


SOLID STATE

MINI AF GENERATOR
Fully transistorized sine and square wave generator, 10 Hz to 100 kHz in four
bands. Smallest in world 7%" x 3%" x 3%", 1.9 lbs. An FET oscillator with a

thermistor and intensive reverse feedback maintain the output at minimum dis

tortion and constant level (less that 0.3% 200 Hz-1oo kHz and less than 0.8%

10-200 Hz). Tbe power supply is built in (100-120 vac 50/60 Hz and is stabilized

to 0. 1% against line voltage fluctuations. Square wave rise time 0.2 1'£. Output
impedance 600 ohms -t- 100 ohms unbalanced. This generator is built for the

laboratory but is available at bam prices $59.95

co.

Distributors ond Reps wonted
Write Sales Manager John Kneeland

DGP Company, Jaffrey, N.H. 03452

Buy this fine product at your nearest

distributor or order from Redline Com.

pany, Jaffrey. N.H. 03452. Please add

$1 for postage and handling.
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of new and exclusive items
you can't b uy anywhere e lse!
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1 keep getting the word from the Sub
scription department that there are numerous
reques ts for 73 to print a picture of the
Editor. Actually. my p icture appeared 011

the cover of the October 1967 issue. I'm
the one working on the antenna. For those
who may have missed it, copies are available
for 73r.

This is the second month without a "Let
ters" column. This is not due to lack of space,
but lack of mail. Normally, the only p eople
who write are those who d isagree or have
complain ts. Most of these give constructive
criticism and have someth ing worth printing.
In the past couple of months, the only letters
I have received have been nice ones with
compliments about the quality of the mag
azine. If I printed only the nice letters,
you would th ink I was hiding the bad ones.
Tell me what vou want.. ..this is the only way
I ca n improve 7.3 .

Under the "Big Deal of the Year" depart
ment comes the news that Kentucky. the
last state without call lett er license plates.
has passed the following legislat ion :

" 188.176 Amateur radio licensees may
attach plate showing call letters to license
plate.

"An owner of a motor vehicle who is a
res ident of this state and who holds an
unrevoked and unexpired official amateur
radio station license issued by the Federal
Communications Commission may attach to
his motor vehicle license plate an additional
license plate inscribed with the official ama
teur radio call lette rs of the licensee, pro
vided the additiona l plate is attached in such
manner as to not interfere with the view of
the motor vehicle plate. ( 1968 It 226. E lf.
6-13-68 )" .

T he amateurs of Kentucky must he thrilled!
A couple of states issue two sets of plates

and the call le tter plates may only be at
tached if a mobile rig is installed in the ve
hicle. If you take the rig ou t. you must
change the plates. There may he some merit
in this in times of emergency where identifi 
cat ion is required to enter a disaster area.
Only the cars capable of being useful would
be permitted to enter the area. The call
letter plates would serve as identification .
However, not all the police know about call
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plates . I was once stopped by a police of
fi cer in Glendale, Colorado . I had Colorado
p lates with my call W(1lIIJL. He came to my
car window and. in a sarcastic tone, asked,
"OK, lady, where did you get the license
plates. out of a cereal box?" Between convul
sions of laughter, I explained the situation.
After seeing my registration and my ham
ticket, he had a very red face.

In a few countries, hams are permitted
to hold a call only upon proof that they have
an operating station. ]f the station is dis
mantled. the license must be re linquished .
It is held for a reasonable length of time,
then becomes eligible for reissue. \Vhen
the amateur gets another sta tion on the air,
he may get his license back without taking
a new examination (if still within the exp ira
tion time limits ) but may be assigned a new
call. There may also be some merit in this
system. If amateur radio exists, as we are
told. only because of our involvement wi th
Public Service, should a ham hold a license
if he is not in a position to render such
service?

I 'd be willing to bet that less than 50%
of the ham s listed in the Callbook are active
amateurs ,...ith opera tional stations. In many
areas, we have used up the \ V. K , and \ VA
calls. In two areas, we have used up the ' VB
calls and are into the \ VC calls. If only
the amateurs with opera tional stat ions were
permitt ed to hold a license, we could all have
\V or K calls.

Each year the Cal/book gets fatter and
fatter, and the price goes higher and higher.
If the inactive hams were eliminated ,the U.S.
cullbook wo uld he about the size of the DX
hook, and the price would go down.

November 22 is rapidly approaching. Al
though I don't usually plug products in the
editorial column. a new company has come
out with a crystal calibrator divider which
makes your 100 kHz crystal put out a tone
each 25 kHz. It is a miniature printed circuit
board requiring the soldering of four wi res
and will le t you know where you are at all
times. It comes from Paxi tronix and their ad
appears 0 11 page 124. T his little gadget costs
under $6 and is a necessity for the ham who
d id n't take the higher class exam in t ime.

. . . Kay!a WIEMV
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That gives the Extra Class a 25 kHz ex
clusive band on the low end of 80-40-20- 15
for C\V and 2.5 kHz of exclusive phone fre
quencies on the low end of the 80 and 15
meter phone bands. The Advanced Class can
join the handful of Extras For 25 kHz on
80-40-15, and 35 kHz on 20 meters. The
General Class will have to move out of the
lower 50 kHz of the 80~1 and r5~1 phone
bands, the lower 25 kHz of 40 meters and
3;5 kHz of 20 meters. Sorry about that, but
that's what happened to us.

T he new regs will probably resul t in a
field day for a band of self appointed righte
ous "police" who will be eagerly looking up
every call heard on these bands in the Call.
book to see what class license they have.
Then, when they fi nd someone out of his
band they will break in with great glee to de
mand that he get up where he belongs. If
you hear anyone doing th is please brenk in
yourself and tell him tha t \ Vayne Green says

(T urn 10 page 114-;/'$ realty Ihere!)

to me to he the one basic difference between
a totalitarian government and a democratic
government.

This is why I resisted as much as I could
when the ARRL proposed the incentive
licensing changes. I felt that we could
achieve whatever aims they had . . . and
these were never stated , by the way . .. hy
offering rewards ra ther than punishment. As
I pointed out a t the time, we have wide areas
of our hands that are virtually going to was te
which could have been offered to the Extra
Class licensees to make that ticket sweeter.
There would have been little p roblem in
opening up an extra 50 kHz on the five major
bands for Extra phone. This would have
given us bands rather than taking them away.

Unfortunately for all of us the ARRL
managed to get its way in spite of over
whelming protests and on November 22ml
we can tune our re-apportioned bands and
see how it works out. The Extra Class seg
ments are going to be pretty thinly occupied,
obviously.

Here are the new allocat ions.

The latest Callhook lists ahout 6500 Extra
Class licensed amateurs. This does not have
the look of a mass move to me. A look at the
previous two Callbooks confirms my sus
picion. The Summer edition showed an in.
crease of ~29 Extra Class licenses over the
Spring issue and the Fall issue went up by
332 more. Perhaps the November 22nd change
in the frequency allocat ions will make the
cheese more binding and we will see a more
decided trend toward the higher classes of
license.

L teenee Class S pd n&, '68 Su mmer '68 Fan '68

E xtra 58 76 6104 6436
Advanced 39040 39406 39638
General 11 6005 11 61<22 11651 3
Cond it iona l 42825 42963 41 626
Teehntefan 63693 64 870 63505
N ovice 12.1 67 11820 13124

T here is not any great noticeable ru sh for
the Advanced Class license ei ther, as you can
see. 366 in the second quarter and 232 in
the third quarter seems to me to indicate
either advanced apathy or else a sit-out
strike. I expected a little heel dragging about
this "incentive program", but not almost total
rejection of it.

Perhaps others feel as I do. H am radio
has been my major hobby for thirty years
now and by virtue of my having gotten my
license many years ago I have the Advanced
Class ticket. I get on the air with my little
transceiver (with linear ) whenever I can.
and generally enjoy talking with friends an
over the world. The QR~l gets to me now
and then. Though I've lost all track of
how manv countries I've worked and mv
main connection with DXCC is as its criti~,
I do love to work DX. But . . . somehow
I dislike being punished into doing some
thing rather than being rewarded into it.
Ask me and I'U do almost anything ... teU
me and I'Il resist with all my strength.

Doubtless this resistance to authority is
some sort of psychological defect in mv
makeup. Yet it is so deep that I accept it
as a philosophy and I feel that this is a bet
ter way to run a country. It is tied in with
freedom in my mind and government edict is
the antithisis to freedom for me. This seems

RO M
40M
20 M
15M

Edra CW
3500-:J525
7000-7025

14.00.14.25
21.0-21.025

E d r a
Phone

8800-38 25
7200-7225
14.2-14.235

21.25-21.2 75

AdvanC'ed
:'\825-:'\850
720 0-7225
14.2-14.235

21.275-21.3
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CRYSTAL MFG. ce.. INC.
10 NO. LEE • OKLA. CITY, OK LA , 73102

MODEL SBA-50
SPECIFICATIONS

Mixer-Amplifier SO-S4MHz .. • $145.00
Tubes: 6U8A Oscillator-Mixer

12BY7A Ampli fier
6360 Linear power amplifier

Drive: Requ ires 9MHz sideband signal
from SBX·9

Output : SSB single tone 10 watts
Cont rols : On-Off Power

PA Grid Tune
PA Plate Tune
PA Load Tune
Metering Switch

Metering: Oscillator
9MHz Drive
Buffer Grid
PA Grid
RF Out

Crystals: Three positions, uses 3rd
overtone 41-4SMHz range.
Crystal frequency = fina l
frequency - 9MHz

Misc: Accessory socket provided for
connect ing keying circuit to
SBX-9. Comes with three crystals.
Specify frequency when ordering.
For operation on 117 vee 60 cycle power.

--
lm' ~- ~ I

-ri-

---

--
• _ ~- ,tJi\ :t -

L. " _ _ .~ __ ...- -

Order d irect from Internal/onsl
Crystal Mfg. Co.

MODEL SBX-9
SPECIFICATIONS

Exciter-Driver 9MHz . . . $1 25.00
Tubes: 6BH6 Oscillator

12AX7 Audio
7360 Sal Modulator
6BA6 RF Ampl ifier

Filter; Four crysta l half lattice
Carrier Suppressio n 45db min.
Unwanted S8 Atten. 40db min.

Output: Provides voltage drive for
mixer such as SSA-50

Controls: Carrier Balance
Microphone Gain
Test Switch
USB-LSB Switch

Metering: RF output for balance
adjust. Two sensit ivity
ranges available with
front panel switch.

Misc: Relay inc luded for push-to-talk
operation. Crystals for upper
and lower sideband included.
Requires high impedance microphone.
For operat ion on 117 vee 60 cycle power.
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George R. Allen K1EUJ
74 Wells St.
Iresterly, R.I. 02891

Computer Card Transmitter
A Simple Hybrid Rig for 80 Meters

Fig. 1. Oscillator card with broad band operation.

r----~~--o.

00.,.. H

L.... --l~,.r;--"_ __.:'<,+J,~

Cll BAX D....GRA..

The oscillator

The oscillator is somewhat stand ard and
should give even the inexperienced builder
no trouble at all. It oscillates rcadilv and
because it uses a slug tuned coil wiiI res
onate over a range of plus or minus 7,5 kHz
from some center frequency without retun
ing. If reduced output from the final can
be tolerated, it can be operated over the
entire 80 meter hand withou t retuning.

The original circuit had no variable ca
pacitor in the oscillator tank circuit. Originally
small capacitors were soldered in place until
the circuit resonated at the crystal frequency.
I then tolerated red uced output for some
freq uencies and operated the rig over the
whole 80 meter band. However, for ease of
adjustment, this circuit was modified as
shown in Fig. 1 to include a small 45 pF
trimmer so that the uni t could be easily ad
justed. The oscillator coil does not have to
he wound on a slug tuned coil if broad
band opera tion is not desired.

01 • 2W HPH 100 "HI SILICON TItAH.$ ISTOA RADIO SHACK
Plt.RT NO. 276~7 I SIMII.AII: TO 2l'KM,ZHB9T.2NI6IS1

U· SIT NO. lSE CLOSEWOUHO ON In.. OIA Sl.UGMl'UHEO FOIllM
(aUUEN B9~). .+ CONN., OPPOSlU Mn lEND. TAP t9T FItOM
.... CONN. I.INIl IS 4T trIO. HIE CLOSEWOUNO Jtr CfNUIt

content by using other plug in boards.
For information on construction on sur

plus plug-in comp uter card s see my article
"Comp uter Card Construction" in 73 mag
azine earlier this year.

•

This simple rig for 80 meters was de
signed for the ham who can't leave well
enough alone. It consists of three sections,
a ll constructed on surplus p lug-in computer
cards to facili ta te experimentation and mod
ificati on. Each section may be removed,
modified, and worked on a t will without
touching the other sections, and by using
additional p lug-in cards, new circuits mav
be designed and tested while keeping th~
old cards intact. Thus an operating version
of the rig is always available while new
changes and design s are being tested.

T his rig has a lso heen designed fo r the
ham who has alwavs staved awav from trun
sistors fearing that ' they ure too complicated .
The transistor oscillator described in this
article is very simple to build, uses three
$1 transistors, and will work first time if
the instructions in this article are followed .
The oscillator itself should present no prob
lems even for the inexperienced ham.

This rig has been designed for 80 meters
because out of sheer laziness, I haven't got
ten around to winding the coils for the other
bands. I will leave the other bands to the
builder who may experiment to his heart's

Front new oj the Computer Card Transmitter.

6 7J MAGAZINE



The final amplifier
The fi nal amplifier circuit is nothing out

of the ordinary, and there is little to say
about it. I had originally planned the final
to be transistorized too, but I ran out of
transistors and decided to use a tube. The
tube socket specified on the schemat ic must
be used to permit the tube to be mounted
parallel to the computer card. When mount
ed this way, it sticks out from the card
for less than an inch . When fully loaded, the
final should d raw between 40 and 50 rnA
at 300 volts giving n power input of a little
less than 15 watts.

Front side circuit boards.

The tank circuit
The tank circuit was originally designed

for single frequency operat ion as the trim
mer capacitors were mounted righ t on the
tank circuit card . This proved to be Incou-

fi na l to 14 or 15 watts, thus it should be
used at it is.

H you will notice on the circuit in Fig. 1,
a low impedance link is shown on the os
cillator coil. This link is not used at the
moment but will be used in the second ver
sion of the transmitter which has a transistor
fin al amplifier. This second version is cur
rently being designed.

There are no precautions to worry about
when building this unit other than not to
get the transistor too hot when soldering
it into the circuit. The best idea is to use
a small transistor socket and solder it into
the circuit. T he oscillator, when it draws 40
rnA at 18 volts, runs about % watt. To
prevent damage to the transistor a small
heat sink should he used. I used a small
surplus finned heat sink. Sim ilar sinks can
be obtained from Allied Radio. The sinks
arc made by W akeflcld-Engineertng and are
numbers NF205 and NF·J07.

,

~,
,

'"•
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~.

.., ,
. I*..., "", 2-SmH

SO~IIOO 11 • I.------/I '" 1-,.,

1"" 1m,.
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Fig. 3. Th e tank circuit card diagram.

*MINIATURE TRIMMER
I~TRALAB B2.5·GN,

L2.3TT aaw

""''''''''

Fig. 2. Diagram for the fin al amplifier card.

*MOUNTED IN RIGHT ANGLE PRIHTED CIRCUIT TYPE
TUBE SOCKET ( ELCO NO. 0 15-"008, OiS·4001)

The oscilla tor will become a bit unstable
and may cease oscillation as resonance is
approached . For this reason, the oscillator is
considered to be properly tuned when max
imum drive is obtained, or when the oscil
lator curren t is about 40 rnA.

It is possible to tune the oscillator by
varying the movable slug; however, th is
method is not recommended since it varies
the feedback end causes current fluctuations
which are hard to interpret. The slug tuned
coil is used only to provide a broadband os
cillator circu it.

The tap on the oscillator coil has been
adjusted for optimum operation; however,
for experimenta tion purposes, the posit ion
of this tap may be varied. The circuit will
oscillate quite readily when the collector of
the transistor is connected directly to the
crvstal end of the tank coil; however, at

•
this position, the oscillator will produce very
little drive and draw little current . As a
matter of fact, if you wish to use th is circuit
as a spotting oscillator to find certain fre
quencies, connect the collector to the cry
sta l end and use 6 volts or less for voltage.
As the position of the tap is advanced from
the crystal end toward the battery end, the
oscillator will draw more current and deliver
more drive until a point is reached where
the circu it becomes unstable and eventually
ceases to oscillate. As mentioned before, the
circuit as shown will work without d ifficulty
and will produce enough drive to p ush the

NOVEMBER 196B 7
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Fig. 4. Card socket wiring diagram.

polarity is correct and that the trans istor
is properly connected in the circuit. When
oscillation is obtained, increase the battery
voltage to 18 to 24 volts. Adjust the oscilla tor
trimmer capacitor until oscillation ceases or
the current drops to below 20 rnA. Back
off on this capacitor until the oscillator d raws
about 40 rnA. The oscilla tor is now properly
tuned. At this time, remove the meter from
the battery circuit and place it in the key
circuit. Adjust the capacitors in the final
tank circuit to give minimum current with
300 volts applied to the plate of the final.
when minimum current is obtained, the
b ulb sbould Iigbt dimly.

An alternate way of tu ning up is to con
nect all voltages, place the meter in the
key circuit and ad just the fina l for minimum
current. Then, while observing the light bulb
on the output, adjust the oscillator so that
maximum brightness is ob ta ined . At this
poi nt the oscillator current should be between
30 and 60 rnA.

To put this rig on the air, connect a 50
or 75 oh m antenna or tuner to the output,
p lace 'lIDO rnA meter in the key circuit
and tune to resonance. Then put the meter
in the oscillator circuit and adjust the trim
mer for about 40 rnA.

This rig p roduces a clean signal with
about 15 wa tts input. It sho uld pose no con
struct iona l or operational problems that I
know of; however, it does have one small
q uirk of which the builder should be aware.
That is, that with 18 volts on the oscillator
circuit, the grid d rive is margin al and under
some conditions, depending upon the trans
sister, crys tal, etc., the grid d rive may be
just under optimum. This condition will be
very obvious if it occurs since if an rf choke,
meter or other small inductance is p laced
in the key circ uit, the output fro m the final
will increase. This occurs because under con-

Rear side of the circuit boards.
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Tune up and operation

In my particular setup, the transis tor vol
tage is supplied by three 6 volt lantern
batteries. You may use any de supply wh ich
delivers between 18 and 24 volts.

For testing purposes, connect a 5 or 10
watt lamp to the output to be used as a
d ummy antenna. Screw the movable slug on
the oscillator coil all the way in and be
sure that the heat sink is on the transistor.
Connect a key to the key circuit and place
a 100 rnA meter in the battery circuit of
the oscillator, hu t use only 6 volts or so
on the oscillator. Turn on the station re
ceiver and check to see that the oscillator
is funct ioning. If it is not, vary the trimmer
until it does osc illate. If trouble should be
encountered , check to see that the battery

r "-"-"-';y--I--,
! .¢
I OSCLLATOfI "~.---'
: CARD , ...

I 't AUXILIARY CONTACTS
2¢ I8V ON ANT RELAY

1.._._..__'~111-'--:' ";+,

r,,-
u

-

U

' 9- - rI-,:J. rh O::::~_7S.A. ANT

i, TANK :t 0
CIRCUIT Y, '*I CARD 2~

L .._ .._ .._ .

venient, however, as I use this rig for the
entire band. Thus, one trimmer capacitor
was elimi nated and a 100 pF capaci tor
which was mounted on the card rack was
used instead. By varying both capacitors
the tank will cover the ent ire band.

The output of the rig was designed for
50-75 ohm cable, and seems to work well
into a load of this impedance. If you desire,
you may change the output circuit to any
thing which happens to suit you merely by
build ing a new circuit on another plug-in
card and then swapping cards.

8 13 MAGAZINE



6527 • RALEIGH, N. C. 27608

BTl AMAf( UR DIVISION

BTl LK-2000

LINEAR
AMPLIFIER
For 55B, CW, RTTY
Maximun legal input
Full loading SO·10M

Rugged Eimac 3.1000Z
Dependoble operation
Easy to load and tune
No flat topping with ALe
Distinguished console

Instant transmit
High efficiency circuit
Designed for safety
Fast band switching
Rea' signal impact

Price •••• $7950 0
IllADY TO OPlRATlI

PRESENTING THE ALL NEW

AMECO PT
ALL BAND TRANSCEIVER
PREAMPLIFIER
• 6 THRU 160 METERS
• FEEDS 2nd RECEIVER
Model PT, with built-in power
supply, transfer relay, connect ing
cables, wired and tested.

Amateur Net $49.95

Ha'strom Technical Products
4616 Santa Fe , San Diego, Ca. 92109

•

•

-"-. •

----
. .. '

KIEV]• • •

•

ditions of insufficient grid drive, the final be
comes un stable and hegin s osci lla ting by
itsel f, b ut locking to the frequency of the
crystal osc illator. The ri g call be used under
this circumsta nce for C\ V operation, but if
you should plate mod ula te this rig it would
be wise to use 24 volts on the oscillator
to be assured of sufficient drive.

Do not be a larmed if the transistor runs
hot to the touch. W ith the heat sink as
specified in the oscillator section. the unit
will get very warm but will not reach a
dangerous temperature. Without a heat
sink, however, the transistor will be dam
aged.

After you finish this little rig. and decide
that its time to start modifying it, keep in
mind that since the three sections are built
on p lug-in boards there is no reason to
modify or change your original circuits.
Keep your original circuits intact and make
all changes on separate circuits built on
other plug-in cards. By doing this yo u will
always have an operating version and you
will a lways be able to make comparisons
to your origin al circuits to see if you have
made improvements or not.

• A frame grid pentode provides low noise figure with ability to handle strong signals,
greatly improving the sensitivity of the receiver section of a transceiver.

• A unique buil t-in t ransfer circuit enables the PT to by-pass itself wh ile the transceiver
is t ransmitting. The PT also feeds the antenna input of a 2nd receiver as well as
muting it.

AMECO
DIVISION OF AE ROTRON, INC. • P. O. BOX
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SWAN 500C
SSB·AM·CW
TRANSCEIVER
Five band, 520 watts for home
station, mobile and portable
operation.
The new model SOOC is the latest
evolutionary development of a basic
well proven design philosophy. It
offers greater power and additional
features for even more operator en
joyment. Using a pair of the new
heavy duty RCA 6106 tetrodes, the
final amplifier operates with in
creased efficiency and power output
on all bands. PEP input rating of the
sooe is conservatively 520 watts.
Actually an average pair of 6l0G's
reach a peak input of over 570 watts
before flattopping!
The sooe retains the same superior
selectivity for wh ich Swan trans
ceivers are noted. The filter is made
especially for us by C·F Networks,
and with a shape factor of 1.7 and
ultimate rejection of more than 100
db, it is the finest filter being of
fered in any transceiver today.
For the CW operator the SOOC in
cludes a built-in sidetone monitor,
and by installing the Swan VOX Ac
cessory (VX·2) you will have break in
CW operation.
Voice quality, performance and re
liability are in the Swan tradition of
being second to none.

$520

YOUR LANGUAGE .•• ASK THE



SWAN MARK II
LINEAR AMPLIFIER
Two Eimac 3-5001 Triodes provide
the le~a l power input: 2000 Watts
PEP. In SSB mode or 1000 Watts
AM or CW input. Planetary vernier
drives on both plate and loading con
trols provide precise and ve lvet
smooth tuning of the amplifier.
Greatly reduced blower noise is pro
vided by a low RPM, high vo lume fan.
Provides full frequency coverage of
the amateur bands from 10 through
80 meters and may be driven by any
transceiver or exciter having be
tween 100 and 300 watts output.

$395

PLUG·IN VOX UNIT
Plugs directly in to Model 5OOC, and
may also be used with Model 350C
and other Swan transceivers.

MODEL VX·2 . ... $35

SWAN 350C
SSB·AM-CW
TRANSCEIVER
Our improved standard 5 band model,
now in production and still only .. .

$420



Crystal Filters
Heart of Single Sideband

Today, nearly all commercial SSB equip
ment utilizes quartz crys ta l filters. Ease of
initial alignment, circuit stability and the
"crysta l clear" resultant signal are all char
acteristics of the filter approach to SSB gen
eration. It hasn't always been this way, how
ever.

Immediately following World War 11
n time when most amateurs were eager to
return to the airwaves-SSB was in its in
fan cy. By mid -194i only a handful of ama
teur stations were emitting the "Donald
Duck" sounds on the lower frequencies. As
one might expect, much controversy arose
during these early sideband years and
heated on-the-air discussions of SSB versus
AM tended to prevail throughout the 19.50·s.

The technological ap proach then was to
employ phasing-type designs commercially
ava ilab le with Barker & \Villiamson phase
shift networks; this tended to make the car
rier sup pression joh somewhat less tedious.

C rystal technique emerges

\Vhile this was happening crystal filters
began to come into their own in communica
tions receivers. It wasn't long before the
advanta ges offered hy the highly selective
quartz elements became generally known by
radio operators the world over.

Some of the more technically oriented
amateurs of the early fifties discovered that
military surplus low-frequency crystals could
be used in construction of homebrewed SSB
filters. It wasn't long before construction
articles appeared in the amateur and trade
press-significantly advancing the sta te-of
the-art-as a direct result of the staunch
efforts of these pioneers. A quick examina
tion of crystal operational characteristics
reveals why this occurred.

Piezoelectric quartz. chemically silicon di
oxide, possesses the ability of converting
both electrical impulses into mechanical vi
brations and mechanical vibrations into elec
trical impulses. It is through this means that

12

Frederick .\1 . Clepper, W3RET
McCoy Electronics Company Division
Oak Electro/ Netics Corporation

,1IcCoy's Silver Sen tinel quartz crystal filter, shown
with the oscillator crystals supplied with all units.

quartz crys ta ls can be used to control fre
quencies of radio transmitters and receivers.
It is also by virtue of the piezoelectric effect
that networks using quartz crystals can effec
tively pass or eliminate narrow hands or
discrete frequ encies in the radio spectrum.

Two basic filtering systems are being ap
plied now to amateur equipment : 1) the
switched filter method and 2 ) the switched
carrier method,

The switched filter concep t consists of two
asymetrical or pure SSB filters switched
above or below a common carrier frequency .
Fig. 1, a simplified presentation of showing
relative positioning of filters with respect to
the carrier frequency, illustrates this point.
The USB and Lsn notations apply only to
original frequency of sideband generation,
Sideband inversion may result from hetro
dyning to other than the original frequency.

The switched carrier concep t is designed
around an extremely selective. symmetrical
bandpass filter. In this approach carrier fre
quency is switched between the upper and
lower filter cut-off frequencies. Fig. 2 is a
presentation of the relative positioning of
carrier with reference to the filter.

Switched carrier systems recently achieved
wide acceptance in both receivers and trans
ceivers, The advantages of this system in
clude : 1) better out-of-band attenuation on
both sides of the filter, 2 ) better stab ility

7J MAGAZINE



$149.50

~ GJ- ..~

•

18HT
HY·TQWER
Multi-band

vertical antenna

.J, $

•
The superb

NEW R-530
by GALAXY

o Galaxy R-530 $695.00
o Hy-Tower Model 18HT $149.50

Shipped pre-paid anywhere in "48"

o Check or Money Order attached

p w .Ba-Mv
WAS BSR/m

Phone 2 14-748-536 1

Solid state rece ive r for the most
exacting performance.

$695.00

WRITE OR CALL FOR QUOTES
OR TRADE-IN ALLOWANCES

"The Ham's Heaven"
pre sents

Name _

Address' _
City Call _

Stale Zip' _

Please ship me the followi ng:

CRABTREE'S ELECTRONICS
2608 Ross Ave.. Dallas, Texas 75201

CRABTREE'S
ELECTRONICS
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Fig. 1. Typical matched usb and Ish filters used
in switched filter systems.

by eliminating the filter tracking problem of
matched filters, 3) lower filter procurement
cost, 4) less chass is space required and 5)
oscillator crys ta l switching is operationally
less critical than filter switching.

What to look for
An effective SSB filter must possess several

distinct characteristics:
1) Bandicidth, The bandwidth of a filter

is usually speci fied at -6 db. A typical SSB
filter has a bandwidth of 3 kHz. Recent stud
ies have indicated that a 2.1 kHz bandwidth
is adequate for 100% intelligibility of the
transmitted human vo ice. \Vhen one considers
the adjacent channel or on-channel QRM
on most ham hands, a 1.8 kHz bandwidtb
may find future accep tance.

2 ) Shape factor. Shape factor is usually
specified as the ratio of the 6 db bandwidth
to the 60 db bandwidth. An effective SSB
filter should have a shape factor of 1.5: 1
or less. For example, if a given filter has
a 6 db bandwidth of 2.1 kHz, the 60 db
bandwidth should have a maximum of 3 .15
kHz. This specification is usually referred to
in t erms of the symetrical b andpass filter

A m e rican Ex press · B a nka m e r ic ard - D in ers Club-_.-_.-_.------ -------_.- _. -..------- ------ ._._-- ...
Fig. 2. Typical symmetrical bandpass filter used
in switched carrier systems.
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Fig. 3. Twenty and 75 meter freq uency translation
relationships to 5 .11Hz cjo .

used in the switched carrier technique. See
Fig, 1. Pure SSB filters are most selec tive
on only one skirt. In this case, discrete cutoff
frequencies and their relative attenuations
are usually specified.

3 ) Ultimate attenuation. The amount of
attenuation given to signals appearing out
side the selective skirt of the filter is nor
mally referred to as ultimate attenuation.
Generally -40 db is considered adequate as
a d esign minimum. - 50 db to - 60 db ulti 
mate attenuation is preferred.

Ham filter "Standards" arrive

In 1957, a 9.0 ~IHz symmetrical bandpass
filter for amateur SSB use was introduced
by ~lcCoy E lectronics Company. This filter
was supplied with matching oscillator crys
tals for both upper and lower sideband oper
ation and designated as type SSB·9. It was

designed for a 6 db bandwidth of 2 ,7 kHz
and a shape factor of 1.8: I , 40 db to 6 db.

The frequency of 9.0 Ml l z was chosen for
this fi lter "fi rst" because of the ease in hetro
dyning to 20 to 75 meters with only a single
conversion stages. Fig. 3 is a graph of the
20 to 75 meter frequency translation rela
tionships with a vfo operating in the 4 ~I Hz
range.

Popular demand for a filter of the SSIl-9
type prompted design of a second genera
tion filter series. The "S ilver Sentinel" (Me
Coy type 32111 ) and the "Golden C unrdian'
( type 48B I) evolved from the original SSB-9
designs.

The popnlarity of 9.0 ~lHz SSB filters has
today spread th roughout the world. VHF
operators generally contend that hi gh-fre
quency crystal filters were primarily respon
sible for the growth of SSH on the 50, 144
and 220 ~tHz hands. Manufacturers of ama
teur and commercial radio equipment have
recognized the value of h igh quality crys tal
filters and are today producing amateur
equipment capable of meeting rigorous com
mercial standard s.

More than twenty years have elapsed since
the birth of am ateur SSu. Advances in state
of-the-art continue to tax the imagination .
Amateur radio enthusiasts have p layed a
major role in this progress and should he
proud to have pioneered these advances.

. , , \V3RET

COMMUNICATION

SYSTEMS
SINCE1921

Enjoy World renown TELREX performance,
value and durability! Send for PL68 tech. data
and pricing catalog, describing professionally
engineered communication antenna systems,
l'otator-se lsyn-indicator-systems, "Baluns", I.V.
K its, Towers. "Mono-Pole", "Big-Berthas", ac
cessories, etc. etc.

Communication
Engineeringrex lahoratories

ASBURY PARK. NEW JERS EY 07712, U.S.A.

·'Beamed-Power"ANTENNAS,"BALUNS"
I. V. KITS and ROTATOR SYSTEMS!

Use. is one of the most dependable
testimonials of endorsement. and Telrex

p rod ucts are in use in 139 Lands
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8.998 9 0 9.002

8.999 . 9.001
MEGAHERTZ

2.7 KI-iZ +

4881 $42.95

Golden GuardIan 4881

S hape Factor 6 :20 d b-l.1 B:1, 6 :50 db- 1.53 :1
In/Out Impedance : 600 Ohms Ripple : 1 db
max. Unw anted Side Band Reject ion : over 55
db. Size : 2~" x 11%:1" x 1"

eoa

Pick yours
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"""

eoe
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"'"'" ...
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MCCOY ELECTRONICS COMPANY
A Subsidiary of OAK ELECTRO/NETICS COR~

Mt. Holly Springs. P ennsylvania 17065
T el. 717-486-3411 TWX: 510-650-3548

8.997 8.999 Fe 9.001 9.0 03
8.998 9.0 9 .002

~ "..-..., ".::<G;.,;'"-=' ;.,;".:.Z .J

,

C RYS TAL f iLTER an 2.7 KHZ+

The Ham ofDistinction
uses

MCCoy single side band filters

Shape Factor : 6 :20 db-1.3:1. 6 :50 db- l .B:1
In/Out Impedance : 500 Ohms Ripple : 1 db
max. Unwanted Side Band Reject ion : over 40
db. Size: 1*" x 1%" x 1"

3281 $32.95

Silver Sentinel 3281

NOVEMBER 196B

Both filters contain MCCoy precision crystals and are supplied with two
oscillator crystals. By switching crystals either upper or lower side band
operation is possible. Both are available from stock. (Send check for cost
plus $1 postage east of the Mississippi, $2 west.) Write MCCoy or contact
your distributor. Applications, notes and bibliography available on request.



Troubleshooting
Charles Jones K3PRY
Penna. Electronics Technology Companr
Pittsburgh, Pennsylvania 15235

Solid State Citcuitry
"If something can go wrong, it will!"

This saying hangs on the wall of my shack
and also above my bench at work. To any.
one involved in electronics it is a familiar
happening. Some co nstruct ion projects don't
work at a ll after they are completed ; others
work in a half decent fash ion; or a circuit
decides to lay an egg after months of per
fect operation. It's all part of the game
we've all been through. W inning the game
can be pretty tough thnugh.

In this ar ticle I will try to give you some
"down-to-ea rth hints and techniques to make
the hard game of troubleshooting a little
easier for you to win. I do not think it useful
to exp lore the aspects of debugging vacuum
tube circ uitry since most of us are famil iar
with these procedures. Instead, I will con
centrate on methods of locating difficulties
which arise in solid sta te circuitry.

Voltage Measurements

The output and input impedances of
transistors often are much lower than for vac
uum-tubes, therefore a more sensiti ve volt
meter must be used when you are working
on transistor circuits, to read the lower volt
ages. And a 1000 ohms-per-volt YOM about
useless for transistor work because its cur
rent requirements will upset many transis
tor circuits.

To see how important it is to use a sen
sitive voltmeter when making measurements
in a transistorized circuit, take a look at
the circuit of Fig. 1. Suppose we want to

. IV

."

Fig. 1. See Text.

16

measure the voltage a t the base of the tran
sistor. Our schematic ind icates it should
measure 1.35 volts. If we use a 1000 ohms
per-volt VO~[ at 2.5 volts full scale,
with a sensitivity of the meter resistance is
2500 ohms. \Vhat we are actually doing
when we make a voltage measurement is
putting the meter in shunt with the circuit
being checked . In Fig. 1 we see this will
reduce the base resistance to an eq uivalent
value under 2500 ohms. Right away we can
see that the signal and DC voltages at the
transistor will be very upset.

But if we use 20,000 ohms-per-volt VO~I,

this would he 50,000 ohms on the 2.5 volt
ra nge. This is a litt le better since the more
sensitive VOl\t does not load th e circuit as
much . An ll-megohm would be best since
it would have practically no effect on the
circuit being tested.

\Vhen makin g voltage measurements in a
solid sta te ci rcuit, keep in mind that low
meter ranges are required for low voltages.
as an example consider a vacuum-tube cir
cuit in which the plate voltage is supposed
to be 300 volts. If for any reason there is
a 10 percent decrease in plate voltage, we
fin d 270 volts, a very visible change on a 350
Volt full scale range.

Now let us assume a transistor co llector
circuit in which we are looking for a poten
tial of 6 volts. If this has dropped 100: we
would find 5.4 volts. The percentage dif
ference in both cases is the same and for
the vacuum-tube circuit it would be very
easv to detect a 30 volt d ifference. But a
differeuce of 0.6 volt would be difficult to
recognize , when working with low voltages
on a high range scale. It is always good
practice to choose a range where the meter
needle will swing above the mid-scale point.
This will help to make slight deviations in
voltages more apparent.
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Fig. 2. Three common types of transistor amplifier
circuits.

R2
b It =~:..:.:~~ x's collectorase vo age - RI + R2

voltage

should he checked before the resistor is re
placed.

Applying voltage of incorrect polarity to
the circuit may also burn out the emitter
resistor. If the circuit docs not operate
properly after you have co rrected the sup
ply polarity you should check each stage
for an open emitter resistor after checking
the transistor.

\ Vhen measuring the collector-to-emitter
voltage, be sure to lise the correct meter
polarity, depending on the type of transis
tor under test. The voltage you find should
be around 50 percent of the collec tor sup
ply voltage, or higher.

Because the base-emitter voltage IS us
uallv a few tenths of a volt, few circuit
def~cts will cause the base voltage to be
far from normal when measured with re
spect to the ground . Unless the base of the
transistor is d isconnected from its voltage
divider network. or the network itself is
defective, the base voltage can not change
by a very large amo unt. Small variations
in base voltage norm ally don't cause the ci r
cuit to become completely inoperative, un
less the base-to-emitter current is abnormal.

Real Circuits

The three most common types of tran
sistor amplifier circuits are illustrated in
Fig. 2. For each circuit, it is easy to esti
mate the emitter, base and collector volt
ages to be expected if the transistor and
other components arc good.

If a high-beta transistor is used in the
Re -coupled stage of Fig. 2A, the base cur
rent may be neglected in comparison with
the b leeder curren t in the bias network con
sisting of resistors R I and R2. The voltage
at the base of the transistor can be cal
cula ted by solving the following equation :

In the normal low-level amplifier stage with
a quiescent collector current of approximate
lv I rnA, the base-emitter voltage is of the
•

order of 200 millivolts in a germanium tran-
sistor, or 700 in V in a silicon transistor.
The emitter voltage can be estimated by sub
tracting this voltage drop from the base
voltage.
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Voltage checking of transistor amplifiers
is generally rather simple because they us
ually include an emitter resistor as part
of the temperature stabilization network.
By making voltage measurements across the
emitter resistor we can quickly determine
if the associated transistor and its circuit
are function ing norma lly.

\ Vhen checking the emitter resistor of an
NPN transistor, we connect the positive lead
of the voltmeter to the emitter lead and
the negative lead to the common ground
return point. For a PN P transistor the test
leads must be reversed. Be ca reful in mak
ing voltage measurements across emit ter
resistors; it's easy to get fooled. You may
be on the wrong range of your voltmeter. For
example, if there is a defect in some com
ponent causing the voltage across the emitter
resistor to he extremely low (0.2 volt or
so), and you are on the ten volt scale of
your voltmeter, it would be very easy to
conclude that the emitter resistor voltage
JS zero.

The amount of voltage that you measure
across the emitter resisto r is a good indica
tion of the trouble p resent in the ci rcuit .
For example, if you measure a potentia l
of zero volts across the emitter res istor. it
is likely the emitter resistor is open or dis
connected. But take a good look to be sure
the resistor is in good cond ition, and check
the soldered joint.

Emitter resistors will seldom fa il simply
because they are tired. Usually some cir
cuit malfunction causes them to overheat
and open. A transistor collector- to-emitter
short is one possible cause of a burned out
emitter resis tor. If you do find an open
emitter resistor, or one which is greatly
changed in value the associated transistor

NOVEMBER 1968
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Fig. 3. Checking semiconductor diodes.

And transistors ami di odes should be checked
when they are suspected as a cause of equip
ment failure.

Semiconductor diodes are easy to check
with an ohmmeter. Diodes should measure
25 to 500 ohms forward and about 250k
ohms or more in the reverse direction
(F ig, 3). If the d iode is tested in the c ir
cuit the forward resistance should be about
the same. But in most circuits diodes 'will
onlv measure around 5k ohms in the re
verse direction, due to added parallel cir
cuit resistances. If you suspect that the diode
is defective make a fi na l check on the reverse
resistance with one end of the diode dis
connected fro m thc circuit.

You can also make rough checks on tran
sistors with vour ohmmeter. If the transistors
are not in ~'lockets or cannot be easily re
moved from the circuit you do not have
to di sconnect them.

A transistor is basically a pair of diodes
placed back-to-hack. \Ve can take advantage
of this fact for testing, simply b y measuring
the forward and reverse resistances of the
transistor electrodes.

The first step is an ohmmeter test with
the collector-base electrodes reverse biased.
T his is easilv done whether the transistor
is an PN P or ' NP:\ type. Try both directions
across the co llector and base to find which
gives the highest resistance reading. When
vou have located it, hold the meter leads
to the collector and base terminals in place.

Next, observe the resistance reading and
then short the emitter to the base; the re
sistance reading should not change. Remove
the ohmmeter lead from the base electrode
and connect it to the emitter lead. Now
short the emitter to the base; the resistance
read ing should increase.

If a' transistor does not respond as de
scribed, it probably is defective. H owever,
weak units, or those which have leakage
behveen elements, migh t test satisfactorily.
These basic tests only indicate when a
transistor is completely inoperative.

The emitter current is equal to the emit
ter voltage di vided b y the value of the
emitter resistor, and the collector current
will he about the same. The same analysis
applies to the circuits of Fig. 2B~C.

Current Measurements

Direct current measurements sometimes
provide useful clues to the operation of a
ci rcuit than voltage measurements. To make
current tests, however, the circuit must he
broken to insert the mill iammeter. For this
rcason current measurements are often used,
only as a last resort.

\Ve can measure the emitter Current by
connect ing de milliammeter in series be
tween the emitter resistor and the emitter
electrode. To do this, remove the transistor
from its socket, disconnect the emitter re
sistor from the emitter electrode and insert
the milliammeter leads. If the transistor is
soldered in to the circuit, simply d isconnect
thc emitter resistor from its ground return
and connect the milliammeter from the
ground return to the opcn end of the re
sistor. You can also calcula te the emit ter
current by measuring the emitter voltage
and the resistor value.

Finding Open Circuits

When the emitter circuit of a transistor
is open the collector current circuit is broken.
The Roating emitter lead wiII assume the
same voltage as the base terminal, if the
BC diode is not shorted. The-emitter-base b ias
voltage will be zero volts, and the base vol t
age to ground will be fa irly normal.

If the base circuit of a germanium tran
sistor opens, the transistor may go into
thermal runaway. A silicon transistor will
simply stop conducting under normal COIl

dit ions, but may also go into the thermal
runaway if operating temperatures are high.

When the collector circuit opens, the col
lector and emitter electrodes will assume
the same potential , provided with normal base
bias, the transistor has gone into saturation .
Another condition wh ich will cause the emit
ter and collector elec trodes to have the same
voltages is a shorted transistor. This is more
likely to happen with power transistors.

Various Tests and Measurements

Always test a trans istor or diode before
inserting it in a circuit. It may be defective.

.,. ,
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Conclusion

Troubleshooting solid state circuitry is
sometimes very different from troubleshoot
ing vacuum-tube circuitry. A few points
are ou tlined in ou r discussion where the
testing ca lls for specia l p recautions or tech
niques, and some other debugging proce
dures are much the same. Locating solid state
circuit problems should not present much
d ifficulty to the radio amateur who is fa
miliar with basic troubleshooting procedures
and solid sta te theory,
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COLLINS
75A3 3. 1 KC Filter
75A4 (early model )
Coll in s 75A4 (Late Se r. #)
75S3 (Like New)
75S· 1
Coll in's 7553 Ser, # 14703
DRAKE
2B 0 Multiplier
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NATIONAL
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NCL·2000
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5W I20 Icvr 20 meters 119.00
400 XCVR 339.00
ALL CASH ORDERS SHIPPED FREE IN THE 48 STATES
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A Real "Big Switch"
When you hear a ham make a comment

about pulling the "big switch" in most cases
he means he wiII spend the following several
minutes turning off an assortment of re
ceivers, transmitters, scopes, calibrators etc.
Some few of us actually cut the main break
er. but that too has disadvantages, there
being: some items which should remain on
24 hours a day, ( includ ing some rigs )

There are several ways of approaching
this problem , the simpliest being two "con
venience outlets" mounted on the main rig
power supply. One is attached directly to
the incoming power line. T his circuit is used
for clocks and other items which are left
on all the time, The second outlet is wi red
across the primary of the power transformer
so that it is energized with the rig. This
setup should only be used for devices draw
ing small amounts of current lest the fuse
or switch give up under the extra h urden,
For higher power, install the ou tlets as de
scribed, but in an external box install a
heavy duty 117vac relay and as many out
lets as required by the eq uipment to be
controlled. T he power for the relay coil only
is derived from the rig, a separate heavy
duty line cord being connected ill series with
the normally open relay contact s and the
outlets.

\ Ve now have a method of turning off
power to the station by means of a single
switch- the one already on the rig. You can
comment about pulling the "big switch" and
he oversta ting the facts only very sligh tly.
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Integrated Circuit

Frequency Counter
Wes Votipka WB61BS
Consumer Applications
Fairchild Semiconductor
313 Fairchild Drive
Mountain View, Ca. 94041

1. Count frequency to at least 10 MHz.
2. Have reasonable accuracy. .001 per

cent or better.
3. Use low cost and readily available in

tegrated circuits .
4. Line operated regulated p ower sup

ply with options for use with auto
battery.

5. Should have a five-digit readout with
panel lights because Nixie tubes are

UtI ~ NO\li N

TO BE INPuT GATEMEASURED PULSE COUIiT
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DISPLI."
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STANO/l.RD POWER
TIME BASE SUPPLY

Fig. L Block diagram of typical frequency counter.

too expensive and require additional
integrated circuits for decoding for
a decimal readout.

6. Variable readout display time.
7. Period count for additional flexibility.
8. Self check feature.
9. P. C. Board for repeatability and

trouble free wiring.
10. A general description of the circuit

complete enough for the interested
person to get an understanding of the
logic operation and design to assist
him in modifying the counter to use
whatever integrated circuits he might
have available.

The integrated circuit frequency counter
to be described meets all of the above re
quirements and exceeds the minimum fre
quency specifica tions in that it has a direct
readout to 20 M Hz. The total cost of new.
off-the-shelf, integrated circuits is approx
imately $120.

First , it's best to examine the basic parts
of a counter to see how they work, and then
connect them to make them count. The basic
unit (counter module ) must contain some
means of sensing a change at its input. The
module should be able to store or hold this
information so that it can displayed on a
readout device. The unit chosen for this
function is a flip-flop, a device that h as only
two output states. a "one" and a "zero."
Fig. 2 is the schematic of a pL 923 jK Flip
Flop .

Fig. 3 is the logic symbol of the device

•
,

'.'.

A simplified frequency counter that can be
used in checking the drift of a variable fre
quency oscillator can be easily built at a
minimum of cost thanks to the large avail
ability of low-cost integrated circuits.

The simplicity of design using the inte
grated circuit binary system uses no trans
formers with their associated turns ratio and
impedance ratio to worry about or wind ;
there is no filament to run, shield and by
pass at each end ; and there are no ground
loops that always seemed to h e included in
equipment built in the past .

The basic block diagram for the digital
frequency counter is shown in Fig. L A
standard frequency is needed as a reference;
a pulse shaping network for the input sig
nal ; a counting and display system; a power
supp ly and a control (p rogram generator ) to
sequence everything properly.
T he final design must meet these require
ments:

20 73 MAGAZINE



lamps to arrive at the correct count. \ Vhile
this hinary system works well, most people
have been taught to think in the decimal or
base 10 system, therefore a coun ter is needed
to display the number 9 count then on the
next input for all the lights to go out. This
ca n be don e as in Fig. 7A.

In order to accomplish this 4 flip-flops
and a ~L 914 are used (F ig. 7B ) with dual
two gat e input connected to form a decade
(or divide by 10) counter.
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Fig. 2. Th e schematic 01 a uL 932 l K Flip-Flop. FUNCTIONS

H H Xn

H L H

L H L
L L xn

H = HIGH

L ~ LOW

X IS THE OUTPUT STATE AT TIME n
A HIGH ON PIN 6 WILL PRESET OUTPUT PIN 7 LOW

Fig. 4. Truth table.

Truth Table
Lamp Number

D ecimal Input # 1 #2 #3 # 4
0 0 0 0 0 0
1 1 • 0 0 0
2 0 0 • 0 0
3 1 • • 0 0
4 0 0 0 • 0- 1 • 0 • 0o
6 0 0 • • 0
7 1 • • • 0
8 0 0 0 0 •
9 1 • 0 0 •

with the truth tab le for the ~L 923 outlined
in Fig. 4. A lamp is used in series with a
transistor connected to ground as a lamp
d river and when connected produces the
counter module shown in Fig. 5.

\Vhen connected in this manner, the tran
sistor would draw excessive base current ,
so 470-ohms resistor is added in series with
the base to limit the base current to a safe
value. The lamp will now light every other
time the input switch (SI, in Fig. 5), is
closed. \Vhen five of these are connected to
gether (as shown in Fig. 6) there will now
be a counter that can count, hold and dis
play up to a total count of 3 1. On the next
input all lamps go out and the count starts
over.

This idea can he carried on as far as one
cares . That is twelve of the basic modules
connected as such would give a total count
of 4 ,095. In the above example the indi
vidual must decode the lamps that are lit.
Assume all lamps are out, on the fi rst pulse
lamp No·. 1 lights, on the second pulse it
goes out and lamp No.2 lights, on the thi rd
pulse both 1 and 2 are lit and so on. The
secret is to add the value of the lighted

SET
111

CLEAR
131
t =n

OUTPUT
(7)

t= n +1

3 10

S 1

---q T
C 0

3 10
4

Fig. 3. The logic symbol 01 the uL 923.

The above truth table is the p roof of this
connection. By connecting five of these de
cades together one has the ability to count
to 99,999.

The maximum speed of the ~L 923 is
2 :\IHz, and a ~L 926 has a maximum
speed of 20 MHz, with one decade using
~L 9265 and four decades using ~L 923's
ability to count to the maximum rate of the
~L 926 is reached-in other words a 20 MHz
counter.

F or a reference a stable time base is re
qui red. A good cho ice is a 100 kHz crystal.
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Fig. 7A. See text

To describe its operation, assume the man
ual reset button is pushed, all ligh ts in the
counter go out indicat ing no count is started
and it is ready to count. The first positive
going pulse ( from the time base generator)
on pin 2 of gate C 1 drives its output p in 7
in a negative direction toward ground. This
negative pulse causes Hip-Hop 1 to change
state from a high at p in 5 to a low at pin 5,
the low on pin 5 allows the input gate in
the pulse shaper to pass the pulses to be
counted to the counter. At the end of the
first pulse G l , pin 2 is no longer held at a
high level (approximately + 3 V) and re
turns to ground allowing pin 7 to go high .
As the "L 923 Hip-Hops do not toggle on a
positive going pulse, flip-flop 1 does not
change state and the pulse shaper ga te is
enabled (held open) to allow pulses to pass.
\Vhen the second pulse from the time base

generator arrives at the input to Cl , it again
drives C l pin 7 low which causes Hip-flop 1
to change state . \Vhen this happens flip-flop
1, p in 5, is high therefore the pulse shaper
gate is blocked and no more pulses are al
lowed into the counter. At the same time pin
5 goes, p in 7 is driven negative. These ac
tions cause fl ip-flop 2 to change state with
fl ip -flop 2, pin 7 going fro m low to high.
The high on pin 7 is applied to p in 2 of C 1
which inhibits or blocks its input, therefore
the count is now displayed un til a reset pulse
is initiated . C2 and C3 are connected as a
one-shot to control the gate lamp and Dl ,
the gate lamp d river. This lamp is lit when
the pulse shaper gate is enabled (opened )
to let pulses into the counter. The lamp stays
lit for approximately 200 milliseconds. The
flashing gate lamp is an indication that the
counter is either ready or is counting de
pending on the p resence of a signal at the
input to the pulse shaper.

Gate C4 and driver D2 are also connected
as a one shot to automatically reset the total

~L923

E6002

vee1"3.6V

('
~

UL923

," S
. ,
"

L

s.P. D,T.
NO

+3,6V 410 11

,
;:">-1-1'
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Fig. 8 shows the 100 kHz crystal oscillator
used.

The «L 914 is connected as a multivibrator
with the crystal connectel in one of the feed
back paths. The output of the crystal oscil
lator has to be reduced to lower frequencies
to be useful. The p.L 958 decade divider is
used here in the interest of space. The «L
923 decade divider of Fig. 7 could be used
as well if space is not a prime consideration.
The logic diagram of the ,uL 958 is shown in
Fig. 9.

Five of these decade dividers are required
in this system in addition to three «L 923
fl ip-flops to give the required timing pulses.

The next circuit to be considered is the
input-pulse shaper and gate. T he pulse
shaper is required to convert the input wave
form to a square wave with rise and fall time
faster than 200 milliseconds. The Schmid t
trigger meets this requirement. The input to
the Schmidt trigger is rather high ( 1.7 V )
so it must be preceded by an amplifier. The
complete input circuit is shown in Fig. 10.

The 5K pot serves as the input sensitivity
control. The diodes D 1 D2, and D3 are re-. ,
quired as level shifting devices and can be
any silicon devices such as the F D 100 .

T he program generator is the most com
plicated part of the counter circuitry. Fig. 11
is a diagram of this unit .

Fig. 6. Five counter modules connected together
can count, hold and display a total count of 31.

vee

Fig. 5. A lamp used in series with a transistor con
nected to ground as a lamp driver produ ces the
counter module shown .
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Fig. 7B. See text.
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After becoming familiar with the wiring and
opera tion of Fig. 6, change the layout to the
wiring of Fig. 7 to check the proof of the
truth table. This table is an informative dis
play and is the key to the readout of this
frequency counter.

Several of the basic counter modules may
be joined by connecting pin 1, the carry
output, of the first module to pin 2, the
count input, of the second unit . These con
nections should be repeated as add itional
modules are added to the existing ones. By
jumping pin 6 of all of the ~L 923s together
and add ing a spring-loaded normally opened
switch in series with this line to the + 3 .6 V
line, all units may be set to "0" by momen
tarily p ressin g the switch to turn off all the
lamps.

The next thing to build is the 100 kHz
crystal oscillator shown in Fig. 9. The oper
ation of the oscillator depends on the toler
ance of the .002 «F capaci tor and this value
may need to be adjusted slightly to insure
crys tal control of the oscillator . W ith the
crystal out of the circuit the output at pin 7

The average toggle or push button switch
is too noisy for this app lication so one should
not try to use one to control the basic
counter module. The one shot portion of the
gate lamp circuitry of Fig. 11 is shown in
Fig. 12 and should be used in place of the
switch to drive the basic cou nter module.

The standard codi ng used on the ~L 900,
~L 914 and ~L 923 is tha t pin 4 is ground
and pin 8 goes to + 3.6 V. On the ~L 926
pin 5 is ground and pin 10 goes to + 3 .6 V.

Another point to remember is that all un
used input pins must be grounded for noise
immunity. As a point to remember it should
be noted that all p in numbering is done
from the top. Remember when working from
the bottom of the board they are still num
bered like the tubes we are familiar with .

Fig. 9. The logic diagram of the uL 958 decade
divider.

V OUT

+3.6V

91.

XTAL ~80 3 6

27 k ,v r-/I; uL2- 8

24
10k

.002 =[=
2

"...L

4

Fig. 8. The 100 kHz crystal oscillator.

frequency counter d epending on the posi
tion of the d isplay time switch . In this design
the display time is one, two and four sec
onds. The actual display time is the time
selected by the displ ay time switch less a two
pulse time selected by the time base switch .
As an example assume the time base switch
is set on IKe (1 mill isecond ) and the dis
p lay time is 1 second . The count will be for
one millisecond and the display for 999 milli
seconds . This is very close to the time
selected by the display time switch, but if
the count is for one second as would be
used to count very low audio frequencies
then the d isplay time switch should be set
for either two or four second display for a
reading because in the one second display
time position the counter will cou nt for one
second and then immediately reset at the end
of one second period, resulting in a con
tinuous count and no display time for read
ou t.

Persons interested in building the com
plete counter or only part of the circuit
should start with the basic counter module
of Fig. 6, which can be expanded to as many
flip-flops and lamps as needed for other ap
plications.

NOVEMBER 1968 23

17



B.6V

Fig. 10. The complete input
circuit to the Sc hmidt trigger.
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Fig. 11. Diagram of the pro
gram generator.
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should be a square wave with a free running
frequency of about 150 kHz. This can be
checked on the station receiver. The next
step is to put the crys tal back in the circuit
and adjust the trimmer to aero beat with
W.\V.V. whe n slightly coupled to the an
tenna. A «L 914 should be used as a huffer
amplifier to prevent loading of the oscillator
as shown in Fig. 13.

There are several alternatives to consider
in p lace of the }J.L 958 decade dividers if
one is not limited by space requirements.
One alternative would be to use the basic
counter module of Fig. 7A. Another would
be to use the minimum hardware type dec
ade divider shown in F ig. 14.

A digital type divider should be used in
the time base section as there has not been
as yet developed a reliable, low-component
count, regenerative or step type divider that
can compare with the d igital type for tem
perature, component tolerance and frequency
stabili ty.

Fig. 15 is the schematic of the complete
integrated circuit frequency counter.

The function swi tch 51 selects the mode
of measurement. In position 1 check the out-

put from QI0, the first decade divider, a
3 V P-P pulse is applied to a resistive volt
age divider and coupled th rough a .01 IJ-F
capacitor to the input of the pulse shaper.
The level is set at approximately 53 milli
volts to allow a setting of the sensitivity
control to the most sensitive position for
future measurements.

Position 2 "FRE Q" is used for most fre
quency measurements. Some ad justment of
the sensitivity control may be needed to
handle very small or very large signals. Some
consideration should be given the de level
applied to the input jack. The 1 . F, 50v in
put capacitor should be changed in the
event the uni t is used exclusively with tube
type circuits. However an external de block-

r----- -
I H6V

.~~!~~~~ti' t,,~~ TO NEXT UNITi it:31ttl' ';ru~ ~~SET SPOT

~L914
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Important E &E Books

EDITORS and ENGINEERS

Order from your electronic parts
distributor or send coupon below.

t\\\,,-~~
\lWI'I\~u~'Q~

~\l:>.\,j~

The VHF Amateur
by RobertM. Brown,K2ZSQ/
W9HBF. A completely up
dated handbook packed with
data on vital vhf subjects
not available elsewhere . The
author formerly published
the famous VHF Magazine

_ whose back issues a re much
;;;;. in demand. This new hand-

book incorporates the finest
vhf material u pdated from t he former publication.
160 pages. Order EE-65060, on ly $4.50

Amateur Radio Incentive Licensing
Study Guide

by Robert M. Brown , K 2ZSQ/
W 9HBF, and Tom Kn eitel,
K2AES. Fully explains the
new incentive licensing which
affects both n ewcomers and
old-timers . Covers all the new
FCC Regulations a n d band

==" allocations. Includes multiple
choice questions a nd answers

for the new Advanced-Class, and modified require
m ents for the Extra-Class exa ms. Also includes
sample exams for Novice, T echnician, Conditional,
and G eneral-Class licensing. 160 pages.
Order EE-050, only $2.75

Commercial Radiotelephone License
Q & AStudy Guide

by Woodrow Sm ith and Robert Welborn. An invalu
a ble aid in preparing for the exa ms for the various
grades of radiotelephone license or permit. Ques
tions cover the first four elements of the radiotele
phone license exam . Answers are comprehensive
a nd detailed. 272 pages. Order EE-031, only . $6.95

Single Sideband: Theory and Practice
by Harry D. H ooton, W6TYH. The one-source
r eference guide t o ssb . Covers the origin and prin
ciples of ssb, derivation of ssb signals, ca rrier sup
pression t echniques, sb selection , ssb eq uipmen t,
t ests a nd measurements. Order £E-350, only $6.95

17TH EDITION OF THE FAMOUS

Radio Handbook
T ens how to design, build,
and operate the latest types
ofa m a t eu r transmitters, re
ceivers, transceivers, a nd
a m pli fiers . Provides ex t en 
sive, simplified theory on
practically every phase of
radio. Broadest coverage; a ll or igina l data, up-to
date, complete. 848 pg. Order £E-167, only $12.95

I~
I P.O. Box 68003, New Augusta, Ind., Dept. 73E-118 1
I Shi p me the following books: I
I 0 No. EE-65060 0 No. EE·031 0 EE·350 I
I 0 No. EE·050 0 No. EE-167 I
J Name I
I II Address I
I City State ZIp IL ~
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Fig. 13. A uL 914 used as a buffer amplifier to
prevent overload of the oscillator.

ing capacitor ma y be used, and should al-
ways be used when in doubt.

Position 3 "PE RIOD" is the most versa tile
one . In this mode the input to the pulse
shaper and the program generator portions
are reversed. A pulse applied to the input
jack opens the gate Q IB allowing the pulses,
selected by the time base switch 52, into
the count register. These pulses are accumu-
lated In the register until the next pulse
arr ives at the input jack which inhibits ( tu rns
off) the gate Q lB. The accumulated count
is now displayed for readout.
The reciprocal of the readout is the period of
time between the input pulses.

TIME 1
seconds Readout

As an example a readout of

1000 =
1

1 milliscc.--
1000

200
1

= 5 millisec.-- 200

25
1

40 millisec.- --
25

-

RESET LINE

+3.6V
GND IF NOT USED .

..1." ,
COUNT ... , , 'r,. , CARRY. I

? ~l923 's

Fig. 14. The block diagram of the standard time
base generator.
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Fig. 15. The schematic of the complete integrated circuit frequency counter.

One use of the PERIOD position is to
measure frequency or occurrances too slow
to count reliably. The doppler frequency of
Oscar as it passed overhead may be meas
ured in this manner. Other uses could be
as a d igital readout automobile tachometer,
timing clock at the drag strip and a chrono
graph to measure the speed of a bullet.

A voltage-to-frequency converter now in
the prototype stage looks promising. With a
conversion factor of 100 Hz volt the unit
becomes a digital voltmeter with possible
uses as a digital volt, ohm, milliamp meter
and a digital thermometer by the addition
of a thermistor.

Another idea in the prototype stage IS a
high frequency divider or scaler that will
allow a direct readout to 100 MHz.

While all of the possible uses of the basic
integrated circuit frequency counter have
not been covered it's easy to see how a
person can get involved in something like
this where its uses are limited only by one's
imagination.

The power supply schematic is shown in
F ig. 16. The connections of the secondary
may appear strange, but connected in this
manner it provides the required outputs,
where a conventional connection for these
outputs require a dual winding on the sec
ondary. Diodes Dl , D4 and C2 form a ca
pacitor input bridge circuit with C2 charg
ing to the peak value of the secondary
voltage, approximately 6.5 volts underload.
Diode 0 5 and CI form a half-wave capac
itor input supply with approximately 12.5
volt output underload. RI, 06 and QI fonns
a series regulator for the 10-volt line to the
lamps. C3 is needed to suppress the noises
generated as the lamps are switched off and
on. Q2, Q3 and 07 form a series regulator
for the 3-6-volt line. R2 is connected be
tween D6 and D7 with D6 as a constant
voltage point. R2 acts as a constant current
source for 07. The output of the 3.6-volt
line has excellent regulation. C4 is needed
for additional noise suppression.

For operation from an auto battery the
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Radio Amateur
Emblems engraved
with your call letters.

R3.• 300 lJ 1W RES.
D3: 6.8V ZENER {lN754j
Q4' 2N41l5

+12V-~--~--o A

05
A

F Tl + Rl
ell
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Fig. 16. Schem atic of the
power supply. See text fOT ex- +

C2

1planation 0/ the unusual con- 01-04
nections of th e secondary. --

Cl,C2 =2500,25V
C3,C4 ; 500 MFD 25V
01 -05 = 2A,50V (SARKS TARZAN F6)

•
06 ;, IOV 4QOmW ZENER (l N758A)
D7 =5.1 V, 400mW ZENER (l N751A)
Rl =68n 2W RES.
R2 =300 0 1W RES.
01,02= 2N4115
03 '" 2N3568
F = , AMP
T 1 '" 115V PRI 12.6V,2.5A TRIAD F26X

power supp ly is broken at points A and n r-...,-----------------
and the auto battery adapter is connected
to these p oints.

The photos show the mechanical layout
used in the model. The enclosure, the front
pan el and sub chassis is formed of copper
clad board. The sub chassis is soldered to
the front p an el after the holes are drilled
for the switches and lamps. All components
of the p ower supp ly are mounted on the
aluminum channel, which is b olted to the
front panel and the enclosure b ottom, re
sulting in a very light but r igid assemb ly.

$5.00 Ea.
call letters

o Gold

D Rhodium

All illustrations
ore octuol size,

I
I
I
I
I
I
I
1----'---------
I Two or more emblems at Ill inois residents add 5'% tax. I
I the same time $4.00 each. I
I II Amt. enclosed $ I

I Name I
I I
I Address I

: City & state ZiP:

I Rush Order To: RADIO AMATEUR CALLBOOK, Inc. I

L__~~~F~~~~n_~~.:.~~a.:o~~:O~.:~6~~J

Fig. 17. Auto battery adaptor.

The dimensions of the enclosure are 4" h igh ,
9 " wide and 9" long, with a net weight of
5 p ounds. \Vhile there may b e manufactured
frequency counters on the market with
better ap pearance, better readout sys tems,
higher count ab ility and oven controlled crys
tals, their cost puts them out of reach of
the serious experimenter. This unit shows
what can be done, without a large engineer
ing effort, to utilize readily available I'Cs in
a project of this magnitude.

A complete set of etched and drilled
boards are available from the author for
$22.50 plus 50 cents postage in the u.s.

... WB6IBS
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"CV" Trans ormers
IT' illiam A . Collyer If' A9CQi\'
Applications Engineer
Sola Electric Division
Sola Basic Industries

or Ham Applications

Over the veers many of us have en
countered problems ca used by power line
voltage fluctuat ions, and most of us have
simply assumed that line variations are some
thing with which we have to live.

In nearly all priva te homes today arc
literally scores of elect rical appliances which
are used intermittently, thus causing load
varia tions. These electrical loads include fur
naces, wash ing machines, dryers, air con
d itioners, not to mention XYLs' irons, toast
ers, vacuum cleaners, refrigerators and hair
dryers . When these items arc considered in
their normal on/off circuit enivironment,
it is small wonder we amateurs notice ham
shack lamps flickering from time to time.

If a recording voltmeter were installed
for 24 hours in the nc line feeding the sta
Han, most hams would be amazed at the
voltage ch anges. They would consist of
spikes, dips, surges and high-low variations,
well removed from the nominal voltage for
which amateur equipment was designed.
If the QT H is an older building, an apart
ment, industrial area or farm, this condi
tion usually becomes even more pronounced.

Although most amateur electronic eq uip
ment has some built-in regulation for vfo's
and various oscillators, line variations still
exist which can have a serious effect on
filament emission an d plate voltages. High
voltage (above the nom inal) shortens tube
and equipment life by overs tressing com
ponents. Low voltage results in less than
peak performance while transients can
cause disrupt ive action and possible fre
quency shift.

Amateurs can correct these variation
problems-without requiring that they own
their own utility to accomplish it-by ex
amining the various types of line regulators
now available . These include electronic in-,

28

Author W A9CQN mounting Sola Electric 500 va
COT/ strIllt voltage transformer on wall near outlet
box supplying ac power to radio room.

duction, electro-mechanical, electronic me
chanical and static-magnetic. The static
magnetic constant voltage transformer is
one of the best means of voltage regula
tion. It provides close regulation without the
need of complicated circuit components. Ad
ditional advantages are as follows:

1. Maintain -+- one percent regulation
with transient or continuous primary
variations as great as -+- 15 percent.

2. Self protection is provided against
short circuits in the load.

3. Both physical and electrical isolation
is provided between input and output
circuits. No manual adjustments are re
quired b ecause there are no moving
parts; complete ly automatic continuous
regulation is provided.

4. Response time is usually less than 25
milliseconds at 60 Hz plus preventing
irratic VOX or relay operation.

5 . Has inherent built-In characteristics of
current limiting to protect the load.

6. Comes in a variety of step-up or step-
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NOT FOR THE NOVICE

THE FT DX 400 ((FULL HOUSE "
Conservatively rated at 500 watts PEP on all bands
80 through 10 the FT dx 400 combines high
power with the hottest receiving section of any
transceiver available today. In a few short months
the Yaesu FT dx 400 has become the pace setter
in the amateur field.

FEATURES: Built-in power supply· Built-in VOX
• Built-in dual calibrators (25 and 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 arne
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 rnetertng . The FT dx 400
utilizes 18 tubes and 42 silicon semi-conductors in

hybrid circuits designed to optimize the natural
advantages of both tubes and transistors· Plane
tary gear tuning dial cover 500 KHz in 1 KHz
increments • Glass-epoxy circuit boards • Final
amplifier uses the popular 6KD6 tubes.

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,
SIN 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.

0 1.. I
0 ,
oSELECT CONTROL- Offers option of

internal or outboard VFO and crystal
positions tor convenient preset channel
operation.

FUNCTION CONTROL-Selects crystal FT ox 400 $599.95 - SP-400 $14.95
calibration marker frequency and de-
sired transmit mode of operation.

CLARIFIER CONTROL - Does the work
of an external VFO - allows operator
to vary receive frequency 10KHZ from
transmit frequency, or may be used as
an extra VFO combining transmit and
receive functions.

ClAR ifiER

I " ~+1

:@'TX,R.. 0 ·3
u · .•.,

SELECT
CH-l CH·2

n. IX'@CH.J
!H r ,. 0 .CII"

fUNCTION

Cl1251<C . ST~' ...ex

CIo.l. 1 OO"" '~J~T Tcn , 0 .!IOX

~==)e~~SSPPEE~C;:T;R0 N ICS BOX 356, LOS ALAMITOS, CALIFORNIA 90720

- PROFESSIONAL EQUIPMENT FOR THE AMATEUR -



down designs ranging from 15 va to
10 kva.

How transformer works

A constant-voltage transformer has a
magnetic core structure different from con
ventional transformers. It has a magnetic
shunt with a fixed air gap interposed be
tween the primary and secondary windings .
The secondary winding is shunted by a
fixed nc capacitor. Upon application of pri
mary voltage, the secondary voltage increases
to the point at which that portion of the
magnetic core directly under the secondary
winding approaches saturation due to the
capacitative load connected across the sec
ondary winding.

As the core approaches saturation, it can
not carrv much additional magnetic flux.
The increase in secondary voltage is less
than any proportional increase in p rimary
voltage. Thus, a condition of relative sta
hi lity of secondary voltage is reached. Over
the range of specified primary voltage, the
core under the secondary changes very little
for this range of primary voltage. Due to the
magnetic shunt between the primary and
secondary windings, that part of the core
under the primary is not saturated.

To equalize the small effect of increas
ing primary voltage on the secondary, a com
pensating coil is wound over the
primary coil and is connected in series
with the secondary load circuit-hut
out of phase with the secondary. Result is
that as primary voltage increases beyond
the design voltage, the voltage in the com
pensating coil also increases. Since it is out
of phase with the secondary voltage, how
ever, it subtracts (from the secondary volt
age) an amount equal to the slight increase
induced in the secondary winding by the
increase of primary voltage. Likewise, when
the primary voltage decreases, the compen
sating coil voltage decreases in proportion
to the primary voltage, and sub tracts from
the secondary voltage. The design is such
that the vector sum of the compensating
coil voltage and the secondary voltage is
practically constant throughout the design
range of input voltage.

Using the CV

\Vhen the constant voltage transformer
is overloaded in excess of its rated load,
a point is reached where the output volt-

30

Here Bill is removing Sola CV transjormer to
facilitate connection of adapter (seen with cabling
attached in jront of CV) fo r use with standard
uc line plugs. Use oj adapter precludes necessity
[or permanent installation, cable hookups, etc.

•
age drops to approximately zero. Due to
the magnetic sh unt in the transform er, its
output current is limited. W ith excessive
load current, the effect of the nc capacitor
is lost ; secondary flux opposes primary flux
to de-magnetize the secondary core leg, and
the output voltage collapses, limiting short
circuit current to approximately 150 per
cent of fuJI load.

From th is it begins to become clear why
the addition of a constant voltage transform
er is such an asset to the ham shack. The
same transformer can be used addi tionally
to supply constant voltage to the workshop
thus insuring that the readings and indica
tions obtained from test equipment remain
constant.

Most electronic supply houses carry a
fairly complete line of constant voltage
t ransformers. In case of a special require
men t they can also order to individual, .
specifications.

Since most CV transformers are rated for
resistive loads (unity power factor), care must
be taken in selection of proper rating. Charts
are availab le to show how much to derate
the transformer if power factor is less than
unitv. Normal constant voltage transformers
also' have some harm onic content in the out
put. If the equipment in question requires
a wave shape dose to a sinosoidal, a har
monic-neutralized constant voltage trans
former should he specified.

Stab ilize that station voltage, cut main
tenance costs and increase your equipment's
component Iife.-today! . .. \VA9CQN
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TELEGRAPH
KEY STAPLER

• ••••

Handsome reproduction of antique telegraph key
This Morse Code Telegraph Key cleverly functions as a
stapler. Bostitch stapling mechanism. The rheostat is a staple
remover. Antique gold finish on black metal with Chinese
red velvet base. 61j2 x 3112. Ideal for an original gift for
the office or the radio shack.

Built to last
$10.59 + 80¢ Postage

10 Days money back guarantee
Sorry no C.O.D.

Please send __ key stapler{s) to

ZIP _STATE ::::-:::w----
please print

NAME . _
STREET _

CITY _

HUGO H. ROUSSEAU & SONS
SAN FRANCISCO

210 Post Street • Suite 915
CALIF. 94108
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Louis Berman K6B W
]020 Laguna A venue
Burlingame, Calif. 94010

A Space Communications

Odyssey

IAn observer m ay he defined ns a p er son who clocks
the time of un even t or hap pening in his movi ng f ra me
of r eference.

opposite directions from the same point, they
will recede from each other at the relative
velocity of 186,300 mps (= c) and not at
372,600 mps (= 2c ) according to formula
( 1) . There is no way of traveling faster than
the speed of light.

Another well-known resul t of relativity is
that time is slow ed by the Lorentz contrac-

~
V2 v .

tion factor 1 - - , where - IS the ob-, c2 c
servers velocity relative to that of light. This
slowing down of time for a fast-moving ob
server is called time dilation. It is unimpor-

v
tant for all ordinary speeds ( - ~ 0 ) but

c
must be reckoned with at speeds which are
significant fractions of the velocity of electro
magnetic waves. Another way of stating this
result is: the faster one travels relative to
the speed of light, the slower hi s clock runs.
This affects all physical phenomena, such as
electromagnetic or atomic, in which the time
element enters as a factor.

There is one more phenomenon to con
sider before leaving the earth for a flight to
the stars, viz., the Doppler Effect. If ob
server C is moving toward a fixed source,
S, which is radiating on a frequency, fo, as
shown in Fig. 1, he will encounter more
wave crests passing him each second than
if he were standing still . If observer D is
movin g away from the stationary source, S,
he will in turn record fewer wave crests

#---0

Fig. 1. The Doppler Effect.

c -----to+_I

where c equals the velocity of electromag
netic waves. This formula results from the
linking together of the fourth dimension,
time, with the three d imensions of space.
If A's and B's velocities are insignificant in
comparison with the velocity of light or
radio waves, which is normally the case on
earth, formula ( 1 ) red uces to the usual ex
pression , vAR = V A + VB' Thus if two planes
are traveling in opposite directions at 500
miles per hour, their speed relative to each
other is 500 + 500 = 1000 mph. On the
other hand, if two bullets could be fired in
opposi te directions at speeds of 100,000
miles per second and 150,000 miles per sec
ond respectively, their relative velocity, VAll ,

is not the sum (= 250,000 mps ) but 145,350
mps as calculated from formula ( 1) . Let us
consider the extreme situation. If two beams
of light are transmitted simultaneously in

The Star Trek episode concerning the ad
ventures of three radio operators named Tom,
Dick, and Harry which I am about to re
late could some day be true. It is based
on the well-known principles of the special
theory of relativity applied to fast-moving
rocket ships plyin g the dep ths of in terstellar
space. Before proceeding with an account
of the unusual events experienced by the
three radiomen , permit me to introduce some
elementary concepts of the theory which
arise when high speeds are encountered .

One of the p illars on which relativity
theory rests is E instein's dictum that:

The velocity of electromagnetic radiation
in space is the same for all observers1

regardless of their individual motions;
fu rthermore, no object can travel fa ster
than this radiation, 186,300 miles per sec
ond.

According to E instein, if vA and vn rep resent
the space velocities of two observers , A and
B respectively, their rela tive velocity, vAD, is

VA + vn
VA eVR

1 + 2
C
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passing him each second . C will have to
tune his receiver to a slightly higher fre
q uency and D to a slightly lower frequency
in order to receive the signal from S, the
amount of Irequencv shift being proportional
to the observer's velocity. In reality, it is
immaterial whether the source is in motion,
or the ohserver, or both , For ordinary veloc
ities the Doppler formula is given by

(2a)
v

f, = f,, ( 1 - - ) receding
c

SPECIAL
TV CAMERA
PARTS KIT

ONLY

where f" is the station's transmitting fre
quency. I, is the received frequency which
is slightly lower than £0 for a receding ob
server, f

ll
is the received frequency which is

slightly higher for an approaching observer.

vand - is the velocity of the observer rela-
c

tive to that of the radi ation. The Doppler
formula is widely employed in astronomy
and in physics in the study of radiating
moving bodies, Use is also made of the
Doppler Principle to provide velocity and
distance determinations ill aircraft, lunar soft
landers, and in the tracking of space ve
h icles by means of Doppler-radio or Doppler
radar techniques.

when the speed of approach or recession
is appreciable, the Doppler expression above
must be modified according to relat ivity the
ory by dividing the frequency fr or fa by

the factor ,/1 - :~ because the observer's

clock is running slow by this amount there
by increasing his count of wave crests per
second. As an illustration of the Doppler
Principle. imagine a rocket vehicle leaving
the earth at a velocity of 10 miles per sec
ond. If the rocket's tran smitting frequency
while on the launch pad is 100 ~IHz, its re
ceived frequency on earth during flight will
be 99.9946 ?\.IHz from formula Za. However,
if it were possible for the rocket to leave the
earth at a speed of 10,000 miles per second,
the received frequency would now he
94.7700 MHz which is obtained by divid-

contraction factor,

v
f. = fo(l + - ) approaching

c $99.95

To meet the many requests fo r ill low-priced
so lid state TV camera ~it. we ha ve made avail
able from our factory stock the following parts
which you can assemble at very little additional
e spense into ill superb TV camera. Included in
the kit are the following :
1) Completely a ssembled and tested video
amplifier plug-in circuit board with a 10
transistor 6 MHz bandwidth amplifi er and
keyed clamp with adjustable pedestal and
sy nc mixer.
2) Completely a ssembled plug-in sweep cir
cuit board with 8 transi stor and 5 diode
horizontal and vertical swe e p generators
and amplifiers featuring excellent linearity
and more than enoul;Ih drive for '" vidicons .
3) Excellent quality deflection yoke and
focu s co il with beam alignment magnets and
raster positioning adjustment. Also included
is the vidicon tube clamp and target con
nector.
4) Camera t ested vi di ca n exc e llent for
amateur us e and matched ta the deflectian
a ssembly abave .
51 Good quality Fl .9 or better achromatic
lens wit h matching lens mo unt.
Note: A ll items are brand new except vidicons
wh ich we guarante e will work with the parts kit
supplied when a sse mbled acco rdi ng to the sche
matic and adjusted according to normal pro
cedure. Since step-by-step instructio ns are not
ava ilable . we recommend this kit only to those
who ca n follow a schematic .
Due to the low price a nd limited quantity. we
cannot sell t he above components separately.
When our present stod is exha uste d . it will cost
at least $ 160,00 to repeat th is offer. Order now
to avoid disa ppo int ment.

Dept. H
196·23 Jamaica Ave" Hollis, NY 11423

including vidicon and lens!

VANGUARD LABS

.99712

~lHz by the( 1- v ) = 94.6323
c

I v'
\ 1 - c'

(2b)

Ing 100

NOVEMBER 196B
33



Harry's daily messages will be received by
Tom and Dick in thei r rocket ships. I t will
not be once per day! Relativity theory in
forms us that the receipt of information
transmitted from earth at a constant repeti
tious rate by either light or radio signals by
an observer rapidly receding or approaching
the earth is dependent on the frequency or
rate with which the signal is being trans
mitted, on the Doppler Effect , and on
the time d ilation factor. Although the form
ulae expressing these relations can be u nder
stood by anyone who has had at least one
year of algebra, the reader will be spared
the inconvenience of verifying the calcula
tions ami the conclusions will be simply
stated. This is what will happen.

Employing the data; distance = 12 LY,
3 4

v = 5 c for Tom and v = '5 c for Dick, and

the signal rate one brief message per day, )
one obtains the following results : Harry will
be transmitting d aily messages to Tom go
ing out and coming back on freq uency, L,
for 40 years and to Dick on the same fre
quency out and back for 30 years as meas
ured in Harry's time. During the outward
portion of the trip , Tom will receive Harry's
daily messages every other day on one-half

the operation frequency, ~ fo, for 16 years

and on the way back twice d aily at double
the operating fr equency, 2fo, for 16 years
according to Tom's time. Dick will receive
H arry's daily messages once every third day
on one- third the transmitting frequency,
1
3 fo, on the way out for 9 years, and on the

return journey three times per day at triple
the transmitting frequency, 3fo, for 9 years
according to Dick's time. Note the slower
outward rate of the received messages and
the lower, shifted frequency of the reception
of Harry's signals by both T om and Dick
as they rapidly recede from the earth and
the faster return message rate and the
higher. shifted frequency of the reception

DICK
(Y: 4/5 c)

D: 12 L Y

EARTH

T
---t-H-+l---' . . *

HARRY

TOM
(V:3/s c)

D: 12 L Y

s

where v = 10,000 mps and c= 186,300
mps.

We are now ready to sec what happens
to a radio operator departing from the earth
at high speed for a round-trip journey in a
rocket ship to a distant star. Tom is plan
ning to leave the earth on a round- trip
flight to star, S, 12 light years distant at a
rocket speed of three-fif ths the velocity of

light (v = ~ c) . At the same lime, Dick

will leave the earth in the opposite direction
on a round-trip voyage to star, T, also 12
light years distant at a rocket speed of four-

4
fifths the velocitv of light (v = -c- c ) . The

• 11

third man, Harry, will remain on earth and
attemp t to communica te with each t raveler
by mean s of UHF transmissions. Although
all three rad io operators will transmit on the
same frequency, they will receive on dif
ferent frequencies due to their unequal mo
lions (Doppler Effect ) . Tom and Dick agree
to transmit brief daily messages to Harry
who will reciprocate by sending brief daily
reports to Tom and Dick. Before take-off
the three men synchronize their clocks. To
avoid undue complications in the recording
of the travelers' clock times, we will make
the reasonable assumption that the peri ods
of acceleration at the beginning of the out
ward and return paths and the periods of
d ecelera tion on approach ing the star or the
earth are exteremely brief in comparison
with the length of time spent in moving at
constant velocity. \ Ve can predict from rel
ativity theory, employing the time dilation
factor, that Tom will be gone for 40 years
and Dick for 30 years according to Harry's
clocktime. However, Tom will claim that he
has been away for 32 years by his clocktime
while Dick will assert he has been gone for
only 18 years by his clocktime. To clarify
these conclusions, consider Tom's situation.
It takes a light ray 24 years to make the
round trip between the earth and star, S.
Tom, traveling at 3/5 the speed of light, will

accomplish the feat in :~ = 40 years judged

by Harry's clock. But since Tom's clock funs

slow by the factor ~ 1 - [ ~ ] ' = 4/5,

Tom's round-trip time will he 4/ 5 x 40 = 32
years according to Tom's clock.

Let us now consider the rate at which
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of Harry's signals by Tom and Dick as they
rapidly approach the earth. The preceding
results are the na tural effects of the rela tiv
istic Doppler Effect and the time dilation
effect becoming important at hi gh speeds.
This is easily confirmed by refe rring to ex
pression (2) and d ivid ing it by the con-

~
"v·

traction factor, 1 - -w, to allow for the
c-

slower rate of the travelers' clocks. For ex
amp le, in Tom's case, when he is moving
away from the earth, he will receive H arry
who is transmitting on the frequency, f -, on

( 1 + 3/5)
a lower frequency = F, 2fo.

y 1 - (3/5) '

The sa me ratio, ~ or 2, also holds for the

rate at which T om receives Harry's hrief
daily messages which may be likened to sig
nal flashes of radio or light bursts occuring
once each day on earth .

\Vhat about Harry's receipt of messages
from Tom and Dick b oth of whom agreed
to transmit brief d aily reports to him on
frequency, f-, during their resp ective round
trip journey to star S and star T? It should
be observed that H arry will receive Tom's
and Dick's daily transmitted messages at
the slow rate during most of the time. In
other words , the outgoing slower rate of re
ceived messages on earth from Tom and
Dick covers a longer in terval of time for
Harry than the incoming faster message
rate because there is a time lapse of 12
years before the last of the outgoing trans
mitted signals reach the earth traveling over
the distance of 12 light years after the rocket
ship has turned around and is headed back
to earth and by the time the new received

faster signal rate reaches the earth, the ship
is well on its way toward the earth . The
record of H arry's com munications log is
startling but nevertheless true; as wiII now
be shown .

H arry wiII receive T om's daily reports on
one-half the transmitting fr equency, ~H(»

every other day during Tom's outward jour
ney and the first part of the return trip for
20 + 12 = 32 years and during the remain
der of Tom's return trip on doub le the fre
quency, 2f.., twice dail y for 20 - 12 = 8
years as measured in Harry's time. On the
other h and, Harry will receive Dick's daily
repor ts during Dick's outward trip and m ost
of the return trip on one-third the operating
fr equency, Jafo, every third day for 15 + 12
= 27 years and on triple the tran smitting fre
quency, 3fo , three times per d ay during the
remainder of Dick's return voyage for only
15 - 12 = 3 years according to Harry's
time. The total number of messages received
by H arry is the sa me go ing out and coming
back.

Suppose all three radiomen are 20 years
old at the time the journeys begin. Dick
will return to earth first and find that Harry
is now 50 years old while he is only 38 years
old. \Vhen Tom comes b ack to earth, he will
fiind that Harry is 60 years old wh ile he is
52 years old . When Tom and Dick m eet
again on earth, Tom will be only 4 years
older than Dick because Dick returned
sooner than Tom b y 10 earth years. By this
time the reader must be aware that to stay
eternally young he should t ravel with the
speed of a lightnin g b olt but he will never
b e able to comm unicate with his fellow m an
on earth b ecause his received Doppler-shifted
frequency wiII be either zero or infinity.

... K6BW

BEAm HEADinGS
computed to every call sign area in the world
• Great circle bearing to over 500 locations.

• Distance in miles or kilometers (advi se which).

• Return bearings - advise your aso's of their best
beam setting for working you .

• Callsign prefix & time difference for each location.

• On 8 x 11 computer paper mountable in plastic.

• Surface postage paid. Airmail include cost 3 oz.

- II latitude & longitude not given. describe OTH lu lIy
and add $ .50 for location service.
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-Send $3.95 with your name
and exact location to:

I

mOnTGOmERY
GEODETIE
SERUIEES

Box 5707
Bethesda. Md. 20014
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Surprise
•

In the Skies

\ Vhat are p ulsars? Radio astronomers
and other scientists all over the world are
trying to work out the unexpected mystery
posed b y four sets of strangely regular.
short, sharply p ulsed radio signals from
space. Several months of effort have resulted
in an impressive number of contrib utions to
the scientific literature , but the possibl e
sources suggested so far have not success
fully accounted for the signals actually ob
served. At this writing (July 3. 1968 ) it
appears nobody knows what pulsars are. and
new measurements, just published, will prob
ab ly obsolete much careful thinking. Hardly
tongue-ill-check, I suggest "posers" might
be a better title for the sources of these
remarkable signals from space.

Although pulsar signals are very powerful
at their point of origin, their distance of
many tens or a few hundreds of lightyears
attenuat es the signals so that a good receiv
ing system is needed to hear them . F. S.
Harris ( Is that Sam Harris? ) has heard them
at Aricebo Observatory in Puerto Rico using
a 50-foot paraboloidal reflector on 144 MHz.
From this it appears an y ham who can try
moonbounce work might be able to hear
pulsars. This rai ses an interesting thought.

\Vhy couldn't pulsars have been di scov
ered by an amat eur operator? Too had they
weren't . It would have done a lot for ham
radio. \Vell , to find out someth ing about
pulsars let's start with a few notes on radio
astronomy.

Radio astronomy

Radio astronomy originated before \V\V2
as an amateur electronics hobby rather than
an amateur radio hobby. But it did not
become a recognized scientific field until
after \V\V2, when scientists using the radar
and radio techniques developed for military
applica tions, began to point their antennas
out toward space to find out what they could
hear.

It turned out they could hear a lot, and
soon they were busy mapping the sky for
radio brightness. Investi gations in this field
began to answer questions about our sun's
location in space, and provided information
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Jim Ashe IT' IEZT
Box 343
Pet erborough, N .H. 03.t58

about the shape of our galaxy and the dis
tance to its center. Radio astronomy com
plemented optical astronomy very well since
rad io signals could penet rate the huge dust
clouds found in man y parts of the sky and
particularly toward the galactic center.

Just as the op tical telescope is one of the
prime tools of the op tical astronomer, the
radio ast ronomer works with a radio tele
scope. But a radio telescope is simply a very
large radio antenna with strongly directional
characteristics, rather than an array of
lenses and mirrors. A very good radio re
ceiver completes the research installation,
which may be very simple.

I was surprised to discover there are a
number of amateur radio astronomers in
England. I haven 't come across any mention
of American amateur radio astronomers, but
I think this special form of engineering elec
trouicx might be interesting to hams who
would like to try some new ideas.

As the radio astronomy field d eveloped
it became important in its own right. Work
ers found many surprises including radio
stars which could be observed b y radio but
were invisible to any optical system. Some
other stars were found which were visible
both h v radio and light observation, and
one o( these is the verv interesting Crab

•
Nebula. a remarkable sight centered on a
star believed to have exploded into a super
nova in our veur 1054 AD. Other rad io obser
vations were made at various distances rang
ing from the planet Jupiter, right in our
own backyard as such things go, out to
several times the range of the visible uni
verse.

Lat er, astronomers discovered the enig
matic sources called quasars, whose nature
and d istances arc still uncertain. Opinions
as to the nature of quasars have ran ged
from p rim itive galaxies in a very early stage
of development to a radical suggestion they
might he huge spaceships traveling in our
own galaxy at relativistic speeds. Some ob
served facts sugges t quasars are right here
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Fig. 1. The anten na system at Cambridge, just completed, which located the only four known pulsars.
Electrical switching can sweep the beam lobe N-S and £ . 1(1 across the sky.

in our own galaxy but the weight of the
evidence indicates they are very far out and
may be some of the most distant objects
observable by both optical and radio means.

As the radio astronomers have built more
effective radio telescopes they have con
tinued to find interesting new facts, chal
lenges, and problems. Rudie astronomy has
provided much useful information for cos
mologists thinking about the na ture and age
of our universe. Some q uiet , steady and
nearly undetectable radio noise that comes
in eq ually from all direct ions appears to be
the still-echoing whisper remaining from the
furious thunder of creation an est imated 26
billion years ago. This observation has re
ceived some attention over several years but
it is not regarded as a very importan t
matter.

\ Vh ile I was researching this article I
came across a very interesting letter pub
lished by one radio astronomer who thinks
a recent radio survey may have seen half
way around the universe. Some extremely
faint , di stant radio objects observed in a cer
tain direction just might be, he suggests,
the same ones we discover by looking in the
opposite direction. H e supplied a list of five
prime possibi lities and another five less
likely candidates. If th is is correct then we
have some very useful information for test
ing theoretical investigations into the age
and size of the universe.

Pulsars

One requirement for the continued devel
opement of radio astronomy has been better
antennas and receivers. Another has been

improvements in methods of detecting weak
signals, and some of this work has appeared
in the amateur radio field in moonbounce
and space communications work. In a re
markable boundary-jumping effect. one valu
able radio astronomy result has been the
development of improved methods for st udy
ing human brain function. This has some
very important and useful medical applica
tions.

It was a na tural development in 1967 for
Cambridge University, in England, to be
building a new and better radio telescop e.
The new instrument's antenna consists of a
128 x 16 planar array of full-wave dipoles
with til table plane reflectors. T he system's
long axis extends in an east-west direction
as shown in Fig. 1.

T his system was designed to operate at
about 81.5 ~IHz. Its beam direction is
changed by switching in time delays from
different sets of elements, so that without
moving the antenna its lobe can be pointed
at different parts of the sky. The antenna
can be used with up to four receivers
simultaneously to look in four different
d irections, a mass-production arrangement
appropriate for achieving the maximum use
fro m a rather expensive installa tion.

The new rad io telescope was finally put
into operation in July, 1967. Its opera tors
sta rted making regular routine sky surveys,
a simple business of mapping the sky's radio
hrightness time and time again , looking for
changes, and anything unusual , of interest.
They observed some sporadic interference
of unknown source and finally, in November
of 1967, they started looking for the cause.

An answer appeared shortly. The 3ppar-
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Fig. 2. Why the radio sources would seem to move
in the sky i j they were relatively close to the earth.
This is the same geometry that cau ses parallax in
reading instrum ent scales.
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ent interference was a steady stream of
pulsed signals coming in from sp ace. An
investigation of past records and some addi
tional tests showed the astronomers that
they had discovered four strange radio
sources in sp ace, generating signals unlike
anything known to come from any previously
studied sources.

It was reasonable to suppose these signals
resulted from some unannounced space
research activity. A space probe? Fou r space
p robes? Unlikely, and it could not be some
reflection from the moon or some other body,
of radiation originating on the earth, be
cause the sources of the signals did not
seem to move about in the sky as the earth
moved through sp ace.

See Fig. 2. If the source were nearby,
the earth's orbital motion in space would
cause a nearby object to move across the
sky relative to the stars. After reviewing
their records and doing careful additional
research , the astronomers concluded their
newly discovered signals had to b e coming
from some unknown source too far away to
have any connection with human activities.
F inally, on Feh. 24, 1968, their results were
published under the unobtrusive title "Ob
servation of a rapidly pulsating radio
source." I've listed it in the Bibliography.

That paper has undoubtedly upset a num
ber of carefully planned research efforts.
Star ting from zero, there h ave b een at least
35 addi tional papers published since, which
p r-obably sets some kind of a scientific rec
ord . The great observatory at Jodrell Dank
promptly turned its 250 foot diameter p ara
boloidal reflector towards the signal sources
and p rovided additional verification at fre
q uencies other than 81.5 MHz. And a Furious
effort at Aricebo Observatory in Puerto Rico
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produced no results at first, hut after its
operators in stalled a new Sears-Roebuck TV
antenna at the focus of the great 1000-foot
bowl the signals were observed very strongly
there. In a coup le of months the strange
signals had been named "pulsars," an abb re
viation of "p ulsating rad io stars ," and they
had made the front p ages of some large
newspapers.

There was some thinking that such sharp,
regular, unlikely signals must originate in
some intelligent purpose, and newspaper re
ports suggested the matter was all but set
tled. More sober thoughts have prevailed,
though, since compelling facts indicate tha t
like all the other signals observed so far
from di stan t space, these h ave some natu
ral origin . Whut is that origin? There are
many sugges tions but nobody knows.

The picture-50 far
I've h eard tape record ings of pulsar sig

nals , and they cer ta inly sound like some
thing: originated b y life. They are a steady,
regular rasping heat that sounds more sen
sible than the jamming transmitte rs and
other signals that may h e heard on short
wave receivers: The pulses give a tremen
dous impression of power, stab ility, and
intelligent purpose . They sou nded to m y ear
as if there m ust be someb ody out there
deliberately triggering them off. It is easy
too easy, to b elieve that if we are smart
enough we can work out who it is and what
they are trying to do.

The work on p ulsars has b een so intensive
a recent report in Scientific American maga
zine appeared under the title "The Pulsar
Industrv." Pulsars seem to b e the number
one order of business for many scientists all
around the world, and their work as de
scribed so far has tended to fall into three
general classes.

First , the astronomers h ave tried to ob 
tain b etter record ings and measurem ents of
the pulsar signals. They have b een makin g
very careful records of timin g, signal
strength, an d the vary ing polarization of
the incoming radio signals. These are rather
hard to hear b ecause they are weak, and the
best eq uipment p ossible is required. Many
observational reports h ave appeared, provid
in g new facts useful to workers thinking
about what kind of sources could b e gener
ating the pulsar signals.

The second area is theory research, in
which workers thinking about p ossible
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sources try to work out what these sources
should sound like if they operate according
to familiar rules already understood . This
work is a continual p rocess of d eveloping
possihle models, calculating the conse
q uences, and seeing how well the results
sq uare with observa tions . So far as pulsars
are concerned the work has not been very
successful in findin g an answer although a
wide variety of interesting proposals have
been studied.

And fin ally, some resea rchers are trying
to obtain new information b y discovering
light signals from the pulsars. If the pulsars
emit radio flashes, the reasoning goes, per
haps they emit light Bashes also, and if we
can identify which star is d oing the Bashing
maybe it will turn out to he a kind of star
we already know something about.

Results so far indicate pretty definitely
that all four pulsars are the same kind of
radio event, with some individual variations .
All four have similar p ulses with a similar
12-milIisecond time sched ule in the pulse
structure excep t for one whose pulse is simi
lar to the first part of the more complex
pulse emitted by the other three pulsars.

The fi rst pulsar d iscovered was CP1919.
It is slightly the stronges t, and it has re
ceived the most scientific attent ion. This is
the pulsar F . S. Harris has observed at
Ariceho usin g a 50-foo t paraboloidal reflec
tor. Its power level is sometimes as great as
200 x 10-- watts per square meter per H z
peak, and its signal is a three-part pulse
about 36 milliseconds long. This is a model
pulsar pulse, consisting of parts A, 13, and
C in Fig. 3. Its period is about 1.337 seconds,
and its amplitude shows wide variations
which are believed to originate in the source
rather than p ropagation effects .

This is the pulsar that was investigated
in a search for op tical Rashes. At least three
observatories performed tests. A European
observatory tried a rocking camera arrange
ment timed to the p ulsar signaJs so that a
flashing sta r would leave a distinctive
image different from the stead ily sh ining
stars in the area believed to contain the
pulsar. This test was not successful, and
attempts were made in America using
elaborate cooled-pho tocell and comp uterlike
analysis systems. These were not successful
either. Although reports of success have
appeared in the papers and were circulated
at the Pulsar Conference in N.Y.C. a t the
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Fig. 3. All Four pulsars generate signals that are
some variation on this scheme. And they all have
the same timing.

end of Xlay, so far nothing has been sighted
in the sky that could be identified as a
pulsar.

The latest research reports, just out at
this writ ing, indicate the pulsar signals are
more complex than shown in Fig. 3. New
work with a faster system at Aricebo have
shown the pulse shap es of Fig. 3 are only
average results. The pulses are really com
posed of many sp iky microsecond pulses of
much greater amplitude. The tough problem
of pulsar signal sources has just become a
hit tougher. But amateur radio gear is likely
to see the signals as they are described here.

Pulsar CP1l33 has a peak power level
similar to that of C P1919 but a period of
1.188 seconds. It emits a doublet pulse con
sisting of a normal initial pulse, followed
after a 12 millisecond d elay b y a normal
terminal pulse. Look again at Fig. 3, this
is sub-p ulses A and C. The central pulse is
usually missing but has been observed occa
sionally.

Pulsars CP0834 and CP0950 are consider
ably weaker, with peak powers at reception
of around 60 x 10-- watts per square
meter per Hz. CP0834 pulses once per 1.274
seconds with a pulse shape similar to that
of CP1919, and CP0950 pulses once per
0.253 seconds with a short single pulse simi
lar to suh-p ulse A of Fig. 3, about 20 milli
seconds long. Perhaps at its relatively short
period it just d oesn't have time to carry
out the complete seq uence. It just is not
believable that a sunlike object should emit
almost four sharp, di stinct pulses per second
-until you actually hear it.

Pulsars present a real scientific problem
that is likely to be important in the future.
It is a tough problem , too, hut the response
to this challenge has been very strong. My
guess is that the questions will be worked
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Fig. 4. A Sufficiently massive oscillating star could
collapse inwards leavin g a gas slu-ll beh ind, fin d
then expand outwards again strik ing the sh ell.
R esulting pressures and ionization would generate
radio signals.

out within a year or so, and here are some
of the many possibl e sources astronomers are
working on now.

Pulsars could he white dwarf stars or neu
tron stars, oscillating radially with periods
equal to those of the observed radio signals.
Some previously worked out comp utations
seemed to indicate white dwarf stars could
not oscillate fast enough, and neutron stars
would oscillate too rapidly, to cause the
pulses actually measured. These objections
have been countered with new cal culations
and suggestions about possible overtone vi
brations. See Fig. 4.

Another possihility is that two neutron
stars are orb iting very rapidly around each
other. The atmosphere and gravity fi elds
of each star in turn could serve as a lens
to focus the other star's radiation in our di
rection for a brief interval when the stars
were on a direct line toward our sun. This
mechanism has been written off because it
would generate pulses with cyclic differ
ences that have not been observed .

Cert ain events known in our solar system
generate signals having some characteristics
of pulsar signals. Our planet Jupiter emits
radio bursts apparently timed to the orbit
ing of its sattelli te 10, but a recent scientific
paper concludes any satellite orbiting a star
fa st enough to trigger the observed signals
could not exist. Too many contradictory re
quirements. There docs not seem to be an y
work out that attempts to relate pulsar sig
nals directly to events observed on our sun
but a possible similarity has heen suggested.

A key observation is the pulsar signals'
steady rate. The time stability of the signals
compares very favorably with the best
atomic clocks anybody has been able to
build. This suggests the pulsar signals must

Bibliography
If vou'ro interes ted in more d etail on

pulsars you probably can find it in a nearby
lihrary. The librarian will he glad to help
you out and can obtain hooks and magazines
for you in a few days from other lib raries

WlEZT• • •

Can we hear pulsars?

I don't really know. I worked out some
figures that indicated Aricebo couldn't hear
them. Obviously there was an error in there
somewhere, and I think it is in the receiver
department. Nothing appears in any of the
scientific reports as to how good the radio
astronomers' receivers really are, hut evi
dently they are considerably better than the
usual engineering eq uations assume.

Since F . S. Harris heard CP1919 with a
50-foot reflec tor, it appears pulsar signals
are in the moonbounce range of difficulty.
I worked out his antenna gain must have
been around 22 db and p robably not over
26 db. There are many moonhounce anten
nas built offering higher ga ins than that.
One in Australia, d escribed in the July
issue of 73 Magazine on page 66, is rated
at 34 db gain, but it is a huge doub le
rhombic and probably cannot be pointed at
any pulsars.

Some ham ought to be able to hear
pulsars, I think. I hope he tries.

be triggered off somehow by a huge, massive
rotating body.

The possibili ty it is an ordinary star have
been ruled out. Theoretical astronomers have
been thinking for several years about what
happens to stars after they have exploded
and stars do explode sometimes, violently.
The explosion is called a nova, or if it is a
reall y large one, a supernova. After the
explosion, according to calculat ions, much of
the star's material will remain but its nucle
ar fucl will he nearly exhausted and the star
cannot maintain its original size. It collapses
inward, and a mass substantially greater
than that of our sun may he packed into
an intensely hot, rapidly rotating body a
few miles in di ameter. It becomes a white
dwarf star (a few of these have been ob
served ) or a neutron star. Present thinking
tends to the idea that when pulsars arc
understood there will be some direct connec
tion with an old nova, probably collapsed
into a neutron star.

RA;)IO PULS £ IS £ ..., ITTlO
WfilN TK t £ XPANOI NG STAR
STRI '<: £S IT 5 ,ALLI NG GAS 
E.OU S LA Y E. R SH OCK WAVf..
PRODUCE S RADIO SIC>N AL .

DURING QUIET INT E RVAL
THE. STA R IS COLLAP SING
,AST(R T HAN IT.5 GA'> E.OUS
L AY E R CAN fOLLOW .
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Using Thin-Wire A ntennas

A thin-wire antenna can oiten
provide an antenna "solution" in
situations - either permanent or
portable - where an obvious an
tenna is not desired. Various spe
cial considerations to observe when
using thin-wire antennas are ex
plored.

Many amateurs who live in apartment
houses, or even in private homes, are faced
wi th the situation that a conspicuous out
side antenna cannot be erected. One solu
tion to this problem is to use an indoor an
tenna and accept the signal loss caused by
absorption due to the building structure.
Such antennas can be reasonably useful de
pending upon specific circumstances-heigh t,
b uilding construction, etc. T hey also can
cause tremendous problems, such as cou
pling rf into power lines and other wiring
circuits. \ Vorking on the basis that almost
any type antenna placed outdoors will work
better than an indoor type, one is faced
with the problem of constructing a reason
ably inconspicuous an tenna. No antenna can
probably be completely inconspicuous to
someone who knows what to look for, but
at least the average person will regard any
p iece of wire that is visually inconspicuous
as be ing inconsequential both from an
aesthetic and interference viewpoint. Many
approaches may be tried to produce an in
conspicuous antenna, but probably the
simplest and least expensive uses extremely
thin wire in lieu of conventional large an
tcnna wire.

This article explores various considera tions
wh ich one should observe when construct
ing a thin-wire antenna in order to obtain
the most efficient performance.0

.., wha t const uutes ' thtn -wlrr," or a r ea sonably lncon 
spieuoua size depe-nds upon specific circu mstan ces, but
/:l'nera ll)' a wire s ize of AWG # 18 or s ma lle r is mea nt .
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40 Rossie Street
Mystic, Conn. 06355
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RADIAT ION

Fig. 1. As explained in the text, depending upon
which ground surfa ce has the major effect, the
radiation fro m the antenna may not be as shown
but actualiv up and down, Reorientat ion of the an
tenna rna)' produce considera bly more effective
radiation ,

Antenna Type and Placement

As will be explained more fu lly later, thin
wire antennas, because of their very nature,
can develop very high voltage points with
even only moderate transmitter power.
Therefore, one of the great problems which
may develop with such ante nnas, is rf in
the shack when a single wire type is used
with a ground connection to a plumbing or
hea ting system, An unbalanced antenna
should be avoided if at all possible and some
form of balanced antenna used-a dipole or
V- even if it means that each leg of the
antenna will be shorter than that obtain
able with a single long wire , A transmission
line should be avoided if possible, and both
legs 01 the antenna coupled direclly to the
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improvement in performance In many apart
ment situations.
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Fig. 2. Free-space resistan ce and reactance catues
jor a dipole har.'ing a wire diameter oj >-/ 100,000
(approximately A TrG # 26 unre used on 40
meters ) . OJ interest IS th e jact that when the
dipole is an even multiple of a wavelength. long
(p h;-sically) , resor! (lfl ce as defined by zero react·
ance actually occurs at a slightly shorter length.
The curres basically repeat for longer length en 
tennas except that th e peak amplitudes slowly
decrease.

Antenna Impedance and Coupling Methods

F ig. 2 shows the resistive and reactive
terminal va lues of a dipole antenna as its
length varies between essentially a and l ~

wavelengths long overall. The curves are
shown for an antenna having a wire diam
eter of V I00,000 , or about Awe # 26 wire
used on 40 meters-which certa inly quali
fies as a thin-wire antenna. \Vith sligh t
modification, the resistive and reactive values
repeat as the antenna is made longer in
terms of wavelength.

The values shown are based upon a dipole
in free-space and although it is not desired
to make a complex subject even more in
volved, it should be realized that proximity
to a ground surface will modify the values
shown, particularly the resistive component.
The reactance of a ~ wave dipole in open
space, as read from the graphs, would be
zero, and the resistance about 70 ohms. As
the antenna is placed nearer a ground sur-

terminals of an antenna coupler located
near a window or on a balcony. ]f a trans
mission line is used because a considerab le
height advantage can be achieved b y re
mote location of the antenna, one is faced
with the conflict that the less conspicuous
the transmission line, the greater its attenua
tion. A genera lly accep table compromise is
to lise 72 ohm . receiving twinlead, which is
relatively small and has acceptable losses
if runs of 50 feet or less are used. Another
possibility for a reall y small coaxial trans
mission line is RC174 A/ V , which is a 50
ohm cable only l il a in di ameter. Again, its
losses are tolerable only in runs of about
50 feet and its power handling capab ility is
no more than 50 watts.

The placement of the antenna should
avoid co up ling to surround ing lossy surfaces .
The worst condition probably exists when
an antenna is run dose to and parallel to
a building surface. Ideally, the antenna
should be placed at right angles to the
building surface, or if parallel to it, at least
as far away as is consistent with keeping
the installation inconspicuous. There is cer
tainly more art than science involved in the
placement of such antennas in a complex
building structure, b ut the above two rules
seem to co nsistently apply.

Antenna directivity is another fa ctor
which defies any exact rule-making. Normal
dipole radiation is, of course, at right angles
to the line of the antenna . But, when the
an tenna is extremely close to a ground sur
face , considerable low-angle radiation in line
with the antenna may occur.

Another p roblem is in determining what
the ground surface is for an antenna. When
it is mounted away from a building wall
of considerab le area in terms of wavelengths,
the huilding wall may form the ground sur
face for the anten na, rather than the earth
surface. For instance, in Fig. I, if one con
sidered the earth surface as the ground sur
face, radiation should be expected in the
d irection shown bv the arrow. However the. ,
building surface may well ac t as the ground
surface and one may simply be radiating
most of the signal stra igh t up and down.
The solution, of course, would be to rotate
the line of the antenna b y 90 degrees, so
that the radiation is bi-directional with the
building surface acting as the ground sur
face. This rather simple re-orientation of
an antenna can produce a very dramatic

NOVEMB ER 1968 43

•



face, however. particularl y below 1/10 wave
di stance, the resistance decreases rapidly
and can easily be only a few ohms. as for
a 40 meter dipole placed a foot above a
ground surface. This is one of the reasons
why the use of a transmission line to feed
a remotely located dipole is generally not
recommended unless the height advantage
ga ined thereby is very considerab le. With
out appropriate instrumentation, it is diffi
cult to determine the input impedance of a
dipole remotely located close to a building
surface and one will likely end up with a
transmission line operating at a very high
SWR.

It should also be noted from Fig. 2 that
the swings of the resistive and reactive com
ponents of the dipole are particularly dra
matic when the overa ll antenna length is
an even multiple of a wavelength. There
fore. if one had an antenna which was be
ing used on several bands so that on various
hands its length was an even multiple of
a wave length. major ' readjustments of an
antenna coupler might be required for minor
frequency excursions within a band in order
to resonate the antenna system. Because of
this considera tion, as well as other factors
di scussed next, it would be better to choose
a length for a multi-band antenna so that
the terminal impedance remains within
reasonable limits on all bands. For instance,
if one chooses an antenna length of ~~ or
~ wave on the lowest frequency band to
be used. the impedance values on higher
freq uency harmonically related bands should
he well within the range covered b y a simple
transmatch type antenna coupler. If a basic
length of II or ~ wave were chosen. how
ever, it is unlikely tha t a transmatch coup
ler could accommodate the impedance range
of various harmonic freq uencies.

Vollage and Currenl Consideralions

Besides the problem of choosing an an
tenna length which a conventional coupler
can handle, there arc also insulation and
wire size considerations which affect both
the antenna and the coup ler. If one op·
cra ted a basic ,~ wave antenna on its
second harmonic, the terminal impedance
would he from 7 to 9 K ohms, as shown
in Fig. 2. \Vith a 100 watt transmitter this
would produce over 700 volts of rf, and
over 1600 volts of rf with a 300 watt out
put transmitter. The voltage distribution on
such an antenna would be as shO\\TI in
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Fig. 3. Voltage distribution along a %>.. dipole
operated on its second harmonic,

Fig. 3. The voltage peaks occur at the dipole
terminals and at the far ends. Thus, the
components within the antenna coupler, the
feedthrough insulators connecting the an
tenna to the coupler, and the end insulators
all have to be rated for a relatively high
voltage if arc-overs (within the coupler)
and losses due to long leakage paths are
to be avoided.

The considera tion that must be given to
the effects of current flow can be seen if
a ~ wave dipole is considered opera ting
on its fundamental with a terminal impedance
of 50-70 ohms. At the terminals a 100 watt
transmitter (C\V) will produce about 1.2
amperes. A 300 watt transmitter can pro
duce almost 2.5 amperes. Obviously, very
small wire sizes will not handle such cur
rents although in reality one can get away
with using thin wires far beyond their
"handbook" current rating because of the
intermittent nature of most transmission
modes. Nonetheless, A\VC #2.2 wire cannot
handle more than 1 to 1.5 amperes and
AWe # 18 about 2.5 amperes. When one
considers really thin wire-down to A\VC
# 30 sizes- the current ratings go down to
a few hundred milliamperes.

All the possibilities which involve voltage
and current maximums in harmonically op
era ted dipoles can become quite complex.
But the above simple examples demonstrate
another disadvantage of constructing mul
tiple half wave antennas of very thin-wire.
H the antenna is constructed to avoid op
eration on '2 wave multiples, the terminal
impedance will not vary over such wide ex
cursions. The voltage and current maximums
will be less and both insulation require
ments and wire size requirements will be
reduced. The reactive componen t of the
dipole impedance produced by such opera tion
can be easilv tuned out with a conventional
antenna coupler.
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Four NEW Two-Element UAOS
SINGLE BAND QUADS

Model MCQ·10 for 10 meters
Model MCQ-15 for 15 meters
Model MCQ-20 for 20 meters

TRI·BAND QUAD
Model MCQ-3B for 10, 15 & 20 meters

Des igned and Engi neered f or Superio r OX, th e new MCQ's
(Mosley Cubical Quads) are rated to 1 KW AM and 2 KW
P.E.P. SSB. Maxim um Fron t-to-Back and Forward Ga in.
A Sing le 52 ohm Line feeds the Quads via a Gamma Match
res ult i ng i n a low SWR ove r the f ull ban dw idth . The Squ ar e
Configuration of th e MCQ Ser ies gu arantees better
pe rfo rmance by prov idi ng opt im um elec trica l eff iciency.
The Durabl e, L i ghtwe ight, Weatherp roof Aluminum Construc
t i on yiel ds a I ifetime of ma intenance-f ree en joyment.

For detail ed broch ure, Wr ite Dept. 169 ••• and rec eive a
FREE 1968/69 Mos ley Anten na Ca ta log. "-



W ire Selection

A wide variety of wire types is available
for construction of a thin-wire antenna. Ex
actly which type one should use depends
upon a specific insta llation-the length of
the antenna, the tension that will be placed
on the wire, and how far one wants to go
to he inconspicuous while still retaining a
wire size adequa te to handle the transmit
ter power. Insulated magnet wire, made of
tinned copper, is available in sizes down to
Awe #40. One should use the type w ith
a double polyester film coating, b ut, even
then, the smaller sizes will stretch consider
ab ly with only slight tension. So-ca lled in
door antenna wire (Belden 8014) is the
stranded equivalent of A\ VG #25, but has
considerably better tensile strength . Bolu
bach high-tempera ture miniature wire (7524
7534 series) is available in A\VG 24-34
sizes and is similar to magnet wire except
that it is available with a variety of colored
thermoplastic fi lms-in case a ile rea lly wants
to make an effort to have the an tenna blend
with a background color.

The smallest size in which 40X copper
weld wire is available is A\VG # 18 (Saxton
5300). I t is the best choice if such a size
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is acceptable. Piano wire is available in
smaller sizes, but may corrode in certain
environments. I ts springiness also can make
it difficul t to handle. Clear plastic fishing line
fun ct ions nicely as a combination insulator
and tie line fo r the antenna ends.

Summary

Thin-wire antennas can perform very well
when properly installed, and can provide
an antenna solution in situations where a
conventional installat ion cannot be used. The
considerations involved in using a thin-wire
antenna successfully differ somewhat from
those when using conventional antenna con
struction and this article has tried to h igh
light the main considerations to watch.

In summary, a bulunced form of antenna
should be used , if at all possible, which is
d irectly coupled to an antenna tuner. The
an tenna length should be chosen to avoid
impedance extremes on harmonic operation
and a high curre nt loop at the tuner termi
nals on fundamental operation. A tuner
should be used which can properly couple
to a balanced form of antenna-a trans
match tuner, for instance, and not a pi 
network tuner. . .. \V2EEY/l

OUTSTANDING
HAM V-O-M

20,000 Ohms per voll de
5,000 volt de range!

DC Volls: 2.5, 10, 50, 250, 500, 5000.
Ohms: 12K,120K, 1.2M, 12M

DC MA: .05, 5, 50, 500.
AC Volts: 10, 50, 250, 500.

DB: 0, 14, 28, 34, 40.

PRICE ONLY
plus 90c postage and shipping

no taxes anywhe re

REDLINE CO.
JAFFREY, N.H. 03452
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816 679 ·3 127
213 4776701
714 772-9200

CA LL DI RECT . . . USE AREA COD E

Butler , Missouri. 64730
11240 W. Olympic. Los Angeles. Calif.. 90064
93 1 N. Euclid , Anaheim, Ca lif. , 92801

WRITE, PHONE OR VISIT A HENRY RADIO STORE TODAY:

e+-l5 prove if- to Y::,0V 1

FAST SERVICE: You can depend on faster service be
cause Henry Radio has large stocks of Collins , Swan,
Drake, Hallicrafters, Hammarlund, Hy-Gain, Tristao,
Johnson, Mosley, Nat ional, Tel rex, Waters, New-Tronics ,
Galaxy, Tr i-Ex and many other receivers, t ransmitters,
antennas, towers and parts at low prices. Plus, of
course, the superb new 2K-3 Linear Amplif ier,
BIG TRADES: Henry wants trade-ins. We trade big. Tell
us what you want - what you have to trade. Get Henry 's
offer. We pay cash for receivers and transmitters too,

TIME PAYMENTS: Get what you want and
pay by t he month. Henry gives you better
terms becau se we f inance all terms our
selves.
SATISFACTION: Henry Radio has satisfied
thousands of customers since 1927, Ask
any ham about us.
PERSONAL ATTENTION: You get personal
attent ion, Bob Henry run s the Butler store
. _ _Ted Henry is in charge at the Los An
geles store .. . and Walter Henry runs the

Anaheim store. Write, phone, wire or vis it any of these
stores for persona l serv ice. Send us your orders and
inquiries. Export inquiries sol ici ted. Also, military, corn
mercia l, industrial and scient if ic users ... please write
for information on our custom line of hi gh power com
municat ion linear ampli f iers and RF power generators.

SPECIAL OFFERS: Currently Henry is featuring a versa 
tile antenna package program t hat is second to none.
Write for literature.

•-'" .

TED HENRY
W6UOU

BOB HEN RY
W0ARA

ire

WALTER HENR Y
W6ZN

"World's Largest Distributor of Amateur Radio Equipment"
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SUBSCRIPTION

PREMIUMS!

You can do good and do well at t he same t ime. Do
good by sellin" or ll'ivinsc gift subscriptions to 73 to
friends. Do well b)' getting rather nice premiums tor
your effort or thoughtfulness. Some amateurs are
workinl{ their way right through our whole list. All
subs, other than one for yourself, must be new and
will start with the November- issue. You can renew
yours if YOU send your address label from the wrap
per and it will count towards the prizes. To make
Borne of the bigj{er items easier to get you have a
choice of substituting eesh for some subscriptions.

S3 THREESHELF ROTATING
PARTS BIN

Free icitli 2 subs or $3 with
1 eub , Great around the
shack or workshop. 11 com
partsnen te in each shelf.

Polaroid Big Swinger
F ree with 10 subs or
$20 with 2 subs . Uses
regular pack Polaroid
film, giv es big size pic
tures. F oolproof ?

24 HOUR DIGITAL
DESK CLOCK

Free with 7 subs
or $15 with 2 subs.
Large numbe rs,
prize-winning de.
sign. M ak es ham
slunk look like
sanillion. Sells f or
$25.

AM·fM 10 TRANSISTOR
AC·BATTERY RADIO

Free with 8 subs or $18

t:;:;;;:;=~::~:: u.:ith 2 subs. W ork s likecrazy. F abu lous gift
too. Be loved.

F ree with 8 subs 0)' $18 with 2
subs. Th is radio sells for 330
normally. AC 01' battery.

AM·FM 15 TRANSISTOR RADIO

20,000 O/V V·O·M,
5000 VDC

Free with 3 subs or $7 with
1 sub. Keep one in the car,
oue in the workshop and one
in the shack. Plu s m aybe a
louncr?

Free with 3 subs or $6 with 1
Bub. 300 pages of maps and
info. Fine for DXing, school,
croumente,

S13 RAND·MCNALLYIMPERIAL
WORLD ATLAS

Costs $17. F ree with 5 subs
or $12 with 1 sub . lVonder
[ul glo be for DX ing as long
us yOlt don't use any pins,

HAMMOND WORLD GLOBE
18" DIAMETER

HAMMOND 18" LIGHTED
S25 WORLD GLOBE

Free with 6 subs or $12 with
2 su hs . Get two , one for jr
cp , N o pins.

NAME &CALL PLATE
Free with 1 sub. Up
to 20 Iettere and
spaces on 10" desk
plate. Tl'a lnu t with
white letters.

S12 WARM CAR BLANKET
Fr ee with 2 subs or $4 with 1
sub, H andy around house, foot 
ball , etc. Comes with zipper case
& handle.

K & ESLIDE RULE

Free with 7 subs or '
$15 with 2 subs.
YOM, rf-af genera
tors r & c eubetitu:
tion, etc. Incredibly
handy.

F ree u:ith 2 subs or $2 with 1 sub.
You need a good slide rule every
)IOW and then .
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AM·FM TELECHRONE CLOCK RADIO
Free with 12 subs Qf' $30 with 2 subs . This reallu
beautiful clock-radio usually sells for $65. Has
buzzer, radio alarm, slumber buttan, Q,nd delayed
snooze turn off. Give yourself -aIle . . . or the
X YL.

SSO CASSETTE TAPE RECORDER •

COPYMATE PHOTO COPIER MACHINE
F ree with 10 subs 01' $24 with 2 subs. T h is does
crery bit as good a copy job as a well known
$400 copier and uses same inexpensive paper.
Comes with paper all set to go .

J
•

~
r- L • •

~

F ree with: 12 su bs or $30 with 2 subs. HTe tes ted a dozen recorders
before we found this darb . R eally works. R ecord birds, rcre DX ,
family squabbles, jokes, singing. Sneekily small.

DIGITAL CLOCK AM·FM RADIO
F ree with 9 subs or $20 wit h 2 subs. T his is t he on ly
digital clock radio we've ever seen . F ine FM radio built
in with sleep alarm, buzzer , w hole scliniear'. L ike t he
wills/wi and new?

RAND·MCNALLY MAGELLAN
WORLD GLOBE

$15 glo be free with 3 subs or $8
-urith. 1 sub. Y ou can't beat a
deal like that.•

S160 ENCYCLOPEDIA SET
Free with only 20 subs or $52 wit h 8 subs, T his is a first rate ency
clopedia. T his 011e is F OB the publis her. Tap your fe llow clu b mem~

bere fo r 73 subs and win t his mass of books,

OPERATING DESK
Free wit h 9 su bs or $23
with 2 subs, $35 desk just
right size f or modern
traneceiner ham station.
Shipped F OB factory in
M ichigan.

CAStON 601 DIGITAL DAJE·DAY CLOCK
T his $50 Ferra ri of desk clocks is f ree with 12 subs or $32
with 3 subs, B rushed aluminum , The last word in operatin g
aids, 24 hall)' clock, na turally.

Send each gift su bscription on a sepa rate 3 x 5 card with name, call, add reee and zip.
A ll must be new one year $6 subscriptions to start with the N ovember issue . Y ou want
to renew yow' own subscript ion? OK, if you include t he label f rom your wrapper . On
another card write you r 1/ame and addess and indicate w hich prize you wish. A llow u p to
eight weeks for delivery ill case we arc back ordered from the factory . Prizes w ill be sent
postpaid unless otherwise stated. T his offer is good fo r the USA and APO only and ee
piree December 3 1, 1968,
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z Transistor Transmitter

In a number of years of hamming on a
relatively mild scale, the author has never
contacted another station who, at the mo
ment, was running transistorized homebuilt
gear. T his seems odd indeed, especially in
view of the fine transistors available today
at reasonable cost and indicates that the
activity is not as great as it might be.

Some experimentally inclined hams may
have shied away from transistorized trans
mitters because they arc freq uently multi
stage affairs requiring specialized equip ment
and techniques for tuning. This article is
directed particularly to those who may want
to jump in and get thei r feet wet for the
fi rst time.

By way of background, a transmitter cir
cuit similar to that used here was fi rst tried
in the spring of 1960 with excellent results.
The transistors used were a pair of RCA
2N247 drift transistors with inputs limited
to a hundred milliwatts or so. This was fine
for a short while when the spirit that years
ago speculated, "what is the ultimate power
input a 6L6 will take", again p revailed, and
before long the little rig was running at more
than a watt input. To prevent the breakdown
in the transistors, which occurred if the key
was held down more than a second or two,
from being catas trophic, four #47 pilot bulbs
in series with the 22}f volt collector supp ly
were used. This power limiting device al
lowed several trips into the breakdown re
gion before the transistors lost their desir
able characteristics. Later drift transistors
of the 2N640 type proved a little more
rugged and several survivors were used in
this project.
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t.ee Krutz Ir'A6JNlJ
lU i Royal Ann Drive
Sunnyvale, cau], 94087

The transceiver ( actually transmitter-re
ceiver) presented here consists of an 8 to 10
watt input crys tal controlled transmitter link
coupled through a send-receive switch to the
antenna . A device is included to protect
the rf transistors from burnout. T he receiver
follows traditional trf design with an rf
amplifie r and reflex regenerative detector fol
lowed by two stages of audio amplification.
A keying monitor and spotting oscillator are
included as operating conveniences . The
transceiver went through several variations
ill the course of its evolution. A speaker driv
en hy a class "B" aud io amplifier was origi
nally incorporated . T he fluctuating current
drain of this stage caused instab ility in the
note of the received signal and was aban
doned in favo r of single-ended class "A"
stage driving a headset. The speaker was
never missed, however, since C\V operation
and the use of headsets is somehow synony
mous. The first three stages of th e receiver
were enclosed in a separa te shielded box
wit h the idea that the transmitter could be
monitored d irectly. The shielding proved in
adequate and the keying monitor and spot
ting oscillator were added as a substitute.
If the job were to be done again, the shield
box would he el imtnutocl entirely with the rf
stage located under the chassis next to the
send-receive switch with the balance of the
receiver above the chass is.

One of the cheapes t and most convenient
sources for powering portablc transmitters
of this power level arc any of the large 4,5
V "R" battcries such as the Burgess 21308SC
or the RCA VS 127W or VS 157W series,
They arc capable of normal 300 rnA di s
charge rates and one of these will furnish
a whole summer of trouble-free operation at
a cost of abou t $6,00 to $7.00 . These types
may not be readily available on the dealer's
shelf as the demand seems to be low, but
this is really a break in your favor since the
one you order is mu ch more likely to be
fresh.
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Receiver

The fi rst three stages of the receiver are
built on perfora ted vector board with ~-inch

pitch holes mounted inside a small L~I B
"Jiffy Box". An aluminum barrier is mounted
on the vector board on both sides to shield
the rf stage from the Detector stage.

RF Stage
The antenna in receive position comes

through the "receive-transmit-spot" function
switch to H-10 which is the rf gain control.

Fig. 1.

/...1, 1.2 30 l urns #32 enameled wire close wound
on t,4 " slug tu ned form . J. IT" . ,1liller
46 A OOOCl'C 0' CTC 2206·2-3

/...3 32% lllrns # 32 enameled wire close wound
on %" slu g tuned form. (same form as
above)

L.t 11 lu rns I" diameter 16 TPI. A irDux or
B & /1" .

L5 ..}. turns houk up wire wound around the
center of lA .
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Fig. 2. Details oj the heat sink.

L- I and L-2 terminals fit the hole pattern
of the board and result in a coil spacing of
~- i neh which seems adequate. The two reso
nant circuits form an elementary bandpass
fil ter that does not require tuning to cover
the 200 kHz of the CW portion of the 40
meter band. The rf amplifier is straightfor
ward and no attempt is made to adjust the
gain of this stage because changing the
parameters of the transistor would result
in some pulling of the detector. Cx is a 1 pF
capacitor but a gimmick consisting of sever
al twists of hookup wire would be even bet
ter in that it would he ad justab le.

Detector

The detector tuned circuit, consisting of
L-3 , C-8 and C-9, will give a tuning range
just covering the C\ V portion of the band.
T he d ial assembly is a National Velvet Ver
nier removed from a BC-375 tuning unit and
eq uipped with a plastic pointer. The Reflex
regenerative detector functions as follows:

RF signals in the tank circuit are coupled
through C-7 to the base of the transistor.
Resistors R-4 and R-ll provide an adjust
ab le bias network for the transistor and
functions as the panel regeneration control.
T he rf signal is amplified by the transistor
and is fed to the voltage doubling detector
C-II. 0-2 and 0-1 , C-7 and reflexed back
into the same base as an audio signal. RFC-2,
C-12 isola tes the rf signal and couples the
amplified audio signal through T-I to the
following stage. Resistor R-4 may have to DC
altered to give a proper range of ad justmen t
to the regeneration control and an opera ting
point whereby the bias adjustment versus
feedback sett ings of Ccl O will be found that
is optimum for any particular transistor used.
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Audio Stages

The audio stages are straightforward and
if the prospective builder does not require
high output levels, the headset could be
coupled to the fi rst audio amplifier in place
of the Volume control, R-12.

Monitor
A keying monitor, consisting of Q 5 and

Q 6 connected as a free running multivi
brator, is incorporated. Values of C-29, 30
and R-30, 3 1 were chosen to produce a
pleasing note. The output is coupled into
the audio amplifier and R-33 attenuates the
signal to a value closely mat ching the re
ceived signal under normal conditions. The
emitter of Q-5 is coupled to the key through
isolating d iode D-3 which is required b e
cause of the relatively high voltage em
ployed in the transmitter section.

Spotting O scillator

A single transistor calibration oscillator is
provided and it's output is sufficiently low to
prevent blocking or overload ing of the re
ceiver. The calibrator uses the transmitting
crystals. For simplicity, no means were pro
vided to switch the crystal from transmitting
to spotti ng, consequently it is necessary to
plug the crystal into either the transmitter
crystal socket or the calibrator socket as re
q uired .

Tran smitte r

The transmitter is a push-pull crystal oscil
lator opera ting at approximately 8 to 10
watts input. It operates quite reliably with
all forms of surplus crystals of the pressure
bolder variety. The small plated crystals will
work in this circuit and are not harmed by
the drive hut will give a "yoop" to the dash
note due to crystal heating. The transmitter
transistors, Q~8, Q-9, are forward biased by
resistors R-20, R-21, R-22 , and R-23 to ap
proximately 50 to 60 rnA with the crystal
removed. If operating properly, the tran
sistors will not break into oscillation with
any sett ing of the transmitter tuning con
trol. \Vhen a crystal is inserted into the sock
et, the current will rise sharply. A nice dip
should occur at resonance much like that ob
served in vacuum circuits. The transmitter is
link coupled to the antenna and a tuner is
recommended for harmonic suppression
whenever the transmitter is used into any-
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thing other than a loaded whip . The small
milliameter is a surplus u nit and in con
junction with R-24 gives a full scale read ing
of approximately 250 rnA. The transmitter is
usually loaded to 200 to 230 mA, and at this
input the transistors do not get appreciably
warm during normal transmissions although
uncler continuous key clown cond itions, it
will get quite warm.

Practically the whole transmitter can be
built onto a two gang b roadcast tuning ca
pacitor of the TRF variety with the tran
sistor heat sink tabs soldered onto the sta
tors. The effectiveness of the stator as a heat
sink will become immedia tely apparent when
trying to m ake this solder joint. In short, use
a large iron. The a ttached sketch shows the
mounting of the transistors and the terminal
strip on which most of the transmitter com
ponents can be mounted. Almost any NPN
silicon planar transistor h avin g a 25 ° C. case
rating of 2 watts or more may be used .

Current Limiter

A current limiter is provided for the p ro
tection of the transmitter transistors. It is
ch aracte rized b y low internal voltage drop
as cu rrent increases until at the "knee" or
transition point, the internal voltage drop
rises to prevent further increase of current .
As designed, this "knee" occurs at around
250 rnA and when the load is short circuited,
will pass only slightly more than 300 rnA.
A device such as this is absolutely necessary
when operating t ransistors in an overloaded
cond ition where secondary b reakd own is like
ly to occur. The limiter action is instantane
ous and prevents the breakdown from being
catastrophic. The limiter operation is as fol
lows: R 35 heavily forward biases the lim
iter transistor which passes current th rough
R 34 to the load. When the voltage across
R 34 ap proaches 1.2 volts which is equal
to d rop across diodes D 4 and D 5, the in
ternal resistance of the limiter rises to pre
vent a further increase in current. The sharp
ness of this transition is a function of tran
sistor gain. The limiter transistor is heat
sinked to the chassis although it generates
no heat during normal operation. Should a
short or breakdown occur in the transmitter,
however, the dissipation would be q uite
high . A fuse has been included although it
has never been replaced.
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LINEAR AMPLIFIER
by Hunter

BANDIT 2000C
• 2000 watts PEP •
• Five bands •
• Kit form.

Wrife for defr"'s

HUNTER SALES INC.
80x 1128A University Station

Des Moines, Iowa 50311

Conclusion

The unit as described has been used for
about 4 years now and h as bounced around
in the back of a V'V camper for a good num
ber of miles. Typical operation during d ay
light resul ts in solid contacts at distances up
to 600 mil es using a wh ip an tenna , The en
tire u nit is constructed in an LJ\IB 'V-IB
chassis / cabinet combination, and the con
struction was accomplished without any
crowd ing whatsoever. There does not seem
to be much point in mi niaturizing beyond
a certain point, since operating convenience
dictates reasonable size knobs, dials, etc.,
even though the electronic portions could
h e d uplicated in a much smaller volume.

As an afterthought the prospective builder
may want to investigate the use of the new
plastic power transistors with tab mounted
collectors. These include the GE 2N4057,
TI TIP-14, or Motorola MJE340. The in
creased dissipation rating of these power
units plus the fact that some are rated to
200 volts suggests that several times the
power co uld be run by simp ly rectifying the
ll5 V mains. Including this simple 130-140
Vde power supply within the case would
result in a really small rig for its power.
The prospective builder had better incor
porate a 60 rnA pilot lamp in the crystal lead
for protection however, as was the practice
in the day of the old Tri-ter oscillator.

. .. WA6JND
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Double Conversion

the BC-348-M

T. V. George VU2TV
3205 Sector 27D
Cbondignrh, India

Hams in must of the world are lucky
enough to be able to select their receiver
from a vast variety of factory-made equip
ment, hut in places like Ind ia, where there
are relatively few amateurs, it is difficult
to oh tai n even surplus comm unications equip
ment. As a result, you aren't apt to find m any
Indian hams with modern equipment. The
only choice left is to make the most of the
surplus equipment that is available.

Most of the surplus receivers available
to us were q uite suitable for operation d ur
ing the 40's, but with modern operating
techniques and the number of sta tions on
the air, they are not suitable for present
d ay operation. In this article I will present
a few ideas on how to m ake the old Be 348
a moderate receiver for present day use.

I t is converted into a double-conversion
rece iver wi th selectable upper and lower
sideband. The second if of 8."; kHz (obtained
from an old BC-453 ) maintains good selec
tivity for normal operation. The front panel
controls include main tuning, hand switch,
rf, if and audio gain controls, upper or lower
sideband selection, antenna trimmer, BFO,
calibration check. ANI., AVC on/off-fast/
slow, A~l or CWISSn, tone and transmit/

,
receiver.

Circuit

The ECC189 in the first rf amplifier is
connected in the cascode configuration to
utilize its low noise and high gain properties.
The second rf amplifier is a 6BA6 with an rf
gain control in the cathode circuit. Delayed
AVe is applied to the grids of these tubes
rather than through the rf coils as in the
original circuitry of the BC 348. The first
mixer and local oscillator are the same as
originally designed , hut th e mixer was re
wired on a new rf module along with the rf
amplifiers. The regulated voltage to the os
cillator is from the original neon bulb regu
lator.

A 611A6 is used in the first 91.5 kHz if
stage. The cathode bias is varied along with
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the fi rst 85 kHz if ampli fier with the if gain
control. A 6BA6 in the second m ixer converts
the 91.5 kHz signal dO\\11 to 85 kHz. The
Be 4.~3 if transformers are peaked at 85
kHz for m aximum select ivity. These trans
formers arc lightly loaded b y tapping down
on the winding, thereby maintaining the
high Q necessnrv for good selectivitv. A
12AT7 twin triode SPT\'PS as two crvstal os
cillntors-eone at 1000 kHz. th e other at 830
kHz. Upper and lower sideband selection
is obtai ned h y switching the proper oscillator
into the mixer circuit.

Two 611A6 85 kHz if stages provide the
necessary amplification. Also gain can h e
realized from these stages, their primary
function is to provide good selectivity. Their
gain is controlled hy varying the cathode
biase with the if gai n control.

The product detector in this dual conver
sion Be 348 consis ts of a heptode converte r
with a variable H artley oscillator for the
"FO . The incoming 85 kHz signal is ap
plied to one grid and the local Hartley
oscillator to the other-the p roduct of the
two sicnals is obtained across the plate
load. If both signals are at nom inal zero
heat with each other, the oscillator signal
replaces the missing carrier in a ssn signal.
If th e oscillation is off by 1 kHz, the result is
a 1000 Hz aud ible note for C\ V reception.

In the AM mod e a 6AL5 series rectifier
demodulates the incoming A:\ l signal. The
detected A:\I signal is connected to either
the series noise limi ter, another 6AL5, or
di rect ly to the audio amplifier through the
mode switch. The series noise limiter d erives
automatic bias from the incoming signal. The
clipping level is controlled by the average
carrier level. This type of limiter is only ef
fective for AM signals and optimum opera
tion is ob ta ined at 30 to 40% modulation. It
main ta ins best signal-to-noise ratio regardless
of signal strength.

A 6AL.5 provides shunt-type delayed AVC.
The 6AL5 cathode is maintained at a fixed
level by a voltage divid er ; this voltage allows
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the signal to reach a predetennined level
before the tube conducts and provides Ave
voltage.

The aud io signal from the product or AM
detector is fed through the tone control
switch to an EF91 audio amplifier. The tone
control has three fi xed position-high, nor
mal and low. The EL91 audio output stage
is a low power tube with low heater cur
rent to reduce the heat within the receiver.
In communications work with a high-gain
receiver, high audio level is very rarely re
quired.

The S meter function uses half of a 12AT7
twin triode which obtains a varying carrie r
level from AM detector through an rc net
work. This section has a regulated plate
supply and the meter is in the cathode cir
cuit . The varying , carrie r level changes the
tube current which can be read on the me
ter . With the aid of resistors VR-5 and VR-6.
the meter calibration and sensitivity can be
set .

The transmit/receive switch ing arrange
ment allows the receiver to be muted d uring
transmit periods. \ Vhen in the transmit po
sit ion, the relay RLI energizes and the fcl-

lowing changes take place. 1. The antenna
is grounded to avoid any high potential ap
pearing at the rf grid. 2. The second rf
amplifier cathode is poened making the stage
inoperative. 3 . T he if gain control circuit is
open and an additional res istance (VR-4)
comes into the circuit. This additional vari
able resistor varies the sidetone level avail
able while transmitt ing. In my receiver, there
is also a 100 kHz oscillator to make dial '
calibra tion checks. The power for the cir
cuit was obtained from the cathode output
stage. In the calibra te position the antenna
input is d isconnected and the oscillator out
put is connected to the lst rf amplifier.

How seleelable sideband is accomplished

When a signal of 10.000 kHz is modulated
by 1 kHz aud io, the signal will consist of
carrier at 10,000 kHz, an upper sideband at
10.0001 kflz, and lower sideband at 9.999
kHz. The incoming signal is heterod yned
witb the 1st conversion oscillator at lower
than the incoming signal on the two higher
bands. and the first if frequency of 915 kHz
is obtained. Now, three new frequencies arc
available at the output of the first mixer.
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The carrie r at 915 kHz, the upper sideband
at 916 kHz, and lower sideband at 914 kHz.
These signals are heterodyned with the sec
ond conversion oscillator in the second mixer
stage. The second conversion oscillator is
crystal controlled at 1000 kHz and 830 kHz.
The selection of one of them is done by
switch S-4. As the second if is tuned to 86
kHz, the 830 kHz oscillator would give upper
sideband (9 16 kHz of first if) and the 1000
kHz oscillator would give lower sideband
(914 kHz of the fi rst if) . In the frequency
conversion process the carrier still remains
at 85 kHz. It should he rem emhered that the
above conversion holds good only for band
5 and 6, where the first conversion oscillator
is lower than the incoming signal. T he oper
ation of USB and LSD switching will be just
the reverse in the case of the lower bands
1 to 4. Here the first conversion oscillator is
higher than the incoming signal. An effective
selecting of the sidebands can be estab lished
by reducing the bandwidth of the 2nd if fre
quency. This can be accomplished by making
use of tapped points in the 85 kHz if trans
fann ers and by pulling up the secondary coil
for loose coupling.

The circuit diagram does not include the
power supply for the receiver. A suitable
power supply unit can he huilt externally
and connected to the receiver as shown.

C onstruction

The construction of the complete receiver
is divided into three modules, each being
externnllv wired and interconnected after
flIey are ' placed in the original chassis. The
wiring of the original receiver was com
pletely removed excep t for the ave packs
0 11 which only the ave feed was changed ,
For ease in wiring, the original chassis

fram e between the inverter unit and the if
assembly was cu t away, The first module
consists of rf amplifiers and the first mixer.
This stage of wiring is easy as there are on ly
a few components. Aft er wiring, this module
ca n be put in its original place. Access to
the tube base connec tion is possible through
the front panel opening. The second module
consists of the detectors, af ampliers, and
first if (9 15 kHz ) amplifier. The th ird mod
ule contains the second mixer, 86 kIlz if
and the S meter tube. Most of the compo
nents of this module arc placed on circu it
hoards and mounted close to the respective
tubes.

Murry of the components of modules 2 nm]
3 are circuit-boarded and the arrangement
of components does require some construc
tional experience. The frame between the coil
pack and modules 2 and 3 will accommodate
all the supply distribution among the mod
ules. To insure better chassis continuity, a
metal braid interconnects the modules. The
top "view of the receiver does not show
the 830 kHz crystal as the photo was taken
prior to the wiring of the crystal. The output
tran sformer takes the original place in the
BC-348.

After construction, the alignment p roced
ure is normal. Care should be taken while
aligning the 2nd if stage that it is exactly
peaked for 86 kHz, as this would determine
sideband selection.

1 am sure th is unit would equal most of
the moderately priced receivers on the mar
ket . Of co urse, for munv of our ham friends

•
who can buy one for cash , it may sound a
waste of time to build his own receiver, but
this is not the case in India where almost
everything in the shack must be home-brew.

. . . VU2TV
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That's right! Your tape recorder is ready to he lp your code st udy.
The CODEMASTER tapes give you pro fessio nal inst ruction via your own
tape machine. Now generated by digital computer, the CODEMASTER
tapes are unsurpassed for t iming acc uracy. Whether you're just start
ing, go ing for your Amateur Extra, or somewhere in between, the
CODEMASTER tapes are your best code-learning buy! Find your CODE·
MASTER tape below!
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The Gentrac
P. A. Lovelock
235 Montana Ave.
Santa Monica, Calif. 90403

Ever been frustrated by a pyramid of test
gear and that inevitable octopus of tangled
leads and power cords, while trying to align
or trouble shoot your receiver. Or perhaps,
like me, the minimal closet space of modern
apartment dwelling has prevented you from
harboring much in the way of test equip
ment. In either event, you can use a Gentrac.

Originally conceived as a 'do-all' test set
for receiver work, the Gentrac also possesses
useful capabilities for transmitter and audio
circuit testing in a single, transistorized
package which can be used anywhere.

The Gentrac incorporates two individual
units from which its name is derived:

1) A multi-purpose generator, furnishing
the most needed signals for communi
cations work

2) An rf/af signal tracer and output meter.
Only two test leads are required; one for

generator output and the other for tracer in
put, eliminating the usual cats cradle that
confounds the more conventional set-up.

Here is what the Gentrac has to offer:

Generator Specifications.

100 kHz and 1MHz calibrated markers up
to 200 MHz Crystal controlled oscillator
output in the range of 100·kHz to 30
MHz on fundamentals; up to 200 MHz on
harmonics.
Audio sine and square waves over the
voice frequency range of 250 to 2,500 Hz.
Broadband "white" noise.
Modulation of rf output by 250 to 2,500
Hz sine wave, or unmodulated.
Generator output low impedance, and
continuously variable over a 60 db range
for all signals.

Tracer Specifications.

Input impedance: selectable 1 megohm or
10 kohm.
Input Sensitivity (gain): selectable 150
~V or 3 mY.

58

AF input: Direct. rf input; with external
probe.
Output: Selectable to internal speaker
and/or VU meter

Circuit Description-Generator.

A schematic of the generator is shown in
Fig. 1. For convenience the circuit has been
divided into six basic sections by dotted lines,
and labeled ci, G2, G3, G4, G5 and GO,
being the individual Oscillator and output
circuits as follows:

(G1 Marker Generator.-Q1 is a dual con
trolled oscillator, selectable for 100 kHz
and 1 MHz output. Capacitors C2 and C3
permit accurate frequency adjustment. Q2
is a harmonic amplifier for the 100 kHz
output only, providing markers well up
into the VHF range.
(G2) H.F. Generator.-Q3 and Q4 com
prise an untuned crystal oscillator func
tioning over the range of 3 to 30 MHz.
(G3) L.F. Generator.-Q5 is an untuned
crystal oscillator functioning over the range
of 100 kHz to 4 MHz.
(G4) A.F. Generator.-Q7 is an RC cou
pled, phase-shift oscillator, with good qual
ity sine-wave output, continuously variable
over the 250 to 2,500 Hz range. This oscil
lator also drives Q8 and Q9, which com
prise a square-wave amplifier, for provid
ing square wave output.
(G5) Noise Generator.-Diode 02 is a con
ventional noise generator, utilizing either
a IN21 or IN23. The diode current regu
lator resistor R6a, is a potentiometer sec
tion ganged to the output attenuator R6b,
Thus, while the output attenuator is not
used with the noise generator, the noise
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output is adjustable with the same panel
control. Voltage supply for the noise diode
is stabilized by a 6Y Zeller diode ( D I ) ,
so that noise output is unaffected by nor
mal battery variation, and permits control
setting to he used as a direct reference
when making relative noise measurements.
This eleminutes the need for the usual
diode current meter for reference purposes.
(GO ) Output/Altenuatar Stage. QIO is all
emitter follower which is the common out
put stage for GI, G2, G3 and G4. This
stage provides low impedance output with
negligible loading on the individual gen
erator circuits. The output attenuator
R6b, also functions as the emitter resistor
for Q IO. The generator mode switch, SIa,
b, c and d selects the appropriate genera
tor signal 10 be fed to the hase of QIO,
and also switches generator supply voltage.
Sine wave modulation of QI0 is provided
by the diode-modulator D,5, when the at
mode switch 52, is switched to the "~IOD"

position.

'Circuit Description-Tracer.
Fig. 2 is a schematic of the tracer section,

which is comprised of a commercially avail
able transistor amplifier (Healistic type No.
27-1557 or equivalent ), together with the
associated patching and switching functions.
In addition an outboard emitter follower
stage is incorporated to allow for selectable
high impedance input, as well as the normal

10k input impedance of the amplifier.
Switchahle speaker and VU meter p rovide
aural and visual monitoring of the tracer
amplifier output.

Inp ut #1 (J3 ) is normally used for tracer
input operation, and is swi tched for high and
low gain by 55, and for high and low im
pedance by 54, both on the front panel.

Input #2 (J4) p rovides di rect coupling
to the transistor push-pull ou tput stage, and
may he used for one of the following pur
poses :

(a) Substitute output stage and speaker.
(h ) Direct input to the VU meter (with

tracer amplifier switched off) for
measurement of high level signals.

(c) Tracer amplifier output for high im-
pedance phones.

(d) Output for oscilHscope to observe low
level rt or at signal picked up by the
tracer.

(]5) permits using the internal speaker as
a substitute with an external amplifier, and
d isconnects it from the tracer amplifier.

(J6) is output for low impedance head
phones, disconnecting the internal speaker.

Decoupling of the internal battery supply
is accomplished by a 27 ohm resistor and 500
mfd capacitor, to prevent interaction be
tween the generator and tracer when used
simultaneously.
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stage to two of the tracer amplifier mount
ings.

The crys tal used in the (G I) Marker Gen
erator is a Bliley d ual 100 kHz/1 MHz unit
which was available in the authors junk box,
In the event diffi cul ty is encountered in ob
taining this unit, individual crystals may he
mounted in the same board space. All the
genera tor circuits were ad justed to perm it
common usage of the GE2 and GE9 tran
sistors, since these are commonlv available,

just about anywhere, However other su itable
transistors may be substituted and the in 
d ividual construc tor may want to experiment
with what is available. Substi tutes for the
GE2 may be any aud io frequency PNP tran
sistor with an hfe of abou t 70. Substitu tes for
the GE9 should be high frequency PNP
types, preferable good to 100 ~I Hz mini
mum, with an hfe around 100.

Locat ion of controls is shown in the front
panel photo. One each H C6 /U and FT243
type crystal sockets are mounted on the fron t
panel for both the HF and LF generator, in
order to allow almost any crystal to he
p lugged in .

The Gentrac is powered by a Burgess type
D6, 9V battery, or eq uivalent type. Smaller
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Construction.

The entire generator circuitry, excluding
front panel controls and crystal sockets, is
mounted on a 5}~" x 3J~ " piece of perfboard
(0.093" holes ) . Layout of the components
is shown in the photo.

Good grade. mica-filled sockets were used
for transistors. Alternatively transistor leads
may be permanently soldered to Rea clips
staked in the perfboard .

The generator board and tracer ampli
fier are mounted in the 4Jf"h x 8"w x 6"d
aluminum mini-box by means of standoffs.
The stand-offs used by the author are assem
bled from Jf" and 1" spacers, normally in
tended for expandable three-hole binders,
and obtainable from any good stationary
store. These spacers have 8-32 threaded
studs at one end and threaded inserts at the
other end, accepting 8-32 screws and nuts
for a ttachment to the boards and box. The
spacers may be connected together to as
semble the desired length. Two 1" and one
W' make up each of the four spacers to
mount the generator board. Four J~" spacers
support the tracer amplifier and two 1"
spacers attach the input emitter-follower

".
INPUT

a
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obtained for special purposes, such as the
ifs of transceivers at 5.0, 6 .0 and 9.0 ~IHz,

and will make possible accurate alignment
with assurance and repeatability not possible
with the average tunable signal generator.

Referring to the front panel photo, use of
the controls is fairly apparent. The genera tor
is turned on by advancing the output control
from full y counterclockwise. Generator Mode
switch selects th e desired signal. In the HF
and LF modes a crystal is plugged into the
appropriate socket. The crystal oscillators
require no adjustment or tuning uno will
work with any active crystal within their
range. In the AF mode the Audio Freq. con
trol is ad justed to the desired frequency. Ac
curate calibration of this control was not
attempted on the authors unit since approx
imate frequencies in the audio range (e.g.
400 Hz, 1,000 liz ) are usually adequate.

However a few ad justments are required
when first sett ing up the Centmc. The
Marker Generator requires zero-beutmg the
100 kHz and 1 ~IHz outp uts against \V\\,V,
b y ad justing C2 and C3. After this L1 and
L2 should be tuned for maximum outp ut.
You can use the tracer with the rf probe
plugged int o the generator output and ob
serve the peak on the V.V, meter, but the
af mode switch must be in the "~IOD" posi
tion. Adjust the output control and the

( N UL WIRE
12" LG

........"'"OUP

Fig, 3. Test leads and rj test probe construction,

~E @'-------NO. lfiNSUI..
P~ WIt'IE PROBE

RCA MALE
PHONO PLUG

~-'-

TEST LEAD

AF PROBE

uew.

9\' batteries arc not recommended for re
liable operation, part icul arl y since the d rain
of the noise generator is subs tantial. The h at 
tery is secured to the hack of the mini-box
by a wire-clamp fabricated from a wire
clothes h anger. The springiness of this wire
holds the battery securely while permitting
it to be removed when required.

The two test leads and rf test p robe are
assembled as shown in F ig. 3. Any small
diameter shielded single conductor cable may
he used for the tracer cable. For the genera
tor output cable, miniature coaxial cable
(type RG 174/U) is recommended. If this
is hard to come by good quality shielded
single conductor may be used with some loss
at higher frequencies.

The I N34 diode used in the rf p robe is
of the larger glass type, since this fi ts snugly
in the phono connector, with one glass seal
fonning an insulator between the wire-lead
probe and the connector housing.

Using the Gentrac.

The first question may be, "Why crystal
oscillators for the generator". Obviously the
Gentrac does not substitute for a precision,
wide range signal generator. nut just as ob
viously a crystal oscillator will give a more
accurate discrete frequency signal than a low
cost, tunable signal generator. A hand ful of
low priced crystals will do a lot in the Gen
trnc. For example a couple of crys ta ls at 262
kHz and 455 kHz for use in the LF gen era
tor, will cover most if alignment needs. A
10.7 ~IHz crys tal in the HF generator is
handy for aligning the ifs of F~I receivers.
Ham band crystals are ~00l.1 for 'hand find 
ing' when calibrating a home-brew receiver,
prior to accurate calibration with the m arker
generator. Specific frequency crystals can be

•
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And only Radio Shack
has this 119.95 receiver!

Thousands o f h ams and swl's h ave discovered that
R adio Shack's Realistic O X-ISO is tr uly the "break
th rough" full coverage receiver of 1968. It's the
100% solid state receiver that banishes ioreoer tube
failure, tube heat, tube drift, and - thanks to its
built-in 1I7V1 I 2V sup ply - your dependence upon
AC current when power fails or on field day. The
brilliant OX-ISO is NOW IN STOCK in everyone
of Radio Shack's over 200 stores .

CAVEAT EM PTOR
Since O X-I SO is certain to be the world 's most Imi
tated commu nications p roduct, we advise our r ead
ers that "solid state" on a r eceiver is not necessari ly
indicat ive of selectivity, sensitivity and "feel." The
DX-ISO is built to 5200-S3OO performance specifi
catio ns; its modest 51 19.95 price tag simp ly d esig
nates the extent to w hich we have sacrificed tra
d it ional markup to establish R EALISTIC as a qual
ity li ne! P.S.- DX- ISO is a hefty 14 Ibs., with a
12~" d ial, extr uded l I-ccnrrol front panel, and
1414x8 14 x6 Vz " in size. It's just the picture that's
littl e! O ur no money down policy makes the pain
little, too!

r--------- ----..,
FILL IN AND MAIL ORDER TODAY! I

RADIO { EAST: 730 Commonwealth Ave ., Boston, Mass. 02215
SHACK WEST: 2615 West 7th St., Fort Worth, t exas 76107 I
Ple ase rush me the Item I've checke d below. Dept. 73m·34
I enclose $ , p lus 50(: for postage a nd handling: I
o FREE 1968 Cata log 0 Match ing S peaker. 20-1500. $7.95
o Rece iver, 20-150, 0 12 VOC Power Set, 20-1 501, $7.95

$11 9.95 I
N eme (p rint )

Street I
C ity ~e__ Zip__ ..J

,

10 iM"",o j.......
eOO Ooo oO

Matching Speaker12 VDC power Se t

Rep rin ted Without Editing

h lir$t really notewort~y
"What may ~e t e nlcations receivers IS
advancement . In camm: Radio Shack imported
wrapped up In the ne . coverage trom
DX·lSO. ruturin.&M c~~:~~~~~: band l535 kHz)
the top of the meter band (30 MHz). • ..... ...." .....~" .... .... .... .
to the botto~ of th\l~~ .convers jon sucernet t.-= '-'= -e· ...... ... • •
the OX·1S0 IS a 51 ge two U . stages, lull- •., .,,- •••_..• . : ._.~ •.",'" '0 . ~ , :. .. . ~-l"" ''' '~~''
with a tuned d . stag 'I SSB /CW reception
wave product detector r~r state Selling at
- and it's 19~~50S~als the fl~x ;bi1ity of a .
$119 .95. the . . er that a ham or SWL "~j"'_",,""'===';;; .'. - _ ....,;;;._
communlcat ion~ re~~;v $175.plus. To rattle off """'-.~, ... , ",.. ,,;:,.._..
Is used to buying "there is a front panel _ 'I
a few mor~ "featu~~~t : or slow e.v.c . attack,
antenna tnmmer, b ' It in monitor speaker,
a cleverly con~eal:dd ~~n'dspread , and noise
plenty of cahbra e . and audio stages. ae
limiting In both ~~de ~i~'te circuitry, the usual
cause of th.e so I ted with a tube-type reo
warm-up d ~lft expe c here. And, althOugh
cetver is vlrt~allY .ab:~~: a base station reo
the OX.1.S0 IS p;~m It a.c . power connecti on,
cejve r With a 11 t v~ from an outboard d.c.
it can be opera e . rng of only 8 u-ceus.
power supply c.onsl~hlat the receiver will ee
Radio Shack claims continuously _ using
erate for 100 ho~ rs Ideal for Field Day and
only the d.c. supp y. f of the pudding so
emergency work! Th~c~~?~ns receiver is c.o~,·
far as any commun works "on the air .
cerned is howEl~~iIR6~ICS the DX.150 was
At POPULAR 125-loot ' IOng.wire antenna
hOoked up to a th AM broadca st band.
and tuned across e .meter was pinned on
Needless to say, the. S te channel, and the
just abOut eve.ry '''"''0Shack'S voice-se lec-

'I ,ali ly With a I l i arau 0 q $1 95) was crysta ·c e .
live speaker (extra , . n 1 55 and 4.5 MHz,
Tuning t~e band bet~~:nce 'to appreciate ~he
your review er g~~ . a on SSB reception. GOing
comfortable han mg MHz) the 25· and
a little higher (4 . 5' 1 ~'·~l i ve" ~nd signals ap
at-meter bands were

t
f the air _ possibly

peared to leap ou ,. Ot bac kground of the
due to the very. mne . usually regarded
OX·150. While qU~~.t ~~:s t~Sat wasn 't the case
as a lack of se nsl I~I 'the top band (13-30
with the DX-1~O: . n . seemed high ; and
MHz), the sensltlv l~y st~~le OX.1S0 could hold
on the CB fr~qu~n cle~ual _conver sion rece iver
its own agams a ummary: Radio Shack
built just for ~~;~;~. i~ most of its 160 re -
has the Mode . look at it , and get the
tail outlets. Take a . "
"feel" of this unusual receiver.

CUSTOM ACCESSO R IES!:lI~~i~n
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The Gentrac front panel

2 ) Dial Calihration-Ge ne ra tor M od e
switch to I ~IHz. Generator output to re
ceiver antenna input, and adjusted to suit
able level. Adjust receiver trimmers for
markers at 1 ~lHz dial markings.

3 ) RF Alignment . Generator Mode switch
to 0:0 15£. Generator output to receiver an
tenna input. Tracer input to receiver audio
output. Generator level control full clock
wise. Tracer gain control set for suitable
VU meter reading. Peak rf and converter
stage trimmers for max noise level 0 11 VU
m eter.

Man y other uses for th e C entruc will sug
ges t themselves. The tracer is conventionally
used for locating signal loss or d istort ion ,
using the appropriate probe, when receiver
troub le shooting.

With a telephone pickup coil plugged into
tracer input # I, you can have a handy tele
phone amplifier. And for a little code prac
tice, patch the generator output to the tracer
input, plug a morse key into J2, and set the
Generator Mode switch to af. When used as
a practice oscillator square wave output
m ay prove less fatiguing than sine wave, and
you can adjust the a/ frequency to your own
liking. Incidently ) 2, which keys the af oscil
lator , is mounted on the b ack of the mini
box, and m ay he excluded if not required.

. . , W 6AJZ

Centruc 111
• •receiver IS as

,-
s,.... "VOIO ...:I Q

SQU~~lJ .. .~~. No_" .TUU,"
., GO, JIll, H f H -: ,~!,

JI(;N"'~
LIVU ._. 1>.. J OCHA L I

OU ' ''UY ".01(; N O IU _ , ....C U

J# •
.. .. I G.Il,...... '

• O~ '"HO. .''''1 LO \.0
.. O . ,I

1) if Alignment-Generator Mode switch
to LF and 455 kllz crystal in LF socket.
af Mode switch to "~ (OD". AUDIO
FREQ. control at .4 (400 Hz) . Conned
generator output cable to converter stage
grid, and tracer inp ut lead to receiver
audio output. T racer input switches to
Low Imped an ce and Low Cain. Trace r
output set to VV. Set generator outp ut
and tracer input controls for suitable VV
reading and peak if transformers.

tracer gain for a suitable reading. The ap
proximate af frequency markings for th e
AU DIO FHEQ. control may be spotted b y
hetrodyning the output against a borrowed
audio generator, or a frequency test record
on the Hi-F i system.

A typical application for the
aligning a communications
follows :

Organizing a Resistor
Collection

A simple, yet effective way to organize
your supply of resistors is found in last
years parts catalogs, For years I h ad all of
my resistors thrown in a box, each time
I needed a particular value I had to rurn
mage through the entire box to find it . The
answer to this problem lies in a small cub
inet with twelve drawers. Thumb through
last years catalogs to the resistor sect ion.
Cut out the table of standard values. I used
the IRC 10% table from Allied Radio's eat
alog. The 5% table would provide a more
complete listing, but it may b e too large
to fit the drawer fronts. You will note that
the table is divided into twelve columns,
cut these apart and glue or tape them
to the fronts of the drawers . This simple
system saves 90% of your resistor locating
time, looks neater, and helps you keep a
balanced supply on hand,

William P. Turner W A0ABI
"He's left

•

me before-but this time I think he
. "means It.
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o desk clock

o name plate

o tape recorder
o tra vel clock radio
o clock am/fm

City & State Zip

Address .

CASETTE TAPE RECORDER
After testing a dozen d iffere nt ma kes of cassette

tape reco rde rs we found that the Va lia nt was by
far the easiest to use . The fidelity is good a nd the
push button system outstanding . Has batte ry leve l
me ter, reco rd ing level mete r, jack fo r feedin g hi-f
or tv, operates fro m swi tch on mike. G reat for re·
cording OX contacts, f rie nds, at the movies , pa rtie s,
unusuel accents and thin gs li ke t ha t . O nce you try
it you will be usin g it li ke a camera. C hec k th is
price a nywhere, it is a lulu !

SPECIAL. ONLY $44.50 ppd

24 HOUR CALENDAR CLOCK
This clock reads out the da y, date and time in
large , easy to read numbers . No ne of tha t little
tiny number b usiness fo r your sha ck. Set th is up
on G MT an d never me ke a mistake agai n on log
gi ng time and date. 8"x3 112"x3Ih", brushed aluminum
case. Synchronous self-startinq movement, 110 v 60
cycles . Make your ope rating des k look outsten din q
with t his new type of clock.

___SP_E_C_IAL $49.50 pp

TRAVEL-CLOCK RADIO
Eight transis to r dock radio, complete with clock ,

radio elerrn, and slumber setting! Weig hs less t han
1112 pounds. Grea t gift fo r a trave li ng friend or
relat ive. Or yourself. Earphone for private listen.
ing, if you lik e. Batteries included.

SPECIAL ONLY $17.95 PP

AM·FM DIGITAL CLOCK RADIO
Here is somethinq entirely new in cloc k radios

a diqitel clock plus a ve ry sensitive AM -FM with
AFC rad io. This is the first dig ital clock rad io eve r
imported into the U.S. The rad io is all solid state,
of cou rse . This makes a wonderful radio f or t he
bedroom. Price clock AM .FM radios, even in the
barga in fliers, an d notice the am ezinq low price for
this one.

SPECIAL ONLY $49.50 PP

DESK NAME PLATE
Your name and call on a beautiful des k plate mloht
normally cost you around $ 10. These plates are wel
nut q ra ined and are available with up to 20 leHers
and spaces. You can have your full name or your
first name e nd call. Immed iate delivery on all orde rs .
10" lcnq by about f" high. Ident ify your station
with one of these plates.

Name & call _ .

REDLlNE, Jaffrey, N.H. 03452
Please send postpaid the following:
check enclosed.

SPECIAL $2 PP
....------------------------_.

'"
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Harness Your Wiring
A. E. .llcGee, J,. K5LLl
2815 Moterhorn Dr.
Dallas. Tnos 75228

When buildin g any complex piece of elec
tronic equipment, you will usually find that
the majority of the wiring consists of power
and control wiring of one kind or another.
This wiring is usually completely uncritical
as to length and p lacement, so ordi narily
not much thought is given to its installation.
Any method of wiring may work well elec
trically, but later on, when it is necessary
to trouble-shoot the circuit and make repairs,
you may find that you have built-in some
un necessary troubles.

If you wire directly from point to point,
always using the shortes t possible wire, the
wires will cross each other a t man y odd
angles and will very likely pass over other
components. This makes access to these
components difficult. Also it is hard to find
a clear path for the signal wiring when
power leads are everywhere.

A much better plan is to Tun the non
signal wiring around the sides of the chassis,
hound together into a neat b und le, with
leads b reaking-out at right angles near each
component. A wiring harness like this is
most easily made outside of the chassis . A

66

little time should be spent in preparing a
wire chart and a full-size layout of the chas
sis. This will speed the construction of the
cable and make errors unlikely; also, you
will have a complete record of where each
wire goes in the circuit.

The wire chad and chassis layout
To make a wire chart , rule off five vertical

columns on a sheet of paper, and mark them
with these headings: W ire Xo., Size , Color,
F rom, and To. Under Wire Xn. , number the
wires consecutively; under Size, put the
gauge of the wire; under Color, use the
standard color code (a red wire would be 2,
a white-blue-green wire 965, etc.): under
From and To, put a description of the com
ponents or terminals to which the wire is to
be connected .

Now draw a full -size layout of the chassis.
This need only be a simple outline of the
chassis, with the approximate location of all
the major parts d rawn in . Decide where you
want the main body of the cable and the
breakouts to the components to run, and

13 MAGAZINE



sketch them in . Use this layout , together
with the schematic, in making the wire chart.

Start from one side of the circuit diagram
and begin filling in the wire chart, marking
through each wire with a colored pencil
as it is put d own on the wire chart. F or
example, say you sta r t with a wh ite, 1 8~

gauge wire from the power switch to the
p rimary of the power t ransform er. You
would put down something like this: Wire
No . - 1, Size - 18, Color - 9, From - 51 ,
To ~ TI , terminal # 1. Then mark the sche
matic to show which part of the wiring is
now on the wire chart. A fairly large-size
copy of the circuit diagram is helpful.

The chassis layout is useful when several
componen ts are connected to the same wire.
The order in which the components appear
on the schematic may he considerab ly dif
ferent from their relative locations on the
chassis. Reference to the chassis layout when
making the wire chart will prevent excess
wiring in the cable, caused b y the same wire
doubling back on itself to get to a pre
viously-skipped component.

Use wires of as man y different colors as
possible. Assortments of small quantities of
wires in various colors and sizes are avail 
able a t bargain prices from most of the
large mail-order parts distributors. You can
use the colors according to some code of your
own making, or just use them consecutively,
and when you run out of colors start over
again .

Making the harness

To make the harness, fi rst tape the full
size chassis layout to a piece of wood . Drive
some small nails along each side of the
sketched -in cable. Place the nails in paIrs

,

The clove hitch.

NO VEMBER 1968

A n extra tuck is added to the clove hitch to pre
cent its loosening.

and space them about one-half in ch or so,
depending on the number of wires in the
cab le. Hefer to the wire chart and begin
to lay the wires ill p lace. Put a check mark
beside the wire number on the chart as each
wire is put in. Be sure to leave sufficient
length at the ends of the wire to allow mak
ing the connectio ns. The wires may be strip
ped and tinned at this time, but a nea ter
job will result if you leave this until after
the cab le is put in to the chassis.

Lacing

\Vhen all the wires a rc in place, you can
start h inding them toge ther. There are a
number of d ifferent types of wraps, tics, and
bindings that can be purchased, hut in m y
op inion the neates t and simplest method for
a small project is to tie the cable together
with cord. Special lacing cord is available,
and the Rat nylon braid typ e will do a very
attractive job . Any type of heavy twine will
do about as well however. It should he large
enough in diameter that it won't cut into
the insulation.

The wires may he laced together , or
simply tied at intervals. I prefer to tie them,
as it is more secure and takes little more
time than lacing. Lacing is recommended,
however, when long runs of cab le are made
up. Tie the cable every few inches along the
main body, and p lace a tie on both sides
of each breakout.

A good knot for fastening the wires is a
modified clove hitch, or ord inary clove
hitch with a square knot tied .over it to lock
it. If maxim um secu rity is d esired, put a drop
of glue on each knot. For the nicest-looking
job, the knots sho uld be under the cable,
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The completed modified clove hitch.

where they will be out of sigh t . The easiest
way to do this is to first make enough tem
porary ties to hold the harness together.
Then carefully remove it from the jig and
tum it over. Finish the ties with the harness
upsid e-down, and the knots will come out
on the bottom when the harness is turned
rightside-up.

The harness may now be mounted in the
chassis. Hold it in place with a few cable
clamps. Metal and plastic clamps arc avail
ab le in many different sizes. The plastic
types aTC not as likely to cut into the cable,
and will not cause a short circuit even if
they do.

Route the leads to each component and
cut them to length. Leave a little extra
lead length at the end of each wire. This is
called a service loop, and is very helpful if
the connection must be taken loose and re
soldered when replacing a component. It also
keeps the wire from putting any strain on
the connection. It is best to run the wire
straight, and then make the loop right at the
connection.

Tinning and soldering

All stranded wire must be tinned after
stripping. This takes only a few seconds, and
if it isn't done, the ends of the wires will
fr ay and spread in all directions when the
wire is wrapped around a terminaL Heat
the wire before applying the solder, so that
when the solder is applied it will quickly
flow between the strands.

Strip enough of the wire so that when
the connection is made, the insulation will be
hack about ~G" or so from the connection.
This will help to prevent burning the insula
tion when soldering. Don't put a sharp bend
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in the wire within ~.. of the connection,
as the heat of soldering may cause the insu
lation to pull away from the wire.

The above applies to the use of most
plastic or rubber insulated wires. Teflon in
sulation is not affected by soldering iron
heat, and cannot be burned or melted acci
dentally. Altho ugh Teflon-Insulated wire is
expensive (about 4 or 5 times the price of
vinyl insulation ) , it is very useful when many
wires must be soldered in very close quar
ters. Besides hcing heat-resistant, the elec
trical and mechanical properties of Teflon
are excellent.

The proper method oj lacing.

If you wish to replace a wire in the har
ness for some reason, you can do so by
soldering a new wire to one end, and by
pulling the other end the new wire may
be drawn into the harness. Make a small
lap-type solder joint, and smooth off any
rough edges before pulling it through.

The infonnation given here should not be
taken as the last word on the subject. How
ever, the use of this outline, together with
ideas of your own, should make it possible
for you to do a very professional-looking
wiring job on your next project.

. . . K5LLI
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Copper Wire
l im Ashe WIEZ l'
P.O. Box 343
Peterborough, N.ll. 03458

Fig. 2. Stran ding oj some popular wire SI US. Th e
finest stranding is most fl exible. This table was
built up from an industrial electronics catalog,
and several errors were jound. The values [oltowed
by a question mark may be wrong.

Fig. I . Resistances oi several metals compared to
copper, For example, ij a certain piece oj copper
wire had a resistance oj 1 ohm, a piece oj iron
wire with the same length and cross-section area
would hfll:e a resistance o] .5.8 ohms.

Some metals will react violent ly when ex
posed to air or water. Copper is very well
behaved, uud stays clean and shiny for some
time upon exposure to air. But it eventually
becomes d arken ed by an oxide coating, after
a fcw months. This can be very important in
rf applica tions, an d will h e explained la ter.
Copper will react quickly with body greases
and adds commonly p resent Oil the hands,
so that a shiny clcnn surface will take penna
ncnt fin gerprints. And cop per will react
slowly with some chemicals to form a green
ish nonconducting film or scum. Cleanliness
is important when working with copper.

Electronics applications for copper wire
fall under two general headings, de and rl.
At de and power frequencies, conduct ion is
d istrihuted through the entire volume of the
copper wire. Current flows in the center of

Metal

Silver
Copper
Gold
Aluminum
Iron
Tin
Solder (63/37 )

Resistivity
Compared to Copper

0.95
1
1.4
1.6
5.8
6.7
9.3

Stranding

19x25
19x27. 4ix30
19x29, 26x30, 65x3.1,
7x26. 16x30, 19x30. 4lx3·1, 65x36
7x28, 10x30, 19x32? , 26x3·1, 3 lx36
7x30. 16x3t 19x31?
7x32. 19x36? 45x-lO?
7x31
7x36
7x38

Wire-Size

12 AW'G
l-l
16
18
20
22
24
26
28
30

\Vire is so closely associated with elec
troll ies that it comes as a surprise to think
there is an electronic component called
'wire .' Yet that is a very good way to think
of the stuff that comes on spools, is meas
ured in feet , available almost anywhere, and
whose correct application is necessary for
building reliable gear.

Looking inside a wire, we usually find
copper. Copper is a very important metal,
and electronics as we know it could not exist
without that easily obtained, malleable, d uc
tile, soldemblc, copper-colored stuff we call
copper.

Copper wire in el ectronics

Copper is second only to silver in its good
current carry ing properties , and it is far less
expensive . The difference in current COIl

ductivity b etween copper an d silver is con
siderab ly less than seems to be generally
believed, am ounting to about 6% at de. T he
d ifference is smaller at ri , See Fig, 1 for rela
tive resistances of some metals often seen in
electronic chassis.

Copper has one unwanted property : it
tends to work-harden. A piece of soft copper
wire, once bent, never returns to its original
soft state. It becomes harder and more
crysta lline, and prone to brittle fracture.
Under conditions of vibration, #22 and
smaller wire has a tendency to crystallize
and fin ally break. And some insulation, str ip
ping tools will nick a copper conductor, in
creasing chances of breakage at the nick,
which is partly hidden by the insulation.

The tenden cy to break, noted in solid con
ductors, is greatly reduced by making the
cond uctor of m an y fine strands . See Fig. 2.
Reliability under vibration is greatly im
p roved and the cond uctor is better able to
withstand the stress of unsoldering and re
soldering, although less convenient to work
with. Flexible power cables arc made of
stranded cop per wire.
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Fig. 4. Ratio o] hot resistance to room temperature
resistances jor determining transiormer operating
temperature.

'.0

'Vire mV/amp-ft. mV/amp-ft.
Size 90 deg. C 7.5 deg. C

12 AWG 1.6 1.9
14 :)5 3.1-.
16 4.0 4.9
18 6.4 7.8
20 10 12
22 16 20
24 26 31
26 41 50
28 65 79
30 103 126

Fig. 3. Wire resistan ce stated the most convenient
way for several popular wire sizes. Resistance rises
as the wire becomes warmer.

the conductor as well as the outside. But at
rf the current is confined by magnetic effects
to the conductor surface. which is why hol
low cond uctors are often used in power rf
gear. It is not economical to purchase cop
per when it will not carry current, and some,
times the space is conveniently used to carry
cooling water. The Frequency dividing line
between de volume conduction and rf sur
face conduction is not sharp.

de and power wiring

Cond uctor cross sect ion I S the area avail.
able to carry current . To de term ine a con
ductor cross section value, imagine you have
cut sq uarely across the conductor, and esti
mate the number of square inches, cent i
meters, or what have you, of area exposed.
Circular mil measure is sometimes used, but
is not required for electronics work. The con
ductor cross section has no direct bearing
on how much current the conductor can
carry, since tests at 15,000 amps!square mm
(about # 17 wire ) show no indicat ion of an
intrinsic limit. The maximum or operating
current is determined by one of two factors:
excessive voltage drop , or excessive tempera
ture rise.

Various tables in handbooks and physics
tests may be used to calculate resistance
values, hut for most app licat ions there is an
easier approach . Resistance is commonly
specified d irectly for various wire sizes in
ohms per 1000 feet. This can be read as
milliohms per foot, and a key trick in using
this value is to read it as millivolts drop per
amp-foot. See Fig. 3. In this way, calcula
tions can often be completely avoided . You

have to remember to allow for the current
return path too, in estimating the voltage
available at the end of a conductor or run.
Good technique is to measure the result in
the finished gear.

\ Vi re resistance increases as tempera ture
rises. See Figs. 3 and 4. T he increase is not
significant for most electronic applications,
being in the order of 2% per 10 degrees F .
T his small change in a small resistance is
rarely significant, but may become an im
portant factor in transformer operation.

How hot d oes a given transformer actually
become in normal operation? Straightfor
ward resistance measurements can provide
an answer. If the room temperature resist
ance of a win ding is known. Fig. 4 may be
used to estimate operating temperature from
the hot resistance of the transformer wind
ing. If a very enclosed experimental device
has been through two or three t ransformers
even though they do not seem to be over·
loaded, this can be a very inform ative test.

Transformer temperatures are important in
another way, too. A transformer can go into
thermal runaway, if conditions are right. In
normal operation the transformer power d is
sipat ion is directly proportional to its tem
perature rise, and the resistance also increases
directly to the temperature rise. In this con
ditionally stable situation, transformer cp
era ting temperature is related to load. If
another factor comes in, such as internal
leakage that increases significantly with
temperature, or circuit load requirements
that rise with tempera ture, a therm al run
away situation is possible. Since it does not
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Fig. 5. Suggested maximum current fo r wire in
carious applications. Wire in a transiormer is least
able to dissipa te heat, and i.~ rated at the leas t
operating current.

go too fa st, perhaps it can be detecte~ by
plotting transformer temperature over tlm: ,
with a cooling off period between tests. TIns
goes slowly, hut it may explain catastrophic
failures that otherwise simply do not make
sense.

\Vhen voltage drop in wiring is not a ccu
sideration which is most of the time in,
amateur and experimenter electronics, the
choice of wire size is determined b y tem
perature and insulation considerations. Tem
perature is importan t, because insulation
failures are generally keyed b y excessive
temperatures.

Conductor operating temperature is that
of the general environment, plus a bonus
rise depending upon the current and case of
dissipating excess heat. See Fig. 5. Very en
closed wire in a transformer is rated at a
much lower current than the same size wire
in free space. If special insulation permits
higher operating temperatures, the wire cur
re nt rating is increased.

The place formerl y held by rubber as an
insulating material is now taken b y thermo
p lastic in sulations. These are usually a vinyl
chemical compound , much better behaved
and longer lasting than rubber, but thermo
plastic. That is, they soften and melt if they
become too warm. T ypical maximum operat
ing temperatures are near the boiling point
of water, about 175-200 degrees F . Teflon
insulation, now entering the electronics con
sumer market, is good for much higher tem
peratures, and special teflon-glass insulation
works at temperatures ncar red heat. T eflon
and teflon-glass insulations also have excel
lent rf p roperties.

...
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Wiring at rI
There is a vague dividing line between rf

and de applications in wiring. I t depends
upon the app lication, permissible losses, and
wire size, hut is generally reckoned to be in
the range of 50 kHz to 1 MHz.

If two adjacent wires carry d e or ac cur
rent in the same direction, they will be
pushed away from each other by their similar
magnetic fields. Imagining that a single large
conductor carries man y tiny current paths,
we see that something like this might occur
in single conductors. This actually is the
case, a-nd its result is called 'skin effect .' See
Fig. 6.

Because only a small part of the wire ac
tually carries the curren t its resistance
appears greater than at de. in proportion to
frequency as shown in Fig. 7. Resistance at
rf is always greater than de resistance, and

Fig. 6. Ij we could cut a thin slice from a wire
carrying current at dc and RF without disturbing
the current distribution, we would find a very
basic difference in the way the current flows
through the wire. In the R F case, there may be
no current at all in the center of the wire.

Fig. 7. Resistance of some popular sizes of shiny
copper wire rises as frequency is increased. The
largest wire always has the least resistance. Flat
wire would show a much smaller frequency resist
ance dependence.

CURRENT
AT DC 1_ -;- _

Applicat ion
Cab le Transformer

23 amps 9 .3 amps

17 ,5,9
13 3.7
10 2.3
7.5 1.4
5 1.2
4 .73
3 .46
2.2 .29

.18

Free
41 amps

32
22
16
11

\ Vire Size
12 AWe

14
16
18
20
22
24
26
28
30
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Fig. 8. A ctual resistance 0/ a tinned copper wire
will be greater than shiny copper wire but less
than solid tin wire, except at highest frequencies .
It depends upon the thickness of the tin coating.

TIN WIRE

cations, and manufacturer's specifications on
voltage rating should be followed . But the
most significant factor in amateur and ex
perimeter applications is temperature.

Temperatu re melts some insulations, and
accelerates aging of others. It has a drastic
effect upon insulation resistance. The MIT
Ra diation Lab Component Handbook lists
an ins ulation resistance change by a factor of
48 in 20 degrees C. temperature change.
This could be very significant in some crit
ical circuits, and in transformers.

The common insulat ions used in electron
ics are the vinyl and polyvinylchloride types,
enamel and formvar, and rubber. The vinyl
insulations are most generally used and
teflon is coming up fast due to its popularity
in computer app lications . Teflon has nearly
perfect p roperties . Formvar is very good for
coils and VHF circuits, and rubber is still
used sometimes in power cords . Avoid
rubber.

.00

Installing wiring

I t is not true that wire joints must be
mechanically strong before soldering. This
rule may have application in military and.
aerospace construction, but few amateur and
experimenter app lications involve such ex
treme requirements of vib ration resistance
and reliability. F or lab and other light-duty
ap plications a solder-only joint is perfectly
reliable. The lead is brought to and into the
lug, connector, or whatever, arranged so that

Insulation

this explains why d irty or corroded rf con
ductors will not perform as well as clean,
shiny ones.

In the process of working out this chart,
some interesting facts appeared. T inned con
ductors are not as good as shiny copper con
d uctors, and there is little to be gained b y
silver plating. Because the tin is applied to
the wire surface and has a much higher re
sistivity than copper, rf losses are relatively
high . And since rf resistance resulting from
skin effect varies as the square root of re
sistivity, silver plated conductors are but
slightly bet ter than shiny copper ones. The
difference appears with aging, and may be
minimized by a p rotective coating over the
copper surface once construction is com
pleted. This note should he especially useful
to radio amateurs with old, dull open wire
transmission line extend ing to expensive or
carefully built VH F antennas.

This skin effect data also ind icates how
best to make good, high-Q rf and VHF coils
at least expense. New cop per wire is indi
cated and it should have an enamel or pref
erably a Formvar coating. Silver plating is
not required, and if possible the wire is flat
rather than round. Both types of wire are
commonly availab le from motor repair shops,
which usually carryon a rewinding business
in a back room.

Other cop per materials for rf work are
roofing: copper, easily formed and cu t into
straps, and copper coa ted PC boards. The
very best in this department is the two-sided
glass-epoxy boards in }1H and %~ inch thick
nesses, which probab ly have better mechani
cal and temperature characteris tics than
heavy metal.

Insulation restrains the current to its in
tended path, and rarely has a mechanical
function. Insulation should always be viewed
with suspicion, and tested where its quality
or reliability may be in doubt. This applies
to all surplus wire. And some insulations
show very high losses at rf.

Insulation failures may involve many fac
tors. Oxidation is a natural enemy of rubber
insulat ions but d oes not seem to affect the
more popular vinyl insulations. Fungus may
be important in very warm, humid regions,
and sometimes oils and greases give trouble.
Abrasion may cause failures in mobile appli-
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Fig. 9. Some easily available solder compositions.
and their melting points. Addition of a little silver
lowers melting point an extra 7 degrees F.

it will stay there without outside help, and
it is soldered. If changes are indicated, the
wire is easily pulled free as soon as the
solder is remelted .

Acid-core solder deserves special mention.
Its rep uta tion is not a product of special
mention . Its reputation is not a product of
sales interests. The acid is corrosive in
plumbing applications. and has no place
in the electronics lab. Kit manufacturers void
their guarantee for any ge ar exposed to ad d
core solder for this reason. Paste fluxes too ,
are at least very messy and sometimes corro
sive . Do not use them .

The popularity of soldering guns seems
to h e a result of good advertising. There is
certainly nothing to recommend them to
the serious worker. They heat quickly, but
waste time at each application of solder.
Since there m ay he hund reds or thousands
of joints in a large project, soldering guns
do not save time. And because of the small
mass of hot copper at the tip, guns must
use high power to maintain soldering tem
peratures. A long application of the gun to
a joint may result in temperature excursions
several hundred degrees hotter than re
quired. Guns are clumsy, too, arid mechan
ically inefficient. If their popularity is not
due to good advert ising, another plausihle
explanat ion is a repressed cowboy urge in
the gun addict.

Soldering irons traditionally run too hot.
Some otherwise excellent irons are notable
in this respect. Any iron may be tamed b y
providing its power through a variable re
sistance, an SCR controller, or a variac. The
variac is preferable, since the iron can be
overvolted for occasional h eavy-duty appli
cations. This d oes not seem to harm the
iron, if not overdone.

Solder is a tin /lead alloy. melting at a
lower temperature than either pure m etal.
The m elting point depends upon the ratio
of tin to lead, being lowest in the 63/ 37

I
1

I

mix (63%, 37% lead ) sometimes called
eutectic solder. Low m elting points in elec
tronics applications are very desirable, and
sometimes a little silver is added to lower
the melting point a little further. Sec Fig. 9.
Low melting point solders are more expen
sive than the 50/50 or 40/ 60 alloys , h ut re
duced temperatures and faster soldering
minimize heat effects on fragile electronics
components.

Insulation removal wi th a sharp kn ife
is too slow for modern electronics work.
There are man y strippers on the market.
and the more elaborate ones are complicated
mechanical m onstrosities comple tely un
suited for serious electronics applications.
Maybe they are appropriate for wiring
houses rapidly. Of the simpler tools, the
nicest is Miller's Model 100 Stripper, which
should he cut down to fit small spaces. The
stripper is also available wi th a return spring,
but the spring serves largely to reduce feel
so you cannot tell if you are cutting insula
tion or wire. In many stores the spring vari
ety is the only one available. The spring is
easliy removed and discarded.

A pair of fingernail dippers may be con
verted into a convenient stripper b y grinding
or filing a careful notch square to the jaw.
Cu t in un til a hole appears, just large enough
to clear the wire as determined b y trial. See
Fig. 10. There is enough space for two or
or three notches for d ifferent wire sizes.
Don't try to put a notch in the middle be
cause there is a m etal post inside.

Fig. 10. !low to notch a pair oj fingern ail clippers
to make a handy wire stripper. A post through
th e center o] the clippers will block a notch
placed there, unless very short sect ions of insula.
tion are to be removed.

Melting Point
4,55 d eg. F

4 12
371
361
354

Tin/Lead Mix
40/60

50/50
60/40
63/37
62/ 36 + 2% silver
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OX-ARRAY

OPTIMUM FRONT LOBE

LOW ANGLE
OF RADIATION

NEW 20 ELEMENT
ANTENNAS

,

14.2 db GAIN

The very best wire strippers are the
thermal variety, which m elt rather than cut
ting through the insula tion before pulling
off the unwanted end. T hese strippers do
not score the wire, and cannot cut or notch
it. Recommended for reliable app lications.
See catalogs near soldering irons. Oryx
makes a nice stripper, which is listed in some
of their catalogs. '

In the matter of ac tually wiring a chassis,
there is a lot to learn but not very much to
say. W iring goes in power wiring first, then
m iscellaneous innerstage and control wiring,
and finally signal wiring. That puts the part
that receives m ost attention on top. In the
case of printed circuits, there is very little
wiring, but some care is required to avoid
a hazard of broken wires at board connec
tions.

.. . W IEZT
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$29.50
22.50
17.50

GREATER
CAPTURE AREA

DIRECT 52 OHM FEED

STACKA BIL~IT~y:"'''''''''''''""""Jl

FOR
144 mhz

BROADBAND
COVERAGE

See your local distributor o r w rite for complete
specifications on these exciting new antennas from
the world's leading manufactu rer of UHF /VHF
Communication Antennas .

220 mhz 432 mhz
A breakthrough in VHF/UHF Amateur antennas!
The new Cush Craft OX -Arra ys combine the best
yo g i and cofinear features into the Wo rld's most
advanced amateur communication antennas.
Real izing that the antenna is the mo st important
part of your station. Cush Craft e ng inee rs have
d evoted two years o f intensive d e velopment and
testing to perfect OX-Array . OX -Arra ys have al
ready established ne w records in Ox.ing and moon 
bounce programs.
Whate ver your interest may be, ra gchew ing , con
tests, OX, or moon bounce, get in on the e xcitement
of VHF hamming today witb OX ·Array.

DX-120 - 144 mhz
DX-220 - 220 mhz
DX-420 - 432 mhz
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Cheap rf Weatherstrip
A highly satisfactory substitue for rf

weatherstrip m ay b e m ad e from common
shielding braid . The garden variety sponge
rubber weatherstrip found at your local
hardware store is used to m ake it resilient.
Surgical tubing filched from a friendly ~ ID

or nurse will also work well.
The mating surfaces of the crevice to be

•
scaled are fi rst drilled fo r small sheetmetal
or mach ine screws. A len gth of b raid is
measured to fit the outline and a slightly
shorter length of rubber inserted within this
braid. The b raid is then formed to the
proper shape and the ends overlapped }4" or
so. Solder the braid together in one spot
only. \ Ve d on't want it to be so st iff that
it won't conform to irregular surfaces.

Clean the areas involved with sandpaper
or steelwool so as to present a good con
d uctor. Put the seal in p lace and fast en
the p arts together. It is not necessary for
the screws to go through the braid.

Vario us sizes of braid are commonly avail
ab le at supp ly houses, I h ave found the
~4" and ~" sizes to b e m ost practical. I t
is much easier to insert the rubber if the
braid is first sq ueezed to the shortest p os
sible length.

Seals b etween surfaces which already
mate fairly well may be m ade without the
benefit of the rubber in sert.

Will iam P. Turner W A\1)ABI



o Says You Can't
Joe Hannigan WB6ACJ.l
887 Is/oy, #3
San Luis Obispo, Ca. 93401

Take It With You?

Schoolbooks, sliderule, and a mobile rig, all go
toward making college interesting. Especially the
mobile rig.

Amateur radio licenses are being earned
by younger people every year. For those
youngsters in a "ham family," having a
license can be beneficial, because eventually
they will be going to college.

Being away at college need not interrupt
Junior's ham radio career. By planning
ahead, his equipment can be selected so he
can take it with him.

\Vith the advent of the two and three car
family, it can be supposed that he may have
a car of his own. Consider the advantages
of having a mobile installation.

Phone bills get awfully expensive in no
time at all (remember the half hour phone
call when you had your first fight with
your room mate?); traveling to and from
college would be more enjoyable with some
one to talk to (plenty of people on 40
metersl ) , and besides, adventure is involved,
and mobiling is just plain old fun!

7b

Since Junior may he changing residences
during his college years, and ham radios
aren't allowed in most college dorms, the
obvious solution to keeping his license cur
rent is to put the rig in the car.

Several medium powered transceivers can
be had for a nominal sum, and with a little
ingenuity, some money can be saved by
building your own mount or perhaps buy
ing an easy-to-put-together kit.

Most transceivers have ac supplies avail
able so they can be used indoors as a port
able station. This can be handy if Junior
decides to live by himself in a rented house
or apartment. (Be sure to get the land
lord's approval if you operate in an apart
ment housel)

The author selected a Galaxy III from
the used gear market and got a New-Ironies
"Hustler" collapsible whip to go along with
it, providing operation on 80, 40, and 20
meters.

A de snpply capable of handling the fnll
300 watts PEP of the Galaxy was purchased
new, hringing the total cost to just over

.. , .""

The compactness oj mobile transceivers allow them
to be used right alongside the typewriter, taking up
about as much space. The power supply is placed
on the floor. Tired oj studying? Take a QSO break.
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A quick QSO on the way to classes makes the
trip a pleasure. Plenty of time to work a few DX
stations.

$300. An industrious young ham can earn
this much in a Summer.

Instead of buying the commercially made
mount for the tran sceiver, give a little
thought to making your own . It's relatively
simple to do, and all that's needed is an
elec tric drill , a few feet of flat strap steel,
and a few nuts and bolts. Let the junior
op make the mount while the OM works
a little OX.

The first contact the au thor made, after
installing the Galaxy, was with Pennsylvania.
Not too had , but the second QSO was with
New Zealand. And the third was Australia.

Both signal reports from the South Pacific
were 89 plus!

KC4USB in Little America (see "Opera
tions Deep Frceze-. 1957-1 967," March
1968 7.3 ) gave the Galaxy an S5 rating.
And Antarctica is about as far away as
you can get from anywhere!

So if Junior is basically a DX man, he
can continue his drive (no pun intended )
towards DXCC with the mobile rig. And
if he should encounter problems while cross
iug long deserted stre tches of highway, he
can always call for help. The \Vest Coast
Amateur Badia Service net is on 7.255 Me,
and they give priority to mobiles. Need
help? Just call.

The young collegian will want to find a
group of friends with similar interests, and
he need look no fur ther than the campus
amateur radio club.

W6BHZ is th e call of the Amateur Radio
Club at California State Polytechnic Col
lege, San Luis Obispo, California. The author
joined the club when he fi rst got to school,
and subseq uently met JA8SB, whom he
had QSO'd in 1962. Small world.

If you can't afford a mobile or portable
station, then consider joining the campus
amateur radio club.

Yes, rnobiling may be the key to keep
ing Junior active while in college. If his
date turns out to be a cold fish , he can al
ways try to find a tantalizing Tahitian YL
who's will ing to QSO.

. . . WB6ABM

Frequency Allocations Chart
P IIOXE ALI.OCATIOX CW ALW CATIOX

E xtra Class Adva nced Class Gw a al Class Extra Class
A dvanced and

n cnceet Class

3.8 - '. 0 3.8 - 4.0 3.8 - '.0 3.5 - 4.0
7.2 - 1.3 7.2 - 7.3 - 0 - 7.3 7.0 - 7.3'--

Current 14.2 _ 14.35 14.2 - 14.35 14.2 - 14.35 14.0 - 1-1.35
21.25 - 21. 45 21. 25 - 21. 45 21.25 - 21.4,j 21.0 - 21.4 :-;
28.5 • 29.7 2!l.5 • 29. 7 as.s - 2iJ.7 28.0 - 29 .7
50.1 - 54 .0 50.1 - 54.0 50.1 - 54. 0 50 .0 - 54.1}

3.8 - '.0 3.825- 4.1} 3.85 • '.0 3.5 - '. 0
- 0 • 1.3 7.2 - 7.3 7. 225 · 7. 3 7.0 - 7.3'..

jcovembee 0 " 14.2 • 14.35 14.2 - 14.3.''; 14.235 - 14.351} 14. 0 - 14.35--.
1968 21.25 - 21. 45 21.275- 21.45 21.3 • 21.45 21.0 - 21.45

28,5 - 29.7 28.5 - 29,7 2S.5 • 29.7 2),1.0 - 29. 7
50 .1 • 54.0 50 .1 - 54 .0 50. 1 • 54.0 50. 0 - 54.0

3.' - 4.0 3.82:;- 4.0 3.9 - 4.0 3.5 • 4.0
1 ., - 7.3 " , - 7.3 7.2;; - 7.3 7.0 • 7.3.- '--

N"o,"('mbrr 22. 14. 2 - 14.35 14.2 - 14.35 14. 275 - 14.35 14.0 - 14.35
19GO 21.25 - 21.45 21.275- 21.45 21.35 - ~1.45 21.0 • 21.45

28.5 - 29.1 28.5 • 29.7 es. s - 29. 7 28.0 - 29,7
50. 1 - 54. 0 50.1 - 54.0 50.25 • N .O 50 .0 ·54. 0

3. 5 - ' .0
7.0 • 7.3

14.0 - 14.35
21. 0 • 21.45
2R.0 - 29. 1"
50.0 • 54 .0

3.525 · 4.0
7.1l25 - VI

14. 1}25 - 14.35
21.025 • 21.45
211.0 .29.7
50. 0 - 54. 0 ( A)

50. 1 - 54.0 (G)

3 .55 • 4.0
7.0 5 - 7. 3

14.05 • 14.3 5
21.05 - 21.45
28 .0 - 29.7
50 .0 • 54.0 (AI
50.25 • 54. 0 (G)
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The Thermistor

An Electronic Device With
Non-Electrical Applications

Clifford KUn ert ff/B6BJH
520 Division St.
National City. Cali.f . 92050

Fig. 1. Graph showing
with temperature.

I remembered Ralph Hanna's a rticle in
the Mev. 1967 i 3, and when I was recently
called upon to do a research paper, the
thermistor came to my mind. Considering
the electric characteristics of the thermistor,
you might decide tha t it is a pretty dull
animal, and leave your investigation at that.
However, as I found out, there are some
pretty unlikely and surprising applications
of this device, as we shall seee. But first of
all, we should find out what a thermistor
really is.

General description

A thermistor is a semiconductor device
with a negative temperature coefficient of
resistance, opposite to most metals. The re
sistance follows an exp onential variation with
temperature which is given by the following
relation:

100

ITO
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'00-
~
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o o 100 200

how resis tan ce can 1'ary

H, is the resistance at To, and f3 is an
experimenta l constant that can have a value
between 3500 and 4500 degrees Kelvin.
\Vhat this all means is that a graph like
the one in Fig. 1 will result. This shows
how the resistance of a thermistor can varv
with temperatu re ; R is the resistance an~l
T is the temperature. In practice it is best
to de termine this relation experimenta lly
rather than try to depend upon mathemati
cal calcula tions.

Phvsicallv, thermistors are made bv com-
• • •

pressing mixtures of compounds , usually ox
ides of manganese, cobalt, calcium, uranium,
iron, zinc, titanium, aluminum, and magnes
ium. This starts out in a powder form, and
the material can be formed into rods, b eads,
or discs, by a p rocess called sintering. This
is merely a process of forming a blob of
material under hi gh pressure and tempera
ture ." \Vire leads can be attached to the

78

thermistor, and sometimes it is enclosed in
an envelope of some kind, glass for example.

G enera l adva ntages and disad vantag es

For all uses in general, thermistors have
certa in advantages and disadvantages over
other devices. Advantages include small size
0.006 to 0.1 inch in diameter, and their low
specific heat allows them to draw virtually
no heat from the ob ject being measured.
Temperature differences as small as 0 .0001
degrees F have been measured." Their high
resistance permits adeq uate impedance
matching with associa ted equipment, and
reduces effects of lead wire resistance
changes on temperature readings.

This is not all for free , however, and we
must be aware of a few disadvantages of
using thermistors. One problem is the non
linear resistance-temperature relation which
requires many calib ra tion points, raising
costs. \Vhen a thermistor is compared to a
well made platinum resistance-temperature
sensor, the thermistor will show poorer cal
ibration stability. Another disadvantage

•
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Fig. 2. Simple application oj the thermistor. Cur
rent meter type oj temperature measurement.

is tha t most thermistors of the oxide type
show aging effects in that resis tance in
creases with time. This prob lem can be
solved by preaging which is accomplished
by exposing the therm istor to a tempera
ture that is higher than the temperature
at which it is to be used. This will enable
you to do very precise work. Also, enclosing
the unit in glass will reduce chemical effects
on aging.

A few uses and applications

R. F. Turner" lists and describes many
applica tions for the therm istor, some of which
seem ra ther unusua l. First we shall discuss
basic methods of m easuring temperature,
and later take a look at a flow meter and
vacuum gauge that can be made with ther
mistors.

The biggest advantage of the thermistor
in temperature measuring is remote electri
cal readout. If you would likc to te ll the
operator on the other end of a QSO what
the local temperature is without going out
side, a thermistor thermometer is a great
convenience. Similarly, if you would like to
monitor the temperature in the final of
your transmitter without opening it up and
feeling around, then read on.

Fig. 2 shows the simples t app licat ion of
the thermistor. T is the thermistor, E is a
source of voltage, R I is the calib ra tion con
trol, and ~1 is a milliammeter or mlcrcam
meter. R7 is set and the meter scale is
calibra ted in degrees. A well regulated con
stant voltage source is required, and a zener
diode from Poly Paks, or some other low
cos t source will meet this requirement. Make
the meter as sens itive as possib le to limi t
the current flow in the thermistor because
the thermistor will dissipate power just as
any resistor will, and the hea t resulting
from this will effect the resistance. I rio
ticed no problems of this type while using
a Rfty microamp meter, and th is may be
all that is necessary for your application .

DC

OHMMETER

l OW flANGE

-:If •
RI R2

i

tv •
es

E

ments. I prefer the ordinary current meter
method , fi rst described, for my own uses,
because it is very simple, and it works. None
of these methods is beyond the ability of
the average amateur and should provide in
tcresting experiments, if you are looking for
a gadget that is rather interesting, simple,
and useful.

Fig. 3. The thermistor as a low current ohmmeter.

Another device that can have applications
for the amateur is a flow meter. Fig. 5
fro m Turner shows a typical circui t of a
flow meter that can be used to measure
either liq uid or gas flow. H eat will dissipate
more rap idly from an object when it is in
a flow than when it is in sta tic surround
ings. A bridge circuit is used to measure
the difference in resistance between T I

which is out of the flow, and T2 which is
ou t of the flow, but in the same medium.
In this case the bridge is balanced initially
with R~ , with the flow still. R:~ may have
a scale calibrated in rate of flow. This method
is much simpler than a mechanical method,
is free from wear and vibration, and results
in almost no pressure loss. Perhaps the more
adventuresome experimenter could devise a

Fig. 4. Bridge type temperature measuring device.

Fig. 3 shows an ohmmeter measuring
the resistance of the thermistor. This is the
way that most experiments star t. A chart
can be made to rela te meter reading to
temperatu re, but this is not very convenient.

F ig. 4 shows the most commonly used
circuit. R I , R;!, R3, and T make up a Wheat
stone .brid ge. R;.!, which is calibrated in
degrees, is adjusted so tha t no current
flows in the meter, and a very accurate
reading can be made. This is not so con
venient as just looking at a meter, but it is
the best method for very precise measure-

•
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Fig. 5. Typical circuit of a flow meter to measure
either liquid or gas flow.

method to monitor the cooling air flow to
his 4CX250B's while at the same time mea s
ure their temperatu re .

As you might imagine, the ruggedness
und low cos t of the thermister allows it to b e
used where some of the mechanical coun ter
parts could never go. Also, the convenience
of electr ical readout, record ing and trans
mission of data allows us to sit comfortably
in front of a control panel wh ile taking
measurements. So, the next tim e you dis
cover a thermistor while rummagin g through
your junk box, pause for a moment and
consider the many and varied applications
that it can have.

B ibliog-raphy
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by NEW-TRONICS
the home of originals!

HUSTLER is the mobile antenna that has
won the widest praise from everyone that
has used it. For really reach ing out, and
for exceptional results on every band, the
HUSTLER has no equa l. For unbiased opi
nion of performance, ask any HUSTLER
user . .. there are thousands of them.

See the HUSTLER at your dealer or write
us for literature.

•

NEW·TRONICS CORPORATION
"'he home of originals"

3455 Vega Ave.. Cleveland, Ohio 44113 ' "\-
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APX·6 transponder Is back!! Popula r set con
...erh to XMTR· RCVR . Unit in 12IS· r300mc. band.
Uses ee ... ity ese & 2C42 as XMTR, 2C46 as local
e sc I. F. Freq : 60mc . Sile: 13" xI3" xI0" , Approx.
wt.: 35 Jbs . Used , Ex. Co ndo l eu Tubes $31.95
HI-POWER X·MTR , 1-3 KW output, Freq . 2·30
MH z. 10 channel XTL or I I channe l MO Collins
autotu ne. CW, PHO NE, SSK facsimile. Uses two
4·1000 A's In finale . Bd tdnced output Z: 70·600
ohms . All tubes supp lied but a re not waranteed .

$2200
FCicsimile Recorder, RD 92 . Rotdry drum, std
60 RPM . Contrast ad j. from 100B to 20 DB. Uses
d irect stylus on speclallr-treated paper. Copy
size is 12" xISJA". O...era I slle : 14112x20"xI6'12".
Ope rate on 117V/ 60 cy, 150W. Net wt. 75 Ibs.
Used, Ex. cond o with Pkg. of 250 sheets of spe
cia lly t reated paper. $275.00
Teletype Trons .-Dlst. For perf Tape , TTS7IfG ,
used, Ex. Co nd o $32 .50
F.M. Perm. Magnet Voice-coil drlv en ca pacitor
split s+ator 35MMF/Secf. ...oiee coil 8 ohms. Lc 
lou ceeemlc, Size: 2lh " sq. x2" D. $ ] .75
la-pushbutton tuner assy. Fo r FM RCVRS SCW3,
BC6S , etc , Comp lete with 10 trimmers & main
...erleble capa citor. Size: 10"x6".&" $" .50
Teletype Po~or Rela r s, Type 255A 1236 oh ms) or
type 21SA 1'0 ohms . Pleilse specify. $3.95

Dual-range Butterfly Osc. Assy.
. Tunes 50-110 MC oaInd 1I0-500 MC in

2 rilnqes . With 7-pln wired socket
for 9002 tube (not supplied) $9 .95

LET W3KT
FORWARD YOUR

DX QSLS
ooi n t he t housa nds of satisfied ha ms wh o

C1 have bee n using this se rvice for t he
p ast se ven years. During 1967 alon e , over
200 ,000 OSLs were forwarded to DX stati ons.
This is a DELUXE service, insuring prompt
a nd conti nuous m a ilin gs , a nd involving a
m inim um of effort o n your part.

O ust fill in your OS Ls an d send them to
C1 W3KT. You don't have t o ad dress the
cards, or indicate t he O SL manager, or send
any SASEs. W here a OX station uses a state
side O SL m na g er, yo ur ca rd will be se nt t o
him with a n SASE, and the re ply will co me
b a c~ t o W 3 KT, who will send it t o yo ur ca ll
area OS t bu reau. Othe r O SLs will b e sent
t o the p ro p er OSt Bureau, or, if necessa ry,
d irect.
VJ eme mber, you r OSL is a perso nal ma s
'" sage . Theref o re W3KT sends it by
FI RST CLASS MAIL o, ly,
C7 he c ha rge : Four cents per OSLo 30 cards
J per doller, NO MEMBERSHIP FEE.

SAVE TIME! SAVE MONEY!
W3KT QSL SERVICE

RD 1, Valley Hill Rood, Malve .... , Penna . 19355

0'.' (I...0 '''' 0 ' . ' 0 .•. 0 '.' 0 ' .'0 ' ' '' 0 ' .'0 ' ' '' 0 .•.
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Printed Circuit Layout
Template

After spend ing countless hours measur
ing the mounting centers required for the
various components involved in laying out
a printed circu it board , I d ecided to d o
something about it. I found a scrap of alu
minum rack panel in my junkbox and con
verted i t into a handy template . The p late
I used wus }~ thi ck and measured 3" by
g", On this area I laid out the mount ing
cen ters for ~, ~, 1 and 2 watt resistors;
single and dual low voltage electrolytlcs,
disc ceramics ; inline, triangle and dia
mond transistors; 7 and 9 pin tube sockets ;
and several types of small transistor trans
formers . Holes were then drilled to approxi
mate th e foil areas required and the plate
marked with each component name.
Now, instead of m easuring each component ,
I just slip it into the template holes to
check for fit and transfer and dimension
to the hoard or mockup. \Vhile not all com
ponents are listed , there are always usable
holes. For example: top hat rectifiers fit
the 1 watt resistor holes, while epoxy types
fit the J~ watt holes. Note : Tube and tran
sistor socket numbering should refer to the
bottom view. There wiII be plenty of space
remaining for fut ure additions.

W illiam P. Turner WA(l>AllI

" J u'ant something that will go well u'ith news
that J spent all the grocer)' money fo r a wide.
band oscilloscope."

•
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Using a SCR •
In a

Robert Suding Tr8NSO
814 Nichols Dr.
Pontiac, Mich.

Teletype Series Wound Motor

negative voltage, thus giving the motor more
voltage. \Vhen the motor has attained its
p roper speed, the contacts open, and the
SCR's ga te receives a slight negative volt
age, thereby decreasing the speed of the
motor.

Though I experience no trouble with in
terference, you may find that you can further
reduce any whjch may show up in your
case by suhstituting small 2.5 mH chokes
in place of the 100 ohm resistors. For the
perfectionists, put an Ohmite Z-7 choke, b y,
p assed to ground, in each lead coming out
of the motor .

ORIG HAL SEA ES WOU MOlO-: , , - " •
::b r '- ",- "-' "'".. . .
J; i - I a;t• IN2071;', i - i '00

t 'i( ,
"' ;t

.",
I

"'''' ••
~I L..~ .. _ . . _ .. ....J

C . ow

::b t ' "".
Jf "~OW 20" •.01 200 PlY

"" 00'

Fig. 1. Using a SCR In a teletype senes wound
mol or .

. . .\V8NSO

In the interest of greatly reducing th e
sp ark and resulting interference from a
motor that is commonly f ound in a Teletype
machine, I used the circuit shown.

The resulting current across the governor
contacts is reduced from about I amp down
to about 10 rnA. The noise that might he
generated by this is completely inaudible
now.

The SCR is one that I picked up at one
of the mail order establishments advertised
in "73",

\Vhen there is no voltage coming into the
gate of the SCR. the motor speeds up. \Vhcn
there is a slight negative voltage coming
into the gate, th e motor then slows down.
Using this theory, I then m ade up a little
negative supply; the IN2071 and the 20 mfd l
1.50 volt condenser. The output of this is
then applied to a voltage divider consist
ing of 14.7 K ( 10 K and 4.7 K) , and the
1 K resistor b etween the gate and the cathode
of the SCR.

\ Vhen th e motor is either starting up or
going too slowly, the governor contacts are
dosed, which makes the SCR receive no

Rear view o] a model 14 teletype with the
SCR mounted at the lower right. It is mounted
on the small bakeli te board with the condenser
on the top.

HELP STAMP OUT
MENTAL HEALTH
SUBSCRIBE TO 73

NOW
82
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Send us your address from your wrapper,
the name, call and address of your friend
on a 3 x 5 card who gets t he new one year
subscr ipt ion t oget her with $6 for your one
year renewal , $6 for your friend and the
amount for one of the above " g if ts".
USA·A P O only.

73 MAGAZINE
PETERBOROUGH,

NEW HAMPSHIRE 03458

Yes ... yes . , . yes . . . here is you r oppor
tu nity to b low you r mind o n back issues of
73. You se nd u s S5 in cash , check or n ego
tiable secu r itie s and we will se n d you a n
unbelievable miscellany of thirty different
(a ll different) back issues from the 1960-1966
e ra . T h ese a re a ll ra re collecto r s items.
Everyone cou ld very likely b e worth a t or
t u ne to you . Who knows , you might even
fin d a rare .January 1961 in this pile! We
don 't even know what is in the packages .
T o k eep cos ts down w e have had these mag
azines p a cked in to s lo ppy bu nd les b y the
chimps from Benson 's Anim al Farm. Watch
ou t for banana sk ins .

If you w ant specific issu es o f 73 they are
a va ila b le a t the low low (h ig h) price of 75c
e ach. Unless we don't have t hem, in which
case the price is h ig h e r .

How about sending a bundle to a DX
frie nd ? Ba ck issues a r e worth their weight
in unicorn dung in most countries . Re m e m
ber you r friends w ith a n ice Christmas
bundle of 73 m aga zines.

Money r ece ive d w ithout a shipping ad
d ress w ill be used for beer,

$5 (WOWlI

postpaid worldwide

BACK ISSUE
GUNSMOKE*

ONLY

*some..other..unmentionable
publication has used Bonanza

30 (THIRTY) 30 count 'em 30 trernen
dous stupendous fascinat ing enormous
devastaling incredible enervaling back
•Issues

CAN I GET A PRIZE
WITH MY RENEWAL?

Yes ••• if you bring a friend.
Your renewal (or extension of subscrip

tion ) plus a new subscr ipt ion for a fr iend
is the key t o the prices g iven below. USA
or APO only. And please send us the ad
dress f rom your wrapper. All items are
postpaid unless marked FOB.

your cost
I. Dig ita l clock with da te ($50) $]8 .00
2. Ca slon Digi ta l d esk cloc k ($25) .__ . 16 .00
l . Rotating th ree t ier part, bin 1$5) __ . fre e
4. K& E Slide Rule ($5) _ _fr u
5. Insid e-ouh ide t hermo meter ($5) 1,00
6. ll.~nd·M cN~lIy Imperi ~1 At l~ s ($13) 4 .00
7. ll.and-M cN ~ l ly M ~ge llan G lob e ($14) _... 6.00
8. Ca r bla nket with ca se ($ 12 ) . 2 .00
9. 15 Tran sistor AM/FM bat.·ac ($35) 19.50
10. AM/FM -C lock ($65 ) _..__ _ ._.. 32 ,50
II . Lamp·cl ock-rad lo ($35) 19,00
12 . 13" Hdmmo nd world g lobe ($ Il ) 5.00
Il . 13" Hdmmond lig hted g lobe ($17) 8.00
14. 18" H~mmond world g lobe ($1 7) 10 .00
15. 18" Hamond li9hted globe ($25) 13,00
16. Pold roid Big Swlng er ca merd ($25) 17.90
17. Polaroid 215 camerd (556) 43.00
18. 4-d rdwer desk 1$45) ( FOB) 24 .00
19. Encyclope dia ( 1&0) (FOB) _ _.__ 52 .00
20. Cd u ette t~pe recorder ($45) _. 35.00

~*****************************2

~ .", ,, .. ~

i i
{< >}

i i
i ~
{t In *
{< >}
{< >}
{< >}
{<~. >}
{< >}
{< >}
{< >}
{< >}:g $160 ENCYCLOPEDIA ~

:g FREE WITH 20 SUBSCRIPTIONS ~

:g New American Encyclopedia in 16 vel- ~
{< umes, over 6000 pages, over 11 00 full >}

color pictures! Complelely up 10 dale , ~
la lesl edilion. FOB. If you have children ~
you should have an encyclopedia. Jusl >}

send us 20 new $6 subscriplions 10 73. ~
{< USA. ~
{< >}

:g 73, PETERBOROUGH, NH 03458 ~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
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The New Hi Voltage

Transistors
Larry Nickel K3VKC
4220 Chestnut St.
Philadelphia, Pa. 19104.

With the development of new transistor
design and fabrication techniques, many
good high voltage transistors have become
available. In an attempt to improve trans
istors a compromise must be made between
bandwidth and breakdown voltage. For high
frequency types the base region has been
made thinner. Unfortunately this means we
get low breakdown voltages (BVcbo, BVcco
etc.). Only recently have high voltage, high
frequency transistors been sold at experi
menter prices. These units find application
in line operated receivers, high power trans
formerless complementary symmetry (and
quasi complementary) amplifiers and high
voltage regulated power supplies. At the
present time rnost high voltage units are
NPN type (silicon). Below is a list I have

compiled which shows some of the trans
istors being sold now. This list is not meant
to be complete, only a guide and representa
tive sampling. All units are N'PN unless
noted otherwise. Power dissipation is usually
given at 25 degrees C. Above this tempera
ture the transistor power dissipation must
be derated. Where gain bandwidth product
(fl) is not given the transistor will usually
be a low frequency unit. Prices may vary.
Check your catalog.

Index to manufactu rers :

RCA Radio Corp. of Amertce
GE Oeneret Electric
MOT Motorola
MS MS Tranaistor Corporation
TR 'I'ranaitrcn
RAY Raytheon
STC Silicon Transistor Corp.

transistor BVebo f, (me) power (w) I. (A) • mfr typecase pnce

2N3439 450 20 5 TO-5 1 3.71 RCA
2N3441 160 · 25 TO-66 3 2.89
2N3583 250 10 15 TO-66 2 3.30
2N3584 375 10 7.5 TO-56 2 6.60
2N3585 500 10 5 T O-66 2 13.20
2N3730 200 10 TO-3 3 1.24 PNP
2N3731 320 5 TO-3 10 1.62 PNP
2N3773 160 150 TO-3 30 7.84
40313 300 35 TO-66 2 2.23
40318 300 35 TO-66 2 2.10
40321 300 5 TO-5 1 1.32
40322 300 35 TO-66 2 2.15
40327 300 5 TO-5 1 1.24
40328 300 35 T O-66 2 2.18
40408 90· 100 1 TO-5 0.7 1.08
40409 90°· 100 3 TO-5 0.7 1.14
40410 90'" 100 3 TO-5 0.7 1.64 PNP
40411 90. 0 0.8 150 TO-3 30 4.79
40412 250·· 10 TO-5 1 1.06
40422 300 25 8 TO-66 0.150 1.03
40423 300 25 3.8 T O-66 0 .150 1.11
40424 300 25 8 TO-66 0.150 0.98
40425 300 25 4 TO-66 0.1 1.06
40440 200 5 TO-66 10 1.32 PNP
40444 120 60 140 TO-3 20 14.55

84 7J MAGAZINE



MJ420 275 30 2.5 TO-5 0.5 1.80 MOT
MJ421 350 30 2.5 TO-5 0.5 1.85
~1 ~12258 120 1.5 5 TO-5 0.5 3.90
~ I M2259 175 1.5 5 TO-5 0.3 4.20
~ 1~12260 175 1.5 5 TO-5 0.3 4.50
2N4054 300 4 0.1 1.56 GE
2N4055 250 4 0.1 1.44
2N4056 200 4 0.1 1.20
2N4057 150 4 0.1 1.08
M5T-20 200 2 TO-5 M5
M5T-40 400 2 TO-5
M5T-60 600 2
M5T·80 800 2
M5T-100 1000 2
DT5-413 400 75 TO-3 2 3.95 DELCO
DT5-423 400 100 TO-3 3.5 4.95
2N1052 200 8 5 TO-5 TR
2N1053 180 8 5 TO-3
2N1054 10- 8 5 TO-5-"2N1055 100 3 0.15 TO-5
2N161311 120 60 1 TO-5 0.79 RAY
2NI71IB 120 70 1 TO-5 1.65
2NI893A 140 100 0.8 TO-5 2.45
5TT2400 150 0- 10 TO-5 7.5 5TC-"5TT2401 140 25 10 TO-5 7.5
5TT2403 120 25 10 TO-5 7.5
5TT2800 150 25 40 TO-59 7.5
5TT2802 140 25 40 TO-59 7.5
5TT2803 120 25 40 TO-59 7.5 . .. K3VKC
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;7 Zl ; Cord Untangler
You say you got the line cord tangled

with your number nines and pulled the
VTV~( off the bench? You say you are
having trouble plugging 11 cords in 4 out
lets? Yes, Virginia, there is a way out.

Drop by your local TV parts emporium
and buyout their stock of "cheater" re
ceptacles. Install one on each piece of equip
ment. This should be done neatly, of course.

Naturally you have a supply of cheater
cords liberated from defunct TVs. Plug one
into each of several outlets and thereafter
merely attach cords to the equipment cur
rently in use. PRESTO! No cords to wind
up, tangle . or generally get in the way.

1 would like to take full credit for this
high calibre idea, unfortunately K0RlR heat
me to it.

P.S. ' Yorks great on projects too-the
cord doesn't get in the way of redesign

~ efforts,= William P. Turner \V0ABl
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Project Facsimile Antarctic

• • • • • • Part II Ralph St einberu K6GKX
l lu Argon.ne A ve.
Long Reach , Calif. 90803

As the pictures were received at ~1<.:.\lurdo

Station, each one was hung a ll a large bul
letin board in the mess hall. From the time
that the first picture arrived until the last
there was plenty of exci tement at "chow"
times when the men had eliminat ion ballot
ing to select at least ten semi-fina lists . There
were prob lems galore trying to select these
ten semi- finalists as each group of men had
their favorites. \V ith pictures of fifty pretty
girls and and t wo hundred and fifty Navy
men, it was really going to be a tough job
select ing a winner.

On the night of the final selec tion of
Miss Antarctica, everyone was excited. There
on th e bulletin board were the pictures of
ten semi-finalists, each one as pretty as the
other. Once more balloting was started and
it was touch and go until five of the con
testa nts were e liminated. Now the b ig job
was to select Miss Antarctica fro m five of
the prettiest girls in th e United States.

The hour was getting late but nobody
thought of "hitting the sack" as they wanted

If"inner's photo being post ed on bu lletin board.
Official Nat'J photo

\ Vith the long dark Antarc tic winter
drawing to a close, p lans were made wi th
th e men at Mclvlurdo Station to hold a b eauty
contest as a fi na l par t of the morale oper
ations of Project Facsim ile Antarctic! for
1968. The only difference in this contest is
that the girls would not be in the flesh at
:\l c:\l un lo Station but the selection of the
winner would be made by facsimile pic
hues transmitted from the Project Facsimile
Antarctic station \ VA6UR\V. The winner of
the contest to be named "Miss Anta rctica of
1969",

The Miss America Pageant official s 111

Atlan tic City, N .J. were contacted and in
terested in ass isting in this final morale offe r
ing. Pictures of the 1968 contestants of the
~1iss America Pageant were sent to the
headquarters of P r o j e c t Facsimile" An
tarctic and from there they were to be
transmitted by facsimile to .\1c.\l urdo Sta
tion. Through July and August , the pic
tures of the fifty contestants were trans
mitted with the vital statistics of each girl.
A number was placed on each picture in
stead of giving th e sta te of the contestan t
to avoid select ion of a winner other than
bv beauty., .
86

Cast ing tlH' ballot
" 1/' A ,"" ISS ntarcuca

to determine th e win ner of the
tit le. Official Navy photo
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FACTORY NEW
BRANDED IC'S

M anufacturer's nam e w it hhe ld, but you will
fi nd it m arked on every unit. Manufactured t o
Fairchil d 900 RTL Seri es. All fi rst grade. spec
sheets included. A reall y amazing buy. N ever
previously offe red by anyone at th ese r id icu lous
p r ices.
An y nu mber show" be low shipped ,P. o irmoil d eliv e ry

$1.00 ea. or $10 dozen
Buffer _......... 900
Du al Input G ate __.__ 2·903
Q uad 2-lnput Gate _. _ __2·9 14
JK Fli p Flop 92 3
Dual J K Fli p Flop 2·923
Dual 2.lnput Gate , Dual Expand er 1-9 14, 1-925
Dual 2-lnp ut G ate Expand er 925
20 Watt Varactor sim ilar to MA5020 .__ $5.00

MESHNA WINTER CATALOG 1968·2 NOW OUT!
• FATTEST CATALOG YET

S end 25f handling and ma iling charge

Super· Stupendous • Astounding
• Bargains Galore

u winner before this night was over. Again
with balloting in 40 degree below zero
weather, votes were tabula ted and the se
lection was reduced to three fin alists. Pick
ing a winner was getting tougher and tough
er but it had to be done. Once more the
ballots were passed around and everyone
took one more look at the pictures and the
vital statistics (36-24-36) of each girl. This
was to be the last ballot and one of these
girls was going to be the winner, so each
man was given plenty of time to make sure
of his selection . The voting began and in
side of thirty minutes a winner was selected.
The tab ulation of votes showed that Miss
Rhode Island , a hazel eyed brunette, was
selected as the winner of the Miss Antarc tica
Contest with Miss Florida as the firs t runner
lip and Xliss Colorado running third. At
the time these selections were made, the
men only knew these girls by the number
on the pictures, but when they received the
names of the states the girls came fro m, via
radio, the mess hall at Mcxlurdo was full
of excitement. You can picture the men in
certain groups boasting tha t they too came
from the same sta te as Miss Antarct ica.
She was now their pinup girl.
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COMPUTER GRADE CAPS
4.000 mfd at 50 volt $1.00 each, 12 for $10.00
6.500 mid at 18 volt $1.00 each, 12 for $10.00

60 WATT TRANSISTORS 80 VOLTS
From com p u ter a ssemblies , boa rd with 4
each power tra nsistors 2N11 37B. 60 w att, 80
volt PNP power $1.25 per board

SUPER VALUE $2.50
Com p u ter b oa rds w ith 8 each 2N 1137B p ower
t ra nsistors & m ounting h a rdw are. a lso in
clude on t h e boar d . 4 each 10 volt zeners . 4
s ilicon d io des 1 a m p 800 volt PIV. comp u te r
grade cap 2000 mfd 65 volt B our n s trimpots.
p recision resistors. etc. Complete a sse m bl y
like new .ship w gt. 3 l b . $2.50

RF FILTER
F rom HAWK M IS S ILE termination con tract.
G ood fo r 5 am ps. 600 volt. 10 cycles to 500
rnc. insertion loss 60 DB-p lus . low p a ss pi
n e twork type . excellen t as feed -t hru filter in
converters, tra nsmitte r s . H ermetical ly sea led
i nsid e a - a 2 to ro id a l c h ok es & 4 low induct .
caps. #41102 $1.00 each, 6 for $5.00

PISTON CAPS
Cor n ing g lass. direct traverse t ype . mi n . Q
at m a x . C-500 a t SOM C . 500 volt b reakdown.
Capacitance ran ge 1-8 uu fd . Brand n e w mnt-
tary surp lus 3 for $1.00 or $3.00 per dozen

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

At the Miss America Pageant in Atlantic
City, Miss Hhode Island will be presented
with a trophy inscribed as the fi rst Miss
Antarctica. Pictures will be taken of her
at the pageant and , when received at Proj
ect Facsimile Antarctic headquarters, will
be transmi tted bv facsimile to the Navv-

• •

men at ~I e:\Iu rdo Station so as to give them
a final picture for the Miss Antarctica Beauty
Contes t.

\ Vith the An tarctic summer and the mail
planes arriving shortly a t Mc~1 urdo Station,
Project Facsimile Antart ic will have com
pleted a successful morale operation for the
"wintering over" Navy personnel who have
been isolat ed, except for radio amateur phone
patches and our facsimile operations, since
x larch 1st, 1968. The officers and men at
~ Ic~Iurdo Station have enjoyed receiving
pictures of their families and participating
in the beautv contest. Manv are the "thanks"
from these 'men and thei; families for the
morale boost culminating from the opera
tions of Project Facsimile Antarctic .

Although little used at present in am
a teur radio, facsimile has many in teresting
features to make it popular for those who
like to experiment. . . .K6GKX
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Bill C. Baldwin rrr!JDDW
926 Burbank St.
Waterloo, Iowa 50702

Are You Really.,.
Ready or the Next

Emergency?
On Wed nesd ay, May 15th, several torna

does swept across the midwest giving Ama
teur Radio another unsought opportunity to
be of service. T win tornadoes h it two Iowa
cities almost at the same time. Charles City.
Iowa came under attach at 4 :47 P.M. and
Oelwein, Iowa, 60 miles southeast, was near
ly wiped off the landscape ten minutes later
at 4: 57 P.M. Each town had been hit by a
different tornado and each funnel then
squirmed on to wreck smaller comm unities
of Elma, Maynard and a number of farms
in two separate paths across the northeast
corner of the State.

Five minutes after Charles City was hit
Chuck Angel WA0I l"\C, AHEC director in
\Vaterloo, Iowa, was busy alerting the local
2-meter FM network of amateurs. Several
\Vat erloo mobile operators were soon head
ed, for Charles City, including K0CQH,
W0DD\\', WA0 GZF, WA0INC, WA0IYT,
WA0KZP and WA0 UKK from Waverly,
Iowa. \Vhen word flashed across 75-metcrs
that Oelwein also had been hit, \ V0DD\V,
K0EDI and WA0FYG stopped short of
Charles City and headed back southeast
toward Oelwein, now further away than
when they left their homes.

Have you ever wondered what you'd do
in a similar situation? What equipment
should yon take? Where should you report
and to whom? \Vhat is the first and most
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important communica tion service you can
and should provid e in such an emergency?

Perh aps a comparison of these two violent
disast ers, separa ted only by minutes and a
few miles, will provide some of the answers
and help you to be hetter prepared when
it's your turn to act.

The first tornado, the one which hit
Charles City, chu rned directly down Main
Street wrecking most of the business section
includ ing several Public buildings, churches
and schools, an SO-unit low-cost housing
development and 150 square hlocks of the
town's residential area. All telephone and
electrical lines were either torn down or
cut off and the power company was wrecked.
The wat er supply ami gas supply was dis
abled and only a few places had portable
generators which could be activated .

AllEC Director Angel took his four Mobile
Units to the Cour thouse for instructions,
then set up a communications system be
tween the Courthouse, the Hospi tal and the
National Guard Armory, leaving one unit
free to go wherever needed most. \Vith a
number of dead already counted and several
hundred injured awaiting discovery or wait
ing to be treated at the Hospital, the first
and most important job for the Amateur
operators was to call for Blood and for more
Doctors, Nurses and Ambulances.

In a matter of minutes contact had been
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made on 75-meters with Doc K0ZZH, in
Minneapolis and this Red Cross-affi lia ted sta
tion offered to obtain blood and a DC-3 to
transport the blood to Charles City . . . If
the airport of this 10,419 population town
could handle such a plane . . . and IF the
fi eld could be lighted for a landing.

Off goes the spare Mobile Unit to fi nd
out and it d idn't take long to radio buck
the good news that the airport had escaped
the funnel-cloud. . .could handle a DC-3...
and had its own lighting intact.

Next came an urgent call for drugs needed
at the overcrowded Hospital and again 75
meters proved adequate ( in sp ite of the
QRN from the still-raging rain and wind
stonn ). An operator in Dubuque, Iowa,
W0YLS, offered to help. It took nearly an
hour to decipher and relay the huge list of
strangely-titled drugs in all that noise and
confusion. Even so, within 3 hours after
the storm hit Charles City, an airplane with
the much-needed drugs was stand ing on the
runway ready to take off as soon as clear
ance could be obta ined.

Next came the order to assist the Xa
tional Guard and local authorities who were
trying to get things organized midst the
terrible confusion which always prevails im
mediately after the sudden shock of dis
aster. ABED Director, Chuck Angel, hooked
his all-hand Transceiver to his small portable
genera tor a t the Courthouse, strung out a
portable 75-meter dipole at 5-feet elevation
and proceeded to act as XCS for the other
Mobile units on -the-scene as wen as dozens
of Amateurs an over the country who were
calling in, anxious to help get the traffic
out during those early hours of the emer
gency.

Several hours later, after power had been
restored in one part of the city, Charles
City resident, K0YVU (AI) got his kilowatt
SSB rig on-the-air and started the rout ine
handling of incoming and outgoing health
and welfare traffic which always comes too
soon. Eventually, AI was joined by stat ions
and operators from all over northern Iowa
and southern Minnesota and nearly 1,000
messages were handled during the ensuing
three days and nights.

Although 11 persons died in Charles Ci ty
that nigh t and more than 360 were injured,
the death toll might easily have been great
er had it not been for the quick response
of those W at erloo Amateur Radio operators
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and the quick-thinking l e a d e r s hip of
WA0Ii\'C.

Oelwein, Iowa, was a town of just 8,500
people hut tornadoes play 110 favorites and
a freak "three-funnelled" tornado formed
at the southern outskirts of Oelwein, then
swep t right down Highway 150 throu gh the
main business district and on through 90
square blocks of resid ential area. Three peo
ple died instantly in Oelwein and two more
were killed minutes later in Maynard, Iowa,
as the triple-tongued tornado careened on
toward the next town in its path. More
than 300 additional residents of Oelwein
were injured as the power company, tele
phone office, fire station, several churches
and nearly an downtown buildings were
severely damaged or completely flattened.

Local Police and the Highway Patrol had
set up headquarters in the basement of the
damaged T elephone Office when K0EDI
and 'V0DD'V arrived, having followed a
bulldozer into the downtown area. \Vhile
climbing over piles of .brick, broken glass
and boards full of sharp nails, we all wished
we'd thou ght to wear heavy, hard-soled
shoes. The town was totally dark excep t for
the flashlights of searchers and the head
lights and flashing red lights of emergency
vehicles.

Neither K0EDI nor W0DDW had a port
able genera tor but an Oclwcm high school
student. Burke Miller WA0PZB, SOOIl bor
rowed his Dad's portable generator from a
sign-company truck and managed to get
his station on- the-air, using a make-shift
antenna.

Lieutenant Kuch of the Hi ghway Patrol
sent the Mobile operators to the Hos
pital, located on the frin ge of the most ser
iously damaged area, to determine what
might be needed hy the already overworked,
doctors, nurses and other volunteers at the .
Hospital. Fortuna tel y, or unfortunately, this
sma ll three-story Hospital had been nearly
full of patients before the storm struck so
many of the most seriously injured tornado
victims had to be transported out of town
to other hospitals in Independence and \Va
tcrloo, thirty miles away. No additional Doc
tors or Nurses were needed and the in
jured who remained at the Oelwein Ilospital
did not req uire any additional supply of
either blood or drugs.

Hospital Supervisor, Ststor Mary Maureen,
asked if the Amateur Operators could send

89



infonnation to relatives of some of the in
jured, many of whom were visiting in the
town or simply passing through when the
tragedy came.

For nearly an hour W0DDW and W0FYG
went from bed to bed (many of them has
tily set up in hallways ) gathering messages
which the storm's casualties wanted sent to
relatives in Oelwein or elsewhere around
the country.

By the time the "local traffic" had been
disposed of, more Waterloo amateurs ar
rived on the scene. W0EF~( , Ev Frank and
his wife. Kay \\iA0AOU. came equipped
with a heavy-duty portable genera tor, a
Transceiver and a full-size 75-meter an ten
na. K0DFH, K0DCV, WA0FYG and
W0DDW helped Ev get the antenna con
nected to the top of a flagpole at the Red
Cross Disaster Center, in the Sacred Heart
Church, and soon \\'0EFM/0 had begun
a 74-hour continuous traffic-handling opera
tion .

Although the hastily-erected antenna en
ablcd W0EFM/0 to communicate directly
with stations from coast to coast it soon
became apparent that an outside Net Con
trol Station was a "must". K0LVB in Mar
sha ll town seemed to have everything needed
at the time. . . a good, strong signal plus
the experience of an NCS on two SSE Traf
fic Nets in Iowa. Besides all this, Greg
K0LVn had a personal interest in the Ocl
weiu operation since his parents and two
brothers lived there on the fringe of the
most heavily-dam aged area.

More than 560 outgoing and 490 incom
in g m e ssa g e s w er e p a ssed through
W0EFM/0 between 0200Z ~Iay 16th and
OIOOZ the 19th of May (Saturday night ).
Two copies of each message were prepared
as they were sent or received so the job
of checking later would be easier. Local
Cit izen's Band operators set up a station
alongside the Amateur station of \V0EFM
and volunteered their services in checking
the "health and welfare" inquiries which
by now were pouring in steadily.

During the first few hours several of
the C-B operators p rovided a very important
service and \V0EFM /0 was able to report
the condition of several dozen families in
the stricken area to stations "standing-by"
on 3975 kH z. Soon, though, the CB volun
teers ceased coming back for more traffic and
for the next two and one-half days and three
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nights the amateurs were forced to seek the
help of local high school students and ad
ditional mobile-equipped amateurs to run
down the now-piled-up "Health and \Vel
fare" inq uiries. During all this tim e the
Cl! Transceiver across the room continued
to roar with the voices of dozens all scream
ing to he heard above the din of "Ten
Four". . . "What 's your Ten-Twenty?", etc.
.. as the sight-seeing began with the aid
of an automatic "pass" into the restricted
area. . . a Mobile Whip.

Some of the amateur operators were ar
rested on one occasion while attempting to
obta in information about a family whose
home was totally destroyed . No official
"passes" had been issued and they were
driving a car which had no Mobile antenna.
The Officer told them to "Get back to the
church or go to jail!" Ev Frank W0EF~I,

whose generator and radio equipment was
providing the only communication to and
from the town at the tim e, was ordered
off the streets while travelling from one
Reo Cross shelter to another without a
"pass". He had an antenna on his auto
mohile hut the rig was not" in the car. It
was pouring out messages from the Disaster
Center.

W0EFM's portable generator provided the
emergency power for station operation as
well as lights for the Sacred Heart church
basement where the Red Cross was busily
caring for hundreds of volunteer workers
and homeless victims each day. At least
two amateur operators were busy manning
the transmitter all day and all night. One
could manage an hour or so of rest while
the other worked along during the wee hours
when message-handling slowed down, but
it was difficult to sleep in the cold base
ment. The day of the storm had been an
unusually hot Spring day but the cold front
which prod uced the violent weather also
brought a sudden drop of 40 degrees in tem
perature and no one had thought to bring
along warm clothing, or blankets, or even
a pillow to lean on for comfort .

By any measuring stick you'd care to
use both the Charles City and Oelwein
emergencies stand tall as monuments testi
fying to the dedicated responsibility for
which America's radio amateurs are well
known. As is usually the case, they were
taken by surprise, caught off-guard, and
not as well-prepared as we'd all like to
be in such a situation. But, in both cases,
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D~pt. H. 196·23 Jamoica Ave. , Hollis , N.Y . 11423

Model 407
$34.95

ppd .'.

THE BEST

6 METER
CONVERTER

stellarOO ndustries
DIW. Dr STUU. I. loc.

SALES AND SEItVICE

,

VANGUARD LABS

AND

SO· 52 MHz in. 28·)0 MHz out
or 52·54 MHz with 0 second e rystol.

A fu ll deae r-ipf ion of this fa n tastic conver t er
would fill t h is pag e, but you ca n t ake our word
for it (o r those of hundreds of aa t lsfied ueera)
t hat it'lJ t he best. The reason is stmp te-c-we use
t h ree RCA dual R'ate M QSF ETs, one bipolar, and
3 diodes in t he best circuit ever. S t ill not con 
vlnced j Then sen d for ou r tree eataloe a nd e et
t he full desc r iption , p lus ph otos a n d even t he
schem a t ic .
Can' t wai t ? Then sen d U lJ II pos t a l m oney order
f'o r- $a4.95 lind we' ll r ush t he 407 ou t t o you.
N OT E: T he Mudel 407 is also a vaila ble in a ny
f requency com bination u p to 450 MHz (som e at
his;:'her p l'iCt"ll) a s listed in ou r cetatoe . N ew York
City and State r-esfderrts a dd loca l sa les t a x.

TOGETHER AGAIN!

they did respond quickly. They handled the
p riority traffic fi rst and they stumbled, how
ever accidentally. into some of the p rime
necessities of emergency operat ion.

Naturally, your group will never face this
same situat ion, regardless of the crisis which
may arise in your area, b ecause yo u're prob
ably totally prepared . . . with a d ub-owned
generator of adequate size , practice-sessions
in connect ion with your AREC and RACES
net-gatherings ( as opposed to simple check
ing in and rag-chew afterward ) , Identlfica
tion Cards for a ll Club Members, ready
made portable antennas complete with spare
co-axial feedline. nylon rope, extra con.
nectors, fully-equipped toolbox including a
12 volt soldering iron or two, extra micro
phones, stand -by transceiver, a well-estab lish .
ed system of handling messages in an emer
gency... known to all or pre-printed so
the instru ctions can be handed out to all
participants a t the scene of the emergency,
an effi cient system for alerting key-mem
bers of your group when the time comes,
and most important of all . ..a definite plan
for doing the whole job with amateur rad io
operato rs so you don't have to d epend on
any ot her group.

Just one more thing-if your Club can
afford it, get yourselves a big, big sign which
says :

"E~ I ERGENCY COM~IUNlCATIONS

BY AMATE UR RADIO
OPERATOnS HAMS!"

It's p retty sickening to p ick up the papers
your XYL saved for you to read after you'd
been gone for three d ays and nights only
to find a picture of a fellow "ham" in front
of a T R-4 in the Disast er Center with a
cap tion which reads :

"Cit izen's Band Operator Provides Emer
gency Comm unications from the Disaster
A "rea .

SUBSCRIBERS
We want to make abso lute ly sure t hat

no one is using our 73 ma iling list. We do
not rent t his list out as do ot he r maga 
zines . If you r a dd ress la be l f rom 73 is d is.
tinctive and you find that you are getting
a ny ma il a dd ressed in t he same distinctive
way please let us know immediate ly and
se nd us the envelope or wrappe r t hat you
re ceived so we ca n take o!I pp rop rio!l te ac
tion. Your he lp in thi s will be very much
appreciated.

THE ENTIRE LINE OF
CONVENIENCE ENGINEERED

HAM GEAR

NOW IN STOCK AT STELLAR

10 GRAHAM ROAD WE5T
ITHACA, N.Y. 14850

TELEPHONE: AREA CODE 607 273-9]33

Your head qua rters in C e ntral New York
for new a nd used hem gea r

9:00 a .m. to 5:30 o.m. Mond ay throug h Frid ay
' :00 a .m. to 5:00 p .m. Saturday



Getting your Higher

Class License
Part VIII - Transistor Principles

Just a little more than 20 years ago, a
team of physicists at Bell Telephone Labora
tories stuck some wires onto a solid crystal
and came up with a device which acted like
a cross between a transformer and a resis
or-e-and which in the two decades which
followed has revolutionized all phases of
electronics.

Despite the widespread application of the
transistor, however, its operation and use has
been almost ignored in the FCC examina
tions up until the latest versions. The new
Advanced Class exams includ e a number of
ques tions on sem iconductors, and this
month's chapter of our Advanced-Class study
course will concentrate on this area.

Only 'three of the questions in the official
FCC study list for the new exams deal
directly with semiconductors. T hese, which
we will go into th is time, are:

32. Power d issipation in what part of a
transistor warrants careful observation of
power ratings?
40. Compare transistors and tubes. \Vhat
are the advantages and disadvantages of
each?
46. \Vhat is the vacuum tube counterpart
of (1) a grounded b ase circuit; (2)
grounded emitter circuit; (3) grounded
collector circuit?
Lest you think that three questions is too

small a number to spend an entire instal
ment on, read them again-and notice that
two of the three require a rather compre
hensive knowledge of transistor principles
for adequate answers!

As we have done in the past, let's re-phrase
the official questions in to another group
which can he examined in a more orderly
sequence.

The first quest ion in any dealings with a
transistor must be "How does a transistor
work?" You don't have to have a solid-sta te
physicist's knowledge of the "how", hut any
use of the devices becomes much easier
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when you have some id ea what's going on
inside.

Almost all transistor specifications are
given in terms of a "black-box analysis"
which hails down to one of the three basic
circuits listed in FCC question 46. That
makes our second question for dissection
become "What are the basic transistor CIr
cuits and how do they differ?"

An adequate comparison of transistors and
tubes requires a knowledge of both the ad
vantages of the transistor in relation to the
more familiar tube. Our third question thus
is "What are the transistor's advantages?"
and the fourth is "What are its disadvan
tages?"

F inally, the power-rating q uestion (No.
32 in the F CC list ) is only one of a number
of possibl e similar questions dealing with
cri tical points in the app lication of transis
tors . To be prepared for all these questions,
let's fin d out "\V1Jat are the crit ical factors
in using t ransistors?"

For those among you who are physicists,
let's spell out in advance that this is a
practical explanation of all these questions
and as such, necessarily runs the risk of be
coming oversimplified at some points. You
aren' t going to get very involved with
"holes" or "minority carriers", and the ma
trix algebra so commonly encountered in
any examination of transistor circuit approx
imations is going to be consp icuous b y its
absence. Many good books have already been
written on solid-state physics, and we've
studied qui te a few of them in preparation
for this article. But this article aims to give
sufficient understanding of what goes on to
satis fy the exam requirements, and possibly
to whet interest in p ursuing the details later.

Okay? Let's get on with it.
How Does a Transistor \Vork? Back in

those dear dead days before semiconductors,
most of us learned that vacuum tubes am
p lifying by d eflecting and / or rejectin g elec-
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Fig. 1. This simple switching circuit shows the
basis of transistor action; details are explained in
the text.

trons in transit from cathode to plate, and
that this action was brought about by the
electrical charge on the tube's grid . The
electrons were boiled off the cathode by
the heat of the filament, and the tube had
to have a vacuum because otherwise the
grid could n't accurately control the electron
flow.

All of this is stilI true. So, how can a
solid chunk of something very like sand do
any amplifying when it has neither cathode,
grid, nor plate, no vacuum in it, and no
electric-charge effe ct worth talking about?

The answer is hinted at in the name of
the d evice, which is a blend of "trans" m ean
in g «through" and "resistor". The transistor
is a special typ e of variable resistor, in which
current in jected (or withdrawn ) from one
term inal apparently goes "through" and
affects curren t flow between the other two
terminals. Incidentally, the famili ar vac
uum tube can he thought of in the same
manner, as a vari able resistor whose resist
ance is varied b y grid voltage-and then
the operating similarities between tubes and
transistors become obvious . They operate in
fun ctionally the same way, except that
trans istors arc operated by current wh ile
tubes opera te b y voltage.

Fig. I shows a simplified approximation
of what a transistor docs in a circuit. Plac
ing the switch in position A, with the voltage
and resistances shown, would cause one
amp of current to flow through RI , w ith
a resulting power dissipation of 10 watts.
If, when we throw the switch to position
B, we could keep that same onc amp of
current flowing through the circuit com
posed now of RI and R2 in series, we would
increase the power dissipation b y a hun
dred times. This would be a form of power
amplification-and in effect, this is what a
transistor does.

The transistor consists of two adjacent
junctions, between different types of semi
conductor material known as "n" and "p"
type. You can think of it as a thin slice
of ham between two thick slices of bread
if you like.
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In a single junction, current can flow
much more easily in one direction than in
the other. When negative polarity is applied
to the "n" side of the junction and positive
to the "p" side, current flow is easy; when
polarity is reversed, current flow is diffi
cult and apparent resistance is high.

The "easy" current flow is a combination
of two p rocesses known as "injection" and
«collection". The material on one side of
the junction "injects" electrical charge in
to the junction region, and that on the
other side of the junction "collects" this
charge.

To get from one side of the junction to
the other, the charge must «d iffuse" through
the junction region. In a single junction
the diffusion will be either aided or hindered
by the types of material involved and the
polarity of ' the charge. This is what makes
the current flow easy in one direction
when both materials aid the flow-and dif
ficult in the other-when both oppose.

Such a single junction is widely used, for
many purposes. The familiar crystal diode
is one example of such a junction. The sili
con p ower rectifier is another.

When we place the second junction ad
jacent to the first to turn the diode into a
transistor, a numbel' of additional happen
in gs come into the picture. The basic proc
esses of injection, diffusion, and collection re
main the same. To obtain transistor action,
though , one of the two junctions must be
biased in the forward or easy-current direc
t ion while the other must be biased in the
reverse or high-resistance direction. The
single slab of material in the middle, which
corresponds to the ham in the sandwich
and is common to both junctions, controls
the action.

Not all of the charge injected into this
middle region or "base" b y the forward
biased junction from the "emitter" ma
terial is collected h y the base. Like the
stream of electrons in the vacuum tube
which flow past the grid to the plate, some
of the injected charge passes righ t on
through the base into the second reverse
biased junction . H owever, this charge is of
the p roper polarity to tend to forward-bias
or at least reduce the amount of reverse bias
on-this second junction.

And when the amount of reverse bias is
reduced, the resistance across this second
junction reduces right along with it.
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Fig. 2. Forwurd-biased emitter-base junction per
mit s electron flow . .\lost electrons from emitter,
however, pass right through the base region in to
the collector material, and this reduces the amount
0/ reverse bias on the collector-base junction. The
result is a variation oj resistance in the collector
circuit, which amounts to amplification.

In this manner, the current flow III the
forward-biased base-emitter junction causes
a reduction in resistance at the reverse
biased collector-base junction .

If curren t in jec tion in the base-em itter
junct ion is increased by any m eans, the
amount of charge which spills through the
base to be collected at the collector-base
junction will also increase. Similarly, if cur
rent in the base-emitter junction is reduced,
the spill-through charge will also reduce.

Thus any variation of current in the base
emitter circuit will affect the resistance in
the collcctor-buso circuit as well.

Since current flows easily in the base
emitte r circuit, this is a relatively low re
sistance circu it. Resistance in the collector
base circuit is much high er because of the
reverse-biased junction . Because of the large
ratio of the resistances in the two circuits,
a small signal ill the low-resistance ci rcuit
becomes a large signal in the high-resistance
circu it-and we have amplification of the
signal.

Fig. 2 shows how this action works in
one of the three basic circuits-the com
men-base or "grounded base" arrangemen t.
T his circuit is of historical interest because
it was the first to he used ; most of to
day's applications usc one of the other two
circuits for several reasons.

As we h..we seen, the amplifica tion in a
transistor happens because of a d ifference
in resistance between the input and output
circuits. and the fact that the semicond uctor
material pennits the current in the input
circuit to affect the resistance of the out
put circuit.

It sho uld he obvious at this point that
the charge injected into the junction area
from the emitter material d ivides between
the base and the collector. While it might
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look as if most of the current Bow would
he in the base-emitter circuit and only a
small part of it would be in the collector
circu it, it doesn 't work out quite that way.
Most of the charge injected from the emitter
passes righ t on through the base and is
collected hy the collector; only a small part
is d iverted by the base.

The rati o of collector current to emitter
circuit is known as "alpha". Since the emit
ter cur rent is the total of both the collector
cur rent and the base current, alpha is al
ways less than 1. Just how much less is
one of the major design features of any
particular type of transistor, since alpha is
the p rimary factor affecting the gain in any
circuit. It is determined b y the nature and
relative sizes of the "n" and "p" materials
which make up the semiconductor crystal.
Early transistors had alpha factors in the
neighborhood of 0.9; modern units range as
high as 0 .99,5.

This doesn't mean that the effective gain
of a transistor must he less than 1 at all
times. A more realistic measure of the ef
fective gain p rovided b y anyone unit is the
"bctu" factor, wh ich is the ratio of cellec tor
curren t to base current .

The "hetu" and "alpha" factors are closely
relat ed. The closer alpha is to 1.0, the higher
will he the beta. This is easies t to sec by
an example. Suppose we have a transistor
hooked lip in a circuit so that emitter cur
rent is 10 milliamps. If the alpha factor for
th is OIlC particular transistor is 0.9, then the
collector cur rent will be 0.9 times 10 mill i
mnps, or 9 m A. T he base cur rent will be
the remaining 1 rnA. The beta, however,
being the ratio of collector to base current ,
will he 9/ 1 or merely 9.

If we put in another transistor and ad
just the circuit to again have 10 m A in
the emitter circuit , b ut find that the collec
tor current is now 9.9 rnA, then the alpha
for the new transistor is 9.9/ 10.0 or 0.99.
T he remaining 0.1 rnA is the base current,
so beta is 9.9/ 0. 1 or 99.

If we now try a third transistor with a
known alpha of 0.995. we will find that for
10 mA of emitter current the collector cur
rent is 9.9,5 rnA and the base current is
only 0.05 rnA. Beta, in this case. is 9.95/
0.0,5 , or 199. Transistors with beta ratings of

050 are not uncommon these days.
To relate alpha and beta bv calculation

takes only a small amount of arithmetic.
Bela is equal to (alpha) divided by (1-
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Fig. 3. Alpha factor 0/ a transistor can be meas
ured directly in this l est set-up, Text explains tech
nique.
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COLLECTOR - EMITTER VOLTAGE

Fig. 5. Chorncterist ic curve oj a typ ical transistor
is similar to that oj a tube. Each curve in this
[emily repres ents the collector voltage-collector cur 
rent relationship [or a single value of base cur
rent. Diagonal lin e is "load lin e" Jor 3000 ohm
collector load resistor ; Point labeled "operating"
is bias point to operate as an amplifier with this
load resistor. " On" and "Off" points illustrate
switching action explained in th e text .

(4 ) both input and output open. Of these,
the first and third are most applicable to
most circuits. The second applies only in a
few special circuits, while the fourth is al
most never used and can even destroy many
types of transistors.

The characteristics of any particular type
of transistor are measured under these
specific cond itions, and published as char
as teristic curves similar to those available
for tubes. The cond itions for each curve
arc always not ed. but sometimes the nota
tions are in engineeringese. Fig. 5 shows
a typ ical characteristic curve. These curves
a re used to predict transistor performance
in the same way that tube curves are used
to predict how a type of tube will perform
in any planned circuit.

The curve in Fig. 5 shows how gain is

.
'0

•

than are those of tubes. Alpha, hetu, total
circuit gain, and many other characteristics
are affected by both the input and output
components externa l to the transistor. We'll
get into this d eeper in the next question
the major point right now is that accurate
~)rediction of how a transistor will perform
In all possible circuits is not practical.

Because of this. the manufacturers rate
!hem under a small set of rigidly specifi ed
~nput and outp ut condi tions. These are ( 1)
mput shorted and outp ut open circuited ·
(2 ) both input and output shorted, (3 ) in:
put open-circuited and outp ut shorted, and
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alpha ), while alpha is eq ual to (beta) d i
vided by ( beta + I ). If you know either, the
other can be easily determined by these
relatio nships . Either or both can also be
measured quite readily by the test setup
shown in Fig. 3. It works exactly as our
examples above were phrased ; the transis
tor is connected and base b ias ad justed for
an emitter current of exactly 10 rnA. The
base current needed to produce this emitter
current is then also measured, and sub tracted
from the emitter current to d etermine col
lector current accura tely (beta of most mod
ern units is so high that collector current
cannot he measured with enough accuracy,
directly ). Beta is then calculated by divid
ing the collec tor current by the base cur
rent.

The inexpensive transistor testers so wid
ely available use a simplified version of this
scheme. Most of them usc a battery and
a large resistor to provide an approximately
con stant-current source of some 100 micro
amperes in the base circuit , and measure col
lector current with a meter calib rated di
rectly in beta. If the base always gets 0.1
mA, then I rnA 011 thc meter represents a
beta of 10, 2 rnA is a beta nf 20, and so
forth . To check high-gain units, base current
is reduced to around 10 microamps; 1 mA
in the collector circu it then represents a
beta of 100, 2 mA is 200, and so on.

Fig. 4 shows how this type of tester
works. Despite its simplici ty, it is as accurate
as most tube testers.

Because the transistor works b y a resist
ance relation, its input and outp ut circuits
are more closely connected to each other

av

Fig. .1. This much simpler tes t circuit can read
beta oj a p,yp transistor directly [rom meter. To
use it rt'ith N PN units. reverse batter} and meter
polarities.
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shown in Fig. 7 the input and output cir
cuits are about as isola ted from each other
as it is possible to get with a transistor.
The only point in the entire circuit at
which both input and output currents are
present is the transistor base (includ ing its
leads back to ground). The input circuit
consists of the base-emitter junction and
bias arrangement. The output circuit con
sists of the collector-base junction and its
bias and load arrangements.

In this circuit, the input circuit sees a
forward-biased junction and so exhib its very
low impedance. The output circuit, on the
other hand, contains a reverse-bi ased junc
tion and so is of very high impedance. The
circuit corresponds to the vacuum-tube
grounded-grid amplifier, and offers the same
advantages of high-frequency operation with
good power gain.

The common-collector circuit shown in
Fig, 8, on the other hand , makes the out
put circuit an integral part of the input
circuit so that the output tends to com
pletely «buck out" the input signal. The
input circuit consists of the base-emitter
junction, the load resistor in the emitter
lead, and the power supply (with the com
mon point passing through the power sup 
p ly). The output circuit consists of the for
ward-biased base-emit ter junction (which
acts for it as a low-valued resistor), the
base-collector junction, and the emitter load
resistor.

rtr
COWt.lON BASE COWMON EWITTER CO......ON COU.ECTO R.

Fig. 6. Th e three basic transistor circuits are shown
here. Ifhile all are related, characteristics of each
diff er from the others.

Fig. 7. Common base circuit was earliest. It has
voltage gain. but no current gain. Input imped
ance is low and output impedance is high . Trans
fo rmer input shown here can be replaced with
coupling capacitor as in subsequent figures. Simi
Iarlv, output loa:l resistor can be replaced by trans
[ormer primary,

affected by the amount of base bias supplied
to the unit; the wider apart the horizontal
lines are, the greater the beta and the higher
the gain. \ Vith either too much or too little
hias, gain fa lls off rapid ly; operating con
ditions are rather critical.

\Vith almost no bias, the gain falls to
zero and current is virtually cut off. \ Vith
excessive bias, the gain nguin fa lls to zero
because the collector-base junct ion's resist
ance is as low as it can get. These two
points, labelled "off" and "on" respectively
in Fig. 5, are widely used in digital cir
cuits- at these points, a transistor is a bet
ter switch than most ord inary switches. The
TO keyer is a typical ham application of
this type of circuit.

\Vhat Are T he Basic Circuits? The tran 
sistor, as we have seen, is a gadget which
can amplify-and as such it must have an
input c i r c u i t and an output circuit . The
gadget itself consists of three parts: the
nnitter, the base, and the collector. In most
applications both the input and the output
circuits work a "hot" signal lead against a
"ground " connect ion so that the entire am
plifier has only three signal terminals, which
are "input", "output", and "ground" or.. ..('ommon .

This is not unique to transistors. \ Vith
vacuum tubes we have the grounded-grid
c i r c u i t s and the cathode-Fol lower or
grounded-plate, as well as the conventional
grounded-ca thode arrangement.

Since the transistor has three internal
components. we can choose any one of these
three as the "common" or grounded cle
ment. This leads us to the three basic cir
cuits for transis tors-the common-emitter,
common-collector (or emitter follower), and
common-base (grounded base) circuits.

The word "grounded" is somet imes used
to replace the compound adjective "com
mon-" in the circuit names; the FCC study
list uscs "grounded " but most present writ
ings appear to prefer the «common" phras
ing.

F ig. 6 illustrates these three circuits ,
stripped to their basics. You can see that
in every case, input signals are applied to
the b ase-emitter circuit and output is taken
off in th e collector-base circuit- but the
three circuits differ dras tically in their char
usteristics b ecause of the differen t ways in
which they relate input and output ci rcuits
to each other.

For instance, in the common-b ase circuit
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Fig. 9. Common-emitter circuit shown here is most
widely used . It has both curren t and voltage gain,
and so is only transistor circuit exhibiting appre
ciable power gain as well. Both input and output
impedances are moderate .

mon-emitter arrangement shown in Fig. 9.
This one acts in a manner mid way between
th e other two. The input circu it-the base
emitter junction and its bias arrangement
is rela tively unaffected b y the output cir
cuit, but in the output circuit the base
emitter junction is p laced in series with the
collector-base junction. Th is reduces output
impedance by a bucking-out action, but the
buck-out is much less than in the common
emitter since only a part of the output signal
appears across the base-emitter junction
wh ile in the com mon-emitter the entire out
p ut signal appears in the input circuit.

T he fraction of the outp ut signal which
does appear in the inp ut circuit tends to
increase the input impedance in much the
same manner as in the common emit te r.
Again, the effec t is much smaller.

Both the common base and the common
collec tor circuits represent extremes- input
/ outp ut isolation in one case and total in
teraction in the other. The common em itter
circuit rep resents a comp romise between
these two extremes, and all its characteristics
are intermediate between those of the oth
er two. Voltage gain is m oderate; not so
h igh as in the common base but much higher
than the common collector. Current gain,
which is less than 1 in common base but al
most eq uals beta in co mmon collector, is
a lso moderate. Since power is the p roduct
of voltage t imes current and the common
emi tter circuit is the only one in which both
voltage and current gai n exceed 1, it h as
tho greatest power gain of the circuits.

Input/output isolation is only moderate in
this circuit, which limits the f requency re
sponse and makes acciden tal feedback a
possible problem. H owever, the com mon
emitter c i r c u i t, like the vacuum-tube
grounded-ca thode circui t to which it corres
ponds, is the most widely employed in prac
tical app lications because of its power gain

Since actual active input must be app lied
between base and emitter, wh ile the output
appears across the em itter resistor, the ac tual
ac tive inpu t to the transistor in this circuit
is much smaller than the applied input sig
na l. In fact, the signal seen by the tran
sistor is equal to the applied input signal
minus the resulting output signal. If a 1
volt ac signa l is applied and a 0.9-volt uc
signal is produced a t the outp ut, the ef
fect ive input to the transistor is only 0.1
volt and the transistor itself is performing
at a gain of 9 alt ho ugh the circuit's gain
is only 0.9.

W ith the effective input reduced by an
amount proportional to the transistor's CUI"

rent gain (beta), the curren t Row in the
input circuit is reduced by that same fac
tor. Since we d id nothing outside the cir
cuit to reduce the app lied inp ut signal, this
has the effect of multiplying the input im
pedance of the transistor by its beta and
so the common-collector circuit has hi gh in 
put impedance.

-j'f----.--+-{. '

Fig. 8. This is common collector circuit. Both input
find output Cllrrent /lows through load resistor Rl.
and the result is high input impedance, low out·
put impedance. Volta ge gain is less than 1, but
current gain can be high.

T he b ucking-out act ion we have just ex
amined affects coltage in the outp ut circuit
but does nothing to hold down the current .
The output current is as great as our load
resistor and operat ing point will permit, but
the voltage associa ted with this current is
reduced by the b uck-out. T his causes output
impedance of the circuit to be divided b y
tra nsistor beta; the result is very low output
impedance.

The common-collector circuit, then, cor
responds to the vacuum-tube cathode fo llow
er. It has high input imped ance together
with Jaw output impedance, and voltage
gai n is always less than 1. \Vith high-beta
transistors, though, voltage gain can be al
most up to 1. I t will be, to a firs t approxima
tion, equal to the transistor's alpha factor
- which can exceed 0.995.

The remaining basic circuit is the com-
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and preponderance of advantages over dis
advantages.

You may have read elsewhere of the
peculiar problems involved in adapting vac
uum-tube circuits to transistors. Most of these
problems are not inherent in transistors them
selves, but arc the product of the fact that
the fi rst transistor circuit used was the com
mon base version. The same prob lems are
present in grounded-grid vacuum-tube cir
cuits-they're the problems of adapting one
type of circuit to another type, not those of
changing from one kind of component to
another. The fabled "low impedance" of
transistors, in particular, is apparent only
in common base. \Vith run-of-the-mill tran
sistors, impedances equal to those of tubes
can be obtained by proper blendings of the
circuit types used. Common-collector circuits
with high-gain transistors can have as much
as 10 megohms input impedance; few vac
uum tubes can stand that much grid resist
ance without developing "contact potential"
bias problems!

What are the Transistors Advantages?
In the 20 yea rs that transistors have been
on the scene, they have virtually replaced
vacuum tubes in many applications. Ob
viously, then, they must have some advan
tages over tubes. \ Vhat are they?

The major advantages of the transistor
as compared to the tube fall into three cate
gores-size, pO\ver requirements, and relia
b ility.

The size advantage enjoyed by the tran
sistor is obvious to anyone. Typical tran
sistor sizes are m uch smaller than those of
tubes with comparable characteristics. The
action of the transistor occurs within the
atoms which make up a single crystal of
semiconductor material-that of the tube
occurs in a stream of electrons flowing
from one physical element past another to
a third. Today's integrated circuits were
made possible by the transistor's capability
of being reduced to truly microscopic size;
the sma llest tubes are st ill easily visible.

Power requirements for a transistor are
much less than those for a tube of com
parable abilities. The largest part of the
power red uction comes about because the
transistor needs no heater to make it work.
Most tubes, also, require much higher oper
a tlng voltages than do similar transistors,
even though some tubes do operate at low
voltages and some transistors are capable
of operating at vacuum-tube voltage levels.
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\Vith no hea ter, the transistor also runs
much cooler than does a tube. Even a power
transistor normally is cooler to the to uch
than is an ordi nary low-power tube. This
reduction of heat in the circuit adds to the
size advantage by permitting transistors to be
packed into more compact spaces, and is in
itself an advantage since no special cooli ng
is required in many applications.

The most spectactular advantage, however,
is ill the area of reliability. A tube operates
by boiling off electrons from its cathode.
Eventually, the tube wears out and must be
replaced. Even before this happens, the
tube is likely to become gassy-or to be
burned out or b roken.

The tra nsistor, on the other hand, oper
ates by the injection of electrons into a crys
tal. No boil-off is involved, and there is
nothing in the basic action to cause the
d evice to ever wear out. The transistor can
become contaminated, which corresponds to
the tube going gassy, and it can be burn ed
out-b ut if manufacture is controlled with
enough care, contaminatio n is not likely,
and if the circuit is properly designed and
operated, burnout is equally unlikely to
occur. The result is that a transistorized cir
cuit can be expected to perform properly for
from 10 to 1000 times as long as a similar
circuit using tubes.

So fa r as breakage is concerned, this is
easy to demonstrate. Just put a tube and
a tra nsistor side by side at the edge of a
tab le, and sweep both over the side onto
the floor. Afte r picking up the b roken glass
from the tube, test the transistor. It will
probably be working perfectly.

The reliability of the transistor is what
has made the d igital computer industry, to
cite but one example, possible. Premium
tubes have a life expectancy of around
50,000 hours. If a circuit requires 100,000
tubes, the law of averages tells us that we
can expect a burnout on the average of
once every half-hour. This means that the
longest period of operat ion we can expect
from this complicated gadget is 30 minutes.

Similar quality transistors, however, have
an estimated life expectancy of over 8,000,
000 hours (the reason that it's estimated is
that nobodv has been able to run a test
long enough yet to be sure that the figure
is accu rate). If those 100,000 tubes are re
p laced by transistors, then fa ilure can be
expected only once in 80 hours. The relia
bility of the device has been improved by
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160 times-and any device tha t complicated
can do any job expected of it in less than
80 hours.

\Vhile the fi gures may sound a bit ex
treme manv modern indust rial devices con-• •

tuin tens of thousands of transistors. Such
devices simply were not practical durthg
days of tubes. T his is, then, the major ad 
vantage enjoyed hy the transistor.

lV/wi are the Visatll/antages? \Ve have
seen that the transistor's advantages over
the tube are primarily those of size, lower
heat, less power required, and grea ter re
liabil ity. why, then, have they not replaced
all lubes?

T ransistors do have some disadvantages.
T he greatest of these are in the area of high
frequency capab ility, and power handling.
Both are being overcome, h ut it's a safe
bet that in applications which involve both
high power and high freq uencies, tubes will
be p referred for many years to come.

The fi rst transistors were limited to low
frequency lise. In fact, they did not perform
adeq ua te ly even over the uud io-jreq uency
ra nge, and use at rf was impossible. The
limit was p ushed grad ually higher until
b roadcast-hand operation became practica l
- and kept going higher. Today, inexpensive
tra nsistors which perform nicely a t 50 and
144 MHz arc availahle . In fact, they out
perform tubes a t VHF frequencies today,
havin g noise fi gures which are much lower
than those of even p remium tubes.

T he first transistors, also, were limited
to very low power. Even in the at region,
they were unable to develop enough power
to drive a loudspeaker. Like the quest for
h igher-frequency operation, the search fo r
add itional power moved forward. Audio
power transistors became available , and some
years later rf power transistors hit the scene.
Today it's possible to build a I OO-watt 6
mete r transmi tter using nothing but tran
sistors.

However, the d isadvantages a rc still p res
ent. Tha t I Ou-wutt tra nsistorized transmit
ter is going to cost you more than would
a kilowatt with tubes- and if you want a
full gallon the tube is still the only p rac
tical choice at 6 meters. At any high er fre
quencies, the power capab ilities a re much
less.

So, while it is possible to use transistors
instead of tubes for power applications at
ri, it's still much more expensive-and th is
is in itself a d isad vantage.
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There arc some electrica l disadvantages
too. A transistor is, bv its verv nature, a
vo ltage-vnriuble capacitor as we'll . In high 
frequency circuits, this capacitance can
hamper action of the ci rc uit . The transistor
is a triode type of device , and so far it
hasn't been p ractical to introduce clements
which correspond to the tube's screen or
sup pressor gr ids. This prevents the transistor
fro m being used in circuits which make use
of these c lements. Isolation between input
and outp ut circuits is much grea ter with
tubes than with transistors.
Tubes are operated b y voltage changes while
transistors operate by current variations
and this means that a transistor must im
pose some load upon its input and outp ut
circuits whi le a tube can be made essential
ly a non-loading amplifier.

The ne t result is that, wh ile the transis
tor's advantages make it the preferred choice
for many types of uses, its di sadvantages ru le
it out for many special app lica tions.

' Vhat aTe the Critical Factors ' Vhen Us
ing Transistors? T he basic d ifferences h e
tween tubes and transistors come out most
dearly when a designer attemp ts to put a
transistor into a circuit . Because of these
basic diffe rences, transistor circuits have a
number of crit ical fac tors which can be al
most ignored when using tubes.

The two major critica l factors arc volt
ages and heat . T he active area of a transis
tor may he no more than a few atoms in
thickness. Since it is so thin, any applied
voltage wh ich is too high can cause "p unch
th rough" which is similar to the p uncturing
of a capacitor. \ Vhen p unch-through hap
pens, the result is a dead short at that point.
Transistor action ceases and the d evice
turns into a low-value resistor.

Punch-th rough can he either temporary or
permanent, depending upon the power avail
ub lc at the p uncture region . A temporary
p unch-through is of little consequence-as
soon as the over-voltage is removed the prob
lem is over. Jf, however, enough power is
available , the transistor material is melted
a t the punched-through spot and the dam
age becomes permanent.

Since the material involved is so very
small, it doesn't take much power to be
"enough". A few milliwatts is more than
adequa te in most cases. For this reason,
transistors should always be p ro tected
against over-voltage. The over-voltage may
he in either the pO\\'cr supply or iu the
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Fig. 11. Use of emitter resistor to control runaway
depends upon its eOect on base-emitter junction
bias. At far leit is Jull circuit; at center is that
part o] the circuit seen by ac signals, whi le that
part at right is effective to de levels. Drop across
emitter resistor increases as transistor heats, re
ducing bias and cutting down on dc current flow.
This limits maximum current.

larger collec tors , which arc designed to
carry the heat away more rapidly- and to
operate at their maximum power ratings
even these must be connected to "heat sinks"
which help carry the heat away.

If the heat generated in the collector-base
junction is 1I0t carried away fast enough,
it acts to change the transistor's internal
operating conditions just as would an in
crease in applied voltage. More current
flows-cmd the more current, the greater
the heat. As heat increases, still more cur
rent can pass. The condition is known as
"thermal runaway" and leads to rapid de
struction of the transistor. Once a transistor
enters the runaway condition, nothing can
stop it until it is using all the current avail
able to it or has melted itself.

\Vhcn the junctions get hot enough, the
base loses all control of operating condi
tions, this is the true "runaway" condition
since no control is possible from the input
circuit. The only control available is to pre
vent runaway from occurring.

The primary preventive measure we can
use is to keep the transistor cool. This
means using large enough heat sinks and
assuring that enough air is available to keep
the temperature within limits.

A secondary preventive measure is avail
able by using an emitter resistor as shown
in Fig. 11. Under normal operating condi
tions, the voltage appearing across the re
sistor is a part of the normal bias arrange
ment. \Vhen the transistor heats and " leak
age" current (that current due to heat and
not controlled by the base) increases, the
voltage across the resistor increases and thus
subtracts from the original bias voltage.
This reduces the cont rolled current flow; if
the reduction is sufficient, then heating will
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Fig. 10. Ampli fi er can be protected against exces
sive input signal voltage as shown here. Diodes
arc essentially open circuits at voltages less than
threshold (about % volt) and have no effect on
small signals . Above the threshold, diode becomes
short-circuited and cuts off overvoltage signal.
signal circuits-a voltage peak in the applied
signal is one of the most frequent causes for
punch-through. The remedy is to incorporate
voltage-limiting ahead of the transistor so
that no input signal can exceed safe limits.
Fig. 10 shows such a safety feature ; the
parallel diodes limit input voltage to a maxi
mum of half a volt and the rest of the ampli
fier is then designed to handle any voltage
which can result from a half-volt input sig
nal.

Over-voltage spikes on the power supply
lines may be prevented b y extensive de
coup ling , or by regulation of the power
supply. A good battery is one of the best
power sources since it is inherently regu
lated.

Heat is a critical factor for several rea
sons. If a transistor heats, its normal op
era ting cond itions are altered. The energy
present as heat has the safe effect as an
increa se in input signal and power-supply
voltages, and all characteristics change.

In addition, when the inside gets hot
enough, the crystal structure which is basic
to transistor action begins to melt and
change. This change in the crystal structure
destroys the transistor and turns it into a
useless hunk of semiconductor material.

In fact, the damage done b y over-voltage
is actually done b y the heat which results
from the over-voltage condition.

Some heat is always present in a transis
tor, since it does its amplification by chang
ing the resistance of the collector-base junc
tion. Current is passing through this resist
ance, and whenever current passes through
a resistance heat is generated.

T his resistance is primarily in the collec
tor-base junction, so that the heat of the
junction is the primary factor. Transistors
are rated for power capab ility all the basis
of their ab ility to withstand this heat, and
to carry the heat away from the junction
as it is genera ted . Power transistors have
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be reduced and so will the leakage current.
If, however. the runaway cond it ion is
reached. the reduction will have little eHect
upon the current.

The final p reventive measure, which can
not be applied in many circuits. is to limit
the amount of current available to the tran
sistor so that it can never obtain enough
current to melt itself under runaway con
ditions. Unfortuna tely, the circuits most like
ly to run away are those which must han dle
high power-and limiting the current also
limits the power which can be prod uced by
the circuit.

Any attempt to operate a transistor at a
power level higher than that for which it
is rated is almost certain to result in run
away. Additional heat sinks won't help. be
cause a heat sink can only carry away the
heat which gets to the outside of the tran
sistor. If heat is p roduced inside faster than
it can get out, then the junction itself will
keep getting hotter and runaway will occur.

Most power transistors are ra ted under at
least two cond itions-without heat sink, and
with "in fi nite" heat sinking. The first rating
is usually identified in that manner; the
second may be called "absolute maximum
power". The fi rst rating determines the
power which may be applied to the tran
sistor with no heat sink at all. The second
tells us how fast the heat can get out; ex
ceeding this second rating just about guar
an tees us a melted transistor.

Another factor involved in using transis
tors, which is less critica l than the others,
comes about becau se transistors corne in two
"flavors"-PNP and NPN-while tubes come
in on ly one, which corresponds to the NPN
transistor. The two types of transistors re
quire supply voltages of opposite polarity.
A PNP tran sistor requires that its collector
be negat ive with respect to the base, and
that the emit ter be positive to the base, in
order to opera te . The NPN unit is just the
reverse.

I t's ra ther easy to apply wrong-polarity
power to a transistor circuit ; what happens
then depends largely upon the circuit it
self. If only one of the junctions gets the
wrong polarity, the transistor may be in
stantly destroyed . If, however. both get re
verse polarity the circuit may even operate
afte r a fashion-but the actua l collector will
be serving as an emitter and vice versa. Some
care sho uld be taken when connecting pow-
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TV sets of you r choice via a low-cost antenna
ca ble (RG·59U) up to a distance of 1000 ft. without
th e need for a ccessories or modifications on the
TV sets. The range can be extended indefinitely by
us ing line a mplifiers at repeated inte rva ls or loy
us ing radio transmitters where regu lations permit.
There a re hund reds of practical uses in business,
ho me, school, etc. for a ny purpose that requires
you or a nyone c hosen to observe anything t aking
plac e a nywhere the came ra Is plac ed. Designed for
conti nuous unattended operation, the all·t rans ls to r
circu itry of the 501 consumes only 7 watts of
power.

For complete sr.ec lflca flons
send tor our lIIus rated catalog .

VANGUARD LABS
196·23 Jamaica Ave . Dept. H Hollis, N.Y. 11423

RENEWAL CODE

The tw o numb ers und er yo ur ca ll on the ad 
d ress labe l are the e xpira t ion cod e. We have
t rie d to make it sim ple. The first number is the
month that we send yo u the last copy on you r
subscr ipt ion an d t he second numbe r is the year.
78 wou ld be J uly 1968, fo r exa mple.

er since it is possible to damage the tran
sistors. but this danger has been overrated
in the past. The reason for its emphasis in
earlier days was that separate pO\\'er supp lies
were usually used for input and output cir
cuits, and if on ly the ou tp ut circuit polarity
should he reversed Instant destruction was
the resul t. Modern circuits usually usc only
one power source for all circu its, and rc
versing of that source normally causes no
damage.

Next Month. Only a few questions remain
to cover the FCC study list. Next time
around we'll cover half of them, looking at
power supplies. transmitter adjustment. and
some find points of rf tube design. •
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Ipecac Works

onLids
Inside the cavern, the noise was deafen

ing and m inor skirmishes broke out from
time to time between delegates. One teenage
Extra class was severely skewered with a
H ustler 20 meter mobile resonator, d eftly
wielded bv an irate Technician, who had

•
ta ken issue with the youthful Extra for us-
ing his 6 meter halo as a basketball hoop.
Although the auditorium sounded somewhat
akin to 75 meters during sweepstakes week
end, the chairman d id manage to restore a
semblance of order. Using the normally over
sized jawbone of a rag chewer (long since
depar ted) as a gavel, he p ounded on the
skull of a Citizen Bander (the exact animate
or inanima te state of this resoundingly h ol
low cranium could not immediately be de
termined . However, I assumed that its fo rm
er owner too had long since departed this
mortal soi l, since its oral orifice remained
motionless).

Ca lm, thusly restored. I found myself
seated between a YN3 DX hound, who oc
casionally muttered, "CQ-DX," a Mexican
BPL mumbling co nstan t ly a bo u t listing;
messages for Garcia and directly behind a
\ VN2, who made several attempts to plug an
80 meter crysta l into my nostrils.

I had, by default, b een chosen to go to
the Carlsbad Caverns to attend this, the
first un iversal conclave of IPECAC (Inte r
national Party for the E lim ination of Cads
and Acrimonious Cuckoos) . The original
delegate, an antenna experimenter, had been
working on a remotely controlled sliding
bazooka balun connected to a counterweigh t
th rough a p ulley. An unfortunate miscalcu
la tion caused the m echanism to misfire ,
dropping the counterweight which, because
the experimente r neglected to let go, snatch
ed him unceremoniously off his feet, up 54
feet of tower, through the 2" O.D. bazooka ,
and the even smaller pulley, then dropped
him, 9 feet taller and considerably thinner,
hack to th e cement b ase . His health is good,
his bones are mending, but he was unable
to a ttend d ue to a predictable difficul ty in
obtaining clothes to fit.
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IPECAC is comprised of amateurs from all
nations and a ll special interest groups and
is ded icated to reducin g or completely elimi
nating 'lids' and acts of lid-men-ship. For
years it has been the considered opinion of
these amateurs that 'lids' were not merely
pests, but the largest problem facing ama
teur radio; la rger even than the problem
of the "SPONCH," that nastv subliminal

•
crea ture, developed and nurtured by vfdiots
(Video Idiots), who creeps up your mast
and at that prec ise moment that you are,
after years of patience and cHart, about to
mak e that all-important contact needed to
complete \V.A.C ., \VAS. or DXCC, sucks
up all yo ur ra diated p ower. The "SPONCH"
is th e real cause behind the many laws not
in effect pertaining to amateur radio that
state, in effect, that the least des irable oc
currence is most apt to happen at the least
op p o rt u ne m om e n t. O f t ti mes, t he
"SPONCH" will sit at the apex of your "V"
gleefully waving a lightning rod during the
one thunderstorm of the year when you
forgot to ground your ante nnae.

While IPECAC is now universal . the ori
ginators- or founding fathers- came from a
small group of net control stat ions who, in
trying to work through QR~I caused b y
'lids, ' had suffered some tangible harm. One
com mon occup ational h azard called, "Mcrg
ing Ears" or "The Flounders" has claimed
tnany a victim. It is caused b y, over a period
of time, increasing the tension b etween ear
phones and against the ears which grad ually
compresses the head . One such net control-

13 MAGAZINE



Ier recently amazed a Ham gathering by
revealing an uncanny ability to look through
a keyhole with BOTH eyes ; Another discov
ered that his nostrils were now wider apart
than his eyes and one ill-fated YL, dressing
up for an eye-ba ll QSO, was startled to learn
that she could accommodate only ONE ear
nng.

Besides this, and other, physical impair
ments resulting fr om contend ing with 'lid s'
there is usually a great deal of mental st ress
involved. Reactions differ, but a good ex
ample is that of one infuriated operator, who
physically attacked his rig, driving a # 2
phillips screwd river stra igh t through the
plate meter-not only ruining the meter, but
arc welding theTv'H switch to the load capa
citor and placing himself in distinct danger
of being instantaneously burned to a cinder.

The straw that finally broke the camels
back, however, and caused the unification of
all anti-lids and the formation of IPECAC
was the ep ic drama of a very well known
and well liked ham. One afternoon, after
battling lid after lid, he raced, in a fit of
pique, into his yard armed with a double
bladed axe and proceeded to chop d own
his antenna structure, forgetting momentar
ily that his eq uipment was VOX operated.
\Vhen the structure finally carne tumbling
down, the ensuing thunderous clatter acti
vated the VOX and the resulting RF output
fused a 4 element quad, two yagis, a multi
band inverted "V" and the operator together
into one hopelessly tangled jumble of loose
ended junk. The operator was transfixed in
an anatomically impossible position at the
center of a vortex of what appeared to be
a stilted midget battling a horde of colossal
aluminized praying mantis. Fortunately,
Andy Wharbol happened along and affixed
his signature to the mass. It is, as a lasting
memorial and mute testimony epitomizing
the need for lid elimination, now on display
in a New York Op Art Gallery entitled ,
"Man and his orderly life plan."

Since, all too often, a member of one spe
cial interest group may erroneously label
a member of another special interest group
a 'lid' simply because their interests differ,
one of the purposes of this conclave was to
clarify exactly what a 'lid' was, and is.

A 'lid ' (helieved by many to be a con
traction of L'il IDiot) can be simply defined
as an operator who, intentionally or unin
tentionally, operates in a manner prejudi-
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cial to the enjoyment of others or conducts
himself in a manner that projects an un
gentlemanly - or poor ham - 'image' - in
short, like the fella who smokes in bed, a
lid is prone to make an ash of himself.

From all reports, lids are definitely On the
increase, "which precipitated the second ary
mission of IPECAC-to find an alternative to
the \Vouff Hong. This instrument is too
rarely used to prove a very effective deter
rent, yet its occasional use renders it a ridi
culous and purposeless outrage. For as it is
now applied, the \Vouff Hong is nothing but
an arbitrary discrimination against an oc
casional, and most times, dim-witted victim.

Some members of IPECAC were thought
ful eno ugh to bring along samples of their
ingenius \Vouff Hongs (see photo).

r

In the upper left hand corner is the Nordic
/ Germanic "SVE NKA"-the earphones are
connected directly to the rf output (a rather
sneaky method of creating L.C.'s). The two
screw type devices in the lower center are
the "ANTI BUTTON PUSHING THUMB
DISABLER" from Britain and the "WAG
GING TONGUE LIMITER DINGUS" from
Australia. The lower right hand corner con
tains the Bussian "GRONSKY"- a heavy rub
ber mallet employed in, on, round and about
the head and shoulders by a Neandertbal
type from the upper Ural regions. Just right
of center is the ingenious "PERUVIAN
FINGERNAIL PINCHER"-and last is the
so m e w h a t crude , but highly effective,
"PFFF F F FFT" used by almost all tbe Pygmy
nations-it is sometimes dipped in curare for
a "tota l" effect.

During the even ings, IPECAC members
behaved as most conventioneers- squirting
boutcnniers-chand buzzers-bags of water
off the stalagtites and the ever popular,
"Girlie in the cake" who, in this instance,
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Chances are

we can fix it for you pronto
We also clo waranfee repairs for:

NATIONAL RADIO
DATAPUlSE GENERATORS

JULIE RESEARCH lABORATORIES
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man y ot hers.
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In addition to repai ring , aligning or ca librating
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ACOUSTIC RESEARCH SPEAKERS
CUSHCRAFT ANTENNAS
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Weston model 61 or 62, Hewlett-Pecke-d 738AR
and 739AR.

LEGER LABORATORIES
Hollis Street, East Pepperell. Mass. 01437

617·433·6771

hurst out of an e lectro lyte cake, moulded
n the form of the new FCC Headquarters,

clad in two IRe coupons, a W lAW QSL
card stra tegica lly placed, and various other
items inherent to amateur radio. I guess
I'm not much of a Stag Party man, be
cause when she stepped on a glazed whipped
cream figurine of Ben F. Wnple, slipped
and broke her "5" meter, I was secretly
pleased .

There was only one real ' incid ent' dur
ing this skip distance revelry ; one of the
Russ ian certificate hunters came to the a l
coholic conclusion that the olive in his mar
tini was a concealed microphone and before
anyone knew what was happening, he'd
wired up a resonan t Vic Tanny reject,
worked 23 States, 3 Continents and placed
second in the Fargo, North Dakota QSO
Party.

In defining a 'lid' the IPECAC congress
conceded that over 90% of a ll acts of lid
manship were perpetrated by 'good' ama
teurs in a moment of careless thoughtless
ness and/or ignorance. This decision inspired
the belief that gentle reminders would ad
eq uately replace the extreme applications
of Wouff Hangs.

Consequently, a group of experimenters
made up of three nationalities-Americans
to conceive ideas, Russians to claim the
ideas and Japanese to mass produce the
item at ~ of the cos t while the other two
groups argued-worked throughout the night
time revelries to perfect what came to be
known as the Lid Reducer-or "Lid-Ducor.'
- While the Mark # 3 prototype "Lid-Ducer."
shows promise, it is very loose in design
and could stand some refining. However, the
basic precept is sound and could/ should be
come a standard incorporated feature in all
amateur radio eq uipment.

When the Lid-Ducer was unveiled for
IPECAC, most members wanted a practical
demonstration. Volunteers were as rare as
Rhode Island stations d uring a contest. A
safari of scrcungers (a common eth nic group
among amateurs) was d ispatched to recrui t
a volun teer. T hey returned with a 'jiggler'
you all know what a '[iggler' is-he's the
8 handed fumble fin gered jerk who invar
iably stumbles into your shack while you've
got six hundred dollars worth of parts laid
out on your bench and, despite repea ted
warnings, both oral and written, has an un
contro llab le urge to jiggle a switch, fiddl e
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Fig, 1. 3 varieties of Lid Ducer,

with a knob stretch a coil or juggle two
-lCX-IOOO·s. The safa ri laid an ingenious
trap; they sp read a table with knobs, probes,
tubes and switches- then placed a 3 foot
sign over the arrav reading, "DO :l'\OT
TO U C H U ;-'; D E R A;-';Y C I RCU ~I 

STA;-.ICES' ''-barely 5 minutes bad passed
before a sh ifty eyed, change jingling mis
creant bumbled up. peered sneakily over his
shoulder and jiggled a knoh. This triggered
a sna re trap and they had their volunteer.

Because of a ma ss traumatic shock, the
exact deta ils of the demon strat ion arc not
clear ill anyone's mind. We had selected the
Nordic "SVENKA" option for the test. Un
fortunat ely, the equipment used had a 'home
brew' Californ ia amplifier which, unbe
knownst to us, employed one hundred and
thirty two 6 146's in parallel. When the relay
activa ted itself, a ll hell b roke loose. The
Californ ia kilowatt delivered full strength
th rough the SVENKA not only zapp ing the
volunteer, rf cooking his spleen, and per
formed an on-the-spot frontal lobotomy but
the resulting pyrotechnics set off a chain re
action of UFO sight reports covering a three
State area. In his mentally vacant and stag
nated state, there was little else to do with
the volunteer but send him to Foam Rubber
City (Bonita, California ) loca ted somewhere
between Oz, Disneyland and the T wiligh t
Zone. We learned later that, with his newly
acquired attribute of catatonic mindlessness,
he was immediately scooped up and put
to work eking out a meager living as the
ed itorial chief of a block printed mimeo
graphed ham pamphlet published in that
city.
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SMILE ••• You're on TV

A photo a nd schematic of the Lid-Ducer,
Mark # 3 prototype and its three op tional
uses arc shown elsewhere. It would, out of
necessity, be a sealed unit when placed
into equipment-but for the purpose of sim
plicity-it is illustrated as a separate unit.

The circuitry is cimplicity itself. The rf
is normally coupled di rect ly to the antenna.
However, the relay is set to activate itself
after 60 seconds of unmodulated or unin
terrupted carrier is fed to the antenna. The
relay can be programmed to react to a l
most any stimuli. The stimulus setting and
timed reset delay can be preset at the Iac
tory and modified by the FCC as needed
in lieu of issuing 'pink slips: Once the stim
ulus activates RY1, SI is thrown to the al
ternate position, which can either be cou
pled to a device similar to the Nordic
SVE~KA-possibly modified with an enema
probe-or to a more conventional dummy
load .

The Lid-Ducor should p rove to be an
effective reminder to that 90% of lids who
are lids only because of a moment of
thoughtlessness. Their punishment would he
instanta neous and cost a minimum of 10
minutes of on-t he-a ir time for each act of
lid-man-ship.

One fea ture of IPECAC- an ultra extrem
ist group-held out for more stringent meas
ures- especially for that remaining 10% of
'lids' who perform lidmanship as an active
avoca tion. T hey advocated 'the' ul timate
wcapon i.e. , enforced listening to the 11
me ter band for varying amounts of time
depend ing upon the offe nse. Since we all
know that no amateur of any repute could
poss ibly endure more than a few minutes
of this hideous torture without running, cov
ered by microphones, amplifiers, 28 MHz
crystals, pre-amps and squelch knobs, into
the street screaming, "10-4 there, 10-4 there,
wheeee-d'm the Eastern Mass Hunchback
-I'm the Arkansas mugwump-and a whole
bunch of 10-20's" this seemed to be not
only an unjust, but inhumane punishment.

Unfortunately, before any further dcci
sions could be reached, the meeting was
brought to an untimely close when 2 ~IARS

members and a C\V man located an "00"
secreted behind some stalagmites surrepti
tiously listening on split phones to time
ticks and loran signals while folding road
maps and timing the speaches of various
delegates. A mob formed, tied the "00"
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with a random length of RG58U and carried
him from the cavern while he bellowed,
"Long Live Ceorge Hart" and sang section
97 .87 (in free verse) to the melady of "I
Believe ." They drove him off in an Edsel
that , because of the cars design and the
number of antennas attached to it, closely
resembled a gigantic and quite recently
goosed porcupine.

The next session of IPECAC is tentatively
seheduled far the weekend of Arbor Day
and is to be held in Atlantis. This ,..-ill nec
essitate Maritime Mobile operation-sectinn
97.97. applies. Entertainment thus far book
ed includes Senator Everett Dirkson giving
his sterling rendition of The Communica
tions Act of 1934 (in its entirety) and Jim
Fisk tap dancing and doing the Frug to
Co nelrucl signals.

.. . KI SYD

SIGNAL TRACER

Here is a complete test la borator y a ll i n o ne
package! A modern m ira cle of electronics .
T h is one unit conta ins ah AC-DC Voltm eter :
SO. I SO, 500 volts; 0-500 rnA ; 10K, lOOK. 1M
ohms: resistance a nd capacitance substitu
tion; 9 vdc battery supply ; RF Signal gen
erator 455 kHz (a n d up to 700 kHz ); plus
an audio generator at 400 Hz. You can serv
ice just about anything with this lab. You
can signal trace and align receivers and
trace audio systems, speech equipment, hi-fi
and tape recorders. This is p robably the
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ever to come a long.
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Please write to J ohn Kneeland, Sales Man
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Here is an exceptional
value. This solid state
signal tracer will make
servicing of your re
ceiver. AM/FM and TV
very easy. Comes com
plete with shielded prod
a nd clip cord . Self-pow
ered . Six tra nsistors .
four d iodes a nd one
t herm istor. B u i I t in
speaker a nd 200 u A
meter. Atten uator 20-40
60 d B . Gain over 70 dB.
Outputs for 8 and 600
ohms. You can track
down the trouble in a
receiver in minutes with
this little unit.

TRANSISTOR
DC SUPPLY

This power sup
ply will operate
transistor radios
and other de
vices under re
pair or where
batteries are a
d rag to r epla ce .
Voltage ra n ge :
0-20 vdc conti n -
uously variable. Meter r anges : 0-20 vdc . 0-20
mA, 0-200 rnA . Maximum current capacity:
150 mA/20 v or 200 mA/ I0 v , Pilot lamp. AC
ripple : less than .25 mv rms. Fused. Ha s
built in power transformer and 30 watt
power transistor. Built for continuous duty .

ONLY $16.95

If your local d istributor does not handle the DGP line you
may order direct from Redline, Jaffrey, N.H . 03452. Please in
elude a little ext ra for postage charges.

co. P. 0. box 231 JAFFREY, N. H. 03452
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Instant Drilling Rig for Grounds
GARDEN HOSE

COUPLING
GROUND PtPE

David B . Cameron IVA4VQR
324 S. Riierhills Dr.
T em ple T errace, Fla. 33617

As most hams know, a good ground is
necessary for safety and the effect ive use
of some types of antenna systems. In some
areas water p ipes or the grounded side of
power lines make good grounds, b ut in areas
where these cannot be used the ham must
install his own. Being a person of little
brawn and even less desire to use it, I
couldn't envision myself banging away on
a metal rod John Henry style. I fonnd, in
stead, a much easier and more effective
way of drill ing.

The gold and sulphur mines have been
using the hydraulic method for years; I
merely p ut it on a small scale. All that is
needed in the way of parts is a large garden
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Do not confuse this well
made military unit with low
price co mmercia l " ice c ube
pe eks ." Th is unit operates
from 1.5 to b.O volts, and
has transf ormer isolated
outp ut. Frequency is 1000

~ Hz, may be vari ed with ex
t erna l pot. New package, and complete with
spare set of transisto rs.

A pplications: C ontinuity, compone nt, and semi
co nductor t este r, cod e pra ctice oscillator, keying
monitor, e lerms. RTIV SH IFT Oscillators, etc.
Price $2.00 Postag e Paid . TTC $2.00 P.P,

TELETYPE SPECIAL - GOY'T SURPLUS
101 New packaged spa re parts for models 14,

J 5 and 19 t eletypes. O ver 40 different items in
clude ca ms, bails , reels. covers, springs, type, key
ceps, etc. Government cost over $900.00. The
firs t part used will cover the cost of the kit, and
you will have the added advantage of being back
in operation immed iately. This is one of our most
popu la r items. Pri ce: $5.90 plus post age (include
$1.00 east of Mlss., $2.00 west] ,

B & F ENTERPRISES
P,O. BOX 44, HATHORNE, MASS. 01937
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hose, a piece of %" iron pipe, which be
comes the ground rod, and a coup ling to
connect the two. This is a special pipe to
hose, female to female fitting. Any pumped
source of water will do for power, but if
you have a good sprinkler or well pump that
you tie into, you may get more volume (if
you have small pipes in your h ouse, the
house water supply may act like a high
voltage power supply that drops when too
much load is placed on it). Attach the hose
to an outside sill cock or other outlet, link
it to the pipe with the coupling (Fig, 1 ) ,
punch the pipe through the grass, and turn
the water on full blast (watch out for that
first spurt, it's a lulu).

Keep some downward pressure on the
pipe , but let the water do the work. It
will dig quite rapidly in sand, as several
inches a second, and somewhat slower in
dirt or clay. The sand, dirt, and bits of
rotted wood that come up around the p ipe
with the water are a constant monitor of
the composition of your land at various
depths.

If you hit a small rock , treasure chest,
or other obstruction, give the water a chance
to dig around it and then start punching
at it with the pipe. If it is too large to
move or break, you will have to stop there
or try somewhere else. This will vary with
the geology. A last note of warning : all
that dirt had to come from somewhere. If
all goes well you will only eat a hole about
one inch in diameter and stopp in g off for
a few minutes in one spot won't do much
damage, so you can tell the XYL to quit
worryin g about the house disappearing. But
if you get stuck at the one foo t level for
ten minutes with dirt still bubbling out, the
next thing that you can expect to go down
is the turf you're stand ing on!

.. . W A4VQR
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ISSUED SEPT.

J. H. Nelson

Propagation Chart
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cost,lowthis

Box 322, An901a. Indiana 46703
Phone 219 665·2901 Eves Only

DURA TOWER SALES

More Information on
quality tower write

for
high

THE DURA TOWER
Designed specifically

for the Radio Amateur

• 60, 70, and 80 Fool Tiltover Towers

• 30, 40, and 50 Fool Tillup Towers

• No guys- All Models Self Support ing
• All Welded Construction Using 55,000

PSI Heavy Wall Sleel Tubing

• The Dura Tower Will Support Any
Quad or Tri 8and 8eam and SURVIVE
An 85 MPH Wind

• Erection Aids Wi ll be Loaned Free
of Charge

• Financ ing Now Ava ilable
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$160 .00 fOB Hollis

Each m onth w e h a ve a limited number of
used TV cameras which we make available to
hams a t g reatly reduced p rices. These c~meras
w ere rented o u t fo r temporary su rvetnan ce
jobs on const r u ction sites, cou nty fairs. con
v e ntions. etc . All h a v e b een ch ecked out apd
a re guaran teed for 90 day s. Complete WIth
vidicon a nd lens .

Used Model 501 sale priced
$160.00 FOB Hollis

Don't d elay . Only a few u sed cam er a s are
a vaila b le each m onth, For specifications send
fo r ou r illustrated cata log.

D~pt. H, 196-23 Jamaica AYe" Hollis, N.Y. 11423

Good: 1, 2. 4·6, 9-12, 14, 16·18, 23.25, 27·30

Fa;" 3. 8. 13. 15. 21, 22. 26

Poor: 7, 19, 20

VANGUARD LABS
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A Report on
DX activity during the mon ths of July and

August I suppose is at its lowest ebb, or at
least this is indicated by the reports I have
received here recently. Many WTW-Tally
sheets h ave been sent out so I assume the
boys are "getting ready" for the Fall season
wh ich is just around the corner.

I have hop es that right after the first of
the coming year (1969) I will b e at some
good DX spots to give those needing cer
tain countries on certain bands some ass ist
ance. Looks like another DXpedition is in
the works now, had a good eye-ball QSO
with Ac:k·\V4ECI over in Birmingh am, Ala
b ama and Ack says-c'' If there is eno ugh
interest , we will do it again" (Ack was form
erly the man b ack in the States who did
all theorganization work, handling QSL's,
etc.-on one of m y D Xpeditions and if I
go again he will be the one to do this work.
- He wants those interested to write him and
tell him what they think ) So fellows I
strongly suggest that each of you get all
your antennas in good working order and on
all bands- from 160 through 10 meters, be
cause I will be using all of them. I have
an idea you will see some fellows qualifying
for WTW on each band (6 bands actually )
before this one is all over with this time. Be
fore the real cold \ VX hits you get those
antennas up so you won' t have to face the
elements when I get going- \Ve hope pos
sibly right after the fi rst of the coming year.
\ Ve are talking about some "big plans" for
this DXpedit ion.

Only two have qualified for \VT\V since
the last repor t.

WTW-lOO, 14MHz phone-W3SEJ re
ceived WTW certificate Nr. 58.

WT -IOO, 14MHz phone-W2NSG received
WT\V certificate Nr. .59.
Add to the bonor roll listings the Call
W4BYB with 151 countries on 7 MHz band
CWo Also add to the 14 MHz listings 122
countries for \VB2NSG-phone mode.

Please send me your claimed score for list
ing in the H onor Hall, would like to get your
latest count for the gang to see. QSL's are
not necessary, until you get up to the next
\VT\V certificate, thats when we will want
to sec them. When you tell us you have 199
countries that's ok hut when you get to 200
- we then want to sec the cards!

There is no delay here in issuing certifi
cates now, have a good file system working
and your cards are returned pronto. I am
sure all the various QSL check points can
say the same.

Have received a number of letters from
XE stations who arc ready with their cards
hut are afraid to trust them in the mail-So
we are looking for some good reliable Club
in XE land to be our check point for QSL
cards- any takers? The same,goes for Europe,
because I have heard from a few stations
over there who tried out our European check
point and I guess they have changed their
mind-How about one of you good E uropean
clubs volunteering this .little task for us?

Remember fellows send along with your
application for WTW certificates $1.00 plus
enough to return your cards via what-ever
way you want them returned or else they
will be returned hy 3rd . class mail with the
chance they may become lost along the way
plus the delay in delivery involved. The best
(at a reasonab le rate, in my book ) seems
to be via "Certified mail" . No need to insure
them either way because my understanding
is the fact that your cards have no value
whatsoever to anyone except you, and if a
value is placed on them in Dollars and Cents
and they get lost-You will not receive any
thing.

Up to this time we have not issued any
RTTY \VT\V certificates, so if any of you
fellows Qualify for this band ship us your
card and get the fi rst RTTY WTW certifi 
cate. The same goes for bath 160 meters
and 80 meters on either C\ V or phone.

Ilo..- LEARN CODE CSl NR 1 & NR 2 (l tape) fo r the prospective Novice, Technician,
...... General or Amateur Extra First. 3 to 25 wpm.
~ CSl NR 3 & NR 4 (1 tape) for the advance d operator with a sin-
...... the right way- with " cere desire to copy code sounds at rap id speeds. How to copy
Ilo..- Code ·Soundlanguage'. behi nd, etc. 25 to 55 wpm. Bolb lopes, plenty 01 ",,-plain and...... ~cramllred, numerals and punctuation.
"The specialized language of sound" brings you a complete study Magnetic tap e, 7" reel , dual trac.k; 2 ~ou rs . Immediate delivery.
of the International Morse Code. Satisfied users say-"Complete Send check or money order. (SpeCify which tape.) $6.95 each.
in every detai l"-" Easy to learn !"- "CSl is th e best!"- Increase Both (apes 0 11 one order, ontv $13.50.
YOUR receivi ng sp eed, master th e code now I ***** Sound History Recordinl, Dept. 73, Box 16015, Washin,ton, D. C. 20023
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Some of vou new comers to DXing take
•

my advice, "work all the DX you can now"
because these superb conditions won't last
too much longer. I understand the sun spot
count has now passed its peak and when they
get down low in a few years from now all
this Fll OX will not he heard at all. During
these low sun spot times 10 may be stone
dead, and many times 15 the same, 20 going
dead at sundown, an d even 40 meters may
go ou t after m idnigh t-mayhe even 80 will
do the same at times. So again I say-get in
there and get the DX while you have the

conditions with you like they are right now
The bands can get very very bad in a few
years now.

I have plenty of wnv tally sheets on
hand, 25c will bring you two sets of them.
Drop me a line fellows-and don't forget
send in vour "claimed scores" for the \vnv•
Honor RoIL

. . . W411PD

Gus Browning W4BPD
Cordova, So. Carolina

DIODE CIRCUITS HANDBOOK

DANGER
73 Transistor Circuits has driven
hundreds of amateurs right out of
their minds with joy. Do not send
$1 for this dangerous book. Do not
send it to: 73 Magazine, Peter
borough NH 03458.

~.-
An Inval ua ble reference b ook,

Covers rect ifiers, mete r c1 rcu ih ,
mlx-ers. detectors, mo d ula to rs,
produch, FM detectors, noise
limiters, squelch, AGe, BFO '/O ·
multiplier, utr protection, AFC ,
V,uicap tuninq , aud io dippers, FM
modulator, balanced mods, Varac
tor multipliers , fi eld.stren g t h
meters, wave meters, RF probes,
dummy loads, SWR bridge, tach.
ometer, noise generator, square
wa.... gen, zeners, control circuits,
voltage control, etc. III differen t
ctrcctts.

An absolute steal at $1.
73 MAGAZINE

Peterborough, N.H. 0345B

CLUB SECRETARIES NOTE!
Your club can round up some extra funds by imploring, cajoling, con

vincing, or forcing your members to subscribe to 73 Magazine. Never
mind the cries of anguish, just remember that you are doing what is
best for them . .. and the club.

Subscriptions to 73 are $6 per year regularly. The special club rate
is exactly the same ... $6. The only difference is that the club treasury
holds on to 25'10 of the loot and sends the rest to 73. Send us $4.50 for
each one year subscription, in groups of at least five subs. Just think,
if your club has 10,000 members you can quickly make $15,000 for the
club on this deal.

Send the subscriptions to us on 3 x 5 cards, giving the name, address,
call, city, state, and zip code of each subscriber. If the subscription is
a renewal please include the address label from a recent 73 wrapper.
Indicate all renewal subscriptions so we won't just start a second sub
scription. We have been known to do that.

Send to: CLUB FINAGLE, 73 MAGAZINE, PETERBOROUGH, NH 0345B
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Technical Aid Group
Please refer any questions of a technical

nature to one of the following members of
73's T echnical Aid Group. These are dedi
cated amateurs who really want to he of
help and do so without compensation. Be
sure to state your problem clearly and en
close a S.A.S.E. for a reply.

John Allen, KI FWF, high school student. 51 Pine
Plain Road, Wellesley, Mass. 0218r . HF and VHF
antennas , VHF transmitters and converters, AM, SSB,
product data, and surplus.

Bert Littlehale, WAIFX~, 47 Cranston Drive,
Groton, Conn. 06340. Novice transceivers, test
equipment and homebrew projects gone wrong.

Bob Groh WA2CKY, BSEE, 123 Anthony Street.
Rochester, New York 14619. Specializes in VHF/UHF
solid·state power amplifiers, but will be glad to make
comments on any subject.

G. H. Kreuss, WA2GFP, aSH, MSEE, 70·15 175
Street, Flushing, New York 11365. Will enswer any
questions, dc to microwave, state.of.the·art in all
erees of communications circuit design, analysis and
use. Offers help in TV, AM, SSB, novice transmitter
and receivers, VHF antennas and converters, reo
ceivers, semiconductors, test equipment. digital
techniques and product data.

Charles Marvin W8WEM, 3112 Lastmer Road,
RFD # I, Rod Creek, Ohio 44084. Will help with
any general amateur problems.

Stix Borck WB2PFY, high school student, 209·25
18 Avenue, Bayside, New York 11360. Novice help.

Clyde Washburn K2SZC, 1170 Genesee Street,
Building 3, Rochester, New York 14611, TV, AM,
ssa, receivers, VHF converters semiconductors, test.
general, product data .

Kichard Tashner WB2TCC, high school student.
163·3421 Road, Whitestone, New York 11357. Gen.
eral.

J. J. Marold WB2TZK. 01 Division, USS Mansfield
00278, FPO San Francisco, California 96601. Gen
eral.

Ira Kavaler, WA2ZIR, BSEE. 671 East 78 Street,
Brooklyn, New York 1/236. SSB transmitting. color
TV, computer programming and systems, digihl,
radio and remote control, rf transmission lines, di·
pole design, audio amplifiers, linear and class C rf
4mplifi ers.

73 BINDERS

Are your meqeaines falling down all the time?
Our bright red binders will hold them on the
bookshelf. Stamped in gold . Specify year. Only
'3 each, but going up before long. Order.

73 PETERBOROUGH NH 034SB
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Fred Moore, W3WZU, breedeest engineer, 4357
Buckfield Terrace, Trevose , Pe. 19047. Novice trens
mitters and receivers, HF and VHF antennas, VHF
converters, receivers, AM, SSB, semiconductors, mo
bile test equipment, general, product data , pulse
techniques, radio astronomy, hio-medical electronics.

Walter Simciak, W4HXP, BSEE, 1307 Baltimore
Drive. Orlando, Florida 32810. AM, SSB. Novice
transmitters and receivers, VHF converters, re
ceivers, semiconductors, mobile, test-equipment, gen
erel .

James Venable K4YZE MS, UB, LLM, 119 Yancey
Drive , Marietta, Georgia . AM, SSB, novice gear,
VHF, semiconductors, and test equipment.

J. Bradley K6HPR/4, BSEE, 3011 Fairmont Street,
Falls Church, Virginia 22042 General.

Wayne Malone W4SRR BSEE. 8624 Sylvan Drive,
Melbourne , Florida 3290 I. General.

Bruce Creighton WA5JVL, 8704 Belfast Street,
New Orleans, Louisiana 70118. Novi ce help and gen
eral questions.

Douglas Jensen, W50G/K4DAD, BA/BS, 706
Hwy 3 South, League City, Texas 77573. Digital
techniques, digital end linear IC's and their epplice
tions.

Louis Freruel W5TOM, BAS, 4822 Woodmont,
Houston. Texas 77045. Electronic keye-s, digital
electronics, lC's commercial equipment and modifi
cations, novice problems, filters and selectivity,
audio.

George Daughters WB6AIG, as, MS, 1613 Notre
Dame Drive, Mountain View, California. Semleen
ductors, VHF converters, test equipment, general.

Glen H. Chapin, W6GBL, 3701 Trieste Drive.
Carlsbad, Calif. 92008. HF and VHF entennes,
novice transm itters and receivers, VHF converters,
semiconductors, receivers AM, SSB, general, surplus.

Tom O'Here W60RG, 10253 East Nadine Temple
City, California 91780. ATV, VHF converters, semi
conductors, general questions.

Steve Diamond WB6UOV, college student, Post
Office Box 1684, Oakland, California 94604. Re
peaters and problems regarding legality of control
methods. Also TV, novice transmitters and receivers,
VHF antennas and converters, receivers, semiccn
ductors, and product data.

Orris Grefsheim WA6UYD, 1427 W est Park, Lodi,
Ca lifornia 95240. TV, HF antennas, SSB, VHF anten
nas and converters receivers, semiconductors, and
general questions.

Hugh Wells, W6WTU, BA, MA 1411 18th Street,
Manhattan Beach, Calif. 90266. AM FM receivers,
mobile test equipment, surplus, amateur repeaters.
general.

Carl Miller WA6ZHT, 621 St. Francis Drive,
Petaluma, Calif. 94952. Double sideband.

Howard Pyle W70E, 3434-7th Avenue, S.E.,
Mercer Island, Washington 98040. Novice help.
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PFC Grady Sexton Jr. RA11461755 , WAIGH/
DL4, Hedmdedt Spt. Detachment, APO New York
09742. Help with current military gear, informa tio n
from government Technical Ma nua ls.

Sg t. Mic hae l H off WA8TLX, Box 57 I, 6937t h
Comm. Gp., A PO New York 09665. H elp wit h a ll
types of RTTY both commercial and military. Also
data techniques. Covers ccnvers ron of milita ry
RTTY equipment.

Eduardo Noguera M. HKINL, EE. RE, Post Of
fice Box Aereo 774, Barranquilla, Columbia. South
America, Antennas. transmission lines , past experi
ence in tropical radio communications and mainte
nance, HF a ntennas, AM, transmitters and receive rs,
VH F a nten nas, test equipment a nd genera l a mateur
problems. Can answer questions in Spanish or En g
Iish.

D. E. Hausman, VE3BUE, 54 Walter Street,
Kitchener, Ontario , Canada. Would like primarily
to help Canadians get their licenses. Would be able
to help with Novice transmitters and receivers .

Fra nk M. Did WA9JWl, 409 Chester St.• Ander
son, Indiana 46012. Will answer queries on RHY,
HF ante nnas, VHF antennas, VH F con verters, se mi
cond ucto rs, mobile, ge ne r... I, a nd microweve .

Gary De Palma , WA2GCV/9, P.O . Box 1205 ,
E...enstcn. Ill., 60204. Help with AM, Nov ice tra ns.
mitten and receivers, VHF converters, semlco nduc
tors, test equipment, digita l techniques and all gen
eral ham questions.

Arthur J . Prutzman K3DTL. 31 Maplewood, Dallas ,
Pennsylvania 18612. All phases of ham radio. Can
assist with procu rement of parts, d iagra ms, etc.

William G. Welsh W6DD B, 28 14 Empire Ave.,
Burban k, Calif. 91 504. Club li censing classes a nd
Novice pro ble ms.

Ralph J . lreee. Jr., WAIGEK, 4 Fox Ridge Lane ,
Avon. Conn. 0600 I. Help with Nov ice transmitters
and receivers and nov ice theory.

Iota Tau Kappa Radio Fraternity W7YG, Multno
mah College, 1022 S.W. Salmon St., Portland . Ore
gon 92705. This group of radio amateurs will a nswer
any technical questions in the field of e lectronics .

Ted C ohen W4 UM F, BS. MS, PhD. 663 1 Wake
field Drive, Apt. 708, A lexandria, Va. 22307. Ama
teur TV, both conventional and slow sca n.
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Roger Taylor K9ALD, BS EE, 2811 West Williams,
Champaign, Illinois 61820. Antennas, tr<1nsistors,
ge ne ra l.

Mic hae l Burns Jr. K9KO I, 700 Eas t Virgi nia
Ave nue, Pe or ia , Illinois 6 1603. A M, SSB, receive rs,
tra nsmitters, d igi tal t ech niqu es, no...ice he lp, gene ra l.

J im Jindrid WA9QYC, 80 1 Florence Ave nue,
Ra cine , Wisc onsi n 53402. Nov ice transm itters and
receivers, general.

John Pe,hay WA0DGW/WA0RVE. RR #4
Owatonna , Minnesota 55060. AM, SSB, novice trans
mitters and receivers, H F rece ive rs, VH F converters.
semiconductors, mo bile , p rod uct data , genera l. H as
access to fu ll spec ifications on almost all sta nda rd
co mpo nents present ly catalogued by American man
ufacture rs.

Ronald Ki ng K80 EY, Box 227, A PO New York,
New York 09240. AM, SSB, nov ice transmiHers a nd
rec e t...ers, HF reeeivers. RTTY. TV, test equipment,
ge ne ra l.

Charlie Marnin W8WEM. 3112 Latimer Road,
RFD I, Rod C reek, Ohio 44084. General te chnical
q uestions.

Michael W inter DJ 4GA/ W 8, MSEE, 71 8 Plum
Street. Miam isburg, Ohio 45 342. HF a nte nnas, A M,
SSB, novi ce gea r, se mico nd uctors.

David D. Felt , WA0 EY E. te levisio n en gi nee r, 4406
Center Street, Omaha, Nebraska t:8105. Int eg ra ted
circuits, transistors. SCR's, audio and rf amplifier5,
test equipment, tele v ision, AM, SSB, digital tech
niques, product data, surplus, general.

To m Goez K0GFM, H q Co USAMAC, Avionics
Division, A PO New York, New York 09028. HF
antennas, mo b il e, ai rborne co mmunications eq uip
ment , pa rtic ula rly Collins a nd Bendix ge l!l r , AM,
FM, or SSB-H F, VH F, UHF, ge neral.

Robed Scott, 31 47 East Road , G ran d Junction,
Colorado 8 150 I. Basic e lectronics, measurements.

•
Does Math scare you?

"Simplified Math for the Ham Shack"
One of 73's books will make it easy.

Order today, only SOc.

MOVING?
Every day we qet a handful of wrappers

bad from the post office with either a c ha nge
of address on the m or a note that the sub
scribe r has move d an d left no ad d ress. The
ma gazines are th rown o ut a nd just th e wra p
pe r ret urned. Plea se don't expect us to send
you a nother co py if you forget to let us know
about your new address. And remem ber t hat
in this day of the extra rapid computer it
takes sil weeks to make an address change
instead of the few days it used to when we
worked slowly and by hand .
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SURPLUS ELECTRONICS
ARC-3 TnA:-; ~~II'ITEil 100 · 156 n c Jo:X U~.95

8 1\: ·980 l' Il A:-;'nn [ A~'E:-;XA :-;Jo;W , tI.5u
GO-9 TllA :-;~ ~II'IT }:R 300 KC- I ~ ~IC :-;};W I~5.UIJ

GP-~ TllAS~lll'IT}:H. 800 K t ' · !l llt' X":W ' :JJ.!l5
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PENNSYLVANIA ELECTRONICS
P.O. BO X 127

INDIANA, PE NNSYLVANIA 15701

CRYSTALS-low frequency
types available at $2.50 each
postpaid USA in hermetically
sealed HC6 or HC 13 metal hold
ers with 2112 inch wire leads. Fre
quency in KC: 2.000, 4.0457,
6.4000, 16.000, 32.000, 75.000,
96.000, 100.000, 128 .000,
183,000, 218,000. Form page
brochure available for stamp.
QUAKER ELECTRONICS, HUN
LOCK CREEK, PA. 18621

Your ad in this space
will reach 65,000 paid
readers (an honest Fig
ure!). Plus all their
friends who are too
chintzy to buy their own
copy. .

Call or Write for
Ad rates today

73 Magazine,
Peterborough. N.H.

03444
Phone 603·924·3873
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that he is sick and needs immediate men tal
trea tment and to leave this particular policing
to the FCC. A bunch of "band police" with
verbal billyclubs can clean out the band in
short order. but if we let the fellows take
their own time the results will he same in
the long run and we will keep ham radio
heing fun and not a source of resentment
and frustration.

Looking At The Editorials
Yes, I read the other magazines.
The September CQ editorial is still grum

bling over the Electronic Ind ustries Asso
ciation proposals to the FCC, in a back
handed way calling them self-serving to the
manufacturers. T hey seem to be overcritical
of EIA, possibly because they were kicked
out of the organization. The EIA has great
possibili ties for benefi tting amateur radio.
I t is the first substantial effor t to provide and
coordinated channeling of the manufacturers
in the ham industry, T he EIA is doing a fine
job in the CB field and I think we can look
forward to similar progress in ham radio.

The one think that has been desperately
needed for amateur radio for many years
now, is a coordinated and extensive promo
tional effort. I have been writing about this
for a long tim e now, trying to get the ARRL
Directors to become aware of the importance
of strengthening amateur radio through a
recogni tion of it and a steady growth of our
numbers. I haven't gotten very far with the
League. They feel that there should be fewer
amateurs and they are working to that end .
The EIA believes amateur radio will be
strong only if it is growing and is working
on plans for our long needed PH campaign.
Hooray.

Ham Radio magazine threatens that if
you don't hurry up and start using our VHF
and UHF bands that they most surely will
be taken away. This is th e old AHHL theme
. . . threats. I wonder how many of us are
moved hy this argument to go to the trouble
of gett ing on a VHF band? Hells bells, the
threats of cancer have done little to slow
down cigarette smoking and death by cancer
is a lot more formidable than losing the 220
~lHz band.

The threat to these bands is a real one,
doubtless. But threats like th is are just a
waste of magazine space and the reader's
time. If we want to get activity on the VHF
bands we can do it. The magazines can en
courage VHF operators to write articles tell-
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ing everyone else how much fun they are
having and giving circuits for easily built
gear to get them Oil the hands. If Ham Hndio
or AHHL wan ts fellows to operate in these
bands why don't they offer manufacturers
half price or free ads for V HF eq uipment in
order to encourage more companies to make
gear for these bands?

The VHF hands are relatively vacant be
cause our magazines have not done a selling
job. A VHF column and an occasional con
struct ion ar ticle are not enough. If we want
to move to the VHF hands we need PH for
VHF. T ell me, what VHF awards are avail
uble frem the ARHL?

This gets back to my basic philosophy
of gett ing people to do th ings by using the
carrot instead of the nightstick. Ask them
instead of telling them. Imagine how those
years of going to school would have been if
the schools had made them fun and enjoy
able and you had gone there ou t of choice
instead of being arrested if you didn't. School
can be fun . Teachers can make learning en
joyable, but because they don't have to in
order to attract students the whole p rocess
IS a mess.

\Ve will, hopefull y, have some new AHHL
Directors in office this fall and perhaps some
of them will turn out to be more interested
in the fu ture of amateur radio than their
own prestige of office and will buck the or
ganized inertia at headquarters and get the
League to spend some of that $1 million
hoard on PH for amateur radio. \ Ve need a
good experienced PH office to get ham stories
into the newspapers, on the w ire services,
and into national magazines. \ Ve do plenty
that could he publicized , hut few peopl e ever
hear about it . \ Ve have some excellent ham
authors and cartoonists tha t could be or
ganized for the effort. One or two good ar
ticles in Playboy every year, the Saturday
Post, Look, etc., and we would not only be
known but we would find our radio clubs
bursting with fellows eager to learn and he
come hams.

It is really up to you. You have to take it
on your own self to get after your d irector
and to get your friends after the d irector.
Talk about this on the air and get everyone
you ta lk with to call his di rector. It on ly
costs a little to phone him at night and put
the screws on h im. A handful of phon e calls
to each director could change the future of
our hobby.
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206 Eo.t Front Street. FION~. Colorado

CLUB SECRETARIES NOTE
Club members would do well to get their club

n cretules to drop a line to 73 and a5k for the special
club subse-lptlen 5cheme that we have evolved . Thh
plan rio t only 5aves eac h club member money, It also
brings badly needed loot Into the club treasury, If de·
dred . Wrlte: Club Finagl e, 13 MagaIlne Peter Boro
Ugh , New Ham Shire 034S8 . '

DXERS and DXERS·TO·BE
Want to ~eep up to the minute of what's
happening DXwise1 Subscribe to Gus
Browninq W4BPD's new wee~ly DXERS
MAGAZINE. 24 pages of OX evenh, com
ing up DXpeditions, QSl info, pix, etc.
Rates, US surface $11.00. US air mail $12.90,
West Indies $18.50, S. America and Eur
ope $23.00, rest of world $30.00.

New rates due to postal increase

The DXERS MAGAZINE
cia W4 BPD

Rout. I. Box 161-A.
Cordoylt, S.C., U.S.A.

ing the solder. Many frustrating minutes
can be lost while hunting for the ro ll of
solder that had been placed on the work
bench only a moment ago. This is especially
annoying when the experimenter is just
on the verge of a sta rtling discovery or a
victorious success in some phase of elec
tronics. Is the solder hiding under the page
of a book? Or has a component or piece
of test equipment been inadvertently placed
in front of the roll of solder?

In the interest of reducing frust ration
and maintaining sanity, the simple d evice
that is described in this article has been
developed. In this case. a solder dispenser
has been constructed by using a short sec
tion of TV antenna element for a shaft,
and suspending it from the ceiling of the
workshop with two short pieces of wire. The
wires are fastened to the ceiling with two
nails and connected to the shaft b y passing
it through two holes in the tubing. A spool
of solder can be placed on the shaft before
mounting the completed assembly.

This idea works well with small size
solder as is shown. and has also had good
success with the larger sizes that are most
commonly used with electronic wiring. The
increased organization that this simple d e
vice has added to an already overcrowd ed
workbench greatly increased the efficiency
and reduced fatigue in electronic project
construction. .It can help you too!

. . ,W1I61lIH

""0 I IG 1£1,:0
ST. LOUIS, wo. iliit

()14) '+l-I)lIO

THE EASV WAVl
• No looks To Re.d
• No Vilual Gimmick.

t. Db'rad You
• JUl' Lbton And hal'll
laNd on modem plycflologlcal
t-ehnlq",.,-Thlt cou.... will tou
you b.yond 13 w.p.m. In

LESS THAN HALF THE nMEI
AllO ayoilcbl. oft macrn"'c tope.
SH your deal.; nowl

Alba....111• • tlllI'M 12"
LP', 2~ IIr. 1",trueU,.

The Solder Saver
I •

ALUMINUM TOWERS
Send postcard for Literature

LEARN RAIHO CODE

Clifford Klinert, irB6Blli
520 Division Street
National City, cau. 920.50

Soldering is still the most commonly used
method of connecting electronic components,
and can be a source of frustration for any
electronics experimenter or builder. Aside
from the problems involved with cold and
d irty solder joints that are encountered in
learn ing the art of soldering, one p roblem
is still common to even some of the most
professional and experienced builders-find-
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TOWER COMMUNICATIONS
92 4 lim se., Roclne , W is. 5]40]

-~~- -

X&l lon. 1 :"CX -il I Futon'
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X CX · :l lJIlRh srr lal

numh..r )- $250. 00
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LINEARS
Johnson Curter ~1 1}(lIfled

Gr ounded Grld-$1 39.00
" Johnson K \\ ' ~I' l ("hh()x
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- $ 125.CO
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· S lH'd . 1. no dhrounll.
· ·Conl lcnmelll.

EQUIPMENT
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lI a llJ en rteu IlT -3'
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TOROID POWER TRANSFORMERS
THESE ARE NEW AND UNUSED
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S~ lbs. . .... ...... . ......... ..• . .. . ... .. . . ........ . $3 .75
OUIPut lransformers . • U trpe•. . . . . . 59 u!lb or 3 fot" $1 .50
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OT ·2 Prl. Im p. TOOO oh m. I'll"(". 3-2 a nti 500 oh m tcr l '1Jon n
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SERVICE AND FRIENDLINESS
To Radio Amateurs For 32 Years

WE MUST BE DOING SOMETHING RIGHT.

PHONE
518·842

8350

Price s may b. di scounted 10 "/0 in lie u of treee ,

J ust off Exit 27 on Thruway
Distrib utors of all major li nes

f:\ of amateur equipment.

!AlIID D~ (ID GiJ IID&(b~ :~~t~y. INC.

18S WEST MAIN, AMSTERDAM , N.Y. 12010

The great e nemy of towers is wind. and
towers are rated in terms of the drag in
pounds per sq uare foot of surface area pre
sented to the wind .

Cylindrical sect ion structures produce less
drag per square foot with a given speed of
wind, so lighter material can be used. Flat
strap structure p roduces about 50% more
drag a nd angle iron about 16% more than
flat strap. The figures used for calculation of
wind drag are fai rly simple :

Pressure on cylinder Pc = .0026V:!
Pressure on flat surface Pf = .004V:!
Pressure on angle surface Fa = .00464V:!
where V is wind velocity in mph.
For examp le jf you expect winds of up to

100 mph, then a tower of round section
should he at least a "27 lb tower", of nat
section a "40 lb tower". and of angle a "45
Ib tower".

This does not include any allowance for
ice . If you live in a location w here you m ay
get icing on the tower as well as hi gh winds.
you had better seek some expert advice on
towers before you buy one-if one fa lls down
you m ay have a lot more trouble than just
the broken tower!

Incidentally, while talking about ice. it
helps a lot to paint a tower black (a nd any
"plumber's deli ght" antennas too ) . \Vhen
the sun comes out the metal then soaks up
the radiant heat from old King Sol and
melts the ice from within.

Don't try to cut down too much on the
real estate occupied b y the guys. The closer
you bring the a nchors to the base of the
tower the more strain yo u put on the tower.
and the more downward pressure you exert
on the base. A tall pole on a small roof has
b een known to go clean through the roof at
the base in a h igh wind . . . . VE7BS

Bob Eldridge VE7BS
805 East 20th Avenue
Vancouver 10 B C

Please Use Your

Zip Code When

Writing 73

Wind Loading On Towers
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The Care and Feeding

o a Ham Club part V
More Money Talk

Carole Atten 1T'5JYQQ
308 Karen Drive
Lafayett e, La. i OSOl

Sooner or la te r every club has to face
the fact that clues and small donations just
a ren't enough to pick lip the tab for a 50
foot t ower, new rig, or generator. What
then? Raise money, of course-but it's easier
sa id than done. The fi rst decision a c lub
has to make is w hether suffic ient funds can
be raised within the cl ub by members mak
ing large r dona tions or if the public should
be approached. The la tter scheme, if proper
ly handled, can do at least two jobs a t
once. If the club decides to tackle an in
te resting project, the result may well b e a
bulging budget as well as a more closely
knit group.

A moncy-making projec t can b e chosen
from on e of dozens of ideas and should b e
voted on by a majority of members. HO\\'
about trying a bake sa le with the ladies
contr ib uting cakes, pies, and other good ies?
After th e local health authorities issue the
necessary certificate approving the sale of
food , the pastries can be d isplayed in a
downtown business place and sold to shop
pers who are tempted and stop in. Since
most of the food for a bake sale is dona ted,
all but pockugmg expenses and perhaps
rent for the window area will b e clear profit.

Although ice cream socials, ch ili and ham
suppers, and public sh rimp boils arc major
un dertakings, they can be handled well by
a la rge d ub with fam ilies that pitch ill
and work toge ther. Natura lly, a committee
would have to be appointed with dozens of
workers to p lan the event, set up tables,
prepare food , sell tickets, serve, clean-up, and
perform the many behind-the-scene jobs.

As all super-salesman will agree, one of
the secrets of selling is to give service to
the public, and a co mmunity car-wash can
he a b ig success. Check first with local of
ficial s to make sure 110 ordinances will be
broken ; then pick a likely spot (and con-

I 18

If the dub needs lI/Qre m on ey thun dues call

prooidv, Ii special project will be needed, Here,'
the fellows pitch in to fry chicken and make cole
slaw for a chicken dinner. If everybody in the
du b works together, money-making schemes can
hI' [un us well as successiul.

sider yourself lucky if you have a filling
station owner in th e club). The main ex
pense will be the water bill and maybe a
coup le of chamois skins and sponges. A few
large signs placed on the b oulevard and
some advance publicity will bring in enough
cars to keep members busy washing and
polishing. If a lot of hams pitch in, no one
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A radio exhibit in an uptown store will draw a lot
of public interest and may bring in some con
tributions [or a worthwhile project ij properly
presen ted on posters . ShOU'n is a window showing
the ucticities of local amalell rs.

will be too b ushed at the end of the day.
Campus clubs will find thi s idea a good OIlC,

for all that's needed is a spare Saturday,
a sunny day, and some unharnessed energy.

If you live ill a large city or a co mmunity
that doesn 't support car-washes, socials, and
suppers, explore the possibil ity of getting
help from a service organiza tion. Many
groups are always looking for a worthwhile
project to sponsor, and since hams arc
known for their unselfish public service ,
their bid is almost certain to receive con
sidera tion and maybe approval. A service
club might be approached for a generator,
transmitter, or one certain piece of gear
which can be named in their minutes and
presented for a vote. The only hitch might
be tha t a club member will be asked to
present the plea in person and also to come
back and give a radio demonstration about
once a year, but who minds having a few
strings attached to a big fat donation.

C. C. Kessle r, K9SBP, of the Jersey Coun
ty (Il lino is) ARC says that a lthough their
club has very little expense, "We bough t a
large coffee maker and graveled the road
to the shack after hold ing a \Vhite Elephant
sa le and selling candy we purchased on a
wholesale arrangement."

Another possibility to look into is sett ing
up exhib its at bazaars, fairs, homecomings
and community celebrations. Noth ing but a
kissing booth a tt racts more attention than
a ham radio display, so why not do a little
soliciting at the same time? It doesn't hurt
to ask, and if the town lea rns that their
hams need help , contributions may come
roll ing in. Bu t, look out if someone ge ts
the bright idea that charging a less-than-
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DUAL GATE MOSFET

PRE-AMPS

•

•

• .'• .

to 175 MHz. $19.95 ppd .
to 300 MHz. $23.95 ppd.
to 400 MHz. $27.95 ppd.
to 450 MHz. $31.95 ppd.

• Ava il"bl, f rom 5 MHz. to 450 MHz. Ba ndwidth is
appror.!mat, ly 5% of frequency.

• Two Duol Gerte MOSFET " mplifier stages with each
h"vlng iI tu ned Input and tuned outp ut. Each Dual
Gdte MOSFET 15 actual ly "n integ ra ted ceseede ci r
cuit thus giving you 2 cucode circuits equivalent
to 4 triodu .

• Exceptionally low noise (2.5 DB at 175MHa.}, great
ly reduced crOB moduldtion and 10 times the dy.
n"mic range (si9nil l handlin g ca pa b ility) of the but
bi-po lar trilnshtors. Also superior to pree mps using
'Iun ct ion FETs lind Singl e Gilte MOSFETs.

• ntema l co nnections fo r hig h Impedan ce AG C or
ma nus ! qaln control if needed .

• Type BNC inp ut and output rece ptilcles for minimum
loss at UHF. Stilndard lmpedilnce is 50-75 ohms.

• Carefully tu ned at ou r laboratory with sweep g eneril
tor .lind oscllloscope for the best bandpass character
istic .

• Fu ll wave UHF diodes protect input transistor.
• Operates o n 6 to 16 volts DC. 5 to 15 Md.

VANGUARD LABS
Dept. H

196·23 Jamaica A.e., Hollis, NY 11423

WE PAY CASH

FOR TUBES
Lewlspaul Electronics, Inc.

303 West (rescent Avenue
Allandale, New Jersey 07401
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phone-toll fcc for relaying greeting messages
will fill the p iggy bank, better remind 'em
that the FCC just doesn't think it's cricket.

EXTRA, EXTRA, read all about it!

Not everyone does well "with pen in
hand" or even wants to, and for this reason,
editing the dub newspaper ca n't he ass igned
to just any Tom, Dick, or Harry. Collecting
material , writing, re-writing, and finally
printing a paper takes a lot of work; and
edi tors will tell you that they donate the
hours involved as a labor of love .

Published to inform, remind, and enter
tain, a newspaper means just as much to
a radio club as the Daily News to the city.
And U.S. hams ca n be poppin' p roud of
many of their club publications. Outstand
ing with circula tions in the hundreds are
the Auto-Call printed by the W ashington,
D .C., area hams; the SRA BlIlletill pub
lished by Spokane, \ Vashington , amateurs;
The D allas, Texas Monitor, the Indiana
Radio Club Council Bison and many others.

In addition to these major publications are
countless small hut top-notch papers such
as the Montgomery County ( Illinois) Ham
Hash printed monthly with Rabbi Pat tie,
K9COL, in cha rge.

"Our format is simple but varied," she
commented. "The fi rst page holds the head
ing, date, volume, number, ctc., followed by
last month's minutes which the secre tary
writes as to-the-point as possible. The Emer
gency Coordinator has a column of operat
ing hin ts, ARRL bulletins, and sometimes
a schematic for novices. The 2-meter net
secreta rv submits "The Net Notes" which
is a run-down of h igh frequency happen
ings, and another YL writes a scoop column

:="ARCTURUS" SALE ':1
• T ul, O' 1"lftOllS 11.\1"1; .. tr. du, $~.l.; per 100 . t; ~ :-; ; N C' .
s tae. $:!.:;:. pe r ruu. :i1"~ f: H size, $ :!.~:; per IOU. :i ' "If:
.h;....u3(' each.
• , " ~O· TY ""' nd l \"' 1 pll"tu te tube wnn adapter. :\0
Ion t rap needed. , 'at. : 'Ill" . ~ ;.!~'.

• s utecn recnuee. octal· h., .." r..p la('i'ment for :,r ~. :;Y3.
5.\ :' 1, 5.\ W 1..;T~. :n· ~. 51: 1. Wilh d iagram. Ca t. ::
lb'r! l. ~!k' nr!,.
• 5 tlan. i~tor et rcun hoar,l. ront. jllinlt' up to r, t een
slS IO'S, plus dl odu. f e_i. IOTo . C"lI l.adlnT'. e t c. , 'a t . ::
TIIiO. ~m('.

• Ki t u' ;W t es red ll"e rmanluUl ,1I0d.... Ca t. = l uO , nne .
• IU ' .\ - I I O· 1l )"!Ja ,·k \ran,fol'lII ('I' , la tes t In '{'- . lnPiu<l t"
.(' llI."math' diaJ: u rn. aplJ ll r a h :t, (0 Rll)" T \' . Ca l. = B il - I.
$:!. lJ:I.

• e'eror rokes. j () O for all roulld NI Ja r (' itT' , . CI \. ::
X IU' , O, U:! .!15. !11l" rur a ll rectangular I II to :!j" ('010 1'
( 'I tT ' s. r'a t , :: XW ' \IIl . $ 1:1. \11.
• ' l'r ans tstor tzcd l · .I I. F . twwr< used In 1961 to l !l ll7 T\'
< " l ~ mad" hy Atlmltal. 111 ' '\ . xtororota , etc . n emovernc
Ilear l lll' lIl a ~' l"ar~' r ro ur 0(1\' make 10 another. :-; I'ed onb'
I :! volt s d. e. to runcuon. :-;0 fila ment , olta lle needed .
EIl ~ ~' replacement unit s. r'at. :: 1·. II . F . 567, H .115.
• I · . II . ~', Turwr- orllllna l unl t~ a s used In T \ ' sets suc h
a s !tl'..... ....dmlral . etc. Nl\"('r lnK chan ne ls H lhroull:h ~ :1 .

a , I ,UI o( ::9 H)I ~3·:1. ( 'OUl I, IN t' with tube , nerve gear 
Inll: I~ remonhle. Can be uH'<.1 In most Sl!IS. t ' a t . ::
t - I U ' , ::I. $t.V5.

• F .:\I . l un{'r-1I1 ~'I a mpll ll t'r lunIng unn . 'runes from
!I ii 10 l Oll me. ('onl al ns 1" 0 10.r ~ I e . I.~'. Ira n, formen .
one 10. 7 sound dber lmlnalor. n .t' . u<d ll ator a nd mbH
slU:u and 12 ))T ~ tu be . I ,t ' : . are 51andan) " K" t ree.
t'I rcull d ia gra m (ur hulld lnlt " . ~ 1. ra di o Inefuded. Ah o
pla n for build ing t' .~ 1. (uner. :-:am' s pholo rael :: r. :W
lho.. ~ :! app lh."a t lons, 1 fur radio, 1 for II I · t · idt' ll l)'
t uner and ImpUr. l'"r. C' a l . :: F~t · :! O . H .95.
:-:pn<l for ou r rret' ra la loll: Ih l ln£ rbousands of simila r
hpsl bUH in lu hH , pa"l . k lls . I lands(or• . reeuners . ete.
Ordt'n under '5.0n, a<ld $1. 00 handli ng d lllfi"p. Includ e
4'" of dolla r value p( orde r for posta ee . Ca nadian post ·
at: e $1.00 n l ra .

ARCTURUS ELECTRONICS CORP.
S02·22nd St., Union CltV. N.J . 07087 Dept. 7]

Phone: 201·UN 4·5568

GATEWAY
ELECTRONICS

6150 Delmar Blvd., St. Louis, Mo. 63112
F<'I csm ile Machine- complete with simp le

instructions fo r euto-ste rt e nd auto-
phase. Ce n be ope rated bad to beck
or via rad io. Machin es in ex celle nt co n-
dition a nd in wc rk in q orde r whe n re -
moved from service. 11 5 Volt AC 60
cycle. Shipping wt. 25 Ibs $ 19.50

Automa t ic Ice M<'Iler- for refrig e rator-
new with instructions a nd we ter velva ..$ 14.95

Seeded Me rcury W etted Pcler Re lay [di-
rect re place me nt fo r mode l 255) No
edjust rnen ts req uired $ 4.95

40·0-40 uA W eston Mete r $ 2.95
7200 VCT@ IA Tre ns'[o rme r 110/22 0 volt

p rim ary 60 cyc le . Ship ping wt. 110 lbs. $ 25.00
Jennin gs Vacuu m Varia ble ( UCS·300) with

moto r d rive 10-300pf new $ 35.00
X-Y Plotter - Pece Electronic Associates

Inc. Va riplotter $395.00

Minimum order $5.00. Sorry, no catalog
at this t ime. Write fo r specific items.
Watch fo r ou r futu re ads i~ 73. Stop in
and see us whe n you 're in St. Louis.

A bake sale with
I " lies"1 If' gOOf U'S I .~

raise funds.

the ladies of the club
/l silally an excellent

donating
umy to
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sem blmg, the ed itor can t quit until the
paper is printed, too. If your club has ac
cess to an off-set press or is lucky enough
to have a professional printer in its ranks,
tha t's grea t. The alternatives are mimeo
gra phs, hectographs, or a similar d upl icat
in g process that can be begged , borrowed,
or bought inexpensively. Need less to say,
the best machine the club can afford is none
too good.

1'1/1' vest place jor a new ham to find encourage
ment ill gettin g his ticket and a/so learning to
operate is in a club, Shown above is Brent Green
wood, K9RlIL, getting rips from veteran Da/e
Stretch, W9KllQ.

entitled K-9 Barks and Remarks covermg
local "gossip" such as new gear purchased,
DX worked, hamfests attended , and you
name-it. I sort th rough this materia l, add
some comments, jokes, and sayings, and then
get ready to roll the presses."

The Rams News, formerly ed ited by Leon
Nielsen, \V6QHP, is a fou r-page paper dis
tributed to the Radio Amateur Mobile So
ciety of Sacramento, California. "We print
fea tures such as "RAM of the month," said
Leon, "which is an entertaini ng b iography
of a new ham or ve teran d ub member."

A run-down of picnics, parties, and trans
mitter hunts comin g up is a popular feature
and keeps everyone well-informed on what
is planned, when and where. Another col
umn known as "Glenn's Swap Shop" lists
surp lus gear for sale and the name of the
O~'l who wants to sell it.

Another way to prepare in advance for
"off-d ays," is to ask several club members
to write a short co lumn on "Why I Became
a Ham" or some other provoking q ues tion .
The columns can be made a monthly fe a
ture or filed away until editoria l going gets
rough,

After writing, ed iting, sorting, and as-

SC R.S IL1CO N· CONT RO L RE CTIFIER S !

"TAB"
DC 3V2'" Meter/ R0 / 800Ma $3(@ , 2/15

PRY I6A 25A PR Y I6A 25A Socket Cer amie 866 Tube .. .. ...... 5/ $1
50 .50 .75 400 1.60 1.90 Socket Ceramie 4X 150/Loktal · ..... 4 /$1

100 .95 1.20 GOO 1. 95 2.75 W.E . Polar Relay:t 25SA $4@. . .. 3/$1 0
200 1.1 5 1.30 800 2.85 3.60
300 1.40 1.65 1000 3.70 4.50 "That's A Buy"

Torolds 88 Mhy New Pckg 75c@. . . . .4/ $2
200 KC Freq Std Xtals . .. .. ... . . .. 4/ $2

5U4 S ilicon Tube .. SI.50@. 5 for $5 " T A B" .. S I LI CON ONE AMP 0100 ES
2 S id e/ eu Printed Ckt "' New 9x 12'" SI

5R4 S ili con Tube . .. .. $4@ . 3 for $9 Finished Plua xtats Blanks ...... 50/ $ 1
866A Silicon Tube .. $ IO@, 2 for $ 18 Factory T ested & Guaranteed Line Filter 4.5A@ 115VAC ... . 6 for $ 1

P iv/ Rms P Iv/Rms P Iv/Rms Plv/R ms Line Filter 5A@ 125VAC ...... 3 for $ 1
MICA MTG KIT T036, TOa. TOIO, 4/ $1 50/35 100/70 200/ 140 300/2 10 Choke 4Hy/ 0.5A / 270 '''' . .. ... . 4/$10
ANODIZED T0 36 INSULATOR .... 5/ $1 .05 .07 . 10 . 12 H' sl d Stevens Pr ecisi on Cholillcl"$ .. . ,.
ZENERS I Watt 6 t o 200 V .. 80@, 3/$2 400/280 600/420 800/560 900/6S0 P L259A & S0239 CO· AX M&F Pairs 3 / $2
ZENER S 10 Watt 6 to 150V $I @. 6 /$5
STABISTOR Ull t o Ten Watt, 20 lor $1 . 14 .21 .30 .40 P hone Patch Xfmrs Asstd .. .. 4 for $1

1000/700 1100 /770 . 700/1200 2400/168 FT243 Xtal & Hold er, surplus .. 5 for $1

W anted Tnt Sets (TS) & Equip. .50 .70 1.20 2.00 Insl td Bin ding Posh " EBY" .. .. 25/$1

• All T eJtJ A C & DC & Fwd & Load! S un. Cells Sele nium Asstd .... .... 10/ $ I
• TRANS ISTOR S " SC R'S • ZENER S !! ! 1700 Pl v/1 200 Rms (til 750 Ma. 10 for $1 0 Band Pass Filters 60. 90, 150 cys. . S/ $3
Full Leads Factor y Tested & GTD ! 2.5 MH Pi wound 500MA Choke · . ... 3/$1
PNPI SO Watt /I S Amll HIPwr T0 36 Case! 2400 Plv/1 6BO Rms @ 750 Ma, 6' for $ 11

2N44 I, 442, 277, 278, DS501 Up To
Bea m Indicator Selsyns 24VAC . . ' .2!S5

SO/VCBO .............. .$I @ , 7 for $5 S i li co n Power D iodes. S t uds & P.F. •• Fu se 250 MA/SAG . .... ... 50/$ 1, SOO/$2

2N278. 443. 174. Up t o 80V $2@, 4 for $5 D. C. 50Pl v 100PI v 200Plv 300 P iy 0 11 Cndsr S trobe, Ph oto fl ash 25MFD
PNPI SO W/2NI 9BO. 1970 & Amps S5Rms 70Rms 140 Rms 2 10Rms 20<10V G.E . /Pyranol. $7@ . .. .. ... 2/ $10
2N2075. 2079 .... ... .. .. . ' " .$2@. 3/$5 12 .25 ... .75 .00 Resi stor Bleeder 50 K/ IOO W .... 3 for $1
PNP 30 Watt / 3A, 2N115. 156. 235, 242 •• 18 .20 .30 .75 LOO
254. 255, 256. 257. 30 1 40e@ . .. . 3 for $1 45 .80 1.20 l AO 1.90 Send 25c [or Catalog
PNP 2N670/30<1 MW 35c'a! . . .... 5 for $1 160 1.85 2.90 3.50 460
PNP 2N671 /1 Watt 50c (@ . ... . .4for$1 240 3.75 4.75 7.75 10045 nt seaas .00 1@ IOOO WVOC 10cero .. 20/$ 1
PNP 25W / TO 2N538. 539. 540 .. 2 for $1 O. C. 400P lv 600P ly 700P iv 900 P lv n tea cs. 21 . 004 @1000W VDC 15c (@ , 10 / $ 1
2NI038 6/$1. 2 NI039 . . .. . . . . . . . 410r $ 1 Am ps 280 Rms 420Rms 490 Rms 630 Rms o b ca ps .03@ 1000WVDC ISc@ . .. . 10 / $ 1
PNP/T05 S igna l S50MW 2SerCii. 5 for $I 12 1.20 1.50 1.75 2.50 nt eeacs .01 @2000WVDC 18c@ . . .. 6 /$1
NPN /TD5 Signal IF , RF . OSC 5 for$1
Fin ned Heat S ink 180 SQ~ , $I@. 3/$2

•• 18 1.50 Query Query QUef'y n tseao s . 00 1 @5KV WDC 20e@ . ... 6 / $1

Fi nned Sink Equlv. 500 S Q~. S3@. 2/$5 45 2.25 2.70 a. 15 4.00 O!scaps .005@5 KV WVDC 2Sc@ .. . 5/$1
160 5.75 7.50 Query Quer y

S ILIC ON PNP/T0 5 & TOl 8 P CK G 240 14.40 19.80 23.40 Query n tseacs 130mmG / 6KV 20. . . .. . ... 6/$1
2N32 7A. 332 to 8, 474 t o 9. 54 1 to 3, .02@ 50WVDC .. .. .. .. .. . .... . 25 t" "935 to 7 & 1276 to 9. 35c@ . ..... . 4/$ 1 W, Bu y, Sell & Trade As W ell l 6 " 12VAC Minifan & Blade · . . .. . . $1

866 C. TJ2.5 V/IOA FILAMENT TERMS : Money Back X ·Formers All 115V-60Cy Primary-
XFMR 10 Ky Ins ltd $2@ • . . . . 3 /$5

"TAB" Guarant ee I D" 24th 2500V (@ICM a & FII $2@ .. . .... . .4/$5

Ba ndswlteh Cer amic SOOW 2P/ 6Pos, $2@
Year. $5 Min. Ord er l IOOVCT (iil 300Ma, 6y@ SA, 5V @ 3A &
F.O.B . N. V. C. Ad,

5Hy·4(I0M a Choke $4@ .. . . ... . ... 2/$5 Shipping Charg es. 125V Bias . abt 1200 VD C $4@ .. .3/$12
250Mfd @ 450 Wy Lectlytlc $3@. 5/ $10 56 OX PEARL ST.. BKLYN , 11201 N.Y. 4BO Vct @ 40Ma & 6.3 @ 1.5A CSO $1.50

10 Vct@ 5A & 7.5 vet @ SA · . .. . .. $5

I Send 25c for New Catalog I PHONE 2 12-522-7300 6.3 Vet 15.SA & 6.S vet (W 2A ...... $4
Send 25( For Cala/og 7.5 Vct@ I2A $3@ .. .. .... .. .. .. 2/'~

• " " • • , • •.
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GO VHF

VHF ASSOCIATES, INC.
P.O. Box 22135, DENVER, COLORADO 80222

Ter ms : All items sub je ct to prior sale . FOB our
worehouse, Los Ange!es , Calif . 25 % deposit with
COD order . Calif. bu yers add 4% sales tax. Mini·
mum order $5. 00

The Radio Club as a Helping Hand!

" If it wasn't for the club," many a h am
has said , "I wouldn't have my license to
day." A statement like this should b e the
goal of every group worth its weight 111

crys tals.
Alth ough a lot of ci ties offer courses in

electronics in special schools and colleges,
and a growing number of educators are
putting radio and theory classes in their
curricula, local clubs remain the b est place
for a novice to find encouragement and help
in getting their tickets,'

Needless to say, the h am who tackles
teaching should know what he's talking
about and also how to present the material
and explain it clearly. Excellent teaching
aids such as movies and film strips can be
rented or purchased by the club and will
be apprecia ted by b oth students and teach
ers. Another fine investment for the club
is a code machine with a supply of tapes
provid ing hours of perfect code. \Vith this
equipment on hand, a lot of veterans who
feel the need to b rush up at the key will
sit on in the classes, too.

An excellent class project is group con
struction of a simple piece of gear such
as a transmitter. St udents w ill learn to
handle tools, solder, and identify compon
ents. They'll also exper ience that wonderful
feeli ng of p utting something together. Here
again , the club can save the day for the
guy or gal who can't afford 'a kit or p arts
b y financing the pro ject for him.

Even after classes have closed and a new
crop of novices have been licensed, the club
still h as a fine chance to be a friend in
need. Transmitters and receivers don' t grow
on trees, and sometimes a ticket arrives b e-

The last step is distributing the monthly
m asterpiece, a nd this ca n b e done in at
least two ways. If the d ub owns an address
ing machine or has some will ing members
who will address and stamp, papers can b e
mailed to everyone. Another method is to
d istribute copies at each meeting and then
ma iling them only to absentees.

Regardless of the way you write, print
or distribute, and even if you don't win a
Puli tzer prize, editing a newspaper p rovides
a real feeling of accomplishment. An d just
in case you get the idea all the work isn 't
appreciated, just try skipping an issue some
time.

WA NTEDS URPL US

Equipment with prefixes ARA, ARC, ARM,
ARN, APA, ASN, ASA, APN, APR, ARR,
ASQ, GRR, GRC, GRM, GPM, VRC, UP X,
URA, URR, URM, USM, Ur' M, SG, MD,
PRM, PSM, PRC, TMQ, TRM, TED, SPA,
SRT, CV, Com mercial equipmen t hy: ARC,
BIRD, BOONTON, BENDIX, COLLINS,
MEASUREMENTS, H-P, NARDA, GR,
SPEHRY, ete. j TOP CASH DOLLAR PAID
OR TRADE. WE STOCK NEW HAM
GEAR. Write-Wire.Phone (813) 722.1843,
mu Slcp, W4FHY. SLEP ELECTRONICS
COMPANY, 2412 Highway 301 N., Ellen_
ton, Fla. 33532

J. J. Glass Electronics Co.
1624 S. Moin St. , Los Angeles , California 90015

Phone: 213·749·1179

TRADE ONLY Te1etype "Mighty Mite". This is
o compoct 6 x 14 x 14 lote type self contoined
unit w ith a built in AC solid s t o t e supply, olso
bes 0 retroctoble key.board . Good for home , air-
craft or outo . Gov't Cost 3500.00. Our price
295 .00 . Will trade for t est equip . or GRC, URR
etc.
I ALSO HAYE FOR TRADE
• TEKTRON IC 51 4 250.00
• TEKTRONIC 513 225 .00
• ELECTRONIC MESSENGE FACSIM ILE CON·

SOLE TYP E 225 .00

Go YHF the ellS)' YHF Associates way. Send tor descri pt ive
Technical lJulietins descnblnr our complete line at TRAN ·
~ISTOR RECEI\'IKG CO:SVERTERS and YARACTOR
FREQUEKCY ~1ULTIPI.dERS for 50, 144, 220 432 and
1296 ~lHz. •

SPECIAL
FACSIMILE WESTERN UNION TABLE MODEL

12" x 12" x 7" t ronsmitter and receiver com
blnotion 110Y AC operation can be used over the
olr, direct hook up or telephone line ond reo
prodlu:es 0 post cord sIze picture ONLY $19.95

Mark 14 bomb sight .... Ith lenses, fil ters, lights and
gea rs $9 .95
Siren polke type 12 vol t operatio n $17 .50
Handset lig htweig ht .... ith coiled co rd 2 for $2.49,
$1 .49 eo.

Running time unit AC motor d riven 6 d igit in metal
case wit h sensi tive re lay for Tra nsmitter, pho tog ra phy,
etc. $3 .95
2500 watt ga s d rlven gene ra tor in good running condi
Hen $195 .00
We se ll tor cash o r will trad e for eq uip .
1000 KC crystal for LM or 221 freq meter 53 .95
HS46 mi ke & phone com bina tion fo r ham o r ai rcra ft
Citizen Band wal kie ta lkie new fad o ry seconds 2 for
4.50 or 2.115 ea.
Photo multi pl ier tu be IP28 on ly n .9S
W ire recorder 2av opera tion $4 .93

CLOSE OUT
UTA 68 VHF 115 to 152 Me Compact Tran

se lve r with tllbes and dynamotor. Also all sehe
medics. Reduced to $19.95.
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CRYS T A L. &. TUNA BL. E. = V E RS A T I L.J T Y!
C HA NG A B L. E C R YS TA L.S
AND NEW AOJ . SQUE L. CH = U SABIL.JTY"
• 9 volt baltery powered • I yur guarantee
• Inelu des coax, mo unt • S ize-2'f2 " )( 31/,' )( 4V4~
• New FET t ran si stor oscL • I tO~ 'o Ameri can Mad e
Model s fer AM &. F M Tunable &. Crys tal!
BA NO MODEL. CO VERS OUTPUT PRICE
CB &. 10 M 273 X 26.9 ·30 me 1500 ke EAC H
6 mete rs 50-t X 50·S.f me 1500 kc
Pet ee.flre, ~) 1450 X 144. 150 me 1500ke $32.95 ppd.
Weat her , etc. (1 348 X 33·48 me 1500 ke L. ess Crys ta l
2 meters 1564 X 150·1 64 me 1500 kc
Ain raft 1828 X 118-128 me 1500 ke
Models fer AM &. FM Tu na ble only
Marine Mari ne 2.0-2.85 me 5511 ke $19.95 ppd.
SW &. WW V SW L. 9. 5· 16 me 1501l ke $ 19.95 ppd .

SQUE L.C H FOR YOUR T UNA VERTER l !
:-" 01. 0 rrcc monttorfnc wn h adj . etectronrcs squekh! :'\ 0 wires
to Hadio or t'unverter : J ust plug III coax ~ -"'or all 1500 kc
outputs . .tJ or 1~ Y. I x ., x z In<'lI\'< .
Model ST mounts en bnttnm of 'r unaveet er $17.50 ppd .
Model S U hasi ndividua l sw ingi ng mount $18.50 ppd
Coup ling L. ocp &. Ext. Ante nnas for use with

horne an d Transi s tor Radios $3.95 ppd.
Mobile Battery Eliminator. 12V to 9V $4.95 nnu.
Crysta ls-State aaxaet li st ening Frell $5. 10 ppd.
Order from: AIR MAIL. ad d $.85 ea.

HERBERT SALCH & CO.
Woodsboro 79, Texas

fore the rig does. A new ham and his fam
ily, too, will long remember the club sta
tion he borrowed for that fi rst QSO. And
if your members have a lot of surplus gear
lying around, why not b uild up a low-pow
er rig and receiver to loan to needy novices.

Local C\V and Phone nets run by kind
hearted club members are excellent for
knocking the rough operating edges off new
hams. Correction from a fr iend who says
"Don't talk so fast when you check in ," or
"Give yo ur own call letters last not first"
is hundred times easier to take than launch
ing for th on the big wide ham bands and
picking up the "Lid" label.

Club meetings themselves will aid both
the novice and the technician through talks
b y experienced amateurs and bulletins in
cluding in formation on transmitter tuning
and an tenna adj ustment. After the "new"
has worn off the novice tickets, additional
code and theory classes will get the fellows
and gals started on the ir way toward the
General Class license.

Last but not least, a new ham appreciates
h is club affiliation all over again when he
stirs up tha t first nasty case of television
interference. Stepping in wi th coo l tempers
and voices of experience, the TVI committee
and a new ham's club membersh ip never
look so good. Li ke the chicken and the
egg, it's hard to say whether the novice or
the rad io dub came first, bu t who cares
they go together very well.

.. . W5NQQ

• Tunable plu s Crystn l con 
t roled (setcctaute with
swltch) send st a le eon
verters to cuanse your
auto ami home radios In
10 cxcettenr . se nslt hc.
selectlve, calib ra ted YIIF
rceetvcrs r

Market ing
Divis ion of
Thom pkins

Rad 'o Produets

8USINESS OPPORTUNITY

Thousands of frequendu in stock.
Types include HC6/U. HCI8/U ,
FT-241 , FT.243, FT·171, ete.
SEND 10, for c:ata log with osc1l1ator
drc:uits. Refunded on first order.
2400B Cr)'1tal Dr.• Ft. Myen, Fl• • SS901CRYSIALS

YOUR SURPL.US WANTED BY
THE FASTEST GUN IN THE EAST

C~ No horsing around , we pay fa s t . In 24
~ hours .. . and we pay more . We' lI swa p Of

trade ne w equipment too . .. We Quote fa s t
too. We a lso pay for sh ippin/;! . in surance. etc.

,\ You ca ll fast. no w. collect , fo r fa st Quote .

t~· SPACE ELECTRONiCS
_ di". 01 MILITARY ElECTRONICS CORP.

II S ummit Ave. , East Paterson, N.J . 07407, (201) 791. 5050

LARGEST SELECTION in United States
~T LOWEST PRICES-48 hr. delivery

Young ma n wanted t o learn management of
surplus electronics firm in New York-N ew J ersey
a rea. Smel l inves t me nt o r none . Participate in
profi ts a nd owners hi p. Equipm ent and knew-hew
supplied, all t ha t is ne eded is a good ham beck
ground a nd an earnest d esire to [ee rn and work.
C ,II 201 -824-1244.

•
I
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PAXITRONIX INC. BOX 1038 (B) Boulder, Cole. B0302

New Books
Basic Mathematics for Engineers by D. J.

Hancox, South Birmingham Technical Col
lege, Edgbaston, Birmingh am, England
which was published by ~lcGraw-Hill in
England in 1966, is being made available for
the first tim e in the United States beginning
September.

This volume will serve as an invaluable
reference for the engineer in his daily work,
as a basic review for those who may have
studied calculus sometime in the past, and
as a helpful guide for anyone preparing for
the professional engineering examinations.

The ten chapters of the book cover the
following : Indices and logarithms-the laws
of indices and logarithms transposition of
formulae and natural logarithms; equations
- q uadra tic and simultaneous eq uations,
quadratic and linear with problems; deter
mination of laws and graphical solutions of
equations-graphs of linear, quad ra tic and
cubic equations including circle ellipse and
parabola, and examples of curve ske tch ing;
series-the arithmetic and geometric p ro
gressions, the b inominal series for any index
and the exponential series ; trigonometry
and mensuration- trigonometry summarized
with identities and graphical p roblems; dif
ferentiation-from first principles, fun ction
of a function, product and quotient rules;
application of differentiation-velocity and
acceleration, ra tes of increase approxima
tions and maxima and minima problems; 'in
tegration-indefinite integration as reverse
of differentiation as applied to algebraic,
trigonometric, and exponential functions;
application of integration-definite integra
tion as applied to areas. volumes, mean
values, root mean square values, variable
forces, centroids (including Pappus Theo
rems), second moments of area ; complex
numbers-cthc Argand Diagram , add ition,
sub traction, and multiplication, and division
of complex numbers. The slide rule and
calculations are included as an appendix.

D. J. Hancox is a Senior Lecturer in the
Department of Mechanical and Production
Engineering at South Binningham Technical
College. He was formerly an aerodynamicist
with A. V. Roe and Co.

Further Inform ation on Basic Mathematics
for Eugineers may he obtained from the
~lcGraw-Hill Book Information Service, 327
West 41st Street , New York, New York
10036.
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James Reseorch compony,dep't: AR- K
11 schermerhorn st. breekl n n.. 11201

Des Moines, Iowa
June 20, 21, 22

P.O. Box 1051, 50311

CONVENTION 69
ARRL NATIONAL

TWO·WAY RADIO ENGINEERS, INC.
1100 Tremont Street

Boston. Massachusetts 02120

ARC.I Tra nsceiver 100-1 56 Mc. 25 W atts AM,
with t ubes, sche matic, conversion info for

2-meters. Used, good. 50 Ibs. $20.00
ARC- I only, less tubes, $12.00

BC-221 .AK wit h AC Power, C ellb. Book & Xtal.
$95.00

TS- 114, 20-250 Me. Freq . Meter, o n rack panel
with AC Power, C ellb. Book & Xta l. SQ5.00.

Brush BL-202 z-ehennel oscillograph,
Used, Ere, SQO.OO

Sorensen 3000S AC Line Voltage Regulator,
3000 V.A. Used, Elc. $125.00

Non -linear-Systems 451 Digita l Voltmeter. P.U.R.
Send 10c for flye r listing surplus e q uipme nt,

t est equi pme nt, new an d used ham gear.

JEFF·TRONICS
4252 Peoarl Rd. Cleveland. Ohio 44109

MOTOROLA FM EQUIPMENT
SCHEMATIC DIGEST

91 pages (1I Ih " x 17") of sche
matics. crysta f ·information, align
ment instructions, service hints
and specialized information. $3 .95
post paid.

Accuratelyl Four wirel cannKt IC·3 Divider 10 your lOOKC calibrator to
give 2SKC mllrkl. Circuit board 1V4" I l Vz ". Specify supply volillge _
3·300, 10 mil. (Lowesl is best.) Send lor 1C·3, SUS, + 30f poslage.
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VIBROPLEX
ENJOY EASY,

RE5TFUL KEYING
521 .95 to $43 .95
THE YIBROPLEX

CO" INC .
Bll Broadway.
N. Y. 3. N.Y.

R.392: Compact '-er, ton of H -3!JO. T uhes work on 24,· 3A.
Same digit tunlnR. W / tlwr sply .'\: h('A)k 525.00
WAN T F. O ; GOO O LA B T EST E QUPT R.. MIL COMMU N IC .
WE P ROB ABLY HAV E THE B EST I NVENTORY OF
GOOO LA B T EST EQU IP MENT I N T H E COUNT RY . BUT
P I.~A SE on NOT ASK F OR CA TA I.OG ! ASK FO R SP.;:·
C IF IC ITEM S OR KI NOS OF ITEM S YOU NEED! WE
ALSO BUY ! WHAT DO YOU HAVE?

•••

EASY CONSTRUCTION
MEANS

UNIT CHASSIS
WRITE

DEVICES
BOX 136. BRONX, N,Y, 10463

"THE COMPLETE HAM STORE"
WHERE YOUR DOllAR BUYS THE MOST

TED DAMES CO.
308 Hickory St.• Arlington, N.J. 07032

EL OI CO SSB Ad ap ter !'iBA - 1 wi t h book. rom-erlS an)' re-
cetver wl lh 4,;.; kr- lfo' to ~~B: sctect enncr $12150
111111er or lower side band ' In nea t eahin..t ,
S ilie. neet . "':0110 PI" 400 rna. P a ir · . . · .$5 .30
R_23 /ARC _5 Command ICI"I 190-550 kc. Shpg. wt . 91: . • 14 .95
A.R .C. 12 :;:Z~ Comma nd rCH 540-l(lOO kc . 9::' 17.95
LM_14 f re<t. meter, .0 1% 125 ke-20 me . 15::' 57.50
T S . 323 /U R freq. meter 20-480 me..001% 169.50
TS. 175 Fre q. Mtter. l!;;-1000 :\Ie..04% $125.00
CLOS I NG OUT Rad io Reeei~ers 38-401J0 me at CRA ZY
LOW P RI CES ! Ask for Al'lt -4Y /CY -2;; 3 sh....t .

All leading lines of amateur gear:
We give best trade-in allowance
for yo ur gear on new equipment:
Call us for the best deal:

WE PAY CASH FOR HAM & CB RADIOS
CALL OR WRITE

BOB'S AMATEUR ElECTRONICS
927 N,W, lsi, 51.. OKLA, CITY. OKLA. 73106

Pho•• 405·CE·5·63B7

CQ d. W2KUW
All tubes b ought

Electron ic ite ms we-tted
Topping all o ffe rs

-

Epoxy DIODES Top Hoi
1000 PlY 1.2A .2Se Cl $21.00/100
800 PlY 1.2A .20ea $18 .00/ 100

Minimum O rd er $5.00 PostClge Paid
Money Back Guarantee-Write For Cost Per 1000

Pete Fragale. W8AEN
Box 5B5 CLARKSBURG, W.YA. 26301

R. E. oo __HEART CO. INC.
Boll' 1220-GC. Beverly Hill s. Calif. 9021 3

Phonc s: Area 213, o ffi c:c 272-5707 , mc sseq es 275·5342

Happiness is
Being a Novice

Being a Novice is:

FCC Form 6 10.
Meeting the postman with a hopeful smile
each clay for two months : Staring night and
day at dormant equipment.
FCC Form 660.
The first page of your log; solid CQ's.
Trying to fit your license into your wallet.
THE FIHST CONTACT-three blocks away.
Your fi rst WRL catalog; complete with cen
ter fold-out of Leo.
Ten times your normal amount of mail.
Your first soldering iron; with :

1. Three bottles of Unguen tine in one
week.

2. Your first soldering gun.
Following the p icture in the magazine m
stead of the schematic.
A "free" ham map of the U.S . for only 25¢.
QRS
T ouching the terminals of your antenna
switching knife switch.

Buyin g a relay.
Mail from the ARRL every month asking
you to enclose your d ues in the postcard
provided .
Finding out that th at red lead is hot.
Your mother answering the telephone, "oh,
yes, he's here, he's working on his transis-

"tor.
Hestringing your di al cord; every three days.
Trying to solder a PL-259 without a re
ducer.
40 on Sat urday.
Trying to fi nd a schematic for a Q mult iplier
for 1650 kHz,
Alternately drooling over new equ ipment
and frowning at your wallet.
Praying for no QRM on WIAW tonight,
A General saying, "don't worry, it only
took me four trips."
Asking what your dealer will give you fur
the R-55A.

Trying to take his answer good naturcdly.
Just one more wp m.
That long, long b us ride.
FCC FORM 610.
Meeting the postman with a hopeful smile
each day for two months.

David Calker W N31NL
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NEW 51·51 ·5
MULTIBAND DIPOLE ANTENNA

For Amateurs
- SWLs

UTILITY
REP LACES BALUNS
REPLACES ALL WIRE

EXCEPT CO AX
O PERATES 10

THROUGH 80
METERS

IMPROVED RECEP·
TION FOR SW Ls

SPEC IFICATIO NS
M ODEL bB A . 68B
AVERAG E SWR 1.7 to

I or b etter.
OV ERALL LENGTH

102 fee t
INCLUDES 30 feet

leadi n
10-15-20-40-80 Mete rs WE IGHT 2* lbs.

Model baA- I ODD Watts-2000 P. E. P. ..__ 34.50
Mod el 6BB- 500 W ath.1 000 P.E.P. . .. 26 .50
Mod el abO- For Reception Only . .. 11 . '15
Mod els 68A and 68B operate 10 th rough 80 meters wit h
a typicCl I dipole rad ia tion patte rn wit hin t he freq uency
ra nge . A sealed center unit p rovides ccnn ectlcn to 7·22
coppe r a ntenna wire and 30 feet of hea vy duty twin
lead . Twin lead is eq uip ped with a sealed coax fitting
for connection to a ra ndom leng th of coax tr a nsmission
line. May be used as a fla t dipole or "inverted V". Not
effected by wide chan ges in climatic con dit ions.
Mod el 86D is for reception only an d covers a ll short
wave end broe dce sf ba nds . Consists of 100 fee t cl n
tenna wire, 30 feet twin lea d plus 25 fe et of coax for
d irect con nection to receiver.

* Price-$2 per 25 words for non-commercial ads: $10
per 25 words for business ventures . No display ads
or agency discount. Include your check with order.

* Deod iine for ads is the lst of the month two months
prior to publication . For example: January lst is the
deadline for the March issue which will be mailed
on the 10th oi February.

* Type copy. Phrase and punctuate exactly as you wish
it to appear. No all-capital ads.

* We will be the judge of suitability of ads. Our re
sponsibili t y for errors extends only to printing a cor
rect ad in a later issue.

* For $1 extra w e can maintain a reply box for you .

* We cannot check into each advertiser, so Caveat
Emptor , , •

FAIR RADIO SALES

MURCH ELECTRONICS
FRANKLIN, MAINE 04634

See your distributor or order dlred.

WANTED: Military , commercial, surplus Air
borne, groun d , transmitters , r ece iv er, testse ts ac 
cessor ies. E specially ColUns . We p ay f re igh t and
cash. Ritco E lectronics. B ox 156, A nnandale , Va.
P hone 703-560-5480 collect.

MUST SELL NEW STEREO EQUIPMENT for
school expenses . A ll eq u ipment is new in fac tory
sealed ca r tons. Sony 250-A (cost $135)-$100, Dual
1015 changer a n d base (cost $97.45)-$70, Bogan
A T -400 40 watt stereo amp (cost $139.95)-$95. A ll
t h is is n ew eq u ip ment in factory sea led ca r tons,
full w arranty . Used a mateu r equipment : G alaxy
V $255, AC power su p p ly $50, HQ-170C $129, Heath
TX-l Apache SSO, n e w H y gairt 14A VQ in fac tory
sealed box $30. New heav y dut y self-su p p or t in g
40 foot tow er $65. Martin Mitchell WA5HTF,
2128C 70th S t ., Lubbock, Texas 79412.

WRL's USED GEAR h as trial-te rms-guarantee !
HW-12-$89.95; Galaxy 3- $189.95; Galaxy 5
$289.95; Gala xy 300--$159.95; G ala x y V m k 2
$329.95; SR46--$94.50; HX500--$289.95; HAI4- $94.95;
NC155-$119.95; 5B300-$249.95; R M E690o-$149.9S ,
hundreds more. F ree " blu e-bock " list. Writ e
WRL, Box 919, Council Bluffs , Iowa 51501.

RTTY GEAR FOR SALE. L ist issued m onthly, 88
or 44 MHy t orro tds 5 fo r $1.50 p ostpaid . Elliott
Bucha n an & A ssociates , Inc ., 1067 M andana Bfvd.,
Oakla nd , Califor nia 94610.

~OR SALE: Clegg Apollo S ix Li n ea r A m p lifie r.
B ran d new ! B elow cost! Contact Jack Batt s , Ffve
O ld "r aver n R oa d , Wa yla n d , M ass. 01788, Phone
653-6891.

TELETYPE MOD. 14 r eperforator w /au tomattc
t a p e take up r ewinde r , n e w , uriuau ed , $69 .95 ...
4-400's $14.95 ... tra ns form e r s : p la t e 5KV-1.6A DC
$59.95 . . . m odulator 81IAs $35 .. . fil ament
12.6VDC-IOA $4.95, ideal fo r t r ansist o r supply,
battery c h a rger . . . catalog WI'. Fertik's , 5249A
" 0", Philadelphia , P a. 19120.

LIMA, OHIO 4 5802•Box 11 05

u. S. CRYSTALS
Surplus Crystals - Amateur

FT243, DC34, CRIA/A R, FT24l ,
HC6/U and othe r rn tsc. crystclls

Wrife for Free Catalog
U. S. CRYSTALS
Los Angeles, Calif.

P.O , Box 7B397

•Dept. 73

Now BIGGER

And BETTER

Than Ever!
-- MAIL COUPON NOW '---

I
i NAME: __ I
IADDRESS , I
I CITY: STATE: _ Z IP: :

1 --------------
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Sa r.
o 20,o 2S,
o 3"

Used ;n m~y 51
oscillotor end

Oo 'lplifie r circuits

TUNNEL
o DIO DE
IRa. IN37 16ITD3

~' Actual Size

INTEGRATED
CIRCUITS

1 AMP

12
for

FLIP flOPS
Gites eec.

MICIOMINIATUII

SILICON RECTlFI~
Actual Size -/J-~

'IV So r. " IV
so 0 Sf 600

100 0 7, 100
200 0 9'1000
400 0 12,

UNIJUNCTJON
TRANSISTORS

0 2N489 5 " 4 7
with data sheet.

Similar to IVt::I~-r~: ISt_nd_/
C.E. ( s..t) 10'_ off
T ype ~!.!: ~l R_tlo t

2N",- I s.u j :.:u ;!u,.5! _.ti;!

o~ 400 mc
1.5AMP 5'or$1 ~~

2000 P I V
SILICON S 2N706 0 ~

RECTIFIERS I .''''1 v,. H,. 1- . ~
., 130 ITo ·3OO I'IO <2r

'i. EPOXY TRANSISTORS & Ie's
)i( Fairchild , Motorola, Te xas, Bendi x

4-2N3563 NPN , 600MC, 200M W SI
• 4-2N3643 NPN , 250MC, 350MW ":::::::::_SI

.c;;y 3-8·5000 Bt'ndix NPN lS-WATT 3AmPS l
~ c 4-2N4313 PNP 600MC, 200MW . 51

I. 3-2N3565 , SOOHFE, NPN 200MC SI
3-2N4265 , 400HH. NPN : 350M C .. - $ 1

I: l N 12 3 B
r'! l N 12 39
r jl N 12 3 7
D 1 N 1 2 6 2
0 1 N2 637

RETIRED NAVY COMMANDER, fi fty, Coronado ,
Calif., n o t int ereste d in mov ing, d esire s work in
electronic fie ld, h old s A m ateur A dvanced Licens e .
Box Ill , c/ o 73, Peterborough , N.H. 03458.

GONSET GSO, Drake R4 and Ameco 6 & 2. G .
Loelkes, 7383 Flora, Maplewood , Missouri 63143 .

HAMMARLUND HQ-14SC, calibra tor, $110. C legg
Apollo 7oo-w att six-meter linear , excellent, $175.
HamScan, $40 . Ship collect. McCormack , 5008
Carlyn Spring, Arlington, Virginia 22203.

BUSIN ESS FORMS FOR z-wav radio . A lso radio
& TV serv ice. H ighly detailed . F ree cata log a nd
sample forms . Oelrich , Dept. 73, Box 56141, Chi
ca g o , 111. 60656 .

ANTENNA EQUIPMENT: Vesto HPX -loo l 00- ft .
self-supporting tower, $770. Telrex 2QM546 s-ere
m ent optimum spaced zo-meter beam, $385. T e l
rex A 2675RIS rotator (with T elr e x mast a nd
cab le, le s s control box) #330. FOB St. Louis, Mis
s ouri. G . G r o t h e n , 90 Florissant Park Dr., F loris
san t, M issou r i 63031.

FOR SALE: Com p lete 6 meter, SSB -A M -CW mo.,
bile or fixed . C legg Ven us Xce tver and 416A A C
s u p ply-Hea t h MPIO in v ert er-He a t h H O- lO mon 
itor scope-HyGaln 66B a nten na-Mobile halo
AR-22 R o t o r . WA2C E N , PO Box 43, S pring ville ,
N .Y. 14141.

PRINTED CIRCUIT BOARDS (less parts): Xtal
controlled IS.75k Hz, 60Hz, $4.50 ; 3.6V Power Sup
ply, $2.50. Postpaid . Free list. Dirck Spicer, 11
R id g e la n d R o a d , W allingford , Conn. 06492.

RF MULTIMETER measures ten millivolts to
t h ree volts r m s and VSWR down to 1.05:1 as
h ig h as 2G Hz . RADEVCO, Box 8450, Baltimore.
Maryland 21234 .

SBE34, clean. Good condition, $225 . H u stler 20M ,
$10. P E IOI C $3 .50. Fornalre F C B5 (CB) (O K ) $20.
FOB COD . All $240. Joseph Bodjo, W A SE C L , 1920
A lta W oods Blvd., Jackson, Miss. 39204.

GALAXY AC 400 supply $60, Speaker Console $14,
V ib rop le x Original SIS, T u rne r 454X mike $11 .50,
W2A U Quad and 4:1 Balun SS7. Write Ray Thomp
son , 337-52nd. St., Des Moines, Iowa 50312.

FREQUENCY CALIBRATOR o ne megahertz in 
t erval to 1296 megahertz. Battery powered t ran 
sistor circuit : coax output. Spec sheet f ree, cata
lo g 25c . R A D E VCO , Box 8450, Baltimore, Mary
la nd 21234.

3000 V @ 31'F brand new GE Pyronal o il capact,
t o r s S3 each. Ca n ma il, 3-lbs each shipping wt..
FOB. P . W and elt , RD .# 1, Unad illa , N e w Yo rk
13849.

VHF MOBILES 12VDC. GE Pacer narrow band,
dashmount, 15 watts $100. Motorola 800 t runk
m oun t , wideband w /cable head and speaker SSO.
S h ip p i ng extra . Ward VE3FGS , 8 Church St.,
P e n e t a n g , Ontario, Canada.

WANTED: A N /AS Q-8 o r AN/ ASQ-I0. Quote p rice
and cond ition . Re p ly Box I , 73 Magazine, P e t e r
borough , N. H . 03458 .

GI ANT " SUMMEICATAlOG ON : Part s , Re ctifie rs , 10¢o Transis tors , SCRs, I.C.'. , EqU ipmen t, Etc,

TERMS ; include posta ge . Rated , net 30 days. C002S %

P.O. BOX 942 A
Lynnfiel d, Mass. 01940



LIBERTY PAYS MORE!!
PRESTEL FIELD STRENGTH..METER

•
•
•

•

WILL BUY
FOR CASH
ALL TYPES

ELECTRON TUBES
SEMICONDUCTORS
Military Electronic

Equipment
Test Equipment

with
unit.

t his 4112
Th ere is

(Model 6T4GJ

Frequency Range : 40 to 230
4nd 470 to 860 Megaher+z.
Ca libra ted outward from 10
to 50,000 Microvolts. Nothing
makes it easier to properly and
speedi ly find the correct place
to install TV, FM a nd Com
munication Antenees. You can
measure and hear the signa ls

volt battery economically powered
nothing else like it!

Only $120.00

WIRE, WRITE, PHONE COLLECT! WE PAY FREIGHT ON ALL PURCHASES

Liberty Electronics, Inc.
548 Broadway, New York, New York 10012, Phone 212·925·6000

We also have a large selection of used
equip ment - Write fo r Latest Complete list.

$449,( OJ
99 ,!t5

$430.00

ALSO IN STOCK:
T·.(XB Transmitter
AC-4 AC Supply

and othe r Drake Accessories

R-4B Receiver

THE DRAKE R·4B RECEIVER

The Drake R·48 offers many fine features . . .
Linear permeability tuned VFO w ith 1 kc dial
d ivisions. Covers 80, 40, 20, 15 meters com
pletely and 28 .5 to 29.0 Me of 10 meters
with crystals furnished . Four bandwidths of
selectivity, .4 ke, 1.2 ke, 2.4 kc, and 4.8 kc.
8uilt-in Notch filter, Noise Blanker, and 2S KC
crysta l calibrator. Product detector for SSB/cw,
Diode detector for AM ... plus many other
fea t ure '

INDEX TO ADVERTISERS
Adirondack, 117
Amuo. 9
Antenna Ml rt, 115
Arcturus. 120
AR RL Connntlon, 124
ATV Rtlearch. 106

BI. F. 108
Bob" Amlt. Elect ., 125
BTI / Hahtrom. 9

Crabtreo' , Elect., 13
Cushcraft, 75

Dam", Tid, 125
On ices. 125
OGP. Conr II , 4 1, 107
Ora k. , Conr IV
Dura Tower, 109
OX... Mag u lno, 11 6

Editors and Enlin een , 25
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Estes. 115
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Fa ir . 126
Fragale. 125

Gal..s. COvn III
Gat eway Elre t., 120
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Glau , 1. 1.. 122
Goodh Art, 125

Henry Radi o, 47
Hunter. 53

Internatlonal Crystal, 5

l ames Research, 124
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Mesh na. 89
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106, 113
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Rousseau. 31
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Sa leh, 123
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UK W. 11 5
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"HERE'S A REAL WRL SPECIAL-

-the great GALAXY V Mark 3
plus two terrific package buys
put together by our Experts!"

Larry M e yerson
Wf/)WOX

~ ."

'.. -
.. . 't)'£ii'~'.. di~ .: , " .
V;,.". ~ .. )'

- -- -

~ n..
~.~ \J1... ~.

Larry Meyerson of World Radio Laboratories, says
" H e re's a great mone y-saving d eal on one of the fine st n ew
transceivers made - or your choice of two great top performance
packages put together by WRL's expert staff! You can buy any
one of the th re e , enjoy them NOW and p ay for them o n world
Rad io Laboratories e asy monthly terms!"

e '

•

($22 Monthly)
• 500 WATTS PEP~SSB
. 475 WATTS C\\' . .
• P recision Dial and \ ermer

Logging Scal,e
• Solid State ' FO
• CW Stdetone
• CW Filt er (opt ion)
• CW Break. in (option)--

GALAXY V
MARK 3

500 WATT
TRANSCEIVER

$42000 lessAccessories

QO

0(>0

Q CO.

Buy it alone, or-

• A deluxe Mob ile
Sta tion - include s the
new G lOOODC mobile
su pp ly, N cw-T roll ie s

:.-~"' """'" ..H ustle r" antenna sys-
.,.~ t ern , bumper mount,
I i: mini-mobile speake r, • Deluxe Fixed Station package includes

_ ..,;:;;,..;.. all plugs and cables. Galaxy V Mark 3 Transceiver. 500 watt AC
,- supply, Speake r Console , \VRL 5B44 dyna-

pius $63700 ::Ilb~n1J~~~tlfe;n~~;~~~~~loJk"~~~/0~~'s
ORDER cab le, all cables and pl ugs. $61500$5000 B , znlA66 OrderXo. ZnlA67_ 0nus '''' hI, w, , 1S2••••>hl, w;>h ~d• • l. ._•••_.--_•••••-.

That', r;ght! Take $50 dis- • WORLD RADIO LABORATORIES •
count off the two package • 3415 West Broadway 73-P35 • Council Bluffs, Iowa Zip 51501 •
prices shown - if no trades are
involved in your purchase! • Please ship the fo llowing •

o GALA.XY v Mark 3 T ransceiver 0 GAL.-\.XY Mobile PackageI 0 GALAXY Fixed Station Package I
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NEW DRAKE
MODEL TR-B 6-M SIDEBAND

TRANSCEIVER

Model TR-6 55999 5 Amateur Net

COMPARE THESE FEATURES

• Full coverage 01 6 meter band plus MARS.
• Four IF band widths: 2.4 kHz upper sideband (supplied),

2.4 kHz lower sideband . 6.0 kHz AM, 0.3 kHz CW, all select
able with front panel switch,

• Function swilch selects product or envelope detector as
well as buill-in AM screen modulator. Compat ib le with linear
ampl ifiers.

• No carr ier balance or carrie r insertion adjustment fo r AM
or ew

• Shift carrier CW system for compatibility and versatility.
• Ultra-slabIe li near VFO. 600 kHz in one range. 1 kc read-

ability.
• Buill-in PTI, VOX. ANTI-VOX, 100 kHz calibrator.
• ALe prevents lIat-lopping.
• Ample metering provisions with two meters. For ALG, S·

Meter, Transmitter Plate Current, Re lative RF Outpu t.
• RV6 External VFO allows eptlt-t requency operation. (RV3,

RV4 usable).
• Fast or slow AGC for receiving. For meteor scatter work,

selectable from front panel.
• Ultimate receiver front end performance using FET's. Less

than 1/10,uV required for 10 dB SIN rat io on SSB.
• Inpul and outputs provided for Drake TC·2 or other 2·meter

trensverters. All switch ing d one inte rn ally with band switch .
• 300 walts CW and PEP inp ut.
• 6JB6 fi nal lubes eliminate replac ement problems.
• Exira inpul and output ' ack s for converters andlor cut

board receive rs, Permits moni toring of more than one tre
quency simultaneously .

-
IlICI ""W1-"~TU

Plug-In noise blanker accessory: $79.00
FREE with TR-6 order In 1968.

See your d istributor or write for f ree brochure:

R. L. DRAKE CDMPANY
Dept. 3118 , 540 Ric hard si., M iamisburg, Ohio 45342

•Exclusive Features
•Greatest Value
•Unmatched Performance

GENERAL SPECIFICATIONS
SIZE: SUi" high, l Oy' '' wide! 16X " deep (plus
feet and knobs). WEIGHT: 15!.{ Ibs.
FREQUENCY COVERAGE: 49.4 to 54.0 MHz tcrys
tats supplied for 49.9 to 51.1 only).
VFO DiAl CAL IBRATION: 1 kHz dIvisions; dial
accuracy is with in + 1 kHz.
CALIBRATOR: 100 kHz cal ibrator built in.
FREQUENCY STABILITY: Less than 100 Hz ever
all drift per hour afte r 15 minutes warm-up: tess
than 100 Hz for 10% supply voltage change.
SPLIT FREQUENCY OPERATION: Xmt and Rev Ire
auenctes may be separated by up to 600 kHz by
use of the RV·6 or FF-1 accessories .
MODES: SSB, AM, and CWo
POWER SUPPLIES: Drake AC·3, AC·4, DC-3, DC·4
or DC·24 .
TUBES AND SEMICONDUCTORS: 19 tubes , 7 bi
polar and 3 field effect transistors, 12 diodes.

RECEIVER SPECIFICATIONS
SENSITIVITY: less than 1/10 microvolt for 10 db
S+N /N ratio at 2.4 kHz band width.
SELECTIVITY: 6 dB bandwidth 2.4 kHz with USB
filter provided. Accessory filters available for
LSB, AM (6 kHz) and CW (.3 kHz).
AUDiO RESPONSE : 400 to 2800 Hz at 6 dB.
INPUT: SO ohms unbalanced.
OUTPUT: 4 ohms to speaker or headphones.
AUDIO OUTPUT POWER: 2 watts at 10% HD.
AVC: Output varia tion less than 3 dB for 60 dB
Input change , Fast attack. Release time select-
able. -
MANUAL GAIN CONTROLS: RF gain control sets
threshold for AVC, AF gain control.
DETECTORS: Switch on front pa nel. Product de
tector for SSB and CW Envelope detector for AM .
NOISE BLANKER : on-err swi tch for acces sory
noise blanker on front panel.
INPUT: 13.9 to 14.5 MHz receiving Input/output
jack for converters and l or outboard IF rece tvets .

TRANSMInER SPECIFICATIONS
POWER INPUT: 300 W PEP on SS B, 300 W PEP on
AM. 300 W CW (50% maximum duty cycle).
OUTPUT IMPEDANCE: SO ohms nom. unbalanced,
2 ~1 max. SWR. Adjustable loading.
MODES : SSB (USB provided, lSB with accessory
filter), AM (cont ro ll ed carrier system), CW (semi·
break in, Sidetone).
AMPLIFIED AGC : Prevents flat·topping.
CARRIER INSERTION AND SHIFT: Automatic on
AM and CW, shifted carrier CW system.
VOX AND PTT : VOX and Anti-VOX built-ln.
AUDIO RESPONSE: 400 to 2800 Hz at 6 dB.
40 dB SIDEBAND SUPPRESSION above 1 KHz, SO
dB carrier suppression.
DISTORTION PRODUCTS: Down 30 dB mlnimum
from PEP leve l.
MONITORING AND METERING: Final plate current,
AGC action. and relative output can be read on
meters. Sidetone for keyed CWo
14 MHz OUTPUT: 13.9 to 14.5 MHz output for
Drake TC-2 and other transverters.

TR-G ACCESSORIES
RV6 Remote VFO. Sep
ara te s r ecei ve and
transmit f requencies
within the same range

$99.95
Ff1 Fixed frequency adaptor .• , • . , .• . .•$24.50
MMK-3 Mobi le mounting kit , .• , . . .•• ... .$6.95
Power supplies

AC-4 120 V 50/60 Hz . __• . . __ • • " • •. $99.95
DC-4 12 voc ., •• " • •• • . , _•• , __• • , . $125.00
DC-24 24 vac •• • " ••• •••• " •• • .• • •$210,00

MS-4 Matching speaker , • . • • •• • • • • " . •$19.95
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