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Resolution of a fraction when D(x) consists of repeated linear factors:
Rule Il
If alinear factor (ax + b) occurs n times as @ factor of D(x), then there are n partial

fractions of the form.
A A, A
R — + -
(ax+b) (ax+b) (ax+b)

positive integer.

where A, (A,......A_are constantsandn =2 1s a

N(x) A, A, A,
= p——— . ———
D(x) (ax+b) (ax+b) (ax+b)

Exercise 4.2

Resolve into partial fraction.
x* =3x+1

) ——
) (x=1) (x=-2)

Solution:

x° =3x+] A B C
+

let ——mmm————= :
(x=1)(x-2) x-1 (x-1) x-2

— e

Multiplying both sides by (x -1) (x - 2), we get

v =3x4l=A(x-1)(x-2)+B(x-2)+C(x-1) ....(1)
x*=3x+1=A(x*-3x+2)4+ B(x-2)+C(x* =2x+1)

X =3x+1=Ax* =3Ax+ 24+ Bx-2B+Cx* -2Cx+ C

X =3x41=Ax' +Cx’ =3Ax +Bx-2Cx+24-2B+C ........ (2)
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Tofind C,weputx-2=0=x=21neq.(1), we get
(2) =3(2)+1=4(2-1)(2-2)+B(2-2)+C(2-1)

4-6+1=A(1)(0)+ B(0)+ C(1)
S=-6= .4(0)+ B(0)+C
-1=C

or C =~]

To find B, we put (x - l): =0=>x-1=0=x=1ineq.(]).we get
(1) =3(1)+1=4(1-1)(1-2)+ B(1-2)+C(1-1)
1-3+1=A4(0)(-1)+B(-1)+C(0)

2-3=A(0)+ B(-1)+C(0)

~1=-B
= 8=

To find A, cquating cocfficient of x* on both sides of (2), we get
A+ C=|

A+(-1)=1

A=1+1

A=2

) =
Thus required partial fractions are —— + l ~ + l
=1 (x-1) x-2

X' =3x+1 _i+ 1
(,r—l):(x-Z) x -1 (x-l): x=2

Hence.

(2) X +7x+11
(x+ 2)2 (x+3)
Solution:
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g E¥Taell A B €

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

Multiplying both sides by (x + 2): (x+3). we get

X +Tx+ 1= A(x+2)(x+3)+ B(x+3)+C(x+2) .......(1)

X' +Tx+11=A(X +5x+6)+ B(x+3)+C(x" +4x+4)

X4+ Tx 411 =Ax" +5Ax+6A4+ By + 3B+ Cx" +4Cx +4C

FATx = A+ O # 54 + Bx+4Cx + 64+ 3B+4C ... (2)

Tofind C,weputx+3=0= x=-3ineq.(1), we get
(=3) +7(=3)+11= A(=3+2)(-3+3)+B(-3+3)+C(-3+2)
9-21411=A(~1)(0)+ B(0)+C(-1)

20-21=A(0)+ B(0)+C(1)
-1=C
or C=-1

To find B, we put (x+2): =0=>x+2=0=>x=-21mneq.(l).weget
(=2) +7(=2)+11=A(-2+2)(-2+3)+ B(-243)+C(-2+2)
4-14411=A(0)(1)+ B(1)+C(0)

15-14= A(0)+ B(1)+ C(0)

=B

—=>B=1

To find A, equating cocefficient of x* on both sides of (2), we get
A+ C=]
A+(-1)=1
A=1+]
A=2
2 I =

+ — 4
x42 (x+2)' x+3

Thus required partial fractions arc
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©4+Tx+ll 2 N
(x+2) (x+3) X+2 (x+2)° x+3

Hence,

9
(3) ——=
(x—1 )(x +2)
Solution:
9 A B C
Let — .

(x-1)(x+2)] x-1 x+2 (x+2)

Multiplying both sides by (x-1)(x+2)", we get
9= A(x+2) +B(x-1)(x+2)+C(x-1) ... (1)

9=A(x" +4x+4)+ B(x" +x-2)+C(x-1)
9= Ax" +4Ax+4 A+ Bx" + Bx-2B+Cx-C
9= Ax* + Bx" +4Ax+ Bx+ Cx+44-2B-C ........ (2)

Tofind A,weputx-1=0=>x=11ineq.(1), we get
9=A(142) +B(1-1)(1+2)+C(1-1)

9=A(3) +B(0)(3)+C(0)

9= A(9)+ B(0)+C(0)

9=9.4

or 94=9

Dividinge the both sides by V', we get
A=l
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To find C, we put (.\'+2)'1' =0>x+2=0>x=-2ineq.(]),we get
9= A(-2+2) +B(-2-1)(-2+2)+C(-2-1)

9= A(0) +B(-3)(0)+C(-3)

9=A4(0)+B(0)+C(-3)

9=-3C
or -3C=9

Dividing both sides by -3', we get
C=-3

To find B, cquating cocfficient of x* on both sides of (2), we get

A+B=0
1+ 8=0
B=-]
Thus required partal fractions are -L+ =l - = ._
x-]1 x+2 (x+2r
Hence, 2 S S S
(x=1)(x+2 x=1 x+2 (x42
+1

(4) —xi‘(x_l)

Solution:

This 1s an improper fraction so by long division, we have
X +1
X' - x:) x4

4 3
x4+ Xx

3
x +1

+x Fx°

X' +1
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' +1] x +1
=X+ |+ —
x (x-1) x“(x-1)
Lef :x.+l =i+i+L
x*(x-1) x x x-1

Multiplying both sides by x* (x—1), we get
Fal=A(x)(x#1)+B(x-1)+Cx ... (1)
X 4l=Ax" - Ax+ Bx- B+ Cx

X*+1=Ax' +Cx* - Ax+Bx-B ... (2)

TofindC,weputx~1=0=x=11incq.(]),we get
(1) +1=A(1)(1-1)+ B(1-1)+C(1)
L+1=A(1)(0)+ B(0)+C(1)

2=A(0)+ B(0)+C(1)

2=C

or C=2

To find B, we put x* = 0 = x =0 in eq.(1), we get
(0)" +1=A(0)(0-1)+B(0-1)+C(0)

1= A(0)(~1)+ B(~1)+C(0)

|1=-8

or 8B=-l

To find A. equating coefficient of x* on both sides of (2). we get

A+C =1
A+2=1
A=1-2
A=~
: : : -1 -1 2
Thus required partial fractions are — + — + ——
x x x-1
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Hence. ,I‘H =x+l—--l-—--l__.+_2..
x(x-1) x x* x-1
Ix+4
(5) —r—
(3x+2)(x+1)
Solution:
T.éf x+4 A i B i C

(x+2)(x+1) (3x+2) x+1 (x+1)

Multiplying both sides by (3x+ 2)(x+1)", we get
Tx+d4=A(x+1) +B(3x+2)(x+ 1)+ C(3x+2) ... (1)
Ix+4=A(x +2x+1)+ B(3x" +5x+2)+ C(3x +2)

IX+4=Ax" +2Ax+ A+ 3Bx" +5Bx + 2B+ 3Cx + 2C
Tx+4=Ax" 43Bx" 4 2Ax+5Bx+3Cx+ A+2B+2C ... (2)\

=D
Tofind A, weput3x +2=0=>3x=-2>x= T" in eq.(1). we get

(2o 3 B2

L. P 4{1) + B(-2+ 2)(%]+(‘(—2 +2)

3 3
: 1 ' B(O)+C(0O
=g = [3]* (0)+C(0)
2 |
—— = -
3 9
] 2
or —A=-—
9 3
4:—3.)(2
3 1
{=-6

To find C, we put (_.r+l): =0=>x+1=0= x=~lincq.(1), we get
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7(=1)+4=A(-141) + B(3(-1)+2)(-1+1)+ C(3(-1)+2)
-7 44 = .4(0): + B(=3+2)(0)+C(~3+2)
-3=A(0)+ B(0)+C(-1)

-3 ==C
or-C=-3
=C =3

To find B, equating coefficient of x~ on both sides of (2), we get

A+38=10
~-6+38B=0
3B=6

> 8=2

-6 2 3
P —t

3x+2 x40 (x+1)

Thus required partial fractions arc

Ix+4 -6 2 3

Hence, ——————m = b—_ -
(3x+2)(x+1) 3x+42 x+1 (x+1)

l
(6) —=——
(x=1) (x+1)
Solution:
Let l g + 2 + ¢

(x=1] (x+#1) x=1 (x=1) x+]I

Multiplying both sides by (x—1) (x +1), we get
1= A(x=1)(x+1)+ B(x+1)+C(x=1) ... (1)
= A(x" =1)4 B(x+1)+ C(x* = 2x+1)

l=Ax' ~A+Bx+B+Cx* -2Cx+ C

1=Ax +Cx* + Bx-2Cx-A+B+C .. (2)
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TofindC,weputx+1=0=x=~lincq.(]), we get
1= A(=1=1)(=1+1)+ B(=1+1)+ C(=1-1)

1= A(-2)(0)+ B(0)+ C(-2)
1= 4(0)+ B(0)+C(4)
1=4C
or 4C =1

|

:}C:-
4

To find B, we put (x-l): =0=>x-1=0=>x=1ineq.(1), we get
1= A(1=1)(141)+ B(1+1)+C(1=1)

1=A4(0)(2)+ B(2)+('(0')2

1= A(0)+B(2)+C(0)

1=28

or 28 =]

:>B=-—l--

To find A, cquating cocfficient of x* on both sides of (2), we get
A+C=0

A+l=0
4

=>.4=-l-

4

-1/4 1/2 1/ 4
+

x -1 (x..l)" x+1

l - | I |
+ +

(x—l):(xH) . 4(x-1) 2(.\'-1'): d(x+1)

+—

Thus required partial fractions are

Hence,

3" +15x+16
(.x+2)'z

(7)
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Solution:

C3x7 +15x+16
X +4x+ 4

This 1s an improper fraction so by long division, we have

3

x:+4x+4i 3x* +15x+416

+3x° +12x+ 12

Ix+ 4
3x° +lS..1r+l6_3+ Ix+ 4
x*+4x+4 (.r+2):

3x+4 A B
Let = +

(x+2) x+2 (x+2)

Multiplying both sides by (x+2), we get
3x+4=A(x+2)+B ... (1)
Ix+4=Ax+2A4+8B ... (2

To find B, we put (.r+.?.): =0=>x+2=0=>x=-21ncq.(l),wcget

3(-2)+4=A4(-2+2)+8B
-6+4=A4(0)+B
-2=8

-2

>
Il

or

To find A, cquating cocfficient of x on both sides of (2). we get
A=3
3 -2

- ; -
x+2 (x+2)

Thus required partial fractions arc

3x” +15x+416 3 2
Hence, =3 % - -
(x+2) x+2 (x4+2)
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® |

¥ =1)(x+1)

Solution:

T(x-N)(x ) (x41)
) !
(x=1)(x 1)

I A B ¢
+

LEl — —— :
(x=1)(x+1) x=1 x+1 (x41)

e

Multiplying both sides by (x = 1)(x + 1) . we get
1=A(x+1) +B(x-1)(x+1)+C(x-1) ... (1)

1 = ..4(,x: +2x + I)+ b’(.r: - l)+ Ci(x=1)

1=AX +2Ax+ A+ B - 8+Cx-C

|=4dx" + Bx" +24x+Cx+4A-8B-C ... (2)

To find A, weputx -1=0=x=11neq.(1), we get
1= A(1+1) +B(1-1){(1+1)+C(1-1)

1= A4(2) + B(0)(2)+C(0)
I=A4(4)+B(0)+C(0)

=44

or 44 =1

:9.4=l

4
To find C, we put (x+ I): =0=>x+1=0=>x=~l1ineq.(]), we get
1= A(-1+1) +B(-1-1)(=1+1)+C(-1-1)

1= A(0) + B(-2)(0)+C(-2)

1= 4(0)+ B(0)+ C(-2)

www.topstudyworld.com



www.topstudyworld.com Mathematics

| = -2C

or -2C =1

=i = —l-
2

To find B, equating coefficient of x* on both sides of (2), we get

A+ B =0
l+8=0
4
|
> ==
4

| . . ‘4 —-1/14 -1/
Thus required partial fractions arc l—--+ : + 172

x=]1 x4 (x+n3

I S
(x"'-l)(x*-l) d(x-1) 4(x+1) 2(x+1)

Hence,
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