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The textbook Digital Electronics was designed to be the primary textbook for a one-semester

course of four to six semester hours in length. One chapter is to be covered each week, with the
first day of the week used for testing and class lecture and the second day used for lab work.

The practice of giving a short five- to ten-question test at the beginning of each lecture has
many advantages in promoting the learning process. It gives the professor feedback as to how well
students are doing and is also a good grading method. The work in digital electronics is
cumulative, so students need to learn the material in a logical sequence. The short test at the
beginning of each lecture class will keep the instructor from going on to new material if students
have not yet mastered the prerequisite material. The short tests should be graded, handed back to
students, and reviewed during the same class that they are taken. This can be done by the instructor
if the class is not too large or by a lab assistant while the instructor is lecturing on the new material.
If the class is too large for a lab assistant to complete grading the tests before the end of the class
period, the tests can be reviewed and the graded tests handed back at the next lecture class. The use
of fast feedback on tests is a very effective educational tool to inspire students and show them
where they have made mistakes. It is hard to duplicate this with any other method. Also, students

will be much more likely to study the material and read the chapters if they know that they will be
tested on that material at the next class meeting.

The labs presented in the textbook are designed to reinforce the lecture material and are one
of the best teaching methods available to the instructor. The labs should be graded and not just
assigned to be done. Students can keep lab notebooks which can be graded by the instructor. The
lab will be much more productive if the instructor okays each part of the lab and grades the

performance of the students by grading the lab work. A completed lab for each chapter is shown in
this manual for the instructor to use as a key in grading.

Organization of the lab will vary from site to site but it is suggested that a block of time of at
least three hours be used for each lab. Two students can work together productively, but three or
meore should not be allowed because often the third person goes along for the ride and does not
benefit from the lab work. The components for the labs can be organized into a small cabinet with
drawers for each lab. Each column of drawers should contain all the components for a particular
lab, with one drawer for each lab group in the class. If you have ten lab groups, you would have
fourteen columns (one column per lab) of ten drawers per column. If you use this method of
organization the small drawers can be checked out to the lab groups as they are needed and reused
by the next class during the next lab period. Another method of component organization is to
require the student to purchase all the components needed to do the labs in the textbook. This can
be done by imposing a lab fee and having the institution purchase the necessary components, or by
having students do the purchasing themselves. In any case students should supply themselves with
simple hand tools such as wire strippers, needle-nose pliers, and a wireless breadboard.

This manual is intended to help the instructor in teaching the course of digital electronics and
is not just an answer key to the end-of-chapter problems and questions, although these answers also
are present in the manual. With each chapter lecture outline is a short section on administering the o
lab. This section discusses some of the problems and methods the authors have experienced while |
running the labs with a class. We both hope that the information presented in this manual will be of
help to you.
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CHAPTER 1

Number Systems

CHAPTER 1

Number Systems

Answers to Questions and Problems

1. 100 101 110 111 1000
2. 1011 1100 1101 1110 1111 10000 10001 10010 10011 10100
3. 66 67 70 71 72 73 74 75 76 77
101 102 103 104 105 106 107 110
4, 767 770 771 772 773 774 775 776 777 1000
1002 1003 1004 1005 1006 1007 1010
5. DD DE DF EO El E2 E3 E4 E5 E6
ES8 E9 EA EB EC ED EE EF FO Fl
F3 F4 F5 F6 F7 F8 F9 FA FB FC
FE FF 100 101
6. EFD EFE EFF FOO0 FO1 F02 FO3 . F04 FO5 F06
FO7 FO8 F09 FOA FOB FOC FOD FOE FOF F10
7. 10001001 10010000 10010001 10010010 10010011
10010100 10010101 10010110 10010111 10011000
10011001 100000000 100000001
8. 1101000 1101001 1110000 1110001 1110010
1110011 1110100 1110101 1110110 1110111
1111000 1111001 10000000 10000001 10000010
10000011 10000100 10000101 10000110 10000111
10001000 10001001 10010000
9. a. 2-2:2-2-1=15 b. 2.2:-2-2=16
A. a 2-1=255 b. 28=256
B. a. 2'°-1=65,535 b. 2'°=65,536
C. a. eight,0-7 b. sixteen, 0-9 and A-F ¢. two,0and1
D. Octal Hexadecimal Binary Decimal BCD
36 1E 11110 30 110000
251 A9 10101001 169 101101001
22 12 10010 18 11000
143 63 1100011 99 10011001
103 43 1000011 67 1100111

10101
100

1001

E7
F2
FD



4 PART 1 Solutions to Questions, Problems, and Labs in Textbook

E. Octal Hexadecimal Binary Decimal BCD
54 2C 101100 44 1000100
74 3C 111100 60 1100000
134 5C 1011100 92 10010010
144 64 1100100 100 100000000
121 51 1010001 81 10000001
F a 1001 b. 1 c. 10010
1101 1011 1100
10110 1001 11101
10101 111011
10. a. 110 b. 1110 c. 1
+101 +110 1101
1 011 1 0100 1101
1 1011
d. 1010
110
1011
1 1011
11. a. 1001 b. 10101 c. 1101 100100
-110 -1110 -100100 1101
0011 00111 -010111
d. 10010100
—-1010010
01000010
12. a. 1100 b. 11010 c. 1101 100111
-101 —1011 -100111 1101
0111 01111 -011010
d. 101 10010
-10010 101
-01101

13. Ones and zeros are easy to represent electronically.

14. Binary numbers are easy to represent electronically (on, off). Hexadecimal numbers are used to represent
binary numbers.

Administering the Lab

Because this is the first lab, the instructor must cover a great deal of basic information, such as IC pinout
configuration and the connection of simple circuits on the protoboard. This material is presented in the
preparation section of the lab. Be sure to cover this material with students.

This lab uses a 7483 4-bit binary adder to reinforce the material in the chapter. Students often confuse the C,
input with the carry-out and the C, output with the carry-in. This will cause the adder to produce unpredictable
results.



CHAPTER 1 Number Systems

(%]

Stress the use of short wires and the proper alignment of the inputs and outputs of the circuit. The inputs
should be lined up MSB to LSB in a straight row, so that they can be made high or low easily.

Students like this lab because the IC performs according to the laws of the binary number system and they
can predict the outputs.

Lab 1A 7483 4-Bit Full Adder
1. Correct operation of the 7483 adder.
3. A=10and B=6and Co=0 10000,
5. A=7TandB=4and C;=1 1100,

7. Proper operation of two 7483 ICs.

The answers listed in problem 8 are the outputs of the 7483 adders.

8. a. 150+201= 101011111,
b. 255+1= 100000000,

Lab 1B 4008 4-Bit Full Adder
* Part 1
Circuit 1B-1.ewb:
1. 1010+ 0011
2. Cn=1
3. 1110 is correct.

4. The maximum outputis 11111, or 31,

* Part 2 +Vop
-
1 16
T e
—< 1B, B3> —< 18, B3} 12—
317 o-a 312 oo 4
4 ‘32 oég 13 4 B2 Oég 13
Sla s2li2 Sla sl 12
6 11 6 1 _
—2— B, S1 By S1 1. Result: 1 0010 0101
-% Ao S0 ‘: ; Ao S0 ‘90
V. C % Cint—2—
J sS N Ss N 2. Result: 1011 1011
_ 4008 L ao08
6 &0 0 o0 o 3. Result: 1 0110 0101
* Part 3

Circuit 1B-2.ewb  No power supplied to IC. Faulty connection.
Circuit 1B-3.ewb A, (pin 1) shorted to ground.

Circuit 1B-4.ewb  Cpy (pin 9) shorted to ground (pin 8).
Circuit 1B-5.ewb S, (pin 12) open.
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PART 1

CHAPTER 2 Logic Gates
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CHAPTER 2 Logic Gates

10.
11.
12.
13.
14.

16.
17.
18.

28.

1 AB
8

/T AB
;]

SIS

A+8
8

1,0;0;0
1;0;1;1
0;1;1;0
1;0;0;0
0;1;0;0
0;1;1;0

. enables

inverted
Put a 1 on the control input.

Put a 1 on the control input.

A —
A+B
8

19.
20.
21.
22.
23.
24.
25S.
26.
27.

¢ 1A B| X
0 0 0
oj{1]o
1101 o0
[ 1 13
c. |A|B| X
0] o} 1
0| 1 1
1101
L1 1.1 0]
A __  S“i1a|B|Xx
AeB
B 3—— to.l ol ol
—
o 1 {1
1101
111 ] 1
A ¢ Al B X
— AeE
8 [oo T o1 1]
—
ol 1lo
11010
11110

0
0

inverted

Put a 1 on the control input.

Put a 1 on the control input.

1
1
unaltered

unaltered

Unique state

Unique state

Unique state

Unique state
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29.

30.

31.

32.

33.

34.

35.

36.

37.

> ) > TH

(}ﬁ

L
I

D L) O
:Z}’TB:}

7400

|

3
1
2

7402

!

7402

3
2 4 +
: B

5 7400

1
S
2 6
C

7408

7427  Triple 3-input NOR (TTL)
4025 Triple 3-input NOR (CMOS)
74C20 Dual 4-input NAND (CMOS)
7410  Triple 3-input NAND (TTL)
e. 4081 Quad 2-input AND (CMOS)
f. 4069 Hex Inverter (CMOS)

ae o

A— AB 4
3 A8
58— AeBsC
1




