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Resolution of a fraction when D (x) has repeated irreducible quadratic factors.
Rule IV:
If @ quadratic factor (ax? + bx + c) with a £ 0, occurs twice In the denominator,

the corresponding parhal fractions are

Ax+ B (x+ D

— - 4 -
(_‘“' + bx + ('_) (a.\:: + bx+c)'

The constants A, B, C and D are found in the usual way.

Exercise 4.4

Resolve into partial fraction.

i

() ——=
(x' + 4)

Solution:

X Ax+B (x+D

Let ' — -
(.\': +4) X +4 (x° +4)'

Multiplying both sides by ( x* + 4): , we get
X’ =(.fl.\'+B)(x: +42)+(Z\'+D ....... (1)
X' = Ax' +4Ax+ Bx" +4B+Cx+D ... (2)

To find A,B.C and D, equating coefficient of x', x*, x and constant on both sides

of eq.(2)
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We get
Coefficientof x' :  A=1
Coefficientofx':  B=0
Coefficient of x ; 44+C=0 ... (3)
Constant: 4B+D=0 ... (4)

Put 4 =11incq.(3), we get

4(1)+C =0

4+C=0

C=-4

Put B =0 incq.(4), we get

4(0)+ D=0

D=0

Thus required partial fractions arc = =
X -+ 4 (x" + 4)

X x4
(¥ +4) *¥+4 (¥ +4)

Hence,

X" %3 +x#1
(2) ——=

(x+ l)(.x2 + I)2
Solution:

N +3x  +x+] 4 Bx+C Dx+E
— + +

(x+l)(x:+|): x4l x4 (x"+l):

Ler

Multiplying both sides by (x + l‘)(.r: + I): , We get

X' +3x7 +x+1=A(x" + ']: +(Bx+ C)(x+1)(x* +1)+(Dx+ E)(x +1)
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a3 s x+l=A(x +2X7 # 1)+ (Bx+ C) (X" + X7 +x41)+ DX’ + Dx+ Ex+ E

X 43x  +x41=Ax" + 24X + A+ Bx' + B’ + Bx + Bx+Cx' +Cx*
+Cx+C+Dx +Dx+ Ex+ E

a3 tx+l=Ax +Bx' + B’ + O +24x° + Bx +Cx’

+Dx" + Bx+Cx+ Dx+ Ex+ A+C+E .. (2)

Tofind A, weputx +1=0=x=-11ineq.(1),we get

(-1)° +3(-I): +(=1)+1= .4((-]): + I):
143-141=A(1+1)

4=A(2)

3=44

44=4
— A=

To find B,C,D and E, cquating cocfficient of x*, x’, x* and x on both sides

of eq.(2)

We get
Coefficientofx*:  A+B=1 ... (3)
Coefficientofx’':  B+C=0 ... (4)
Coefficientof x*:  24+B+C+D=3 ... (5)
Coefficient of x: B+C+D+E=1 ... (6)

Put 4 =1ineq.(3).we get

1+8=1

B=1-1

B=0

Put B=0ineq.(4), we get

0+C=0

C=0

Put A=1, B=0,C=0in eq.(5), we get
2(1)+0+0+ D=3

2+D=3
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D=3-2
D=}

PutB=0,C=0,D=1ineq.(6),we get
0+0+1+ £ =1

1+ £ =1

E=]-]

k=0

L, (0)x+(0) . (1)x+(0)
4l Hl (P )

Thus required partial fractions arc

X' #3x +x+1 ]
Hence, = = s

(x+l)(x:+l): X+ (x° +l):

X A Bx+C Dx+E
v +

m X+ .‘l':+l (x:+|):

Muluplying both sides by (x + l)(.\': + l): . we gel

x*=A(x'+ l): +(Bx+C)(x* +1)(x+1)+(Dx+ E)(x+1) ...... (1)
X = A(x 42 # 1)+ (Bx + C)(x" +x" +x+1)
+Dx" 4+ Dx+ Ex+ E
X' = Ax' # 24 + 4+ Bx' 4 Bx" + Bx® + Bx + CX’
+OF° +Cx+ C+ Dx" + Dx+ Ex+ E
X =Ax' +Bx* + BY’ + COx' 424X 4+ Bx" + Cx" + Dx°
+Bx+Cx+Dx+Ex+ A+C+E ... (2)

www.topstudyworld.com



www.topstudyworld.com Mathematics

To find A, we put x+1=0=> x=-1ineq.(1), we get

(=1) = 4((-1) +1)
1= A(1+1)

1= A(2)

| = 44

or 44=1

— .*l=l-

To find B,C,D and E, cquating cocfficient of x', x’, x* and x on both sidcs

ofeq.(2)

We get
Coefficientof x*:  A+B=0 ... (3)
Coefficientofx’':  B+C=0 ... (4)
Coefficient of x° : 2A+B+C+D=1 ... (5)
Coefficient of x : B+C+D+E=0 ... (6)

Put 4 = % In eq.(4), we get

|

—+B=0

4

Bi===

4

Put B = -% in eq.(4), we get

-—t(C =0

4

C=-=
4

Pulx-ﬂt--l B-—l C-lin (5).we get
== BE==Cus eq.(5).weg
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Thus required partial fractions are Sl e N
x+ | x*+

Hetice. ) o _ | X l x-1

(x+l)(x"+|): d(x+1) 4(x° +|)+W

X
(4) ..
(x=1)(x"+ I)
Solution:
x° A Be+C Dx+E
Let —_— +

(.r-l)(.t:-i-l): =x-l x4 (.r:+l):
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Multiplying both sides by (x - l)(.\"‘ + I): . we get

xt = A(x* + l): #(Bx+ C)(x* +1)(x=1)+(Dx+ E)(x~1)

x* = .-‘(.‘l" +2x" + l)+(8x+(“)(x" -x +x-l)
+Dx* = Dx+ Ex-E

X = Ax* +24x" + A+ Bx' - Bx" + Bx' - Bx+ (X’
-Cx +Cx=C4+Dx* -Dx+ Ex-E

= A + B - B + Cx + 24 + By - Cx* + Dx?

“Bx+Cx-Dx+Ex+A-C-E

Tofind A, weputx ~1=0=>x=11necq.(]), we get

(1) = a((1) +1)
1= A(141)

1= A(2)

=44

or44=

— .-l=-l-
4

To find B.C.D and E. equating coefficient of x*, x", x* and x on both sides

of eq.(2)
We get

Cocfhicient of x* -

Coefficient of x’ :

Coefficient of x* :

Coefficient of x:

Put 4 = % in cq.(4), we get
l+B=0
4

A+8=0 ... (3)
-B+C=0 .. (4)
2A+B-C+D=1 ... (5)
-B+C-D+E=0 ... (6)
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Put B = -%- n cq.(4), we get

Thus required partial fractions are —— + = :
x—1 x° 4+ (x:+l)'

x° ] x+1 x4
Hence, —m  — = —_—

(x=1)(x’ +l): a(x-1) 4(x* +1) +W
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4

(5) ——
(.r" +2)

Solution:

x" x*

—

(+* + 2)2 x4yt 44

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

x! +4x° +4i %

¢x'+4x° 4+ 4

~-4x° -4
-(4x: +4)
x' - 4x° + 4
(¥ + 2): (x* + 2):

4x° + 4 _Ax+B  Cx+D

Let 2 = ot 2
(x* + 2) X"+ 2 (x7 + 2)

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

dx’ +4=(Ax+ B)(x* +2)+(Cx+ D)

4x° 44 =Ax 4 2Ax+ Bx 4+ 2B+ Cx+ D

4x° +4=AxX + B’ +24x+ Cx+2B+D ... (1)

To find A.B,C and D, cquating cocfficient of ', x° v and constant on both sidcs
of eq.(1), We get

Coefficient of x ' : A=0

Cocfficientof ¥ :  B=4
Cocfficient of x 2A4C'=0 il (2)
Constant: 2B+ D=4 ... (3)
Put 4 =01neq.(2), we get
2(0)+C =0
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Put B =4 incq.(3), we get

2(4)+D=4

S+D=4

D=4-8

D=-4
O)x+(4 O)x+(-4

Thus required partial fractions are M-+—( ) x+( )
X 42 (I: +2)"

l-lcncc.;,.—_l- ,4 __41_

(_t: +2)' X 2 (.\':’ +2)-J

- -

o ] e—
X & (x‘+2)

={=

(6) ;
(x‘+l)

Solution:

www.topstudyworld.com



www.topstudyworld.com Mathematics

$ 5
X X

(x4 |): x' +2x° +1

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

-2x’ -
-(2x" + x|
X 2x’ + x
—_— X ———
(.x‘ +l) (.r‘ +l)
2x +x Ax+B Cx+D
Lef — 4

(.r: + l): x4+ (x* + l):

Multiplying both sides by(x* +1) . we get
2x' + x=(Ax+ B)(x* +1)+(Cx+ D)
2x’ 4 x=AX + Ax+Bx + B+ Cx+ D

2x' +x=Ax'+Bx' + Ax+Cx+B+D ... (1)

To find A.B.C and D. equating coefficient of x*, x* .x and constant on both sides

of eq.(1). We get
Coefficientof x' : A
Coefficientofx*: B
Coefficient of x ; A+
Constant: B+

Put 4 =2incq.(2), we get

A+C =1

2+C =]

C=1-2

C=-Il

Put B=01neq.(3),we get

0+D=0

D=0
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2 ~1)x+0
Thus required partial fractions are '"'f L + L

¥+l (¥ +|)2

" 2x —X

—— x| — ——
(.r'z-i-l)' x4 (.t2+l)'

Hence,

il
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