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Unit 1 Indices and logarithms

L earning Objectives

The students should be able to:

I Usethelaws of indices to solve simple problems.

I Usethe properties of logarithms to solve simple problems.
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Indices

In dealing with expressions containing exponents along with addition or subtraction or
multiplication or division, we work with the exponents first. Lets consider the following

examples.
Examplel1 (a) F-2°=9- =

(b) 2 +5° =16+ =

(© 3x10%=3x = 30000

Example2  Write each of the following in another way by using exponents

(@) (ab)(ab)(ab)
(b) —aaaa
(c) 4ab.4dbaaa

Solution:
(@) (ab)(ab)(ab)=(ab)—
=—b—
(b) —aaaa=-a—

(0 4ab4baaab=%ab—

Example 3  Evaluate each of the following :

@ -3

© -3

© 211°
Solution:;

@ -3=-19*=-133_ . =-

O)(-3)*=(-3(-3(_ ()=
(©21D3=2x12

=2X =
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1 Multiplication of Exponential Numbers
Consider
22=(222)(2222) aa’ = (ad)(aaa)
=2222222 = aaaaa
= 27 = a5
In generdl
2. Division of Exponential Numbers
Consider
4" _ 4444444 a° _aaaaa
4 4.4.4 a® aaa
= 44 = a2
In generd
a” _ _mn
—_—= a
an

Example4  Simplify thefollowing :

19
a) % = 319-11 = L
X?° _ _
D T T —
a10b8 : :
C) a3b5 10- 3b - a.7 b_
Consider —= am"
a
=&, 1)
On the other hand
L T )
a ]
Compare (1) & (2):

whereaisany real numberand a * 0
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For examples,
=1, -3°=1 and 1@ =1
Recall & =A™ ()
a
3 4
Consider 2—4:—2>sz -1 Consider 3—6:—3>6>G>G :iz
2" 2:2:2:2 2 3 3:3:3:3:3:3 3
If we use thedivisionrule (*) If we wisethedivisionrule (*)
2223-4:2-1 3_4:34-6=3-2
4 36
\ ZlZE \ 3'2:i2
2 3
a.O
In general an=d" =—
a
-1
a
o _a"

@y =28 [22=X

Example5 Simplify the following :

@ (&b’ (b) (X7)2(y3)2
Solution ;
@ (&0 = ab— ) (XV)Z(W = Xy
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Example6  Carry out each of the following operation. Write all answers with
positive exponents and simplify where possible.

@ 7t 0 2°
© 5(5% 2°
@ PE
Solutions:
11 a1 1
@ 7= O 2= —
© 5(% =5" 53 o
:51+('3)£2 (d) 22_: =258 =98
o Sy L
—  — 2
3. Radicals

If 2 =y, then x is a square root of y

for example 7% = 49

\ 7=%49 o 7=+49
smilaly, <81 =9 (- 9°=81)

If X2 =y, then x is a cube root of y

for example, 4°=64 (- 364=4)

In general, if X" =y , where n is a positive integer, then x is a " root of v.
for example, 2*=16

\ 416 =2
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Example7  Find the values of the following :

@ %64
(b) /100000
© 4B1
Solution : €) 8f64 = .
( o 20 =64)
()  %100000 =
( -+ 10° =100000)
(o 48l=___
(- 3-=81)
Consider 144=9:16
and 44 =12
J9 /16 =34
=12
\ 144 =[916
J9X6=3x4
Ja
ngenerd | Jab = Jadb f _Ja
9 0o
Note that Ja+b1? J§+JB
eg. J25=4/16 +9
but 16 +/9=4+3=7
J25 =5
\ 16+91 416 ++/9
a_1a
In generd nf— = “ab:«/ER‘/B
9 b~ Yo

Example8  Find the values of the following functions :

@ f(x) =\/g when x =25
(b fx)= X°> whenx=0027
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Solution @ f(25) = é:%
=2
3
b)  £(0.027) =s| -2 = J2_7
3
=i or 0.3
4. Fractional Indices
Consider éa“i =a"
%]
—al=a
L
a" =4a
Smilaly, @™ =@®a)" = Ya"
Example9 Evauatethefollowing:
3 2
€) 814 (b)  1000°
Solutions:
3
@ 8le=(4__ P=()°= (b 1000
1
© aeigE 9 _ 49 _ 3
3y N

[SIRN]

©

20 ¢
£54

R )=019*=___
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Example 10 In the compound interest formula A = P (1+1)" , if A =54874.32,
P =25000, n=6, findthevaueof r.
Solution: A=P(1+)
54874.32 = (25000)( 1 +r )°
54874.32 _ (1+r)6

25000
\ 147 = 6/54874.32
25000
1+r=__
r=_ -1
=014

5. Definition of Logarithms

If anumber X =&, whereaispositiveand a? 1, theindex yiscaled the
logarithm of the number X to the base a. In symbol, y = log X.

N.B. logaX is undefined only for positive values of X

For example, 2=8
\ logp8=3
F=81
\ log8l =4

Whenthebase a isnot stated in  logaX, it may be assumed a=10. Thisiscaled the
common logarithm.

For example, log 1000 = logp1000
=3

log 0.01 =-2
_ 10
102: &_+:
( 07, —

)
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6. Properties of Logarithms :

w NP

log.a=1
loga1-0
logaMN = logaM + log:N

Ioga% -logsM - log:N

logaX" = N logaX

Example 11 Find the values of the following:

Solution:

@ logy11 + Logygeig
elly

(b) log6 — log60
(© logs125

@ logy11 + log, &L 9
ellg

logr gtl' i%: logrl=_

[%]
(b) log 6 — log 60
Iogi= Iogi
- 10
loglot=_
(c) logs125
= logs5°
=3log__
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Example 12 In the compound interest formula A=P(1+r)",if A = 20000,
P = 10000,

r=12%, find n correct to 2 decimal places.

Solutions: A=P(1+r)

20000 = 10000 (1 + 12% )—
20000 _ (1+0.12)"
10000

2=(112)"
Taking logarithm on both sides, log2 = log(1.12)"

log2 =nlog 1.12

n= log 2
logl.12
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