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Class XII : Maths
Chapter 9 : Differential Equations

Questions and Solutions | Exercise 9.5 - NCERT Books

Question 1:

1y .
@, 2v=sinx

dx

Answer

dy -
The given differential equation is EJF 2y =sinx.

ﬁ + py = {where p =2 and O =sin x).

This is in the form of ¥

Now, L.F = eJ.M =GJ’M =",

The solution of the given differential equation is given by the relation,
P(LF)= [(QxLF.)dx+C

= et = Isin_r-e:‘r£1-+ C (1)

Letf = _[:-‘;in.\*e:".

= [ =sinx- Ie:"dx— [[%[sin.r]- e“dr]d.‘r
AN

_ ﬁ.":" {_,:n.
= [ =smx- — || cosx- ox
2 2
A

e " siny

==

L O A
:‘>.|'=¢“ simx 1 cns.r-tp ~ [—sinx]-ﬁ- dx
2 2 2 - 2

esiny eteosx 1. ..
= /= - —-— I(SII‘II.{" }h‘
2 4 4

= /= i(zsinx—c:«crsx]—la’
4 4

9,
,.‘u

:‘-,EJ":L
4 4

(2sinx—cosx)

—i=L (2sinx—cosx)
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Therefore, equation (1) becomes:

=X

ve' = ET{E sinx—cosx)+C

x

== él[l sinx—cosx)+Ce™”

This is the required general solution of the given differential equation.

Question 2:

ady

e T
dx

Answer

The given differential equation is f_’j’+ py=0 (wherep=3and 0= e
by

Now, LF = efm = eJ.m =™,

The solution of the given differential equation is given by the relation,

y(LF.) = [(QxLF.)dx+C

= ye't = I{e Txe)+C

= e’ = Ie*dx+{7

= et =e" +C

= yp=e T+ Ce™

This is the required general solution of the given differential equation.

Question 3:

ﬁ‘h’

7 b3
@Y _ 2
de  x
Answer

The given differential equation is:

; I ,
& +py=0 (wherep=—and O =x")
dx x

aly

1
Py "
MNow, ILF = E"f =£L =" =y,
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The solution of the given differential equation is given by the relation,
y(LF.)= [(QxLF.)dx+C
= y(x)= ij -x]d¥+C

= xy = Ixja!r +C

4
x

= xy=—+C
4

This is the required general solution of the given differential equation.

Question 4:

; m
—}+sec.~qv = tan x(U =X <_]
e 2

i

Answer

The given differential equation is:

& + py = (where p =secx and () = tan x)

Now, LF = oI 2 ol _ plutseervuns) _ g | tan x.

The general solution of the given differential equation is given by the relation,

y(LF)= [(QxLF)dr+C

= y(secx+tanx)= J-tan x(secx+tanx)dy+C

= y(secx+tanx)= Isec xtan xdx + Italf xedv+C

— y(secx+tanx)=secx+ j{sec r—l}u"x+(’
J=secx+tanx—x+C

= y(secx+tanx
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Question 5:
For the given differential equation, find the general solution:

dy -

2 !

cos’T—= Ly =tanz (D<_f:c<:—)
dx y 9

Answer 5:

The given differential equation: 00:2 m% +y=tanz = % + ysecﬂ  — tan o sec

The given equation is in the form E’;‘L + py = Q (where p = sec z and QQ =tanzx sec? )

Now [. F. — elpde — ofsec’zde _ tana

The general solution of the given differential equation is given by the relation,

2

y(I.F) = f{Q x I. Fyde + C = ye™"* = fi:asu:tlaz:a::valr:2 ze'™*dz + C

Lettanz = t = sec® zdx = dit

Therefore. the solution of differential become

ye! = ftetdt—l- C

= ye' =t-e — / e'dt + C'  [Using Integration by part]

>y =t-e'+e +C
—, yeta.nm — tan r - Etﬂn:: _ Etanm + C
= y=tanz + 1+ Ce 7

[Using Integration by part]

This is the required general solution of the given differential equation.

Class X1l MATH www.esaral.com 4
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Question 6:

dy 5
P Zy=xlogx
dx

Answer

The given differential equation is:

d_]r' 3
r—+4+2y=x"logx
e ) g

dv 2
= —+—y=xlogx

dv  x
This equation is in the form of a linear differential equation as:
dv . 2
—+ py =0 (where p== and Q0 = xlogx)
oax X

.y 2-"'-" T - e ]

MNow, L.LF :.e'J.I :eL =M = gl = 7

The general solution of the given differential equation is given by the relation,

¥(LF.)= J(QxLF)dx+C
= yex = j‘(xlugx-_r:)mﬁc
=xy= ﬂ.\"‘ log .\')dx +C

= v’y = log x- [-"Ux'j ;i(loﬂ x): [-"w"'}ﬂJ’C
- | cx =

T:J { A0

s ; 1
= xy=logx-—- — HT-I—C
x4
4
s Tlogx
—:-.1:‘_1-'=Jl EI__J.‘.JI'J'.].—"'C
4
. xlogx 1 x*
:>.\"_1»':—L"——-—+C‘

4 4 4

= x'y = %.‘r* (4logx—1)+C

= y= LI (4logx—1)+Cx*
fs
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Question 7:
av
x lng_}ri +y==logx
elx X
Answer

The given differential equation is:

xlog I£+ y= Elog X
dx x

dyv 2
= —+ =
dy xlogx x

-

This equation is the form of a linear differential equation as:

and Q=%}

xlogx x

@ + py =0 (where p =
dx

|
v J =€ log{log ¥
Now, I.F =ef S L e

The general solution of the given differential equation is given by the relation,

Class X1l MATH www.esaral.com 6
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y(LF) = [(QxLF)dx+C

.
= ylogx= J‘[%logx}(h%{: (]}

¥

Now, [[ 2ﬁ Ingx]titzz_[ log x - Iﬂ ]ﬁ{‘r.
X \ x*
= 2-]0.@,‘(' IL({.\-— J[i{lﬂg,‘r}- J-Lfi‘f}(h'
L x° 1.:1’.‘( X

Aoa(-J - (1)

=2| - log x + J-L,nh}
X X

_,[_logx _lj|

X X

= —E(I+ log x)
X

"
J—[%ngjdx
Substituting the value of A in equation (1), we get:

viogy = —E{l +logx)+C
x

This is the required general solution of the given differential equation.

Question 8:

(1427 )y + 23y dx = cot xdx(x # 0)
Answer

{l +x )u{v +2xv dx = cot xdx

dv  2xy  cotx
===
de 1+x° 1+x

This equation is a linear differential equation of the form:

fv 2 0L
{'—+}J}’=Q{Whﬁmp= Y, and 0= - i]
dx 1+ x° 1+x

2x
I _~'h logl 145°
o _ o) _

Now, LF =ejm =e

Class X1l MATH www.esaral.com 7
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The general solution of the given differential equation is given by the relation,
y(LF.) = [(QxLF.)dv+C

= _1.-[I +,1'3} = ﬂcm"; x{l+x:)—‘d'r+['

1+ x°

= (I +x7) = Icnt xax +C

3

= y(l +x }: ]Ug|5i11x|+C

Question 9:
dv
xm_}-l“_l’—l""-‘f_l’““tx:ﬂ{xim

Answer
dy
x—+y-—x+xvcotx=10
clx

= x£+y|[l+rcotx]=x

dx
dy [I ]

= —+| —+cotx [v=1
dr \x

This equation is a linear differential equation of the form:

dv 1
—+ py=0 (where p=—+cotx and O =1)
dx X
# |
e | —+Culx |-.|'.'. S ) i :
Nﬂ\-’l.-'., ILF = E_I oty _ {)I- - _ {)Ll: logsin x ) — EIII|.'rl=1..:1||| | — ¢3inx.

The general solution of the given differential equation is given by the relation,

Class X1l MATH www.esaral.com
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y(LF)= J(QxLF)dr+C
= y(xsinx) = I[]x:rsin x)dx+C

= y(xsinx)= I[.\:Sinx]cﬂr+(_'

= y(xsinx)=x IRiT‘I.‘L‘ dx = J.[%[r} Isin xeir} +C
= y[xﬁin.r} = x[—t:u:i.r}— II r[—cu:ix:ldx +C
= y(xsinx)=-xcosx+sinx+C

—XCOSY  sinx C
= V= + +

xXsinx  xsinx  xsinx

I C
= y=—col-x+—+—;
X xsinx

Question 10:

dy
x+y)l—=—=1
(re2)—
Answer
m.
i+ y)—=I
( .}a{r
dy |
p— =
der x4+
dr
= —=Xx+)
dy
:}*E—r—
dy !

This is a linear differential equation of the form:

?+;}.¥=Q {where p=—1and 0= v)
X

Now, LF = cfﬂ'h = ci_'# =g,

The general solution of the given differential equation is given by the relation,

Class X1l MATH www.esaral.com
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] j{Qx] F.)dv+C
= xe I (h+C

=xe =y je'-"dy - I{:L (») je""civ} dy +C

= e = y(-e7)= [ )+ C
—xe ' =—ye ' —¢ ' +C
=x=—y-1+Ce’

= x+y+1=Ce¢

Question 11:
vdyv+ (.t -y }ﬂilf' =1
Answer

vy +(,r— v )d'L =

= ydv = {y: —.r)(-{].*

de v —x x
:: —_— = .i.' —_—
v ¥ y
v
= —+—=y
dv
This is a linear differential equation of the form:
dy 1
—+ px = (where p =—and O = y)
dx ¥
i 4@
Now, LF = eJ‘II = e[‘ =™ =y,

The general solution of the given differential equation is given by the relation,

Class X1l MATH www.esaral.com
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(L) = J(QxLF.)dy+C
= xy= J{L . _v]ufv+ C

= xy= J_v‘jn’y +C
v’
= xy="—+C
2
v C
S X=—t—
3oy

Question 12:

(.1: +3y° };i = }'[_1-* = {}]

i
Answer
sy dy
43y )—=
(x+307) =)
dy_
dv x+3y
ﬁ X+3y l+ 3)
dy 3 !
- de  x _3,
dyv ¥
This is a linear differential equation of the form:
(ﬁ-+px= O (where p=- ! and 0 =3y)
ﬂbr J.-
. iy |l.'l': a
MNow, L.F :{,’J-p:tl =¢ J‘-T =g " = " | =l

The general solution of the given differential equation is given by the relation,

Class X1l MATH www.esaral.com
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x(LF.)= [(Qx1F.)dy+C
= xxl: J-[Byxl]aﬁwc
y y

= to 3y+C
J.l

= x=3y" +Cy

Question 13:

dy . m

i+ 2ytanx =sinx; v =0 when x =—
v 3

Answer

Q +2ytan x =sin x,
The given differential equation is dx
This is a linear equation of the form:

dv ’
: + py =0 (where p=2tanx and J =sin x)
ax
NOI-V. [F = LJ_.'I:.‘.I _ L’!:Iull.l{h _ ,.;:*: Tog|sec o _ EI-.H_.'.['::.:' g _ SEC: v

The general solution of the given differential equation is given by the relation,
y(LF) = [(QxLF)dx+C

= (sec’ .1.'] - J{sin x-sec’ x)dx+C

— psec’ x = J{scc x-tan x e + C

= ysec” x =secx+C (1)
yv=0atx= T

Now, 3

Therefore,

AT T
0 see” E =sgec—+C

= 0=2+C
=C=-2
Substituting C = -2 in equation (1), we get:

Class X1l MATH www.esaral.com 12
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ysee’ x =secx—2

= y=cosx—2cos’ x

Hence, the required solution of the given differential equation is y=cosx—2cos” x.

Question 14:

{l+x:)£+21}‘= —:p=0whenx=1
el I+

Answer

(]+.T:}£+2.ﬂ'= ]
dv 1+ x°

£+ 2y

A

de  l+x (I+x1}_

This is a linear differential equation of the form:

2x 1
sand 0= ——)
+ x an Q {l+_‘l{:}-

%+ py =0 (where p = ]

2 welx ; B
MNow, LF :E'[m = E'J'*": —e ] =14+x".
The general solution of the given differential equation is given by the relation,

y(LF) = [(QxLF)dx+C

| . B

_ : ?-L|+x‘} dx+C

{]+x‘]
1

= p(1+x7) = I]+_~r" dv +C

= y(l +.'(:}:

:>}f{l+.r:}=Lan' x+C (1)

Now, y = 0 at x = 1.
Therefore,

O=tan '1+C

=C=-2
4

Class X1l MATH www.esaral.com 13
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T
===
Substituting 4in equation (1), we get:

y[|+x:)=tan"x—§

This is the required general solution of the given differential equation.

Question 15:

dy . w
@ _ Jycotx =sin2x;y =2 whenx ==
v 2
Answer

= _3ycotx=sin2x.
The given differential equation is 4%

This is a linear differential equation of the form:

ey . .

d‘— + py = (where p = -3cot x and O =sin 2x)
v

1
1M . oz -
NOWI I F _ E,_.J-"“:IET _ L:—_'\IJ-LI:II.I.n':I —e "l'-"J.-'l-\"” o B .,| _ I

Csin’x
The general solution of the given differential equation is given by the relation,

¥(LF) = [(QxLF)dx+C

| . I :
=y =J[sn12x, — }e’x+(‘.
5N x 51 X

= peosec’x =2 j{ cot xeoseex ) d +C

= ycosec'x = 2cosec x+C

2 3
= V== o+ )
COSEC™Y  COsec X
= y=-2sin" x+Csin’ x (1)
FIY
y=2atx=—.
2

Now,
Therefore, we get:
2=-2+C
=C=4

Class X1l MATH www.esaral.com 14
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Substituting C = 4 in equation (1), we get:
y=-2sin’ x+4sin’ x
= y=4sin’ x—2sin" x

This is the required particular solution of the given differential equation.

Question 16:
Find the equation of a curve passing through the origin given that the slope of the
tangent to the curve at any point (x, y) is equal to the sum of the coordinates of the
point.
Answer
Let F (x, y) be the curve passing through the origin.
dv
At point (x, y), the slope of the curve will be dx
According to the given information:

—=x+y
dx

> ——y=Xx

dadr

This is a linear differential equation of the form:

jv + py =0 (where p=—1 and 0 = x)

MNow, LF = GIMT —c*ﬁ_”'h =g

The general solution of the given differential equation is given by the relation,

y(LF) = J(Qx1F.)dx+C

= e = Ixc""u'x +C (1}
Now, j.‘l.'{.‘_'Tﬂr.l.' =X IL ey — I[% (x)- IL"'TJJ.} dx.
dx
=—xe ' - J—E_LH{T
=—xe " +(—|LJ"L )
=—¢ "(x+1)

Class X1l MATH www.esaral.com 15
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Substituting in equation (1), we get:

ye ' =—¢ " (x+1)+C

= p=—(x+1)+Ce"

= x+y+1=Ce" -(2)
The curve passes through the origin.

Therefore, equation (2) becomes:
1=C

>C=1

Substituting C = 1 in equation (2), we get:
x+y+l=¢

Hence, the required equation of curve passing through the origin is""‘J’«"ur1 e

Find the equation of a curve passing through the point (0, 2) given that the sum of the

coordinates of any point on the curve exceeds the magnitude of the slope of the tangent

to the curve at that point by 5.

Answer

Let F (x, y) be the curve and let (x, y) be a point on the curve. The slope of the tangent
ﬁ

to the curve at (x, y) is dx

According to the given information:

dv
—+5=x+y
i ’

d.
::ai—_r =x—35
friy

This is a linear differential equation of the form:

Class X1l MATH www.esaral.com 16
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%-I-p‘_].’:g iwhere p=—1and J=x-135)
X

Now, LF = o7 =¢J‘ b _ gmx

The general equation of the curve is given by the relation,
¥(LF)= J{Qx LF.)dx +C

= et = (e )e e v 1)

Now, J{ x=5)e "dv=(x-5) Jﬁ'”ca’.r — J‘[;&—j{m— 5]__[9'-' a{r}h‘,

=(x-5)(-e ”)— ‘[(—e ")a['c'
=(5-x)e™ +(—e'”)
=(4-x)e”

Therefore, equation (1) becomes:

ve " =(4-x)e " +C

= y=4—x+C¢

= x+y-4=Ce ~(2)

The curve passes through point (0, 2).
Therefore, equation (2) becomes:
0+2-4=Ce

>-2=C
>C=-2

Substituting C = -2 in equation (2), we get:
x+y—4=-2¢"

= y=4-x-2¢

This is the required equation of the curve.

Class X1l MATH www.esaral.com 17
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Question 18:

day 5
x—-—y=2x
The integrating factor of the differential equation dx
A.e™

B. e’

1
C. ¥
D. x
Answer

The given differential equation is:

rﬂ —y=25
dr

::-ﬁ—£= 2x

dry X

This is a linear differential equation of the form:

12 + py =0 (where p= ! and ¢ = 2x)
dx X

The integrating factor (I.F) is given by the relation,

E-rpdl

£l )
— il . koafx™! |

- LF =e'l =g = ) =x'=
X

Hence, the correct answer is C.

Question 19:
The integrating factor of the differential equation.

iy
- ) oy =ap (1< y <]
{ ,1»]@+Jx ay( c:Jc:}is

Class X1l MATH www.esaral.com
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B. Vrt-l

!
c. =Y
!

p. V1=

Answer

The given differential equation is:

(l -y )ﬁ + yx = ay

dy

m’ .l_ K
b, x @

de 1-y 11—y
This is a linear differential equation of the form:
.ﬁ‘["f V 7
—+py=0 (wherep=—— and 0= i =)
dy -y 1=
The integrating factor (I.F) is given by the relation,
E-[_lklll

¥ . 1 1 ) long ——

CLF = |L}J‘.'t:.lr —e | .I,_'"l- :E—Eh:@'l:]-.l ) — e 4 - _ 1

Hence, the correct answer is D.
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