Class XII Chapter 9 - Differential Equations Maths

4

Determine order and degree(if defined) of differential equation fj 1 1 sin{_r"‘] =10
v

Answer

I::TI +sin{¥") =0

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

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 3'+5y =1
Answer

The given differential equation is:
YV4+5y=0

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

is one.

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

one.
. . . . . (dsY d’s
Determine order and degree(if defined) of differential equation | — | +3s .n’_ =1
Lot ) at”
Answer
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s d s
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s
The highest order derivative present in the given differential equation is g Therefore,
%
its order is two.

. , . d's s ) d's .
It is a polynomial equation in—and —. The power raised to —-is 1.
) ) dt” elt dt’
Hence, its degree is one.
(d*y Y (v
Determine order and degree(if defined) of differential equation — | +cos| — |=0
Answer ) ]
[ d° 1=\'“ { ey )
— | +cos| — |=10
\ ax / ol )

»

[F
The highest order derivative present in the given differential equation is 4 = . Therefore,
is
its order is 2.
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 ;r = 0% 3x +8in3x
*

Answer
d*y .

— =cos3x +sin3x
dx

= —¢cos3r—sin3dx=0
dx

3

o v
The highest order derivative present in the differential equation is 7 —. Therefore, its
=
order is two.
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) ) . dw ) d v,
It is a polynomial equation in r —and the power raised to r —is 1.
i i
Hence, its degree is one.

Determine order and degree(if defined) of differential equation

Y+ +() + ' =0

Answer

(" ) (") + (¥)+y =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 v", ¥".and v".

The highest power raised to ¥"is 2. Hence, its degree is 2.

Determine order and degree(if defined) of differential equation ¥"+23"+ 1 =10

Answer

YTE2Y 4y =0

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

order is three.

It is a polynomial equation in 4" " and y'. The highest power raised to v"is 1. Hence, its

degree is 1.

Determine order and degree(if defined) of differential equation '+ v =¢"

Answer

' ¥

y+y=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 j'and the highest power

raised to }'is one. Hence, its degree is one.

Determine order and degree(if defined) of differential equation _1‘”—{_1"'}: +2y=0
Answer

V(v +2y=0

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 y"'and the highest

power raised to }"is one.

Hence, its degree is one.

Determine order and degree(if defined) of differential equation "+ 23" +sin y =10
Answer

¥ +2) +siny =0

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

order is two.

This is a polynomial equation in ¥"and 1'and the highest power raised to " is one.

Hence, its degree is one.

The degree of the differential equation

. v
— | +|— | +sin| — [+1=0
Lt ) Ly ) L e )

(d*y | (ﬁ_’r\‘:

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

Answer
(d*y ) dvV L [dv)

= | + —| +sin '—|+I=D
Laxt ) Ly ) L e )

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
dv® dx is

(A) 2 (B) 1 (C) 0 (D) not defined

Answer
2129 3o
" efx

d v
The highest order derivative present in the given differential equation is 7 — . Therefore,
i
its order is two.

Hence, the correct answer is A.
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v=e"+I1 oy =y =1
Answer
y=e" +1

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

dv d

- = =" +1]

dx (.":r(c }I

=y =e LA

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

e ()= d{c?T}

E dr

=y =¢

Substituting the values of 3" and 1" in the given differential equation, we get the L.H.S.

as:
Y-y =e -e" =0=RHS.

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

y=x"+2x+C Dy =2x-2=10
Answer
y=x +2x4+C

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

y = ;—i{x +2x+C)

=y =2x+2
Substituting the value of ¥'in the given differential equation, we get:

LHS. =)' -2x—-2=2x+2-2x-2=0= R.H.S.

Hence, the given function is the solution of the corresponding differential equation.
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yv=cosx+C Dy +sinx =0
Answer
y=cosx+C

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

d )
V'=—0/(cosx+C
V=L (cosvsc)

= V' =—sinx
Substituting the value of ' in the given differential equation, we get:

LH.S. = 3" +sinx=—sinx+sinx=0= RH.S.
Hence, the given function is the solution of the corresponding differential equation.

— . XV
p=1+x =
1+ x
Answer
R
! =+/l+x

Differentiating both sides of the equation with respect to x, we get:
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¥ = —|1+x
2J1+x7 dx
. 2x
.1I. = Y
201+ 27
, X
.]' = -
Jl+x
0 X f ]
=y = w1+
[+x°
¥ X
=y = )
[+x°
' Xy
=¥V =—
l+x
“+L.H.S. = R.H.S.

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

v =Ax c ox'=y(x#0)

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

p' = —( Ax)

. u’x{ )

=y =A

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

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

] 1
y=xsmnx XY =3+ ,'l.'\;'.\‘" -V (,'r #0and x> yorxy< —_1"]
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Class XII
Answer

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

V= i{.‘(’Hil].‘L‘]
el
, B d [ .
=y =sine- 2 (x) rx-2 (sinx)
dx b !

= y' =sinx + xcosx
Substituting the value of ¥'in the given differential equation, we get:

L.H.S.=xy' = x(sinx + xcos x)

XSINX+ X Ccosx

- f o
=y+x yl=smx

= y+x Ill |I/l]

= )=+,r\,_1-': —x*

=R.H.5.
Hence, the given function is the solution of the corresponding differential equation.

xy=logy+C oy =2 (xy=1)
1—xv

Answer

xy=log v+C

Differentiating both sides of this equation with respect to x, we get:
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i{\\] = i{li)g }']

dx Ty

:>,1'-i{x]+ & _1d

x-—=
dx dv oy

= y+x =lll"
¥
= vy =y
= (xy=1)y" =-y"
oY

=y =
[—xy

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

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

y—cosy=ux
Answer
V—Ccosy=x

(vsiny+cosy+x)y =y

(1)

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

= V' +siny-y =1
= y'(1+siny)=1
, 1

=y =—
I+smny

Substituting the value of y'in equation (1), we get:
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L.H.S. = (ysiny+cos y+x) )
1

=(ysiny+cosy+ y-cosy)x———
[+siny

) 1
=yll+siny)———
M : } 1 +sin y
=V
=R.H.S.

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

Answer
x+y=tan"'y

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

d i i
—lx+v)=—tan Vv
e ) } fr’:r{' ’ }

; | ;
=14y = — |y
1+ v

1
|
—
+

Q]
.I.!‘
S

= | ——|=1

_'h':
= V| ——|=1
1+

Substituting the value of ¥''in the given differential equation, we get:
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L A-(1+7) ]
LHS. =y y+y +l=y|—— [+ +1

']'l
=-1-y"+3" +1
=0
=R.H.5.

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

y=va -x'xe(-a.a) : I+J’£:1}[,L'¢0]
alx
Answer

V= Jat -
Differentiating both sides of this equation with respect to x, we get:
L av)
dr oy .

dy 1 d
;‘5 _ —_—

a7

SRR
dy  2Jg* —x* dx’ :

N
" dy . . . . .
Substituting the value ofd—ln the given differential equation, we get:
»

dy —
L.H.S. = x+vy'd;]=,r+ Ja —xt x—=2
n

N
=X=-X
=0
=RH.S,

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

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

1y _

=0
a  bdx

=?~L+l;.'r— ]
a b

Again, differentiating both sides with respect to x, we get:
1

D+—y"=0
bh
1,

= —y" =1
b’

= y"=0

Hence, the required differential equation of the given curve is y" = ().

.LI? = {J{.Ir?? —.fj ]
Answer
Il_'? = p:'.i'{.l'l.:l.-\I —.l'.1 ]

Differentiating both sides with respect to x, we get:

dy
2y——=al-2x)
dx
=2y =-2ax
=y = —ax (1)

Again, differentiating both sides with respect to x, we get:
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Ve + " =—a
:,‘>{j"}:-—_1'_1'”=—u . A2)
Dividing equation (2) by equation (1), we get:

(_v’f + " _ —a

' —ax
= "+ _1.'{_1-'}: —w'=0

This is the required differential equation of the given curve.

y=ae +be’"

Answer

¥ =ae +he " LA

Differentiating both sides with respect to x, we get:

V' =3ae™ —2be " .(2)

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

V' =9qe™" +4be .(3)

Multiplying equation (1) with (2) and then adding it to equation (2), we get:
['Ew.*“ +2be™" }+ ['3{.4'{.’“. —2bc™" ] =2y+)

= Sae™ =2y+)'

2y+y

= qge =

5
Now, multiplying equation (1) with equation (3) and subtracting equation (2) from it, we
get:
(3ae™ +3be ™" )~ (3ae™ — 2be ™ ) =3y - '
= She ™ =3y -/
3y=y

5

:>|hvl'_’ :'r:

Substituting the values of ae’* and he *" in equation (3), we get:
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(2y+)") +4{3.1' V')
5 5
o 1By+9y" 12v—4y'
=y = +
’ 5 5
. J0v+5y
=y
5
= " =b6y+)

P =9.

= " =y —by=0
This is the required differential equation of the given curve.

y=e" {u +hx)

Answer

_1'=c?:‘{ca+h.1'} A1)

Differentiating both sides with respect to x, we get:

V' =2 (a+bx)+e” b

= V' =" (2a+2bx+h) .A2)

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

get:
=2y =e (2a+2bx+b)- e (2a+2bx)

= ' =2 =he"" E)

Differentiating both sides with respect to x, we get:
- {4)

V' =2y = 2be™
Dividing equation (4) by equation (3), we get:

y' =2y
V=2
= =2y =2y -4y
= ' =dy' 44y =10

=2

This is the required differential equation of the given curve.
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v=e"(acosx+bhsinx)

Answer

y=¢' [ucns .1'+f}sin.1'} A1
Differentiating both sides with respect to x, we get:
V' =e"(acosx+bsinx)+e’ (—asinx+hcosx)

=y =e" [{u+f’}*305-"_[”_h}5i”"'] !

J

Again, differentiating with respect to x, we get:

L]

¥ {="| (a+b)cosx—(a—b)sinx ]—f‘ —(a+b)sinx—(a—b)cosx |
y=e" [2h cosx—2asin ;.,-]
y"=2¢" (bcosx—asinx)

.

) . . .
=-=e (beosx—asinx) LA3)

Adding equations (1) and (3), we get:
_‘I-" e Vo -
)| +? =¢ [{c.-+h_]ms_'r—{u—h_]s,lnx]

1
= y+—=y
2

(]
= 2y+v"=2y
= V" =2v"+2y=10

This is the required differential equation of the given curve.

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

{.r—u}: +y'=a’.

= x’ +_1': = 2ax 1)
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4y
5 . -
0 {ar. 0)
LA%

Differentiating equation (1) with respect to x, we get:
2x+2w' =2a
=X+ =a

Now, on substituting the value of a in equation (1), we get:

-

Ayt =2(x+ 0 )x
= ' 4y =2x + 2
=2y +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 A1)
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Y

e
e

Y'Y
Differentiating equation (1) with respect to x, we get:
2y =4m/ A2
Dividing equation (2) by equation (1), we get:

2x  4day’

x day

= xy =2y
= xy' =2y=10

This is the required differential equation.

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:
."EJ 1-'.

—+ =1 . (1)
booa
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Yi

A J

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

SR I A (2)

— o . =
i a
2 =1
= —+ " (.b + 1 } )
1 1 -
= el —G—:{_L w")

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

:a'{—]—_,(f_.r’]: + .L;r"]} +£ =

= —x(») 2"+ =0

= xp" +x(V' ) —w'=0

This is the required differential equation.
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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:
2 2
x v .
———=1 (1)
a- b
Yy
X %
= = -
L |

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

2x 2w

=0

a’ h*
- -2 _p (2)
a- b

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

1 v+ p
P S A —|

.|

as b

1
Substituting the value of —-in equation (2), we get:
o

X [y 2 i
(V') + " |-==-=0
h—l[' ) +°) b

=3 [:,L"]: +xp" —w' =0

= 0"+ .r{_r'}: —w' =0
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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:

3

x +|[_1.'—b]|? =3

:>:n':+(.1.'—h}2:9 1)

e
lfx

o

V'Y
Differentiating equation (1) with respect to x, we get:
2x42(y=h)-y'=0

=(y-b)-y =-x

—x
= y—bh=—
N

Substituting the value of (y — b) in equation (1), we get:
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= ¥ [1 '}: + l) =9(')
:t»{.r' —U]{J"‘_]J +x =0

This is the required differential equation.

Which of the following differential equations has v =¢&*

P
LJ‘IL_..
d’y a

-

v=10
de”

C dv
dx’

+1=10

p. 4V _

dx’

Answer

1=0

The given equation is:

v=ce +oe A1)
Differentiating with respect to x, we get:
dy .
— =g =8
dx

Again, differentiating with respect to x, we get:

+c,e "as the general solution?
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d’y . .
—= =0 +0,€
dv”

d’v

—=y

dr

d*y
= —-y=0

v~

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 ¥ = x as one of its particular solution?

?r 4 ||r'

A L Y'i'i-.‘l.'_].- =X
v lx
i dy

B. L0 x i y=»
d’ el
?ri , . v

c. LX_ l+x_1.'={]
v’ dlx
v ey

D. ° 1 +x—+xy=0
dx el

Answer

The given equation of curve is y = x.
Differentiating with respect to x, we get:
dy
— =1 e
dx ) }
Again, differentiating with respect to x, we get:

d*y
= =) el 2
= (2)

d v dy
Now, on substituting the values of y, d =, and ; from equation (1) and (2) in each of
x dx

the given alternatives, we find that only the differential equation given in alternative C is
correct.
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d '}-—.‘fzﬂ"—.i'l':ﬂ—.'l{: d+xex
T a7

=—x"+x
=

Hence, the correct answer is C.
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dv  l-cosx
dv  l+cosxy
Answer

The given differential equation is:

dv  1—cosx
dr l+cosx

Lo
dv 2sin” c
T:—E:ran"'g
2 X
' 2cos’
2
dy cx )
——=| seC ——I|
dry 2

Separating the variables,we get:

C e
dy -| sec” ——1 [dx
L 2 4

Now, integrating both sides of this equation, we get:
4 X - X
fﬂ'v E J(scc' ——I]dx = jscc' —ci\'—fu'x
2 2

X .
= y=2tan_—x+C

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

)

E' =\d4-y" (2<y<2)
dx

Answer

The given differential equation is:
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dy
dx
Separating the variables, we get:

dy "
= —— =l

Va4=)

\Ild — _h':

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

dy _ [
J"qu_ﬁ J'a',\

—sin"' L =x4+C
2

:>%=$in(,r+(_‘}

= y=2sin(x+C)

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

ay
—4y=1lyr=l
dv ( ]

Answer

The given differential equation is:

dy
—+y=1
dr

= dv+y dv=dx
=dy=(1 v)dx
Separating the variables, we get:

D _

Now, integrating both sides, we get:
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2~ fax

l—v
= lug(l —_\'}: x+logC
= ~logC~log(l-y)=x

= logC(1-y)=-x

::>C{l—v5-‘]l=e"r
:t»l—y=l£"'
C
|
= y=l-—¢
C

) ]
= y=1+A4e " (where 4= _E]

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

sec” xtan ydy +sec’ ytanxdy =10
Answer

The given differential equation is:
sec” xtan ydx+sec” vtanxdy =0

sec” x tan v clv + sec” vtanxdy 0

tan xtan v

sec’ x sec’ y
v+ 2 dy=10

tan x tan
sec” x sec” y

d = —dy
tan x tan y

Integrating both sides of this equation, we get:

J-seci X e J‘sﬂ:" Yo “J

tan x tan p
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Let tanx =1.

dt
tanx)=

u’x{ ) dx
, i
—seC X =—
o

= sec” xdy =df

sec” x ]
Now, I dy = J— dr.
lan x f

=logt

=log(tanx)

.. sec” x
Similarly, j-b © Jl.:Jf'r:]Ulg{lalru-'].
tan x

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

1“5[“" x)=~log(tan 1] FlogC

[ C
= log(tanx) = log ]
! | tan v

= tanx =
tan y

—tanxtan y=C

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

(GT+(3 '.};,{1'—((?1 —¢ 1]{4".‘(‘—U

Answer

The given differential equation is:
(L"T [ e"‘}ﬂﬁ-‘ {E" {J"‘]fr’l':ﬂ
= (e’ +e " dy=(e" —e ")
— d_l‘l-‘= |:{_r: —,{_.1-.: :|dx
e +e

Integrating both sides of this equation, we get:
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I(E]-‘= cr—c ~dx+C
& +e
= y= LJT € — e +C 1)
e +e ] o

Let (¥ + ™) = t.
Differentiating both sides with respect to x, we get:

d ;. oy dif
9 (o sev) =2
dx dlx
. . dt
=g —g =
i

= (e —e” }L{r =dl

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

v=|-dar+C

=

= y=log(r)+C

= y= |0g{c.*" +e ") +C

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

L (ext)(1407)

Answer
The given differential equation is:

B (1+2)(1457)

dx
ey
1+

(147 ) d

Integrating both sides of this equation, we get:
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f ﬂﬁ:ﬁ = J{]+x3}c.{r

1+

= tan"' y = |dx+ I.x':cil'

¥
=tan” y= .1'+?+L

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

viog ydv—xdy=10

Answer

The given differential equation is:
viog vy —xdy=10

= ylog vy = xdy

viegy x

Integrating both sides, we get:

‘[ dy d

vlogy x

Let log v =t.

el ol
f{r[lngj'}: n

I ot

y o
:i_f{r:r.ﬂ'

}

Substituting this value in equation (1), we get:
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di _ pdv
t T x

= logs =logx+logC
= log(log y)=log Cx

= logy==Cx

x

= yp=g

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

s dy 5
X ===y
dx
Answer

The given differential equation is:

s dy s

X —==y
dx
dv dx
_1:? ¥
de dy

= —+—==0
ooy

Integrating both sides, we get:

[y

X v

=k (where k is any constant)

= Jx '=.L;f‘r+ j_\-‘ ‘dv=k

4
A

S
4 4
= x +yt =4k
=x'+yt=C (C=—4k)

This is the required general solution of the given differential equation.
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dv
@ =sin"' x
dx
Answer

The given differential equation is:

v .
dr

= dy=sin"" x dx

Integrating both sides, we get:
J-:,afv = JSi“ "y

= = J[sin '.1--l]u’.r

= p=sin"'x- j{l}cﬂr— '[H%[s[n" x): j{l]u’r” dv

G

: | )
= y=sin 'xox— || ———-x |dx
_ j[ .

|
A

= y=xsin ',\'+I Il,]_;.:,h (1)
V1-x

Let 1-x" =1,

i[l_x:]—ﬂ

— =
dx dx

Substituting this value in equation (1), we get:
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l
e | !
y=xsin" x+ JE\."'F dt

= '—I‘iil'll‘fll I{a‘]l‘fi’f
y=xsin xS

-

= y=xsin" x+ +C

b | —
ta =]

= y=xsin" x+t +C
- f 2 -
= y=xsin x+yl-x"+C

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

e" tan ydx +(1—e" )sec” yey =0
Answer

The given differential equation is:
e' tan v dx -I-{] —e' }Sﬁ:: vdy=10

[ l—e" } sec’ ydy=—e" tan ydx
Separating the variables, we get:

2 x
sec VY =

~ dy = —
tan y 1-¢

Integrating both sides, we get:

2 ¥
j-ﬁe-:: ¥ -

dy = dx {]}

tan v 1-&

Let tan y =1,

d i
= 4 (1an ) =2
dy dv

2 d
—sec” y=—o
dy

= sec” vy = du
sec’ y bl

_[ ~dy = j =logu =log(tan y)

tan v u
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Now, let 1 —¢" =1.

. i{l —e' } _dr
d dx
dr
= ¢ ="
dx
= —¢"dv = dt

. E.\

= J‘]_ET dx = f%: log? = log(1-¢")

5eC7

-._u _E..'l
Substituting the values of I —dy and J-hdx in equation (1), we get:
an y -

= log(tan y)= l(ng{l -e" } +logC

= log(tan y )= lng[C(l e' }]
:>13n_1==C{|—€'1]

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

o dy
{J: +r‘+x+|};:2x‘+x:_‘|‘:l whenxy =10

Answer

The given differential equation is:

s . v .,
{L.r‘+,r"+.r+]}i=2.r' +x
Cax
dy 2 4+ x

L
dx {'c +x +x+ I]

2t +x
= dy=—F————dx

(x4 ]]{.'r: : 1}

Integrating both sides, we get:
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J-(.ﬁ _[ "1 X (1)

w.+| [’ +l
2x' +x A B\+(
Let = 2
y {,1.‘+]}(,1.':+|] .‘c‘+| x4l { }
N 2x"+x Ax’ + A+(Bx+C)(x+1)
w1 1 - x4+ 12" +1
(x4 1)(x" +1) (x+1)(x" +1)

=2 bx=Ar + A+ B + Br+Cx+C
=2 tx=(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:

g3,
2

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

2x% +x 1o +|{3x—1]
{x+1}{,1"1+l) 2 (x+1) Q{f—l}

Therefore, equation (1) becomes:

Page 36 of 120



Class XII Chapter 9 - Differential Equations

Maths

J-.ffj-'= : _[ ! fir+] I3x_]ffx

29x+1 27x7+1
1 x 1 1
= y=—log(x+1)+= | -—dv—— |5y
X+l 2°x +1
3 2x | .
= y=—log(x+1)+ I dy——tan x4+ C
X+l 2

= }-:—;Ing[x+l)+ilng(r‘ + 1)—étun" x+C

:>,1.'=l[Q]ug{x+l}+3[ﬂg(x:+I]]—;tﬂn"_'o:+(_'
:;-y=1|[{x+l}" (x° +I:|j}—%mn"x+£'

Now, y =1 whenx=0.

lo [I]—%tan"ﬂ+c

=1= xﬂ—lxt}+f
2

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

_] 2 a 33 1 -1,
}J_E[Ing[x+l} {_'c +1) i|—:tan x+1

Question 12:
J.‘{.T: —I)%= I; v=0 when x=2
Answer
(e
.\(_1' I) . 1
o dx
= dy= x[.r:—l)
= dy= !

x{x—l){x+|_}dx

Integrating both sides, we get:

-(3)
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l -
fav= j‘-"{x—lj{.fﬂ}(h (1)
.1'[_‘1‘—1}{_1-+|]_ ¥ or—1 J_+|'

. I _ A(x=1){x+1)+ By (x+1)+Cx(x~1)

[E]
e

Let

x(x=1)(x+1) x(x=I)(x+1)
(A B+C)xT+(B-C)x—A
.Y{.t—]]{.1'+|]
Comparing the coefficients of x?, x, and constant, we get:
A=-1
B-C=0
A+B+C=10
Solving these equations, we get B =% and C = %

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

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

Therefore, equation (1) becomes:
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1 [ e 1

== v+ i+ 1

Jar==J e [y o
:>_l.'=—|ﬂgx+%lug[x—l}+%Ing{x+l}+|ugﬁ:

K (x=1)(x+1
:-J-':ilug{ (=)ot }] 6)
X

Now, y=0 when x =2,

kl(z—l}(zn}]

:>(]'=llug
2 4

= ]ug[%] =1

3k
= —=1
4
=3k’ =4
=K’ =§
3

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

1, [ 4(x=1)(x+1
y=—log —(r }E‘H )
2 i 3x°
1 [a(x =1
2 3x
Question 13:

cos[ﬁ]:a{ueﬁ'];y: I when x =0

dx

Answer
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&)
coOs| — | =4
dx

dy -1
= — =C05 o
ol

= dy=cos " adx

Integrating both sides, we get:
I:?j-' =cos ' a _[a’.r

= y=cos a-x+C

— y=xcos a+C (1)

MNow, v =1whenx =0,

=1=0-cos 'a+C

=C=1

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

y=xcos  a+l

vl -1
=cos a
X
v—1
— COS8| - =da
X
dy
& _ vtanx;y =lwhenx =10
dx
Answer
dv
— = yianx
dy

— ﬂ = tan x dlx
J.‘

Integrating both sides, we get:
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I % = —_‘-mn x v

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

= y=Csecx “]

Now, =1 whenx=10.

= 1=Cxsec

= 1=Cx1

= =1

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

y = sec x

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

equation is y'=¢" sin x.
Answer
The differential equation of the curve is:
y'=e"sinx
dy .
= ——=¢" sinx
dx
= dv=¢"sinx

Integrating both sides, we get:

J-nfr -~ J-[.’" sin x dx (1)

Let! = Jc sin x o,

) . d . )
= [ =sin ,rjc.*'c.h‘— J(E{Sll1 x)- [f'ff’.t | dx
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= [=sinx-¢' - [cos_r-{s".:,{r
) . fd .
= [ =sinx-¢' —|cosx- cl “dv - ﬂ —(cos x)- I .:ir]u’,r
\ el

—>I:Sin.r-c*”—|i 0sx-¢ —‘[ :-Ir'u} e rh}
= [=¢'sinx—¢" cosx—1[
— 2/ =¢" (sinx—cos x)

¢"(sinx—cosx)
2

==

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

e (sinx —cosx)

y= 5 +C -(2)

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

e" (sin 0—cos0)
= 5 +C

_I{D—I}

1

Substituting =l in equation (2), we get:
2

e’ (sinx—cosx) 1
2 "2
= 2y=e¢'(sinx—cosx)+1

.-.LI =

= 2y—l=¢"(sinx—cosx)

Hence, the required equation of the curve is 2y —1= ﬂ"{sin .r—cﬂs.r}.

dy
For the differential equation xy——=(x+2)(»+2), find the solution curve passing

ay
through the point (1, -1).
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Answer

The differential equation of the given curve is:

Integrating both sides, we get:

'd 2 b
Jl-
X y+2)

= J-fh' -2 ﬁcﬁ J-fnl':'l.' +2 J%n".-.‘

i -y
L*ﬁ': -” 14 |£4‘I_T
Y X rl

= y-2log(y+2)=x+2logx+C
:;=_1'—.1‘—C=log_t‘+]0;g,{_r—2}:

= y-—x-C —1og[.r?(_1'+ 1]:} (1)
Now, the curve passes through point (1, -1).

— ]-1-C= log[(l}:{—l+2}:]

= -2-C=logl=0

=(C=-2

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

y—x+2= ]crg[r? {_1-+2]:}

This is the required solution of the given curve.

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

[.r,_v} 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 and y-coordinate of the curve respectively.
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v

We know that the slope of a tangent to the curve in the coordinate axis is given by the d
X

According to the given information, we get:
v _

X
dx

= vdy=xdx

Integrating both sides, we get:

J_r dy J,r el

=y —x =2C (1)

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

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

=2C=4

Substituting 2C = 4 in equation (1), we get:
y2-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.

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

e
. Slope (m, ) of the tangent = %
elx

According to the given information:

m, =2m,
dv 2{y+ 3}
dr x+4
dv v
y+3 Cx+4

Integrating both sides, we get:

dy o odx
[E

+ 3

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

= log(y+3)log C(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

= (=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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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).

= —=k
dr
(4 [ . 4
= - S| =K Volume ot sphere = —ar
dr 3 | 3
4 , dr
T Ty
3 dt

= 4w dr =k dt
Integrating both sides, we get:

An j;--‘m- =k jm

= 4;11-% =kt+C
. |

= dar’ =3(kt +C) (1)
MNow,atr=0,r=3:

>4nx3°=3(kx0+C)

= 108n = 3C

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

24nx63=3(kx3+C)

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

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

= k = 84n

Substituting the values of k and C in equation (1), we get:
4nr’ =3[84ns+361)
= dmr’ = 4n(631+27)

= =631+27
|
= r=(63r+27)

!
Thus, the radius of the balloon after t seconds is (63 +27)-.

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 )
ol —|p
dr L]ﬁﬁ J

JL[LJ:
P 100

Integrating both sides, we get:

[
P 100

_>]ugp:%1k

= 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:

ok
200 ="

=200=¢ ¢’

=200 =" -100 (From (2))
= L"'. =2
L =log, 2
10
.
= —=0.6931
10
= r=6.931
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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

1000 is deposited with this bank, how much will it worth after 10 years (¢'* =1.648).
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.

P "

dp [ 5 )
=—=|—|p
de 100
a_r
dt 20
dp dt
=
p 20
Integrating both sides, we get:
_“@ = L dl
p 20

i -
=logp=—+C
¥ 20

-

i \C

_:,szi“ (1)

Now, when t = 0, p = 1000.

= 1000 = e° ... (2)

At t = 10, equation (1) becomes:

+iC
p=e

= p=¢""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.

Cdv
Sy
lt
iy .
— % = kv (where k is a constant)
[#
dy
= — =kt

.“
Integrating both sides, we get:
,|"-
v k jc.ﬁf
y
= logy=kt+C (1)

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

> logy,=C

Substituting the value of C in equation (1), we get:
log v = &t +log v,

= logv-logy, =kt

v ht
:»log['— |—Fc.f
Vot
™

\ Yo

= &t =log

A

Also, it is given that the number of bacteria increases by 10% in 2 hours.
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110
= V=— 1II.I
T 100°
v 11 -
— = A |
y, 10 (3)
Substituting this value in equation (2), we get:
'l A
k-2=log ll|
V10 )
1 11
=k =—log
2 5[ ]ﬂ]

Therefore, equation (2) becomes:

1

—lo -[£\|-; =lo [L]
> Hl0) " TR

()
ElogL 1 J
IUE[IUJ

b,

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

=>y=2yoatt=t1

From equation (4), we get:

I( E)
2log|
é|.k _L}_,J _ 2log2

3 y
Iog[ll log[llJ
10 ) 10

.

"
Hence, in 2]0¢ hours the number of bacteria increases from 100000 to 200000.

M1
IDELID]
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The general solution of the differential equation i =g
X
A. L?'T | L"-"l. :{_1

B. ¢"+¢' =C

C. ¢ "+e'=C

D. e "+ =C
Answer
av o o .
—— l:'.' = & .{_)-'
dx

dv
= —— =g

o
= e dv=e"dx

Integrating both sides, we get:

Jc "dy =jt""n’x

=g =" +k

= +e ==k

= +e ' =¢ (e=—k)

Hence, the correct answer is A.
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[.1.‘? + !.‘_1'}{{1-‘ = {..1.‘? + j]cfﬁ.‘

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

v x+
=T . L I
dv x+axy [ )
. xt+y
Let Flx.v)=———.
( ’ } X+ Xy

-

['h] "‘[4.1'}: X+
(Ax) +(Ax)(Ay) * +xv

This shows that equation (1) is a homogeneous equation.

Now, F(Ax,Ay) A F(x.y)

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

Differentiating both sides with respect to x, we get:

dy v
=v+x
i3 dx
- dv .
Substituting the values of v and d_ in equation (1), we get:
iy
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r+x£: x4 (vx)

dv ¥ +x{1-‘x]
dv 147
= V+r—=
dy 1+v
. < l+v J=v(l1+v
ZC).‘EJ‘ =1+1. —v=( ) ( )
a1 4+v 1+
dv 1=v
r—=—
adv 1+v
(1+v) dx
= =dv=—
LI—?J X
:}[2—I+v]d‘|_dr
|- x
[
::»L;—l]a"——r
l—v X

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

= v=-2log(l-v)-logx+logk

=v=log k
' J:(I—\:]
¥ k
==—=log| ——
x i 1,'\'
.'r| 1-- J
L X

; e
::J—:Iog ]
X x

= (x— .1"]: = kre *

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

¥
k]

.
Answer
The given differential equation is:

;. XtV
I'l.' =
x
dv x+y
I = |
dx X { }

Let F(x.y)= =y
x
Ax+dy x+v o,
- = =A F(.‘r._\'}
Ax x

Now, F(Ax.Ay)=

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:
dy av

=v+x
i dx

A
Substituting the values of y and ;—J in equation (1), we get:
X

= dv= a
X

Integrating both sides, we get:
v=logx+C

¥ ,
= —=logx+C
X

= y=xlogx+Cx
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This is the required solution of the given differential equation.

(x—y)dv—(x+y)dx=0

Answer

The given differential equation is:

(x—y)dv—(x+y)dx=0

dv  x+y
— ]
dx x-y M)
Let F(Jr._‘r} =X 2
Tox-y
. F{.ﬂ\ j_]r}— .;..‘t"l'/{'l. _ .‘("l‘}' _ ;1\-“ . F[l'..}'}

 Ax- Ay x-—y

Thus, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o
=—(y)=—(»
ufr{'lj dx{w)
dv dv
= ——=v+x—
dx Frks

v
Substituting the values of y and d_} in equation (1), we get:

dv_ x+wvx l+v

Vhx—=

dy x—w l—vw
dv l+v |+1’—L'{I—!*]
r—= e . —
de 1—v l—v

dv 147

Xx—=

de l—v

l—vw i
= b‘ dv=2

[I+1=‘} X
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Integrating both sides, we get:

) 1 . . ]
tan” v——log(1+v" ) = log x +C

) ] :
= Lan"‘ ‘]—]—lh)g[l+[‘]—] ]zlngx+f3
(R 2 X

- L lug[l_ +?'1' J: logx+C

This is the required solution of the given differential equation.

{,\‘? -y* )n’,r+ 2xy dv=10

Answer

The given differential equation is:

{,\‘? -y* )n’,r+ 2xy dv=10

(1{1___(_1(:_'1,:)
:E_ 2xy -
Let F{x.}-‘)—g.
2xy
=y )
- f*{}{.ﬁ.,ﬁlj}—_ 2(2) (%) g =A"F(x.»)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
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—(y)=—wx
ufr{ ] dx{ )
v dv
> —=V+r—
dr dx
_— dv )
Substituting the values of y and u’_ in equation (1), we get:
iy
v R e ’
R e )
dx 2x-(vx)
dv v -1
V+x—=
v 2y
1_&_ v -1 o vi—1-2v"
oy 2v 2v
e 14v°
=X v { }
dx 2v
v —dv = ﬂ
1+ X

Integrating both sides, we get:

]ug(] + '|_."‘ ) = - lt}g_l' + ]ﬁgc = IUEE
¥

=14+ =

{ -1.-:} C
=|1+=|=—
X X

= x4+ =Cx

C
"

This is the required solution of the given differential equation.

Ldry . 3
PE AP 2y +xy
dx
Answer
The given differential equation is:
L dy ,
X —=—=x =2y +xy
dx
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dy  x" =2y +ay

dx a

e

Let F(x.y)="

F(AL/IJ'} _ (‘”‘} 2[“{-“}- 1 {;“-T}[’{."'} _ X —2_1_': + Xy

(1)

l:/'.x]:

Therefore, the given differential equation is a homogeneous equation.

X

To solve it, we make the substitution as:

y = vx
dy v
= =V y—
dx dx

v
Substituting the values of y and d—'l in equation (1), we get:
i

dv X - 3(1'.1r}? +x-(vx)

vtHxX—=
i x°
dv
= V+x—=1-2v" +v
dx
v
= x—=1-2
dx
dv oy
1-2v  x
| h dx
= ] =
2 1_,p x
2
l efv oy
= - =

Integrating both sides, we get:

A" F(xy)
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|
+v
1 1 i
3T log ‘F = log|x|+C
2% —v
V2o 2
1 LY
I J2ox
= log =log|x|+C
22 7|1y i

J2ox
1 J(+\E'l»'|

log ~|=log|x|+C

:2\,{5 l’]}: i‘-_ﬁj.| {g|1['|

This is the required solution for the given differential equation.

Question 6:

xdy — vy = \Jx* + v dx

Answer

xey — vy = 4/ x° + v dx

= xdy = [‘1-+ i+ ].:4"_1:
dv _ v+ m

[y f “}

_1-'+\m=/'."'f’_(-“'-v}

v

L F(Ax.Ay)= ‘h-

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

y = vx
o o

=L (1)=L ()
dv dv

= ——=v+x—
dx dx
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— dy . .
Substituting the values of v and u’_ in equation (1), we get:
dv vt x4 v
v +Jr—.' = v
o X
N
dx
dv dx
. = —

Jiev' X

Integrating both sides, we get:

R Rt

log =log |‘c| +logC

-

= log Yo +L =log|Cx
X 1'“ X
— log Yryx +v 1_ log|Cx
X

= p+x + 1 =Cx’

This is the required solution of the given differential equation.

I o r

T {
ne .
. _J.'C(J:R| }JP_‘I-‘.‘iln : I}J-'cirz-: ysin
X ,

X

1“‘]

, xely

i
v A

J.'Cﬁ:i[ =

WX X J

Answer

The given differential equation is:
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et
)}l ()

xcos| = |+ vsin
X X
{ . [ v [ 1-‘]
s J XCcos]) -~ X
x X

= /1__“ -F(xtJJ}

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
dy dv
= S =y+x=—
dx dx

dy

Substituting the values of y and d_ in equation (1), we get:
i
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dv [x COSV + vrsin 1'}-1:1'

el [vxsin v—x L‘L}S\'] X

dv  veosv+ysiny
e e
oy VSINV — COs v

dv o oveosv4vsiny
r——

== -y

e vesinv—cosvy

(v _veosv+ v sinv =y sinv+veosy

v vsinv—cosy
dv 2vcosv

dr vsinv—cosvy

_.S-n P— 05V 2()’_.

—, VEIN Y —Cos5) dv = X

Veos v x
( 1 2l
:»Ltanu-'——]dvz—
Vv X

Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log[EJ = log(CxJ )
v

ﬁ[secv] oy
W

= secy = Cx’v

= sec(i]= Cc.x*-2

X x
dl.l
= SEC —1 = Cay
X

¥, Cxpy C xv

:;»-‘r.l-cns['—v]:k [L-:]—]
X, C

A

[1 11
= cos| = |

This is the required solution of the given differential equation.
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A‘ﬁ—)-‘+,\‘5in[i] =1
X

dx
Answer
fy ()
2 —_'L'+.1:sm['1 J=E]
dx x
dy ()
= x— = y-xsin
ﬁb; Lx)
. 7
y—xsin
dv_ - \x )
= = (1)
v X
)
y—xsin[' J
Let F(x, )= z
X
oA [y
i_‘l-‘—AxsmL)' Vy—xsin| -
P lx ) X 0
S Ax,Ay) = == =A -Flx¥
(Fx.9) = ——— (x.7)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o

= —y)=—ux
ufr{':l dx{ )
dv dv

= —=v+r—
dx o

v
Substituting the values of y and d_J in equation (1), we get:
i

dv  vx—xsiny
P —=
dx X

v .
= V+X—=v-—5si1nv
e

v dlx

sinv  x
ax
= cosec vy = ——
X
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Integrating both sides, we get:

C
lug|uusecv—cut 1-‘| =—logx+logC =log
v

[1-‘] [ 1'] C
= cosec| — [—cot) — |=—
X X X

fll‘}

COs| -
I LJ‘-'/_E
X

- .\.\I— , =
sin[J | sin(} ]
xS

X

Vv (vl
= J.‘|:| = cm{'—ﬂ ={sin '—J
X L X

)

This is the required solution of the given differential equation.

Question 9:

vdx+x Iog[ildj-' —2xdy =0

X
Answer
yebe + xlog t L] dy=2xdy =10

X

'
= yelv = |:.?..1' —xlog Y W:| dy
LS

~d__ ¥y (1)
dr ¥
2x—x Iog[ J
.
Let F(x,) }=1—
2x=xlog (l]
X
o F(Ax.Ay)= A = A F(xy)
z[z__x}-[)__r)lng(j—J] Z_T—Ing['l]
WX X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
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dy _d
=—=—(w)

de  dx

dv dv
= =vix—

dx dx

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

dv e
VHx—=————
dy  2x-xlogv
dv v
=2V — =—
dv 2-logvy
dv v
= y—=——
de 2-logv
dt _v=2v+vlogy
T 2-logv
jxﬁzrlugv—r
dv 2-logv
4 .
~2-logv n _dx
{|0g1| -1) x
I+(1-logv ¢
= —( ogv) ch':ﬂ
v(logv—1) x
[ 1], de
=S| ———|dv=
v(logv-1) X

Integrating both sides, we get:
dv =
I oas ™ o= [

dv
= |——loov=logx+loaC
j-v{lugr—l} ogv=logxy+log (

I3
e
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= Let logv=1=¢
o dr
= —(logv=1)=—
dv{ . ] dv

ot
v

1
"
dv
= —=dt

"
Therefore, equation (1) becomes:

1
= I:—;—Iogv =logx+logC

_:l"l
= logr - Iﬂg[ij =log(Cx)

X
¥ Vv -
= log Iog['—] - l}— Iog('—] = log (Cx)
X X

]ug[ S
X el
= log 7 log(Cx)
- -1-
x
= — llog
v"’l

This is the required solution of the given differential equation.

Question 10:

.T\I x
(1+€"’Jd‘c+e-" (I - x]ﬂfvz{]
v

h

Answer

1+e-"'}a"x+¢-' (1—5]@ =0

-1.‘

:;»[l re’ ]dx =—¢’ [1 —E,de

LoV
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X ‘\I
J —¢ (l— !
v v
= _1 =I"'—T"'l ...(]}
dy =
I+’
)
LV
Let f"{_t'.,_‘l‘}='—r'_
|+ e
i.T'/ Ax ) :/ X
~e¥|1-7 J —e'|1- J
. l Ly ¥ ,
o F(Ax.Ay) = = —==A"-F(x.y)
I+e* I +¢

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

X =vy
7 d
= —|x)=—/[w
ﬁl-'r{ } [:{{11{ L }
oy v
= —=v+y—
v dy

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

v
dv  —e" (1-v)
v+ y—= ( .
dy 1+¢&
dv e’ +ve'
= y—= - v
dy l+e
dv  —e"+ve' —v—ve'
=y = .
dy l+e

dv v+e'

= p—= -

dy l+e
[ 1+¢' dv
= — |dv=——
| v+e Vv

Integrating both sides, we get:
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= log(v+e')=—logy+logC = lﬂg{EJ

h, ..III
¥ : (:-
=|—+e |=—
v ¥

X

= x+ye’ =C

This is the required solution of the given differential equation.

(x+v)dv+(x—y)dy=0:y=1whenx =1
Answer

(x+y)dy+(x—y)dc=0

= (x+y)dy=—(x—y)dx

dv  —(x-y)
L, S . I
- fray X+ y { }
. —(_r—y}
Let Fx,v)= .
et (x ¥) iy
. F(Ax.Ay)= i ) Wil Gk BT F(x.y)
Ax—Ay x+y

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

y = VX
o il
=—(y)=—(wx
L?I.I‘{'l[- :I dx{ )
dv dv
= ——=v+ri—
dx i
Substituting the values of y and j—J in equation (1), we get:
i3
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v —lx—wx
|r'+.'f£ :{—}
dx X+ VX
dv v—1
= Vt+X—=—
de v+l
dv vl v—1-v(v+1)
yr—= —v=
dr v+l v+1
Tﬁ_ L‘—I—L‘:—V B —{1+‘|="')
o v+1 r+1
::. {v+11}dv: dx
14w X
v 1 dx
= ~+ —|dv==—
l+v° 1+ X

Integrating both sides, we get:

] i ']

;Img[ l+v*)+tan ' v=—logx+4k
:}lﬂg(]+r3]+2mn 'v=—"2logx+2k

= log {] +r3]-1—3}+2mn 'v=2k

{2 .
:;wluu[ I+'LJ x:]+2mn BT,
X X
:>lcmg{_r:+,1:}+2tan"l=2k (2)
x

Now, y = 1atx = 1.

= log2+2tan' 1= 2k
—log2+2x " =2k
4
— "y log2 =2k
2
Substituting the value of 2k in equation (2), we get:

N\
R A W N .
log(x" + _}+ 2 tan [ IJ ~+log2

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

xdy+(xy+y7 )de=0;y =1 whenx =1
Answer

X dv+ (.'cj-' +° }d‘r =0

= x'dy= —[.r_r+ 3 ] dx

)

Let F(x,y)= y

3

[JT /I_'Ir' +{A1_V} ] —|xv+ ].': )
F(;{Li}.}: ; _ { - }=z1‘."'-F(_T,l].-']
[,J__Y}' x°
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx
o o
= —(y)=—
ufr{'l] f.h'{w)
dv dav
= —=v+x—
ks Feks

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

v —[.1' -1-'.r—{v:rj: ]

V+XxX—= - =—yp—y
el x°
rﬁ =—v —2v=—-v(v+2)
v
ey o dx
i {1’+ 2} - 'y
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Integrating both sides, we get:

%[Iog v—log(v+2)]=—logx+logC

1 C
= —log |=log—
2 Tlwv+2) X
v Y
= ==
v+ 2 LIJ
y .
49
.“_'_-1 X
x
: [:
S .
v+ 2x -
x°) .
= =" 2
v+ 2x [ ]

Now, y = 1atx = 1.

1 s
= =
1+2

o=l
3

Substituting (* :l in equation (2), we get:
3

Xy l

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

This is the required solution of the given differential equation.

.o X ) T
xsin” | ——y | dx +xdy =0 y— when x =1
¥ A 4
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Answer

)
|:.'L'hll]' [ —_1'}i\'+:mfr =
x)

_ /1']
—| xsin’| & |— ¥
dv _ |k-‘f, ?

= L A1
dx x [ )

T

- [xsin'| = J _‘J.i|

Let F(x.v)= o

X

L _-'/A]..‘l.'\' . v
~| Ax-sin N -Ay| - ,1-51n-| + |—J,-
. f'.(,a_'l,“/:-‘]‘}z 1'\_ s _-'I — X A o _ /:;: . f"[_‘{'”]'}
Ax X

Therefore, the given differential equation is a homogeneous equation.

To solve this differential equation, we make the substitution as:

y = vx
e o
= —|y]|=—wx
dr ] dx{ }
dy dv
= —=vitr=—
dr dr
N dy .
Substituting the values of y and u’_ in equation (1), we get:
iy
b —| xsin®v—vx
1.:+.1ri =—[ ]
e x

Cﬁ" .7 .7
— L'+.T—=—|:S|n- V- Uil =¥V —58In" v
dx

d'l-' .
— X—=—5In"V

dx
dv oy
sinv  dx
— cosec vdv = _&
X

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

= cotv = log|x[+C

= cot [ L4 ] =log x| +logC
Y

:‘w::ot[l = log |Cx]| (2)
X,

Now, y=— atx=

= cot[Ew = log|C]|
4

= l=logC

—C=¢=¢

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

cotL'—] = log|ex

X

This is the required solution of the given differential equation.

Question 14:

i b
day ¥ [y
—— —— 4 COSEC "—J =0;y=0 whenx=1
de  x L X
Answer
dy ¥ ()
— ——4cosec| — |=lZII
dv X LX)
£ b
(.{.I__. v Vv
= === CE}EEC‘ - | (1)
dr X LX)
£
Let F'(x,y)=——cosec —J
L X
. F
F(Ax.Ay)= uuse;.l : ]
Lx Ax )
© )
= F(Ax,Ay)=——cosec — |: Flx,v)=4"F(x.y)
X

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

Yy = vx
o o

= —(y)=—(wx
ufr“] c.h'{n}
v dv
i) AP
dx dx

Substituting the values of y and ;i in equation (1), we get:
X

dv
V+EX—=V-—COosec Vv
fx
v iy
COSEC v X
) dx
= —5in vdv = —
x

Integrating both sides, we get:

cosv=logx+logC=log {_'_r|

Cx

'I"\|I
:‘*cos[‘— \=log
x )

This is the required solution of the given differential equation.
Now, y =0 atx = 1.

= cos(0)=logC

= 1=logC

=C=¢=¢

Substituting C = e in equation (2), we get:
ms[i] = log {L’.r}|
3

This is the required solution of the given differential equation.
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2 dy

= 2x =2xy+y’

ey
PR P 2
oW _20+) 1)
dly 2x°
2
Let F(x, )=

-

L .r
.‘l.':

2(Ax)(Ar)+(Ay) _ 2+
2(Ax) 2%

[ 3

o F(Ax, Ay)= =A"-F(x,y)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o

= E{l ] —E{k‘r}
d v
— =yv+r—
dx o

v
Substituting the value of y and d—J in equation (1), we get:

v 2x(w x)
papdy 2x(m)+ ()
dv 2x°

dv 2v+v

= v+xr—=
dx 2
dv v
= V+r—=1v+
d 2
2 ax
= — v =—
T X

Integrating both sides, we get:
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241

v .

2- =log .'(| +C
-2+1

5
= —-—= Iug_|_1'| +C
v

= —% = log x|+ C
x

2x
= === = log|x|+C -(2)
¥

Now, y =2 atx = 1.
= —l=log(1)+C
= (C=-1

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

~

~=X oglx -1

rl.l

2x
= —=1-log|x

v
2x
= y=—— (x#0, x#¢)
1-log .1'| )

This is the required solution of the given differential equation.

A homogeneous differential equation of the form :j: = ;] can be solved by making the
substitution ’

A.y =vx

B. v =yx

C.x =vy

D.x=v

Answer
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)

fris X
For solving the homogeneous equation of the form P =h , we need to make the
@y Ly

substitution as x = vy.

Hence, the correct answer is C.

Which of the following is a homogeneous differential equation?

A. (dx+6y+5)dv—(3y+2x+4)dc=0
B. (xy)dv— {.r: +y )c.{r =1
C. (,1.‘} +2y° }Iu’r+ 2xydy =10

D. 1 dx +{_1.': —xpt =y }f{r =1

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:

_1'::1'.1'+{.T: —xy—y° j]r.{} =0

Let Fx,v)=— —.
(x.5) Y o+ay—x
= F(Ax, Ay)=— (4) ,
(Ay) +(Ax)(Ay)—(Ax)
- /{:‘-1.3
/1‘{.1? +x‘5'—,rﬁ}
of i )
=A - =
ol o S S
=A"F(x,y)

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

Question 1:

v :
@&, 2y=sinx
dx
Answer
. . . Ly .
The given differential equation is E.;. 2y =sinx.
x

This is in the form of ;i + py= Q{where p= 2 and Q =sin x).
A

MNow, ILF = e'J.M. :‘eJ’mr =™,

The solution of the given differential equation is given by the relation,
y(LF)= I{Qxl F.)dx+C
= yett = Isinx-e"rh—+ C A1)

Letf = Jﬁinme:"

= [ =sinx- Ie:"d,\'— f[%[sin.t]- ﬁ“dr]dx
LAY

e:l. {J:n.
= [ =simnx- S | cosx ox

A

fosx ﬂ/ -(cos x)- edx|dr}
oo a7l

. ﬂllt_l
2

*-.II] X ]

[ sin x)-

== < ;"”— :ﬂbT—JrlJ‘(:-mn }d\'

:>f=i(25in_r—cosx]—lf
4 4
5. e .
==/ =—(2sinx—cosx)
4 4
== e: (2sinx—cosx)
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Therefore, equation (1) becomes:

ﬁ': X . .
ye' = 5 (2sinx—cosx)+C

Ix

] . :
= y= E{Zsmr—cos.rh(.’e

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

dv . i

—+3y=e""

dx

Answer
I‘:Fr'l' - 2x
T +py=0 (wherep=3and O=¢ ").
dx

The given differential equation is

Now, ILF =¢ Joar = L*Im =",

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

= ye'" j[ e xe "}+ C

= ye'' = jc’ch1‘+{_.‘

= e =e¢" +C

= y=e " +Ce™

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

Y, Y_e

=X

dr  x
Answer

The given differential equation is:

v 1 )
Ly py =0 (where p=—and 0 =x")
ax X

1

MNow, LLF =L’J‘.”:IIV :u'[-*"' ="t =y
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The solution of the given differential equation is given by the relation,
y(LF.)= [(QxLE.)dx+C
= y(x)= _[[1 -x)nf'r+C'
=Xy = Ix"'af'r +C
4

X
= xy=—+C
4

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

dy ( T
——+secxy =tan xL 0<x< —]
fns 2

Answer

The given differential equation is:

ey

T + py = (where p =secx and () = tan x)
ax

-_|'|||r'.' Ficu.‘r:.['.' log(see) x
Now. LF =e/™" = ¢! = ") _ gl v+ tan x.

The general solution of the given differential equation is given by the relation,
y(LF) = [(QxLF.)dy+C
= y(secx+tanx)= j-tan x(secx+tanx)dv+C

= y(secx+tanx j'sec xtan xdx + Itﬁl] P xdy+C

}:
= y(secx+tanx)=secx+ J{m° x—1)dx+C
J=secx+tanx—x+C

=¥ (sec X+tanx

x

-(3 cos 2xdx
il

Answer
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T

Let [ = jf cos 2x dx
(sin2x)
J-i.:m.' 2.1;53’.1':| = F[.\'}
L2 )
By second fundamental theorem of calculus, we obtain

I:F[%J—FN]

()]

[sint —sin0 |

fodt |

[0-0]=0

bd | = pd |

dy )
x—+2y=x"logx
dx

Answer
The given differential equation is:

oy

il
r—+2y=xlogx
v
dv 2
——+—y=xlogx
dv x

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

v 2
a v =0 (where p== and O = xlogx)
oax X

o2 bog x :elu-__-_l' _ 2

2
Now, LLF =£"[II{H :eL‘h =g =x.

The general solution of the given differential equation is given by the relation,
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y(LF)= [(QxLF)dx+C
= pex = I(.r]ugx-f]dx+(f

= x'y= ﬂl log x}dx +C

= x'y=logx- [.\.‘U::-I i{I-:-g x)- [.\'UJ:}J:;‘+C

) | die )
—>x:_1':lug.r~x —ﬂ Lx Fa’x-i—C

4 k..": 4 y,

Ao
=iy = ¥ logx 1 J.r"dx+[‘
4

= xy = X 08X log x L oy C

4 4 4

= xy L.\.‘*[allog:r—l}+("
16

= 1 (4logx—1)+Cx°
fr

dy
xlogxy—+y==logx
dle x

Answer

The given differential equation is:

dy 2
ylogxr—+y=—logx
elx x
dy ¥ 2
= —+ =—

Y

dy  xlogx x

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

dy 2
— 4 py =0 (where p = and 0=—)
dx xlogx X

I_rk."- Jﬂ[. ' i log{bogx
Now, LF =™ =™ =" —Jog x.

The general solution of the given differential equation is given by the relation,
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y(LF)= [(Qx1F.)dx+C

5
= ylogx= J‘[i,lugx](h%l: {]}
X

!
Now, I[ 21 |ﬂgIJti1'=EI log x- Iﬁ Jd‘r.
x* X X
oz [ v {19 (togx)- [ el ar
hlﬁg.m -[13 dx hd‘({loga} J-_‘('l fi’l.‘f}’(hj|
=2 lng_'r[— l]- J[I {- ! ]]Li‘i.'
L x ¥Lox
[ logx ¢l
=2 -—— —x
B j}

_al log x _lj|

X A

Il

:—E{I+Ing:r}
X

"
Substituting the value of j—[%log,t)dx in equation (1), we get:
e
2 )
viogx=-=(l+logx)+C
x

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

Question 8:

(I +x° ]dp + 2xy dx = cot xdx(x #0)
Answer

(l +x° )u{v +2xv dx = cot xdx

dv  2xy  cotx
===
de 1+x" 1+x7

This equation is a linear differential equation of the form:

B ~ )
ﬂ + pyv =0 (where p = =X —and (0= cotx )
dx 1+x° 1+x

vl :.';1 atr vl 1+
ND'“:_ I_F = FJ,I' — E—[ll-,'i' — eh-‘l ] - 1+ ¥
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The general solution of the given differential equation is given by the relation,
y(LF.) = [(QxLF)dx+C

¥ col x 1
—>_1.-(I+:r‘}_ ﬂ" ‘: x{l+x“‘]-‘dr+(f

14 x°

= y{l +.¥3}= Icnt xehe +C

= }'{I +.'(:}= log [sin x|+ C
v

& Fy—xd xycutxzﬂ{x#ﬂ]
dy

Answer

’
x—+4y=x+xvcotx=1(
dlx

v
= xi+.1-'|[l+.rcot:c] = x
o

dy (I ]
= —+| —+cotx [y=1
de \x ’

This equation is a linear differential equation of the form:

v ]
—+ py =0 (where p=—+cotx and O =1)
dy ¥

= 1

I i I- l.-l.'l\.IIJ. el e x4 b gy x T )
Now, LF =¢'" =¢ = g i) - IR — g

The general solution of the given differential equation is given by the relation,
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y(LF)= J(Qx1F.)dx+C
= y(xsinx)= I[]X‘I.SII’]"L}(!"‘L+(_
= y(xsinx)= I[,rsin:r]fir+(_'
' _.' rl=x q..' _.ul_' — ”l'
= y(xsinx) \J'ﬂrn X J.|: e r} Jsmx r}+(

= y(xsinx)=x(-cosx) II —cosx)dx+C

[

= .1-[.rsin.r} =-xcosx+sinx+C

—XCosxy  sinx C
+ +

= V= - -
Xsmnx Xsinx XxXs5INnXx
1 C
= y=—cot X +—+—
X Xs5Imnx

dy
x+p)—=1
(x+)
Answer
dy
x+v)j—=I1
(x+. }u’x
dy |
o —
de x4+
dx
— =.k'+J
dy
dx
= ——X=)
dy

This is a linear differential equation of the form:

?+ px =0 (where p=—land 0 = y)

Now, L.LF = cfm = cfﬂﬁ =g,

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

Page 86 of 120



Class XII Chapter 9 - Differential Equations Maths

x(LF.)= j{Dx]F}d} +C

=y ' = [1 e (h+C

> xe " =y .[J dy — IL?: (v) _[E'-"afv:|afr +C
= xe’ = j'(—e""}— J'{:—e"'}.:ir+£'
=xe'=-ye '+ |e'dv+C

=xe '=—ye ' —e " +C

= x=—-y-1+C¢’

= x+y+1=Ce’

vodx+ (.r —y ).;{,,,- =10
Answer
Vodx+ { x—y }ﬁfp -

= vy = { ' —_r)({\-'

dv  vi-x X
= —= = }l —_—

dy ¥ ¥

de x

ity

dv v

This is a linear differential equation of the form:

T"j+ px = (where p —land o=y
dx

. I-'-'I' )
Nﬂ‘y\-‘. ]-,]'. _ (,’J‘J i _ eL — {.,lllg-.l = .

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

Page 87 of 120



Class XII Chapter 9 - Differential Equations

Maths

*(LF) = [(QxLF.)dv+C
= xy= j{tl}cﬁ +C

= xy= J_v:f.{;.- +C

ik .
= xy="—+C

(_r 37 };_i =y(y=0)

iy
Answer
{t+3;'3}d": =y
' dx
] ﬂ = '1': —
dv x+3y°
dv  x+31 x
dx _x+3) l+3_'|=
dy ¥ ¥
o
. v x -3
{'{1" JI

This is a linear differential equation of the form:

dh

Now, LF =cﬁ':{r =e

&

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

dx + px =0 (where p = - ] and O =3y}
’ V

e of !
- ()— e v — ¥
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x(LF.)= [(QxLF.)dy+C

1 |
= Xx—= 'ﬂ/lvx—]cfv +C
vy

- 3y+C
y

=x=3y +Cy

v . n
& F2ytanx =sinx; v =0 when x=—
dx 3
Answer

dy

The given differential equation is o F2ytan x = sin x.
v

This is a linear equation of the form:

dy .
‘;1 + v = (where p =2 tan x and (J = sin x)
dx

I frad | Ztan vy Yeglsee log| sec” x|
— I 5 Bl |

Now, .LF =¢' =¢ =e = =sec’ X,

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

y(LF)= [(QxLF)dy+C
= y(sec’ .1.'] J{sin x-sec’ x)dx +C

= ysec’ x = j{a ecx-tan x v +C

=» ysec’ x=secx +C (1)
Now,y:[}atx:E_
3

Therefore,

) n E
O=see” —=sec—+C

3 3

=0=2+C
=C=-2

Substituting C = -2 in equation (1), we get:
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vsect x=secx—2
= p=cosxy—2cos x

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

; 2 Ay 1
{ll+x')i+21‘y: —;¥y=0whenx=1
v |+ x
Answer
. I
(1+x7 )=+ 2xp = —
X 1+ x°
dv  2xy I
;_'_ — S

de  14x f|+x:}_

This is a linear differential equation of the form:

2x 1
—and 0 =—)
+x {1+x:

av
—+ o' = (where p =
g O ) ]

2 wely .
Pl 3 g 1427 | 1
Now, LF = E’[ = E'J'*-’ =¢ =l+x.

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

v(LF)= I(Qx LF.)dx+C

! — §I+_r:'} e+

:>y(|+:r'_}: {]+;.--'}' |

= _1'(| +,1'3}= I] +] sav+C
x

x+C (1)

— }f{l +.\':}: tan”'

Now, y =0atx = 1.

Therefore,

O=tan'1+C
!
=C=——
4
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Substituting (= ~Tin equation (1), we get:
4

,1'[I+_r:}:tan IX_E

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

dy . T
——3ycotx=sin2x;y=2 whenx=—
dxv 2

Answer

The given differential equation is ?—3_L‘(:{‘.It.‘{'=5ill 2x
X

This is a linear differential equation of the form:

dv + py =0 (where p=-3cotx and J =sin 2x)
X
1

iy 1 o N b
Nﬂu". I_F _ ij_r..f:u =g .JLIl.ln':l —e Wlog|sin ¥ —e g’ x| _ I

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

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

1 ; | .
= y——=||sin2x.—— |dv+C
51X 51X

= peosec’y =2 j{ cot xeosecx | dy +C

= ycosec’x = 2cosec x + C

2 3
= V=— —+ T
COsec™y  Ccosec X
. |
= y=-2sin" x+Csin’ x (1)

Now, v=2atx =

[

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

At point (x, y), the slope of the curve will be i

is
According to the given information:

This is a linear differential equation of the form:

e .
z + =0 (where p=—1and 0 =x)
dr

([ —1)etx

Now, LF = el = o _

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

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

= ye~ = [xedv+C (1)
Now. I_w Tdv = x _l-c “dx — [[%{1} jL‘ 'Tfh}(f.r.
=—xe ' - ‘l‘—(f_"ﬂ:f
=—xe +[—n‘: L}

=—¢ "(x+1)
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Substituting in equation (1), we get:

ye 't =—¢ " (x+1)+C
= y=—(x+1)+Ce¢’
= x+y+1=Ce" .(2)

The curve passes through the origin.
Therefore, equation (2) becomes:
1=C

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

= x+y+l=¢"

Hence, the required equation of curve passing through the originis x+ y+1=¢",

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

s
to the curve at (x, y) is ;—}

is
According to the given information:
dv
—+5=x+y
dx

u".
= '—L—_r =x—5
dx

This is a linear differential equation of the form:
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& + =0 (where p=—1 and J=x-35)
el

e
The general equation of the curve is given by the relation,
y(LF) = J(QxLF.)dx+C
= y-e ' = |{1 5)e'de+C (1)
Now, |(x—5)e v =(x—5) e 'dv— JLL{;——::],IL: 'm}zr.

=5)(=e )= f(—e e
:{5—,1-};: C+(-e)
~(4-x)e"

Therefore, equation (1) becomes:

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

MNow, I.LF = e

= y=4—x+C¢
=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¢

This is the required equation of the curve.
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ay
The integrating factor of the differential equation ¥~

dx
A. e~
B. e’
|

C. —
X

D. x
Answer

The given differential equation is:

ay ,
x——y=2x
dv
dv
——==12x
dr X

This is a linear differential equation of the form:
; 1 :

il + pv =0 (where p=—— and 0 = 2x)

dx ¥

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

J'_.x.'.

e

¢l

ikt kgl s~ I

~LF = e_ﬂ'l g )
X

Hence, the correct answer is C.

The integrating factor of the differential equation.

{I—Il':J:fT'I+J-‘x:q1'{—l <y<l) is

|
¥ -1

A.

y=2x"is
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—

\Ill-]_.lz —I

¥
-y

C.

p. !

2
yi=)7
Answer
The given differential equation is:
2y dx
(l - ]—+d1-:r =
dy
dy v ay

= ——+ ¥ — = -
de 1-y 11—y

This is a linear differential equation of the form:

e + pv =0 (where p = Y and 0= o
dy -3 -3

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

J'_.x.'.

e

z Tl ol 1-17) log _ ]

. ]
“LF =,._,J'“=r_:|" e e

Hence, the correct answer is D.
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For each of the differential equations given below, indicate its order and degree (if

defined).

(i) ”I—l | & ] —6y =logx

e

(ii) .m | —4[““] +7y=sinx
dx

s ™
d'v . [d'y)
——5IN| —

(iii) o =1

| X J

Answer

(i) The differential equation is given as:

d'y _[(l{l'\:

x| — | —6y=logx

dx” dx J

2y WY
S 1 +5.v[i] —6y—logx=10

fri dx

The highest order derivative present in the differential equation is {a’ } Thus, its order is
b

a

two. The highest power raised to dy is one. Hence, its degree is one.

-

dr..

(ii) The differential equation is given as:

) b\ .
| (& [£—] +7Ty=sinx

dax

(dyY (dvY .
:>|i —4[1] +T7y—sinx=0

|y R
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dy
The highest order derivative present in the differential equation is d_} Thus, its order is
is

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

dx
(iii) The differential equation is given as:
d'v (d 'y )
i ] =0
X \ i J

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

dx
four.

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

) d'y . dy

() v=ae" +he " +x° : Xt 2 —xp+x" =2=0
ax’ dx

(i) y=¢ [HCL‘}HI +hsinx) : {'{_'EI -2 b F2y=0
dx” el

(iif) y=xsin3x : a;u +8y—6ceosix=10
X’

. . . 5 2y ady

(iv) »* =2y log v : ) o w=0

s ()

Answer
(i) v=ae" +he " +x°

Differentiating both sides with respect to x, we get:

dy = (ri{c" ]+h— ‘
dx dx -

dv . -
= ——=qge¢' —bhe™ +2x
dy
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Again, differentiating both sides with respect to x, we get:

"y . .
‘ 1 =ge' +he™ +2

d’r..

. dv dy. . . .
Now, on substituting the values of a’_ and 2 in the differential equation, we get:
iy e

LL.H.5.

d’y ? 3
J.'—'E—~2m;—x;-'+x' -2

dx” elx

= .1'(:;&’1 +he™ + 2} + 2(({3’" —bhe™ + 2.1.'} - .r(m* Cahe 4 x7 )+ =2

-

- (u.w" +bhve "+ 3-*] +(2rr€”' —2he "+ 4.1')—(u.w" +bxe " + .T1)+ x' =2
=2ae" —2be " +x' +6x-2
=0

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

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

(ii) v=¢" [u cos x+ bsin x} =ge’ cosx+be’sinx

Differentiating both sides with respect to x, we get:

dv
=
oy

d_ (u"' cos _'r) +h ~%|{.eL sin T}

:‘»T’j =ale’ cosx—e" sin .r}+h~{ce‘ sInx+e cns,r)
ax ’

dav :
= TL =(a+b)e cosx+(b-a)e sinx
X

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

Page 99 of 120



Class XII Chapter 9 - Differential Equations Maths

-

i’—rl =(a +b}'%(*’x cosx)+(b ﬂf]%(t‘" sin_x-)

— jr;l = {LT + b} I:L_,.-r cosx —e” sin _T:|+ (fJ _ C'-‘]|:£:"T sin x +e” cos _‘_:I

= (?;_1 =¢'[(a+b)(cosx—sinx)+(h—a)(sinx+cosx) |
ax

- “;_‘ =e¢'[acosx—asinx+bcosx—bsinx+bsinx+bcosx—asinx—acos x|
ax”
S ‘ -

= T [Iv (bcosx—asin \}]

d'y dy
Now, on substituting the values of d ‘1 and d—'l in the L.H.S. of the given differential
A i3
equation, we get:
d 1 +2 & +2y
dx” dx

=2¢" (hcosx—asinx)-2e [[a +b)cosx+(bh—a)sin .1':| +2¢" (acosx+bsinx)

| (2bcosx = 2asinx)~(2acosx+2bcos x)

=¢

~(2bsinx—2asinx)+(2acosx + 2bsinx)

=e [{Eh —2a-2b+2a)cos .\':I +e" I:{ -2a-2b+2a+ Zh]sin_\':l

!

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

(iif) y=xsindx
Differentiating both sides with respect to x, we get:
dv d

—— = —(xsin3x) =sin3x+x-cos3x-3
de  dx

o
— Y _ sin3x +3xcos3x
dx

Again, differentiating both sides with respect to x, we get:
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ﬂ’"J'

2
v’

=i sin3x +.'ii xcosix
N )

2
day VoA . .
; — =3cos3x+ ;[cus;x +x(—sin3x)- 3]
ax”

= d—l =6cos3x —9xsindx

X

d’y

Substituting the value of d in the L.H.S. of the given differential equation, we get:
X

"y
#+‘J_\'—ﬁcns.’ix

dx”

=(6-cos3x —9xsin3x )+ 9xsin 3x —6cos3x

=10

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

(iv) x* =2y log v

Differentiating both sides with respect to x, we get:

d ;
Qx=2—=|y" |gg ]
v=2-—= " log ]
dv o 1 dv
=x=|2y-logy-—+y ——
dx v dx

d.
=x=2(2y log y+ )
dx

dx _1«'{112lng_1'}

v
Substituting the value of d_}x in the L.H.S. of the given differential equation, we get:
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|{1.'1 + 1"‘]£— Xy

I T hde
={2_]"‘ 10g_\'+,1-"'}-;—.1j'

¥(1+2logy)
- x

=y (1+2logy)——— —xy

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

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

Form the differential equation representing the family of curves given by

|[_r—a}: +2)p" =a’ where a is an arbitrary constant.
Answer

{x—a}: +2y =a

= x +a -2ax+2y =a’

=2y =2ax-x" A1)

Differentiating with respect to x, we get:

dy  2a-2x

dy—=
T odx 2
dy a-x
a2y
dy  2ax-2x°
—_— = B
dx 4xy (2)

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

dy 2yt +at =24

dx dxy
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-
Hence, the differential equation of the family of curves is given as ﬂ _ = Tr
dx 4xy

-

Prove that x° —.v? - .:.-{:r'ﬂ +.L"1]_ is the general solution of differential

equation (,3.‘3 e } dy = {1 —3,1‘?.1'}:{1', where c is a parameter.
Answer
{;,1.‘-‘ — 3y’ ]d.r = {,1.'1: - lr'i!-‘} dy

dy  x'=3xn°

& X (1)

dv v =3xy
This is @ homogeneous equation. To simplify it, we need to make the substitution as:
=

e i
— _

[y iy

'l.l

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

dr

dv X =3x(wx)
Vb X—= - -
dlx [m‘] —3x [1‘1‘]

dv  1-3"
=DVt —=—
dy v =3y

dv 1-3
— -v
dv v =3v

dl.- ]_31-'3 —1-'[1'3_31']
= y—= —
by v =3
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Integrating both sides, we get:

J‘[V _T']fﬁ*=]ngx+]ng(:” +(2)

l—v

Now. _H B |d _[1 “dv _3[ vefv

1-v*

rvi—?n'\ =1 -37 where ] — [ vidv dl = vy
::’J‘{?J( =4 A, W ﬁrel—-mﬂn :—II r

Let]—v' =
d gy dt
ey 29
fﬁ'{ ! } dv
= ' = ﬂ
dv
= v'dv = —ﬂ
Now, [, = ;—ff: _%Iug'r:_,lzl‘}g(l _1-4}
vdv vy
And.. lr-\, = = .
NN
Letv' = p.
cd s .ca:r:r
N E{l ] B v

]+p|_ I+1-"1

1—p|_

1
:‘>L=—J- dp,= log
l-p~ 2x2

+

l—v

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

o= A
J{ ] 3 ]cﬁ ——Ilon[l—v ]—ilog

-|1

Therefore, equation (2) becomes:
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1 V3 I+ i
—I[rg(l—ﬁ'*]—jli_mg 11 =logx+logC'
4 ' -
| (v
= ——log [I—E'JJ‘ 11 | =logC'x
4 Y |- J

[] + 1"} _(C) N

— -
2
(1)
Iy y 4
..
I+',| |
-
_>: .f:: -
v C"x
| —=—
.

:>{.T" _1"']=(_": (x" | _1'1]1
=’y =C(x —_1-:}3. where C = C"

Hence, the given result is proved.

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:

{x—a}:—r{}'—(.’}::a: (1)
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wlet. a)

i] ¥

Differentiating equation (1) with respect to x, we get:
If.
2x—a)+2(y —H]i =0

dx
= (x—a)+(y—-a)y'=0
= x—a+y -—ay'=0
= x+ ' —a(l+))=0

x+
= g = —=
I+

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

[r+_1j1"" ] [ x+w' S x4+ i
x— | +| v- - = -
1+ 3" ) R L 1+ y
(x=»)»" | [y-x ’ x+ 0 i
= + =
(1+ IL"} 1+ ' 1+
= (x=0) 32+ (r=y) =(x42)
= (x-y) |:I + {}"}:} =(x+ _111-"]:
Hence, the required differential equation of the family of circles is

(x ~y) [] +{y'}"} =(x+)

.
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-

-

Find the general solution of the differential equation %+.‘||| - =0
X -X"
Answer
dy -y
=+, [— =0
de V1-x°
i [T
@ i)
dx - x°
- dv  —dx
MI'II—J-'? N

Integrating both sides, we get:

sin”' y=—sin"'x+C

= sin 'y +sin” y=C

Show that the general solution of the differential equation jp + 'P; Ty +: =) is given by
v X +x+
(x+y+1)=A(1-x-y-2xy), where A is parameter

Answer

dy _1':+_;=+l_|[|I
dr ¥ rx+l
; vyl
Ldy_ ()
dx X 4x+]
dy ~dx

= — =—
y+y+l 2 +x+l

dy dlx
T +— =0
Y +Hry+l o x +x+1

Integrating both sides, we get:
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dy d ;
J‘ +J.r:+fc+|=(

Vo yp+1
:’I fﬁ? :+j fﬁ-,.—zzc
(_1’-4-1 +{ﬁ] [.r+]] +[ V- ]
2 T 2 2) 7| 2
o 1
- Eas 5 RS
= ——=lan" < |+ —=tan” = | =C
3 NERNE] V3
L 2 2
- 2y+1]+m“_,[2x+1}=£c
A B2
[ 2L+I+2x+l
— 3 3 |V
I (2y+1) (2x+1) 2
I I
I 2x+2y+2
= tan ' V3 = LS
1_[41‘_}'+21+2}-‘+|\' 2
_ 3 )
! 23 (x+y+1) _ Jic
3—dxy-2x-2y-1 2
= tan ' V3(x+y+1) :“'EC
2(0-x-y-2xy)| 2

]

ﬁ(x+}'+l} _ tan[ \E{.
E[I—.t—_f—Z.U-'} L

= r+n=+1—23(1—w—“n=]

" ]

= x+y+l=A(l1-x-y-2xy), where 4=

Hence, the given result is proved.
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o
Find the equation of the curve passing through the point L{J,E |whose differential
A

equation is, sinxcos ydx+cosxsin ydy =0
Answer

The differential equation of the given curve is:
sin x cos vdx + cos xsin pdy =10

sin x cos ydx + cos xsin ydy

=0

COS X COS y
= tan xdx + tan yey =0

Integrating both sides, we get:
log (secx)+log(secy)=1logC
log(secx-secy)=logC

= secx-secy=C (1)

{ '
The curve passes through point LU.

A

~x2=C
—~C=42

On substituting C.:JE in equation (1), we get:

SECY-5eC V= \fE

=42

— 8ecx-

Cos v

SeC X

2

= COS ) =

Hence, the required equation of the curve is cos v =

SECX

R
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Find the particular solution of the differential equation

{I+e“}¢.{p+(l +_1-'3}c?Td.1.‘ =), giventhaty = 1 when x = 0

Answer
{l + e:"}r{v +{1+ 57 )e"dx =0

dy L@ dx

3 =0
I+ 1+e™

—

Integrating both sides, we get:

LL:;_ e (1)

lete' =t=¢" =1,
d _dt

= Etel frks

. dt
— e =—
dr
= &'dv =t
Substituting these values in equation (1), we get:
cdt
+1

=

-
tan v+
|
—tan y+tan 't=C
=tan 'y+tan (¢')=C (2)
Now, y = 1 at x = 0.

Therefore, equation (2) becomes:

tan'l+tan'1=C
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This is the required particular solution of the given differential equation.

X - x

Solve the differential equation ye'dx =| xe’ + y° ]ﬁf}"(,}' =)

.,

Answer

ye'di= [IE"’ +y ]({1-‘

X

i N 2
= e =xe’ + )

5
2} .L:| “j

Differentiating it with respect to y, we get:

d| - iz
—_—] e [
d|” ) dv

fj_]‘ J_- a,j.
v
5 "Ildl'_x dz
= —|=— (2
Vo dy (2)

From equation (1) and equation (2), we get:
iz

=

dy
= dz = dy

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

=e’ =y+C

Find a particular solution of the differential equation [.T—_l']{ih"*fﬁ'} =dy—dv, given that
y=-1,whenx =0 (Hint: putx -y =1t)
Answer
(x—y)(dx+dy)=dx—dy
= (x-y+1)dv=(1-x+y)dx
dyr l=x+v
- % - x—_v+-]

d _1-(x=y) ()

de 1+(x-y)
Letx—v=r
o i
= x=y)=
fi\:[ ») dx
dv dt
=]-—=
av v
dady dy

ay
Substituting the values of x - y and d_} in equation (1), we get:
iy
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" dr 11—t
de 1+t
dt [I—r}
= —=1-—
dx ey
dr (L+t)—(1—1¢
L _(1+0)-(1-1)
dx 1+1¢
ﬂ_ 2t
dv  1+1¢

::»['ijd;:zn{r
I

:>[l+%]d.r=2cﬂr -(2)

Integrating both sides, we get:

r+loglt =2x+C

:>{x—_1']+]ug|.‘r—_1'|=._x+C

—
fapd
R

= log|x—y|=x+y+C

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.

e W

Solve the differential equation | —————= dv _
NER

E—I{x#ﬂ}

Answer
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e v o|dy |

\.-'I; \"T dy

f?f]-? - E—:\'.L }:

T — —

de  Jxo WJx
vy et
de Nx o Wx

This equation is a linear differential equation of the form

a0
dy 1 e
—+ Py =0, where P=— and 0 = )
a e =
|
Pl i 4
Mow, ]_I".:LJF ! :L}'I-"'-' =g

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

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

2 e ,
:,‘>IL';3""=‘|-( xe"'}qﬁr+(.
(Vo

Sy L
X

=y =2\x+C

ay
Find a particular solution of the differential equation ufJ F veot x = 4xcosec x{x = {]} ,

X

given that y = 0 when x =%
Answer

The given differential equation is:

dv
Y veotx = 4xcosec x

dx

This equation is a linear differential equation of the form
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dv
—+ gy =0, where p=col x and O = 4x cosec x.
dx
. F.l:n'.'i il rikr boesim i .
Now, L.F = e’ —vf =¢ =" =sinx

The general solution of the given differential equation is given by,
y(LF)= [(Qx1F.)dx+C
= ysinx = I( 4xcosec x-sinx)dy+C

= psinx= 4Ix(i1'+f

. x°
= ysinx=4-—+C

= ysinx=2x"+C 1)

T

Now, v =0atx=—.
2

Therefore, equation (1) becomes:

0=2x"4C
4
:;»(.‘:—K—_
7

[

Substituting =—I: in equation (1), we get:
. -
ysinx=2x" —

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

dy . .
Find a particular solution of the differential equation {.1:+ ”T: 2¢7" 1, giventhaty =0
oy

when x =0

Answer
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dy .
x4+1)—=2e" -1
(x+1)—-=2e
dv dx
2 =1 x+l1
e'dv
= =
2-e" x+1

Integrating both sides, we get:

J- E'rﬂiﬁ =log|x + l| +logC (1)

2—e
Let2-¢&" =1

= e"dt = —dlt

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

lirlr=]::rg|x+| +logC
i
= —log|r| = log|C(x +1)|
= - ]ug|2 -e'|= Iﬂg|f.'{x + ]}|
= : =C(x+1)
2-¢ '
. 1
= 2-pg' = 2
© T C(x) (2)
Now, at x = 0 and y = 0, equation (2) becomes:
=2 1:l
C
= (=1

Substituting C = 1 in equation (2), we get:
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o S
x+1
. |
=g =2-
x+1
2x4+2-1
=g =
x+1
2x+1
=g =
x+1
2x+1
=y =log  (x#-1)
x+1

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

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
and 25000 in the year 2004, what will be the population of the village in 20097

Answer

Let the population at any instant (t) be y.

It is given that the rate of increase of population is proportional to the number of

inhabitants at any instant.

d
Ly
dr
dy . \
== =jy (# is a constant
dt
dy
= e

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=4-5+C
= log 25000 = 5k + log 20000

25000 5

=k =%Iog[:‘—jj -(3)

In the year 2009, t = 10 years.

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

(5
lﬂgy—mxl_|og| L]+ log(20000)
3 \\4

=logy= Iﬁgliﬂﬂﬂﬂx(gj }

= y= Eﬂﬂﬂﬂxgx%

= y=31250

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

velx — xdy
¥

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

B. x = Cy?

C.y=Cx

D.y = Cx?

Answer

The given differential equation is:

velx —xdy 0
.l'l
vidv — xely
===

xy

=1{lis
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Integrating both sides, we get:

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

= log|—|=logk
)
x
= —=4
|.ll
1
= y=—x
k

= y=Cx where C = ;

Hence, the correct answer is C.

dx :
The general solution of a differential equation of the type T+ Px=1()is

v
AL .1I{}J‘I',:.:|- _ J-[QI{}J‘I‘ﬁ.:.. :d_'ll._'_{_:
h ke v |
B. _1'-(fJ.t = I[U.-’.‘ﬁ' Jﬂ'f\.‘+ C
% ofy i - ofy 3
C. .I‘c?fi Y= ﬂ U._c?fi ’ dy+C
s z

! ol '( - h il A -
D. e/ - | Qe i +C
\ J

Answer

dx . Ry
The integrating factor of the given differential equation T1l+ Px=0Q, is e-[ : :
ay

The general solution of the differential equation is given by,

*(LF)= [(QxLF.)dy+C
RN L —ﬂr er:,,j i \|d_p +C

Hence, the correct answer is C.
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The general solution of the differential equation ch¢{1=+(,1'€' +2.r}a’.r =0is

A.xe + x> =C

B. xe/ + y?

C.ye" + x*

Cc
C
C

D. ye’ + x*

Answer

The given differential equation is:

e'dy +(ye" +2x)dv =0

Ty :
ety ve' +2x=10
v
L?r'
= = oxe
de

This is a linear differential equation of the form

f?l +Py=0,where P=1and O =-2xe¢"
dx
Now, LF=¢'™ el = ¢

The general solution of the given differential equation is given by,
»(LF) ﬁQxLEhh+C

= ye' = I{ —2xe "-e' ]c.{x'+ C

=y’ =— I’.".r de+C

= ye' =—x*+C

= ye' +x =C

Hence, the correct answer is C.
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