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This Christmas—make it memorable. Order the NRI Official School
Ring—for the man in your life. (Men make sure your wife sees this!)

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 achievement who is dedicated to success through education. The ring speaks well of both
you and your school.

Your official NRI school ring is a 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. STSOl_ﬁl;P#;]l)DS
RING SIZES FOR MEASURING FINGER PARCEL POST INSURED

Tl |‘||I|

34066780910 1M1213

USE CHRISTMAS ORDER BLANK FOR SPECIAL HANDLING
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Scholarship Award

Once again NRI will cooperate with RADIO-ELECTRONICS Magazine in making
an annual scholarship award of $125 to a deserving student currently enrolled in
NRI. The Award will be applied toward furthering the selected student’s education
in electronics. NRI is one of eight home-study electronics schools chosen to
perpetuate the scholarship, established by RADIO-ELECTRONICS in memoriam to
Hugo Gernsback, its founder and a notable pioneer in electronics.

If you wish to nominate a student for this award (and you may certainly
nominate yourself), send a letter outlining the reasons for your choice to:

Gernsback Award

National Radio Institute
3939 Wisconsin Avenue, N.W.
Washington, D.C. 20016

Entries must be postmarked by December 1, 1971 to be considered. A panel of
judges chosen by NRI will select the winner; their decision will be final. (Sorry,
previous winners of the Gernsback Award do not qualify for the 1971 Awards.)

Written notification will be sent to the winner and announced in the March/April
issue of the Journal.
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The Basic Bridge Circuit
by Louis E. Frenzel

A PROGRAMMED INSTRUCTION LESSON

One of the most widely used but perhaps least understood electronic circuits is the
bridge circuit. It shows up, in one form or another, in many electronic devices. Often,
however, technicians do not recognize it. As a result, analyzing and understanding the
circuitry in the device becomes difficult, making troubleshooting a problem. The purpose
of this article is to introduce you to the bridge circuit so that you will understand its
operation and recognize the circuit in its various forms. At the same time, we will show
you some interesting and practical applications of this useful circuit.

This article is presented to you in programmed instruction (PI) form. That is, it is
arranged so that pertinent facts are given to you in a concise and carefully planned way.
The information is presented to you step-by-step in frames. You will read the information
in each frame and then immediately answer a question based upon this material. The
frames are numbered for easy reference. The question will be given to you in multiple
choice form, and you will be given three possible answers. You are to choose the correct
one. The answer you select will refer you to another frame. If you select an incorrect
answer, you will go to a frame that will tell you so. You will be given additional remedial
information and then sent back to the previous frame to try again. If you select the
correct answer, you will go to a frame that recognizes your correct answer and then
continues with the program by giving you additional information and another question.
This process continues until you complete the program.

The process of presenting the information in small-segments aids the learning process.
The immediate testing in each frame helps you to understand the material by giving you a
chance to apply what you have just learned. It also aids your retention. This programmed
instruction technique is a proven educational method. The unique presentation actually
makes learning fun. We hope you enjoy it. Let us know how you like it. Begin now with
Frame 1.

@ ® ®
ﬁ/\‘t,
. . z 3 . + QUTPUT
1 Here is the basic bridge circuit: — / o o LL\

VOLTAGE

SOURCE _% ’
N4

It consists of an input voltage source, four elements or arms, and an output. For
simplicity, we have shown a battery as a voltage source; however, any dc or ac
voltage source can be used. The elements, or arms, shown here are resistors; but as
you will see, practically any other electronic component can be used as well. A load
resistor or indicating device such as a meter is usually connected to the output.
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Notice the unique diamond shape of the bridge. When it is drawn this way it is easy
to recognize. Sometimes, however, it is drawn in other configurations and is not so
readily recognized. You must look carefully to detect this type of circuit. Based
upon this information, which of the circuits below is not a bridge circuit?

(o}

Ry !
SINE WAVE

~~ OSCILLATOR

Go to Frame 7 Hg%

Go to Frame 14 —AAA— — AAA———O

) X
M)~ 4
. -
I

|

l o

: Go to Frame 28 % Rg
Ra

R1
R2
@ @ ®

2 Your answer is not correct. Although the headphones will permit you to hear the
audio signal when the bridge is unbalanced, this is not their main purpose. Go back
to Frame 35, think about the circuit operation, then try again.

| ® ® ®

3 Your answer is correct. Transistors Q; and Q,, along with collector resistors Rj
and R,, form a bridge. The other resistors provide the proper bias. Voltage dividers
R,—R, and Rg—R,; bias O, and Q, to conduct equally so their effective
resistances are equal; if R3 = R4, the bridge is initially balanced. If you look at
the output between A and B you will see zero volts, that is, if there is no signal
applied to the input.

This differential amplifier circuit increases the level of a signal applied to its
input. When a low level sine wave is applied, for example, a larger version will
appear at the output. Applying such a signal unbalances the bridge and causes an
output signal to appear. The gain of the circuit is determined by the transistor
gains, the current level in the transistors, and the value of resistor Rs.

If the input signal goes positive, Q; will conduct more and its resistance will



This Christmas—make it memorable. Order the NRI Official School
Ring—for the man in your life. (Men make sure your wife sees this!)

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 achievement who is dedicated to success through education. The ring speaks well of both
you and your school.

Your official NRI school ring is a 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. STSOHCI‘;P#E:)DS
RING SIZES FOR MEASURING FINGER 7 PARCEL POST INSURED

3466708081011 121

USE CHRISTMAS ORDER BLANK FOR SPECIAL HANDLING



|

journal

w. f. dunn
NOVEMBER/DECEMBER 1971 Managing Editor
Vol. 28 No. 5 a. j. magann
Associate Editor
The NRI-Journal is published bimonthly b, b, BEHEL
by the National Radio Institutf:, Technical Editor
3939 Wisconsin Ave.nu'e, Was'hmfgton, e a—
D.C. 20016. Subscription price Is Assistant Editors
two dollars yearly or 35 cents per single k. . dowling
copy. Second-class postage paid at b. bier
Washington, D.C. and additional entry. Staff Artists
e. blaine
a. susser

CONTENTS

The Basic Bridge Circuit . . ......... 2
Unusual IC Audio Power Amplifier .. 15

Honors Program Awards . . .. ....... 22
Ham News . .. ......c.cviivenns 24
Alumni News . ................. 29

Scholarship Award

Once again NRI will cooperate with RADIO-ELECTRONICS Magazine in making
an annual scholarship award of $125 to a deserving student currently enrolled in
NRI. The Award will be applied toward furthering the selected student’s education
in electronics. NRI is one of eight home-study electronics schools chosen to
perpetuate the scholarship, established by RADIO-ELECTRONICS in memoriam to
Hugo Gernsback, its founder and a notable pioneer in electronics.

If you wish to nominate a student for this award (and you may certainly
nominate yourself), send a letter outlining the reasons for your choice to:

Gernsback Award

National Radio Institute
3939 Wisconsin Avenue, N.W.
Washington, D.C. 20016

Entries must be postmarked by December 1, 1971 to be considered. A panel of
judges chosen by NRI will select the winner; their decision will be final. (Sorry,
previous winners of the Gernsback Award do not qualify for the 1971 Awards.)

Written notification will be sent to the winner and announced in the March/April
issue of the Journal.




The Basic Bridge Circuit
by Louis E. Frenzel

A PROGRAMMED INSTRUCTION LESSON

One of the most widely used but perhaps least understood electronic circuits is the
bridge circuit. It shows up, in one form or another, in many electronic devices. Often,
however, technicians do not recognize it. As a result, analyzing and understanding the
circuitry in the device becomes difficult, making troubleshooting a problem. The purpose
of this article is to introduce you to the bridge circuit so that you will understand its
operation and recognize the circuit in its various forms. At the same time, we will show
you some interesting and practical applications of this useful circuit.

This article is presented to you in programmed instruction (PI) form. That is, it is
arranged so that pertinent facts are given to you in a concise and carefully planned way.
The information is presented to you step-by-step in frames. You will read the information
in each frame and then immediately answer a question based upon this material. The
frames are numbered for easy reference. The question will be given to you in multiple
choice form, and you will be given three possible answers. You are to choose the correct
one. The answer you select will refer you to another frame. If you select an incorrect
answer, you will go to a frame that will tell you so. You will be given additional remedial
information and then sent back to the previous frame to try again. If you select the
correct answer, you will go to a frame that recognizes your correct answer and then
continues with the program by giving you additional information and another question.
This process continues until you complete the program.

The process of presenting the information in small-segments aids the learning process.
The immediate testing in each frame helps you to understand the material by giving you a
chance to apply what you have just learned. It also aids your retention. This programmed
instruction technique is a proven educational method. The unique presentation actually
makes learning fun. We hope you enjoy it. Let us know how you like it. Begin now with
Frame 1.

/ﬁ‘ LH\
. . . . o + QUTPUT
1 Here is the basic bridge circuit: LT = s B '
SOURCE  _T \ /
Ay

It consists of an input voltage source, four elements or arms, and an output. For
simplicity, we have shown a battery as a voltage source; however, any dc or ac
voltage source can be used. The elements, or arms, shown here are resistors; but as
you will see, practically any other electronic component can be used as well. A load
resistor or indicating device such as a meter is usually connected to the output.
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Notice the unique diamond shape of the bridge. When it is drawn this way it is easy
to recognize. Sometimes, however, it is drawn in other configurations and is not so
readily recognized. You must look carefully to detect this type of circuit. Based
upon this information, which of the circuits below is not a bridge circuit?

Cq

SINE WAVE
~~ OSCILLATOR

Go to Frame 7 R3

Go to Frame 14 oA a—9

R R3
* = >
Go to Frame 28 I|— S ks
R2 Ry
® ® @

Your answer is not correct. Although the headphones will permit you to hear the
audio signal when the bridge is unbalanced, this is not their main purpose. Go back
to Frame 35, think about the circuit operation, then try again.

@ @ ®
Your answer is correct. Transistors Q; and Q,, along with collector resistors R3

and R,, form a bridge. The other resistors provide the proper bias. Voltage dividers
R,—R, and Rs—R; bias Q; and Q, to conduct equally so their effective
resistances are equal; if Ry = R4, the bridge is initially balanced. If you look at
the output between A and B you will see zero volts, that is, if there is no signal
applied to the input.

This differential amplifier circuit increases the level of a signal applied to its
input. When a low level sine wave is applied, for example, a larger version will
appear at the output. Applying such a signal unbalances the bridge and causes an
output signal to appear. The gain of the circuit is determined by the transistor
gains, the current level in the transistors, and the value of resistor Rs.

If the input signal goes positive, Q; will conduct more and its resistance will



decrease. This causes more voltage 10 be dropped across R, This reduces the
emitter-base uas on Q;, causing it 10 conduct less and its resistance 10 g rease
With this condition, output point B wili be more positive than pomnt A The
conditions of Q, and Q, are the opposite of this it the INPUL signal goes negative
and will, thereby, make point A more positive than pont B

From the foregoing information, choose the most comect statement from those
given below
Goto Frame 8 The input signal causes the resstance of Q, 1o change [

unbalance this bridge
Goto Frame 25 As the input signal is apphed the resistances of Q, ano Q,
change in such a way 10 keep the brioge balanced
Go to Frame 39 As the mnput signal varies it causes two elerments o the bridge o
vary rather than just one as you have seen eariier 111 0 ther b soige
types.
® ® L]

Your answer is correct. Electrons will flow through the load. R, tram left to
right When E, = +4 volts and Eg = +5 voits, the left end ot R, is negative with
respect to the right end. Sure both voltages are positive with respect 10 ground but
Ea is /ess positive, making it negative with respect 10 Ey Since elections flow trom
a negative point 1o a more positive point, the direction of current How s left to
right.

If Eg was less than E 5, then the direction of current tHow would be reversed In
either case, the bridge is unbalanced when current tlows in R

You can always tell if the bridge 1s balanced by comparing the ratios ot the
resistors in the voltage dividers. The bridge s balanced if the ratio ot R, 10 R,
equals the ratio of R, to R, or R, /R, = R, /R,

It R, = 10kohms, R, = 25kchms, R, - 30k ohms and R, 60k ohms
determine the state of the bridge
Go to Frame 11 The bridge is balanced
Go to Frame 26 The bridge s not balanced
Goto Frame 31 The state of the bridge cannot be deternuned with the

information given.
L J ® L]

Your choice, change the value of R, 10 4Bk ohms, is not right In tact it only
makes matlers worse by unbalancing the bridge further You should have
determined this by calculating the ratios again The ratio of R, /R, remans the
same at 10k-ohms/25k-chms = 4. But the new R, /R, ratio s 30k ohms/45k ohms
= 6667. Since the ratios are unegual, the bridge is unbalanced Go back 10 Frame
26 and make another selection.

e L] e

Your answer is not entirely correct. Yes, the bridge will be balanced if £, - £,
and R; = R; but this is certainly not the only condition where balance will occur
Remember the ratios of the arms? Go back to Frame 39 and select again

[ ] ® L]
Your answer is incorrect. This circuit is a bndge. R, R,, C,, and C,; form the

4
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11

12

13

bridge arms, and R; is a load. The supply is ac supplied by an oscillator.
Remember, the question asked which circuit is not a bridge. Return to Frame 1 and

try again.
o @ ®

Your selection is not correct. True, the input signal does cause the resistance of
Q, to change but it in turn affects the condition of Q,. Return to Frame 3 and

choose the most correct answer.
® ® @®

Your answer, E, is greater than Eg, is not right. To answer this question you
need to calculate E, and Eg from the formulas and data given in Frame 14. This is
done as shown:

E(R,) 10(100)

R, +R, 400+ 100

E(R,)  10(300)

E. = =
® " R;+Rs 1200 +300

Now, complete these calculations, return to Frame 14 and select the correct
answer.
® ® ®
Your answer is incorrect. The load signal is not 180° out-of-phase with the input.
When Q; conducts as the input goes positive, electrons flow from the negative
terminal of E; through the load and Q; back to the positive side of E;. This makes
the load voltage positive with respect to ground. With a negative input, Q, conducts
and electrons flow from E, into Q,, and then from Q, through the load. This
makes the load voltage negative with respect to ground. Return to Frame 40, review
the circuit operation and then select the correct answer.
 J ® ®
Your selection is incorrect. The ratios are not equal, as you can see below:

R, 10k-ohms
=—=4

R, 25k-ohms_ .
Rs 30k-ohms
Rs 60k-ohms

Return to Frame 4 and try again.
® o ®
Your answer, Ry, Ry, Rg, Ry, is incorrect. Although these components do seem
to form a bridge, no active elements are included. Go back to Frame 19 and look
again.
® ® ®
Your selection is wrong. You can hear the audio signal in the headphones but
only when the bridge is unbalanced. Return to Frame 35 and try again.
® o ®
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15

Your selection is correct. The circuit you chose is not a bridge circuit. It is
simply a series-parallel resistor circuit connected to a battery power source with a
series current meter. The other two circuits are typical bridge circuits. In the circuit
on the top both resistors and capacitors are used as the bridge arms. A sine wave
oscillator is the ac voltage source. Ry is a load resistor. The circuit on the bottom is
a bridge like the one in Frame 1. A load resistor, Rs, has been added. This circuit
could easily be redrawn in the standard diamond form.

Here is another method of drawing %
the bridge circuit: £ _——E-

% R2 Rq

If you will look carefully, you will see that the bridge simply consists of two
voltage divider circuits connected across a battery. One voltage divider is made up
of Ry and R,; the other is made up of R3 and R,. A load, R, is connected
between the two voltage divider outputs. By knowing the resistor values and the
applied voltage, E, we can calculate the output of each voltage divider, that is, the
voltage between point A and ground and between point B and ground. The formula
for the voltage divider output is:

E(R;) E(R;)
A R, +R, ® R, +R,

where E5 and Eg are the two voltage divider outputs and E is the applied voltage.

Suppose that the applied voltage E = 10 volts, R; =400 ohms, R, = 100 ohm:s,
Rs = 1200 ohms, and R; = 300 ohms. Calculate E, and Eg and then select the
correct answer from those given below.
Go to Frame 9 £, is greater than Eg.
Go to Frame 21 E 4 /s less than Eg.
Go to Frame 32 £, equals Eg.

® @ o

Beautiful! Looks like you have a pretty good understanding of bridges by now.
Yes, if the ratio E; /E, = Ry /R, then the bridge will be balanced. And, of course, at
balance no current will flow in the load. If E; = E, and R, = R,, then the bridge
will be balanced, but this is only one special condition for balance. E, does not
have to equal E, nor does R; have to equal R,. If the ratio E, /E, = Ry /R, is true,
then balance is achieved. The most common way of using this modified bridge is to
ground the junction of the voltage sources and one end of the load. Then if the
bridge is balanced, the junction of R; and R, will also be at ground or effectively
zero volts.

Suppose that E; = E, = 10 volts and that R; = 100 ohms and R, = 150 ohms.
The load resistance is one megohm. Then, which of the following statements is true?

6
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Go to Frame 20 No current will flow in the load.
Go to Frame 34 Electrons will flow from right to left in the load.
Go to Frame 40 Electrons will flow from left to right in the load.
® ® e
Your answer, 200 ohms, is incorrect. How did you get this? Go back to Frame
22 and take the given values of Ry, R,, R3 and put them in the formula Ry =
R, R3/R;.Compute R, then go to the frame indicated.
® ® ]
Your answer is correct. |f we change the value of R, to 20k-ohms, leaving the
other values alone, we will balance the bridge. The ratios become:
Ri Rs

R, R

10k-ohms_ 30k-ohms
20k-ohms 60k-ohms

As you can see, a simple way of achieving a balanced condition is to make one (or
more) of the arms of the bridge a variable resistance. Then, by monitoring the
voltage across the load, the variable element can be adjusted until the load voltage is
zero. All practical bridge circuits are provided with some means of adjusting one or
more arms to achieve balance.

|

e
Here is a typical application for a bridge circuit: — A

=

Here one of the arms of the bridge (R;) is a thermistor, a heat sensitive resistor
with a negative temperature coefficient. Its resistance increases with a decrease in
temperature. This circuit is used for precision temperature measurement. The
thermistor is exposed to the environment whose temperature is to be measured. If
the temperature changes, the resistance of the thermistor varies and changes the
balance condition of the bridge. The voltmeter load indicates the change. |t can be
calibrated to read directly in degrees of temperature.

Suppose that V is a zero center meter that can indicate a positive (upward
deflection) or negative (downward deflection) load voltage. Rj is a variable resistor
that is used to balance the bridge to zero at a temperature of 70°F (room
temperature). |f the temperature rises, the voltmeter reading will:

7
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Go to Frame 36 Mot change.
Go to Frame 22 Show point A positive with respect to point B.
Go to Frame 38 Show point A negative with respect to point B.
L ® ®
Your answer is incorrect. Electrons will not flow through Rs from right to left.
Since point A is +4 volts and point B is +5 volts, point A is less positive (more
negative) than point B. Electrons always flow from negative to positive. Go back to
Frame 32 and have another shot at it.
® ® ®
Good work! You are correct. The headphones act as an audible balance detector.
As you will recall, when the bridge is balanced no current flows through the load.
So, headphones are used to monitor the balance state of the bridge. The operator
hears the audio tone when the bridge is out of balance. He then tunes C, until the
tone is nulled out. When minimum or no tone is heard, the bridge is balanced and
the following ratios hold true:

XC2

As you can see, the basic bridge balance relationship holds true for any
combination of elements in the bridge arms. In fact, we can express this
relationship in the most general terms possible, as below:

Z, Zj

Zs 2

Here Z; through Z, are impedances of any klnd (L, C, R or what have you) used to
make up the four bridge arms.

Some very interesting bridge applications result from making one or more of the
bridge arms an active element such as a tube or a transistor. Since a conducting tube
or transistor is nothing more than a resistance, it makes an excellent bridge arm.

The differential amplifier circuit shown below is a good example.

& ° &

Which four components in this circuit form an active bridge?
Go to Frame 3 Q,, Q,, R;, R,
Go to Frame 12 R, R,, R¢, R,
Go to Frame 33 Q,, Q,, R,, R,

® [ ®
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Your answer is incorrect. Come on now. Surely you can determine the balanced
or unbalanced condition of a bridge by now. Remember the ratio formulas, then
use the given values to figure them out. Return to Frame 15.

( B ® ®

Your answer is not right. E is not less than Eg. Perhaps your calculations for
these values were incorrect. Check your calculations against those shown below,
then go back to Frame 14 and select the right answer.

E(R,) 10(100) 1000

"R, +R, 400+100 500

A

E(R4) 10(300) 3000

“e R, + R, 1200 +300 1500
o @ [

Terrific! Good work. This proves that you understand the bridge circuit. As the
temperature increases, the thermistor resistance decreases. This causes more voltage
to be developed across R,. The voltage across R4 remains the same, so point A is
more positive than point B.

A common application of the bridge is in making very accurate resistance
measurements. A special instrument for making such measurements is the
Wheatstone bridge which is shown below in simplified form:

Ry (unknown)

Here an unknown resistance, R,, is connected as one of the arms of the bridge.
Arm R, is made variable. When power is applied by closing switch S;, the circuit
operates. R, is adjusted until balance is obtained. At this time, we know that:

R; Rs
R, Ry
so we can see that:
R, Rs
Ry =
R;

By making Ry, R,, and R3 known, accurate resistances, Ry can be computed.
Let R, = 1000 ohms and R3 = 500 ohms. R, is adjusted until at balance its value

is 2500 ohms. What is the value of R, ?

Go to Frame 16 200 ohms

Go to Frame 29 400 ohms

Go to Frame 35 7250 ohms
® ® ®
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Correct. When an ac signal is applied to the input, the positive half cycle causes
Q, to conduct and supply a positive-going signal (with respect to ground) across the
load. As the input goes negative, Q, cuts off and Q, conducts. This causes the
output signal across the load to be negative with respect to ground. So, the output
signal is in-phase with the input. Q; and E, supply current to the load during a
positive half cycle of the input, and Q, and E, supply current to the load when the
input goes negative. Both transistors never conduct simultaneously, but when the
input is zero, both are cut off at the same time. See the current flow for both
conditions below.

This circuit is basically an emitter follower or common collector amplifier since the
load is in the emitter circuit. But complementary symmetry amplifiers with a
common emitter connection can also be constructed.

This concludes your brief study of the bridge circuit and some of its applications.
By understanding this important circuit, we hope that your abilities as a technician
will be greatly improved.

@ ® @

Your answer is incorrect. You must not have been paying attention when you
read Frame 32. Better go back and re-read it, then try again.

@ ® ®
Your answer is incorrect. The bridge is initially balanced when no input signal is
applied. When an input appears, the circuit becomes unbalanced. This is the only
way that an output can be obtained! Go back, re-read Frame 3, then try again.
® [ ®
You are right. The bridge is not balanced. The resistor values given prove it. If
R;/R, = R3/R4, then balance is achieved. With the values given, however, the
ratios are not equal, as you can see:
Ri Rj

10k-ohms " 30k-ohms
12k-ohms 60k-ohms

4 # b (¥ means not equal to)

10
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So how can a balance be obtained? Which solution below is correct?
Go to Frame 5 Change the value of R, to 45k-ohms.
Go to Frame 17 Change the value of R, to 20k-ohms.
Go to Frame 30 Change the value of the applied voltage.
® ® ®
Your answer is incorrect. You can determine the current level in the circuit by
knowing the values of E;, E,, Ry, and R,, but did-you really think there would be
current in the load with the bridge balanced? Shame on you. Return to Frame 39.
® @ ®
Your selection is incorrect. This circuit is most definitely a bridge. The circuit is
not drawn in its diamond shape and the positions of the supply and load have been
interchanged, but if you study the circuit carefully, you will see that it is a bridge.
Return to Frame 1, study the circuits, then select again.
® ® ®
Your answer, 400 ohms, is way off. All you have to do is put the given values of
R,, R,, and Rj in the formula R, = R, R3/R; and crank out the answer. Go back
to Frame 22 and do it again.
® ® ®
Your answer is wrong. The state of balance of the bridge is in no way affected by
the value of the supply voltage. The balance state is strictly a function of the
resistor ratios. Go back to Frame 26 and try again.
® @ ®
This selection is incorrect. You most certainly can determine the state of the
bridge with the information given. Simply use the resistor values given in the ratio
formula and compare the results. Go back to Frame 4 and do this, then try again.
® @ ®
Your answer is correct. E5 equals Eg. Good work. Your calculations probably
looked something like this:

E(R,) 10(100) 1000

"R, +R, 100+400 500

Ea = 2 volts

E(R4) 10(300) 3000

"R, +R; 1200+300 1500

Eg = 2 volts

This means that the two voltage divider outputs, those voltages across R, and Ry,
are equal.

Now consider the load resistor Rs. |t is connected between points A and B. Since
the voltage on both ends of the load resistor is 2 volts, there is no potential
difference or voltage across the resistor. Therefore, no current flows through it.
When the bridge is in this state, it is said to be balanced. We could easily determine
whether the bridge was balanced or not by connecting a voltmeter between points
A and B. If the voltage is zero, the bridge is balanced. On the other hand, if the
voltage at point A is not equal to the voltage at point B, then the bridge is said to

11
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35

be unbalanced. A potential difference will exist across Rs and current will flow
through it.
Suppose that E5 = +4 volts and Eg = +5 volts. Which of the statements below is
true about the bridge circuit?
Go to Frame 4 Current (electrons) will flow through Rs from left to right
Go to Frame 18 Electrons will flow through the load from right to left.
Go to Frame 24 No current will flow through Rs.
o o ®
Your answer, Q;, Q,, R,, Ry, is wrong. Return to Frame 19 and, remembering
some bridge fundamentals, have another try.
{ ® ®
Your answer is incorrect. There are several ways of going about determining the
direction flow in the load. First, remember that electrons flow from negative to
positive. Second, the voltage drop across R, will be greater than that across R,
since R, is larger in value. This is true since the current in R, is essentially equal to
that in R,. The load resistance is very large so little current flows in it. Now with
these facts in mind, return to Frame 15 and pick the correct answer.
@ ® ®
Your answer, 1250 ohms, is correct. All you had to do here is to plug the values
R; = 1000, R, = 2500, and R3 = 500 into the formula Ry = R, R3/R; and solve it.
The answer is:

2500 X 500 1,250,000
1000 1000

= 1250 ohms

X

In most commercial Wheatstone bridges, R, is varied in steps by switching in
accurate resistor values. R; and R; are also made variable to provide a wide range
of ratios that permit resistances over a wide range to be measured. R,, R,, and R;
are generally stepped by factors of 10 (i.e. .001, .01, .1, 1, 10, 100, 1000, etc.) and
calibrated dials are associated with the switches. The switches are varied until a
balance is obtained, then the unknown resistor value is indicated by the dials.
Resistance values from a fraction of an ohm to many thousands of ohms can be
measured with an error of .01% or less.

There are also bridges similar to the Wheatstone which make accurate
measurements on coils and capacitors. Two of the arms of the bridge are reactive
components and a sine wave signal source replaces the battery. Such a bridge is
shown below.

HEADPHONES

SINE WAVE
OSCILLATOR @

12
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The sine wave signal source applies an audio signal to the bridge. Capacitor C, has
an unknown value. Calibrated capacitor C; is varied until a balance is obtained.
Then the value of C, can be read from the dial.
Note that headphones are used as the bridge load. Which of the following
statements about them is the most correct?
Go to Frame 2 The headphones permit the bridge user to monitor the audio
— signal to determine when the bridge is on.
Go to Frame 19 The headphones act as an audible balance detector.
Go to Frame 13 The headphones signal the operator with a tone when C, is equal
or proportional to C,.
® ® ®
Your answer is incorrect. The voltmeter reading wi/l change. If the temperature
increases, the thermistor resistance will decrease and unbalance the bridge. But in
which direction? Go back and re-read Frame 17, then choose the correct answer.
o o ®
Your answer is incorrect. You'd better look at the circuit again. Better still, you
should remember that a transistor conducts when its emitter-base junction is

- forward biased. In an NPN this occurs when the base is positive with respect to the

38

39

emitter. In a PNP it occurs when the base is negative with respect to the emitter. Go
back to Frame 40, re-read it, then select the correct answer.
® ® ®
Your selection is incorrect. |f the temperature rises, the thermistor resistance will
decrease. This will make point A more positive with respect to ground. Compare
this now to point B and you will have the correct answer. Return to Frame 17 and
select it.
® ® ®
Your selection is correct. Nice going. In our previous discussions of the bridge,
we varied only one element to balance or unbalance the circuit. In the differential
amplifier, the input signal directly changes the resistance of Q; which in turn varies
Q,. Since two elements are changing and in opposite directions, the resulting
unbalance is exactly twice what it would be if only one arm changed. This gives the
circuit a gain of 2 over the gain produced by either of the transistors. The overall
gain result is known as the differential gain and is due to the bridge arrangement.
There is another way to use the bridge arrangement. It involves replacing two of
the bridge arms with power supplies or voltage sources like that shown:

This circuit works like any of the other bridge circuits we have discussed. If this is
so, then which of the following statements if the most correct?

13
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Go to Frame 6 /n order for the bridge to be balanced, E, must equal E, and R,
must equal R,.

Go to Frame 15 The bridge is balanced if the following ratio is met: E,/E, =
R{/R,.

Go to Frame 27 The value of the current through the load when the bridge is
balanced can be determined by knowing the values of E,, E,, R,
R,, and the load.

Correct. With E; equal to E, and R; not equal to R,, the bridge is unbalanced,
so current will flow in the load. Sirice R, is greater than R, the voltage across it
will be greater than that across R;. The load resistance is large, making its current
very low so the current in R; is very nearly equal to that in R,. This makes the
junction of R; and R, positive with respect to ground, so electrons flow from left
to right.

As in any bridge circuit, R; and R, can be any component that has an
impedance. Transistors, for example, work quite well. E; and E, can also be used
to supply power to the transistors. One type of amplifier circuit using this
arrangement is shown below.

INPUT

This is a push-pull class B power amplifier known as a complementary symmetry
circuit. The term complementary comes from the use of transistors with equivalent
characteristics but of opposite sex. Q; is an NPN, Q, is a PNP.

When an ac input signal is applied to the input, one of the transistors will
conduct and cause a signal to be developed across the load. When the input goes
positive, the emitter-base junction of Q; is forward biased so it conducts and a
signal appears across the load. Q, is cut off at this time. When the input goes
negative, Q; cuts off and Q, conducts, applying a signal across the load.

The beauty of this circuit is that we have push-pull operation without the use of
transformers.

Which of the following statements about this circuit is true?

Go to Frame 10 With an ac input, the output signal across the load is an ac signal
180° out-of-phase with the input.

Go to Frame 23 With an ac input, the output of this circuit is an ac signal across
the load that is in-phase with the input.

Go to Frame 37 With an ac input signal, the negative half cycle of the output is
supplied by Q; and E, and the positive half cycle is supplied by
Q, and E,.
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Unusual IC Audio Power Amplifier

There are many different integrated cir-
cuit (IC) audio amplifiers on the market,
but most of them share several dis-
advantages: The IC’s used are fairly ex-
pensive and not too easily available, often
many external components are needed, a
complex power supply is sometimes re-
quired, and the amplifiers don’t have
much voltage gain. The simple circuit
described here overcomes most of these
disadvantages and provides the experi-
menter with a simple, inexpensive, and
easily constructed circuit.

The IC used in this audio amplifier circuit
is the popular 723 voltage regulator. This
“chip” was originally developed by
Fairchild Semiconductor, and is still sold
by that firm under the number uA723.
However, several other IC manufacturers
are also marketing this circuit. You might
see it identified as “SN72723,”
“MC1723,” or any of several other num-
bers, each including the digits “723.” To
keep things simple in this article, we’ll
refer to this versatile circuit as the “723.”
At any rate, the 723 is widely available
for $1.50 or less. It is this inexpensive
and popular IC that is the heart of the
audio amplifier circuit to be described.

“But the 723 is a voltage regulator IC,”
you might exclaim, “How can it be used
as an audio amplifier?” Let’s save that
question until we have a good under-
standing of how the 723 is used in its
intended application: a power supply
voltage regulator circuit.

Fig. 1 is a schematic diagram of what’s

by Harold J. Turner, Jr.

inside the 723. If you count all the
components, you will find that there are
no fewer than 3 Zener diodes, 16 transis-
tors, 12 resistors, and 1 capacitor. The
circuit itself might appear rather com-
plex, and indeed it is, but the 723 is very
easy to understand, once it is broken
down into functional blocks.

The 723 consists of 4 basic elements: a
reference voltage source, a high-gain
differential amplifier, an emitter follower
output stage, and a current limiter. Let’s
take a brief look at each of these four
sections to see how they work.

THE REFERENCE VOLTAGE SOURCE

Transistors Q; through Qg, and their
associated components, form the voltage
reference portion of the IC. The function
of this circuit is to provide a highly stable
dc reference voltage at one of the IC
terminals. The heart of the voltage refer-
ence circuit is a precision Zener diode,
D;, which acts together with field-effect
transistor Q; to supply a highly stable dc
reference voltage. Note that while this
voltage is highly stable with respect to
changes in supply voltage and tempera-
ture, it is not particularly accurate. The
voltage at the reference terminal (Pin 6
on the dual in-line version) is nominally
7.15 volts, but may vary as much as 5%
among different IC’s. On any given IC,
however, the reference voltage is as
steady as a rock.

The purpose of Q; is to provide a
constant current through the Zener
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Fig. 1. Internal schematic of a 723 voltage regulator. (Courtesy Fairchild Semiconductor)

diode, regardless of the exact amount of
supply voltage (which, incidentally, may
vary from 9.5 to 40 volts without
changing the reference voltage). This is
possible because of the use of Q; as a
constant-current source for the Zener
diode. Any Zener will regulate best when
current through the Zener is kept con-
stant. The gate of Q; is directly con-
nected to its source, so the transistor
operates with zero bias. As long as the
voltage from source to drain is above the
transistor’s saturation voltage, the drain
current, and therefore the Zener current,
will remain constant over large variations
in source-to-drain voltage. Fig. 2 shows
the characteristic curve of a typical field-
effect transistor. Note that the drain
current increases as the source voltage is
increased, but only up to a certain point,
after which the current remains constant.
Such a device finds widespread applica-
tion in instrumentation and control cir-
cuits, and, indeed, field-effect transistors

are packaged as 2-terminal devices, with
their gates internally connected to their
sources, and are called “constant-current
diodes.” After all this discussion on just
the Zener and its current source, it seems
an anticlimax to state that the remainder
of the parts in the reference circuit are
used to provide a low output impedance
at the reference terminal, but that’s about
it.

Fig. 2. Characteristic curve of FET.
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ENJOY THE SOUNDS OF CHRISTMAS WITH THE
CONAR ““300” Stereo System

e Power Amplifier Kit o Garrard Turntable
¢ 2 Speakers in Enclosures e Stereo Cartridge
e All Cable, Wire, Jacks

KIT CATALOG PRNICE $121.00
NRI STUDENT AND
300UK o umnipRICE  $108-00

WIRED CATALOG PRICE $135.00
NRI STUDENT AND
S00WT prumnipricE  $119-95

The shock of common sense in STEREO—you must
hear it to believe it!

The ‘300" Stereo System is designed for those
who consider their ears as the best judge of true
stereo reproduction. It is not for people who insist
on spending $400 or more for stereo or people who thrive on long
lists of specifications, technically accurate or not.

Here is quality stereo to compliment your tastes for good listening
and fit any budget. A precision engineering system with carefully
matched components; yet ruggedly built as a home entertainment
center for the entire family.

Whether it’s violin, piano solo or bass drum—Beethoven, Belafonte
or Brubeck—the ““300” urges and invites your comparison with stereo
systems costing considerably more. We repeat, let your EARS judge
the living sound, superb channel separation, the starting realism that
only good component stereo can bring.

SHIPPED EXPRESS COLLECT

FREE STEREO CARTRIDGE

ELECTRO-VOICE 126A, $10 VALUE
DIAMOND-SAPPHIRE NEEDLE

Add VISUAL IMAGERY for a new dimension in pleasure with the

CONAR Audio Color

An Exciting New Concept in Music

For music lovers and electronics enthusiasts alike, this
transistorized marvel attaches quickly to hi-fi sets, stereos,
tape recorders and even most radios. Simply connect alli-
gator-clip leads to your speaker terminals, and you're
ready to enjoy a color spectacle.

While you listen to your favorite melody, beautiful hues
of red, orange, yellow, blue, green and violet move across
the Audio Color screen in a breathtaking wvariety of
patterns. A frosted screen eliminates glare without filter-
ing the colors.

But Audio Color does more than paint the music. It
also reproduces the tempo. With each torrid beat of the
bongos . . . with each clash of the cymbals, the colors
grow brighter. If the tempo mounts slowly, the colors
brighten gradually. A sharp rise in volume is matched by
a sudden flash of colors, bass on the right—treble on
the Jeft.

Order the Audio Color in kit form and build it your-
self in a few short hours. For those who can't wait to
see it, we have a few already assembled.

Shipped Express Collect

KIT ICALALOG PRICE $44.95
NRI STUDENT AND
103 UK ) UMNI PRICE $39.85

WIRED  CATALOG PRICE $54.95
NRI STUDENT AND
103WT UMNIPRICE $49.45

USE CHRISTMAS ORDER BLANK FOR SPECIAL HANDLING
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From Magitran — a totally new concept in speaker design

Art, beauty and sound are now combined in an at-
tractive array of mirrors and paintings to give es-

thetics a total function.

Turn on a Mirror. ..

o A startling source of music is the magic mirror on
Stock # 8PSK (painting)

8MSK (mirror) the wall. Sound emanates from the mirror itself. Two
Only $17.95 ea. sizes, two designs. Select either or both. May be hung
20 watts — 4 Ibs., P.P.I. from a wall, or inset for further bass baffling.

Turn on a Painting . . .

Favorite art prints mounted in a beautiful Early

American walnut toned frame. The speaker hides

undetected behind the picture—and the picture be-

comes the speaker, surface. The paintin be hun
Stock # 40PSK (painting) e painting may g

40 watts 40MSK (mirror) from the wall or inset for further bass baffling. No
Only $24.95 choice of print, but you may easily cover with one
8 Ibs. P.P.I, of your own choice.

or Turn on a Table . . .

You wouldn’t know it’s a speaker . . . until you turn

it on and hear the whole room turn on.

The pinnacle of multi-functional sound equipment
is attained with the Emperor IV. Superb full-range

40 watts peak . . . . .
25 watts RMS  Stock #4 SK sound eminates from the unique omni-directional

Only $79.95 ea 4-way acoustic suspension speaker system.

Dimensions: 17”"W x 17D x 18H
EXPRESS COLLECT Finish: Natural Walnut Tone
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dventures In Electronics Kit

rromn CONAR . ..
The Perfect Gift
for Some Lucky
Boy (or his Dad)!

Y More Than 100 Parts
> ¢ A Dozen Experiments

Ten fascinating and safe educational projects. This Kit is
used by teachers in many school classrooms to introduce
students to electronics—help them toward satisfying and
profitable careers. Here's proof positive of its sound edu-
cational value and thorough training.

Kit contains over 100 top-quality parts—name
brands you’ll recognize. This is not the “plastic-
cardboard-battery” type experimenter’s kit usually
found on store shelves. IF PURCHASED SEP-
ARATELY, THE PARTS USED IN THE AD-
VENTURES IN ELECTRONICS KIT WOULD
RUN WELL OVER $30.00.

You learn about electronics and have fun doing it.
Each project graphically demonstrates a number of elec-
tronics principles. You're shown “why” and “how” these
principles work. You need no previous electronic training
or experience. Just follow the simple, concise instructions
and large diagrams in the 48-page project manual. The
manual includes a glossary of common electronics terms
for quick and easy reference.

The projects cover a seemingly endless variety of
activities:

* You build a Radio Receiver which performs exact-

ly like a2 manufactured set—picks up local broadcasts
and distant stations.

* You learn about Testing Radio Sets. In this
project you build a signal tracer and use it to find the
exact point in a circuit where the signal stops. The
signal tracer is a test instrument used by professional
electronics technicians.

* Then you become a Radio Announcer. You set up
a broadcast station, and with the speaker as your “mike,”
transmit your voice through your radio or a neighbor’s
set.

. Now you assemble a “Secret Listener.” The
speaker becomes a concealed microphone. Put it in one
room and hear any conversations through a receiver
without being present. Use it as an electronic “baby
sitter.” Mother can place the “Listener” near baby’s
crib and hear cries while she’s in another room.

« You’ll experiment with sound. In one project you
build an Audio Oscillator and produce a wide range of
sounds. Another experiment teaches how sound is mag-
nified. After putting together an Audio Amplifier, you
amplify sounds from a phonograph pick-up.

ALL THE TOOLS YOU NEED

ARe WcLuDED FREE

SOLDERING IRON « SCREWDRIVER - PLIERS

USE CHRISTMAS ORDER BLANK FOR SPECIAL HANDLING
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SOLDERING TOOLS AND AIDS

The New

WELLE

Desoldering
Resoldering
Tool

One-hand
operation

Not only removes soldered components, but also re-
solders printed circuit boards faster and better than
regular resoldering irons. It requires only one hand
to operate, leaving the other hand free. Its hollow
tip fits over the connection; vacuums all solder for
easy removal of the component; leaves terminals and
mounting holes clean. Then, it resolders with 360°
tip coverage and capillary action of the solder around
the component lead for a perfect connection. Pays
for itself quickly in time saved.
Wt. 11 oz.

$1 O 95
Parcel Post

Stock #40TO

BLIXT

the one-hand operated
automatic soldering gun

A technical hit! For both hobby and professional use.
With the one-hand operated BLIXT—soldering can be
done quickly and accurately in long series without
breaks and risk of cold solder joints.

Solder is fed automatically and simply by squeezing
the trigger of the comfort shaped handle. Tips can be
changed easily according to the character of the work.

Made of impact-resistant nylon-plastic and mirror-
finished metal, the BLIXT will give long service.

Stock #1141a¢  § 95
Wt. 2 lbs.

Parcel Post

SOLDERING AID KIT

1 i

SOLDERING
AlD KIT
No, 120

S
Sales o,
wwstron

BEAU-TECH Soldering Aid Kit includes six hard-
chrome plated tools: Printed circuit type reamer and
scraper tips, angled reamer and forked tips, straight
reamer and forked tips, regular type brush and scraper
tips, angled reamer and forked tips, and straight reamer
and forked tips. Kit comes in handy plastic case.

Stock #1000TO $535
10 oz. Parcel Post

SOLDAPULLT

D

Standard
Model

SOLDAPULLT is the best resoldering tool we’'ve seen
yet. This tool incorporates easy handling, swift vacuum
action and a self cleaning feature. Soldapullt is loaded
by pushing plunger knob down until it latches. Molten
solder is drawn into its cylinder instantaneously with a
high impulsive vacuum by release of the spring loaded

piston.
$ 595 $995

Stock #14TO Stock #13TO
Standard Deluxe

8 oz. Parcel Post 10 oz. Parcel Post

USE CHRISTMAS ORDER BILANK EOR SPECIAI HANDI INC
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CONAR 5” Wide Band Oscilloscope

KIT CATALOG PRICE $139.50 WIRED  CATALOG PRICE $99.90

50Uk NRI STUDENT AND 250 WT NRI STUDENT AND
2 ALUMNI PRICE $82.90 | 250WT VNN PRICE  $12975

OPTIONAL ACCESSORY

Set of four heavy duty probes designed specifically for

s

Shipped L ! I ¢

hippe use with Model 250. Set includes: Signal Tracing Low
Express Capacity; Resistor Isolated; and Direct Testing Probes;
Collect Roll up Carrying Case. Complete instructions in Model

250 manual.

Stock #250PB. 2 lbs. Parcel Post

$17.70

NEW IMPROVED CONAR Model 681 Integrated Circuit COLOR GENERATOR

S s ®
o

KIT

CATALOG PRICE $89.50
NRI STUDENT AND
680 UK ALUMNI PRICE

$79.50

WIRED
7 Ibs. P.P.I.

CATALOG PRICE $121.50
NRI STUDENT AND
680 WT  ALUMNI PRICE

$109.00

ONLY THE 681 HAS ALL THESE FEATURES AT ANY PRICE!

e EXCLUSIVE Digital Integrated Circuits @ Stability Control
® EXCLUSIVE 4 Crystal Controlled Oscillators ® TV Station Sync and Blanking Pulses
® Completely Solid State ® Nine Patterns
® Color Amplitude Control Please specify channel 2 or 3, ® Red, Blue and Green Gun Killers
' ® Regulated Power Supply whichever is not used in your area ® Compact, Lightweight, Portable

MODEL 230

T
0

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 source of hum, noise and distortion. Tracks down in-

Catalog Price

KIT 230UK
WIRED 230WT

$49.95
$69.95

NRI STUDENT &

termittents, measures gain per stage, [accubratelydaligns ra‘z{ios ALUMNI PRICE
without signal generator. (Tracer may also be used as sensitive
ﬁi. AM radio.) Has two stages of RF amplification. Assembly-oper- KIT 230UK $39-30

111b.P.P.I

ating instructions inciude more than 12 pages on uses of
Model 230. For beginners as well as experienced technicians.

WIRED 230WT $56.70

MODEL 280

8 Ibs. P.P.I.

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 with 1% after easy cali-
bration. High output of the Model 280 simplifies signal injec-
tion 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. ldeally suited as

Catalog Price

KIT 280UK
WIRED 280WT

$29.95
$43.95

NRI STUDENT &

mtarkerd generator for TV aligfnment. 'tl'uning dial features plan- ALUMNI PRICE
etary drive with 6:1 ratio for greater accuracy and elimina-
tion” of backlash. Scale is full 9” wide with transparent hair- KIT 280UK $28.35

line pointer, Has single cable for all outputs, no need to
change leads when switching from 400 cycle audio to modu-
lated or unmodulated RF.

WIRED 280WT $39.55

MODEL 311

s

CONAR Resistor-Capacitor TESTER

The Model 311 gives fast, accuraté, reliable test on all re-

Catalog Price

sistors a'nd capac'ators. Melaiuresf capacity of mica, ceram‘ijc, KIT 311UK $29.95
paper, oil-filled and electrolytics from 10 mmfd. to 1500 mfd.,
0-450 volts. Checks for leakage, measures power factor and WIRED 311WT $42.50

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 NRI STUDENT &
311 will also apply actual DC test voltage to capacitors to ALUMNI PRICE
reveal break-down under normal circuit conditions, a feature

7 X far superior to many R-C testers which give low voltage ‘“‘con- KIT 311UK $24-40

8 Ibs. P.P.I.

tinuity" tests. Can be used for in-circuit tests in many ap-
plications and circuits.

WIRED 311WT $33.85

123 |he PP

CONAR Cathode Conductance Tube Tester

Catalog Price $49.95
NRI Student and Alumni Price

KIT 223 UK $44.80
¢5 DOWN. $5 PER MONTH

Catalog Price $75.95
NRI Student and Alumni Price

WIRED 223 WT $68.25
¢7 DOWN. $7 PER MONTH



CONAR CHRISTMAS SHOPPING GUIDE

Featuring Specially Selected Tool Sets — For Years of Service

6-PC. FLEXSOCKET AND OPEN END WRENCH SET. Chrome
plated, drop forged vanadium steel combination wrenches—perfect
for shop work or home hobbies. Socket ends swivel for extra con-
venience. Complete set includes 3/8”, 7/16”, 1/2”, 9/16”, 5/8"
and 3/4” wrenches. Packed in rugged blue vinyl pouch.

o' 8 31 B 50 1 $14.95

24-PC. CHROME VANADIUM SOCKET WRENCH SET. In-
cludes 9—1/4" drive sockets 3/16” to 1/2”; 7—3/8” drive sockets
9/16” to 5/8"; 3/8” drive deep wall sockets (7/16”, 1/2", 9/16");
3/8” drive deep wall 13/16” sparkplug socket; 3/8” reversible
ratchet; 2 ratchet extensions (37, 6”); 3/8” to 1/4” adapter; metal
storage box.

$241.697

12-PC. 1/4” DRIVE SOCKET SET: Complete set includes: 8-pc.
hex drive socket set—3/16” to 7/16”; 514” reversible ratchet with
1/4” drive, 3%2” extension bar; flexible shaft handle; sturdy steel
carrying box.

MI23C447 e $7.95

ABOVE SETS SHIPPED DIRECT FROM FACTORY . .. ORDER NOW FOR CHRISTMAS DELIVERY

USE CHRISTMAS ORDER BLANK FOR SPECIAL HANDLING



RUSH—SPECIAL CHRISTMAS ORDER BLANK

DIVISION OF NATIONAL RADIO INSTITUTE

CONAR

/ [ Cash Order

3939 WISCONSIN AVENUE « WASHINGTON, D.C. 20016

O New CONAR Account

| CHECK ONE: 0 €.0.D. (20% deposit required) CHECK ONE: [J Add-on CONAR Account
? [ Select-A-Plan Order ] Re-open CONAR Account
f PLEASE PRINT Ship to another address? Give Directions here
“ o NRI Student or Graduate No.
| Name Name
l
?} Address Address
| City State Zip Code City State Zip Code
Moved since last order?
Previous Address City State
1. 2, 3. 4. 5.
NAME OF ITEM STOCK # HOW MANY? PRICE EACH TOTAL | WEIGHT
I
6. Total Cash Price
IMPORTANT For Merchandise
To speed handling, any correspondence should (Do not remit for items shipped Express Collect;
be on separate paper. 7. Parcel Post and Insurance
All prices are net F.0.B., Wash., D.C. 8. 10% Cash Down Payment and
Parcel Post Costs Required on
Please include postage for weight shown and New CONAR Accounts
insurance on Parcel Post orders. 9. Unpaid Balance of Cash Price
Express Orders should not include shipping {tems 6 &7 less item 8)
charges. 10. Sales Tax ( Masington, b
A 209, deposit is required on C.0.D. orders. 7
SELECT-A-PLAN ORDERS: Please complete 11. Unpaid Balance
and sign reverse side. gﬁ’;‘:‘"g';l“us"?tg":a‘:gf“’
Thank you for your order. 12. Finance Charge
Prices in the CONAR catalog and Select-A-Plan time (See schedule on back)
payment privileges apply only to residents of the United
States and Canada. Residents of other countries and 13. Total of Payments
territories may obtain CONAR products, through SIGMA (Item 11 plus item 12)
INTErNATIONAL CORPATION, au boort Represetstves,
r T Tl 1 i
Corporation. 13 East 40th Street, New York, N.Y. 10016. 14. Rf::"sr%d roaya'::':tz)m”

e

'leascy do ot write in t!ns ‘yspaee '




RETAIL INSTALLMENT CONTRACT & SECURITY AGREEMENT

CONAR SELECT-A-PLAN P —
SELECT YOUR TERMS TO FIT YOUR BUDGET PLEASE CHECK ONE. (3 STANDARD PLAN
J EXTENDED PLAN
—) STANDARD EXTENDED
IF UNPAID FLAN PLAN
CONAR FINANCIAL RATES: BALANCE IS Firan Nai P Ronty
. i ay- cia -
STANDARD PLAN—The ANNUAL PERCENTAGE RATE is 17.75% Charge  ments Charge  ments
. 20.01- 25.00 105 350
EXTENDED PLAN—The ANNUAL PERCENTAGE RATE is 15.50% 25.01- 30.00 150 4.00
30.01- 35.00 205 450
35.01- 40.00 265 475
40.01- 50.00 3.00 5.00
50.01- 60.00 415 550
TO SPEED SHIPMENT e g o
1. Complete other side of this sheet. 80.01- 90.00 g.oo ;;g igég ggg
2. Use Select-A-Plan Schedule on the right to find your Finance 1338“?223 o9 5o 1480 550
Charge and your Monthly Payment. 110.01-120.00 1100 1075 16.20 ggo
L X 3 .50
3. Insert amount of down payment (at least 10% of total order) §§88}i3883 i§88 1332 };ﬁ‘; 7.00
and other information in Payment Agreement below. 140.01-150.00 1400  13.75 2160  7.50
4 sl n Pa ent Agr t d f” g C dt A li t 150.01-160.00 15.00 14.75 23.20 8.00
+ 2l yment Agreement and fill in Credit Application. 160.01-170.00 16.00 1575 2080 850
IMPORTANT; When you have made three monthly payments, you | 1oS3%0% 1% s 220 s0
can ™add-on” purchases with no down payment. If you are under 21, 200.01-220.00 20.00 18.50 29.80  11.00
please have the Payment Agreement and credit application filled out 220.01-240.00 22.00 20.00 3?*;8 }iﬁg
and signed by a person over 21. He can make the purchase for you e 5% oy o ot
and will be responsible for payment. If you have a CONAR account 280.01-300.00 30.00 24.50 4120 1550
open or recently paid-in-full, just sign the Payment Agreement. 300.01-320.00 3200  25.50 4420 17.00
320.01-340.00 35.00 27.00 47.80 18.00
[o] T . (1) Do not sign this agreement before you 340.01-370.00 38.00 28.00 52.40  18.50
r'gac-lni?%r i?i '-ti:gn aananEla‘ny blank space. {2.) You are entitled to a copy 370-3"300-03 ;’g"g ;?gg g;gg g’l’gg
of this signed agreement. (3.) The Finance Charge will be waived if the o a0 ey oo AW
unpaid balance is paid within 30 days. If paid within 60 days, the . : . ’ -
Finance Charge will be reduced by 24; if paid within 90 days, the Finance ON ORDERS OVER $460.00 THE FINANCIAL CHARGE ON THE
Charge will be reduced by 1. Accounts extending beyond 30 days will EXTENDED PLAN WILL BE 15°% AND PAYMENTS WILL BE IN
pay up to $3 in Credit Service Charges before the above reductions PROPORTION TO AMOUNTS SHOWN ON ABOVE SCHEDULE

are made.

HOW TO DETERMINE THE NUMBER AND AMOUNT OF
MONTHLY PAYMENTS TO REPAY THE “TOTAL OF PAYMENTS" .
Use the Select-A-Plan Schedule to find out what your monthly payment is. Then divide your monthly payment into your
“Total of Payments' to find out how many monthly payments you must make. The amount which is left over is your final
payment. FOR EXAMPLE, if your unpaid balance is $95, then your monthly payment is $8.75 (using the Standard Plan). If
your ‘'Total of Payments" is $104, then your monthly payment of $8.75 divides into that number 11 times with $7.75 left over.
This means you make 11 payments of $8.75 each, plus a final payment of $7.75.

PAYMENT AGREEMENT

Enclosed is a down payment of $..... ... .. .. on the merchandise | have listed on the reverse side. Beginning
30 days from date of shipment, | will pay CONAR $................... each month for ........ .... months, plus a final
monthly payment of $......___. . . . Title to and right of possession of the merchanidse shall remain in you until

all payments have been made. If | do not make the payments as agreed, you may declare the entire balance
immediately due and payable. In satisfaction of the balance, you may at your option, take back the merchandise,
which | agree to return at your request. | understand that a 1% acgounting charge will be added to my unpaid
balance if my payments become 60 days or more in arrears. | agree that the above conditions shall apply to any
add-on purchases to my Select-A-Plan account. The statements below are true and are made for the purpose of
receiving credit.

BUYER SIGN HERE ~r et

IT'S AS EASY AS A - % - TO OPEN A CONAR ACCOUNT
AT N

PLEASE ALLOW ADEQU TIME FOR RMAL ROUTI CREDIT CHECK. ONCE YOUR CREDIT
IS ESTABLISHED, ONLY YOUR SIGNATURE IS NEEDED TO ADD ON PURCHASES

WHERE DO YOU LIVE?

PRINT FULL NAME . Age
HOME ADDRESS ...... —_—t LCITY L STATE ... ZIP GODE
A HOME PHONE HOW LONG AT THIS ADDRESS ... T }
) () OWN HOME () RENT RENT OR MORTGAGE PAYMENTS $ ... ... ... PER. MO.
WIFE'S NAME .. R .. MARITAL STATUS'( ) MARRIED (' ) SINGLE
NUMBER OF DEPENDENT CHILDREN ..
PREVIOUS ADDRESS PO i . HOW LONG?
WHERE DO YOU WORK?
YOUR EMPLOYER . ot . Gl ROSITIONE. .. . MONTHLY INCOME $
: ; ¥ HOW MANY YEARS
EMPLOYER'S ADDRESS } Wi e YR T . i ON PRESENT JOB?
B Street | " City \ | State
> PREVIOUS EMPLOYER .\ :-.. = . U U B ! HOW LONG?
: Name Address:
WIFE'SEEMPRONER T .0 LA S . W e 7 MONTHLY INCOME §$
i § Name Address
. : WHERE DO YOU TRADE?
BANK ACCOUNT () CHECKING
s Street City State () SAVINGS
CREDIT ACCOUNT
C ) WITH . SN, it seenenmamnsens : - ¢ 9L0AN
Street City State
CREDIT ACCOUNT TOTAL OF ALL
WITH - e MONTHLY PAYMENTS

“Street o T city State INCLUDING CAR $



DIFFERENTIAL AMPLIFIER

Transistors Q, through Q;; and associ-
ated components form the differential
amplifier circuit. This direct coupled
amplifier is used to compare the reference
voltage-with the regulator output voltage,
to make sure that they remain in the
correct proportions. The output of the
differential amplifier is supplied to the
emitter-follower output stage.

OUTPUT STAGE

The output emitter-follower is actually 2
transistors, Q;4 and Q;s, which are
connected as a Darlington pair. This is the
same as using a single transistor having a
very high current gain (beta).

CURRENT LIMITER

The fourth and final section consists of a
single transistor, Q; 4, which is used with
an external resistor to limit the maximum
amount of current that can be drawn
from the output of the IC. Fig. 3 is a
simplified diagram of the output transis-
tor as it is usually connected to the
current limiter transistor. The output
transistor, Q; s, is used to pass current
from the unregulated input voltage to the
regulated output voltage, as demanded by
the control signal applied to the base of

INPUT Q15 R OUTPUT

Ve
L/ ]

o

CONTROL

Q1

Fig. 3. Simple current limiter circuit.
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this transistor by the differential ampli-
fier.

The collector of the current limiter tran-
sistor, Q;4, is permanently connected
inside the IC to the base of Q; s, but the
base and emitter connections are brought
out separately for a maximum circuit
flexibility. In this typical application, the
base-emitter junction is connected across
an external resistor (R) through which
the entire load current must pass. As long
as the current drain is low, not much
voltage will appear across the resistor.

Remember, no current will flow through
the base-emitter junction of Q;¢ until
the voltage between these two terminals
reaches roughly .6 volt. At this time,
then, the current limiter transistor does
nothing at all. However, if the output
current is increased beyond its intended
limits, the voltage applied to the base-
emitter junction of Q¢ increases, and
causes collector current to flow. This col-
lector current robs base drive from Q, s,
and reduces its conduction just enough
to stabilize the output current at a safe
level. The circuit designer picks the value
of the external resistor (R) according to
the maximum amount of current to be
allowed to be drawn by the load. A large
resistor will drop a large voltage at a rela-
tively small current, so the circuit would
limit at a low current level. If a large out-
put current is desired, a smaller resistor is
chosen. Actually, this last portion of the
723 will not be used in the audio ampli-
fier to be described here, since the addi-
tion of the current sampling resistor is
very wasteful of audio power output.
However, in a typical regulator circuit,
the resistor detracts only very little from
the efficiency of the regulator, and is a
very worthwhile design feature.



UNREGULATED INPUT

9

12)

8 10K 5

V REF

AL REGULATED QUTPUT

J

L

Fig. 4. Basic 723 voltage regulator circuit output — 6 V @ 150 MA maximum.

A TYPICAL 723 REGULATOR CIRCUIT

Now that we have seen how the 723
works, let’s see how it is used in a typical
power supply voltage regulator circuit. If
you will compare Fig. 4 to the internal
diagram of the IC, you will see that only
four external parts are needed to make
the circuit operate: 3 resistors and a small
capacitor. The fourth resistor, Ry , repre-
sents the load resistance, which is not
really a part of the power supply.

In operation, the purpose of the differ-
ential amplifier is to keep the voltage
difference between its two input termi-
nals at zero, or very close to it. Since the
desired output voltage in this case is 6
volts, and the entire output voltage is fed
to the inverting (—) input of the ampli-
fier, the reference voltage must be scaled
down to 6 volts. This is accomplished by
the divider consisting of the 10k-ohm and
47k-ohm resistors.

Ohm’s Law will show you that if 7.15
volts is present at Pin 6 of the IC, almost

1R

exactly 6 volts will appear at Pin S. The
8.2k-ohm resistor is equal in resistance to
the 10k-ohm resistor and 47k-ohm resis-
tor connected in parallel, and this resistor
is needed so that both amplifier inputs
“see” the same source resistance. This is
done for a minimum output voltage drift
with changes in temperature. The two
voltage divider resistors are seen by the
amplifier input as being connected in
parallel because one of them is connected
directly to ground, while the other is
connected to the reference voltage termi-
nal, which has a very low output im-
pedance: less than 1 ohm.

The output of the differential amplifier is
then fed to the base of the output
transistor (remember this is really two
transistors in a Darlington connection),
and the output transistor functions as an
emitter-follower to control the output
voltage in response to the bias current
supplied by the amplifier. The overall
result is to make the output voltage
completely independent of variations in
load current and supply voltage.



The single capacitor plays no real part in
the regulator action, but is used simply to
limit the high frequency response of the
amplifier so that it cannot go into oscilla-
tion.

ABOUT THAT AUDIO AMPLIFIER . ..

Now that we have seen how the 723 is
used in a typical power supply circuit,
let’s see how easy it is to turn this circuit
into an audio power amplifier. This is just
what we have done in Fig. 5. Note the
great similarity between figures 4 and 5.
The most apparent difference is that we
have added an input signal at Pin 5,
coupled through a 5 mfd capacitor, and a
loudspeaker load, coupled through a large
electrolytic capacitor to the load resistor,
which in this case happens to be a real
resistor. The input signal modulates the
dc voltage supplied by the reference
circuit, and, since the purpose of the
regulator is to keep the output voltage
equal to the voltage at Pin 5, the signal
certainly will be amplified.

The values shown will yield an output of
about 45 milliwatts (.045 watt) into a
16-ohm loudspeaker. The value shown for
R, will permit full output with an ac in-
put of about 1 volt. To increase the gain,
decrease the value of R3. This will lower
the amount of ac feedback applied to the
inverting input of the amplifier, so less
input voltage will be required to produce
full output.

As shown in the schematic, as far as dc is
concerned, the IC is connected as a
voltage regulator with a 6 volt output.
Since the circuit is connected just as itis
in a typical power supply application, its
performance is equally good. This means
that the thermal stability of the amplifier
and output stage is extremely good.

This also means that the amplifier can be
operated from a dc supply which is not
very well filtered. A simple full-wave
rectifier and a single input filter capacitor
(just a few hundred microfarads) will do
very nicely, since the IC does all its own

+12V @ 125 MA

12)

V+

V REF

{7}

(13} (13)

4 160
Rg 3470 SPKR
2W 45 MW

*
4

2 100uF/10 V

R3 % 15K

(35 MW INTO 8 Q)

Fig. 5. Typical power supply circuit converted to an audio power amplifier.



filtering without any need for large filter
capacitors. The output stage is connected
as an emitter-follower, and a sample of
the dc output voltage is fed to the
inverting input of the error amplifier
through R,. Since no appreciable amount
of current is drawn by the amplifier
input, there is virtually no dc voltage
drop across Ry, 5o 6 volts dc appears also
at the inverting input. At the same time,
the 7.15 volt reference voltage is divided
by R; and R, so that approximately 6
volts dc appears at the noninverting input
of the differential amplifier. The ampli-
fier will strive to maintain a zero voltage
difference between its inputs, so the
output voltage will remain constant with
variations in supply voltage, loading, and
temperature.

Now, we add a signal to our “power
supply” circuit. The audio signal is
coupled into the noninverting input
through a small capacitor (C,). This
audio signal unbalances the amplifier, and

the output appears at the emitter of Q, s,
where it is fed through coupling capacitor
C,4 to the loudspeaker. The signal at the
emitter of Q, s is also fed back to the
inverting input of the error amplifier,
and, since this is negative feedback, will
reduce the gain of the amplifier.

However, the network consisting of C,
and R; serves to control the gain of the
amplifier. C, is such a large capacitor that
it is effectively a short circuit to all audio
frequencies, so if the resistance of Ry is
very low, no ac signals will be fed back to
the inverting input, so the gain will be at
maximum.

The purpose of capacitor Cj is to roll off
the frequency response of the amplifier at
very high audio frequencies, to insure
stability under all conditions. If you wish,
you can add a tone control circuit here
by using a somewhat larger capacitor (.01
mfd works nicely) in series with a variable
resistor. Cs is also needed to insure

Fig. 6. Actual size foil pattern for 723 audio amplifier.
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A fullsize foil pattern,

stability under all possible conditions.
This capacitor should be mounted as
close to the IC as possible.

The amplifier circuit should be powered
from a 12 volt dc source, which should be
filtered so that the ripple at the input to
the IC does not exceed 2 or 3 volts
peak-to-peak. This could be done with a
single input filter capacitor of only a few
hundred microfarads, provided that full
wave rectification is used. If a half-wave
rectifier is all that is available, the filter
capacitor will have to be somewhat larger,
because of the lower ripple frequency.

suitable for
photo-reproduction, is shown in Fig. 6 so
that you can make a circuit board for
your 723 audio amplifier. Fig. 7 shows
how to connect either of two IC
“packages” to the dual in-line circuit
board pattern. See Fig. 8 for the location
of all parts mounted on the circuit board.

Fig. 7. DIP circuit board pattern that suits
either DIP or “T0O-5" package.
INPUT Ry 123 G5 C3 ouTPUT

Fig. 8. Location of all parts mounted to the
circuit board.
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Use the four corner holes on the board to
mount the board to a chassis.

HOW WELL DOES IT WORK?

Pretty well, considering all things. First of
all, the power input to the circuit is only
1.5 watt. Since the output stage is an
emitter-follower, the efficiency is not
very high (only about 3%). If a 16-ohm
speaker is used, about 45 milliwatts of
clean power will be delivered to the load.
You can figure on about 35 milliwatts
into an 8-ohm speaker. However, the
output impedance of the amplifier is very
small, and low-frequency response is
limited only by the size of the coupling
capacitors used. Those specified give
excellent low-frequency response. As
mentioned before, the high frequency
cut-off point is determined only by the
size of C;. With the values specified for
this capacitor, the response extends well
above the audio spectrum.

As an unexpected bonus, since R; and
R, load the reference voltage terminal
very little, at teast 10 milliamps of well-
regulated and well-metered dc output
voltage is available at this point for use
elsewhere. Just to be on the safe side,
decouple the reference voltage with a
single-section R-C filter (R¢, C4), to
make sure that no coupling occurs be-
tween the audio amplifier and whatever
circuits are powered by the reference
voltage. Just be sure to avoid exceeding a
total drain of 10 milliamps from the ref-
erence voltage pin.

Although this simple amplifier circuit
isn’t likely to break any leases, it should
come in very handy in all kinds of
experimental projects, receivers, signal
tracers, etc. And for a total cost of under
$4, it’s really hard to beat!



NRI honors program awards

For outstanding grades throughout their NRI courses of study, the following
May and June graduates were given Certificates of Distinction with their
NRI Electronics Diplomas.

Highest Honors

Talivaldis Aplocins, Indianapolis IN
Kiros Asfaw, Addis Ababa Ethiopia
Charles Borneman, Baxter Springs KS
William C. Carder, Mobile AL

William E. Cureton, West Union SC
Lester R. Downing, Jeannette PA 15644
Norman Kellis, California MD

George B. Markle, Carlsbad NM

W. Keith Moffat, Ste Agathe Des Monts PQ Canada
Donald P. Peeling, FPO New York

John S. Tanner, Catonsville MD

James J. Tomsen, Dayton OH

Henry W. Washington, Columbus OH

High Honors

Elbert R. Ashbaugh, Jr, APO New York
Carl M. Backer, Washington DC

Walter Charkow, Chicago IL

John E. Connors, East Taunton MA
Larry Allen Cook, Indianapolis IN
George J. Cox, Arlington VA

Stanley L. Fogle, Portland OR

Ralph Richard Gobel, Fairbury NB
John Goelzer, Belgium Wi

Major Eugene K. Goodell, Portland ME
Robert Byron Goodvin, Powell River BC Canada
Richard G. Gross, Cheektowaga NY
Alberto Hernandez, Miami FL

Richard C. Hoopes, Pennsville NJ
Erland H. Jacobson, Biloxi MS

Charles W. Jones, Duanesburg NY
TSGT Larry P. Kelly, Wichita KS
George M. Kelnhofer, Milwaukee W1
Carl Layte, Lewisporte, NFLD Canada
Claude Lemarbre, St. Basile Le Grand PQ Canada
Clifford E. Love, Jr., Austell GA
Robert J. Matz, Sellersville PA

Larry M. McClenny, Oakton VA

T. L. McCorckle, Mt. Olive |L

William R. Morris, San Jose CA

Donald L. Nelson, Springfield MO
Harlan D. Ohlson, Ketchikan AK
William B. O'Rourke, Arlington VA

James A. Peters, Riverside CA

Jeffery L. Pittman, FPO San Francisco
John Robert Pope, Clarksville TX

T. R. Rains, Midland TX

George P. Reese, Warren OH

William J. Rickert, Vineland NJ

Paul C. Rohwer, Trenton OH

Joseph T. Schneider, Cocoa Beach FL
Agne L. Schold, Brooklyn NY

Wilson E. Scott, Trenton ONT Canada
Harry S. Simpson, Buford GA

Alan Wayne Smith, Hanover PA

Dale Lee Smith, Baraboo WI

George F. Smith, Annandale VA
Ayers M. Spangler, APO San Francisco
William N. Stewart, Bridgeport AL

J. R. Stone, Heyburn 1D

Raymond C. Stucker, Hanover I[N
Wayne R. Swann, Preston ID

Charles A. Sweet, Hampton VA

TSGT Kenneth R. Taylor, Homestead FL

Steven E. Tyrrell, Livermore CA
Ray A. Wade, Littleton CO
Arthur Walker, Detroit M|

Bryan L. Wilburn, Florissant MO
Forrest R. Willome, Dover NH
George M. Wrocklage, Norfolk VA
Walter W. Wrobel, Syracuse NY

Honors

Ollie Akins, Attalla AL

Albert C. Allen, Jr., Fort Myers FL
Howard A. Bass, Spokane WA

Harry R. Baumhoegger, St. Louis MO
Jerry F. Bellamy, Bloomfield IN
Charles Cobb Bey, Richmond VA
Hudson A. Bicknell, Indian Head MD
Charles A. Briggs, Jr., Tulsa OK
James J. Brokaw, Lawrence KS

Estel G. Burns, Fort Worth TX

John F. Butler, Dahlonega GA
Franklin D. Cagle, Knoxville TN
Amos H. Carmical, Memphis TN

Max C. Carr, Marietta OH

Charles E. Carter, Jr.,, New Orleans LA
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Jimmy R. Clark, Batesville AR

Mark B. Coy, Upton NY

George Dahlstrom, Stamford CT
Fredrick W. Dawalt, Mentone IN

Renard T. Diggs, Washington DC
Clarence Daniel Ditto, St. Louis MO
William R. Elsaesser, Tetotum VA
Marvin R. Fisher, Memphis TN

Robert A. Franks, Butte MT

Fred F. Frey, Berwick PA

Richard A. Garrett, Richmond VA

Lech Walter Glinski, West Orange NJ
Clyde S. Grangruth, Bigfork MN

Larry Haggard, Oklahoma City OK

Sgt. Willie Paul Hanks, Cannon AFB NM
Ronald Thomas Harshman, Connellsville PA
Eugene P. Howley, Struthers OH

Fredric Arthur Hurdum, Bighamton NY
Ludwig Max Hutzler, Santa Clara CA
Hector O. Jimenex, Bellevue NE

James L. Johnson, Columbia MO

Robert W. Kawlewski, Little Falls MN
Robert N. Kervick, North Wilbraham MA
Michael G. Kohut, Plymouth Ml

David O. Kraft, Detroit Ml

Robert G. Kraker, Joliet |L

Harvey A. Kreiman, Helena MT

CPOS Daniel T. Krueger, Governors Island NY
Emil J. Krukar, Milwaukee WI

Raymond R. Kucera, Lemont IL

SGT Robert B. Kutz, Fairborne OH
Lawrence R. La Course, Norwich CT
Richard L. La Crosse, Fort Walton Beach FL
Edward P. Lange, Fairfield NJ

Gary Le Fevre, Milwaukee WI

Horst Leidel, Surrey BC Canada

lvar J. Lindstrom, Bow WA

William B. Loveridge, Jr., Fort Pierce FL
Charles Lovoi, Cape Coral FL

Gary M. Luxenberg, Tucson AZ

Darrel Martin, Jonesboro AR

Joyce Mekeel, Boston MA

Dale Messerschmidt, Fruitport Ml

Leonardo R. Migliaccio, Philadelphia PA
Jep S. Mitchell, Wetumpka AL

Arthur A. Moore, Cedar Lake IN

Duane W. Morrison, Casey |A

Max A. Mull, Salisbury MO

William P. Neely, Detroit Ml

Patrick O’Brien, Corner Brook NF Canada
Paul J. Ondrus, Laurel MD

Loren E. Page, Phoenix AZ

Sergio H. Paredes R., Brownsville TX
Alton E. Perkins, Fair Oaks CA

Ordway L. Persyn, Whitefish MT

Ray B. Pitts, Zebulon GA

Gary J. Plano, Mohawk NY

Glenroy R. Pryce, Kingston Jamaica WI
Stanley N. Revell, Panama City FL
Harold G. Reynolds, Ft. Payne AL
Harold Roe, Batavia NY

Joseph E. Rosch, Palm Beach Gardens FL
Allen J. Sad, Jr., APO San Francisco
Ernest Saucier, Leominster MA

Maurice L. Savoye, Crystal MN

Eugene H. Schepp, Key West FL

Karl A. Schuster, Brewster NY
Konstantinos Serafim, Toronto ON Canada
Michael T. Silliman, Deansboro NY
Larry Dean Simpson, Tucson AZ
Mahendra Singh, Portland OR

Robert Sisco, N. Lindenhurst NY
William C. Smith, East Liverpool OH
Henry J. Spencer, Joplin MO

Larry O. Steele, Westerville OH

Dr. G. H. Straight, Jacksonville FL
Ronald B. Stroh, Orangevale CA

Arthur P. Timmerman, APO San Francisco
Howard S. Trimble, San Diego CA

John A. Tucker, Hudson KY

Felipe C. Varona, Jr., Lavern CA

Ralph R. Voda, St. Paul MN

George Washingten, Buffalo NY
Thedford G. Watson, Hampton VA
Benny H. Whitehead, Maryville TN
Walter J. Zombro, Seattle WA

WANTED

P.O. Box 331

16433

If you have, or know of some way of obtaining, a schematic diagram
for a “Syltron” Oscilloscope, Model 4Q5, please contact:

C. T. McKinney

Saegertown, Pa.
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In these pages we have listed some people who qualified as “oldtimers,’ and we have
had some teenagers represented also. Perhaps this time we’ll start a new trend by listing
the youngest amateur. At not-quite-thirteen, WN2BYU appears to be the first entrant.
Neil started his course in July of 1970 and is on the air with an all Conar rig. He says he
hopes to graduate from the Basic Amateur Radio course in 1971. We're sure you will,
Neil, so keep up the good work.

WB2NHM took the time to write and tell us how proud he is of his new General call.
Melvin says: “I would like to take the time now to commend NRI on their course,
without which | might never have passed the General Test.” Our thanks, Mel, for the
commendation, and the best of luck to you in the future.

WB4SXM took his General on 8/26/71 and says that thanks to NRI he passed with
flying colors while quite a few who sweated along with him did not make it. Thanks.

Frank, WN4UPW, claims to be the “‘southernmost’” Ham in the United States. He says
that the base club station, WA4ZUZ, is located 200 yards further south, but “as an
individual station my WN4UPW is most southerly”. Frank works 40 exclusively from Key
West as he has been unable to load either his Conar rig or DX60-B on 80 or 15. Sounds
like matching problems, OM. Both of those rigs should work FB on 80 and 15. Try an
antenna tuner from the ARRL handbook, or do a little “pruning” on the old antenna.

WN4WID is presently without a call as he turned the license in for an appointment to
take another exam. Perhaps we will be able to report next time that Ernest is now
WB4WID. Here’s hoping.

WABBTE is another young man with a problem. Jim (age 16) wrote mainly to explain
to his instructors why he had not been submitting lessons for grading. It seems that he
interrupted his studies to ““cram’’ for the General test, which he passed easily. Jim says it
was just “Novice-difficulty questions on broader material.” How true. Anyway, after
getting that A, Jim also got a Swan 350 and got wrapped up in a lot of operating and so
on and then found that a friend was going to get his General so, what the heck, might as
well go for Advanced! Result: one Advanced Class ticket (friend did not make General —
not taking NRI course). There must be a message there somewhere.

WNO91AA runs a Hallicrafters SX62A and a Globe Scout (65 watts). When Dan
completes the course rig (Conar) he will crank up the 15 watt mighty mouse to drive his
1/2 wave inverted vee antenna. Sounds good to me.

That’s all for the Amateur Course Hams this time. I’'m sure there are more of you, as |
have been watching the enrollment figures. How about writing us so we can know what
you are doing? Here are the other students and grads we‘ve heard from:

Lou WB2MYN = Bronx, NY
Clyde WB4BDP/HLYTO C Osan AFB, Korea
Vince WNA4ULY N Vienna, VA
John WNGCKN N Gonzales, CA
Jim WBG6QEM A Riverside, CA
Herb K7LYT™ G Renton, WA
George WB8JI X A Muskegon, M1
Ronald WBI9CEX/K1JYO — Indianapolis, IN
Ronald VE3CQV — Brampton, ON

* Just upgraded — congratulations!
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WB2MYN wrote a very nice
letter to WN10OCZ in care of me

2 . WIRE

concerning the ac operated field
strength meter Norm asked about
» 9 20r3
in the July/August issue. Well, Lou, —T TuRNS
my secretary has undeniably mis- COIL COVERING cga

" FREQUENCY OF [——
placed—Norm’s address so for the OPERATION

benefit of everyone, we'll reprint
i " NDED

your very_FB hint here. . . - $g%ﬂsg

suggest using ac powered grid-

dipper (GDO) and attaching an-

tenna to it. A two foot length of

stiff wire is attached as shown. | use Ac

LINE
the Knight Kit and it’s the most CORD
used instrument in the shack, <‘ —

excluding the rig itself, of course.

Diagrams for building one, ideas, etc., are found in Rufus Turner’s How to Use Grid Dip
Oscillators, Rider publication number 245.” The GDO should be operated in the diode
mode rather than oscillating for use as a field strength meter. Thanks a lot for the
information, Lou, I’'m sure Norm and others will appreciate it.

When WB4BDP is home, he operates from Warner Robins, Georgia. Right now,
however, Clyde is operating out of Korea and is just about to take over the base club
station, HLOKH, in Osan. Clyde enrolled with NRI in January of this year and hopes to
upgrade his Conditional class license just as soon as he can get back stateside. We all hope
that will be soon, Clyde.

Vince, WN4ULY, writes to say that it took him thirty-five years to become a Ham, and
then only due to the training he got from NRI. That is always nice to hear, especially
when the writer is over in Vienna, Virginia (a Washington, D.C. suburb) within a stone’s
throw of our office. Vince also says that there are 121 Hams in the village of Vienna.
Wow!

WB6QEM writes that he, too, owns a Ten Tec rig and is really in love with it. Jim says
that it “packs’ nicely when camping and puts out an FB signal on 40 using a ten foot
high dipole! Once Jim even got a 599 report from a station 400 miles away who was
running 500 watts (more about the Ten Tec later).

WB8JI X has quite a track record. All due to George's efforts and NRI’s instruction:

April 1970 Third Radiotelephone
January 1971 First Radiotelephone
March 1971 Novice Amateur
August 1971  Advanced Amateur

George says, ‘Just passed another milestone — got my Advanced class amateur ticket.
Would like to extend my thanks to NRI for helping. . .”” You’'re welcome, George, and
that’s quite a record!

Back in August, Bill Boyer, W3BAMG and his YML dropped by the office for an eyeball

27



QSO. Bill lives up in York, Pa., and hangs out on six using a Communicator I11. Every
year four radio clubs up in that area have a hamfest (16th annual this year), and Bill
wanted me to come up forit. | couldn’t make it, so he sent a program of the event to me
to show me what |'d missed and it sure looks like a lot of fun. They took in over $4,500
in admissions and gave away prizes amounting to over $600. | should have been there!

Bill, WA3AFI, phoned from Pennsylvania the other day and we had a nice chat. He
needed some specs for the Conar scope probe set and fortunately | was able to give them
to him. Bill works 80 CW and maybe one of these days I'll be able to raise him with the
QRPP rig. I've been trying, you know.

As a matter of fact, | went out the other day and bought the Ten Tec antenna tuner
(AC-5) and QRP SWR indicator (AC4) to really tune up the rig. So far | have had two
contacts for a total distance of 122.5 miles on 40 meters. It's fun, but gee it sure would
be nice to get a /ittle dx out of the rig. After what | have read about QRP, | feel like |
must be doing something wrong.

Received too late to get in last month’s column was some very interesting information
from Gene, WAQ EMH, concerning the SX28 receiver and its derivation. Gene says the
SX28 started out as a military AN/ARR-7 which came out in the spring of 1945, Gene
uses one with his Communications course 2E26 rig and says that the combo makes a real
fine cw rig for standby use. He also sent along copies of the manuals for the AN/ARR-7
(which looks nothing like any SX28 | ever saw!) which | would be happy to forward to
the first two people who write and claim them. Thanks anyway, Gene, but | don't need
them.

I guess that’s about it for now, gang. We only have one Ham Ad this time, and I'm not
even sure the sender is a Ham. But who cares? Make use of the free service, guys, and have
avery Merry Christmas!

) HAM AD
SELL: Heath IG-57A Sweep/
Vy 73 — Ted — K4AMK X Marker Generator — perfect work-

ing condition, four months old. Wil
take best offer! Paul Stanton, Box
20193, Phoenix, AZ, 85036




. . . President-Elect of NRIAA

Andrew J. Jobbagy, your President-elect of the NRI Alumni Association for 1972, was
born on May 26, 1908 in Ramsey, Michigan. He received his elementary education in
Hungary during World War II and later returned to the United States to finish high school
in Flint, Michigan. '

In 1927 he decided to become an on-ship radio operator and enrolled in NRI under Mr.
J. E. Smith, Sr. After completing the NRI Radio Operator Course in 1928, he entered
Loomis Radio College in Washington, D.C., where he learned about television when
television was only broadcasting across the room. This electronics training created a new
interest in amateur radio and soon Andy was the possessor of amateur license W8DKF.

About that time the depréssion came along, dampening every hope Andy had of
becoming an on-ship radio operator. His challenge switched to servicing televisions and
auto radios to bring order out of chaos.

Later Andy attended the Flint Community Junior College night classes on television
repair. William DeJenko, instructor, became a very good friend and on numerous
occasions helped the Saginaw Valley Chapter solve electronics problems.

Andy has been a membér of long standing in the Alumni Association, following the
progress of Lou Menne, Ted Rose, and Tom Nolan as Executive Secretary of NRIAA. He
has also held all of the Saginaw Valley Chapter positions, including six terms as President.
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One of the best positions that Andy held in the Saginaw Valley Chapter was that of
publicity director. People still telephone or write to ask for advice with an electronics
problem. Andy encourages these people to bring their problems, solved or unsolved, to a
meeting so other NRIAA members can exchange ideas on it.

As a traveler, Andy Jobbagy has been a Goodwill Ambassador to various other chapters,
including Detroit, San Antonio, and San Francisco. Through correspondence he has made
friends with other NRI graduates in places as far away as South Africa and Ghana, Ms.
Jobbagy has always encouraged her husband’s interest in NRI and in the NRI Alumni
Association. (Editor’s Note: She also cooks a Hungarian meal fit for a king as well as a
president.)

And The New Vice-Presidents . . .

Your Vice-Presidents for the coming year are:

Mr. Charles L. Traham, Norfolk, Virginia
Mr. John Rote, Fairmont, West Virginia
Mr. William A. Simms, Tucson, Arizona
Mr. Andrew V. Perry, Brooklyn, New York

Good luck, gentlemen, in your new jobs!

Alumni News

James Wheeler ......... President
RobertBonge . ......... Vice-Pres.
Graham Boyd .......... Vice-Pres.
Br. Bernard Frey........ Vice-Pres.
Thomas Schnader. ... ... Vice-Pres.
T.F.Nolan, Jr. ........ Exec. Sec.

Several of the members reported on a
session on troubleshooting that was con-
ducted by a local radio supply company.
The Chapter’s emphasis on trouble-
shooting was continued when members
DETROIT Chapter Emphasizes revitalized a radio oscillator by using the
Troubleshooting signal generator. They also disassembled
and cleaned a TV tuner.

Fifteen members came to the September
10 meeting of the Detroit Chapter. Besides carrying out regular business, the
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Chapter welcomed three visitors: Mr.
Alex Hill, Mr. John Rappa, and Mr.
Elmer Rose. Everyone hopes these
gentlemen will decide to join the Chapter.

Three films were shown that everyone
seemed_to enjoy. Also, the Chapter is
anxious for Mr. Nolan’s visit in October,
and Mr. Ray Berus announced that he
expects to visit the Los Angeles Chapter
soon.

The Chapter is anticipating a very active
and informative year with a beginning
like this!

FLINT-SAGINAW VALLEY Chapter
Stays Up-to-Date on the Latest Models

The July meeting of the Flint-Saginaw
Valley Chapter was held at the Sheridan
Hotel. Mr. John Gilbert, a factory field
representative for Magnavox TV, con-
ducted a two-day factory service training
clinic. Mr. Gilbert gave a very good
lecture on the new receivers and the
problems that could arise.

Also in July the Chapter members at-
tended a show put on by RCA to
introduce their new TV models.

The Chapter gained one new member in
July, Mr. D. Olney White from Yale,
Michigan. Mr. White has an FCC Com-
mercial License and will be able to
communicate over the air waves with the
Chapter.

PITTSBURGH Chapter Has
Two Good Speakers

At the September 2 meeting of the
Pittsburgh Chapter, Mr. Leuthold, an
RCA field technician coordinator, and
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Leuthold (left) and Mr. Strazza (right)
spoke at a meeting of the Pittsburgh Chapter.

Mr.

Mr. Leonard Strazza, service manager for
Hamberg Brothers, gave a detailed techni-
cal presentation on the new 1972 RCA
products including the color receiver
chassis CTC54. They described the new
remote-controlled, electronically tuned
tuner, which has no wafer switches and
very few components.

The Chapter hopes to have speakers from
Zenith and General Electric for future
meetings.

It is with deep regret that the Pittsburgh
Chapter reports the deaths of Mr. Howard
Tate and Mr. Clement McKelvey. Mr.
Tate was elected National Vice-President
in 1962. In 1969 he moved to Lexington,
Kentucky where he was residing at the
time of his death, suddenly, on Sunday,
August 22, 1971.

He was a charter member of the Alumni
Association in 1953, Treasurer in
1954-1955, Director in 1957, and Vice-
President in 1959 and 1960. He was
Chairman in 1961 and 1962 and Corre-
sponding Secretary from 1963 to 1968,
at which time he moved to Lexington,
Kentucky.



Mr. Clement McKelvey was an honorary
member of the Pittsburgh Chapter. He
was an instructor of electronics at a local
trade school and conducted a number of
instructive programs for the members of
the Pittsburgh Chapter.

The Pittsburgh Chapter will miss both of
these good members.

SAN ANTONIO Chapter Continues
Good Programs

Members at the August meeting of the
San Antonio Chapter saw an excellent

demonstration given by Mr. Tom Meir on
the use of the B&K Analyst in the repair
of television sets. Mr. Meir is an electrical
engineer currently employed by Jim
Rivet, owner and operator of Rivet’s TV.
Tom gave a very instructive program; he
really knows theory.

A little service note from FEamest
Hudson: When a TV has no raster and the
B+ boost voltage is reduced to the set’s
B+ reading, open the wire connecting to
the yoke and turn the set on. If the yoke
is the culprit, B+ boost voltage will be
restored.

DIRECTORY OF CHAPTERS

CHAMBERSBURG (CUMBERLAND VAL-
LEY) CHAPTER meets 8 p.m. 2nd Tuesday of
each month at Bob Erford’s Radio-TV Service
Shop, Chambersburg, Pa. Chairman: Gerald
Strite, RR1, Chambersburg, Pa.

DETROIT CHAPTER meets 8 p.m., 2nd Friday
of each month at St. Andrews Hall, 431 E.
Congress St., Detroit. Chairman: James Kelley,
1140 Livernois, Detroit, Mich. 841-4972.
FLINT (SAGINAW VALLEY) CHAPTER
meets 7:30 p.m., 2nd Wednesday of each
month at Chairman Andrew Jobbagy’s shop,
G-5507 S. Saginaw Rd., Flint, Mich.

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., 662-3759.

NEW YORK CITY CHAPTER meeis 8:30 p.m.
1st and 3rd Tuesday of each month at 218 E.
5th 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.
PHILADELPHIA-CAMDEN CHAPTER meets 8
p.m., 4th Monday of each month at K of C
Hall, Tulip and Tyson Sts., Philadelphia. Chair-
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man: John Pirrung, 2923 Longshore, Philadel-
phia, Pa.

PITTSBURGH CHAPTER meets 8 p.m., 1st
Thursday of each month in the basement of the
U.P. Church of Verona, Pa., corner 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 CHAP-
TER 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 Redfemn Dr., Spring-
field; 4th Saturday at the shop of Chairman Al
Dorman, 6 Forest Lane, Simsbury, Conn.
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MAKE IT A
MERRY
CHRISTMAS

ITH
W TEST EQUIPMENT

- CONAR portable volt-ohmmeter kit

Compact, precision, yet rugged 3-in-one instrument.
Easily fits in coat pocket or tool box.

Completely portable, uses two 1.5V batteries on ohms
ranges with hundreds of hours life. A stock battery size
available anywhere. Has jewcled D’Arsonval mecter, 19,
resistors. :

§  Easily assembled in less than one hour. Low price in-
| cludes 48” test lcads and two 1.5V mercury Dbatteries.

KIT $ l 9.95 Stock #240UK

ONLY 3 Ibs., P.P. Ins.

Optional TV probe—extends DC voltage measurements to
30,000V, $5.50 Stock #240PB

CONAR transistor power supply

The CONAR 510 is a high quality power supply designed
for usc in servicing transistorized electronic equipment.
It is idcally suited for work on transistor radios, hearing
aids, preamplifiers, and other devices requiring a source
of well filtered, low voltage, D. C.
The attractive 214” clear plastic meter measures output
voltage and current in three ranges.
; Control and filtering is provided by a unique transis-
o torized shunt capacitive multiplier. This circuit provides
factory assembled 1009, burnout protection; the 510 can be shorted with no
resulting damage.
$ 5 A pull-on, push-off, switch is provided on the voltage
Stock #510WT control to allow the user to turn off the unit without
2 lbs., Par. Post disturbing the output setting.

6V-12V battery eliminator

Best selling battery eliminator on the market today. Specially
designed for operating auto radios—either 6 or 12 volts—
transistor or vibrator type.

The ATR Model 610 delivers 6 volts at 10 amps or 12 volts
at 6 amps. Has separate meters for volts-amps, eight position
voltage control, 6-12 volt switch with safety lock and toggle
on-off switch. Full-wave dry disc rectifier gives noiseless, in-
terference free operation.

Housed in steel cabinet, gray hammertone finish. Rubber
feet protect bench. Size: 614” x 914" x 814”. 110-120 volts,
50-60 cycle AC.

FULLY ASSEMBLED $6500 Stock #610WT

READY TO USE 22 Ibs. express collect

USE CHRISTMAS ORDER BLANK FOR SPECIAL HANDLING




MAKE IT A MERRY CHRISTMAS WITH

CONAR TEST EQUIPMENT

/BBy [ model HV-30

DYNA-PROBE

High Voltage Analyst
with
Detachable Meter

The B&K Dyna-Probe is a direct-reading 0-30,000
volts DC positive high-voltage measuring instru-
ment. It provides a fast and accurate means for
measuring the critical high voltages in color TV
as well as black-and-white sets. The 184” meter

has a clip-on mount to permit convenient re-

moval from the probe. This feature is extremely

$2 495 useful when making measurements in tight spots, or when the meter is ‘obscured.
The auto-tilt meter stand permits placement almost anywhere.

Each instrument is individually factory calibrated at 25,000 volts. Accuracy is +29,

at 25,000 volts; +39, of full scale overall. The sensitivity is 16,000 ohms per volt.

Stock #30PB Probe length is 1415”; case is 16 x 414" x 314”. Shpg. wt., 114 lbs. Model HV-30
2 Ibs. Par. Post Ins. with protective carrying case, leads and instruction manual.

USE CHRISTMAS ORDER BLANK FOR SPECIAL HANDLING
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MAKE IT A MERRY CHRISTMAS WITH

CONAR TEST EQUIPMENT

/BBy [ model HV-30

DYNA-PROBE

High Voltage Analyst
with
Detachable Meter

The B&K Dyna-Probe is a direct-reading 0-30,000
volts DC positive high-voltage measuring instru-
ment. It provides a fast and accurate means for
measuring the critical high voltages in color TV
as well as black-and-white sets. The 134” meter

has a clip-on mount to permit convenient re-

moval from the probe. This feature is extremely

$ 95 useful when making measurements in tight spots, or when the meter is-obscured.
The auto-tilt meter stand permits placement almost anywhere.

Each instrument is individually factory calibrated at 25,000 volts. Accuracy is +29%,

at 25,000 volts; +389%, of full scale overall. The sensitivity is 16,000 ohms per volt.

Stock #30PB Probe length is 1415”; case is 16 x 414” x 314”. Shpg. wt., 114 lbs. Model HV-30
2 1bs. Par. Post Ins. with protective carrying case, leads and instruction manual.

USE CHRISTMAS ORDER BLANK FOR SPECIAL HANDLING
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