Exercise 4.4

Resolve into partlal fractions.

1.

Solution: Let

. Hence,

x3
(x% + 4)*

xX. __Ax+B . Cx+D
ey, PtE GRray
Multiplymg both sides by (x* +4)?, we g’et

X = (Ax + B)(x% +4), we get
x3 = Ax3 + 4Ax 4+ Bx* + Bx* + 4B + Cx + D
3=Ax34+Bx*+ (4A+ C)x+ (4B + D)
by comparing co — ef ficients of x* in (ii), we get
1=A

o (DD

A=1

by comparing co — ef ficients of x?% in (ii), we get
0=858

B=0.

by comparing co — ef ficient x in (ii), we get
0=4A+C d
Put A = 1.init,we get
0=4(1)+C
C=-4
by comparing constants terms in (ii), we get
0=4B+D
Put B = 0 in it,we get
0 =0+D
=0

Putttmg valuesof A,B,C,D in (i), we get
_ x+0 —4x+ 0

x2 4+ 4 (‘1.2_|__4)r"‘.r

e— x .
Xt HA (42 44

5 are partial fractions.

2 0 x  4ex
(xZ+ ) X4 (q240)°
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2 432 +x+1
(x + 1)(x% +1)%

x'+3x2¥x+1 _ A Bx+C |, Dx+E :
(x+ 1)(x% +1)2 '",'x+1+(x2+1)+(x2+1)2 on v+ (KD

Multiplying both sides by (x + 1)(x? + 1)%, we get
x* +3x +x+1=A02+1)2+Bx+CO)x+1)(x2+1) +

Solution: Let

, (Dx + E)(x+1).. (L)
.x +3x2 +x+.1 = A(x* + 2x2 +1)+(Bx+(.‘)(x +x+x +
1) + Dx2 + Dx

x* +3x%2 +x+ 1= Ax*+ 24x? +A+Bx + Bx? + Bx3® + Bx +
Cx3+Cx+Cx2+C+Dx®2+Dx+Ex+E
x* 4 3x? +x+1-"(A+B)x + (B + C)x3 +(2A+B+C+
D)x2+(B+C+D+E)X+A+C+E
Putx = —1in (L), we get
D*4+3(-1D?+(-1) +1=A((— 1)2+1)
1+3(1)—1+1-A(2)2

4 = 4A
»A=1
by comparing co — ef ftc'tent:s of x* x3,x% and constant terms
A+B =14 (i)
B4C =0 A (i)
2A+B+C+D=3 ...... (iii)
A+CHE=1 o @)
Put A =1 in (i), we get e e
1+B=1
B=0 |
",Put B = 0'in (ii), we get
9/9+c—0
U(

%' Q Put values of A, B,C,D.E in (K),we get
X, X 1 0+0 ) x+0
x+1 x2+1° (x2+1)2

““Therefore, partial fraction are
Q¥ xQ@&
A

%. J|:+1+(J|r2+1)2
Y*‘He x* + 3x? x4+l
%J q (+1)(x-+1)2 x+1 (x2+1)2

x ,}\?@

VO
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x2

3. (x + 1)(x% +1)?
- x* A Bx+C Dx+E :
Solutnon.‘ Let o E it e Y@y ()
Multiplying both sides by (x + 1)(x? + 1)?,we get
x2=A?2+1)2+Bx+O)(x+1)(x*+ 1)+
(Dx H(x + 1) o (u’)
x2=A(x-4+2x2+1)+(Bx+C)(x +x+x2+1)+
(Dx? +Dx+Ex+E)
x2 = Ax* +24x% + A + Bx* + Bx2 + Bx3 + Bx + Cx3 +
Cx + Cx? +C+Dx +Dx+Ex+E
x2=(A+B)x*"+(B+C)x®*+ (2A+ B +C + D)x% +
(B+C+D+E)Xx+A+C+E
Put x = —1 in (ii), we get ;
. g Y mO o -
(-1)? SA(=D) + D) £ s - oy
1=A(1+1)2 ' b\/\/}}( - O
s 2 4"
=42 AT A
a=t o S YA Y
bycomparmg the co ef ficients of x ,x3,x2 x /> \l /] +
and constant,terms.
e A+B=0.. .... (iii)
B G 20w sams ....(iv)
2A+B+C+D=1....(v)
B+C+D+E=0_.......(vi) .
A+C+D+E—0 .. (vii)
Put A = m (iii), we get
| -+B--0
v 3 : {/
-B = in (iv), we get
Put B = — 3 in (iv), we get
—2+C=0 \/
r=: .
Put values of A,C in (vi\ij, we get
1.1
~-+-+E=0
4 4 .
4 4
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1 5
—_— —— L
E 2

Put values of B, C in (vi), we get
D+E=0
D =—-E

Put E = —-1- ‘in it,we get

3

= -
@gmé values ofA B,C,D,E in (i), we get

1 2x3l 2
_45 =% 241)2
4(x+1) ' (x2+1) _(x2+1)
1 =3 xe]

4(x+1) 4(x2+1) | 2(x2 + 1)2 (Fardiatpranions)

x* 1 -1 x-1
G+ D+ 12 4(x+1) 4(x2+1) @ 22+ 1)2

Hence,

x2.

(x=1)(x2% +1)2

. x2 A Bx+C Dx+E ’
Solution: Let = + + avhewll
(x—-1)(x2 + 1)2 ) x+1 (x2 + 1)7"F @

4.

Multiplying both sides by (x —1)(x? + 1), we get
xX2=AX*+ 12+ Bx+0O)(x -2 +1)+
(Dx + E)(x — 1Y) . e oo (i)
2 = A(x*+2x2 4+ 1)+ Bx+C0)(xX3—x—-x2-1) +
(Dx* — Dx + Ex —E) .
2 = Ax* 4+ 2Ax*> + A+ Bx* — Bx* — Bx® = Bx + Cx3 —
. Cx—Cx2—C+Dx2—Dx+Ex—E=0
x2=(A+B)x*—(B-C)x*+(R2A—-B—-C+D)x*~
" (B+C+D+E)+(A-C-E)
by Comparing co — ef ficients of . x*,x3,x2, % and
constant terms.
0= (A% B) e ooe or isrone o GHE) % -
0=-B+C.vernemennic (i) ®
1=24=B—=C+D.....(v) ®
0=—B=C=D+E.....(vl) &, )
. 05 A=C=Erersee i (0l wq_kw-\'f"{““‘
Put x-1=0i.e;x=1in(ii),we get .
(1)% = A((1)? + 1)?
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1=A(1 + 1)?
1= A(2)?
1=44

-+B= from (iii), we get

— (.— %) +C=0 from(iv), we.get

1
C= %-z
Put values of A, B, C in (vii), we get

1 1
2+ (=0

m
Il

o
i

from (vi), we get

+
=) "":"‘ N

o

+

N | =

g

(=)
I ‘
[t D= Bl AN

_ N =

2
2

I
&

2
Putting values of A,B,C,D,E, in (i), we get
1 1

1
- “§*"3 _x33

4(x-1) *: x2+.1' T (x% +1)2 §c=-m £ ~C-AS

o A il 2041 I OCA 0‘&"‘7”

=3-D a1 2+ 1)2 are partial feractions

Hence x* S DR (. 2x+1 _
(f ~DE2+1)? #Hx-1) a@x2+1) " 22 +1)2
X
o oo, |
(x2+2)
& x4
Solution: 3
(x%2+2)
— x4 .
T xt+axtya
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By long division,we have

p = r——
A+ 4x? + Y
¥ 4
N\ ixttaxtta
_4.x2 i 4.

—(4x% + 4)

_ 4x2 + 4
xt+4x2 1 4
4x2 + 4

(x2 + 2)

4xt+ 4
(x% + 2)2

Now consider

4x2 +4 _ Ax+B Cx+D )

(2% + 2)7 T (x%+2) (2% + 2)2 . '
Multiplying both sides by (x? + 2)? ,we get
4x2+4=Ax+B)(x*+2)+Cx+D
4x% +4 = Ax> + 2Ax + Bx* + 2B+ Cx + D
4x2+4=A@+Bx2+(2A+C)+2B+D

Let

By Comparing

co — ef ficient of x3,x?%, x and constant terms.
4 20 s Lll) (co — efficient of x3)
B=4.......(ii() (co—efficient of x*)

0=2A+C...(lv) (co —= efficient of Xx)
4=2B+D...(v) (Constant Terms only)
Put A = 0 in (iv), we get

0=0+¢€
C=0
Put B = 4 in (v), we get
4=2(4)+D,
4=8+D
D=4-8
D=4 ,
by Putting values of A, B,C,D in (i), we get
4x% + 4 0+4 0-4

(2r2)? 42 GEeap

4x’+4 4 4
(x2 + 2)5 T x24+2  (x242)2
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are the required Partial fractions

.
(x2% +1)?

Solution: =

6.

@2 +1)°
. x*+2x2+1
By long division, we have

4 2 '
x*4+2x“+1
) x5 .
x5+ 2% +
~2x3 - x
—(4x3 + x)
o 2x% + x
x4+ 2x2 +1
g 2x3 +x
- (x2+1)
S

—y 2x3 +x.
(x2 +1)

Now consider

=X

_ 2x%+x

(x2+1)

2x% + x _Ax+B+ Cx+D
(x2+1)2 2241 (a2 +1)2

let —S——=—"—— T . ) ~
Multiplying both sides by (x> + 1)?, we get
. 2x3+x=(Ax+B)(x2+ 1)+ Cx + D
2x3+x =Ax3 +Ax+Bx2 +B+Cx+D
- 2x>+x =Ax3+Bx2+(A+C)x+B+D
By comparing icients of x°, x2, x and constant terms.

AN 1
B=0.....(ii)
A+C=1......(ii0)
B+D=0.....(iv)-

Put A = 2in (iii)
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2+C=1

C=-1

Put B = 0 in (iv)

0+D=0 3

D=0 _ :
Pytting values of A,B,C,D in (K)
2x3+x 2x+0  -1x+0
(x2+1)2 x2.+1‘+(x2+1)2

2x3 +x 2% : - x

G2+1)2° 2241 (x2+1)2

Phire. e 223 + x __x.__(.‘Zx L X ) .
' (Ead)  Sh MEFL ol

g o o 2x . x
are the required Partial fractions
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