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If you own an oscilloscope, you already
have half the equipment you need to
make meaningful tests of the frequency
and phase response of any amplifier. The
other half is much simpler and much less
costly than a scope. For a small invest-
ment of time and money, you can greatly
extend the usefulness of your scope.
How? By building this simple square-wave
generator.

Square wave testing is incredibly simple,
considering the wealth of information
that can be obtained with only two
connections to the piece of equipment

Build Your Own

under test. You merely connect the
square-wave generator to the input of the
amplifier and connect your oscilloscope
to the output of the same amplifier. What
you see on the oscilloscope screen will
tell you much about how well the ampli-
fier is working.

CONSTRUCTION

Fig./ 1 includes a list of all the parts
needed for the construction of the IC
square-wave generator and a schematic
diagram of the generator. The total cost
of all these parts should run between $8
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By 2 penlite cells
C;.C, .1 UF, 10v disc (Centralab UK10-104 or equiv.)

C3,C4 100 UF, 10 v tubular electrolytic

1C Motorola MC 724P or HEP 570 quad 2-input RTL NOR gate
Figure 1. 3 Phono jack (Switchcraft 3501 FP or equiv.)

R;.Ry  4.7k-ohm, 10%, 1/2 watt

Rj3 10k-ohm potentiometer (CTS X201 R103 B or equiv.)

Rg 1k-ohm control, linear taper

S SPST toggle or slide switch

Misc. Circuit board, battery holder {Keystone #140 or equiv.),

metal box (Bud CU-3004A Minibox or equiv.),
knob, hardware, wire, solder
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and $12, depending upon which IC you
buy and what type of printed circuit
supplies you alrcady have on hand. All
parts used are standard items available
from your local distributor or from one
of the large mail-order houses. They are
not available from NRI.

Although the circuit is not very complex,
the dual-in-line circuit is best mounted on
a printed circuit board. If you prefer to
avoid the bother of making a pc board,
you can use a small (4-3/4" X 2") piece of
perfboard. Use of an IC socket is recom-
mended with perfboard construction. A

T EC-3

by Harold J. Turner, Jr.

full-scale foil pattern is shown in Fig. 2,
You can either use photographic tech-
niques to copy this layout or use the
diagram as a guide in making your own
pattern,

After the circuit board is etched, the next
step is to drill the holes in the board for
mounting the various components and
attaching the connecting wires. Use a #67
drill bit for the IC holes and a #60 bit for
the others. The drilling operation is very
easy when done on a drill press. Manual
drilling requires very close attention to
where the bit is placed.

Fig. 2. A printed circuit etching guide.
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Fig. 3. Circuit board parts placement.

Being careful to install the integrated
circuit in the right direction, mount all
the components on the circuit board as
shown in Fig. 3. The small dimple at one
corner of the unit indicates pin #1.
Notice that this pin is also identified on
the foil side of the board. Of course, all
components are to be mounted on the
side opposite the foil.

The only other parts requiring special
care in mounting are the two electrolytic
capacitors. Make sure that the *“+” ends
of these capacitors match up with the
“+” marks on the circuit board.

The next step is to drill the metal box to
fit the parts to be mounted. The circuit

Fig. 4. An inside photo of the generator.

/

board is then attached to the chassis with
two small “L” brackets. These brackets
can be fashioned from small pieces of
aluminum or steel. Afterwards mount the
control, switch, output jack, and battery
holder. Connect them to the circuit board
as shown in Figs. 3 and 4. Your square-
wave generator is now complete.

TESTING THE
COMPLETE UNIT

To check the operation of your square-
wave generator, connect a shielded cable
between the generator’s output jack and
the vertical input of your oscilloscope.
Make..sure that you are using fresh bat
teries. With your vtvm ground lead con-
nected to the metal box, you should
measure about three volts at pin #11 of
the integrated circuit. This is the center
pin in the row opposite the dimple
identifying pin #1.

Now turn up the output control until you
see the square-wave signal on your scope.
When the control is turned fully clock-
wise, the output level should be about 1
volt peak-to-peak. The generator fre-
quency should be approximately 1,000



Hz; the actual frequency might be any-
where between 600 and 1,500 Hz.

Adjust the small potentiometer on the
generator circuit board so that the square
wave is symmetrical, ic., so that the
length of the top part of each cycle is just
as long as the bottom. This adjustment
will only somewhat affect the frequency.
If you get these results, your generator is
working perfectly.

HOW IT WORKS

As you can see from Fig. 1, the major
components in the square-wave generator
are the four NOR gates contained in the
single integrated circuit. Gates A and B
are connected as an astable (free-running)
multivibrator. The frequency of oscilla-
tion is set by the time constants of Ry -Cy
and R,-C, in conjunction with the resis-
tance of the 10k-ohm potentiometer
(R3). The variable resistor provides ad-
justment of the circuit to compensate for
differences in the exact value of the
individual resistors and capacitors. This
produces a symmetrical output wave-
form.

The waveform at the outputs of the
astable multivibrator circuit is not a good
square wave. If you check with your
oscilloscope at these points (IC pins 5 and
8), you will find a very distorted signal.
The remaining two gates are connected in
a bistable multivibrator (flip-flop or
latch) circuit to turn this poorly shaped
signal into a perfect square wave output.

Since there are no capacitors in the
bistable circuit other than the output
coupling capacitor, the output has only
two states: high and low. The circuit
switches between these two states as

commanded by the input signals from the
astable circuit. Consequently the output
waveform is a perfect square wave.

Because of the very short time rise, you
probably won’t be able to see the sides of
the waveform on your oscilloscope. This
is highly desirable; as the signal passes
through an amplifier under test, any
reduction of the steepness of the sides
shows that the circuit has relatively poor
high-frequency response. Since the rise
time is very short at the output of the
square-wave generator, even very slight
reductions in high-frequency response can
be seen on the oscilloscope.

When fresh batteries are used, the output
voltage will be about 1 volt peak-to-peak
at the maximum setting of the level
control. As the batteries become weaker,
the output level will gradually fall off.
The batteries should be replaced after the
level drops to .5 volt p-p. Since current
drain is only about 20 ma, battery life
should be fairly long.

HOW TO USE
YOUR GENERATOR

Let’s test a typical audio amplifier. You
could leave the loudspeaker connected to
the amplifier output, but the amount of
noise produced would be most annoying
and the speaker would cause some change
in the appearance of the waveform. Since
we are mainly interested in the character-
istics of the amplifier, a load resistor
should be substituted for the speaker
while the test is being made.

The resistance should be equal to the
impedance of the loudspeaker normally
used (which should match the output
impedance of the amplifier). The wattage
rating of the resistor should be high



enough to handle the maximum power
capability of the amplifier. Since the
amplifier output impedance is usually
very low, you won’t have to worry about
hum pickup by the oscilloscope leads;
ordinary wire connections to the scope
are adequate. For testing in high im-
pedance circuits, however, a low-capacity
probe should always be used.

The output of the square-wave generator
should be connected to the input of the
amplifier. You will want to make a
number of patchcords to provide con-
venient connections to the different types
of amplifiers you will be testing. One
cord should be equipped with a phone
plug, one with a pair of alligator clips,
one with a phone plug, etc. Make sure
that the generator output level is high
enough to ensure a good signal-to-noise
ratio, but not high enough to overload
the input stage. Fig. 5 shows a typical
test setup.

After you complete the connections, ad-
just the oscilloscope to produce three or
four complete cycles of the square wave-
form on the CRT screen. If the amplifier
has good response, the waveform will
appear similar to the one you saw when
you tested the generator itself.

Fig. 6 shows how deficiencies in amplifier
performance will affect the waveform. If
the amplifier has tone controls, you can
vary them to produce some of these
effects. Rotating the treble control,
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Fig. 5. A typical test setup.
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Fig. 6. Typical waveforms. (A) perfect response,
(B) low-frequency phase shift — leading (bass
cut), (C) loss at fundamental frequency, (D)
boost at fundamental frequency, (E) low-fre-
quency phase shift — lagging (bass boost),
(F) moderate loss of highs, (G) severe loss of
highs, (H) excessive highs, (I) ringing due to in-
stability, (J) thickening of trace due to hum
pickup or oscillation.

which affects the high-frequency response
of the amplifier, will affect the rise time.
With the treble control turned all the way
down, the signal will take on the appear-
ance of a sawtooth. When the control is
set to the electrical flat position (which
may or may not coincide with the me-
chanical flat position), the rise time will
be very short but no overshoot will be
noticed. Overshoot indicates excessive
treble response. Likewise, curvature or
tilt of the top and bottom of the wave-
form indicates the presence of low-
frequency rolloff or phase shift.

How can square wave testing tell so much
about the performance of an amplifier
circuit? The answer to this question is in
the formation of the square-wave signal.
The perfect square wave is a combination



of a fundamental tone and all its odd
harmonics (multiples) — all the way-to
infinity. A 1,000-Hz square wave contains
harmonic components of 3,000 Hz; 5,000
Hz; 7,000 Hz; and so on. The amplitude
of the third harmonic is one-third the
amplitude of the fundamental; the ampli-
tude of the fifth harmonic is one-fifth
that of the fundamental.

This distribution of frequencies means
that the amplifier must have a wide
bandwidth in order for the square wave
to be passed through an amplifier stage
without any noticeable change. A good
rule of thumb is to assume that the
amplifier has a flat frequency response
from at least one-tenth to tén times the
fundamental frequency if the square wave

A

is passed without noticeable change. As

_ you becomé familiar with the square

wave and how it is affected by different
types of circuits, you will be able to make
rapid decisions on how well a circuit is
performing.

This is only one simple example of square
wave testing. You will find many more
opportunities to use this technique in
electronic servicing. Your generator can
help you check the frequency response of
television video amplifiers, hi-fi pre-
amplifiers, power amplifiers, receivers,
oscilloscopes and special-purpose ampli-
fiers used in industrial electronic equip-
ment. Once you try this technique, you
will quickly sense its value. It will cer-
tainly become a favorite servicing tool.

FOR MORE INFORMATION:

Horowitz, Mannie. Measuring Hi-Fi Amplifiers. Sams 20561. $3.95

Lancaster, Donald E. RTL Cookbook. Sams 20715. $5.50

Middleton, Robert G. Know Your Square-Wave and Pulse Generators. Sams 20258. $3.25
Middleton, Robert G. 101 Ways to Use Your Square-Wave and Pulse Generators.

Sams 20562. $3.50
®

SCHOLASTIC AWARDS

The winner of the $1256 Hugo Gernsback
Award (see November/December Journal) is
Garry W. Greenshields, resident of Canada and
student of NRi’s TV-Radio Servicing Course.

Awards of $25, in honor of NRI's founder
James E. Smith, go to students Robert L.
Shields and Harry Wong.

NRI also gives Honorable Mention awards to

the following nominees:
T/Sgt. Clarence J. Jackson
Norris McKee

Tracy W. Corke
Dennis V. Luck
Joseph Molanda



FLIP-FLOPS: digital

In the previous installments of this series
on digital techniques we introduced you
to logic gates: the digital elements that
monitor binary voltage levels representing
numbers or control signals and then
produce outputs that are used to control
and manipulate other logic elements.
Logic gates such as the AND, OR, NAND,
NOR and the inverter are decision-making
elements. They look at other logic levels
and produce a binary output that is a
function of their inputs as well as their
specific characteristics.

Now let’s look at another type of digital
logic circuit, the memory element. in
order to perform digital operations, it is
often necessary to store binary infor-
mation. For this we need an element that
can remember a particular logic state. The
most commonly used device for this

purpose is a flip-flop.
WHAT IS A FLIP-FLOP?

Perhaps the simplest form of digital stor-
age element is a switch. A switch nor-
mally has two distinct states: off and on
{open and closed). Because of these two
states, the switch can be used to store or
represent binary numbers.

Suppose we let the on (closed) state
represent a binary 1. Once the switch is
set in that position, we can say that it is
storing a binary 1; when it is off, it will
be storing a binary 0. The switch can be
easily changed to either state to store
either value. A group of switches can be
combined to form a complete word. A
group of four switches, for example,

could be used to store a 4-bit binary
word.

Although switches are widely used to
store binary data in digital equipment,
another, more versatile, logic storage
element is needed. We actually require a
storage element whose state can be
changed by inputs applied to it from
other logic circuitry. In addition to its
ability to store a single bit of information
in one of its two states, the storage
element must be extremely fast. High-
speed operation is important in digital
equipment.

The device that meets all of these qualifi-
cations is called a flip-flop. An electronic
circuit with two stable states, the flip-flop
can store one bit (binary digit) at a time.

A simple flip-flop circuit is shown in Fig.
1. 1t consists of two transistor logic
inverter circuits made up of Q,, R;, R,
and Q,, Ry, R4. If you look closely at
the circuit, you will find that these two
logic inverter circuits are connected so
that the output of one is connected to
the input of the other and vice versa. This
particular arrangement of components
causes the circuit to latch up in a specific
condition whenever power is applied to
it.

When supply voltage +Vc is first con-
nected to the circuit, one of the transis-
tors will begin to conduct before the
other. Because of a higher gain and the
various tolerances, Q, may begin to
conduct before Q,. Base current flows
through the emitter-base junction of Q,
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and through R; and R; to the supply
voltage. This causes Q, to conduct hard
or to saturate.

If it saturates its collector-emitter voltage
is extremely low, generally only a few
tenths of a volt. For most situations we
can consider it zero volits. Transistor Q,
would obtain its base drive from the
collector of Q,, but it is effectively cut
off since the emitter-collector voltage of
Q, is low. The flip-flop will remain
latched up in this state until the power is
removed or until external signals are
applied to the circuit to change its state.

Notice in the circuit of Fig. 1 that there
are two outputs; one is the O or comple-
ment output and the other is the 1 or
normal output. If you were to measure
the output voltage at the collectors of the
transistors, you would find the voltage at
Q, to be only a few tenths of a voit
because it is conducting hard. On the
other hand, looking at the output of the
collector of Q; would show +Vcc
through R;. With the flip-flop latched up
in this state and producing these outputs,

by louis e. frenzel, jr.

Fig. 1. A simple flip-flop circuit.

we say that it is reset and storing a binary
0.

Also in Fig. 1 are two additional input
resistors that are connected to the bases
of the transistors. These inputs are
labeled “‘set’” and “‘reset.” |f we apply a
short positive voltage pulse to the set
input, transistor Q; will begin to con-
duct. As it conducts, its emitter-collector
voltage drops to a very low value and
removes the base drive to Q,. Q, cuts off
and its collector rises toward +Vc. This
permits base current to flow in Q,
through R, and R4. The flip-flop is now
latched up in its other stable state. With
Q, conducting and Q, cut off, the
complement output is near O volts, while
the normal output is near +V¢c. In this
condition the flip-flop is set or storing a
binary 1.

To reset the flip-flop again, just apply a
short positive-going pulse to the reset
input. This forces Q, to turn on, thus
removing the base drive to Q,. The set
and reset inputs are used to place the
flip-flop in either state so that we can

1



store either a binary 1 or a binary 0. This
is the basic operation of a flip-flop.

HOW TO MAKE A FLIP-FLOP OUT OF
LOGIC GATES

Now take a closer look at the circuitry
used in the flip-flop of Fig. 1. Q; is a
simple transistor switch that can be
turned on by applying a voltage to its
base through either resistor R, or Rs.
Applying a positive voltage to either
resistor will cause the transistor to satu-
rate and its output to drop from +V¢¢ to
near O volts. This, as you may recall, is
the definition of a NOR gate. Of course
the circuit made up of Q,, R;, R3; and
Re is also a 2-input NOR gate. A signal
applied to either R3 or Ry causes Q, to
conduct and its output to go low.

Since the flip-flop circiitry in Fig. 1 is
nothing more than a pair of 2-input NOR
gates, we can redraw the circuit using the
NOR symbols you learned earlier. Fig. 2
shows the NOR gate flip-flop. The circuit
is identical to the one in Fig. 1 (except
that here we don’t show the individual
components).

Because the flip-flop in Fig. 2 can assume,
or latch up in, one of two states, it is
often called a latch. Another name for
the latch is simply an RS or reset-set
flip-flop.

R T
ESE NORMAL
|

COMPLEMENT
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Fig. 2, A NOR gate flip-flop.
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An RS flip-flop can also be constructed
out of NAND gates as shown in Fig. 3A,
Notice in this circuit that we labeled the
two outputs Q and Q. The Q designations
are the standard output notations for
flip-flops. The Q output is the normal

output while the Q is the complement
output,

Because of the difference in operation
between NAND gates and NOR gates, the
latch in Fig. 3A works somewhat differ-
ently from the one of Fig. 2. Recall that
in a positive NAND gate, applying a
binary 0 or ground level to either one or
both of the inputs of a 2-input NAND
gate causes its output to go high. If both
inputs are binary 1’s the output will go to
a binary 0. Consequently, in order to set
or reset the latch in Fig. 3A, we must
apply a momentary low or binary O level
to either the set or reset input. Applying
a binary 0 to the reset input forces the
output of gate 2 high. This high input,
along with the high input at the set
terminal, causes the output of gate 1 to
go low. This low level at the other input
to gate 2 keeps the gate 2 output high. In
this state the flip-flop is reset and storing
a binary 0.

Applying a momentary binary O level to
the set input forces the output of gate 1
high and the output of gate 2 low. The
flip-flop is then set and storing a binary 1.

Rather than the schematic as in Fig. 1 or
the logic gate symbols for flip-flops as in
Figs. 2 and 3A, the RS flip-flop is usually
drawn as a simple box, labeled as shown
in Fig. 3B.

The most important fact to remember
with this circuit is that the normal output
is at a binary 1 voltage level when the
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Fig. 3. NAND gate flip-flop (A) and RS
flip-flop logic symbol (B).

flip-flop is set. For our discussion we will
assume positive logic where a binary 1 is
some positive voltage level and a binary 0
is ground or zero volts. When the flip-flop
is reset the normal output is a binary O.
Therefore, it is possible to determine
which state the flip-fiop is storing simply
by monitoring the normal output with a
voltmeter, a light, or any other indicator.

THE D FLIP-FLOP

Fig. 4A shows the logic diagram and Fig.
4B the logic symbol of a D flip-flop.
Notice that this circuit is made with
positive NAND gates. It consists of a
standard latch flip-flop made up of gates
3 and 4, combined with gates 1 and 2 for
a very flexible input gating arrangement.

In the latch flip-flop both set and reset
input signals are required to put the
flip-flop in one of its two states. This
often necessitates inconvenient input con-
trol signals. The D flip-flop in Fig. 4A
overcomes this problem. The data, or D,
input at gate 1 is used to accept a binary
logic level for storage in the flip-fiop.
However, the input data bit will not be
loaded into the latch portion of the
flip-flop until the LOAD (T) input line is
made a binary 1. In this way the LOAD
input line can inhibit the input infor-
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mation and atlow the flip-flop to retain a
given state.

To store a binary 1 in the D filip-flop or
to set it, the data input is made a binary
1. When the LOAD input line goes to a
binary 1 level, the output of gate 1 goes
fow. This forces the output of gate 2
high. The output of gate 3 is also forced
high, making the Q or normal output
high. Now the flip-flop is set.

When the LOAD line goes back to a
binary 0 level, the outputs of both gates 1
and 2 go high. These outputs have no
effect on the state of the latch made up
of gates 3 and 4. The latch remains set.

To store a binary 0, the data input is
made a binary 0. Now whenever the
LOAD line goes high, the output of gate
1 is forced high by the low data input.
This high input has no effect on gate 3 of
the latch. However, the high output of
gate 1 is seen in the input to gate 2 along
with the high LOAD input. This forces
the output of gate 2 low, causing the
output of gate 4 to go high. With the
complement output high, the flip-fiop is
reset or storing a binary 0.

DATA
(D)

—
LOAD(T) @

Fig. 4. D flip-flop made with NAND gates
(A) and its logic symbol (B).




Keep in mind one important fact. The
flip-flop will only recognize a data input
when the LOAD input line is made a
binary 1. With the LOAD input high, the
state of the flip-flop merely follows the
data input. With the LOAD input line
low, the data input is inhibited and the
flip-flop retains the last state determined
by the data input. The LOAD control line
permits convenient setting and resetting
of the flip-flop from any binary data
source.

STORAGE REGISTERS

One of the most common applications for
either RS or D flip-flops is storage reg-
isters. A storage register is a group of
flip-flops combined to store a complete
binary word or number. Fig. 5 shows a
4-bit storage register made with D flip-
flops. This flip-flop storage register is fed

- ) Low (0)
T A
RESET
v | 8
D HIGH (1)
*r—o
T 8
SET
* 0 c
- D Low(0)
0——4‘/'
T I
RESET
I
R D © (1)
>r—o
L ! >
= GND LOAD SET
+V
SWITGH || FLIP FLOP
STORAGE
RE REGISTER

Fig. 5. A switch register and a D flip-flop
register storing the binary number 1010,

from a switch register, Here a group of
four single-pole, double-throw switches
are used to store a binary number. The
switch terminals are connected to +V and
ground (binary 1 and binary 0 logic
levels). The arm of the switch will be
either a binary 1 or a binary 0, depending
upon the switch position. The arm of
each switch is applied to the D input of a
flip-flop. Notice in Fig. 5 that the
switches are set so that the binary num-
ber being stored is 1010. The least signifi-
cant bit (LSB) position is the upper
flip-flop. This number stored by the
switch register is the binary equivalent of
the decimal number 10,

The contents of the switch register can be
transferred to and stored in the D flip-
flop register simply by enabling the
LOAD input line. Notice that the T input
to each of the flip-flops is tied to a
common LOAD pulse. As soon as this
LOAD pulse is made a binary 1, each of
the D flip-flops recognizes its D input and
either sets or resets, depending upon the
position of the switch feeding it.

Note that the state of each flip-flop is
designated in Fig. 5. This is the condition
of the flip-flops after the load pulse
occurs,_, with the switches in the switch
register set as shown, The contents of the
register can be determined by monitoring
the normal output of each of the flip-
flops. Note that the flip-flops’ outputs are
marked with the letters A, B, C and D.

THE JK FLIP-FLOP

The most versatile of all flip-flop types is
the JK flip-flop. It can not only duplicate
the functions of the latch and D flip-
flops, but also function in several other
ways. The symbol for a JK flip-flop is



Fig. 6. Symbol for a JK flip-flop.

shown in Fig. 6. Since most JK flip-flops
exist as integrated circuits, all you really
need to know is how the outputs of the
flip-flop respond to the various combi-
nations of signal inputs.

The operation of the JK flip-flop can be
summarized best by illustrating it with
truth tables. Let’s first consider the effect
of the S and R inputs on the normal and
complement outputs Q and Q.

The S and R inputs on the JK flip-flop in
Fig. 6 are the direct set and direct reset
inputs. These inputs and the flip-flop
outputs perform exactly as the latch
shown in Fig. 3.

The truth table in Fig. 7A summarizes the
operation of the JK flip-flop using the S
and R inputs. Therefore, this truth table
can also be used to define the operation
of the latch in Fig. 3. On the left side of

INPUTS OUTPUTS
S| R Q Q-
0| o0 1 1

0 | 1 1 0
110 0 1

1 1 X X

Fig. 7A. Direct set and reset operation.
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the table we show all four possible
combinations of the S and R inputs. The
outputs Q and Q are designated on the
right.

Notice that when the set and reset inputs
are both at binary 0, it forces the Q and
theHoutputs to a binary 1. This is an
unusual and generally undesirable state
for a flip-flop. The two outputs on any
flip-flop should always be comple-
mentary. When both outputs are at the
same voltage level, it is impossible to tell
which state the flip-flop is in. It is in
some ambiguous state, neither a binary 1
nor a binary 0, that generally has no
useful purpose. For that reason the S and
R inputs to the flip-flop should normally
be held at a binary 1 level.

Whenever the set input is made a binary 0
while the reset input is a binary 1, the
flip-flop will become set and its normal
output Q will become a binary 1.
Applying a binary 0 to the reset input
and a binary 1 to the set input resets the
flip-flop, causing the complement output
Q to go to a binary 1. The flip-flop stores
a binary Q in this state. When both the set
and the reset inputs are high, the outputs
are undefined (X, X). With the inputs
both at binary 1, the flip-flop could
possibly be in either the set or reset state.
Determining the precise output condition
depends upon the conditions existing at
the set and reset inputs previous to the
time when both inputs are at binary 1.

The operation of the JK flip-flop, using
the J, K and T inputs, is represented in
the truth table of Fig. 7B. The main
difference between these inputs and the S
and R inputs is that the signals applied to
the J and K inputs do not directly affect
the state of the flip-flop. When the proper



INPUTS OUTPUT
J | K Q Qe+
0| o0 X | x

0| 1 X| o
110 X| 1

1 1 X| X

Fig. 7B. JK operation.

voltage levels are applied to the J and K
inputs, the flip-flop will not immediately
change state; the T input must be trig-
gered in order to cause the flip-flop to
change state. The flip-flop will change
state when the T (toggle) input switches
from a binary 1 to a binary 0 voltage
level,

When both the J and the K inputs are
binary 0, the flip-flop will not change
state even though a signal is applied to
the T input. This operation is designated
by the output state shown in Fig. 78.
Notice that only the normal output is
shown.The Q output is X, where X can be
either the set or reset state. The column
in the truth table designated Q1 4 1)
shows the state of the flip-flop after the T
input switches from binary 1 to binary O.
Notice that when the J and K inputs are
binary 0, the Q and Q(t + 1) states are
identical.

When the J input is a binary 0 and the K
input is a binary 1, toggling the flip-flop
will cause the Q output to go to a binary
0. The flip-flop is reset in this state and
storing a binary 0. Notice that the state
of the flip-flop prior to the application of
the T pulse may be anything, as desig-
nated by the X; after the clock pulse
occurs, the flip-flop will be reset.

Applying a binary 1 to the J input and a
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binary 0 to the K input causes the
flip-flop to set when the T pulse occurs.
Adgain the state of the flip-flop prior to
the application of the toggle input could
be either a binary 1 or a binary 0. In
either case the flip-flop will set when the
T pulse occurs.

When both the J and K inputs are made a
binary 1, applying a T pulse will cause the
flip-flop to complement itself. If the state
prior to the clock pulse is X, the state will
be X (the complement of X) after the
clock pulse occurs. This means that if the
flip-flop is initially set, it will reset upon
the application of the T pulse: if it is
reset, it will set when the T pulse occurs,
This particular mode of operation is
known as the toggling or complementing
mode since, for each T pulse that occurs,
the flip-flop toggles or complements
itself.

This toggling operation is illustrated by
waveforms as shown in Fig. 8. Notice that
the top waveform is the input T pulse
often called a clock pulse. With both the
J and K inputs at a binary 1, the flip-flop
outputs will appear as shown. Notice that
the flip-flop changes state on the trailing
edge (binary 1 to binary O level tran-
sition) ,of each clock pulse. Also notice
that the Q and Q outputs are always
complements or opposites of each other.

CLOCK OR
T INPUT

I
| i
S lmiial

s, LI LI
Fig. 8. Waveforms illustrating the toggling
of a JK flip-flop.




If you will observe the waveformsin Fig.
8 you should notice that the flip-flop
output is occuring at a frequency that is
one-half that of the input clock signal.
This means that the flip-flop is a divide-
by-two frequency divider. The flip-flop
will divide any input square-wave fre-
quency by two. If the input square wave
occured at a 100-kHz rate, the flip-flop
output frequency would be 50 kHz.

Frequency dividers are widely used in
digital equipment. Flip-flops can be cas-
caded so that the Q output of one
flip-flop drives the T input of another.
Cascading flip-flops this way can produce
frequency divisions by any power of 2.
With each flip-flop dividing the frequency

Mr. George L. Smith wants to retire.

Can you help him?

by 2, the output frequency from the last
flip-flop in the chain will be the input
frequency divided by 2N (where N is the
total number of flip-flops cascaded). With
four flip-flops the input frequency will be
divided by 2% or 16.

Cascading flip-flops the way we do to
form a frequency divider also lets us
perform binary counting operations. The
flip-flops can change state in such a way
that the binary numbers they store indi-
cate the number of input pulses that have
occurred.

But all this is just part of another exciting

story — one that we will cover in the next
and last article of this series.

He would like to have a qualified technician buy out his business and keep it going.
He feels it would be a good venture for the right man, and is willing to help with
financing. He has plenty of work and is located in a quiet rural community.

Sounds ideal, doesn’t it.

Mr. George L. Smith
Smith’s Radio & Television Service

213 Fourth Street

Tracy, Minnesota 56175

FOR SALE

Utah 84105

An unassembled CONAR Appliance Tester.
IF INTERESTED CONTACT
Joseph H. Johnston

1626 Hubbard Avenue
Salt Lake City,




NRI honors program awards

For outstanding grades throughout their NRI courses of study, the following
November and December graduates were given Certificates of Distinction

with their NRI Electronics Diplomas.

HIGHEST HONORS

Gregory M. Curtin, Claremont, Calif.
Emory L. Duckworth, Macon, Ga.
Howard J. Ferch, Thunder Bay, Ont., Canada
Glenn T. Jenkins, Las Vegas, Nevada
Lawrence |. Lovell, ElImira, N.Y.
Michael E. Pietrak, Inglewood, Calif.
Thomas L. Sego, Bellevue, Neb.

Kurt Stegers, Freehold, N.J.

Douglas B. Stroh, Portland, Ore.

Jo Bob Taylor, Portland, Tex.

Jack Thompson, Visalia Calif.

Robert A. Williams, Cedar Rapids, lowa

HIGH HONORS

Billy R. Auchter, Erlanger, Ky.

Joel Bakal, Bronx, N.Y.

Witliam C. Barber, Houston, Tex.

Andrew E. Belko, San Antonio, Tex.

Jay F. Borst, Woodbridge, Va.

Jack M. Bowlds, Owensboro, Ky.

Richard J. Brewster, East Hartford, Conn.
Ronald A. Brown, Clear, Alaska

Norbert H, Cannon, St. Paul, Minn.
Richard H. Carlson, Sterling Junction, Mass.
R. W. Conard, FPO San Francisco

Oscar L. Cook, Washington, D.C.

Henry Cornellier, College Park, Md.
Charies H. Corson, Grants Pass, Ore.
Donald L. Crist, Lincoln Park, Mich.
Thomas Crowiey, Brooklyn, N.Y.

Alfred G. Curcio, Folsom, Pa,

Dudley Jack Delany, New York, N.Y.
Geoffrey Dobbs, Mississauga, Ont., Canada
William H. Duffey, Fairport Harbor, Ohio
Ernest E. Ervin, Houston, Tex.

Ricardo B. Faloh, Apopka, Fla.

Donald W. Fenchel, Beaver Falls, Pa.
Richard J. Fiedler, Cupertino, Calif.
James D. Finkbeiner, Detroit, Mich.
Rodney Gibson, Springfield Gardens, N.Y.
William L. Gotcher, Sr., Waco, Tex.
William R. Harmon, Lincoln, lil.
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Jerry A, Harris, Huntington, W. Va,
William J. Harris, Salem, Ore.

R. W. Haustein, La Mesa, Calif.

Boyd E. Hershman, Silver Spring, Md.
Ronald A. Higgins, Yuba City, Calif.
Otto A. Hoebel, Tonawanda, N.Y.

Phillip L. Laffoon, Herrin, 111,

Ronald L. Lester, Gulfport, Miss.

Walter F. Long, Danville, Calif.

Richard C. Looke, Lynwood, Wash.
Robert N. May, Albuquerque, N. Mex.
William B. McDonald, Sacramento, Calif,
L. Philip Morin, Mammoth Lakes, Calif.
Michael T. Morteli, Jr., Sacramento, Calif.
John H. Mulders, Sr., Prescott, Ont., Canada
James L. Munoz, Boulder, Colo.

Malcolm T. Murphy, Cheverly, Md.

Frank Padegimas, Riverhead, N.Y.
Laurence B. Peirce, Tuscaloosa, Ala.
Regis G. Rinko, Dayton, Ohio

The St. Louis area

needs

e

APPLIANCE TECHNICIANS

and

SERVICEMEN

Contact:

R.W. Huston
Box 2831

St. Louis, MO 63111
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Announcing... THE OFFICIAL SCHOOL RING
OF NATIONAL RADIO INSTITUTE

RING
YOU’'LL WEAR
WITH PRIDE
FOR A LIFETIME

You will be proud to wear this distinguished ring in any company. It identifies you as a man of
ambition and achievernent who is dedicated to success through education. The ring speaks well of both
you and your school.

Your official NRI school ring is 2 masterpiece of jewelry created to NRI specifications by the L. G.
Balfour Company, makers of the most distinguished school rings in America. A full 9 pennyweight of
brilliant, durable 10 kt. gold gives the ring the heft and feel you would expect of a university style
ring. The smooth, round-top stone is a sparkling ruby-red, the color which identifies your school.

The famous NRI symbol boldly dominates one side of the ring. The opposite side features an Ameri-
can eagle and a symbol representing both the space age and electronics — concepts to which your
school is dedicated.

Order your ring now and wear it with pride for a lifetime.

HOW TO ORDER YOUR OFFICIAL NRI SCHOOL RING

BE SURE TO GIVE US YOUR CORRECT RING
SIZE. You may pay for your ring three ways: (1) Send $49.95 with your order. (Add 4% sales tax
only if you live in Washington, D. C.); (2) If you have an open account with Conar Instruments
Division of NRI, simply ask to have the ring added to your account, or (3) Send a $5.00 down
payment and ask to open a Conar credit account. Be sure to fill in the credit application on the back
of the order blank .

BE SURE TO TELL US YOUR RING SIZE

The best way to find our your correct ring size is to ask your

local jeweler to measure your finger. Otherwise, use the ring OFFICIAL
chart below. Wrap a strip of paper or adhesive tape around the NRI SCHOOL RING
largest part of your finger. Mark where it overlaps and cut off $49.95
the excess paper or tape. Measure it on the chart below. If it falls
‘between sizes, choose the next size. STS(;_E];P#EII)DS
RING SIZES FOR MEASURING FINGER PARCEL POST INSURED

|| I’I'Il

346 10M121

USE CONVENIENT ORDER BLANK ON PAGE 17




o0 PIECE POWER DRILL WORKSHOP

WITH 3/8” VARIABLE TRIGGER

$2095

This incredible “home workshop” drill kit is powered
by a powerful, rugged 34" variable speed power drill
with a 34 HP 3 Amp universal motor. Just squecze the
trigger to vary the speed from 0 to 1000 RPM. Locking
button on handle will hold speed constant without
holding trigger. Drill also features multiple thrust bear-
ings and pistol grip handle. UL listed.

SPEED CONTROL DRILL

COMPLETE
KIT ONLY
Stock No. 1TO
12 1bs,
Parcel Post Insured

e Tilting Top Saw Attachment
® Crosscut and Ripsaw Blade
® Horizontal Bench Stand

® Lambswool Polishing Bonnet
® 13 Piece Drill Kit

o Rubber Backing I’ad

THESE ARE THE ACCESSORIES AND ATTACHMENTS YOU GET:

Steel Paint Mixer

Grinding Wheel

6 Piece Adapter Set

Steel Saw Table with Protractor and
Mounting Post

Drill Press with Mounting Post and Stand
15 Piece Sanding Disc Set

(5 fine, 5 medium, 5 coarse)

ROCKWELL 3/8” Variable Speed Double Insulated Drill

S —— )

$29299

Reg. $29.99, You Save $7.00
Stock #74TO
4 1bs., Parcel Post Insured

This double insulated variable speed drill offers the
right speed for cvery kind of drillable material. Does
away with bit skidding and c¢liminates need for starting
holes. Can be used as power screwdriver,

SPECIFICATIONS :

Motor: 2,7 Amp, Universal type, 115 Volt, 25-60 Cycle, A.C.
Speed: 0 to 1,000 RPM.

Drilling Capacity: %" steel ; %" wood.

Weight: 4 lbs.

Features

* Double insulated to
protect the user

No grounding or
three-wire plug
adapter needed

Trigger-controlled
variable speed
Unbreakable
housing

High torque, double
reduction gear
drive

Ball thrust bearing
construction

High quality 3-jaw
geared chuck

Contoured pistol
grip design

¢ Built-in cord strain

relief protector

DRILL SET

- ““lh

Eleven U.S. made, high speed drills_ in
a wide assortment of sizes ranging
from 1/16” to 3/8” x 1/32”—most needed
in the home or shop. Shipped in a han'dy
plastic container. Manufacturer’s list
$7.46. A real CONAR value at:

Stock #T37TO $520

8 oz. Parcel Post

USE CONVENIENT ORDER BLANK ON PAGE 17
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CONAR'S “THREE-DOLLAR-BILL" SPECIAL OFFER

SAVE $9.00 OR $6.00 OR $3.00

During this special offer save $3.00 on each of the instruments
shown on this page. Simply deduct $3.00 from the price of
each of these instruments you order.

OFFER ENDS APRIL 30, 1971

Buy 3, Save $9; Buy 2, Save $6; Buy one, Save $3.

CONAR Tuned Signal Tracer

Only tuned tracer on the market anywhere near
the price. Exclusive cathode-follower probe gives
outstanding sensitivity. Easily connects to any RF
or IF stage with absolute minimum of detuning.
Features audio tracing method through built-in 4"
PM speaker plus visual indicator using ‘‘eye” tube.
Quickly locates sources of hum, noise and distor-
tion: Tracks down intermittents, measures gain per
stage, accurately aligns radios without signal gener-
ator. (Tracer may also be used as sensitive AM
radio.) Has two stages of RF amplification. Assembly-
operating instructions include more than 12 pages
on uses of Model 230. For beginners as well as
experienced technicians.

CATALOG PRICE

KIT 230UK
WIRED 230WT

$49.95
$69.95

NRI STUDENT &
ALUMNI PRICE

KIT 230UK $39.80
WIRED 230WT $56.70

MODEL 280

CONAR Signal Generator

Widely acclaimed as most accurate signal generator
near the price. Uses Hartley type oscillator circuit
with six separate coils and capacitors to give
accuracy within 1% after easy calibration. High
output of the Model 280 simplifies signal injection
for rapid alignment and troubleshooting of transistor
and tube receivers. Covers 170 kc to 60 mc in six
ranges with harmonic frequency coverage over 120
mc. !deally suited as marker generator for TV
alignment. Tuning dial features planetary drive with
6:1 ratio for greater accuracy and elimination of
backlash. Scale is full 97 wide with transparent
hairline pointer. Has single cable for all outputs,
no need to change leads when switching from 400
cycle audio to modulated or unmodulated RF.

CATALOG PRICE
KIT 280UK $29.95
WIRED 280WT $43.95

NRI STUDENT &
ALUMNI PRICE

KIT 280UK $26.35
WIRED 280WT $39.55

MODEL 311

Resistor-

CONAR Capacitor TESTER
The Model 311 gives fast, accurate, reliable test
on all resistors and capacitors. Measures capacity
of mica, ceramic, paper, oil-filled and electrolytics
from 10 mmfd. to 1500 mfd., 0-450 volts. Checks
for leakage, measures power factor and useful life.
Shows exact value of resistors from 1 ohm to 150
megohms. Clearly indicates opens and shorts. Has
“floating chassis’”’ design to greatly reduce shock
hazards. The Model 311 will also apply actual DC
test voltage to capacitors to reveal break-down
under normal circuit conditions, a feature far su-
perior to many R-C testers which give low voltage
“continuity’” tests. Can be used for in-circuit tests
in many applications and circuits.

CATALOG PRICE
$29.95
$42.50

KIT 311UK
WIRED 311WT

NRI STUDENT &
ALUMNI PRICE

KIT 311UK $24.40
WIRED 311WT $33.85

USE CONVENIENT ORDER BLANK ON PAGE 17




IF YOU OWN A ..

. . . CONAR 600

COLOR TV RECEIVER

NOW YOU CAN USE IT AS A

COLOR TV TEST JIG

WITH THE NEW CONAR
WIRING HARNESS ADAPTOR KIT

o SAVE TIME, EFFORT, MONEY.

e LEAVE THE TV CABINET IN THE CUSTOMER'S
HOME; TAKE ONLY THE CHASSIS TO THE SHOP.

e NO NEED TO REAQJUST CONVERGENCE AND
PURITY CONTROLS ON THE SET AFTER YOU
REPAIR THE CHASSIS.

Many professional color TV servicemen invest $150
to $200 for a color TV test jig. They consider it
a wise investment because the test jig quickly
sf>a'ves tt;?m enough time, effort, and money to pay
or itself.

Now, for a fraction of the cost of a
commercially available color TV test jig,
you can adapt your Conar model 600
color TV receiver for use as a test jig! The
new Conar Wiring Harness Adaptor Kit
makes it possible.

Think of what this can mean to you. No more
furniture moving. Leave the customer’s TV cabinet
in his home and take ONLY the chassis to your
shop. And since the cabinet hasn't been moved,
you don't have to readjust the convergence and
purity controls for the picture tube. This could
save as much as half of the time you would other-
wise spend working on the customer's set.

The Adaptor Kit is easy to use. Simply connect
the three extension cables between the customer’s
chassis and your Conar 600, and insert the con-
vergence plug into the chassis. Your Conar 600 is
now a color TV test jig which will show on-its
screen the pictures produced by the customer's
chassis. You will be able to see how your work
on the chassis affects the picture.

The Adaptor Kit connections will not affect the
convergence or purity adjustments on the Conar

600 either, so whenever you choose, simply dis-
connect the wiring harness and use your receiver
to watch your favorite TV programs.

The Adaptor Kit includes a yoke adaptor which
allows you to _ervice more than 280 different
chassis. Additional yoke adaptors will permit you
to service many additional chassis. These adapt-
ors are available from Conar for $4.95 each plus
$1.50 for a matching convergence plug, if needed.
A list of all these adaptors and the chassis they
fit is supplied with each Adaptor Kit.

Using your Conar 600 as a test jig will make your
color TV servicing easier and faster. In servicing,
when you save time you save money. Start saving
money now. Order your Conar color TV test jig
Adaptor Kit today.

CONAR WIRING HARNESS

ADAPTOR KIT

STOCK +#600AD

$29.95

ADD $1.00 FOR POSTAGE & HANDLING

USE CONVENIENT ORDER BLANK ON PAGE 17




Frederick Robar, Jr., Middletown, R.I.
Donald A. Rosa, Stamford, Conn.
Louis A. H. Ruch, Arlington, Va.
Frederick Schlemmer, APO New York
Herbert Lee Scott, North Augusta, S.C.
John A. Seppyes, Laporte, ind.

Donald C. Smith, Tucson, Arix.

Eben Staggs, Logan, W. Va.

Donald Keith Stebbins, Belgrade, Mont.
Raymond Syper, Stockton, N.Y,

Clint R. Taylor, Hartford, Ky

Joseph Vega, New York, N.Y.

Burton Voss, Kingman, Ariz.

Lewis R. Washington, Greensboro, N.C.
Richard H. Wheaton, Washington, D.C.
Rev. D. Oiney White, Yale, Mich.
Norman J. Wintermeyer, Madera, Calif.
J. F. Wise, Kearny, Ariz,

David J. Wolf, Berea, Ohio

HONORS
Stanley Beitko, Creighton, Pa.

Raymond O. Belanger, Amesbury, Mass.
James Brennan, Pincourt lle Perrot, P.Q., Canada

Salvador M. Calcagno, New Orleans, La.
Joseph A. Calzone, Milford, Mass.

Ralph J. Cameron, Boston, Mass.

Walter H. Caplinger, Kansas City, Mo.
David L. Capps, Grand Junction, Colo.
Orville A. Carlson, Reynolds, Ill.

Carl Christensen, Marysville, Calif.
Donald O. Christian, lrving, Tex.

Leroy Coleman, Columbus, Miss.

Marvin L. Cornelius, Baldwin City, Kansas
Evan T. Craig, Santa Clara, Calif.
Raymond R. Cross, Hughesville, Md.
Delbert E. Davis, San Jose, Calif.

John C. Deddens, Florissant, Mo.
William H. Dimick, St. Albans, Vt.
Robert D. Diorio, Langley Park, Md.
Melvin G. Dishong, Smyrna, Ga.

David G. Ennis, Fresno, Calif.

Antonio N, Faro, Philadelphia, Pa.
Donald E. Gallagher, Maysville, Ky.
Ernest E. Gilbert, Athol Cumb Co., N.S., Canada
Robert B. Hampton, Chambersburg, Pa.
Alan L. Harding, Arlington, Tex.

Charles M. Harrelson, Fort Meade, Md.
Ralph P. Hickman, Oklahoma City, Okla.

CONAR ORDER BLANK

DIVISION OF NATIONAL RADIO INSTITUTE, 3939 WISCONSIN AVE, WASHINGTON; D.C. 20016

PLEASE PRINT

J17

NRI STUDENT NUMBER

NAME [0 CASH
SN N o L i s e S AL i O €.0.D. (20% Deposit required)
ADDRESS [J ADD TO MY CONAR ACCOUNT
............................................................ [J NEW EASY PAYMENT PLAN (10% Depasit)
CITY STATE ZIP

Quantity Model Name of ltem Price Each Total
1§ you live in Washington, D.C., add sales tax. TOTAL

All prices are net, F.O.B. Washington, D.C.

ON N[W TIME PA YMEN" ORDERS please be sure to complete the Easy Payment Plan |

credit information form on the reverse side of this page and include 10% deposit with your order.

e ———
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John C. Hill, Jr., Brooklyn, N.Y. R. W. Rutledge, Vancouver, B.C., Canada

Roosevelt Hill, Angola, La. Edward A. Sawicky, Hudson, N.Y.

Jack H. Horner, Carlos, Ind. Ronald W, Sheeley, Albany, IlI.

Joseph A, Jarvis, Parkersburg, W. Va. Charles J. Siwik, New Castle, Del,

Floyd E. Jines, Baton Rouge, La. Richard W. Smith, Pittsburgh, Pa.

Ronald L. Jones, Caseyville, lll. William J. Smith, Aberdeen, Miss.

John B. Kidney, Hazelwood, Mo. Curtis L. Sockwell, Robert Lee, Tex.

Enoch L. Knox, Chambersburg, Pa. Leroy N. Sparks, Elizabethtown, Ky.

Paul A, LaFreniere, Grand Marais, Minn. Julian W. Sullivan, Winchester, Tenn.

William A. Laruccia, Bronx, N.Y. Clarence A. Taylor, Grove City, Pa.

Jack Lockerbie, Santa Barbara, Calif. Lewis C. Tolliver, Sr., Newfield, N.Y,

Gene Lundy, Dallas, Tex. R. B. Tompkins, Cumberland Center, Maine

James S. Mclntyre, Pettus, W. Va. J. B. Toomey, Norwood, Mass.

Antonio V. McMurray, Agana, Guam Ariel Orama Torres, Ponce, Puerto Rico

Fritz Meister, North Olmsted, Ohio Robert B. Turner, Bel Air, Md.

Harland A. Montgomery, Birmingham, Ala. Warren Vanderwerken, Hermann, Mo.

Raymond R. Muszynski, Coventry, R. I, Jd@mes B. Wagoner, Sparta, N.C.

William D. Peek, Columbus, Ind. Leonard C. Watson, Morehead, Ky.

Edward Pilecki, Boca Raton, Fla. Conrad N. Westmoreland, San Diego, Calif.

Randal! E. Price, Packsville, W. Va. Robert D. Williams, Bauxite, Ark.

Donald C. Ramthun, West Allis, Wis. Herbert Wolf, Marine City, Mich,

Rainer Reischert, Astoria, N.Y. Philip M. Young, Rockdale, Tex.

Carrol A. Riley, Athens, Ohio Larry Zamora, Texarkana, Tex.

Jimmy T. Roberts, Waverly, Tenn. Bruce Zboray, Hazleton, Pa.

Richard L. Roberts, Columbiana, Ohio John A, Zook, Rising Sun, Md.
CONAR EASY PAYMENT PLAN N7

CREDIT APPLICATION

Note: Easy payment ﬁlan credit applications cannot be accepted from persons under 21 years of age.
If you are under 21, have this form filled in by a person of legal age and regularly employed.

Enclosed is a deposit of $ on the merchandise | have listed on the reverse side.
| hereby apply for credit under the Conar Easy Payment Plan. The statements below are true and are
made for, the purpose of receiving credit.

Date ... Written Signature
CREDIT APPLICATION

Print Full NGmMe . e e Age ...
Hom e A ddres s R e e e e
Citya& State Rt R e e o 0 e O et L How long at this address? ... . .
Previous Address ...

(ST EEIT (s + 0 o T il e e AR I How long at this address? ... ...
Present Employer .. Positian ....................... Monthly Incame ... ...
BusinessFAddressTESSSEE RIS NS I e e How Lang Employed? ...
If in business for self, what business? ... How R Long R e
Bank Account with ot o e | . R, e 10 Savings [J Checking []

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

CredithACcIMwithRSEENTIN o S R N e e e e Highest Credit ..... L et

(Address)

CredifAcct K ithT S T Sol ot T e s Highest Credit ...

(Name) (Address)
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Part-Time
Servicing Experiences

by J. B. Straughn

As some of you may know, I worked for NRI from 1929 to 1967, resigning to buy a
farm, raise beef cattle, and go fishing. Quitting a regular job takes some adjusting and in
about six months my wife found me walking around on the ceiling, much to her dismay. I
was in such a bad state that I got in my car, drove a thousand miles and went back to
work at NRI, but a month later a job opened up in my new home county for a Civil
Defense coordinator. I applied for and got the job, which is part-time — 20 hours per
week. This stopped the walking on the ceiling but I found I still had time on my hands.

Not being able to keep my big mouth shut I talked about my former work as Chief of
NRI's Consultation Service and the first thing I knew a friend begged me to come over
and “fix” their new Color set. I found they just didn’t know how to operate it. This
started the ball rolling, however, and requests for TV repairs grew to the point that I
knew I was hooked into moonlighting.

I still had a Conar Tube Tester, Scope, Picture Tube Tester, Pocket Meter, and vtvm, all
of which I had designed while working at NRL With all this equipment, I was ready to set
up shop. Except for one small detail...I had no shop. I am presently using a desk in my
bedroom as my workbench. I wouldn’t mind it so much if customers would only pick up
their work promptly.

I quickly learned that credit was fine for banks and the government but not for yours
truly. People get their sets when they pay for repairs and not before. Also, I had to decide
what to stock in the line of tubes and parts. A person could easily invest $500 in tubes
for a part-time operation, and still not have all the tubes he needs. There are trade
magazines that publish lists of the most used tubes, but requirements usually vary with
geographical location. Although I live in the country, I work in the small county seat
which boasts two service shops and I am near a medium-sized city where there are three
electronic wholesalers. I made it my business to get acquainted with them and arrange for
an open account so I could charge parts. If you do the same, pay your bills regularly
because they add up fast.

I still did not stock up on tubes, however; I just ordered them as needed at the start of a
project. Since it was out of the question to drive so far for just one or two tubes, I called
in my order and had what I needed sent to me by bus. If I placed my order early in the
day, 1 could pick up my order at the bus stop the same day. If there was no hurry, I had
the parts sent by mail. I soon learned what was needed in the way of tubes in my
community and I started doubling up on some orders. For example, if I needed a single
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1B3 or 12DQ6 tube, I would order two of each. This does not tie up funds, as there is a
60% discount on tubes and the current job will pay for future work and still net some
profit. I now have accumulated a stock of about $300 worth of tubes at the wholesale
price, but I still order quite frequently.

I don’t make house calls. I have my customers well trained and they bring me sets from
far and wide. This is no trouble in the case of portables, but I even have large color
consoles delivered to my door and carried into my “shop” with as little help from me as
possible. I have reached the ripe age of 62 without killing myself, and I am not going to
wrestle these monsters any more than necessary. In the city, where people don’t have
trucks, you would either have to haul sets or specialize in portables.

I keep a small stock of electrolytics on hand, but paper capacitors and resistors are
purchased as needed. My small supply has come mainly from parts I have cut out of old
sets customers decide to junk. I do carry about ten fusible resistors of 4.7 ohm, 7 watts or
so. These will “pop” on line voltage surges and with trouble in the horizontal sweep
circuit. Their value is not very critical. I keep an assortment of CRT brighteners on hand,
and am thinking about getting a resistor-capacitor decade box to use for substitution
testing,

My biggest trouble and expense is in getting diagrams for the sets that I service. Lots of
servicemen say they don’t need schematics, but I am not one of them. With today’s
printed circuits it’s too hard to see just what is in the set. Furthermore, schematics help
me to reason out what could be causing the trouble I am trying to diagnose. When I am in
a real hurry, I order a set of diagrams containing the one in which I am interested. They
generally run around three dollars. 1 add this to my service bill without a mark up,
because once you service a set you will have the diagram on hand, and never need to
order it again. Sometimes, but very seldom, the additional schematics of other receivers in
the set may be of use to you on some future service job. When I can’t get a schematic
locally and must have one, I remember NRI's Consultation Service and send a request for
a copy of NRPI’s file diagram. This takes a little more time, but they have everything; and

it is the best buy you will ever make, as this is a service of NRI and not done to make
money.

Strange as it may seem to the beginner, 90% of TV troubles are due to defective tubes.
This may lead you to think that owning a tube tester will enable you to solve 90% of the
TV problems you encounter. Not so. While the tube tester is a handy piece of equipment
which is needed by every serviceman, its limitations must be realized. If a tube is very
weak, has no emission, or has shorted electrodes, the tube tester will inform you of this
fact. Many times, however, tubes which check *“bad” will actually work in the circuit in
which they are used. Unless a study of the circuit or consideration of the complaint
indicates differently, don’t discard a tube just because it has a cathode-to-heater short. In
this particular circuit both the cathode and heater may be grounded — so who cares if
they are shorted together? A “weak” tube may work fine, as proved by no change in
operation when a new one is inserted in the set. Sometimes you will note snivets (dark
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vertical lines and splotches which move up through the picture) which usually appear on
uhf stations. You may have to try several new tubes in the damper or horizontal output
circuit before you find one that will not produce this condition. In other cases you may
need to try several tubes as mixer-oscillators in front ends before you get one whose
internal capacities are satisfactory for a particular circuit. In some cases, where trouble
occurs in the color section of sets, just switching tubes of the same type number to
different positions in the circuit will clear up the problem. Installation of new tubes only
when absolutely necessary enables you to put more of the repair bill in your pocket. With
experience you will know when a tube is a likely cause of trouble. The final check is to
install a replacement and note the change in operation, if any. When in doubt, the rule to
follow is to try another tube in the circuit.

I had a case of this sort recently. The county clerk, who works with me in the
courthouse, came to me quite upset. There was a football game that night that he just had
to see and his set had started acting up. The sound and the picture were both very weak.
We drove out to his house with a tube tester he had borrowed from a local merchant and
I confirmed the complaint, noting that there was no snow. This indicated to me that the
trouble was in the video i-f section. I tested all of the i-f tubes, however, and they seemed
to be good. 1 had the horrible thought that I might have to take his color console to my
place in the back of my station wagon. I did not trust the tube tester completely, so we
took the tubes to a local service shop and tested them on a high-quality
mutual-conductance tester. Again, nothing seemed to be wrong. We put the tubes back in
the set and while it was operating 1 lightly tapped the i-f tubes with the handle of a
screwdriver. Sure enough, I saw a slight arc in the first i-f tube. We went back to the
service shop and purchased a replacement tube. This fixed the trouble. There was no
money in it for me this time, but the word-of-mouth advertising that resulted brought in
more work than I really wanted.

VERTICAL TROUBLE IN A PANASONIC AN29

Parts from junked sets come in handy. Not long ago 1 fixed the horizontal instability in a
set — defective diodes in the horizontal afc circuit. A pair of diodes from a junked set
cleared up this problem. Then the set developed another problem. It showed about a
four-inch vertical picture when first turned on; then after about five minutes of
operation, the raster would grow until it almost filled the screen. The circuit in question
is shown in Fig. 1. I suspected the boost voltage, the vertical tube V9, the clamp diode in
the cathode circuit of V9A, or perhaps a resistor which was changing in value with heat.

Since I had been having trouble with some diodes in the horizontal circuit, I checked the
clamp diode first. It was working satisfactorily, though. I found this out by unsoldering
one of its leads and comparing its forward and reverse resistance with that of a power
diode 1 had pulled out of a junked receiver. I discarded my improper boost voltage
hypothesis because this voltage is a function of the horizontal sweep, which was normal
at all times. Measurement showed the screen voltage, Pin 7, to be normal, but the plate
voltage on Pin 1 was low and gradually increased as the set warmed up and the vertical
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size of the picture increased. This could have been due to a defect of some kind in the
18GV8 tube, but as [ did not have one on hand and would have had to order one from
the set distributor in Atlanta, I bypassed this thought for the time being. I measured the
resistance values in the plate circuit of V9A, and sure enough there was the trouble. The
4.7 meg plate load resistor measured about 8 megs, which was far too high and which
accounted for the low plate voltage — about 5 volts on Pin 1. I tried putting a hot
soldering iron on the resistor body while the ohmmeter was connected. As the resistor
heated up, the resistance dropped. I looked around in my parts box for a
yellow-violet-green resistor and just happened to find one. When installed, the trouble was
a thing of the past, and I felt a little extra satisfaction.

DIODE MIXER IN UHF TUNER

In another set, I located a defective diode mixer in the uhf tuner. The diode was checked
by comparing its forward and reverse resistance with«that of an electrically similar unit
known to be in proper working order. The difference in the forward and reverse
resistance measurements is obtained by reversing the ohmmeter probes. The forward
reading is the one with the lowest resistance and the reverse is the highest reading in
ohms. The unit I used for comparison was not suitable to install, so I got the proper type
from a wholesaler. When installed, the tuner was just as dead as before. I sadly
contemplated installing a new transistor in the uhf oscillator section — a very messy job
and one to be avoided if possible. I removed the plug-in diode I had just installed and
checked it with the ohmmeter. It was just as bad as the one I had discarded! The next
time I had to go to town I returned the defective unit. This time I asked for their
ohmmeter and proceeded to check a number of units — about half of their stock tested
bad. I got the impression the stock was from some surplus house. Surplus is obtained
from a manufacturer that has had an overrun or whose parts did not come up to specs. In
the latter case you may be getting junk, which was the case here. Wholesalers only carry
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surplus if they cannot get the parts they need directly from their manufacturers. This
little tale was told to show you that you should not trust anything too much, and when
in doubt you should use your own judgment and knowledge. This applies to anything in
electronics including schematic diagrams, which are sometimes at fault. This is why it is
so important for you to get all you can out of your NRI course. You need real knowledge
to know how circuits are supposed to work.

POORLY SOLDERED CONNECTIONS

Be careful when soldering in new parts. About a year ago 1 installed a new yoke in a
Motorola. For some reason, probably humidity, fall seems to be the time for yoke
failures: I had soldered one of the vertical yoke leads to a resistor lead that was in a handy
position. The other day the customer brought the set in. As a raster it had a curled up,
barrel-like object on the picture tube screen. This is ordinarily caused by
cathode-to-heater leakage in the vertical multivibrator tube. The short stops the
oscillation, killing normal vertical sweep but at the same time injecting a 60 Hertz signal
into the circuit. This is what produces the barrel-like thing already mentioned.

In this case the tube was all right and I spent about four hours looking before I located
the rosin joint 1 had made a year ago! A proper connection cleared up the trouble.

Rosin joints, when first made, work in a normal manner. With time, however, a chemical
reaction takes place between the two leads and the rosin, which should have been boiled
out by heat when the joint was first made. The joint ceases to act as a conductor and
instead acts like a semiconductor, passing current in one direction but acting as an open
when the current reverses direction. In other words it acts like a rectifier. Because of this
action my scope showed the vertical circuit waveform to be normal right up to the yoke
where the waveform became similar to a sine wave at 60 Hertz. At any rate the customer
was happy because there was no charge to him.

Be on the lookout for rosin joints, especially in connections made at the factory.
Otherwise you may waste hours of time. Often such connections will be found on printed
circuit boards. It is an easy matter to apply a hot iron (not a gun) and watch the rosin
boil out of the joint. Just make sure you don’t pick up all the solder and leave a loose
lead in the hole making intermittent contact to the board foil!

This spare-time work can be very rewarding if you have the energy and charge properly.
An ambitious man could easily clear $100 a week. I have grossed this much on a weekend
but I am doing it mainly as a hobby and not charging as I should.

If you want to hear more about my experiences with specific sets and how 1 arrive at my

diagnoses, write to the editor of the Journal. If there is enough interest, I'll write
future articles.
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BY TED BEACH, K4MKX

It certainly slipped by me last time, but I wonder how many of you noticed the
equipment in the photo on the cover of the January/February Journal? They set up this
picture of Tom Dukes working on his metal detector in our Development Lab here at
NRI. This lab also happens to be our “shack”, and you can see that we really do have an
SX100 and NC200. Now all we have to do is use them!

As I was afraid would happen, the last Journal has not been out long enough for us to get
any response on the proposed Ham Classified listing. Next time I’m sure we’ll have some
for you. Also, we forgot to mention that you might also advertise if you want some
specific piece of gear. I'm sure that there is plenty of used equipment gathering dust in
many basements that someone would like to dispose of.

Even though I indicated last time you would be reaching NRI students and graduates
only, this really isn’t so bad. If you will take a look at page 21 of the last Journal you will
see that this means about 45,000 people!

I would like to thank the many NRI Hams who took the time to send me personal
Christmas greetings. Your cards were very much appreciated and I hope you will forgive

me for not writing to each of you to thank you for them.

Here is the letter from Duane Schnur, WB8EEJ, 125 Gardner St., Caro, MI 48723;
which arrived too late for the last Journal. Hope he can get something going.

The forty meter CW net, to my disappointment, is dead. I was QRT for several months
due to remodeling being done here and forty must have folded in the meantime.
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Ive a new idea to get some sort of net going, at least if only token at first. Novices seem
to have the bug the hardest for Ham radio. If you will publish this notice in the next issue
of the NRI Journal I think we can scare up a net.

Have all novices interested in starting a net contact me. Have them give me a complete list
of their forty meter crystals.

I think the old net just didn’ appeal to hams because of the foreign BC station

competition. Maybe an afternoon net with novices will work. If you will publish this
notice, 1" give her a shot.

We heard from only 13 new NRI Amateur Course Novices this time — they are:

Raymond WNIMUR N Amesbury, MA
John WNINTI N Greenfield, MA
Bob WN40OZM N Yorktown, VA
Billy WN4SUB N Portsmouth, VA
Cres WN4SXM N Nicholasville, KY
Bryan WN4SYJ N Orangeburg, SC
Dan WNS5DBS N Waco, TX

Carl WNS5SDDP N Sweetwater, TX
Dick WNG6ANL N Long Beach, CA
Morris WNIFTG N Shelbyville, IN
Jim WN@ECYP N Independence, MO
Chuck WN@DEH N Arkansas City, KS
E.P. WN@DGG N Lakewood, CO

Nearly all of these calls came to me from our lesson grading section as reported on the 3R
Training Kit Report. As a result, the students rarely write notes or anything else of
interest for the Journal on the report sheet.

WN@DEH, however, did send me a letter, and guess what? I now have another license
photocopy to add to my collection. Chuck’s makes about six, now.

I don’t know whether WN@DGG is bragging or complaining. A note at the bottom of
EP.’s answer sheet for lesson B106 says “I guess I am out-of-phase with this course. I just
got my Novice license.” I mean, after all, just because lesson R102 is for the Novice
license, B106 is only slightly past it, so what’s “out-of-phase”?

Other students and graduates we have heard from are:

George WI1EPN C Presque Isle, ME
Bob WA3PQO G Aberdeen, MD
Jim K3YND T Riegelsville, PA
Al WN6BTF N Eureka, CA
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John WN6CKN N Gonzales, CA

Bob WNBAUQ N Lawrence, KS
Jerry WB@BEK A* fowa City, A
Richard W@EMM o Minneapolis, MN
Hank KZ5HK G Balboa, CZ

*Just upgraded — Congratulations!

For those of you who think you need high power, consider what W1EPN accomplished in
his six months as a novice: over 500 stations worked with a Heath AT1 (25 watts) on 80
and 15 meters. Of those QSOs, 412 were on 15 meters with only 12 watts input! George
currently runs a Viking Il and a HQ129X.

WA3PQO runs an HW100 from his own shack and uses the base club (K3WAS) Collins rig
also. Some people have all the luck. Bob wanted some information on a 6 and 2 vfo for
use with a mobile rig. About all I can come up with is the ARRL Handbook and a couple
of circuits in “The VHF Manual” (also ARRL). If anyone has a pet circuit for an 8 MHz
output vfo, please let Bob know. I get a nosebleed just thinking of frequencies above 21
MHz!

WN@PAUQ informs us that he was one of two out of five applicants to pass the General
test in November and is just waiting to change that'N to a B. Bob gives his NRI
Communications Course the credit for most of his success in passing the test.

Jerry, WB@BEK, jumped from Novice to Advanced and has graduated from his Conar rig
to a mighty Ten-tec (2 watt!) PM1 transceiver. Sounds like a step backwards, but not for
an avid QRP man like Jerry. He knows that you really have to be a sharp operator and
technician to compete with the “big boys” on 80 and 40 CW, when you’re only running 2
watts. There is a bi-monthly publication, The Milliwatt, for anyone who would like to
know more about low power operation. For more information, Jerry says you can write
Wes Mattox K6EIL/2 at: 115 Park Avenue, Binghampton, NY 13903,

WPMM presents us with a real mystery. I have a blank QSL card with name and address
imprinted thereon from Richard, but that’s all. From the two letter call, he is an old
timer, but his call is not listed in the latest callbook! Must be at least Advanced, but who
knows? Please write and let us know, Richard.

KZ5HK thinks perhaps I aroused a few real hams when I referred to the 11 meter QRM
generators as “Hams”. Believe me fellas, I didn’t mean it. Just try to interest some of

them to go legit by doing a little honest work and getting a real radio license.

And that’s about it for this time. Let’s hope we’ll have heard from some of you for our
HAM-ADS for the next time. Keep those QSLs coming in — we enjoy hearing from you.

Vy 73, Ted K4MKX
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We are looking for a:
QUALIFIED COLOR TV TECHNICIAN
If you feel that you might fill the bill, contact:

Mr. H. R. Buswell
ACE Electronics
627 First Avenue, SW
Cedar Rapids, lowa

MONTGOMERY WARD

has openings for TV technicians or
grads of electronics schools. Openings
available in Wash., Md., and Va. areas.
Applicants will be required to have a
personal interview for employment
consideration.

FOR APPOINTMENT CONTACT:

Pat F. Cosentini, Service Manager
7100 Old Landover Rd.
Landover, Md. 20785
301-322-3344

John Shaffer, of SHAFFER'S APPLIANCE CENTER, needs a successor to his

radio, appliance and TV business.

His two-man shop now grosses over $50,000 per year. For the details about this

professional opportunity, contact John.

SHAFFER'S APPLIANCE CENTER
233 Maple Avenue East
Vienna, Virginia 22180

phone: (703) 938-6577

Television Service Technician needed.
Contact Mr. Robinson at:

THUMB RADIO AND TV
1020 N. Van Dyke
Bad Axe, Michigan

phone: (517) 269-6420

W. T. Grant Company

Service Depot #9406

8 Hixon Place

Maplewood, New Jersey 07040

Radio and TV technicians (and apprentices)
Appliance technicians (and apprentices)
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SEARS

has many career opportunities
for experienced TV technicians
or recent graduates of electronics
schools. Top benefits,

locations throughout the U.S.

CONTACT:

The Service Manager

of your nearest

SEARS SERVICE CENTER
or the Personnel Manager
of your nearest

SEARS retail store.

minimum qualifications:
1. NRI graduate or:
2. Present enrollee who has
completed 2/3 of the course
and maintained at least a
B average.



DETROIT Chapter holds Auction

An auction was held in November to
dispose of surplus parts that were gather-
ing dust on the shelves. It gave members a
good buy and helped build up the trea-
sury. At the same meeting Mr. John Nagy
showed the proper way to add extension
speakers to PA systems.

At the December meeting John Nagy
again gave a good demonstration on the
use of a wireless FM mike as used in PA
work. Also at this meeting, Jim Kelly
brought in an SCR (silicon controlled

John Nagy demonstrating the wireless mike.
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rectifier) set-up to demonstrate the action
of the popular semiconductor.

At the January meeting, Jim continued
with his lecture using a demonstration
board and the blackboard to show how
SCRs could control motors and do vari-
ous other electronic chores. Sam Peri and
James Collins visited this meeting.

The Chapter is very anxious to meet the
students now taking or completing the
color course as both the students and the
old-timers are able to learn something
from these meetings.

Jim Kelly demonstrating the SCR.




FLINT-SAGINAW has Talk by University
Teacher

Mr. Bill D. Jenko gave a talk on TV
servicing. He was able to locate two color
TV problems which had been eluding the
membership. The members had been
working on the problems for several days
and with Bill’s help the trouble was
located in a broken printed circuit board.

Mr. George Rashead was reinstated into
the Chapter after 10 years. Welcome back
again, George. George was the Chapter
chairman 12 years ago.

We also had an NRI student stop in for
one of our meetings. He was Joe
Washington and the information he ob-
tained from the meeting helped him
considerably with his NRI lessons.

The January meeting was devoted to the
election of officers. The new officers are:
Chairman — Andrew Jobbagy; Vice Chair-
man — Steve Avetta; Secretary — Gilbert
Harris; Treasurer — Arthur Clapp; Photog-
rapher — Richard Jobbagy; Sgt. at Arms
— Robert Poli; Good Will Ambassador —
Joe Washington; Entertainer — George

Maker; Entertainment Committee —
Leslie Carley, Fredrick Malek, Cash
Laferty; Membership Committee —

Robert Newell; George Rashead.

At this same meeting Joe Washington,
Fredrick Malek and Cash Laferty became
members. Welcome to the Chapter fellas.

Andrew Jobbagy will be in San Francisco
as the Good Will Ambassador to the San
Francisco Chapter on February 13, 1971.
We will be looking forward to a report
from Andy when he gets back from San
Francisco.
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NEW YORK Chapter has Visit
from Tom Nolan

Mr. Tom Nolan, Executive Secretary of
NRI Alumni Association, was introduced
at the December meeting. Tom installed
the new officers of the New York City
Chapter. They are: Sam Antman — Chair-
man; Al Bimstein — Vice Chairman; Pete
Carter — First Vice Chairman; Ontie
Crow — Second Vice Chairman; Ted
Freije — Secretary; Roy DeSilva — Trea-
surer.

With operating equipment and photo-
graphic slides Tom was able to give a very
good demonstration of Color TV Align-
ment. He showed what to look for on the
oscilloscope and what coils to adjust to
get the proper waveform. After the
lecture all of the members were allowed
to misalign the equipment and then re-
align it to the proper curve.

At the following meeting Sam Antman
read a letter from Brother Bernard Frey,
who is a past member of the Chapter. He
told about his adventures in May and
June in Honduras, installing Amateur
Radio stations for his mission. In
September he traveled through New York
and New England interviewing young
men who wished to join the order. In
October he attended the International
Radio Association Conference near
Cuernavaca, Mexico.

NORTH JERSEY Chapter holds Elec-
tions

At the December meeting new officers
were elected and they are as follows:
Chairman — George Stoll; Vice Chairman
— Franklin Lucas; Treasurer — Leroy
Frienschner; Secretary — Harry Weitz.




DIRECTORY OF CHAPTERS

CHAMBERSBURG (CUMBERLAND
VALLEY) CHAPTER meets 8 p.m. 2nd
Tuesday of each month at Bob Erford’s
Radio-TV Service Shop, Chambersburg,
Pa. Chairman: Gerald Strite, RRI,
Chambersburg, Pa.

DETROIT CHAPTER meets 8 p.m., 2nd
Friday of each month at St. Andrews
Hall, 431 E. Congress St., Detroit. Chair-
man: James Kelley, 1140 Livernois,
Detroit, Mich. VI 1-4972.

FLINT (SAGINAW VALLEY) CHAP-
TER meets 7:30 p.m., 2nd Wednesday of
each month at Andrew Jobbagy’s shop,
G-5507 S. Saginaw Rd., Flint, Mich.
Chairman: Andrew Jobbagy, 694-6773.

LOS ANGELES CHAPTER meets 8 p.m.,
third Friday of each month at Graham D.
Boyd’s TV Shop, 1223 N. Vermont Ave.,
Los Angeles, Calif., NO-2-3759.

NEW ORLEANS CHAPTER meets 8
p-m., 2nd Tuesday of each month at
Galjour’s TV, 809 N. Broad St., New
Orleans, La. Chairman: Herman Black-
ford, 5301 Tchoupitoulas St., New
Orleans, La.

NEW YORK CITY CHAPTER meets
8:30 p.m. 1st and 3rd Thursday of each
month at 264 E. 10th St., New York
City. Chairman: Samuel Antman, 1669
45th St., Brooklyn, N.Y.

NORTH JERSEY CHAPTER meets 8
p.m., last Friday of each month at
The Players Club, Washington Square.
Chairman: George Stoll, 10 Jefferson
Avenue, Kearney, N.J.
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PITTSBURGH CHAPTER meets 8 p.m.,
Ist Thursday of each month in the
basement of the U.P. Church of Verona,
Pa., comer of South Ave. & 2nd St.
Chairman: Tom Schnader, RFD 3, Irwin,
Pa.

SAN ANTONIO (ALAMO) CHAPTER
meets 7 p.m., 4th Friday of each month
at Alamo Heights Christian Church Scout
House, 350 Primrose St., 6500 block of
N. New Braunfels St. (3 blocks north of
Austin Hwy.), San Antonio. Chairman:
Joe R. Garcia, 8026 Cinch, San Antonio,
Tex., 694-3461.

SAN FRANCISCO CHAPTER meets 8
p-m., 2nd Wednesday of each month at
the home of J. Arthur Ragsdale, 1526
27th Ave., San Francisco. Chairman:
Isaiah Randolph, 60 Santa Fe Ave., San
Francisco, Calif.

SOUTHEASTERN MASSACHUSETTS
CHAPTER meets 8 p.m., last Wednesday
of each month at the home of Chairman
John Alves, 57 Allen Boulevard, Swansea,
Massachusetts.

SPRINGFIELD (MASS.) CHAPTER
meets 7 p.m., 2nd Saturday of each
month at the shop of Norman Charest, 74
Redfern Dr., Springfield; and 4th Satur-
day at the shop of Chairman Al Dorman,
6 Forest Lane, Simsbury, Conn.

PHILADELPHIA-CAMDEN CHAPTER
meets 8 p.m., 4th Monday of each month
at K of C Hall, Tulip and Tyson Sts.,
Philadelphia. Chairman: John Pirrung,
2923 Longshore, Philadelphia, Pa.




SPECIAL OFFER ror THE coLoR TV SERVICEMAN

GET OUR $22-35

ISOLATION TRANSFORMER FREE

WHEN YOU ORDER BOTH:

CONAR 5" WIDE BAND
OSCILLOSCOPE

AND

CONAR COLOR BAR
GENERATOR

(OR BUY ONE OF THESE TWO INSTRUMENTS AND
GET THE ISOLATION TRANSFORMER FOR ONLY $7.00)

CATALOG
PRICE

zsoux 39930
zsowr3 139-90

STUDENT AND
ALUMNI PRICE

200k $82.90

psowr 12975
Shipped

Express collect

The Conar model 250 features:

e Uses 2400 volts on the cathode ray tube—50%
more than most scopes.

e Vertical gain control is calibrated for direct
reading of peak-to-peak voltages.

e Two stage retrace blanking amplifier gives
100% retrace blanking at all frequencies pro-
duced by the scope sweep generator,

e Accurately measures ripple output of power
supplies; checks auto radio vibrators dynami-
cally.

o |ntensity and focus controls use special in-
sulated high voltage potentiometers to elimi-
nate leakage and shock hazards.

o Has push-pull outputs balanced by separate
phase splitter tubes in both horizontal and
vertical amplifiers. :

e Built-in flyback checker gives rapid, in-circuit
testing of flybacks, transformers, yokes, coils,
loopsticks.

e Sweep range—10cps to 500kc—five times the
range of most other scopes, using special
linearity circuit.

CONAR cgkgi__cmmmdk
CATALOG PRICE
o 98990 &k $121.50

sk $79.50 eoe $109.00

The Conar model 681 integrated circuit color
har generator features:

e Exclusive digital integrated circuits.

o Exclusive 4 crystal controlled oscillators.
e Completely solid state.

e Color amplitude control.

e Regulated power supply.

e Stability control.

e TV station sync and blanking pulses.

o Nine patterns,

e Red, blue and green gun killers.

e Compact, lightweight, portable.

ORDER NOW AT YOUR SPECIAL STUDENT & ALUMNI PRICE.
BOTH FORONLY: k7 $162-40 orwreo $238.75

THIS SPECIAL OFFER EXPIRES APRIL 30, 1971
USE CONVENIENT ORDER BLANK ON PAGE 17




COLOR TV SERVICEMAN'S SPECIAL OFFER
oor %22% |SOLATION TRANSFORMER FREE

WHEN YOU ORDER BOTH:

CONAR MODEL 250 AND CONAR MODEL 681
WIDE-BAND 5 OSCILLOSCOPE COLOR BAR GENERATOR

(OR BUY ONE OF THESE TWO INSTRUMENTS AND
GET THE ISOLATION TRANSFORMER FOR ONLY $7.00)

An Isolation Transformer is a must for color and black & white TV servicing.
It reduces the shock hazard by isolating the equipment from the AC power
line. It prevents ‘‘hot chassis’” when servicing. The transformer works with
115 volts, 50-60 cycles. It comes with cord, plug, and standard AC receptacle.
300 watts, 454" x 374" x 554”. Stock #7TO. 13 Ibs.

SEE INSIDE BACK COVER FOR DETAILS ‘l
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