21. Linear Differential Equations

Exercise 21
1. Question

Find the general solution for each of the following differential equations.

dy 1 2
—+ -y =X"
dx x J

Answer

Given Differential Equation :

Formula
i) [-dx = logx
class24
) [x"dx=—+c
iii) glo8ab — p

iv) General solution :

For the differential equation in the form of

dy
xTy=0Q

The general solution is given by,

y.(L.F.) =fQ. (LF.)dx + ¢
Where integrating factor,

LF.— e/Pax

Answer :

Equation (1) is of the form



dy

L +Py=

L Q
Where,P:landQ:X2

Therefore, integrating factor is

LF.= efPax
— glogx ( fidx= logx)

=X (. alogab — b)

General solution is

y.(LE.) = fQ. (LF.)dx + ¢

sy (%) = fxz.(x)dx -

class24

xy = | x3dx +c¢
x*
xy—:+c
_x3+c
Y= 7%

2. Question

Find the general solution for each of the following differential equations.

xg_y-+2y =x’

dx

Answer

Given Differential Equation :

d
)':d—ir+23,r=x2

Formula :

i) fidx= log x



+1

i [ xPdx = <

n+1

+C
i) alogb = logbh*
iv) alogab = p

v) General solution :

For the differential equation in the form of
dy

s —

3 T EY=20Q

The general solution is given by,

y.(LE.) =[Q. (LE.)dx + c

Where integrating factor,

LF.=— e/Pax

Answer :

Given differential equati

dy 5
xdx+2y—x

Dividing the above equation

Equation (1) is of the form
dy

— i s

2 TEy=0

Where, P —2and Q=x

X

Therefore, integrating factor is

class24



=x2....[(w3logab = b)

General solution is

y.(L.F.) =J.Q. (LF.)dx + ¢
Ly.(x3) = fx. (x*)dx +c

s x2y= fx"'dx +€

S Xy = % +c ( [xPdx = o C)

n+1
. x2 a2
e y 4 xz
3. Question

Find the general solution for each of the following differential equations.

2xd—y+ y = 6x°
dx

class24

Answer

Given Differential Equati

dy
Z2x——+ y—=6%°
xdx y X
Formula :
i) fidx= log x
xIH'].
i) [x"dx="—+c
n+1l

i) alogb = logb®
iv) alogab =b

v) General solution :

For the differential equation in the form of

dy _
3, TRY=20Q

The general solution is given by,



y.(LE.) = ]Q. (LF.)dx +c¢

Where integrating factor,
LF.= e/Pdx

Answer :

Given differential equation is

dy
2 S
de

Dividing the above equation by 2x,

+y = 6x3

Equation (1) is of the form
dy

— -

3 Ty =0

Where, P = 2L and Q=3
2x

class24

Therefore, integrating f
LE.= ofPax

1

— esloBX ... ( f i dx = log x)
=elogVx _.(+ alogh = logb?)

= VX (.'. qlo8ab — b)

General solution is

y.(LF.) =fQ.(1.F.)dx +ec
ny.(Vx) = f 3x%.(Vx)dx +c

SAlXy = I3x5/2dx +c



. - x7/2 N K+
VEY =35 4 o [xrdx =T 1)
Dividing the above equation by v/x
. 6 3 i c
e =g —_—
6 , 5 c

l.l = —x _——

Y=9* Tz

4. Question

Find the general solution for each of the following differential equations.

xd—y+y=3x2 -2,x>0
dx

Answer

Given Differential Equation :

d
x-d—i+y=3x2—2

Formula :

D) fidx= log x

n+i

i) [xPdx="—+c
n+1

iii) alo8ab = p

iv) General solution :

For the differential equation in the form of
dy

s —

3 T EY=20Q

The general solution is given by,

y.(LE.) = fQ. (LE.)dx + c

Where integrating factor,

LF.=— e/Pax

Answer :

class24



Given differential equation is

d
x—-y+y= 3x% -2

dx
Dividing the above equation by x,
dy . 1 3x?-2
—_— —_ o e— @ oo eq(1l
o q(1)

Equation (1) is of the form
dy

= =

3 Fry=0

3x%-2

Where, P = 1 and =
X

X

Therefore, the integrating factor is

LF.= e Pdx

1
=e;dx

— plogx ( fldx

= Kooronores ('.' alogab — b)

General solution is

y.(LE.) = fQ. (LF.)dx + ¢

Ly (x) = f(gxz — 2). (x)dx +c

X

.'.xy=f(3x2-2)dx+c

-'-xy=3§-—2x+c --------- (':_fx“‘dx=xl1

Dividing the above equation by x
sy=x*=2+ >

X
hy=x*-2+ =

X

5. Question

+1

n+1

+C)

class24



Find the general solution for each of the following differential equations.

x 3 _ y =2x°
dx
Answer
Given Differential Equation :
x% —y=2%?
Formula :

i) fidx= log x

i) [ xPdx =

n+1

¥

iii) alog b = logb®
iv) al°8ab =

v) General solution :

For the differential equa

dy

— =
3 TEy=1
The general solution is given by,

y.(L.F.) =fQ. (I.LF.)dx + ¢
Where integrating factor,

LF.— e/Pax

Answer :
Given differential equation is

dy 5
X y =2x

Dividing the above equation by x,

%_i_y=2x2 ......... eq(1)

Equation (1) is of the form

class24



dy

—+Py=

L Q
Where, P = =2 and Q = 2x2

Therefore, integrating factor is
LF.= e/Pax

L

= e~ logx ( fidx= logx)
— ooy o (+ alogb = logb?)

_ i _________(.‘. alogab — b)

General solution is

y.(LF.) = f Q.(LF.)dx

er ()0 )

class24

-'-X=f2xdx +c
i

x? " O+
-‘-§=2;+c --------- (fx dx=n+1+c)

Multiplying above equation by x
. e A

Y =X + X

D — a3

Sy=x°+cx

6. Question

Find the general solution for each of the following differential equations.

dy
X—-y=x+1
dx ’

Answer

Given Differential Equation :



W opgti
e A

Formula :
i) [ ~dx = logx

“) fxndx _ xIH-.I.

n+1

+ €

i) alogb = logb*
iv) alog;‘b =b

v) General solution :

For the differential equation in the form of

dy

=T =t

3 Fry=0

General solution is given by,

y.(LF.) = IQ. (LF.)d

Where, integrating fact

LF.— o/Pdx

Answer :
Given differential equation is

dy
~—y=x+1
de ¥y X

Dividing above equation by x,

d 1 x+1
A ~ sesn@g(1)

dx x

Equation (1) is of the form

dy B
3 TEY=0Q

Where, P = and Q = -
X

X

Therefore, integrating factor is

LF.— e/Pax

class24



_ ol°8; .(+ alogb = logb®)

= i ( alogab — b)

General solution is

y.(L.F.) =J'Q. (LF.)dx + ¢

)= [E23) (s
23 r("H)dx +c

xz

1 1
-'-X= r()—(+—2)dx * ¢
X X

Lo [(G+x)a

class24

xn+.|. 1
x=—&[-dx= logx)

Multiplying above equation by x,
Ay=xlogx—1+cx
Sy=xlogx —1+cx

7. Question

Find the general solution for each of the following differential equations.

(1+x2)d—y+2xy — ;
dx (1+x°)

Answer

Given Differential Equation :



1

dy
2 =
(1+x*)—+ 2xy a+xD)

Formula :

i) f%—x)(’-‘ldx = log f(x)

1 =
i) f(1+xz)dx= tan~1x

i) a'°8aP = p
iv) General solution :

For the differential equation in the form of

dy
ax FRy=0Q

General solution is given by,

y.(LF.) = IQ. (LF.)dx + ¢

Where, integrating facto

LF.— ofPdx

Answer :

Given differential equation is

dy
2 -
(1+x%*)—+ 2xy a D)

Dividing above equation by (14x2),

dy 2x 1
0T - ey i)
Equation (1) is of the form
dy
e + —_
= Py=0Q

2x 1
Where, P = - and Q = e

Therefore, integrating factor is

LF.= efPdx

class24



2x
— e'rzl'l'xz 5 dx

Let, f(x) = (1 +x?) &f'(x) = 2x
= plog1+x?) ( f f%‘)dx = log f(x))

= (1+x?) ... a8 = b)

General solution is

y.(LF.) = fQ. (LF.))dx + ¢

[
Ay (14x)= | ———. (1 +x%)dx +
yl+x") | Ty (1+x%) c
[
. e
y'.(l+x)—J (1+x2)dx +cC
Sy. (14 x*) =tan"'x + aasy dx=tan x)

Therefore, general solut c | a S S 2 4
y.(1+x?)=tan"x
8. Question

Find the general solution for each of the following differential equations.

(l—xz):—y+xy =xy1-x’
X

Answer

Given Differential Equation :

d
(1—x2)ay+xy=x\}1 —x2
Formula :

.
i) [ %dx — log f(x)

i) alogb = logb?*

i) g'°8ab — p



iv) General solution :

For the differential equation in the form of

dy
gg Tor=R

General solution is given by,

y.(L.LF.) =[Q.(I.F.)dx +c
Where, integrating factor,

LF.= efPdx

Answer :

Given differential equation is

d
(l—xz)d—z+xy=x\/1—x2

class24

Equation (1) is of the form

dy

—~ 4+ Py=

e T IY=0Q

Where, P = e and Q= 1:(

Therefore, integrating factor is

LF.= e/Pax

_ Jae

-1 —2x

— oz Jao

Let (1 - x2) = f(x)

Therefore f'(x) = -2x



o 55?“ = [ 2 dx = log f(x) = log(1 —x?) ...2a(2)
AT R log(l -x2)

— plogi-x®)t/2 (+ alogb = logb?)

_ osls)

= J:Tx? ......... ( alogab — b)

General solution is

y.(L.LF.) =[Q. (LLF.)dx + ¢

.-.y.(ﬁ)=f(\{1’_‘_x2).(\{11_x2)dx +e

(l-xz)

class24

Multiplying above equation by /1 — x2,

=1
Ly =7\/1 —x%log(1—x%)+cyf/1 —x?

9. Question

Find the general solution for each of the following differential equations.
5. d
(l—x“)—y+xy =ax
dx

Answer

Given Differential Equation :

d
(1—x2)d—§+xy=ax

Formula :



i) f%dx = log f(x)

ii) alogb = logh?
iii) alo8ab = p

iv) General solution :

For the differential equation in the form of

Y +Py=0Q
= -
General solution is given by,

y.(LF.) = fQ.(I.F.)dx +c
Where, integrating factor,

LF.= e/Pax

Answer :

Given differential equati

dy
e B —
(1 x)dx+xy

Dividing above equation by (1 - 5
."!X X . ax
ax | @Y T o )
Equation (1) is of the form
dy
—~ 4+ Py =
o Py =0

X ax
Where, P = - and Q = )

Therefore, integrating factor is

LF.= e/Pax
_ Jae
—_lj' -2%

= p 2 tl—xijdx

Let (1 - x2) = f(x)

class24



Therefore f'(x) = -2x

(P —~2X _ B 5
* | T the= 1—x3) dx = logf(x) = log(1 — x*)
% LF.= 3 loga-x*)

— plog(1—x*)"*% ___ ( alogb = logb?)

_ ool

- J:Tx‘z’ ......... ( aomab =)

General solution is

y.(L.LF.) =fQ. (I.LF.)dx + ¢

ax

y(ﬁ) - f((l =y )(ﬁ

d

= class24

Let

I= [ —— _dx
- (1 = x2)3/2

Put (1 -x2)=t

S —2xdx = dt

—dt
l.l d =
X dax 2

§ a —dt
L

= 2| oz




a
Vv1—x2

Substituting I in eq(2)

.‘.I=

y a
|.' = + C
Vi—x%2 +1-—x?
Multiplying above equation by /1 — x2,

sy=a+cyl—x?

10. Question

Find the general solution for each of the following differential equations.
y. d 9 2
(x> + 1)d—y —2xy = (x2 +1)(x% +2)
X

Answer

Given Differential Equation :

d
(2 + 1) — 27 = (

class24

Formula :
) [ 29 4x = log f(x)
f(x)

i) alogb = logb?

i) a'°8ab — p
iv) [1dx=x
v) [ 1:’(2 dx = tan™1x

vi) General solution :

For the differential equation in the form of

dy
3 FEy=20

General solution is given by,

y.(LF.) --—-IQ. (LF.))dx + ¢



Where, integrating factor,

LE.= efPax
Answer :
Given differential equation is

(x%+ 1):—xy—- 2xy = (x2+ 1)(x* + 2)

Dividing above equation by (1 + x2),

d_y -2x
dx  (1+x2)°

y=&*+2)....eqa1)
Equation (1) is of the form

dy

2 —

3 TE¥Y=2Q

=2

Where, P = )

and Q = (x> +2)
Therefore, integrating factor.i

LF.= efPdx

class24

Let (1 + x2) = f(x)

Therefore f'(x) = 2x

R 2x _ _ 5
& f ) dx_f(1+x2)dx_ logf(x) = log(1 + x*)

SLP =g log(1+x*)

— aplogli+x®)™t Lz alogh = logba)

oosl)

. 1
(14x2) ™"

____‘(... alogab — b)

General solution is



y.(LF.) =fQ. (LF.)dx + ¢

((1+ o f(2+x2) a+ ))dx +c

y [ 2+ x?

ETo Tr X te
(1fx2)=fl+%:tldx+°
(l—fxz) - Jr(1:§z+1 -:xz)dx e
(l-fxz)= Jr(1+1+x2)dx +E

a fxz) =xX+tan"'x+c

......... ( [1ldx=x& [&=
Ly=(Q+x)E+ta m€;24

Therefore general solution is

lx)

y=0+x)(x+tanx+¢c)

11. Question

class24

Find the general solution for each of the following differential equations.

d_y+ 2y = 6e*
dx

Answer

Given Differential Equation :

dy

—~ 4+ 2y = 6e*
dx y €
Formula :

) [1dx=x

k



iii) General solution :

For the differential equation in the form of

dy
gg Tor=R

General solution is given by,

y.(L.LF.) =[Q.(I.F.)dx +c
Where, integrating factor,
LF.= efPax

Answer :

Given differential equation is
g+2y= - g eq(1)
dx

Equation (1) is of the form
dy

— 4 —
3. TEY=0

Where, P =2 and Q =

Therefore, integrating fact

LF.= efPdx
— of 2dx

— o2/ 1dx

=e2* . (= I 1dx=x)

General solution is

y.(LF.) =IQ. (I.LF.)dx + ¢
sy (e%*) = f (6€%).(e**)dx + ¢

ny.(e¥¥) =6 j e¥*dx + ¢

class24



fy.(e2%) = 26 + ¢
Dividing above equation by (ez"),

) 2e** ¢
Y=t

Ly = 2el3x-2x) 4 a-2x
Ly= 2e*+ce™%*
Therefore general solution is
y=2e*+ce

12. Question

Find the general solution for each of the following differential equations.

d}’ . 2
— +3y=e"*
Ix 3

Answer

class24

Given Differential Equati

d

d—::+ Jy=e"2x
Formula :

) [1dx=x

kx
) [ ekdx ==

iii) General solution :

For the differential equation in the form of
dy

- L — Q

dx Py

General solution is given by,

y.(LE.) =J’Q.(I.F.)dx +c

Where, integrating factor,



LF.= efPdx

Answer :

Given differential equation is
d_y — p—2x 1
= +3y=e"% ... eq(1)
Equation (1) is of the form
dy

— —

2 TEy=0

Where, P = 3 and Q = 2%

Therefore, integrating factor is

LF.= e/Pax

class24

General solution is

y.(LF.) =fQ. (LE.)d
& y.(e**) = f (e7%%).(e*¥)dx + ¢

Ly (e®) = J’ e*dx +c

) e c
ny= eﬁ"‘ﬁ

Ly = alx=3%) 4 ~a-3x
o y= e-—Zx + ce-—Sx

Therefore general solution is



y=e 4 ce 3

13. Question

Find the general solution for each of the following differential equations.

-3x

dy
— +8y =35e
dx !

Answer

Given Differential Equation :

d
ay+ 8y = 5e™3*

Formula :

) [1ldx=x

it) fek"dx=§

iii) General solution :

For the differential equati

dy
LA -
ax Py=0Q

General solution is given by,

y.(LE.) =fQ.(1.F.)dx +
Where, integrating factor,

LF.— e/Pax

Answer :

Given differential equation is
d_y - =3
- + 8y = 50 ol eq(1)

Equation (1) is of the form

dy
HTy=0Q

Where, P = 8 and Q = 53

Therefore, integrating factor is

class24



LF.= efPdx
— of 8dx

— o8/ 1dx

= 8% ... (°.-f1dx=x)

General solution is

y.(LF.) = J Q. (ILF.)dx + ¢
& y.(e%%) = f (5e73%).(e®*¥)dx + ¢
v =5 o+

& y.(e®) = 5? +c ( [ e**dx = -e;)

Ly (e®) =e*+c

Dividing above equation

class24

) eSx c
= e8x * e8x

Ly = el5x-8x) 4 a-8x

- Y= e—?.x + ce—sx
Therefore general solution is
y=e 3+ ce %

14. Question

Find the general solution for each of the following differential equations.

xd—y—y =(x-De*.x>0

dx

Answer
Given Differential Equation :

dy N
xdx y=(x—1)e



Formula :

i) _fidx= log x
i) alogb = logb?*
iii) alo8ab — p

iv) [ e¥(f(x) + ' (x))dx = e*. f(x)
v) General solution :

For the differential equation in the form of
dy

— 4 —

3 T EY =0

General solution is given by,

y.(LE.) = J'Q. (LF.)dx + ¢

Where, integrating factor,
LF.= efPdx

Answer :

Given differential equatio

dy .
X Y= (x—1)e

Dividing above equation by x,

&y 1y G&Vax eqd)

dx x x

Equation (1) is of the form

dy _
2 TRV=0Q

(x—1) ox

Where, P = = and Q =
X b 4

Therefore, integrating factor is

LF.= e/Pax

class24



— g~ logx ( ji-dx = logx)
L - (+ alogb =logbh?)
= -}( .........(‘.’ alogab = b)

General solution is

y.(LF.) =fQ. (LF.)dx + ¢

y(x) f((x_l) )(X)dx+c

S % = f (E e") dx +c......... eq(2)

- [ () ax
I=]e* l—iz)d
x class24

Let f(x) =i LX) =

Sl= e“.i ......... ( [ e¥(f(x) + f'(x) )dx = e*. f(x))

Substituting I in eq(2),

2o e
X X

Multiplying above equation by x,
Ly=e*+x

Therefore general solution is
y=e*+cx

15. Question

Find the general solution for each of the following differential equations.

d—y—y tanx =e”secx
dx



Answer

Given Differential Equation :

dy

— —ytan x = e*secx
dx

Formula :

) [ tanxdx = log(secx)
i) alog b = logb®

iii) alogab — b

iv) [ e¥dx = e*

v) General solution :

For the differential equation in the form of

dy _
xTHY=0

General solution is given

y.0.F) = [QQF)
Where, integrating factor,

LF.= ofPdx

Answer :
Given differential equation is

d
Ey—ytanx=e"secx ......... eq(1)

Equation (1) is of the form
dy

— =

e Py=0Q

Where, P = —tanx and Q = e*secx

Therefore, integrating factor is

LF.= e/Pax

= ef-tanxdx

class24



— o~ loglsecx)

(¢ [ tanxdx = log(secx) )

= eloglsecx)™ (= alogb = logb?)
— plog(cosx)
= COSX -iooonn ('.' alogab — b)

General solution is

y.(L.LF.) =IQ. (LF.)dx + c

s y.(cosx) = Jr

s y.(cosx) = J

s y.(cosx) = Jr

(e*secx).(cosx)dx + ¢

1
r(e‘".— .(cosx)dx +c
cos

e*dx + ¢

~y.(cosx) =e*+c..., e*)

Therefore general soluti

y.(cosx) =e* +¢

16. Question

class24

Find the general solution for each of the following differential equations.

dy
xlogx)—+v=2logx
( g)dx y g

Answer

Given Differential Equation :

dy
(xlogx) B +y

Formula :

= 2logx

iy "l"))-dx — log (f(x))

f(x

i) alogab =h

i) [u.vdx= u.fvdx—f(%.fvdx)dx



nole

iv) d—i- (logx) =

v) fidx= logx

vi) General solution :

For the differential equation in the form of

dy

— o =

3, TIy=0

General solution is given by,

y.(L.F.) =fQ.(I.F.)dx +c
Where, integrating factor,

LF.= e/Pax

Answer :

Given differential equation is

dy
(xlogx)&+y =2lo

Dividing above equation

dy+ ~Q
ax t -

_ 3 _2
Where, P = ogxandQ_x

Therefore, integrating factor is

LF.— efPdx

J- 1

xlogxdx

1/x
— Ilog X —

Let, f(x) = logx ~ f'(x) = 1/x

class24



