for it. 

The principle advantages of the Heights 
tower are the facts that no maintenance 
is required, that the tower can be ex- 
panded at will, it can be erected quickly 
and easily by one man and when sound- 
l y  chosen w i l l  p rov ide adequate 
strength for typical 80 mph winds with- 
out the tower being guyed or house 
bracketed at any point. Moreover, if 
the tower is ordered with a hinged 
base it is most unlikely that the tower 
will ever have to be climbed. 

Heights was number one with us last 
year and we expect it to be number 
one this year as well. Practically priced 
and quickly delivered the Heights alu- 
minum tower is very likely your answer 
to an improved ham installation. 

I would like the chance of proving this 
to you and suggest that if you are in 
the market for a new set up that you 
give us the chance to quote on your 
entire tower antenna package. We are 
the distributors for all standard brands 
and maintain the largest tower beam 
inventory in the country. Obviously our 
prices have to be right too. 

HERBERT W GORDON COlWPZXNY 
HELPING HAMS TO HELP THEMSELVES 

96 june 1970 



The Yaesu FTdx 560 Transceiver. 
560 watts PEP SSB. 500 watts CW. 
$450 complete. 
All you add is mike, speaker 
and antenna. 

Incredible. 

At $450 the Yaesu FTdx 560 is an in- 
credible buy. It would be impossible if 
it weren't for a couple of facts. One, the 
Yaesu is made in Japan; two, it's sold 
direct to you--eliminating the big deal- 
er's profit. 

These days, when you think of Jap- 
anese-built products, think of Nikon, or 
Sony, or Toyota. And Yaesu. Our trans- 
ceivers are state-of-the-art engineered 
and carefully hand-assembled. They're 
so solid, stable and reliable we guaran- 
tee them for one year. Yaesu is quite 
likely the best transceiver made any- 
where in the world today. 

The complete Yaesu story is a long 
one. So we've compiled a comprehen- 
sive information packet that gives you 
the complete picture. Including things 
like comparative detail photos, a sche- 
matic, and a comparison chart that 

shows you the FTdx 560's superiority 
over rigs you're more familiar with. 
Once you've looked over the FTdx 560 
literature we think you'll agree that the 
amateur operator's impossible dream 
has become an incredible fact. 

SPECTRONICS WEST 
Box 338, Lakewood, Calif. 90714 1 Telephone: 1213) 421-6167 

SPECTRONICS EAST 
Box 1457, Slow, Ohio 44224 1 Telephone: (216) 923-4567 

I Please send me your free Yaesu FTdx 560 
I information packet: I 

I Name I 

I Street 
I 

I 
City 8. S t a t e Z i p  Code---- 

I 
1 I 



It's no secret ... 

The s/~/~z//~~JoE CX7 
WILL BE THE CENTER OF ATTENTION at major ham conventions this year . . . 
Take a good look at it . . . even operate it. But, i f  the crowd keeps you from getting a 
really good look, here are some highlights of the inside story of . . . 
the "DELUXE INTEGRATED STATION". . . 

PERFORMANCE ... built in COVERAGE ... built in 
Dual-gate MOSFET receiver All ham bands 10 thru 160 meters 
Ultra-sharp selectivity Full 1 MHz bands cover WWV, MARS 

IF Shift (to slice off ORM) All popular modes ... SSB, CW, FSK. 
300 watts input a// modes 
RF clipping (for maximum punch) QUALITY ... built in 

Pre-I F noise blanker Glass-epox y etched circuit boards 
Instrument-grade components 

CONVENIENCE ... built in Continuous duty at full ratings 
Instant band change without tune-up Modularized construction 
Frequency readout direct to 100 Hz 
Transceive plus auxiliary receive TO GET THE FULL STORY ... 
Dual VFO's (for split operation) write for an illustrated brochure. 

True break-in CW, silent VOX 
Integral AC supply and CW keyer 

"It Speaks for Itself" 

. m5gnayDY71E 
A D i v ~ s ~ o n  of E C I  ( A n  NCR Subsidiary) 

2200 A r i v ~ l  Street N .  . St. Petersburg. Florida 33710 
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