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PREFACE

Practical digital computers have been in operation since
the early 1950s, but recent advances in semiconductor tech-
nology have resulted in truly remarkable advances in the com-
puter field. Now, all the electronic arithmetic circuitry for an
electrical computer capable of addition, subtraction, multi-
plication, and division can be placed on a single silicon chip
only a fraction of an inch square!

Only a few years ago experimenters who wished to build
the electronic logic circuits which form the basis of digital
computers were forced to assemble as many as a dozen or more
components on individual circuit boards and then connect the
various boards to one another to form the desired logic circuit.
Now Radio Shack offers a line of low-cost integrated circuits
which contain at least one and as many as six separate logic
circuits and permit experimenters to design and assemble com-
plex logic systems efficiently and economically.

This book contains complete instructions for assembling fif-
teen separate logic circuits ranging from simple gates to a
complex decade counter. I assembled and tested all the circuits
and each should operate as described if you follow the simple
assembly instructions. I hope you enjoy building and operating
each circuit.

First, though, read Chapter 1 to familiarize yourself with
the basics of digital computer logic. If you are new to electron-
ics, be sure to read Chapter 2. Then you will be prepared to
try your hand at assembling the various projects—and going
further by modifying the basic projects or even designing new
ones on your own. By assembling the projects in this book, you
will gain a good understanding of digital logic circuits, the
basic building blocks of large scale digital computers.

Other Radio Shack books that could be helpful in under-
standing active and passive components are Electronic Com-



ponents Encyclopedia, Introduction to Transistors and Tran-
sistor Projects, and Introduction to Integrated Circuits and
IC Projects.

ForreEsT M. Mims, III
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CHAPTER 1

INTRODUCTION TO
COMPUTER ARITHMETIC

The entire field of mathematics is based upon the four basic
arithmetic functions of addition, subtraction, multiplication,
and division. Even more significant is that each of the four
basic arithmetic functions can be performed by various kinds
of addition. Subtraction is the inverse of addition, while multi-
plication is simply repeated addition. Division is the inverse
of multiplication.

These basic facts are of immense importance since they
mean the most complex arithmetic operations can be performed
by addition alone. While you and I would find it inconvenient,
to say the least, to add 82 18 times just to find the product of
32 x 18, an electronic digital computing circuit would perform
this operation in milliseconds.

In this chapter we will discuss some of the basics of elec-
tronic arithmetic and the intriguing electronic circuits which
have been developed to perform electronic arithmetic. In later
chapters, we will actually build more than a dozen of these cir-
cuits and demonstrate how they can be used in a variety of
electronic control systems. First, however, let’s take a look
at the number system electronic arithmetic circuits employ.

THE BINARY NUMBER SYSTEM

You and I are trained to perform arithmetic using the ten-
digit decimal system. That happens to be fortunate, since the
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decimal system is far more convenient and efficient than most
of the other number systems which have been tried over the
years.

Unfortunately, electronic circuits which can use the decimal
system are very difficult to design. Since most practical and
economical electronic circuits operate in either of two states,
that is they are either on or off, a number system with only
two digits would be ideal for an electronic arithmetic circuit.
Such a number system was devised even before the age of digi-
tal computers, and it was quickly adapted by the engineers
who designed the first electronic logic circuits. It’s called the
binary number system.

At first glance a binary number seems completely unexplain-
able since it contains only the digits 1 and 0. Actually, the bi-
nary system is in principle simpler than any number system
having more than two digits. To see why, let’s establish three
simple rules and then use them to count to ten in binary:

Rule 1. 04+0=0
Rule 2. 04+1=1
Rule 3. 1+1=10

Rules 1 and 2 are simple enough, but Rule 3 might seem a
little confusing since the result has the same appearance as
the decimal number ten. Actually, the result corresponds to the
binary equivalent of the decimal number two. Rule 8 is actually
a carry rule and demonstrates that since 1 is the largest binary
digit, a 1 plus 1 must equal a 0 carry 1 or 10. Ok, got that? If
not, think it through before you go on—it’s important that you
understand.

Now let’s use the three basic rules to count to the binary
equivalent of the decimal number ten. To avoid confusion be-
tween the two number systems, I'll spell out the decimal num-
bers. Numbers 0 and 1, of course, correspond to zero and one,
and we have already learned that the number 10 corresponds
to two.

Three corresponds to 10 + 1 or, from Rule 2, 11. Rule 8 must
be used to find the binary number for four: 11 + 1 = 100. And
Rule 2 is used to find five: 100 + 1 = 101.

Now that we have derived the first six binary numbers, let’s
just list the numbers from zero to ten:



DECIMAL BINARY

0

1

10
11
100
101
110
111
1000
1001
1010

SOOI Ui WD -=O

-

This list shows that binary numbers quickly become longer
and more awkward than their decimal counterparts, but our
derivation of these numbers shows how simple the system
really is.

BINARY ARITHMETIC

Now that we have seen how the binary number system is
formed, let’s try some simple arithmetic. We have already
added 1 to each of several binary numbers to find succeeding
numbers, so let’s try something a little more complex such as
nine plus six:

1001 (nine)
+ 110 (six)

Just as in decimal addition, begin by adding the two least
significant digits:

1001
+ 110
1

Then continue adding toward the most significant digits:

1001
+ 110

1111

The result is 1111 which is the binary equivalent for the
decimal number fifteen. The sum was obtained rather easily
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since no carrying was required (Rule 3). Now let’s add two
binary numbers which require carrying.

1011 (eleven)
+ 1101 (thirteen)

Adding the two least significant digits gives 10:

1011
+ 1101

0, carry 1
Adding the next two digits also gives 10 since a 1 is carried:

1011
+ 1101

00, carry 1

The next two digits also give a 10 since a 1 is carried from
the previous two. Finally, we arrive at the total by adding the
two remaining digits plus the 1 carried from the previous two
to get 11:

1011
+ 1101

11000

The result is the binary equivalent for the decimal number
twenty-four.

CONVERTING BINARY TO DECIMAL

It’s quite simple to convert a binary number into its decimal
equivalent. Just as in the decimal system, the position occupied
by a binary digit determines the power by which the digit
should be raised. Consider, for example, the decimal number
847:

847 = 8 x 102 =800
4x10'= 40 (add)
Tx10°=_ 17

847

This expansion of a decimal number can be applied to any
other number system. Since the binary system has but two
digits, the position occupied by binary digits determines to
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which power of the base two (instead of ten) the digit should
be raised. Let’s see how this works by breaking down the bi-
nary number 11000:

11000 (BINARY) =1x2¢=16
1x23= 8
0x22= 0
0x2= 0
0x20= 0

24 (DECIMAL)

Since the result of the expansion is easily converted to deci-
mal, it’s quite convenient to convert binary to decimal using
this simple technique.

ELECTRONIC LOGIC

Earlier I said the binary system was well suited to electronic
arithmetic since electronic circuits normally occupy one of two
states. Some circuits can occupy many more states, and a re-
sistor, for example, can have a value from a fraction of an ohm
to many million ohms. But circuits which occupy just two
states are far simpler, more reliable and easier to use.

The simplest kind of electronic logic element is an on-off
switch. Since the switch has only two possible positions, we
can call one position 0 and the other 1. If the open position is
0 and the closed position 1, a binary 1 is implemented when
the switch is closed.

A single switch performs only the most basic logic function.
However, two or more switches can be connected in parallel,
in series, or both to perform more complex functions. These
circuits are called gates since they can be used to pass or block
an electrical current. The two most important gates are the
AND and OR gates and each is described in the following sec-
tions.

AND GATE

A basic AND gate made by connecting two on-off switches in
series is shown in Figure 1-1. If none or only one of the two
switches is in the on position, the circuit is incomplete and cur-
rent cannot flow. If switch A and switch B are both closed, the
circuit is completed and current will flow. The AND gate can be
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expanded to include more than two switches, but few computer
circuit AND gates have more than four switches. Figure 1-1 also
shows the preferred logic symbol for the AND gate and a truth
table which explains its operation. The truth table arranges
all the various input and output conditions for the gate and
permits logic designers to quickly determine the operation of
the gate. Truth tables of increasing complexity can be used to
explain almost all logic functions.

out
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(A) Basic AND gate. (B) Logic symbol. (C) Truth table.
Figure 1-1. Basic switch AND gate, symbol, and truth table.

OR GATE

Figure 1-2A shows a basic OR gate made by connecting two
switches in parallel. If only switch A or switch B is closed, the
circuit is completed and current will flow. As with the basic
two-switch AND gate, an OR gate can have more than two
switches. Figure 1-2B shows the preferred logic symbol for the
OR gate, and its truth table is given in Figure 1-2C.
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(A) Basic OR gate. (B) Logic symbol. (C) Truth table.

Figure 1-2. Basic switch OR gate, logic symbol, and truth table.

NOT CIRCUIT

The functions of the AND and OR gates can be greatly ex-
panded by adding a circuit called an inverter. An inverter is
simply a low-gain amplifier which reverses the function of an
AND or OR gate. If the output of the or gate shown in Figure
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1-2 is fed into an inverter, the inverter will produce no output
when switch A or switch B is closed. If both A and B are open,
the inverter will permit current to flow. Since the inverter re-
verses the normal operation of AND and OR gates, it is often
called a NOT circuit. Figure 1-3 shows the preferred logic sym-
bol for a NOT circuit. Note the small circle at the right of the
symbol. This denotes the inverter function.

The NOT circuit can be implemented by simply reversing the
on-off labels, and therefore functions, of the simple AND and
OR gates shown in Figures 1-1 and 1-2. The result is the NAND
and NOR gate, the first two logic circuits which combine two
basic functions.

A—Do—»our A——I>—>our

TRUTH TABLE TRUTH TABLE
A__our A__our
0 1 0 0
1 0 1 1
(A) NOT circuit. (B) YES circuit.

Figure 1-3. NOT and YES circuit logic symbols and truth tables.

YES CIRCUIT

A special variety of the NOT circuit is the YES circuit. As its
name implies, the YES circuit does not invert the polarity of
the signal. While the NoOT circuit is termed an inverter, a YES
circuit is a converter.

YES circuits are useful for isolating logic circuits from one
another and providing amplification. For this reason they are
frequently called buffers or drivers. Figure 1-3B shows the
preferred logic symbol for the YES circuit. It is the same as the
NOT symbol without the circle denoting the inverter.

Referring to the accompanying truth table for the NOT cir-
cuit, when a “0” is applied to the input, a “1” will be obtained
at the output. For the YEs circuit when a “0” is applied to the
input, a “0” is present at the output.

NAND AND NOR GATES

Figure 1-4 shows how two switches can be connected to form
a NAND and NOR gate. The circuits are identical to the AND and
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OR gates described earlier, but opposite operation is achieved.
A NoT function has been implemented by reversing the on-off
(1-0) role of the switches. The result is a NOT-AND or NAND
gate and a NOT-OR or NOR gate. The preferred logic symbols
for the NAND and NOR gates and their truth tables are shown
in Figure 1-4.

A— A
—— B
oN
N ON g
— " o—"o—our ZJD—» out
A B :
B

TRUTH TABLE TRUTH TABLE
ouT outr

1

B
1 0
1
0
1

—_—-_0 o >

B
0
1
0
1

- - o o |>»

1 0
1 0
0 0.

(A) NAND gate. (B) NOR gate.
Figure 1-4. NAND and NOR gates.

EXCLUSIVE OR AND NOR GATES

The elementary OR and NOR gates described thus far are con-
sidered nonexclusive. They will pass an electrical current if
switch A or switch B or both A and B are open (NOR) or closed
(OR). Some digital logic circuits require an OR or NOR gate
which passes a current if one switch or the other is actuated—
but not both. These specialized circuits are called exclusive OR
and NOR gates. An exclusive OR circuit can be made by feeding
the outputs from two AND gates into a NOR gate.

SOLID-STATE LOGIC CIRCUITS

The simple switching circuits used to explain the operation
of the various gate circuits can be used in practical applica-
tions. It is interesting to realize that the first real digital
computer, the Mark I Automatic Sequence Controlled Calcula-
tor, employed more than 8,000 relays to perform complex arith-
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metic operations. The relay is simply an electromagnetic
switch consisting of a coil of fine wire wound around an iron
core. When a current is passed through the coil, the core be-
comes magnetized and pulls a movable contact against a fixed
contact to achieve switching. When the current is removed, the
switch contacts resume an off position.

The Mark I, which was built in 1944, could multiply two 23-
digit numbers in less than five seconds. But really impressive
calculating abilities were made possible by using vacuum tubes
and, later, solid-state circuits. The newer electronic switches
were much smaller and faster than the relatively “slow” Mark
I and its sluggish relays.

Vacuum tubes are no longer employed in practical logic cir-
cuits since solid-state circuits are far smaller, easier to oper-
ate, and require considerably less power. The simplest solid-
state equivalent to the mechanical switch of the previous cir-
cuits is the diode. A diode is a simple semiconductor device
consisting of a tiny chip of germanium or, more commonly,
silicon which will pass an electrical current very well in one
direction and very poorly in the other. A typical diode may
have a forward resistance of a few hundred ohms or less and
a reverse resistance of many millions of ohms. By simply re-
versing the direction of current flow, a diode can serve as a
very simple and effective solid-state switch.

A more complex but far more effective solid-state switch is
the transistor. Transistors are more flexible switches than di-
odes since a very small input signal can be used to control a
much larger current passing through the transistor. This prop-
erty is called amplification. Symbols for the diode and transis-
tor are given in the next chapter.

Numerous other solid-state devices can be used to replace
the mechanical switches of our basic logic circuits, and the list
includes the silicon controlled rectifier (SCR), field effect
transistor (FET), four-layer diode, tunnel diode, and various
light-sensitive versions of the transistor and SCR.

MULTIVIBRATORS

A multivibrator is a symmetrical electronic circuit contain-
ing two sections, one of which controls the state of the other.
If one half of the circuit is on, the other must be off and vice
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versa. A multivibrator can be easily made by cross-connecting
the outputs of two gates with their inputs as shown in Fig.
1-5. When one gate turns on, the other turns off and vice versa.

Since multivibrators naturally operate in the on-off mode
of the logic circuits described earlier, they are ideally suited
for use in digital computer circuits. Indeed, they are indi-
spensable for such operations as timing, pulse generation, tem-
porary memories, and other important functions we’ll discuss
later. First, let’s discuss the most important multivibrator
configurations.

Figure 1-5. Multivibrator.

Astable Multivibrators

The astable or free-rumning multivibrator automatically
changes the state of each of its two sections at rates ranging
from less than once a second to millions of times a second. For
this reason, astable multivibrators are frequently employed
as clocks in digital logic circuits. In this role the multivibrator
provides a continual stream of pulses which steps an input sig-
nal through the various logic elements.

Monostable Multivibrators

Unlike its astable cousin, the monostable multivibrator
changes states only when instructed to do so by a single input
signal. After a brief time interval, which can range from bil-
lionths of a second to a minute or more, it automatically re-
sumes its normal state. In short, a monostable circuit issues a
single output pulse for every input pulse. For this reason,
monostable circuits are frequently called single-shots or one-
shots by design engineers.
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At first glance a circuit which emits a pulse each time it re-
ceives a pulse may not seem too useful, but single-shots are
among the most versatile of logic circuits. By simply adjusting
the output pulse width (on time), for example, a single-shot
can be used to divide an incoming series of pulses by almost
any number.

Interfacing is another valuable role for single-shots. Con-
sider, for example, switch bounce. When almost any conven-
tional switch is closed or opened, the contacts do not immedi-
ately make or break contact. Instead, a very rapid series of
brief contact pulses is produced at the moment the switch is
opened and closed. This does not affect most electronic circuits,
but since most logic circuits are intentionally designed to de-
tect brief pulses, a single switch closure may send up to five or
more pulses into the system instead of the single desired pulse.

The single-shot can be conveniently used to eliminate the
bounce problem. By making the output pulse much wider than
any possible grouping of bounce pulses, a single pulse can be
generated each time the switch is actuated.

Other uses for the single-shot include pulse stretching and
threshold detection. We’ll discuss these applications in more
detail in a later chapter.

Bistable Multivibrators (Flip-Flops)

The most important class of multivibrator for digital logic
purposes is the familiar flip-flop. This fascinating circuit re-
sembles the single-shot monostable multivibrator since it
changes state only when instructed to do so by an incoming
pulse. But unlike the single-shot, the flip-flop does not auto-
matically reset itself after a preset time interval. Instead, one
side flips into the on state and flops back to the off state only
when an input signal has been received. The other side flip-
flops into opposite states. Unlike the single-shot, the flip-flop is
stable in either its on or off state. Therefore it is also known
as a bistable multivibrator.

By connecting a series of flip-flops together so that the out-
put of the first controls the input of the second and so forth,
binary addition and division can be performed. Even more
significantly, since a flip-flop holds its state until the next con-
trol pulse is received, it can serve as a very effective memory
circuit.
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COMPLEX LOGIC CIRCUITS

The three basic logic circuits—AND gates, NOT gates, and in-
verters—can be used in an almost unlimited variety of com-
plex logic circuits. We have already seen how two gates can be
crisscrossed to make a multivibrator. Another important cir-
cuit made by interconnecting simple logic circuits is the binary
adder shown in Figure 1-5. Until now, we’ve explained the
logic circuits with 1s and Os simply for convenience. A and B,
yes and no, or any other designations could also be used to
explain the operation of the basic logic circuits.

Now the 1 and 0 inputs and outputs of the various logic cir-
cuits will be used to indicate binary digits. Here’s how: Note
that the binary adder circuit in Figure 1-6 has two input termi-
nals, A and B. If no input is present, AND gate 1 and OR gate 1
produce no output and a 0 is present on both the carry and
sum output lines.

Assume a signal is placed on input A and that no signal is
present at input B. This corresponds to a binary 1 and 0 being
fed into the adder. AND gate 1 requires an input signal at both
inputs before it will pass a signal so its output is zero. There-
fore the carry output is also zero, but the output of NOT 1 is
not zero which means it must be 1.

OR gate 1 requires only one input signal to issue an output
signal. Therefore, since it is also connected to the input lines
A and B, it is turned on by the single 1 input at A. It then
sends an output signal (1) to AND gate 2. Since NOT 1 also pre-
sents an output (1) to AND gate 2, the gate passes an output
signal and a binary 1 appears on the sum line. The adder has
therefore added 1 and 0 and arrived at the correct total, 1.

This, of course, is a very elementary adder circuit, but by
connecting the carry output to the input of a second adder and
so forth, very complex binary additions can be performed. To

Ao

AND 1 CARRY
BO- W — | [:NOTI

Figure 1-6. Binary adder logic diagram.
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see how the carry function is implemented, try adding 1 and 1
with the adder circuit.

Flip-flops and other circuits can also be used to perform
complex logic functions, and we will examine several of these
in detail in later chapters.

LOGIC TERMINOLOGY

We have already covered many logic terms simply by de-
scribing the various logic circuits, but there are several addi-
tional terms which must be explained.

Logic Levels

Earlier I explained how the two binary digits 0 and 1 can
be used to define the two logic states. Ideally, 0 corresponds to
no output signal and 1 to an output signal. In practice, how-
ever, a 0 state may actually represent a signal of a fraction of
a volt, while a 1 represents a signal of several volts. For this
reason, logic engineers frequently say a logic signal is either
low (0) or high (1). The fact a 0 signal is not actually zero is
of no importance in a practical logic circuit, since each succes-
sive circuit requires the amount of voltage in the 1 state in
order to be activated.

Positive and Negative Logic

Thus far, we have described logic systems employing posi-
tive logic. In positive logic a low voltage state is 0 and a high
voltage state is 1. In negative logic, which is used less fre-
quently, a low voltage state is 1 and a high voltage state is 0.

Logic Circuit Abbreviations

Numerous electronic techniques and circuits have been im-
plemented to form various logic functions. Some are preferred
for circuits employing individual components while others are
best for integrated circuits. Three different types of logic cir-
cuits (DTL, RTL, and TTL) are employed in the projects in
this book. These and other logic type abbreviations are ex-
plained below:

CML—Current Mode Logic
CTL—Complementary Transistor Logic
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DCTL—Direct-Coupled Transistor Logic
DTL—Diode-Transistor Logic
ECL—Emitter-Coupled Logic
MOSL—Metal-Oxide-Semiconductor Logic
RTL—Resistor-Transistor Logic
TTL—Transistor-Transistor Logic (also T2L)

There are various other types of logic circuits, but these are
the most common. RTL was formerly the favored type, but
most logic is now performed with TTL. ECL is used for very
high-speed logic applications. MOSL is the logic type of the
future, and is employed in many commercial applications
(pocket calculators and watches, for example). Most experi-
menter projects use TTL, but RTL is ideal for some functions
requiring very low-level logic signals and small operating volt-
ages. Various forms of MOS logic will no doubt replace many
TTL circuits in the future.

Still another form of logic terminology is the descriptions
applied to various logic ICs. Names like “Hex Inverter,” “Quad
2-Input Positive NAND Gate,” “BCD to 7-Segment Decoder/
Driver,” and “Dual J-K Master-Slave Flip-Flop” can be pretty
confusing to the logic beginner. Actually, these strange sound-
ing names are simply a kind of computer logic jargon with
easily interpreted meanings. For example, “Hex Inverter” de-
scribes a single IC containing six (hex) separate inverters.
And a “Quad 2-Input Positive NAND Gate” is an IC containing
four (quad) 2—input NAND gates.

As you gain more experience in digital logic, you will learn
additional logic terms. Those explained here, which you will
meet again and again in the remainder of this book, are ade-
quate for most applications.

DIGITAL CALCULATORS AND COMPUTERS

Earlier I mentioned that all four basic arithmetic functions
can be achieved by conventional or inverse addition. This is a
very important point since it means complex electronic arith-
metic can be performed with nothing more than a binary
adder. In fact, the heart of electronic calculators and digital
computers is a binary adder called the Central Processing Unit
(CPU). The simplest pocket calculator and the most advanced
digital computer both have CPUs.
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The difference between the immense calculating power of
computers and the less sophisticated functions of calculators
is control. A computer can be programmed to automatically
execute immensely complex equations and make logical deci-
sions during the course of solving a problem which may drasti-
cally affect the ultimate solution. Additionally, computers have
enormous memory capability.

Calculators simply don’t have room for the many varied op-
erations and functions of computers, nor are they intended to.
Instead, calculators offer rapid solutions to problems which
are not so complex that a computer is required. Since no pro-
gramming is required to instruct the CPU, the keyboard entry
system of most calculators is a particularly attractive and
helpful feature.

Thanks to solid-state electronics, modern calculators and
computers are a fraction of their former size. In the early
1960s most computers were made by soldering individual
transistors, diodes, resistors and capacitors to small circuit
boards. Conductive foil patterns on the back side of the board
served to connect the various components to one another. Hun-
dreds and even thousands of these circuits were inserted into
special racks and interconnected with one another to achieve
complex logic functions. Generally, each circuit board con-
tained only one or two logic functions.

While computers made in this fashion were much smaller
than their vacuum tube predecessors, they were comparatively
expensive since thousands of individual electronic components
and solder connections were required.

In the late 1960s, integrated circuits began to be used on a
large scale in digital computers and both size and cost began to
shrink. As the name implies, an integrated circuit (or simply
IC) combines several or even many electronic components on
a single tiny “circuit board.” Practical ICs are made by care-
fully processing, etching, coating, and metalizing tiny slabs of
silicon to which very carefully controlled amounts of impuri-
ties have been added. The completed chip may have dozens of
diodes, transistors, and resistors in a space smaller than this
letter “0.”

IC chips are packaged in a miniature ceramic, plastic, or
metal housing to protect the chip from contamination and
mechanical shock, and to provide a mounting point for the
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dozen or more electrical leads. While these packages are no
larger than a paper clip, and many are much smaller, designers
continue to miniaturize ICs. By employing the same technology
used to make field-effect transistors, which are simpler in con-
struction than conventional bipolar (PNP and NPN) tran-
sistors, literally hundreds and even thousands of individual
components can now be placed on tiny silicon slabs.

The new generation of ICs is called MOS LSI which means
metal-oxide-semiconductor large scale integration. MOS LSI
ICs have made possible the pocket calculator, digital wrist-
watches and clocks, and other highly sophisticated electronic
devices. The first miniature calculators required four separate
ICs to pack in all the required logic circuitry, but within a few
years all the components were crammed onto a single silicon
chip! Now, almost all pocket calculators use a single chip—and
more and more calculating power is being jammed onto the
space that is available.

LEARNING DIGITAL LOGIC

The best way to learn a subject is to work with it rather than
just read about. The remainder of this book contains more
than a dozen logic circuits you can easily build and operate.
I’ve built each of these circuits and tested them to verify their
operation. With a little attention to the construction details
provided with each circuit, you’ll be able to build an operating
version of each circuit with little or no trouble. And if you're
like me, you’ll have a great time experimenting with the cir-
cuits to demonstrate the various logic functions. I always pre-
fer to personally verify operation of a circuit instead of just
reading about it. And I invariably learn more by building the
circuit!

For those readers who may have little or even no electronic-
construction experience, the chapter has a number of electronic
assembly hints. Then, the rest of the book describes the various
computer logic circuits and how you can build each.
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CHAPTER 2

ELECTRONIC-ASSEMBLY TIPS

Since all the projects in this book use low-voltage semicon-
ductor components, assembly is completely safe and relatively
straightforward. This chapter includes some basic assembly
information which readers with little or no previous electron-
ics experience will find helpful. Even those readers with more
experience may find it helpful to review the chapter, particu-
larly the section on How to Solder.

COMPONENT SELECTION

The components used in the projects in this book include
integrated circuits (ICs), transistors, diodes, resistors, bat-
teries, switches and potentiometers. If you have not built an
electronic construction project before, some or even all of these
components may seem strange or even hard to understand, but
all of them are very easy to use in a project. This section will
briefly describe each of these components and provide some
hints on choosing components for a project.

Resistors

Almost all electronic projects require resistors. As their
name implies, resistors literally resist the flow of an electrical
current. Therefore resistors are frequently used to limit the
current to a component which might be destroyed by exces-
sive current flow. Resistors are also used to supply a trickle of
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current to transistors in order to adjust the operating charac-
teristics of the transistor to an optimum point. Finally, resis-
tors are used to divide a large voltage into two or more smaller
voltages and, in conjunction with a voltmeter, to permit cur-
rent through a circuit to be conveniently measured.

Most resistors are made from powered carbon or high re-
sistance wire, but semiconductor integrated circuits employ
solid-state resistors made from carefully contaminated regions
of silicon. Most discrete resistors are mounted in a protective
ceramic or plastic cylinder. Low-power resistors may be as
small as a short length of pencil lead, while high power resis-
tors may be as big as a section of a pencil or even much bigger.

Resistors are specified in units of resistance called ohms.
Three or more color bands around one end of the resistor per-
mit the resistance to be quickly determined. This resistor color
code is explained in Figure 2-1. To see how the code works,
let’s determine the value of a resistor with yellow, violet, and
red bands. Always read the color bands beginning with the
band closest to one end of the resistor. Yellow is the first band
in our example, and Figure 2-1 shows that yellow corresponds
to a value of 4.

Violet is the second band, and Figure 2-1 shows violet cor-
responds to a value of 7. The third band determines the factor

‘\TOLERANCE BAND

GOLD - 5%
SILVER - 10%
NONE - 20%

FIRST | SECOND

COLOR BAND BAND

THIRD BAND (MULTIPLIER)

1

10

100

1000

10, 000

100, 000
1,000, 000
10, 000,000
100, 000, 000

BLACK
BROWN
RED
ORANGE
YELLOW
GREEN
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GRAY
WHITE

o
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Figure 2-1. Resistor color code.
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by which the first two numbers must be multiplied to find the
total resistance. Red corresponds to a multiplication factor of
100, so the sample resistor is 47 X 100 or 4,700 ohms.

Often you will see a resistor value followed by a K or M.
These letters are a kind of shorthand which indicate the value
given should be multiplied by 1,000 or 1,000,000 respectively.
For example, a 47K resistor has a value of 47,000 ohms and a
1.6 M resistor has a value of 1,600,000 ohms.

Many resistors have a fourth color band which specifies the
component’s tolerance. A gold band means the color code value
is within 5 percent of the actual value, and a silver band means
the color coded value is within 10 percent of the actual value.
The resistor has a 20 percent tolerance if there is no band.

It is important to realize that most electronic circuits and
all the projects described in this book will operate with resis-
tors having a tolerance of 20 percent. This is important since
it means you can substitute a resistor of similar value if the
value specified is not available. For example, it’s usually okay
to substitute a 4,700-ohm resistor for a 5,000-ohm unit or a
1,200-ohm resistor for a 1,000-ohm unit. Since a specified re-
sistor may be temporarily out of stock when you wish to pur-
chase it, you can substitute a reasonably close value.

Potentiometers

The potentiometer is an adjustable resistor and is therefore
quite useful in circuits which require frequent adjustments.
Potentiometers come in a variety of configurations, but all per-
form the same function. I almost always use linear taper types
in experimental circuits. These potentiometers provide a con-
stant, linear change in resistance as the control is advanced.
Audio taper types give a logarithmic change in resistance as
the control is advanced and are therefore ideal for use as vol-
ume controls in amplifiers and other audio circuits.

You can use low cost printed-circuit or shaft-type potenti-
ometers for experimental circuits. For permanent circuits, you
may want to consider higher quality controls with a built-in
power switch.

Capacitors

Capacitors have the unique ability to resist fluctuating volt-
age changes. By its ability to store an electrical charge, the
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capacitor acts as a reservoir of electrons which provides cur-
rent during very brief voltage interruptions. This property of
smoothing out an uneven voltage level makes capacitors very
valuable for use as filters in power supplies which convert
alternating current (AC) to direct current (DC).

Another very valuable property of the capacitor is its ability
to block a direct current applied to it in series. An alternating
current passes through a capacitor unimpeded so capacitors
are frequently used as dc blocking devices in amplifiers and
other circuits.

Capacitors require two conductive plates separated by an
insulator called the dielectric. Very small capacitance values
can be achieved by simply separating two small metal plates
with a sheet of plastic. The completed assembly is coated with
wax, ceramic or plastic to protect it. Larger values of capaci-
tors require several interconnected layers of plates or other
construction techniques. One of the most common techniques
is to make a long thin sandwich from two strips of aluminum
foil separated by a strip of insulator. The sandwich is rolled
into a tight cylinder and coated with a protective layer of wax
or plastic.

Like resistors, capacitors come in a wide range of tolerances.
Frequently, the actual value of a capacitor will range from 20
to even 100 percent of the value printed on the device. This
means capacitor substitutions are permissable in almost all
electronic circuits. For example, a 0.025-uF capacitor can al-
most always be substituted for a 0.02-uF or even 0.01-uF unit
with no difficulty.

Diodes

The diode is one of the simplest semiconductor components.
A basic pn junction diode consists of a tiny chip of germanium
or silicon to which controlled amounts of impurities have been
added to form a region with a surplus of free electrons {(n-
type) directly adjacent to a region with a deficit of free elec-
trons (p-type). If a negative current flow is introduced into
the n side of the diode, the free electrons on that side will cross
over the junction formed by the two regions and drop into the
holes caused by the electron deficit on the p side of the junction.
The result is a current flow, and the diode is said to be forward
biased.
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If, however, the negative current source is connected to the
p side of the diode, the free electrons on the n side and holes
on the p side will be attracted away from the junction. The
result is a very tiny current flow, and the diode is said to be
reverse biased.

As we saw in Chapter 1, the property of passing a current
flow in only one direction means diodes are very useful as
simple solid-state logic switches. Diodes are also used for
numerous other applications. Certain special-purpose diodes
can even be used to regulate voltages and provide very rapid
and automatic switching.

The circuits described in this book are all powered by low-
voltage batteries, so almost any general-purpose diodes can be
used. I've found it helpful to keep a supply of such diodes on
hand for use in experimental circuits. Radio Shack supplies
assortments of tested glass-encased diodes for less than 10¢
each (276-821) and assortments of untested diodes for less
than 4¢ each (276-114). Untested diodes may not meet manu-
facturer’s specifications but most work well in experimental
circuits.

You can easly check a diode by connecting it in series with a
small flashlight bulb and a 1% volt battery. The lamp should
be illuminated with the diode in one position but not be illumi-
nated when the diode leads are reversed.

Light-Emitting Diodes (LEDs)

A very interesting diode is the light-emitting diode (LED).
The LED acts like a conventional diode when reverse biased,
but when forward biased it emits light. Some kinds of infra-
red-emitting diodes are very efficient and emit up to hundreds
of milliwatts of invisible infrared radiation. These diodes are
used in infrared communication systems and object-detection
devices.

Other less efficient LEDs emit visible green, yellow, amber,
or red light. Red emitters are easier to manufacture and they
are also the most economical.

Radio Shack markets several visible red-emitting LEDs
which are ideally suited for use as indicators in digital logic
circuits. When the LED is on it represents the binary 1 and
when the LED is turned off it represents the binary 0 (positive
logic).
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LEDs can be substituted for one another in many applica-
tions. Since some LEDs can withstand far more current than
others, be sure to select one which is rated for the expected
current. Too much current will damage or even destroy an
LED.

Always make sure the LED is connected in the proper di-
rection or it will not operate properly. A special marking is
always provided on the LED package which identifies the posi-
tive (anode) or negative (cathode) lead. Data supplied with
the LED explains the marking.

Transistors

The transistor is a semiconductor device which electronically
resembles two diodes connected back-to-back. The result is a
device which has two pn junctions. While diodes are simple pn
devices, transistors are pnp or npn devices.

The center region of a transistor has the unique ability of
controlling a current flow through the device. With no current
connected to the center region, current cannot flow and the
transistor is considered off. When a small current is injected
into the center region, the transistor is turned on and a cur-
rent flows.

Since a transistor uses a very small current to control a
much larger current, it has gain and can be used as an am-
plifier. By applying a relatively large input signal, the tran-
sistor can be turned completely on so that it acts very much like
a switch. This combination of amplification and switching
makes transistors extremely valuable in digital logic circuits.

Thus far we have described junction bipolar transistors.
Another class of transistor which has recently become very
important in digital logic is the field-effect transistor (FET).
Conventional bipolar transistors are normally off, but FETs
are normally on. A very small voltage placed at the center
terminal of a FET causes an electrical field which restricts
some of the current flow, and as the voltage increases the field
eventually squeezes off the current flow entirely. This condition
is called pinch-off.

FETs are exceptionally sensitive devices and will change
from the on state to the off state with only a tiny input signal.
Chapter 3 describes a simple FET logic probe which you can
build and use to demonstrate this sensitivity.
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Though thousands of transistor types are available, substi-
tutions can usually be made. Radio Shack, for example, carries
a line of over 35 ARCHER (TM) transistors which can be
used as direct replacements for more than 20,000 different
transistors.

Most of the transistors used in this book are general-purpose
devices. If a specified type is temporarily out of stock, you can
substitute another device intended for a similar application so
long as both the original and replacement have the same polar-
ity (PNP or NPN). For example, I prefer to use the very
versatile 2N2222 transistor in many projects and have speci-
fied it for several of the projects in this book. If a 2N2222 is
not available, you can substitute an A5T3904 or 2N2484 and
obtain identical results.

Integrated Circuits (ICs)

As we noted in Chapter 1, ICs are high density “packages”
of transistors, resistors, and other diodes on tiny silicon chips.
Literally hundreds of different ICs are available and each is
designed to perform a particular function. Radio Shack mar-
kets more than 30 different ICs ranging from digital logic cir-
cuits to high performance voltage regulators, operational am-
plifiers and audio amplifiers.

Most ICs are housed in metal cans similar to those used for
transistors, in ceramic or plastic rectangular-shaped dual-in-
line packages (DIPs), or in small flat packs. Some are pack-
aged in small plastic transistorlike packages. A single IC may
have from 8 to 64 or more leads, but most have no more than
16.

Some fundamental digital circuits, such as the flip-flop, re-
quire a dozen or more individual components, and a single low
cost IC may contain four flip-flops on a single silicon chip. Ob-
viously it’s much simpler—and cheaper—to use an IC in a
logic circuit than to use dozens of individual transistors, di-
odes, resistors and capacitors.

All the components described thus far can frequently be
substituted or replaced by components of similar value. Since
ICs are made for a specific purpose, however, direct substi-
tutions are not always possible. Pin positions, for example,
vary from IC to IC, to say nothing of the variations in internal
circuitry.
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One instance where substitutions are possible is when you
are building up your own logic circuits. If the circuit calls for
two AND gates and all you have available is a type 7400 quad
2-input NAND gate and a type 7404 hex inverter, you can add
two of the six inverters from the 7404 to the output of two of
the four NAND gates of the 7400 to get two AND gates. We’ll
discuss digital logic ICs more in later chapters.

Batteries

All of the circuits described in this book will operate from
battery power. Some simple circuits require only 3 volts, and
I suggest that you use two “C” or “D” size cells connected in
series for these projects. You can use Radio Shack catalog
number 270-1437 or 270-1439 two-cell holders to hold these
cells.

The projects which use TTL ICs require 5.5 volts. Since
four dry cells in series supply approximately this voltage, I
suggest you use two of the holders described above connected
in series to obtain the proper voltage for the TTL projects.

Radio Shack markets conventional carbon-zine, mercury and
alkaline cells. Carbon-zine and alkaline cells are ideal for all
the projects. While the former cells are much cheaper, the lat-
ter have a much longer life. Therefore, I usually prefer to use
alkaline cells to power construction projects.

Switches

You can eliminate the need for an on-off power switch by
simply removing a battery from the circuit being powered.
But if you prefer to use a power switch for convenience, choose
a slide or toggle switch. Slide switches are very inexpensive,
but toggle switches are easier to install, last longer and are
easier to actuate.

Radio Shack markets more than 50 different switches, so
take your time before settling on a final choice. Inexpensive
switches are fine for experimental projects, but you may wish
to purchase a more attractive switch for permanent projects.

Most switches are classed according to their positions and
poles. For example, a double pole (DP) switch is actually two
separate switches in one housing actuated by a single lever or
toggle. A double throw (DT) switch has two on positions,
while a single throw (ST) switch has only one position. The
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abbreviations can be combined to give a complete designation
about a particular switch. For example, a DPDT switch con-
sists of two side-by-side SPDT switches with two on positions.

READING CIRCUIT DIAGRAMS

Simple symbols have been devised to help circuit designers
draw an electronic circuit diagram or schematic. Figure 2-2

RESISTOR POTENTIOMETER CAPACITOR DIODE
TRANSISTOR (NPN) TRANSISTOR (PNP) FIELD-EFFECT UNIJUNCTION
TRANSISTOR (FET) ~ TRANSISTOR (UJT)
& 4
—— —Fo— i —
LIGHT EMITTING ~ PHOTORESISTOR SWITCH BATTERY

DIODE (LED)

Figure 2-2. Some common schematic symbols.

shows most of the circuit diagram symbols used in this book.
Logic symbols are a form of circuit diagram also, and several
of the most common types were presented in Chapter 1. Since
several basic logic circuits may be used dozens or even hun-
dreds of times in a single logic circuit, logic symbols provide
simpler and more legible circuit diagrams than diagrams
which show all the components within each logic circuit. Also,
logic symbols permit the operation of a circuit to be quickly
determined.

CIRCUIT BOARDS

Some of the circuits in this book use so few components that
a circuit mounting board is not a necessity. However, operation
of both simple and more complex circuits is considerably en-
hanced by using a circuit board to mount all the components.
I built all of the circuits described in this book on alternate
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grid perforated board available from Radio Shack (catalog
number 276-1392). Before mounting the components on the
board, I tested the circuit on a special spring board used by
design engineers which permits various parts to be rapidly in-
serted and removed from the circuit. When the circuit was
operating properly, I transferred the components to a “perf”
board in a configuration which you can easily duplicate.

Perforated boards are ideal for experimental circuits since
modifications and component changes can be quickly made.
Also, since all the component leads are exposed it’s easy to
check operation of the circuit at various test points with a
volt meter.

For more permanent projects, you may want to use etched-
circuitry construction. Etched-circuit projects are professional
in appearance and sturdier and more reliable than perforated
board construction. Radio Shack markets an etched circuit
kit with complete instructions which is ideal for custom cir-
cuit board fabrication. The catalog number is 276-1576.

SOLDERING

Whatever circuit-board technique is employed, good solder-
ing practices are essential for reliable operation. If you have
had prior soldering experience, read the following procedures
over just for a review. If you are a soldering novice, read the
procedures very carefully and practice soldering some lengths
of scrap wire together before attempting to solder actual com-
ponents to one another.

1. Avoid using a soldering gun or high-wattage iron when
assembling transistorized circuits since the high heat
may damage semiconductors and other components. In-
stead, obtain a ‘“pencil” soldering iron rated from 25 to
40 watts and tin the tip in accordance with the manu-
facturer’s instructions.

2. Never use acid-core solder for soldering electronic com-
ponents since it is corrosive and may damage electronic
parts. Always use rosin-core solder—the type sold by
Radio Shack.

3. To ensure a low-resistance, permanent bond, always re-
move all grease, oil, paint and other foreign matter cover-
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ing parts to be soldered together. If necessary, use an
abrasive, such as sandpaper or a solvent.

4. Begin soldering a connection by first heating the joint
where solder is to be applied. When the connection has
been heated for a few seconds, leave the iron in place and
apply solder to the connection (not the iron).

5. Allow the solder to flow through and around the connec-
tion for a second or so before removing the iron. Don’t
apply excessive solder or physically move the connection
before it has cooled.

6. Keep the tip of the iron clean. Wipe off accumulations of
debris with a damp sponge or cloth.

If these six steps are followed, a good solder connection is
easily made. A good connection will appear smooth and shiny,
) while a poor one will be dull and rough.

MOUNTING INTEGRATED CIRCUITS

Most electronic components are easy to mount on a perf-
orated board, but the close spacing of their many leads makes
ICs more difficult to mount directly on a board. “Integrated
Circuit Projects, Volume 1,” a Radio Shack publication, de-
scribes several ways to mount ICs to a perforated board by

Figure 2-3. IC adapter installed on a perfboard.
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using either a special IC socket, socket adapter board, or both
(see pages 10-15). I prefer to solder ICs directly to small adap-
ter boards available from Radio Shack (catalog numbers 276-
024 and 276-028) . If you prefer, you can solder a socket to the
adapter board and use one socket-board for many different
projects. Or you can solder several commonly used ICs to their
own boards without using a socket.

Whichever technique you employ, always mark the IC pin
numbers on the back of the adapter board adjacent to the foil
pattern solder pads which make contact with the IC. Then
solder lengths of insulated hookup wire to each pad. Figure 2-3
shows how a completed IC adapter appears when mounted on
a perforated board with its connection leads. For more IC in-
stallation and mounting details, see “Integrated Circuit Pro-
jects, Volume 1.”
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CHAPTER 3

LOGIC-STATUS INDICATORS

The only way to determine if a logic current is operating
properly is to apply a control signal and observe the device
controlled by the output. Frequently the controlled device is
a light-emitting diode (LED) or a numeric display. If the dis-
play fails to operate when a control signal is applied to the
logic, how do you troubleshoot the problem ?

You could use a voltmeter or oscilloscope to trace the various
voltage levels through the logic circuit, but a much simpler and
economical technique is to employ a logic probe, a simple cir-
cuit which lights an LED when a logic “1” is present, and ex-
tinguishes the LED when a logic 0 is present. Besides being
used for troubleshooting, such a circuit is ideal for use as a
permanent status indicator in demonstration and experimental
logic circuits.

This chapter describes the construction of two simple logic-
status indicators. Both give a positive logic output by turning
on an LED when a logic 1 is present and extinguishing the
LED when a logic 0 is present. Each circuit can be assembled
for less than $3.00, and both are ideal for use as permanent
logic probes. I will use one of the logic-status indicators as a
built-in display in many of the following projects.

HOW THEY WORK

You could use an LED in series with a small current-limiting
resistor as a logic-status indicator. The LED would glow when
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connected from a logic 1 to ground, and the resistor would
protect the LED by limiting the current to a safe value.
Unfortunately, this simple status indicator tends to “load”
the circuit it is monitoring by literally absorbing most of the
logic output signal if one is present. Therefore, operation of
the logic circuit may be impaired during the measurement, and
the resultant readings may be erroneous. Worse yet, some ICs
may be damaged by the excessive current flow caused by the
LED. Many ICs are designed to operate LEDs directly, but
since all are not, a logic-status indicator can be very handy.
The solution to the problem is to borrow a tiny quantity of
the logic signal and amplify it with one or more transistors.
When a logic 1 is present at the amplifier input, an LED con-
nected in series with the collector-emitter leads of the transis-

tor will glow.
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Figure 3-1. A Darlington transistor logic-status indicator.

Figure 3-1 shows one kind of simple logic-status indicator.
The circuit contains only two transistors, two resistors, and a
LED. The two transistors are connected in what is called a
Darlington pair. This configuration provides very high ampli-
fication (gain) with a very high input impedance. The latter
feature means the circuit does not load down the logic circuit
it is monitoring.

Resistor R1 is placed between the input of the Darlington
pair and the status-indicator input to increase the isolation be-
tween the logic circuit undergoing monitoring and the status
indicator. The resistor can be eliminated, but the status indi-
cator would have less impedance. For more impedance, the
resistor can be increased in value.

Resistor R2, in series with the LED, limits the current
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through the LED to a safe value. This resistor serves an im-
portant function and should not be omitted.

A second kind of logic status indicator is shown in Figure
3-2. This circuit is simpler and has a much higher input im-
pedance than the previous circuit. Like the previous circuit,
this one is so sensitive and has such a high input impedance
that it will respond when the input lead is merely touched with

a finger.
R2

100 Q

Ql
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Figure 3-2. A FET logic-
status indicator. SOURCE(S)

DRAIN(D)

GATE (6)

The secret to the circuit in Figure 3-2 is transistor Q1, a
field-effect transistor (FET). A small negative voltage at very
low current will create an electrical field inside the FET which
prevents current from following through the LED. A small
positive voltage will eliminate the field and permit current to
pass through the FET and the LED. Therefore, a positive
logical 1 at the input connection will cause the LED to glow.

The value of input resistor R1 in the FET logic-status cir-
cuit is much higher (1,000,000 ohms) than R1 in the Darling-
ton circuit, since the FET circuit has a higher input imped-
ance. In fact, the circuit will operate if R1 is increased to 100
million ohms. Discounting the resistance of the FET, this
means the FET draws only 60 billionths of an ampere (60
nanoamps). Resistor R2 is placed in series with the FET and
LED to limit current through the LED to a safe value.

To better understand the operation of these logic-status in-
dicators, I suggest that you assemble one or even both of them.
Besides being simple to assemble, you can use one or both cir-
cuits in almost all the following projects. Construction details
are included in the following section.

CIRCUIT ASSEMBLY

I assembled both prototype logic-status indicators on alter-
nate grid perforated boards. You can construct each circuit on
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a separate board, or you can assemble both circuits on the
same board.

Darlington Transistor Logic-Status Indicator

Figure 3-3 shows a pictorial view of the completed Darling-
ton transistor probe. This is one of the simplest circuits in
this book, and assembly is straightforward. The parts list is
given in Table 3-1. Begin assembly by comparing the bottom of
the two transistors to the pin diagram shown in Figure 3-1.
Note that the emitter lead is closest to the small metal tab. It
is important that all three leads of both transistors be con-
nected properly or one or both transistors may be damaged.

Gently bend the center base lead of each transistor between
the other two leads and insert the transistors in the board as
shown in Figure 3-3. Bend the collector lead of Q1 toward the
collector lead of Q2 and solder the leads to one another. Be sure
to review the section on soldering in Chapter 2 if you have had
little or no soldering experience.

Next, bend the emitter lead of Q1 toward the base lead of
Q2 and solder the two leads to one another. Insert the LED
into the board with its cathode lead nearest the collector-collec-
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Figure 3-3. Pictorial wiring diagram of the Darlington transistor logic-
status indicator.
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tor connection between Q1 and Q2 and solder the cathode lead
to the two collector leads. R2 is a 220 ohm resistor (red-red-
brown). Bend its leads at right angles to the resistor and in-
sert them in the board as shown in Figure 3-3. The remaining
lead is the connection to the positive battery terminal.

Table 3-1. Darlington Logic-Status Indicator Parts List

Item Description
B1 Battery, 3-6 volts (see (text)
LED Light-emitting diode (276-041 or 276-026)
Q1, Q2 2N2222 transistor (276-2009)
R1 Resistor, 22,000 ohm, 1.-watt
R2 Resistor, 220 ohm, Y% -watt
Mise. Perforated board (276-1392), hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)

R1is a 22,000 ohm resistor (red-red-orange). Bend its leads
at right angles and insert them into the board as shown in
Figure 8-3. Solder one lead to the base of Q1. The remaining
lead becomes the input connection to the circuit. The negative
battery connection point is the emitter of Q2.

The completed circuit should resemble the logic-status indi-
cator portion of the basic logic circuits in Chapters 4 and 5.
See, for example, the photograph in Fig. 4-3. Note that these
circuits do not include R2, the current limiting resistor in-
corporated to reduce the LED current to a safe value, since
only 3 volts is used to power each circuit.

FET-Logic Status Indicator

The FET logic-status indicator is even simpler to assemble
than the Darlington version since only one transistor is re-
quired. The parts list is given in Table 3-2. Figure 3-4 is a
pictorial view of the circuit. Begin assembly by comparing the
leads of FET Q1 with the pin diagram provided in Figure 3-2.
Then insert Q1 into the board as shown in Figure 3-4 and bend
its leads slightly outward.

Next, bend the leads of Rl, a one million ohm resistor
(brown-black-green), at right angles and insert them into the
board as shown in Figure 3-4. Solder one end of R1 to the gate
lead of Q1. Bend the leads of R2, a 100 ohm resistor (brown-
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Table 3-2. FET Logic Status Indicator Parts List

Item Description
B1 Battery, 3-6 volts (see text)
LED Light-emitting diodes (276-041 or 276-026)
Q1 AFT3821 FET (276-2028)
R1 Resistor, 1 megohm, ¥%-watt
R2 Resistor, 100 ohms, %-watt
Mise. Perforated board (276-1392), hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)

black-brown), at right angles and insert them into the board
also. Solder one lead to Q1’s drain. The remaining leads of R1
and R2 become the input and positive battery connections, re-
spectively.

Complete assembly of the circuit by installing the LED,
with the anode lead pointing toward Q1. Make sure the lead
polarities on the LED are correct and insert the LED into the
board as shown in Figure 3-4. Then solder the source lead of
Q1 to the anode lead of the LED. The remaining LED lead
serves as the negative battery terminal.

The completed FET logic-status indicator should resemble
the photograph of the prototype circuit in Figure 3-5. Note
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Figure 3-4. Pictorial wiring diagram of the FET logic-status indicator.
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how connection wires have been added to the input and battery
connection points to facilitate the proper operation of the
circuit.

TESTING AND OPERATION

Before connecting a power source to the logic-status indi-
cators, inspect all the connections to make sure there are no
wiring errors. Also, make sure no exposed wires are shorted
against other wires.

After you have inspected each circuit, connect a 6-volt bat-
tery (made from four 1% volt batteries in series) to the Dar-
lington circuit. You can use clip leads (Radio Shack catalog
number 278-1156) to connect the battery to the circuit if the
cells are mounted in a holder. Use a Radio Shack catalog num-
ber 270-1437 holder for two “C” cells and a 270-1439 holder
for two “D” cells. Make sure that the alligator clips on the
clip leads do not touch the frame of the holder, or the battery
will be shorted.
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When the battery is connected, the LED will be extin-
guished. Now, connect a clip lead between the input lead on R1
to the positive battery terminal. This positive input signal
should cause the LED to glow, and when it is removed the LED
should again turn off. If the LED does not glow when the in-
put signal is applied, recheck the wiring. Make sure the bat-
tery is connected properly. Also, make sure Q1, Q2 and the
LED are properly connected.

Now, test the FET circuit by connecting the 6-volt battery
used to power the Darlington circuit. The LED may flicker on
when the power is first connected since this circuit is very sen-
sitive to stray body or lead capacitance. Now touch the exposed
input lead with a finger. The LED should flicker on and pos-
sibly stay on so long as the input lead is touched.

Next, touch the input lead to the negative battery terminal.
The LED should immediately be extinguished. When the input
lead is touched to the positive battery terminal, the LED
should immediately turn on.

GOING FURTHER

Future chapters will describe dozens of applications for
either of these very useful logic-status indicators. The circuits
are so useful that I used the Darlington version in the circuits
described in the next two chapters and in others also.

Since a logic-status indicator is such a valuable circuit, you
may wish to assemble one or both circuits described here as a
miniature logic probe. You can build the circuit on a small rec-
tangle of circuit board which fits inside a small plastic con-
tainer along with two AA penlight cells in series. The LED
should be mounted in a readily visible location. Solder a length
of stranded hookup wire to the negative battery terminal and
solder an alligator clip to its free end. This clip lead will be
connected to the ground connection of the logic circuit being
tested. A standard probe such as the Radio Shack catalog num-
ber 274-720 or an insulated phone tip (274-723) can be used
for an input probe. The probe can be connected to a length of
hookup wire or mounted directly to the small plastic case which
houses the probe circuitry.

You can omit the internal battery in the probe by borrowing
power from the logic circuit being tested. Simply connect an
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additional clip lead to the positive terminal of the indicator
circuit and clip the lead to the positive power line of the cir-
cuit under test. You can omit resistor R2 in both circuits if
the power supply voltage is only about 8 volts. But do not leave
R2 out if higher voltages are used or the LED may be damaged
by excessive current flow.

Since logic probes are very useful devices for both trouble-
shooting and understanding the operation of digital logic cir-
cuits, I hope you will at least assemble one or both perforated
board versions. If you find the circuits as useful and interest-
ing as I have, you will probably want to consider building at
least one permanent version.
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CHAPTER 4

COMBINATION AND-OR GATE

An ideal way to understand the operation of both positive
and negative logic, as well as AND and OR gates is to assemble
the combination AND-OR gate described in this chapter. This
simple gate requires only two diodes, two switches, a resistor
and a couple of “C” cells. You can use one of the logic-status
indicator circuits described in the previous chapter to observe
the output status of the gate in any of its operating modes.

HOW IT WORKS

The circuit diagram for the combination AND-OR gate is
shown in Figure 4-1. The circuit operates as both a positive-
logic OR gate and a negative-logic AND gate. In the positive-
logic mode, both switches must initially be in the 2 position
(open). If either switch A or B is moved to the 1 position
(closed), the circuit functions as an OR gate and a positive
logic 1 will appear at the output of the two diodes. If a logic
probe is connected to the output, its LED will glow.

In the negative logic mode the circuit functions as an AND
gate. In the initial condition, both switches A and B must be
in the 1 position. If only one switch is placed in the 2 position,
the output of the circuit will be a negative logic 0 (positive
logic 1) and an LED logic probe connected to the gate output
will glow. But if both switches A and B are placed in the 2
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positions, the gate output will become a negative logic 1 and
the LED logic indicator will be extinguished.

I included a Darlington transistor-logic-status indicator di-
rectly on the circuit board of the prototype combination AND-
OR gate for convenience. Since the power supply consists of
only two 112 volt “C” cells, a current-limiting resistor is not
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Figure 4-1. Combination AND-OR gate.

included. If you operate the circuit with a 6-volt power supply,
insert a 220 ohm resistor at point “X” in Figure 4-1. If the
resistor is not included, excessive current will flow through
the LED and it may be degraded or even destroyed.

CIRCUIT ASSEMBLY

The pictorial in Figure 4-2 shows a suggested parts layout
for the combination AND-OR gate. The parts list is given in
Table 4-1. Begin assembly by drilling two holes in one end of
the board to accept the two input switches. Toggle switches are
easier to mount, but slide switches are more economical.

Next, examine the two diodes and note that each has a bar
or other marking around one end. This is the cathode end of
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Table 4-1. AND-OR Gate Parts List

Item Description
B1 Battery, 3 volt
D1, D2 Glass Diode (276-821)
R1 Resistor, 5,600 ohms, % -watt
SA,SB SPST switches (275-612 or similar)
Misc. Logic-status indicator (see text), perforated board
(276-1392), labels, hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)

the diode and should face away from the switch it is connected
to. Bend the leads of both diodes at right angles and insert
them in the board as shown in Figure 4-2. Solder the cathode
leads of each diode to one another, and solder the anode lead
of D1 to the center terminal of switch A and the anode lead
of D2 to the center terminal of switch B. Complete assembly
of the gate circuit by bending the leads of R1, a 5,600 ohm
resistor (green-blue-red), at right angles and inserting them
into the board as shown in Figure 4-2. Solder one end of R1
to the junction of D1 and D2.

The gate circuit is now complete and the logic-status indi-
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Figure 4-2. Pictorial wiring diagram of the AND-OR gate.
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cator can be mounted on the board. If you assembled one or
both indicators in Chapter 3, simply connect either circuit to
the combination gate by referring to Fig. 4-1. If not, build the
Darlington or FET circuit described in Chapter 3 directly on
the circuit board as shown in the pictorial in Figure 4-2. De-
tailed assembly instructions for the indicator circuit are given
in Chapter 3.

For best results, use short lengths of insulated hookup wire
to connect the positive connection on the indicator circuit
(LED anode) to the remaining terminal on each switch. Use
a third length of wire to connect R1’s free lead to the negative
connection of the logic indicator (Q2’s emitter). The circuit
should now resemble the photograph of the prototype in Fig-
ure 4-3.
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Figure 4-3. Assembled combination AND-OR gate.

Note that the indicator circuit shown in Figures 4-1 and 4-2
does not include a resistor to limit current through the LED.
This is because the recommended power suppiy voltage is only
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3 volts. If a 6-volt supply is used, insert a 220 ohm current
limiting resistor (R3) at point “X”’ in Figure 4-1.

Complete assembly of the gate by connecting a 3-volt bat-
tery made by connecting two “C” or “D” cells in series. For
best results, place the cells in a battery holder (Radio Shack
catalog number 270-1437 or 270-1439) and use clip leads (Ra-
dio Shack 278-1156) to connect the battery to the gate.

TESTING AND OPERATION

Inspect the circuit to make sure all the connections are cor-
rect, and then connect the battery to the circuit as shown in
Figure 4-2. Test the positive-logic OR gate by placing both
switches in the 2 position. If switch A or switch B is moved to
the 1 position, the LED should immediately glow. Since this is
a nonexclusive OR gate, the LED will continue to glow if both
switches are placed in the 1 position.

If the operation of the gate is opposite that described here,
the switches are installed backwards and the position numbers
should be reversed. Alternatively, you can rotate each switch
180 degrees.

Test the negative logic AND gate by placing both switches in
the 1 positions. When only one switch is moved to the 2 posi-
tion, the LED remains on (negative logic 0). But if both switch
A and switch B are moved to the 2 position, the LED will be
extinguished (negative logic1).

GOING FURTHER

This combination AND-OR gate makes an ideal demonstration
device for teaching the two most basic logic functions. It also
illustrates the concept of both positive and negative logic.
Therefore, it is an excellent candidate for installation in a
permanent housing as a demonstration device.

Radio Shack stocks several housings which are well suited
for this project. If you would like the various components to
be visible, choose a Perfbox (TM) (catalog number 270-097)
or a “P-Box” (270-105). The circuit can be mounted on the
perforated cover of the box just as shown in Figure 4-2. Mount
the battery holder to the back of the housing with appropriate
hardware.
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For a really interesting and educational logic demonstrator,
you may want to add one or more additional logic circuits to
the basic AND-OR gate described here. Good candidates are the
NOR gate described in Chapter 5 and the NOT circuit described
in Chapter 6.
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CHAPTER 5

DIODE-TRANSISTOR NOR GATE

In Chapter 1 we learned that the three basic logic circuits
are the AND gate, OR gate and NOT circuit. We also learned
that the NOT circuit or inverter can be added to either gate
circuit to form, respectively, a NAND and NOR gate.

In this chapter we will use the basic diode AND-OR gate de-
scribed in the previous chapter and a simple inverter consist-
ing of a single transistor and a single resistor to form a NOR
gate. Since this NOR gate employs positive logie, its operation
is more quickly understood than a combination gate employing
both positive and negative logic.

HOW IT WORKS

Refer to the circuit diagram in Figure 5-1 to see how the
NOR gate operates. In Chapter 4 we saw how a positive signal
at either input of the simple diode OR circuit used there and in
this chapter would place a logic 1 at the output of the gate and
cause the LED in a logic indicator connected to the output to
glow.

The same operation occurs in this circuit, except that a one-
transistor NOT circuit inverts the output of the or gate. There-
fore, with no input signal at either diode, the output of the
diode OR gate is a logic 0 which is inverted by Q1 to give a
logic 1 at its output. When an input signal is placed either at
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Figure 5-1. Schematic diagram of a positive-logic NOR gate.

input 1 or input 2, the diode OR gate goes to a logical 1 state
and the inverter output goes to a logical 0. The result is imple-
mentation of the NOR function.

CIRCUIT ASSEMBLY

Figure 5-2 is a pictorial view of the assembled NOR gate.
The parts list is given in Table 5-1. Begin assembly by in-
stalling the two diodes as shown in the pictorial. Be sure the
cathode ends face in the same direction (the cathode is marked
by a band around one end of the diode). Solder a short length
of hookup wire to the anode of each diode. These two wires
will be used as input leads. Then solder the two diode cathodes
to one another.

Continue assembly by installing Q1 and R1, a 5,600 ohm re-
sistor (green-blue-red), as shown in Figure 5-2. Solder one
end of R1 to the junction of D1, D2, and Q1 base. Q1 is a
2N2484 transistor, but you can also use a 2N2222 or other
NPN general purpose transistor. Next, solder the remaining
end of R1 to the emitter of Q1. Then install R2, a 15,000 ohm
resistor (brown-green-orange) and solder one end to the col-
lector of Q1.

The NOR gate is now complete and ready for testing if you
built one or both logic probes described in Chapter 8. All that
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Figure 5-2. Pictorial wiring diagram of a NOR gate.

is necessary is to connect the input of the logic-status indicator
to the NOR gate output (Q1’s collector). If your probe has a
self-contained battery, connect the negative side of the battery
to the negative connection point on the NOR gate. If not, bor-
row power from the NOR gate by connecting the positive and
negative leads of each circuit to one another.

Table 5-1. NOR Gate Parts List

Item Description
B1 Battery, 3 volt
D1, D2 Glass diode (276-821)
Q1 2N2484 transistor (276-2010)
R1 Resistor, 5,600 ohms, %.-watt
R2 Resistor, 15,000 ohms, ¥2-watt
Misec. Logic-status indicator (see text), perforated board
(276-1392), labels, hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)

The completed prototype NOR gate is shown in Figure 5-3. I
installed a logic status indicator directly on the circuit board
and connected it as shown in Figure 5-2.

52



0.0 .0.0.0.0
© 0 00 020 046860000
® 000 0000000000000
OOOOO(ODnnnr\r\(\n)OOOOOO e ¥
. r _\
0 00 \ i OO0 000000 ®
OOO(NOR eATE)OOOOOOOO.
0 O O 0000 e
000°020°000°0°0° 02020020 8
0000000 000000
Figure 5-3. The assembled NOR gate.

TESTING AND OPERATION

Check all connections on the circuit to make sure there are
no wiring errors. Then connect a 3-volt battery made from two
134-volt “C” or “D” cells to the circuit. The LED on the logic
status indicator should immediately turn on. This illustrates
the NOR operation of the gate since both inputs are low (logical
0) and the output is high (logical 1).

Now, touch input A or input B to the positive battery con-
nection to place a logical 1 into the gate. The LED should be
immediately extinguished. Repeat the test with the other input
lead and a similar action will occur. This very simple check
graphically demonstrates the NoT-0R function of the NOR gate.

GOING FURTHER

Like the combination AND-OR gate in Chapter 4, the NOR
gate is an ideal logic-demonstration circuit. For best results,
build the circuit on the perforated cover of a Radio Shack
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Perfbox or P-Box and install the battery holder inside the case.
Install two input switches by soldering the two input leads to
the center terminal of two SPST toggle switches and the re-
maining two terminals to the positive battery connection.

To illustrate the operation of the circuit as both a diode-
transistor logic (DTL) gate and a resistor-transistor logic
(RTL) gate install a 4,700 ohm resistor (yellow-violet-red) be-
tween the two diode cathodes and a third input lead or switch.
This input lead will give the same logic operation as the two
diode inputs.

Still another interesting addition to the basic NOR gate is a
second logie-status indicator. By connecting the input of this
indicator to the base of Q1, the circuit will illustrate both the
OR and NOR function simultaneously. When one of the inputs is
activated with a logical 1, the diode outputs will go high and
the logic indicator LED connected to Q1’s base will glow. Si-
multaneously, Q1 will invert the high signal at its base to a low
output (logical 0) at its collector and extinguish the logic in-
dicator LED connected to this point. When the input signal is
removed, the first LED will go low and the second will go high.
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CHAPTER 6

YES AND NO CIRCUITS

Simple transistor circuits resembling amplifiers are not used
in many logic circuits. The two most basic circuits in this cate-
gory are the converter and inverter. Converters are YES cir-
cuits. They accept an input signal and pass it on to another
stage without reversing its polarity. YES circuits are usually
called buffers by logic design engineers. They are very useful
for connecting a low-output logic circuit to a following circuit
or indicator which may tend to load down the original circuit.
For this reason, buffers are sometimes called drivers.

The inverter is a NOT circuit since it reverses the phase or
polarity of an incoming signal. Inverters are very useful for
converting AND and OR gates into NAND and NOR gates. They
can also convert the latter two gates back to the former.

In this chapter I'll show you how to assemble both an in-
verter and a converter and use each circuit to demonstrate its
function. You can assemble both circuits on a single board or
use separate boards. If you only wish to assemble the circuits
for a temporary demonstration, you can use a single board and
merely change one resistor position to turn the converter into
an inverter.

HOW THEY WORK

The circuit diagram for the basic converter circuit is shown
in Figure 6-1A. If you are familiar with simple transistor am-
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Figure 6-1. Logic converter and inverter circuits.

plifiers, you will recognize this configuration as the emitter fol-
lower. Sometimes this circuit is called a common-collector cir-
cuit.

The converter has a high input impedance and a low output
impedance and is therefore useful for coupling high-impedance
circuits (e.g., a logic gate) to low-impedance circuits (e.g., an
LED).

Figure 6-1B shows the circuit diagram for the inverter cir-
cuit. Again, those of you familiar with basic transistor ampli-
fiers will recognize this circuit as a common-emitter configura-
tion. The common-emitter circuit has higher gain than the
common collector, but only medium input and output imped-
ances.

The most important property of the common-emitter circuit
is inversion. The circuit reverses the phase of an incoming al-
ternating-current signal and the polarity of a direct-current
signal.

Both circuits described here can be demonstrated with the
same logic-status indicators described in Chapter 3 and em-
ployed in Chapters 4 and 5.

CIRCUIT ASSEMBLY

You can install both circuits on a single perforated board, on
separate boards, or use one circuit as a basis for the other. Q1
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in both circuits is a 2N2484 transistor, but you can use a
2N2222 or any other general purpose NPN transistor. The
parts list is given in Table 6-1.

Table 6-1. Converter and Inverter Parts List

Item Description
B1 Battery, 3 volt
Q1 2N2484 transistor (276-2010)
R1 Resistor, 5,600 ohms, % -watt
R2 Resistor, 10,000 ohms, Y% -watt
Misec. Logic-status indicator (see text), perforated board
(276-1392), labels, hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)

Figure 6-2 is a pictorial representation of the converter
(YES) circuit. Construction is straightforward since the cir-
cuit uses only two resistors and a single transistor. Install R1
and Q1 first. R1 is a 5,600 ohm resistor (green-blue-red).
Solder one of its leads to the base of Q1. The remaining lead
becomes the input connection. Next, install R2, a 10,000 ohm
resistor (brown-black-orange), and solder one of its leads to
the emitter of Q1. This becomes the output connection. Solder
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Figure 6-2. Pictorial wiring diagram of the logic converter circuit.
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a positive battery-connection lead to Q1’s collector and a nega-
tive battery-connection lead to the remaining lead of R2.

I installed a Darlington logic-status indicator directly on
the prototype converter’s perforated board, but this step is
not necessary if you have already assembled one of the logic-
status indicators described in Chapter 3. Chapter 3 provides
construction details for the indicator circuit used here. If you
install the indicator on the circuit board, your completed cir-
cuit should resemble the prototype circuit which is shown in
Figure 6-3.
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Figure 6-3. The assembled converter.

Construction of the inverter circuit is similar to the con-
verter except R2 is connected to Q1’s collector instead of its
emitter. Also, the output is taken from the collector instead of
the emitter. Figure 6-4 is a pictorial view of the completed
circuit. You can observe operation of the inverter with a sep-
arate or self-contained logic-status indicator. I used a self-con-
tained indicator on the same board as the inverter and the
completed circuit is shown in Figure 6-5.
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TESTING AND OPERATION

Power for both circuits is provided by a 3-volt battery made
from two 1% volt “C” or “D” cells inserted in a holder. Test
the converter first by connecting the battery to the positive
and negative leads. The LED logic-status indicator circuit
should be off. Now, place a logic 1 on the lead by touching it to
the positive battery-connection point. The LED should im-
mediately glow and stay on until the lead is removed. Remov-
ing the lead corresponds to placing a logical 0 on the mput S0
the LED is extinguished.

Now test the inverter circuit by connecting it to the 3-volt
battery. The LED should immediately glow even though there
is no input signal. This is because the circuit has inverted the
logic 0 at its input to a logic 1 at its output. Now place a logic
1 at the input by touching the input lead to the positive battery
terminal. The circuit will invert this signal to a logic 0 and the
LED will be immediately extinguished.

GOING FURTHER

As with the previous basic logic circuits, the converter and
inverter circuits are well suited for use as permanent demon-
stration logic circuits. One construction possibility is to as-
semble both circuits, one below the other, on the perforated
panel of a Radio Shack Perfbox or P-Box. Use a separate in-
dicator for each circuit and replace each input lead with a
single normally open SPST push-button switch. Connect one
terminal of each switch to each circuit input. Both of the re-
maining terminals go to the positive battery-connection point.

Now you can place a logic 1 into either circuit by simply
pressing its respective push button. Use appropriate labels
to explain the operation of each circuit. Be sure to include a
power switch between the negative battery terminal and the
circuit to improve battery life.
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CHAPTER 7

RTL ASTABLE MULTIVIBRATOR

The circuits described thus far have illustrated only the
basic logic functions. Now, we will combine two logic gates in
a crisscross configuration to obtain a more complex logic cir-
cuit, the multivibrator.

By definition, a multivibrator is a two-stage amplifier with
positive feedback. As Chapter 1 noted, multivibrators play a
very important role in digital logic, and for that reason most
of the remaining circuits employ some form of multivibrator.

The astable or free-running multivibrator automatically
switches from one state to another without the need for an
input signal. The circuit usually contains two nearly sym-
metrical sections, each of which contains one or more transis-
tors. When the circuit is operating, one transistor is always
conducting (on) while the other is not conducting (off) and
vice versa. Monostable and bi-stable (flip-flops) multivibra-
tors are modified versions of the astable multivibrator and will
be described in detail in subsequent chapters.

HOW IT WORKS

It’s possible to construct an astable multivibrator from in-
dividual transistors, resistors, diodes, and capacitors, but it’s
much easier and economical to use an integrated circuit which
already contains most of the necessary components. Earlier 1
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said that a multivibrator can be made by connecting two gates
together. So let’s employ a standard RTL dual 2-input gate to
make an astable multivibrator.

The gate we’re going to use is one of the most popular RTL
ICs, the 914. The circuitry of this IC, along with the logic di-
agram for converting the two gates to an astable multivibrator
is shown in Figure 7-1.
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Figure 7-1. The 914 equivalent circuit and astable multivibrator logic diagram.

The 914 contains two positive logic NOR gates. You can
easily verify the NOR operation of the device by connecting one
of the gates to a 3-volt battery and, while using a logic-status
indicator to monitor the output state, alternately connect each
input lead to the battery’s positive terminal. The output will
be high (logic 1) but when an input signal is present (logical
1) on either or both inputs the output goes low.

By connecting the output of each gate to one input of its
partner, each gate can be made to control the state of the
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other. The result is a multivibrator. A capacitor and resistor
can be used to control the rate at which the two logic gates
switch back and forth. A small value capacitor gives a fast
switching rate and a larger one a slow rate. The result is a ser-
ies of back and forth switching actions whose frequency can
be easily altered by means of the capacitor and resistor.

A practical 914 astable multivibrator circuit is shown in
Figure 7-2. Since the various connection pins on the 914’s pack-
age are not arranged in the same manner as the logic diagram
in Figure 7-1, the circuit does not resemble the logic diagram
at first glance. But both circuits are identical.
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Figure 7-2. A practical dual-gate astable multivibrator.

CIRCUIT ASSEMBLY

Figure 7-8 is a pictorial which will aid you in constructing
a working version of the 914 astable multivibrator. The parts
list is given in table 7-1. For visual clarity in the illustrations,
I began construction by soldering the leads of the 914 to a

Table 7-1. Dual Gate Astable Multivibrator Parts List

Item Description
B1 Battery, 3-6 volt
C1 Capacitor, 2.2 uF (272-997)
C2 Capacitor, 0.01 uF (272-1065)
IC1 RTL 914 dual 2-input gate (276-015)
R1 Resistor, 100,000 ohms, ¥%-watt
Misc. Logic-status indicator (see text), perforated board
(276-1392), IC adapter (276-028), hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)
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Figure 7-3. A pictorial wiring diagram of the astable multivibrator.

Radio Shack IC adapter (catalog number 276-028). However,
you can install the IC in a socket if you prefer.

I mounted the 914 and its adapter board on a perforated
board with leads soldered to each of the adapter board’s solder
pads which made contact with the eight IC pins. Again, this
was to provide a more attractive and easily understood layout.
Since so few additional components are used you may wish to
solder them directly to the solder pads on the adapter board
instead of using a perforated board.

Whichever construction technique you employ, mark each IC
pin number next to its adjacent solder pad to prevent wiring
errors and save time. Double check the pin diagram in Figure
7-2 and remember it shows the IC from the top.

Continue construction by installing C1, C2 and R1 in the
circuit board as shown in Figure 7-3. Secure these parts in
place by bending their leads outward and then solder one lead
from each of these three parts to one another. This junction is
then soldered to the connection lead from pin 5 of the IC.

Next, solder the remaining lead from C1 to the connection
lead from pin 7 of the IC and the remaining lead from C2 to
the connection lead from pin 1 of the IC. Then solder R1’s re-
maining lead to the connection lead from pin 8 of the IC.
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Complete the assembly of the basic multivibrator by solder-
ing the IC pin connection leads to one another as shown in
Figure 7-3. Pin 2 goes to pin 6 and pin 3 goes to pin 4. Then
connect power leads to the circuit. The positive lead is soldered
to pin 8 of the IC and the negative lead to pins 3 and 4. Figure
7-4 shows the completed unit.
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Figure 7-4. Assembled dual-gate astable multivibrator.

You can monitor the operation of the circuit with a small
earphone connected between the output connection (pin 6)
and the negative battery connection lead. When the circuit is
operating, a series of clicks or a musical tone (depending on
its frequency) will be heard from the earphone. A logic-status
indicator can also be used to monitor the output of the circuit
if the switching rate is slow enough to permit the eye to re-
spond to its on-off action. A 2.2 uF capacitor for C1 will give a
switching rate of about 1 Hz (cycle per second).

I installed a complete Darlington logic-status indicator on
the perforated board but you can also connect an LED directly
between pin 6 of the IC and the negative battery terminal. The
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latter technique is simpler, but the LED doesn’t glow nearly
as brightly as in the Darlington circuit.

TESTING AND OPERATION

Before applying power to the circuit, inspect all wiring con-
nections to make sure no errors have been made, and then con-
nect a 3-volt battery to the two power leads. If the circuit is
correctly assembled, the LED should begin to flash on and off.

You can vary the switching rate of the multivibrator by
altering the values of C1 and R1. Reducing the value of Cl1,
for example, will speed the rate up to thousands of cycles per
second. At this rate the LED will appear to glow continuously
due to the slow visual response of the human eye, but an ear-
phone connected to the circuit will produce an audible tone
which reveals that the circuit is operating properly. You can
better verify the operation of the circuit with any general-
purpose oscilloscope connected to the circuit’s output.

GOING FURTHER

You can use this simple multivibrator as a practical light
flasher, a logie clock, or as a logic demonstrator. Each of these
applications will be enhanced if you house the circuit in a
permanent enclosure such as the Radio Shack Perfbox.

A particularly interesting modification of the basic circuit
is addition of a second LED logic-status indicator to monitor
the status of the second gate which helps form the multivibra-
tor. Leave the original indicator connected to pin 6 of the 914,
and connect a second indicator to pin 7 and the negative bat-
tery terminal. Now when one LED flashes on, the other turns
off. After an interval determined by C2 and R1, the first LED
will turn off, the second will flash on, and the process will con-
tinue. This on-off switching action graphically demonstrates
the operation of the multivibrator.

This is the first in a series of multivibrator circuits, and
several others will be presented in subsequent chapters. Since
several of these additional circuits require a digital logic clock
circuit for proper operation, I'm going to interrupt our mul-
tivibrator projects with a brief chapter on a simple and very
useful digital logic clock.
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CHAPTER 8

SIMPLE DIGITAL LOGIC CLOCK

Many digital logic circuits require a series of control pulses
to step a logic problem through the various logic elements.
Sometimes the input signal provides the control pulses, partic-
ularly if it is a naturally pulsating signal. Other circuits re-
quire a separate external pulsing circuit; since this circuit pro-
vides timing for the logic circuit it is usually called a clock.

The simple astable multivibrator described in Chapter 6
makes a good digital logic clock for many applications, and
similar clocks are frequently employed by digital-equipment
designers. An even simpler clock, however, can be made with
a special kind of transistor called a unijunction transistor
(UJT). This clock requires at least five components, one more
than the criss-crossed dual-gate multivibrator clock described
in Chapter 6, but it offers somewhat better operating flexi-
bility.

HOW IT WORKS

Figure 8-1 shows the circuit diagram of the UJT digital
logic clock. In operation, capacitor C1 is charged through re-
sistor R1 and potentiometer R2 until Ql’s emitter becomes
forward biased. At this point, the UJT (Ql) conducts and
permits C1 to discharge through Q1 and R4. When C1 dis-
charges, the UJT’s emitter is no longer forward biased and it
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is again turned off. C1 then begins charging again until the
cycle repeats.

The circuit provides two output pulses. The gradual charg-
ing of the capacitor provides a slow rise time positive saw-
tooth wave at the emitter of Q1. And the rapid discharge of
C1 through the UJT provides a fast spike across R4. The lat-
ter pulse is ideal for triggering a digital logic circuit.
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Figure 8-1. Unijunction transistor clock circuit.

The repetition rate of the UJT clock can be varied by adjust-
ing potentiometer R2, altering the value of C1, or both. Poten-
tiometer R2 provides a fast, convenient adjustment and is
ideal for typical use.

CIRCUIT ASSEMBLY

Assembly of the UJT clock is straightforward. Since the
clock can be used with several of the following projects, I sug-
gest you build it on a perforated board as shown in the pictor-
ial in Figure 8-2. Later, you may wish to assemble a UJT clock
circuit directly on the circuit board of some of the other pro-
jects.

The parts list is given in Table 8-1. Begin construction by
installing R3, the UJT, and R4 as shown in the pictorial.
Solder one end of R3, a 100 ohm resistor (brown-black-brown)
to the UJT’s base 2 lead. Solder one end of R4, a 47 ohm re-
sistor (yellow-violet-black), to the UJT’s base 1 lead. This
junction will become the clock output connection so solder a
short length of insulated hookup wire to it.
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Figure 8-2. Pictorial wiring diagram of the UJT clock.

Next, install C1 and solder one lead to the UJT emitter lead
and the other to the free lead of R4. Then solder a short length
of hookup wire to the center terminal and another short wire
to one outer terminal of potentiometer R2. Insert the wires
into the perforated board and solder one to the C1-UJT emitter
connection. R1 is a 10,000 ohm resistor (brown-black-orange).
Solder the second wire from R2 to one of R1’s leads. R1’s re-
maining lead is soldered to R3’s remaining lead.

The circuit is completed by soldering a positive battery con-
nection lead to the junction of R1 and R3 and a negative con-

Table 8-1. UJT Clock Parts List

Item Description
B1 Battery, 6 volt
C1 Capacitor, 0.22 pF (272-1070)
Q1 9N4891 unijunction transistor (276-2029)
R1 Resistor, 10,000 ohms, Y% -watt
R2 Potentiometer, 1 megohm (271-211)
R3 Resistor, 100 ohms, Y%2-watt
R4 Resistor, 47 ohms, %2-watt
Mise. Perforated board (276-1392), hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)
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nection lead to the junction of C1 and Q1’s base 1. Be sure to
inspect the final circuit for wiring errors before connecting
a battery.

The completed circuit should resemble the prototype pic-
tured in Figure 8-3. You may wish to drill a mounting hole for
potentiometer R2, but for experimental purposes the mounting
technique employed here is adequate.
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Figure 8-3. Assmbled unuunchon transistor clock.

TESTING AND OPERATION

Test the completed UJT clock by connecting a logic status
indicator to the C1-UJT emitter junction. The normal output
point is not used since the pulses are too fast too see. Connect
a 6-volt battery (four 1% volt “C” or “D” cells in series) to
the circuit and observe the LED. If it appears to stay on but
has a slight flicker, the circuit is operating properly. It may
be necessary to dim the room lights and adjust potentiometer
R2 before the flicker becomes visible.

Another test is to temporarily connect a small 8-ohm speaker
across R4, If the UJT circuit is oscillating, a series of clicks
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will be heard from the speaker. The rate of the clicks can be
varied by adjusting R2.

GOING FURTHER

We’ll use this basic clock circuit in several subsequent pro-
jects. After you have seen how versatile it is, you may want to
install it in a permanent housing. A speaker connected across
R4 will provide an audible indication of the clock’s operation,
and LED logic-status indicators on the circuits being operated
will provide a visual indication of operation.
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CHAPTER 9

RTL MONOSTABLE
MULTIVIBRATOR

In Chapter 7 we saw how criss-crossing the outputs of two
gates with one of each gate’s inputs creates a simple, reliable
astable multivibrator. This same concept can be slightly modi-
fied to produce a monostable multivibrator. Recall from Chap-
ter 1 that an astable multivibrator is free-running and
switches back and forth between its two sections spontane-
ously. The monostable multivibrator is stable only when one
of its two sections is on and the other off. An incoming pulse
will cause the on-off status of the two sections to be reversed,
but only for a temporary time determined by the RC time
constant of an external resistor and capacitor. For this reason
the monostable multivibrator is often called the one-shot or
stngle-shot.

The single-shot circuit described here uses the same RTL IC
used in Chapter 7, a 914 dual 2-input gate. In the next chapter
we will assemble another single-shot, which employs a TTL
monostable expressly designed for single-shot operation.

HOW IT WORKS

Figure 9-1 shows the logic diagram for the RTL single-shot.
In Chapter 7, the two NOR gates within the 914 were made to
switch spontaneously by the interconnection network shown
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Figure 9-1. Logic diagram for a
monostable multivibrator.

in Figure 7-1. By leaving one of the gate input leads uncon-
nected, the multivibrator can be made to switch only when
triggered by an external pulse.

The logic diagram for the single-shot in Figure 9-1 is vir-
tually identical to the astable circuit in Figure 7-1, with the
exception of the pin 1 (input to gate 1) and capacitor connec-
tions. Pin 1 is left unconnected and becomes the input lead.
The capacitor is moved to between the output of gate 1 and
one input of gate 2.

The width of the output pulse of the single shot is dependent
on the RC time constant of the external capacitor and resistor.
A very small time constant will give output pulses only nano-
seconds or microseconds in duration, but a larger time con-
stant can give much larger output pulses. This means the
single-shot is very useful as a pulse-forming circuit. Incoming
pulses of various durations and amplitudes can be standardized
into identical pulses of any desired width and amplitude.

This also means the single-shot can be used to divide an in-
coming stream of pulses by practically any number. All that’s
necessary is to make the time constant of the single-shot
longer than the interval between the number of pulses by
which you wish to divide the pulse stream. For example, if the
single-shot output pulse is five times as long as the interval
between two pulses, five pulses will occur during a single out-
put pulse and the single-shot will divide the pulse stream by
five. That is it will generate a series of pulses having a fre-
quency one-fifth that of the incoming pulse stream.

Figure 9-2 is a timing diagram which shows how frequency
division occurs when a single-shot’s output pulse width is in-
creased. Notice that the single-shot always triggers on the
input pulse which occurs immediately after the end of the
output pulse.
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Single shots can be used for other applications as well and
we will discuss some of them in both this and the next chap-
ters. First, let’s put one together.

CIRCUIT ASSEMBLY

Assembly of the RTL single-shot is straightforward, partic-
ularly if you built the RTL astable multivibrator in Chapter 6.
The circuit for a practical single-shot is shown in Figure 9-3
and a pictorial of the completed circuit in Figure 9-4. The
parts list is given in Table 9-1.

3 Q=YES OUTPUT
< Q=NOT OUTPUT
Q

LED LOGIC
INDICATOR

Figure 9-3. A practical dual-gate monostable multivibrator.

Begin construction by soldering a 914 IC to a socket adapter
as described in Chapter 7. If you assembled the circuit in that
chapter, you may prefer to use the 914 employed in that cir-
cuit. Solder connection leads to each of the eight solder pads
connected to the IC and mount the adapter on a perforated
board by inserting the connection leads through appropriate
holes in the board. ’
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Table 9-1. Dual-Gate Monostable Multivibrator Parts List

Item Description
B1 Battery, 3-6 volt
C1 Capacitor, 2.2-uF (272-997)
IC1 RTL 914 dual 2-input gate (276-015)
R1 Resistor, 4,700 ohms, Y% -watt
R2 Potentiometer, 100,000 ohms (271-092)
Misc. Logic-status indicator (see text), perforated board
(276-2392), IC adapter (276-028), hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)

Pin 1 of the IC is the input connection and should be
threaded back through the board as shown in the pictorial.
Solder the lead from pin 2 to the lead from pin 6. This function
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Figure 9-4. Pictorial wiring diagram of the monostable multivibrator.

is the output connection and we will return to it later. Solder
the pin 3 lead and pin 4 lead together. This is the negative
battery connection so solder a short length of insulated hookup
wire to the connection and run it through one of the holes in
the perforated board.
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Next, insert C1 and R1 in the board. R1 is a 4,700-ohm re-
sistor (yellow-violet-red). Solder one of its leads to the IC pin
8 connection lead. This junction becomes the positive battery
terminal, so solder a short length of insulated hookup wire to
the connection and run it through one of the holes in the perf-
orated board. Then solder one lead from C1 to the IC pin 7
connection lead. .

Prepare R2, a 100,000 ohm potentiometer, by soldering a
length of hookup wire to the center and another length to one
outer terminal. Insert these leads into the perforated board
and solder one to C1’s remaining lead and the IC pin 5 connec-
tion lead. Sclder the other lead to the free end of R1.

To observe the operation of the single-shot you need at least
one logic-indicator circuit. I assembled a Darlington indicator
circuit directly on the same board as the single-shot, but you
can use a separate circuit if you prefer. Connect the logic in-
dicator input to the IC pin 6 connection lead, and the negative
lead from the indicator to the single-shot’s negative lead. If
you want to borrow power from the single-shot to operate the
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Figure 9-5. Assembled dual-gate monostable multivibrator.
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indicator circuit, connect the positive leads from each circuit
together.

The circuit is now complete and should resemble the proto-
type pictured in Figure 9-5. Check all the connection points to
make sure there are no wiring errors, and then you can test
the circuit.

TESTING AND OPERATION

Activate the single-shot by connecting a 3-volt battery to
the input leads. You can use up to 6 volts, but if you do be
sure to include current-limiting resistor R4 to protect the LED.
Touch the input lead to the positive battery terminal, and the
LED should flash on momentarily. The LED should then stay
off until a positive signal (logical 1) is again placed at the
input. If the LED flickers on and off, the single-shot may be
responding to your body capacity. RTL gates are very sen-
sitive and may trigger on less than a %-volt input signal. For
this reason they are very sensitive to false triggering and in
many applications are less desirable than TTL ICs and their
relatively high trigger-level requirements.

You can vary the width of the output pulse by varying R2.
When R2 is set to a low resistance, the output pulses will be
very fast, and when R2 is set to a high value, the pulses will be
very long.

GOING FURTHER

The best way to observe operation of the single-shot is to
connect an external clock to the input. The UJT clock described
in the previous chapter is ideal for this purpose. All you need
to do is connect the clock output from the UJT circuit (Q2’s
base 1 in Figure 8-1) to pin 1 of the single-shot circuit. You
can borrow power from the single-shot circuit if you are em-
ploying 6 volts. If you are using 3 volts, power the UJT clock
with a separate 6-volt battery and connect the two negative
leads (but not the two positive leads) together.

By setting the UJT clock to a relatively slow pulse rate of a
few cycles or less per second, the LED logic-status indicator
should flash on once for each pulse. You can verify this by
simply connecting an 8-ohm speaker directly across the leads of
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R4 in Figure 8-1. The speaker should click each time the LED
flashes.

When the clock and single-shot are operating properly, ex-
periment with frequency division by adjusting R2 of the
single-shot to produce a long output pulse, and adjusting R2
of the clock to produce a relatively fast pulse rate (perhaps ten
per second). With the speaker connected to the clock, notice
how the LED flashes only once for a constant series of clicks
from the speaker. Since the LED flashes only after a preset
number of input pulses to the single-shot, frequency division
has occurred. By experimenting with the settings of both the
clock and the single-shot, you can observe a wide range of fre-
quency division. This experiment is particularly interesting if
an oscilloscope is available to monitor both the output pulses
from the clock and the output pulses from the single-shot.

You can better observe frequency division by connecting
the logic-status indicator to the IC pin 7 connection lead. This
is the output lead of the 914’s first gate and is normally high
(logic 1) since the other gate output is normally low (logic 0).

When the incoming pulse stream is relatively fast and the
single-shot output is relatively long, the LED connected to the
output of gate 2 will be on most of the time. Since the incom-
ing pulses are spaced at short intervals, the single-shot will be
retriggered almost as soon as the single-shot pulse is over.
Therefore, the LED will appear to be on almost continuously,
with a subtle flicker indicating the rate of frequency division.

By moving the LED logic indicator to the other output, the
LED will normally be off and flash on at the rate of frequency
division. This operating mode is much more noticeable than
the other.

Still another application for the single-shot is a bounceless
push button. As noted in Chapter 1, mechanical switches do not
open and close immediately. Instead, a rapid series of brief
on-off spikes occur when the switch is opened and closed. When
a “bouncy” switch is connected to a logic circuit, several input
signals may be fed into the circuit when only one was intended.

The single-shot can be used to eliminate the adverse effects
of switch bounce by providing a wide, well-shaped pulse each
time the switch is actuated. All that’s necessary to convert the
circuit described here for this mode of operation is to connect
a switch between the input and the positive battery terminal,
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and eliminate R2 by connecting R1 directly to C1. For wider
pulses, increase C1 to about 10 uF. But remember that the
width of the output pulse should not be too wide or the single-
shot may still be in a triggered state when a second switch sig-
nal occurs. Similarly, the width should not be too brief or the
switch may be turned off, especially if it is a push-button type,
after the single-shot pulse is over. If this occurs, the bounce
which occurs when the switch opens may false-trigger the
single-shot.

Single-shots have still other applications, and a particularly
interesting one is as an electronic music-frequency generator
and tone stepper. All that’s required to convert the circuit de-
scribed here for this mode of operation is to speed up the clock,
decrease the pulse width from the single-shot, and replace the
logic-status indicator with a small earphone connected from
pin 6 of the IC to ground. Complete construction details for
this project are provided in “Integrated Circuit Projects, Vol.
1,” a Radio Shack publication (pp. 69-77).
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CHAPTER 10

TTL MONOSTABLE
MULTIVIBRATOR

Simple RTL single-shots (monostable multivibrators) such
as the one made from a dual 2-input NOR gate are useful for
many digital logic circuits and other applications. But since
RTL circuits require relatively small trigger signals, they have
only fair noise immunity. TTL circuits have much better noise
immunity since they require larger trigger signals. Also, TTL
circuits are faster than RTL circuits.

The single-shot described here is the versatile TTL 74121,
This IC is available from Radio Shack in a dual in-line package
for slightly more than a dollar. By suitable selection of the
external timing capacitor and resistor, the output pulse width
of the 74121 can be varied from 40 nanoseconds to 40 seconds.
The 74121 includes several sophisticated features not available
with the simple single-shot described in the previous chapter.
For example, it has better temperature immunity, higher duty-
cycle capability, and better pulse-width control.

HOW IT WORKS

Although the 74121 incorporates far more components than
the RTL version described earlier, its operation is fundament-
ally identical. The circuit diagram for a practical single-shot
employing the 74121 is shown in Figure 10-1. Pins 3 and 4 are
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connected to the inputs of a 2-input NorR gate. When a nega-
tive pulse is connected to either or both pins the single-shot
will trigger. External timing is provided by a capacitor (C1)
connected between pins 10 and 11, and a resistor (R1) con-
nected from pin 9 to pin 14 (the positive voltage pin).
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Figure 10-1. A TTL single-shot circuit.
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The 74121 supplies a positive output at pin 6 and an inverted
output at pin 1. Pin 1 is normally high (logical 1) until the
single-shot is triggered. Pin 6 then goes high for an interval
determined by C1 and R1. Pin 6 then resumes its low condition
and pin 1 again goes high.

CIRCUIT ASSEMBLY

The parts list is given in Table 10-1. Begin assembly by
soldering the 74121 to a Radio Shack IC adapter. Be sure to
use care when soldering the IC to the adapter to avoid the pos-
sibility of damage. I prefer to warm the pin-foil pattern joint
by placing the tip of the iron in contact with one side of the
joint. After a second or two, touch the solder to the other side
of the joint. Be sure to clean the foil side of the adapter board
with fine sand paper or steel wool before soldering, if it is
tarnished.
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Table 10-1. TTL 74121 Single-Shot Parts List

Item Description
B1 Battery, 6 volt
C1 Capacitor, 2.2 uF (272-997)
ICc1 TTL 74121 monostable multivibrator (276-1814)
R1 Resistor, 10,000 to 30,000 ohms, %-watt (see text)
Mise. Logic-status indicator (see text), perforated board
(276-1392), IC adapter (276-024), hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)

Solder insulated connection leads to the pads on the adapter
connected to pins 1, 3, 4, 6, 7, 9, 10, 11, and 14. Then install
the IC on a perforated board by threading the leads through
appropriate holes in a perforated board.

Figure 10-2 is a pictorial view of the circuit. Using this
figure as a guide, solder the connection leads of pins 3 and 4
together and solder an input lead to the resulting junction.
Pins 7 and 14 become the power supply leads, so thread them
through holes in the board as shown in Figure 10-2.

Next, install R1, which can have a value of from 10,000 to
30,000 ohms, and solder its leads to the IC pins 9 and 14 con-
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Figure 10-2. Pictorial wiring diagram of the TTL single-shot multivibrator.
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nection leads. Then install C1 and solder its leads to the IC
pins 10 and 11 connection leads.

I installed a LED logic-status indicator directly on the
single-shot circuit board to monitor operation of the circuit.
Assembly details are shown in Figure 3-2. Since a 6-volt power
supply is used, be sure to include a 220 ohm resistor between
the LED and the positive battery connection to prevent pos-
sible damage to the LED. Connect the input of the indicator
to the IC pin 6 connection lead.

TESTING AND OPERATION

The completed circuit should resemble the photograph of the
prototype shown in Figure 10-3. Check all wiring connections
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Figure 10-3. Assembled TTL single-shot circuit.

to the IC pin orientation, and connect a 6-volt battery to the
power leads. Do not use a higher voltage since the IC may be
damaged.

The logic-status indicator LED should be off when power is
first connected. Apply a negative signal to the input by touch-
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ing the input lead to the battery’s negative terminal. The LED
should flash on for a moment as the single-shot output goes
high for an interval determined by R1 and C1. Just as with
the RTL single-shot, you can vary the pulse width by altering
the value of R1 and C1.

GOING FURTHER

The 74121 single-shot is a good candidate for a permanent
logic-demonstration circuit, and the complete circuit can be
easily housed in a Radio Shack Perfbox or P-Box. For best
results, connect LED logic indicators to both of the single-shot
outputs (pins 1 and 6). Pin 1 is normally high while pin 6 is
normally low. The LEDs will alternately flash on and off when
the input is triggered.

You can use the circuit as a bounceless switch by connecting
a switch from pins 3 and 4 to ground (negative battery con-
nection). Or you can connect the UJT clock described in Chap-
ter 8 directly to the single-shot input and duplicate the experi-
ments in frequency division described in Chapter 9.
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CHAPTER 11

FLIP-FLOP COUNTING CIRCUITS

One of the most important logic circuits is the bistable mul-
tivibrator or flip-flop. The flip-flop is not free-running like the
astable multivibrator or monostable like the single-shot. In-
stead, the flip-flop has two stable states and can be triggered
from one to the other by a single control pulse.

The bistable nature of the flip-flop gives it a memory capa-
bility. It also provides a means for division and binary count-
ing. In this chapter I'll show you how to demonstrate basic flip-
flop action with the 7473, a popular TTL IC containing two
separate flip-flops. Then we’ll assemble a fascinating flip-flop
circuit called a decade counter which counts an incoming
stream of pulses and provides a running total in binary up to
nine. The cycle then repeats itself until the pulses stop.

FLIP-FLOP OPERATION

The complete name for the dual flip-flop used here is “Dual
JB Master/Slave Flip-Flop.” The “Master/Slave” terminology
is used since one section of each flip-flop transfers logic infor-
mation to the other section. The second section is then said to
be slaved to the first. Except for common voltage pins, the
two flip-flops in the 7478 package are completely independent.

The J and K refer to two control inputs which can be used
to set and reset the flip-flop. Each flip-flop has individual JK
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inputs plus a clock input. The clock input is used to cycle the
flip-flop with an external pulse train.

Figure 11-1 shows the circuit diagram for a practical 7473
flip-flop demonstration circuit. Pin connections and the 7473
internal logic connections are also shown. Notice that only one
of the two flip-flops is used. :

LED LOGIC
INDICATOR

Q_ LEpLoGIC
[ © |NDICATOR
8

4] [ [ [ fo

IC1
|J [_ 7473
— - (ToP)
Q Q Q Q
CLEAR CLEAR|
:l CLOCK CLOCK Q=YES OUTPUT
J K K Q=NOT OUTPUT
] L
[ |
I Q1 1 1 R I LE
- J
CLEAR

(e]
Bl +6VOLTS CLOCK INPUT I I
O

Figure 11-1. A TTL flip-flop circuit.

FLIP-FLOP ASSEMBLY

The parts list is given in Table 11-1. Begin assembly of the
flip-flop circuit by soldering the 7473 IC to a Radio Shack IC
adapter. Chapter 10 describes how to solder IC pins to an
adapter’s solder pads. Then solder insulated hookup wire to

Table 11-1. TTL 7473 Flip-Flop Parts List

Item Description
B1 Battery, 6 volt
IC1 TTL 7473 J-K Master/Slave Flip-Flop (276-1803)
Misc. Logic-status indicator (see text), perforated board
(276-1392), IC adapter (276-024), hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)
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the solder pads which make contact with pins 4, 5, 6, 7, 8, 9,
10, and 11 on the IC. Mount the IC on a perforated board as
shown in the photograph in Figure 11-2 by inserting the con-
nection leads through holes in the perforated board. No pic-
torial view of the flip-flop is necessary since other than the
logic-status indicators no external components are used. Then
thread the connection leads to pins 4 (+6 volts), 11 (ground),
5 (CLOCK input), 6 (CLEAR), 7 (J), and 10 (K) through
holes in the board as shown in the photograph of the proto-
type. Identify each lead with a tape labeler to prevent con-
fusion.

For best results, connect a LED logic-status indicator to
both outputs of the flip-flop. When the flip-flop is reset, pin 9
is high (logic 1) and pin 8 low (logic 0).
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Figure 11-2. Assembled TTL flip-flop.

TESTING THE FLIP-FLOP

Test the flip-flop by connecting a 6-volt battery to the power
leads. TTL ICs should normally be operated at 5.5 volts, but
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most 6-volt batteries provide less than their rated value. When
power is applied, one of the LEDs should glow, and when the
CLOCK lead is momentarily touched to the battery’s negative
terminal the first LED should turn off and the second one
should turn on.

Since it is nearly impossible to touch a wire to a contact
without obtaining contact bounce, the flip-flop circuit provides
a good demonstration of switch bounce. It is likely that each
time you apply a negative pulse to the CLOCK input that the
two LEDs will flip-flop back and forth one or more times when
the contact is first made and when it is broken. The flip-flop
action may be so fast that one LED will appear to stay on con-
tinuously when in fact it flip-flopped one or more times!

Test the J, K, and CLEAR inputs by touching each in turn
to the battery negative terminal (ground). When J is
grounded, the LED connected to pin 8 should turn on and the
LED at pin 9 should be extinguished. When K is grounded
pin 8 should go low and pin 9 high. Finally, when CLEAR is
grounded, pin 8 should again go high and pin 9 low.

GOING FURTHER WITH THE FLIP-FLOP

An interesting and entertaining experiment is to connect
the UJT clock described in Chapter 8 to the CLOCK input of
the flip-flop. When the clock output is connected to the flip-flop
CLOCK lead and the clock and flip-flop negative battery term-
inals connected together, the two LEDs at pins 8 and 9 will
flip-flop back and forth automatically. If both LEDs appear to
be on, the clock rate is set too high. Just slow down the clock
by rotating potentiometer R2 (see Figure 8-2).

A single flip-flop is by definition a divide-by-two counter
since either of the two outputs is high on only every other clock
pulse. By connecting one output of the unused flip-flop to the
CLOCK input of the second flip-flop, a simple divide-by-four
counter can be made. Connect the UJT clock to the CLOCK
input of the unused flip-flop at pin 1. Then connect output pin
12 to the clock input of the other flip-flop at pin 5. Leave the
LED status indicator connected to pin 9 in place, and connect
the other LED to pin 12.

Now, one flip-flop receives pulses from the UJT and flip-
flops in step with each pulse (pulse 1: flip; pulse 2: flop; pulse



3: flip; ete.). Every other flip-flop sends a “clock” pulse from
the first flip-flop to the second and it flip-flops at half the rate
of the first unit. The result is a divide-by-four counter. You
can verify this operation by simply watching the LEDs flash
on and off as the flip-flops do their thing. You already know
that the LED connected to the first flip-flop flashes on every
other clock pulse (divide-by-two). Since the LED connected
to the second flip-flop flashes at half this rate, it shows division
of the original clock signal by four.

To observe the memory capability of a flip-flop chain, simply
disconnect the UJT clock from pin 1 of the first flip-flop. The
LEDs will stop flashing and will hold their status as long as
battery power is supplied. When the clock pulses are again
supplied to pin 1, the LEDs will continue flashing as if there
had been no interruption.

Try some experiments of your own by grounding the various
CLEAR, J, and K inputs of each flip-flop while the circuits are
counting. You may be surprised at the results. Also try dis-
connecting the flip-flop power supply momentarily to see if
_ the counter is reset to its original status. Finally, try connect-
ing a bounceless push-button single-shot to the clock input of
the first flip-flop (pin 1) to manually enter data into the
counter. See Chapters 9 and 10 for details on single-shot con-
struction.

Flip-flop chains such as this simple two-unit circuit de-
scribed here are called registers or simply counters. In the next
section we will see how versatile and useful a four flip-flop
register can be.

FLIP-FLOP DECADE COUNTER

Four separate flip-flops can be interconnected to make a
binary coded decimal (BCD) decade counter. Don’t be con-
fused by the terminology, because a BCD decade counter sim-
ply counts incoming pulses and supplies a running total of the
sum in binary. One decade counter counts from 0 to 9 and
repeats, two count from 0 to 99 and repeat, and so forth.

While you can make a decade counter from four flip-flops
and a pair of NAND gates, it is much easier to use the 7490, a
TTL decade counter IC. This versatile IC contains all four
flip-flops and both gates in a single dual in-line package (DIP),
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Figure 11-3. The BCD counter circuit.
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and can be used as a decade counter, divide-by-two counter,
divide-by-five counter, and divide-by-ten counter.

Normally four flip-flops will count to sixteen and then re-
cycle, but the gates are connected so that when a count of ten
is reached the counter is automatically reset. For this reason,
a decade counter is a preset counter. Other kinds of preset
counters are also available.

Table 11-2. TTL 7490 Decade Counter Parts List

Item Description

B1 Battery, 6 volt

IC1 TTL 7490 decade counter (276-1808)

LED1 Light-emitting diode (276-042)

LED 1-4 | Clock circuit (see text), perforated board (276-1392),
Misec. IC adapter (276-024), hookup wire, solder

(Radio Shack catalog numbers shown in parentheses.)

A practical decade counter circuit using the 7490 is shown
in Figure 11-3 and a pictorial view of a working prototype in
Figure 11-4. The parts list is given in Table 11-2. Since the
decade counter illustrates so many functions of digital logic
and teaches binary as well, I think it’s the most important
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Figure 11-4. Pictorial wiring diagram of the BCD counter.

project in this book. If you don’t build any other project at
least try the decade counter.

DECADE COUNTER ASSEMBLY

Solder the 7490 IC to a Radio Shack IC adapter as described
in Chapter 10 and solder connection wires to the solder pads
connected to the IC pins 1, 8, 5, 6, 8, 9, 10, 11, 12, and 14. Then
install the IC on a perforated board with its connection leads.

Next, solder the connection leads from IC pins 3, 6, and 10
to one another. This connection becomes the negative battery
lead. The positive battery connection lead is made by thread-
ing pin 5 connection lead through the board as shown in the
pictorial. The input lead is made by threading the IC pin 14
connection lead through the board.

Continue assembly by soldering the connection leads from
the IC pins 1 and 12 to one another. Then install four LEDs
in the board as shown in Figure 11-4 and use a length of bare
hookup wire to solder all their cathodes together. Solder one
end of this wire to the negative battery-connection lead.

Finally, solder each LED to the four output pins of the IC.
The output pins are 8, 9, 11, and 12 and they are not arranged
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in the proper binary order, so be sure to arrange the LEDs as
shown in Figure 11-4 (pins 11, 8, 9, and 12).

The decade counter is now complete and should resemble
the prototype unit pictured in Figure 11-5. Be sure to recheck
the wiring before connecting a source of power.

LR KB

.
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Figure 11-5. Assembled TTL decade counter.

TESTING THE DECADE COUNTER

You can test the counter by manually applying count pulses
to the input connection lead (pin 14), but much better results
will be had by using the UJT clock circuit described in Chapter
8 to automatically generate the count pulses. Connect the UJT
output to pin 14 and connect the positive and negative leads
of each circuit to one another so the UJT clock can borrow
power from the decade counter battery (which should supply
no more than 6 volts).

When the UJT clock is adjusted to a reasonably slow pulse
rate (perhaps one pulse per second), the four LEDs will count
from 0 to 9 in binary and automatically repeat the sequence.
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GOING FURTHER

The decade counter is ideal for a permanent logic-demon-
stration project. Assemble the circuit along with the UJT clock
on the perforated cover of a Radio Shack Perfbox or P-Box.
Install a 6-volt battery made from four AA penlight cells and
a battery holder (Radio Shack catalog number 270-1435) in
the back of the box. Be sure to connect a power switch between
the battery positive terminal and pin 5.

Mount the UJT clock’s potentiometer in a hole bored in the
perforated panel. This will permit convenient adjustment of
the count rate.

To see how the binary output of the decade counter can be
converted to decimal digits, see Chapters 4 and 5 of “Inte-
grated Circuit Projects, Volume 1,” a Radio Shack publication.
The circuit described there utilizes a 7447 BCD to 7-segment
decoder/driver to convert the BCD output of a 7490 decade
counter into the appropriate format for a T-segment display
tube. The 7447 contains some 32 gates and 12 inverters and il-
lustrates the use of logic circuits in converting a binary signal
or output into a more convenient decimal format.
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INDEX

A

Abbreviations, logic circuit, 19-20
Adder, binary, 18
Amplification, 15
AND gate, 11-12
Arithmetic

binary, 9-10

functions, basic, 7
Astable multivibrators, 16

B

Basic arithmetic functions, 7
Batteries, 30
Bias, forward, 26
Binary

adder, 18

arithmetie, 9-10

number system, 7-9

to decimal conversion, 10-11
Bistable multivibrators, 17
Buffers, 13

Cc

Capacitors, 25-26
Circuit (s)

boards, 31-32

diagram, reading, 31

NOT, 12-13

solid-state logic, 14-15

YES, 13
Color code, resistor, 24
Complex logic circuits, 18-19
Component selection, 22-31
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Converter, 13
Converting binary to decimal,

10-11
D
Darlington
pair, 36
transistor logic-status indicator,
38-39

Dielectric, 26
Digital calculators and computers,
20-22
Diode(s), 15, 26-27
light-emitting, 27-28
Drivers, 13

Electronic logie, 11
Exclusive OrR and NOR gates, 14

F
FET, 28, 36
logic-status indicator, 39-40
Field-effect transistor, 28
Forward biased, 26
Free-running multivibrator, 16

G

Gate
AND, 11-12
exclusive OR and NOR, 14
NAND and NOR, 13-14
OR, 12



Integrated circuits (ICs), 29-30
mounting, 33-34

Interfacing, 17

Inverter, 13

J
Junction bipolar transistor, 28

L
Learning digital logic, 22
Light-emitting diodes, 27-28
Logic
circuit abbreviations, 19-20
circuits
complex, 18-19
solid-state, 14-15
electronic, 11
levels, 19
positive and negative, 19
probe, 35
-status indicator
Darlington transistor, 38-39
FET, 39-40
terminology, 19-20

M

Monostable multivibrator, 16-17
Mounting integrated circuits, 33-34
Multivibrators, 15-17

astable, 16

free-running, 16

monostable, 16-17

N
NAND and NOR gates, 13-14

NOT circuit, 12-13
Number system, binary, 7-9

(o]
One shots, 16
OR gate, 12

P
Pinch-off, 28

Positive and negative logic, 19
Potentiometers, 25
Probe, logic, 35

R

Reading circuit diagrams, 31
Resistor color code, 24
Resistors, 23-25

Reverse biased, 27

Rosin core solder, 32

S
Selection of components, 22-31
Single-shots, 16
Soldering, 32-33
Solid-state logic circuits, 14-15
Switch bounce, 17
Switches, 30-31

T

Terminology, logic, 19-20

Transistor (s), 15, 28-29
bipolar junction, 28
field-effect, 28

YES circuit, 13
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RADIO SHACK PUBLICATIONS

TUBE SUBSTITUTION HANDBOOK

An up-to-date DIRECT tube substitution guide. Includes
more than 12,000 substitutions for all types of receiving
tubes and picture tubes. Instructions accompanying each
section guide the reader in making proper tube substitu-
tions and explain how to cross-reference between sec-
tions for other substitutes.

62-2030 $1.75

TRANSISTOR SUBSTITUTION HANDBOOK

This updated guide lists over 100,000 substitutions. Tells

ow and when to use substitute transistors. Also in-
cludes manufacturers r ions for repl it
transistor lines. Computer-compiled for accuracy.

62-2031 $2.25

SHORT-WAVE LISTENER’S GUIDE

A practical guide to international short-wave stations.
Lists short-wave stations by country, city, call letters,
frequency, power, and transmission time. Also indicates
several of the Voice of America and Radio Free Europe
stations. Includes a handy log where you can record
stations received.

62-2032 $1.95

TV TUBE SYMPTOMS & TROUBLES

A picture book of typical tv troubles caused by defective
tubes. Explains the function of each stage of a tv set
through key block-diagram discussions. Contains photos
of actual tv picture troubles, accompanied by explanations
to help identify which tubes are at fault.

62-2033 $1.95

CB HAM SWL LOG BOOK

Helps CB’ers and SWL'ers keep accurate records of sta-
tions heard. Has tables for recording frequency, call
letters, day, time, more. 80 pages.

62-2034 $1.00

REALISTIC GUIDE TO ELECTRONIC KIT BUILDING

Discusses reasons for building a kit. Covers tools needed
for kit building. Explains how to solder and shows good
and poor solder joints. Explains the functions of com-
ponents. The construction of four projects—a metal lo-
cator, electronic organ, power supply, and an electronic
meter—is described in detail.

62-2038 $ .95

REALISTIC GUIDE TO VOM’S AND VTVM'S

A text on the operations and applications of meters.
Meter fundamentals and basic operation are covered.
The various uses of the meter for testing components,
and radio, tv, stereo, amateur, and CB radio test tech-
niques and troubleshooting are all included. Finally,
calibration and maintenance procedures are detailed.

62-2039 $ .95

ELECTRONICS DATA BOOK

A book useful for technicians, students, experimenters,
and hobbyists. Contains basic formulas and laws used in
electronics, constants and standards, symbols and codes,
design data, mathematical tables, resistor and capacitor
codes, and many more useful items.

62-2040 $1.25

INTRODUCTION TO TRANSISTORS
AND TRANSISTOR PROJECTS

Basic information on semiconductors. Explains transictor
makeup and transistor action. The types of transistors are
discussed—bipolar junction, unijunction, FET, power tran-
sistors, etc. Transistor usage is also explained. The book
is completed by presenting actual transistor projects to
be _constructed.

62-2041 $ .95

INTRODUCTION TO INTEGRATED CIRCUITS
AND IC PROJECTS

Contains all basic coverage on integrated circuits. De-
scribes what an integrated circuit is, types of circuits,
and the functions of integrated circuits. After “learning
all these things, you get to put them to use by con-
structing the interesting and useful integrated-circuit
projects which are included in the book.

62-2042 $ .95

REALISTIC GUIDE TO HI-FI AND STEREO

Explains the meaning of high fidelity and stereo. Dis-
cusses high-fidelity amplifiers, speaker systems, stereo
tuners and receivers, antennas used for stereo reception,

record players, tape recorders. Also discusses component
Y ;i

versus d systems. Al le stereo sy are
also included.
62-2043 $ .95

REALISTIC GUIDE TO CB RADIO

The first chapter contains an introduction to CB radio,
covering the advent of CB and its uses. Other coverage
includes obtaining a license, different types of CB radio
equipment, equipment i lati antenna sy , sta-
tion operation, and servicing. An appendix lists the
locations of the FCC Field Offices.

62-2044 $ .95

INTRODUCTION TO ELECTRONICS

Covers basic electron theory. Discusses magnetism, elec-
tricity, and radio principles. Explains the structure and
uses of resistors, capacitors, _inductors, transformers,
vacuum tubes, and transistors. The book concludes with
several electronic experiments and construction projects.

62-2045 $ .95

REALISTIC GUIDE TO TAPE RECORDERS

Explains the various uses for a tape recorder. Describes
the functions of the essential parts of a recorder. Covers
the advantages and disadvantages of the three types of
recorders—reel-to-reel, cartridge, and cassette. Guides you
in purchasing a recorder according to its specific use.
Covers general maintenance of recorders, tape, and
accessories.

62-2046 $ .95

ELECTRONICS DICTIONARY

Whether you are a beginner in the electronics field, a
student, or experimenter, you will find this book to be
a helpful reference. The definitions are written in an easy-
to-understand style. Different terms for the same word
are cross-referenced. Many illustrations supplement the
text for further clarification.

62-2047 $1.25

ELECTRONIC COMPONENTS ENCYCLOPEDIA

A listing in alphabetical order of the basic electronic
components being used today. The text is supplemented
with illustrations  where needed for clarification. Where
components can be referred to by several different names,
cross-references have been included. The book is par-
ticularly helpful to newcomers to the field of electronics.

62-2048 $1.25
REALISTIC GUIDE TO SCHEMATIC DIAGRAMS

An easy-reading text explaining different electronic com-
ponents and how they are used in a circuit. Explains
the fundamental concepts of tubes, semiconductors, resis-
tors, capacitors, coils, and transformers and their cor-
responding schematic representations. The final chapter
covers circuit tracing with the use of a schematic.

62-2049 $ .95

REALISTIC GUIDE TO OSCILLOSCOPES

Begins with the invention and development of the
cathode-ray tube. Oscilloscope fundamentals are next and
are followed by the basic ways to use the oscilloscope.
Electronic servicing applications are thoroughly covered.
Intermediate and lab-type scopes are also given coverage.
Finally- oscilloscope probes and auxiliary devices are
discussed.

62-2050 $ .95
INTRODUCTION TO ANTENNAS

Begins with a basic discussion of radio waves, fre-
quency, and wavalength. Describes the purpose of an-
tennas as related to radio waves. Covers different types
of antennas for television and fm reception. Advises how
to choose an antenna for a specific purpose and different
locations. Covers installation of antennas and accessories.
Also covers CB antennas for both mobile and fixed in-
stallations.

62-2051 $ .95
INTRODUCTION TO SHORT-WAVE LISTENING

Contains much information on how to enjoy listening to
short-wave broadcasts. It explains what short waves are,
how they work, and how to receive them. Coverage is
given to various receivers best suited for SWL. The type
of reception received on each particular band is also
given. The functions of the various controls on the re-
ceiver are explained, and “information on how to use
them properly is supplied.

62-2052 $ .95



