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PREFACE 
 

The book is about Engineering Mathematics 2 Volume 1 on chapter 1 
Indices and Logarithms. This Topic introduces the basic laws of indices 
and logarithms. It also covers their applications to simplify expression 
and problem solving using laws of indices and laws of logarithms. This 
book contains the formulas, examples, exercises and quizzes for each 
sup topic. 
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1) When a number a is multiplied by itself any number of times, aaaaan ××××= ...        (n times), the 
expression is simplified by using index notation. 𝑛𝑛 is a positive integer, 𝑎𝑎 is called the base and  𝑛𝑛 is 
the index             

2)  For example, 

                                   
81

333334

=

×××=
 

 

Where 3 is called the base and 4 is called the index or power. Therefore, 43  is read as ‘3 to the power 
of 4’. 

1.0 INDEX

1

1.1 INDICES

aaaaan ××××= ...  

n
n

a
a 1

=−  

10 =a  

nn aa =
1

 

n mn
m

aa =  

Integer Indices

Fractional Indices



Evaluate each of the following. 

a) 35   b) 4)2(−   c) 
5

3
2






  

d)   08   e) 42−   f) 32.0 −  

Solution: 

a)   12555553 =××=  

b)   ( ) 1622222 4 =−×−×−×−=−  

c)  
243
32

3
2

3
2

3
2

3
2

3
2

3
2 5

=





×






×






×






×






=






  

d)   180 =  

e)   
16
1

2222
1

2
12 4

4 =
×××

==−  

f)   
008.0
1

2.02.02.0
1

2.0
12.0 3

3 =
××

==−  

Evaluate each of the following. 

a) 3
1

8   b) 3
2

27   c) 
3
1

125
64 −







  

Solution: 

a)   288 33
1

==  

b)   92727 3 23
2

==  

c)   
4
5

125
64
1

125
64

1
125
64

33
1

3
1

==









=







−

 

EXAMPLE 1

2

EXAMPLE 2

Solution

Solution

a) 35   b) 4)2(−   c) 
5

3
2






  

d)   08   e) 42−   f) 32.0 −  

a) 3
1

8   b) 3
2

27   c) 
3
1

125
64 −







  



EXERCISE 1

3

http://tiny.cc/C1_Exercise1

Answers

         Find the value of the following: 

a) 34  

b) ( )43−  

c) ( ) 34 −−  

d) 
5

5
2






  

e)
0

357
2







  

f) 4
3

6561  

g) 6
5

262144  

h) 11
5

2048  

i) 5
2

00032.0  

j) 
5
2

243
32 −







  

k) 5
3

1024
−

 

http://tiny.cc/C1_Exercise1
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https://quizizz.com/join?gc=64003101

https://quizizz.com/join?gc=64003101


nmnm aaa +=×  
nmnm aaa −=÷  

( ) nmnm aa =  

( ) mmm baab ×=  

m

mm

b
a

b
a

=







 

1.2 LAWS OF INDICES

Tips! 
Remember that, in general 

 
nnn baba +≠+ )(  
nnn baba −≠− )(  

EXAMPLE 3

5

a)   53 44 ×                                           

   
655364

4

8

53

==

= +

 

b)   736 555 ÷×  

  
255

5

2

736

==

= −+

 

c)   
4
5

125
64
1

125
64

1
125
64

33
1

3
1

==









=







−

 

Solution

      Evaluate the value of the following: 

a) 53 44 ×         b)  736 555 ÷×      c) ( )324−        d) 
3
5

2

3
2

99

9
−

×
 

1) 

2) 

3) 

4) 

5) 



EXAMPLE 3

EXAMPLE 4

6

a) nn 34 55 ÷  

b) ( ) n532  

c) ( )3
1

36 nqp  

d) 122 −− ÷× nnn aaa  

e) nnn 321 1624 ÷×+  

f) 11

12

12525
5

+−

+

× nn

n

 

      

Simplify each of the following: 

d)  
3
5

2

3
2

99

9
−

×
 

3
1

3
1

3
2

3
2

3
52

3
2

9

9

9

9

9

9

3
1

=

=

=

=

−







 −+



SOLUTION

 

a) nn 34 55 ÷  

n

nn

5

5 34

=

= −

 

b) ( ) n532  
n152=  

c) ( )3
1

36 nqp  

( ) ( )
n

n

qp

qp

2

3
1

33
1

6

=

=
 

d) 122 −− ÷× nnn aaa  
( ) ( )

32

122

122

+−

+−−+

−−−+

=

=

=

n

nnn

nnn

a

a

a

 

e) nnn 321 1624 ÷×+  

( ) ( )

n

nnn

nnn

nnn

82

12222

12222

34212

2

2

222

222

−

−++

+

+

=

=

÷×=

÷×=

 

f) 11

12

12525
5

+−

+

× nn

n

 

( ) ( )

n

nn

n

n

nn

n

nn

n

3

)15()12(

15

12

3322

12

1312

12

5

5

5
5

55
5

55
5

−

+−+

+

+

+−

+

+−

+

=

=

=

×
=

×
=

 

7



EXERCISE 2

EXERCISE 3

8

         Simplify each of the following: 

a) nnn bbb 21 ÷× −  

b) caca 233 32 ×  

c) 212 64416 −− ÷× nnn  

d) 1122 8139 −+− ÷× nnn  

e) 113
2

21636
6
1 ++ ÷×





 nn  

f)
nm

nnm
2

245

2
10 ×  

g) 22

13

816
4

+−

−

× nn

n

 

h) ( )
3
1

4

6
1

32

rs

rs −

 

i) 13

42

62525
5

−

−

× nn

n

 

http://tiny.cc/C1_Exercise3

Answers

         Evaluate each of the following: 

a) 4
1

2
1

3 256168 ××  

b) 6
1

3
1

6
1

81279 ××  

c) 4
3

5
1

4
1

512525 ÷×
−

 

d) 
36

2166 23 ×−

 

http://tiny.cc/C1_Exercise2

Answers

http://tiny.cc/C1_Exercise3
http://tiny.cc/C1_Exercise2
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1.3 SOLVING EQUATION INVOLVING INDICES

When solving an equation involving indices, we need to simplify the algebraic expression on both sides of 
the equation before expression in terms of the same base or of the same index and then equating the indices 
or base accordingly. For instance, 

 

 If  𝒂𝒂𝒎𝒎 = 𝒂𝒂𝒏𝒏, then 𝒎𝒎 = 𝒏𝒏 

            If 𝒂𝒂𝒎𝒎 = 𝒃𝒃𝒎𝒎 , then 𝒂𝒂 = 𝒃𝒃 

EXAMPLE 5

11

Solution      a)   164 =x                                 

        
2

44 2

=∴

=

x

x

 

b)   8139 1 =• −xx  

         

( )

3
5
413
33
33
333

413

412

412

=

=−∴
=

=

=•

−

−+

−

x

x

x

xx

xx

 

                 Solve the following equations: 

         a)   164 =x  

         b)   8139 1 =• −xx  

         c)   
9
1273 1 =•+ xx  



EXERCISE 4

Solve the following equations. 

a) 17 23 =−x   

b) 75)25(15 =x  

c) 344 25664 −+ = xx  

d) 32 72981 −= xx  

e) )49(2)7(14 34 xx =−  

f) 0
8
14 2

12 =−−
x

x  

g) 328.4 22 =−xx  

h) mmm 33 33.27
2

=−  

i) 122 34 =− ++ xx  

j) 02422 2343 =−− ++ xx  

12

http://tiny.cc/C1_Exercise4

Answers

Solve the following equations. 

c)   
9
1273 1 =•+ xx  

             

( )

4
3

214

33

33

3
133

214

231

2
31

−=

−=+∴

=

=

=•

−+

−++

+

x

x

x

xx

xx

 

http://tiny.cc/C1_Exercise4


1.4 LOGARITHMS

EXAMPLE 6

13

   Express the following equations in logarithm forms. 
 

    a)   45625 =  

     b)   34
64
1 −=  

     a)        45625 =  

                4625log5 =  

     b)        34
64
1 −=  

         
364log
464
4
1

64
1

4

3

3

=
=

=

 

Solution

In the equation xay = , the number x is called an index. This equation xay = can be written as xya =log   
Then, x  is the logarithms of y  to the base a . 

 
In general, 
 

                                 xyay a
x =↔= log  
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EXAMPLE 7

EXAMPLE 8

Solution: 

   

a)   4
81
1log3 −=  

             

4

4

4

381

3
1

81
1

3
81
1

=

=

= −

 

b)   31000log10 =  

               3101000 =  

 

 

15

Express the following equations in index forms. 
 

          a)   4
81
1log3 −=  b)   31000log10 =  

Determine the value of 𝑥𝑥 for the following equations. 

    a)   4log7 =x  b)   216log =x  

      

     Solution: 

    a)   4log7 =x  

                 
2401

74

=

=

x

x
 

 

b)   216log =x  

         

4

4

16

22

2

=∴

=

=

x

x

x

 

 

 

Solution

Solution



EXERCISE 5

          Find the value of 𝑥𝑥 of the following equations. 

a) x=243log3  

b) 3log6 =x  

c) 3log4 −=x  

d) 4625log =x  

16

http://tiny.cc/C1_Exercise5

Answers

http://tiny.cc/C1_Exercise5


1.5 LAWS OF LOGARITHMS

17

1) yxyx aaa logloglog +=  

2) yx
y
x

aaa logloglog −=
 

3) McM a
c

a loglog =  

4) 1log =aa  

5) 0log 0 =aa  

6) 
N
M

M
a

a
N log

log
log =
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EXAMPLE 9

19

a)   3log srp  
Solution: 

   
sr

sr

pp

pp

log3log

loglog 3

+=

+=
 

 b)   
y

x
p

3

log  

      

yx

yx

yx

pp

pp

pp

log
2
1log

loglog

loglog

3

2
1

3

3

−=

−=

−=

 
 

       

 c)   
y
xa

a

3

log  

         [ ]

[ ]

yx

yx

yxa

y
xa

y
xa

aa

aa

aaa

a

a

log
2
1log

2
3

2
1

loglog31
2
1

logloglog
2
1

log
2
1

log

3

3

2
1

3

−+=

−+=

−+=









=









=

 

 

Solution

Evaluate each of the following by using the laws of logarithms. 

      a)   3log srp  b)   
y

x
p

3

log  c)   
y
xa

a

3

log  

 



EXAMPLE 10

20

Simplify the following logarithm equations to the simplest form. 

      a)   20log5log22log3 ccc −+  

      b)   yxyx log2log3log2 +−  

      c)   c
b

a log
3
11loglog +−  

      d)   xx 84 loglog +  

      e)   aaa 27
2

93 logloglog −+  

 

Solution

Simplify the following logarithm equations to the simplest form. 

     Solution: 

      a)   20log5log22log3 ccc −+  

           

10log

20
52log

20log5log2log

23

23

c

c

ccc

=








 ×
=

−+=

 

 

       b)   yxyx log2log3log2 +−  

           

( )

( )( )

y
x

y
yxx

yxyx

yxyx

4

3

222

2232

232

log

log

logloglog

logloglog

=









=

+−=

+−=
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EXERCISE 6

c)   c
b

a log
3
11loglog +−  

     

3
1

3
1

3
1

log

1
log

log1loglog

cba

b

ca

c
b

a

=


















×

=

+−=

 

d)   xx 84 loglog +  

     = 3
2

2
2

2

2

2log
log

2log
log xx

+  

     = 
3

log
2

log 22 xx
+  

     = x2log
6
5  

e)   aaa 27
2

93 logloglog −+  

     = 3
3

3
2

3

2
3

3 3log
log

3log
log

log
aa

a −+  

     = a3log
3
5  

Simplify each of the following by using the laws of logarithms. 

a) yx bb log2log4 +  

b) zyx 222 loglog3log4 −+  
c) ay xxx log52loglog3 −+  

d) 1log2log
2
1

44 +− qp  

Simplify each of the following by using the laws of logarithms. 

http://tiny.cc/C1_Exercise6

Answers

http://tiny.cc/C1_Exercise6


EXAMPLE 11

22

Solution

Find the value of the following logarithms without using calculator. 

    a)   1296log6  d)   21log12log14log 222 −+  

    b)   
125

1log5  e)   3log445log625log
4
1

999 +−  

    c)   9log27   

 
Solution: 

a)   1296log6  

      

4

)1(4

6log4

6log

6

4
6

=

=

=

=

 

 

b)   
125

1log5  

      

3

)1(3

5log3

5log

5
1log

5

3
5

35

−=

−=

−=

=

=

−

 

 

 

 

 c)   9log27                                   

      

3
2

3log3
3log2

3log
3log

27log
9log

3

3

3
3

2
3

3

3

=

=

=

=
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d)   21log12log14log 222 −+  

      

3

2log3

2log

8log

21
1214log

2

3
2

2

2

=

=

=

=







 ×

=

 

e)   3log445log625log
4
1

999 +−  

     

( )

1

9log

45
815log

81log45log5log

3log45log625log

9

9

999

4
994

1

9

=

=







 ×

=

+−=

+−=
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EXERCISE 7

25

http://tiny.cc/C1_Exercise7

Answers

Evaluate each of the following without using a calculator. 

 a) 243log3  

 b)
32
1log2  

 c) 128log
2
1  

 d) 625log25  

 e) 256log 2  

 f) 1.0log10  

 g) 381log3  

 h) 32log10log22log3 555 −+  

 i) 16log
2
18log4log2 222 −+  

Evaluate each of the following without using a calculator. 

http://tiny.cc/C1_Exercise7
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1.6 SOLVING EQUATION INVOLVING LOGARITHMS 

28

Solution a)   ( ) ( )1log154log −+=+ xx             

           

( )
( )
( )
( )
( )

6
15

156

101054

10
1
54

1
1
54log

1log54log

1

=

=

−=+

=
−
+

=
−
+

=−+

x

x

xx

x
x

x
x

x

 

b)   2)1(loglog 33 =−− xx  

                     

10
9

910

99

3
)1(

2
)1(

log

2

3

=

=

−=

=
−

=
−

x

x

xx

x
x

x
x

 

EXAMPLE 12

           Solve the following logarithms.  

         a)   ( ) ( )1log154log −+=+ xx  

           b)   2)1(loglog 33 =−− xx  

         c)   ( ) 4log3log245log 555 +=−x  



29

c)   ( ) 4log3log245log 555 +=−x  

             

( )

( )

( )
( )( )
( )
( )( )
( )

8

405

3645

1
36

45

5
43
45

0
43
45log

04log3log45log

04log3log245log

0
2

25

5
2

55

555

=

=

=−

=
−

=
−

=
−

=−−−

=−−−

x

x

x

x

x

x

x

x

 



EXERCISE 8

30

http://tiny.cc/C1_Exercise8

Answers

Solve each of the following equations. 

 a) 3log29log 1111 =x  

 b) 2)13(log6log 33 =−− xx   

 c) )5(log1)1(log 1010 −=+− xx  

 d) 02log6log 33 =+ x  

 e) 4log3log2)36(log 555 +=−x  

 f) 2)12(log5log 33 =−− xx  

 g) )3log(2log)13log(4log ++=++ xx  

 h) )12(log1)25(log 22 ++=− xx  

 i) 38log
3
14log =+ kk  

 j) )1(log2)18(log 4
2

4 −+=−+ xxx  

k) 2)463(log 2
10 =++ mm  

l) 496log6log5 =− xx  

Solve each of the following equations. 

http://tiny.cc/C1_Exercise8
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EXAMPLE 13

Given that 32.25log2 = , find the value of each of the following without 
using a calculator 

Solution

     a)   4log5    b)   2log5  c)   55log2  

 

        a)   4log5  

             

8621.0

32.2
2

5log
2log

5log
4log

2

2
2

2

2

=

=

=

=

 

 

        b)   2log5  

             

4310.0

32.2
1

5log
2log

2

2

=

=

=

 

 

          c)   55log2  

             

48.3)32.2(
2
3

5log
2
3

5log
2
15log

5log5log

2

22

2
1

22

==

==

+=

+=
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EXAMPLE 14

           Given 59.13log2 =  and 32.25log2 = , find the value of the following 
without using calculator. 

Solution

a)    45log2  b)   6.0log4  

 

a)    45log2  

          

50.5

32.2)59.1(2

5log3log

)53(log

2
2

2

2
2

=

+=

+=

×=

 

      b)   6.0log4  

         

365.0
2

32.259.1

2log2
5log3log

2log
5
3log

4log
6.0log

2

22

2
2

2

2

2

−=
−

=

−
=









=

=

 



EXERCISE 9

33

http://tiny.cc/C1_Exercise9

Answers

a) Given that 431.02log5 =  and 683.03log5 = , without using a calculator, evaluate 

i) 6log5  

ii) 5.1log5  

b) Given that 63.02log3 = and 46.15log3 = , find the value of  

i) 
10
9log3  

ii) 20log3  

c) Given that ,log3 px = find 627log xx in terms of p. 

d) Given that py =5log  and qy =2log , express 45
10log
y

in terms of p and q. 

e) Given ma =4log , express in terms of a. 

i) 256log a  

ii) a64log4  

f) Given that 123.02log =n and 256.03log =n , calculate the value of 36log n . 

http://tiny.cc/C1_Exercise9
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1. Express the following in the simplest form. 

a) n

nn

2
)2(42 14 −+ ×  

b) aaa log2
2

loglog4 −+  

 

2. Calculate the value of x for the    following equations. 

a) 42 93 +− = xx  

b) 3)15(log4 =−x  

c) )31(log5log)3(log xx −=−+  

 

3. Given 7925.03log4 = and 2925.16log4 = , calculate the value of 9log6log6log 443 −+  

 

4. Write each of the following expressions in the simplest form:  

a)  

4
3

4

4

16
81









−q

p

 

b) qp 88 log
3
1log42 −+  

 

5. Calculate the value of x for the following equations: 

a) 3)72(log3 =+x  

b) 176 12 =+x  

c) ( ) xxxx 22 9327 •= +  

d)  xxx 12525)25( ×=  

4)15(log3 =−x  

e)   4)15(log3 =−x  
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1.   Given 7737.04log6 = and 1606.18log6 = . Determine the value of 3
66 6log32log +  

  without using the calculator. 

2.   State each of the following functions in the simplest form: 

a)   
2781

3
1 ×+n

n

 

b)   mmm 2logloglog5 3 +−   
 
3.   Determine the following equations: 

a)   934 =−x  

b)  x

x

3125
5

125252
=

×  

c)  04loglog
2
1

93 =+ xx  

d)   108log3)2(log 24 =+−x  

 

4.   Calculate the value of p for the following equation: 

           

2log4
2
5log210log2 pppp −=





−

 

5.   Express each of the following in the simplest form. 

a)   132

34

+

−

× nn

n

aa
a  

b)   1212 1256255 −−+ ÷× nnn  

 c)   aaa log2
4

loglog3 −+  

6.

7.

8.

9.

10.
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