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add this

you'll be amazed at the
improved performance

BLONDER-TONGUE
B-24c INDOOR BOOSTER

Some people think a beoster is only for use with outdoor antennas.
Not so. In many cases, the new Blonder-Tongue B-24c indoor TV
FM booster produces a dramatic improvement in reception when
used with an indoor antenna. Simply add it to any garden variety
indoor antenna, and you get up to 12 db gain in signal strength —
enough to turn your indoor antenna into a powerful antenna system.
The Blonder-Tongue B-24c¢ is easy to install anywhere in the home
—patented, stripless screws eliminate the need to cut and twist
twin lead. It can be used to amplify signals from any indoor or
outdoor antenna. It's an excellent solution where your customers

angineered and manulaciured by

BLONDER TONGUE

9 Alting St Newark.2 N. J.

Canadian Division: Benco Television Assoc.,
home TV accessories s closed circuit TV » community TV * UHF converters * master TV
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can not or do not want to utilize an outdoor antenna. Hook up a
B-24c and show your customers how much sharper and clearer it
makes the picture. Tell them of the extra TV or FM sets they can
operate from single indoor antennas —up to 4. You've got a
profitable sale.

In very difficult reception areas an outdoor antenna is necessary
because it delivers a better signal-to-noise ratio than an indoor
antenna. In that case you still can use a B-24c indoor booster,
or any one of the indoor or outdoor boosters in the Blonder-Tongue
line. Blonder-Tongue boosters perform best. Try them today.

Ltd., Toronto, Ontario




Find it and Fix it in 19 the time!

EASILY SOLVES “TOUGH DOGS'". .. INTERMITTENTS ... ANY TV TROUBLE
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L7 eLevision ANALYST

By Easy Point-to-Point Signal Injection, You see the Trouble
on the TV Screen and Correct it—Twice as Fast and Easy!

Simplified technique stops lost hours never recovered on
“tough dogs’’, intermittents, and general TV trouble-
shooting. This one instrument, with its complete, accurate
diagnosis, enables any serviceman to cut servicing time in half
.. service more T'V sets in less time . . . salisfy more custom-
ers . . . and make more money
With the Analyst, you inject vour own TV signals at any time,
at any point, while you watch the generated test pattern on
the picture tube of the television set itself. This makes it quick
and easy to isolate, pinpoint, and correct TV trouble in any
stage throughout the video, audio, r.f., i.f., svnc and sweep sections
of black & white and color television sets—including intermit-
sents. No external scope or waveform interpretation is needed.
Checks any and all circuits—solves any performance prohlem.
Gives you today’s most valuable instrument in T'V servicing
proved by thousands of professional servicemen evervwhere.
Available on Budget Terms. As low as $30.00 down. Net, $32995

SIMPLIFIES COLDR TV SERVICING, TOO

Enables you to troubleshoot and
signal trace color circuitsincolar
TV sets, or facilitate installation.

Generates white dof, crosshatch
and color bar patterns on the TV
screen for color TV convergence
sdjustments.

Generates full color rainbow dis-
play and color bar pattern to test
color sync circuits, check range
of bue control, align color de-
modulators. Demonstrates to
customers correct color values.

Model 960 Transistor Model 360 V O Matic Model 375 Dynamatic Model 700 Dyna-Quik Model 440 CRT
Radio Analyst Automatic VOM Automatic VTVM Tube Tester Rejuvenator Tester

K,

BaK MANUFACTURING CO.
Division o DYNASCAN CORPORATION

1801 W. 3ELLE FLAINE AVE. « CHICAGO 13, HL.

Conado: Atfos Raoclin Corp., 50 Wingold, Toronto 19, Ont.

Export: Empice Exporters, 277 Broodwoy, New York 7, U.S.A.
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WHIP THE o=

and repair

TOUGHEST

TV service
problems
— read

NEW RIDER BOOK OFFERS SERVICING SHORTCUTS
FOR BOTH BEGINNER & EXPERIENCED TECHNICIAN

TV TROUBLESHOOTING AND REPAIR 2nd. Ed. by Robert
Middleton. Scores of the treasured trade secrets of pro-
fessional TV service benchmen are packed into one, long-
awxited reference volume. This book places at your
fingertips all the practical solutions to whip tough service
problems. restore original performance quality to TV sets.

The first chapter describes TV receiver differences and
waveforms. Each of the following chapters is devoted to
troubleshooting techniques for specific eircuit difficulties in
Visual Alignment Procedures (Do you know how to check
a front end’'s impedance?) . . . Troubleshooting Syne Cir-
cuits (Can you check for line pairing with a scope?) ...
Locating Sweep Troubles (Do you know how to determine
when parasitic oscillations are affecting sweep width?)

. Faults in Video-Amplifier Circuits (Can you make Y
amplifier tests on color TV receivers?) ... Checking High-
Voltage Power Supplies(Xnow how to solve fraster ringing
problems?) . . . Troubleshooting In-The-Home (Short-cut
tips to isolate defects quickly for in-the-home repairs, accu-
rate repair estimates) . Receiver Buzz Causes and
Cures (Shows how to locate buzz origination fast)
external . . . External Interference (Can you compute the
unknown interference frequency and correct the defect?)
... #206, $3.95

Turns Beginners Into Masters of this Timesaving Tool

USING THE SLIDE RULE IN ELECTRONIC
TECHNOLOGY by Charles Alvarez. TFi-
nally! An easy-to-understand book to
show you how to solve practical elec-
tronic math problems with a slide rule.
Helps develop top slide rule speed and
accuracy. Twenty exciting chapters il-
lustrate the fast, short-cut techniques
that normally take years of on-the-
job work to learn. Chupters like ¢
Transformer Turns Ratio, Power Gain and RC circuits help
transform beginners into masters of this timesaving tool.
“The best handbook on the alide rule to come to my atten-
tion.” NATIONAL TECHNICAL SCHOOLS. #253, $2.50

Rider books are available at distributors, hoolstores or
direct. Use coupon to order.

ORDER TODAY—10-DAY GUARANTEE

vy e SLIDE RUIE 0
HECTRONIC

JOHN F. RIDER PUBLISHER, INC. DEPT. PE-3
a Division of Hayden Publishing Co.
116 West 14th Street, New York 11, New York

Please send:

(] TV TROUBLESHOOTING & REPAIR, $3.95

[] USING THE SLIDE RULE IN ELECTRONIC TECHNOLOGY,
$2.50

|
|
|
|
|
[] Payment enclosed. Rider pays postage I
] Send C.0.D. plus postage |
NAME — —— I
ADDRESS. - BN S I

CITY. ZONE STATE -
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stops
noise!

Electro-Voice Model 717 Noise-Cancelling Microphone $19.50 List (..o,

15 db more protection against noise pickup. Not just big
‘noise, but every sound that reduces the effectiveness of
yoursignal. Even the effect of poor acousticsis reduced by the 717.

Plug a new E-V 717 into your transceiver and get up to
37

HERE'S HOW THE 17 STOPS NOISE

NOISSE NOmE

How does the 717 cut down on lost messages, repeated calls and s NoisE N ~oisx
wasted time and money? It has a seund-cancelling port on the . dcise \‘ S
back that rejects sound arriving at the rear of the microphonc. 1 % ' &=
Random noise pickup is reduced up to 67%. N / '»\ W}r
How does the 717 sound? Crisp, smooth and pcak-free for i g
highest efficiency and articulation. There’s plenty of output for %

" ; 5 rdinary E-V 717 nolse-
any transceiver on the market. And no noise ' But don’t take our microphane cancetling
word for it. Test the new E-V 717 on your rig today. We guar- pickup pattern pickup paitern

antee you'll like how you're heard. Electro-Voice, Inc., Dept.
632K, Buchanan, Michigan

SETTING NEW STANDARDS IN SOUND
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An
Editorial

OUR NEW LOOK and TITLE

You have just received your firstcopy of
NRI Journal. It is called a "pilot" issue
by the printers and is published in ad-
vance of its first regular monthly sched-
ule which begins with the Octcber issue.
The Journal replaces NRI News published
every other month (6 times per year) for
many years.

The Journal has been designed to meet
the needs of both our students and gradu-
ates for an improved publication to sup-
plement their training and to keep them
up-to-date on electronic developments.

We have engaged the services of qualified
writers who are specialists in radio-TV
servicing, communications, industrial
electronics, audio, and other related sub-
jects. They will give you the benefit of
their experience and show how tobe suc-
cessful technicians in our electronics
industry.

They will explain the latest servicing
techniques and shortcuts so that you can
save time on your calls and make more

money. The Journal will include popular
"How to" construction articles on elec-
tronic equipment that is both useful and
educational,

We will accept a limited amount of ad-
vertising from manufacturers and sup-
pliers of products and services you will
use in your chosen job. Youwill note that
we have added extra pages to accommo-~
date these future advertisers.

The August - September issue of the
Journal will be printed (same as previous
NRI News) so that you will not miss any
issue to which you are entitled.

Please remember ~ NRI Journal will be
published MONTHLY beginning with the
OCTOBER issue and be printed in color
the same as this special preview copy.

The Journal is YOUR magazine and we
will welcome your comments and sug-
gestions.

O. R. D

www americanradiohistorv.com
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CENTRALAB'S FRK-300
IT

Your FRK-300 Kt contains:
67 front controts covering 24 different values and Centralab’s FRK-300 Control Kit is a new giant-size kit designed to

sotr:gf'csommls covering 23 different values and provide even the largest service organization with all the components

tapers needed to replace any popular 13{¢" diameter control. This includes

212 shafts consisting of: . g .
8 types for single controls single, dual concentric, and twin models. 452 control components are

2 types for tandem twins packed in a heavy gauge, 18 drawer cabinet specially designed for
13 types for push-pull dual concentrics

30 types of front shafts for dual concentrics Centralab. N N

33 types of rear shafts for dual concentrics Any control assembled with the FRK-300 is an exact replacement,
2types for color V. electrically and dimensionally, for the manufacturer’s original control.
15 KR Fastatch on-off switches . . ® .

10 KR push-pull line switches Construection is a snap when you use the Fastatch II. Just plug in and

10 AK-38 twist-tab mounting plates snap together; nc complicated alignment or twisting is necessary.

Centgalab

THE ELECTRONICS DIVISION OF GLOBE-UNION INC.
900A EAST KEEFE AVENUE - MILWAUXEE 1, WISCONSIN
In Canada: Centralab Canada Lid., P O Box 400, Ajax, Ontario

and
Up-To-Date Current Guides and Cross-References




What You Shquld Know About

BY R. C. APRERSON, JR.

n quest of a trouble-free efficient de~

vice to replace the vacuum tube, which
had a high failure rate, our enemy during
World War II siezed upon an American
invention and spent millions developing
it. Adolph Hitler's scientists and engi-
neers evidently felt that the magnetic
amplifier was a good replacement for
vacuum tube circuitry, since mag amps
were used in some very critical appli-
cations. They were found in stabilizers,
servos, and the fire control systems of
their finest warships.

The use of the device crossed the ocean
again and contracts were let toexploitthe
use of mag amps in such high speed ap-
plications as digital computers and pulse
forming circuits, memory and scanning
devices for radio, radar and sonar equip-
ment. Later we will look at the practical
applications, but now, let us see what the
magnetic amplifier is.

FUNDAMENTALS OF THE MAG AMP

Defined as a variable impedance control
device, the mag amp is simply another
type of valve, such as the vacuum tube
and the transistor. It is, basically, a
saturable core reactor. Power is varied
by placing the mag amp in series with
the load to be controlled, just as in the
case of the transistor or vacuum tube

MAG AMPS

(see Fig. 1). By varying the impedance
of the controlling device with a signal,
much like the grid swing on a tube, the
power to the load is controlled.

The heart of the magnetic amplifier is
the core of its saturation characteristics.
The impedance of the device isvaried by
saturating the core and, gain is derived
because of the rectangular hysteris loop,
which became more readily obtained with
the advent of the ferrite core.

In Fig. 2, we see a simple variable re-
actor. As the iron bar is moved in and
out of the coil, we know that the induct-
ance goes through a prominent change.
Consider the instant the iron is com-
pletely in the coil, the impedance to cur-
rent flow is very high and most of the

LOAD§

POWER _j
SOURCE

POWER
SOURCE

L

FIG. 1. Comparison of vacuum tube circuit,
A, and magnetic amplifier circuit, B.

www americanradiohistorv.com
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FIG. 2. How muscle power is converted to
electrical power.

voltage is dropped across the coil. As
the iron moves out slowly, the voltage
starts increasing across the load, since
the impedance to current flow is de-
creasing. Simply by moving the bar, we
control the power delivered to the load.
If the load were a motor capable of sev-
eral horsepower, by expending very little
power in moving the bar we could control
a large quantity of power. Thisisa crude
magnetic amplifier.

JAWAN

Let's go one step further. In Fig. 3, we
have two windings on a core. One is a
control winding and the other is the load
winding. Now, instead of the bar, we turn
the pot in the control circuit and saturate
the core with direct current. As the di-
rect current increases, the core effec-
tiveness decreases, and the coil in the
load winding becomes very close to an
air core coil which has practically no
impedance except the resistance of the
wire itself. This device would be an in-
efficient amplifier since the ampere
turns of the control winding must be
greater than the ampere turns of the load
winding by the number of turns required
to saturate the core. We can beat thisby
using the circuit shown in Fig. 4. Arec-
tifier is added to assist the control wind-
ing so we have DC flowing in the load
winding as well, aiding in the work re-

2 CONTROL

CONTROL LOAD
WINDING WINDING
|I S

BIAS

LOAD

AC SUPPLY

FIG. 3. Saturation of core replaces mechani-
cal movement of bar.

quired to saturate the core. Accordingly,
much less power is required to control
the load, so now we have an amplifier
that will compete with the tube and tran-
sistor. The amplifier in Fig. 4 can be
improved upon, since it is basic and only
for illustrative purposes.

We have faults in our basic amplifier.
We can readily point one outby referring
to a half wave rectifier power supply. We
know that it is inefficient as comparedto
a full wave or bridge rectifier. Also, be-
cause of transformer action, we would get
power loss due to that which would be
generated back into the control circuit.
A look at Fig. 5(A) will readily explain
how to overcome these twoproblems. We
now have a high gain, efficient amplifier
of practical design. We see, first of all,
that we have two windings in the load
circuit, wound in an opposing manner,
This neutralizes anytransformer action,
gsince two waves will appear across the

SATURATION
AIDING
RECTIFIER

BIAS
CONTROL: ﬂ LOAD

BIAS

FIG. 4. Rectifier helps saturation.

control winding 180 degrees out of phase,
and the net voltage will be zero. Another
diode rectifier is added, both halves of
the cycle are now used and a smoother
more efficient waveform is delivered to
the load. By adding two more diodes
(Fig. 5B), we have power for a DC load.

The need for the two additional diodes
points out one basic difference between
the mag amp and the tube or transistor.
We need an AC supply since we cannot
control DC. This canbe seeneasily since
we are really dealing with a choke and
we know that DC doesn't care about X ,
(except for sudden current changes); it
is only affected by ohmic resistance. With
this as a consideration, when using the
mag amp as an audio amplifier, the sup-
ply frequency should be above the audio
range. This limits its use in this capacity,
since the generation of a supply frequency
in this range is an addedtask which most
applications would not warrant. Now,

www americanradiohistorv com
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FIG. 5. (A) Opposing windings with 2 diodes improves efficiency. (B) Addition of 2 more
diodes converts AC for a DC load.

let's see what the magnetic amplifier can
be used for practically.

APPLICATIONS FOR THE MAG AMP

Due to a slow response time, the mag
amp promised nothing in the high fre-
quency circuitry flelds until cores were
developed which increased the response
time to a point where megacycle opera-
tion was feasible. It has now been used
for wave shaping, gating, counting and
generation of pulses with rep rates upto
500 ke, but it is still a basically slow
device.

Although the transistor has taken the
lead in the computer field, the mag amp
has been used in flip-flop circuits such
as square wave, and in one-shot and
free-running multivibrators,

To prove a point, a commercial broad-
cast receiver manufacturer built a re-
celver using the mag amp in the RF~IF
and audio portions, using a transistoras
the oscillator and diodes as detectors.
This is not a feasible application, since
nothing is gained by the use of the mag

AC MOTOR
TRAIN

LINE
VOLTAGE

LINE
VOLTAGE

amp over the transistor or tube, butitis
a point of interest in passing.

The most useful and practical application
for the magnetic amplifier is in servo
systems. Fig. 6 compares a thyratron
controller toa magamp controller. Here,
the advantage is dependability. The mag
amp can be depended upon for much
longer life than the thyratron, and will
give a little more positive control.

Wherever large loads are to be controlled
with a minimum of input power expended,
you can use the magnetic amplifier.

ADVANTAGES AND DISADVANTAGES

Every device has two sides. Now we'll
see the good and bad features of the mag-
netic amplifier.

Being a transformer type device, they
are rugged and their life is usually gov-
erned by the kind of rectifier used in
their construction. They are stable as
far as power supply variations are con-
cerned. Since they have no cathode or

(Continued on Page 28)

RECTIFIER

BRIDGE AC MOTOR

TRAIN

I
!
|
I
|

|
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CONTROC RECTIFIER
'BRIDGE
9 LINE
VOLTAGE
é
LINE
VOLTAGE

FIG. 6. (A) Conventiona] thyratron controller. (B) Magnetic amplifier controller.
www americanradiohistorv.com .
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BUILD THIS

Power Failure/Restoration Alarm

By William L. Blair

as your boss given you the final warn-

ing that, "If you're late once again 111
fire you"? Are you tired of missing im-~
portant appointments or events? Or do
you perhaps own an electric freezer in
which a valuable quantity of food might
spoil if the power were to be interrupted
for a period of time without your being
aware of it?

Then you will be interested in this simple
alarm system. It will sound off with a
gentle "BUZZ" to let you know the next
time there is a power failure in your
area. Your best electric clock won't kid
you into thinking there's plenty of time
before you should be on your way.Dayor
night, this alarm will tell you immedi-
ately whenthere is an interruption in your
electric service, and then, with a simple
flip of a switch, it will be armed to give
another signal when power is restored.

Whether or not youfeel that sucha gadget
might be of value to have around the
house, it might prove interesting to see
how one could set out to tackle the job of
designing a piece of equipment to do a
particular thing.

As a starter, it isessential toformulate,
mentally at least, just what the problem
is, In our present case, it is simply to
design a device which will give an audible
signal whenever there is a power failure
in your particular area. Since the crea-
tion of sound suggests the use of some
gsort of electro-mechanical system, it
would be most practical, perhaps, tobe-
gin along those lines.

A second consideration is usually econo-
my and availability. With these two in

mind, what could be better than an ordi-
nary door buzzer? Since the problem re-
quires the sound in the event of a power
failure, it is a necessity that a self-con-
tained energy source be included. That
dictates the use of a battery. Now, all
that remains is to add a control which
will not permit the buzzer to sound as
long as power lines are active but which
will turn it on in the event of power
failure.

Another electro-mechanical device sug-
gests itself. A relay should be just the
ticket, Here is a device which makes con-
tact by the application of current and is
returned to a normal state (open contact)
by spring tension when the current flow
ceases, Normally, contacts are provided
in many different possible combinations
but so far our system requires only one
set of contacts which close when the re-
lay is deactivated. One accepted sche-
matic symbol for such a relay, K1, is
shown in Fig. 1. The dashed line running
through the coil and ending on the pole
of the switch signifies that the pole is
attracted toward the magnet when current
is flowing through the windings.

If a DC voltage is applied to the relay

TO POWER
SOURCE

FIG. 1. Schematic representation of a relay.
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coil, the resultant current flow creates
an electromagnet which attracts the iron
in the switch pole. However, our power
mains are, for the most part, AC power
sources and it will be realized that the
current through the coil will successively
flow in one direction, drop to zero, flow
in the opposite direction, drop to zero,
repeating indefinitely at the rate of 60
times per second. This means that, un-
less something is done to correct it, the
switch pole will first be attracted and then
be released 120times per second, and the
resultant chattering noise will become
very undesirable.

However, something can and has been
done to overcome this difficulty., A
heavy piece of "D" shaped copper is
attached to the core of commercial AC

FIG. 2. AC relay magnet showing heavy metal
"D" shaped band on one pole end.

electromagnets as shown in Fig. 2.
Now, as the field off the end of the
magnet core starts to collapse, when the
current falls toward zero, the lines of
force induce in this loop of heavy wire a
current which opposes the collapse, That
is, the current is in such a direction as
to produce afield which adds to that which
is collapsing. The result is that the field
off the half pole which is enclosed by the
copper loop does not reach zero as soon
as the field off the unenclosed half. By
the time the lagging field does fall to
zero, the other has begun to build up as
the coil current flows in the opposite di~
rection. What has been accomplished by
this is the creation of some field strength
throughout the entire cycle of the current.
Thus, the switch is held open as long as
voltage is applied. The relay most suita-
ble, then, for our system is one rated for
15V AC so that it may be operated di-
rectly from the power lines.

Fig. 3 shows the power failure alarm at
its present stage of design. It will be
noticed that the buzzer is simply another
relay with its switch contacts wired so
that it will continually interrupt the cur-
rent flow through the coil just as the
switch pole is pulled toward the magnet.
Since no "D" shaped band is fastened to
the magnet pole, the buzzer would make
plenty of noise on AC even without inter-
ruption contacts. However, such contacts
are necessary in our case since we in-
tend to operate if from a DC (battery)
source. As a side experiment, one could
easily make a buzzer from the relayde-
scribed earlier simply by wiring it simi-
larly to the door buzzer in Fig. 3.

This circuit will do the job we originally
set up for it. However, now that we have
these parts we can rightly ask if there
isn't a way in which the unit could be
made more useful. The first thought could
be to add a switch so that the unit could
be armed to give a signal when power is
restored. Obviously, this means that the
switch must disconnect the buzzer from
the battery and connect it so that it re-
ceives power from the power lines when
they become activated once again. Here
we must remember that door buzzers
operate normally on about 6 volts (the
size of the battery in Fig. 3). If we were
to connect the buzzer directly across the
power lines, we could expect about one
"buzz™ followed by a cloud of smoke!

This means thata 6.3 volt filament trans-
former, or its equivalent, must be in-
serted in the circuit between the power
lines and the buzzer. A little thought
should produce a circuit similarto Fig, 4
to incorporate these additions.,

The power failure/restoration alarm is
now a reality, on paper at least, but it

o BATTERY
DOOR

|
]
{ BUZZER
[}
|

e

—jili—

TO POWER
LINE

FIG. 3. Preliminary design 1 of the Alarm.
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FIG. 4. Preliminary design 2 of the Alarm.

still has a serious fault. If one were to
leave it attached to the power mains while
away from home, a power failure of more
than a few minutes would permit the buz-
zer to drain the current capacity of the
battery completely. Therefore, an "Off"
position for switch S would be desirable
so that one could easily disarm the buz-
zer during absence from home. Such

already in the circuit, the easiest addi-
tion is a 6 volt pilot lamp. Including it
in the circuit is not quite as simple, for
the schematic in Fig., 4 shows that the
relay will return to its initial state as
soon as the power is restored. This
means that a pilot light would be on be-
fore and after a power failure and conse-
quently be of no value toward our desired
end.

There is yet apossibility, however. Con-
sider that the relay is not energized un-
til a push button is depressed momen-
tarily. The energized relay then by-
passes the push button through its own
contacts and remains energized afterthe
push button is released, through its "self-
holding " contacts.

Now the alarm is armed initially by a
push button but will not be rearmed after
a power failure. Fig. 5 showsthe changes
required and corresponds to the actual

i

TO POWER
LINE

FAILURE s

OFF
RESTORATION _, J_
=

FIG. 5. Final schematic diagram of the Power Failure Restoration Alarm.

PARTS LIST

PB SPST Push Button, Push to Make

K1 DPDT Relay, 115V AC Coil (Potter and
Brumfield No. KR11A, SUL1A, or 327)

K2 6 Volt Door Buzzer

T Filament Transformer, 6.3 Volt at 1
amp. (Stancor No. P-6134)

I Indicator Lamp, 6.3V

S Toggle Switch, SPDT, Center Off

B Dry Cell Battery, 1.5 - 6 Volts

switches are available from most radio
supply houses as single pole, double
throw (SPDT), center "Off" switches. In
this case it would be desirable to incor-
porate an indicating device, preferably
silent, which would indicate whether or
not power had been off during your ab-
sence. Since a 6.3 volt transformer is

alarm which was finally built and which
is pictured in Fig. 6.

Push button, PB, switch, S, and indicator
light, I, are mounted on the front of the
box. The relay, Ki, and buzzer, K2, are
mounted from the top of the box and the

(Continued on Page 35)
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A DISCUSSION OF BASI

w hen audio enthusiasts get together the
conversation invariably turns to a
discussion of the performance of their
stereo systems, What's the response?
How much power per channel? What are
the distortion ratings?

Notice the conicernfor POWER, DISTOR-
TION and FREQUENCY RESPONSE.
While all components of an audio system
determine to some extentits overall dis-
tortion and frequency response, it is the
power amplifier which is the largest
limiting factor in the whole chain. Power
amplifiers, or basic amplifiers if you
prefer, have for this reason received the
most attention of audiodesign engineers.

In this article we shall investigate brief-
ly the role played by the power amplifier
in reproducing high fidelity sound. We
shall take a close look at the require-
ments, both real and imagined, of power
amplifiers and see how present circuits
meet, or fail to meet, these require-
ments.

WANTED: HERCULES

At first glance it would appear that what
we ask the power amplifier to do would
give even Hercules a rough time of it.
Here are a few of the jobs assigned to
the power amplifier:

1. Raise an electrical signal from a
level of .1 vrms - 1 vrms to a high
enough level to drive aloudspeaker
to full orchestral output (80 - 88db
as measured by a sound level
meter).

2. Maintain uniform output over the

REQUIREMENTS

BY E. B. BEACH

range of frequencies from 20 cps
to 20,000 cps minimum.

3. Introduce no more than 1% total
harmonic distortion.

4, Produce less than 1% intermodu-
lation distortion.

5. Deliver electrical power to a com-
plex load that varies in magnitude
from less than 16 ohms towell over
800 ohms.

If this isn't a job for Hercules, what is?

POWER Let's take alookat the overall

picture of the power amplifier's job

rather than at each requirement sepa-
rately. Since the primary job is that of
producing electrical power, we will be
dealing with power rather than with volt-
age and will use dband power rather than
volts.

It is generally agreed that about 80 dbis
the maximum acoustical level requiredto
reproduce loud orchestra passages. This
level corresponds to about .4 watt of
ACOUSTICAL power, That is, inorderto
reproduce loud orchestra passages the
loudspeaker must deliver .4 watt of sound
power. This doesn't sound like a great
deal of power, but the loudspeaker, in
addition to some other nasty traits, is
grossly inefficient in converting elec-
trical power to sound power,

For example, the efficiency of present
dynamic speaker systems ranges from
29 to 45% with 4% being about "average".
This means that only 4% of the electrical
power fed tothe loudspeaker is converted

to useful sound power, To get the required 13
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FIG. 1. Power output needed to produce .4
acoustical watt.
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minimum of .4 watt of acoustical power,
from the 29 efficient loudspeaker would
thus require 20 watts of electrical power
from the amplifier as shown in Fig, 1.

The signal from the pre-amplifier that
drives the power amplifier is usually in
the vicinity of .1V to 1V. If the input im-
pedance of the power amplifierisaround
half a megohm, the power input is .02
microwatt to 2 microwatts for a .1V to
1V input signal. With the assumed output
conditions noted above, the amplifier
must have a power gain of about 90db to
produce 20 watts from a .02 microwatt
input. Even without considering distor-
tion and bandwidth this is a fairly large
demand to make of a power amplifier.

Today a power output of 20 watts iscon-
sidered by many people tobe inadequate.
WHY it is considered inadequate is any-
one's guess. In the average living room,
using a low efficiency speaker system,
20 watts will produce enough sound to
make even the neighbors uncomfortable,

The argument is put forth in defense of
higher power that with multiple speaker
installations the extra power is needed
to drive the added speakers.Howeverthe
fact remains that a TOTAL acoustical
power of .4 watt is all that is really nec-
essary. This does not mean .4 watt treble
power, .4 watt mid-range power and .4
watt bass power, but .4 watt TOTAL
power. The mid-range and low range
speakers will require the largest amount
of power. The treble requires the least.
Even considering added losses and lowest
efficiency crossovers, not more than 5
or 6 additional watts of electrical power
should be needed.

For stereo, the same line of reasoning
seems to be used by manufacturers and
their customers -- if 20 watts was ade-
quate for monaural high fidelity repro-
duction, then 40 watts is a minimum for
stereo, or 20 watts per channel,

Here again, the TOTAL sound power
needed is only .4 watt for comfortable
listening. Seldom is one channel of a
stereo operated alone, representing full
left or full right. Instead there is sound
reproduction at all times from both chan-
nels, Thus it would seemthat rather than
needing twice the power, we should be
able to get along with half the power
(10 watts for eachchannel)asindicated in
Fig. 2.

DISTORTION

The real problem, however, is not how
much power to produce, but how to ob-
tain this power without introducing dis-
tortion. Large output power calls for
large driving voltages and, in developing
large drive voltages distortion nearly
always is produced.

The two types of distortion of greatest
concern are harmonic distortion and in-
termodulation distortion. Of the two, in-
termodulation distortion is least toler-
ated by listeners. Intermodulation dis-
tortion occurs when two or more frequen-
cies are mixed in a non-linear circuit
producing dissonant beats harmonically
unrelated to any of the original frequen-
cies. Fig. 3 shows intermodulation dis-
tortion produced when mixing 60 cpsand
1000 cps. Tones tend to sound shrill,
brassy and strident. The same effect can
be noticed when two people attempt to
whistle the same tune together. Minor
differences in pitch (frequency) mix in
your ear (which is non-linear acousti-

2\w
4 10w
POWER
AMPLIFIER
ne2%
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TOTAL
]
POWER (O 2w
AMPLIFIER
n=2%

FIG. 2. Stereo acoustical power.
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FIG. 3. Intermodulation distortion.

cally) to produce unpleasant intermodu-
lation products.

Harmonic distortion is of twotypes, even
and odd. Again the ear tends to be much
more tolerant of even harmonic distor-
tion. In fact, listening tests have shown
that as much as 10% even harmonic dis-
tortion will go unnoticed by most listen-
ers while 2% odd harmonic distortion is
not only noticeable but also objectionable.

The same non-linearity of circuit ele-
ments (usually vacuum tubes) that pro-
duces intermodulation distortion also
produces harmonic distortion. Thus, it
would appear reasonable thatto keep dis-
tortion to a minimum we must have good
linearity. Unfortunately, vacuum tube
characteristics are inherently non-
linear and there is little that canbe done
about it. Confining operation to small
regions of the tube curve will give maxi-
mum linearity. However, it would be im-
possible to develop any power with such
operation.

Fortunately there is something that can
be done about distortion produced within
the power amplifier, as discussed in the
next section.

NEGATIVE FEEDBACK

Overall negative feedback can be added
to a well designed amplifier to:

(1) reduce distortion generated within
the power amplifier

(2) broaden the bandwidth

(3) reduce output impedance.

Unfortunately, too many designers rely
on negative feedback as a cure-all for a
poorly designed amplifier. When applied
judiciously, however, to a well designed
stable power amplifier there can be a
significant reduction in distortion, gain

in bandwidth and reduction in output im-
pedance.

REDUCING DISTORTION

Fig. 4 is a block diagram of a power am-
plifier, I is the clean input signal and 0
is the output wave that has considerable
second harmonic distortion indicated by
one peak being flattened and the other
peaked. A part of the output, F, exactly
out of phase with the input, is added to
the input to produce a signal intput I'
which is thus "pre-distorted” sothe am-
plifier distorts I'to produce 0', the de-
sired output waveshape.

In theory, if 20 db feedback is applied,
the distortion produced in the amplifier
will be reduced by a factor of 1/10, For
example, if the amplifier had 5% distor-
tion without feedback, 20 db feedback
would reduce this figure to .5% - a very
reasonable figure.

Everything is not roses, however, 20 db
feedback will also reduce the input sig-
nal, I', by a factor of 1/10. This means
that if we are to obtain 20 watts output
we must increase the input voltage 10
times from .1V to 1V. This throws a
burden on the pre-amplifier since it must
now supply an undistorted signal of 1V
instead of .1V to the power amplifier.
Calling for this large an increase means
the pre-amplifier must be more care-
fully designed.

STABILITY
The greatest problem withnegative feed-
back is insuring that the feedback signal
is truly out of phase with the input signal.

At extremely high and extremely low fre-
quencies the power amplifier exhibits

I 0
AQU_" AMPLIFIER 4%—-
o

AMPLIFIER

0 A

FIG, 4. Amplifier with harmonic distortion /5

(A). Corrected with negative feedback (B).
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phase shift which can make the feedback
reinforce, rather than cancel distortion
at certain frequencies. In this event the
amplifier becomes unstable and may
break into oscillation, as shown in Fig. 5.

PHASE SHIFT

Odb

Pr <
-20db X - A
/ INSTABILITY \

FREQUENCY ——a
—~==-- WITHOUT FEEDBACK
— WITH FEEDBACK

FIG. 5. Effects of feedback.

It is usually necessary to use a frequency
selective feedback circuit that will have
a phase shift that will exactly cancel the
amplifier phase shift. Thisis sometimes
aided by additional phase shifting com-
ponents added within the amplifier for
further stability.

Thus, it would appear thatnegative feed-
back, while not a cure-all, can signifi-
cantly improve a power amplifier if it
is used wisely.

FEEDBACK

é B+2 B+l

AMPLIFIER CIRCUITS

Nearly all vacuum tube amplifiers use
push-pull beam tetrodes in the output
stage. This arrangement has proven to
be the most efficient in producing large
amounts of output power, but is not al-
ways the best when it comes to consider-
ations of distortion. However, most de-
signers prefer push-pull beam tetrodes
and rely on feedback to bring distortion
within bounds,

Push-pull circuits are preferred be-
cause:
1. Even harmonic distortion cancels
2. More power output is possible than
with the same tubes operated in
parallel
3. Low frequency response is im-
proved because of higher available
inductance of output transformer
primary winding.

This is not to say that single-ended cir-
cuits cannot be used in high fidelity am-
plifiers, Indeed, low cost, low power cir-
cuits using single-ended output (such as
CONAR 300) are used that have good per-

FEEDBACK

FEEDBACK

FIG. 6. Ultra linear, (A), Williamson, (B), Pentode, (C), and McIntosh, (D), output stages.
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FIG, 7. Symmetrical, (A), and non-symmetrical, (B}, transistor output stages.

formance. This is possible, however,
only because new tube types have been
developed and core materials are now
available that provide good response
from output transformers.

OUTPUT STAGE

Nearly all power output stages operate
two tubes in push-pull class AB. Tran-
sistor amplifiers use a bridge arrange-
ment that operates class B or extended
class AB. All power amplifiers use some
degree of overall negative feedback for
performance improvement. Starting
from this point let's look at some typical
output stages.

Fig. 6 shows the four most common out-
put stages. 6A is the Ultra Linear or
tapped-screen circuit. 6B is the triode
Williamson configuration. 6C is a
straight pentode circuit and 6D is the
McIntosh unity-coupled circuit.

Nearly all modern amplifiers use the
straight pentode circuit of 6C orthe tap~
ped screen circuit of 6A. The reasonfor
this, especially in stereo, is one of simple
economy, These circuits are by far the
simplest to design and build and can pro-
vide congiderable output power withlittle
input. At the same time, overall negative
feedback is added to provide better per-
formance. Either fixed bias (In high
power circuits) or cathode bias (for low
and medium power circuits) may be used
with either of these circuits.

The Williamson amplifier has by far the
best performance of any of the simple

circuits. However, it has fallen into rela-
tive disfavor since It requires rather
large driving voltages and with present
tube types can supply only relatively low
power output (20W), It is still, however,
one of the best SOUNDING amplifiers.

The McIntosh circuit operates class B
and can supply upwards of 50 watts of
good clean audio power using ordinary
616 tubes. The cross-coupled scCreen
circuits provide a measure of positive
feedback to raise power output while the
bifilar wound split primary winding in
the cathode circuits supplies a large
amount of local negative feedback to
smooth out the response.

Fig., 7 shows two representative tran-
sistor circuits. 7A is the more conserva-
tive single ended push-pull arrangement
while 7B is a rather unusual very high
power output circuit.

Notice that 7A is a symmetrical circuit
that uses a driver transformer but no
output transformer. The driver trans-
former serves two functions. First, it
supplies a small amount of needed gain,
Second, it allows each transistor to be
driven correctly between base and emit-
ter. R1 and R2 are positive temperature
coefficient resistors used as stabilizing
resistors as well as fuses in the event
of an accidental short circuit of the out-
put terminals. Well-regulated supply
voltages must be used, especially when
two amplifiers are powered by one
supply, since the power supplies form
one half of the output bridge circuit.
(Continued on Page 27)
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UHF - Coming On Strong !

THE REBIRTH OF THE UHF SPECTRUM MAY
REVOLUTIONIZE AMERICA'S TV VIEWING HABITS

w ould you like to see better and more
varied TV programming? So would
the Federal Communications Com-
mission. Cognizant of the fact that some
major United States cities have only one
TV channel and many only two, the Feder-
al Communications Commission has
moved decisively to insure that more TV
channels come on the air.

There is virtually no more room for
needed new channels in the VHF spec-
trum. Therefore, the Commission feels
that the answer is UHF. Yet, UHF has
seldom been able to compete success-
fully with VHF, simply because most
people do not have TV sgets capable of
receiving UHF, To solve this problem,
The Federal Government has passed a
law requiring that all TV receivers
manufactured after 1964 be equipped with
UHF tuners.

Enactment of this law has already caused
a tremendous upsurge in UHF, New chan-
nels are rushing onthe air. Because there
is so much more room in UHF, channels
can operate to meet the needs of minority
groups.

Channel 41 in Texas and Channel 34 in
Los Angeles are excellent examples of
ethnic programming. They fill the needs
of the Spanish-speaking populations of
these areas, showing bull-fights, Spanish
dances, musicals and even soap operas.

Channel 14 in Washington, D. C, caters
exclusively to the Negro population, fea-
turing top Negro stars. A group of Texans
is attempting to establish a network of
UHF channels serving businessmen with
daytime stock reports and other business
information. Channel 31in New York City
meets a variety of minority~groupneeds,
from doctor and firemen training, to

BY LON CANTOR

programs directed toward rehabilitation
of the handicapped, to complete UN
coverage.

UHF is also ideal for educational and
religious purposes. The giant MPATI
(Midwest Program on Airborne Tele-
vizion Instruction) program covers six
states over UHF Channels 72 and 76. And
there are already ground-based UHF

1/2 WAVE -
LENGTH I

TO CONVERTER
OR TV SET

FIG. 1. Indoor UHF antenna made of 300 ohm
twinlead. Half wavelength at center of UHF
spectrum is about 8-1/2 inches long.

ETYV channels in 17 of the 50 states. Re-
ligious UHF channels are operating in
Michigan and Virginia, with a channel in
Massachusetts soon to come on the air,

HOW DO UHF AND VHF DIFFER?

VHF includes channels 2 through 13,
covering frequencies from 54 mega-
cycles to 216 megacycles. There are 70
UHF channels, 14 through 53, covering
470 megacycles through 890 megacycles.
Each channel occupies a 6 me band, The
70 UHF channels run consecutively, with
no gaps or guard bands in between.

Since the lowest UHF channel is tele-
cast at more than twice the frequency of
the highest VHF channel, there are
marked differences in propagation prob-
lems. Because higher frequencies refuse
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to follow the curvature of the earth, UHF
is more limited to line of sight distances
than VHF. Also, UHF signals tend to be
more eagily absorbed by hills, buildings
and other obstacles. Yet in New York
City, probably the worst possible area
for UHF, the FCC found that UHF recep-
tion was not significantly inferior to VHF.

Outdoors, the median signal measuredat
Channel 31 was 98 dbu (0 dbu is equal to
1000 microvolts of signal across 75
ohms)., The median signal measured at
Channel 2 was only 91 dbu. Indoors, how-
ever, the Channel 31 signal was reduced
to 71 dbu compared with 73 dbu at Chan-
nel 2. This is because "building losses™
are higher at UHF, pointing out the need
for more outdcor antennas.

UHF has been found to have several
marked superiorities over VHF. The
most important is that it is farless sus-
ceptible to man-made noises, such as
electric razors, motors, etc. Most of
these devices generate frequencies that
fall into the VHF band, but leave the UHF
spectrum clear.

HOW TO RECEIVE UHF

Within about 30 miles of the transmitter,
UHF acts pretty much like VHF. For
areas less than 15 miles out, an ordinary
VHF rabbit ear generally does the job.
Slightly farther away, a special indoor
UHF antenna may be required. What's
the difference between a UHF and a VHF
antenna? Primarily, size. Because UHF
frequencies are higher, wave lengths are
shorter, therefore UHF antennas can be
considerably smaller.

A number of indoor UHF antennas have
recently appeared on the market, butit's
a simple matter to make your own.

/4 WAVE /74 WAVE-
LENGTH LENGTH

TO CONVERTER
OR TV SET

FIG. 2. Indoor UHF antenna made of No. 14
wire.

FROM
ANTENNA

UHF

150 OHM TERMINAL

RESISTOR

VHF
TERMINAL

150 OHM
RESISTOR

FIG. 3. Two 150 ohm resistors used to split
UHF/VHF signals.

Just remember that the wavelength of the
center of the UHF band is 17.4 inches
long. ()\ = 3 x 10%/.0254 frequency =
3 x 10%/.0254 X 650 mc = 17.4 inches)

With this in mind, it's easy enough to
make the halfwave and quarter-wave sec-
tions shown in Figs.1and2 respectively.

Performance of these homemade UHF
antennas, or any of the commercial units,
is roughly equal to that of VHF rabbit
ears, But antenna orientation is even
more important. Youmay find that recep-
tion is completely unacceptable with the
antenna on top of the TV set, yet get ex-
cellent pictures by moving the antenna to
another corner of the room. Careful
"probing" of the room by moving the an-
tenna about and watching the effect on the
picture will often produce pictures far
superior to those obtainable over VHF
channels using a rabbit ear.

Since "building losses"at UHF are higher
than at VHF however, more outdoor an-
tennas will be required. Generally speak-
ing, an outdoor antenna is recommended
for any installation more than 20 miles
out.

However, your present outdoor VHF an-
tenna will often do a good job for UHF,
too. Try it before youinvest in a separate
UHF antenna. If it works, though, you'll
have to find some way of splitting the sig-
nal, There are two ways of doing this:

1. Use two 150 ohm resistors as shown
in Fig. 3. The disadvantage of this
method is that the resistors atten-
uate the signal and there is no fre-
quency discrimination. Therefore,
this is not recommended in weak sig-
nal areas. iq
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FIG, 4. A mast-mounted pre-amplifier,

2, Use a commercial UHF-VHF split-
ter as shown in Fig. 4. Units of this
type are frequency selective, they
send only VHF signals to one out-
put, and only UHF signals to the other
output. Signal loss is less than one
decibel.

Farther away from the UHF station, a
separate UHF outdoor antenna will be
required. A UHF Double V is the least
expensive type (about $4 to $6). Bow-tie
antennas with reflectors (about $6 to $8)
do a very good job and canbe stacked for
more gain. UHF yagis are alsoavailable
(about $15 to $20). For verydifficult UHF
reception areas, a mast-mounted UHF
preamplifier such as that shown in Fig. 4.
may be required. These units are rather
expensive, but they make all the differ-
ence between good pictures and none at
all,

UHF CONVERSION
Of the approximately 55 million TV sets

= x

|

29 FIG. 5. Typical set mounted UHF converter.

in use today, only about 10% are equip-
ped to receive UHF. People who buynew
sets will have no problem, but what about
all the other sets? A VHF only setcan be
converted to receive UHF signals in
either of two ways, In some sets, a UHF
strip can be inserted in place of an un-
used VHF channel strip. Generally, this
must be done by an experienced techni-
cian. Another disadvantage is that this
method only equips the set to watch one
UHF channel.

A UHF converter, however, such as that
shown in Fig. 5, can adapt any TV set
to receive all UHF Channels. It simply
uses a tunable oscillator to convert the
incoming UHF signal to VHF Channel 5
or 6.

TIPS ON INSTALLATION
The biggestdifference between a VHF and
UHF installation is the lead-in wire. The
higher the frequency, the greater the loss

VHF UHF
ANTENNA  ANTENNA

FIG. 6. Two frequency selective couplers used
to utilize single: downlead.

caused by lead-in wire. At UHF frequen-
cies, this can be a severe problem.
Therefore, it is important to use a good
lead-in wire and to run it carefully.

Don't use ordinary 300 ohm flat twin lead
outdoors for UHF. It works all right when
dry, but signal attenuation can increase
by up to 6 times when twinlead is wet or
dirty.

Hollow tubular twin lead has been used
extensively for UHF installation, but if
it becomes filled with water, losses can
be very high. If you use hollow tubular
twin lead be sure to runit sothat no ends
opening into the hollow center face up-
ward. Also, punchlittle weepholes where

(Continued on Page 26)
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Homemade Connectors for Improved

BREADBOARDIN

By Elliot McCready

B ack in the old days, when vacuum tubes

and other moderately high-voltage de~
vices were the stock-in-trade of the ex-
perimenter, some sort of chassis or
breadboard was a necessity. You just
didn't haywire transformers, chokes,
filter condensers and tube sockets to-
gether. Not if you had any respect for
your components and fingers, youdidn't.
As transistors and other semiconductor

v 4 P ey
Z oy - w F, x
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FIG. 1. The completed breadboard.

devices became available I, for one, al-
most forgot about the breadboard, atleast
for the simpler circuits. Complex cir-
cuitry was built up on those handy little
punched phenolic boards that are almost
universally available.

The pointatwhicha simple circuit ceases
tobe simple is rather vague, however, as
I discovered recently when I burnt up an
expensive tunnel diode - or rather, grav-
ity burnt up this tunnel diode. A precar-
iously~balanced test clip fell and the re-
sulting short circuit pumped several am-
peres through the diode, effectively con-
verting it to a resistor.

This little tragedy emphasized a basic
law of electronics: Any loose wires which
can float around and short against other
wires will, eventually, do just that.

Now, there are three ways to go about
bullding up an experimental circuit:
First, you canhaywire the thing together,

FIG. 2. Aluminum socket and potentiometer
brackets.

using test leads and bits of scrap wire. I
have determined to avoid this method in
the future. Second, you can securely
mount and solder all components to a
circuit board. This method isn't toofea-
sible because of the time and labor in-
volved in mounting, soldering, and espe-
clally unsoldering the parts. Heat damage
and lead breakage are also major prob-
lems with this method. Third, you can
breadboard the circuit. The breadboard-
ing method seemed to me to be the ideal
solution, and Iremembered seeing a good
example not too long ago. It was part of
a kit furnished with an extension course
put out by Publications and Non~Resident

FIG. 3. Underside of breadboard, showing )

rubber feet and wiring.
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FIG. 4. Construction of the hairpin loop con-
nector.

Instruction Division of the Federal Avia-
tion Agency Training Center at Oklahoma
City, Oklahoma,*

This breadboard consisted of a masonite
pegboard base upon which all sorts of
components were mounted. Connections
were made by means of various-length
leads terminated in small hairpin loops
of wire which snapped securely over
plated terminals mounted at the edge of
the pegboard base. Resistors, capacitors
and diodes, also terminated in these hair-
pin loops, were furnished, and any number
of circuits could be wired almost asfast
as one could read the schematic. Bestof
all, disassembly was accomplished in a
matter of seconds, for all leads could be
removed from the terminals with a slight
tug.

The School advised me that, while they
had developed the kit, the wire loops and
terminals were supplied by a company
which did not sell to individuals. How-
ever, they were kind enough to send me
some samples which I found could be

N

N
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FIG. 5. Varlous types of connectors, bottom
connector with spaghetti stripped back.

*The FAA School provides free extension
study courses to manygovernmentagen-
cies. If you are a civil service employee,

A-100k into it!

easily duplicated with tinned hookup wire
and ordinary plated bolts.

Construction

The basic breadboard consists of a 12-
inch square piece of 1/8 inch masonite
pegboard (Fig. 1) upon which all major
components are mounted. The type of
work you are interested in will determine
the components to be mounted. My bread-
board incorporates several transistor
sockets and potentiometers mounted on
home-made aluminum brackets (Fig. 2),
as well as interstage transformers, bat-
teries, a loop antenna and variable capa-

/
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FIG. 6. Capacitors and resistor terminated
with leads and loops.

citor. If you are interested in industrial
work you will probably want a relay or
two.

Four rubber feet mounted ateachcorner
of the underside of the pegboard provide
clearance for the under-chassis wiring
(Fig. 3). The terminals towhichall com-
ponent leads are wired are 3/4 inch 6-32
plated bolts. Mount terminals around the
edge of the board and leave a few of them
disconnected to serve as tie points. If
possible, terminate all components to
terminals near the edge of the board, as
connections are much more easily made
from the outside. A rough schematic of
the component, painted between the ap-
propriate terminals (Fig. 1), makes iden-
tification of the terminals easy.

Next, make up the connector loops from
number 16 tinned copper hookup wire.
Straighten a length of wire by stretching
it slightly and cut it into 1-3/8 inch
lengths. Now bend each length of wire into

(Continued on Page 34)
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THAR'S GOLD IN THE ATTIC!

ATTIC ANTENNA INSTALLATIONS

he TV serviceman could write a small

book listing the various cliches and
stock comments continually heard while
dealing with his customers over the past
fifteen years. Fantastically enough, many
of these sayings are repeated almost
word for word, although originating from
many different and isolated sources.
Probably heading the list would be the
classic statement invariably heard be-
fore the technician could get within two
feet of the ailing set: "It mustbe a tube".

Another gem, frequently expressed dur-
ing the early years of television, was the
customer's prediction: "The old time
radios used to need outside aerials and
now they're in the sets. It won't be long
before televisions have 'em in their cabi-
nets too". No doubt, this was wishful
thinking on the customer's part because
of the expense and inconvenience involved
with outside antenna installations. Ad~
mittedly, there are in operation today
many favorably situated sets performing
with maximum quality on their factory
installed cabinet antennas (for example:
the simple wire dipoles, metallic bow-
ties and others strung within the wooden
cabinets or across their backboards).
The modern portable TV, too, performs
quite well with its single telescopic whip
or rabbit ears mounted on top, but a
noticeable improvement in overall oper-
ation usually results when a higher gain

By Walter S. Andarlese

antenna is substituted. It is fairly safe
to assume, and increasedactivity in UHF
will insure the assumption, that the re~
motely installed higher gain antenna will
be with us for quite some time to come.

When considering the variety of different
antenna setups currently available, their
individual merits and their weaknesses,
much can be said for the use of attic an-
tennas. In many ways, the attic installed
antenna is the next best thing to a cabinet
contained antenna (disregarding for the
moment, reception quality). Once in-
stalled, it is completely hidden and will
last almost indefinitely. Add to this its
low initial (and often final) cost. Only the
antenna lead anchoring the TV set toa
fixed location reminds the owner that his
set lacks a built-in antenna. With the
heavy console or table model, even this
limitation is quickly forgotten.

The benefits of attic antenna installation
are manifold, for both the customer and
the installer. For the customer, the re-
placement of his weather-beaten outside
type is a periodicnuisance. Also, the roof
top antenna is no longer a status symbol.
Many homeowners feel the outside in-
stallation is a lightning and wind hazard.
Some housewives consider the indoor
"rabbit ears" antenna unsightly for their
living rooms and most viewers are con-
stantly annoyed with the "touchiness" of
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these and other set top antennas, espe-
cially in medium and low signal strength
areas.

For the installer, if he is an all-around
technician, attic installations might
represent a flexible "filler " to his normal
work load of outside installations, serv-
ice calls and shop work. Adverse weather
and darkness arenobarriers, Scheduling
for attic installation jobs, unlike chassis
servicing, can be safely put off until a
time convenient to the installer. The
dangers of falling from great heights or
accidental contact with nearby power
lines which are so inherent in outside in~
stallations are also eliminated. Money-
wise, many likely customers, possibly
unaware of the desirability of having an-
tennas put under the roof, remain a po-
tential source of extra profitable busi-
ness,

In theory, an antenna designed for out~
side installation would operate somewhat
less efficiently beneath a roof due to its
restricted height and the unavoidable
proximity of interference radiating house
wiring and other objects, However, many
innovations and improvements intro-
duced since the beginning of television
have almost completely nullified the ef-
fects of these disadvantages, even in
moderate fringe areas. Increasedtrans-
mitting power and tower heights have long
since been made. Strides made in high
gain antenna design and increased tuner
sensitivity have been tremendous.

One major obstacle will prevent success-
ful attic antenna installations in some
homes. This would be the incompatible
construction of the dwelling. For a suc-
cessful home installation, two require-
ments must be satisfied. First of all, a
location must exist for placement of the
antenna, Obviously, this would be the
attic, the vacant eaves area next to an
attic bedroom, or if no attic exists, pos-
sibly the ceiling of an unused room or
even the basement ceiling in strong sig-
nal areas. Secondly, a feasible method
must be available for connecting the re-
motely situated antenna and the television
receiver in its selected location. The
most desirable method here would be to
keep the twin lead entirely hidden within
the walls for its travel to the TV set.
The next best method would be the ex-

31~ posed placement of the twin lead outside

the walls and/or along the baseboards.
In this case, a very neat and highly un~
noticeable job could be done using the
CLEAR type 300 ohm line. Actually, a
combination of hidden and exposed wiring
might work out well. A least desirable
method would be to bring the twin lead
out through a vent in the attic and run it
down the outside of the house, using con-
ventional standoff insulators, toawallor
window feed-thru located near the TV set
inside. Doing this would partially defeat
the advantages of having an inside antenna
as deterioration of the lead would neces-
sitate its replacement from time totime.

Using the two previously mentioned re-
quirements as a guide, a prospective attic
antenna job could be classified in one of
the following three ways:

1. Impossible

(no attic space or possible an-
tenna location of any kind avail-
able, a house built of reinforced
concrete, or any factor that
would render a proposed in-
stallation futile).

2, Time consuming but profitable,
3. Fast and highly profitable.

As an example of how a few basic ideas
and techniques can be coupled with
modern home construction to yield re-
sults in the third category above, the
following procedure will be described in
detail, It depicts a working and highly
profitable method of antenna installation
procedure that is currently being utilized
by the author. Although it does notcover
every possible aspect in the realm of
various high profit techniques in use to-
day, its specific hints and ideas should
prove helpful in many different situa-
tions.

Houses such as the ranchtype, Cape Cod,
and others of similar construction are
unique in that they usually have an un-
improved attic above, and a basement or
crawl-space below the main living area.
This type of design readily permits the
easy placement of the TV antenna in the
unoccupled attic and the quick hidden
placement of the 300 ohm twin lead going
to the TV set, No time consuming
"fishing " of the twin lead inside the walls
between attic and basement is usually
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FIG. 1. A, Bringing the lead down to the TV set. B, Top view of closet.

necessary. The trick of getting the lead
secretly from the attic to the television
set down below is due to the advantageous
construction of the CLOTHES CLOSETS
in these homes. The diagrams, Fig. 1,
show how a tiny rectangular hole (made
by drilling two adjacent 1/4" holes) in
the closet ceiling and another in the closet
floor will permit easy travel forthe twin
lead as it leaves the attic. The wire hides
BEHIND the narrow FORWARD WALL of
the closet, enters the basement and fol~
lows along or across the basement ceiling
joists to an area just beneath the TV set
(the set can be located in practically any
desired room in the house). A third hole
in the floor behind the set permits final
connection to the set above,

Certain split-level homes and virtually
any other type having the attic-closet-
basement arrangement described are
equally adaptable to this rapid mode of
installation,

Cape Cod dwellings will often have their
attics "finished-off" with an extra bed-
room, Usually, ample space remains
under the otherwise unusable side eaves
for easy antenna placement.

In some localities, the aforementioned
homes are built on concrete slabs (with
the elimination of the basement or crawl-
space). Also, some that have basements
might have their ceilings covered over,
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This is a minor problem if the set is to
be located in a room with an attic topped
closet. A small exposed hole in the base-
board just outside the closet will will
permit entry for the lead and its neatly
tacked placement along the baseboard to
a point immediately behind the TV set,
As previously mentioned, clear twin lead
can be used here to reduce its conspicu-
ousness,

Two story homes with an attic above, can
also employ the above technique on the
second floor,

As for the antenna itself, many of the
(flat lying) outdoor types do an equally
fine job in the attic. The conventional
"double-vee" is flat, offers good gain,
and can be purchased in quantity for under
$2.00 apiece. The more expensive but
higher gain types can be profitably em-~
ployed in weak signal or fringe areas if
necessary. The three dimensional an-
tenna designs, such as the conical, donot
lie flat., They can also be used if mounted
on a pole (a sawed-off broomstick, for
example) suspended from the rafters.

The pricing of the job centers mainly
around the cost of the antenna itself, Un~
like the outside roofinstallation,the only
other components required are 40 feet or
less of 300 ohm twin lead (which would
not run over a dollar) and a few pennies
worth of insulated tacks

for lead A%



dressing. One fixed price could safely
be advertised. A typical careful installa-
tion could be performed by one maninan
hour and a half or in less than half that
time by two men. Using the "double-vee "
as suggested above could result in a
profit of $12.00 (before labor costs) when
a standard charge of only $15.00 is
quoted.

Perhaps the actual procurement of in-
stallation jobs is the most difficult phase
of the whole operation. It will be found
that most jobs can be secured by the tech-
nician on his routine home TV service
calls. If he keeps a watchful eye on his
visits for a likely customer, a friendly
and informal sales message can result
in numerous job orders. As many set
owners are not aware of the benefits of
owning attic antennas, other forms of
advertising might bring in little re-
sponse. A housing development having a
preponderance of ramblers, Cape Cods,,
or splits however, offers many possi-
bilities.

The only tools required (in addition to
those found in the standard TV repair
kit) are the following:

- 1/4" electric drill (with drill assort-
ment.

- 12 foot extension cord
- 110V extension or "trouble" light

FIG. 2. The assembled antenna need only be
oriented.

- carpenter's hammer

- (on occasion) 6 foot step ladder (the
customer usually has one) for ceiling
attic entrances

One last but important bit of advice. When
gingerly stepping about in the customer'’s
attic, the installer must make doubly sure
that he steps squarely, each time, on a
ceiling joist. A worthwhile accessory tool
for the installer (for kneeling or sitting
while assembling, connecting up, ori-
entating the antenna) would be a 35 inch
length of 1" X 12 "board (see Fig. 2). This
board would be so placed as to straddle
the joists. Failure of the Installer toplace
all of his weight on this board and/or the
joists might wipe out the profits of more
than one job. BE CAREFUL not to put
your foot through the customer's ceiling
as it won't hold your weight. 8-

UHF (Cont. from P. 20)

the cable bends and at its lowest point
to allow any water that does get in to
escape.

The best type of wire for UHF, however,
is the new heavy duty polyfoam type, such
as Belden 8325, Amphenol 214-105, or
RCA 933014,

You can run UHF lead-in much as you
would VHF lead-in, but there are lot of
important don'ts:

DON'T tape the lead-in wire tothe mast.
Use insulated standoffs.

DON'T crimp the standoff around the
lead-in.

Use the type of standoff that doesnoten-
circle the lead with metal.

DON'T run cable parallel to or close to

Ak any metal,

DON'T splice the cable.

DON'T make the cable any longer than
necessary.

DON'T leave a coil of cable behind the TV,

If you are using two separate outdoor an-
tennas, one for UHF and one for VHF, you
may still prefer to use a single lead-in
cable. This can be done with two of the
UHF to VHF couplers as shown in Fig. 6.
One coupler combines the UHF and VHF
signals into a single line, and the other
gplits the signals to separate the lines
again,

A UHF installation is different from, but
not necessarily more difficult than, a
VHF installation. And in time, UHF will
definitely increase the variety and per-
haps even the quality of our TV fare:;®-
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AF AMPLIFIERS (Cont. from P. 17)
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Fig. 7B is an unusual arrangement and
is very non-symmetrical. Notice that
only the lower transistor receives an
input signal from the driver stage. The
diode D conducts when Q1isdrivennega-
tive and Q2 is cutoff because of the emit-
ter voltage developed across RL. When
the input swings positive, Q1 is cutoff and
D stops conducting, Q2 becomes forward
biased by R and passes current through
RL. With this arrangement none of the
positive input waveshape controls the
current of Q2 through RL which causes
considerable distortion since Q2 is
merely turned on and off. However, by
using negative feedback in the amount of
70 db this extreme distortion is brought
somewhat within reason.

While it would seem at first glance that
transistors would be ideally suited for
the low impedance, high pcwer output

FIG. 8. Phase inverters. Dual triode, split
load (A);pentode~triode splitload (B); cathode
coupled (C).

stage, in truth they find more application
in the low level pre-amplifier stages.
This is mainly because of the delicacy
required in handling power circuits to
guard against damaging transients, sus-
tained high frequency input and short cir-
cuit output conditions.,

DRIVERS

The remainder of power amplifier cir-
cultry is taken up with driver circuits
and power supplies. The latter are inall
ways conventional and straight forward
except when high power class AB ampli-
fiers are used that demand electronic
regulation of both the high voltage and
bias supplies.

Vacuum tube drivers most commonly
used are shown in Fig, 8. 8A shows a

triode amplifier directly coupled to a ~2. 7
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split-load phase inverter. This circuit
is popular where only moderate push-
pull output voltages are needed. The cir-
cuit of 8B is used where additional gain
is required.

Another popular arrangementis the cath~
ode~-coupled phase inverter of 8C. This
phase inverter is not self-balancing as
are the circuits of 8A and 8B and may
require additional amplification to drive
large power tubes to full output.

While there are many other driver and
power output circuits, these cited above
account for the majority of the presently
used circuits. Table Igives a comparison

SINEWAVE %TOTAL % INTER—
CIRcuIT | TPOWER | HARMONIC | MODULATION ’;g‘;%i’é‘é'
OUTPUT DISTORTION | DISTORTION
20-20KC
6A 25w 0.9 082 207204
10-20KC
6B 14w 0045 0.35 £ 20B
6C 30w 1.4 30 20-20KC
+1.508
20-30KC
60 50W 03 06 A
20-20KC
TA 20w 1.0 2.0 + |ODB
15-45KC
7B 80w N/A N/A + DB
TABLE 1, Performance of typical power

amplifiers.

of the several amplifiers discussgd
above. -5~

MAG AMPS (Cont. from P. 9)
junction to be bothered by temperature
changes, they are affected very little by
heat. An overload can be carried as
easily as an equivalent transformer
would handle it.

The mag amp has greater efficiency with
equivalent gain than vacuum tube cir-
cuits. Also, there is definite isolation be-
tween the input and output circuits, very
little possibility of interaction between
input and output exists.

The device can be hermetically sealed
and can become an integral part of the
equipment; this adds to the ruggedness
of the mag amp. Also, for most appli-
cations, they are relatively small for
the power they can handle.

These are a few of the things in favor of
the mag amp, now let's look at the bad
features.

The mag amp will always be limited by
time constant as compared to the tube or
transistor. It will always shoulder the
muscle jobs while the other two do the
fast work., We can say that the device is
frequency limited, due to core and wind-
ing effects as suffered inalltransformer
devices.

The size of the unit as compared to the
transistor 1is large and the cost is
greater, but If one sacrifices cost for
durability, the mag amp will still out-
shine the vacuum tube in many appli-

8 catlons.

SUMMING UP

You won't find the mag amp in a tele~
vision set or a hi fi, but you can expect
to bump into the fellow if you have any
dealings in the radar or control fields.
You can find a close relative in the newer
sweep generators using an Increductor
in the sweep circuit. When you go to a
movie and the lights dim slowly, that's
a saturable reactor doing the job.

The magnetic amplifier definitely has its
place in the family of control valve de-
vices. Although you maynever use one or
have the opportunity to work with one,
it's nice to know that they do exist and
are working for us every day in this in-
creasing age of automation. -m-

\ .
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C@NAR 5" WIDE BAND PROFESSIONAL

OSCILLOSCOPE. . . High Sensitivity !

Brightest trace in a low cost 'scope !

The Conar Model 250 scope provides vertical
sensitivity of .023 VRMS; Horizontal sensitivity
of 1.0 VRMS. Compare the Conar 250 specifi-
cations with other popular priced scopes . . .
yow'll find Conar way out in front. Features
include built-in fly-back transformer tester,
dynamic checking of vibrators and measuring
ripple output of power supplies. Kit Price Only
$89.50; assembled, $139.50. Order blank below.

Low cost, CONAR
RESISTOR-CAPACITOR TESTER

Fast, accurate test of capacitors and resistors—in
and out of circuits. Has DC working voltage
break-down test feature usually found only in
much more costly instruments. Check capacitor
leakage, measure power factor and life. Shows
exact value of resistors, opens and shorts. Model
311UK Kit: $21.95; Model 311 WT, assembled:
$29.95. An NRI developed and guaranteed

instrument.
T T T T T T T T T L L T T LT T T T T T T T T T T T Tt along this line
ORDER @@NAR instrument division of NRI
BLANK 3939 Wisconsin Avenue, Washington 16, D. C.

Please Print

name NRi Student No.

address [0 CASH {Check or M.O.} _

city zone state O C.0.Db 20% deposit required
QUANTITY 'MODEL NAME OF ITEM PRICE EACH TOTAL

All shipments sent express collect for safest delivery. Write for
credit terms and.information. 3% sales tax for D. C. residents only. TOTAL &
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DETROIT CHAPTER considered it an
evening well spent to repair the ampli-
fler system for St. Andrews Hall where
it= meetings are held. Just prior to this,
many of the members attended a demon-
stration of FM stereo and color TV ser-
vicing given by the Hickok Test Instru-
ment Company and the Radio-Specialties
Ccompany, a local electronic supplier.

Earl Oliver brought in a new type minia-
ture Sincore oscilloscope and John
Karpolski an old Raytheorntelevision set
that was giving him trouble in the hori-
zontal oscillator circuits, Between wave-
form readings and voltage readings with
the new scope, Oliver and Karpolskidis-
covered and repaired the trouble in about
an hour. The Chapter has had several
such demonstrations recently and the
members thoroughly enjoy them.

On the next meeting night, instead of
holding the regular meeting, members
toured the transmitter of Radio Station
WJR at Riverview (with studios in De-
treit), This is a 50,000-watt clear chan-
nel AM station. The tour was conducted
by Mr. Robert Steiger, Engineer onduty,
who pointed out many of the things it
takes to operate a transmitter of this
tyre. Chapter members are indebted to
Mr. Steiger for such a fascinating and
enlightening tour, also to Mr. Ross Cal-
loway, Director of Public Relations, and
Mr. Andrew Friedenthal, Chief En-
gineer,

FLINT (SAGINAW VALLEY) CHAPTER
at one meeting concentrated on FM stereo
and multiplex. Chairman Andy Jobbagy
Introduced three different FM stereo sets
with built-in muitiplex units and com-
pared them with other sets. Henry Hub-
bard then Introduced his Sweet Sixteen
speaker which he built himself and com-
pared it with other types of speakers.

The subsequent meeting was devoted en-
tirely to trouble shooting. There were

MNI NEWS

President

Vice President
......Yice President
....Yice President
Vice President
.. .Bxecutive Sect.

John Berka
loward Tate
James Kellev.... . ..
Eugene DeCaussin.
David Spitzer. L
Theodore E. Rose.

two sets, a Muntz television receiverand .
an RCA table radio, which were really
puzzlers. These kept the mambers busy
the whole evening.

The Chapter members were guests gt the
Philco Technirama 63 program: at Sagi-
naw, Philco demonstrated the newest
color circuit, also multiplex FM align-
ment and the latest trouble shooting and
repair techniques for printed circuit
panels. Quick solution to perplexing
Philco service problems were also
demonstrated. George Martin won the
first door prize, a 3-inch Philen oscillc-
scope.

Following are the new officers for thke
current year: Andrew Jobbegw, Chair-
man; Clyde Morrissette, Vice Chairman;
Henry Hubbard, Secretary; James
Windom, Treasurer; Willlam Jones, Ex-
ecutive Committee on Opportunity, also
Information Director; Art Clapp, Sgt. at
Arms and Communications Dilrector;
Robert Poli, George Martin, Gilbert Har—
ris, Educational Committee; Donsld Dar-
bee, Publicity Director; and Paul Crip-
pen, Program Director.

The Chapter is pleased to report taree
new members: Donaid Darbee of Caro,
Robert Newell and Kenneth Melbourn
from Port Huron. Congratulations,
gentlemen]

HAGERSTOWN (CUMBERLANL* VAL-
LEY) CHAPTER Program Chairman
George Fulks gave a demonstration of
aligning a TV receiver with a scope and
signal generator and marker generator.
This demonstration was so extensive and
was of such Interest that George had to
carry it over iInto the next meeting.

The officers elected to serve tha chap-
ter for 1963 are: Francis Lyons, Chair-
man; Harry Straub, Vice Chairman;
Harold Rosenberger, Secretary; Howard
Sheeler, Corresponding Secretary and
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Treasurer; and George Fulks, Program
Chairman. Our best wishes to these of-
ficers!

LOS ANGELES CHAPTER last winter
planned for this summer to use some
slides which Chairman Gene DeCaussin
prepared to project on to a screen --
showing the various stages of TV cir-
cuitry -- for use along with discussions
of defects and remedies at meetings.
The slides were completed soon there-
after and are now being used to goodad-

vantage.

The Chapter recently accepted Joe
Whalen and Charles Hall as members.
Congratulations to you, gentlemen.

MINNEAPOLIS-ST. PAUL (TWIN CITY)
Chapter members were questioned early
in the season by John Berka, National
President of the NRIAA for 1963, as to
what they are interested in and what they
have been doing in the past year inradio
and television. As a result of this ques-
tioning the Chapter leaders are in a
better position to plan talks, demon-
strations and other programs for the
next season beginning in the fall.

The newly elected officers for the year
are Paul Donatell, Chairman; Walt
Berbee, Vice-Chairman; John Babcock,
Secretary; George Dixon, Treasurer; and
Melvin Menk, Sergeant at Arms. The new
officers were inducted into office by Ted
Rose, Executive Secretary of the NRIAA,
on the occasion of his annual visit to the
Chapter together with Mr. J. B. Straughn,
NRI Chief of Consultation Service. A few
of the Chapter members entertained the
two visitors with dinner at the Lexington
Restaurant.

NEW ORLEANS CHAPTER continues to
feature its TV "Clinic" at its meetings.
The clinic consists of demonstrating
television receivers' 1{lls, diagnosing
them and finding short cuts to repairing
them.

The Chapter has been pleased recently
to welcome four new members. They are
Frank Ryder, Harold Willlams, and
Henry Carter, all of the New Orleans
area, and Howard Ragland, of Raceland.
National Headquarters bids youwelcome
to the Chapter, gentlemen!

The Chapter would like to take this op-

portunity to mention that students and
graduates from other towns and cities
near New Orleans will be welcomed at
the meetings, as in the case of Howard

Ragland.

NEW YORK CITY CHAPTER'S Joseph
Orsini and Alvah Bonham brought in two
defunct TV sets for analysis and repair.
The sets were examined and restored to
order under the direction of Chairman
Spitzer, assisted by Jim Eaddy, Aracelio
Nieves, and Joseph Orsini. The program
resulted in some very instructive ses-
sions in diagnosing TV troubles as they
appear on the screen of the Chapter's
rigged set. This gives an excellent op-
portunity for discussion by all members
regarding the symptoms likely to be
shown on the screen for a givenailment,
and the best method for pinpointing.the
problem.

Through Albert Bimstein the Chapter
purchased a Mercury Tube Testing Adap-
ter totestall the latest tubes on the Chap-
ter's old tester, which has also beenup-
dated with a new chart.

Three new members have been admitted:
wilfred Grant, Arieh Soherman, and
Christian Wyntuin. Welceme to the Chap-
ter, gentlemen.

A number of discussions have been held
on such matters as how 1o establish one-
self with jobbers as a professional, and
the pros and cons cf a licensing law for
radio-TV technicians.

Jim Eaddy has added something more tc
the list of things that make him invaluable
to the Chapter by starting a series of
talks on the use of the oscilloscope as a
measuring instrument, signal tracer ancé
troubleshooter. He is being assisted in
this project by Secretary Joe Bradley.

PHILADELPHIA-CAMDEN CHAPTER
members were again guasts of the Gen-
eral Electric Company at what GE label-
led "An Evening Of Electronic Service
Training.” This evening was arranged
exclusively for merbers of the Chapter.
GE's George Reid, District Manager;
Products Service, and George Walker,
Specialist, Products Service, conducted
the meeting at the GE auditorium. The
guests recelved the very latestinforma-

tion on circuitrydesignand troubleshoot:”
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ing procedures on GE television, color
television, and hi-fi sets. Door prizes
and literature were furnished the mem-
bers as well as atasty buffet supper. This
was only one of several such evenings
that GE has held for the Chapter. The
members are always very enthusiastic
about them and attendance at these eve-
nings are understandably high.

As we go to press, Bill Heath of Westing-
house was scheduled as a guest speaker
at a forthcoming meeting, He is also
highly favored by the members andis, in
fact, an honorary member of the Chapter.

Unusual as it may seem, the Chapter re~
ports only one new member at thistime.
He is Edwin Gifford of Bridgeton, N, J.
Glad to number you among the member-
ship, Ed!

PITTSBURGH CHAPTER at one meeting
featured a question-and-answer session
conducted by Chairman Tom Schnader.
Discussions of this kind, in which so many
of the members take part, are always
fruitful.

At the next meeting Howard Tate and Bill
Lundy gave an excellent demonstration
on how to use an oscilloscope. Many of
the members at the meeting remarked
that they saw things done with a scope
that they had never before thought could
be done.

The newest member to join the Chapter
is Harry Stewart. Welcome, Harry!

SAN ANTONIO ALAMO CHAPTER ad-
mitted two new members to its ranks.
They are Adolph Herrera and Anastacio
Lerma. Our congratulations to you,
gentlemen!

Chapter member John Noll delivered a
talk on tuner repair and Jess DeLlao on
horizontal section servicing.

When a special speaker is not scheduled
for a meeting, the Chapter usually holds
a general discussion about some phase
of radio-television servicing. This is
popular with the members, who feel they
always gain a lot of useful information
from these discussions and exchanges of
experiences.

SAN FRANCISCO CHAPTER members
3~
N0

were enthusiastic about a presentation
and demonstration by Art Ragsdale. His
subject was AGC circuits. Art went so
thoroughly into the subject and the mem-
bers were so interested in it that he had
to devote two meetings to the topic. At
the first meeting Art demonstrated the
general nature of AGC systems and the
principles on which they operate. He il-
lustrated his talk with blackboard sche-
matic diagrams of a simple AGC system
in a TV receiver. He used a signal gen-
erator and the picture tube for trouble-
shooting through the rf and i-f circuits.
At the second meeting he drew blockdia-
grams of AGC circuits, basic type, am-
plified type and keyed AGC system. He
stressed the importance of feedback in
the three circuits. These talks and dem-~
onstrations by Art Ragsdale are always
popular with the members.

Another member of the Chapter, Ross
Alexander, delivered an excellent talk on
the vacuum tube voltmeter. He based his
discussion on the article "Servicing The
Vacuum Tube Voltmeter"by Andrew Bel-
ski of the NRI Staff, which appeared in
the December-January issue of the NRI
News.

Since the last report of new members
four more have been accepted for mem-
bership: Harold Jenkins, Glenn Totten,
Eusebio Ramirez, and Ramiro Barragan.
These gentlemen are very welcome.

SOUTHEASTERN MASSACHUSETTS
CHAPTER members made a searching
and critical examination into the Chap-
ter's programs. As a result, the majority
of the members voted to continue with the
present type of program in which a TV
set is brought in with an unusual fault
or "tough dog" and the members, led by
two volunteers, use various methods to
find the trouble. It was the consensus of
opinion that most members seemed to
derive the greatest help and practical
benefit from this type of program.

The latest member to join the Chapteris
Jacintho Vieira. A warm welcome to you,
Jacintho,

SPRINGFIELD (MASS.) CHAPTER re-
ports that attendance at its meetings has
shown an increase of 25% since the begin-
ning of 1963. This is a real worthwhile
achievement.
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The feature at two meetings was John
Parks' demonstration of how to use the
scope in repairing a TV receiver.During
the demonstration he used his Model 250
Oscilloscope that he purchased in kit
form from NRI.

TEACHERS WANTED . . ..
to assist NRI with counsel and guidance
in a new program of in-school instruc-
tion in electronics. If you are an NRI
graduate who is presently teaching in-
dustrial or vocational arts in a school
system we want to hearfrom you. Please
write to Mr. Dale R. Fox, Director of
Information, NRI, 3939 Wisconsin Ave.,
N. W., Washington 16, D. C. and let him
know who you are and where you are
teaching. Mr. Fox has a 'thank you' gift
for your time and trouble.

Directory of Local Chapters

Local chaplers of the NRI Alumini Association cordially
welcome visils from all NRI1 sludenls and graduales as
guesls or prospeclive members. For mare informalion
conlacl the Chairman of the chapler you would like lo
visil or consider joining.

CHICAGO CHAPTER meets 8:00 P.M.,,
2nd and 4th Wednesday of each month,
666 Lake Shore Dr., West Entrance,
33rd Floor, Chicago. Chairman: Frank
Dominski, 2646 W, Potomac, Chicago, 111,

DETROIT CHAPTER meets 8:00 P.M.,
2nd and 4th Friday of each month, St, An-
drews Hall, 431 E. Congress St., Detroit.
Chairman: James Kelley, 1140 Liver-
nois, Detroit, Mich., VI-1-4972,

FLINT (SAGINAW VALLEY) CHAPTER
meets 8:00 P.M., 2nd Wednesday ofeach
month at Chairman Andrew Jobbagy's
Shop, G-5507 S. Saginaw Rd., Flint,
Mich., OW 46773,

HAGERSTOWN (CUMBERLAND VAL-
LEY) CHAPTER meets 7:30 P.M., 2nd
Thursday of each month at the YMCA in
Hagerstown, Md. Chairman: Francis
Lyons, 2239 Beverly Dr., Hagerstown,
Md. Reg 9-8280,

LOS ANGELES CHAPTER meets 8:00
P.M., 2nd and last Saturday of each
month, 5938 Sunset Blvd., L. A. Chair-
man: Eugene DeCaussin, 5870 Franklin
Ave., Apt. 203, Hollywood, Calif.,
HO 5-2356.

MINNEAPOLIS-ST. PAUL (TWIN CIT-
IES) CHAPTER meets 8:00 P.M., 2nd
Thursday of each month, Walt Berbee's
Radio-TV Shop, 915 St. Clair St., St.Paul.

~ Chairman: Paul Donatell, 1645 Sherwood

Ave., St. Paul, Minn., PR 4-6495,

NEW ORLEANS CHAPTER meets 8:00
P.M., 2nd Tuesday of each monthat Gal-
jour's TV, 809 N.Broad St., New Orleans,
La. Chairman: Herman Blackford, 5301
Tchoupitoulas St., New Orleans, La.

NEW YORK CITY CHAPTER meets 8:30
P.M., 1st and 3rd Thursday of each month,
St. Marks Community Center, 12 St.
Marks Pl., New York City. Chairman:
David Spitzer, 2052 81st St., Brooklyn,
N.Y., CL 6-6564.

PHILADELPHIA-CAMDEN CHAPTER
meets 8:00 P.M., 2nd and 4th Monday of
each month, K of C Hall, Tulip and Tyson
Sts., Philadelphia. Chairman: John Pir-
rung, 2923 Longshore Ave., Philadelphia,
Pa.

PITTSBURGH CHAPTER meets 8:00
P.M., 1st Thursday of each month, 436

Forbes Ave., Pittsburgh, Chairman:
Thomas Schnader, RD 3, Irwin, Pa.,
731-8327,

SAN ANTONIO ALAMOCHAPTER meets
7:30 P .M. 3rd Tuesday of each month,
Sam Stinebaugh's TV Shop, 318 Early
Trail, San Antonio, GE 3-3188, Chair-
man: Jesse De Lao, 606 Knotty Knoll,
San Antonio, Texas.

SAN FRANCISCO CHAPTER meets 8:00
P.M., lst Wednesday of each month, 147
Albion .St., San Francisco. Chairman:
Peter Salvotti, 2534 Great Hwy., San
Francisco, Calif,

SOUTHEASTERN MASSACHUSETTS
CHAPTER meets 8:00 P.M,, last Wed-
nesday of each month, home of John
Alves, 57 Allen Blvd., Swansea, Mass.
Chairman: James Donnelly, 30 Lyon St.,
Fall River, Mass. OS 2-5371.

SPRINGFIELD (MASS.) CHAPTERmeets
7:00 P.M., 1st and 3rd Saturday of each
month at shop of Norman Charest, 74
Redfern St., Springfield, Mass. Chair-
man: Steven Chomyn, Powder Mill Rd.,
Southwich, Mass. 32X
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ungar soldering peneil Kits

Low heat, light with small tips.
board and transistor work. Choice of 2 kits. Senior Kit
includes handle, cord, 47%, 37% and 2314 watt elements,
ten 24" tips, Lists for $9.25. Junior Kit has one 37%.

Perfect for circuit

watt element. Otherwise same as Sr. Kit.
$5.00. Conar's prices:

$7.400 sr. kit stock #7670, 1 b, parcel post
33,98 Jr. Kit Stock #J77670, 1 1b. parcel post

List price.

NRI DESIGNED AND TESTED
CONAR 6 TRANSISTOR
PORTABLE RECEIVER

Model 291 features matched, pre-aligned
[F Transformers; hi-Q loop; matched oscil-
lator coil, 6 plug-in RCA transistors; Hi-
style polished-leather type case; big 4 inch
speaker for console audio quality; operates
on 4 penlite batteries. Assemble kit in one
evening . . . enjoy for years! Kit #291UK:
$29.50; Assembled #291WT: $32.50.
Learn while you build, with a CONAR kit
from NRI.

(Order Form on page with Oscilloscope ad)

3F

D4

BREADBOARDING (Cont. from P. 22)
a hairpin loop usinganail a little smaller
than a 6-32 bolt as a pivot. Next, move
the nail so it is gripped about 1/16 of an
inch from the open end of the loop and
compress the wire and nail ina vise until
two small dimples are left on the inside
of the loop (Fig. 4). Remove the nail,
straighten the ends of the wire, if neces-
sary, and adjust the size of the loop so it
will grip a 6-32 bolt. There is enough
spring in the wire so the loopmaybe at-
tached and removed from the terminals
any number of times without losing
tension.

Now make up your connectors invarious
lengths as shown in Fig. 5. Most con-
nectors are terminated in a hairpin loop
at each end with a short length of spa-
ghetti slipped over the upper end of the
loop as shown. Make up a few connectors
with a loop at one end and a miniature
alligator clip at the other; this type of
connector is handy for connecting odd
components into the circuit. Finally, ter-
minate a number of standard-size capa-
citors, resistors, diodes and whatever
other components you desire with leads
and loops (Fig. 6).

I have used this breadboard for some time
now and have found it to be justabout the
handiest item on the bench. Any variety
of circuits can be set up quickly and
safely, and disassembled in a very short
time, Also, each terminal will accomo-
date up to four connectors, which cannot
be saidfor a lot of the more readily avail-
able terminals and connectors. ﬂ 4

A HANDY SOLDER DISPENSER

,(“"' L 'lrunuuumt,

By coiling a length of solder on a piece
of 3/8 inch diameter thin walled metal
tubing, and threading the free end of the
coil throughone side to the other as shown
above, a very handy solder holder canbe
made, The solder isalways available and
more can be had simply by pulling onthe
free end. The tube is also a convenient
holder while soldering. I. M.

wwWwW americanradiohistorv com



ALARM (Cont. from P. 12)

FIG. 6. Front view of the POWER FAILURE/
RESTORATION ALARM.

filament transformer, T, on the side so
that battery, B, fits easily beneath the
other parts. The battery shown is 4-1/2
volts, but even a single 1-1/2 volt size
D flashlight cell will work squally well.
In fact, the buzzer gives outa muchmore
gentle sound at the lower voltage and
might be more desirable as a night alarm.
It is wise to testthe battery underload at
least once a month by disconnecting the
line cord momentarily and noting the
buzzer activity, sothat you will be certain
of an alarm when a true power failure
occurs.

Operation of the alarm is simple. Set
switch, S, in the "Off" position, plug in
the power cord, depress the pushbutton,
PB, and throw S to "Failure". The unit
is now set to sound the buzzer any time
the power is interrupted. In the event of
such an interruption, simply throw S to
"Restoration” and the unit is now set to
indicate audibly when the power is on
again. If youareleaving your home, throw
S to "Off" and when you return if the in-
dicator light is out, all is well, but if it
is on, better check your electric clocks,
refrigerator and freezer, for the power
has been off sometime while you were
away.

Designing the alarm wag't difficult, was
it? Then, next time you hear someone
say, "I wish they would make a gadget
to....", why not take a crack at deslgn?
You might even come up withanidea that
"pays off"! -8

Muiticore Sales Corp Furf Washington, N. Y.

POCKET SIZE PORTABLE
VOLT- OHMMETER

frm CONAR

Muke accurate, essential AC and DC volt-
age measurements plus 3 resistance ranges
with this miniature instrument. Only 334"
x 6” x 2”7. 20,000 ohms per volt sensitivity.
Jewelled d’Arsonval movement meter. In-
cludes test leads and battery. Model
#240UK Kit: $17.95. Model #240WT,
assembled, $19.95. An NRI guaranteed

instrument.

(Order Form on page with Oscilloscope ad)
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new! Hammarlund GB-23

$229.50
complete

i Hammarlund's CB-23 really goes all the way. It
Crystal-Controfled 23 provides you with crystal controlled stability on
channel RECEIVE 23 channels—receive or transmit—with the

added facility offered by the =*=3KC Receiver
Crystal-Controlled 23 Vernier Tuning Control. This amazing transceiver
channel TRANSMIT has every feature you have ever wanted in a

citizen band unit. Peak ‘“‘Talk-Power,’ dual con-
NO r‘E)t(leA'S‘(—mﬁveryhcr[)‘lstal, b version super-heterodyne receiver, noise limiter,
-push-to-ta licropnone, cables adjustable squelch, and built-in S-meter to indi-
and mobile mounting bracket cate relative rf transmitter output plus strength
included in ONE LOW PRICE of the received signal—built-in . .. at no extra cost.

*3 KC Receiver Vernier Tuning The CB-23 is ready to go— Just add an Antenna
Control (No effect on transmitted and you’re “On the Air"

frequencies) Best of all—it's a Hammarlund designed and
Dual Power Supply— Mobile or manufactured unit—you KNOW—you take no
Base Station—12V DC— CIEIENCW CrEllish

117V AC Get the complete story'now! Mail in the attached

coupon and we will rush CB-23 literature out to
you by return mail.

HAMMARLUND Manufacturing Company

A Giannini Scientific Company
53 West 23rd Street, N. Y. 10, N_ Y.

AMATEUR RADIO EQUIPMENT Please send me descriptive literature on the CB-23

COMMERICAL
COMMUNICATIONS EQUIPMENT

OUTERCOM 2-WAY RADIO
VARIABLE AIR CAPACITORS

SUPERVISORY REMOTE
CONTROL SYSTEMS

NAME

ADDRESS

e e s e s o e i i
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/t's Bound To Be The Best

.../t's A Browning

. . . all tube circuitry assures famous Browning base station
quality and performance of Drake mobile unit!

NEW BROWNING DRAKE

. . . the smallest 23-channel mobile transceiver you can
buy — has tube circuitry for utmost reliability.

,é't\
PRI, . |

. DRAKE M-523 8" x 3" x9”

Here's the one you've been waiting for —
the Drake mobile unit designed and
manufactured by Browning with the same
components, tubes and features found in
our base station equipment. Two models
available for 6 and 23-channel opera-
tion. Crystal controlled transmit and re-

ceive, plus fine tuning. Price includes dall
crystals factory installed (on M-523),
microphone, and DC transistorized power
supply. Six-channel Drake M-506 also

available. Same features as
except six-channel operation.

M-523

The Greatest Pair On The Air

583 fo[EB’ers who demand the very best.

R-2700-A BASE STATION RECEIVER

R-2700-A is the world's most up-to-
date CB receiver. Has antenna tuning
control; planetary ball drive all-channel
tuning control; silicon rectified power
supply. Selective, sensitive, sensationall

23/S-N|NE brings all-channel opera-
tion to your base station. Has standing
wave indicator; Pi network circuitry; TVI
trap; spotting switch and many other
features that make it “the talk of the
agirwaves''. Also available: Famous S-NINE
and Compact transmitters,

. 23/S-NINE BASE STATION TRANSMITTER

S oI

For detailed information, send for

free copy of full color catalog. A

Browning Laboratories, Inc., Dept.

J 100 Union Avenue, Larnnin \\W.a J 2/ q_‘
wWwWwW americanradiohistorv com
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Basic Oscillators
by Irving M. Gottlieb

For all those interested inthings techni-
cal - from students to graduate engi-
neers. In one book the author covers the
"hows" and "whys" of oscillators. In the
first section he explores the basic prin-
ciples and parameters of oscillators.
Next, the elements in which oscillationis
induced: L.C circuits, transmission lines,
crystals, and the like, are discussed
along with the several devices that cause
oscillation. In the last section, he dis-
cusses the applications of oscillator cir-
cuits in today's electronic practice and
analyzes the circuits involved.

(Published by John F. Rider Publisher,
Inc. 116 W, 14th St., New York 11, N, Y.
208 pages. Soft cover. Price $4.50.)

Electronic Test Instrument
Handbook
by Joseph A. Risse

A must for every test bench, thisbookis
the latest word on modern test equipment.
The author explains the operating prin-
ciples and functions of VOM's, VIVM's,
signal generators, oscilloscopes, noise
meters, etc. The bookis especiallyvalu-
able since the author does not stop there
but goes on to explain exactly which in-
strument should be used for what job, and
how. He also discusses special test in-
struments, precision and laboratory test
units and audio equipment. In addition to
telling how they work he tells how to
service them.

(Published by Howard W. Sams and Co.,
Inc., 4300 W, 62nd St., Indianapolis 6,
Ind. 288 pages. Soft cover. Price $4.95)

WHY THIS SPECTACULAR OFFER?

Gernsback Library is making this
offer to persuade more members to
join the helpful Technician’s Book
Club. As striking as this offer is—it
is only an introduction to the many
advantages club members receive.
The club gives you the chance to

3 servicinG Books *2

CERTIFIED VALUE uP TO $17.45

acquire at bargain prices—books by top technical writers on how to master fundamentals, learn new
techniques that will help you get and stay ahead in electronics.

Here’s the technical book buy of the year—not a collection of old or outdated volumes—but new
books taken from the top of the Gernsback list of best sellers. Priced up to $5.95 each—total value $17.45.

Choose the 3 books you want below for only $2.00

[] SERVICING RECORD
CHANGERS—Makes serv-
icing changers easy. Reg.
price $4.60.

[] BASIC RADIO COURSE
{revised ed.}—The origi-
nal sold out through eight
printingsl Reg. price

ori

[J UNDERSTANDING HI-FI
CIRCUITS — Analyzes the
hi-fi system so you can
move into audio and hi-fi
servicing. Reg. price
$5.00.

[] PRACTICAL AUTO RADIO
SERVICE—Covers tronsis-
tor, hybrid FM ond AM
models Reg. price $4.60.

[J INDUSTRIAL ELECTRON-
ICS MADE EASY —Opera-
tion and maintenonce of
industricl equipment.Reg.
price $5.95.

GERNSBACK LIBRARY

[0 TV—IT'S A CINCH!—A
delightful explonotion of
TV principies. Reg. price
$4.60

[0 TRANSISTOR CIRCUITS—
How to work with hun-
dreds of transistorized cir-
cuits. Reg. price $4.95.

[0 BASIC TV COURSE—A
baok on TV as it is todoy.
Reg. price $5.75.

[J TV AND RADIO TUBE
TROUBLES—Shows how to
trace ony tube trouble to
the source in minutes.
Reg. price $4.60.

[] HOW TO GET THE MOST
OUT OF YOUR VOM—
Tells how to get more
mileoge out of this versa-
tile instrument. Reg. price
$4.60.

Enroll me as a member of the G/L Technician’s Book
Club. Start my membership with the 3 books I've checked
for only $2.00 (pius a few cents postage). Thereafter
send me a brochure describing the current sclections
which I may purchase at special discount prices if I
wish. 1 understand that my only obligation is to purchase
just 4 additional books within the next 12 months, and
that 1 may cancel anytime thereafter. I also understand
that I may cancel immediately, simply by returning these
first 3 books within 10 days.

NAME

ADDRESS_ | —

CITY _ 7ZONE__ STATE.

TECHNICIAN'S BOOK CLUB, Dept. N.R.L

154 West 14th Street, New York 11, N.Y.

www americanradiohistorv com



@io for perfectionists

I\IE\/VI EREFEE SME SERIES 2

INDEFENDENT TONE ARM

Made by European craftsmen to extraordinarily close tolerances and standards.
Provides features unobtainable in any domestic tone arm. Utterly accurate adjust-
ments for every critical factor relating to perfect tracking including biasl
Acceots any fine cartridge (Shure M33-5 is the perfect complement). $89.50 net (for
12" records—less cartridge).

M33-5

HI FI PHONO CARTRIDGE

“Brings sound out of recordings that more expensive car-
tridces do not," says United Press’ Preston McGraw.
Features ‘'sweet and effortless sound and freedom from
breakup at high levels.” (Hi-Fi/Stereo Review.) Tracks
as light as any cartridge on the market without distortion,
Smoothest response over all frequencies from 20 to 20,000—
virtually peak-free. Hum shielded. Only $36.50 net.

NEW! M222 STUDIO

Improved for ultra-light trackmg (3% to 1.6 gms.), superior response (20-20,000 cps),
astourding compliance (22,0 » 10~% cm per dyne). Unique operation; ABSOLUTELY
CANNOT SCRATCH RECORDS—even if dragged across surface with needle on
grooves. $83.50 net.

LITERATURE: SHURE BROTHERS, INC., 222 HARTREY AVE., EVANSTON, ILLINOIS
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Kerchunk is the sound made by the heavy duty magnet
on the back of a Sonotone CB Ceramike as it mounts firmly,
securely to your car’s dashboard.

Kerchunk says: ‘“Message to base completed easily, safely.”
Kerchunk means no more groping when you return your
mike to its dashboard mounting bracket—no need to take
your eyes off the road.

Responsible for this boon to those who rely on CB or mobile
communication, from car or truck, is an important Sonotone
development called “Magnet Mount.”” A heavy duty magnet
on the back of Sonotone Ceramike mobile communications
Models “CM-30M” and “CM-31M" lets you place the mike
almost anywhere on or around the dashboard. Further,
Magnet Mount eliminates the need to drill holes for dash-
board mounting brackets.

Sonotone Ceramikes have far more to recommend them
than just this amazing mounting device. The quality-en-
gineered mobile communications models, “CM-30M” and
“CM-31M" provide loud and clear reception. Inherently
immune to extremes of temperature and humidity, they will
operate even if immersed in water. Neoprene encased trans-
ducers render them shock and impact-proof.

CERAMIKE ‘‘CM-30M” Intelligibility unsurpassed. High
sensitivity from —49 db from 60 to 7000 cps. Lightweight,
shatterproof plastic case. Convenient *Push-to-Talk’ but-
ton. Spring-spiraled, 4-conductor shielded cable—list $16.50
With dashboard mounting bracket instead of Magnet
Mount. Model “CM-30"—list $14.00
CERAMIKE ““CM-31M’"" — Budget-priced com-
munications model in shatterproof plastic
case features excellent intelligibility in 60
to 7000 cps at —49 db sensitivity. 2-con-
ductor coil cable, no switch, list $16.00.
With dashboard mounting bracket instead
of ‘“Magnet Mount.” “CM-31"—list $13.50
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Sonotone® Corp. ¢ Electronic Applications Div. » Eimsford, N.Y.
Cartridges » Speakers « Tape Heads « Mikes « Electron Tubes « Batteries « Hearing Aids

everyday
necessities

FOR TECHNICIANS,
SERVICE MEN, HI-FI, STEREO
HOBBYISTS

2 NEW PHONO JAX

o Eliminate rivet mounting.
® Convenient replacement for old style
Jacks.

No. 3501FP—Lock Nut back
of panel, requires only 1"
hole.

No. 3501FR—For front of
panel mounting, where nec-
essary to assemble Jack
through the panel from the
back due to lack of space.
2P000000000000000000000000000009

NEW PHONO PLUG

No. 3502—Removable handle
—exposed terminals. Nickel
plated brass body and han- &
dle. Can be used in multiples
even where Jacks are on %"
centers.

00000 OOOOOOOIOIOOPOOIOOOCEOOOOOOOS

NEW PHONO EXTENSION JAX

No. 3503—Removable han-
dle. Cable clamp. Shielded.
Nickel plated brass.

Check your stock and
order for prompt shipment.

5525 N. Elston Avenue ¢ Chicago 30, lllinois

wwwW americanradiohistorv com



NEW CADRE C-75 CB TRANSCEIVER

The new Cadre C-75 1.5-watt, 2-channel transceiver is 15
times too powerful for youngsters (under 18 years of age)
to operate, according to FCC regulations. Clearly, it's not
a toy. It's designed for serious CBers who need ‘big set’
performance that can be used conveniently anywhere.

The new C-75, weighing less than 2 lbs; provides clear,
reliable 2-way communications up to 5 miles and more.
All solid state design creates an extremely rugged trans-
ceiver to absorb rough handling, stays on frequency. Two
crystal-controlled channels spell perfect communications
contact everytime. Sensitive superhet receiver (luv for 10
db 8/N ratio) brings in signals in poor reception areas.
Powerful transmitter has one watt output to the antenna,
Adjustable squelch silences receiver during standby. AGC
assures proper listening level. In a word, the C-75 has all
the features you'd look for in a quality full size CB unit.

The C-75 has all the portable conveniences you’d want, too:
operates on alkaline or mercury penlite cells (8-hour re-
chargeable nickel-cadmium battery available); earphone
and antenna jacks; built-in retractable antenna; jack for
base operation whiie recharging,.

Use the Cadre C-75 anywhere in the field, for vehicle, office,
boat or plane. Use it constantly too, because its all-tran-
sistor modular circuit (11 transistors and 2 diodes) is virtu-
ally maintenance free. $109.95. Recharger and 2 nickel-
cadmium batteries $31.85.

FOUR CADRE 5-WATT ALL-TRANSISTOR TRANSCEIVERS

Ll © ©

5 crystal-controlled trans-
mit and receive positions;
automatic gain control,
maximum receiver sensitivity; built-in squelch and noise
limiting are just a few of the features.

CADRE 510 Features variable tuning in addition to crystal
control. Power supply for 110 AC and 12 volt DC. $209.95
CADRE 515 Has a power supply for 110 volt AC and 12 volt
DC. 5 crystal-cantrolled channels. $194.50

CADRE 520 For DC mobile operation and fleet use. $187.50
CADRE 525 In portable case with built in battery power
supply, recharger, AC cord, telescoping antenna. $269.95

Ready for CB? It makes sense to go CB with Cadre. See
your Cadre distributor or write:

C= A O R Ex INDUSTRIES CORP. [J COMMERCIAL PRODUCTS DIVISION [ ENDICOTT, NEW YORK [J AREA CODE 607, 748-3373
Canada: Tri-Tel Assoc., Ltd., 81 Sheppard Ave. West, Willowdale, Ont. Export: Morhan Exporting Corp., 458 Broadway, New York 13, N. Y.
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SERVICING PROFIT-MAKERS

from CONAR

HIGHEST ACCURACY— LOWEST COST

CONAR

TUNED SIGNAL GENERATOR

The Conar 280 is a tuned signal gen-
erator for AM-FM-TV servicing and
alignment. Covers 170 kc to 120 mc.
Better than 197, average accuracy. Audio
and RF switch, single lead. High out-
put for quick alignment. 6:1 dial ratio
for maximum tuning accuracy. Model
#280UK Kit: $21.50; Model # 280WT,
assembled, $29.50. An NRI developed,
tested and guaranteed instrument.

EXCLUSIVE FROM NRI

CONAR

TUNED SIGNAL TRACER

for only
$39.95 { l?
(Kit Price) . @

'A® Yol A

Model 230 saves hours in receiver serv-
icing. Cathode follower probe for both
tube and transistor circuits. Locates
hum, noise and distortion quickly, trace
signals from antenna to spkr. Includes
12 pages of uses in manual. 7 tubes,
speaker and ‘“‘eye” indicators; 2 stages
of RF amp. Only tuned signal tracer
available at such a low price. Model
#230UK, Kit, $39.95; Model # 230WT,
assembled, $57.50. An NRI tested and
developed instrument from CONAR.

www amerticanradiohistory com
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