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Tired of twiddling and twiddling with the tuner to 
dig out a solid signal . . . of chasing QSO's 
UD and down the band? 

(;~)l.l,lss 
The answer is Collins' 75s-3B Receiver. Most 
stable front end and sharpest selectivity offered 
in a ham receiver. 



A NEW CONCEPT IN ITS EXCITING 
BEAM ANTENNA PROGRAM 

Any knowledgeable DX'er will tell 
you the secret IS in the antenna. For Basic package No. HR-l 
over a year Henry Radto has provtd- *~r istao CZ-337 ~ e w  concept 40 R. 
ed an exc~tlng beam antenna pack- ~ r a n k - ~ p  towerw/mast 
age program allowing the average CDR TR-44 rotator 
amateur to own an eff~cient, and 100 ft. RG-58 A/U Coax 
unbelievably econom~cal antenna 100 ft. Control cable 
package . . . pre-engineered, pre- Complete wlth one of the following: 
matched and pre-packaged to suit HyGain TH.3 Jr. antenna $325.00 
~ I S  pocketbook and requlrements. Hy-Gain T H - ~  ~k 3 antenna $325.00 
NOW! Thls world famous antenna Hy-Gain DB 10-15Aantenna $325.00 
program moves forward. NOW1 Hy-Gain 203BA antenna $330.00 

Basic package No. HR-2 Basic package No. HR-3 
*Tristao CZ454 New Concept 60 R *Tristao CZ454 New Concept 60 ft. 
crank-up tower wlmast crank-up tower w/mast 
CDR TR-44 rotator CDR Ham-M rotator 
100 ft. RG-58 A/U Coax 100 ft. RG- 8/U Coax 
100 ft. Control cable 100 ft. Control cable 

Complete with one of the following: Complete wlth one of the following: 
Hy-Gain TH-3 Jr. antenna $480.00 HyGain TH-3 Mk 3 antenna $560.00 
Hy-Gain THQ Mk 3 antenna $480.00 Hy-Gain 204 BA antenna $565.00 
Hy-Gain DB 10-15A antenna $480.00 Hy-Gain 402 BA antenna $575.00 
Hy-Gain 203BA antenna $485.00 Hy-Galn TH-6 DXX antenna $590.00 
Hy-Ga~n TH-3 Mk 3 antenna $520.00 Hy-Gain DB-24B antenna $620.00 
A savings of approximately $90.00 A savings of approximately $120.00 

*Free standing tower $10.00 extra 

. You can rely on 

Butler, Mlssoun, 64730 816 679 3127 
11240 W. Olympic, 10s Angeles, Cal~f.. 90064 213 477-6701 
931 N. Euclld, Anaheim, Cal~f., 92801 714 772.9200 

"World's Largest Distributor of Amateur Radio Equipment" 
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"Drake 4-Line is the most 
satisfying.. . totally efficient . . . 9 9 

says WflYDB, Minneapolis.. . 
To quote in part from a letter received from W. C. Higgins, WBYDB, Minne- 
apolis, Minn., dated May 10,1968.. . ". . . Enclosed are several snapshots of my hamshack and equipment. 
Since the Drake &Line is so  predominant, I thought that you might like to 
add to your photo collection of Drake-equipped stations. Granted, the gear 
is  not the new R series but it is  still the most satisfying and totally efficient 
that this old-timer has used in 32 years of amateur, military and commercial 
electronic experience. I earn my living as  a Production Manager of (aero- 
space) electronic instrumentation production.. . and I think I can recognize 
excellence in electronic engineering design and performance when I see it. 

"Again, congratulations for developing the 4-Line. 73 . . ." 
(Signed) Bill, W. C. Higgins 

Ask any ham who owns a Drake 
$-Line Rcur, Xmtr or Linear... 

or write for detailed specifications: 

Dept. 488 R. L. DRAKE COMPANY 540 Richard St., Miamisburg, Ohio 45342 
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If you've been watching WB6KAPis monthly 

propagation reports, you're probably aware 

of rapidly Improving DX cond~tions. During 
the summer, propagation was extraordinary, 
with 20 meters open almost any time of the 
day or n~ght. Conditions on 15 were great in 
September and the current 10-meter openings 
offer a lot of DX catches with a flick of the 

dial. If you're interested in making DXCC, 
you should be able to do it in a couple of 

weekends-if you listen. 

It's most amusing to scan up and down 

the 20-meter band looking for rare ones, 

noting all the WIK's calling "CQ-DX" and 

picking up FB8WW in Crozet, TJIAJ in the 

Cameroons and 9HIAG in Malta in between! 

It's more frustrating than amusing when you 

hear a strong WIK station calling "CQ DX" 

on top of JTIKAA, KR8EA or UJ8AI. The point 

is, if you want to work the rare ones, you've 

got to listen-listen, listen and listen some 

more. 

You can work some pretty good DX by 

calling CQ if you have a powerful signal, 

live in a rare state or are well known, but 

you'll improve your country total a 1000 

times faster by listening more. I know you're 

not all interested in working a new one, but 

even if you're interested in chewing the fat, 

you're not going to do it by calling a dozen 

times and signing your call once. You'll wear 

out your mike, your key and your final, but 

you won't put very many entries in your 

log. More power isn't the answer either- 

good operating is the only thing that will do 

the job. 

look 

I've noticed a lot of activity on the CW 

portions of the bands lately, so a lot of 

amateurs must be working on their code 

speed for the Extra class license. Also, during 
some of the DX contests and state QSO 

parties it was evident that many of the state- 

side CW operators had been working on 

their code-speeds were up and operating 

practices were better. 

If you haven't thought about a higher 

class license yet, now i s  the time to do it. 

Next month the new sub-bands go into effect 

-at the present time about 50,000 amateurs 

will be able to use them. The new Advanced 

class is available to everybody, and I've been 

surprised that so few amateurs have even 

tried for it. By latest count, the number of 

advanced licenses has only increased about 

s0/o. On  the other hand, the number of 

Extra-class licenses has gone up more than 

5o0/o over a year ago. Perhaps the small in- 

crease in Advanced licenses is due to fellows 

going directly to the Extra class. 

In any event, the number of higher class 

licenses is paltry when compared to the total 

number of amateurs in the United States. It 

looks to me like about 120,000 amateurs 

should be able to qualify for the Advanced 

class with a simple multiple-choice test. 

Another 30,000, the Conditional licensees, 

can get Into the Advanced class with the 

addition of a code test. Since it's only 13 

words per minute, that shouldn't be any 

problem. 
Jim Fisk, WIDTY 
Editor 
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EIMAG zeroed in on some grid 
problems so you can get 
higher power gain. 

Want up to 20 times power gain in a cathode driven 
circuit? Try one of the tubes in our complete zero-bias 
power triode line. While you're solving problems, 
throw out the bias power supply. Forget some of the 
associated circuitry. And don't worry about destroy- 
ing the tubes i f  you lose grid voltage. They don't 
need any. 

These triodes are designed for use as Class B or 
C amplifiers in audio or radio-frequency applications. 
We've got zero-bias triodes ranging from 400 watts to 
10,000 watts-the most complete range of zero-bias 
triodes available. 

For more information on EIMAC's line of zero-bias 
power triodes, write Amateur Services Department. 
or contact your nearest ElMAC distributor. ElMAC 

D ~ v l s i o n  o f  V a r ~ a n  

San Carlos, California 94070 

TYPICAL OPERATION 
CLASS B RF LINEAR POWER AMPLIFIER GROUNDED GRID 
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GLASS 
34M)Z 3 5 M Z  3 10002 

Plale Voltage 
Vdc 3ow 3WO 35W 

Max Sognal 
Plate Cur 
renl A 0333 0333 0 75 

Drive 
Power W 37 35 85 

0"l~"l 
Power W 655 €4 1770 

F ~ l a m m t  
V o l l a q e V  5 0  5 0  5 

Fllnment 
C u r r ~ n l  A 14 5 14 5 21 5 

23 0 

CERAMIC 

3CXIWOA7 3CX3MK1A7 3 C X I W A 7  

25M YXX) 7MO 

O W  1 56 5 0 

60 21 5 1540 

1170 5YX) 24 200 

5 0  7 5 7 5 

28/33 51 W / l M  



higher power 

from transistors 
on six meters 

Although the cost h 
!2 
0) - 

of solid-state rf power 
Z 

is still not competitive 2 
5 
d: 

with vacuum tubes, 

transistors offer ~r & 
& 
c some interesting ; 
U 
0, 

advantages G 
k? 
N z 

It's time we took the next step in power with 
rf transistors! To my knowledge, Hank Cross, 
WIOOP, holds the QRO honors with his 4- 
watt, 6-meter rig.' Other amateurs have prob- 
ably made transmitters as large as Hank's, 
but they have failed to share their efforts 
through publication. 

Ed Tilton, WIHDQ, published a notable 
6-meter a-m design2 which appears in the 
new ARRL Handbook. This circuit, because 
of its relative simplicity, i s  preferred for be- 
ginners. Don't misunderstand. Ed's design is 
out of the toy-and-gimmick class, although I 
confess I had to see the unit personally and 
try a few designs of my own to appreciate 
the Tilton genius for finding the least ex- 
pensive and most flexible design. 

There have been a number of 2-transistor 
transmitters in the amateur radio magazines, 
but time has relegated these to gadget Val- 
halla. My own work on two-meters" prompt- 
ed me to try higher power-this time on the 
six-meter band. Whether you choose this ap- 



proach or something simpler, here are a few 
useful hints to help you along the road to 
success. 

the circuit 
On a dollar-per-watt basis, transistors are 

still not competitive with tubes. In order to 
compensate, low-cost parts were used where 
possible without sacrificing performance. The 
oscillator stage exemplifies this philosophy. 
An RCA 40081 i s  used in a 50-MHz overtone 
crystal oscillator circuit. Low cost Interna- 
tional Crystal EX crystals are suitable here. 
You could possibly start at 8 MHz with only 
one additional stage, but I felt that the project 
was sufficiently difficult for a band already 
troubled with TVI without adding to the 
problems with high-order frequency multi- 
pliers. Any of three crystals may be selected 
by a switch on the front panel. It i s  practical 
to switch frequency over a 300-kHz band 
without retuning. 

Following the oscillator is a class-A buffer 

using an RCA 40405 or 40519. The circuit i s  
designed to reduce loading on the oscillator 
while providing moderate gain to the next 
stage. I used similar circuitry in my two- 
meter transmitter and it has proven to be a 
reliable design. This stage may run warm, so 
I used a clip-on heat sink. Several larger tran- 
sistors (TO-39) were tried; although they ran 
cooler, they didn't have the gain of the RCA 
40519. 

The next amplifier, an RCA 40290, differs 
from the previous stage in that it is modu- 
lated (a 2N3553 may also be used in this cir- 
cuit). Diode switching of the modulated col- 
lector voltage i s  very effective in supporting 
upward modulation of the final. Although 
low-Q chokes are frequently used as base 
returns in class-C circuits to suppress motor- 
boating, I used wirewound resistors for both 
this stage and the final instead of special 
low-Q chokes which may be hard to find. 

The final is a 2N2876 mounted under and 
heat-sunk to the chassis. Other types which 
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may be used in this stage will be discussed capacitor and the 0.05-/LF capacitor between 
later. A 112-ohm resistor in the emitter limits the 2N5295 collectors for the most pleasing 
current peaks. While this is degenerative and results. 
costs a little power output, it will prevent 
burning out the 2N2876 by excessive rf drive C~n~truCtion 
or certain regenerative phases which occur Construction begins with a Bud CU592 

during tune-up. Unlike the base return, this Converta box. This is the fastest approach to 

resistor should be non-inductive. The double 
by-passing shown in fig. 1 will overcome 
most of the loss created by the emitter re- 
sistor. Note that one bypass capacitor is a 
high value (.01 pF). This i s  needed to help 
prevent motorboating in the final. 

Other ways to prevent low-frequency os- 
cillation motorboating are by using low-Q 
chokes in the base return, ferrite beads on 
emitter and/or base leads and double by- 
passing of the 15-volt supply points. You 
shouldn't encounter motorboating with these 
precautions, but some transistors are more 
prone to oscillation than others. 

Modulating this rig is not too difficult- 
beyond the need for rf driver modulation. A 
CA3020 integrated circuit i s  transformer 
coupled to the push-pull 2N5295's (fig. 2) 
for a powerful but economical amplifier. 
Some changes in tone may be desirable de- 
pending on your microphone. Experiment 
with the value of the microphone input 

a single-chassis design. Since the box is 

cadmium-plated steel, the chassis i s  not suit- 
able for 50-MHz work. A wrap-around plate 
of the same dimensions was cut and formed 
from .040" brass as shown in fig. 7 and silver 
plated. If you can't silver plate, copper is 
preferable to brass. 

With all the parts mounted on the same 
plate, assembly of the transmitter is simpler 
than the photograph indicates. However, the 
order of construction must be followed. First, 
mount sockets and components on the top 
and front of chassis allowing for correct 
positioning of the crystal switch next to the 
crystal sockets (fig. 3). It may be practical to 
mount and wire the pilot lamp after the 
modulator and switch wiring is completed. 
Don't install the shield (fig. 4) until the 
modulator is wired. 

The second step is to wire the modulator 
and power switching at the front of the unit. 
I found the wiring of the integrated circuit 
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socket to be tedious. It's helpful to use Teflon 1. With all transistors in their sockets and 

sleeving over each IC pin connection after the power off, tune the oscillator, buffer and 

soldering to reduce the possibility of solder final tank circuits with a grid-dip oscillator. 

bridging the leads. You can apply power to 
2. Remove the 40290, apply power and 

the modulator for checkout before going on 
tune the oscillator and buffer tanks for maxi- 

to the rf wiring. With an 8-ohm speaker as a 
mum output. This is probably best seen on 

load and a crystal microphone at the input, 
the S-meter of your receiver which should be 

the amplifier is a very effective PA system. 
on during tune up. 

This is the way I checked out my unit. 
Finally, the rf section is wired at the rear 3. With power removed, install the 40290 

fig. 2. Five-watt modulator for the six-mater transmitter. 

of the chassis. Keep the leads on the bypass 
capacitors short. If double bypassing is used, 
route the second capacitor to a different 
ground position than you used on the first. 
Meticulous wiring of the rf section will pay 
dividends in output power. The layout of the 
2N2876 emitter circuit which is obscured in 
the photographs is sketched in  fig. 5. 

tuneup 
The tuning procedure is less difficult at 50 

MHz than at 144 MHz, but certain costly pit- 
falls are still present. Suggested steps for 

alignment are as follows: 

and connect the output of the transmitter 
to a suitable 50-ohm load. Assuming the cir- 
cuit is stable when power is applied, the 
interstage coupling networks and final tank 
may be tuned for maximum output. 

An SWR bridge is useful for checking out- 
put to the load. I should mention that several 
combinations of tuning-capacitor settings 
may give good output. Use the optimum 
combination. A good 2N2876 should deliver 
6 to 7 watts. Slight retuning of the oscillator 
and buffer may be necessary for best results. 

If you detect spurious oscillations or motor- 
boating in the receiver at any time during 
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tune up, power down! Check all rf transistors 
for excessive heat and don't apply power 
until overheated units have cooled. Retuning 
will usually correct the instability. Overheat- 
ing of the transistors may occur during tune 
up. Check for excessive heat frequently; 
power down for cooling. 

4. Optimum modulation characteristics 
will only require a minor tuning adjustment. 
For this procedure it's preferable to use a 

fig. 3. Crystal-switch assembly; 
switch bracket is shown in fig. 4. 

transistors provided interesting and useful 
material. Three transistor types, the 2N2876, 
the 2N3375 and the 2N3632 were available 
and suitable for the application. The recorded 
output power readings for each type are 
shown in  table 1. 

There are conceivably many errors in  the 
equipment, setup and tuning of the circuitry 
because my shack is not a quality laboratory. 
Furthermore, rather large differences between 
similar transistors made by different manu- 
facturers can be seen, so don't expect to 
duplicate these results precisely. Certain con- 
clusio~ns may still be made, however. 

1. The insertion loss of the Drake filter was 
measured at 2 dB. This means that 19% of 
the 50-MHz power wi l l  not be delivered to 
the antenna. A simple calculation of chart 
data wi l l  show that filter output is less than 
81% of its input. Additional loss is assumed 

fig. 4. The crystal- 
switch bracket and rf 
shield are made from 
0.040 aluminum. 

SWITCH 
BRACKET RF SHIELD 

low-level sine wave driving the modulator. fig. 5. Wiring the rf 

With a monitor scope or the setup shown in pow" 
emitter bypass ca- P l a y  I/P w 

fig. 6. In this set up, the vertical input of the pacitors are ground- IN PARALLEL 

scope i s  connected across the output of the direcHy to the '., 
final i-f stage in  the receiver. The rf envelope transmitter case. 

of the transmitter wil l be displayed when 
the receiver is tuned to the frequency of the 
transmitter. 

Increase modulation to 30~10 and retune 
for minimum distortion. Advance the modula- 
tion 50°/o, then to 80°/o, adjusting for mini- 
mum distortion each time. Don't try to 
reach 10O01~ modulation! Remove the sine- 
wave generator and check the modulation 
level with the microphone. Note this setting 
on the front panel for future reference. 

the fruits of our labor 
While the primary focus of interest was to 

build an all solid-state 6-meter transmitter, 
some experiments in  the use of different final 

to be in harmonics which are suppressed by 
the filter. I would recommend using a filter 
with this transmitter because of the magni- 
tude of these harmonics. The second har- 
monic-which falls in the fm band-is the 
prime offender. 

table 1. Comparison of several d power transistors. 

transistor power out power out price 
(with filter) (unfiltered) 

(watts) (watts) 

2N2876 4.8 6.5 $14.50 
2N3375 7.5 10.0 $14.52 
2N3032 9.5 12.5 (20.00 
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2. The 2N3375 is the most efficient, but 
not significantly different than the 2N2876. 
On a dollar-per-watt basis, the 2N3375 is also 
preferable. Why then, did I choose a 2N2876 
for the transmitter? The primary reason is 
that the transistor is a lower frequency device 
and inherently more resistant to burnout 
through improper use. Probably the most 
common trouble i s  the occasional second- 
breakdown destruction of a transistor during 
tune up. While the circuitry used here should 
not be prone to second breakdown, I still 
prefer the 2N2876 for trouble-free operation 
at 50 MHz. 

3. The 2N3632, which contains two 
matched 2N3375's in the same package, 
doesn't give twice the output of the latter 
type. This i s  a well-known fact in engineering 
circles but perhaps not well known to ama- 
teurs. My personal experience with the 
2N3632 was less than gratifying. The first did 
not survive tune up, while the second was 
gassed by a lengthy QSO. A better heat sink- 
ing arrangement would be helpful for per- 
sistant proponents of that device. 

Some experiments were performed using 
different coupling techniques with efficiency 
and purity of output as objectives. Results 
showed a preference for tapped tank circuits 
over L's or r ' s  for rejecting unwanted har- 

monics. Matching to the tank i s  a trifle more 
difficult, but once achieved, power transfer 
is comparable. Before you attempt to achieve 

fig. 6. Method used to connect 
the transmitter signal to an oscil- 
loscope. 

the ultimate in matching, be sure that you 
have 6 to 7 watts output from the circuit as 
shown. The greatest losses are more likely to 
be caused by lead dress and poor bypassing 
than by incorrect matching of tank circuits. 

n 2 E G z  

6 B  - 
MODULATOR 
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fig. 7. Chassis layout for the six-meter a-m transmitter. Make from 0.040 brass and silver plate. This chassis 
is designed for a Bud CU592 Converta box. 

conclusion 
Here is a fine little transmitter with clean 

modulation and power in  the class of many 
commercial rigs. The cost of the semiconduc- 
tor complement is approximately $33.00-this 
is probably more than half the total cost. 
The 40290 runs warm on prolonged trans- 
missions, but not warm enough to cause 
concern. All other semiconductors are cool 
to the touch when heat sunk as shown. I've 
performed no miraculous DX, as yet, but 
that's because I'm only using a halo antenna. 

When using a 15-volt power supply, the 
transmitter idles at 950 mA. Modulation 
peaks are about 1.5 A. If the power supply i s  
unregulated, the transmitter should be tuned 
at the lowest voltage that wi l l  be encoun- 
tered. Power output will vary with supply- 

which i s  troublesome with rf power transis- 
tors at higher frequencies is undetected on 6 

meters. 
This is not a project for the beginner, but 

it's not really difficult if the plan is carefully 
followed. When you tell others what you're 
running, you'll have a real feeling of accom- 
plishment. 
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a simple 

panoramic reception 
method 

Com plete panoramic 

adapters are expensive, 

but for occasional tests 

that require panoramic 

displays, here is an 

approach that uses test 

equipment from around 

the shop 

Panoramic reception, which lets you see as 
well as hear received signals, has many uses 
for both operating and testing equipment. 
Various commercial adapters have appeared 
on the amateur equipment market but if you 
already have the required test equipment-a 
sweep oscillator and an oscilloscope-a pan- 
oramic unit can easily be built for any re- 
ceiver with a simple adapter. If you don't 
want to tie up the test equipment perma- 
nently for panoramic reception, you can ar- 
range the adapter so that the test equipment 
can be disconnected and used elsewhere 
when desired. 

basic panoramic reception 
The block functions of a conventional 

panoramic adapter connected to a commu- 
nications receiver are shown in fig. 1. Basic- 
ally, the panoramic adapter is an electronic- 
ally-tuned receiver with its output displayed 
on a cathode-ray tube on an amplitude-vs- 
frequency scale. The sawtooth oscillator is 
used to drive the horizontal sweep on the 
CRT at the same time i t  varies the frequency 
of the oscillator. The vertical deflection cir- 
cuit is driven by the rectified output of the 
i-f stage. 

The same effect can be obtained if you 

have a separate receiver which is manually 
tuned through the i-f of the main receiver. 
The analogy to a manually-tuned receiver is 
worth-while because with this in  mind i t  i s  
easy to appreciate both the values and limi- 
tations of panoramic reception. As with any 
manually-tuned receiver, separation of close- 
ly-spaced signals requires good selectivity. 
However, the better the selectivity, the slow- 
er the receiver must be tuned-otherwise 
signals will be missed. Therefore, a panoramic 
adapter must be a compromise between se- 
lectivity for signal resolution and frequency 
scan speed (sweep rate). 
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Expensive units have elaborate controls for circuit doesn't have high Q. Most sweep OS- 

varying these parameters while less expen- cillators also provide a fixed, non-sweeped, 
sive units use compromise settings. Also, the marker output so you can calibrate the hori- 
band of frequencies displayed affects the zontal frequency scale on the oscilloscope. 

fig. 1. Block diagram of a conventional panoramic adapter. Frequencies are for processing a single 500-kHz 
signal; sweep width is 100 kHz and sweep rate, 30 Hz. The 500-kHz pip is displayed on the CRT each time the 
deflection plates and sweep oscillator are swept through their range. 

SPECTNE 
OF lo MIXER IN n m T  w ~ m ~ ~ H ~ H ~ H F + ,  REEJvER me 

-600 Uh 
m G W N  - 
m MTCI U" R"m 

scan rate. Extreme selectivity and a slow scan 
rate (1 second, for instance) may be desirable 
if you are scanning a small frequency range 
-say 2 3 kHz-either side of the i-f. If you 
are scanning a larger frequency band (500 
kHz, for instance) resolution must be sac- 
rificed for using a scan rate of up to 60 times 
a second. 

sweep-oscillator circuit 
The conventional way of using a sweep os- 

cillator to check the selectivity response of 
an i-f amplifier is shown in  fig. 2. The simi- 

A sweep oscillator and an oscilloscope can 
be combined to function as a panoramic 
adapter as shown in fig. 3. The CRT display 
circuits, the sawtooth oscillator, reactance 
stage and sweep oscillator are all contained 
in  the oscilloscope and sweep oscillator 
units. The adapter supplies the buffer (or pre- 
amplifier) mixer and i-f and detector stages. 
It should be noted that the adapter is 
equivalent to the front end and i-f stages of 
a conventional receiver. In fact, a conven- 
tional receiver may be used to build the 
adapter. The output from the first mixer in  

larity to panoramic reception is apparent. 
Many commercial sweep oscillators cover a 
fairly wide range-from a few MHz through 
vhf. The frequencies that they usually sweep 
are a maximum of about r t5% of the center 
frequency. The sweep range is set on all but 
the most expensive units at 60 Hz to corres- 
pond to the ac line frequency. 

The resolution on the oscilloscope display 
is usually only adequate when the sweep 

fig. 2. Method of using 

the receiver is connected to the antenna in- 
put of the auxiliary receiver; the detector 
output of the auxiliary receiver i s  coupled 
directly to the oscilloscope vertical input. 
The local-oscillator signal to the mixer in the 
auxiliary receiver i s  supplied by the sweep os- 
cillator. 

I f  you use care when selecting the injection 
frequency from the sweep oscillator, you'll 
find that a wide variety of auxiliary receivers 
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are usable. In fact, when the first major out- signal. The 2N2672 i-f amplifier is a conven- 
put of the basic receiver falls within the a-m tional high-gain circuit with a neutralizing 
broadcast band, as many double-conversion loop to improve stability. The second IN541 
receivers do, an inexpensive transistor BC re- serves as a video detector. Because o f  the 
ceiver will work nicely as the adapter. time constants used in  its filtering circuit, it 

A more generally useful but relatively sim- i s  coupled directly to the oscilloscope ver- 
ple adapter is shown in fig. 4. Basically, this tical input. 

fig. 3. By using an ADAPTER 
r-------------------------------------------- 

adapter, a sweep 0s- 1 

cillator and oscillo- I I 
5 O O M  I 

scope can be used to REGEMR . - MIXER I-F 
A ~ F m  provide panoramic dis- MIXER (*)TATT 

plays. 1 100-600 mm 3500  HZ I 
L - - - - - - - - - - - - - -- -- -- - - - - - - - - - - - - - - - - - - - - - - - - -- -1 

unit encompasses all the stage functions 
shown in fig. 3 and can be adapted over a 
wide frequency range. The 2N2672 input 
stage is coupled to the first mixer stage in  the 
receiver. This is the signal that wil l be pan- 
oramically scanned. The input i s  untuned and 
presents an insignificant load-detuning effect 
on the basic receiver as long as a short length 
of low-capacitance cable is used to couple 
it to the basic receiver. 

The first IN541 diode mixes the output 
from the first mixer with the sweep-oscillator 

The adapter can be built to cover almost 
any high frequency range (to about 40 MHz), 
depending on the mixer output frequency 
and the sweep oscillator range. If your fre- 
quency range is the same as shown in  fig. 3, 
T I  (fig. 4) i s  a 500-kHz i-f transformer, and T2 
and T3 are 3500-kHz transformers. When 
aligning the adapter, carefully peak TI, T2 
and T3. T2 and T3 are simply peaked for 
maximum at the desired i-f frequency. T I  
must, however, be tuned a bi t  more carefully. 

The selectivity curve of the first mixer i s  

fig. 4. Simple solid-state panoramic adapter unit. The first IN541 is the mixer; in- 
ductor and capacitor valuar depend upon receiver frequencies and are discussed 
in the text. (m 

REwv€R 
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approximated in fig. 5A. The response is fair- Summaw 
ly broad since the selectivity is a result of Once you understand the basic theory of 
the first stages of the i-f strip. The panoramic panoramic displays, it should be simple to 
adapter must be connected at this point- devise an adapter unit for any individual sit- 
not later in the i-f strip. Otherwise it wil l be uation. As I mentioned before, in some cases 
impossible to scan anything but a frequency a simple transistor BC receiver can serve as 
range restricted by i-f selectivity. If T I  is the adapter. In other cases, an adapter simi- 

fig. 5. Tuning of the buffer-stage collector circuit must be stagger tuned as shown in A so the receiver selec- 
tivity curve shown in B doer not degrade response at the ends of tho passband. The resultant selectivity curve 
is shown in C. 

lar to the unit shown in  fig. 4 can be used. 
In any case, you should appreciate both 

the advantages and disadvantages of this 
method of panoramic reception to obtain 
useful results. The relatively fast sweep rate 
of most sweep generators precludes the use 
of an adapter with very sharp i-f selectivity. 

simply peaked to the same response as fig. 
5A, the oscilloscope display wi l l  favor signals 
near the center of the i-f pass band. 

To avoid this, one half of T I  is peaked at 
the low end of the scanned frequency range 
(400 or 450 kHz, for example) and the other 
half is peaked at the high end of the fre- 
quency range (550 or 600 kHz, for example). 
The response form of T I  wi l l  look like fig. 
5B; the over-all response will be somewhat 
like fig. 5C. 

This provides equal amplification for all 
signals within the scanned frequency range. 
Alignment is easily accomplished by coupling 
a signal generator to the mixer input of the 
adapter and peaking each half of T I  for maxi- 
mum amplitude with the generator set al- 
ternatively to the low and high limits of the 
scanned frequency range. 

Therefore, the adapter is less expensive to 
build, but displayed signals will appear to be 
much broader than they really are. 

Some sweep generators provide variable 
sweep rates. If you have a sweep generator 
like this, the i-f selectivity of the adapter unit 
can be increased by using better i-f trans- 
formers or crystal filters. With narrow selec- 
tivity, detailed oscilloscope displays are pos- 
sible-even to checking transmitters for in- 
termodulation-distortion products. However, 
even with broad displays you can scan a 
broad portion of a band for general DX ac- 
tivity or compare relative amplitudes of vari- 
ous signals. 

Although you may not want to look at re- 
ceived signals continuously, the panoramic 
adapter described here provides a uniquely 
simple way of using readily available test 
equipment. 

ham radio 
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basic electronic units 

Many amateurs 

learned basic electronics 

by rote 

so they were never exposed 

to the basic units- 

here is 

a building block 

that will further 

your understanding 

of radio communications 

Have you ever wondered what an ohm really 
i s ?  Or a volt, or an ampere? It's interesting to 
know that these names, and many others in  
the electronics field, are the names of workers 
who did much of the research which makes 
modern electronics possible. But that doesn't 
tell US very much about the units. Is it neces- 
sary to know what an ohm 'really' is? No, and 
some people feel that such knowledge can be 
cataloged under the heading of "useless 
facts." 

I can't agree with that. This information is 
the useful basic knowledge which (if not tak- 
en in  too large doses) lets you keep up with 
modern ideas. It helps provide new answers 
to problems that wil l stump your less inquisi- 
tive fellow workers. Basic knowledge is not 

X useless facts. 
0 

2 The appropriate basic knowledge wi l l  give 
you a feel for the meaning and application of 

-d. electronic units. Once you know most units E 
are built up from a very few basic ones, and 
see how this happens, you can begin to under- 
stand something about how the units should 

; behave on paper and in real live circuits. 
Plugging numbers into formulas is like walk- 

g ing blindfold in  a strange room; you tend to 
feel uneasy. - 
dimensional analysis 

This awesome title applies to a common- 
sense idea. When one or more basic units are 
combined into a more complex unit, they 

pi +, don't just disappear. An essence remains, usu- 
ally not very far below the surface. The part 

E 
-; that stays is called "dimension." For example, 
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the dimensions of speed are distance and 
time. Even if there were a special automotive 
speed unit called 'oldfield,' whenever any- 
body used the term, they would mean miles 
traveled by hours for the trip, or miles per 
hour. Think about hertz and other examples in  
table 1. 

It's unfortunate that electronic units are 
commonly introduced to beginners without 
any mention of their inside composition. For 
instance, capacitors are frequently described 
as things that hold electricity. But who men- 
tions how much electricity they hold? Or how 
the circuit sees i t? I think you wi l l  find elec- 
tronics much simpler once you've been intro- 
duced to the basic unit of electricity: the 
coulomb. When you have a little feel for 
coulombs in capacitors you can appreciate, 
for instance, that 10 microamps for 1 second 
will fill a I-pF capacitor to 10 volts; the idea 
of volt-seconds wi l l  make inductive circuits 
more accessible to common-sense thinking. 

some common units 
A basic unit is a kind of building block, 

something like a brick or an atom. That is, up- 
on close examination, you can find inside de- 
tail, maybe a lot of it, but that detail doesn't 
mean much for practical purposes. You can 
build excellent walls without being an expert 
on the theory and design of cinder blocks, 
and in the same way there i s  not much reason 
for getting into philosophical detail about sec- 
onds, coulombs, and volts. 

If you become interested in  this subject, 
you'll discover some of the basic units I chose 
for this article could be replaced by other 
basic units. The result would be different def- 
initions, which for practical purposes would 
work out as well as the ones I've used here. 

Let's begin with the second. Time is funda- 
mental. Everything we do, and so far as I 
know, everything that happens in. the uni- 
verse, occurs in  such a way that time is a nec- 
essary part of the action. We measure time by 
looking at some device that ticks i t  off in  
equal-sized units, based upon the second. If 
seconds are too short we can take them 
in batches from minutes to millenias, or if too 
large, in  decimal fragments from millisec- 
onds to femtoseconds. You haven't heard that 
term? A femtosecond is one-billionth of a mi- 

crosecond, used by nuclear physics workers 
to time rapid events inside atoms. But that's 
another subject. Very careful measurements 
have brought out some slightly different opin- 
ions as to how long a second is, but for our 
purposes, they are all the same; available in  
liberal supply from WWV. 

The next basic unit is the coulomb. Electric 
current is moving charge, or coulombs in mo- 
tion. There is a natural unit of charge, the 
electron, but this unit is too tiny for practical 
purposes. From a human yiewpoint, the 
coulomb is a more meaningful unit. 

A coulomb is a perfectly definite number of 
electrons: 6.23 x 1018 (in scientific notation). 
I've emphasized the quantity aspect in fig. 4, 
which may not be as unlikely as you think. 
There is some interesting work being done 
with solutions of free electrons, reported i n  
Scientific American Magazine. To a physicist, 
one coulomb of electricity is that positive 
charge which, placed 1 meter from an equal 
positive charge, repels it with a force o f  1 
newton. That's about equal to the weight of 
3.6 ounces in your hand. 

Electrochemistry offers another definition: 
passing 1 coulomb of electricity through a 
silver chemical solution wi l l  plate out about 
1.1181 milligrams of silver. Each electron 

table 1. Electrical quantities and how they are built. 

unit name unit quantity breakdown 

cycles 
hertz frequency 

seconds 

second lime basic 

coulomb charge basic 

volt pressure basic 

coulombs 
ampere flow 

seconds 

volts 
ohm resistance - 

amperes 

joule heat/work volts x coulombs 

volts x coulombs 
watt power 

seconds 

amp-seconds 
farad capacitance 

volts 
volt-seconds 

henry inductance 
amps 
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moves one atom of silver onto the cathode, 
and since there is a perfectly definite number 
of electrons, and each silver atom has the 
same weight, the silver buildup indicates the 
charge in coulombs passed through the bath. 

Pushing coulombs through wires takes 
pressure, and this is measured in volts. 
Voltage i s  a kind of electrical pressure, re- 
sponsible for the flow we call current, or we 
may find it more convenient to think, caused 
by the current. Voltage and current are related 
by Ohm's law, which we wi l l  come to shortly. 
Voltage, like the push of a spring, is not nec- 
essarily accompanied by motion. Slightly pe- 
culiar fig. 2 emphasizes the pressure aspect 
of voltage. We don't need a really good defi- 
nition of voltage because our meters are cali- 
brated to read it directly. This is the last of 
the basic electronic units. Now we can start 
putting them together. 

mensional analysis tells us ohms equals volts 
per amp, which we can put to work immedi- 
ately. See fig. 4. 

We want to choose a resistor to give us 10 
volts from 2 milliamperes. Sure, we can sub- 
stitute these values into Ohm's law and come 
out with a figure. But try i t  this way: ten volts 
per two milliamps is five volts per milliamp, or 
5,000 ohms. An ohm is a volt per amp, but 
this i s  rather large for electronics, so I restated 
it as 1000 ohms i s  a volt per milliamp. One 
hundred thousand ohms i s  a volt per 10 micro- 
amps or a rnilliamp per hundred volts, etc. 
Remembering dimensional analysis we change 
our view to get the best hold on the things 
we're working with. If your screwdriver 
points the wrong way when you pick i t  up, 
you change your grip before you try to turn 
screws with it. 

work and power 
The joule is the electronic unit of work, or 

fig. I. If we could 
store a coulomb in heat. When we push a coulomb across a volt 

of potential, one joule of heat is released. 
One ampere through one ohm, or across 

this. one volt, which is the same thing, wil l release 
one joule per second as shown in fig. 5. The 

- .- .- - 
1 MULOYB . 

I .: 
I;' 

' H l l V M E  GENTLY! ' ! 
i 

/' 
/' ' 

/ '  

the ampere 
We come first to the ampere, one coulomb 

of charge per second. A meter reading of am- 
peres can be interpreted as coulombs per sec- 
ond, or we can say amp-seconds equals cou- 
lombs. This is dimensional analysis again, 
useful in work with timing circuits, batteries, 

fig. 2. 
age as 
sure. 

Let's think of volt- /- 

electrical pres- 

transistor circuit design and other circuit mat- 
ters. joule sounds like a basic unit, but we can 

Electrical resistance is something we always make it up as a volt-coulomb, volt-amp-sec- 
find in wire, components, transistors, etc., ond, amps2-ohm, etc. A joule will heat 4.186 
which turns some of our electrical energy into grams of water I-degree centigrade, which is 
heat. Electrical pressure in  volts is required to more useful knowledge than you may think: 
push coulombs across resistance. This neces- this relates quantity of heat and temperature 

sity is summed up in  Ohm's law: R = E/I. Di- change. The joule is a perfectly definite 
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amount of energy, a standard unit of heat or improvising, some care is required. Begin by 

of work. Stored energy, as in  capacitors, is putting your dummy load into a thermally 

calculated in joules. insulated box. Say, three inches of Zonolite 
The watt is the unit of energy flow. In  elec- all around, at top and at bottom. This prevents 

tronics it may refer to power input or output, heat dissipating in  the load from leaving the 

or merely to heat dissipated in  a working com- load, which could be destructive i f  carried too 

ponent. A watt is one joule per second of heat far. We aren't going to overdo, and if we are 
or work, continuously produced. A one-watt careful, no harm will result. I've pictured the 
resistor can dissipate up to one joule per sec- setup in  fig. 6. 
ond, although good design practice is to limit 
this to maybe 70°/o of maximum. 

fig. 4. Electric current pro- 
We can put these ideas to work by finding duces voltage across resist- 

out how to measure transmitter power output ance. - 
without making any rf tests. We merely turn 
the output power into heat, and find out how f 
much heat is produced in, say, five minutes. 
Heat is much easier to measure than a com- 
bination of rf voltage, current and phase 
angle. 

This method is called calorimetry, which is 
"measuring heat." You can improvise the re- 
quired equipment from things that should be 
around most any ham shack, but since you are 

fig. 3. Electric current is a 
flow of charge which is 
measured in coulombs. Here 
are 2 coulombs per second, or 
2 amperes. 

IOV PER P mC 

5 V  P E R n A  
5 UILWYS 

fig. 5. Here is an ampere 
through en ohm dirsipat- I JOULE PER SECOND 
ing one watt, or one joule E W U  I WATT 
per second. 

Next, we calibrate the setup by feeding 
some dc power into i t  and measuring the re- 

\ suiting temperature increase. We start from 
room temperature. Knowing dc voltage and 
current, we know power in  watts; watt-sec- 
onds gives the total amount of heat in joules 
poured in  during the calibration run. 
For instance, i n  five minutes at 100 watts we 
have put 30,000 joules into the load, which 
has become 10 degrees warmer. This is 3000 
joules per degree. After the load has cooled 
to room temperature (overnight) we can do a 
transmitter test run, and let us suppose the 
load temperature went up 15 degrees i n  five 
minutes. This must have been 150 watts. To 
be doubly sure, we repeat the test later with 
the same amount of dc power, and we should 
see the same temperature change. 

I've only touched on calorimetry here. 
\ 
\ There's a lot to it, which you can find in  any 

basic physics book. A good calorimetric test 
setup wi l l  completely eliminate all uncertain- 
ties about rf voltage, current and power. 
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inductance and capacitance energy in  joules (watt-seconds) wi l l  be 1/2CE2 

Before defining the ,,,,its of capacitance joules, where C is capacitance in  farads and E 

and inductance, I want to mention their sur- is voltage. Thinking in  amp-seconds is appro- 

prising complex-yet-simple behavior. If you priate for timing circuits and estimating 

do not immediately see what this is all about, time to charge a photoflash capacitor; and 

you have a lot of company. Capacitors and in- thinking in joules is suitable for choosing 

fig. 6. You can measure 
rf power without an rf 
voltmeter if you calibrate 
a thermally-isolated dum- 
my load in terms of tem- 
perature rise per joule fed 
into it. Since the heat has 
no way to escape, be 
careful. 

ductors, unlike resistors, are strongly frequen- 
cy dependent. In addition, there is a curious 
difference in  their properties which you wi l l  
shortly discover i s  a kind of similarity. Engi- 
neers call i t  duality, and I've emphasized this 
relation in table 2. Reference to handbooks is 
always good practice (if you understand what 
you are doing), and in the case of problems 
dealing with inductance and capacitance, it i s  

particularly appropriate i f  only to refresh your 
memory. 

The unit of capacitance is the farad, and in 
electronics we usually see this as the micro- 
or one-millionth-farad. The farad is too huge 
for most applications, although there are some 
one-farad capacitors around now. 

If you feed a coulomb into a 1-farad capaci- 
tor, measurement wi l l  show one volt across its 
terminals. A typical 1-farad capacitor, rated at 
3 volts, wi l l  store 3 coulombs. If you fill the 
capacitor to any definite voltage, its stored 

a capacitor in  a photoflash lamp project, 
once the lamp specs are known. 

Inductors store energy. How do you charge 
inductors? By feeding volt-seconds to them. 
Look at table 2 again. If you apply 1 volt-sec- 
ond (1 volt across terminals for 1 second) to 
a I-henry inductance, measurement will show 
1 amp through its terminals. Since the ampere 
must continue to flow, you cannot discon- 
nect the inductor as you can the capacitor, but 
when you see the 'dual' relation in  their prop- 
erties you will understand this is not really 
a difference. Stored energy in the inductor is 
112L12 joules, L henries and I amperes. Induc- 
tors can be used for timing circuits, although 
capacitors are most commonly seen in this 
application. All electrical components are 
more or less spoiled by unwanted resistance, 
and capacitors are easily made more "pure" 
than are inductors. 

Let's think about inductive circuits that 

table 2. The odd mirror-like characteristics of capacitors and inductors. 

parameter description unit storage AC 
reactance 

Volts across ter- henries equals J = 'IILIZ 
Inductance minals for current volt-seconds per short terminals X = 2 r  fL 

L in; energy stored ampere to store energy 
in a magnetic 
field 

Capacitance Current into ter- farad equals 
C minals for volts amp-seconds 

across; energy per volt 
stored in an elec- 
tric field 

J = 'IICEZ 1 
open terminals - 

X = 2 r f C  
to store energy 
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blow transistors. Most of us have met, in  the 
book or on the bench, a circuit something like 
fig. 8. The relay has an inductance of 1 henry, 

fig. 7. Here is a simple inductive- 
load transistor switching circuit. 
For simplicity, the transistor is 
turned off by shorting its base to 
ground. 

+ i" 

which we measured by placing a capacitor 
across it and finding its audio resonant fre- 
quency. 

The transistor merely turns coil current on 
and off: on when the transistor gets lots of 
base current and goes into saturation, off 
when we short the transistor base terminal 
current to ground. A resistor in the transistor 
collector circuit controls collector current, 
since I've assumed the coil has inappreciable 
resistance. You might want to work this out 
later, assuming the resistor value i s  the coil 
resistance. 

Now, we know the turn-on current, which 
was established by the resistor. But circuit- 
limited current means we don't have a volt- 
seconds figure to work with, as we might in a 
pulse circuit problem. So we restate the in- 
ductance in henries as volt-seconds per amp, 
and we know the circuit wi l l  somehow have 
to dissipate one volt-second for each amp the 
transistor turns off. The current is 100 mA, so 
we have to discharge 1MO volt-second. 

Since the coil can produce large voltages if 
there is no easy way out for its stored energy, 
we provide a silicon diode. As the magnetic 
field collapses upon turnoff, the voltage across 
the inductance builds up to 0.7 volts or so, the 
forward voltage of the diode. Transistor col- 
lector voltage goes to 6.7 volts. Since there is 
1/10 volt-seconds to be dissipated, the current 

flows around through the diode for about 140 
milliseconds. Stored energy gone, the voltage 
across the winding drops to zero, and we can 
start the cycle again. Estimated collector vol- 
tage through the cycle in fig. 9 should help 
with this experiment. I hope you'll start with 
dime surplus transistors and a transistor 
socket. 

Well, maybe that was a bi t  of digression, 
but i t  was a good one. If you work at these 
ideas in  simple breadboard circuits, you will 
find things becoming far more real. The usual 
presentation of electrical units is very stilted 
and hidebound, and practice in  seeing these 
units at work wi l l  aid in  circuit design and 

fig. 8. This is whet happens to 
the transistor's collector voltage 
when the collector current goes 
OH. 

RANSiSlVR DESlRWED 
WLTS 

0- 

servicing problems. 
There are some other electronic units that 

could use a good going over. I'm working on 
that now. They are the hertz, the mho, the 
steradian, and the dBm. Perhaps they sound 
kind of hairy, but they aren't really. Look for 
"more electronic units" one of these months. 

ham radio 

october 1968 Q 23 



vox and mox 
systems 

for ssb 

There are two 

popular ways 

of controlling 

ssb transmitters- # 
8 

voxand mox; $ 
a 
.d 

c 

here's how 8 

Among the several advantages offered by 
single sideband, one of the handiest is its 
easy adaptability to  hands-off automatic op- 
eration. This kind of transmitter control i s  
called vox. The letters are an acronym for 
voice-operated transmission, but they are 
usually just pronounced "vox." 

At a vox-equipped station, when the op- 
erator speaks into the microphone, the trans- 
mitter is keyed on, and the receiver is muted. 
When he stops talking, the transmitter is 
taken off the air and the receiver operates 
again. 

Even at a station with vox, sometimes it's 
desirable to turn the transmitter on and off 
by hand. A push-to-talk (ptt) circuit, opera- 
ting all the changeover relays from a single 
switch or mike button, is the most conveni- 
ent. In contrast to vox, this kind of operation 
is mox, which stands for manually operated 
transmission. Because vox circuitry prevents 
manual operation, a mox circuit is laid out 
so i t  can override the vox system. 

importance of vox 
Nothing new, vox was developed back in  

the days when nearly all hams used double- 
sideband a-m. The reasoning was sound: why 
run the carrier (and mute the receiver) con- 
tinuously-when the operator would often 
pause for several seconds between sentences 
or thoughts? Someone decided: suppose 
every time the operator pauses (for more 
than a few seconds) the transmitter is taken 
off the air and the receiver turned back on. 
The ham he is talking to can talk back in- 
stantly. In fact, so can anyone else who hap- 
pens to be on  the channel. In  other words, 
any station could break in-and that's the 
term applied to this sort of operation. 

Shutting down the carrier of an a-m rig 
when there's no modulation conserves trans- 
mitter power, but not many a-m transmitter 
power supplies were designed to cope with 



the sudden up-and-down voltage and current 
demands. With ssb's suppressed-carrier way 
of operating, there i s  nothing being trans- 
mitted during speech pauses anyway. There 
is little problem in just shutting the trans- 
mitter off for those intervals and letting the 
receiver open momentarily to any incoming 
ssb signals. Vodbreak-in operation speeds 
voice communications and has become a 
valuable part of sideband operation. 

basic vox 
In  the block diagram of fig. 1, you'll see 

how the typical vox circuit operates. Incom- 
ing microphone audio is taken from the out- 

loudspeaker from activating the vox circuit. 
Refer again to fig. 1. A small amount of audio 
signal from the receiver output stage is fed 
to the vox amplifier, where it cancels any 
receiver sound picked up by the microphone. 
The circuit is called anti-trip or sometimes 
anti-vox. 

simple vox 
One vox system used in  some commercial 

transceivers is shown in detail in fig. 2. Voice 
signals from the microphone preamp stage 
are fed through dc-blocking capacitor C3 
and isolating resistor R5 to the grid of VI, the 
vox amplifier. (C4 bypasses any rf which 

fig. 1. Basic vox circuit used in ssb equipment. The anti-trip circuitry 
that keeps receiver audio from triggering a switchover is also shown. 

M- REST ff I 1 
PREAWUFIER TRANSMITTER 

0 

SPEAKER 

put of the mike preamp and fed to the vox 
amplifier stage, which drives a relay amplifier. 
When the operator speaks, current through 
the relay amplifier tube closes the relay. Its 
contacts switch the antenna and the power 
supply to the transmitter, putting the trans- 
mitter on the air. In  some units, the power- 
supply relay merely removes B S  from certain 
receiver stages, or biases them off. The result 
i s  the same: the receiver i s  disabled while 
the transmitter is on the air. 

When the operator stops talking, the relay 
drops back to its normal position. It switches 
the antenna and power back to the receiver. 

At some ham stations, a separate trans- 
mitter and receiver are used; at others, a 
transceiver. In both arrangements, transmis- 
sion and reception are side by side. Some- 
thing must prevent sound from the receiver 

might be present, to prevent false triggering.) 
VI normally runs saturated-maximum plate 
current and very low plate voltage. Positive 
half-cycles of incoming speech signals have 
no effect. 

Negative half-cycles, however, drive down 
the too-positive grid bias of VI, reducing 
plate current and causing plate voltage to 
increase during each half-cycle. When the 
plate voltage gets high enough, the neon 
lamp fires, applying a dc voltage across R10, 
control R12, R13, and capacitor C6. C6 
charges, and the long time constant of R10, 
R12, and R13 hold the voltage across C6 
fairly steady. The junction between the NE-2 
and R8 becomes highly positive with respect 
to ground, as long as the voice signals con- 
tinue. 

Relay amplifier .V2 is normally at cutoff- 
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with grid-leak bias developed by the high- the vox circuit, audio signals from the re- 
resistance path of R8, R10, R12, and R13. ceiver output stage are coupled through dc- 
When the neon conducts, the positive voltage blocking capacitor C1 and isolating resistor 
at NE2/R8 makes VI conduct, operating the R1 to Dl, the anti-trip (or anti-vox) rectifier. 
T/R relay. The relay contacts put the trans- Dl rectifies the audio, and the positive dc 
mitter on the air and mute the receiver. voltage is filtered by R2 and C2. It is then fed 

fig. 2. This vox circuit uses the voltage across e neon lamp to charge up a 
capacitor; this voltage triggers a dc amplifier that operates the transmit/recoive 

I < FROM RECEIVER AUDIO 
WTWT ClRCOlT 

The time constant of C6, R10, R12, and R13 
is purposely long to prevent the T/R relay 
from dropping out between syllables or 
words. Should the operator stop talking mo- 
mentarily, VI returns to its normally saturated 
condition and the neon doesn't conduct. 
This would remove the positive potential, 
turn off V2, and let the T/R relay drop out- 
except for one thing. Capacitor C6 retains its 
charge for several seconds since i t  must dis- 
charge through such a high.resistance. The 
grid of V2 is held positive, and the relay in  
V2's plate circuits is held in. 

The setting of vox delay control R12 deter- 
mines the time required for C6 to discharge 
and turn V2 off. It is adjusted so the trans- 
mitter won't go off the air with very brief 
pauses in speech. 

To prevent receiver sound from tripping 

to R4, the vox sensitivity control, through iso- 
lating resistor R3. 

From R4, the positive voltage-which 
varies according to the strength of speaker 
signals picked up by the microphone-is fed 
to the grid of VI. This grid is already biased 
positive enough to hold the tube in  normal 
saturation, so the anti-trip voltage merely 
tends to keep it deeper in saturation; the 
setting of R4 determines how much deeper 
than normal. 

Negative-going half-cycles coming through 
the microphone but originating in the loud- 
speaker are weak, and because of the extra 
saturation bias from R4 are inadequate to 
bring the vox amplifier tube out of satura- 
tion. The stronger such unwanted receiver 
signals are, the deeper the anti-trip dc volt- 
age saturates the tube. Therefore, receiver 



MIKE 

T 

sounds can't trip the relay. 
Speaking into the microphone, however, 

produces voice signals that are not repeated 
in the anti-trip circuit. Only ordinary satura- 
tion bias is present on VI during these sig- 
nals, so their negative-going half-cycles can 
operate the tube and hence the relay amplifi- 
er that follows. 

For manual operation, a push-to-talk 
switch (S2) on the microphone is used. Func- 
tion switch S1 is placed in the mox position, 
grounding the grid of VI and disabling the 
tube. Switch S1 also removes C6 from the 
circuit, so it can't store noise pulses and 
accidentally trigger the relay tube. When the 
microphone ptt switch is closed, the grid of 
V2 is grounded, the tube conducts, and the 
T/R relay operates. 

another vox circuit 
Fig. 3 shows a slightly different way of key- 

age doubler D l -D2  rectifies the amplified 
voice signals to produce a positive dc voltage 
that is fed to the grid of V2, the relay am- 
plifier. 

Relay amplifier V2 is normally held near 
cutoff by cathode bias applied across resistor 
R10 through R11 from a positive voltage sup- 
ply. The positive dc voltage from diodes D1- 
D2, applied at the grid, turns on V2. It con- 
ducts and pulls in the T/R relay, putting the 
transmitter on the air and muting the receiver. 

To hold the transmitter on between nor- 
mal pauses in speech, a time-delay network 
follows the voltage doubler: capacitor C5 in  
parallel with series combination R6-R7. Since 
R7 (the vox delay control) i s  variable, the 
time constant can be set to prevent trans- 
mitter dropout during brief speech pauses. 

In this vox stage, signals from the receiver 
audio output circuit are fed to R13, the 
anti-trip gain control. Some of the signal is 

fig. 3. This vox system uses an amplifier and a voltage doubler to develop a positive 
trigger voltage for the relay tube. Negative voltage from D3 and D4 is used for anti-trip. 

RELAY 

W YC- 
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OOTRJT 
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- 90 

ing the transmitter by voice. Audio from the tapped off R13 and rectified by voltage- 
microphone preamp is fed to voltage divider doubler rectifiers D3 and D4. The resulting 
R1-R2. (Capacitor C1 grounds out any rf.) negative dc voltage is filtered by C6 and fed 
Vox sensitivity control R1 taps off some of through isolating resistor R9 to the grid of 
the voice signal and feeds i t  to the grid of relay amplifier V2. Receiver signals that exist 
vox amplifier VI. In the VI plate circuit, volt- in  both the microphone and speaker circuits 
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produce opposing dc voltages at the grid of 
V2. The relay does not operate. 

Note that a negative 90-volt dc supply is 
connected (through isolating resistor R12 and 
grid resistor R3) to the grid of VI. When func- 
tion switch S1 i s  in  the vox position, the bot- 
tom of R3 i s  grounded; the -90 volts does 
not affect VI. But when S1 is thrown to the 
rnox position, the -90 volts biases VI be- 
yond cutoff, disabling the vox stage. The 
same pole of S1 grounds the output of anti- 
trip rectifiers D3 and 0 4  for mox operation, 
disabling the anti-trip circuit. 

The other pole of S 1  connects the micro- 
phone ptt switch to the cathode of relay am- 
plifier V2. When the ptt  switch is pressed, it 
grounds V2's cathode, unbiasing the tube and 
turning i t  on. That operates the relay and 
switches the transceiver (or transmitter) to 
transmit. 

operating hints 
When using a vox system, you can improve 

results if you'll observe certain rules. Keep 
the mike away from the receiver loudspeaker, 
or its volume may be too loud for the anti- 
trip circuit to handle. The operator's voice 
must be louder than any speaker signals. It's 
also a good idea to get the habit of working 
pretty close to the mike with a vox system. 

If the vox circuit doesn't work, or if the 
transmitter chatters on and off erratically, the 
vox sensitivity and/or vox delay controls may 
be set wrong. Exact settings depend on the 
equipment, but the vox sensitivity control 
should generally be set high. The setting of 
the delay control depends on how fast you 
talk and how much pause you want without 
the transmitter switching. 

ham radio 

solid-state afsk oscillators 
Here are two types of transistorized afsk circuits. The parts I used were all standard: 

oscillators which may be built for less than 10°/o resistors, ceramic disc capacitors, 
$15. 1 think they are the best I have seen IN461 diodes (although other types may be 
so far. No special layout is needed with these used), and 2N708 transistors. I tried 2N1302's, 

fig. 1. Afsk oscillator for 
positive or negative key- 
ing voltage. R1 adjusts 
frequency and R2 adjusts 
amount of shift. 
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but they didn't have as good rise and fall 
times. 

With the circuit shown in  fig. 1, the keying 
voltage is positive or negative 2 to 10 volts. 
The supply voltage may be varied from 25 to 

30 volts with only 8 Hz change in  output 
frequency. Total drift from turn-on to one 
hour is about 5 Hz. The circuit shown in 

perforated printed circuit board and mounted 
in a 3 x 4 x 5-inch mini box. 

To adjust the circuit shown in  fig. 1, apply 
voltage and, with no keying voltage, adjust 
R1 for an output of 2125 or 2975 Hz. Then 
apply keying voltage and adjust R2 to the 
other frequency. I t  may be necessary to  see- 
saw between the values of R1 and R2. To 

fig. 2. Afsk oscillator designed for keying to ground. Except for the parts that have values, this circuit is 
identical to the one in fig. 1. 

fig. 2 doesn't require a keyed voltage-a key 
in  the ground line shifts the frequency. 
Supply voltage variations from 25 to 30 volts 
result in  no shift in output frequency, and 
warmup drift is about 5 Hz. The input current 
drain with a 30-volt supply is 4.5 mA with both 
circuits. Output impedance is 3000 ohms. 

For easy adjustment, use ten-turn poten- 
tiometers for R1 and R2. The output is a 
square wave. If you want a sine wave output, 
use a band-pass filter as shown in  fig. 3. The 
center of this filter is set at 2424 Hz, and i s  
4'12-dB down at 2125 and 2975 Hz. At the 20- 
dB points, the pass band i s  1500 Hz wide with 
less than 1% distortion. The complete oscil- 
lator and filter were built on a piece of 

fig. 3. Band-pass filter for use with the 
afsk oscillators to provide a sine-wave out- 
put. 

2mnm 
m 

- 

adjust the circuit in fig. 2, ground the keyed 
input and adjust R1 for mark; remove the 
ground and adjust R2 for space. Either of these 
circuits may be used for narrow shift by 
adjusting R1 and R2. 

Dale V. Dennis, WA4FGY 
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using 
integrated 

circuits 
in a 

narrow-band fm 
system 

A number of nbfm VRC-19 receivers have 
been released to surplus around the country, 
particularly to operators in the MARS system. 
Since the local MARS group acquired a large 
number of these units, we decided to use 
them in conjunction with a vhf repeater sys- 
tem. However, the original receiver has one 
very serious disadvantage-the subminiature 
vacuum tubes i t  uses are rather short-lived 
and hard to find. I was selected to convert 
the units to solid state-here i s  the approach 
1 used in the i-f system. 

The photograph shows the end product 
after modifications to the 455-kHz i-f sys- 
tem of the R-394lU receiver which i s  part of 
a surplus VRC-19 or FRC-27 narrow-band vhf 
unit. The subminiature tubes used in this re- 
ceiver are difficult to obtain and are usually 
not long-lived in continuous operation. This 
system was made by Motorola and is well 
engineered with good sensitivity for nbfm 
signal reception. The 455-kHz i-f system has 
seven subminiature tubes, including two 

limiter stages. Even though some of the stages 
are resistance coupled, the unit exhibits am- 
plifications of a few million. Transistorizing 
this system isn't too easy since it works out 
of a rather high-loss selective filter with high 
impedance requirements. 

the circuit 
The high gain and limiting requirements 

can be met by using two integrated circuits 
in cascade. The RCA CA3011 integrated cir- 
cuits contain a whole flock of transistors and 
resistors in one transistor case with ten leads 
out the bottom. These units are about $1.50 
each so they're more economical than equiv- 
alent separate transistors. Some large exter- 
nal by-pass capacitors are needed, and the 
power supply must be limited to less than 
about 7 volts for safe operation. The current 
drain with a 6.8-volt supply is about 25 mA 
for the whole i-f unit. 

The IC's not only amplify at nearly any i-f 
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from 100 kHz to 10 MHz, they are excellent 
limiters for use with a nbfm discriminator. 
The tuned i-f coils, at 455 kHz in  this case, 
are from small i-f transformers used in tran- 
sistor broadcast receivers. I didn't use the 
low-impedance output windings. The dis- 
criminator transformer, diodes and small 
parts are the same ones used in the tube 
version. However, with a transistor squelch 
system, i t  was necessary to put a tuned cir- 
cuit in  the positive lead to the discriminator 
transformer primary; this tuned circuit is 
broadly resonant around 5 to 6 kHz in  the 

The integrated circuits only have a moder- 
ately high input resistance, so a field-effect 
transistor was used to keep loading on the 
selective circuit system to a minimum. Mo- 
torola MPF 104'5, 103's or 102's are suitable 
for this purpose and are all in the one dollar 
price range. Incidentally, I tried five of these 
FET's in  an i-f system, but the over-all gain 
was too low and the limiting effects didn't 
seem to be very good on strong signals. 

The CA3011 data sheet indicates 60- to 
70-dB gain per IC, but in  these experiments 
I found the gain was more nearly 50 dB (be- 

fig. 1. Solid-state 455-kHz i-f amplifier. The value of R1 depends upon the supply voltage: 150 ohms, 1 watt 
for 12 Vdc; 5000 ohm, 10 W for 145 Vdc. 

." 
SELECTIVE 

455klQ FILTER 

"hiss" region above the audio cutoff of the 
audio amplifier. 

construction 
The two IC's and some of the other parts 

were mounted on a piece of bakelite board 
about 4 x 1'12 x 1/16 inches. This board was 
mounted on the old tube chassis with three 
standoff sleeves and screws after all the wir- 
ing had been completed. I didn't use any 
sockets; the ten-lead IC's were mounted on 
the boards by drilling small holes around 
the circumference of a small circle. The unit 
shown in  the photograph was strictly experi- 
mental since many changes were made while 
trying different ideas. 

fore much limiting takes place), so two IC 
stages were needed. With limiting on fm 
signals, the gain is reduced just as with an 
agc system on a-m signals. The 455-kHz i-f 
system shown in  fig. 1 is not suitable for am- 
plitude-modulated signals, but it's very good 
for frequency-modulated signals with devia- 
tion of about 5 kHz or less. 

The original discriminator system and se- 
lective filter were designed for 15-kHz signal 
deviation. Some improvements could be 
made by replacing these parts with narrow- 
band units, but the cost seemed to be too 
high to me, so these replacements weren't 
made. 

ham radio 
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three-band ground plane 

U 

A low-cost .- 
L - - 
A high-performance .r) 
6- 

omnidirectional antenna 6 
0) 
c .- 
e 

for 20,15 and 10 g 
L 

with low-angle radiation 5 
c' 

This antenna was inspired by a mobile con- 
tact; a solid 20-meter QSO with a Los Angeles 
station from G3NMWmobile. This i s  rather 
spectacular performance for a mobile in mo- 
tion down on the street level of London. I 
was even more impressed when I saw that 
G3NMR's antenna was only 6 feet long. It 
was a commercial three-band mobile anten- 
na for 20, 15 and 10 known as the Mark 
Products HW-3. 

Since this antenna worked so well mobile, 
I thought it would work even better as a 
home-station antenna, especially if .  I made 
i t  bigger and put it up in the air. The active 
length of the HW-3 is about 5 feet; by ex- 
tending this to a quarter wave on ten meters, 
I thought i t  should be possible to eliminate 
the ten-meter loading coil and improve effi- 
ciency on 20 and 15 at the same time. 
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DIAMETER FORMICA 
wscs m ENDS 
OF PLASTIC PIPE 

CREOSOTE0 (R PAINTED 
/WOODEN MAST 

SOLER Q ) * X  CENTER UWWCltM lU 
MM)VIr SEAL Em) OF C O I X  WITH RTV 

" "-",".-... 
fig. 1. Construction details of the 3-band ground plane. The 
top tee is bored out so the end of the conduit sticks through; 
then a copper plate is soldered to tha conduit for connecting 
the loading coils. Coil leads must be soldered to all three 
spikes. 

construction 
For the monopole, I used ordi- 

nary thin-wall steel conduit; it's 
available in ten-foot lengths from 
any building supply store. At first 
I thought the 20- and 15-meter 
loading coils would act as a slight- 
ly capacitive load so the resonant 
length on ten meters would be 
somewhat less than 8 feet. After 
cutting one piece of conduit to 8 
feet-then successively shorter 
lengths-without obtaining any 
resonance on ten meters, I finally 
realized that the loading effect i s  
really inductive! Therefore, the 
length should be more than a ten- 
meter quarter wave; a nine-foot 
length worked out very nicely. 

Most of the construction details 
should be evident from the draw- 
ing shown in  fig. 1. Half-inch plastic 
water pipe (which i s  actually 718" 
OD) is a perfect fit over the con- 
duit. You'll need 3 feet of plastic 
pipe and one tee. The top of the 
tee is bored out so the conduit 
sticks through for connections to 
the loading coils. 

The loading coils for 20 and 15 
are terminated in capacity hats 
made from three pieces of number- 
10 wire forced through the ends of 
the plastic pipe. This permits load- 
ing coils with far less turns than 
would be the case if they were un- 
terminated and helps reduce coil 
losses. It also improves the band- 
width since the L-to-C ratio i s  re- 
duced. The coils would exhibit 
higher Q if they were larger in  
diameter, but in the interest of low 
wind resistance they were wound 
directly on the plastic pipe. 

Losses in the twenty-meter coil 
can also be reduced by using fewer 
turns and making the capacity hat 
twice as large (16-inch spikes in- 
stead of 8-inch). This will also im- 
prove the swr bandwidth on twen- 
ty. However, i f  you make the 
15-meter capacity hat larger, i t  wil l 
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fig. 2. Swr performance of the )-band ground plane. turns is quite critical and it's best to start 
with a few too many turns and remove a half 
turn at a time until the frequency of mini- 

P.O mum swr is near the band center. The in- 
ductance can also be trimmed by changing 

I. I the spacing between turns. There is practi- 
cally no interaction between 20- and 15-meter 

g 1.6 resonance. 
v) The resonant frequency will be lowered 

1 6  
about 150 kHz when the coils are painted, so 
it's a good idea to be about that much too 
high before painting. I used several coats of 

LC 
white spray-can enamel. This holds the turns 
in place nicely and makes the antenna fairly 

ID  
I weather-proof. However, the frequency of 

20 METERS 
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result in too small a coil which will foul minimum swr on twenty meters i s  still low- 

up the ten-meter resonance. In the interest ered about 100 kHz when the antenna is 
of appearance I made both capacity hats the wet. The conduit i s  zinc plated but sprayed 

same size. with clear lacquer as a further rust preven- 

I used number-21 Formvar insulated mag- tive. 

net wire for the coils because 1 happened to The best way to tune the antenna is with 

have this size on hand, but number 20 or an swr meter. You can make a good counter- 
number 18 would be better. The number of poise by spreading four 8- to 10-foot lengths 
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\ 
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of wire on the ground to make a big X. The 
monopole can then be suspended over the 
X with plastic clothesline. This will put the 
coils only 9 feet off the ground so they can 
easily be reached with a step ladder. Solder 
the center conductor of the coax to the base 
of the monopole and the outer conductor to 
the junction of the X. Alternatively, you can 
use a car body or other non-resonant object 
as the counter-poise. 

In its final form, the antenna has four 
radials which also serve as guy wires, form- 
ing a drooping ground plane. Two of the 
radials are resonant on ten, and these run in 
opposite directions. One is resonant on 15 
and one on 20. 1 found i t  important to have 
at least one radial resonant on each band to 
prevent rf current from flowing down the 
outside of the coax. The relative values of rf 
current in the radials and on the outside of 
the coax can be checked with the rf current 
probe described in ham notebook on page 
76. So long as the current in at least one of 
the radials is more than four times the current 
measured on the coax, radiation from the 
coax will be negligible. 

results 
The final swr-vs-frequency plots are shown 

in fig. 2. Bandwidth is more than adequate 
on 10 and 15 meters, but is just barely good 
enough for covering twenty with an swr be- 
low 2.09. These measurements were made 
through 45 feet of RC8/U, but essentially 
identical results were obtained with a short 
piece of coax and the antenna mounted over 
a counterpoise on the ground. The swr curve 
for 15 meters would indicate that perhaps 
the 15-meter loading coil has a half turn too 
many; but 15-meter resonance i s  so broad 1 
haven't bothered to change it. 

This antenna will not equal the perform- 
ance of a good full-sized rotary beam, but 
i t  will give excellent low-radiation-angle 
omnidirectional coverage on 20, 15 and 10. 
Field-strength measurements and flattering 
signal reports received from DX stations 
around the world indicate the antenna does 
all that could possibly be expected of it. Total 
cost of materials, neglecting the mast and 
coax, was under $4.00. For this price, you'll 
find it hard to beat. 

ham radio 
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low-frequency 

weather receiver 

A weather receiver 

In addition to having an anemometer and a 
wind-direction indicator, it's helpful to hear 
what the aircraft weather broadcasts have to 
say. In metropolitan areas near large commer- 
cial airports continuous aircraft weather pre- 
dictions are broadcast just below the BC 
band. For instance, in my area, the weather 

is a pretty useful addition I is  put out from Oakland on 362 kHz. You 
can tune in 362 kHz any time of the day or 

I night and listen for a few minutes while a 

to an anemometer and prerecorded tape plays back the latest 
weather report. 

a wind-di rection indicator I These weather reports and forecasts are 
tn broadcast over the communications facilities 
N 

of the Federal Aviation Agency. Although 
if YOU want to know .- 2 this weather information i s  prepared and se- 

E lected with the pilot in mind, the broadcasts 
0 happening 3 are popular with amateur weathermen and 

members of the general public who are plan- 

3 on the weather front 2 
ning outdoor activities. These aviation weath- 
er broadcasts are perhaps best described as 
continuous and scheduled. 

Scheduled weather broadcasts are made 
twice each hour: at 15 and 45 minutes past 
the hour. At 15 minutes past the hour, current 
weather reports for eight to twelve locations 
within 150 miles of the broadcasting station 
are transmitted. At 45 minutes past the hour, 
similar reports are broadcast for important 
cities and airports within a 400-mile radius. 
Scheduled broadcasts include advance warn- 
ings of potentially hazardous weather, such 
as squall lines, thunderstorms, fog, icing and 
turbulence. If available, weather radar reports 
are also given. 

Continuous transcribed weather broadcasts 



include a radius of 250 miles from the broad- ports for eight to fifteen locations within the 
casting station. These broadcasts include a area of the broadcasting station are trans- 
general forecast of conditions over a broad mitted. Material is updated as new reports 
area, aviation weather including upper-level come in and revised forecasts are issued. 
winds and any warnings, as well as pilot and These items are repeated to provide a con- 
radar reports. In addition, current weather re- tinuous weather service. 

AC1 190-pF variable capacitor with trimmer R1 6.8k, '14 watt 

AC2 90-pF variable capacitor with trimmer gangad R2 27k, % watt 
with AC1 R3 1.5k. '14 watt 

C1 .M pF  R4 470 
C2, .Ol pF  L l  435 pH loopstick antenna 
C3 

Q1 2N194A 

fig. 1. Typical six-hmsistor broadcast ncaivar. 

TOP v i a  of the modified broad- receiving the broadcasts 
cast raceiver showing the new 
local-oscillator stage, spoaker The BC453, BC1206 or any one of several 

and battery. other low- and medium-frequency surplus re- 
ceivers can be used for this purpose. How- 

p~ ever, unless you just happen to have one in  
the rubble-heap, a simpler approach can be .- -. taken. An ordinary transistor radio (you 

. . know, the kind every teen-ager carries with 
him constantly) can be easily modified for 
reception a few hundred kilohertz below the 
BC band. 

The most direct method of modification is 

simply to pad the two sections of the tuning 
capacitor so that some point on the dial cor- 
responds to the frequency of your local 
weather station. This approach has been only 
partially successful in several BC transistor 
radibs that I have worked on. 

The problem lies in the nature of the con- 
i verter used in most BC sets. Fig. 1 shows a 

I typical BC converter (an autodyne), where 

one transistor i s  operated as both a mixer and 
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fig. 2. Modified converter stage of a 
six-transistor broadcast receivar to 
cover 362-kHz FAA weather broad- 
casts. 

IIE 

fig. 3. New oscillator stage for the 
modified broadcast receiver. 

TO MIXER 

XZOIO-0  
W l r n  SEC 

a1 
PF 

L S K  

local oscillator. Tinkering with an autodyne 
led to instability i n  at least one case where 
I attempted to change the frequency of the 
receiver to a weather channel. It is my feeling 
that circuits such as autodynes which per- 
form dual functions are inherently "fussy" 
and not amenable to casual modification. 

By removing the oscillator coil (L2) from 
the circuit, the autodyne can easily be con- 
verted into a simple grounded-emitter mixer 
as shown in  fig. 2. Local-oscillator injection 
must then be furnished by a separate oscil- 
lator. The local-oscillator drive should prefer- 
ably come from a small link on the oscillator 
coil because it is through the low impedance 
of this link to ground that the emitter of the 
mixer is bypassed for the signal frequency. 

The new oscillator circuit is shown in fig. 3. 

The finished weather receiver is shown in the 
photo. Note that the original miniature vol- 
ume control has been replaced with a stan- 
dard type on the front panel as has the on-off 
switch. The d i a l  tuning capacitor is now ad- 
justed with a screwdriver to peak the mixer 

input tuning. The local-oscillator frequency 
is adjusted by the slug in  the local-oscillator 
tuning coil. 

A word about old transistor BC radios is in  
order. The majority are discarded (and avail- 
able inexpensively) because of one of two 
electrical faults: autodyne trouble, or elec- 
trolytic capacitor trouble, or both. Since this 
modification calls for destruction of autodyne 
action with a separate local oscillator, that 
fault i s  automatically cured. By replacing the 
four or five electrolytic capacitors in  the cir- 
cuit with tantalytic types, that fault can be 
eliminated. 

fig. 4. Rf amplifier for the 
362-kHz waather receiver. 

crc XIOU) -s  
1 WITH P T  m.1 

I 

The Kemet "C" or Sprague 150D series 
tantalytics are satisfactory for this replace- 
ment. Of course, a lot of transistor radios are 
junked for mechanical damage, battery- 
leakage corrosion and accidental circuit dam- 
age from reversing the battery polarity. This 

fig. 5. Ac power supply for the weather receiver. 

c m  
* WlTU CUP-ON 

0)SIYmR 

bunch may be harder to work with; but glue, 
sodium bicarbonate, and a few new transis- 
tors wi l l  usually do the job. 

In  my particular area the local weather 
station is about twenty miles away. This sta- 
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tion (Oakland, 362kHz) provides weather re- 

ports for communities up to 300 miles away. 

If you live in an area which is not within 

the weather-reporting area, you can add an 
rf amplifier with an antenna and ground ter- 
minal as shown in fig. 4. The loopstick anten- 
na is replaced with an rf interstage coupling 
circuit; a second weather receiver using an 

rf stage IS shown In the lead photo. A com- 
plete list of FAA weather broadcasting sta- 
tions within the United States is listed in 

table 1. 
Of course, an external ac power supply can 

be built to power the weather receiver. The 
circuit of the one I built is shown in fig. 5. 
A simpler design would probably do, but I 

favor regulated supplies and this unit was 

built from "on-hand" and very inexpensive 

parts. 

Alabama 
Anniston 
Birmingham 
Mobile 

Arizona 
Phoenix 
Tucson 

Arkansas 
Ft. Smith 
Little Rock 

California 
Blythe 
Fresno 
Los Angeles 
Montague 
Oakland 
Redbluff 

Colorado 
Denver (Englew 
Trinidad 

ood) 379 
329 table 1. Continuous and scheduled aviation weather 

broadcasts on 200- to 400-kHz FAA radio facilities. 
Connecticut 
Hartford location frequency type 

(kHz) 

Alaska 
Washington 

Anchorage 
Aniak 
Annette Is. 
Bethel 
Bettles 
Big Delta 
Cold Bay 
Fairbanks 
Farewell 
Galena 
Gulkana 
Gustavus 
Homer 
llliamna 
Kenai 
King Salmon 
Kodiak 
Kotzebue 
McGrath 
Middleton Is. 
Minchumina 
Moses Point 
Nenana 
Nome 
Northway 
Petersburg 
Skwentna 
Summit 
Talkeetna 

Florida 
Ft. Myers 
Jacksonville 
Key West 
Miami 
Pensacola 
Tallahassee 
Tampa 

Georgia 
Atlanta 

Hawaii 
Hi lo 

ldaho 
Boise 
Burley 
ldaho Falls 

Illinois 
Carbondale 
Chicago 

Indiana 
Goshen 
Indianapolis Tanana 

Unalakleet 
Yakataga 
Yakatat Davenport 
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Kansas 
Garden City 
Wichita 

Cut Bank 
Dillon 
Great Falls 
Lewiston 
Livingston 
Miles City 
Missoula 

Kentucky 
Louisville 
Paducah 

Nebraska Louisiana 
Chadron 
Imperial 
North Plane 
Omaha 
Scottsbluff 

Grand Isle 
bfayette 
Lake Charles 
Shreveport 

Maine 
Augusta 
Bangor 
Millinocket 

Nevada 
Las Vegas 
Reno 

New Jersey 
Millvilla 
Newark 

Massachusetts 
Boston 
Westfield 

New Mexico 
Albuquerque 
Roswell 

Michigan 
Detroit 
Houghton 
Sault Ste. Marie 
Traverse City 

New York 
Buffalo 
Elmira 
Syracuse 

Minnesota 
~ -.--.. 

Duluth 
Minneapolis North Carolina 

New Bern 
Raleigh 

Missouri 
Kansas City 
St. Louis 
Springfield 

North Dakota 
Bismarck 
Fargo 
Minot 

Montana 
Billings 
Boreman Ohio 

Cincinnati 
Cleveland 
Columbus 
Findlay 
Zanesville 

Oklahoma 
Ardmore 
Oklahoma City 
Ponca City 

Oregon 
Medford 
Pendleton 
Portland 
Redmond 

Pennsylvania 
Allentown 
Bradford 
DuBois "May-day, may-day" 
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Harrisburg 
Pittsburgh NEW! 

TYPE PERFECT CODE 

c-- 

The .p---- 
Autovolt Alphacoder 
Model AC-I 

The new Autovolt Alphacoder, AC-1, 
makes any letter or digit with one 
stroke of your finger. You can pro- 
duce perfectly uniform code, including 
preset letter-to-letter spacing using the 
standard electric typewriter keyboard 
of the AC-1. 

It is only necessary to start a letter, 
an automatic electronic latch will com- 
plete it and, indeed, let you depress 
the next key without disturbing it. The 
AC-1 has provision to make AR, SK etc. 
without gaps. $395.00 

a l s o  

The Autovolt Memokey 
Mk-1 $65.00 Mk-2 $85.00 
Self completing automatic keyers 

featuring 
Instant letter start 
Both dot and dash memories 
lambatic output 

MK-2 includes sidetone system and 
AC power supply 
All of the units described are of solid 

state design. They include a 100 VA reed- 
type relay with "floating contacts" for great- 
est flexibility in  transmitter control. 

All prlces FOB Boston, Mass. 
25% with COD orders, please 

To order or for further amplification of 
details write 

A U T O V O L T ,  I N C .  
68 RICHMOND RD.. BELMONT. MASS. 02178 . 4844954 

South Carolina 
Charleston 329 
Spartanburg 248 

South Dakota 
Huron 
Pierre 
Rapid City 
Sioux Falls 

Tennessee 
Knorville 
Memphis 
Nashville 

Texas 
Amarillo 
Big Spring 
Brownsville 
Corpus Christi 
El Paso 
Ft. Worth 
Galveston 
Mineral Wells 
Tank 
Tyler 

Utah 
Delta 
Ogden 

Vermont 
Burlington 

Virginia 
Pulaski 
Richmond 
Roanoke 

Washington 
Seattle 382 
Spokane 365 
Walla Walla 356 

West Virginia 
Elkins 245 
Huntington 323 

Wisconsin 
LaCrosse 37l 
Milwaukee 242 

Wyoming 
Carper 289 
Rock Springs 290 
Sinclair 368 

S Scheduled broadcasts 
C Continuous broadcasts 

ham radio 
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bar of N-material are 
'-material. Connected 

diffused two 
together as 

in  fig. 16, they form a gate. The gate material 

troubleshooting around makes a junction with the channel material, 

fet's and the whole device is called a junction 
field-effect transistor, or just JFET. 

Several articles about field-effect transistors 
have appeared in ham radio, and commer- 
cia1 equipment is beginning to show up with 
FET's in some circuits. Sooner or later, you'll 
build or buy a piece of new equipment using 
this special breed of transistor, and eventual- 
ly you'll have to troubleshoot it. So, you 
ought to know a few of the idiosyncracies 
FET's display. 

They're different from ordinary transistors. 
In some respects, they may remind you of 
tubes. But they are transistors and if you have 
one go bad in  a receiver or something, you 
troubleshoot it much the same as any other 
transistor. Before I mention FET troubles and 
how to spot them, it seems like a good idea 
to recap how they differ from ordinary tran- 
sistors. 

Current through the channel in  fig. 1A de- 
pends on the resistivity of the material and 
the voltage of the battery. In fig. 1B, how- 
ever, the current is controlled by the negative 
voltage applied to the gate. Battery 2 is the 
gate-bias supply and reverse-biases the PN 
junction: negative voltage is applied to this 
P-material, and positive voltage would be ap- 
plied to N-material. Reverse bias on the gate 
elements tends to pinch off the flow of cur- 
rent through the channel from source to 
drain. The higher the negative gate-bias, the 
less the current from source to drain. Natu- 
rally, if you override part of the battery-2 
voltage with a signal, the signal makes cor- 
responding fluctuations in channel current. 
(This i s  the way a grid controls current in a 
vacuum tube.) 

The JFET is only one type of field-effect 
transistor. The other type is called MOSFET, two main types 
an acronym for metal-oxide-semiconductor 

Basically, a FET (rhyme i t  with "jet") starts 
field-effect transistor, In a MOSFET (fig. 2 4 ,  

with a channel of semiconductor material the gate form a junction . , . at least 
through which current can flow. Take a look like in a JFET. The gate is a metal elec- 
at fig. 114. The bar is N-tyPe semiconductor trode, and between i t  and the channel is an 
material. Current flows in  the direction of the insulating coating of The channel it- 
arrows, carried through the N-material by self (an N-channel is the one shown) is sur- 
electrons. The end of the channel the current rounded by opposite-type material, called the 
enters is the source; the end from which it base-or sometimes, substrate. 
leaves is the drain. In a JFET, there may be slight leakage 
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bipolar-unipolar the carriers are holes. FET's are therefore 
Terminology sometimes gets in the way of said to be unipolar. 

understanding. Special words fog up the very I f  you understand the operation of FET's, 
things they're coined to simplify. Conven- as I've already described it, the two terms 
tional transistors, the ordinary junction kind have little meaning one way or the other. 
that you find in profusion nowadays, are Nevertheless, you should know-if only for 

fig. 2. Structure and operation of n-channel MOSFET. Oxide coating in A insulates gate from channel; base 
' (substrate) is p-material. Enhancement type in B separates drain and source; channel forms in substrate under 

stress of bias voltage. Signal is fed to gate in C; bias in this case is from resistor; signal is taken from drain. 

lately called bipolar. There's a reason. 
Current flows in semiconductors by means 

of two kinds of carriers: holes and electrons. 
In N-material, the chief carriers (called ma- 
jority carriers) are electrons; in P-material, 
the majority carriers are holes. In all ordinary 
junction transistors, the minority carriers 
contribute considerably to operation. There- 
fore, the transistors are said to be bipolar. 

In FET's, the flow of current is not across 
junctions, but through the channel-all of 
which is (or becomes) one type of semi- 
conductor material. Carriers, therefore, are 
of only one character. In N-channel FET's, 
the carriers are electrons; in P-channel types, 

reference-that bipolar transistors are the 
ordinary kind and that unipolar transistors 
are a family to which FET's belong. 

what happens to fet's? 
Since FET's are so new, not much data has 

been gathered on their breakdown habits. 
Yet, enough is known to make it pretty sim- 
ple to troubleshoot circuits that use them, 
and also to test them outside the circuit. 

The most common fault in  a FET i s  a short 
between gate and channel. In a JFET, forward 
bias for too long a time might damage the 
junction, or the reverse-voltage breakdown 
rating might be exceeded with the same re- 
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sult. Either way, the gate can no longer con- 
trol channel current, and too much gate cur- 
rent flows. In a typical JFET, gate current 
should be only a few nanoamps; in a 
MOSFET, there should be none. Gate 
breakdown in  a MOSFET is caused by over- 

fig. 3. Simple audio amplifi- 
er using a p-channel JFET. 

voltage in either direction, forward or re- 
verse. The result is gate current, of which 
there would otherwise be none. 

Excessive gate current in a JFET, whatever 
the cause, instead of shorting the junction, 
may burn it open. The effect i s  to prevent 
control of channel current although no gate 
overcurrent is noticeable. A MOSFET gate 
may open up, with a similar result, although 
excess gate current won't be the cause. 

An open channel can develop in either 
kind of FET. It is usually caused by too much 
voltage between source and drain. The over- 
current that results just burns the channel 
open, usually at the narrow part near the 
gate. Afterward, no current can flow from 
source to drain. Depending on where the 

open is, there may or may not be slight gate 
current in  a JFET that has an open channel; 
of course, there is never any gate current in a 
MOSFET, anyway. 

The chief thing to guard against, then, is 
obviously overvoltage. If you're experiment- 

fig. 4. MOSFET sup- 
ply circuits. Depletion 
device in A unit gets 
its bias from a source 
resistor. Enhancement 
type in B is biased by --I 
resistive voltage di- 
vider network fad from 
regular dc supply. 

ing with FET's, pay attention to the voltage 
ratings. Next most detrimental i s  overcurrent. 
Even slight overcurrent may eventually over- 
heat a JFET junction, resulting in  permanent 
damage. 

FET's are delicate in some respects. Even 
static that builds up on your body can blow 
the gate junction or gate insulation of a 
small-signal FET. Because of this, new FET's 
are "zot-proofed" by the simple expedient of 
twisting their leads together. You can keep 
them safe while you handle or install them 
by sliding a ring of solder or soft wire around 
all three or four leads. Bend the leads slightly 
outward to hold the ring in place. After you 
have the FET installed, clip or melt off the 
zot-ring. 

finding faulty fet's 
There are three ways to track down a FET 

that has given up. One is by signal injection 
or signal tracing-methods I discussed in the 
April and May 1968 issues. You simply pin 
down the faulty stage and then test i t  to see 
if the FET in that stage is at fault. 

A second way is by checking voltages in 

the circuit with a high-impedance voltmeter. 

(A vom won't do; it loads down the circuit 
too much.) Once you know how a FET fails, 
you can 'figure out the dc voltage changes 
that result. Thus, measuring circuit voltages 
is another means of troubleshooting FET 
stages. 

The third way is by removing the FET's 

from their circuits and testing them, one at 

a time. I f  you choose this method, take care 

to zot-proof the FET before you take i t  out 
of the printed board or socket. Also, use 

heat-sink pliers to unsolder and resolder; 
FET's are heat-sensitive, too. 

You can see one ordinary FET circuit in 
fig. 3. It's an audio amplifier, using a P- 
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channel JFET (you can tell it's P-channel be- 
cause the arrow points outward). Gate bias 
is developed in the source circuit, across the 
1.5k resistor. 

Suppose you are measuring voltages in this 
circuit and the drain voltage is -48 volts on 
your meter. Obviously, the FET isn't dropping 
supply voltage across the 100k resistor. You'd 
also find almost no voltage at the source 
terminal. 

Suppose there is a very slight negative volt- 
age at the gate terminal. You know that either 
the input coupling capacitor is leaky or the 
FET has gate-to-channel leakage. If the leak- 
age is in the capacitor, and persists, the FET 

If you measured too much voltage at the 
drain of this N-channel MOSFET, i t  would 
likely be because the channel is open or the 
gate is overbiased. If it happened to be an 
enhancement-type MOSFET (fig. 4B), even 
zero bias might cause the lack of current 
through the channel; you recall that an en- 
hancement MOSFET needs forward bias to 
cause curent flow. Zero bias in either kind 
could be due to an open gate element. Only 
an enhancement MOSFET would need the 
bias arrangement in fig. 46; either resistor 
might upset bias. A gate-to-channel short 
near the source end of the channel would 
eliminate bias, as would a gate-to-base short. 

fig. 5. Resistance readings you can expect with different types of n-channel FET's. Readings are the same for 
p-channel types except that the "diode" readings are reversed. 

JFET OERZTlffl 
u)6Fn 

could be damaged. If in the FET, replace it. 
To find out which, disconnect the capacitor; 
if the voltage returns to zero, the capacitor 
was at fault. 

Suppose the drain voltage is  low . . . say, 
only -5 volts. The 100k resistor could have 
increased in value, but the FET i s  more likely 
drawing too much current. If so, the source- 
terminal voltage should be high. With the 
bias thus high, the gate should theoretically 
keep the FET from drawing much more than 
normal current; i t  might be open and having 
no effect. Finally, with drain voltage low, you 
might find source bias removed entirely or 
partially-probably the result of a shorted 
bypass capacitor or 1.5k resistor. 

All those symptoms you could reason out 
for yourself, knowing the nature of FET 
breakdowns as you now do. Faults in MOSFET 
circuits present slightly different symptoms, 

but only because of the difference in struc- 
ture. A simple MOSFET amplifier stage is 
shown in fig. 4A. 

A gate-to-channel short nearer the drain 
might cause excess current through the 
drain-supply resistor and thus lower the volt- 
age measurable at the drain terminal. 

These are far from the only possibilities. 
Any incorrect dc voltage in a FET circuit can 
be reasoned out. You may find it quicker, 
though, merely to determine that the trouble 
i s  not in an associated component. Then 
you can remove the FET from the circuit for 
testing. 

There aren't many FET-checkers around 
yet, but your trusty ohmmeter i s  an excellent 
tester provided its battery voltage isn't too 
high. The 1.5-volt type is best. 

Diagrams that wi l l  help you check differ- 
ent FET types are given in fig. 5. The readings 
you should get are indicated clearly. Each 
type has it own peculiarities. 

The source-to-drain readings of the JFET 
and the regular MOSFET are similar. You can 
connect your ohmmeter leads in either po- 
larity; the normal reading lies between 100 

46 5 october 1968 



- 

I :HEY! HOW ABOUT THAT i 
B 
1 S.W.R. BRIDGE 

IN LINE, UP 
TO 2000 WATTS. 
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METER MOVEMENTS 

1 l LOW INSERTION LOSS 
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ohms and 10k, depending on the particular should the drain. If it checks open in that 
FET. Source-to-drain resistance of an en- direction, it should check open to the drain 
hancement-type MOSFET is something else; also. 
because of the way the source and drain 
junctions are applied to the channel, they little oddities 
act as back-to-back diodes, and therefore you There you have the basics of checking 
read an open between the two. most FET's. Not that those shown are the only 

Both MOSFET's show open circuits from types-they're not. All those I've talked about 

the gate to any other element, since the gate this month are symmetrical types. That is, 

is insulated. The JFET, from gate to source, their gates are about half-way between 
reads like a diode: about l k  in one direction source and drain. In most of them, drain and 

and open in the other. A low backward read- source are interchangeable. You can connect 

ing indicates leakage. Open both ways means either end to function as either source or 

the gate i s  open. The JFET shown i s  an N- drain. 

channel; the only difference in a P-channel Nonsymmetrical types have the gate lo- 
JFET is in the polarity of the gate-to-source cated elsewhere on the channel, near one 

readings-they are just reversed. end or the other. Ordinarily, the gate i s  

The drain-to-base and the source-to-base placed near the source. Any faults that occur 

resistance of both MOSFET'S are similar in between gate and channel are likely to tie 

that they measure like diodes: about l k  in gate and source more closely together. The 
one direction and open in the other. Which difference in result, as far as circuit voltages 
direction is which depends on whether the are concerned, may be noticeable. However, 
MOSFET is N- or P-channel. All types act as the resistance tests shown for symmetrical 
back-to-back diodes, though. If the negative FET's are equally applicable to nonsymmetri- 
ohmmeter lead is on the base of a particular cal types. 
MOSFET and the source checks about l k ,  so ham radio 
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Amateurs punch through the ORM on 20 meters 
with Mosley's A-203-C, an optimum spaced 
20 meter antenna designed for fu l l  power. 
The outstanding, maximum gain performance 
excel Is most four to six element arrays. This 
clean-l ine rugged beam incorporates a spe- 
cial type of element design that 
virtually eliminates element 
flutter and boom vibration. Wide 
spaced; gamma matched for 52 ohm 
line with a boom length of 24 feet and 
elements of 37 feet. Turning radius i s  22feet. 
Assembled weight - 40 Ibs. 

A-310-C for 10 mete S-401 for 40 meters 
A-315-C for 15 meters Full powered rotary dipole. Top signal far 
Full sized. ful l  power. ful l  spaced 3-element DX performance. 100% rustproof hardware. 
arrays. 100% rustproof al l  stainless steel Low SWR. Heavy duty construction. Link 
hardware: low SWR over entire bandwidth: coupling results in excellent match. Length 
Max. Gain: Gamma matched for 52 ohm l ine . is  43' 5 3/8"; Assembled weight - 25 Ibs. 

-.-- '- ---.-lr*- n +--*,r -- -t,-.-r Iv.--t--  

For deta~led specifications and performance data, write 6mx 
r Blvd.. Br idgeton, h 



2-meter preamp 

In z 
Is this the last s 

A 

% 
of the bipolar transistor 5 

x" 
r' preamps for vhf? 5 
cn .- 
X 

0 -1 

Here is a two-meter preamp that may be the 
last bipolar transistor design taken seriously 
by vhf amateurs. Motorola claims 1.6 dB 
maximum noise figure at 200 MHz for the 
MM5000; at 150 MHz or two meters I sus- 
pect we can expect 1.2 dB maximum. I have 
no sophisticated noise equipment at my sta- 
tion but I can hear the difference in noise 
between this transistor and an AF-239 (2.2 
dB, typical). Hearing the difference should tell 
the difference! 

I became interested in building preamps 
for fellow amateurs several years ago when 
I started offering 4168 432-MHz preamps. 
Little did I know that it would soon be ob- 
solete because of the influx of new, low-noise 
semiconductors. Today, hams can buy low 
cost MOSFETS, JFETS and super low-noise bi- 
polar~ to make their own equipment. Except 
for noise figure, the MM5000 PNP germanium 
mesa bipolar transistor i s  a lot like many 
others; it overloads rather easily, but burn- 
out in this circuit is unknown with my 500- 
watt linear amplifier-and all I use i s  a Dow- 
Key spdt coaxial relay. 

I f  you have a quiet location away from 
commercial two-way equipment, it's possible 
to use this low-noise transistor to its fullest. 
As I said before, no burnout problems were 
observed. However, if you expect trouble be- 
cause of high swr, try Microwave Associates 
MA-4850 Schottky-barrier diodes instead of 
1N916's used here. The Schottky's are rated 
at 2 watts each! Price, $1.50. 

october 1968 Q 49 



fig. 1. Schematic diagmm of the low-noise two-meter pmamp. Capacitors marked "EM" am button micas. 

construction 
The MM5000 two-meter preamp i s  con- 

structed in an LMB-421 flange-lock box 
chassis. It has what might be considered to 
be a floating ground although it's heavily by- 
passed to the chassis with button capacitors. 
A glass piston capacitor i s  used to tune the 
output tank. A series NF adjustment coil is 
provided on the input. The input coupling 
circuit is designed with an independent "T" 
section with separate return for the protec- 
tive diodes and a 680-ohm resistor to dissi- 
pate overload power. The input discoidal 
capacitor values were chosen for series reso- 
nance at two meters. Output tank coupling 
uses tapped-coil impedance selection since it 
i s  parallel-resonant. The 0.001 disc capacitor 
at the output may not be required. 

The neutralizing ferrite bead is a Ferrox- 
cube VK 200-1013B hf-vhf choke.* The extra 
hole in the bead i s  used to couple reverse- 
phase energy back to the base. The neutrali- 
zation scheme shown costs about 1 S-unit per 

It's interesting to note that most bipolar 
transistors have asymptotic noise character- 
istics. That is, as frequency of operation de- 
creases, noise figure falls off along a constant 
ordinate of about 2.2 dB for the AF-239 or an 

Internal construction of the pmamp. 
The series NF coil is in the lower 
left next to the input coaxial con- 
nector. 

4 S-units gain, but stability is excellent! Next 
to the output connector is a teflon standoff estimated 1.2 dB for the ~ ~ 5 0 0 0 - b o t h  

and a 3-pF discoidal coupling capacitor se- maximum values at 150 MHz. 

lected to be 5 times the internal feedback I found that noise figure is best adjusted 

capacity of the MM5000. through the use of series inductance tuned 
for a dip in the input signal or noise. Of 

Ferroxcube VK200-10/3B chokes are available from the Output tank circuit was previous- 

the author for S.15 each postpaid. ly set for maximum gain. I observed that 
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'NOW! CI 
noise reaches a sharp null when using a sig- 1 
nal or a broader null when using antenna I 
noise. Further work in peaking the output I 

I 
piston brought the gain up on DX signals. 

I 
However, the procedure of dipping the signal 

B I 
(or antenna noise) on the input resulted in I 
best noise figure. 

This preamp will surprise you! A signal-to- I 
noise comparison with nuvistors shows you 
can hear a lot more with the MM5000. Go- 
ing from a manufacturer's spec of 3-dB NF 
using 6CW4's to about 2 dB with the AF-239 
was more noticeable than the change to the 
MM5000. Noise fall-off with the AF-239 made 
fairly loud signals louder; the MM5000 made 
conditions improve. The second change was 
more subtle since it affected weak signals 
most. 

This is a low-noise bipolar transistor in a 
ferrite-neutralized common-emitter circuit. 
Adequate gain with hand-picked values of 
important components resulted in what I 
feel i s  a good design. Outside or chassis 
grounding is separated from biasing circuitry; 
one cause of noise entry. Although some of 
the bipolar disadvantages are present, a quiet 
location and a well-matched and tuned an- 

T h e  c o m p l e t e  p r e a m p  i s  h o u s e d  
in a s m a l l  LMB f l a n g e l o c k  
chassis. 

tenna can provide perfectly satisfactory re- 
ception. Burn-out has been a myth with 150 
watts output to a flat line. 

T h e  MM5000 is ava i lab le  f r o m  A l l i e d  Rad io  Corpora-  
t ion,  100 N. Wes te rn  Avenue, Chicago, I l l i n o i s  60680. 

Part n u m b e r  49E26 MM5000; $4.40. 

ham radio 
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- . Full Pawer/Minimum Size i a 
IPARTMENTS SUBURBAN HOMES , I Marine and ~ort~bte Operation ! I 

I ackeged for APO a n d  FPO Shipplng ; . 
6-10-15-20 

M E T E R S  
The time proven 
8.24 4.Band an. 
tenna combines 

Patented r n a x ~ r n u r n  ef f i .  
A c~encv and i om-  n\ 

Bands 6.10.15.20 M~FG 
Power Rating 2000 Watts P.E.P. -. .- 
El. Length 11' 
Turn. Radius 7' 
-- 

Total Weight 11 lbs. .- . 
Single Feed Line 52 ohm 

SWR at Resonance 1.5 to 1.0 max. 
- -  

pact . des~gn  t o  
rovide an nce l -  

Pent a n t e " n a  
where space IS a 
factor. New end 
loadlng for max- 
imum redcation 
efficiency. No  
center loading. 

Model 8-24 
Net $59.95 

MULTIBANO COAXIAL ANTENNA 
for  6 - 10 - 15 - 20 METERS 

Needs no ground plane radlals. Full elecr~cal 
?4 wave on each band. Excellent quality 
construction. Mount with inexpenswe 
TV hardware. Patented. 

Power Ratlng ZOO0 Wath P.E.P. 
Total Welght 5 Ibs. 

11' 

P Free Delivery On , a ..- 

a I "MINI I BEAMS" 
From 

II 

1 1 0 0 0  SOUTH BASCOM AVE. 
S A N  JOSE. CALIFORNIA I 

I 95128  I 
1 PHONE 294-0464 SINCE 1933  11 
m m m ~ m m m m m m n m m m m  
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NOT FOR T H E  NOVICE 

I : a, C l , .  * " 6.0. 
*U.L I . ,  0. 

\ ; . [ 1 
1 '  - w '.,, -e?.53 

THE FT DX 400 "FULL HOUSE" 
Conservatively rated at 500 watts PEP on all bands hybrid circuits designed to optimize the natural 
80 through 10 the FT dx 400 combines high advantages of both tubes and transistors Plane- 
power with the hottest receiving section of any tarv near tuning dial cover 500 KHz in 1 KHz 
transceiver available today. In a few short months increments  lass-epoxy circuit boards Final 
the Yaesu FT dx 400 has become the pace setter amplifier uses the popular 6KD6 tubes. 
in the amateur field. 

FEATURES: Built-in power supply Built-in VOX 
Built-in dual calibrators (25and 100 KHz) Built-in 

Clarifier (off-set tuning) All crystals furnished 80 
through the complete 10 meter band Provision 
for 4 crystal-controlled channels within the ama- 
teur bands Provision for 3 additional receive 
bands Break-in CW with sidetone Automatic 
dual acting noise limited and a sharp 2.3 KHz 
Crystal lattice filter with an optimum SSB shape 
factor of 1.66 to 1. 

Design features include double conversion system 
for both transmit and receive functions resulting 
in, drift free operation, high sensitivity and image 
rejection Switch selected metering The FT dx 400 
utilizes 18 tubes and 42 silicon semi-conductors in 

This imported desk top transceiver is beautifully 
styled with non-specular chrome front panel, back 
lighted dials, and heavy steel cabinet finished in 
functional blue-gray. The low cost, matching 
SP-400 Speaker IS all that is needed to complete 
that professional station look. 

SPECIFICATIONS: Maximum input: 500 W PEP 
SSB, 440 W CW. 125 W AM. Sensitivity: 0.5 uv, 
S/N 20 db. Selectivity: 2.3 KHz (6 db down), 3.7 
KHz (55 db down). Carrier suppression: more than 
40 db down. Sideband suppression: more than 50 
db down at 1 KHz. Frequency range: 3.5 to 4, 7 
to 7.5. 14 to  14.5. 21 to 21.5, 28 to 30 (mega- 
hertz). Frequency stability: Less than 100 Hz drift 
in any 30 minute period after warm up. 

C U R l r l f R  
CLARIFIER CONTROL- Does the work 

, - ? + ,  of an external VFO - allows operator 
to vary receive frequency lOKHZ from 

"",: 0 :: m transmit frequency, or may be used as 
an extra VFO combining transmit and 
receive functions. 

Sl lECT  
CW I C Y  2 

SELECT CONTROL - Offers option of 
internal or outboard VFO and crystal ' n n 11 n 
positions for convenient preset channel 
overation. 

FUNCTION CONTROL-Selects crystal Dx 400 $599.95 - SP-400 $14.95 
cal~brat~on marker frequency and de. 
s~red transm~t mode of operation. 

A "  A 6 

% S PECTRO N I CS B%Iros, 

V 

= A L w R N ~ A  90720 

V 

IONAL EQUIPMENT FOR THE AMATEUR - 



amateur 
frequency measurements 

With all the 

modern parts 

and equipment 

that are available, 

you can make 

accurate 

frequency measurements 

with a minimum 

outlay of cash 

During recent years, amateur equipment has 

improved to the point where I-kHz frequency 

accuracy is expected, and may well be essen- 
tial for many reasons. Several receivers, ex- 

citers and transceivers are available which 
have a specified dial accuracy of 1 kHz pro- 
vided the calibrator is freshly checked against 
WWV, and the dial hairline (or other equiv- 

alent adjustment) is set properly. 

Presently, sub-band problems are arising 

which make it desirable to take a fresh look 

at calibrators and more sophisticated means 
of making frequency measurements. After 

much consideration of alternate means, it ap- 

pears that only two of them are worthy of 
serious consideration: the quick and easy 

way, and the accurate way. Either of these 

can be simple enough for the amateur and 

financially within his reach. 

quick and easy 
The easy way is to accept some inaccuracy 

and use existing equipment with little or no 
change. However, it must have a suitable 
calibrator that can be checked frequently 
with WWV and linear dial calibration with 
I-kHz marks. Let us look at the calibrator 

first. 
Most calibrators use a 100-kHz crystal. This 

is not the only choice. It's possible to use a 

50-kHz crystal, and even a 25-kHz crystal, if 

you are willing to alter the circuit to make 

the crystal oscillate. However, in view of 

considerations which I will discuss later, this 
approach i s  not worth a great deal of ex- 
pense unless it's designed ~ n t o  a new receiver. 

The receiver and calibrator most certainly 

should be well warmed-up so they are reli- 

able within half a kHz. Many people forget 
this. In Southern Florida, temperature changes 
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are not great, but in  California where un- 
heated "shacks" are common, there may be 
a 50-degree temperature change within the 
receiver during the first few hours it's turned 
on in  the morning. 

It is desirable to minimize the change of 
calibrator frequency with temperature. Also, 
you should get a very smooth adjustment 
which will turn as much as 90 degrees 
through zero beat. This can be done by using 
small series and parallel capacitors in the 
adjustment circuit and choosing zero- and 
negative-coefficient capacitors to  minimize 
temperature effects. A hair dryer and a towel 
hood have proved effective for making 
quick tests of temperature compensation. 
Unfortunately, most calibrator crystals are on 
one side of the chassis while the temperature- 
correcting units are on the other, so the 
effectiveness of this procedure is somewhat 
limited. 

With an accurate and stable calibrator, the 
next step is to calibrate dial error. The receiv- 
er can be checked against a 10-kHz source to 
produce dial corrections which apply equally 
to every band. I have found that the Collins 
S-line has a sinusoidal error curve, being from 
a half to a full cycle off from one end of the 
dial to the other. The error ranged from 300- 
to 7000-Hz maximum after the end points 
were set. This can be reduced in some cases 
by misadjusting the hairline to make the 
error extend half way on each side of the 
median frequency. 

By using this method during ARRL Fre- 
quency-Measuring Tests, it was possible to 
keep within about 200 Hz of the correct fre- 
quency anywhere on the dial. A slight im- 
provement was made by setting the receiver 
dial exactly on a I-kHz mark (which can be 
done to within 50 Hz; then the beat note 
from the unknown signal was measured by 
matching i t  with an a ~ ~ d i o  oscillator. The os- 
cillator was calibrated up to 1 kHz from mul- 
tiples and submultiples of WWV's 440 and 
600 Hz tones. 

With this approach, measurements were 
made as close as 17 Hz but others were still 
100 Hz off. For most purposes, this accuracy 
is adequate. It will keep an Official Observer 
well within the Class-1 category with average 
errors in the Frequency-Measuring Tests of 
about ten parts per million. This is provided 

you avoid 3.5-kHz signals and concentrate on 
the higher bands where the percentages are 
in  your favor. 

the old way 
In the past, the accurate way to measure 

frequencies usually involved the production 
of a spectrum of accurate 10-kHz harmonics. 
Then the beat note between one of these 
and the unknown frequency was measured by 
using an accurately calibrated 5-kHz audio 
oscillator. 

This presents some problems. Today's re- 
ceivers cannot always get an audio beat be- 
tween signals 5 kHz apart. And, the calibra- 
tion of the audio oscillator from 1 Hz to 5 
kHz was difficult until electronic counters 
became available. When the beat note is low, 
the receiver may not produce output for 

fig. 1. Basic circuit used by 
KGKA for making amateur fre- 
quency measurements. 

measurement purposes. Also, it may be 
troublesome to determine whether the un- 
known frequency i s  a few cycles above or 
below the calibrator harmonic. Ways were 
developed to avoid these problems. 

Another approach is to use a separate 
signal-frequency oscillator (or its harmonic 
on the higher bands). This can be counted di- 
rectly at its fundamental when it is in zero- 
beat with the signal to be measured if a 
suitable high-frequency electronic counter is 
on hand. On ssb signals, the receiver can be 
placed in the a-m position with the external 
oscillator to restore the carrier. However, 
there is a slight error in counting which is 
magnified if harmonics of the oscillator are 
used on the higher bands. 



1 We ARE For Real! 
SlGNALlONE IS REAL, PROFESSIONAL, The first SlGNALlONE production units 

AND RIGHT ON SCHEDULE. wil l  be i n  the hands o f  a few lucky amateurs in  

~h~ amateur radio world has on time for this winter's contest season . . . an appro- 

-ion with mock-ups, photogaphs,drlnnrings.. . priate initiation for gear designed to  thrive on 

for and even years . . . before the fint rugfwd competition. If you're a contest regular. 

produaion unit of a new line has bean write for information on special early delivery 

delivered. arrangements . . . if not .  . .don't despair. . . addi- 
tional quantities of superb new SIGNAUONE 

B U T . .  . amateur equipment wil l  be on the way to  proud . . . SlGNALlONE was seated becaum pro- new owners even before the first contests are over. 
fessional engineerlhams believed the time had WHEN WAS THE LAST TIME.. . 
already come to  quit building "new" ham gear 
around 1955 technology. The SlGNALlONE engi- . . . a new piece o f  ham gear made your 

neering team - without peer or precedent in the heart jump a little . . . looked 8s if it had been 

field - put upto-theminute devices and circuit designed ju* for you. . . and YOU wanted one so 

technology into new equipment so exciting that - badly it became almost an obsession? Well, brace 

with it - AMATEUR RADIO LEAPS DIRECTLY . 
FROM THE FIFTIES INTO THE SEVENTIES. SlGNALDNE's new line is that kind of gear. 
This outstanding team, backed by one of the The only disagreement among the engineen who 
nation's largen aemspaa, electronics corporations, developed i t  was over production serial number 
is settled in its new engineering and manufacturing 2 .  . . (the b o ~ p ~ l l e d ~ n k  on S/N ONE). 
facility.. . finishing the job RIGHT NOW. We think that you wil l  find the most grating 

The SlGNALlONE team has proved that a m*ur  radio equipment of the M e  i n  
modern, professional quality ham station doesn't this wee . . . from SIGNAUONE. 
have t o  sacrifice the operating convenience and 
pleasure of one popular communications mode in 
favor of another . . . or be a tangle of loose acces- 
sory units and patch cables . . . or require an 
engineer t o  tune up . . . and the ultimate in per- 
formance and quality doesn't necessarily mean a 
price tag in  the new car bracket. 

2200 Anvil Street N. St. Petersburg, Florida 33710 
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the right way 
There are amateurs who haven't missed 

Frequency-Measuring Test signals by as much 
as one hertz. Accuracies approaching this are 
not difficult today if you go about it right. 
The first thing is to stabilize the temperature 
of the calibrator crystal. Home methods might 
work. A commercial unit with a quiet 
mercury-solid-state thermostat and a 1-MHz 
output costs less than $100.00.* The solid- 
state switching has produced no radio inter- 
ference here, and the life is long. It i s  possible 
to obtain a "proportional" solid-state control 
on the oven which does not vary at all at a 
higher price, but the difference in  the two 
is not important. These units have an internal 
solid-state oscillator circuit. 

The crystal and oven I use have a 115-Vac 
oven, a 12-Vdc oscillator and a built-in di- 
vider which comes out at 100 kHz. This is 
never used for accurate work without a 
buffer, but it turns out that i t  hasn't been 
necessary to use the 100-kHz output. The 
output is several volts of saw-tooth waveform 
and is used to drive integrated-circuit JK 
flip-flop frequency dividers directly. 

The accurate adjustment to W W  present- 
ed some problems until W6EF suggested that 
the 12 volts on the crystal oscillator be varied 
as the "fine" adjustment. A variation of 9.5 
to 12.5 volts, with a transistorized regulated 
power supply, changes the frequency of the 
20-MHz harmonic about ten cycles. This i s  a 
great convenience for checking that the 
crystal is oscillating and on frequency. When 
you get a zero beat only once every ten or 
twenty seconds, normal fading may obscure 
i t !  The potentiometer i s  then restored ap- 
proximately to its former position. The fre- 
quency stays for weeks within much less 
than one cycle in  twenty million provided 
that the oven is left on. 

When I started, there were two questions. 
First, would circuitry have to be added to 
drive the IC flip-flops used in the decade 
divider? The Fairchild JK flip-flops which I 

used could be driven directly from the saw- 

* Type SO-1171 from W6EF's Monitor Products Com- 
pany, 815 Frernont Street, South Pasadena, California 
91030. 

tooth output, with no circuitry between, so 
this was no problem. Secondly, would any 
circuitry have to be provided to make the 
decade outputs audible at 30 MHz? However, 
the three-volt square-wave output produced 
an S-6 signal, even from the I-kHz decade 
which i s  its 30,000th harmonic! So, no prob- 
lems here either. 

Note that I haven't used the word "multi- 
vibrator." They are usually troublesome. The 
only really stable one I have found i s  in the 
Racal RA-17 receiver, similar to the one de- 
scribed in QST for October, 1965. It uses 
two tubes to produce a 10:l division and 
has stayed in adjustment for years until one 
tube had to be replaced. 

I t  costs about $4.00 a decade to divide 
frequencies-a little more for the first decade 
if it must count or divide well up in  the 
megahertz range. One decade divider, or 
two dual JK flip-flops, or four single ones, 
wi l l  divide by ten, usually with no other 
parts and no adjustments. So, exit the multi- 
vibrator. Even Racal has replaced theirs in 
current production with a little black box. 

With a series of frequency-dividers, it i s  
generally advisable to provide harmonics at 
5 kHz for easy use in ssb receivers. Also, it's 
easy to feed the supply voltage to a decade 
divider's feedback connection so that i t  wi l l  
shift to dividing-by-two twice, producing 
harmonics of 2'12 kHz for those few cases 
where neither the lower- nor upper-sideband 
setting provides a satisfactory beat note. 

With these dividers in  operation from a 
stable-frequency source, it's an easy step to 
provide several more decade dividers to 
count the audio interpolation oscillator fre- 
quency accurately, and to indicate it. This 
refinement is well worth the few extra dol- 
lars of cost. 

Look at the block diagram in fig. 1. Nor- 
mally, the unknown is measured approxi- 
mately by the receiver dial, as a later check 
on the arithmetic. Then. with the receiver in 
the a-m position, a beat note i s  obtained be- 
tween the calibrator harmonic and the un- 
known frequency. An audio oscillator is 
tuned to zero beat with this beat note and 
its output is counted. This count is added to 
the lower harmonic or subtracted from the 
upper harmonic, whichever i s  being used. 

An oscilloscope does a fine job of indi- 
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cating the zero beat. Sometimes it i s  difficult 
to determine zero beat by ear with weak 
signals or in the presence of interference. 
You must use the same ear to hear both the 
beat note from the receiver and the output 
from the audio oscillator. There i s  no suitable 
mixer in the human brain to produce a beat 
note between what is heard separately in 
each ear. 

With the receiver output fed into one 
scope amplifier and the audio oscillator into 
the other, a stable elliptical pattern is dis- 
played when both signals are in phase. The 
ellipse may be at the end of a "cylinder" in 
the presence of an interfering beat note or 
noise, or it may be seen during gaps in the 
interference. Foreign signals may produce 
problems because of fading, but measure- 
ments may be made to within several cycles 
at worst. 

In some cases, it i s  easier to use the re- 
ceiver in USB or LSB so that a suitable beat 
note is heard from the unknown frequency 
when it's connected to the antenna input of 
the receiver, and from the calibrator when 
it is turned on. Two separate measurements 
are taken with the audio oscillator. One sub- 
traction and one addition must be made at 
most to obtain the frequency of the un- 
known; the receiver must remain stable be- 
tween measurements. This method can be 
used in a large number of cases where weak 
signals, noise or interference is present. This 
method completely eliminates problems 
which occur between the unknown and the 
calibrator harmonic near zero beat. 

results 
What can be expected from this set-up? 

By measuring up from a calibrator harmonic 
just below WWV, all measurements have 
been within 1 Hz of the WWV frequency. 
This is usually close enough. A ten-second 
timing gate instead of a one-second gate in 
the counter will eliminate this. In a recent 
Frequency Measuring Test, two participants 
subsequently exchanged their measurements 
of three transmissions on unknown fre- 
quencies. In each case, the results agreed to 
the hertz. Both of these amateurs used home- 
brew calibrators and home-brew electronic 
counters. 

ham radio 

D I P L O M A T  
COMMUNICATIONS 

D E S K  

emp lo l j s  a l l  o f  t h e  

d e s i r a b l e  f e a t u r e s  f o r  

c o n v e n i e n t  o p e r a t i o n  

The above picture shows the R. L. Drake 
factory display at Miamisburg, Ohio, fea- 
turing the famous "Drake Line" on a 
Diplomat Communications Desk. 

SEND FOR 

YOUR WIFE PACIFICATION KIT: 
a brochure on this and other models 

"The Southwest's Lending Ham Store" 

. . . All Populur Lfnes In Stock . . . 

B c f r o n i c r  center, inc. 
2719 N. HASKELL 114 U b  1011 DALLAS. TEXAS AIM 
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TALK POWER 

The AutoLevel i s  the ultimate i n  volume compressors. Th is  unique device provides a l l  the ta lk  power 
your transmitter can use. The AutoLevel was designed for use w i th  SSB or AM transmitters. w i t h  or without 
ALC capabilities. 

The AutoLevel i s  not an audio o r  RF cl ipper - a l l  compression i s  attained b y  a photo-optical regulator 
which provides 14 dB's of compression wi th a minimum of wave form distortion. 

The AutoLevel i s  easi ly  instal led i n  the mike line, and i t  contains i t s  own power supply; (there's no 
need t o  bother wi th batteries). I t  can also be  used w i th  your phone patch for the utmost i n  ease o f  operation. 

When you're ready for the finest, ask your local  dealer for the AutoLevel. 

SPECIFICATIONS 

dB's compression - 14 dB minimum Dimensions - 2-3/4**x4-11/16"x6-3/8" 
Wove form distort ion - neglible H W D 
Input impedance - suitable for dynamic or crysta l  microphone Weighn- 32 ounces 
Output impedance - 50K (nominal) Color - Bone White wi th Black front panel 
Power supply - 115 volts AC Pr ice - $87.50 

AUTHORIZED DEALERS (listed alphabetically) 
AMATEUR ELECTRONIC SUPPLY 

4838 W. Fond du Lac Avenue 
Milwaokee, U'ismnsin 53216 
Tel: 414 - 442-4200 

AMRAO SUPPLY, INC. 
3155 Ralhoa Strt.t.1 
S.rn Fr;~ncism. (:alifnmia 94121 
Trl:  415 - 751-4661 

AMRAO SUPPLY, INC. 
1055 II.irrison Stwet 
O:~klancl, Califnrni;~ 94807 
TPI: 4 l r i  - 451-7755 

ELECTRONIC CENTER. INC. 
107 :Irrl Avr. horth 
hfinnr:~polis. Minnrsota 
Tr l :  612 - 338-5881 

EVANSVILLE AMATEUR RADIO SUPPLY 
1311 N ~ ~ r t h  Fulta~n Ave. 
Ev;~nsville. Indiana 47710 

GRAHAM ELECTRONICS SUPPLY, INC. 
122 S. Smnte Avenue 
Indii~napolis. 1ntli;lna 46225 
Tvl: 317 - 834-8486 

HAM RADIO OUTLET 
!I99 l l ~ ~ w n l r l  Avc.nue 
13rirlinparne. Calih~rnin 94010 
Tel: 4 1.5 - 340-5757 

HENRY RAOlO STORE 
9.31 N. Euclid 
Anaheim, (:nlifomia 92801 
Tel: 714 - 772-9200 

HENRY RAOlO STORE 
11240 \Vest Ol?ml>ic Blvd. 
LIS Angelec, (: a 1.f- I wnia 90084 
Tpl: 213 - 477-0801 

L A. AMATEUR RADIO SUPPLY 
5302R Artesia Illvd. 
Heclondc~ Re;~rh. (:alifornia 90278 

ED MOORY WHOLESALE RADIO 
RIB*. 5Ofi - 
I)? \\ itt. Arkancas 
Tc.1: ,501 - \\'H 6-2820 ~- ~ ---. 

PIONEER-STANDARD ELECTRONICS. INC. 
5.103 l'rnspf.rt Avenue 
(:lc.vrlund, Ohio 44103 
Tt.1: 21fi - 432-0010 

PIONEER-STANDARD ELECTRONICS, INC. 
SI{EI'(:O ELE(.TRONICS DIVISION 
3 I4  1.eo Strrrt 
I)eytnn, Ohill 45404 
TPI: 513 - 724-0871 

UNIVERSAL SERVICE 
114 Nr~rth T h ~ n l  Street 
(:olimlhuc, 0hu1 43315 
Tr l :  614 - 221-2335 

THE HAM SHACK Vel-Appliance Center, Inc.) VALLEY HAM SHACK 
I966 Hillvimv Street 4109 S. 39th Street 
Sarirsr~ta. Florida 33579 I'hornix. Ar in~na 
Tel: 813-965-7161 Tel: 602 - !3,5.5-4850 

DEALERSHIPS AVAILABLE IN  SOME AREAS - WRITE FOR FREE SPECIFICATION SHEET 

,,/-J @ 
RRY*RC~ - 

P.3 w , r r ,  , cm/mzo '3" 
// 

2111 SPRINGHILL DRIVE Columbus, Ohio 43221 

TELEPHONE 614/486-7090 



designing 
single-tuned 

interstage networks 

If you do any 

of your own design work, 

you've probably 

had to design 

interstage networks; 

here's an approach 

that takes all 

of the variables 

into consideration 

Resonant circuits are used extensively in  
amateur radio equipment-perhaps the most 
difficult to design are the interstage networks 
between stages of converters, i-f and rf am- 
plifiers and preselectors. Amateurs design 
and build this type of equipment every day, 
but unfortunately some of it doesn't work be- 
cause of poor interstage network design. This 
article outlines a fairly simple, yet effective, 
method of designing one particular type of 
interstage-the single-tuned tapped-coil. 
This is probably the most often used circuit, 
although there are many other single-tuned 
interstage configurations. 

the interstage network 
The resonant interstage network has three 

normal functions: a dc path for the bias cur- 
rent to either the preceding or succeeding 
stage, or both; impedance matching between 
stages; and frequency selectivity. 

Fig. 1 shows three ways of using a tapped- 
coil interstage between two transistors. Two 
NPN transistors are matched by the tapped 
coil in  fig. 1A; the output impedance of Q1 
is higher than the input impedance of Q2. 
C,  provides dc isolation between the collec- 
tor of Q1 and base of 4 2 .  The coil carries 
bias curent to the collector of Q1. The cir- 
cuit of 1B is similar except that the input im- 
pedance of the second stage is higher than 
the output impedance of the first; thus the 
base coil tap is higher than the collector tap. 

The circuit of fig. 1C shows the tapped-coil 
interstage network at its simplest. Since an 
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NPN transistor is driving a P-channel field- fig. 1. Three examples of the 

effect transistor, bias for both transistors can tapped-coi' interstage net- 
work. be run through the coil. The three circuits 

shown here are far from the limit-many 
other configurations are possible. 

equivalent circuits 
The ac equivalent circuits for all the inter- 

stage circuits of fig. 1 are identical as shown 
in fig. 2. In  this circuit, R1 is the resistive part 

of the output impedance of Q1 and C1 rep- 
resents the capacitive part. Similarly, R2 and 
C2 represent the input impedance of 42. 
Note that the parallel combination of Rbl 
and Rb2 of fig. 1 should be large in  compari- 
son with R2 to avoid loading the input of 4 2  
and reducing the working Q of the tuned 
circuit. L represents the coil, Cx its distributed 
and stray capacitance, and Ro its residual loss 
resistance. Ca represents any padding or tun- 
ing capacitance which may be used. 

The equivalent parallel-resonant ac circuit 
i s  drawn in fig. 3. Here N1 is the ratio of the 
total turns of L to the number of turns be- 
tween the bottom of the coil and tap 1; simi- 
larly for N2. Since impedance matching is 
desired, the turns ratios of the two taps must 
be arranged so that R1 and R2 are matched 
through the coil. This requires that: 

Two Q's should also be defined for future 
use. Qo is the natural unloaded Q of the coil 

itself: 

Qo = Rol6.28 fo L (2 )  The heart of the design lies in the power 

where fo is the resonant frequency in hertz, transfer curve shown in  fig. 4. It is a sad fact 

The other Q is the operating or loaded Q 
in any resonant interstage network that even 

which is called Q L : 

(parallel combination of Ro, N12R1 and N22R2) 
Q L  = 

6.28 fo L 

the design problem 
When starting an interstage network design 

problem, you'll know six quantities: R1, C1, 
R2, C2, fo and Pav. The first five quantities 
were defined before; Pav i s  the power avail- 
able from the driving stage. The other eight 
quantities, N1, N2, L, Qo, QL , Cx, Ca and Pt 
have to be determined. Pt is the power trans- 
ferred to the driven stage. 

though impedances are properly matched, 
not all the power is transferred to the suc- 
ceeding stage. This is because part of the 
available power is inevitably consumed by 
the residual loss resistance of the coil. 

The power that is transferred to the next 
stage depends on the ratio of unloaded Q to 
operating Q of the coil. This is shown graphi- 
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cally in fig. 4. Mathematically: 

From fig. 4 i t can be seen that the loaded Q 
(QL ) is always less than the unloaded Q 
(90). When the unloaded Q i s  twice the 
loaded Q, only 25'10 of the power is trans- 
ferred; when the unloaded Q is ten times 
the operating or loaded Q, about 8I0/o is 
transferred. I t  should be pretty obvious from 
this curve that it is important to use coil 
materials that result in high unloaded Q. 

The power transfer curve can be used in 
several different ways when designing single- 
tuned interstage networks. The most straight- 
forward design occurs when you have four 
of the unknowns: Pt, QL , Cx and Ca. You 
can find the power transferred to the driven 
stage (Pt) from the over-all power gain you're 
looking for in the amplifier. The loaded Q i s  

specified from the desired selectivity; Cx can 
be estimated since it's not critical. 

You can check Cx out later by finding the 
natural resonant frequency of the coil with a 
grid dipper and using the resonance formula. 
The value of Ca you use in  the calculations 
depends on the circuit; possibly zero if you 

fig. 2. Equivalent circuit of 
the three circuits shown in 
fig. 1. The positions of taps 1 
and 2 determine N1 and N2, 
respectively. +Tip 02 

W R.? 

use slug-tuned coils, or, the median capaci- 
tance of the tuning capacitor. 

With these four quantities in mind, you 
can use fig. 4 to find the required unloaded 
Q of the coil. Inductor manufacturers usually 
provide this information in  their catalogs or 
you can measure it with a Q meter. Now the 
inductance of the coil can be calculated from 
the following formula: 

- 2Q Qo - R1 6.28 fo (Qo - QL ) (C1 4- C2 ~ 2 1 ~ 1 )  
- 

78.88 Q L  Qo fo2 (Cx + Ca) 
(5) 

Don't be scared by the arithmetic-it is 
only simple addttion, subtraction, multtpl~ca- 
tion and division plus a little basic high- 
school algebra. When you use this and the 
other formulas given here, remember that C 

is always in farads, L in henries, R in ohms 
and fo in hertz. The values of Q and N are 
unitless. 

If the inductance calculated from eq. 5 
results in an unwieldly value, you may want 

fig. 3. Simplified equivalent circuit. 

to adjust Q L  , Pt or Ca slightly. 
The next step i s  to calculate the turns 

ratio, N1: 

This turns ratio should always be one or 
greater. If it's not, you'll have to adjust the 
knowns slightly. Now you can determine the 
turns ratio N2 from: 

This completes the design. You may want to 
tweak some of the values after construction, 
but you can be confident of a sound design. 

fig. 4. The power trans- 
fer curve. This curve illus- 
trates the compromise that 
must be made between 
operating O and power 
transfer. 
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method two 
This approach is  similar to the first one 

except that the turns ratio N1 i s  specified in- 
stead of Ca. Pt, QL and Cx are known and 
Qo is obtained from fig. 4 as before. The in- 
ductance L is found from: 

N I 2  R1 (Qo - QL ) 
L=  

12.56 fo QL Qo 
(8) 

Then Ca is calculated from: 

parallel with 2 pF. The power available from 
Q1 i s  2 mW and the operating frequency is 
144 MHz. Therefore, R1 = 100 ohms, C1 = 
2 x 10-12 F, R2 = 2000 ohms, C2 = 5 x 10-12 
F, Pav = 2 x W and fo = 144 x 106 Hz. 

In looking through the junk box, you find 
a brass-slug form that has an unloaded Q of 
100 on two meters. Also, since R2 is larger 
than R1, it's desirable to make N2 equal to 
one. The capacitance Cx is estimated at 2 
pF. A quick survey of the known quantities 
indicates that method four is probably the 

1 1 
Ca = - ( Cx 4- ;~;z [ C l  + C2 (R2,RI) 

39.44 fo* L 

The turns ratio N2 is found from eq. 7. This 
design approach will probably find its great- 
est application where the turns ratio N1 is 
unity, thereby eliminating one coil tap when 
R1 is greater than R2. 

method three 
This design method has a little more of the 

amateur essence to it. Suppose you have a 
junk-box coil with known or reasonably ac- 
curately estimated Q. Then you can specify 
Qo along with Ca and an estimated Cx. Now 
you can determine Q l  and Pt from fig. 4. 
This will require a compromise since you 
can't have high Pt and high Q at the same 
time. 

After you have found QL from fig. 4, cal- 
culate values for L, N1 and N2 from eq. 5, 6 
and 7, respectively. Once again, some adjust- 
ment of the specified values may be neces- 
sary to avoid unwieldy values for the calcu- 
lated quantities. 

Method four is simply a combination of 
methods two and three. Here you use the 
basic approach of method three but substi- 
tute the turns ratio N1 in place of Ca. The 
loaded Q and Pt are determined as in meth- 
od three; L, Ca and N2 are found from the 
formulas outlined under method two. 

practical example 
Suppose you want to design an interstage 

network similar to the one shown in fig. 1C. 
Assume that the input impedance of transis- 
tor Q2 is 2000 ohms in  parallel with 5 pF. 
The output impedance of Q1 i s  100 ohms in  

best approach. 
First of all, choose values of loaded Q and 

Pt from fig. 4. You find you need a loaded 
Q of 25 to obtain the desired selectivity. 
Since the unloaded Q of the coil is 100, you 
can see from fig. 4 that PtIPav = 0.563. There- 
fore, Pt, the input power to 42, is 0.563 x 2 
mW or 1.125 mW. 

Next, calculate the turns ratio N1 by re- 
arranging eq. 7: 

The inductance i s  found from eq. 8 to be 
33 x 10-9 henry or 33 nH. Ca is calculated 
from eq. 9 and found to be 30 pF. 

Now all you have to do is wind enough 
turns on the coil form to equal 33 nH. If 
you have a grid dipper, this i s  a snap. Since 
33 nH wi l l  resonate with a 39-pF capacitor 
at 140 MHz, you can spot solder a 39-pF 
capacitor across the coil form and look for 
resonance at 140 MHz when the coil is com- 
pleted. This completes the design. 

Actually, this design method takes more 
time to tell about than to use. The fastest 
way to learn i t  is to use i t  once or twice in 
your homebrew work. For those of you who 
are interested in the mathematical deriva- 
tion of the graph and formulas, I wil l send 
you a copy of the derivation if you enclose 
a self-addressed, stamped envelope with 
your request. 

ham radio 
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Cliff Watson, KBWC, pounding 
the key at the Dwoy Mine 
Station near Grangewille, 
Idaho in 1908. 

early wireless stations 

Here is I a .- 
e - 
0' a brief history E 
r; 

of early wireless $ - 
m 
-I 

and some 
w w 
h - 

V) of the amateurs 
.- - 
0 

who lived it 
N 
V) 

The old time wireless stations, like the op- 
erators who manned them, are gone. The 
golden age of the sea-going wireless opera- 
tors who operated the rough notes of spark 
transmitters or nostalgic musical notes of the 
arc, made the blood flow in any young man 
with a wanderlust. The old quenched spark 
gap with the pickle-jar muffler had a far 
away sound and lured many an operator off 
to sea. 

In the very beginning I can imagine the 
young operator, his first time on board ship, 
with a new transmitter resting in front of 
him, getting the fragrant smell of lacquers 
and phenolic compounds enclosed in the 
tight, stuffy wireless shack. Outside, the 
smoke, stack gas and carbon grime covered 
the bulkhead. The canvas lifeboat cover out- 
side the porthole was encrusted with a com- 
bination of salt spray and soot. 

Perhaps the new operator would familiarize 
himself with his new treasure before the ship 
got underway. He might turn on the switch 
and press the key as they taught him in the 
Marconi School in San Francisco. Maybe he 
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would take a pencil and draw an arc from 
the antenna leadin, or watch the meters flick 
a few times to instill confidence in himself 
(this was before the time of radio inspectors). 

Once back from a long voyage, Sparks 
would come into port looking for a new 
berth, spend his money and be out of work. 
What would he do? Casserly's Bar on Market 
Street was the most likely place where he 
could get a free hardboiled egg and a ham 
sandwich for the price of a five-cent beer. 

Portland. Oregon's own retired 
radio inspector, Joe Hallock, 
Wi'YA, on Board the SS Alaska 
in 1917. 

Next in the order of things, the wireless op- 
erator had to check in with Malarin, the hir- 
ing agent. Malarin would generally tell young 
Sparks to wait in the static room. Hours 
would go by. Finally, the young man would 
stick his head out the door to find Malarin 
had forgotten him and gone off to the ball 
game. 

Eventually he would be on board another 
ship with a little more experience. He might 
have picked up a bag of silicone so he could 
pick out some good hot crystals for the de- 

tector in the ship's receiver. Some of the 
time might be spent building a receiver from 
army surplus audio tubes or fixing the spark 
gap by putting a 30-30 shell case over the 
gap for a better sounding note. There was 
also that little trick of dropping the helix to 
broaden out the signal. Once out of port, he 
could contact a navy station on 2300 meters 
using this modification. 

On the return trip, young Sparks might 
have gathered a few bottles of "Old Crow," 
because prohibition was in effect, and hide 
them away for his friends. The stowage prob- 
lem was always solved by putting a few bot- 
tles from Canada in the transformer oil or 
behind a high-voltage fuse panel. 

How did wireless start and lead up to 
glamorous sea-going jobs? There were many 
tinkerers and experts like Loomis, Tesla, 
Preece and others fussing with wireless be- 
fore Marconi. Professor Amos A. Dolbears, of 
Tufts College, attested to the successful ex- 
periments of shipboard wireless by Lt. Bradley 
A. Fisk prior to August, 1888. Lt. Fisk wound 
a number of turns of insulated cable around 
the USS Newark lying at the New York Navy 
Yard and likewise around a yard tug. He 
could receive signals a short distance away 
with a telephone receiver. The system, how- 
ever, was called induction wireless. and he 
couldn't claim the invention of wireless. 

Nothing really happened in the way of 
commercial communication until Marconi 
connected an antenna to his transmitter in 
1895. The libraries are full of books about 
Marconi and his early experiments. It is note- 
worthy to say in passing that while others 
dabbled, Marconi had vision and did some- 
thing about it! On June 2, 1896, he obtained 
a patent and took his apparatus to England 
to obtain commercial backing. 

Things began to happen fast, and in just 
a few years, wireless communications were a 
reality. In 1897, Marconi was operating his 
own company and was transmitting signals 
12 miles away. He reported that Kingstown 
Yacht Regatta for the British newspapers 
ashore as a publicity stunt in 1898. The next 
year, he was able to increase his transmitting 
distance to 66 miles. The same year he found- 
ed the American Marconi Company in Well- 
fleet, Massachusetts. 

The U.S. Navy first tried wireless when 
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Marconl installed sets on three naval vessels. 
The first official naval message actually took 
place on September 30, 1899, when Marconi 
sent the following message: 

Via Wireless Telegraph: 

To: Bureau of Equipment, Washington, D.C. 
From: USS Connecticut 

Under way in Naval parade via NAVESINK 
station. Mr. Marconi succeeded in opening 
wireless telegraphic communication with 
shore at 1234 PM. The experiments were a 
complete success. 

Signed Blish, Lt. USN 

and quenched gaps of American design, in- 
cluding the Lowenstein gap, Simon and 
others, but it was not until 1909 that the 
USS Connecticut and USS Virginia had wire- 
less telephone. 

Military communications really started in 
1903 when the first real message was sent 
across the Atlantic Ocean and the U.S. Army 
established communications in Alaska. The 
first message in Alaska was transmitted on 
August 7, 1903. At this time the navy had 
only six wireless stations. Because of foreign 
control of Marconi equipment, a complete 
change was made to the Slaby-Arco equip- 
ment. 

The first International Wireless Conference 
was held in 1903. At this conference, CQD 
was added to the operators' signals for dis- 
tress; however, the Germans continued to 
use SOE. The New York Navy Yard had a 
wireless school established with 13 students. 
DeForest went to England to demonstrate 
high speed Morse sending. Pop Athern and 
Harry Brown, two DeForest men, set up a sta- 
tion in Shantung, China. Romance had be- 
gun1 A wireless net from Lake Erie to Buffalo, 
New York was set in operation-a full 180 
miles. The operators were known for their 
Lake-Erie swing, a term which has been hand- 
ed down and puzzled many over the years. 

Gwrga S. Hubbard, tha wlnlmss opontor who Impriaonad SS Asla on tho jaggd 
flashad tho flnt SOS fvom tha Paclflc Mail Llnar rocks. surroundad by a mob of 
Asls whan she n n  aground on Fingar Rock on the maddanad and blood-ihlnfy Chl- 
China coarl. nasa plntas. 

This message was received at the Highland 
Station on the New Jersey coast. By 1901, all 
major ships in the U.S. Fleet had been 
equipped with German-made wireless equip- 
ment after three U.S. Naval officers had been 
sent to Europe the year before to examine 
various equipment. 

On December 12, 1901, Marconi sent a 
signal across the Atlantic Ocean. His signals t. 
were also reaching the Hawaiian Islands, and 
the army became interested. During 1902, 
the navy was installing Slaby Arco, Brau- z'r .- .--: 
Siemens-Halske equipment designed by '..-- 
Rochefot and Ducretet of France and equip- 
ment made by Lodge Muirhead of England. 

- 
They also purchased DeForest equipment 
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AT LAST! 

2 METER FM TRANSCEIVERS 

SPECIALLY FOR HAMS 
FULLY TRANSISTORIZED - NO TUBES 

Operates on - 117 VAC - 12 Volts DC - Or Optional Internal Batteries - Separate 
receiver and transmitter 3 channel operation - Self-contained 3 x 5 speaker - Strong 
fiberglass Epoxy printed circuit boards - Power supply even regulates and filters on 

12 VDC operation - cannot be damaged by Reverse Polarity - 21 transistors - 
14 diodes - Double conversion crystal controlled receiver with 3 full watts of 
audio output and better than .3pV sensitivity (12 DB SINAD) - Transmitter 

and receiver may be ordered in either wide or narrow band at no extra 
charge (wide band supplied unless specified) - Small slze 8"w x 31/2I1h 

x 91/2"d - Light Weight - Less than 41/2 Ibs - True FM receiver 
not a slope detector - Dynamic microphone input with push 
to talk - Built in 117 VAC power supply - Simply plug 

in proper power cable for either 117 VAC or 12 VDC 
operation - Transmitter power output 4 watts minimum. 

Complete with one set of crystals on 146.94, 117 VAC and 12 VDC power cables, 
less microphone and antenna $285.00 

Extra crystals (transmit or receive) $7.00 

ICE 
INTCRNATIONAL COMMUNICATIONb ANO CLECTRONICB, INC. 

I017 NW M1LIZAC)Y HIOHWAY/mAN ANTONIO, T X A O  7- SIR 541-1511 
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By 1904, the navy had eighteen shore sta- In the Northwest, a lad could always find a 
tions and thirty-three ships equipped with berth on the Rose City H2 or stay ashore at 
wireless. Nine ships of the Asiatic Squadron 0-2  in Portland, 9 2  in Seattle, or take a 
also had wireless. The Saint Louis Fair ex- 
hibited a 20-kW transmitter in contact with 
Chicago, 300 miles away! Syd Faas. WBNZ, on the left, and - 

The navy completed the West Coast wire- W Q Y ,  with an unknown operator on 

less chain of stations in 1905. The same year the SS Lee 'Oar KPH 
about 1912. 

SOS became the international distress signal. 
Lee DeForest sent the Institute of Electrical 
Engineers his first paper on the audion tube, 
and the first voice transmission by wireless 
was made. 

In 1906, the United Wireless Company 
started spreading out over the U.S.A. Teddy 
Roosevelt's Great White Fleet was outfitted 
in 1907 and started on its way around the 
world. Twenty ships had DeForest equip- 
ment on board which was used to contact 
naval stations up and down the West Coast. 
The next year, the USS Connecticut, en route 
to Hawaii and New Zealand, contacted the 
naval wireless station high atop Point Loma, 
California, expanding the communications 
distance to 2900 miles. 

In 1910, the Ship Act required all ships 
carrying 50 souls, including the crew, to have 
wireless, although no license was required. 
On June 30, 1911, the young United Wireless 
Telegraph Company hung out the "Out of 
Business" sign. The officers of the company 
pleaded guilty to Marconi infringements and 
were convicted of selling stock under false 
pretences. The company was purchased by 
the Marconi Company on June 29, 1912, the 
same year the Radio Act required operator 
and station licenses. 

In 1914, V. G. Ford Greaves compiled a 
chart showing the the average age of the 
seagoing wireless operator was 19. Several 
operators were listed who were only 15. They 
could be found in the shacks of the SS Asun- 
cion, SS Yale and SS Haward, cruising up and 
down the West Coast for United Wireless 
Telegraph Company. 

spin at some of the fish cannery stations in 
Alaska. It was a great life and a thrill to listen 
to the rotary spark gap and fog horns when 
coming up the Northwest Coast. Alas, those 
days are gone forever-just a dim memory 
for a few of the old timers who are left. 

ham radio 

next month in ham radio magazine: 
Transistor Transmitter Pi Networks 

Six-meter transverter Stub-Switched Antennas 

QRP Operation Plus many more . . . 
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LARGE,ANTENNA LOAD 
7.. ...I I.. _. 4 

THE TRI-EX 
FREESTANDING 

(70 FEET HIGH) 
This advanced state of the art tower is aero- 
dynamically designed to reduce tower wind 
drag. This means you can carry more antenna 
than ever before. Tri-Ex engineers have made 
this possible by using high-strength, solid-steel 
rod bracing. Only at Tri-Ex do you get "W" type 
continuous truss bracing. Developer of the 
freestanding, crank-up tower, Tri-Ex prides it- 
self on the quality of its products. More Tri-Ex 

crank-up towers combined. Find out why the 
I LM 470 tower is such an outstanding success. 

Write today for free literature. 

AS LOW AS 

HIPPING CHARGES WITHIN 

I SX TOWER CORPORATION 7182 Rasrnussen c.. Visalia. calif. 93277 
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I 
*" WANTED 

SER. NO. 102-1 

Model SWl2O-Swan Single Bander manufactured 
in April, 1961 in a garage in Benson, Arizona. Grey, 
enameled cabinet, clear, anodized panel. Known to 
frequent the 20 meter band, probably working DX. 
Height: 5 112 inches. Weight: 14 lbs. 

REWARD: One new Swan 500C Transceiver 
with 117-XC power supply. 

Swan Electronics began some 7 years ago 
as a one-man operation with Herb Johnson, 
then W7GRA, building the first 10 single 
band Swans. At that time the only other SSB 
Transceiver on the market was the well 
known Collins KWM-2, selling, of course, for 
considerably more money. During the inter- 
vening years Swan has consistently offered 
top quality products at the lowest possible 
cost and backed them up with customer 
service that is unparalleled in the industry. 
As a result, Swan is now a team of 160  
skilled craftsmen who are justly proud of 
their position of leadership in the sale of 
single sideband Transceivers to the Amateur 
Radio Service. 

The first ten transceivers were serial num- 
bered from 101-1 to 110.1, with the first 
nine being SW-120's operating on 20 me- 
ters, and the tenth, 110-1, being the first 
SW-140 operating on 40 meters. The com- 
pany retrieved Serial No. 101-1 about 5 
years ago from the original Ohio owner, and 

1 have it in our display case. Unfortunately, 

we have lost the name and call of the original 
owner of this one. We're wondering now 
where the other 9 are, and will offer the 
following rewards for news of them: 
(A) A new 500C Transceiver with 117-XC 
power supply in exchange for the lowest 
serial number identified by Nov. 1, 1968. 
This number must be one of the nine from 
102-1 to 110-1. We reserve the right to 
make positive identification before making 
the exchange. 
(B) A new 117-XC power supply wil l  be 
shipped to each of the other eight early se- 
ries owners who write in with positive identi- 
f ication by Nov. 1, 1968. I f  there is any 
question concerning serial number verifica- 
tion, Swan will pay shipping costs to the 
factory and return. 

You may be interested to know that not 
only will the current 117-XC power supply 
run the early model Swan, but the cabinet 
on the current 500C Transceiver is inter- 
changeable with the one on the earliest mod- 
els. You might call this being consistent. 

s WA ELECTRONICS 
Oceanside, California 
A Subsidiorv of  cub^ Coroorotion . 



propagation 

predictions for october 

October 

is a good month 

for DX; 

during the rest 

of your life 

you may not see 

MUF's climb 

as high as they will 

this month and next 

There are some indications that solar cycle 
number 20, which began in October 1964, 
may have reached its peak and that the 
smoothed sunspot numbers have leveled off 
and will begin a slow descent during 1969. 
The observed smoothed sunspot number for 
October 1967 was 94. The predicted (ITS*) 
sunspot number for October 1968 is 100. As 
a result, high-frequency propagation condi- 
tions during October 1968 are expected to 
be only slightly improved over those of Oc- 
tober 1967. 

The slight improvement may bring quite a 
few more 50-MHz openings this October, 
however. Most of these openings will be to 
the south of east and west and will peak in 
the midafternoon early in the month-in 
both the midmorning and afternoon later in 
the month. Chances of direct-path openings 
between the U.S. and Europe or Japan are 
slim. Much more likely are side-scatter open- 
ings from common directly-illuminated areas 
much to the south of the direct path. During 
this solar cycle, the 50-MHz operator aspir- 
ing to WAC will wish he had not only a kilo- 
watt and a big beam, but a hilltop location 
as well. 

* Institute for Telecommunication Sciences of the 
Environmental Science Services Administration (ESSA). 
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Last month I mentioned some observa- looking east, and fig. 3 is the more accurate 
tions of MUF's vs ionospheric disturbances chart for the West Coast looking west. 
that were scaled from ionograms taken at The greatest differences occur near the 

35.5O N. While i t  is true that F2-layer MUF's geomagnetic equator where there i s  a trough 
are reduced at this and higher latitudes dur- of MUF-associated, by the way, with one 
ing ionospheric disturbances, I neglected to 
point out that F2-layer MUF's to the south 

fig. 2. Time chart of predicted muf for Oc- 
are frequently increased greatly during dis- tober for longitude. 

turbed conditions. Moral: when in doubt, 
turn your antenna south. 

Other than F2-layer propagation, you can 
expect a few auroras, a few good tropospheric 
openings during Indian summer and a dozen 2 
TE (Transequatorial Forward Scatter) open- 5- 
ings, at least to the southern states, during 
the month of October. Sporadic-E will be rare 8 
and probably coincident with ionospheric 2 

C 
disturbances or meteor showers. T o- 

4 

maximum usable frequency 
I have been presenting MUF data as a time 

chart and have noted in  past columns that the 
time chart of MUF(4000)F2 may be consid- $-60' 

ered to first order as a fixed pattern relative 
to the sun with the earth rotating under- - , a ,, ,, ,, ,, ,, 
neath. This month I am presenting three LOCAL TIME AT CONTROL POINT 

fig. 1. Time chart of pre- 
dicted median muf for Oc- 
tober 1968 for 4S0 W 
longitude. 

L E A L  TlME AT CONTROL POlNT 

MUF charts to show the variation of MUF form of TE propagation. Use of these charts 
with longitude. Fig. 1 is a time chart of the has been covered in past columns. First a 
median MUF derived from ITS predictions for control point i s  found for any particular di- 
October 1968 for 45" W longitude; fig. 2 is rection 1250 miles away from your station. 
for 90" W and fig. 3 is for 135" W. Fig. 1 is The MUF at the control-point latitude and 
the more accurate chart for the East Coast local time is the MUF for that direction. For 
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your convenience, a circle of 1250 miles the horizontal gradient of ionization found 
radius centered on 38" N latitude and local at the dawn line-which makes i t  a time 
noon has been added to fig. 2. This circle worth monitoring anyway. 
may be moved (mentally or with an overlay) 

propagation summary for october 
160 and 80 meters will awaken for DX pur- 
poses. Transcontinental QSO's should be 

fig. 3. Time chart of predicted muf for Oc- possible on 160, but communications much 
tober 1968 for 135" W longitude. 

beyond 3000 miles will require decent an- 

0 2 4 6 8 10 12 14 16 18 PO ,?,? 24 

LOCAL TIME AT CONTROL RllNT 

tennas, some form of blanker (for Loran- 

only atmospheric noise was included in the 
predictions) and careful digging. Eighty 
should have about 15-dB less noise than 160, 
no Loran and a I - k W  power limit. Neverthe- 
less, the average station will have trouble 
working much beyond 4000 miles, and the 
antenna's as much to blame as anything else. 
A full-sized dipole up one-half wave-length, 
or even one-quarter wavelength, is probably 
at least 6-dB better than what the average 
station has. 

40 meters will have very good propagation 
across the pole to the sun line. If the Euro- 
pean broadcasters don't get you, then the 
Asian broadcasters will. It would appear that 
3 to 5 AM local time might be reasonably 
quiet and that you could work Antarctica, 

to your local time and latitude. All your con- 
trol points then lie on the circle. 251 

201 

maximum range 
Time charts of maximum range for 160, 80, 

40, and 20 meters as determined by absorp- ,,, 
tion and atmospheric noise levels are shown 3 ,, 
in figs. 4 to 8. They assume an output power 3 
of 100 watts CW or 800 watts ssb on 80 to 8 '* 

2 
20 meters, and an output power of 12 watts g 

4k 
CW or 100 watts ssb on 160 meters, with 
combined receiving and transmitting anten- $ 3 h  

na gains (over an isotropic) of -12 dB for 3 
160 and 80, 0 dB for 40, and 12 dB for 20. An 
increase of system parameters by a factor of 
10 will approximately double the 160-meter 
nighttime range. I t  is not known at this time KXX)  

just how significant those peaks in the 80- 
and 160-meter range near twilight are, since ,, 
they involve some questionable assumptions O ' ' " l2 " l6 " 2z P4 LOCAL TIME 
regarding the variation of atmospheric noise 
at these times. There is another factor, not 
taken into account, which increases the fig. 4. Maximum range vs local time for propagation 

strength of 80- and 160-meter near dawn- to the North from midlatitude United States ( 3 8 O  N). 

october 1968 73 



LOCAL TIME 

fig. 5. Maxlmum range vs local time for propagatlon 
to tho Northeast (top tlmr rcala) and the Northwest 
(bottom tima scale). 

E O P  6 0  ~ o r e n a e w e ~ p r  
w 2 4 ~ ~ e o e m 1 4 1 e 1 0 r s  P O  

LOCAL TIME 

flg. 8. Marlmum nngm vs looml tlma for propagatlon 
to thm Emmt (top tlma scale) and thm Wmst (bottom 
t lmr scala). 

Rg. 7. Maxlmum rang. vs local tlma for propagation Rg. 8. Maximum range vs local tlma for propagation 
to tha Southaast (top tlma seala) and tho Southwart to tha South from 380 North. 
(bottom tlma saala). 

74 Q october 1968 



how to use these propagation charts or 8 depending on the directlon you want to 

1. To find the maximum frequancy (F2- that the scales are 

4000 kM) In any particular direction from your 
for westward propagation in fig. 5, 6 and 7. 

location, find the latitude of the control point Ore based On slgnal-to-noi'e 

from table 1. The control point will be 1200 ratio In a bandwidth with loo watts Out- 

miles (2000 kilometers) from your location. 
put power (100 watts CW or 800 watts ssb), 

The curves in and show the MUF with combined receiver and transmitter antenna 

for the latitude and local time of the control gains Of -I2 dB On and 3'5 MHz' 

point. Since the control point Is 1200 miles dB on 7 MHz, end $12 dB on 14 MHz. On ten 

away, local tin\. there is 45 to 90 minutes Ieter and fiftem meters* the communlcauons range 

then your local time If i t  is to the east, and 45 be limited by Ie" 

to 90 mlnutes earlier i f  it's to the west. Unlass than One transit around the earth. 

your station is located in the middle of a local You MnO* on MHz, 
time zone, the standard time for your area is round-the-world propagation will be minimal on 
close enough for these calculations. Remem- 21 MHz. 

'Ime Is the at 780 3. To find the MUF for l particular path in the 
(EST)' (CST)' lM' (MST) Ond lmo northam hemisphere, locate the other station's 
W PST). For eccurde time at your loemtion, 
add four mlnutes per degree longitude west of 

control point. Remember that i t  Is 1200 mlles 

the longltude that determines the time zone for 
(2000 kilometers) toward you. The MUF curve 

your area. 
may then be used to make a orude epproxlma- 

~ ~ ~ ~ ~ l ~ :  your station 1, located at 340 N, tlon of his control-point MUF. The MUF 1s the 

you want to  work 0.d (900 or low" of the cOntrOl.~oi"t MUF's-yours 
weat (2700 beam heeding). Whet would be the his. curves are for the 
best operating times on 15 meters? southern hemisphere. 

First, find the iatltud* of the control point The MUP should be ecounte 
from table 1--3!i0 N. From the MUF cuw*, YOU 

l couple MHz between 410 end west 
can s** (hat 21 MHz will be open for dlstancer 

They were from basic 
2s00 mile' (4000 end beyond be- propagatlon predlctlons published monthly by 
tween MOO m d  2030 hours control-point time. 
The bend will be open to the eaat between 

the Institute for Telecommunlcetlons Scimces 

0430 and 0030 hours, and to the west between 
(ITS), Boulder Colorado end available through 

0730 and 2130 hours local tlme. the U.S. Qovernment Printing Office. The maxi- 
mum distmce curves were derivad from stan. 

2. To find the maximum propagation distance dard formulas at 1000-mile intervals in eech of 
beceuse of absorption, refer to flg. 4, I, 8, 7 8 dlrections from 380 N Iatltude. 

Australia and eastern Asia at this time. The 
Asians seem to pick up about 6 to 8 AM local 
time (probably the horizontal gradient effect 
noted on 80 and 160, except later). 

table 1. Control-point Iatltudes (degrees N). 

your 
Irtltude direction 

(degnem N) N NEINW E/W SE/Sw 
24 42 38 23 10 

44 88 21 13 
28 48 40 27 16 
30 40 42 28 17 
32 I 0  44 30 18 
34 62 48 32 20 
38 I 4  47 14 22 
38 I 6  48 36 24 
40 I 8  H W 26 
42 80 83 40 20 
44 82 I 8  41 SO 
46 84 67 41 31 
U W I 48 34 

20 meters will begin closing down between 
10 PM and 5 AM local time, at least for di- 
rections north of east and west, as October 
wears on. On the nights when the MUF does 
remain over 14 MHz to the north, however, 
look for excellent openings to Europe and 
Asia. 

15 and 10 meters will open to the southeast 
near sunrise and as far north as northeast 
within an hour later. The bands should be 
open to most parts of the world that are in 
sunlight. Ten will close to the NW shortly 
after sunset, fifteen will stay open to that 
direction until a couple of hours later. Ten 
will close to the SSW about 10 PM, and fifteen 
will follow about an hour later. Early in the 
month these bands may remain open longer 
-later in the month they will close earlier. 

ham radio 
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tebook 

rf current probe 

When working with antennas, you often from the photograph. This model was built on 

need a way of checking relative current a 2-inch wide strip of rnasonite. No dimen- 
magnitudes in individual elements. Here i s  a sions are critical except that the two loops 
gadget that will do this without breaking the should have approximately the same area. 

- 
/ f 

ELEMENT 0 

element. It is essentially a loop connected 
to an rf voltmeter which permits inductive - I N ~ E D  YOLTAGES AW 

coupling to the antenna element. The volt- 
meter gives a reading which is proportional 
to the current in the conductor. 

The loop is bent into a figure-eight shape 
for a special reason. Any uniform rf field will 
induce equal voltages in each half of the 
figure-eight. However, since one loop i s  
wound clockwise, and the other counter- 
clockwise, the two induced voltages will 
cancel, and the meter will not respond to this 
type of field. But if the probe is held against 
an rf current-carrying conductor as shown in 
the diagram, the magnetic field surrounding 
the conductor will thread one loop in one 
direction and the other loop in the opposite 
direction-instead of canceling, the induced 
voltages will add. Consequently, the meter 
will only respond to the current in this con- 
ductor and not to radiated fields from other 
elements. 

Construction details should be obvious 

U 

TOP VlEW 

This device proved very useful in checking 
out the performance of the three-band 
ground plane described on page 32. 

Fred Brown. W6HPH 

END VlEW 
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grommet shock mount 

When building portable gear or equip- 
ment for use in mobile installations, i t  often 
becomes necessary to shock-proof certain 
components, especially relays, since they are 
bound to rattle, and the contacts become 
intermittent while going over rough roads. 
A common rubber grommet of suitable size 
makes an ideal shock mount. A hole i s  

drilled for the grommet; then the relay, etc. 
is mounted. The grommet acts as a shock- 
absorbing washer. The larger the grommet, 
the greater the shock absorbtion. If the inside 
diameter becomes too large to hold the head 
of the mounting screw, a flat washer should 
be added. 

D. E. Hausman, VE3BUE 

overtone oscillator 

Here is a reliable overtone oscillator using 
a field-effect transistor that may be used with 
crystals from 8 to 60 MHz. Inductor L2 and 
the 22-pF capacitor in  the source are tuned 
to approximately 60°/0 of the crystal fre- 
quency. The drain tank (C1 and L1) are tuned 

to the third, fifth or seventh overtone of the 
crystal. Although the schematic shows a link- 
coupled output, a small capacitor connected 
to the drain may be used to couple rf out. 

George Tillotsen, W5UQS 

neutralizing the two-meter 
mosfet converters 

An interesting addition to the MOSFET 2- 
meter converters described in the August 
issue is a neutralizing circuit in gate 2 of the 
mixer. The circuit is series resonant at the 
14-MHz intermediate frequency. Since the 
signals are increased by 1 S-unit with this 
simple change, it makes the single-rf-stage 
converter a bit more attractive. 

The neutralizing circuit wi l l  not work on 
the 6-meter converter described in  the June 
issue unless the resistor-inductor biasing net- 
work in the gate-2 circuit is changed to a 
resistive divider as was used in the 2-meter 
units. 

Don Nelson, WBPEGZ 

space bibliography 
Here are some late additions to the space 

bibliography which appeared in the August, 
1968 issue of ham radio. Unfortunately, these 
additions were received too late to be in- 
cluded with the original bibliography. 

W. Browning, GZAOX, "Keeping Track of 
OSCAR," Radio Communication (formerly 
RSGB Bulletin), June, 1968, p. 376. 

"NASTAR Receives Teleprinter," CQ, May, 
1968, p. 46. 

"Moonbounce in the U.S.A.," VERON VHF 
Bulletin (Netherlands), May, 1968, p. 3. 

A. Hart, "Space Communication in Australia," 
Amateur Radio (Australia), September 1962. 

"Wide Interest in  OSCAR 11," Radio, Televi- 
sion and Hobbies (Australia), 1962. 

ham radio 
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\ ' At last! 
A tower your neighbors can't help but admire-it so 
resembles a stately flag pole! Has the new inconspicuous 
slender look. It's the all new telescoping tubular 

Push the UP button, and it silently extends to thrust 
your beams up to 70 feet into the sky (or, to the height 
that gives you your best DX!). 

No guy wires! But it easily holds a big 30 sq. ft. of 
antennas way up there in the teeth of 60 MPH 
winds. Telescoped, it defies the most violent hurri- 
cane. Telescoped, it brings your rotator and beams 
down to safe working level. 

Model TM-370 
Complete with raising winch motor, and 
hinged base mount for easy erection and tilt- 
ing. Hot dip galvanized for long life.-$1,894 

Other sizes start at $447.50 
for the 40 footer with hand winch. 
The 58 foot job is $789.50. 

ALL TOWERS SHIPPED PREPAID TO 48 USA 

AL PACKAGE PRICES? YOU BET! 
ndersells Harrison. Just tell me what 

W2AVA 

22 Smith St., Farrningdale, L.I., N.Y. 11735 
(516) 293-7990 

-VISIT OUR NEW STORES- 
FARMINGDALE, L.I. Route 110 at Smith St. (516) 293-7995 
NEW Y O R K  CITY-8 Barclay St.  (212) BArclay 7-7922 
JAMAICA, L.1.-139-20 Hillside Ave. REpublic 9-4101 
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N e d  Z e a d e u s  

WE'VE B E E N  LOOKING 

FOR Y O U !  

d e  h o p e  y o u ' v e  b e e n  l o o k i n g  f o r  

@ 
Here is an exciting new amateur magazine devoted to the very 

best in home construction and technical articles. This is the magazine 
which has amateurs from coast to coast talking. 

Look it over carefully. Read the finest authors in our field. See 
the clean crisp new layout. Then check our subscription rates. Our 
rates are by far the best value in the amateur field today! 

- - - - - - -  
ham 
radio magazine, greenville, new hampshire 03048 

Please enter my subscription to Ham Radio as checked below. 
My check or money order is enclosed. 

One Year $5.00 

I'd like one year free. 
Here is $10.00 for 3 years. 

................................. .......................................................................................................................................... Name Call 

.......................................................................................................................................................... Address ............ .. 

.................... CI zip 
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Other sections in this handy little book are 
just as diverse. 

The Amateur Radio Circuit Book i s  avail- 
able in the United States and Canada for 
$2.00 postpaid from the Book Division, Com- 

tec, Inc., Box 592, Amherst, New Hampshire 
03031. An insert included with each book 
contains a substitution guide for replacing 
English vacuum tubes and transistors with 
types available in the U.S. 

I cubex tenna switch 

amateur radio circuits book 
Most hams spend a certain amount of time 

building, but most of the gear that is built 
isn't a Chinese copy of someone else's de- 
sign. Usually, the builder takes a look at sev- 
eral different construction projects, picks the 
circuits that appeal to him and puts them 
together in his own gear. 

The new Amateur Radio Circuits Book 
published by the Radio Society of Great 
Britain i s  geared to the amateur who i s  look- 
ing for new circuits. This book, compiled by 
G. R. Jessop, G6JP, contains all types of cir- 
cuits covering the range from audio to uhf. 
There i s  an abundance of transistor circuits, 
as well as a nice selection of vacuum-tube 
schematics. There are sections on antenna 
matching and T-R switches, receivers, trans- 
mitters oscillators, power supplies and test 
equipment. Many of the circuits have never 
been presented in the United States and rep- 
resent unique solutions to amateur commu- 
nications problems. 

Each of the various sections covers a wide 
variety of circuits. In the receiving section, 
for example, there are preamplifier circuits, 
converters, local oscillators, i-f filters, Q- 
multipliers, i-f amplifiers, ssb and a-m detec- 
tors, audio agc circuits, noise limiters and 
noise blankers. The circuits cover the com- 
plete spectrum from 160 meters to 432 MHz. 

The Cubex TS-4 Tenna Switch i s  a remote 
switching system which will let you use up 
to four separate remotely-located antennas 
with a single feedline from the operating 
position. It is ideal for remotely switching 
bands on multi-band cubical quad antennas 
or multi-band arrays of yagi antennas. In the 
Tenna Switch, both sides of the transmission 
line are switched-this results in more iso- 
lation. A single feedline, either coaxial or 
balanced, i s  run from the operating position 
to the Tenna Switch, which may be mounted 
on the boom, mast or tower. Separate short 
lengths of feedline are used to connect up 
to four individual antennas to the switch. 

The actual switching function within the 
Tenna Switch i s  taken care of by two low-loss 
ceramic switch decks. The remote control 
head i s  designed for 117 Vac, 50- to 60-Hz 
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ddition To Our Line-up of 
MOBILE OR FIXED STATION SSB TRANSCEIVERS 

The Exciting NEW GRLRX~ Y-KJ I\ 

I 
We Stock the Complete Galaxy Line, as well as other Po~ular Brands 

Mobile or Fixed Station 
5 BAND TRANSCEIVER 

FEATURES ANYWHERE 
New Precise Vernier 

AT ANY PRICE! Logging Scale 
New 500 Watt SSB 

Power 

PIUS all the great features that put the New Solid-state VFO - 
GALAXY V in a CLASS by ITSELF! New CW Sidetone 

Audio 

New CW Break-in 

Smallest of the High-Pow- Complete 80-10 Meter Option 

ered Transceivers. (6" x Coverage. 500 KC on all New CW Filter 
101/4" x 111/4"). bands, with 1 Megacycle Option 

on 10  Meters. 
Great for either Mobile or 
Fixed Station. No compro. ' "pper and Se' 
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lectible Sideband. mise in power. 
Highest Stability. Dr i f t  

Hottest Receiver of any less than 100 c y  in any 
Transceiver - Special New 1 5  minu te  per iod a f te r  
Six-Crystal lattice filter. warmup. 

The personal drift chart of every Galaxy that comes off 
our line goes with the unit to  its new owner! 

ACCESSORIES 
AC.400 Supply $89.95 

SC-1 Speaker $19.95 

RV-1 
Remote VFO $79.95 

G-500 
DC Supply $99.95 



you're 

some 

top notch articles 
and 

great ideas 
If 

YOU 

aren't 

the monthly 

amateurs 
that's 

dlflerentl 

To quote one of the many 
reader comments so far - 
"you obviously have embarked 
upon a fresh, new approach 
to amateur radio." 

to re0 for yourael, write - 
f r o  copy, or 

4 months @ 2.00 
12 months @ 5.00 
3 years @ 10.00 

to 
HAM RADIO magazine 
GREENVILLE, N.H. OM48 

Include address, call and 
zip code. 

current and provides the necessary voltages 
for operating the Tenna Switch. Lightweight 
control cable, AWG number 22, is used to 
connect the remote switching unit to the 
control unit at the operating position. 

The Tenna Switch is capable of handling 
up to 2 kW PEP or 1 kW on CW. $15.95 from 
your local dealer, or order from the Cubex 
Company, Post Office Box 732, Altadena, 
California 91001. 

aerotron radio amateur 
license guides 

Aerotron has announced the availability of 
two new AMECO books for the amateur 
radio operator. These books are designed to 
aid the amateur in upgrading his license in ac- 
cordance with the latest FCC incentive-licens- 
ing program. Book # 16-01 is designed for the 
general class amateur who i s  interested in 
upgrading himself to the advanced class. 
Book #17-01 is designed for the advanced 
class licensee who is interested in the extra 
class license. In addition to book #17-01, a 
33-113 rpm long-playing record wi l l  shortly 
be available with code-practice text. This will 
permit the ham to prepare himself complete- 
ly for the increased code speed requiremnt 
for the extra-class exam. Both the #16-01 and 
#17-01 books combine FCC questions with 
easy to understand answers, practice exami- 
nations with FCC-type mutiple-choice an- 
swers as well as questions grouped by sub- 
ject for easy study. The #16-01 is priced at 
50c; #17-01 i s  75c. Both of these books are 
available for immediate delivery from numer- 
ous radio distributors throughout the country. 
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NEW FET SIX METER CONVERTER 

The Horizon V I  incorporates the la test  i n  so l id  state VHF techniques. Field-effect transistors are used 
throughout the unit to  provide excellent protection against overload and cross modulation. 

A l l  power i s  provided b y  a bui l t - in  115 vol t  AC power supply - (no need t o  buy extras). An additional 
crystal posit ion has been provided to al low the owner the option of expanded frequency coverage. L o c a l  
osci l lator output i s  accessible from the front of the unit for those who desire transceive operation. 

The low noise figure of the Horizon V1 assures the operator of excel lent performance when stations are 
weak. 

See your local  dealer for a demonstration of the H m i m n  VI; you'll be impressed by i t s  exceptional 
performance. 

SPECIFICATIONS 

Freq. range: 50 - 54 MHz; I.F. outpun 14 - 18 MHz; Input impedance: 50 ohms; Output Impedance: 50 ohms; 
Nolse figure: 3 d B  typical; Gain: 15 dR nominal; One 36 MHz crysta l  installed; Bul l t - In  power supplyi 115 vol ts  
AC; Welphn 18 ounces; Dimensions: L-6%" x W-3%" x D-2"; Price: $59.95. 

AUTHORIZED DEALERS (listed alphabet ica l ly)  

AMATEUR ELECTRONIC SUPPLY 
4828 W. Fond ~ I I  Lac Avenue 
hlilwal~kee, \Viscnnsin 5 0 9 6  
T'l: 414 - 442-4000 

AMRAD SUPPLY, INC. 
3425 Rnlhoa Strtvt 
Sari Frnncirrn, <:alifornln 94121 
Tel: 415 - 751-4861 

AMRAD SUPPLY, INC. 
1025 1l.lrrisnn Street 
0;lklnnd. C:alifom~a 94807 
Tr l :  4 1.5 - 451-7755 

ELECTRONIC CENTER, INC. 
107 3rd Avr. b,,rth 
hlinne;~polis, hlinarsota 
Tr l :  612 - 338-5881 

EVANSVILLE AMATEUR RADlO SUPPLY 
1.11 1 North Fr~lton Ave. 
Evansville. Indinni~ 47710 

QRAHAM ELECTRONICS SUPPLY, INC. 
122 S. Spnntr Avenue 
Indisna~)olis, Inclinna 46225 
Tt-I: 317 - 634-8486 

HAM RADlO OUTLET 
991) I l~>ward hvrnue 
Htlrlinplme. Ciil~frlrnin 94010 
Tel: 4 1.5 - 342-5757 

THE HAM SHACK (Tel-Appllence Center, Inc.) 
I966 Hillvim, Street 
Snrasoto, Flt,rida 33.579 
Tel: 813-!),55-7161 

DEALERSHIPS AVAllAllLE IN  SOME AREAS 

HENRY RADlO STORE 
931 N. Euclid 
Anaheim. (:alifornia 92801 
Tel: 714 - 772-9200 

HENRY RADlO STORE 
11240 \\'est Ol>mpic Blvd. 
L i ~ s  Angeles. <:nlifornia 00064 
Tel: 013 - 477-6701 

L A. AMATEUR RADlO SUPPLY 
230211 Artesla 11Iv~I. 
Redolldo Reach. (:alifornia 90278 

ED MOORY WHOLESALE RADlO 
n , ,~  no6 - 
1 ) ~  \\'ltt. Arkansas 
Tr l :  ,501 - \VH 6-2820 

PIONEER-STANDARD ELECTRONICS. INC. 
5403 I'n~spert Avenue 
(:lc.vel;~nd, Ohio 44 103 
Trl:  2 l f i  - 432-0010 

PIONEER-STANDARD ELECTRONICS, INC. 
SHk:l'(:O ELE(.TROXICS DIVISION 
314 Leu Strri,t 
Dayton, Ohio 45404 
Tr l :  513 - 224-0871 

UNIVERSAL SERVICE 
114 North T h ~ r d  Stnet 
(:olumhns. Ohlo 43215 
Tr l :  614 - 721-2335 

VALLEY HAM SHACK 
,4109 S.  39th Street 
Phoen~x. Arlltlnn 
Tel: 602 - $1.55-4850 

- WRITE FOR FREE SPECIFICATION SHEET 
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The new Swan 

many new deluxe features, yet main- 
tains the same high standards of 
performance, rugged reliability and 
craftsmanship that have become the 
trademark of the Swan Line. Backed 
by a full year warranty and a service 
policy second to none, we feel the 
Swan 500C will establish a new 
standard of value for the industry. 

ACCESSORIES 
117XC Matching AC sup ly  with speaker $105 
14-117 12 VDC Mobile !!upply ............................ $130 

W A N T E D :  
WE BUY USED AMATEUR 

AND CB EQUIPMENT FOR CASH! 

RECONDITIONED USED GEAR: 
FULLY GUARANTEED 

V Mk2 with AC/PS (Near New) . . $395.00 . . . . .  $325.00 
Deluxe ~ o n s o i e  ' ( ~ k e d )  . . . . .  $ 75.00 

KWM-2 #922 and 516F-2 
(Factory Rec.) . . . . . . .  $800.00 

30L1 (Very Good) . . . . . . .  $375.00 

2C and Xtal Cal. (New) $210.00 . . . . .  
HAMMARLUND 

HQ-170 (Used) . . .  $175.00 
HQ-170 AC-VHF i ~ i a r '  ~ b w j  $375.00 . . .  

- 
LOTS OF GOOD CHOICE GEAR FOR SALE OR 
TRADE - WRITE FOR LATEST LIST. 
IN STOCK FOR IMMEDIATE DELIVERY. GALAXY. 
SWAN, SBE AND DRAKE. 

3 ~ W A T E U ~  - 
E L E C T R O N I C ?  

"THE CWPLETE M U 4  STERE" 
maw C t  ScW 

s n  N W. 1st Oklahoma CIIV. Oklahoma 7311% 

"IVE TAKE TRA~E.ISS OX ALL I.ISE\ OF SEII. F~I'IPIIF.\~" 
TIl'<I.ll',41' K:\lJlOS - S.tl.ES . SEflI' lCE - l\\T.41,1.:~11(~.\~ 

COMPUTER GRADE CAPS 
4,000 mfcl ;at 50 vnlt $1 ea., 12  for $10 
6.500 mfll  at 18 volt $ 1 ea., 12  for $10 

60 WATT TRANSISTORS 80 VOLTS 
From romprrter assrnmhlies, hoard with 4 
each power transistors 2N1137B. 60 watt, 80 
volt PNP power . . $1.25 per board 

SUPER VALUE $2.50 
Computer Imarcls with 8 each 2N 1137B power 
transistors & motrnting hardware, also in- 
c l~~cled on the lmarcl, 4 each 10 volt zenen, 4 
silicon dicxles 1 amp 800 volt PI\', computer 
grade cap 2000 mfl l  65 vnlt Bo~rms trimpots, 
rrerision rrsistors, etc. Complete asseml~lv 
rke new Ship wgt. 3 Ih. $2.50 

RF FILTER 
Frnm HAWK hllSSILE termination contract. 
Good for 5 amps. 600 volt, 10 cycles to 500 
mc, insertion loss 60 DB-pins, low pass pi- 
network t,vpe, exceIIent es feed-thru filter i n  
converters, transmitters. Hermeticallv sealecl 
inside are 2 torni(lnl chokes & 4 lo\; induct. 
caps. #411oz $1.00 each, 6 for $5.00 

PISTON CAPS 
Corning ~Iass. clirrct tmversr type, min. Q 
at max. C - s o  at so MC. 5m volt hrenkdown. 
Capacitance range 1-8 IIII~~I. Brand new mili- 
tary strrpltts 3 for $ 1 or $3 per dozen 
We have l cmtllo$ . . .  if you send 25C for 

it. you II Eet H someday. 
Al l  materiel FOB Lynn. Mess. 
which means, send postage. 

JOHN MESHNA, JR. 
PO Box 62, E. Lynn, Mass. 01904 

MOCHTEN SIE WISSEN WAS DIE VHF- 
UND UHF- AMATEURTECHNIK IN 

EUROPA LEISTET? 
Lesen Sie die UKW-BERICHTE, die autoritative 
Viertel-Jahres Veroffentlichung in Deutmcher Spnche. 
Jedes Heft enthalt sechzig Seiten mit pnktischen 
Artikeln uber VHF- und UHF-Radiotechnik, beige- 
tragen von den fuhrrnden Amateuren Europar. 

INTERESTED IN WHAT EUROPEAN 
HAMS ARE ACCOMPLISHING AT THE 

HIGHER FREQUENCIES? 

Rwd UKW-BERICHTE, the authoritative German 
quarterly, now with English summaries! Applications 
of the latest VHF and UHF techniques; equipment and 
antenna construction details. Each sixty-page issue 
packed with practical articles written by the most 
outstanding amateurs in Europe. 

Annual subscription U.S.A. $3.00, 
Canada $3.25 

H. Ingwenen, PABAFN BOX 87, Topsfield, 
Mass. 01983 



(# NEW THIS MONTH! 

AMATEUR RADIO TECHNIQUES - Second Edition - J. Pat Hawker G3VA 
Brand new edition - completely new. A very complete collection of short articles and 

ideas covering many aspects of amateur radio. Includes new enlarged semiconductor 
section. 160 Pages Only $2.50 

Other Radio Society of Great Britain Publications 
AMATEUR RADlO CIRCUITS BOOK 

Completely revised - new addition just now available. A very handy collection of many 
useful circuits for amateur use. Loaded wlth good ideas for that new converter, exciter or 
other project you are working on. Only $2.00 

RADIO DATA REFERENCE BOOK - Second Edition - By G. K. Jessop GWP 
Here in a 148 page book is one of the most complete compilations of radio and electronic 

charts nomographs, formulas and design data available. Sections are included which permit 
you t d  design everything from rf power amplifiers to TVI filters. Also included is much related 
information such as world.wide frequency allocations and commonly used mathematical tables. 
Whether you design, build or operate, this is a book you should have. Only $2.50 

WORLD AT THEIR FINGER TIPS -John Clarricoats G6CL 
A very interesting history of the RSGB and of amateur radio in Great Britain. I t  gives 

a great insight into the development of our hobby in England and Europe and the effects these 
events have had on amateurs here in the United States. 

Paper back edition $2.50 Deluxe edition $6.50 

HANDBOOKS BY RADIO PUBLICATIONS, INC. 
BEAM ANTENNA HANDBOOK by William ALL ABOUT CUBICAL QUAD ANTENNAS 

Orr, W6SAl by W6SAl 
New edition. Theory, design. construc- Construction and tuning data. Multi- 

tion, and the installation of rotary beam band Quads. Charts, drawings and photos 
antennas! SWR data! Multiband beams, for your Quad. Full complete data on home- 
40 meter beams, 20 meter DX beams! How made Quad antennas. The new X-Q 
to make your beam work! 200 pages. 

$3.95 
1:::~ 

V H F  H A N D B O O K  b y  O r r ,  W 6 S A l  a n d  
NOVICE & TECHNICIAN HANDBOOK by 

W6SAl and W6TNS 
Johnson, W6QKI All about amateur radio in nontechni. 

First complete Handbook covering the C ~ I  language! How to  learn the code. 
VHF spectrum! Many VHF construction How to  assemble your ham station. Trans- 
projects! Design and construct~on of VHF mitters! Receivers! DX! How to  Get QSL 
transmitters, receivers and antennas! Make 

$3.75 Cards. 
$2.95 

your VHF station work! 

ELECTRONIC CONSTRUCTION HANDBOOK BETTER SHORTWAVE RECEPTION, by Wm. 
by Robert Lew~s, W8MQU Orr. W6SAl 

All about design -construction - layout Your introduction to  shortwave radio. 
and testing of electronic equipment. Non- How to  hear DX. How to  buy a receiver. 
technical guide for kit-builders and your Amateur radio. How to align your receiver. 
best key to better perforn~ance of your Antennas! QSLs. Getting your ham license. 
equipment: $2.95 $3.25 

ALL PRICES POSTPAID IN U. S. A. A N D  CANADA 

book  d iv is ion 

cornfey 
Box 592 Amhers t ,  New Hampshire 03031 

"WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS - 
DEALER INQUIRIES INVITED" 
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TOGETHER AGAIN ! 

AND 

THE ENTIRE LINE OF 
CONVENIENCE ENGINEERED 

HAM GEAR 
IN STOCK NOW AT STELLAR 

10 GRAHAM ROAD WEST 
ITHACA, N. Y. 14850 

TELEPHONE: AREA CODE 607 273-9333 

Your headquarters In Central New York 
for new and used ham gear 

I 

I 9:00 a.m. t o  5:JO p.m. Monday through Frlday 
9:00 a.m. t o  5:00 p.m. Saturday I 

Beware . . . of the Dreaded SHREW 
linear amplifier 

200 watt PEP. 
25-54 MHz. 
2.20 watts drive. 

99.95 
Matchlng AC Power Supply . . . $39.95 
D C 2  12 Volt Supply . . . . $44.95 

Write for complete details 61 FREE SHREW Patch 

G 
Communicatlona Dlvlalon 
GAUTHlER INDUSTRIES 
P. 0. Box 216 
Lynwood, Callfomla 90262 

Dealer Inquiries Invited 

Only 

V CQ de W2KUW 1 
BEST OFFER!! 

CrI1 . . . . . . . . . . . . . for my piaca of alrerrft w @nun1 
rrdle unlts, also too equipmmnt. All types e I  tubes. 
Crrtltularly IeeLlnq for 4.210 . 4.400 111A . 10411 
I 4CX1000A 9 4CX50OOA at rl. 171 11X 390A 

ARM ORM . ORC UPM * URM . UIM unit#. 
\TI0 OAMlS CO., 310 Hlekew St., Arlinrten, N.J. 0 7 0 1 l A  

Crysta l  contro l led secondary frequency 
standard. 
Generaha both I 00-KHz and 10-KHz mark- 
ers. 
100-KHz to 30-MHz od/uslable to ,0001 K .  
Send OSL or postcard for free brochure. 

LOW PRICE, 
QUALITY, 
COAXIAL 
SWITCHES.. . 
Don't pay for the 6th and 6th position. The aver- 
age HAM rarelv uses more tha,n 4! 
SPECIFICATIONS: Silvered Contacts. Wr~te-on ERASABLE 
escutcheon plate. AVAILABLE EITHER 4 PST (COAX-4) OR 
LINEAR (COAX-LINEAR) IN-OUT VERSION. Handler 1000 W 
AM or 2000 W SSB. Insertion loar negligible lo  180 Mc. 
VSWR: Len8 than 1.2 at 180 Mc. Size: S#k" dim. x l'h" overall. 
Single hole mount. SPECIFY MODEL. $7.85 el.  

COAXIAL LIGHTNING 
ARRESTORS 

Zero power lorr.  No increare in 
SWR at 150 Mc. Doer not attenuate 
rignalr. Model 210 for 1000 W (AM) 
or 2000 W (SSB). Model 211 Elec- 
tron~c etatic arraator for 60 W (AM) 
or 100 W (SSB). SO-239 UHF type fittingm. Othrr fitting. 
availmble. Size rpprox. 3'11" x #/a" dla. #210 $3.15 ea. #2l l  
$4.68 ea. SPECIFY model #. 

PRICES above are amateur net. Shipped ppd. In U.S.A. Send 
Check or M.O. (N.J. ADD S8/* Saler Tax) 

OTHER PRODUCTS: Feed thw capacltora. Tuned nolae 
fllterr. Alternator, generator, low-paar and field fllterr. SEND 
Snr) ~ T A I  nn 

I By "HAMMIE" RICHARDT-WWIY 

ELEREJpEO$ I$n,AP''ki,CN4yo$A CO. 



THE BIG NOISE!!! 
dl's comprnslon 14 dB mlnlmum: 
Wsvr form dlstortlon . nrpllglbla; lnput 
Impodrncr sultablr for dynamic or 
crystal mlcmphona; Output Impodrncr . 
50K (nominal): Powrr supply - 115 volts 
AC; Dlm*nslons. H 2.3/4" x W 4.11/16ff 
x D 6.3/8'1; Wol#ht . 32 ounces: Color. 
Eons Whlta wlth Black front panrl. 

The AutoLevel is the ultimate in volume compressors. This unique device provides all the talk 
power your transmitter can use. The AutoLevel was designed for use with SSB or Ahl transmitters, 
with or without ALC capabilities. 

The AutoLevel is not an audio or RF clipper - all compression is attained by a photo-optical 
regulator which provides 14 dB's of com ression with a minimum of wave form distortion. 

The Ar~toLevel is easily installed in t f e mike line, and it contains its own power supply; (there's 
no need to bother with batteries). It  can also be used with your phone patch for the utmost in ease 
of operation. 

NEW FET SIX METER CONVERTER 

CONVERTER SPECIFICATIONS 
Roq. rrnga . 50 - 14 M H z ;  I.F. output. 14 - 18 M H z ;  lnput Imprdmcr-  50 ohms: 
Output Imp*drncm. 50 ohms; No ls r  
flgurr 3dB typlcal: Qsln 15 dB noml- 
nsl; One 36 M H z  crystal Installed: 
Bullt-In pmrmr supply. 115 volts AC; 
W*l#ht:. 18 ounces; Dlmanslons - 
L 6.114~ x w 3.314~ x D 211. 

$59.95 

~ h e ~ ~ o r i z o n  VI incorporates the latest in solid state VHF techniques. Field-effect transistors 
are used throughout the unit to provide excellent protection against overload and cross modulation. 

All ower is provided by a built-in 115 volt AC power supply - (no need to buy extras). An 
additiona 7 crystal output is accessible from the front of the unit for those who desire transceive 
operation. 

The low noise figure of the Horizon VI assures the operator of excellent performance when 
stations are weak. 

Available from stock at 

0; :9 UNIVERSAL SERVICE &+- I -._ d 
A M A T C U R  R A D I O  E Q U I P M E N T  

1 1 4  N O R T H  T H I R D  S l R l l l ,  C O L U M I U 8 ,  O H 1 0  4 ¶ ¶ 1 1  9 2 1 d ¶ ¶ ¶ l  
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NOISE BLANKER 
FOR THE SWAN 250 

Westcom Engineering is now offering the TNB 
Noise Blanker in a version specifically designed 
for use with the Swan 250 transceiver. 

The TNB-250 Noise Blanker effectively sup- 
presses noise generated by au to  ign i t ions.  
appliances. power lines, etc.. permitting the 
recovery of weak DX and scatter signals norm- 
ally lost in  noise. 

Features include modern solid state design 
techniques utilizing dual-gate MOS FET trans~s- 
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at the trans. 
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro- 
vide excellent cross-modulation characteristic in  
strong signal locations. 

TN B-250 shown installed 
on Swan 250 by means of 
the pre-punched accessory 
holes. 
TNB-250 $29.95 ppd. 
(Priced well below that of 

a VOX accessory. Can you 
afford not to have one?) 

Model TNB Nolse Blanker. designed to operate 
with VHF converters by connecting in  the coax 
between converter and receiver. 

Choice of 12-18, 100.140, 
o r  125-160 VDC, RCA 
phono or BNC connectors. 
Specify for 40. 20, or 10 
meter converter output. 
Model TNB $29.95 ppd. 

Refer to  the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the TNB Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. C.O.D. orders 
accepted with $5.00 deposit. California resi. 
dents add sales tax. 

All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. 

WESTCOM ENGINEERING COMPANY 

P. 0. Box 1504 S a n  Diego, Cal. 92112 

Q U A D  B A R G A I N !  
2 elements 3 Bands ( 10-15-20) 
Single or Triple feed lines (Your Choice) 
Top quality, fire hardened, and varnished 

I~amboo spreaders 
Everything complete - $59.95 FOB 

"ESSENTIALS" KIT 
Eight spreaders 2 spiders 
8 x 8 x !< Aluminum Center Plate 
Instruction 1)ooklet 

Only $39.95 

SKYLANE PRODUCTS 
406 BON AIR AVENUE. TEMPLE TERRACE. FLA. 33617 

Dis t ingu ished  console 

Ins tan t  t r a n s m i t  

High ef f ic iency c i rcu i t  

D e s i g n e d  for s a f e t y  

Fast b a n d  sw i tch ing  

R e a l  s igna l  i m p a c t  

Price. . . . $79500 
READY TO OPERATEI 

L I N E A R  
A M P L I F I E R  
For SSB, CW, RTTY 
M a x i m u n  l e g a l  input 
Full l o a d i n g  80-10M 

R u g g e d  Eimac 3-1000Z 
D e p e n d a b l e  o p e r a t i o n  

Easy t o  l o a d  and tune 
N o  f l a t t o p p i n g  w i t h  ALC 

011 AMATEUR DIVISION 

Hafstrom Technical Products 
4616 S a n t a  Fe, S a n  Diego, Ca. 92109 

CONVENTION 69 
ARIIL NATION/ IL  
D E S  MOINES, IOWA 

JUNE 20, 21, 22 
P.O. Box 1051, 50311 

LIBERTY PAYS MORE !! 
W I L L  BUY FOR CASH - ALL TYPES 

Electron Tubes . Semiconductors . Test Equipment 
M~litary Electronic Equipment 

Wire, write, phone collect! We pay fre~ght on all purchases! 
L IBERTY ELECTRONICS.  INC. 

548 Broadway. New York. N. Y. 10012 
Phone: 212/9256000 . 

MOTOR K I T S  
FOR T H E  H A N D  WINDERS 

FITS ANY CRANK UP TOWER 

COMPLETE WITH WATERPROOF MOTOR 
$150.00 

Without Motor $100.00 

HYGAIN - MOSLEY - NEW.TRONICS 
TRISTAO - MYLAR ROPE - TIMES COAX 

Write for latest catalog 

ANTENNA MART 
BOX 7, RIPPEY, IOWA 50235 

Telephone 2279 



J-J ELECTRONICS specialists in complete amateur 
servicing licensed engineer lab equipment. Canter- 
bury, Conn. 06331. 

ORIGINAL EZ-IN DOUBLE HOLDERS display 20 cards 
each in plastic, 3 for $1.00 or  10 for $3.00 prepaid 
and guaranteed. Patent No. 3309805. Free sample 
to dealers. Tepabco, John K4NMT, Box 198R, Gallatin. 
Tennessee 37066. 

ELDICO SSB-100MIL $150; BC-221 $45; TS-323 $85; 
TS-186 $125; Measurements 59 $95; Bird Wattmeter 
$75; 432mc Rcvr $35; Few VHF/UHF Tubes, Equip- 
ment. list for stamo. W4API. Box 4095. Arlington. 
Virginia 22204. 

WANTED HALLICRAFTERS SX.28A.. SX-25, S-20R. S-19R. 
SW-3. Old Catalogs. Antlque Rad~os, Tubes. Sell or 
Trade SXlOl Mark 111. SX-117 with HA-10. Both with 
speakers and like new. Farrell, 2252 Dixie, Pontiac, 
Mich. 48055. 

HIGHLY CORROSION RESISTANT Stainless, Brass, 
Bronzes, Threaded. Washer, Hardware. See Sept. Ad 
page 94. Quote Your Needs. Match samples. WBBLR, 
29716 Briarbank, Southfield. Mich. 48075. 

"SAROC" FOURTH ANNUAL NATIONAL FUN CON- 
VENTION hosted by Southern Nevada ARC January 
8-12, 1969, Hotel Sahara's new Space Convention 
Center. $12.00 Advance Registration accepted until 
January 1. 1969, regular registration at door. Ladies 
program in  Don the Beachcomber. Technical semi- 
nars; ATV FM. MARS. RTTY, QCWA, WCARS-7255. 
WSSBA meetings. Golf and Bridge Tournaments. 
"SAROC" registered participants entitled to special 
room rate $10.00 plus room tax per night single or 
double occupancy, admittance to cocktail parties, tech- 
nical seminars, exhibit area, Hotel Saharas late show. 
Sunday Safari Hunt breakfast (equ,al to any banquet 
- ask any "SAROC" veteran). SAROC" brochure 
planned for November maliing QSP QSL card for 
details. Please send separate checks for accommo- 
dations and registration now if you like to W7PBV 
c/o "SAROC". Hotel Sahara, Las Vegas, Nevada 89109. 

CONVERTERS three transistor, 50-54 mc in, 14-18 mc 
out, printed Eircuit, wired, tested, $5 ppd. Syntelex. 
39 Lucille, Dumont, N. J. 07628. 

TAMPA HAMFEST - Hillsborough Amateur Radio 
Society Inc., announces its Annual Tampa Hamfest to  
be he16'0ctober 13. 1968, at Lowry Park, Sligh Ave. 
and North Blvd., in Tampa, Fla. Plenty of free park. 
ing - lots of prizes. 

ARRL HUOSON DIVISION CONVENTION, October 12 
and 13 at Hilton Inn, Tarrytown. N. Y. Advance regis. 
trations to Dave Popkin, WAZCCF. 303 Tenafly Road, 
Englewood. N. J. 07631. 

SELL: 58200 with spare finals $200.00; SB400, 
$275.00; make offer S.A.S.E., Jim, WB6MQE. 

FOR SALE: ATWATER KENT MODEL 310 two-band 
receiver circa 1934. Chassis good condx. Free or 
highest bidder. WPCT, 914-245-4120. 

WANTED: Collins PTO type 399C1. Please state price 
and condition first letter. All inquiries answered. 
J. Fisk, WIDTY, Box 138, Rindge. N. H. 03461 

MAIAYSIAN RADIO CLUB wants extra Handbooks. 
Call Books or Radio Magazines. Send to  Kushal 
Hawant Singh, 31, (7441, Upper Museum Road, 
Taiping, Perak, Malaysia. 

ElCO 753 TRANSCEIVER. Antenna. Mike and S~eaker .  
Model 751 ~ 6 b i l e  Pow& Supply-'- can be, hdard by 
makin Sked - less than 10 hours operating. $200 
W~RT$, Box 161, Amherst, N. H. 03031. 603-673-2736. 
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Starting with the September issue 
of Ham Radio we will have a classi- 
fied advertising section each month 

commercial ads. 
open to both commercial and non- 

The dead-line for each issue will 
be the 15th of the second preceding 
month. So hurry if you want to get 
rid of that old receiver or what ever 
you have. 

Ham Radio can not check out 1 )  
/ 

each advertiser and therefore can 
not be held responsible for claims 
which are made. Our liability for 
correctness of material  wi l l  be 
limited to a corrected ad In the next 

1 

I 1  

available issue. Ham Radio reserves 
the right to reject unsuitable copy. 

* 
Non-commercial ads lo$ per word. 
Commercial ads 25$ per word. 

Payment must be included with 
your order. No agency discounts. 

* 
Send your order t o d a y  to 

CLASSIFIED ADS 

1 1  HAM RADIO MAGAZINE 
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we have just printed 5,000 more copies 
of our first issue. Available today for 
75 cents postpaid from 

HAM RADIO MAGAZINE 
GREENVILLE, N. H. 03048 

If you am not a subscriber we will be 

tion of HAM RADIO. 



I:I ... S C O O P . . .  , ' I  

Al l  nnlcn. RWPI In rmcmmry. nr I'm II a hamfot. l l p p d  / 
snmr dnv received. For free 'GOODIE" shrcl send sell- 
z~ddmvml. stnmpd mvrlrtpc - PLEASE. PLEASE ;ncltld. sufh- I LII.~I 1(1r P*III~C. .my cm-rr returned utth ssdrr I r.tm p r w r t r  , ~ T r r v r l e n l  pnrrrl ~ s . 1  ss~or*ncr, lor dannestw p n r n l  
stv,ns he,lv,. x2r tcw, I~~~~~ tntr  p.,rc~~ ,,,~,r. I s8bgce,t K~ l . paE i  1 rx~>rm%. 1' Iv . t~~ "dvlse n.mr t ~ f  hm lme. .and ctt,. \$hrte you <.tn 

I pock uu the rhi~mmt. 

1 '  I REALLY FELL IN! I 

I Very Limited Quantities. 

i TRANSISTORIZED vox 
' Vr~ice opernted rela). c~ripinirllv for Hallicrafters' 

SBT-20. SSB transceiver. A l l  solid states, on  fiber- 
gli~ss printed circuit board. 3-1/4" x 3-7/61' + 

( nnndnun cast<,mm - PLEASE sdd ~uRriml knr 
!+I (I0 b n t  IW.~ pwnds. 30r rurh addttwnrl pmnd o r  /%% - 

1 B C Electronics 
Telephone 312 CAlumct 5-2235 

I 2333 S. Michigan Ave. Chicago. I l l inois 60616 1 2- ---= - - - - ---- - - -  Y 
- 

SURPLUS EQUIPMENT WANTED TO BUY BY 

i 2" x 1 /2"  for plug-tn. Complete. ready to use, 
HHAND SEW spnrrs. Ideal for mobile T-R relay 
or v o i c ~  operated phone-patch. \Vith schematic 
us built. ( 1 /2  Ib) .  

4/$4.75 $1.25 each 
EUTECTIC SOLDER 

83/37 nlloy. .05 diameter, msin core. Lowest 
or 25 w i m n  ), no  plastic stage, 
joint%, ideal for trnnsistclr work. 

I n  3 ounce spools. 
5 spools for  $2.75 6Ot each 

NOW 

1 

RAZOR SHARP CW 
RECEPTION WlTH 
YOUR TRANSCEIVER1 

WlTH A &?#hil/ CWC 
B.tw.on Your Hoadphon.e 

NI-CAD BATTERIES 
1 . 2 ~  at 5 Ampere-hour (militnrv specs). In , 
plastic case. 0-1/2" x 3/411 x 3-3/41! h igh + 

, /2" for terminals. W i th  vent cap. Excellent 
used. ( 3 / 4  I b ) .  

4/$9.50; 22/case W5.00 $2.50 each 

+ No Power Raqulrrd And your Rig + Plugs Into Phone Jack REQUEST BROCHURE 
f Low lnsertlon Lou * 120 ~ycles narrow Monry Bark $1 9-95  * 2 to 4 Ohms In. 2K Out GUar'n"a 

I I I 
Dept. H.6 
353 P a t t ~ e  
W~chi ta .  Kans. 67211 

ONIQ~INO. (316) 267-3581 

REVIEWED-IN MARCH, 1968 HAM RADIO 

1 
o somltlm broodbad I? d.mto. 

p l m  oudlbl. ton. slpnol In tho 
pnsonc. of any llr f lo ld from 10mw 
to1 k w  ond 1Wkc to  1000mc 
*o  CWmonltor w l th  posltlr. "IF" 
swlrrh usos only 8"pltkup ontan- 
and NO ronn.etlon to r l g  or k.y 
00 rod. pro'tlre osrlllato, w l t h  
odlustoblo ton. k bullt In sprakor 

hlah aoln 4 transl.tsr c l r c u l t  
wwiro-d by ~ o n i  I~~;AA~.~;.II 

l6gau l olumlnum roblnot In" 1 295 (bow 1n.l) 
whlto t l o t k  oposy flnish, 3 112 ppd us0 ran 
by 2 *a" b 1'14 ': wolght 8 ouncoe und rort  ck or m.0, 
l 100% ~ J m o d o  and guovontood ny  ros odd 5% tor 

the James research company 
11 schermerhorn st.. brooklvn n.v. 11201 

THE FASTEST GUN IN THE EAST 
No honing around. we p y  h r t  . . in 24 
houn . . . and rr pay more. w ~ * i t  n*8p oc 
trade new qu~pment too . . . Wa quote hat 
too. We alro p l y  for rh~pplng inrunnca etc. 
YOU call hst, n a ,  collect, hst auk,. 

SPACE ELECTRONICS 
db. .I MILITARY ELECTRONICS COW. 

11 Summit Aw., East Paterron, N J. 07407, I2011 791.5050 
I I 

'Beamed-Power"ANTENNAS,"BALUNS" 
I. V. HITS and ROTATOR SYSTEMS! 

E n j o y  \Vorl t l  rtarlown 7'EI,RES p ~ r f o r n ~ a n c e ,  \ i t l r ~ e  
ant1 dr~ra l ) i l i t y !  Send for  PLBX tech. data  ant1 
p r i c i n g  catalog, descr ib ing professional ly engineered 
c o m m ~ ~ n i c a t i o n  antenna systenls, rotator-selsyn-indi- 
cator-systems, "Baluns", 1.V. Kits, Towers, "Mono-  
Pole". "Big-Berthas", accessories, etc. etc. 

Communication 
Engineering 

products are in use i n  1 3 9 z n d s  - 
ASBURY PARK. NEW JERSEY 07712. U.S.A. 
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GYROSCOPE - WORLD WAR I 1  FAMOUS 
Dr i f t  Meter Gyro - Use 11 
as a Camera Stablizer or for 
a Science Fair project - 
Has a high momentum. Gyro 
Wheel 4" Dia. & turns @ 
11 500 R P.M. A.C. Input 
l l b ~  @. 4 0 0  HZ, but w i l l  

run 011 12  VDC wi th  a 400 HZ. Power 
Supply. A s im~ ia r  Gyroscope Camera Stab- 
ilizer is sold a t  over 5800.00 in large 
Camera stores. Has omoff switch a 
age ing prov~sion t o  lock movement when 
required. Has a machined mount 10 a t -  
tach t o  i tem to  be stabilized. Power Sup- 
ply K i t  for this unit  52.50 when sold 
with Gyro. Wt. 1 0 l b  .4K Gyro $7.50 
Power Supply - P.S. t y r o  52.50 

PATCH BOARD. This is a 
handy item for the electronic .f 
experimenter. The board acts 5 
as a t ie  point i n  an elec- *. 
trical system by means of 'a 
taper pins inserted into Mch  
side of the board. Intercon- 
nections are easily changed by pulling pins 

reinserting them, By soldering 
ponents to pins circuits may easily 
be bread.boarded chanped and nused. 
Board with 360 $per pins removed from 
new equ~pment. 3PBA. 3 for 52.50 P.P. 

PRINTED CIRCUIT BOARDS 
,,. , - 8 for $1.25 P.P. These .; new packaged boards were 

spare parts t o  a high speed - Gov't Computer. Each board 
contains a total of 22 com- 
ponents of 1 0  HIGH GRADE 

DIODES, & 5% capacitors etc. A l l  com- 
ponents are good. We sell 184 COM- 
PONENTS/BO DIODES for $1.25 postige 
paid. 8 PCB - $1.25 

TRANSISTOR IGNITION SYSTEM 
1 

, Special Close-out Buy DUAL- 
TRANSISTOR I G N I T I O N  **--: SYSTEM made t o  sell for 
$39.95. Easy t o  lnslal l  w i th  
fully wired harness to a l l  
components. For easier slart- 
ing, longer lasting points and 

plug', due to h~gher iglnition Voltage. 
Brand riew w/instructions. Makes an 
~ d ~ a l  gif t .  (Postage $1.00 east of Miss., 

SELENIUM RECTIFIER ASSORTMENT $2.00 West.) DTlS $10.00 
8 for $2.50 D. C. t o  400 CYCLE POWER SUPPLY KIT 

Everyone know  selenium rectl- This is an indispensable item 

rectifiers, but seleniums have electronics. I t  w i l l  convert 
some great advantages for l2VOC or 6VDC t o  1 1 0  

thew low efficiency makes them virtually 
burn-out proof since you can short them 
out momentarily without blowing them. 
We offer an assortment of 8 brand new 
selenium rectifiers, a l l  ful l  wave of con- 
f~gurations wi th  ratings from 230 Volts 
@ 100 M 2  to  2 8  volts @ 4 amperes. 
About half of them wi l l  be the latest 
h'gh density types. The retai l  value would 
be about $55.00. New selenium rectifier 

s2.50 P.P' 
CAPACITOR 15.000 VOLTS 1.0 MFD 

Use this Capacltor for flash 
tubes, exploding wires, power 
supplies, filters, lasers or 
energy stoarge. G.E. net price 
is 590.00. Yw' l l  get a b ig  

out of this one i f  you 
it while i ts  charged. 

Thf r r  have high energy storage capa- 
c ~ t y  and are useful for many things in- 
cludinq spark gaps. Wt. 351b. 15KV 
CAP $9.50 

B & F ENTERPRISES P. O. BOX 44, HATHORNE, MASS. 01937 

i ty potted transformer, transistors, re- 
slstors, diodes and instructions. No 
hardware or cabinet is provided. The 
output waveform is square, rather than 
sinusoidal but our experience has been 
that this' w i l l  not make any difference since 
m~ l~ ta r yequ ip .  is insensitive t o  wawform 
d~stort lon. Wt. 3 Ib. 400 Hz P.S. 93.50. 
SILICON RECTIFIER AND HEAT SINK 

ASSEMBLY 4 for 52.50 , This Is by far the best recti- . . '  f i r r  deal we have ever offer- 
,. : ed. Four heat sinks each 

containing two Motorola or 
Delco IN3661 25  ampere 
200 PIV rectifiers. These are 
not factory rejects but un- 

used termination material. Wi th  the 
four assembl~es containing eight (8) 
diodes you can make either one 5 0  
ampele bridge, two 25  AMP bridges, or 
foter 25  AMP fu l l  wave center tapped 
rectifiers. Comp. w/inst. 4SRHS 42.50PP 

GOV 'T  S U R P L U S  - E L E C T R O N I C  ' O P T I C A L  

s h e e t s  ~ n c l u d e d .  A r e a l l y  a r n a z l n g  b u y  N e v e r  
p r e v ~ o u s l y  o f f e red  b y  a n y o n e  a t  t h e s e  r ~ d i c u l o u s  

Any number shown below Shipped PP. Airmail Delivery 
(1.00 eo. or $10 dozen 

Buffer . . . . . . . . . 
Dual lnput Gate . . . . . 2-903  
Quad 2-Input Gate . . . . 2-914  
JK Flip Flop . . . . . . 
Dual JK Flip Flop . . . . 2-923  
Dual 2-Input Gate, Dual Expander 1-914,l-925 
Dual 2-Input Gate Expander . . 9 2 5  

MESHNA WINTER CATALOG 1968-1 NOW OUT! 
FATTEST CATALOG YET 

S~~nrl 25(b Irnrr(llir~p rrttd trrnilinp (.harp- 

H O R O L O Q I C A L  - M E C H A N I C A L  
-# 

. . . THE BEST 

6 M E T E R  
CONVERTER 

50 -52  M H z  in. 2 8 - 3 0  M H z  o u t  
o r  52 -54  M H z  w i t h  a s e c o n d  c r ys ta l .  

A f u l l  descriptiqbn o f  th is  fantast ic  m n v e r t e r  
w o u l d  fill th is  p . i ~ e .  h u t  yt,n c n n  t a k e  o u r  word 
f o r  it ( o r  thnsp ( ~ f  h u n d r e d s  o f  sat isf ied users)  
t ha t  it's t h e  he.;t. T h e  reason is  s i m l ~ l r  - w e  use 
1hrc.e RCA dl131 g n t r  hlOSI:I.:Ts, one. h ipo lar ,  a n d  
3 dic~cles in t h e  h r s t  c i r cu i t  ever. S t i l l  n o t  o m -  
vincud'? T h e n  send f o r  t l u r  f ree c n t : ~ I o ~  a n d  xe t  
t h e  f u l l  clescript i~!n, p l o s  p h ~ ~ t o s  a n d  e v e n  t h e  
schematic. 
Can ' t  w a i t ?  T h e n  send u s  n pos ta l  money .  o r d e r  
f n r  $34.95 nnd we' l l  n ~ s h  t h e  4 0 7  IIII~ tn you.  
S O T E :  T h e  h l o d e l  4 0 7  is nlso nvn i l nb le  in a n y  
f reqturncy cwrn1,in;ltion up t o  -150 MHz ( s o m e  a t  
h i p h e r  p r i c ~ s )  ;IS l i s ted in o u r  catalrrx. N e w  Y o r k  
C i t y  a n d  State  residc.nts a d d  l oca l  s;~les tax. 

VANGUARD LABS 
Dept. R. 196-23 J a m a i c a  Ave.. Ho l l i s ,  N.Y. 1 1 4 2 3  



I SEMI-ANNUAL SPECIAL 

I 1000 VOLT PIV 1.5 AMP 
EPOXY DIODES 

I 
ALL UNITS MADE I N  U.S.A. FULL 
LEADS. ELECTRICALLY AND PHYSI- 
CALLY PERFECT. TESTED 20 MICRO 
AMPS LEAKAGE. 

I 100 FOR $19.75 ppd. 
THIS OFFER EXTENDED TO THE FIRST 
100 ORDERS. ABSOLUTELY ONLY 100 
ORDERS WILL BE ACCEPTED. MAIL 
EARLY DON'T BE DISAPPOINTED. ALL 
ORDERS PROPERLY PACKED AND 
PROMPTLY FILLED. 

1 PA. RESIDENTS ADD 6% SALES TAX 

I M. WEINSCHENKER K3DPJ 
PO BOX 353 

IRWIN, PA. 15642 

Radio Amateurs 

WORLD PREFIX MAP- Full color. 40' x 28". shows 
pretnxes on each country . . .  DX zones, time zones. 
cit~es. cross referenced tables . . postpaid 11.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD- from the center of the United States! Full 
color. 30" x 25". listtng Great Circle bearongs in de. 
grees for six major U.S. cities; Boston. Washington. 
D.C.. Miami. Seattle. San Francisco & Los Angeles. 

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

RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" x 25" - includes Central Amer~ca and the 
Car~bbean to the equator, show~ng call areas, zone 
boundaries. prefixes and time zones. FCC frequency 
chart, plus informative ~nformatton on each of the 50 
Un~ted States and other Countries. . .  .postpaid 11.00 
WORLD ATUS - Only atlas compiled for radio ama- 
teurs. Packed with wor(d.wide information - includes 
11 maps. an 4 colors with zone boundaries and coun- 
t ry prefixes on each map. Also ancludes a polar pro. 
jection map of the world plus a map of the Antarctica 
- a  complete set of maps of the world. 20 pages. 
size 8%" x 12" . . . . . . . . . . . . . . . . .  postpaad 12.00 

Complete reference library of maps - set of 4 as listed 
above ........................... .postpaid $3.00 

!be your favorite dealer or order direct. 

RADIO AMATEUR 

Chicago, 111.60639 

WZAU BALUN LETS ENTIRE 
ANTENNA RADIATE! 

CMEmrPamn STOP WASTING YOUR SIGNAM 
n,G- +-,w REMEMBER, YOUR ANTENNA 

IS THE MOST IMPORTANT 
PIECE OF GEAR YOU OWN. ;r N o  Radiation from Coax 

N o  Center Insulator N e d d  
Perfect for Inverted VOOS 
(Use Hang-up Hook) 
Built-in Lightning arrostor 
Broad-Bond 3 to 40 Me. 
Takes Legal Power Limit 
Two Models: 
1:l  54 ohm coax t o  50 ohm 
balanced 
4:l 75 ohm coax t o  300 ohm 
balanced 

----/ &g A must fo r  Invorhd V m ,  
Doublets, Quads, Yogis and 
Multiple Dipoles. 

KF 
$1 2.95 AMN"$UR 

W2AU Complete protunod Fiberglas Quad ..... .$W.95 ..... W2AU Complete p re tund  Vinyl Quad.. ...16). 95 
UNADILLA RADIATION PRODUCTS 

Unadilla. New York 13849 

HIGHEST $ $ PAID FOR TUBES 

am 120 WEST 18th STREET 
NEW YORK 10011 . 212-242-7400 

Free Tube List 

14" 3A Grtd OK, wlbook 8- pwr sply 
WANTED: GOOD LAB TEST EQUPT & MIL COMMUNIS 
WE PROBABLY HAVE THE LARGEST & BEST INVEN- 
TORY OF GOOD LAB TEST EQUIPMENT IN THE 

S n d  for Brochurm 

SHORTWAVE GUIDE 
21bH QIFFORD ST., SYRACUSE. N. Y. 13202 

FRIENDS 



the oermof lex key .\ 
m , I 

both a twin lever 8 straight hand key 
in a pi*otl.s. 2 paddle design. 

9ir.m instant choir. of automatic 
semi-automatic G straipht bend Loyinp. 

us. dir-ctly with any transmitt.r 01 

through an .I.etrenic k.y.r. 
8 amp. gold dif(u..d mi1v.r mnhcb 

adiuat fvom 0-,060" G 5-50 prams. 
distinetir. blue naddlms are of 

.-..-- - - - -  - -  . , 
cabinet i s  I 6  gauge po1ish.d chmm. 

1k.1: 1.95" sq. s 3.75", paddln 1995 a+mp- extend I.15', w.ight p I pound. ppd. u.sa 
silicon. rubber 4e.t Lr'stability. art .  ck. or m.0. 
100d US mad. G ouarant..d Fov l vr. n. Y. m. add 5% h. 

I the ~arnes  research company I 

W E  PAY HIGHEST 
PRICES FOR ELECTRON 

TUBES AND SEMICONDUCTORS 

H & L ASSOCIATES 
ELIZABETHPORT INDUSTRIAL PARK 

E L I U B E T H .  NEW JERSEY 07206 

(201) 3 5 1 4 2 0 0  

GET YOUR NEW 
ISSUE NOW! 

Over 283,000 QTHs 
In the U.S. e d ~ t ~ o n  

$6.95 
Over 135,000 QTHs 

in the DX ed~tion 
$4.95 

KEEP UP TO 

DATE ON 

YOUR DXlNG 

A weekly magazine (16 to 24 pages each 
week. 

Current DX that's on the air, and info about 
what's planned for the immediate future. 
What's being heard by the boys. Etc. 

FULL DX INFO EVERY WEEK. 

Per year-Surface mail (they say most 
1st class mail actually goes via air) $11.00 

The DXERS Magazine, (W4BPO) 
Route 1, Box 161-A, 
Cordova, S.C. 29039 

SURPLUS WANTED 
EQUIPMENT WITH PREFIXES ARA. ARC, ARM, 
ARN, APA. ASN. ASA, APN. APR, ARR. ASQ, 
GRR. GRC, GRM, GPM. VRC, UPX. URA, URR. 
URM. USM, UPM, SG. MD. PRM, PSM, PRC. 
TMQ, TRM. TED, SPA. SRT. CU COMMERCIAL 
E UIPMENT BY ARC BIRD BDONTON BENDIX 
C8LLINS. M E A S U R ~ M E N T ~ .  H-P. N A ~ D A .  GR: 
SPERRY. ETC. 

TOP CASH DOLLAR PAID OR TRADE 

WE STOCK NEW H A M  O U R  

WRITE - WIRE. PHONE (813) 722.1843 
B I L L  SLEP. W4FHY 

m L R P  R u C T R O I R C m  
2.1, W I C M W ~ V  108 n rrrrwo* rLomor I, ,I,  

WONr < m t > >  722 IS41 

-- 
World Prefix Map! International Postal P A Y S  . . C A S H 1  
International Radio Information! Y o u  c a n  bo sun wlth Lrry :~alr  doa l lng  r l n c e  '38 
Amateur Prefixes Plus much more! Send l i s ts  of your ununod TUBES. Receivers, 

L S o m i  Conductors. ~ a c .  Variables. Test E a u i ~ m e n t .  * 
RADIO AMATEUR Z N o  Quant i ty t o 6  Smal l ,  N o  Quant i ty too. lsrge V) 

Writa o r  Cal l  n o w  . . . BARRY W 2 L N l  4 
BARRY ELECT RONlCS 

Dept, Q 4844 W, ~ ~ l l ~ ~ t o n  Ave. 512 E ~ O A D W A Y  . NEW Y O R k  N. Y. 10012 
212-WA 5-7000 

Ch~cago, 111.60639 1 



p' ZENERS \ 
ALL DEVICES TESTED AND GUARANTEED 

400 MlLLlWATT UNITS 

3 3.3 3.6 3.9 4.3 4.7 5.1 5.6 
6.2 6.8 7.5 8.2 9.1 10 11 12 

13 15 16 18 20 22 24 27 
VOLTS 

1 WATT UNITS 
11 12 13 15 16 18 20 22 24 27 
30 33 36 39 43 47 51 56 62 68 
75 82 91 100 110 120 130 150 160 180 

200 
VOLTS 

PRICE: ALL UNITS 10% 4 tor  $1.00 ppd. 
5% 3 for  $1.00 ppd. 

ALL ORDERS PROPERLY PACKED AND 
PROMPTLY SHIPPED 

PA. RESIDENTS ADD 6% PA. SALES TAX 

M. WEINSCHENKER KjDPJ 
PO Box 353 

Irwin, Pa. 15642 

p m m m 9 ~ 5 m m m m ~ ~ ~ ~ ~ a q  

B LET W3KT B 
B FORWARD YOUR B 
B B 
B DX QSLS B 
B 

oln the thousands of satisfied hams who have 
1 

been using this servlce for the past seven 
years. During 1967 alone, over 200,000 QSLs 

1 ,  1 
1 were forwarded to OX stations. This is a DELUXE 

1 service, insuring prompt and continuous mailings, 
and involving a minimum of effort on your part. B 

ust f i l l  in your QSLs and send them to W3KT. 1 
You don't have to address the cards, or indi- 1 

cate the QSL manager, or send any SASEs. Where 
a OX station uses a stateside OIL manager. your B 

1 card wi l l  be sent to him with an SASE, and the 1 
reply wi l l  come back to W3KT, who wi l l  send it to 
your call area QSL bureau. Other QSLs will be sent B 

1 to the proper QSL Bureau, or, i f  necessary, direct. 1 
B member, your QSL is a personal message. 1 
1 ?herefore W l l T  sends it by FIRST CLASS MAIL 1 
1 only. 

8 7 he charge: Four cents per QSL, 30 cards per 
B 

dollar. NO MEMBERSHIP FEE. B 
1 SAVE TIME! SAVE MONEY! 1 
Dl W3KT QSL SERVICE 1 
1 RO 1. Valley H~l l  Road Malvarn. Psnna. 19355 1 
LmQm===b==E!==m13d 

I F o r  t h e  l a rges t  US ATV magazine; 

T e c h n i c a l  r e p o r t s  & ATV d ~ r e c t o r y  
WE PAY CASH FOR TUBES 

SEND $2 f o r  a 1 y e a r  s u b s c r ~ p t i o n  I I LEWISPNL ELECTRONICS IN=. I 

ETCHED CIRCUIT BOARDS 
Novice Trans. 2.75 Novice Recvr. 2.75 
RTTY Encoder 2.50 RTTY Decoder 4.00 

TO: 
150 Delon Ave.. 

303 W. Crescent Avenue I MAGAZINE D U ~ O " ~ ,  ~f 07628 I I Allendale. New Jersey 07401 I 

ALL-BAND ANTENNA CONNECTOR 

TEKRAD Mark V 

CHARACTERISTICS: The Teknd Mark V Antenna system Is mady 

80 through 10 meters Lame aperture for delivery In completely arwmbled unltr. 

Eswntlally constant fesd Impedanw . Wide angle of ndlatlon hang up with supporting and 
tnnsmlsrion line attached. 

Balanced system for high aMclency for constant hi.lewl ~Ignals 

Balanced 450 ohm feed A matching device is r e q u i d  - L 
Very light, minimum wlnd.mslstance 50 ohm unbalanced to 

450 ohm balanced 

PO. BOX 5 7  
VALPARAISO, FLORIDA 32580 

UHF Dlppers 2.25 SWR Bridge 1.25 HY E-QUE I nml<lPd r<lnrlertor has 
Lab Supply 3.50 144 Conv. 5.75 Orlrtr for serurln~ sntr~~ns elr~nmt~, 
Keyor 4.95 CP Osc. Mon. 1.25 Iwn\s rc.~tper l e a d \ ,  rnax I'L'?i!l mn- 

Conn. Raridenta add Sales Tax. ncr.tur for freclllnr, and II~-I,OI~I lor 
Send order or Catalog request to . . . nnlrrlnn rllDy.nrl. 1)rlll-rap proterll 

HARRIS CO BOX 985 mnnrl.1dlr. Itrlnrorre~l AL sour deal. 

TORRINOTON.'~ONN. 06% 
e r ' b ,  or $2.95 oostod. Cornpanlon In- 
su ls ton .  2 for 99t  pod. Inslrurllons .. .. ... . 

o c t o b e r  1960 95 



RCA 
has all-new 
FCC 
commercial 
license 
training 
Get your license.. 
or your money back! 
Now RCA lnstitutes Home Study Training has the 
FCC License preparation material you've been 
looking for-all.new. both the training you need. 
and the up-to-date methods you use at home-at 
your own speed-to train for the license you want! 

2 Convenient Payment Plans-You can pay for les- 
sons as you order them. or take advantage of easy 
monthly payment plan . Choose the FCC License 
you're interested in-third. second or first phone . 
Take the course for the license you choose . I f  you 
need basic material first. apply for the complete 
License Training Program . 
SPECIAL TO AMATEURS . This course-while de- 
signed for.Commercia1 license qualification--co n. 
tains much of the new material called for by FCC 
Docket 15928-advanced and extra class you'll 
want to qualify for before November of 1969 . QRX 
until you get the information . 
Mail coupon today for full details and a 64-page 
booklet telling you how FICA Institutes Home 
Training can show you the way to a new career- 
higher income-and your FCC License . 

I RCA INSTITUTES . I N C  b . 
D e ~ t  . HR-08 1 320 West 31st Street. New York . N.Y. 10001 

Please rush me. without obligation. information on 1 your all-new FCC Commercial License training . 
I 
I . 

Name 

I Address 1 
I c i ty  S t a t e - L i p _ -  I .......... 

A-5 Magazine ................................... 95 
........................... Aerotron. Inc Cover IV 
................................... Antenna Mart 88 

.................................... Autovolt. Inc 41 
.............................. B & F Enterprises 92 

................................. BC Electronics 91 
Barry Electronics ............................... 94 

...................... Bob's Amateur Electronics 84 
Budwig Mfg . Co ................................ 95 

Ceco .......................................... 93 ........................ Collins Radio Co Cover I I  
......................... Comtec. Book Division 85 .................................. Convention '69 88 

..................................... Cushcraft 90 

........................ Dames Co., Theodore E 86 
................................ . Drake Co., R L 2 

DXer's Magazine ............................... 94 
....................... Eimac Division of Varian 5 
..................... Electronic Applications Co 86 

......................... Electronics Center, Inc 57 
.................................... Evans Radio 81 

............................. Gauthier Industries 86 ....................... . Goodheart Co.. Inc.. R E 93 ................. Gordon Co.. Herbert W Cover Ill 

.............................. H & L Associates 94 .................... Hafstrom Technical Products 88 
..................... Ham Radio Magazine 79. 89. 90 

Harris Co.. The ................................. 95 
Harrison Radio ................................. 78 

............................ Henry Radio Stores 1 

international Communications and 
Electronics. Inc ............................... 87 

........... International Electronic Systems. Inc 63 

James Research ............................ 91. 94 

Lewispaul Electronics. Inc ...................... 95 
Liberty Electronics ............................. 88 

........................... Main Electronics. Inc 91 
........................... Meshna. John. Jr 84. 92 ....................... Military Electronics Corp 91 

Mission Ham Electronics ....................... 35 ........................ Mosley Electronics. Inc 48 
.............................. Palomar Engineers 86 

........................ Quement Electronics 47. 51 
................ Radio Amateur Callbook. Inc 93. 94 

....................... Radio Communication Co 94 ................................. Raytrack Co 58. 83 ................................. RCA Institutes 96 
............................... Shortwave Guide 93 

Signal One ..................................... 55 
............................... Skyiane Products 88 

Slep Electronics Co ............................. 94 
................................... Spectronics 52 

Stellar Industries ............................... 86 
Swan Electronics ............................... 70 

Tekrad. Inc ..................................... 95 
Telrex Communication Engineering 

................................ Laboratories 91 
Tri-Ex Tower Corp .............................. 69 
Tristao Tower Co ............................... 91 

................................ UKW Magazine 84 
.................... Unadilla Radiation Products 93 

............................... Universal Service 87 

Vanguard Labs ................................. 92 

W3KT QSL Service ............................. 95 
Weinschenker. M ........................... 93. 95 

....................... Westcom Engineering Co 88 
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NOTHING - - - 

NOTHING bothers me as much as my 
inabil i ty to  express myself respectively. 
especially concerning the old dogma of the 
suitable antenna installation. 

Four dollars spent on the radiator equals 
forty dollars spent on the transmitter! If 
you're not getting the reports you want for 
the answers to your repetitive CQ's, isn't it 
reasonable to conclude that you don't have 
as good an antenna as you should have? 

Those visiting here during the daylight 
hours see ample testimony to my swallowing 
this line - My set-up includes four towers. 
ten beams, two quads, two verticals, and a 
minimum of twelve Balun fed horizontal di- 
poles each cut for a different frequency and 
all up there where they count and all fed 
through a matching coaxial matrix to our 
demonstration facility as well as to my own 
shack. 

A rough guess as to the cost of this in- 
stallation is ten thousand bucks. Now I'm 
not suggesting that you need to put big 
money into your antenna system. I had to 
because I'm in the business where a good 
demonstration is necessary. But I wanted 
to enjoy my hobby and there isn't anything 
I can do for myself that pays more than a 
good antenna. 

The point of this message is that winter is 
approaching when our hobby is best enjoyed 
and at the same time when it is least possi- 
ble to erect a good antenna installation. 

If you can be induced, therefore, to con- 
sider improving your station, isn't i t  timely 
to push it now while there are still sixty days 
before the ground hardens? 

We have a complete line to offer. In 
towers: Tri-EX, Tristao, Rohn. Heights. In 
beams: Cushcraft. Mosley, Hi-Par, Hy-Gain 
and, of course, our own Reginair. In verti- 
cals: Cushcraft, Mosley, Hy-Gain and, of 
course, all the coax that you want including 
Heliax, RG 18, RG 17, RG 14, RG 11, RG 9, 
RG 8 foam and the thin stuff RG 58. RG 59. 
RG 63, RG 62 and so forth. All the fittings 
BNC, Type N, Type C, Type HN, and, of 
course, our UHF types as well. Lightning 
arresters, meleons, insulators, strain insula- 
tors, antenna wire, guy wire, and so forth. 
Naturally we have the rotors too, including 
the new AR-33. 

We have the goods and the knowledge to 
properly recommend what is right for you. 
Our prices are fair, service prompt. Can't 
we help you to put out a better signal too? 

HERBERT W. GORDON COMPANY 
Harvard, Massachusetts 0 145 1 Telephone 6 17 - 456 - 3 548 

CCHelping Hams to  Help Themselves" 



GSB 20lm R? U#m WPLfm I 

--m 
\ - Ercaptionrup compact - 

r cr7 - Onf* , IPqL" *l#I 17"dsep- X 20s itselt r w  te t*~e-tap 
moontint. Finlshed in blending Ikhf 
gmys, it Mnb a bandwmI c~~ 

F n i i ~ r m ~ ~  
> m - -  w 10 clb gain oa the 8014@, 20,18 

a d  1 O ~ b a d s .  I 

I 

Transmitter power of the Communicator 
nrisgf~#uneverat24wrrrtbinput. 
High b e !  speech clipping and 10 watts 
of audb mure full talk p o d  Tranr- 
mitter k crystal mtrdkd, oifsn cho i i  

d w .  BWband circuitry h7 in driver r imlnates panel controk. 

GSB-B SIDEBAND CWaPHICATtlR 
SSB, AM a d  CW ol#rstlon. VFO or Ccyt- 
tal Control. Matching AC or DC Power 
Supply. Cowrn 6 meter band in 1 Mc 
segment& higned far SS8, MI md 
CW operatian on the entire 6 metmr 
band, the superb Gonset 9108 Side- 
band employs wlid rtate &sip ht all 
lorr level citacib For maknum drplwd, 
bility and minimum current canrump- 
tton and utiltrar common drcub in the 
oscillator, IF section and crystal lattice 
filter to minimiw size and weight. 

See your favorite distributor Write for c@ta/& 
GONSE'T'("r, ~ivrsren-o~ nmmare, tnc. 

P. 0. BOX 6527 / RALEIGH, NORTH CAROLINA 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100

