& Exercise 5.1

Resolve the following into partial fractions:

2
i x? -1

Sol: Let

2 e, 2 oA i B i
=1 (x=1)(x+1) x=1 x+17—
Multiply bdth'sides by (x—1)(x+1)we get
2=A(x+1)+B(x-1) el
Put x—1=0 =>x=1in (ii) : .
2=A(1+1)+B(1-1)>2=2A>A=1
Now put x+1=0=>x=-1 in (ii) | .
2=A(-1+1)+B(-1-1)
2=4(0)+B(-2)
2=B(-2)= B=-1

Put values of A and B in (i)

2 1 1
Hence — = =
x =1 x-1 x+I]

a-b _
-a)x-2)"""

Let a-2 i i + &
(x-a)(x=b) x-a x-b —
Multiply both sides by (x —a)(x—b)weget
a-b=A(x-b)+B(x-a)
Put x—a=0=>x=ain (ii)
a-b=A(a-b)+B(a-a)
a-b=A(a—b)+0

Sol: (i)

it M)

a<b
a-b=Ala-b)=> A=——=2A4A=1
ety dest
Put x—b=0=>x="b in (ii)
a-b=A(b-b)+B(b-a)

a-b=A(0)+B(b—a)

' —!g-“ﬁj
a-b=-B(a-b6)=>B=

Put values of A and B in (i)
a-b i) : -1 1 ]
Hence (x—a)(x-b) x-a

= B=-1

x-b x-a x-b
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; x?+1
B G)(E-1)
4l P+l

:* - fracti
Sol: (x+1)(x-—l)' o g (Improper fraction)
1
S - X+
ghif b - 2 =l :t',\/q:l
2
Now tak £ = 2
T ) (x41)
Let : it + 8 (ii
TGNl x-1 x+1 )
Multiply both sides by (x —1)(x +1) we get
2=A(x+1)+B(x-1) (iii)
Put x—1=0 =>x=1in (iii)
2=A(1+1)+B(1-1)
2=4(2)+0=>4=1
Put x+1=0=>x=-1 in (ili)
2=A(-1+1)+B(-1-1)
2=A4(0)+B(-2)=>2=-2B=>B=-1
Put values in (ii)
2 s 1 & -1
(x=D)(x+1) x=1 x+1
(i) become
22 +1 1 1
Hence =1+ =
P =) al a3l
2x+3
G2
b 2x+3
© (x+1)(x+2)(x+3)
Suppose
2x+3 A B C

(x+l')(x+2)(x+3)=x+l+x+'2+x+'3 —0

Multiply both sides by(x+1)(x+2)(x+3)we get
2x+3=A(x+2)(x+3)+B(x+1)(x+3)+C(x+l)(x+2) (i)
Put x+1=0= x=-lin (i)
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Sol:

2(-1)+3=A(-1+2)(-1+3)+B(-1+ 1)(-1+3)+C(-1+1)(-1+2)
—2+3=4(1)(2)+ B(0)+C(0)

1= 2A_—_>A=l
2

Put x+2=0= x=-2 in (ii)

2(+2)+3=4(-2+2)(-2+3)+B(- 2+1)(—2+3)+C(-2+1)(—2+2)
—4+3=4(0)+B(-1)(1)+C(0)

~-1=-1B=B=1

Put x+3=0=> x=-3in (i) :
2(=3)+3=A(-3+2)(-3+3)+ B(-3+1)(-3+3)+C(-3+1)(-3+2)
—6+3=4(0)+B(0)+C(-2)(-1)

-3=2C= -3/2=C

Equation (I) become .

2x+3 L 1 P 1 +—3/2
(x+1)(x+2)(x+3) 2(x+1) (x+2) (x+3)
Se i 2x+3 1 1 -3
(x+1)(x+2)(x+3) 2(x+1) (x+2) 2(x+3)
x*+4x+5
(x+l)(x’+5x+6)
X +4x+5 x? +4x+5

(x+1)(x’ +5x+ 6) — (x+l)(x2 +3x+ 2x+6)

x*+4x+5 Lt x> +4x+5 D x2-;-4x+5
(x+l)(x2+5x+6) (x+1)x(x+3)+2(x+3) (x+1)(x+2)(x+3)

Suppose

x? +4x+5 gl T T
(x+1D)(x+2)(x+3) x+1 x+2 x+3
Multiply by (x + 1)(x + 2) (x+3) both sides

i)

x* +4x+5=A(x+2)(x+3)+B(x+1)(x +3)+C(x+1)(x+ ) —

Put x+1=0= x=-1in (ii)

(=1) +4(=1)+5= A(=1+2)(-1+3)+ B(-1+1)(-1+3)+C(- 1+1)( 1+2)
1-4+5=4(1)(2)+B(0)+C(0)

2= 24> 4=1

put x+2 =0= x=-2in(ii)

(-2) +4(-2)+5=A(-2+2)(-2+3)+ B(-2+1)(-2+3)+C (-2+1)(-2+2)
4-8+5=4(0)+B(-1)(1)+C(0) :
1= -1B= B=-1

Put x+3=0= x=-3in(ii)
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Q6.

Sol:

Q7.
Sol:

(-3)" +4(=3)+5= A(-3+2)(-3+3)+ B(=3+1)(-3+3)+C(-3+1)(-3+2)
9-12+5=4(0)+B(0)+C(-2)(-1)
2 = (2)C=>C=1
| Become
X+4x+5 1 1 PRl
(x+1)(xz+5x+6)_x+l x+2 x+3

4x’ +5x*-3x-2
-1
4x’ +5x* -3x-2
x? -1
4x+5

iy _IJM +5x% —3x-2
AT F4x

5f{+x—2
266 35
x+3
3 2
4x +S.:r —3x_2=4x+5+ x+3
x -1 x? =1
x+3 _ x+3
x’—l-(x+l)(x—l)

Hence

(improper fraction)

-/

Now take

Suppose
x+3 . A B

G-)(x+1) x-1 x+1
Multiply by (x—1)(x+1)

=2

C x43=A(x+1)+B(x-1)> 1

Put x—1=0=>x=1in eq. (iii)
1+3=A(1+1)+B(1-1)
4=4(2)=[1=2]

Put x+1=0=>x=—1 in (iii)
-1+3=A(-1+1)+B(-1-1)
2=4(0)+B(-2)=>2=-2B=[B=1]]
Eq. (ii) Become

x+3 2 = -1

¥=1 x=1 x+l
4x’ +5x* —3x-2 2 |
Hence ~ S8R 4 S e v o il "
T S (equation (i) become)
3x'-12x +11
G-1)(x-2)(x-3)
Suppose
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Qs.

Sol:

=1+

ae-igesll - 4" "B > €
(x-D)(x-2)(x-3) (x-1) (x-2) x-3
Multiply by (x—1)(x—2)(x —3) on both sides
3x* =12x+11=A(x-2)(x-3)+ B(x—1)(x-3)+C(x-1)(x-2) > I
Put x—1=0=x=1 ineq. (ii)
3(1)" - 12(1)+11=A(1-2)(1-3)+ B(1-1)(1-3)+C(1-1)(1-2)
3-12+11=4(-1)(-2) + B(0)+ C(0)
2=24=[4=1]
Put x-2=0=>x=2 in (ii)
3(2)" - 12(2)+11=A4(2-2)(2-3)+ B(2-1)(2-3)+C(2-1)(2~2)
12-24+11=A(0)+ B(1)(<1)+C(0)
—1=—B:o
Put x-3=0=x=3 in(ii)
3(3) -12(3)+11= 4(3-2)(3-3)+ B(3-1)(3-3)+C(3-1)(3-2)
27-36+11=4(0)+B(0)+C(2)(1)

!

222C=>
Putvalues of 4,8 and C in eq. (i)

3x? —12x+11 1 1 1
Hence

(x—l)(x—2)(x—3)_=x—l+x—2+x—3
(x-1)(x-2)(x-3)
(= )-3)(x-9)
(x-1)(x-2)(x-3) _ (x-1)(x*=3x—2x+6) |
(x-—4)(x—5)(x—6) (x-4)(xz—6x—5x+30)

('x-l)(x’—Sx+6_) A_ x' —5x* +6x-x"+5x—-6 X —6x*+11x-6
(x'—4)(x’—nx+3o)_x’,-ux’+30x-4x’+44x-120 x —15x" +74x-120

9x? — 63x +114 ox? —63x+114 a
e ; =+4) X -6 +11x-6

¥ 155+ 74x-120  (x-4)(x-5)(x~6)
Now we take - x* —15x* +74x-120 X -15x* +74x-120
_ 9x’ -63x+114 A B [ il +
i (x—4)(x-5)(x-6) . (x—4) ki (x-5) * (x-6) ()

Multiply by both sides (x —4)(x—5)(x—6) we get i

9x? —63x+114 = A(x—-5)(x-6)+ B(x-4)'(x-6)+c(x—4)(x—5)—*(”’)
put x-4=0=>x=4 in eq. (iii)

9(4)’ —63(4)+ 114 = A(4-5)(4—6)+ B(0)+C(0)

9x’-63x+114

144-252+ 114 = A(-1)(-2)

6=24=[4=3]

Put x-5=0=>x=35 in Eq. (iii)
9(5)’ —63(5)+114 = A(0)+ B(5-4)(5-6)+C(0)
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Sol:

225-315+114=B(1)(-1)
24=-B=[B=-24]

Put x—§=0=>x= 6in Eq. (iii)
9(6)" —63(6)+114=A(0)+ B(0)+C(6-4)(6-5)
324-378+114=0+0+C(2)(1)

60=2C>
Eq. (i) Become

(x—l)(x—2)(x.—3)= e 3 +—24+ 30 e_3__24 30
(x—4)(x-5)(x-6) (x-4) x-5 x-6 x—4 x-5 x-6
(x‘+a)(x’+b)(x’+c) '
Replace x’ by y

X s y
(x2 +a)(x2 '1-6)(.\" +c) (y+a)(y+b)(y+c)

y Lo ol 5 B i C
(v+a)(y+b)(y+c) (v+a) (r+b) (y+c)_’(l)
Multiply by (y +a)(y+b)(y+c)we get
y=A(y+b)(y+c)+B(y+a)(y+c)+C(y+a)(y+b)—(I)

Put y+a=0= y=-a ineaq. (ii)
-a=A(-a+b)(-a+c)+B(0)+C(0)
-a—A(b—a)(c—-a)

Suppose

/a K a
- 0)(0 a) A(a-b)(c-a) _(“-b)(f-ﬂ)
Put y+b=0= y=-b in eq. (ii)
-b=A(0)+B(-b+a)(-b+c)+c(0)
-b=+B(a-b)(c-b)

_ b
—b=—3(0~b)(b—0)=> B='(—;-:—b—)-(b-—“c;j
Put y+c=0=> y=—c ineq. (ii)
—c=A(0)+B(0)+C(-—c+a)(—c+b)
-¢=C(a-c)(b-c)

—= —C(c a)(b c)=> C o

(c a)(b c)

_ Eq. (i) Become

Yy SRS, - b " 4
(y+a)(y+b)(y+e) (a=b)c=a)(y+a) (a-b)(b-c)(y+b) (c-a)(b—-c)(y+c)
Replace yby x*

xl

("2+a)(xz+b)(xz+¢) (a-b)(e- a)[x +a) (a- b) c)tx +b) (e-a)(b- c)\x +c)
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Q10.

Sol:

Q11

Sol:

x+1 & A + B
A ) My
Multiply by (x— I)2 ; we get
x+l-=A(x—l)+B—>(II)
Put x—1=0=x=1.ineq. (i ,
1+1=A(1-1)+B=2=A4(0)+B = B=2

Rearrange (Il) .
x+l=Ax~-A+B

-(7)

. Comparing co-efficient
x |A=1
Eq. (1) Become _
Hence X% = I + 2
=) =D Gy
x*+x
(1)
.’:2 +x .;a'z + X 5 1
;= 2a*-b =(a-b)(a+b)
(.rz—l) ((x—l)(x+l))2 :
x+x A B 4 D

Let = + - - —(7
: (Jr—l):!(JrH)2 x-1 ‘(x—l)z (x+1) (x-l-l)z ( )
Multiply by(x —1)2 (x+ l)2 , we get
Jt."+.1r=«‘I(x—l)(x-_fl)1 +B(x+1)’ +(:'(.1r-f-l)(.1r---l)z +D(x-1) (Il
Put x=1=0=x=1.in eq. (ii)
(1 +(1) = 2(1=1)(1+1)" + BQ+1)! +C(1+1)(1-1)} + D(1-1)*
2=4(0)+ B(2)" +C(0)+ D(0)
1

=4 B=—
2=4B= 3 _
Put x+1=0=>x=-1in Eq. (ii)
(-1)" +(=1)= 4(0)+ B(0)+ C(0) + D(-1-1)’
1-1=D(-2)’=0=4D=[D=0]
Re-arrange (ll) :
¥ +x= A(x=1)(x* +142x)+ B(x* +1+2x) +C(x+1)(x* +1-2x)+ D(x* +1-2x)
x3+x=A(x‘+x+2x’—-x’—I—ix)+B(x2+l+2x) +C(x’+x-2x’+x’+l—2x)+0(xz +1-2x)
x2+x=A(r‘+x3—x—l)+3(x’+l+2x) +C(x’——x3—x+’l)+'D(x2+I—2x)
X +x=(A4+C)x’ +(A+B-C+D)x* +(-4+2B-C-2D)x+(-A+B+C+D)x’
Comparing co-efficient
X, 0=A+C—(ill)
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Q1a2.

x’; 1=A4+B-C+D—(IV)
x; =-A+2B-C-2D—(V)
X% 0=-A+B+C+D—>(VI)

Put values B =%,D=0 in eq. (IV)

1=A+1—C+0
2

et
2

% =A4-C > (vll)
Adding eq. (iii) and (vii)

-]-+C=0=> C= -4
4 4
Putvalues A, B, Cand D in eq. (i)

X +x 1 | 1 0

(Fo) A 2 WD) ey A D) 2y

3x'+4x-5
(x-1)
Suppose
I +4x-5 A B C
—= + +
(x-1) (x-1) (x-1)’ (x-1)’
Multiply by (x— l)J , we get
3x‘-'+4x~5=A(x-1)’+B(x-|)+c_+(11)
Put x-1=0=>x=1ineq.()
3(1) +4(1)-5=A(1-1)' + B(1-1)+C
3+4-5=4(0)+B(0)+C =[2=C]
Re-Arrange eq. (Il)
3 +4x-5=A(x +1-2x)+ B(x~1)+C
Ix +4x-5=Ax’ + A=2A4x+Bx-B+C
I +4x-5= Ax’_+(—2A+ B)x +(A— B+C)x"
Comparing co-efficient

—+(J)
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2':  B=d

x 4=-24+B — (it)

Put A=3in eq. (iii)
4=-2(3)+B=>B=4+6=10=

Putvalues A, Band Cin eq. (i)
3x*+4x-5 3 10 2
* Tt 3
(x-1) x=1 (x-1)° (x-1)

Hence

e, S
x(x+ l)’
Sol: Suppose :
1 A B C 3

e il ) R PO
'X' by both sides x(x+ l)3 we get
1= A(x+1)" +B(x)(x+1)" +C(x)(x+1)+ D(x) - (ii)

Put x=0 in eq. (ii)

1=A4(0+1) +0+0+0 =[4=1]

Put x+1=0=>x=~Lin eq. (ii)

1=A(-1+1) +B(-1)(-1+ 1)) +C(=1)(-1+1)+D(-1)

1= 4(0)+ B(0)+C(0)+ D(-1) = [D==1]

Re-arrange eq. (ii)

1= A(x' +3x +3x+1)+ Br(x +142x)+C(x* + %)+ Dx
1= Ax® +34x* +3Ax+ A+ Bx® + Bx+ 2Bx* +Cx’ +Cx+ Dx
Comparing co-efficients

Xy 0=A+B->(iii)

Put A=1lin eq. (i)

0=1 +B:>

¥

34+2B+C=0-(iv)

Put values A& Bin eq. (iv) '
3(1)+2(-1)+C=03-2+T=0 > [C=-1]

Put values A, B, C and D in eq. (i)
1 1 1 1

x(x-f-])J =;_x+l -(xl+ 1)2 _(I'|'1)3
4x* -3x+1

(r+1)(x-1)

Sol:  Suppose _

4x* =3x+1 WA v B i C o
T e M

Multiply by (x+1){x- l)z , we get

Qis.

D 5
Jc+l)3 =)

Hence

Qia.
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4x7 =3x+1=A(x—1) + B(x+1)(x=1)+C(x+1) > (U)
Put x+1=0=>x=-lin eq. (ii) _

4(-1) =3(-1)+1= A(-1-1)* + B(0)+C(0)
4+43+1=44=8=44=[4=2]

Put x—1=0=>x=1 in eq. (ii)

4(1)’ =3(1)+1=4(1-1)" + B(1+1)(1-1)+C(1+1)
4-3+1=4(0)+B(0)+C(2)

2=3C=lE=1

Re-arrange

4x* =3x+1= A(x* +1-2x)+ B(x* =1)+C(x+1)
Comparing co-efficient

x;4=A+B— (1)

4=2+B=4-2=B=[B=2]

Eq. (i) Become _
‘ 4x* -3x+1 2 2 I

Hence = £ + -
(reD)(x=1) w+17x=1 (x-1)
2
Qis. 12.t; 48 :
(x-2)"(x+2)
Sol:  Suppose

12x? - 48 i 4 _ _B i A fo D (1)
=) (xe2) (2-2) (x-2) (x42) (x42)? T
Multiply by (x - 2)2 (x+ 2)} both ;ides we get '

120" - 48 = A(x=2)(x +2)" + B(x+2)" + C(x+2)(x - 2) 4+ D(x=2)" - (i)
Put x-2=0=>x=2 in eq. (ii)

12(2)" -48=4(0) + B(2 +2) +C(0) + D(0)

12(4) - 48 = B(4)’ |

48-48=168=[B=0]

Put x+2=0=>x=-2in eq. (i)
12(-2)" - 48 = 4(0)+ B(0) +C(0)+ D(-2-2)’
48-48=16D=[D=0]

Rearrange eq. (I)
12x° —48 = A(x—2)(x1 +4x + 4)+ B(x?' +4x 4 4)

+C(J:+2)(Jc2 ~4x +4)+ JD(Jr2 —4x+ 4)

125 ~48=A(x" +4x* +4x-2x" - 8x-8)+ B(x’ +4x+4)
+C(.r3 —4x* +4x+2x%° -sx+3)+ D(x: ~4x+4)

12x* -48= A(.Jc3 +2x* -4x-—8)+ B(x* +4x +4)

+C(.xcJ -2 —4x+8)+ D(Jtl - 4x+4)
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Comparing co-efficient

x*;  A+C=0-(1I)

x*; 12=24+B-2C+D—(IV)

X 0=-—44+4B-4C-4D— (V)

x";  —48=-84+4B+8C+4D—(VI)

Put values B and D in eq. (V) and (VI)

- 0=-44+4(0)-4C -4(0)

-48=-84+4(0)+8C +4(0)

0=—4A4-4C —(VIl)

-48=-8A4+8C — (VIII)

Eq. (VI1) X by 2 and add in eq. (VII)
0=-84-8C

_48= -84+ 8C

-48=-164 =|4=3

Put A=3in Eq. (iii)

A+C=0
3+C=0=>[C=-3]
Put values A, B, Cand D in eq. (i)
2 3 _
Hen 12x° -48 3 0 3 0 3 3

= (x-2) (x+2)’ =(.1c—2)+(,1;_2)z +(Jr+2)+(l:r-|-'2)2 =(x--2) —(x+2)
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