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CATE IN APPLIED INDUSTRIAL ELECTRONICS
pIGITAL PRINCIPLES
THEORY LESSON 4

ADVANCED CERTIFI
YEAR 1

e e

BINARY NUMBERS - BINARY ADDITION

—

OBJECTIVES: Al the end of this lesson you should be able TO:

(a)
(D)

(c)
(d)

(€)
(1)

' decimal number (0 1O 127) to its binary equivalent.
Eg::g; gn 8 bit (max) binary number to ILS decimal equivalent.
perform addition with four bit binary numbers.
praw the circuit of @ binary half adder.
show how two half adders can be connected to form a full

adder. _
show how four full adders can be interconnected to add 2,

four bit binary numbers.

1. INTRODUCTION
The decimal number system 1S based on a total of 10 characters,

0

through to 9. Other numbering systems that use any number of

characters are just as valid as the decimal numbering SYSTEM,

and find application in digital circuits.

sy
(al

(D]

(c)

In

techniques in adding binary numbers.
circuits that perform binary addition are discussed.

The three most COmMmOnN
stems used are:

The BINARY system. Contains 2 characters, 0 and 1. Used in
logic circuits, and forms the basis for any form oOf
mathematics when considering a digital logic circuit.

The OCTAL system. Contains 8 characters, 0 to 7. Used DO¥
computers, and miCroprocessor based systems.

The HEXADECIMAL system. contains 16 characters, 0 to 9 and
A to F. Used in the same applications as the octal systen.

this lesson the binary system is examined, along Wwith

As well, the basic logic
Following

lessons will examine the Hexadecimal and Octal numbering SysStems

as well as subtraction, division
numbers,

Because digital circuits

system is the only possible number system that can

directly to a digital logi

: ogic circuit, Conversi '
decimal numbers is therefore essential G e e
numerical data within a lo
characters in the binary
expressed

¥ritten in the decimal system 10 c’ s and 0's,

and multiplication of binary

THE BINARY SYSTEM

operate at two levels, the binary

be applied
ary and

€ esse to be able to read
gIC circuit. Because there are only twWO

system, each numeri
using a series of rlcalwhveanlu: rllnt:lus;lfer biz

haracters are available, and

the characters for numbers greater than 9 are written in a
particular order, in which the position of the character within
the number identifies its "weighting". Consider the decimal number
4628, In effect, this number is the sum of:

4 x 10®, 6 X 10%2, 2 x 10", and 8 X 109,
That is, 4000 + 600 + 20 + B8, which equals 46238
«# (note that any number raised to the power of 0 = 1)

This example demonstrates the weighting of each digit in that its
effect is determined by its position within the number. The
jeft-hand digit is the most significant, and the right-hand digit
is the least. In a decimal number, each digit is multiplied by a
power of 10, because the SySTED is based on the number 10.
Thus, "10" is the base, or radix, of the decimal system. In the
binary system, the radix is "2". and each digit has a value within
the complete number equal to its numerical value (either O or 1j
multiplied by its weighting. The important values to know are€ the
various powers of two, the first eight of which are listed below.

o =
2T
S Bl |
Z T AT
gy = 10
2% = 32
e SNy
27 = 128

EXAMPLE: BINARY TO DECIMAL _ i
convert the binary number 101101 to its decimal equivalent.

SOLUTION 2

(a) Write the binary number as shown, and for each ' in the
number, write the value it represents. Then sul these
numbers for the answer.

11.)£32 0116 118 1
it oo

2 + 0 + 8 +

which equals 45i0

' ' | ' jvalent can be
conversion from a decimal value tO 1S binary equiva

done in various Ways, including successive division/multiplication
by 2, a calculator or with the following very simple method:

20




: NAL TO BINARY J o A
5;:?2::5 t?IEEC{IIECimaI number 123 TO 1S binary equival

SOLUTION:

(aj Write the pOWers of 2 across the top of the page:

T T o e . SRR

. . from this 1list that whep
' a2 1 beneath the highest value : g

:E:J?:'acted from the decimal number gives a pOSITIVE answer,

In this example, choose 64 from the list as 128 1S 10O high:

{b)

1D &4 32 1¢ '8 4 2 1

(€]

(d)

1
subtract this value (64) from the decimal number:
123 - 64 = 59

Repeat Step (b) using the result of the previous subtraction
as the decimal number. Write a 0 beneath unused numbers.

1 Ry IR T DR ey S |y S e |

1 1

(€] Subtract selected value from result of previous subtraction:

89 - 32 = 27

(f) Repeat steps (d) and (e) until the conversion is complete:

Thus, next power of two selection is 16: (next less than 27).

1 I -1 e b NS 1 i - SRS TRER T |

1 1 1

Subtracting: 27 - 16 = 11, allowing 8 to be selected:

128 64

RENSLE " A4 s g

1 1

Finally: 11-8 = 3, select
- # : 2' 5
conversion is done. i

) B |

—

=il select 1. 1=1 =0 indi i

L = in
Note the 0 under the unused ‘4’ in gl:gaﬁgtg:
128 4t B4 e |

1 1 1

64 32

Y entering th
keepi € number to be
IS performed. Note tha P;frllﬂ & running total as B bUbCOnverted
1 as the least 0dd decimal] traction

Sl

4.

. BINARY ADDITION

The highest decimal number that can be expressed by N binary

digits (bits) equals 2% - 1. The range of numbers that can be

expressed by N bits equals 2™, (Teacher note: civ
of the above). [ i0te.; give more examples

Biqary numbers dre€ added in the same way as decimal numbers,
using the following rules:

0> 1 =0 y
5w 7B)
1 +0 =1 >
1 + 1 = 0 with a carry of 1
1 +1 +1 =1 with a carry of 1
EXAMPLE: ) 1S B s |
100 3.1 o
\\ "", -\x '\I
el Ek <D
Analysis: The 1st column produced a carry and a sum of 0.
The 2nd column has the sum of 1+1+ carry from
column 1, giving a total of 1 and a carry of 1.
(Note: 1+1+1 = 3 which in binary equals 11).
The 3rd column has the sum of 1 (carry from column
2) +1+0 giving a sum of 0 and a carry of 1.
The 4th column has a sum of 1 (carry from column
3) +1+1, giving a sum of 1 and a carry of 1.
ADDER CIRCUITS

Binary addition is relatively easy to accomplish. The basic
gate used in binary addition is the EX-OR gate and the
symbol and truth table are shown in Fig.l below.

TRUTH TABLE
Als|A®B
A vA 0} 0 0
B gj 0| 1 1
110 1
0
SYMBOL L3 15

Fig.1: The EX-OR gate

the EX-OR gate output obeys the
j.e., 0 plus O = 0, B plus 1l= 1&5
1 plus 0 = 1 and 1 plus 1 = 0. All that’s p;sz;tg gz;utspare
1 Es the carry. The gate that outqus aa; ;ND B

1 is the AND gates THoL! o cu:nzfgéﬂgt capable of adding
'paral}el witptthzaﬁx-OR gai?éed. This circuit_ingaléed a
;:ifb;ggzi,b;hiwn along with jts truth table 1in 1G.<-

As the truth table sShows,
rules of binary addition,
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CARKY 1N

TRUTH TABLE

r

SUM +7

Al B | SUM | CARRY
[y S—— N s
ADDE ik e
e (R T T 15558 [ B S
oUT I ot 0
CARRY : : v 1
ouT

Fig.2: The Half Adder

The half adder is only able to add two binary bits and

doesn’t allow for a carry in from a previous addition. By
combining two half adders and ORing the Carry Out terminals

from both, the Full Adder ie& constructed. The sum out of

one

half adder feeds one input of the other half adder, giving a

total of three inputs as shown in Fig.3. The truth table
the Full Adder is shown in Fig.4.

for

5 :
& ADDER i “ >
—y }f
L O 1_::33 :

O~ & ADDER

]
e e i L

S

G
'
J
L]
|
t
i
!
'
J
!
t

Fig.3(a): 7he Full Adder

CAREY 1IN

|

: |

)

y CARRY
i

J

5 UM
O

OUT

SUM

CARK
OUT

g ﬂl{fﬁ* OUTPUTS
...{L_ B Cin SUM | Cout
0 0 0 0 0
O 0 ] ] 0
0 ] 0 ] 0
0 1 | 0 1
1 0 0 1 0
] 0 1 0 ]
] 1 0 0 1
1 1 1 ] 1

Truth Table for the Full Adder

Combining full adders to allow the addition of two, 4 bit
binary numbers requires four full adders to be Cascaded, as
shown in Fig.5. The first Carry In terminal is set to a
logic 0 by grounding it, and each Carry Out terminal
connects to the next full adder’s Carry In terminal. The
74L5E3 is a four bit full adder IC used in binary addition.

Ao iy ] Cin O 50
EO Co
@ ]

hﬂ}
B1O Co

Cin -0 53
AO
BzG Co

Cin O Sy
Aj -

Co

210 CDJ O 3

Fig.5: cascading 4 full adders to add two, 4 bit binary numbers




