MASTERMIND SCHOLARS EDUCATIONAL ALLIANCE
CORE MATHEMATICS
INDICES AND INDICAL EQUATIONS

Mathematics is the language of science, and indices are one of its most powerful tools. Though written as
small numbers, indices play a major role in simplifying large numbers and complex expressions.

Many students find indices difficult because they focus on memorizing rules instead of understanding
their meaning. This file takes a different approach by explaining what indices represent before
introducing the laws. With a clear foundation, the rules become logical and easy to apply.

Indices are used widely in mathematics, science, and everyday calculations. This file guides learners step
by step with simple explanations and examples, helping them gain confidence and clarity.

Welcome to a journey where indices become simple, meaningful, and easy to use.

1.1 LAWS OF INDICES

1.2 MANIPULATING INDICES WITH NUMBERS

1.3 INDICAL EQUATIONS

1.4 INDICAL SIMULTANOUS EQUATIONS

1.5 INDICES INVOLVING QUADRATIC EQUATIONS

Law 1: Multiplying indices

When multiplying indices with the same base, add the powers.

a™ x g = gmtn

Law 2: Quotient Law of indices

When dividing indices with the same base, subtract the powers.

Law 3: Brackets with indices



When a number raised to an index is raised again to another index, the indices are multiplied. Therefore,
(am)n = gmxn

Law 4: Power of 0

Any non-zero value raised to the power of 0 is equal to 1.

a’®=1

Law 5: Negative indices

When a number is raised to a negative index, it is written as the reciprocal of the number raised to the
corresponding positive index.

Law 6: Fractional indices

When an expression is raised to a fractional index, the denominator of the fraction represents the root,

while the numerator represents the power. Therefore, xb is equal to the bth root of raised to the power a.

xs = (Vi)

LAW 7 : INVERSE OF FRACTIONS

When a fraction is raised to a negative index, the fraction is inverted and the index is made positive.

Therefore, (%)_n = (Z)n



EXAMPLE 1
76 x 773
74

Solution

76 x 773
74
Applying Product law of indices (a™ x a™ = a™*™)
76+(~3)
74
73
74

Apply the quotient law of indices (a™ + a™ =a™™")

73-4
7—1
Negative power law (a~™ = aim )
1
771 =2
7
EXAMPLE 2

5" = k Find 51
Solution
5n+1
57 x 51
But5" =k
kx5
5k



EXAMPLE 3
27" = x Find 2""*1
Solution
2n+1
2" x 21

But2 " =x

N



(

(16

EXAMPLE 4

81

16
81

)

Solution

)

100
81

1
100)5
81

)%



EXAMPLE 5

3 1
814 — 273
3 x 23

Solution

3 1
34-><Z _ 33><§

3 x 23
33 -3
3 x 23
27 — 3
3X8

2
24




EXAMPLE 6

ERNLY

Solution

1 8
(16)2 + (ﬁ




EXAMPLE 7

2n+4 —6 X 2n—1
22(n+1)

Solution

(27 x 2%) — 6 x (771)

22n+2

(2" x 2% —3 x 2"
22n X 22
(2" x16) — (3 x2™)
QM2 x 4
16(2™) —3(2™)
4(2m)?
13(2™)
4(271)2
13

4(2m)




EXAMPLE 8

2n+4 —6 X 2n—1

2(n+1)
Solution
n
(27 X 2%) — 6 x (27)
271.+1

(2" x 2%) —3 x 2"
2N X 2
(2" x16) — (3 x2™)
2" X 2
16(2™) — 3(2™)
2(2m)
13(2™)
2(2m)
13

2

EXAMPLE 9

82 x 4n-1
22 % 16

Solution

23(2) % 22(n-1)
221‘1 X 24
26 X 227‘1—2
221‘1 X 24

26+2n—2

22n+4-

22n+4-

22n+4-

V1
1



EXAMPLE 10
3n+1 X 27n+1
—
Solution
3n+1 X 27n+1
—

3n+1 % 33(n+1)
3477.

3n+1 X 33n+3
34n
3 (n+1)+(3n+3)
T
34-n+4
3

3(4n+4)—4n
34
81



EXAMPLE 11

[y

3
16)‘1 16“2
— X 1
(5

Solution

W[ =

Wl

w
I
W=




EXAMPLE 12

53x+5 =
25
Solution
53x+5 =
25
Represent all numbers to have the same base
1
3x+5 —
5 X+ = ?

53x+5 - 5—2

Since the bases are the same equate the powers

3x+5= -2
3x=—-2-5
3x = —7

B 7
@ 2
EXAMPLE 13

3x+5

23x+ _ 22x
8
Solution
3x+5

23x+ _ 22x
23
3x+5

2 X+ 3 sz
23

Simplify the LHS with the laws if indices

2(3x+5)—3 — 22x
Since bases are the same, equate the powers
(3x+5)—3=2x
3x+5—-3=2x
3x+2=2x
3x —2x = —2

x=—-2



EXAMPLE 14

6‘:}:1 = 162x-1
Solution
64;;:'-1 — 162x—1
43:2:1) — 42(2x-1)
43%+3 e

4%

Simplify the LHS using the laws of indices
43X+3-x — g4x-2
Since bases are the same equate the powers
3x+3—x=4x—2
3x—x —4x=-2-3
—2x ==5

e
‘W 2

5
X= =

2

EXAMPLE 15

1
(3n — 1)3 = 2 Find the value of n
Solution

1
Bn—-1)3=2

B

Bn-1)3*3 =123
3n—1=8

3n =

n=

9
9
3
3

n=



EXAMPLE 16

y-2
9y+1 = (i)
27

Solution

y-2
gy+1l — (i)
27

y—2
32(y+1) — (i)

33

32(y+1) — 3_3(3/—2)
Since the bases are the same equate the powers
32(y+1) — 3-30-2)
200+ = =30y —2)

2y+2= =3y+6
2y +3y=6—-2

S5y =4

y:§



EXAMPLE 17

53(x—3) — /54x—7

Solution

53(x-3) — /54x—7

Square both side to remove the square root

(53(x—3))2 _ (W)Z

(53%=9)2 = 54x~7

52(3x=9) — g4x—7

Since the bases are the same , equate the powers

2(3x—9) =4x—7

6x —18 =4x—7

6x—4x=-7+18

2x =11



EXAMPLE 18

32x—1

38x—4 % 36-7X 27%

Solution

32x—1
— 23x
33x—4 % 36-7x =3

32x—1

_ 23x
3x—4+6—7x 3
3

32x—1-(-4x+2) — 33x
32x—1+4x-2 _ 33%

3696—3 — 33x

Since bases are the same equate the powers

6x — 3 = 3x
6x —3x =3
3x =3
x—3
3
x=1



EXAMPLE 19
16 x 2(¢+1) = 4% x g(1=x)
Solution
16 x 2041 = 4% % 8(1=%)
24 x 2(x+1) = 92x ¢ 93(1-x)
24 5 2(x+1) — 92x 5 23(1-x)
Using the product law of indices add the powers for both LHS and RHS
24+(x+1) — 92x+3(1-X)
Since the bases are the same , equate the powers
4+ (x+1)=2x+3(1—-x)
4+x+1=2x+3—3x

x—2x+3x=3—-4-1

2x = —2
v 2
& 2



EXAMPLE 20
3++¥) = 243 and3x + y = 9, find the value of x and y

Solution
30:+Y) = 243
3(x+y) — 35
X+ y =5 -mmeeeees eqn 1
85 ar Y B 9 seemmmememmeemmmes eqn 2

Solving egn 1 and 2 simultaneously using elimination
X+y=5
3x+y =9

—2x = —4
x =2
Subtitute X = 2 into any of the two equations
2+y=5
y=5-2
y=3



EXAMPLE 21

2*x 2Y =16 and3%**
Solution

2 x 2Y =16

2% x 2Y =24

2x+y = 24—

Since the bases are the same equate the powers

32x - 3—()/—1) — 34—

Subtract the powers since the bases are the same and dividing on the LHS
32x—(—y+1) — 34—

32x+y—-1) — 34
32x+y—-1 — 34
Since the bases are the same equate the powers
2x+y—1=4
2x+y=4+1
2x +y =5 -mmmmmmmeoeees eqn 2

1\Y~1 .
+ (5) = 81, find the value of x and y




Substituting x =

Butx = 4—y

1 into equation 1

x+y=4
1+y =4
y=4-1
y=3

Solving eqgn 1 and eqgn 2 simultaneously using substitution method

Making x the subject of equation 1
x+y=4
x =4-y
Substituting the result into equation

2x+y =5

24=-y)+y=5

8—2y+y=5

8—y=5
-y=5-8

Substitute y into the Butx = 4 —y
x =4-3

x =1



EXAMPLE 22

5x -4y = 6
33(r—x) — 3_13

Find the value of x and y

33y—3x — 3—3

Since the bases are the same equate the powers

3y—3x= -3

y—x= =1

—-x+y= -1
x == Tr--2 equation 2

Make x the subject of equation 2
x—y=1
x=1+y

Substitute the value of x into equation 1
5x-4y = 6

I
(o))

51 +y) -4y
5+ 5y-4y = 6
5+y =6

Substitute the value of y into any of the equation



x—1=1
x=1+1

X =

INDICES QUADRATIC EQUATIONS

EXAMPLE 23
8(’5‘%) = px?

Solution

8("‘%) A S

23("_%) = 2x?

23(’5_%) = px”

Since the bases are the same equate the powers

o(+4)-
3x —2 =x?
Representing the equation into standard quadratic form
x2—-3x+2=0
x?—x—2x+2=0
x(x—1)—-2(x—1)=0
x—2)x—1)=0
x—2=0 andx—1=0



EXAMPLE 24

28(x+1) — 23(1—x2)

Solution

28(x+1) — 23(1—x2)

Since the bases are the same we equate the powers

Multiply 15
Add -8

8(x+1)=3(1-x%
8x+8=23—3x2
—3x%2—-8x—-8+3

—3x2-8x—-5

—3and —5
—3x?-3x—-5x—5
—3x (X Q" 5(x + 1)
(=3x—5)(x+1)
—-3x—-5=0
—-3x=5



EXAMPLE 25

32% — 4(3%) + 3 = 0 Find the value of x

Solution
32 —4(3%)+3=0
(3*)*-4(33)+3=0
Let3* =y
y2—4y+3=0
y2—-3y—-y+3=0
yoy=3)-@=3)=0
0-HEF-3)=0

y=landy=3
Ify=3
Let3* =y
*=3
3x — 31
x=1



Let 2¥ = =
2

EXAMPLE 26

2(2x+1) _ 9(2%) + 4 = 0 Find the value of x

Solution
2@x+1) _9(2%) +4 =0
(2¥)2x2-902¥)+4=0
2(2%)2-9(2%)+4 =0
Let2* =y
20?9 +4=0
2y2 -9y +4=0
2y?—8y—y+4=0
2y(y -4 -@=4=0
Qy-Dy-H=0
2y=landy=4

y:% andy=4

Ify=4
Let 2* =4

2% =122

X=2



Ifyz—z

Let3* = ——
4

EXAMPLE 27
4(3%**1) 4+ 17(3*) — 7 = 0 Find the value of x
Solution
4(3%*1)+17(3%)-7=0
4[(3%)? x 3] +17(3%) =7 =0
Let3* =y
4[(?* x3]+17(») —7=0
43(y)* |+ 17y -7 =0
12y2+17y—-7=0
12y2 —4y+21y—-7=0
4yBy—-1)+7By—-1)=0
(4y+7)By—-1) =0
y-1=0
y=1
7

y=—- andyzé

4



