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Title: Talking with Machines--Binary Conversions  

Introductory Activity:  
Purpose: A motivational puzzle that demonstrates the place value of digits in the decimal number system.  

Find the number.  

1 It is a three-digit whole number.  
2 It is divisible by 5.  
3 It is an even number.  
4 Each of its digits is different.  
5 Its tens digit is greater than its ones digit.  
6 Its hundreds digit is greater than its tens digit.  
7 It is less than 400.  
8 It is divisible by three.  
9 It has only one odd digit.  
Answer: 210  

Decimal Number System 
Decimal Number System -- A number system, having a base of 10. Digits are 0 through 9. It is the most 
popular system in use. Also referred to as the Arabic number system.  

Place Value by Position  

Digit name by position Thousands Hundreds Tens Ones  

Exponential digit value by position 10
3 
10

2 
10

1 
10

0 
 

We can demonstrate the value of each position(place value) by analyzing a sample decimal number.  

Example: 321010 = 3 x 10
3 
+ 2 x 10

2 
+ 1 x 10

1 
+ 0 x 10

0 
= 3000 + 200 + 10 + 0 = 3210

10 
 

Before moving onto the binary system you may want to peak the students interest by demonstrating a math 
magic trick based on the binary system. It works as follows:  

1) Give students the worksheet full of numbers categorized in sections  
A through E. 2) Ask them to pick a number between 1 and 30. 3) Ask them to find which boxes it 

appears in (it could be in more than one) and  
give the corresponding letters. 4) Use the following place value system to get a number 

for each letter. A - 16 B - 8 C - 4 D - 2 E - 1 5) Add up the numbers and you will have 
their number.  

Example: If a student chose the number 25 it will appear in section A,B, and E 16 + 8 + 
1 will give the number chosen (25).  



 
 

Binary Number System 
Binary Number System --A number system having a base of two. Binary digits are digits 0 and 1.  

The binary number system is much simpler than the decimal system. It is used because it is very compatible 
with digital electronic circuits that are either on or off. The two binary digits of 0 and 1 are used to represent 
this occurrence. Binary digits are sometimes called bits, which evolved from the first and last two letters of the 
two words bi nary digits..  

Place Value by Position  

Digit name by position Eights Fours Twos Ones  

Exponential digit value by position 2
3 
2

2 
2

1 
2

0 
 

We can demonstrate the value of each position(place value) by analyzing a sample binary number.  

Example: 11012 = 1 x 2
3 
+ 1 x 2

2 
+ 0 x 2

1 
+ 1 x 2

0 
= 1 x 8 + 1 x 4 + 0 x 2 + 1 x 1 = 8 + 4 + 0 + 1 = 13

10 
 

This example illustrates one way to convert a binary number to its equivalent decimal value.  

Chalkboard examples:  

Try converting the following binary numbers to decimal.  

11102 11112 10102  

Answers: 1410, 1510, 1010  
 

Octal Number System 
Octal Number System -- A number system, having a base of 8. Digits are 0 through 7.  

Normally, data is fed to a computer in some system other than binary. This is because entering data in binary 
is time - consuming and prone to error. Also binary numbers are difficult to remember and express in words. 
The octal system is more closely related to binary than to decimal. Due to the large values of each digits 
position we will not name them below (digit name by position).  

Place Value by Position  

Exponential digit value by position 8
3 
8

2 
8

1 
8

0 
 

We can demonstrate the value of each position(place value) by analyzing a sample decimal number.  



Example: 32108 = 3 x 8
3 

+ 2 x 8
2 
+ 1 x 8

1 
+ 0 x 8

0 
= 3 x 512 + 2 x 64 + 1 x 8 + 0 x 1 =1536 + 128 

+ 8 + 0 = 1672
10 

 

This example illustrates one way to convert an octal number to its equivalent decimal value.  

Chalkboard Examples:  

Try converting the following octal numbers to decimal.  

3018 4178 10368  

Answers: 19310, 27110, 54210  
 

Hexadecimal Number System 
Hexadecimal Number System -- A number system, having a base of 16. Convenient for representing 4 bit 
numbers. Digits are 0 through 9 and A through F.  

The hexadecimal system was named from the prefix hexa which stands for six and decimal which implies ten. 
The first ten digits are the same as the decimal system (0-9). However, for the decimal numbers 11-15, the 
hexadecimal number system uses the letters A - F. Since many personal computers today use a 16-bit assembly 
language, the hexadecimal system has become very popular. The hexadecimal system is also more closely 
related to binary than decimal. Because of the large values for each digits position we will not name them below 
(digit name by position).  

Place Value by Position  

Exponential digit value by position 16
3 
16

2 
16

1 
16

0 
 

We can demonstrate the value of each position(place value) by analyzing a sample decimal number.  

Example: 321016 = 3 x 16
3 
+ 2 x 16

2 
+ 1 x 16

1 
+ 0 x 16

0 
 

= 3 x 4096 + 2 x 256 + 1 x 16 + 0 x 1  
=12288 + 512 + 16 + 0  
= 12816

10 
 

This example illustrates one way to convert a hexadecimal number to its equivalent decimal  

value.  

Chalkboard Examples:  

Try converting the following hexadecimal numbers to decimal.  



3C116 41A16 1F0616  

Answers: 96110, 105010, 794210  

Converting Number Systems to Binary 
Digital integrated circuits handle digital information using switching circuits. These simple circuits made up of 
diodes, transistors, and resistors can perform the basic Boolean logic functions. Boolean logic uses the binary 
number system. Therefore it is important to understand how to convert number systems into binary.  

Converting Decimal to Binary  
Method: Successive division by two  

1) Divide the decimal number by two.2) Use the remainder from this division to fill in the ones place  
value. 3) Continue to divide by two on each resulting quotient. 4) Each remainder fills the next higher 

place value. 5) The procedure is over when you have a division of zero.  

Example:  15310 is converted as follows.  

153 / 2 = 76 remainder 1  ==>  1s place  
76 / 2 = 38 remainder 0  ==>  2s place  
38 / 2 = 19 remainder 0  ==>  4s place  
19 / 2 = 9 remainder 1  ==>  8s place  

9 / 2 = 4  remainder 1  ==> 16s place  
4 / 2 = 2  remainder 0  ==> 32s place  
2 / 2 = 1  remainder 0  ==> 64s place  
1 / 2 = 0  remainder 1  ==> 128s place  

0 / 2 = 0  

Result:  (153)10 = (10011001)2  
 

Chalkboard Examples: Try converting the following decimal numbers to binary. 12710 9310 8010 Answers: 

11111112, 10111012, 10100002  
 

Converting Octal to Binary  
Octal is more closely related to binary than is decimal. Therefore it is important to understand how to convert octal to 
binary.  

Method:  1) Convert each octal digit to its three-digit binary equivalent.  
2) Record it from left to right starting with the first 1.  

Example:  3258 ==>  3  2  5  
==> 011  010  101 (binary equivalent)  

Result:  110101012  
 

Chalkboard examples: Try converting the following octal numbers to binary. 



1008     4278      7028  

Answers: 10000002, 1000101112, 1110000102  

Converting Hexadecimal to Binary  
Hexadecimal is also more closely related to binary than is decimal. Again, the relationship permits easy conversion between the 
systems. Therefore it is important to understand how to convert hexadecimal to binary.  

Method: 1) Convert each hexadecimal digit to its four-digit binary equivalent. 2) Record it from left to right starting with the first 
1.  

Example: A2516 ==> A 2 5  ==> 1010 0010 0101 (binary equivalent)  

Result: 1010001001012  

Chalkboard examples: Try converting the following hexadecimal numbers to binary. 9F116 D0316 52C16  

Answers: 1001111100012, 1101000000112, 101001011002  

 
At this time the students should complete the worksheet entitled Converting to Binary. After numbers in decimal, octal, 
and hexadecimal are converted to binary the ASCII code chart can be used to find the corresponding letter. The secret 
message will read: Math controls the world. For example:  

7710 will be converted to 10011012 which corresponds to the letter M on the ASCII code chart.  
 

 

ASCII  
Hex 

 
Symbol 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

NUL 
SOH 
STX 
ETX 
EOT 
ENQ 
ACK 
BEL 
BS 

TAB 
LF 
VT 
FF 
CR 
SO 
SI 

 

 
ASCII 

 
Hex 

 
Symbol

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1B 
1C 
1D 
1E 
1F 

DLE 
DC1 
DC2 
DC3 
DC4 
NAK 
SYN 
ETB 
CAN 
EM 

SUB 
ESC 
FS 
GS 
RS 
US 

 

 
ASCII 

 
Hex 

 
Symbol

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
2D 
2E 
2F 

(space)
! 
" 
# 
$ 
% 
& 
' 
( 
) 
* 
+ 
, 
- 
. 
/ 

 
ASCII 

 
Hex 

 
Symbol

48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
: 
; 
< 
= 
> 
? 

 

 
ASCII 

 
Hex 

 
Symbol 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 
4B 
4C 

@ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 

 
ASCII 

 
Hex 

 
Symbol

80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
5A 
5B 
5C 

P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
[ 
\ 

 
ASCII 

 
Hex 

 
Symbol

96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
6A 
6B 
6C 

` 
a 
b 
c 
d 
e 
f 
g 
h 
i 
j 
k 
l 

 
ASCII 

 
Hex 

 
Symbol

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
7A 
7B 
7C 

p 
q 
r 
s 
t 
u 
v 
w 
x 
y 
z 
{ 
| 



77 
78 
79 

4D 
4E 
4F 

M 
N 
O 

 

93 
94 
95 

5D 
5E 
5F 

] 
^ 
_ 

 

109 
110 
111 

6D 
6E 
6F 

m 
n 
o 

125 
126 
127 

7D 
7E 
7F 

} 
~ 
  

 

 
Free auto converter available at http://www.cut-the-knot.org/binary.shtml  

 

The Binary System 
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Basic Concepts Behind the Binary System 
To understand binary numbers, begin by recalling elementary school math. When we first learned about 
numbers, we were taught that, in the decimal system, things are organized into columns:  
    H | T | O 
    1 | 9 | 3 
such that "H" is the hundreds column, "T" is the tens column, and "O" is the ones column. So the number "193" 
is 1-hundreds plus 9-tens plus 3-ones.  
Years later, we learned that the ones column meant 10^0, the tens column meant 10^1, the hundreds column 
10^2 and so on, such that  
      10^2|10^1|10^0 
        1 |  9 |  3  
the number 193 is really {(1*10^2)+(9*10^1)+(3*10^0)}.  
As you know, the decimal system uses the digits 0-9 to represent numbers. If we wanted to put a larger number 
in column 10^n (e.g., 10), we would have to multiply 10*10^n, which would give 10^(n+1), and be carried a 
column to the left. For example, putting ten in the 10^0 column is impossible, so we put a 1 in the 10^1 column, 
and a 0 in the 10^0 column, thus using two columns. Twelve would be 12*10^0, or 10^0(10+2), or 
10^1+2*10^0, which also uses an additional column to the left (12).  
The binary system works under the exact same principles as the decimal system, only it operates in base 2 rather 
than base 10. In other words, instead of columns being 
  
       10^2|10^1|10^0 
they are  
        2^2|2^1|2^0 
Instead of using the digits 0-9, we only use 0-1 (again, if we used anything larger it would be like multiplying 
2*2^n and getting 2^n+1, which would not fit in the 2^n column. Therefore, it would shift you one column to 
the left. For example, "3" in binary cannot be put into one column. The first column we fill is the right-most 
column, which is 2^0, or 1. Since 3>1, we need to use an extra column to the left, and indicate it as "11" in 
binary (1*2^1) + (1*2^0). 
Examples: What would the binary number 1011 be in decimal notation?  
 
Answers are available at the end of the sheet   
Try converting these numbers from binary to decimal:  



• 10  
• 111  
• 10101  
• 11110  

Remember:  
      2^4| 2^3| 2^2| 2^1| 2^0 
         |    |    |  1  |  0 
         |    | 1  |  1  |  1 
      1  | 0  | 1  |  0  |  1 
      1  | 1  | 1  |  1  |  0 
 
 
Binary Addition 
Consider the addition of decimal numbers: 
     23 
    +48 
    ___ 
We begin by adding 3+8=11. Since 11 is greater than 10, a one is put into the 10's column (carried), and a 1 is 
recorded in the one's column of the sum. Next, add {(2+4) +1} (the one is from the carry)=7, which is put in the 
10's column of the sum. Thus, the answer is 71. 
Binary addition works on the same principle, but the numerals are different. Begin with one-bit binary addition: 
    0    0    1 
   +0   +1   +0 
  ___  ___  ___   
    0    1    1 
1+1 carries us into the next column. In decimal form, 1+1=2. In binary, any digit higher than 1 puts us a column 
to the left (as would 10 in decimal notation). The decimal number "2" is written in binary notation as "10" 
(1*2^1)+(0*2^0). Record the 0 in the ones column, and carry the 1 to the twos column to get an answer of "10." 
In our vertical notation,  
    1 
   +1 
  ___ 
   10 
The process is the same for multiple-bit binary numbers:  
         1010 
        +1111 
       ______ 

• Step one: 
Column 2^0: 0+1=1. 
Record the 1.  
Temporary Result: 1; Carry: 0  

• Step two: 
Column 2^1: 1+1=10.  
Record the 0, carry the 1. 
Temporary Result: 01; Carry: 1  

• Step three: 
Column 2^2: 1+0=1 Add 1 from carry: 1+1=10.  
Record the 0, carry the 1. 
Temporary Result: 001; Carry: 1  

• Step four: 
Column 2^3: 1+1=10. Add 1 from carry: 10+1=11. 
Record the 11.  
Final result: 11001  



Alternately: 
    11   (carry) 
    1010 
   +1111 
  ______ 
   11001 
Always remember  

• 0+0=0  
• 1+0=1  
• 1+1=10  

Try a few examples of binary addition: 
       111      101      111 
      +110     +111     +111 
    ______    _____    _____ 
 

Binary Multiplication 
Multiplication in the binary system works the same way as in the decimal system:  

• 1*1=1  
• 1*0=0  
• 0*1=0  

   101                       
  * 11 
  ____ 
   101 
  1010 
 _____ 
  1111 
Note that multiplying by two is extremely easy. To multiply by two, just add a 0 on the end. 

Binary Division 
Follow the same rules as in decimal division. For the sake of simplicity, throw away the remainder. 
For Example: 111011/11  
 
      10011 r 10 
    _______ 
  11)111011 
    -11 
     ______ 
       101 
       -11 
     ______ 
        101 
         11 
     ______ 
         10 

Decimal to Binary 
Converting from decimal to binary notation is slightly more difficult conceptually, but can easily be done once 
you know how through the use of algorithms. Begin by thinking of a few examples. We can easily see that the 
number 3= 2+1. and that this is equivalent to (1*2^1)+(1*2^0). This translates into putting a "1" in the 2^1 
column and a "1" in the 2^0 column, to get "11". Almost as intuitive is the number 5: it is obviously 4+1, which 



is the same as saying [(2*2) +1], or 2^2+1. This can also be written as [(1*2^2)+(1*2^0)]. Looking at this in 
columns,  
        2^2 | 2^1 | 2^0 
         1     0     1 
or 101.  
What we're doing here is finding the largest power of two within the number (2^2=4 is the largest power of 2 in 
5), subtracting that from the number (5-4=1), and finding the largest power of 2 in the remainder (2^0=1 is the 
largest power of 2 in 1). Then we just put this into columns. This process continues until we have a remainder 
of 0. Let's take a look at how it works. We know that:  
   2^0=1 
   2^1=2 
   2^2=4 
   2^3=8 
   2^4=16 
   2^5=32 
   2^6=64 
   2^7=128 
and so on. To convert the decimal number 75 to binary, we would find the largest power of 2 less than 75, 
which is 64. Thus, we would put a 1 in the 2^6 column, and subtract 64 from 75, giving us 11. The largest 
power of 2 in 11 is 8, or 2^3. Put 1 in the 2^3 column, and 0 in 2^4 and 2^5. Subtract 8 from 11 to get 3. Put 1 
in the 2^1 column, 0 in 2^2, and subtract 2 from 3. We're left with 1, which goes in 2^0, and we subtract one to 
get zero. Thus, our number is 1001011.  

Answers 
What would the binary number 1011 be in decimal notation? 
  1011=(1*2^3)+(0*2^2)+(1*2^1)+(1*2^0) 
      = (1*8) + (0*4) + (1*2) + (1*1) 
  = 11 (in decimal notation) 

Try converting these numbers from binary to decimal: 
10=(1*2^1) + (0*2^0) = 2+0 = 2 
111 = (1*2^2) + (1*2^1) + (1*2^0) = 4+2+1=7 
10101= (1*2^4) + (0*2^3) + (1*2^2) + (0*2^1) + (1*2^0)=16+0+4+0+1=21 
11110= (1*2^4) + (1*2^3) + (1*2^2) + (1*2^1) + (0*2^0)=16+8+4+2+0=30 

Try a few examples of binary addition: 
                      1                1 
          111            111            111 
         +110                  +110           +110 
        ______               ______         _____ 
               1                      01          1101 
 
           1                        11             1    
  101            101    101 
        +111                  +111            +111 
        _____                 ____           _____ 
              0                     00            1100 
 
              1                    1                      1 
     111    111          111 
           +111                +111                 +111 
          _____               _____                _____ 
         0                    10                 1110 
Using the regular algorithm for binary adition, add (5+12), (-5+12), (-12+-5), and (12+-12) in each system. 
Then convert back to decimal numbers.  
 



Dec  
Hex 

 
Oct 

 
Bin 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

000 
001 
002 
003 
004 
005 
006 
007 
010 
011 
012 
013 
014 
015 
016 
017 

00000000 
00000001 
00000010 
00000011 
00000100 
00000101 
00000110 
00000111 
00001000 
00001001 
00001010 
00001011 
00001100 
00001101 
00001110 
00001111 

 

 
Dec 

 
Hex 

 
Oct 

 
Bin 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1B 
1C 
1D 
1E 
1F 

020 
021 
022 
023 
024 
025 
026 
027 
030 
031 
032 
033 
034 
035 
036 
037 

00010000
00010001
00010010
00010011
00010100
00010101
00010110
00010111
00011000
00011001
00011010
00011011
00011100
00011101
00011110
00011111 

 

 
Dec 

 
Hex 

 
Oct 

 
Bin 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
2D 
2E 
2F 

040
041
042
043
044
045
046
047
050
051
052
053
054
055
056
057 

00100000 
00100001 
00100010 
00100011 
00100100 
00100101 
00100110 
00100111 
00101000 
00101001 
00101010 
00101011 
00101100 
00101101 
00101110 
00101111 

 
Dec 

 
Hex 

 
Oct 

 
Bin 

48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 

060
061
062
063
064
065
066
067
070
071
072
073
074
075
076
077 

00110000
00110001
00110010
00110011
00110100
00110101
00110110
00110111
00111000
00111001
00111010
00111011
00111100
00111101
00111110
00111111 

 

 
Dec 

 
Hex 

 
Oct 

 
Bin 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 
4B 
4C 
4D 
4E 
4F 

100 
101 
102 
103 
104 
105 
106 
107 
110 
111 
112 
113 
114 
115 
116 
117 

01000000 
01000001 
01000010 
01000011 
01000100 
01000101 
01000110 
01000111 
01001000 
01001001 
01001010 
01001011 
01001100 
01001101 
01001110 
01001111 

 

 
Dec 

 
Hex 

 
Oct 

 
Bin 

80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
5A 
5B 
5C 
5D 
5E 
5F 

120 
121 
122 
123 
124 
125 
126 
127 
130 
131 
132 
133 
134 
135 
136 
137 

01010000
01010001
01010010
01010011
01010100
01010101
01010110
01010111
01011000
01011001
01011010
01011011
01011100
01011101
01011110
01011111 

 

 
Dec 

 
Hex 

 
Oct 

 
Bin 

96 
97 
98 
99 

100
101
102
103
104
105
106
107
108
109
110
111 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
6A 
6B 
6C 
6D 
6E 
6F 

140
141
142
143
144
145
146
147
150
151
152
153
154
155
156
157 

01100000 
01100001 
01100010 
01100011 
01100100 
01100101 
01100110 
01100111 
01101000 
01101001 
01101010 
01101011 
01101100 
01101101 
01101110 
01101111 

 
Dec 

 
Hex 

 
Oct 

 
Bin 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
7A 
7B 
7C 
7D 
7E 
7F 

160
161
162
163
164
165
166
167
170
171
172
173
174
175
176
177 

01110000
01110001
01110010
01110011
01110100
01110101
01110110
01110111
01111000
01111001
01111010
01111011
01111100
01111101
01111110
01111111 
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128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
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80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
8A 
8B 
8C 
8D 
8E 
8F 

200 
201 
202 
203 
204 
205 
206 
207 
210 
211 
212 
213 
214 
215 
216 
217 

10000000 
10000001 
10000010 
10000011 
10000100 
10000101 
10000110 
10000111 
10001000 
10001001 
10001010 
10001011 
10001100 
10001101 
10001110 
10001111 
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144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
9A 
9B 
9C 
9D 
9E 
9F 

220 
221 
222 
223 
224 
225 
226 
227 
230 
231 
232 
233 
234 
235 
236 
237 

10010000
10010001
10010010
10010011
10010100
10010101
10010110
10010111
10011000
10011001
10011010
10011011
10011100
10011101
10011110
10011111 
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A0 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AA 
AB 
AC 
AD 
AE 
AF 

240
241
242
243
244
245
246
247
250
251
252
253
254
255
256
257 

10100000 
10100001 
10100010 
10100011 
10100100 
10100101 
10100110 
10100111 
10101000 
10101001 
10101010 
10101011 
10101100 
10101101 
10101110 
10101111 
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178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 

B0 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BA 
BB 
BC 
BD 
BE 
BF 

260
261
262
263
264
265
266
267
270
271
272
273
274
275
276
277 

10110000
10110001
10110010
10110011
10110100
10110101
10110110
10110111
10111000
10111001
10111010
10111011
10111100
10111101
10111110
10111111 
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193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 

C0 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CA 
CB 
CC 
CD 

300 
301 
302 
303 
304 
305 
306 
307 
310 
311 
312 
313 
314 
315 

11000000 
11000001 
11000010 
11000011 
11000100 
11000101 
11000110 
11000111 
11001000 
11001001 
11001010 
11001011 
11001100 
11001101 
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208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 

D0 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
DA 
DB 
DC 
DD 

320 
321 
322 
323 
324 
325 
326 
327 
330 
331 
332 
333 
334 
335 

11010000
11010001
11010010
11010011
11010100
11010101
11010110
11010111
11011000
11011001
11011010
11011011
11011100
11011101
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224
225
226
227
228
229
230
231
232
233
234
235
236
237

E0 
E1 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
E9 
EA 
EB 
EC 
ED 

340
341
342
343
344
345
346
347
350
351
352
353
354
355

11100000 
11100001 
11100010 
11100011 
11100100 
11100101 
11100110 
11100111 
11101000 
11101001 
11101010 
11101011 
11101100 
11101101 
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242 
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244 
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248 
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250 
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252 
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F0 
F1 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
FA 
FB 
FC 
FD 

360
361
362
363
364
365
366
367
370
371
372
373
374
375

11110000
11110001
11110010
11110011
11110100
11110101
11110110
11110111
11111000
11111001
11111010
11111011
11111100
11111101
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207 

CE 
CF 

316 
317 

11001110 
11001111 
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223 

DE 
DF 

336 
337 

11011110
11011111 

 

238
239 

EE 
EF 

356
357 

11101110 
11101111 

254 
255 

FE 
FF 

376
377 

11111110
11111111 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction to Logic Gates 

This web site provides a brief description of logic gates and defines a few of the common 
logic gates found in simple digital circuits.   

The navigation bar provides links to pages where you can view the symbol, truth table, 
and animation of particular logic gates and a sample circuit. 

Digital Logic 

Keep in mind that computers work on an electrical flow where a high voltage is considered 
a 1 and a low voltage is considered a 0.  Using these highs and lows, data are 
represented.  Electronic circuits must be designed to manipulate these positive and 
negative pulses into meaningful logic. 

Logic gates are the building blocks of digital circuits.  Combinations of logic gates form 
circuits designed with specific tasks in mind.  For example, logic gates are combined to 
form circuits to add binary numbers (adders), set and reset bits of memory (flip flops), 
multiplex multiple inputs, etc. 



Not gate  

The NOT gate is also known as an inverter, simply because it changes the input to its 
opposite (inverts it).  The NOT gate accepts only one input and the output is the opposite 
of the input.  In other words, a low-voltage input (0) is converted to a high-voltage output 
(1).  It's that simple! 

Select an input value from the pull-down selector above and view the NOT gate in action.  

A common way of using the NOT gate is to simply attach the circle to the front of another 
gate.  This simplifies the circuit drawing and simply says: "Invert the output from this gate." 

For example, the combination of an AND and NOT gate is shown in the following picture: 

 
 
 
Free animated solver available at: 
http://isweb.redwoods.cc.ca.us/INSTRUCT/CalderwoodD/diglogic/index.htm  
 
   
   

 
DIGITAL ELECTRONICS - LOGIC CIRCUITS - 1 

  
Most modern electronic devices such as mobile telephones and computers depend on digital 
electronics. In fact, most electronics about the home and in industry depend on digital 
electronics to work. 
Digital electronics normally based on ‘logic circuits’. These circuits depend on pulses of 
electricity to make the circuit work. For instance, if current is present - this is represented as 
‘1’. If current is not present, this is represented as ‘0’. Digital electronics is based on a series of 
1s and 0s. 
    
A good example of a digital electronic system is a mobile phone. As you speak into the phone, 
the digital electronic circuits it contains converts your voice into a series of electronic pulses 
(or 1s and 0s). These are transmitted and the receiving mobile phone then converts the digital 
pulses back into your voice. Digital circuits are used because they are efficient and work well, 
also, digital signals are easier to transmit than actual sound (for example a persons voice). 
    



 

  

The va
Conseq
compu
import
words 
sendin

When 
this int
on the 
When 
monito
white p
  
  
QUES
Look c
especia
be in d

D
LOGIC 
some dig
electrica
simple d
gate. 

arious parts 
quently digi

uter is the m
tant data. Fo
on the mon

ng a series o

the comput
to a digital s
monitor. 
you word-p

or in a simil
pixels. 

STION: 
closely at a 
ally if you u

different col

DIGITA
circuits are 
gital circuit
al current (1
drawings tha

of a compu
ital logic cir

motherboard
or instance, 
nitor. The m
f 1s and 0s 

ter operator 
signal comp

process a pa
lar way. In r

computer m
use a magni
lours, not on

AL ELE
normally c
s can be ext
s and 0s). A
at help expl

uter commun
rcuits are id
. This is a c
when word

motherboard 
to the scree

presses the
posed of 1s 

aragraph of 
reality the le

monitor. The
ifying glass
nly black an

ECTRO
composed of
tremely com
At school le
lain the two

nicate throu
deal for the 
complex pie
d processing

generates t
en.  

 

e letter ‘H’ o
and 0s. The

writing all t
etters are no

  
  

e pixels are 
. If you are 
nd white. 

ONICS -
f ‘gates’. A 

mplex. It is t
vel, digital 
 most popu

ugh the use 
internal ele

ece of electr
g, it is very 
the individu

on the keybo
e ‘H’ in the 

the letters/w
ot composed

very small 
looking at a

- LOGI
combinatio

the logic ga
logic circui
lar logic ga

of electroni
ectronics. Th
ronics that p
important to

ual letters on

oard, the m
form of 1s 

words are di
d of 1s and 

but you ma
a colour pic

IC CIR
on of gates m
ates that pro
its are relati

ates - the AN

 

ic pulses (1
he main par
processes al
o display le
n the monito

 

motherboard 
and 0s is di

isplayed on 
0s but as bl

ay be able to
cture, the pi

CUITS
make up a c

oduce pulses
ively simple
ND gate and

s and 0s). 
rt of the 
l the 

etters and 
or by 

converts 
isplayed 

the 
lack or 

o see them 
xels will 

 - 2 

circuit and 
s of 
e. Below are
d the OR 

e 



  
When th
not runn
  
  

Transisto
in digita
processi
normally
off is the
produce
Transisto
per seco
limited a
 
Two bas
  

he bulb light
ning through

ors are vital
al logic circu
ng chip on 
y large enou
e same. Wh
s a ‘0’.  
ors in the ci

ond. Withou
and slow. 

sic example

ts this repre
h the filame

l for digital 
uits. Transis
a computer
ugh to fit on

hen a transis

ircuit of a c
ut the invent

es of simple 

esents a ‘1’ 
ent the bulb 

THE ROL
circuits to w

stors are nor
r motherboa
n the end of
stor is switc

omputer mi
tion of the tr

transistor d

  

as current i
will not lig

LE OF TR
work. These
rmally so sm

ard. The typ
f a small fin
hed on it pr

icroprocesso
ransistor, co

driven logic

The s
has tw
The b
switch
curren
illumi

The s
has tw
The b
or B a
to flow
the fil

s running th
ht and this r

RANSISTOR
e componen
mall that hu
es of transis

nger. Howev
roduces a ‘1

or can switc
omputer pro

 (AND / OR
  

simplified A
wo inputs, s
bulb Q will o
hes are clos
nt to flow th
inating the 

simplified O
wo inputs, s
bulb Q will l
are closed. T
w through t
lament. 

hrough the f
represents a

RS
nts are used
undreds of th
stors used in
ver, the way
1’ and when

ch on and o
ocessing po

R) circuits a

AND gate sh
witch A and
only light if
sed. This wi
hrough the b
filament. 

OR gate show
witch A and
light if eithe
This will all
the bulb, illu

  
filament. If 
a ‘0’ (zero).

d as very fas
housands fi
n school pro

y they switch
n it is switch

ff thousand
wer would 

are shown b

hown above
d switch B. 
f both 
ill allow 
bulb, 

wn above 
d switch B. 
er switch A
low current
uminating 

current is 
 

st switches 
it on one 
ojects are 
hed on and 
hed off it 

ds of times 
be very 

below. 

e 

A 
t 



 

  

  
QUEST
1. Expla
2. Expla
3. Build 
build on

D
A range o
(sometim
1s and 0s
shows the
Study the
interestin
  

The AND
(produce 
inputs A a

TIONS: 
ain how an A
ain how an O

a simple lo
ne of the circ

IGITAL
of logic gate

mes called a 
. Remembe
e ‘state’ of i
e symbols an
ng logic circ

D gate will o
a 1 at Q) if 
and B chang

AND gate w
OR gate wo
ogic circuit u
cuits shown

L ELEC
es exist and
logic table)

er, a 1 repres
inputs and o
nd tables be

cuits. 

only output 
f both logic 
ge to 1. 

works. Use a
orks. Use a c
using a brea

n above. 

CTRON
 they are rep

). Gates hav
sents an inp
outputs at an
elow. You w

current 
states at 

a circuit dia
circuit diagr
adboard and

NICS -
presented a

ve inputs and
put or outpu
ny one time
will soon fin

  

  

This i
be ma
shown
electr
‘B’ m
bulb t
If you
need t
This w
transi
an LE

  

This i
‘A’ or
to ligh
presse

  

agram to hel
ram to help 
d available c

BASIC
as symbols, 
d produce o

ut of electric
e. 
nd that they

is an AND g
ade quite ea
n is built fro
ronics kit. B

must be pres
to light. 
u construct t
to alter the 
will depend
istors used a
ED is used.

is an OR ga
r ‘B’ must b
ht. The swit
ed together.

lp explain y
explain you

components

C LOGIC
each with it

outputs and 
cal current. 

 can be com

gate circuit 
asily. The ex
om a modul

Both switche
sed togethe

this circuit, 
value of the

d on the type
and whether

ate circuit. E
be pressed f
tches do no
. 

your answer
ur answer. 
s. You may 

C TAB
ts own truth
these are in
Each truth t

mbined to de

and it can 
xample 
lar 
es ‘A’ and 
er for the 

you may 
e resistors. 
e of 
r to bulb or 

Either switch
for the bulb
t have to be

r. 

wish to 

LES 
h table 
n the form o
table clearly

esign 

h 
 

e 

of 
y 



 

  

The NAN
to the AN
gate symb

  

  

The OR g
either of t
change to

  

The NOR
the OR ga
symbol d

  

The INVE
example, 
0. 
This is a v
designing

  
QUESTI
1. Draw e
2. Learn a

ALTE

A ‘1’ mea
this is rep
high, true

ND gate has
ND gate. Ho
bol differ to

gate will out
the logic sta

o1. 

R gate has th
ate. How do
iffer to the 

ERTER gat
if the input

very useful 
g logic circu

IONS: 
each of the l
and rememb

ERNAT

ans that cur
presented as
e, on or up -

 the opposit
ow does the 
o the AND g

tput current
ates of inpu

he opposite 
oes the NOR
OR gate? 

te reverses i
t is 1 then th

gate especi
uits. 

logic gates 
ber each of 

TIVE R

rrent is prese
s a ‘1’. Inste
- all mean th

te outputs 
NAND 

gate? 

t at Q if 
ts A and B

outputs to 
R gate 

input. For 
he output is 

ially when 

shown abov
the logic ta

REPRES

ent. For inst
ead of placin
hat current i

  
   

  

  

  

ve and expla
ables. 

SENTA

tance, if cur
ng a ‘1’ at t
is present.

ain how eac

ATIONS

rrent is pres
the output o

  

ch gate work

S OF LO

sent at an ou
other terms c

ks. 

OGIC G

utput of a ga
can be appli

GATES

ate then 
ied - 

  

S 



 
A ‘0’ mea
gate then 
applied - 
 
Alternativ
  

  
  
QUESTI
Write the

Below
doors 
alarm 
house 
The in
vast ra

ans that cur
this is repre
low, false, 

ve ways of r

ION: 
e OR truth ta

w is the logic
and six win
will sound.
by either th

nputs for eac
ange of sens

rrent is not p
esented as a
off or low -

representing

able using a

EXAM

c circuit for
ndows. Onc
. OR gates h
he front or b
ch of the ga
sors (eg. mo

present. For
a ‘0’. Instea
- all mean th

g the AND

alternative t

MPLE L

r a simple h
ce the alarm 
have been u
back door an
ates represen
ovement an

r instance, if
ad of placing
hat current i

gate are wr
  

  
  

erms other 
 

LOGIC
 

house alarm.
is set if any

used. The TI
nd turn of th
nting the do
d magnetic 

f current is 
g a'0’ at the
is not presen

ritten below

than ‘1s’ an

C CIRCU

. The alarm
y of the doo
IMER allow
he alarm sy
oors and win
sensors). 

not present 
 output othe
nt. 

w. 

nd ‘0s’. 

UITS -

m protects th
ors or windo
ws the house
ystem before
ndows can b

at an outpu
er terms can

 

 

 

1 

e front and 
ows are ope
e owner to e
e the alarm 
be connecte

ut of a 
n be 

  
  

back 
ened the 
enter the 
sounds. 

ed to a 



 

 
On the
that th
  

  

  
The si
the log
chang
gate ‘G
gates h
activa
  

In man
up in s

Machin
especia
charac
blade a
 

e circuit bel
hey have no

ituation cha
gic state of 

ges to true, f
G’ also chan
have been u

ate the alarm

nufacturing 
such a way t

ne ‘A’ is un
ally if it is o
ter). This m
as it cuts the

low the inpu
t detected a

anges when 
the input of

followed by
nge to true.
used, it only
m. 

EXAM
industry sa
that it is imp

nsafe becau
operated by 

means that th
e material.  

ut states of 
an intruder. 

local thug, 
f GATE B c

y the INPUT
 This train o

y takes one i

MPLE L
fe use of ma
possible for

se it can be 
a machinis

he operator’

each of the 
As a result 

  

  
   
  

Ed the Han
changes from
T of gate ‘E
of events le
input to cha

  

 
 

LOGIC
achines is v
r the machin

turned on a
st such as Ed
’s hands cou

sensors are
the alarm d

ndyman forc
m false to tr
’ and its out
ads to the a

ange to true

 CIRCU
very importa
ne operator 

and used wh
d the Handy
uld be serio

e ‘0’ (false, l
does not sou

ces window
rue. The ou
tput. The in

alarm sound
at the wind

UITS –
ant. All mac
to have an 

hen the guar
yman (webs
ously injured

low, off). T
und. 

 3 open. No
utput state of
nput and out
ding. Becaus
dows or doo

2 
chines shou
accident.  

rd is out of 
site cartoon 
d by the dan

This means 

 

otice how 
f gate ‘B’ 
tput of 
se OR 
ors to 

 

uld be set 

position, 

ngerous 



Altern
guard m
machin
electric

  

  
The an
the gua
on, hig
works.
Remem
  

QUES
Draw a
guard i
  

Logic 
(based
used to
examp
4081B
used e
For ex
when h

atively, mac
must be in t
ne will work
cal power w

nimation bel
ard is in the
gh, up), con
. 
mber, for th

STION: 
a series of l
is put in the

gates are us
d on an integ
o make simp
ple of this ty
B integrated 

ffectively in
xample, a do
his dog pres

chine ‘B’ ha
the correct p
k. This mea

will be cut, s

low shows w
e correct pos
sequently th

he AND gate

ogic circuit
e correct pos

THE
sually electr
grated circu
ple decision

ype of circui
circuit (IC)

n school pro
og owner wa
sses a switc

as been fitte
position and
ans that the 
stopping the

what happe
sition. This 
he output lo

e to output 

ts that clearl
sition and th

E 4081B
ronic circuit

uit) and they
ns. A good 
it is based o
) which can 
ojects.  
ants to build
h (pressure 

ed with a lo
d the ‘ON’ s
operator mu
e machine w

  
   
  

ens when the
means that 

ogic state is 

1 both input
  

ly show the
he 'ON' swi

  
B LOGI
ts 

y are 

on the 
be 

d an automa
pad). This 

ogic circuit. 
switch is pr
ust keep his
working. 

e micro-swi
the logic st
1 (true, on,

ts must be 1

 logic states
itch pressed

IC CIR

atic animal 
type of dev

It is design
ressed simul
s/her spare h

itch has bee
tates of both
, high, up) a

1. 

s of inputs a
d. 

RCUIT

feeder to w
vice would a

ned to ensure
ltaneously, 
hand on the

en switched 
h inputs are
and the mac

and outputs 

work at night
automaticall

e that the 
before the 
 switch or 

'ON' as 
 1 (true, 

chine 

 

as the 

 

t and 
ly feed the 



 
 

The 
are e
used
switc
cons
repre
or sy
signa

dog wh
The 40
and the
switch

The lo
switch
device
The AN
activat
switch
high an
dog. 

The di
it is da

  
QUES
Draw t
show t
output

worksheet on
easy to unders
d, computers a
ches, includin
stant. Because
esentation or s
ymbols is calle
als to differen

hen the own
081B integr
e other as d

h is activated

gic diagram
h (pressure p
e and a dark 
ND gate ha
ted - the dar

h - the logic 
nd the moto

iagram belo
aylight, cons

STION: 
the diagram
the motor w
ts. 

n Binary Arithm
stand, and wer
are still built w
ng vacuum tub
 the technolog
symbols for th
ed logic gates

nt parts of a lar

ner is asleep
rated circuit
darkness fall
d, food will

m is shown b
pad) is used
sensing cir

as two input
rk sensor an
state of the

or releases f

w shows th
sequently th

m of the sens
working. Sho

W
metic With Sw
re actually use
with these and 
bes, transistors
gy and constru
he functions, i
s. The logic pa
rge circuit. Lo

p. A diagram
t will detect 
ls - the moto
 not be rele

below. A m
d as one inpu
rcuit as the o
ts. If both ar
nd the micro
e output cha
food to the h

hat the micro
he motor is 

sors and log
ow and exp

Worksh
witches showe
ed in some ear
similar functi

s and different
uction details 
independent o
art because the
ogic gates are 

m of a simp
when the tw

or allows fo
ased. 

micro-
ut 
other. 
re 
o-
anges to 
hungry 

o-switch ha
off. 

 

gic circuit ab
lain the log

heet: Lo
ed that simple
rly computers,
ions. There ha
t generations o
change while 

of the technolo
ey represent c
drawn with  

ple prototype
wo switche
ood to be rel

s not been p

bove but it 
ic states of 

ogic Ga
e mechanical s
, they are, how
ave been many
of microchips
the function r

ogy used to im
lassical logica

e design is s
s are activat
leased from

pressed and

must clearly
inputs and 

ates 

switches can c
wever, slow. E
y technologies
s. However, th
remains const

mplement the f
al relationship

shown oppo
ted, one by 

m a tube. If o

d that 

 

y 

carry out arith
Even though s
s used in comp
he basic functi
tant, it is very 
function. This
ps, and gates b

osite. 
the dog 

only one 

hmetic. While 
switches are no

mputers to repla
ions have rem
useful to have
 set of represe

because they c

switches 
o longer 
ace 

mained 
e 
entations 
can steer 



• a shape representing the function of the gate  
• two input lines on the left-hand side with circles representing contacts, and letters to identify the input  
• one output line on the right-hand side, with a circle to represent the contact, and a letter to identify the output  

The logical function is made explicit with a truth table. In the truth table, 0 represents false and 1 represents true. 

Here are the most important examples. The name of the gate is its logical function that relates the inputs to the outputs. Take an AND 
gate, for example. Its output is true (1) if input A is true AND input A is true. 

 

1. AND gate. So named because the output is true if Input A is true and Input B is true. In the switch 
worksheet, this was the series connection. This function carries out binary multiplication. 

  

 

 

2. OR gate. This is the normal inclusive or; the output is true if A is true, or if B is true, or if both are 
true. Inclusive means that the case where both inputs are true is included in making the output true. 

  

 

 

3. Exclusive or, or XOR (pronounced "zor"); the output is true if A is true, or if B is true, but not if 
both are true. This function carries out binary addition, except for the carry in the case of 1 + 1. 

 
 
 

 

4. Combining the XOR and AND gates carries out binary addition with the carry. 

 
To illustrate the steering capabilities of gates, we need one more feature, inversion. Any signal line (an input or output) can be 
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0 0     

0 1     

1 0     

1 1     



inverted by placing a circle on its connection to the body of the logic gate. The circle inverts the truth of that input. This means that it 
changes true to false or false to true, before it gets used by the gate itself.  

 
 
5. Using the inversion function, the circuit to the right steers input B to output C if input A 
= 1, or to output D if A = 0. 
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