CHAPTER TWO
BASIC ALGEBRA

Summary
Rule 1 A x gt = am+n
Ruki 2 ﬁ: amvn
aﬂ

Rule 3 T :L

am
Rule 4 2'=1 encep ot o S e[?_q-crur" [50m
Rule 5 (am)n = i

Rule 6 e n-\/am

Denary System

We are used to calculating in Base 10 (Denary). In this base, we use the 10
digits 0, 1, 2, 3, 4, 5,6, 7, 8 , 9. When adding or multiplying, once we get above
9, we have to write down the right hand digit and catry the left hand digit to
the next column.

For example take the number 13, write down 3 and carry 1. This is because WE,)/
have 3 units and 1 ten. '

b

A\

O™

Since early school years, we have been familiar with the column heads
Thousands, Hundreds, Tens and Units, under which we arrange the digits of
large numbers. If we convert these headings into powers of 10 we get:

3 by O
l[o7 d[EA puT }_l\\”\‘-)

Thousands Hundreds Tens Units
10° 10° 10 10° &
So 2368 = 2 K 6 8
ie. 2x10°  + 3x10° + 6x10' + 8x10
In the Base 10 (denary) system, _the highest value digit in any column is always /
one less than the base number. 1.e. 10-1=9

So for other number bases, we would expect the same ruling.

Base 2 (binary) highest value digit 1s 2 - 1 =1. So in the binary system we use
the two digits 0 and 1.

Base 8 (octal) highest value digitis 8 - 1 = 7. So in the octal system we use the
digits 0, 1,2, 3,4, 5,6, 7.

Base 16 (hexadecimal) highest value digitis 16 - 1 = 15.
So in the hexadecimal system we use the digits, 0, 1, 2, 3,4, 5, 6,7, 8,9, 10, 11,
12,13, 14 and 15.
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Some ambiguity arises here and 10-15 are represented by A-—F. This is
explained in more detail in the Base 16 section.

So summarising the columns for the various bases we have:

Base 10 10° 10* 10° | 10 10" 10°

Base 2 o 2! 9 e gl a0

Base 8 8° g* 8’ 8’ 8! g’

Base 16 16° 16" 16° | 16 16" 16°
Binary System

As already discussed, since the Base is 2, the highest value digitis 1. So in Base
2 only the digits 0 and 1 are used.

Conversion of Base 10 (Denary) to Binary

To do this we repetitively divide the Base 10 number by 2, noting the
remainders and reading them from the bottom up.

\L\ﬂ

Example Convert 45, into Binary. GEMMP’;‘. Convert g? 10 ""? Biacr 9
)87 o
2)45 D63 M :
221 1 2
e S 5
211 r0 4 ) (O 9
2 1 o2
D 31 co &
pip o A
2 1 0 | ie 101101, 1010141
0 r1 z
Conversion of Binary to Base 10 let Convert 1010111 4o Rase 10
x;;m %ﬁxzo ,Emme onv 2

2 .
Example Convert 1111, to Base 10. 4)(26'?’ OK25+1X24+ 0)‘23*“214' A2+ Ix2

1111, =1x2> +1x2%2 +1x2" + 1 x2° 6l +O +4L+O +(+2+1 :‘5?10
=1x8 +1%x4 + 1X2 + 1x1 Fomple’ Coavert 110440440041Z~t° B oseto
) 1+4XZ' -? 0x29+4xz?+ 1x T+ 0x25% 1P lx Leoxth bxi'*rbtz*
20684 1024+0+25b+1B+0+ 3L+ {(+O + DAY 249 *T
35 o‘-l;,b

=8+4+2+1
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Octal System

Since the base is 8, the highest value digit in any column is 7. So in Base 8 only
the digits 0, 1, 2, 3,4, 5, 6, 7 are used.

Conversion of Base 10 to Octal

In this case we repetitively divide the Base 10 number by 8, noting the
remainder and reading them from the bottom up.

' nto Base®
Example Convert 158, into octal. JEMMP“~ Convert 53510 e
$)535
6, *, 102%
8)158 %-g— (C—‘ %
3 (o)
8)19 6 ie. 236, L

8 o 1
8)2 I3T

0 2,

Conversion of Octal to Base 10 X ,} 5 "
Example .,‘T'-?CO MP‘C! CDnV,ut 40?’?8 INYo - e

) 2 A o
x 8= 51240416+
Convert 6424 to Denary (Base 10). 1x3 +0x%+243 +7 1 :

_ 535,
2 1 0 410
642, =6x82+4x8 +2x8
=6X064+4x8+2x%x1
=384 +32+2
= 4138,
0O t 2

Since each octal digit 0—7 can be encoded in 3 binary bits: 1.e. 000, 001, 010,
011, 100, 101, 110, 111 there is a simple correspondence between octal and
binary."In other \VOI’C@: any octal number can be converted to binary and vice-
versa.

4 3 1
So 431, becomes 100 011 001,

- gy R
And 2571 becomes 010 101 111 001,

Laomple’ 40?,1 1nto Bimey systen
001 000 010 11 2
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Conversely if we want to convert a binary number into octal we split the binary

numbers into groups of three, reading from the right hand side and treat each
group as a separate binary string.

111]010(110] 001,

L S B N

This method also affords us another way of converting a Base 8 number into
Base 10, but this time via Base 2.

For example,

40 B0kl
431, = 100 011 001

We then read the binary part as a complete binary string:

100011001,

=1 X2+ 0x 2+ 0x 24+ 0x 2P+ 1 x 21 x 22+ 0x22+ox 2+ 1 x P

=256+0+0+0+16+8+0+0+1

=281, ’?2
Hexadecimal System S
Conversion of Base 16 to Base 10 "f&
Since the base is 16, the highest digit in any column is 15. So in Base 16 only A
the digits 0—15 are used. {
é%ﬂm 'e " {”t ?9 "’0 EOSQ h
Example 1 46,,=4 x16' + 6 x1¢° SAAmP= Cfm 1 T
418, = 4x1b + 716+ 9x1€ = {024 +1U2+9
- 10
— 10 A:40 Efrz gExDNP(Q‘, 2AF646 +° EQ)( 1D
B-4 - 2 1 e
c=1" €= 15 Q-AFé,u:Z}'IG%'- 10)&1‘{’19)(4(- +EX1‘
Example 2 279,,=2 X 16°+ 7 x 16! + 9 x 16’ _ @131 +15L0 +30+6
=2x 256+ 112+ 9 =1099%,,
=512+ 112+ 9
= 633,
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However if we consider 114, there is a clear-cut case of ambiguity implied in
the values 10-15.

| 114, could be 11 x16" + 4 x16°  or 1 x16' + 14 X 1¢°
|

In order to avoid confusion number 10 is replaced with letter A, number 11
with letter B, 12 with C, 13 with D, 14 with E and 15 with F

So the digits used in Base 16 are:

0,1,2 3, 4,5 6,7,8 9, A B, C, D,E F
oM 11 11% 15

Conversion of Base 10 to Hexadecimal

v This is a similar method to the other bases, we repetitively divide by 16, taking
- stock of the remainder and reading from the bottom up.

Example 1  Convert 342, into hexadecimal. £ MMP‘C: 1099 810 4o Hexadedmal

16)1039%
16342 D¢t 6 2 (19 (15) L{

Y6zt
®)er TS| 24F,
1621 16 156
16 10 Q 16
16)1 r5 o [z %
0 rl

Example 2  Convert 175, into hexadecimal.

10175 *
1010 tI5F e AF,

: 0 r A

,,f However since each hexadecimal digit can be encoded in 4 binary bits, 1.e. (0—
b 15 can be represented as 0000—1111) there is also a simple correspondence
F between hexadecimal and binary: ie. any hexadecimal number can be
converted to binary and vice versa.
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6 o = (o) '405: AZ:C—
cuarTER Two SO H 14on=12 =D
0640 = % 1110=14 =¢
o011 = Af - AC —
0100 = 4 v =t
ol 0101 =5
ie. 1561620001 0101 0110 01 10 = ¢
3 9 8 7 04 11 ="%
And 39871620011 1001 1000 0111 4000 =9
1601 =9
[o10=10=A
1011 =1=08

Conversely, if we want to convert a binary number into hexadecimal, we split
the binary number into groups of four, reading from the right hand side and

treat each group as a separate binary string. Fotom P\z . Conv vt 2 A¥ 616 }o Binse j

2 A F
011101101101 |1110 0010"‘040'“44\0“02

7 6 13 =74
7 6 DR

Once again this method affords us another way of converting a base 16
number into base 10 but this time via base 2.

)

For example,

!
%
5 s L !
e L DI BRI :%
We then read the binary part as a complete binary string: f
010101111001, 5

=1 x2%40x 22+ 1 x 22+ 0x2"+1x20+1x2+1x2*+1 x 2240 x
224+0x 21+1x 2°

=1024+0+256+0+64+32+16+8+0+0 +1

=1401,,

Decimal to Binary (Bicimal) Conversion

The conversion requires separating the integer (i.e. whole number part), and
fractional part. The fractional part is found by successive multiplication by 2
and accumulating the digits obtained. The integer part is found by successive
divisions by 2 and accumulating the remainders.

134
Copyright © Cardiff and Vale College 2011 Al rights reserved www.part66.com



Integers (= by (2))

CHAPTER TWO
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Example 1 Convert 43.5625 into bicimal.

Fractions (x by (2))

2)43

Most
0.5625 x 2 =1.1250 Signiflcant

Bit
2 > 15 | 0.1250 x 2 = 0.2500
2)10 r1 0.2500 x 2 = 0.5000
23 5 el 0.5000 x 2 = 1.0000
2) 2 ¢1
| 2) 110
| 0rl
‘j ™\ Most
| Significant
43 '562510 =101011 '10012
Example 2  Convert 15.875;, into bicimal.
Integers (+ by (2)) Fractions (x by (2)) Most
/\ . .
2) 15 0.8750 x 2 = 17500 > gniicant

2) 7 vl
Z) Gl
2) 1r1

0rl

\ Most

0.7500 x 2 = 1.5000
0.5000 x 2 = 1.0000

Significant

15875, =1111-111,

Note: For integer part read up (from most significant bit)

For fraction part read down (from most significant bit)

Binary (Bicimal) Conversion to Decimal

In the binary system figures to the right of the bicimal point are called

bicimals.
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Example 1

The binary number: 1011.011 represents

B Aan igls il e
Lo s s g e o

=1x2+0x2%24+1x2'+1x2°+0x21+1x2%+1x%x2?
=AU X8 +OX4)+(AX2)+ (IX1)+(0XYa)+ (1 xVa)+ (1 X )

=8+0+2+1+0+0.25+0.125 Eaom le' 110490. 0010141 inko dcc?qml?.

" e A 8 =4 =5 =6 %
=11.375 94 0490. 0010144 :1x25+11141-ox£+1)£2’:Hd.|—07cz-l—0x2+0"7-+1xz+0X7— AT ¥ X2 +1ix2
2

=92 +1b+0+ 4+ L+ 0+ 0+0 5 ox i /3p+ l/éqf Vs
= 560,415 AD.0MIS+0.015615+ 0,00 78425 = 54.139(335
Example 2

111.01101 can be represented as:
Ix2%2+1x2l 41 x2%+0ox2t+1x22+1x23+0x2%+1x2°

=SAXH+ A XY+ A XD+ 0xVe)+ (1 xVe)+ (1xVe)+ (0X)fs) +
(1 %))

M 2

A0y
®

[EA pU® _H‘\j'“’")

=4+2+1+0+0.25+0.125+ 0 + 0.03125
=7.40625

Arithmetical Operations with Binary Numbers
Addition

C ‘)(>L)/l()

2
Zps

Remember from our work in the binary section, the largest value we can have
in any column of a binary calculation is 1.

The columns are:

a)1+0=1, (no problem here, sum does not exceed 1).
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Revision

Basic Algebra

Questions

D)

Three times a certain number x plus five is equal to five times the
number plus two. The correct algebraic expression for this is:

3x+5=5+x+2 AxN+S =S x A+

a.

b.  3+x+5=5x+2 PAXS =52+ T
@ 3x 45 = 5x + 2
2) (3x + 5) — (x + 3) is equal to: 3%-\-&','7(_3 =27 ¥2
2x + 2
b. 2x - 8
(6 2x — 2
3) Which of the following is NOT equal to —xy:
Xy
g ==
3
i
3y
1
g =
3YX

If p =3 and q = 4, then q2 - p2 is equal to:

QPP qxq— PP = 4x6 —3¥3=16-3=7F
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5)  When the brackets are removed form 2(3p - 2q) the answer is:
a. 23p - 22q 2(3p-29) = 2x3P—2x29 = 6P—-49
Op - 4q
c. 6p + 4q

6) When 5x + 3x - 4x is simplified, the answer is:

a. 12x SHAIN-EH = BA-49 = 4%

4x

C. 4x

7) When 8a” is divided by 2a%, the answer is:
2 )

a. 4a —— =£|,

b. 4a

@ 4 7‘3

8) When 4x + 8y is completely factorised, the correct answer is:
a. 4(x+y) LAxBY= QX2AN ¥+ 2X2x2XT

(b)) 4 (x + 2y) = 4XK+4HR2Y
= 4x(o+29) =|4(%r23

c. 4(2x + 2y)
9) When the equation 3x - 8 = 19 is solved, the value of x is:
=19+%

S
O =2+
B 23

=== = S

3

169
Copyright © Cardiff and V' ale College 2011 All rights reserved www.part66.com



CHAPTER TWO

BASIC ALGEBRA

10) When (@(/x + 2) is expanded and simplified, the answer is:

a. 2x+7
2 2
A+ 5)(AAD) = o4 2% +5A+10 = [ A5 F 2+ 10
b. x*+10 ( —
(&) < +7x+10
11) When c is made the subject of the formula L = a, the answer

is:

da
a. c= —
b
b. c¢= 2]
b

(D=5
c= |H
b

bc®
a4

Y T ){———

bc} tad
C’L
e

C =

12) When x* -9 is factorised, the answer is:

a. (x-3)

2 ad

V

&

(

ad

S D

b, x-3)E-3) = w2 A-WN+9= I 6Kty = A —9

© -3 +3) = AP SE=3 = =g

13) Log % is exactly the same as:

a. log(a-b)
b. loga-loghb
. loga
logb
170
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CHAPTER TWO

BASIC ALGEBRA
14) Iflog 4,2 = 0.3010, then log ;, 2000 is:
a. 23010
b. 3.3010
: c. 301

15) 58, expressed in Binary is:

a. 111001

b. 111010

c. 101111

16)

In common logarithmic form the characteristic of the number

0.002968 is:
a. 2

'g b. 3

AALTPIE TN e

C. 2.968

. '\AO )
s

@)

17)  The value of x in log 125 = x is:

a. 5

S

o ’
b//“f) e pur 33P0

(s 8 25

£
///

C. 3

18) The binary number 1110111, expressed as a Base,, i.e. Denary
number is:

a. 121

b. 179

C. a7
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19) When the Octal (Base 8) numbers 37 and 42 are added together,

the answer is:
a. 794
b. 1014

C. 1104

20) When the Hexadecimal (Base 16) numbers 35, and 48, are

added, the correct answer is:

a. 836

b. 713

C. 7D

21)

The decimal value 625 coded in BCD is:
a. 0110 0010 0100
b. 0110 0010 0101

C. 0110 0010 0111

22) In the simultaneous equations x +y = 6,x -y = 2. Ify = 2 then x
is:
a 3
b. 5
c 4
23)

When x° - 2x - 8 is factorised the correct equation is:

a.

b.

(-2)(c-4) = W —fu—2%+E = A —E 3

x+2)x+4 = %?'1'47(4—27(4' gs%”ﬁ-é’l?’g

(&) &9 2t a2 —F =P~ 2% B
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24)  The logarithm of two numbers multiplied together may be found
by:
a. Adding the logarithms of the two numbers together
b. Multiplying the logarithms together
C. Subtracting the logarithms of the two numbers
25) a> x a%is equal to: 5 [ 546 'l
xa’= o =
30
a. a
"
a
15
c. a
9
26) x_z is equal to: ‘)(-6 %9 -2 *
N _— = = 2C
9(?/
18
a. -

11

b.
©
4

1 “' (5:
27) — is equal to: 1 - 1 = A /1 o
\/; ‘/“_' %4/7, &
Yz
a. X
P
2
G X
28) 125" is equal to: o
o =1
a 125"
b. o
©
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1
29) oF is equal to:

Revision

Basic Algebra

Answers

10.
11.
12.
L3,

14.

o
@ ® ® O 60 6 6 ®m 0O ®w = o» w o> 0

15.

174

16.

17.

18.

ji

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

O = O = » O 0O @ O = =W O &
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