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SETTING THE PACI FOR COLOR GENERATORS FOR YEARS TO COME

INTEGRATED CIRCUIT

Completely
New from

CONAR COLOR GENERATOR
KIT

WIRED

680ÚK

6:0WT

8835° 811450
Terms as Low as $5 Per Month

Only the 680 Has All These Features At Anv Price!
EXCLUSIVE Digital Integrated Circuits
EXCLUSIVE 4 Crystal Controlled Oscillators
EXCLUSIVE AC or Battery Operation
Standard
Completely Solid State
Color Amplitude Control
Color Phase Adjustment

Regulated Power Supply
Stability Control
TV Station Sync and Blanking Pulses
Nine Patterns
Red, Blue and Green Gun Killers
Compact, Lightweight, Portable

Tomorrow's Engineering Today
OUTPUT:

R. F. only-low impedance
Approximately 50,000 mrer.volta

in .o

100% modulated Barrier-corrposi.

-lice,

tuner

e

31.

oh

Crystal controlled oscillators:
189 kc timing oscillator

3,563.795 ire offset cola- subcerrie oscilstor
4,500 he sound carrier osciilasor
55.25 mc or 61.25 mc rf carri. r osillat,,

MODULATION:

Single dot
Single croes
Single vertical line
Single horizontal line
Full dot pattern
Full crosshatch pattern
Fall vertical line pattern
Full horizontal line pastern
Keyed rainbow color pattern
POWER REQUIREMENTS
120 vac-1.0

"D" cells -6.0 veto at 130 rra.
REGULATED POWER SUPPLY:
Silicon diode bridge rectifier
Zener diode stabilized transistor aegulator
SEMICONDUCTOR COMPLEMENT:
16 type 914 integrated circuit
3 type 2N2369 NPN ai: icon t aneétors
1 type 2N555 PNP power transistor
type 1N746A Zener diode
silicon rectifier diodes
modulator diode
GUN KILLER SWITCHES:
Permanently wired cable
Separate red, blue and green awithes
Colored switches for rapid 1¢atim
1

4
1

CONSTRUCTION:
Aluminum cabinet, chassis sue rased "fir light
weight
Printed circuit board, 6" 9+
SIZE:
9" (W:H :D)

WEIGHT:
Leas than
Less than

5
4

up -to -date features than CONAR engineers have built into the
new Model 680 Color Generator. CONAR is first with digital
integrated circuits, 4 crystal -controlled oscillators and AC and
battery operation built in (even the batteries are supplied).
Compact and portable, the 680 weighs less than 5 lbs. Peak
accuracy and stability are assured by cool all solid state circuitry,
regulated power supply and stability control. The 680 incorporates a wide range of test patterns, including single and
multiple vertical bar, horizontal bar and crosshatch patterns
all with horizontal lines only one raster line thick, as well as a
standard 10 -bar color pattern. The most modem and versatile
color generator on the market, the 680 incorporates 26 semiconductors: 16 type 914 integrated circuits, 3 2N2369 transistors,
1 2N555 transistor, 5 silicon diodes and 1 zener diode. Oscillators
include 189kc. timing generator, 3.56 mc. offset color subcarrier,
4.5 mc. sound carrier and 55.25 mc. or 61.25 mc rf carrier (channel 2 or 3 as ordered). Until now, no commercially available
color generator has offered so many quality features in a single
instrument. The 680 features nine video patterns to speed convergence adjustments, simple timing circuit alignment, all printed circuit construction, plus your choice of kit or wired models,
and represents the finest in operating quality. You get 1'V
station quality composite video signals, including "back porch"
color burst. All this, plus CONAR's low prices, make the 680
the absolute tops in dollar- for -dollar value.

-

watt or:

4

10" x 3"

You can pay much more, but you can't buy more exclusive and

pounds with baLerie.
pounds without settsrim

Order Now For Earliest Delivery
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COLOR IS HERE

HI

In the late 1940's and inthe early 1950's,
many radio servicemen who had been in
business for many years suddenly found

themselves confronted with television
servicing. As the public began buying
black- and-white television receivers,
they began bringing them to the serviceman for repair and adjustment. Most
servicemen had had no previous experience with television; in fact, many were
extremely hazy on exactly how a TV
receiver worked.
The practicing radio servicemen immediately divided themselves into two
groups. The servicemen in one group
decided that they did not want to be
bothered with television servicing. After
all, they had made their living for years
servicing radio receivers. There would
be radio receivers around indefinitely,
television was not going to replace radio,
it was simply a new type of broadcast

service.

far, their thinking was and is entirely
logical. We know today that television
has not replaced radio; in fact there are
more radio stations on the air today than
there were at that time, and there are
many more radio receivers in use.

FOR KEEPS

WILLIAM F. DUNN

their share of the repair business and
their businesses would continue to
prosper.
The other group of radio servicemen decided that television presented a new
opportunity. Not only was it an opportunity for them to learn about this new
electronic marvel, but it also was an
opportunity for increased business

opportunities.

Therefore, they decided that they would
learn how to service television receivers. The public began bringing television sets to them for repair; they took
the sets in and fixed them. In the beginning it was tough going for many servicemen, because they did not know as
much about television as they should
have, and each repair job presented a
real challenge. But by continued study
and taking in repair jobs, they both
learned about television and got practical experience at the same time.

So

However, their reasoning continued that
as long as there were radios around to
be serviced they would continue to get

This second group who took in television
repair work also found that their radio
servicing work increased. The reason
for this is obvious. If the person took his
television receiver to his former radio
repairman to have it fixed and the repairman told him that he did not do any
television work, he would have to hunt
up a new repairman who did do television

2
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work. If the repair work was done satisfactorily, as in most cases it was, then
the next time a radio needed servicing
the chances were he would take it to the
repairman who fixed his television receiver. He would just naturally assume
that the repairman who could repair
television receivers would be more competent in radio repair work than the man
who admitted he could not fix a television

receiver.

Today a similar situation is facing many

television servicemen. There are over
ten million color television receivers in
use today and the number is growing by
several million each year. Color television servicing represents a sizable
portion of the total service work being
done today. Therefore it is essential that
the TV serviceman who has been doing
black- and-white television servicing and
expects to stay in business be prepared
to do color television servicing.

ITS NOT ALL

NEW

Actually, there is a great deal of similarity between a monochrome television
receiver and a color television receiver.
Many of the circuits in the two are practically identical. Many of the defects that
occur in a color television receiver occur
for exactly the same reasons that similar
defects occur in monochrome receivers.
The servicing techniques used to locate
and eliminate these defects are identical.

Fig. 1 we have shown a simplified
block diagram of a color television receiver. You will notice that the signal
picked up by the antenna is fed to the
tuner. The tuners in monochrome and
color television receivers are practically identical. You'll find the same
stages in both receivers.
In

In the UHF tuner you'll find a mixer and
an oscillator stage, and in the VHF tuner
an rf stage, a mixer and an oscillator
stage. While the manufacturers may have

taken some extra care with the tuners
used in the earlier color TV sets, the
chances are that in the later model re-

ceivers the same tuner is being used in
both color and black- and-white television
receivers.
From the tuner the signal is fed to the
video i -f amplifier in both color and
monochrome receivers. From the video
i -f, the picture signal is fed to the video
detector in both types of receivers.

There is a small difference in the video
i -f amplifier and the video detectors of
monochrome and color TV receivers. In
color TV receivers, the sound signal is
taken off from the last video i -f amplifier and fed to a separate diode. In the
diode the sound and picture signals beat
together to produce a 4.5 -mc sound signal which is then fed to a sound i -f amplifier. (See Fig. 2 and Fig. 3.)

receivers the two signals, the sound i -f and video i -f signals,
are both fed to the video detector,where
they beat together to produce the 4.5 -mc
In monochrome

sound signal. The sound signal is then
taken from the video detector and fed to
the sound i -f.

The reason for this difference is that
the sound i -f and the color subcarrier
i -f signals differ by only 920 kc. If both
signals are allowed to reach the video
detector in a color receiver, they will
beat together and produce a 920 kc interference pattern.
Since this signal is well within the band pass of the video amplifier, it will be
amplified and fed to the picture tube.

Therefore in a color receiver we prevent
the sound signal from reaching the video
detector to avoid this type of interference.
However, as far as the actual sound system in the two receivers is concerned,
they are identical. There is usually a
sound i-f amplifier followed by the sound
detector, and the audio signal is then fed
to an audio amplifier and from there to
the speaker.
A

common defect that you will run into

4
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Fig. 2. A typical video detector from

a

monochrome receiver.
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L4
VIDEO
OUTPUT

Fig. 3. A typical video detector from

in TV servicing is a situation where you
will have a raster on the face of the tube
but neither sound nor picture. Immediately this points to a defect in a circuit
common to both the sound and video signals. You will know by this that the trouble may be in the tuner or in the video
i -f amplifier in both color and monochrome receivers.

a

color receiver.

In a monochrome receiver the trouble
may also be in the video detector,where
in a color receiver it is not likely that
the problem is in the video detector because the two signals are separated before they reach the video detector. You
would use the same procedure in servicing a receiver with this type of com-

plaint, whether the set is a color re5
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ceiver or a black - and -white receiver.
There is a small difference in the video
amplifier in the color receiver from that
found in a monochrome TV receiver. A
delay line (Fig. 4) is inserted in the video
amplifier of the color receiver. The color
signal which must be processed by additional stages reaches the picture tube a
little behind the video signal.
To prevent this and have both signals
arrive at the picture tube at the same
time, we insert a delay line in the video
amplifier. Otherwise, the video amplifier of both types of sets is usually identical. You run into the same problems, defects that completely prevent the video
signal from reaching the picture tube,
and also defects that will cause smearing
or loss of high- frequency detail.

The output from the sync separator is
then fed to the vertical oscillator to control the vertical oscillator frequency,
and the signal from the vertical oscillator drives the vertical output stage
which in turn drives the vertical deflection coil.
The signal from the sync separator is
also fed to a horizontal phase detector.
This stage compares the incoming sync
pulses with a signal from the output of
the horizontal sweep, and makes any correction for any phase or frequency differences between the two signals. The
horizontal oscillator stage produces the
horizontal oscillator signal, which in
turn drives the horizontal output stage.
The output from the horizontal stage is
fed to the horizontal deflection coils that
provide the horizontal sweep.
In both monochrome and color television

Fig. 4. Photograph of

a

delay line.

The servicing procedures used on both
types of video amplifiers is identical.
The only additional problem that you are
likely to encounter in a color set is with
an open delay line. This type of defect
can be checked quickly by using an ohmmeter check for continuity through the
delay line.
In both color and monochrome television

receivers we must separate the sync
pulses from the video signals and then
use these pulses to control the horizontal
and vertical oscillators. The sync separator performs the same functioninboth
receivers and for all practical purposes
the same circuit is usually used.

receivers, the high voltage for the picture
tube is derived from the horizontal sweep
circuit. The rapid collapse of the horizontal field, as the electron beam is
swung rapidly from the right side of the
picture tube back to the left side of the
tube, produces a very high voltage which
is rectified by the high- voltage rectifier,
filtered and then applied to the picture
tube. In color TV receivers you will find
a high-voltage regulator of some type to
keep the high voltage constant with
changes in load (Fig. 5). Such regulation
is not necessary in monochrome TV.
In color television you will probably find
a focus rectifier, in addition to the high -

voltage rectifier. This focus rectifier is
used to provide a voltage of about five
thousand volts to focus the electron
beams in the picture tube. This stage
will not be found in a monochrome receiver, but it should present no separate
problem. If you have normal output from
the high- voltage rectifier, but no output
from the focus rectifier, the chances are
that the focus rectifier is defective.
In both types of

receivers we have a

horizontal damper stage, and as you
know, this stage is used to prevent the

6
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TO GRID
OF V101

TO GRID
OF RF AMP

y0215

I.IMfd
R212

470K

.00I M f d

FROM TERMINAL 3

OUTPUT
TRANSFORMER

OF HOR.

R328

220K

Fig. 6. Diagram of

a

horizontal sweep circuit from going into
oscillation after the electron beam has
been moved rapidly at the end of one line
at the right of the screen to the beginning of the next line at the left of the
screen. The dampers perform the same
function in the two sets and identical
circuits are usually used.
Automatic gain control is used to control
the gain of the rf stage in the tuner, and
one or more stages in the video i -f amplifier. Modern television receivers use
a keyed type of automatic gain control
that is turned on only during the horizontal sync pulse interval. The automatic
gain control circuit (Fig. 6) is turned on
by a pulse from the horizontal output
stage.
The amount of control voltage produced
by this stage, to control the gain of the
rf and video i -f stages, depends upon the
amplitude of the sync pulse arriving at
the agc stage.
If you check off the circuits we have discussed so far in Fig. 1, you will see that
you have a large number of the blocks
checked off. With the exception of the
focus rectifier, all these blocks we have

R329
68K

keyed agc amplifier stage.

discussed so far are common to both
color and black - and-white television receivers. The defects that occur in these
stages are the same inbothtypes of sets.

For example, if we lose synchronization
in both the horizontal and vertical sweep
circuits we would immediately suspect
a defect in the sync separator. On the
other hand, if the horizontal oscillator
remains in sync but we lose vertical
synchronization, we know that we have
a problem in the vertical sweep circuit
rather than in the sync separator.
Similarly, if we lose horizontal synchronization, but the vertical oscillator
remains in synchronization, once again
we know that the problem is in the sweep
circuit rather than in the sync separator.
These problems occur in both monochrome and color receivers. The techniques used to isolate the defect to one
stage are identical in both receivers and
the servicing procedures for pinning the
defect down to one circuit and finally to
the defective part are identical for both
types of receivers.
The symptoms that these defects produce

8
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are the same for both types of receivers,
and since the majority of the stages in
the receivers are common to both monochrome and color TV receivers, as you
might expect most of the defects encountered in color television receivers
are similar to the defects encountered
in monochrome receivers.
THE COLOR CIRCUITS
Now

let's discuss the color circuits

The burst amplifier stage is biased so
that it is cut off during the entire horizontal line, except during the interval
when the 3.58-mc color burst is being
transmitted. This is accomplished by
feeding a signal from the horizontal output stage to the burst amplifier. This
signal occurs during the horizontal retrace interval, which of course, corresponds with the time that the color burst

is transmitted.

shown in Fig. 1. The color signal, which
is a 3.5 -mc signal, is taken off from the
video amplifier and fed to the color amplifier. The color amplifier is simply an
i -f amplifier designed to operate at 3.5
mc. The amplifier is designed to have a
passband of about 500 kc above and below
3.58 mc so that all the required side bands of the color signal will be amplified by the amplifier.

This pulse signal from the horizontal
output stage is used to turn the burst
amplifier stage on, so that the color
burst transmitted once each line will be
amplified by the burst amplifier. At the
same time, since the burst amplifier is
turned off during the rest of the line,
none of the color information, other than
the burst, is amplified by the burst am-

At the same time, the color signal is fed
to a stage called the burst amplifier. On
the back of each horizontal synchronizing
pulse an eight -cycle 3.58 -mc color burst
signal is transmitted by the transmitter.
The purpose of this pulse is to enable us
to lock the 3.58 -mc oscillator in the receiver exactly in phase with the 3.58 -mc
oscillator in the transmitter.

Shock -Excites Signal.
The 8 -cycle color burst which is amplified
by the burst amplifier is fed to a group
of stages that we have labelled color oscillator and control. Actually, sometimes
the burst signal is fed directly to the
color oscillator (Fig. 7) and simply
shock-excites it into maintaining oscillation at the correct frequency and phase.

plifier.

R447
47 K
L410

R450
47 K

C436
10

PF

XT401

V405B

T403
C438
220 PF

R452
6.8 K

8448
47

C444

K

OI

o

BFig. 7. Schematic diagram of

a

o

B+

color oscillator.
9
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V404

5MB8

HOR.

PULSE

R428
150

C402
120 PF

COLOR

K

T402

R429

INPUT

+160

V

1

(-401

8431
47 K

In-other circuits the color burst (Fig. 8)
from the amplifier is fed to the phase de-

tector where the color burst is compared
with the signal from the 3.58 -mc color
oscillator in the receiver. If there is any
phase or frequency difference between
the two signals, a dc correction voltage
is developed and this voltage is fed to a
reactance tube which shifts the oscillator
frequency and /or phase to lock it inwith
the 3.58 -mc oscillator at the transmitter.

a burst -gate

2.2

.01

BFig. 8. Schematic diagram of

R432=

C425

K

B+

amplifier stage.

words, in a transmitter the color information is used to modulate a 3.58 -mc
color subcarrier. The color information
then produces sidebands of 3.58 mc, and
these sidebands are transmitted by the
transmitter. However, by using a
balanced modulator, the 3.5-mc carrier
signal can be suppressed; in order to
demodulate the signal we must reinsert
this 3.58 -mc carrier. The signal from the
color oscillator (Fig. 9) is fed to the color

demodulators for this purpose
The 3.58 -mc color signal transmittedby
the transmitter is a double-sideband,
suppressed- carrier signal. In other

The output signal from the color i-f amplifier is also fed to the color demodu-

COMPOSITE
VIDEO
INPUT
T3

COLOR

KILLER

Fig. 9. A two-stage transistor color i -f amplifier.
10

www.americanradiohistory.com

lator. The color demodulator will de-

modulate two of the color signals, and
these signals are fed to color amplifiers
and from color amplifiers to the picture
tube. At the same time, the correct proportion of the signals from the two color
amplifiers are taken and matrixed together to produce the third color signal.
This signal is amplified by the third color
amplifier and fed to the picture tube.
Most sets have a stage called the color
killer. The purpose of this stage is to
bias the color amplifier beyond cut -off
when a black - and -white transmission is
being transmitted, so that no video information can get through the color amplifier to produce color specks or regions
on the face of the picture tube.

This group of stages, which we refer to
as the color stages or color section of
the receiver, constitute the basic difference between a color set and a black and -white receiver.

There is one other group of circuits
known as the convergence circuits that
are found in color receivers only. These

circuits are used to make the three electron beams in the color picture tube fall
on the same spot on the face of the picture tube. The beams can be converged
in the center of the tube by means of

magnets, but on the other edges dynamic
convergence is required. Dynamic convergence is simply a form of electrical
convergence that varies as the electron
beams move over the face of the tube.
Both horizontal and vertical dynamic
convergence are required, and setting
up these convergence adjustments is
quite time -consuming.
However, the convergence adjustments
have been greatly simplified in modern
television receivers. If you have occasion
to readjust these adjustments, the best
thing to do is to get a copy of the manufacturer's service information and then
go through the convergence procedure
step-by -step as outlined.

DEFECTS IN THE COLOR SECTION

Normally a defect in the color section of
the color receiver will not affect the operation of the receiver on black-andwhite reception. Of course, if there is a
short in a stage in the color section, and
this upsets the operating voltages in the
black- and-white section of the receiver,
this isn't true. The defect will have some
effect on black - and -white reception.
However, most defects in the color section simply result in loss of color or
incorrect or unstable color.
If you have no color at all, then you should
look for a defect in the color amplifier
or in the color oscillator. The color am-

plifier will prevent the signal transmitted
by the station from reaching the color
demodulator if there is a defect in this
stage. If the color oscillator is not working, there will be no detection in the
color demodulator stages.
If you have some color, but one or more
of the colors is missing, then look for a
defect in one of the color demodulators,
in one of the color amplifiers or in the

matrixed circuit used to produce the
third color.
If you have color, but the color keeps
dropping out of synchronization, the trouble could be in the burst amplifier. The
burst signal may not be getting through
this stage. The trouble could also be in
the phase comparator stage, the reactance stage or in the color oscillator

stage.
If the picture breaks up into separate
colors you have a convergence problem.
If the picture is broken up into separate
colors over the entire face of the screen,

then the chances are that the magnets
used to set the static convergence at the
center of the screen have moved. You
will have to reset these magnets. The
chances are that when you go through
the procedure for resetting them you will
have to go through the dynamic convergence adjustments also.

11
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other hand, if convergence is good
in the center of the screen but the picture breaks apart on the outer edges,
this is a dynamic convergence problem.
It is usually impossible to get perfect
convergence over the entire face of the
picture tube. With a little experience,
you will soon learn to judge whether the
convergence is as good as you can expect
it to be or if there is a defect or misadjustment in one of the convergence
On the

circuits.
IS MORE COMPLEX

The color picture tube is much more
complex than the picture tube used in
monochrome TV receivers. A black- andwhite video signal is usually fed to the
three cathodes of the picture tube. The
separate color signals are fed to the
three different grids of the picture tube.
Since we have three guns inside the picture tube, it is possible for a defect to
develop in any one of these guns that will
not affect the other two. For example,
a grid -to- cathode short in the red gun
of the picture tube would make it impossible to modulate the red electron

beam.
As a result, the beam would probably
be turned on all the time so the picture
would have a red background. All the
red detail would be missing. You would
have the same type of defect in the case
of grid-to- cathode in either of the other
guns. Fortunately, the manufacturers
take great care in the manufacture of
color picture tubes and defects are relatively rare. Usually, the only defects
you'll encounter are burned-out heaters,
cathode -to- heater shorts in the picture
tube, and low emission due to the fact
that the tube has been in use for a long

time.
While we are discussing low emission
from the picture tube, this usually shows
up in the form of a very dull picture. You
simply can't get much brightness from
the tube. Before you decide that the picture tube is defective, make sure that
the high- voltage is normal. Also check
the voltages on the grids and cathodes
of the picture tube.

receivers direct coupling is used
in the video amplifier and in the color
amplifier stages. Therefore a defect
might occur anywhere in the video amplifier that would upset the operating
voltages of the picture tube. A defect
might cause higher than normal bias on
the picture tube, and this would limit
the brightness you could get from the
tube. If you run into this type of situation,
the chances are that if you correct the
video amplifier defect you will be able
In most

to get normal brightness from the tube.
If you find that only one of the colors is
dull, then look for a defect in the color

amplifier used with that particular gun.
Once again, a defect anywhere in the amplifier could upset the grid voltage of the
tube, resulting in excessive bias and reducing the brightness.
NRI COURSE AVAILABLE
In this brief discussion of color TV servicing we have only hit the highlights. The
important thing to realize is that if you
are doing black- and-white television
servicing, it is only one small step to
take on color television servicing. NRI
has an advanced color television serv-

icing course available for black-andwhite TV servicemen who want both
training in modern color television receivers and also practical color television servicing experience. If you are
interested in this training program be
sure to write for full details. Above all,
don't miss the boom in color TV servicing. There is a tremendous shortage
of competent color television servicemen, and the opportunities available today are greater than ever before.
NEED AN "OBSOLETE" TUBE?
1937 GRADUATE G.C. GOODWIN
126 W. 1st Ave., Rankin, III. 60960
Has a collection of more than 5500 tubes,
all types from BH to 117Z6, that he would
like to supply to other NRI graduates and

students at reasonable prices.

12
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ELECTRONICS CROSSWORD PUZZLE
1

.2 .3 .4 .5 .6

7

. . . . . . .
12 13 14
. .. .
.
.. . ..
8

15

10

9

20

19

. 2324
17

16

11

8

22

21

25
27

26

29

31

30
33

32

. 28®
. .
as

34

37

36

38

40

39

by James R. Kimsey
(Solution on page 27)

ACROSS
resonant circuit. (2 -wds)
device used to change dc to ac.
Encompassing on all sides. (abbr.)
Wood-cutting device.
Midwestern state. (abbr.)

1.
8.
11.
12.
13.
14.
15.
17.

An LC

18.
19.
22.
23.

Bar.

A

3.1416
Southern state. (abbr.)
Most extensively used crystal out
in radio frequency transmitters from
4500 to 10,000 kc.
End section of a
Snakelike fish.
Grow old.

transistor.

25. Hotel.
26. Close.
27. Abbreviation for the center tap of
a coil winding.
28. Ghostly sound.
29. A square-wave voltage which switches a circuit on or off electronically,
by energizing the grid or cathode of
the control tube.
32. Common initials to show that a debt

has been discharged.
33. Physician. (abbr.)
34. An insulated terminal used for connecting a number of parts together.
(2 -wds.)
37. Performed, as work.
39. In secondary radar, the undesired
triggering of a transponder by its
own transmitter. (2 -wds.)
40. Power frequency.

DOWN
1. The pulsating of a system, such as
a multivibrator, into the opposite
state of equilibrium.
-rho. A long distance continu2.
ous wave LF navigation system.
3. The space about which a coil is
wound.

4.

cavity. A resonant cavity
with one or more sections directed
inwards. (Hyphenated word)

5. Elevator directions.
6. Instructor.
7. A device used with a signal generator to vary the frequency between
two values periodically.
9. A way out.
10. County division. (abbr.)
14. Mass communication system. (abbr.)
16. Common radio band. (abbr.)
17. Is.
18. In a gas tube, a runaway increase in
an electrode current.
20. A half-wave mercury -vapor tube
used as a high-power rectifier.
21. A sound sensation having pitch.
24. Well known electronic manufacturer.
(abbr.)
27. Crystal Oscillator. (abbr.)
28. Limited continuous region which is
part of a more extended region.
30. Paid notice. (abbr.)
31. Layer.
32. Kind of mail service. (abbr,)
35. The contact at the end of a telephone
type plug.
36. A switch that produces an output signal if a signal appears on any one of
the input lines.
38. A radio aid to navigation. (abbr.)
13
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RESISTANCE,
REACTANCE,
IMPEDANCE
By Robert L. Carlson

NEWCOMERS AND OLDTIMERS ALIKE MAY FAI
TO RECOGNIZE DIFFERENCES AND SIMILARITIES
OF THESE HIGHLY IMPORTANT QUANTITIES
Many beginners in the field of electronics
fail to grasp the true meaning of the terms
resistance, reactance and impedance. As
a matter of fact, many oldtimers, while

they have used the terms for years, use
them incorrectly and are not exactly

sure of their differences and their similarities. This article is written in the
hope of giving both newcomers and old timers a better insight into these three

important quantities.
Perhaps one of the reasons why resistance, reactance and impedance are
somewhat confusing is that they are all
measured in ohms. This might at first
lead us to think that they are essentially
the same thing. For example, when we
are talking about a resistance of 10 ohms,
is this the same thing as a reactance of
10 ohms? As we will see, there are similarities, but also there are great differences.

Let's discuss resistance first. It is the
easiest of the three quantities to identify, and also the first of the threewhich
we usually encounter.
RESISTANCE

Resistance is the opposition to current
flow in a circuit. Current flowingthrough
a wire encounters a certain amount of
opposition. This is resistance. Resistance is essentially the same thing in

both ac and in dc circuits. A common
form of resistance encountered in electric equipment is the resistor. A carbon
resistor, for example, will offer exactly
the same opposition to current flow in
an ac circuit as it will in a do circuit.
The opposition to current flow in the
circuit determines the amount of current
that will flow for a given applied voltage.
The current that will flow in a circuit is
defined by Ohm's Law as:
= E

R

This formula can be used in both ac circuits and in dc circuits. If a 100 -ohm
resistor is connected in a dc circuit with
a potential of 100 volts, the current that
will flow in the circuit will be 1 amp. If
the same resistance is placed in an ac
circuit where the applied voltage is 100
volts, the current that will flow in the circuit is 1 amp.
When current flows through a resistor
power Is used. By power we are referring
to electrical energy. Current flowing
through a resistor produces heat, and this
heat, generated in the resistor, is given
off to the air surrounding the resistor.

Another example where electrical energy
is converted to heat is in the heating
element of a toaster or an iron. Here

14
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the current flowing through the resistance element in the ',iron or toaster
causes the element to get hot and this
heat is used, in the case of a toaster to
toast bread, and in the case of an iron
to heat the material being ironed.
Another example, where electrical energy is converted into another form of
energy by a resistance -type element, is
an electric light bulb. Here the electric
current, flowing through the element in
the light bulb, causes the filament to heat
to a white heat. Most of the electrical
energy is given off by the light bulb in
the form of heat, but some of it is also
given off in the form of light.

Fig.

1

.

by the curve labelled E. On the same
graph we have drawn a current waveform
showing what the current would look like
in an ac circuit containing only resist-

ance.
Notice at the beginning of the cycle as
the voltage increases the current also
increases. When the voltage has reached
its maximum value in the first half- cycle,
the current has also reached its maximum value. As the voltage begins to decrease and drop to zero at the end of the
first-half cycle, so does the current.
Similarly, in the second half-cycle when
the voltage polarity reverses, the current flows in the opposite direction and

Vol tage and current waveforms are in phase in ac circuit

The important point to realize from the
preceding examples is that the resistance element produces the same effect
in both ac and dc circuits. The resistance
opposes the flow of current in the circuit. In opposing the flow of current in
the circuit, the resistance uses up or
dissipates a certain amount of electrical
energy. This electrical energy turns up
in the form of some other type of energy,
either in heat or light in these examples.
When ac is flowing through a resistance
type element, the voltage and current in
the circuit will be in phase. By in phase
we mean that as the voltage changes, the
current also changes. In Fig. 1 we have
shown an ac sine wave, and we have
represented the voltage through one cycle

containing only resistance.

follows the voltage throughout the remainder of the cycle. Of course, in a dc
circuit, since the voltage remains constant the current also remains constant.
If we should increase the voltage, the
current will also increase, and similarly
if we decrease the voltage the current
will decrease. Thus the current andvoltage follow each other exactly, in a circuit containing only resistance.

Before going on to reactance, let's summarize the important things we have

mentioned about resistance. First, resistance is an opposition to current flow
in a circuit, and it is the same in both
ac and dc circuits. Current flowing
through a resistance causes a change
in electrical energy to some other form
15
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of energy. Current flowing through a

pure resistance element usually produces heat so that the electrical energy
is transformed into heat energy. We say
that electrical energy is used or dissipated.

let's take
reactance.
Now

a look at the next quantity,

circuit having

a coil in the circuit. As
you know, a coil offers inductive reactance. The amount of inductive reactance
is given by the formula:

XL = 6.28 fL ohms

Inductive reactance is measured in ohms
and it is an opposition to the flow of ac

Fig. 2. Voltage and current waveforms in ac circuit containing only inductive reactance.

REACTANCE

Reactance is found only in ac circuits.
There is no such thing as reactance in a
dc circuit: Thus we have immediately
one big difference between reactance and

resistance.
There are two types of reactance: One
is called inductive reactance and the
other is called capacitive reactance.
Inductive reactance is the opposition
offered to current flow in an ac circuit
by a coil or inductance in the circuit.
Capacitive reactance is the opposition
offered to current flow in an ac circuit
by a capacitor.
Thus in both types of reactance, inductive and capacitive, we have a similarity
with resistance inasmuch as they both
offer opposition to current flow. However, there is a great deal of difference
in the type of opposition to current flow
offered by reactive components and resistive components.

Let's consider what happens in an ac

current in the circuit. The higher the
inductance of the coil, the greater the
inductive reactance; in other words it
offers more opposition to the flow of
current in the circuit. Similarly, the

higher the frequency applied to a given
coil, the more inductive reactance or
opposition it offers to the flow of current
in the

circuit,

let's look at Fig. 2 to get a better
idea of exactly what inductive reactance
is. We know from Lenz's Law that whenever there is a change in the magnetic
field about a coil, a voltage will be induced in that coil that will cause a current to flow to prevent that change. In
Fig. 2, as the ac generator starts the
cycle at 0 and begins to swing in a positive direction, the rate of change in the
voltage is at a maximum value.
Now

At one instant the voltage is at 0 and the
next instant it is changing in a positive
direction rapidly. At the instantwhenthe
voltage is at 0, the field about the coil
will be O. Now as the voltage tries to
build up a field rapidly, a voltage is in-

16
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duced in the coil that produces a current
that tries to prevent that buildup in the
magnetic field about the coil. If the voltage is changing at its maximum rate, the
current will be at its maximum value.
Instead of the current in the circuit flowing from the generator from the negative
terminal to the positive terminal, it will
in fact flow from positive to negative.
As the generator voltage builds up to its

positive peak value, the rate at which the
voltage is increasing decreases. In fact,
when the voltage reaches its peak value,
for an instant it is not changing at all.
As a result, as the voltage builds up,
the rate at which the field is changing
goes down, so that the current decreases
until when the voltage has reached its
maximum value, the current is O.
During the next half-cycle, as the voltage begins to decrease, the current tries
to prevent the field about the coil from
decreasing and in so doing begins to flow
in a positive direction. As the rate at
which the voltage drops increases, the
current induced in the coil increases.
When the voltage reaches 0 and changes
polarity, the current will be at its maximum value.

During the next half- cycle, as the voltage
begins to build up with the opposite polarity, the rate at which the voltage is
building up decreases until the negative
voltage peak is reached. Since the rate
of change is decreasing, the current decreases. When the voltage reaches its
negative peak the current has dropped
to O. During the next quarter- cycle, as
the voltage tries to decrease, the current increases trying to keep the field
about the coil from changing. The current reaches its maximum negative value
when the voltage drops to 0, because once
again the rate of change in voltage is at
a maximum at that point.
,

Now look at the first quarter-cycle. Notice that while the voltage is positive the
current is negative. During the next
quarter -cycle the voltage and current are
both positive. During the third quarter-

cycle, the current is positive and the
voltage negative, and during the fourth
quarter -cycle the voltage and current
are both negative.
During the quarter-cycles when the voltage and current have the same polarity,
the inductance is taking power from the
generator. This power is stored in the
magnetic field around the coil. During
the quarter -cycles when the voltage and
current have the opposite polarity, the
magnetic field is collapsing and is putting
this power back into the generator. In a
perfect coil, the coil will return exactly
the same amount of power to the generator as it took from the generator. Thus
in a purely inductive circuit, there will
be no power taken from the generator at

all.

Thus in the case of inductive reactance
we have an opposition to the flow of current due to the fact that the coil opposes
any change in the magnetic field around
it. We also have a device that gives back
during one quarter -cycle all the power
that is taken during the preceding

quarter -cycle. Thus while the inductance
opposes current flow in the circuit as
the resistance did, it does not actually
use any power from the circuit as a resistance did.

let's consider what capacitive reactance is. You know that a capacitor is
made up of two metal plates separated
by some nonconducting material. A capacitor will oppose the flow of current
in an ac circuit. This opposition is called
capacitive reactance and is given by the
formula:
Now

XC

1

-

6.28 fC

When a capacitor is connected across a
generator, we have a current and voltage
waveform such as shown in Fig. 3, First,
look at the voltage at the start of the
cycle. The voltage is 0, and therefore
there will be no charge across the ca-

pacitor. However, during the first half cycle, which is the positive half- cycle,
17
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Fig. 3. Voltage and current waveforms in ac circuit containing only capacitive reactance.

as the voltage starts to increase from 0,
it is increasing at its maximum value.
To charge the capacitor to the increased
voltage, a high current must flow. As
the voltage increases to the positive peak,
the rate at which the voltage is changing
decreases, and as a result, the current
flow decreases, because it doesn't have
to move electrons into the capacitor so
rapidly to keep up with the voltage change.
Finally, when the voltage has reached
its positive peak the current has dropped
to 0 because the voltage is no longer
changing across the capacitor.

During the next quarter- cycle, as the
voltage begins to decrease to 0, the capacitor must discharge. Therefore current begins flowing in the opposite direction. As the positive half-cycle proceeds from the positive peak to 0, the
rate at which the voltage is changing increases until it reaches its maximum
rate of change at O. In order to discharge
the capacitor more rapidly as the voltage
change becomes more rapid, the current
flow must increase until it reaches its
maximum value when the voltage drops
to 0.
As the voltage then proceeds from zero
towards the peak value of the negative
half- cycle, the current begins to decrease, because once again the rate at
which the voltage is changing begins to
decrease. Thus by the time the voltage
has reached its negative peak and the
capacitor is charged to its negative peak
value, the current has dropped to 0 be-

cause the capacitor is fully charged and
the voltage across it is no longer
changing.
During the final quarter -cycle, as the
voltage begins to drop from its negative
peak to 0, current once again begins to
flow in the opposite direction; the capacitor must discharge to the value of
the voltage. At first, the current is relatively low because the rate at which the
voltage is dropping is low. However, as
the voltage approaches 0 and the rate of
voltage change increases, the current
must increase to get the voltage charge
down rapidly as the voltage is changing

rapidly.
Once again, notice that we have two

quarter -cycles where the voltage and
current are in phase and two quarter cycles where the voltage and current are
out -of- phase. During the two quarter cycles when the voltage and current are
in phase, the capacitor will accept power
from the generator. The power is stored
in the electric field built up in the dielectric of the capacitor. During the two
quarter -cycles when the voltage and current are out -of- phase, the capacitor is
returning power to the generator.
Thus, in a perfect capacitor the same
amount of power is returned to the generator during the two quarter -cycles as
is absorbed from the generator during
the two quarter-cycles when the voltage
and current are in phase.
The capacitor offers opposition to the
(continued on page 23)
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o
--HFLP WANTED - -The

I

-

--HFt P WANTFn - --

University of Michigan /Ann Arbor

-- -HELP WANTED--

I

-

SEARS ROEBUCK HAS OPENINGS
FOR RADIO -TV SERVICEMEN

NEEDS

QUALIFIED TV STUDIO ENGINEER
Ideal applicant should be experienced in
installation, operation, and maintenance
of educational TV equipment and have his

license. Excellent oppottunities for advancement with expansion of TV center.

Graduates or advanced students
good pay, exceptional benefits,
Washington- Baltimore Area
Mr. Karl I. Johnson

Mr. Frank E. Fisher

Scars Roebuck Center
284) V St. N.E.

Sear, Roebuck Center
4;0(1 A. 41st St.
Baltimore, Md. 21211
301 -523-2500 (Ex. 101)

Slash. D. C. 20X118

WRITE:
Peter G. Radzivckas, Interviewer
Professional and Managerial Placement

Administration Bldg.
University of Michigan
Ann Arbor, Michigan 48104
Room 1020,

The

202-529-5500

(E.. 109)

Opening for 1st class FCC license holder
for combination engineer and announcer
at WVAM Radio, 2727 W. Albert Dr.,

Altoona, Pa.

Contact:

or

TV SERVICEMEN
NRI Graduate needs TV Servicemen.
Some

experience preferred.However,
in col or television servicing.

will train

BURTONSVILLE
RADIO AND TV SERVICE
COLOR TV SPECIALISTS
RCA ZENITH - PHILCO
-

FRANK H. LEWIS. PROP.

15508 OLD COLUMBIA PIKE
BURTONSVILLE, MD

Radio -TV Grads and
Advanced Students

Mac Alarney
Brit Walton
814-944-9458

APPLIANCE TECHNICIANS
apply:
Albert's Appliance Repair
113 North Eighth Street
Garland, Texas

Color TV servicing man needed at Herndon House,
Herndon,Va. Good salary and fine working conditions.

positions available
throughout

Contact:

Mrs. Feldman at 471 -4195

U.S.

good wages
above aver. benefits

CONTACT:
Mr.

Bob Barkley

Regional

Office,

MONTGOMERY WARD,
6200 East St. John Ave.
Kansas City, Mo. 64123

3M COMPANY HAS NATIONWIDE OPENINGS
FOR CUSTOMER SERVICE REPRESENTATIVES

High -school graduates with ability to meet public
and basic knowledge of electronics.
WRITE: V.G. HOLZAPFEL, Mgr. Recruitment
Manager Recruitment & Training
5504 Port Royal Road

Springfield, Va. 22151
Or call collect 703 -321 -8400
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Wanted

- Electronic Laboratory Technician

INDIANA

STATE POLICE

need

Must be able to read blueprints and wiring diagrams,
and make operational setups for testing. Experience
in field of EMI preferred but not required. Must be
trainable to read RI /FI meters and record data. Salary commensurate with talent.

Reply

...

AMERICAN RADIO ASSN., 270 Madison Ave., New York,

N.Y.

10016

RADIO OFFICERS UNION, 225 W. 34th St., New York,

N.Y.

OFFICERS

Need not be Indiana residents
BASIC REQUIREMENTS:
Age 19 -35, physical and
mental fitness, accredited
high -school diploma, some
knowledge of typing, good
voice and character.

Genisco Technology Corporation
10774 Tucker Street
Beltsville, Maryland 20705
301 -345 -8900

Where to write
if you want a job as a
Marine Radio Officer

COMMUNICATIONS

10018

MILITARY SEA TRANSPORTATION SERVICE, Commandant,
Atlantic Area, 58th St. & 1st Ave., Brooklyn, N.Y. 11220
or Commandant, Pacific Area, Naval Supply Center, Oak-

land, Calif. 94625
HUMBLE OIL & REFINING CO., Marine Dept., Box 1512,

TECHNICAL REQUIREMENTS:
FCC Radiotelephone or
Radiotelegraph License,
Second Class or higher preferred;
can obtain within reasonable
period after employment.

Electronic Technician Trainee
for electronic systems instal lations and service. No exper-

Houston, Texas 77701
TEXACO OIL CO., Marine Dept., Box 1028, Port Arthur,
Texas 77640
LLOYD'S REGISTRY OF SHIPPING, 17 Battery PI., New

ience necessary.
For interview call or

York, N.Y. 10004
RCA COMMUNICATIONS, INC., Radiomarine Dept.,
69 Broad St., New York, N.Y. 10004
ITT WORLD COMMUNICATIONS, Employment Sect.,
67 Broad SL, New York, N.Y. 10004

write:

ALTRON ELECTRONICS CO.
1309 Jefferson Avenue
Woodlyn, Pa.
Phone: 833 -1224

TROPICAL RADIO TELEGRAPH CO., Box 130, Higham,
Mass. 02043 or Box Drawer E, Pearl River, La. 70452

Position available in maintenance
of 2 -way radio equipment for NRI
Graduates or Students in Bismark,

RADIO -TV SERVICEMAN
Color Experience Preferred
FOR BENCH WORK

N.D. area

Manager,
Rapid Appliance Service, Inc.
1454 E. Michigan Ave.
Lansing, Mich. 48912
Send resume to

NO PHONE CALLS
Sun

Mr. Ray Barnett
Dakota Communications Service
1916 East Thayer St.
Bismark, N.D, 58501
See

PLEASE

NORGE authorized factory service and parts
distributor is looking for qualified service
trainees for the appliance industry.

Electric Corporation

5024 Herzel Place

Beltsville, Maryland

301-234-2686
openings for electronic

Gaghan & Shaw
1011 Ninth Street N. W.
Washington 1, D. C.

technicians

-
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WOSU -TV ENGINEERING DEPT.
OHIO STATE UNIVERSITY
2470 NORTH STAR ROAD

DO YOU HAVE A SECOND /CLASS RADIOTELEPHONE LICENSE?

COLUMBUS, OHIO 43221
WANTED: CLOSED CIRCUIT and COMMUNITY
ANTENNA TECHNICAL MAINTENANCE MAN

Contact: Mr.

Opening for Broadcast Technician:
duties to include operation of UHF
transmitter, film room, video tape
recorders, studio equipment, and

Grabenstein

James
PVTV -1C"0

closed-circuit equipment.lst Class

S.Liberty St.

Radiotelephone license required.

Cumberland, Md. 21502
Phone: 301- 724 -5992

SIMPSON
ad
& TV
Radio
R
cocoa. 6ucK

Service
S

wHTc sPecl-n Iry

n

@

NRI STUDENT OR 3RADUATE
FOR PART -TIME SERVICING
WRITE: OSCAR SIMPSON
763 Folsom Ave.
Hayward, Calif. 94554

CONTACT: William F. Justus, Jr.,
Chief Engineer,or Dale Tish, Assistant to the Chief Engineer.
WANTED: Electronic technician to assist
electronic engineer with college av service. System includes CCTV, dial access
retrieval, language and science labs, av
equipment. Position, under state civil
service, to be filled this summer. Salary
and benefits competitive,

V.A.

WRITE:

Champa,

Millersville,

782 -2002

Pa.

17551

r
CONAR EASY PAYMENT PLAN

Note: Easy payment contract.. cannot be accepted from parsons under
this sheet filled in by a person of legal age and regularly employed.
Enclosed

Is

a down payment

off

on the equipment

21

hava listed

I

IM

years of age. If you ore under 21, have

on the

reverse

side.

Beginning 30

each month until the total payment price is paid. You
will pay you S
days from the date of shipment
will retain title of this equipment until this amount is fully paid. If do not make the payments as agreed, you may
declare the entire unpaid ba ante inimediaNly due and payable, or at your option, repassass the equipment. Your
acceptance of this will be erected by, your shipment to me of the equipment I have listed.
I

I

Your written signature

Date

CREDIT APPLICATION

Print Full Nome

Age

Home Address
How long at this address?

City & state
Previous Address

City

&

Mow

State

long at this address?

Monthly Income

Position

Present Employer
Business Address

How Lang

If in business for self, what business?

How

Bank Account

Employed?

Lang?

Savings

with

Checking

CREDIT REFERENCE (Give 2 Merchants, Firms or Finance Companies with whom you have or have had accounts.

Highest Credit

Credit Acct. with
(Name)

(Address)

(Name)

(Address)

Highest Credit

Credit Acct. with
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OUR APOLOGIES
Some students have been delayed this past whiter by delays in correspondence, lessons, kits, etc., from NRI. A great deal of this is my fault
because we continually have had backlogs in spite of a very substantial
build -up of staff and large amounts of overtime by almost everyone.
A contributing factor has been the delays and damaged shipments through
the U. S. Postal service, and the fact that many suppliers have failed to
meet our delivery schedules, often by many weeks. In one case, a supplier - who had been meeting commitments consistently for years - was
over three months' late.

By the time you read this issue of the Journal, the extremely heavy winter
workload will be over, and we hope you already will have noticed a return
to the traditional prompt service which you have every reason to expect
-- and of which NRI always had been proud.

7
NRI President

r

CONAR ORDER BLANK
DIVISION OF NATIONAL RADIO INSTITUTE, 3939 WISCONSIN AVE., WASHINGTON 16, D.C.
PLEASE

NRI STUDENT NUMBER

PRINT

NAME

CASH

C.O.D. (20% Deposit required)
ADDRESS

CITY

EASY PAYMENT PLAN

ZONE

(10% Deposit)

STATE

Name of Item

Quantity

If you live in Washington, D.C., add 3%
soles tan. All prices are net, F.O.B. Washington, D.C.

Price Each

Total

TOTAL

ON TIME PAYMENT ORDERS

please be sure to complete the Easy Payment Plan credit information form on the reverse side of this page and include 10% down payment with your order.'
a
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(cont. from Page 18)
flow of electric current because the capacitor can only store a certain amount
of energy in the electric field. The amount
of energy it can store depends upon the
size of the plates and the material used

between the plates. Generally speaking,
the larger the capacitor, the more electrical energy it can store and thus the
higher the current will be. Therefore a
large capacitor offers less opposition to
the flow of an ac current than the small
one does. This is the opposite of the inductive reactance where a large inductance offered a higher opposition to the
flow of alternating current than a small
one did.

or more like a resistance depends upon
the relative values of the reactive components and the resistive components.
When a circuit contains both a reactive
component and a resistive component we
cannot get the impedance of the circuit
simply by adding the two values together.
This is due to the fact that resistance
and reactance are not the same thing.
We can obtain the total opposition or
impedance by means of vectors or by
means of a simple formula.

XL

Notice the relative phase differences between the voltage and current in the inductive and capacitive circuits. In the
inductive circuits, the current was
lagging or following the voltage by 90°.
In the capacitive circuit, the current is
leading the voltage by 90 °.

let's summarize the
important points about reactance. We
have two types of reactance, inductive
reactance and capacitive reactance. Inductive reactance is the type of opposition offered to the flow of ac in the circuit by a coil, and capacitive reactance
is the opposition to the flow of ac current
offered by a capacitor. Both inductive
reactance and the capacitive reactance
are measured in ohms.
Now once again,

In the case of a

circuit containing only

pure reactance, no power is dissipated
in the circuit. Power is taken from the
generator during one quarter -cycle and
is returned to the generator during the
next quarter -cycle.
IMPEDANCE
Impedance is the total opposition to current flow in an ac circuit. Impedance is
made up of a combination of reactance
plus resistance. The impedance may contain either inductive reactance or capacitive reactance, or perhaps both,
along with a resistance. Whether an impedance behaves more like a reactance

Fig. 4. Vector addition ofa 10 -ohm resistance and a 10 -ohm inductive reactance.
If we have an inductive reactance of 10
ohms in the circuit along with a resistance of 10 ohms, we can find the total
impedance in the circuit by means of a
vector drawing such as shown in Fig. 4.
If we use a scale of 5 volts equals 1 ",
then we would draw the resistance vector,
R, 2" long as shown. Next, we draw the
reactive vector 2 "long and at right angles
to it. We do this because the voltage
across the two components will be 90°
out-of- phase. You will remember that as
we said earlier that in a resistance the
voltage and current are in phase, but in
an inductive reactance the voltage leads
the current by 90 °.

After the two vectors are drawn, we
draw a dotted line parallel to the resistance vector and another dotted line paral23
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lel to the reactance vector, as shown in
Fig. 4. From the point where the two
vectors intersect, we draw a third vector
from the center or the 0 point to the
intersection of the two dotted lines. This
vector will represent the impedance, and
if you measure it, you will find it will be
approximately 2.8" long. Since we used
the scale 5 volts equals 1 ", then the vector 2.8" long must represent 2.8 x 5 =
14 ohms.
Thus the impedance in the circuit would
be 14 ohms.
If the reactive component had been a capacitor instead of an inductance, the usual
procedure is to draw the capacitive reactance vector pointing down. This is to

indicate that the voltage across the capacitor is lagging the current by 90 °.

Again, using a scale of 5 volts to an inch,
we lay off the resistance vector as shown.
Next, we lay off the vector 2" long representing the inductive reactance. From
the end of this vector we lay off another
vector pointing down to represent the
capacitive reactance. This vector will be
1" long since the capacitive reactance is
5 volts. Now from the end of the capacitive reactance vector and the end of the
resistance vector, we draw the parallel
dotted lines. Then joining the center or
zero point with the intersection of the
two dotted lines gives us the impedance
vector, and if we measure this we can
determine the impedance of the circuit.
We also mentioned that the impedance
could be obtained by means of a formula.

The formula is:
Z =

In the situation where you have both inductive reactance and capacitive reactance in the circuit, the two effects tend
to cancel each other. In Fig. 5 we have
shown how to draw a vector diagram to
find the impedance in the circuit where
we have a resistance of 10 ohms in the
circuit, and an inductive reactance of 10
ohms and a capacitive reactance of 5

ohms.

R2+X2

where X2 may be either inductive reactance or capacitive reactance. If we have
both inductive reactance and capacitive
reactance in the circuit, we simply subtract the smaller from the larger. In the
case where the inductive reactance is the
smaller of the two the formula becomes:
Z = R2 + (XC

XL)2

If the inductive reactance happens to be

XL

larger than the capacitive reactance then
you simply subtract the capacitive reactance from the inductive reactance.

A

You will remember that we pointed out
that a resistance element uses or dissi-

Fig. 5. Vector addition of a 10 -ohm resistance, a 10 -ohm inductive reactance,
and a 5 -ohm capacitive reactance.

pates power, whereas the reactive element does not. Since an impedance is a
combination of resistance and reactance,
it does dissipate some power. The power
is dissipated entirely by the resistive
element in the circuit. Thus the current
flowing through either the capacitive reactance or the inductive reactance stores
energy in these components which is returned to the circuit. The current flowing
through the resistance element however,
is dissipated and converted into some
other form of energy.
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We also pointed out that in a pure resistive circuit that the voltage and current were always in phase. In a pure reactive circuit there is a 90° phase difference between the voltage and current.
In the case of a circuit containing in-

only in ac circuits.

A resistance is an
element that dissipates or uses power.
A reactive element is an element that
opposes the flow of current in a circuit,
but stores electrical energy and returns
it to the circuit. A coil stores electrical
energy in its magnetic field during one
quarter -cycle and returns it to the circuit during the next quarter -cycle. A capacitor stores electrical energy in its
electric field during one quarter -cycle
and returns it to the circuit during the
next quarter- cycle. The larger the inductance of a coil, the greater the inductive reactance and the greater the
opposition to current flow in the circuit.
The larger the capacity of the capacitor,
the smaller the capacitive reactance, and
the lower the opposition to current flow
in the circuit.

ductive reactance the voltage leads the
current by 90°, whereas in the case of
a circuit containing capacitive reactance
the voltage lags the current by 90 °.
In a circuit containing both a resistance
element and a reactance element, we have
a voltage and current difference in phase.

However, the phase difference will be
somewhat less than 90°. If the resistive
element is large compared to the reactive element, then the voltage and current will be almost in phase. However
if the reactance in the circuit is large
compared to the resistance, there will
be a phase difference of almost 90 °. If
the reactance is about equal to the resistance, then the phase difference will
be about midway between 90° and 0 °,
or approximately 45 °.

Impedance is a combination of resistance
and reactance. Impedance may contain
resistance and inductive reactance, it
may contain resistance and capacitive
reactance, or it may contain resistance
and both inductive reactance and capaci-

SUMMARY

tive reactance.

The important points brought out in this
discussion of resistance, reactance and
impedance are that all three represent
opposition to current flow. We can have
resistance in both dc and ac circuits, but
we can have reactance and impedance
The

Remember that all three, resistance,
reactance and impedance, represent
opposition to current flow in the circuit
and are measured in ohms. However,
here the similarity ends.
CONAR Division of NR! announces a clearance of discontinued

stock items. Save up to 50 %! All items are in the original factory
cartons and are guaranteed. Before you order, write C.B. Weschke,
CONAR Merchandising Manager, to determine

will

be

filled

on

a

availability.

first -come, first -serve basis,

ITEM

STOCK

Midland AM/FM Car Radio
Midland Walkie- Talkies (pairs only)
GC 7" Degaussing Coil
Kinematix Auto Reverberation System
B&K Model 1240 Color Generator
B&K Model 850 Color TV Generator
Vari Volt Model 810 Motor Regulator

210EN
114RT

2590TO
701EN
1240WT
850WT

81010

QUAN.
6
4
3
1

1

1

1

so

date

Orders

inquiries.

WAS

SALE

$65.00
$69.00
$17.97
$26.50
$132.95
$195.95
$39.95

$35.90
$37.76
$12.60
$14.16
$85.45
$122.35
$27.30
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NRI

HONORS PROGRAM AWARDS

For outstanding grades throughout their NRI courses of study,
the following January and February graduates were given
Certificates of Distinction with their NRI Electronics Diplomas.
WITH HIGHEST HONORS

Lewis A. Barnard, Piscataway, N.J.
Robert J. Braley, Laval, P.Q., Can.
Gordon A. Carnell, Fremont, Calif.
Roland E. Dinamore, FPO San Francisco

Carroll L. Heathcote, Crofton, Md.
William V. Hughes, Baltimore, Md.
L.D. Long, Jr., Florence, S.C.
Jerry L. Miller, Danville, Ill.
E.A. Ralston, Scottdale, Ariz.
John Suiter, Boynton Beach, Fla.
Paul A. Turvill, Des Moines, Wash.
Roy N. Woodlief, Jr., Richmond, Va.
Willard E. Worthy, Las Cruces, N.M.
Hugo A. Zeller, Bedford, Ohio
WITH HIGH HONORS

Kenneth W. Arnett, Columbus, Ind.
Marlin E. Bailey, Jamaica, N.Y.
Hugh H. Beale, Atlanta, Ga.
Donald D. Bell, Mechanicsville, Va.
Gordon E. Benrud, Ogden, Utah
Esau Burchfield, Jr., Oak Ridge, Tenn.
Glen Francis Evans, Alexandria, Va.
Robert P. Farmer, Bowie, Md.
Woodrow W. Fugate, Hazard, Ky.
Charles C. Hall, San Angelo, Texas
Harold L. Hawkins, Shreveport, La.
Allan R. Hills, Eureka, Calif.
Robert O. Howell, Cehsapeake, Va.
James E. Johnston, Hammond, Ind.
Roy A. Knuth, Rochester, Minn.
Joseph Kukta, Las Vegas, Nev.
Lynn P. Landry, Baton Rouge, La.
Jack Latham, Haughton, La.
Donald B. Light, Jonesboro, Ark.
William F. Liston, Portsmouth, Ohio
Eugene Mardis, Greenville, Miss.
Thomas L. Mayse, Clermont, Ind.
John R. Menuis, Cedar Rapids, Iowa
John Mihelich, Hinsdale, Ill.
David S. Mix, APO San Francisco

Charles L. Morse, South Paris, Maine
James Wesley Mullen, Louisburg, N.C.
Winston F. Nelson, Trinidad, W. Indies
James B. O'Hagan, APO Seattle, Wash.
Johnnie H. Palmer, Jr., Titusville, Pa.
Joseph J. Pandolfi, New Britain, Conn.
Frank M. Parise, Nazareth, Pa.

L.J. Piering, Arcadia, Calif.
Philip B. Proctor, Hartsdale, N.Y.
Agustin Rui, Buenos Aires, Argentina
A.T. Roberts, Morris, Ill.
Arnold Rosenthal, Washington, D.C.
Albert C. Selman, Ringgold, La.
Larry J. Short, Kennesaw, Ga.
Elwood Carl Waldron, Denville, N.J.
Tommy E. Walker, Eureka Springs, Ark.
Walter A. Watmuff, Smithtown, N.Y.
Rollin D. Webb, Jr., Tulsa, Okla.
William D. Wornham, Townsend, Mass.
Gerald C. Wyker, Marlboro, N.Y.
WITH HONORS
Robert A. Adams, Winchester, Ky.
Loren D. Ainscough, Bloomington, Ind.

Guillermo M. Aleman, Santurce, P.R.
Charles P. Anthony, Bear, Del.
Jerry F. Bellamy, Bloomfield, Ind.
Ronald E. Bigelow, Two Harbors, Minn.

J.W. Bishop, Karnack,

Texas

Albert C. Bledsoe, PortHueneme, Calif.
Perry W. Bradley, Little Rock, Ark.
Malcolm N. Brown, Camp Hill, Pa.
S. Wayne Brown, Lubbock, Texas

K.J. Burton, Hemmingford, P.Q., Can.
John Frank Byford, Blytheville, Ark.
W.E. Campbell, Sedro Woolley, Wash.
Arthur R. Chappell, Jr., Nashville, N.C.
Gerald Chervinak, Dickson City, Pa.
James A. Chiles, Washington, D.C.
Charles L. Cobb, Zanesville, Ohio
Burl W. Collins, Tulsa, Okla.
William H. Coyle, Bay Shore, N.Y.

Harry Crombar, Murphysboro,
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Ill.

R. Crouse, Jr., Mt. Airy, Md.
Parker W. Cunningham, Decherd, Tenn.

Oliver

A. DeBurle, Millbrae, Calif.
Ronald K. Downie, Fremont,

Calif.

Arthur M. Duquette, Brampton, Ont., Can.
Donald Eckart, Huntsville, Ala.
John H. Fahrendorff, Huntsville, Ala.
Alfred A. Gagnon, N. Wilmington, Mass.
Herbert Graeber, Jr., Annapolis, Md.
David L. Hall, Hyattsville, Md.
Arthur Henry, Midwest City, Okla.
George O. Hobbs, Chesapeake, Vt.
David E. Hoffman, Windber, Pa.
Dennis W. Hooper, Corryton, Tenn.
E.D. Howerton, Affton, Mo.
Wayne C. Hulsizer, Scioto, Pa.
Donald R. Hutlzman, Medina, Ohio
William D. Hunt, Garden Grove, Calif.
Robert T. Isbell, Estill Springs, Tenn.
Nicholas Kanelopoulos, Rockville, Md.
Hugh J. Kimball, Toronto, Ont., Can.
Billy C. King, Tuscumbia, Ala.
Ernest Klena, Gloversville, N.Y.
Paul Z. Kurash, APO San Francisco
Rex G. Lewis, Maryville, Mo.

Dangerous Chemical
Causes Permanent Damage
The danger of using carbon tetrachloride
as a cleaning fluid was reemphasized at
NRI recently in a letter from Lester E.
Ritchie, NRI graduate of China Grove,
N. C. Mr. Ritchie was employed at an

aircraft plant doing calibration, building
and assembling of electronic gear, when
he became permanently disabled after

using carbon tetrachloride for cleaning
parts. Blindness in one eye, blind spots
in the other, and "other effects" from
the poisoning occurred.

Alan Marx, Schenectady, N.Y.
Charles E. McKnight, Ada, Okla.
John T. Nailen, EWA Beach, Hawaii
George Nisenbaum, Bronx, N.Y.
Andrew O. Olson, Newton Falls, Ohio
Earl J. Parker, Prince George, Va.
E.V. Philpotts, Jr., Richmond, Va.
Constantinos Potiris, New York, N.Y.
Earl Pribble, McGuire AFB, N.J.
Raymond Puppe, San Antonio, Texas
Lawrence M. Purtell, Jr., Tulsa, Okla.
David Redmon, Landover, Md.
Russell J. Ronning, Muskegon, Mich.
Leonard W. Seibert, Hanover, Md.
Robert L. Seigel, Moorhead, Minn.
David J. Shand, Pte. Claire, P.Q., Can.
John W. Slabbers, Fort Knox, Ky.
Harlan Spangler, Omaha, Neb.
Craig Dennis Sparks, Cambridge, Mass.
Glenn L. Swanson, Rich Square, N.C.
Bobby L. Tapley, Mascoutah, Ill.
Stephen N. Toczylowski, Erie, Pa.

J. Walker, Elk City, Okla.
C.B. Williams, Lake Wales, Fla.
Edward
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Alumni Nruni
John Pirrung

Franklin Lucas
James J. Kelley
Arthur Howard
E. J.

T.

F.

Meyer

Nolan, Jr

President
Vice-Pres.
ce -Pres.
Vice -Pres.
V ce -Pres.
Exec. Sec.
V

Thomas F. Nolan, Jr. Is Named
Executive Secretary of NRIAA
Mr. Thomas Nolan, Jr., has been appointed Director of the Graduate Service
Department and Executive Secretary of
the NRI Alumni Association.
Mr. Nolan brings a wide inventory of
talents to this position which makes him
unique in the abilities which will be available to NRI graduates. He attended Drexel
Institute of Technology and came to NRI
as a Technical Editor from the position
of Chief Engineer of the National Civil
Defense Computer Facility at Olney, Md.
His hobbies are boating and flying -- he
holds a pilot's license -- and for the
past twenty years he has serviced all
types of electronic equipment in his spare
time.
Mr. Theodore Rose, who has held this
position since 1956, is relinquishing
some of his responsibilities because of
his health, but will still be of service to
his hundreds of friends in the Alumni
Association as Associate Director.

Mr.

Nolan, Jr., Alumni's new
Executive Secretary.

Thomas
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CHAPTERS LISTEN TO MANY SPEAKERS,
ELECT NEW MEMBERS, & DISCUSS PROBLEMS
Members at Detroit
Chapter Have a Busy Evening

ticing troubleshootirg and color convergence.

DETROIT CHAPTER'S two Olivers, Earl
and Milton, gave a very absorbing demonstration of their B and K Test Instrument Calibrator. The voltmeter that the

The next meeting was devoted to a pro gram put on by the Sencore Instrument
Company, sponsored by the Saginaw Distributors, Inc., Mr. Ernie Holden, Man-

chapter uses at its meetings was checked
and the audio analyzer built by Chairman
Jim Kelley was aligned.

ager.

At the next meeting a warm welcome
was given three members of the Flint
Chapter who dropped in to visit. They
were Andrew Jobbagy, Arthur Clapp,

and Clyde Morrissett.

printed circuit soldering iron was
employed in removing a canned electrolytic from a board. Leo Blevins came
in with a Hallicrafter resistor decade.
Roosevelt Payton, Jr., who travels all
the way from Toledo to attend the meetings, brought in a scope that he is building from a kit, and Jim Kelley turned up
with a transistor experiment on aboard.
It was a busy evening, mostly taken up
with the members trying to examine all
the exhibits.
A

Professor DeJenko of the University of
Michigan conducting a session on Color
TV training at a Flint Chapter meeting.

Assisting

is

Andy Jobbagy.

Observers:

Steve Avetta and Leroy Cockrell.

The program was solid -state servicing,
color servicing techniques, and vacuum

Professor William DeJenko Visits
Flint Chapter to Discuss Color TV

tube troubleshooting techniques. Also
taken up was multiplex servicing and a
discussion of field strength meters. The
evening was concluded with a chicken

FLINT (SAGINAW VALLEY) CHAPTER
was pleased once again to have Professor William De Jenko of the University
of Michigan conduct a program in Color
TV training. The particular subject this
time was how to adjust a Philco Color
TV set. The biggest puzzle was why the
lights used on Christmas trees should
upset color reception -- make it go out
of convergence. The answer is still being
sought.

dinner.

The Chapter is buying a used color TV
set for the use of the members in prac-

The officers serving the Chapter for the
current year are: Arthur Clapp, Chairman; Jim Windom, Vice- Chairman;
Andrew Jobbagy, Secretary; Steve
Avetta, Treasurer; Clyde Morrissette,
Goodwill Ambassador; Robert Newell,
Color TV Education Director; James
Burk, Information Director; Robert Poli,
Leslie Carley, John Allen, George
Maker,
Entertainment
Committee;
Gilbert Harris, Radio Communications;
Bere Lee, Sergeant -at -Arms; Leroy
29
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Cockrell, Photography; William Duncan
and Charles Wotring, Education Committee; and Henry Hubbard, Membership
Committee.
a Lively
Speaker, and Helpful Information

New Members,

NEW YORK CITY CHAPTER has acquired two new members, and a former

member has returned to the fold: Harry
Mednick, Henry Wynn, and George
Zammit. Our congratulations, gentlemen;
Paco In- Circuit Capacitor Tester presented by Stephen Cross was raffled
off. This same gentleman gave a most
interesting account of methods of adjusting and testing the bias and general setup of a tape recorder with copious illusA

trations and diagrams. The speaker's
enthusiasm for his subject carried over
to his audience. Not many of our members know much about this subject.
Willie Foggie gave a most thorough account of the things that go on in the highvoltage section of a TV set. His talks
never fail to bring much useful information of a most practical nature to
us all. He also brought along his Sencore
Scope for chapter members to see.

Additionally, of course, there were the
usual discussions of service problems.

North Jersey Chapter
Finds Many Things to Talk Albout
NORTH JERSEY CHAPTER put on a two-

hour Howard Sam's slide -tape program
on transistor servicing.

Color TV sets and training courses, also

transistors, test equipment and pro-

gramming were discussed. Distortion in
a transistor radio was traced to a weak
transistor in the audio stage by Walter
Kwiczola.
The Chapter is following the practice of
permitting members to take home the

Chapter's

demonstration

transistor

radio board for study. The members find
it interesting and fruitful.

Frank Lucas led a discussion on the use
of transistors in TV sets and radios. All
members took part in the discussion.
This was followed by a troubleshooting
session with a harmonic generator on
the Chapter's demonstration transistor
radio board. A vtvm was used as each
trouble was located, to check the voltages before and after the trouble was
corrected.

Philly- Camden Chapter
Welcomes

a

New Member

PHILADELPHIA -CAMDEN

CHAPTER

was particularly pleased to admit Graduate R. I. Sweigard as its newest member. He is with the Marine Corps stationed in Philadelphia, and is working as
a computer programmer. He can undoubtedly contribute a great deal of valuable information about computers to
the Chapter. A hearty welcome to you,
Mr. Sweigard.

Secretary Jules Cohen reports that the
Chapter's Color TV Class is doing very
well, with Norman Roton and Bill Davis
doing the honors, and the members are
learning a great deal. It will be much
easier when there are guest speakers
from manufacturers or distributors, who
give the members something to talk about
and also to ask questions when called
upon. Jules has contacted Bill Heath
about

attending

a

meeting as guest

speaker and giving the members the
latest in Westinghouse Color TV.
Mr. Lause and Mr. McKevey
Speak at Pittsburgh Chapter
PITTSBURGH CHAPTER welcomed the
opportunity to learn in detail about new

test equipment from guest speaker Mr.
Dennis Lause, Sales Engineer for the
Amphenol Sales Corporation, Cleveland,
Ohio.

Guest speaker at the following meeting
was Mr. Clement McKevey, who is an

:00
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oldtimer in Electronics, has taught it
for years, and is an advisor to several
large companies in the area. The Chapter members are always gladto welcome
him as a speaker and learn a great deal
from his lectures. His talk this time was
on how to use an oscilloscope.
Since the meeting date in July falls on
the fourth, which of course is a holiday,
no meeting will be held in July.

Jn

fitrutnrittm

Mr. Thomas J. Zieroff, Saginaw, Mich.
Mr. J. L. Short land, Palm Beach
Gardens, Fla.
Mr. Merle Drewer, Chewelah, wash.

Andrew Jobbagy, Flint Chapter Secretary, on e visit to the San Antonio Chapter.
On his right, Robert Bonge, Secretary; on his left, Sam Stinebaugh, Chairman.

San Francisco Chapter Enjoys
Talks by P. Sa lbo:ti and J. Parker
SAN FRANCISCO CHAPTER

members

enjoyed a talk and demonstration given
jointly by two members, Pete Salbotti
and John Parker, on installing vertical
blocking transformers. In checking the
old transformer the primary was found
to be open.
At the next meeting John Parker and

Art Ragsdale demonstrated the purpose

of a response curve with a sweep gen-

erator and oscilloscope.
Springfield Chapter Listens to

Lecture Given by Norman Charest
SPRINGFIELD (MASS.) CHAPTER mem-

bers' attention was held by a lecture given
by Norman Charest on horizontal oscillator circuits, which he illustrated by use
of the chapter's blackboard.

John Parks also gave a presentation about
TV circuits and his experiences with

them.
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DIRECTORY OF ALUMNI CHAPTERS
DETROIT CHAPTER meets 8:00 P. M.,
2nd Friday of each month, St. Andrews

Hall, 431 E. Congress St., Detroit.
Chairman: James Kelley, 1140 Liver nois, Detroit, Mich., VI- 14972.

Tyson Ste., Philadelphia. Chairman: John
Pirrung, 2923 Longshore Ave., Philadelphia, Pa.
PITTSBURGH CHAPTER meets 8:00
P. M., 1st Thursday of each month, 436

FLINT (SAGINAW VALLEY) CHAPTER
meets 7 :30 P. M., 2nd Wednesday of each
month at Andrew Jobbagy's Shop, G -5507
S. Saginaw Rd., Flint. Chairman: Arthur
Clapp, 705 Bradley Ave., Flint, Mich.

Forbes Ave., Pittsburgh. Chairman:
James Wheeler, 1436 Riverview Drive,
Verona, Pa.

234-7923.

meets 7:00 P. M., 4th Friday of each
month, Beethoven Home, 422 Pereida,
San Antonio. Chairman: Sam Stinebaugh,
318 Early Trail, San Antonio, Texas.

HAGERSTOWN (CUMBERLAND VALLEY) CHAPTER meets 7:30 P. M., 2nd
Thursday of each month at George Fulk 's
Radio-TV Service Shop, Boonsboro, Md.

Chairman: Robert McHenry,
Kearneysville, W. Va. 25430.

RR2,

LOS ANGELES CHAPTER meets 8:00
P. M., 2nd and last Saturday of each

month, at Chairman Eugene DeCaussin's
Radio-TV Shop, 4912 Fountain Ave.,
L. A., Calif., NO 4 -3455.
NEW ORLEANS CHAPTER meets 8:00
P. M., 2nd Tuesday of each month at
Galjour's TV, 809 N. Broad St., New

Orleans, La. Chairman: Herman Blackford, 5301 Tchoupitoulas St., New
Orleans, La.

meets 8:30
P. M., 1st and 3rd Thursday of each
month, St. Marks Community Center,
12 St. Marks Pl., New York City. Chairman: Samuel Antman, 1669 45th St.,
Brooklyn, N. Y.
NEW YORK CITY CHAPTER

SAN

ANTONIO

CHAPTER

(ALAMO)

meets 8:00
P. M., 2nd Wednesday of each month,
at the home of J. Arthur Ragsdale, 1526
27th Ave., San Francisco. Chairman:
Isaiah Randolph, 523 Ivy St., San
Francisco, Calif.
SAN FRANCISCO CHAPTER

SOUTHEASTERN
MASSACHUSETTS
CHAPTER meets 8:00 P.M., last
Wednesday of each month at home of
John Alves, 57 Allen Blvd, Swansea,

Mass. Chairman: Walter Adamiec,
Taunton St., Middleboro, Mass.

109

SPRINGFIELD (MASS.) CHAPTER meets
7:00 P. M., last Saturday of each month
at shop of Norman Charest, 74 Redfern

Dr., Springfield, Mass. Chairman:
Br. Bernard Frey, 254 Bridge St.,
Springfield, Mass.

NORTH JERSEY CHAPTER meets 8:00
P. M., last Friday of each month, Play-

ers Club, Washington Square (1/2 block
west of Washington and Kearney
Avenues), Kearney, N. J. Chairman:
William Colton, 191 Prospect Avenue,
North Arlington, N. J.
PHILADELPHIA -CAMDEN CHAPTER
meets 8:00 P. M., 2nd and 4th Monday
of each month, K of C Hall, Tulip and

"Boss, make him stop saying

every time
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'KA -POW'

plug this set

in!"

I

There are just 2 originators
of color TV receivers
in kit form in America.
We are one of them.
If you want the only
color TV receiver
totally engineered
for training purposes,

there's just one.

CONAR
ALL CHANNEL

CUSTOM 600
All Channel CC' AR Custom 600

Color

TN

Complete with Cabinet-Noti
SPEC Ir1CATIQQS

Picture Size

diagonal m
of viewing area18.

a

a

Ire. 180

erg-sere

its

Tube, Transistor sad Diode Cosaplemeat
21 tubes, 20 diodes and 3 tracsistots. Includes 3 comps - trans. Pic are tune - ype
RE10FMP22.
Tuners
VI-IF tuner and taraiat.r
Pr, aligner
UHF tuner. Tine. Channels : trmóh
83.

try

Video I -F Amphfer
sr

e

:Mies and

Uses

bigh

preset cars.

Video Ateplifier
sages.

D C.

mß
tßna_ctrnee

coupled

Sound Circuit

amplifier Uses quarsatuee
output stage
High Voltage
22,000 volb, regulated.
4.5 me

and beam power

Focus

Electrostatic with separate
supply.
Loudspeaker
Front mounted mal :ype.

ie,tcr

bids vd]tage

r

Front Conn -rols
VHF tuna, UHF ruler, tint, orlon, 1urzontal hod, contrast, brightness. cr.oT
and volume.

Di
25"
25

wide

19" deep

high
Cabinet
Wood grained vinyl -lad atee.
Weight
Under 76 11s.
1514"

Power -Requirements
120 VAC 61 cps-270 watts

X366
$36.60
Stock

Down-$17 Month
6000K- Express

Collect

Ise to Buy

isier to build because it's
signed for learning!
AR maintains its extraordinary leadership pace with another float -tbe
w Custom 600 Color TV Receiver Kit. Here's the first and only color
ter kit on the market engineered especially for learning. This-means
find the Custom 600 tops for simplicity of design and ease of building.
Custom 600 i not a copy of an existing receiver
iv
"broken down" for
(ding. It has s been designed by CONAR engineers from the chassis up
ovide the kit builder with a superb color instrument which will give
and years of enjoyment.
.

functional, modular design, combined with the knowledge you gain
building, will make it simple to make any needed repairs -and we're
'g to bet you'll
ú make mighty few, for the Custom 600 is the work of a
et team selected from among our own engineers, technical writers and
s who spent literally years on engineering, design and testing.
t
Custom 600 uses printed circuit boards for fast, easy assembly and
component is of first quality. Its design incorporates the latest advances
e art of color receiver construction. In addition to 21- tubes, this allteI receiver incorporates a transistor UHF tuner, transistor noise cancelcircuit and sixteen solid -state diodes. The low voltage power supply
ins t three silicon rectifiers.
Everything, but everything, is supplied.
is absolutely nothing extra for you to buy. The attractive bronze -toned
et with wood tone accents will enhance any room
your home. The
er even includes separate gun killer switches which n you will build in
you later in making maintenance and servicing easier and more con-it, and a built -in cross hatch generator makes it easier for you to
t convergence no that you get true -to -life color.
1

a r kit with many circuit operations
al learning design gives you a
y observable through easy-to- get -at test points of novel design. All
are is engineered for accessibility. More important, circuitry not norrequiring maintenance is deliberately made accessible. No matter that

not taking formal electronic training -just building the kit will give
nough experience no that you need never call a service man. Basically
the same kit ueed to train NEI students.

www.americanradiohistory.com
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