Partial
Fractions

REMEMBER

Before beginning this chapter, you should be able to:

e State expressions and equations

e Have knowledge of polynomials

KEY IDEAS

After completing this chapter, you would be able to:

e Learn about rational fractions and partial fractions

e Study various methods to resolve polynomial equations
to partial fractions



INTRODUCTION

An expression of the form agx" + a;x"~! + a,x"> + -+ + a,, where ay, aj, ... , a, are real numbers
and ay # 0 is called a polynomial of degree n.

The quotient of any two polynomials f{x) and ¢(x) where g(x) # 0 is called a rational fraction.

In a rational fraction (x)) , if the degree of f(x) is less than the degree of g(x), then the rational

g(x

fraction is called a proper rational fraction or simply a proper fraction.

4(x)

2x+ 3 3
3x2 —5x+2 x—4

Example: are some examples of proper fractions.

(x)
&(x)

If the degree of f{(x) is greater than or equal to the degree of ¢g(x), then the rational fraction
is called an improper fraction.

x24+2x—1 3x24+5x+7 x2+x+1
2x2 —=5x+1 x24+6x+5 2x+1

Example: are some examples of improper fractions.

Note The sum of two proper rational fractions is a proper fraction.

5
Example: and are two proper fractions.
x+3 2x+1

. 5 2(2x + 1)+ 5(x + 3) Ox +17 o .
Consider + = = , which is a proper fraction.
x+3 2x+1 (x+3)2x+1) 2x°+7x+3

That is, a proper fraction may be split into sum of two or more proper fractions, which are also
called partial fractions.

The process of expressing a proper fraction as the sum of two or more proper fractions is called
resolving it into partial fractions.

Note

(x)) is to split into partial fractions, first we divide f(x) by g(x) till we
g(x

obtain a remainder r(x) which is of lower degree than g¢(x) and then we express the given

(x) r(x)

If an improper fraction

fraction as = quotient + ——. Then we resolve the proper fraction into partial
g() 8(x) (%)
fractions.
X
Now let us discuss about the different methods of resolving a given proper fraction ) into
glx

partial fractions.

Method 1

When g(x) contains non-repeated linear factors only: For every non-repeated linear factor

of the form ax + b of g(x), there exists a corresponding partial fraction of the form e
ax



3x+5 ) ) )
Resolve ——————— into partial fractions.
(x +2)(3x —1)

SOLUTION

In the given fraction, the denominator has two linear, non-repeated factors.

.. The given fraction can be written as the sum of two partial fractions.
3x+5 A B

et +
(x+2)3x—=1) x+2 3x-1

= 3x+5=ABx—1)+B(x +2) 1)

Put x =-21n Eq. (1) |
= 3(-2)+5=A4[3(-2)-1]+B-2+2)-1=-7T4 = A= -

Comparing the constant terms on both sides of Eq. (1), we have
5=-A+2B

1
5=—;+2B or B=

. 3x+5
T (x+2)Bx - 1)

2x2 +5x—1 ) )
Resolve 23 —10 into partial fractions.

x2 = 3x —

18

7
118
.3

x +

7 1[ 1 18 }
+ =— + .
2 3x-1 7|lx+2 3x-1

SOLUTION
2x2 +5x—1

Given ————
x2=3x—-10

We can clearly notice that the given fraction is an improper fraction. So dividing the numerator

2x2 4+5x—1 11x +19
s 2+

by the denominator we can express —————— a -
x==3x—10 x—=3x—10

11x +19 A B

et = +
(x+2)(x=5) x+2 «x-5

= 1lx+19=A(x—5)+ B(x +2) )
Putx=5inEq (1) = 55+ 19 = A(0) + B(7)

74
~B=2.

7

3
Againputx=-2inEq. (1) = -22+19=A-7)+B0) = A=;.

2x% +5x—1 3 74
C——— =2+ + .
x% =3x—10 T(x+2) 7(x-=5)




Method 2

When g(x) contains some repeated linear factors and the remaining are non-repeated
linear factors: Let g(x) = (px + q)" (a1, + O) (a5, + ) ... (a,x + ¢,), then there exist fractions

AZ An

of the form , TR corresponding to every repeated linear factor and
Px+gq (Px+9q) (Px +¢q)"
. B B, B, .
fractions of the form ) A corresponding to every non-repeated
ax+oy ax+o, a,x+a,
linear factors where Ay, A,, ..., A,, and By, B,, ..., B, are real numbers.
2x2 —5x+7 ) _ )
Resolve > into partial fractions.
(x+1)"(x+3)2x +1)
SOLUTION
L 2x? —5x +7 A B C D

et = + + +
(x+1)*(x+3)2x+1) x+1 (x+1)> x+3 2x+1

= 2x>Sx+7=Ax+1)(x+3)2x+ 1)+ Blx+3)2x+ 1) + Clx+ 1)> 2x + 1)
+ D(x + 1) (x + 3) 1)

Substituting x = —1 in Eq. (1), we have

2(=1)2=5(=1)+7=A(0)+ B(=1+3)(-2 + 1) + C(0) + D(0) 14 = —2B

B=-7.

Substituting x = =3 in Eq. (1), we get

40 = A(0) + B(0) + C(=20) + D(0) —20C = 40

C=-2.

Substituting x = —% in Eq. (1), we have

10=§D = D=16.

Substituting x = 0, we have
7=3A+3B+ C+3D
Substituting the values of B, C, D in the above equation, we get A = —6.

2x2 —5x+7 -6 -7 -2 16

+ + + .
(x+ 1) (x+3)2x+1) x+1 (x+1)?> x+3 2x+1

Method 3

When g(x) contains non-repeated irreducible factors of the form px? + qx + c
Corresponding to every non-reducible non-repeated quadratic factors of g(x), there exists a partial

Ax+B
fraction of the form ——————, where p, ¢, 4, and B are real numbers.
pxT +gx+c



EXAMPLE 26.4

2x =5
Resolve al 5 into partial fractions.
(x+2)(x" —x+5)

SOLUTION

2x —5 A Bx+C
+

Let =
(x+2)(x?>—x+5) x+2 x>—-x+5

= 2x—5=A—-x+5)+ (Bx+ C) (x+2) (1)
Put x =-21in Eq. (1),
= -9=A(11)+0

=
1
Again put x = 0 in Eq. (1), we have
—5=5A4+2C
-9
—-5=5x—+2C
11
- c=2
11
Comparing the coefficients of x* on both sides of Eq. (1), we have A+ B=0
= B=—A=2.
11
A
. 2x—5 -9 +11x 11_l[ 9x—5_9}
422 -x+5) Ux+2) x2-x+5 11lx2-x+5 x+2]

Method 4

When g(x) contains repeated and non-repeated irreducible quadratic factors of the
form (px? + gx + r)": Corresponding to every repeated irreducible quadratic factor of g(x) there

rxtaq Xt PuX + 4y
(px2 +qx+r)’ (px2+qx+r)’ ’ (px2+qx+r)”

exist partial fractions of the form , where py,

P2y --es Py and gy, go, .., g, are real numbers.

2x+1 ) ) )
Resolve m into partial fractions.
X X

SOLUTION
2x +1 A +Bx+C Dx+ E

Let = + .
(x+3)x2+1)72% x+3 x2+1 (x> +1)
= 2x+1=A+ 12+ (Bx+ O)(x+ 3)(x*+ 1) + (Dx + E)(x + 3) (1)




Put x = -3 in Eq. (1),
-1
= -5=1004 = A=—.
20

Comparing the coefficients of x* on either sides of Eq. (1), we have

0=A+B = B= i
20
Comparing the coefficients of x* on either sides of Eq. (1), we have

0=3B+C = C=_—3.

20

Put x =0 in Eq. (1), we have
= 1=A+3C+3E = 3E=1+i+i
20 20

= E-t.
2

By putting x =1 in Eq. (1), we have
3=4A+8B+8C+ 4D+ 4E

3= ws( 2 rana( )
20 20 20 2

4 8 24

+———4+="_-2=4D
20 20 20
2 1
_Z—E.
-t o x_3 1.1
2x+1 _20 .20 20, 2 2

AN w43 x4l (A1)
-1 (x —3) (x+1)
= + + :
20(x+3)  20(x2+1)  2(x% +1)>

EXAMPLE 26.6
3x% =3x—11 : .
Resolve ————————into partial fractions.
(x+3)(3x +4)
1 2 1 1 2 1
) ——+— - ) — -2
x+3 3x+4 (Bx+4) x+3 3x+4 (Bx+4)
1 2 1

(c) (d) None of these

+ —
x+3 3x+4 203x+4)?
SOLUTION
3x% = 3x—11 A N B C

et = + .
(x+3)3x+4)? x+3 3x+4 (Bx+4)?

Consider
3x2 = 3x—11=ABx + 4%+ Blx +3)3x + 4) + C(x + 3)
= A(9x> + 16 + 24x) + B(3x> + 13x + 12) + C(x + 3)



Comparing coefficient of x2, coefficient of x and constant terms

We get 9A+3B=3 (1)
24A4+13B+ C=-3 ()
16A+ 12B+3C=-11 (3)

Solving Egs. (1), (2) and (3), we get
A=1,B=-2,C=-1

3x2 =3x—11 1 2 1

(x+3)Bx+4)? x+3 3x+4 (But+4?

EXAMPLE 26.7

If a - P QAR ST e P+ Q-R—-S+T=
x-DE2+1)? x—1 241 @2+ 0 B
5 3
9 8

(C); (d)g

SOLUTION

S

(x = 1)(x2 +1)2
P Qx+R  Sx+T

= + + .
x—1 (x®+1) (2% +1)

Consider

x=P>+ 12+ (Qx+ R)(x*>+ 1)(x— 1)+ (sx+ T)(x— 1)

Putx=1,

1
= 4P=1 = P:Z

Equating the coefficient of x*, the coefficient of x%, constant term and the coefficient of x>
from both sides.

1
P+Q=O,i.e., P=—Q R Q:—Z
. -1
-Q+R=0,ie.,Q=R, .. R:T'
P-R-T=0,1ie, T=P—-R
1
T=-.
2

2P+ Q-R+S=0

That is, S=-2P = ?

1 1 1 1 1
P+Q-R-S+T=-——+—4—+—=
4 4 4 2 2

o




EXAMPLE 26.8

9x —13 A .

If > = + , then A + Bis

x—=2x—-15 x+3 x-5
(a) 9 (b) 13
(c) 12 (d) 8
SOLUTION

) 9x —13 A B
Given, =

= + :
x> =2x-15 x+3 «x-5

Consider 9x — 13 = A(x — 5) + B(x + 3)
9x—-13=Ax—-5A+ Bx + 3B

Comparing the coefficients of x, we get

A+ B=9.
EXAMPLE 26.9
X
Resolve ——————————into partial fractions.
(x =2)(x~ +3)
1 2 2x+4  12-2x 1 2 2x+4  12-2x
(a) T2 T3 2 (b) T2 T2 2
49| x-2 x"+3 (x°+3) 49| x-2 x"+3 (x°+3)
1 2 2x+4 12-2x 1 2 2x+4  21—-14x
0 t T > (d) — ) T3 >
49| x-2 x"+3 (x°+3) 49| x—-2 x"+3 (x°+3)
SOLUTION
x A Bx+C Dx+E
Let——>5——5 = 5 +— 5
(x = 2)(x~ +3) x—=2 x°+3 (x"+3)
Consider

x=A>+3)2+ (Bx+ C) (x—2) (x>+ 3) + (Dx + E)(x — 2)
Put x =2, we get

-2
49°
Comparing the coefficients of x*, x?, x? and constant terms, we get
A+B=0 = .. B:—l.
49
4
-2B+C=0 = C=-——.
49
6A+3B—-2C+D=0
-1
~ . p=_H4
49
and —6C—-2E+94=0
21
E=—"

49



_r
(x —2)(x2 + 3)?
2 2 4 14 21
— — X —— X+t —
__49 49 49 . 49 49
x—=2 x2+3 (x% +3)?
2 2xt4 20—
49(x —2)  49(x2+3) 49(x2+3)2

EXAMPLE 26.10

1 A B C
If = + + ,then A+ B+ C=
1-x)1-2x)1-3x) (I1-x) (1-2x) (1-3x)
(a) O (b) 1
(c) —1 (d) 2
SOLUTION
1 _ A B + C

A=) =200-3%) 1-x 1-2x 1-3x

A1 =2x)(1=3x)+ B(1 = 3x)(1 —x) + C(1 — x)(1 - 2x)
(1—=2x)(1—-2x)(1-3x)

Consider

Al =2x)(1 =3x) + B(1 =3x)(1 —=x) + C(1 —=x)(1 = 2x) =1

Comparing constant terms, we get A + B+ C=1.
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TEST YOUR CONCEPTS

Very Short Answer Type Questions

1.

Short Answer Type Questions

16. Resolve into partial fractions:
17. Resolve into partial fractions:
18. Resolve into partial fractions:
19. Resolve into partial fractions:

20. Resolve into partial fractions:

. The partial fractions of

Improper fraction is a fraction in which the degree
of the numerator is than or equal to the
degree of denominator.

. Improper fraction can always be written as the

of a polynomial and a proper fraction.

Ax+ B

:Xf4

has

terms.

A proper fraction is one in which the degree
of numerator is than the degree of
denominator.

. A proper fraction may be written as the sum of

The number of terms of the partial fraction of
X3 _
is .
(x=12x=3)(x—4)
2(x2 +1 1
. The partial fraction of (x3 ) is S()
x” =1 x—=1  g(x)

Then the degree of f(x) is

. There are three terms of partial fractions of the

proper fraction x)' Then the degree of the

3
X
polynomial f(x) would be .
x? =2x-9 2x =3 A
3 == + , then A
(x*+x+6)(x+1) x"+x+6 «x+1

18

, , 3x2+4
10. If  the  partial fractions of ———1Is
3 A (x=1)
+ + , then A =
x—=1 (x=12% (x—1)7
Sx) . . :
11, If— is the partial fraction of ——,
x“=x+1  f(x) x” +1
then f(x) is .
DI ax? +bx + ¢ _ f(x) N g(x) N h(x) ’
(x+1)(x%>=3x—4) x+1 x+4 x-1
then the degree of f(x), g(x) and h(x) is .
2x2 +3x +4 A 2 5
13 1f = + — -
(x+2)* (x+2) (x+2) (x+2)
+ ,then A =
(x +2)*
x> a? B
M. If—=1+ + , then
(x —a)(x—b) (a=b)(x—=a) (x=0)
Bis
4
B
15. If ——— = f(x)+ ——+———, then the
(x+1)(x+2) x+1 x+2

degree of the polynomial f(x) is .

xz—az

2x +5
x24+3x+2

Ax+4
xZ+x—-12°
2x2 4+5x+38

(x =2)°

x+1
(x +2) (x> +4)

21.

22.

23.

24.

Find the value of A, B and C if

2x% —x =10 A B N C

(x=2) (x=2) (x=272 (x=2)

x+5 A
If( 1)2 - x—1) + o1y , then find the values

X — X — x —
of A and B.

+b
Find the partial fractions of ax—z’ where a4 and
b are constants. (x=1)
2x2 —3x+3

Resolve into partial fractions: — > .
x7 = 2x° +x



25. Resolve into partial fractions:
26. Resolve into partial fractions:

27. Resolve into partial fractions:

Essay Type Questions

31. Resolve into partial fractions:

X2 +9x2 +26x + 24

34

x% +5x+6 ) ) ) 242 + 4

- - 28. Resolve into partial fractions: ——————.

x> =7x—6 x* +5x° +4
X3 . ) . 2x+3

—_— - 29. Find the partial fractions of —————.

(x+1)(x+2) x"+x+1

x+1 . ) )

PR 30. Resolve into partial fractions: —; .
x” =1 X"+ x
3x% +4x+5 x2 =3

. Resolve into partial fractions:

X2 =2x2—x+2

. ) . x?—-x-1 4 +1
32. Resolve into partial fractions: ——— T 35. Resolve into partial fractions: ——————.
A (x —2)(x +2)
) . . 3x +4
33. Resolve into partial fractions: —5————.
x” =2x—4
CONCEPT APPLICATION
. . . a2 +x+1
1. Resolve e into partial fractions. 3. Resolve W into partial fractions.
— X —
(3) —— — 1 UL S
- a
3(x—=3) 3(x+3) vl (12 (1)
b) 2 AL - S
2(x—=3) 2(x+3) (x=1) (x- 1)2 (x — 1)3
©—— 1 g3 3
- c
6(x 3) 6(.’X‘ + 3) x =1 (x _ 1)2 (x _ 1)3
1 1
(d) + i 2 + 3 N 3
6(x =3)  6(x +3) TR T
2x+3 . .
2. Resolve — into partial fractions. 3x+2 . A
x2 —6x + 4. Resolve — Ry into partial fractions.
x x
1( 13 5
(a)Z( —5 —1) @ — :
X X (x+2) (x+3)
5 13
T 0) b —
x=5 Ax-1) (x+3) (x+2)
13 4
(c) - © 4 7
5(x—1) 5(x—5) (x+3) (x+2)
5 4 7 4
(d) - d -
(x=5) (x-=1) (x+3) (x+2)

v
Z
o)
-
w
LLJ
=
o
LA
v
-
(§)
<
(24
o




(7]
p 4
O
-
(7]
L
=
o
LA
=
-
O
<
(-4
o.

5.

6.

Resolve into partial fractions.

x2+x+42
1 1
(a) +
13(x—=6) 13(x+7)
1 1
+
(x=7) (x—06)
1
(x=7) (x=6)
1 1
(@) 13 -
(x=6) 13(x+7)

(b)

(©)

X2 +4x+6
(x® =1)(x +3)
2 mn- 3 N 3

8(x—=1) 21U(x+1) 8(x+3)
m 3 N 3
8(x—=1) 4(x+1) 8(x+3)

m 3 N 3
(x+1) 8(x+1) 8(x+23)

m 3 N 3
8(x—=1) 4(x+1) 8(x+3)

Resolve into partial fractions

(b)

©7

(d)

x+1
x(x =1)(x +3)
-1 1 1
i
3x 2(x—=1) 6(x+3)
1 1 1
Ot
3x 2(x—=1) 6(x+3)
11 1
© 6(x + 3)

into partial fractions.

+
3x  2(x—1)
1 1 1
+

Resolve
x? = (a+b)x+ab

into partial fractions.

9. Resolve into partial fractions.

x2 —5x +

1 : 1
x—3 x-2
1 1
+
x—2 x-3

1
+
x—3 x-2
2 2

+
x—3 x-2

(@)

(b)

(©)

(d)

x+2
x2 —2x-15
7 1
+
8(x —=5) 8(x+23)
8 1
-+
7(x —=5) 7(x +3)
5 1
+
8(x —=5) 8(x+23)

10. Resolve into partial fractions.

(@)

(b)

(©)

(d) None of these

3x2 +2x + 4
(x—l)(x2—4)
5 1 1
+ -
x—2 x—-1 «x+2
5 2 1
+ +
x—2 x—-1 x+2
5 2 1

(©) + -
x—2 x—-1 «x+2
5 3 1

+

e T

11. Resolve into partial fractions.

(@)

(b)

2x +1

x2 —2x —

12. Resolve into partial fractions.

3 1
20x—4) 2(x+2)
3 1
+
20x—4) 2(x+2)
r 3
20x—=4) 2(x+2)

(@)

(b)

(©)

(d) None of these



2x2 +3x +18

13. Resolve V)
(x=2)(x+2)

into partial fractions.

1 x+2
+
20x—1) 2(x*+x+1)

(©

2 > 1 x=-2
O 5 (d -
(x+2) (x=1) 3(x—1) 3(x>+x+1)
2 1 3
(b) + + 5 x—1 ) . .
x=2 (x+2) (x+2) 15. Resolve ——————— into partial fractions.
x7 —3x° +2x
(c) 2 0 1 1
N2 (x+2)° @) .
(x=2) 2x
) 2 B 1 + 3
x—2 (x+2) (x+2) (b) —— —
2(x—=2) 2x
x2—x+1 ) .
14. Resolve ———— into partial fractions. 1 1 1
x” =1 (c) —
(x=2) x-1 2x
R 1 N 2x =2
V3a—1) 3l 4axtl) @ — L
x—2 x—-1 2x
1 2x +2
(b) PV
3(x—=1) 3(x"+x+1)
x—=b ) ) . X . . .
16. Resolve — into partial fractions. 18. Resolve ——————— into partial fractions.
x° + (a+b)x +ab (x+D)(x—=1)
2a 2b 1 1 1
(a) - (@) >t +
(a+b)(x+a) (a+b)(x+b) 20ix =17 4x-1) 4(x+1)
) a+b 4 2b ) -1 + 1 4 1
(a=b)(x+a) (a—b)(x+b) dx+1) 4x-1) 2(x—1)7
a+b 2b -1 1 1
(© - (© + + P
(a=b)(x+a) (a—b)(x+b) 4x—=1) 4x+1) 2(x-1)
(d) None of these (d) None of these
x+1 . . 3x =5
17. Resolve — into partial fractions. 19. Resolve — into partial fractions.
x° = x“+3x+2
3 1 7 5
(a) + (a) -
2(x—=2) 2(x+2) x+2 x+1
3 1 -8 11
(b) - (b) -
2(x=2) 2(x+2) x+2 (x+1)
3 1 1 8
(c) + (©) -
Hx=2) 4x+2) x+2 x+1
3 1 7 5
(d) - (d) —
4(x—=2) 4(x+2) x+2 x+1

(7]
Z
o
=
(7]
I 1]
=
(¢
Ll
O )
=
O )
<
(4
.
Vi




3x+5 3 5

20. Resolve ——————into partial fractions. (a) > t—
x~ +8x —20 2(x+3) 2(x”+5)
@ 1 N 25 ) 3 N 5
Y 24(x—2)  24(x +10) 262 —3)  2(x2+5)
1 25 ) 7
(b) t OS2 xT52
6(x —2) 6(x+10) 2(x* +3) 2(x>+5)
1 25 7 3
(c) + _ @53 T2
12(x+2) 12(x—10) 2(x*+3) 2(x~+5)
) n_ 2 3x+1 _ _
12(x=2)  12(x +10) 25. Resolve — 17 into partial fractions.
ax + b? (a) 4 - 3
21. Resolve m into partial fractions. (x=1) (x—1?
a® + ab + b> a® + ab — b> (b) > - ! 5
(a) + (x=1) (x=1)
2(a+b)(x —(a+b)) 2(a+b)(x+(atb)) 3 3
b — el Ve e
2(a+b)(x—(a+b)) 2(a+b)(x+(a+D)) 3 4
© a? —b? N a* +b? (@) (x=1) " (x—1)2
2(a+b)(x—(a—b)) 2(a+b)(x+(a+D))
3x2+14x+10 A B C
d) None of these 26. If $=—+—+—, then A, B
(@ x2(x +2) x  x? x+2
22. Find the constants a, b, ¢ and d respectively, if and C respectively are
1 a b o +d 9 3
T =— + 5 . (@) =,—5,—
xT-x x x-1 x"+x+1 2 2
)
1 -1 =5 9 _ -3
(a) _1’_’_’_ _’5’_
z 32 6 ®) 2 2
o 1 -15 9 3
| (b) _175’?76 (C)_a_a_S
= 2'2
) -115
—, =, = -9 -3
u (C) 1’ 5 ) (d) Ty T
3 26
: 2 2
one of these _
o d) None of th o 2wl A B c_ .
3 27. 1 —— = — =, then
23 f— = Ax+B+ c n D then (x + 1) (x —1) x—1 x+1 (x+1)
[TT] (x =1)(x=2) x—=1 x-2 A, B, C respectively are
@ A, B, Cand D respectively are () 1-13
_— b b
[ o] () 1,3,1,8 42
o ®)1,-1,3,8 mil3
g 4742
() 1,3,-1,8
o ) —1,-3,1, 8 0122
m > s 1y C 4, 5 5 4
2x%+3
24. Resolve 4x—2 into partial fractions. 155
x* +8x2 +15 D57




28. Resolve

29.

30.

31.

ax—b
1)?

into partial fractions.
(x +

a a+b
+
x+1  (x+1)7

(2)

a a—b
+
x+1  (x+1)?

(b)

a a—>b

x+1  (x+1)7

(©

a_a+b
x+1  (x+1)?

(d)

4x2 +3x+2
(x —4)°
25 59 78
+ +
dx—4) 2x—4) (x—4)
25 69 78
- +
4(x—4) 2(x- 4)2 (x = 4)3
35 69 78
+ +
4(x—4) 2(x-— 4)2 (x— 4)3
4 35 78
+ +
x—4 (x—4)?% (x—4y

Resolve

(2)

(b)

(©

(d)

Resolve 5
x° =7x -

1 1 1
(@TI -
x—9 x+2
1 1 1
(b) — +
11\ \x—-9 x+2

1( 1 1
© -
1\x+9 x-2

1 1 1
(d) — +

11\ x+9 x+2

10
x? -

1 3 1
x—5 «x+5

1 2
+
x—5 «x+5

1 1
+

x+5 x-5

Resolve s into partial fractions.

(2)

(b)

(©

(d) None of these

into partial fractions.

into partial fractions.

32.

33,1

34.

35.

2x
3(x = 1)(x - 3)
1 1
Xx+3 3(x+1)

Resolve into partial fractions.

(@)

1 1
x—3 x+1

1 1

-3 3(x-1)

1 2
x=3 3(x-1)

X 4 +
(x+2)(x+3) x+3 x+2

() 4

(®) 5
(c) =6
(d) 2

Resolve into partial fractions.

(x+2)(x+3)
(Qs(x12+x13)
(w5(x12_x13)
@ﬂo(xiZ_xl3)

(d)lO( ! + ! )
x+2 x+3

Resolve into partial fractions.

x% —7x+12
1 1
x—4_x—3
1 1
x=3 x-—4
1
-4 x-=3
1 1
x+3 x+4

(@)

,then A — Bis =

(7]
Z
o
=
(7]
I 1]
=
(¢
Ll
O )
=
O )
<
(4
.
Vi




3 2
36. Resolve a2 2 into partial fractions. (c) e + 1)
1 1 3 2
+ (d) -
@ 5(x2—4)  5(x2+1) (x=1  (x=1)
) 1 _ 1 X2+ x+ . . .
5(x2 —4)  5(x% +1) 40. Resolve 11 into partial fractions.
© 1 1 1 N x+1
c _
4(x>+4) A2 +1) @ 3x+1) 3(x*—x+1)
1 1 -1 2x +2
@t () Y
42 +4) 42 +1) 3(x+1) 3(x"—x+1)
o axes . O L3
37. Resolve P —7r—t into partial fractions. 3x+1) 3(x%—x+1)
1 3 1 (d) None of these
(a) + - 2
- 2x° +8x+13
Hrtl) Ax=3) (x+2) 41. Resolve B LA into partial fractions.
(x+1)° ’
-1 3 1 x
(b) + + 5 5 7
4x+1) 4(x-3) (x+2) @) + +
1 3 { (x+1)?% (x+1)°  (x+1)*
C - +
O 4erD 323 x+2) )2 7
1 3 1 (x+1)? (x+1)° (x+1)*
d — —
()4(x+1) Ax—3) x+2 O——r 7
1 4 (x+2)?  (x+1)7° (x+1)*
LIl 38. If = + , then th
z (a®> —bx)(b*> —ax) a®>—bx b> —ax e (d) 4 ~+ 5 -+ 7 -
o value of A and B respectively would be (D)7 (17 (e +1)
— b a 6x2 —14x+6 ) .
- (a) R 42. Resolve m into partial fractions.
—a —a - -
s b a 2 3 1
oy OS5 53 (@—+—+
- b>—a’ a’—b x x—1 x-2
b a 3 2 1
_ ~+ +
a <C)a3—b3’a3—b3 (b)x x—1 x-2
L b a o 1, 2.3
o) —
2 (d)b3—a3’a3—b3 x x—-1 x-2
T 5 Reone 25 ial fracti @t s
. t t t . -
: esolve 1) into partial fractions I
1 2 3 4
(-4 (a) + 5= 5t 7 43. Resolve ————————into partial fractions.
o (x=1) (x=1)7 (x-1° (x—=1) (x —4)(x” +3)
3 2 1 1 1 x+4
(b) 2t 3 4 (3)5[ _4+ 2 3}
(x=1)7 (x=17 (x-1) X X+




11 x+3 ] 13 5 5

(b)19_x—4 x2+3 ] (b)x2—2 x+1 x-—1
- . 5 10 10
11 +
(©) — A O "
19| x—4 x%>+3] x x %+1
_ ] 1
(d)i 1 x+4 (d) 51— 51— 232
19| x—4 x2+3] o ¥ T

4x>+5x+6 A B C
3x2 +7 45. If2—+3=—+—2+?,then2fl+33
44. Resolve ——————into partial fractions. X +3) o R
x" =3x°+2 +4C= .
10 N 5 5 (a) 10 (b) 20
N RN (©) 30 (d) 40

(7))
Z
o
=
(7]
Ll
=
o
Ll
O )
=
O )
<
(4
o
Vi




TEST YOUR CONCEPTS

1. greater 9. -1
2. sum 10. 6
3. two terms 11. x+1
4. smaller 12. zero
5. ial fracti
partl ractions 13. zero
6. four b2
14.
7. zero or 1. b—a
3. 2 15. two
Short Answer Type Questions
1 1 3 1 2
16. - 24, = - + -
2a(x —a) 2a(x+a) x (x=1) (x-1)
7.2 1 25— 1
T+l x42 2(x=3) 2(x+1)
IR S £ e 920 37
T Tx+4) T(x-23) 20x+2) x+3 2(x+4)
19, 24D, 26 73 21_3(§x+1)1
. - +x+
=2 (x—22  (x-2) (el 3074 D)
2 4
1x+§ 28. 2 + 2
-1 3 4 3(x*+1) 3(x=+4)
ST S
(x+2) x°+ “3x 5 éx 1
21. A=2,B=7 and C=—4 29, 224 2 2
¥2-x+1 x?+x+1
(7, 22. A=land B=6 5 1
>= +b 3 5%5
T s 30. = - — 2
! (x=1) (x-=1) x 3x+1) xP-x+1
(22 E "
T ssay Type Questions
; 18 1 1 1
31. x—=3— + . 34. + —
(7, x+1 x+2 3(x=2) (x=1) 3(x+1)
4 x—-1 x , 17 17
32. — - 35. x°+4+ -
< (2—x+1) (Z+x+1) Ax—2) 4(x+2)

1 x+1

33. -
(x—=2) (x*>+2x+2)




CONCEPT APPLICATION

1. (o) 2. (a) 3. (c) 4. (d) 5. (d) 6. (d) 7. (a) 8. (d) 9. @)  10. (a)
11.d)  12.(b) 13.() 14.()  15. (b)

16. () 17.() 18.(b) 19.()  20.(d) 21.(a) 22.(d) 23.(0) 24. ()  25.(d)
26. (b) 27.() 28.(d) 29.(d)  30.(a) 31.() 32.() 33.(0b) 34.(b) 35.()
36.(b) 37.() 38.(b) 39.(d) 40.(c) 41.(c) 42.(b) 43.(d)  44.(b)  45. (b)
46. (b) 47.() 48.()  49.(d)  50. (b

72
-
L
-2
[+ 4
L
S
v
Z
<




p 4
o)
-
<
Z
<
el
o.
X
L
(o]
Z
<
7))
-
=
L

,

'II@

\

)
4

CONCEPT APPLICATION

16.
17.
18.
19.

20.

21.

22.

1 A B 1 A B
> = . 9. 5 = + .
x“=9 x-3 x+3 x“=5x+6 x-3 x-2
2x+3 A B x+2 A B
2 = + : 10. = + .
xT—6x+5 (x=5) (v—1) x?=2x—15 x-5 x+3
2
x*’“gl: A BZ+ CB_ L, 3¥Ptotd 4 B C
(=17 =1 (=) (v =) T2 —4) x-1 x-2 x+2
3x+2 A B
- xs =t L, 2l A B
+5x + + + . = :
* * * ~ x2=2x-8 x—4 x+2
1 A N B
x2+x_42_x+7 x—6 13 2x2+3x+18_ A n B + C
. — > - _ 5
24 At 6 4 . B . C (x=2)(x+2)" x-2 x+2 (x+2)
(=D +3) x=1 x+1 x+3 14. Split the denominator into factors and use the rel-
x+1 A B C evant method to find its partial fractions.
=—+ + .
x(x—D(x+3) x x-1 x+3 150 () &® = 3x% + 2x = x(x — 1)(x — 2).
1 A B . x—1 A B C
5 = + . (11) T3 A Ao + + .
x*—=(a+b)x+ab x-a x-b (x? =3x+2x) x x—-1 x-2
x—b 4 B 23. (i) Simplify LHS and RHS by taking LCM.
X2+ @+bx+ab x+a x+b (1)) Compare the like terms and obtain the
required values.
xrl_ 4,5 ,y 243 _AxtB Cx+D
oA a2 a2 Tt 482415 245 a243
x .4 ., B c 3x+1 A B
5= + 5 25 = + .
(x+DE=1)" x+1 x=1 (x—1) Cx=-1)?2 x—1 (x—1)?
3x =5 A B 26. (1) Simplify LHS and RHS by taking LCM.
= +
X2 43x+2 x+1 x42 (i1) Put x = 0 and —2 and obtain the values of A
and B.
3x+5 _ A n B (iii) Compare the like terms and obtain the value
X2 +8x =20 x+10 x-2 of C.
5 27. (1) Simplify LHS and RHS by taking LCM.
ax +b A B .. . .
5 5= + . (1)) Compare the like terms and obtain the
x“—(a+b)” x—(at+tb) x+(atbh) required values.
(i) Simplify LHS and RHS. g XZb _ A B
(ii) Put x = 0 and 1 and obtain the values of a (x+17  x+1 (x+1)
and b. 5
(iif) Compare the like terms and obtain the values | 79 A2 A + B + ¢

of cand d.

(x — 4y x—4  (x—4)?  (x—4P



20 1 A N B Consider A(x+2) + B(x + 3) = x
Tx?=T7x—18 x-9 x+2 Putx=-3,-A=-3 = A=3.
31 L 10 A + B Put x=-2, B=-2.
. Let =
C X225 x-5 x+5 W A-B=3-(-2)=3+2=5,
10 _Ax+5)+Bx-5) 34. Let 5 __4 [ B
x? =25 (x = 5)(x +5) (x+2)(x+3) (x+2) (x+3)
Consider A(x + 5) + B(x — 5) = 10 > _Ax+3)+Blx+2)
Putx=510A=10 = A=1 (x+2)(x+3)  (x+2)(x+3)
Putx=-5,-10B=10 = B=-1 Consider A(x+3) + B(x +2) =5
10 1 1 Ifx=-3,-B=5 = B=-5.
x2-5 x-5 x+5 Ifx=-2, A=5.
2x . 5 5 5
32, Let 3 4 B T+ 2)(x+3) x+2 x+3
(x=D(x=3) (x=1) (x=23)
1 1
2x 35. — =
x=D(x=-3)  (x-D(x=-3) 1 A B
(x =1)(x=3) (x = 1)( )2 Lot — T S M
ConsiderA(x—3)+B(x—1)=?x (x )(X ) X X
1 _A(x —4)+ B(x — 3)
2 1
Put x=1,—2A=5 = A=—§. Consider A(x —4) + B(x—3) =1 o
o 1 1 Put x =4, we get B= 1. —
= - : Putx =3, we get—A =1 >
3x—1D(x=3) x-3 3x-1) <
33. Let = + . .
(x+2)(x+3) x+3 x+2 Substitute these values in Eq. (1), we get <
x _ A(x+2)+ B(x +3) 1 R el
(x +2)(x +3) (x+2)(x+3) (x=3)(x—4) x-4 x-3 ;
LI
Lovel 3| ~
1 _Ax+B  Cx+D 3x-5 A B C D <
36‘4_2__2_+2' 39'_4__+_2+_3+_4'
x"=3x"—4 x° -4 x°+1 (x=1) x=1 (x=1)7 (x—=17 (x=1)
7))
37. ) Usex®—7x—6=(x+1) (x+2) (x—3). 10 x2+x+1_ A N Bx+C | o
3 _ 4 B C T+l x4l P —wt 2
VB 7x—6 xtl x+2 x-3 —
i1, Gi 2x2 +8x+13 :
. Given, —————.
38. (i) Simplify LHS and RHS by taking LCM. Ve T ) _
(i) Compare the like terms and obtain the o/
required values. Lety=x+1 = x=y-1 =




2y =12 +8(y—1)+13 Solving the above equations, we get

4

! A=+ p="tc=22
_2y2+2-4y+8y—8+13 1977 19 19
- ¥ . 1 _i[ 1 _x+4}
202 +4y+7 2 4 7 U= +3) 19[x—4 «2+3]
v oy oy 32+7  3p+7

44. Let x* = p, then

2 4 7 4 _ 1,2 T2 :
— n " ' x"=3x“+2 p-—-3p+2
(x+1)%  (x+17°  (x+1)*
3p+7 A B
6x>-14x+6 A B  C b 32 p1 p2
42 Let ——————="—+——+ p=-p P P
xx—=1x-2) x x-1 x-2 3p+7  A(p—2)+B(p—1)
6x* —14x +6 (p=Dp-2) (p=D(p-2)
X =1)(x+2) Consider
_Alx =1)(x —2)+ Bx(x —2) + Cx(x — 1) 3p+7=Ap-2)+Bp-1)
x(x —1)(x —2) Putp=1,-A=10 = A=-10.
62— 14x +6=A (x— 1) (x— 2) + Bx(x — 2) + p=2.B=13
Clx — 1)x 3p+7 1310
Put x =1, p?=3p+2 p-2 p-1
6-14+6=B1(1-2) = —-2=-B But p = x2,
= B=2 S 3x%+7 13 10
z Put x=2, 62— 142)+ 6 = C2 - 1)(2) " x4—3p2+2_x2—2_x2—1.
O 2=2¢ _13 1 1
|: 1=C x% =2 x—=1 x+1
< Putx=0,6=A(-1) (-2) = A=3. 13 5 5
= + - :
z _6x2—14x+6_2+ 2 N 1 x2=2 x+1 x-1
“x(x—l)(x—Z) x x—1 x+2
< 45 4x2+5x+6_£+£+ C
wd 4 1 _ A +Bx+C Tox%(x+3) x  x2 x+3
- o= +3) x—4 x243 ) )
x 4x* +5x+6  Ax(x+3)+ B(x+3)+ Cx
L _ x%(x +3) x2(x +3)
(x —4)(x% +3)
0 Consider
2
z =A(x +3)+(x = H(Bx +C) 452 +5x 4+ 6 = A x(x + 3) + B(x + 3) + cx?
5 .
p> (x —4)(x" +3) Putx=0,6=3B = B=2.
Consider Ax> + 34 + Bx>+ Cx —4Bx—4C=1 Putx=-3,27=9C = C=3.
v (A+ Bx>+ (C—4B)x+3A—-4C=1 Comparing the coefficient of x>
E Comparing the like terms, we get A+C=4 = A=1.
— A+B=0,C—-4B=0and 34A-4C)=1 2A+3B+4C=2+6+12=20.
-
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