d*y

—+sin(y")=0
Determine order and degree(if defined) of differential equation &*
Answer
4 2
— +sin(v")=0
Li‘r-l- (- ]

= y"' +sin(y")=0

mr

The highest order derivative present in the differential equation is+ . Therefore, its
order is four.
The given differential equation is not a polynomial equation in its derivatives. Hence, its

degree is not defined.

Determine order and degree(if defined) of differential equation y+3y=0

Answer
The given differential equation is:
¥P+5y=0

‘djayueou-mmmy/:dny

wod

The highest order derivative present in the differential equation is? . Therefore, its order
is one.

V

It is a polynomial equation in . The highest power raised to* is 1. Hence, its degree is

one.

£ ey 2,
diJ —3.~.-”r—'_f =0
Determine order and degree(if defined) of differential equation “ ! dt
Answer
£y 2,
s J 395 g
\ ot el
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d’s
The highest order derivative present in the given differential equation is dr* . Therefore,
its order is two.
ds  ds d’s
It is a polynomial equation in dt* and df . The power raised to dr’ is 1.
Hence, its degree is one.

[ d’ v (dy
| | +eos| = =0
Determine order and degree(if defined) of differential equation * o’ 4 \dx )
Answer
fal'.“:"ﬁ:  eh )
| == | +eos| = |=0
| dx” | dx )
dy

The highest order derivative present in the given differential equation is di* . Therefore,
its order is 2.

The given differential equation is not a polynomial equation in its derivatives. Hence, its
degree is not defined.

wo9 diayuaou mmm//:dny

d*y .
—-=c0s3x +sin3x
Determine order and degree(if defined) of differential equation dlx

Answer
d*y )
— = ¢os3x+sin3x
LJ’__T"

= {;1 —¢os3x—sin3x=10

d’y
The highest order derivative present in the differential equation is dx’ . Therefore, its
order is two.
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dy dy
It is a polynomial equation in @%" and the power raised to €% is 1.
Hence, its degree is one.

Determine order and degree(if defined) of differential equation
(") (") + () +y' =0
Answer

{1} +{_1'"}1' + {_\"] +v' =0

The highest order derivative present in the differential equation is-* . Therefore, its
order is three.

The given differential equation is a polynomial equation in* -and )’

L

The highest power raised to-* is 2. Hence, its degree is 2.

Determine order and degree(if defined) of differential equation - +2)y"+y =0

Answer
IL"" + 2}'” + IL" =)

L

The highest order derivative present in the differential equation is-* . Therefore, its

wo9 diayuaou mmm//:dny

order is three.

It is a polynomial equation in?

L

yoand ¥’ The highest power raised to? is 1. Hence, its

degree is 1.

Determine order and degree(if defined) of differential equation ¥ ¥ =¢

Answer

PV+ry=e¢'
=y +y—e" =0
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The highest order derivative present in the differential equation is< . Therefore, its order

is one.
The given differential equation is a polynomial equation in* and the highest power

L}
raised to+ is one. Hence, its degree is one.

. R . . () +2p=0
Determine order and degree(if defined) of differential equation

Answer
V() +2y=0

L

The highest order derivative present in the differential equation is* . Therefore, its

order is two.

The given differential equation is a polynomial equation in* and- and the highest

L

power raised to is one.

Hence, its degree is one.

Determine order and degree(if defined) of differential equation * +2y +siny=0

Answer
¥ +2y +siny =0

L

The highest order derivative present in the differential equation is+ . Therefore, its

order is two.

L

This is a polynomial equation in+" and+ and the highest power raised to" is one.

Hence, its degree is one.

The degree of the differential equation

f :,ll1' 42 f
| . | +[ﬂ1 +sinL%J+I=D

av’ S lLdx ) dx

\
.

is
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(A) 3 (B) 2 (C) 1 (D) not defined

Answer

(dy \ [d_ﬁr T ()

| = +| = +smL—J+I=D
\ dx J oy ) dx

The given differential equation is not a polynomial equation in its derivatives. Therefore,
its degree is not defined.

Hence, the correct answer is D.

The order of the differential equation

229V 3o
ﬂh‘- H'I..T is
(A) 2 (B) 1 (C) 0 (D) not defined
Answer
T U
dx” dlx

d*y
The highest order derivative present in the given differential equation is dx’® . Therefore,
its order is two.

Hence, the correct answer is A.

WWW. ncert hel p. con
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yv=e"+1 T =y' =1
Answer
y=e" +I1

Differentiating both sides of this equation with respect to x, we get:

ﬁ - ﬂr ((:.T +I}
dy  dx
=y =¢ A1)

Now, differentiating equation (1) with respect to x, we get:

d, ., d e
E[.L ]— dx{(. )
=" =g

Substituting the values of ¥ 31d.¥
as:
.1|}J _ .1_.f — {-’.; —l:'-": — ﬂ _ RI I_S_

Thus, the given function is the solution of the corresponding differential equation.

y=x"+2x+C 2y =2x-2=0

Answer

y=x"+2x+C

Differentiating both sides of this equation with respect to x, we get:

y = i{r +2x+ EZ}

= y'=2x+2

Substituting the value of ¥ in the given differential equation, we get:

LHS. =V —2x=2=2x+2-2x-2=0_p g

Hence, the given function is the solution of the corresponding differential equation.
WWW. ncert hel p. con

in the given differential equation, we get the L.H.S.
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Question 3:

v=cosx+C sV +sinx =0
Answer
y=cosx+C

Differentiating both sides of this equation with respect to x, we get:

d
= (cosx+C
) dx{cosx )

= ' =—sinx

Substituting the value of ¥ in the given differential equation, we get:

LHS, =V *sinx=—sinx+sinx=0_p o

Hence, the given function is the solution of the corresponding differential equation.

Question 4:

y=+l+x’ = 'U?_.

I+ x
Answer
¥ =x.l+x:

Differentiating both sides of the equation with respect to x, we get:

WWW. ncert hel p. con
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V' = ;—i(ﬁm)

r !I' 4
y=—— i{l +:r'}
VE——

L+ x°

|
241+ 57

2x
24

x

r

y'= ﬁ
Y1+

X P
=)' = 1+ x°
| +x°
\ x
=y =—"-y
1+ x°
oY
=y =
1+ x°
~.L.H.S. = R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

Question 5:

y=Ax D ox' =y x#0)

Answer

y=Ax

Differentiating both sides with respect to x, we get:
d

= _,d‘
! dx{ x)

=y =A

Substituting the value of ! in the given differential equation, we get:
LHS.=x =x-A=Axr=y=RHS.

Hence, the given function is the solution of the corresponding differential equation.

Question 6:

y=xsinx o ox'=yp+xfx’—p (x=0andx> yorx<-—y)

Answer
WWW. ncert hel p. con
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y=xsinx
Differentiating both sides of this equation with respect to x, we get:

V= i(xsin x)
il

d d
= ' =sinx-—(x)+x-—(sin x)
g ﬁir.T{ ) cb:{ :
=y =sinx+xcosx

Substituting the value of* in the given differential equation, we get:
L.H.S.=xy"= x(sinx + xcos x)

= x¥sinx+x cosx

= y+x" -y/l=sin’x

= y+x° 1—[£]
x

= yt+xy =5

=R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

Question 7:

xy=logy+C Dy = L4 (xy=1)
1—xy

Answer

xy=logv+C

Differentiating both sides of this equation with respect to x, we get:

WWW. ncert hel p. con
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< ()= (log)
dv 1y

=y d{\-]+r =
Todvt T dy ydx

r ] r
— ¥ + Xy =—y
v

=y +avy =y
= (xy=1)y'=-»"

=V =
| —xp

~~L.H.S. = R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

Question 8:

V—Cosy=x . {}-’ sin y+cosy+ -x'} _,!'J =V
Answer
Y—Ccosy=x [l}

Differentiating both sides of the equation with respect to x, we get:

= ¥ +siny-y =1

= y'(1+siny)=1

. I
=y ="
I+smy

Substituting the value of ! in equation (1), we get:

WWW. ncert hel p. con
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L[ |€ = [J"Sil] Jr+ CU‘SI_'I-' +x}yr
1

= {}'sin VHCOS Y+ V= C0S Y ) X ——r
I +siny

. 1
1+ —_
'L( Sm}) l+siny

=y

= R.H.5.

Hence, the given function is the solution of the corresponding differential equation.

Question 9:

Answer

x+y=tan"'y

Differentiating both sides of this equation with respect to x, we get:
)

e -
E{x +y)= E[tan ' J-)

= l+.1-'={ I - :|1
1+ ¥

=7 I ——1|=1
L1+

1-(147
:':).LI‘ {—+j] :l
1+ y-

_-“3
o I'|."l = - |= ]
L1+y°

Substituting the value of in the given differential equation, we get:

WWW. ncert hel p. con
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—(I+3»‘:}

LHS.=y'y'+p" +1= | ——— |+ +1
Vo
=-1-3y"+y +1
=0
~RH.S.

Hence, the given function is the solution of the corresponding differential equation.

Question 10:

y=+a' -x'xe(-a,a) : x+y;—jjj=l][}';tﬂ]
X

Answer

y=+a —x°

Differentiating both sides of this equation with respect to x, we get:
dy =i[ 'Ilﬂ': ! )
dr dy
dy I d ;-
e s —
dy  2Jg* —x* dx

dy
Substituting the value of d% in the given differential equation, we get:
L.H.S. = x+y£=:r+u'a: S
dx e
=x-x
=
= R.H.S.

Hence, the given function is the solution of the corresponding differential equation.

WWW. ncert hel p. con
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The numbers of arbitrary constants in the general solution of a differential equation of
fourth order are:

(A)O(B)2(C)3 (D)4

Answer

We know that the number of constants in the general solution of a differential equation
of order n is equal to its order.

Therefore, the number of constants in the general equation of fourth order differential

equation is four.

Hence, the correct answer is D.

The numbers of arbitrary constants in the particular solution of a differential equation of
third order are:

(A)3(B)2(C)1 (D)o

Answer

In a particular solution of a differential equation, there are no arbitrary constants.

Hence, the correct answer is D.

WWW. ncert hel p. con

wo9 diayuaou mmm//:dny



Exercise 9.3

Question 1:

a b

a b

Differentiating both sides of the given equation with respect to x, we get:

| 1y _

=0
a bdx

I 1
= —+—'=0
a bj

Again, differentiating both sides with respect to x, we get:

Hence, the required differential equation of the given curve is? = U-

Question 2:

¥ =a(b’ —,r’)
Answer
: 2 =a(b'1 _,fj)
Differentiating both sides with respect to x, we get:
dy
2y—=al-2x
y—-=al-2x)
=2y =-2ax
= ' = —ax A1)

Again, differentiating both sides with respect to x, we get:

WWW. ncert hel p. con
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ey p'=—a
:‘{_].-'I}:+_].’_].-"=—H ol 2)

Dividing equation (2) by equation (1), we get:

() +n" _-a
w' —ax

=" +x(y) —p" =0

This is the required differential equation of the given curve.

Question 3:

v=ae +he™”

Answer =)
L =
v=ae " +be 1) =
Differentiating both sides with respect to x, we get: §
V' =3ae™ —2be™" (2) =
-}
Again, differentiating both sides with respect to x, we get: o
Q)
V" =9ae’" +4be " A3) —
-y
Multiplying equation (1) with (2) and then adding it to equation (2), we get: _%
2 _,h'_‘_:b_:_:'r + 3 ’h.—:h‘ X =2v+1__r b
( ae [& ) { ae e } ¥+ 3
= Sge = 2y+y 3
1y 2},: .|-. ‘l.li
= ge = ———
5

Now, multiplying equation (1) with equation (3) and subtracting equation (2) from it, we
get:

(3ae™ +3be™ }—(Bae“ —2he™ ) =3y-)

= She " = 3y

S

5

= he”

Substituting the values of @€ and be ™" jn equation (3), we get:

WWW. ncert hel p. con



LJ—’:]' ’ -
5 5
SOy Ty —dq
:>y,:13j+,]_,l +1,.J 4y
3 3
o J0v+5¢
=y :T

=" =6yv+y
=y =y —by=0

This is the required differential equation of the given curve.

Question 4:

y=¢e"(a+bx)

Answer

y=e"(a+bx) A1)
Differentiating both sides with respect to x, we get:
Vv'=2e" (a+bx)+e b

=y =" (2a+2bx+b) (2)

Multiplying equation (1) with equation (2) and then subtracting it from equation (2), we

get:
V' =2y=e"(2a+2bx+b)—e™ (2a+2bx)
= y' =2 =bhe" ~(3)

Differentiating both sides with respect to x, we get:

Vi =2y = 2be™ A4)

Dividing equation (4) by equation (3), we get:
IR_ 2 Ir

¥ : Y o

=2y

=y =2y =2y -4y
=" =4y +4y =10

This is the required differential equation of the given curve.

WWW. ncert hel p. con
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Question 5:

y=e"(acosx+bsinx)

Answer

v=e"(acosx+bsinx) (1)

Differentiating both sides with respect to x, we get:

’

V' =e¢"(acosx+bsinx)+e' (—asinx+hcosx)
—>_1-‘=c"[{u+h]cos;-—[u—h]sinx:| (2)

Again, differentiating with respect to x, we get:

=" [{a +b)cosx—(a—b)sin .r]+ e" [—{a +b)sinx—(a—b)cos .‘r]
V' =e"[2bcosx—2asinx|

v"=2¢"(beosx—asinx)

j%z ¢'(bcosx—asinx) L3

Adding equations (1) and (3), we get:
o
_1'+'1?=;_*" [{c.r+h]cn:i.'r—{c.-—h]sin .r]

v f
= y+—=y
2

= 2y+y" =2y
= " =2y'4+2y=0

This is the required differential equation of the given curve.

Question 6:

Form the differential equation of the family of circles touching the y-axis at the origin.

Answer

The centre of the circle touching the y-axis at origin lies on the x-axis.
Let (a, 0) be the centre of the circle.

Since it touches the y-axis at origin, its radius is a.

Now, the equation of the circle with centre (a, 0) and radius (a) is

(x—a) +y* =a’.

= x +y =2ax “‘[1\)/\1\/\1\/\/_ ncert hel p. con
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“:»:

Differentiating equation (1) with respect to x, we get:

2x+ 2" =2a

=x+w' =a

Now, on substituting the value of a in equation (1), we get:
x4yt = 2(x+m')x

=x +y =2x" + 2

= 2xn +x* =’

This is the required differential equation.

Form the differential equation of the family of parabolas having vertex at origin and axis
along positive y-axis.

Answer

The equation of the parabola having the vertex at origin and the axis along the positive
y-axis is:

x* = day A

WWW. ncert hel p. con
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-

Y'Y

Differentiating equation (1) with respect to x, we get:

2x=4a ey

Dividing equation (2) by equation (1), we get:

2x  day’

1

x day
2_y
¥

]

v
= xy =2y
= xy=2y=0

This is the required differential equation.

wo9 dipyuaou - mmm//:dny

Form the differential equation of the family of ellipses having foci on y-axis and centre at

origin.

Answer

The equation of the family of ellipses having foci on the y-axis and the centre at origin is

as follows:

SRR . A1)
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A )

Differentiating equation (1) with respect to x, we get:

2x 2w

FEE
x

= —+===0 w2
b )

=0

Again, differentiating with respect to x, we get:

1 ;'_1_:'4_ 1. -Ln"'
LYY

=0
b a
-1y L( 7+ )=0
ERARERY B
= ;: =- f:E ( ¥ e _w")

Substituting this value in equation (2), we get:

R G|

a ol
= —x(¥) 0y +3y' =0
= xp"+x(V) —/ =0

This is the required differential equation.

WWW. ncert hel p. con
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Question 9:

Form the differential equation of the family of hyperbolas having foci on x-axis and
centre at origin.

Answer

The equation of the family of hyperbolas with the centre at origin and foci along the x-

axis is:
. ,1-‘:
=1 (1)
a- b
Yy
K_‘_ X
- 5 -
i j

Differentiating both sides of equation (1) with respect to x, we get:

2x 21

————=0

a’ h*
o

= ————=1 A2)
a- b

Again, differentiating both sides with respect to x, we get:

I__ -VJ _-_!.If+ leﬂ

o =0
a h-

Substituting the value of a’ in equation (2), we get:

5 (0 ) -

= .r['y'}: +xn" = =0

= " +x()) - =0
WWW. ncert hel p. con
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This is the required differential equation.

Form the differential equation of the family of circles having centre on y-axis and radius
3 units.

Answer

Let the centre of the circle on y-axis be (0, b).

The differential equation of the family of circles with centre at (0, b) and radius 3 is as

follows:
P a(y-b) =3
:>x:+|:'.}-'—h]2=9 A1)
v
X_'_ X
- = =
v

Differentiating equation (1) with respect to x, we get:
2x+2(y=b)-»'=0
= (y-b)y' =-x

Z?_}’—h=_-::
J.!

Substituting the value of (y - b) in equation (1), we get:

WWW. ncert hel p. con
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l 7

7 -9) {J} +x7 =0

This is the required differential equation.

Question 11:

Which of the following differential equations has Y

3

d’y

—+y=0
A. dx’

d’y

——y=0
B. dx

4y 1=0
Cc. dx’

d’y
D. dx’

-1=0

Answer
The given equation is:
}-‘:C'Ié’r+i’.‘3£’_v {]}

Differentiating with respect to x, we get:

dr

Again, differentiating with respect to x, we get:

=ce’ +o,e”

WWW. ncert hel p. con
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.1.1 r =X
—- =g toe

This is the required differential equation of the given equation of curve.

Hence, the correct answer is B.

Which of the following differential equation has- = * as one of its particular solution?

fm‘I:_F 3 (F{l"

—— X Xy =x
A, dx
d'v  dy
—+X—+ XY =X
B. v alx
v Ldy
‘ 1 e +xy=0
c. dx’ dx
d’y dv
—+xr—+xy=0
D. x° dx
Answer

The given equation of curve is y = x.

Differentiating with respect to x, we get:

d_ (1)
dlx
Again, differentiating with respect to x, we get:
dy_y -(2)
e’

d’y v

—

Now, on substituting the values of y, dlx dx from equation (1) and (2) in each of

the given alternatives, we find that only the differential equation given in alternative C is

correct.

WWW. ncert hel p. con
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=10

Hence, the correct answer is C
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Exercise 9.4

Question 1:

dy 1-cosx
dv  l+cosx
Answer

The given differential equation is:
dy 1-cosx
dy  l+cosx

Separating the variables,we get:
dy = (scc:'—r—l]dx
2
Now, integrating both sides of this equation, we get:

_“:,3_’1»' = J(SECE g—l]dx= '[5603 %dx—fdx

x .
= V= 2tan;—x+f_.

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

Question 2:

? =yd4-y" (2<y<2)
ie

Answer

The given differential equation is:

WWW. ncert hel p. con
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dv 5

=/ -y
friy !
Separating the variables, we get:
= dy = = dx
4—y°

Now, integrating both sides of this equation, we get:

[ Y fas

¥
:>51n"‘]—=.r+['

:>§=sin(,1-+f_‘]

= y= Zﬁin{.r-i—(:}

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

Question 3:

v

i+_'|::1 (y=1)

dx

Answer

The given differential equation is:

dy
—+y=1
X

= dv+y dy = dx
= dy=(1-y)dx

Separating the variables, we get:

Now, integrating both sides, we get:

WWW. ncert hel p. con
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2~ i

-
= log(l1-y)=x+logC
= ~logC-log(l-y)=x
=logC(l-y)=-x

=C(l-y)=e

-1

1
=l-y=—¢
C
1,
= y=l-—¢
C

. |
= y=1+4de " (where 4 = —E}

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

Question 4:

sec” xtan ydv+sec’ ytanxdy =0
Answer

The given differential equation is:
sec” xtan ydr +sec” ytan xdy =

sec” xtan ydy +sec” ytanxdy 0

Lan xtan v

2
s€CT X

sec’ y
v+ J dv =10
tan x tan y
sec’x , _ _Secy dv
tan x tan y

Integrating both sides of this equation, we get:

j’&EC .1 J‘SEC' L’ (|}

tan x tan y

WWW. ncert hel p. con
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Let tanx =+,

et
(tan x} =
ex dx
, dt
= serT Xr=—
o

= sec” xdv =dt

Now, Jsec xa!:. J dr.

tan x
=logt
=log(tanx)
Similarly, J-SEC- IE{‘l»‘ =log(tan y).
tan x

Substituting these values in equation (1), we get:

log(tanx)=—log(tan y)+logC

C
= log(tanx ) =lo
g(tanx)= g[ -~ J

.l

= lanx =
tan y

= tanxtan y=C

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

Question 5:
{e” +e "].:,a[v—(e* —e *]:ir=

Answer

The given differential equation is:
{E'T +e" ]f{v - (e" —e " ]aﬁ' =10
= (e‘* te "}q’*= (¢ —e '*]r:ir
= a!v{‘i _E:':}dx
e +e

Integrating both sides of this equation, we get:

WWW. ncert hel p. con
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—‘-d-‘: Ii:g;_e:; :|-£T+C
e +e”
E.'l —L-,_.T
= e+ C ol 1
o= [ e 0)

Let (e¥ + e™) = t.

Differentiating both sides with respect to x, we get:

d . .y di
{E' + e ):E

.. dt

i

= (e* —é *]u[r = df

Substituting this value in equation (1), we get:
1

p=|-dt+C

v=

= y=log(t)+C

= V= Iﬂg(e" +.—3'"] +C

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

Question 6:

A (1 (1

—=l+x |1+ ¥y

D (1+2)14°)

Answer

The given differential equation is:

jv ={|+x'?}(1+_v3)

L

dv s
:;\]_,_-;_.3 :(1+.r‘)dx

Integrating both sides of this equation, we get:
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I a’y = J{]+x:)¢fx

1+

= tan”' y= Ia’x + Ix:ffx

= tan”' y:x+%+{j

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

Question 7:

vlogvdv—xdv =10

Answer

The given differential equation is:
viegvde—xdv=10

= viog vdx =xdy

dy _dx

viogy x

Integrating both sides, we get:

b )

J-‘Ing}-‘_ x
Let logy=t.
il el
log v) =
d}__[ gy) &
1t
= —=—
v dy
:}lf{r:n’!
y

Substituting this value in equation (1), we get:
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dr dx
Fr=r
= logt =logx+logC
= log(log y)=logCx
= log y=Cx
e }_l — El'.'r

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

Question 8:
e
de 7

Answer

The given differential equation is:

s dy 5
x —_— -
el !
dy dx
= 5=
) E
= ﬂ + ﬂ =0
oy

Integrating both sides, we get:

i B ﬂ =k (where k is any constant)
Ty
= |xdr+ jy"ﬂdfv =k
44
LR '
-4 -4
=Sy +y Tt =—dk
—=x'+yt=C (C=—4k)

This is the required general solution of the given differential equation.
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Question 9:

1)
i =sin"'x
dx
Answer

The given differential equation is:

Q =sin"'x
.
=dy=sin"' x dx

Integrating both sides, we get:
j},{v: J'sin 'y dx
= = _[(sin ‘x-l]dx

= y=sin"x- [(1)dx- jﬂdi(sin" x)- j{l}u’x” dlx

Ay

. 1
— p=sin'x-x— I[ -x
; T ]
i —x
= y=xsin ' x+ d 1
. | — (1)

Let 1-x" =1.
3i(._x:)=£
dx Py
= -2x :ﬂ
e
= xey = —lu’f
2

Substituting this value in equation (1), we get:
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y=xsin" x+ J—da‘

J—
= y=1xsin" r+l-_[{r} I‘a’r
y=xsin x4
|

- It
= y=xsin" x+——+C
21

2
= y=xsin" x+t +C

= y=xsin ' x+y1-x* +C

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

Question 10:
e tan ydy+(1-¢"|sec’ ydy =0
Answer

The given differential equation is:
e’ tan y d¥+{] - )scc vdy=10
{I —¢" ]sec' vy =—¢" tan y dyx
Separating the variables, we get:
sec” y -’

dv =
tany = 1-e¢'

Integrating both sides, we get:

sec’ y -’

—dy = |——dx el
j‘tan}-' 4 J‘I—e" (1
Let tany=u.
= i{tan V) _du

dy

2 du
—=sec y=—
dy

— sec” vdy = du

' PEL Yy = I@=Iugu=lug(mn}'}
n
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Now, let 1—e" =1.

d dt
So—(1—e" )= —
dx( y ] dr
Lt
= ¢ =—
dx
= —¢ gy =t

= .[1__L:-v dy = I? =logt = I::-g(l —e")

sec’ y -
—dy and |——dx
tan y l-&

Substituting the values of

= log(tan y) = lng(l -e )+ logC

= log(tan y) = 1Bg[{?[| —€ }]
:::tan_v=C(|‘€'T]

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

Question 11:

(2 x )L 220 4y =1 whenx =0
dx
Answer

The given differential equation is:

(x"+.r:+x+l)£:2.x: +x

dv 2t +x
dx (x“ +xt +x+l]

2x" +x
(x+ I}(x:+l)dr

Integrating both sides, we get:

= dy =
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fay= [—X2x g Y (1)

(x+1) lr +l

) 2% +x N A Br+C "
Let {x+]}(x3+I]_.‘r+|+ Tl {-}

. x4 x _ Ax” + A+(Bx +C)(x+1)
[x+l}{x‘1+|) I:.‘(+|](.IE+]}

=2y +x=Ax  + A+ By’ + Bx+Cx+C

=2 +x=(A+B)x’ +(B+C)x+(4+C)

Comparing the coefficients of x* and x, we get:
A+B=2
B+C=1
A+C=0

Solving these equations, we get:

Substituting the values of A, B, and C in equation (2), we get:

2x 4 x _1o +l[3x—l]
[x+1}(x:+l) 2 (x+1) 2(3,-3+]}

Therefore, equation (1) becomes:
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:>y=%|0g[x+l:|+— ﬁdx—% ﬁd\’
::»y=;luu x+l)+ I;il —;tdn v+ C
:>},=%| x+l)+1hn-:[x +1) %Lan Lx+C
== l[l]uu[r+]}+_wlng(_ +I]} tan~ x4+ C
== %[{wﬁl}j (xl+]) }——tan "x+C

Now, ¥=1 when x = 0.
1 | .
:>l=zlog[lj—5tan 0+C

=>l=l><ﬂ—l><0+(:
4 2

=C=1
Substituting C = 1 in equation (3), we get:

y:%[lng[r+l}3 (x" +l]3]—%t3n_] x+1

Question 12:

4 dyv
xlx =1]—=—=1; v=0 when x=2
(e

Answer
x[x1 —I)

idy_x(r —])
I

Jr{)r—l}{x+l}ﬂlbr

Integrating both sides, we get:

§|@‘

=dy=
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l
Iriﬁ- = I,J,‘{,T— )(x+ ]}ci‘r {1}
aeL__ 4, B C
afx=I)(x+1) x x-1 x+l
| CA(x=1)(x+1)+ Bx(x+1)+Cx(x-1)
x(x=1)(x+1) x(x=1)(x+1)
B (A+ H+{"]x: +[H—("}x—.—!
x(x—1)(x+1)
Comparing the coefficients of x?, x, and constant, we get:
A=-1
B-C=0
A+B+C=10

L

=

E=l and C =

o | =

Solving these equations, we get

Substituting the values of A, B, and C in equation (2), we get:
1 - =1 1 1

c-D)(x+1) x  2(x-1) 2(x+1)

Therefore, equation (1) becomes:
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TR TE
Jar==J e [y I

:>y=—lngx+%Iog[x—1}+%lﬂg{x+l}+]ugk

k:[x—l1}[x+l]]

I
= y=—lo
-

Mow, y=0 whenx=2,

E(2-1)2+1
:>U=llog[—( )2+ }]
2 4
3k
=log| — =0
o)

3k
=" =]

4
=3k =4
:>k:=%
. ]

Substituting the value of k% in equation (3), we get:

1. [ 4(x=1)(x+1)
'”:EI“E_T}

3

J—]]D
¥ B g

Question 13:
dy

cos| =— |=a(aeR);y =1 whenx=0
dx

Answer
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v
Cos [—}J =g
o

dv

= —=¢0s a
o

= dy=cos” adx

Integrating both sides, we get:

j-aj-' =cos 'a Idx

= y=cos 'a-x+C

= y=xcos 'a+C

MNow, v =1whenx =10,
=1=0-.cos'a+C
=C=1

Substituting C = 1 in equation (1), we get:

y=xcos a+l

yv—1 |
= =c0s a

)
=05 — |=d
X

Question 14:

Q =ytanx; vy =lwhenx =10
dx

Answer
dv

— =ytanx
dx !

:>£=tan.mfr
J_.-'

Integrating both sides, we get:
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j-% = —j-mn xdx

= log ) = log(secx)+log C
= log y =log(Csecx)

= y=Csecx (1)

Now, y=1 whenx=10.

= 1=Cxsecl

=1=Cx1

= (=1

Substituting C = 1 in equation (1), we get:

y = sec x

Question 15:

Find the equation of a curve passing through the point (0, 0) and whose differential

Jr — o] 1
equation s} T sy
Answer

The differential equation of the curve is:
y'=e'sinx
dv L.
—>——=¢ §iNnx
dx
= dv=¢"sinx
Integrating both sides, we get:

Iu{v= Je"sin.m’,r (1)

Let! = je" sin x d.

=/ :sin,rjr:*afr— j(%(sinx]' Ie‘dr]a’x
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= [=sinx-¢" - Icosx-c"u{r

] N ¥ "_zr T
= [=sinx-e —|:CDSJ." edx - T(casx]- Ie dx |dx
X
= [ =sinx-¢" —[cosx-c" - ﬂ—sinx}-e"n’r}
= [=¢sinx—¢ cosx—1
=2/ =¢"(sinx—cosx)
¢"(sinx—cosx)
2

Substituting this value in equation (1), we get:

— =

L
_e'(sinx ms.r}+ R

y= o inx -2)

Now, the curve passes through point (0, 0).

Eu{ﬂin{]—{:(mﬂ}
0= +C
2
1Ho-1
::’U:{T}-l-{j

==

[

C=]

Substituting Zin equation (2), we get:

¢ (sinx—cosx) 1
y= 5 +§

=2y =¢"(sinx—cosx)+1

= 2y—l=¢"(sinx—cosx)

2y—1l=¢"[sinx—cosx).
Hence, the required equation of the curve is ¥ ¢ ( }

Question 16:
.‘qvﬂz{x+ 2}{_1-‘+2],
For the differential equation X find the solution curve passing
through the point (1, -1).
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Answer

The differential equation of the given curve is:
dy

xy ci‘-:‘f =(x+2)(y+2)

Integrating both sides, we get:

ﬂfl— 2 Haj'r: rI+E\|a‘x
\ Jr+2/ v
= Ic{r—? ﬁ{i«r Icir+2!£dx

= y-2log(r+2)=x+2logx+C

= y—x-C=logx” +log(y+2)
L 2] "

Now, the curve passes through point (1, -1).

- -

— 1-1-C= log[{l} (~1+2) }

= -2-C=logl=0

=(C=-2

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

y—x42= log[r {_1:+2]2}

This is the required solution of the given curve.

Question 17:
Find the equation of a curve passing through the point (0, -2) given that at any point

Xy
[ "L}on the curve, the product of the slope of its tangent and y-coordinate of the point
is equal to the x-coordinate of the point.

Answer

Let x and y be the x-coordinate Wﬁ:{z%rrdtrﬁge] ?f ta%ﬁurve respectively.
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We know that the slope of a tangent to the curve in the coordinate axis is given by the
relation,

l’.i‘r}’

dx

According to the given information, we get:

dy
..I'I =X
dx

= vdv = xdx

Integrating both sides, we get:

J‘)-'c{r = JI el

5

voooox
= —="—+C

[
ra |

(]
(%]

=y —x'=2C (1)

Now, the curve passes through point (0, -2).

~(-2)2-0%=2C

=>2C=4

Substituting 2C = 4 in equation (1), we get:
y’-x>=4

This is the required equation of the curve.

At any point (x, y) of a curve, the slope of the tangent is twice the slope of the line
segment joining the point of contact to the point (-4, -3). Find the equation of the curve
given that it passes through (-2, 1).

Answer
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It is given that (x, y) is the point of contact of the curve and its tangent.

y+3

The slope (m,) of the line segment joining (x, y) and (-4, -3) is x+4
We know that the slope of the tangent to the curve is given by the relation,
dy
dx

: dy
.. Slope (m, ) of the tangent ==

) e

According to the given information:

m, =2m,

dv 2(_1-‘+ 3}
E_ x+4
dv  2dx
_r+3__1-+4

Integrating both sides, we get:

by
el

= log(yv+3)=2log(x+4)+logC

= log(v+3)logC(x+4)

= y+3=C(x+4)’ (1)
This is the general equation of the curve.

It is given that it passes through point (-2, 1).
= 1+3=C(-2+4)

=4 =4C

=C=1

Substituting C = 1 in equation (1), we get:
y+3=(x+4)>

This is the required equation of the curve.
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Question 19:

The volume of spherical balloon being inflated changes at a constant rate. If initially its
radius is 3 units and after 3 seconds it is 6 units. Find the radius of balloon after ¢
seconds.

Answer

Let the rate of change of the volume of the balloon be k (where k is a constant).

= ﬁ =k

dr

4 . 4

:,,i[_m-'] =k [‘v’nlumc: of sphere = —m"}

di\ 3 3

4 - T fﬁ‘
= -3 —=k

3 i

= 4’ dr=kdt
Integrating both sides, we get:

4 Jr:dr =k Iﬂ"f

:>4JI~L=F(:+C

= 4:::«-“:3{;{: +C) (1)

MNow,atf=0,r=3:

>4nx3°=3(kx0+C)

= 108n = 3C

= C = 36n
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Att=3,r=6:

>4n x 63 =3 (kx 3+ C)

= 864n = 3 (3k + 36n)

= 3k = -288n - 36n = 252n

= k = 84n

Substituting the values of k and C in equation (1), we get:
4ar’ =3[84nr+367|
= 4’ =4n(631+27)

= =631+27

|
= r=(63+27)

1
. -
Thus, the radius of the balloon after t seconds is“ﬂr +27) )

Question 20:

In a bank, principal increases continuously at the rate of r% per year. Find the value of r
if Rs 100 doubles itself in 10 years (loge 2 = 0.6931).
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Answer

Let p, t, and r represent the principal, time, and rate of interest respectively.

It is given that the principal increases continuously at the rate of r% per year.

dp r
= = —
dr [I{}ﬂ]p

:,d_Pz[;]d,
po 100

Integrating both sides, we get:

=—— |t

fio s
p 100

::»]ugp:%ﬂfc

=p —em" (1)

It is given that when t = 0, p = 100.

=100 = ... (2)

Now, if t = 10, then p = 2 x 100 = 200.

Therefore, equation (1) becomes:

»
200=¢"
,

=200 =l -¢*

=200 =¢' -100 (From (2))

— 06931
10

= r=0(.931
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Hence, the value of ris 6.93%.

In a bank, principal increases continuously at the rate of 5% per year. An amount of Rs

7 =1.648
1000 is deposited with this bank, how much will it worth after 10 years(E }

Answer
Let p and t be the principal and time respectively.

It is given that the principal increases continuously at the rate of 5% per year.

dp i 5 !
= —=|—|p
g 1100 )
a _r
dt 20
d
o _d
p 20
Integrating both sides, we get:
Idj:L dt
p 20

= lngp=f—+f.'
20

L

:‘;p:ei“ {]]

Now, when t = 0, p = 1000.
= 1000 = e° ... (2)

At t = 10, equation (1) becomes:

e

p=e’

= p=e"xe"

= p=1.648:=<1000
— p=1648
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Hence, after 10 years the amount will worth Rs 1648.

In a culture, the bacteria count is 1,00,000. The number is increased by 10% in 2 hours.
In how many hours will the count reach 2,00,000, if the rate of growth of bacteria is
proportional to the number present?
Answer
Let y be the number of bacteria at any instant ¢.
It is given that the rate of growth of the bacteria is proportional to the number present.
LA

dt

dy

= - ky (where k is a constant)
[

;.l )
= v ket
.1'1

Integrating both sides, we get:
Ty
Dok J-c.l"lf
y
= logyv=ki+C (1)

Let y, be the number of bacteria at t = 0.

= log yo=C

Substituting the value of C in equation (1), we get:
log v=#t+logy,
= logyv-logy, =kt
v ht
= log['— |= kit
Yo )

i A
Y J
h, }I':.'

Also, it is given that the numbervmmaﬁt@@'? t‘rﬁéqaﬁe_zsc%lo% in 2 hours.

= &f =log

—_—
I
e
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110

=V L

: 100"

oo 11 .
:}‘_:— P

v, 10 G)

Substituting this value in equation (2), we get:
11
k-2=log| —
5( o)
l 11
=k =—log| —
2 g[ ]
Therefore, equation (2) becomes:
1 1 )
—log| — |-r=log| —
2 E[m) ”‘[»J
210,@( b4 ]

LY Yo

m (4)

Now, let the time when the number of bacteria increases from 100000 to 200000 be t;.

==

:y=2yoatt=t1

From equation (4), we get:

Zlﬂg('vJ
(- Yo _ 2log2
! Im[ll] o [II)
=10 10
2log2
11

Iog( ]
Hence, in 10 hours the number of bacteria increases from 100000 to 200000.
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Question 23:

The general solution of the differential equation dlx

A e +e’=C
B. ¢ +e' =C
c.¢ +e' =C

D.¢ +e'=C

Answer
ar:‘ I+ X ¥
—J:e T=g g
dx

dv
——=e¢'dx

&

= e 'dy=e'dx
Integrating both sides, we get:

j- dy = Jc""c.’x

=—¢ ="+ k
=g e ==k
e +e ' =c (c=—k)

Hence, the correct answer is A.
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Exercise 9.5

Question 1:

{.r'ﬂ +.I:'L’)d}-‘ = (J.‘? +) }dx

Answer

The given differential equation i.e., (x* + xy) dy = (x> + y?) dx can be written as:

(1)

dy o +}|:
de  x*+xy

Let F{x._v} = 1 Y

X +xy

Now F(an in) = T = ()

This shows that equation (1) is a homogeneous equation.
To solve it, we make the substitution as:
y = vx

Differentiating both sides with respect to x, we get:

dy

Substituting the values of v and dx in equation (1), we get:
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dv X ()

VX —=——
ey x“+x{vx)
dv 1++°
= V+ X =
14w
; - T+v J=v(l4v
v _1e (14v)-v(i4)
drv l+v |+
dv l=v
XN—=
dve 14w
I{ i
~ ]+1]=d1==£
LI=v x
- 2—I+v]d1:£
St x
r2 o
- __1]m-=_*
I—v X

Integrating both sides, we get:
~2log(1-v)-v=logx—logk
= v=-2log(l1-v)-logx+logk

=v=log !Lﬁ}
x[l —v}'

::-£=Iog —
X WV
x| =

(3

:}izlag kr ]
X 1

h.

(x-2)

= (x—y) =kve *

B
=g

—

This is the required solution of the given differential equation.
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Question 2:

yoXty
X
Answer

The given differential equation is:

, X+ W
¥ =—J

== (1)

X+v

Let F(x.y)=

x
Now, F{ix.)y] Ax ’JJ Yy

2F (x.)

Thus, the given equation is a homogeneous equation.

¥

To solve it, we make the substitution as:
y = vx

Differentiating both sides with respect to x, we get:

@ =v+.r—v
dx dx
&
Substituting the values of y and dx in equation (1), we get:
dv o x+ux
P+x—=
dx x

dv
= v+x—=1+v

x
rh 1
d‘v.

= dv= Eh

X

Integrating both sides, we get:
v=logx+C
v
= —~=logx+C
X
= y=xlogx+Cx
WWW. ncert hel p. con
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This is the required solution of the given differential equation.

Question 3:
(x—y)dv—(x+y)dx=0
Answer

The given differential equation is:

(x=y)dv—(x+y)dx=0

dv  x+)
= —— = 1
e x—1 ( }
x+y
Let F{x. v)= .
c {1 1 } iy
F{).,.T..i_‘L-‘]: .}L.‘c'+..;|'_J.J _ xX+y =", F[.‘JL'..}')

Ax—Ay x—y

Thus, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
i o
:'E{JJ_E{W}
dav av
= =yt
dy dx

&
Substituting the values of y and dx in equation (1), we get:

a’v_x+1=.'r:_1+1'

Vx—= =

dy x—we l—v
\d1=_1+1 13_|+1’—1»:|[I—1-‘]
dr 1—v 1=

dv 14w

x—=

de 1=

l—v y
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Integrating both sides, we get:

1 , 4
tan”' 1’—?|ﬂg{l+!"] =logx+C

= Lan"(i]—llug[1+(£] ]=lng_'r+C
| X 2 x

T R
= Lan"| Jf]— : lug[Jl +;} J:lugxﬂi‘
X 2 X

— tan”' [f] —%[log[r"’ +y }— log x* ] =logx+C

= fan '[£J= llog[.rj +y')+C
. \ !

X

This is the required solution of the given differential equation.

Question 4:

{x: —y? }d.'n:+ 2y dv=10

Answer

The given differential equation is:
{x: —y? }d.'n:+ 2y dv=10

:}i _ _(_Y_: —,1’:}

dx 2xy (1)

Let Fx,v)= ¥
xy

F(i{x,ij-‘}=lu”: ~(2) ] ) e F(x.y)

2{/]‘..1’}{2}'} 2xy

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

Yy = vx

WWW. ncert hel p. con

wo9 dipyuaou - mmm//:dny



dlx dx

dv dv
=S — =yt r—

v dx

Q

Substituting the values of y and dx in equation (1), we get:

v+.1‘uf—IlJ = —{ﬂ}

dx Ex-[vx]
v B v =1

v+a =
v 2v
dv v -1 V123"
=S x—= —v=
dr 2y 2y

2"‘ dpz_ﬁ

1+ X

Integrating both sides, we get:

log(1+v" )= —lﬂg1'+lugC:|0gE
X

]

=1+ ==
X

vl C
= |+—., =—
x| ox
=+ =Cx

This is the required solution of the given differential equation.

Question 5:

P _y -2y +xy
x

Answer

The given differential equation is:

'JdJ X 2
x‘—}:x‘—EJ:‘+qu
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Q:I—_EJ'_""‘T ()
cx X

¥ =2
Let F(x l)—J

Ax) =2(Ay) +(Ax)Ay) F-2iew
. F[J!Lzl_v}:( x) =2(Ay) +{ ‘r:l{zt}}zx 2_1? XY 2 -F(x,7)
(2x) X
Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
=D
dx dx

Q

Substituting the values of y and dx in equation (1), we get:

dv  xt= E(VX}J + J.'-[wc]

V+Xx—= .
o X
dv
= v+x—=1-2v"+v
ax
dv
x—=1-2¢"
dx
dv
1-2v"  x
| h alx
= =
21_» =
2
ey o

:;-l- <
2 | IR X

Integrating both sides, we get:
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|
+v
%~ II log "F = log|x|+C
2= —
V22
1 +y‘
| J2 ox
= log =log|x|+C
20z H1 el
J2oox
1 X+ 2}'|
= log = | =log|x|+C
242 Er—v@y| g| |

This is the required solution for the given differential equation.

Question 6:

xey — vely = ‘f'xz + 7 dy

Answer
xdy — vy = \'JI.TJ + v dx
= xdy = [}- +4fx7 47 ]dx

A _yxi 4y’ (1)

y+ X+ _1::

ax x

Let F'(x.y)=

.T_I ’
ix (A +() v diie s
L F(Ax.Ay)= ~ [/T} (4) S YINE ) =A"F(x.v)
AX X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o d

= )= ()
dv dv

== =yt x—
dx dx
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a&)
Substituting the values of v and dx in equation (1), we get:

dv v+ xt ()

V+X—=
X

:>-1’+.1'?=V+ﬂ“+vj

X
dv dx

Vi+v? :?

Integrating both sides, we get:

—

log|v++1+v*| =log |+ +log C
=loglL+ 1+2 =log|Cx
X X
= log YINT VL log|Cx
X

2 2 N2
= yHx +y =Cx

This is the required solution of the given differential equation.

Question 7:

i (2]

Answer

The given differential equation is:
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e 6 O
o {2

“ ()l
rtonyo )

el
al2) )
&
:

(1)

-

=

{ Axcos

ol el
etlnt
(i

=A"F(x.y)

]+iysm(

. F(Ax.4y)=
] Axsin

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
dy dv
= =y4+x=—
dr dx

Q

Substituting the values of y and dx in equation (1), we get:
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dv [xms v+1=xsinv}-wr
T+xX—= -
dx [vxsmv—.rcasv}-x

) .

dv  veosv+v siny

=Vt r——
ely vsinv—cosy

F oon
v VEOsvHv sy
==X =

-y

il vsinv—cosv
dv _veosv+v sinv—vsinv+veosy
dv vsiny —cosv

. dv _ 2veosy

=X

s -
dx VEMV=COsV

VEINV—CosV 2
=S| —|dv=—
vCos v X
1 2dlx
=| tanv—— |dv=—"-
v X

Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log[E]= log(CxE}
v

secwy ,
::-[ ]:Cx‘
'I.l

= secv = Cx’v

x X

v I
:sec['—]ﬂ’,-x P

= scc(iJ =Cxy

X
[v} S
= cos| — |= =—.
¥, Cxp C xy

:‘f~xycos[£]=k [E=L]
x C

This is the required solution of the given differential equation.
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Question 8:
xﬁ—}w xsin [i] =10

dx x
Answer

xﬂ—_v+xsin[£]:{l
dx x

5 ! [}]
ﬁ'.\—:_'l?—.‘CSlI'I —
dx X

Y —xsin
:, = :—"

i , A1)

zlj:—xixsin[:}:] _v—xsiu[y]
s F(Ax Ay) = X/ YA F(xy)

Ax X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o
= )= ()
v v
== =yt x—
kY dx

a&)
Substituting the values of y and dx in equation (1), we get:
dv wx—xsiny
V+Y—=—"8-—+
X X

dv .
= V+tIX—=v—sinv

X
dv dx
sinv x
= cOsec v = — ﬁ
x
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Integrating both sides, we get:

C
lng‘cusecv—col 1»‘| =—logx+logC=log
X

= casec[i]— cot('—v] = (—
X X X
cﬂs['}lJ
1 X C
= - =

] =)
> -en(3))- el

This is the required solution of the given differential equation.

Question 9:

vdx + xlog [ i)dy —2xdy =10
X

Answer

v + x Ing['—v]dy =2xdy=0
X

= yelv = {21‘ —-xlog [ b4 J:| dy
X

R )
v Zx—;rlcrg[} )
x
Let Fx,y)=— 2
xy)= -
E_Y—Ill}g[lj
x
oo F(Ax.Ay)= s = 14 =A"F(x.p)

z(,ax}-[,!_r)lng[%] 2_r-1ng[£]

X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:
y = vx
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aj;

Substituting the values of y and dx in equation (1), we get:

v iy
V+txX—=—"7""—"

dv 2x-xlogv

dv v

= Vv+x—=

dv 2-logvw
dv 2-logv

-y

rdv _ v—2v+vilogy
d 2=logv

dv_vlogv—v
dv 2-logvy
2-logv i =ﬁ

v[li}gv—l} x

_ I+(1-logv) oo
- v(logv-1) X

l | finy
P .
v(logv-1) v} X

Integrating both sides, we get:
Ixs{lugm—]} ~[Lr= [

—logv=logx+logC -(2)

= Il-‘{lugv—l}
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= Let logv-1=1

bl dt
= —(logv-1)=—

dv{ £ ] v

1 _dr

v oodv
:>£=Eff

v

Therefore, equation (1) becomes:

Il
= ITI_ logv=logx+logC
= logf—lﬂg[l]= log(Cx)
X

= log Iog[l]— l}—log[i] = log(Cx)
L X X
lug[J—j

]-1
= log + =log(Cx)

X

= £|i1||:ng[£]— I] =Cx
¥ x
= log[ij—] =Cy
X

This is the required solution of the given differential equation.

Question 10:

[1+e;]dr+er-'_'[l—x].5{v={}
'!’.‘

Answer

l+e’ |dvte’ [J—E}ieﬂ
‘J_r"
:>{1+e3 }a& -’ [1 —E]ay
¥y
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= —-= 1
dy s )
I+e
e
LetF(x._v}:—l,}.
1+
Het) <oy
F(ﬂ.x, /I-".'"} = = 04 = - ) = A" F(x‘ J"]
1+e™ I+e'

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

X = vy
d d
= —(x)=—
&M= )
v av
= — =Vt y—
dv dy
dy
Substituting the values of x and dv in equation (1), we get:
dv =€ (1=v
vt y—= {—}
Ty 1+¢'
dv - +ve’
= V==V
dy l+e

dv —¢ +ve —v—ve'
= y—= -
dy l+e

dv v+e'

= y—=- -

dy l+e
[I+e"1 oy
= —|dv=——
v+e v

Integrating both sides, we get:
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= 10g(v+ e"]:—logJ-Jrlr:rgC = lﬂg[EJ
rLI

x o C
=|—+te |=—
v v

= x+yve’ =C

This is the required solution of the given differential equation.

Question 11:

{,,,-+}=}.;{;r+[x—v|.:}a[v =0 y=Iwhenx=1
Answer

(x+y)dy+(x—y)de=0

= (x4 v)dy=~(x—7)ds

b _—(x-y) -0

ol X+ y

Let F{J(.._l-‘} = _(x _Jr}.
x+y

—[AI_/L":} _ _(I—*,} =A" f'{‘l‘_]}

- F(Axay)= Ax—Ay x4y

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o
= )= ()
av v
==Vt x—
A dx

dy

Substituting the values of y and dx in equation (1), we get:
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dv  —(x—wx)

V+x—=
efx X+vx
dv v—1
= Vtir—=
dy v+l
v v—=1 v—1-v(v+1)
:‘» —_— — =
e v+l v+l
ﬁ_v—l—v:—v_'{l"'"!]
T v+1 T
+1
L), d
14+ v X
[ v 1 :| dy
= 3+ 2 = -
l1+v° 1+ x

Integrating both sides, we get:

] . .

—log(1+v' |+tan ' v=—logx+k
Slog(1+77) g
::-10g(1+r3]+2tan 'v=-2logx+2k

::-lﬂg[{1+r3]~x3}+2mn 'v=2k

ﬁlﬂgl[l+¥]-x3}+ztan 'Y o
X X

::vlng[_r3+y:]+2tan'1'%=2k (2)

Now, y =1atx = 1.

= log2+2tan' | =2k

::-1ug2+2xgzzk
:>§+I:}g2=2k

Substituting the value of 2k in equation (2), we get:

S (Y- ® 3
log(x* + 37 )+ 2 tan [r] S +log2

This is the required solution of the given differential equation.
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Question 12:

x"afv+(,1qv+y3)cix =0;y=1whenx=1
Answer

X dv+ {x}‘ +° }dr =0

= x'dy=— (.)[:'L’ +3° ]a’x

)
Let F(x,v)= @
P dy) = [zl.r Ay +{R_v}'] _ —(,t'y j—_l_.: } . _,-:-{x"y]

(,]__‘(')3 3

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
e o
L (1)=2 )
v v
= —=V+r—
kY dx

Q

Substituting the values of y and dx in equation (1), we get:

dv —|:.T-1§\:+(vx]":| 1

v+x—= = =—Vv—¥
ey x°
rﬁ——v¢—21=:—v(v+2]
i
b __ds
v(v+2) 'Y
::.l (v+2)-v =_d~.,
2 1‘{v+2} X
I T PR
2lv v+2 X
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Integrating both sides, we get:

%[Iogv - Iog{v+2]] =—logx+logC

::-llﬂg[ Y )— lrcn,gE
2 2 x

2 v+
v [CT
= ==
v+ 2 x
y ,
(e
_v+2 X
X
y
y+2x  x°
¥y,
=C" 2
v+ 2x [ ]

1
Substituting 3in equation (2), we get:
Xy 1

y+2x 3
= p+2x=3x"y

This is the required solution of the given differential equation.

Question 13:

[Jrsin2 [i—y]]dx+ xdy=£l;yg when x =1
r}.‘
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Answer

[x sin’ [1 ] —_1} de+xdy =0
X
N
- ,w.-s.in"LJ ]—}-‘
dv x
Y _

= LAl
dx x {}
i "
—[xmn' J_J}
Let F(x,v)= !
X
q P ,{_t' q . ?(1'
-| Axesint| o= Ay |- xsin| < |-y
. II-A‘AE.: o — LA Z/t“-f'-_.»‘
(Ax.Ay) e . (x.)

Therefore, the given differential equation is a homogeneous equation.
To solve this differential equation, we make the substitution as:
y = vx

d d
= ()= ()

dv dv
:}_— e

=v+x=
dx dx

Q

Substituting the values of y and dx in equation (1), we get:

§ 4
dv —[xsm' v—vx]

Yx—=
d X
d"’ . 7 . 7
= VvV+r—= —I:S]T'I_ V- if':l =Vv—5In v
ey
= x—=—sin’ v
dx
dv
sin” v e
) dx
— cosec vy = ——
X

Integrating both sides, we get:
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—cotv =—log|x|-

= cotv = log|x|+C

= Lt}t[ ]— |Ug|r| +logC
X

= cot['—v]: log|Cx| -(2)
x

T
y=—atx=1
Now, 4

= cot[gj = log|C|

=1=logC

=C=¢=¢

Substituting C = e in equation (2), we get:

cot(i] =log
x

£X

This is the required solution of the given differential equation.

Question 14:

ﬁ——-I—CDSEC( ] 0;y=0 whenx=1

dr  x x

Answer

dv v [v}

———+cosec| — (=0

dr X X

Jﬂ:'—v—cusec['—vj {I]
dadvx X

Let F(x, }}———cosec(l}
LX
L F(Ax.Ay)= ﬁ—uu&uc(ﬂ]
Ax Ax

= F(Ax,Ay)= S cosec[l] =F(x,y)=A"F(x.y)
X X

Therefore, the given differential equation is a homogeneous equation.
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To solve it, we make the substitution as:

y = vx
i o
:'E(J] E{W}
el av
= =y x——
dy dx

Gﬁ-‘

Substituting the values of y and dx in equation (1), we get:

dv
V4 X— = Vv —Cosec v

AN
dv dv
= — =-—
COSeC v X
. v
= —sinvdv=—

X

Integrating both sides, we get:

cosv=logx+logC = log|Cx|

= COS [ l] =log|Cx
X

This is the required solution of the given differential equation.

Now, y = 0 at x = 1.

= cos(0)=logC

= 1=logC

=C=¢=¢

Substituting C = e in equation (2), we get:

cos [ r ] = log {w:}|

X

This is the required solution of the given differential equation.
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Question 15:
2xy +y° —Ex:%v =0; y=2 whenx=1
dlx

Answer

2xy+ y' = 2x° b =0
x

L dy X
=2y —=2xy+
dy |

dv 2xp+y’
= & _ =X

w_=arr o i
iy 2x° { ]
Dy 417
Let F(x,y)= ﬂ
X
2(Ax) Av)+(Ay) I
F{AI,/{._I’}: { ‘{'}{ -1 }4:[ J‘} - 2"‘.} +1_1‘ :ill 'F[.T.._'l.’}
E[AI]' 2x

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o i

= )= ()
dv dv

= = =y+r—
dx dx

dy

Substituting the value of y and dx in equation (1), we get:

v+x£ _ Ex{vx}—l; (vx)
dx 2x°
dv v+

=Vt r—=
dx 2

v =—
X

2 ax
]
2

Integrating both sides, we get:
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-2+1

2.t

: =log x|+ C

= - 2 = Iug_|x|+C
v

= —% = |ng|_'c|+C
x

:>—2—x=lng|x|+(f -(2)
¥

Now, y = 2 at x = 1.
= —1=log(1)+C

= (C=-1
Substituting C = -1 in equation (2), we get:
il
X log|x|—1
J_.l
2 -
— =t I—1ug|x|
|1.I
2
= yp= Ax#0,x=e)
I—log|x

This is the required solution of the given differential equation.

Question 16:

A homogeneous differential equation of the form

substitution

A.y =vx
B.v =yx
C.x =vy
D.x=v
Answer
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dr :h[x

For solving the homogeneous equation of the form dy }:] , we need to make the

substitution as x = vy.

Hence, the correct answer is C.

Question 17:

Which of the following is a homogeneous differential equation?

A (4x+61+ “}ch - (lr +2x+4)dx =0

o )de—(x+ 7 )dv =0
B.
c {x3+2.v:}n{r+ 2xvdy =0

D. Vidx +{,1;: —xpt =’ ]nfl’ =10

Answer

Function F(x, y) is said to be the homogenous function of degree n, if
F(Ax, Ay) = A" F(x, y) for any non-zero constant (A).

Consider the equation given in alternativeD:

J-']dx-k{r: —xy—y ]dy =0

dy -y V'
= = T = 3
dr X -—xy—y Y +xv—x

Let M{x.v)=———.
etF(x.) VoHxv—x
o F i Ay) =) :
(Ay) +(Ax)(Ay)-(4x)
) A%y
i?{y? +xy—x")
=2° J—J
VoHxy—x°
=1 -F{x.}']

Hence, the differential equation given in alternative D is a homogenous equation.
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Exercise 9.6

Question 1:

& +2yv=sinx
dx
Answer
Q +2y=sinx.
The given differential equation is dlx

Q.F pv =0 (where p=2 and 0 =sinx).

This is in the form of dlx

2aly

Nuw, IF — e_[."*a.',; _ e'[-

Ix

= t‘_‘_' .

The solution of the given differential equation is given by the relation,
¥(LF)= J(QxLF )dy+C

= ye'' = Isin x-edy+C (1)

Let [ = _|-Sil‘1_r~e:”.

= [ =sinx- If“dx— I[i[sin x) Je”dr]dx

dv
Ix x
. [ [
— [ =sinx- —.ﬂ/cos‘.x- de
2 2

e " sinx
== -

esinxy ecosx 1. .
== - —— I(smx.e‘ ]dr
2 PR

== (Zsinx—cosx]—lf
4 4
5, €%
==/ =-"—(2sinx—cosx)
PR
e
— [ =—(2sinx—cosx)

5
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Therefore, equation (1) becomes:

ix

ye' = E?{ 2sinx—cosx)+C
1 . -
== E{Zsmx—cusx}+ Ce™

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

Question 2:

& +3y=¢"
dx

Answer
dh
X
The given differential equation is
vily 3y
MNow, LF = EfI :{:“[ ' =",
The solution of the given differential equation is given by the relation,
y(LF.) = [(QxLF.)dx+C
= ye' = I{E’ Y xe )+C
= e’ = Ie*dx +C
= e =e" +C
= y= e—].\' + L‘!g—.‘-n

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

Question 3:
@ + E = _'[':
de ¥
Answer

The given differential equation is:

, 1 ,
& +py =0 (wherep=—and 0 =x")
friy x

|
iy ay \
NDW, I.F :,E’-r'l : :L*J-'T :t,ll'g--t =y
Www. ncert hel p. conr
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The solution of the given differential equation is given by the relation,
y(LF.)= [(QxLF.)dx+C
= y(x)= J.{Jij -J:)dr +C

= xy = I:cja!r +C

4
x

= xy=—+C
4

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

Question 4:

dy s
—}+secxy =tanx| 0= x<—
dfr 2

L

Answer

The given differential equation is:

& + py =0 (where p =secx and O = tan x)

dx

Now, LF = oI 2 gl _ glantsesriwns) _ g 4 tan .

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

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

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

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

— y(secx+tanx)=secx+ j{sec :c'—l}d,r+l1'
}:

= y[sec x+tanx)=secx+tanx—x+C

Question 5:

X

If cos 2x dx

Answer
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Let /= _[3 cos 2x dx

T T
j-l‘:i.]ﬁ' 2xdx = [ S =X = F{_r}
2 )

By second fundamental theorem of calculus, we obtain
n
I'=F|—=|-Fl0O
3]-F00)

Afees

=%[sinn: —sin0 |

=Lo-0]=0

Question 6:

dy 5
x—+2yv=x"logx
e il g

Answer

The given differential equation is:

d_]r' 1
x—=—+2y=x" log:
de 3 X X

dv 2
= —+—y=xlogx
dr  x

This equation is in the form of a linear differential equation as:
dy 2

—+ py =0 (where p== and O = xlog x)

dx x

2
pely ol ey - 5
Now, LLF =.<:I =eL =g Wey = gloer _ o2

The general solution of the given differential equation is given by the relation,
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»(LF.) = [(QxLF.)dx+C
= yex = I(A‘Iugx-x:)d1'+c

= xy= _[(x" lugx}dx+[‘

= x’y=logx- Ix‘dx - f%{log x)- Jx‘dx}lr+ C

. _-'I ] 4
= xTy= Iug.bTT—J‘(—-}T v+ C
x &

. Flogx |
= iy =T 282 ——Jx"derC
4 4
4 4
. x"log. ;
:}_r'_p‘:i_l.‘r__k[:‘
4 4 4

= 'y = %.TJ (4logx—1)+C

= y= %x: (4logx—1)+Cx*

Question 7:
, 2
xlog .ri +y=—logx
dx x
Answer

The given differential equation is:
’ 2
xlogxﬂ+ y=—logx
dx x

v,y _2
dx xlogx x°

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

%4_ pv =0 (where p = and Q:%}

c xlogx x

|
) iy
s ! leg{bog ¥
Now, I.F =€I —e e rgilog ) _ log.‘c,

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

= ylogx= J[ 2, 10g:r]dr+{_" {l}
X

P

2
Now, J.[ - Inngdx :ZI
x s
=2 -logx- jL dv— j[i{lﬂg x)- Iiff,f}(fl'
L X ld_'r x '

ol )

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

log x- lﬁ ]d‘r.
X0

X X

_ 5[ _logx _l}
=—E{I+Iugx}
X

"
j-[%logx)dx
Substituting the value of X in equation (1), we get:

vlogxy = —E{1+ logx)+C
x

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

Question 8:

(l +x° )c,{v +2xy dx = cot xdx(x #0)
Answer

(l +x° ]a,’v+ 2xy dx = cot xdx

:‘»Q—l— Exyﬂ _ C(It.t
der 1+x 1+x

This equation is a linear differential equation of the form:

’ 2
Q+M’=Q{~r~rhcmp=“_ﬂ and O = COIxJ
fi't' ].+x' l+x-

2x
il 5T d bt q
Now, LF =»a*JI ’ =eI'*-" =el""'11I ]=1+x“,
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The general solution of the given differential equation is given by the relation,

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

=>}-'[|+x2}= II:CUtf x{l+xz):|dx+(:'

1+ x°

:‘>}'[I +_r3}: Icntxdx+c

::.-y[l +xg}: lug‘sinx|+c

Question 9:
v
xi+_1-'—x+.r_1-'cutx=ﬂ{x =0)
{i,'.
Answer
v

x—+4+y=x+xycoty =10
clx

= x£+y|[l +xcotx)=x
dx

dv ( | ]
= —+| —+cotx |[v=1
de \x
This equation is a linear differential equation of the form:
dv I
—+ py =0 (where p=—+cotx and O=1)

X

dx

. |
fote  Jlpremalar o sin o xsin x .
Now, LF =e¢'" =g = pluwrthoetans) _ leelsimn) _ i v,

The general solution of the given differential equation is given by the relation,
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y(LF)= [(QxLF.)dr+C
= y(xsinx)= j-[]xxsin x)dx+C

= y(xsinx)= j-[xsinx}utr+(f

d
= plxsinxy)=x|sinxdy— || —(x)- |sinxdy |+C
}[xqmr) J._[wn e J{(&[r} Iamut}
= y[xsinx}z x[—uuxr)— II -[—L:u:ix:ldx+{:'
= y(xsinx)=—xcosx+sinx+C

—xCcosxy  sinx C
== + +

xsinx  xsinx  xsinx

1 C
= V=—Ccolx+—+—
X xsinx

Question 10:
dy

x+yp)—=1
(rer)—

Answer

This is a linear differential equation of the form:

%+ px=0 (wherep=—land 0=y)
X

Now, LF = et I _ o,

The general solution of the given differential equation is given by the relation,
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x(LF)= [(QxLF)dy+C
= xe ' = I{_‘F'f‘ ! ]Iﬂf‘v‘-i-l:

==yt = ¥- jg'-"dy - Ii:;i (J:} JE'_"'dyj| d}' +C
=xe" = y(—e""}— I{—e'-" }a{v +C
=xe'=—ye '+ je ‘dy+C

=xe'=-ye'—-e"+C

= x=—-y-1+Ce¢’

=x+y+1=Ce¢’

Question 11:
vx+(x=y")dy=0
Answer
yx+(x—y")dv=0

= ydy = {y: —.r) dy

de vi-x X
:} _— = J,' —_——
dvy y
dv x
S —t—=
dv v
This is a linear differential equation of the form:
dy

1

e +px=0 (wherep=—and 0 =y)
_].-‘

.-:-!1'

| .
Now, LF =E‘J =e’ ="M=y,

The general solution of the given differential equation is given by the relation,
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x(LE.)= [(QxLF.)dy+C
= xy= J(_v-_v]ufv+c

=Xy = J_vzdy +C
:_?I
= Xy = e

Question 12:

(.1: +3y° }%= }'[_V = {}}

Answer
oy ey
x+3y |]—=
(x+357) 7=
d_
de x+3y
de  x+3yp ¥
— = =—+3y
dy V ¥
&_x_i,
dv

This is a linear differential equation of the form:

v
dy

Iy .

Now, LF = HIM. =e

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

“hay _

+ px =0 (where p=- ! and O =3y)
] J:

i 17
long) |
v 1

J,‘
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x(LF.)= [(QxLF.)dy+C

= xxl: J-[nyl]dv+(f
-}.l }.l

= i=3,1»'+'.'.'.‘
}.l
=x=3y"+Cy

Question 13:

Q+2_1-‘tanx:sin x; v =0 when ==

e 3
Answer

Q+2J»‘tanx:ﬁinx.

The given differential equation is dx
This is a linear equation of the form:

dv .

u; + py = (where p=2tanx and {J =sin x)

i

i !E‘Iu.rl.'l aly _ eg Toeg ez | _ Elng[.m." l.']

Now, I.LF = eI =e =sec” x.

The general solution of the given differential equation is given by the relation,
y(ILF) = [(QxLF)dx+C
= y(sec: .r] = j{sin x-sec” :s:)dx+(‘.

= ysec’ x = J{scc - tan x v + C

= ysec” x=secx+C (1)
y=0atx= T

Now, 3

Therefore,

Oxsec’ * =sec -+ C

3 3
=0=2+C
=C=-2

Substituting C = -2 in equation (1), we get:
WWW. ncert hel p. con
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ysec' x=secx—2

= y=cosx—2cos’ x

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

Question 14:
5y dy
{l+x')i+21}‘= ~:y=0whenx=1
dlx [+
Answer
2 dv |
{l+.r'}'—+2.r_v= -
dx 1+ x~

£+ 2y 1

A

de 1+x° (I+x1}_

This is a linear differential equation of the form:

2x |
—and 0 =—)
+ X" an Q {14‘.\':}-

%+ py =) (where p = ]

2xely f B
Now, LF :E'[M = E'J'*-’: —e " ] =l+x.
The general solution of the given differential equation is given by the relation,

P(LE) = [(QxLF.)dv+C

:>y(|+x:}: %-(Hr:} dv+C
s (et
vl )
=3 (l+,'r )= I] = de+C
:}y[’l+x“}:um" x+C (1)

Now, y = 0 at x = 1.

Therefore,

O=tan'14+C
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T
C=-—
Substituting 4in equation (1), we get:
3 T
{1+ x*)=tan ' x ==
y(1+5) i

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

Question 15:
dy . m
@ _ Jycotx=sin2x;y =2 whenx=—
d
Answer
= Jvcotx =sin 2y,
The given differential equation is ¥

This is a linear differential equation of the form:
dy . .
d‘— + py = (where p = -3 cotx and ¢ =sin 2x)
v
|

_{J“:'.:T —-i.l-l-'lﬂ-tl-':l '-:|I.15|.\II1 ¥ og s’ '-| I
Now, LF =/ =¢ =e =e M=o
51N X

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

»(LE) = [(QxLF)dx+C

I . I .
— =J{sn12x, — }4{14(‘.
51N x 51T X

= yeosec’y =2 j{ cot xcoseex ) dv +C

-V

= ycosec’x = 2cosec x + C

2 3
= y=- —+ .
cosec’x  cosec'x
.2 .
= y=-2sin" x+Csin’ x (1)
I
y=2atx =5
Now, -

Therefore, we get:
2=-2+C
=C=4
WWW. ncert hel p. con
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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.

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.

This is a linear differential equation of the form:

:? + py = (where p=—1 and 0 = x)
X

MNow, LLF = cfﬂ:n —c*ﬁ_”'h =g,

dy =
—_ —~
At point (x, y), the slope of the curve will be dx _i
~—
According to the given information: S
, =
—=x+y E
iy ’ -]
(@]

m,
= ——y=X g
dx =
@
O
(@]
@)
3

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

y(LE.)= j{ox LF.)dx +C

= e = Ixc""ti1f+C (1}
Now, I.‘I.'{.’_'T{!".T =X _[L dx — J’[% (x)- I{.‘_'T(!".Ti| dlx.
=—xe ' - J.—(:'_Lu{‘f
=—xe " +(—f3"L )
=—¢ "(x+1)
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Substituting in equation (1), we get:

el == (x+1)+C
= y=—(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 *

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

dy
to the curve at (x, y) is dlx

According to the given information:

dv
—+5=x+y
dx
dv
—>——y=x-3
i

This is a linear differential equation of the form:
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%+py=g (where p=—1and 0 =x-5)
X

Mow, LLF = .gf'r""" =eﬁ e _ v

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

= ye'= [[1 - 5}&""&1‘ +C { |]

Now, J( x—5)e tdv=(x-35) Jﬁ'”cir — J‘[;ﬁl—f{m— SJ_J}:'-' a{r}h‘,

=(x-5)(-e ”)— ‘[(—e " b
=(5-x)e™ +(—e'”)
=(d-x)e”
Therefore, equation (1) becomes:
ve " =(4-x)e " +C
=y=4-x+Ce
=x+y-4=Ce" -(2)
The curve passes through point (0, 2).

Therefore, equation (2) becomes:
0+2-4=Cce

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

x+y—4=-2¢"

= y=4-x-2¢
WWW. ncert hel p. con

wo9 dipyuaou - mmm//:dny



This is the required equation of the curve.

Question 18:
dy

x———y=2x
The integrating factor of the differential equation dx is
A. e~
B. e”

1

C. X

D. x

Answer

The given differential equation is:
oy

Y —p =250
de
dv v

= ——=—=2x
ar x

This is a linear differential equation of the form:

ﬁ + py =0 (where p = L and O = 2x)
dx X

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

E_r_.:u;n':

l
X =
X

¢l
- ol x!
S ].F = {J! '1" ' =g log s — E.L"l:' ] — |

Hence, the correct answer is C.

Question 19:
The integrating factor of the differential equation.
-y
{I—.v'}—+yx =ay(-1<y<l)
dv is
1

A V-
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p. V1=’

Answer

The given differential equation is:

2y dx

(l - )— + X =ay
dy

dy Lo ay

= - =——
de 1-yv  1—y°

This is a linear differential equation of the form:

¥ ay

- and 0= ——
1= l—-}.l-

dx
—+ py =0 (where p =
a P O P=1

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

E_[_.:u;n'.

i 4 I 3 Joria] — e

,-J M ﬁ‘tl — _Elwl:]'-"-:' _ - Wiey® | ]
=g =g =g = =
W=y

“LF =

Hence, the correct answer is D.
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Miscellaneous Solutions

Question 1:

For each of the differential equations given below, indicate its order and degree (if
defined).

ﬁ+5~c[£] —by=logx
(i) vflh'_ I'.'Jr.'f

r\"l ' :
(d—lj —4[i] +7y=sinx
(ii) d)l.' {'l{'ﬁ'

Answer
(i) The differential equation is given as:

d’y dy ;
—+5x| — | —6y=logx
dx” 1{&"3:] ! 8

1y dy Y
:“qHﬁx[i] —6y—logx=0

X

d’y
The highest order derivative present in the differential equation is dx’ . Thus, its order is

d’y

two. The highest power raised to dx’ is one. Hence, its degree is one.
(ii) The differential equation is given as:
(dv ¥ Y

Ly L + 7y =sinx

dx dx

-

:;»(ﬂ] —4[ﬂ +Ty—sinx=10
dx dx
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dy
The highest order derivative present in the differential equation is dr | Thus, its order is
dy

one. The highest power raised to dx is three. Hence, its degree is three.

(iii) The differential equation is given as:

dy . [d'y)

T —sin| —+

dx | dx )

=0

d'y
The highest order derivative present in the differential equation is d* . Thus, its order is

four.

However, the given differential equation is not a polynomial equation. Hence, its degree

wo9 dipyuaou - mmm//:dny

is not defined.
For each of the exercises given below, verify that the given function (implicit or explicit)
is a solution of the corresponding differential equation.
: 'y . dy :
v=ae +he " +x° : x- : +24 —xy+x —2=10
0] ax ax
. Iy dv
y=e"(acosx+hsinx) : 2r 29, 2y=0
(i) dx” ey
. d*y
¥ =xsin3x : 1 +9y—6eos3x =10
(iii) dlx
. 3 s oy Ay
=2y logy : [J." + j"]i— xy=10
(iv) dlx

Answer
(i V= ae’ +bhe”" +x°

Differentiating both sides with respect to x, we get:

dy d Ly, dyos
i:cfg{c']ﬂ’?i{c ]+—f.\')

ay
= —=ge¢’ —he™ +2x
dy
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Again, differentiating both sides with respect to x, we get:

-

v .
‘ {:ae‘”+be‘"‘+2

dv’

dv d’y
Now, on substituting the values of dx and dx" in the differential equation, we get:
L.H.S.

= :r(:::e1 +bhe™" + 2) + Z(rm’" —be™ + 2.1.') - .r(rre Cybet + 7 )+ =2
= [u,w Tabve "+ ij + ( 2ae” —2be " + 4::) - (f:.re" +bxe "+ x7 ) +x' =2

=2ae" —2he " +x* +6x-2
=1

= L.H.S. # R.H.S.

Hence, the given function is not a solution of the corresponding differential equation.

v =e"(acosx+bsinx)=ae" cosx+bhe’ sinx

(i) -

Differentiating both sides with respect to x, we get:

day {1, . d .

Dot {c" msx)+h~—{e" sinx)

v v dx :

= —=ale' cosx—e"sin .r}+h {u sinx+e’ cos x)
x '

—, % =(a+b)e’ cosx+(b-a)e sinx
X

Again, differentiating both sides with respect to x, we get:
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% = [cr i+ b} -%[E'T m)sx] +(b —u]

;—f(e"ﬂinx)

X

:>—_';={a+b}-[e”cusx—e"sinx]+{b —a][e”sin x+e' ::st]

Yo [(a+b)(cosx—sinx)+(b—a)(sinx+cosx)]

v ) . . , .
== T =g [L'FEDS.‘E —gsinx+bhcosx—bhsinx+bsinx+bcosx—asinx —GCDS.T]
2

; [79 (bcosx—asin 1}]

Now, on substituting the values of dx’ and 4 in the L.H.S. of the given differential

equation, we get:

A
d‘l. d:r

=2e" (hcosx—asinx)-2e’ [[a +b)cosx+(b—a)sin x:l +2e" (acosx +bsinx)
| (2bcosx—2asinx)~(2acosx+2bcos x)
—(2bsinx - 2asinx)+({2acosx + 2bsinx)
=g [{29‘;—2u—2h+2u]cnsx}+e" [{—Ea—2b+2.ﬁr+2h]sinx:|
=0

Hence, the given function is a solution of the corresponding differential equation.

(iii) y= xsin :’l.f
Differentiating both sides with respect to x, we get:
(4{1_.

= = i{xs.in 3x)=sin3x+x-cos3x-3
dx 1

= ﬁ =sin3x+3xcos3ix
X

Again, differentiating both sides with respect to x, we get:
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d’y

= %{sin 3x) +3%{x cos 3.‘::)

dx’
d’y . .
T =3cos3x+3[ cos3x+ x(—sin3x)-3]
%
d’y _
= —1 =6c0s3x —9xsin3x
dx”
Substituting the value of dx’ in the L.H.S. of the given differential equation, we get:
d Y 9y —6cos3x
lx”
=(6-cos3x—9xsin3x)+9xsin3x—6c0s3x
=10

Hence, the given function is a solution of the corresponding differential equation.
(iV) X = 2}-"_ IDgIV

Differentiating both sides with respect to x, we get:

2I=2'i=|:_}’2 Iog}»'}

dx
dy 1 dy
= x=|2y-logy-—+y ——
dx v dx
= x =i{2}'logj-+.v}
x
dy _ x
de  y(1+2logy)
dy

Substituting the value of d¥ in the L.H.S. of the given differential equation, we get:
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[x:+}"3]%_xy
2 log vd v e s
:{gj.- logy+y ) ¥(1+2logy) N

=" (1+2log y)- —xy

y(1+2logy)
=Xy =XV
=0

Hence, the given function is a solution of the corresponding differential equation.

Question 3:

Form the differential equation representing the family of curves given by
[_r—a} *2y"=a where a is an arbitrary constant.
Answer

{x—a}z +2y' =a’

=y +a -2ax+2y =a’

=2y =2ax—x’ (1)

Differentiating with respect to x, we get:

dv  2a-2x
2y—=
ey 2
dyv _a-x
dv 2w
o 2ax=2x°
b _2ax-2% (2)
dlx dxy

From equation (1), we get:
2ax =2y" +x°
On substituting this value in equation (3), we get:

v _2_];:+.1:1—2Jf'1

dx dxy
\ 2 _13 —; 2
b _-x
dlx dxy
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ﬁ_lyl—xl

Hence, the differential equation of the family of curves is given as dx 4xy

Question 4:

-
- &

¥y =e(x+)7)

Prove that is the general solution of differential

(,1‘3 —3x’ }dx = {y'" —3x7y ) dy

equation , Where c is a parameter.

Answer
(¥ =307 )av = (3" =3y )y

dv  x'=3xn°

- = " - = rer ]
dv v =3xy 1)
This is a homogeneous equation. To simplify it, we need to make the substitution as:
y=wx
e d
=L ()= (m)
dx dx
dy dv
= =V4+X—
dlx dly

av

Substituting the values of y and dxin equation (1), we get:

- 3
. P _3x -
p_Hl_r:h _ X J.[wc}

dx [w:]1 —3x° [1‘.1:}
dv 1-3
SV X—=—
v =3y
dv 1-37°
= X — = — -y
de v =3v
gy 1=3 —v(v"' —JV]
= X—= -
dx v =3

dv  1-v"
S y—=

3
de v =3v

T |dv=—

X

(v =3v) el
:>| | —v J
i
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Integrating both sides, we get:

.-:'_"\.
I(‘ k ]cﬁ*:]nngngC' ~(2)

-+
v =3y vidv vy

Now, ( Wm- = -3
j.\ l—v' ) -[1—1"' jl—r*

i ) !
v =3y vdv vdv
::’J‘[?FLVZFI_SI:: “'here;-l:jl 4 and‘r::J‘I_‘.-l-

—y

Letl=v'=t
d o dt
(1) =
r,ﬁ'{ ) av
:::—41'3=£
v
::a'-"‘::;hs:—ﬂ
4
Now, /| = _—m——llog_r:——lug(l—v*}
And. I — J- 1=d1=4 _ J vy :
= )
Letv' = p.
d g sy dp
L=
a’v( J dv
:>2i-'=£
Y
:M.'cfl.':ﬁ
2
1 1 1 1, |1+
:>f-.:_.|. dp’: I-':'g +F|:_10g +‘|1
P2d1-p 2x2 C|1-p| 4 1=

Substituting the values of I; and I, in equation (3), we get:

Therefore, equation (2) becomes:
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=logx+logC’

7

_y
= ——log (I—v*][iH: | =log C'x
ey
ahd
:}[IH- }1 _(C) '
=)
2 y*
1+ 1_ |
. x° ) 1

= x' =y =C(x"+y*) . where C=C"

Hence, the given result is proved.

Question 5:

Form the differential equation of the family of circles in the first quadrant which touch
the coordinate axes.

Answer

The equation of a circle in the first quadrant with centre (a, a) and radius (a) which

touches the coordinate axes is:

{I—(J‘}:+{_].’—(F}2=(J‘: (1)
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et al

0 X

Differentiating equation (1) with respect to x, we get:
dv
Z{J;—a}+2[}'—a]i =0
=(x—a)+(y-a)y'=0
=x—a+py-a’=0
= x+ ' —a(l+))=0
x+p
B 1+

= d
Substituting the value of a in equation (1), we get:
M ESS AN - X+ || _(xtwy
1+ 1+ 1+
. (x=v)y 2= x| x+ '
(1+ y'} 1+ 1+
= (x- _v}2 7 (x —_}'}: =(x+ _L:L"]:
= (x- y}: [I +(}:‘}2:| =(x+1)

Hence, the required differential equation of the family of circles is

o[- Gee

4
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Question 6:

dv
Find the general solution of the differential equation dx
Answer

ﬁ.k 1_'1.: :{:}
dr \ill—x‘

- Jl;yl V=¥

Integrating both sides, we get:

sin” y=-sin" x+C

= sin"x+sin” p=C

Question 7:

Show that the general solution of the differential equation dv X +x+1 is given by

(x+y+1)=A(1-x-y-2xy), where A is parameter
Answer

dL’+y'+y+]_ﬂ

de x4l
:,ﬁ (.L’:+_}'+])

dx el
dy —d
S
¥+y+l o x +x+1
dy dlx

Tt =0
y +r+l x +x+1

Integrating both sides, we get:
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dv +§ dlx

¥+ y+l Caxel
:::j- dy H+J- fﬁ -=C

) o]

9 y+ 2 Xt
= - tan”' 2 e tan” 2l-¢
V3 V3B 3
L 2 2
- 2}-4-1}4_““_,[2“1}:45::
e Vil o2
I 2|_v+l+2x+l
= tan”' V3 J3 :\EC
I [2_];+I} {2x+l:l 2
Vi3
I 2x+2y+2
= tan ' V3 = V3c
]_[4xj:+2x+2y+l] 2
i 3
| 2BGHyE) | Ve
J=4xy-2x-2y-1 2
= tan ' s.#"f:{x+y+l) = V3C
2(1—x—y-2xy) 2
3 h 1 5 ¥
I(r+}+l} = tan \GC = . where B =tan J;C
2(1-x—y—2xy) 2 2

-~

= x+y+l =T§(1—xy—2x_v]

=x+y+l=A4(1-x—y-2xy), where 4 =

Sl

Hence, the given result is proved.
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Question 8:
i

0,
Find the equation of the curve passing through the point L

equation is, SN cos yilv +cos xsin yay =0

Answer
The differential equation of the given curve is:
sinxcos vdv + cosxsin pdy =0

sin xcos vdxy + cos xsin ydy
= = =0

COS X COS ¥

= tan xdy + tan yay =0
Integrating both sides, we get:
log(secx)+log(secy)=logC
log(secx-sec y) =logC

= secx-secy=0C (1)

i

)

A

The curve passes through point Lﬂ,
~1x2=C

=C=42

On substituting C :‘"'E in equation (1), we get:
secxy-secy = V2

=42

SeCx

V2

— SECX:

COs

= Ccosy=

SeC.X

cos ) = NG
Hence, the required equation of the curve is 2
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Question 9:

Find the particular solution of the differential equation

(l+€:"}afv+(] +.L_.3)(e*d.r=ﬂ, given that y = 1 when x = 0

Answer
{l+e:"}aﬁ'+{l+l1-‘:]e*dr=ﬂ
dv . edr _ 0
I+y" 1+e™

Integrating both sides, we get:

av 0
—e' =—
= e'dy =di

Substituting these values in equation (1), we get:

; dt
tan 'y+j -=C
[+¢

= tan 'y+tan '1=C

= tan 'y +tan”' (e" ]= C «(2)
Now, y = 1 at x = 0.
Therefore, equation (2) becomes:

tan'l+tan ' 1=C

::-E+£=C
4

==

ra |

C _ b8
Substituting Zin equation (2), we get:

-1 o xy T
tan"' y+tan”' (e ==
2 WWW. ncert hel p. con
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This is the required particular solution of the given differential equation.

Question 10:

veldy = [er-" + ]f-‘f]f{}‘ =0)
Solve the differential equation

Answer

ve'dx = [xe-" +y ]ﬂj

¥ 3

-| d"r -l' 2
=y —=xe +y

m:.wz. (1)

Lete' =z,

Differentiating it with respect to y, we get:

df ) e
dy dy

¥ a_']:
dx
. yld'_x dz
mer | Y| (2)
»’ dy

From equation (1) and equation (2), we get:
dz.
dy
= dz=dy

=1

Integrating both sides, we get:
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z=y+C

= e’ =y+C

Question 11:

—_ ‘+ = o — ]
Find a particular solution of the differential equation{:lr J}(d" dt} dx—dy

y =-1,when x =0 (Hint: put x -y =t)
Answer

(x—»)dx+dy)=dc—dy

= (x—y+1)dv=(1-x+y)dx

::,QZI_X'H"
dv x—y+1
o l=(x—y
:,\fi=—{r ) (1)
dv  1+(x-y)
Letx—y=r
d ddt
= x—v)=
-:ir[ } dlx
::'l_ajrzdt
dy  dx
dv

ﬁ

Substituting the values of x - y and dx in equation (1), we get:
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E 1+t
dr_ 2
de 1+t

Integrating both sides, we get:

t+loglt =2x+C

:>(x—_b'}+l::-g|x-y| =2x+C
=log|x—y|=x+y+C -(3)
Now, y = -1 at x = 0.

Therefore, equation (3) becomes:
logl=0-1+C

=>C=1

Substituting C = 1 in equation (3) we get:

log|x—y|=x+y+I

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

Question 12:

1

L d—le{.ri 0)
. . Vx|
Solve the differential equation
Answer
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dv _e ™
e  Jx Jx

5 .'-"‘?
Ay v

This equation is a linear differential equation of the form

-
dy 1 e
—+Py=0,where P=— and O =——.
“ Jx Jx
1
P i
NOW, I_F:r_JF . :L,'['u.'.' :e_w..'l:

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

¥(LF)= [(QxLF.)dx+C

Tl g . ]
= ye ' = ﬂ e a4+ C
L

e - [ e
X

=y =2x+C

Question 13:

ﬁ + veot x = dxcosec _r{ iFE ﬂ]

Find a particular solution of the differential equation dx ,

8

X=—

given that y = 0 when 2
Answer

The given differential equation is:

ay
&y veotx = dxcosec x

dx

This equation is a linear differential equation of the form
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Zfr‘" + py =0, where p=colx and O = 4x cosec x.
v

Now, L.F = e*hw = e[u

il xide - ¥
— e'\",‘r B

=sinx

The general solution of the given differential equation is given by,
y(LE.)= [(QxLF)dx+C
= ysinx = J{ 4xcosec x-sinx)dx+C

= psinx :4IId1'+C

: x
= ysinx :4~T+C

= ysinx=2x"+C [I}

y:ﬂatx:E_
Now, 2

Therefore, equation (1) becomes:

0=2x" 4
4

T

C=——
Substituting 2 in equation (1), we get:

¥
. E m
ysinx=2x" ——

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

Question 14:

dy
{x+|]—:2€ =1
Find a particular solution of the differential equation dx , giventhaty =0
when x =0

Answer
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dy .
)Y 226 -
{A-I—]Idx e

dv__ de
e’ =1 x+l1

e"dy dx
- !

=

2-¢" x+l

Integrating both sides, we get:

j-;j; =log x+1|+logC (1)

Let2—&" =1,
A (o)t
dy dy
Lt
= —g' =—
dy
= e'dt = —dt

Substituting this value in equation (1), we get:
j‘%ﬂ= log |x+1|+1og C
= —logli| = Iog|C[,r+l}|

= - 1ug|2 - e-"| = |ug|(.'{x + I}|
1

= =C[{x+1
. I
=2-¢" = 2
C(x+l} { }
Now, at x = 0 and y = 0, equation (2) becomes:
::-2—1=l1
=C=1

Substituting C = 1 in equation (2), we get:
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e’ =2-
x+1
. 2x+2-1
e - L e —
x+1
. 2x41
= e’ =
x+1
2x+1 -
= v=log (x=-1)
x+1

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

dny

The population of a village increases continuously at the rate proportional to the number

~
of its inhabitants present at any time. If the population of the village was 20000 in 1999 5
and 25000 in the year 2004, what will be the population of the village in 20097 é
Answer 5
Let the population at any instant (t) be y. 8
=
It is given that the rate of increase of population is proportional to the number of =
. . . D
inhabitants at any instant. S
iy )
O ¥ o
dlt 3
dy )
S Ly (% is a constant)
dlt
ﬁ.
— %X kar

vV
Integrating both sides, we get:

logy =kt+ C.. (1)

In the year 1999, t = 0 and y = 20000.
Therefore, we get:

log 20000 = C ... (2)

In the year 2004, t = 5 and y = 25000.

Therefore, we get:
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log25000=k-5+C
= log 25000 = 5k + log 20000

25000 3
iﬂkz]og[ > ]zlng[—]
20000 4

=k =%Iog(§] -(3)

In the year 2009, t = 10 years.

Now, on substituting the values of t, k, and C in equation (1), we get:

J;
log y=10x % Iog(i]+ log (20000)
I

= logy= I{:-g[lﬂﬂﬂﬂx(%)- }

> y= Eﬂﬂﬂﬂxgx%

= y=31250

Hence, the population of the village in 2009 will be 31250.

Question 16:

The general solution of the differential equation Y is
A.xy =C

B. x = Cy?

C.y=Cx

D.y = Cx*

Answer

The given differential equation is:

vy — xdy 0

.l.l
_ vy — xaly _
xy
1

= —dv— : dav=">0
X v

0
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Integrating both sides, we get:

log|x| - log|y| = log k

:>|ng'—rl =logk
Sy

Y
=Y = I.1'

g k

=» v =Cx where C :%

Hence, the correct answer is C.

Question 17:
ﬁ +Px=0Q,
The general solution of a differential equation of the type dy is
WJ‘1~.<.5.- = j-[o.e’ﬁw ]a'y +C
A.
y-el [[o,ef""""' ]u’x+(‘.
B.
xe II'.r.':l _ ‘[((;}]e‘[l'lr{l }i’,‘ + C
C.
e J-Jtr.(r _ J-(Olefr.rr: }i’!'f+c
D.
Answer
I'.i . ey
—Y+P1x=Q, |.*s-£"{J !,

The integrating factor of the given differential equation "

The general solution of the differential equation is given by,

(1) = J{Qx LF.)dy+C
= x-e[ﬂ'{' = [[Qm’jw }iv+ C

Hence, the correct answer is C.
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Question 18:

v+ e’ +2x)dv =10
The general solution of the differential equation > ( ) is
A.xe’ + x> =C

B.xe + y*=C

C.ye*+x*=C
D.ye"+ x*=C
Answer

The given differential equation is:
e"dy +(ye" +2x)dy =0

Ldy
—

+ye" +2x=0
v
v .
= —+y=-2xe
v

This is a linear differential equation of the form

dy +Py=0.where P=1and O =-2xe".
dx
Now, LF = /™ = /% _ o

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

= e’ = I(—er ! -L*”}Q’I+C

= e’ =—|2xdve+C

= ye' =—x"+C

= ype' +x' =C

Hence, the correct answer is C.
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