Class XII Chapter 9 - Differential Equations Maths

drv "
—-+sin {1 )=0

Determine order and degree(if defined) of differential equation dx

Answer

v w

. +sin(p")=0

4
AN

= " +sin(»")=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:
¥Y4+5y=0

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

is one.

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

one.

(ds\ . d's
QJ +3552=0

Determine order and degree(if defined) of differential equation \ dt dt
Answer
(ds\' _d’s

< J +355=0
\ ot di”
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Class XII Chapter 9 - Differential Equations Maths

d’s
The highest order derivative present in the given differential equation is dr’ . Therefore,

its order is two.

d’s s d s

It is a polynomial equation in dr’ and 9! | The power raised to dr’ is 1.

Hence, its degree is one.

£ g N :
| d—‘ | +cos|rd£|= 0

Determine order and degree(if defined) of differential equation * o

Answer

Fogro e :
| d’) | +cos|(a;i\l|=0

Lt ) |y )

d’y
The highest order derivative present in the given differential equation is dx” Therefore,
its order is 2.
The given differential equation is not a polynomial equation in its derivatives. Hence, its

degree is not defined.

d*y .
=~ =c0os3x +sin3x
Determine order and degree(if defined) of differential equation dx

Answer

d*y )
— = 08 3x +8in 3x
Li‘r..

d’y

-

—¢os3x—sin3x =0
dx

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

order is two.
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d’y d’y
It is a polynomial equation in ¥¢" and the power raised to 9% is 1.

Hence, its degree is one.

Determine order and degree(if defined) of differential equation

{1} - [y"f + {_‘l:'}J +y =0

Answer

(") +(3") +(»)+»" =0

L

The highest order derivative present in the differential equation is? . Therefore, its
order is three.
The given differential equation is a polynomial equation in+ *Y .and "

L

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

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

Answer
e =0

L

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

order is three.

L

,y" andy . The highest power raised to Vs 1. Hence, its

It is a polynomial equation ind

degree is 1.

Determine order and degree(if defined) of differential equation -

Answer

"

yay=e

::)-]:“-{--].:'—(_)'1 =ﬂ
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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 Y and the highest power

r
raised to+ is one. Hence, its degree is one.

. ) . . . AR } +2y=0
Determine order and degree(if defined) of differential equation

Answer

() +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
¥ +2) +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

{ g2 3 A PR
| 4 | +(£W +sinL£J+I=D
idx

dx” S Ldx )

LY
.

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

Answer

'fcf:_vk'] [(ﬁrT . dv)

| — | +| — +smL—J+I=D
|y J oy ) idx

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

252 n"j:*_j dy Fy=0
I:I'I.J.‘- f-{'{x' |S
(A) 2 (B) 1 (C) 0 (D) not defined
Answer
2029V 3y
v’ 'y

dy
The highest order derivative present in the given differential equation is dx” Therefore,
its order is two.

Hence, the correct answer is A.
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y=e"+I oyt =y' =1
Answer
y=e" +1

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

ﬁ _ E]‘r ((:.T +|}
dy
=y =e" L1

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

d, . d e
E[IL ]— dx{(. ]
==

£ and V745 the given differential equation, we get the L.H.S.

Substituting the values o
as:
y'—y'=¢" —¢"=0=RH.5.

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

y=x"4+2x+C p Y =2x-2=0

Answer

y=x"+2x+C

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

V= %{r +2x+ EI}

= V' =2x+2

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

L.H.S. = IL'J_E,\‘_E - 2.T+2—2,\‘_1 = ﬂ = R.H.S.

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

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

d )
V'=—/(cosx+C
V=2 (eosvec)

= V' =—sinx
Substituting the value of ¥ in the given differential equation, we get:
L.H.S. = _L'J—Siﬂ,'l.‘ = —Siﬂ.T +Si“ .‘.—='D = R.H.S.

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

— X
'1-'=\|"1+.1;' y o= e
I+ x5
Answer
p=1+x’

Differentiating both sides of the equation with respect to x, we get:
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Class XII Chapter 9 - Differential Equations Maths
I!'!r f ¥
I = W+
ay )

| d .
J'r=—-—| X
’ 21+ "-'[ o }

. 2x
Vo=
241+ x°
. x
y = -
W+
x —
=)' = —xafl+ x°
|+
\ X
= = — )
|+
’ AW
=y = ) -
1+
<-L.H.S. = R.H.S.

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

Question 5:

v = Ax roxy'=p(x=0)

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

= A
! dx{ x)

=y =A

Substituting the value of ¥ in the given differential equation, we get:
LHS.=x'=x-A=Ar=y=R.HS5.

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

Question 6:
y=xsinx  :ox=y+xyx’ -y (x#0andx> yorx<—y)
Answer
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¥=xsinx
Differentiating both sides of this equation with respect to x, we get:

V= i{t‘ sinx)
elx

— ' =sin ri{r} +x i{sin x)
v v '

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

= xsinx+x’ cosx

=y+x° -x."rl —sin’x
y+x (l]
|

=VHXfy —x

=R.H.5.

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

Question 7:

xy=logy+C Y= L (xy =1)

Answer
xy=logv+C

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

d d
—(xv)=—(log y
()=~ (10g)

ey

d dy 1 dy
=y —(x)+x—=—"
dx av oy

r ] r
= yp+xy=—y
N

=y =y
= (xy—1))y =-»’

! V-
=y =

[—xy
~-L.H.S. = R.H.S.

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

Question 8:

y—Ccosy=ux
Answer
V—COs V=X

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

dv d d
———(cosv)=—1/x
dx d‘r{ 'L} fi‘l."{'( }
= V' 4siny- ' =1
= y'(1+siny)=1

\ |

=y =T
I+smy

vsin v+cos y+x)y =y
. : . »y =1

(1)

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

Website: www.vidhyarjan.com
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Class XII Chapter 9 - Differential Equations Maths

LHS.=(ysiny+cosy+x))
_1
I+siny

(ysiny+cosy+ y—cosy)x

. 1
' |_|_ e
'p{ Sm}} 1 +siny

=y

=R.H.S.

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:

%{x +y)= %{tan" Jr)

= l+.1-’:{ I - j|l
1+

=7 : ——1|=1
L 1+)°

[r=(1+5%)

=¥ - =]
1+
_\_l:
= V| ——|=1
1+ 7
—{I+v1-'3)
=y =——"

Substituting the value of* in the given differential equation, we get:
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Class XII Chapter 9 - Differential Equations Maths

S S -0y
LHS. =y y'+y +l=y"| ——— |+ +1

rll !

==1-y" +)" +1
=0
=R.H.S.

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

Question 10:

= ? — _ | S

v=va —xxe(-a,a) pox+y—=0{y=0)
dx

Answer

y=+a’-x’

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

L4 :i[\m- — X )

dy oy

dv I d;,
:’ T E T ——— ﬁ'—(ﬂ' — X }
dy  2Jgt—x* dx

4
Substituting the value of d% in the given differential equation, we get:
L.H.S. = x+v§'£:.r+ Jat -5 x———
cx va' = x°
=X=-X
=
=R.H.5,

Hence, the given function is the solution of the corresponding differential equation.
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Class XII Chapter 9 - Differential Equations Maths

The numbers of arbitrary constants in the general solution of a differential equation of
fourth order are:

(A)0(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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Class XII Chapter 9 - Differential Equations Maths

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

| Ly _

=0
a bdx

[
= —+—3"=0
a .F:-J

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

|f]'+l y'=0
h’
1,

= —y" =1
f

= " =0

Hence, the required differential equation of the given curve is* = 0.

¥ = u{:‘f —x’)
Answer
y=a(b’-x)
Differentiating both sides with respect to x, we get:
dy
2y—=al-2x
yo = al=2x)
=2y =-2ax
= ' = —ax A1)

Again, differentiating both sides with respect to x, we get:
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yVey'+w'=-a

:‘>{}"}: + ' =—a A2)

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

(J:rJJ +J'|)'I" _ —a1

w' —ax

= 0" +x())

—w'=0

This is the required differential equation of the given curve.

v=ae  +bhe
Answer

2r

y=ae" +he

1x

(1)

Differentiating both sides with respect to x, we get:

V' =3ae™ - 2be

o A2)

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

V' =9ae™ +4be -(3)

Multiplying equation (1) with (2) and then adding it to equation (2), we get:

(2{.1'{.*7‘1 +2be™" }+ (3&:.’1" —2he 7 ] =2y+y

= Sge” =2y +

L

2y+

¥
.

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

get:

3ae™ +3be ™ )= (3ae™ = 2be " | =3y -y’
{ ) y-

= She ™ =3y -y

T
v _ V=

V'

= he 7 =1
5

Substituting th

e values of @€ and be ™" jn equation (3), we get:
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g 2vy) (=)
' 5 5
gy P —d
e 18y +9, +1-J 4y
’ 5 3
. 30v+35y
=y =
3

= y'=6y+)
=y =y -6y=0

This is the required differential equation of the given curve.

y=e {u +bx)

Answer

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

:>_1-"=L*""T{2u+2b,l.‘+h} A2)

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=be” ~A3)

Differentiating both sides with respect to x, we get:

Vi =2y = 2be™ LA4)
Dividing equation (4) by equation (3), we get:
¥ =2y 5

V=2 -

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

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

Answer

v=e"(acosx+bsinx) (1)
Differentiating both sides with respect to x, we get:
V'=e'(acosx+bsinx)+e’ (—asinx+bcosx)

=y =e' [{u+h]cos.r—[u—h}sin.r:| |

(3]

Again, differentiating with respect to x, we get:
¥ =e"[(a+b)cosx—(a—b)sinx |+e"| —(a+b)sinx—(a—b)cosx |
¥ =e"[2bcosx —2asin x]

y'=2¢" (heosx—asinx)

id
—

= ]? =¢"(hcosx—asinx) |
Adding equations (1) and (3), we get:

¥+ % =g [{ a+ F}]Cﬂﬁ.'r ~(a- h)sin .r]

v '
s _1.' =+ = = _1|.‘
2

= 2p+y" =2y
=" -2y"+2y=0

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
{x—a}: +y =a’.

= x° +_].'1 = 2ax (1)
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e
'IFK

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

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

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
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Yy

oL |

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

2x =4m 2]
Dividing equation (2) by equation (1), we get:

2x  4a'
= day
2
¥

=
.1I

= 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:
3 2
X Vv
b oa
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Yy

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

T4 '
i+2_1} _0

bt b

x _-.ju:' )

Again, differentiating with respect to x, we get:

[ R L T
R

- - =0
b= o
L. (¥ +")=0
2T 2\ X
] ] rl L
— P = —:{L + )

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

x {— a‘—({n ) + ,,L-;v"]} + ;1 =0

— —x{)-"]l: — X"+ =0

= x1" + x{y’]: —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:
1 3
Xy
=== A1)
a
¥y
X %
- = -
al |

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

2x 2w/
—————=10
a” h*
r
xroW
= —-==1 e 2]
a- b

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

I__ -1,:" --'b"—i— J'J'"

> =0
a b

Substituting the value of a in equation (2), we get:
X
h_‘

= x() }: +x" = =0

([.1"}: +.1-11-"')— ‘:; =1

= " +x(y') - =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:

x +|[_1'—b]'1 =3

:>x:+|:.}-'—h]2=9 A1)

¥y

(0, &)

M
Y.

Y'Y

Differentiating equation (1) with respect to x, we get:
2x+2(y—h)-¥'=0
= (y-b)-y'=-x
= y-h= _1
J.!

Substituting the value of (y - b) in equation (1), we get:
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:[_‘-’ -9
»

This is the required differential equation.

Question 11:
Which of the following differential equations has? = “1¢ * €

Iy

¢ _1» _0
A, dx

11[2

¢ Jj -y=0
B. v’

Iy

Y i1=0
c. v

Iy

X 1=0
D. dx’
Answer

The given equation is:

y=ce' +ce” A1)

Differentiating with respect to x, we get:

ey . .

—=ce -c,e
dx

Again, differentiating with respect to x, we get:

as the general solution?

Website: www.vidhyarjan.com
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\

.1: r =X
—- =g +oe

de”
d’y
dx” ’

= ur—} —y=0
e

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?

dv L dv
—— Y ==X =X
A, v’ dx
d'v  dy
—+x—+xy=2x
B. dt ax
Iy Ldy
‘ 1 —-x° e +xp=0
c. dx’ dx
d’y ahv
— 4+ x—+xy=0
D. dv’ dx
Answer

The given equation of curve is y = x.

Differentiating with respect to x, we get:

d_ (1)
dx
Again, differentiating with respect to x, we get:
4y _y -(2)
v’

d’y iy

Y and &

Now, on substituting the values of y, dx 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.
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d'y L dy )
—'1'—1"2+_U'=[I'—:r'~l+x-:r
dx” dx
=—x'+x
=0

Hence, the correct answer is C.
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Exercise 9.4

Question 1:
dy  1-cosx
dr 1+cosx
Answer

The given differential equation is:

dy  l—cosx
dv  l+cosx
.2 X
2sin” .
dy 2 ) X
:?'T_ =tan” 5
. X
T 2c0s?
2
dy . X
= —=|sec’ ——1
dx 2

Separating the variables,we get:
( v &
dy = Lsca:' ——1 }dx
2
Now, integrating both sides of this equation, we get:

ftfv' = J(scc’ ;—I]dx = J‘sm:" gcir—fu’x

X .
= y=2tan_-x+C

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

Question 2:

dy 3

- Ja-y? (2<y<2)

dy

Answer

The given differential equation is:
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dv 5
dr 4=y
Separating the variables, we get:
dy
=

————=dx
1.||'4—y: f

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

dy ~
el
= 8in” §= x+C

::*%:sin(,wf_‘}

= y=2sin(x+C)

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

Question 3:

dy
— 4 y=1{y=l
dv ) & ]

Answer

The given differential equation is:
dy

—+y=1
X

= dv+y dv=dx

= dy=(1-y)dx

Separating the variables, we get:
dv

= _
-y

Now, integrating both sides, we get:
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-2 = fax

-y
= log(1-y)=x+logC
= ~logC-log(l-y)=x
= logC(1-y)=-x

=C(l-y)=¢"

-1

1
=l-y=—¢

C

1 _.
= y=l-—c¢

C

. |
= y=1+4de " (where 4= —E]

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

Question 4:

sec” xtan ydy +sec’ ytanxdy =10
Answer

The given differential equation is:
sec” xtan ydr +sec” ytanxdy =0

sec” xtan ydx +sec” ylanxdy

0

tan x tan v

seCT X v + SCCT W r:{v -0

tan x tan y

sec” x sec’ ¥
dx = :

tan x tan y

dy

Integrating both sides of this equation, we get:

sec’ x sec’ v
[P e == [y (1)
tan x tan v
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Maths

Let tanx=1r.
.t
tanx )=
dx ( ) dx
. i
= secT x=—
x

= sec” xdv =dr

sec” x 1
Now, I dy = |-dr.
lan x {
=logt
= log(tan x)
- sec’ x
Similarly, I ¢ JluSJf‘l-‘= ]ug{lan v).

tanx

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

log(tanx)=~log(tan y)+logC

= log(tanx)= Iug[ ¢ J
' tan y

al

= lanx =
tan y

= tanxtan y=C

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

Question 5:

(e"+e)dv—(e"—e ) =0
Answer

The given differential equation is:
(¢ +e™)dy—(e"—e " ) =0

= (e* +e "]n{v =(e"—e ‘]d,\:

= dy = [l}h

e +e”

Integrating both sides of this equation, we get:
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j-(?j-': j{%}h‘+f
e te

::._1.:]{“;_“ ) :|¢J"J:+C (1)
€ +e’ '

Let (¥ + €7) = t.

Differentiating both sides with respect to x, we get:

d . .y di
e * dlx
I [
=gt -t =
di

:(eT—e T]ufr—n".f

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

y=|-dr+C

y=

= y=log(r)+C

= y= |0g[c.*” +e ”) +C

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

Question 6:

& (1

—=T+x J{1+

D (142°)(1+57)

Answer

The given differential equation is:

Lo (140)(1457)

AN

ey - )
ey (14" )ax

Integrating both sides of this equation, we get:
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Chapter 9 - Diffi

f dyﬁ = J‘{]+r3}dx

1+

—tan ' y= Idx + I_x':ffx

= tan 'J-‘=I+%+f

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

Question 7:

viog vav—xdv=10

Answer

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

dy dx

viegy x

Integrating both sides, we get:

_[ dy dx

yvlog v x

Let log vy =1t.

if ol
log v)=

f{!-'( ey) dy
L _dt

yoody

= L dy = dt
v

Substituting this value in equation (1), we get:
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dr Ia{r
i x

= logt =logx+logC
= log(log y)=logCx
= logy==Cx

= y= e

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

Question 8:
< dy 5
X =—=—y
dx
Answer
The given differential equation is:
5 ﬂj" 5
x —_— =
elx !
dv cx
— =T
I +
friy =
= —+ m =0
ooy

Integrating both sides, we get:

j‘!h B ﬂ =k (where k is any constant)

X ¥

= |x dx+ JJ-‘ ‘dv=k

4 u
SN A"
44
=x+y =4k
=x ' +yt=C (C=—4k)

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

Page 32 of 120

Website: www.vidhyarjan.com Email: contact@vidhyarjan.com

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051

(One Km from 'Welcome’ Metro Station)

Mobile: 9999 249717



Class XII Chapter 9 - Differential Equations Maths

Question 9:

-]
i =sin"'x
dx
Answer

The given differential equation is:

dy

= =gin"'x
dx

= dy=sin"' x dx

Integrating both sides, we get:
J-c{v - _[Sin 'y

= y= J(Sin "x l)dx

= y=sin"x- [(1)dx- E[H%(s[n" x): j{l}uﬂr” dx

. |
= y=sin ' x-x— j[ X |dx
= y=xsin'x+ | iy (1)
' J1=x°

Let 1—-x" =1,

1 .
:;,‘_[|_x-]=ﬂ
dx U i

::=—2.5.‘=£

ax

=y = —lcff
2

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

2\t

1
= y=xsin ' x+—- |(#) 2 df
) ) (r)

y=xsin" x+

Py

IA’+1~L+C
2

— y=xsin" i

2
= y=xsin"' X+t +C

= p=xsin ' x+y1-x" +C

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

Question 10:

e" tan ydx +(1—e" Jsec” ydy =0
Answer

The given differential equation is:
e" tan y dx +[1 —e")sec” ydy =0

(I —é" )SEC: ydy=—e" tan ydx
Separating the variables, we get:

Sec] v _E.'r
- -l:j:]fl — ﬂl-'.r

1-¢

tan y

Integrating both sides, we get:

sec’ v -
j' Ly = J‘ dlx
tan v l-e

Let tan y =u.
d du
= —(tany)=—
dy ay
2 il
=500 Vy=—
s
= sec” ydy = du
sec’ y i
g ~dv=|—=logu=log(tan y
Imny, j” gu =log(tan y)
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Now, let 1—¢" =1.

2L me)=

dx o
oodr
—=—e' =—
oy
= —¢"dy =t
_L:-T J;
= = |—=logr=log|1-¢
J-l_é.-* ¢ .[ f g g{ € J
sec’ v

— ¢y and J-ia’t
tan y 1-¢'

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

= log(tan y)= lng(l - _}+ logC

= log(tan y)= lng[C[I - )]
:Han_v:C[I—e"]

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

Question 11:

. . dv 5
{x" +x 4+ x4+ I};= 2y +xiy=1whenx =10
| d:'l-

Answer

The given differential equation is:

(x%+x +x+])%=2x“ +x
X

dv  2x +x
vy {.'c] +x +_'c+l]

2x 42
jﬁﬂ}:r—_Hu{r

(x4 ]]{_r: : 1}

Integrating both sides, we get:
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742 .
J-ﬂ_’r: —[4—4-119,1 (1)
(x+1)(x+1)
vl p -
Let 2x +:‘ _ A . BJ.~+( . -(2)
{.1.‘+]](.1."+|} x+1  x+1 !
2x*+x Ax® + A+(Bx+C)(x+1)

= . -
(.r+l}{x‘+|}| {x+|}(x"+1}

=2 +x=Ax + A+ B’ + 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:

.4:1,3:iandf?:
2 2

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

2x7 +x _1o +|(3x—l]
{.r+l}{,1"1+l) 2 (x+1) 2(,1’3—1_]

Therefore, equation (1) becomes:
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=3 =lluu[x+l} ;{f T [R—
2 x o+ 2 x +1
| 3o 1

= y=—log(x+1)+ I1 dy——tan x+C
2 41 2

::»}:—;I g[x+l;|+ilug(x"+1)—étun"x+('
l[QIUL (x+1) +JlﬂH(T +I]}—;mn"x+f
II[{-HI} :L C+1) }—%mn"xwﬁ' ~(3)

Now, v =1 whenx =0,

~lo g[l]—%tan"ﬂ+{f

-l-—-l-l—'

:‘»I——xﬂ—lxthf
- 2
= (=1
Substituting C = 1 in equation (3), we get:
1 2 1 W3 1 i
};:1[lﬂg[1’+l} (_‘C +]] ]—;tﬂn x+]

Question 12:

1{){ —I)m =1; y=0 when x=2

e
Answer
dv
xlx -1 1
(¥ =1) 7=
dlx

x(.r:—l)
|
x[x—l){x+|_}ﬂh‘

Integrating both sides, we get:

= dv=

=dy=
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|
Iﬂﬁ: IA‘{.T— I]{.t+l}(h ~(1)
! A, B C ,
_t[:r—l)(.'r+|]__t x=1 x+l ~(2)
I =.-!{x-I}[.‘c+l]+E‘r{x+|}+{".1'{.‘r—l}
x(x—1)(x+1) x(x=1)(x+1)
(A+B+C) ¥ +(B=C)x— 4
- x(x—1)(x+1)

Comparing the coefficients of x?, x, and constant, we get:

Let

=

A=—1
B-C=0
A+B+C=0

1 1
B=—and C=—.
Solving these equations, we get 2
Substituting the values of A, B, and C in equation (2), we get:

| -1 1 ]

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

Therefore, equation (1) becomes:
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1 I 1 11
f.fifl = —jxci'c+ 5 L‘_— Ifix+ 5 -Ix+ Ia‘x

= ,1.'=—Iﬂgx+%Ityg[x—1}+%lng{x+ 1)+ logk

=_J_I=;mg{k:[x—l}[xﬂ)] )

X

Now, y=0 whenx=2,

E(2-1)(2
= U - l |ug’w]
2 4
3k’
log| = [=0
mg[ 4]
3k,
4
=3k’ =4
:>A:=§
i |

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

_4{x—1}{x+I]]

4

3x°

4(x 1)

3

1
.“2 og

1
y=-log
2

Question 13:
cos[ﬁ] =alaeR);y=1whenx=0

dx

Answer
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[drl:l]
cos| — |=a
dx
dy -
-2 cosa
fris

= dv=cos” adx

Integrating both sides, we get:

j-ca’}-'zc(m" a ja’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
y-1

=cos ' a
X

)
— CO5 =d
.

Question 14:

dy
@ _ vtanx; y=Iwhenx =10

dx

Answer

dv
— =ytanx
X

= ﬁ = tan x dfx
J_.-"

Integrating both sides, we get:
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j- % =— j-tan Xy

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

= y=Csecx (1)

Now, y=1 whenx=10.

= 1 =Cxsecl

=1=Cxl1

=C=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

. A O — o el
equation s =¢ SIA

Answer

The differential equation of the curve is:
y'=e"sinx

dv .
— — =g SInx
AN
= dv=¢"sinx

Integrating both sides, we get:
In{r= J{f"'sin.m’,\' (1)

Let] = jc‘ sin x .

) : d ;.
= [ =sinx |e"dx— J(E{Sll1 x)- e‘u".rJri\'

X
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= I =sinx-e' - Icosx-c”cﬁr

) . : d '
= [=sinx-e —[msx- edx - ﬂT{ms x)- Ie dx |dx
\ ey

= [ =sinx-¢" —[cusx-c" - “-{—Sinx}-f"dx}
=I=¢"sinx—¢"cosx—1
= 2/ =¢" (sin x—cos x)
¢" (sinx—cosx)

2

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

= [ =

e (sm,x;— cnsx}+ e

—_—
I
e

.}I =

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

g" [:-:inﬂ ~cos0)

0= +C
2
{0-1
== { }+{.‘
2
L1
===
2
c=1
Substituting 2in equation (2), we get:

¢" (sinx—cosx)
72

= 2y=¢'(sinx—cosx)+1

= +l
g 2

= 2y—l=¢e"(sinx—cosx)

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

Question 16:

x}'ﬂ:{x+ 2)(v+2),
For the differential equation dx find the solution curve passing

through the point (1, -1).
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Answer

The differential equation of the given curve is:

v

wp——=(x+2){v+2
v =(x+2)(y+2)
‘o, L
::=| L Wdfv=[r . |a’_r
'\.]'"+2/ )
{ A Bl
:>|1— — 4:{1-'=[I+“J.::‘.t
Lo+ 2) X

Integrating both sides, we get:

(2
-
. J.~+"J

5

4 -y
dy = _ﬂ 14 |c:’.1'
\, X J

| 1
= J-f,h -2 jﬁﬁ Ic.‘fl +2 I;d).‘
= y-2log(y+2)=x+2logx+C

= y—x—C=logx’ +]0g{_r—2}:

:>_1,'—,r—(‘—1og[r3{.1-+l] } (1)

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

—~_1-1-C= log[{l‘f{—nz} }
= =-2-C=logl=0

=(C=-2

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

y—x+2= log[r {_L=+2]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

xny . . .
[ : }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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We know that the slope of a tangent to the curve in the coordinate axis is given by the
relation,

dy

dx

According to the given information, we get:
,-_1{]:

y—=x

v
= vdv =xdx

Integrating both sides, we get:

j}-'c{r - J:r elx

2 2

¥ X
=—="—+C

—xt=2C (1)

s bl

=)

=¥

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

dv

.. Slope (m, ) of the tangent = &
e

According to the given information:

m, =2m,

dv 2{_'.-‘+ 3}
dx x+4
dv  2dx
_1.-+3__1-+4

Integrating both sides, we get:
I dy _,.rvl' dx
y+3 x+4d
= log(v+3)=2log(x+4)+logC
= log(_r+ 3}10g Clx+ 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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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 t
seconds.

Answer

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

= —=k
af
(4 [ . 4
— =k Volume of sphere = —mr
il 3 | 3
4 5 dr
= —m-3r - —=k
3 dt

= duri dr=kdr
Integrating both sides, we get:

dn \Fidr =k Idr

= 4:11:-;= kt +C

2
= 4’ =3(kt+C) (1)
Mow,atr=0,r=3:

24nx3*=3(kx 0+ C)

= 108n = 3C
= C = 36n
Page 46 of 120
Website: www.vidhyarjan.com Email: contact@vidhyarjan.com Mobile: 9999 249717

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051
(One Km from 'Welcome’ Metro Station)



Class XII Chapter 9 - Differential Equations Maths

Att=3,r=6:

>4nx 6>=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:
4nr’ =3[84nr+367|
= dqr’ =4 (63r+27)
= ' =631+27
|
= r=(63r+27)

!
' 27
Thus, the radius of the balloon after t seconds is[EGH'?} )

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 ro
dr [ﬁ; g

:.@:[L dt
po 100 )

Integrating both sides, we get:

=—— |di
p o 100

rt

:b]ugp:ﬁﬂfr

fio s

=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 =e"

r

=200=¢" ¢!
200 = ¢10 100 (From (2))

= el =2
-

= —=log, 2
10

— 06931
10

= =06.931
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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 A
= —=|—|p
dt 1 100

Il
4 _r

de 20
_dp _dt

p 20

Integrating both sides, we get:

=— |df

[r=y
po20

= lugp:f—+f_'
20

—y

=p :e:.“ {]]

Now, when t = 0, p = 1000.

= 1000 = e° ... (2)

At t = 10, equation (1) becomes:

|
p=é’

= p=¢"xe
= p=1.648x1000
= p=10648
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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 t.

It is given that the rate of growth of the bacteria is proportional to the number present.

Lo
de -
dy .
= &= ky (where k is a constant)
[
T
= = = kdr

..!.1
Integrating both sides, we get:
A
Y k Icﬂ
y
= logyv=kt+C (1)

Let yo be the number of bacteria at t = 0.

=>logy,=C

Substituting the value of C in equation (1), we get:
log v =#t+log y,
= logyv-logy, =kt
v )
— log[% = ki

.

i A
Y J
h, -r':.'

Also, it is given that the number of bacteria increases by 10% in 2 hours.

—_—
I3
—"

= ikt =log
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110
= .1I = _.Llil
100
v 11
y_ ~(3)
v, 10

]

Substituting this value in equation (2), we get:
)
1 11
=k =—log

2 b[ H]]
Therefore, equation (2) becomes:
I, (11 v
—log| — |-r =log| —
oe{ )=

-
Elog| 1 ]
== (4)

|L}'[“\I
%10

%, 4

{

k-2=log n
10

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

=>y=2y0att=t1

From equation (4), we get:

2log a
Yo  2log2

j‘.l = =
|D"[H] ]on[”)
“L1o “L10
2log2
1 1]
IogL
Hence, in 10 hours the number of bacteria increases from 100000 to 200000.
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Question 23:

ﬂ =€l.'-u-

15

The general solution of the differential equation dx

A € 4+e’=C
B. ¢ +e =C
c.¢ +e' =C
p.¢ +e ' =C
Answer

y_

dx

dy
——=¢'dx
o

= e ‘dv=e"dx

Integrating both sides, we get:

I e dy =jcf"'dx
= —e ' =g +k
=" e ==k

¥

= e +e’ =¢

(e=—+)

Hence, the correct answer is A.
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o xv)dv=(x" + 7 )dx
(¥ +xp)dy = (27 +)7)

Answer

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

(1)

dv x4y’
de a7 +xy

4 -

_ Xty
Let Flx,v)=—".
© (1 J} Xy
Ax 2 Av 2 1, .2
Now, F (Ax,Ay) [ \] ) ) AT Fx,y)

(Ax) —{ix}{«ij'} X +xy
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 v
R

dv dx
ﬁ

Substituting the values of v and dx in equation (1), we get:
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dv .1::+|:1-:~r}1
VX —=———
dv x° +x{1-‘x}
dv _ 1+v°
= V+r—=
dy 14w
. - [+v )=v(l+v
:_xu’\:l+1 _v:( ) ( }
a1 +v 1+
dv 1=v
= yr—=—
de 1+v
(1+v) dx
= | — |=dv=—
kl—vJ X

:}[2—|+v]d‘|=d‘c

l—v x

] i
:»L;q]m-: S
[—w X
Integrating both sides, we get:
—2log(1-v)-v=logx—logk

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

= [.'l.‘ = ‘1-']: = kxe *

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

P X4y

IJ.I
x

Answer

The given differential equation is:

, X4y

1.1 /

=220 (1)

Now, F(Ax.Ay)= AIT Ay _XrY_ A"F(x.y)

AX X

Thus, the given equation is a homogeneous equation.
To solve it, we make the substitution as:
y = vXx

Differentiating both sides with respect to x, we get:

&

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

I'j.-
= dy &

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

= Y logx+C
X

= y=xlogx+Cx
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Maths

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+yp)dx=0

dyv  x+y
s —— = el 1
dcr x-y 1)
Let F{x._‘r}: I+J".
"ox-y
L F(Axay) =242 4D a0 p(xy)

C Ax— AV x-—y

Thus, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o
EU]—E{”}
dv v

= —=v+Ix—
dr dy

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

dv x+we 14w

Vhx—= =
dy x—we 1—-vw
av 1+ |+v—v{|—1-]
r—= -y
de 1—v l—v
dv 1407
y— =
e 1—v
I-v m.-z“f_x
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Integrating both sides, we get:

T
tan ' v—?lng{H 1] =logx+C

= Lan"(i]—llugll +££] ]=lngr+C
| X 2 x

1 2yt
= Lan"| J']— : lr.ig[Jl +;} J:lugxﬂi‘
WX 2 X

3

= tan”' [%] —%[log[r"’ + 3 ]— log x* ] =logx+C

= tan '[£]= llog[.rj +y')+C
2

X

This is the required solution of the given differential equation.

Question 4:

{x: —y* ]r)’,r+ 2xy dv=10

Answer

The given differential equation is:
{x: —y* ]r)’,r+ 2xy dv=10

ay _—(x-r’)
:}E - 2xy -(1)

Let Fx,v)= y
xy

SO (AxAy)= [';Eir_}iji}}_ - _(Z;l] =2 F(

x.y)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
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o d
= —|y)]=—wx
)= 0m)
v dv
= ——=v+ri—
friy dx
4
Substituting the values of y and dx in equation (1), we get:
v = ()
U el L)
dx 2x-(vx)
dv v -1
V+x—=
elx 2v
dv v -1 T P
r—= —y=
dx 2v v
hy 1497
L 1)
dx 2v
2v —dv = —ﬁ
1+v X

Integrating both sides, we get:

lng(] +1=:): =logx+logC = |L}g£
x

=14+v =

=|l+—=|=—
X X

=x +y =Cx

C
.

This is the required solution of the given differential equation.

Question 5:

X Q —x =2y +xy
dx
Answer

The given differential equation is:

S dy )
o 2y +xy
dx
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C X =2 4y
& _x -y ()
el A
2 D _12 o
Let /(x.v) =2 Zey T
.
Ax) =2(p) +(Ax)NAy) =20+,
. F(A:f,/{_v):[ v) = 2(Ay) +( T:I{A._l}:,‘l. 2_1‘ + ) _2°-F(xy)

{/’.x}: X
Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
» d:l

= i — 2
dx dx

dy

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

dv X - E(VX}J +J.'-[\-*x]

VEX—= 3
e x°
dv
= v+x—=1-2v" +v
dx
v
= x—=1-2
o
dv a dx
I-2v  x
| v cx
= =
2 1_»
2
l ey oy
— . =

-2

Pk

Integrating both sides, we get:
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| iy
1 1 :
5 I log “'F = log|x[+C
2% -
V2o N2
1 Y
I N
:.&zﬂlns: iy = log|x|+C
2 x
= : lngx+\5}l|—|{}g|r|+{‘
242 :r—xEj'| - .

This is the required solution for the given differential equation.

Question 6:

xdy — vex = \|x* + v dx

Answer
xdy — vdx = Jx* + v dx
= xdv = [}-+ xt 47 ].:4"):

friy x? { I}

Let F'(x,y) = YENYEV

1+m = 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
= ()= 5()

dx elx

dv dv
— ——=V+ X —

dr dx
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Maths

dy

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

dv v+ xt ()

Vtx—=

ey X
dv ;
= Vvt x—=v+yl+v
dx
dv dx

Ji+v  x

Integrating both sides, we get:

v+l 4+

=log|X+ 142 |= log|Cx
X X

v+t + )

X

—

log = ]:Jg|x|+lugc

Cx

=log

= log

= p4yxt 4y = O

This is the required solution of the given differential equation.

Question 7:

' T (v i s

J x 0S| i]+_‘|-'£iin| J—] Yielv = _vsin| 4 |—xcm{lﬂ>x{{v
I|_ X L X X J
Answer

The given differential equation is:

Page 61 of 120

Website: www.vidhyarjan.com

Email: contact@vidhyarjan.com

Mobile: 9999 249717

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051

(One Km from 'Welcome’ Metro Station)



Class XII Chapter 9 - Differential Equations Maths

(ot i

= A(I .F(x*y]

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
dy dv
= =y = —
dx dx

ﬁ

Substituting the values of y and dx jn equation (1), we get:
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v [x COSV +vasin v} VX
vHx—= -
ey [vxsm v—.‘rm:-u']-x

) .

dv  veosv+vo siny

=y ——
ax VSIN v —COs v

dv  veosv4rTsiny

= y—
o VSINV—Ccosy

-y

dv veosv+y siny—y sinv+veosy

= X -
o vsinv—cosy
dv 2vcosy

= X —= —_———
dr vsinv—cosy

FSIN Y = COS Y 2edx
—, VEI VY —CO51 d]':—-ll
VEos v x
( I 2dx
:~Ltanu-'——Jd1-‘=—
v X

Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log[w]= log(Cxl}
Vv

ﬁ[sem-} oy
!.l

= gecv = Cx’v

v P

= sec('—] =C-x"-—
L X x

V
= S€C ‘—1 =Caxy

X

v | 11
=cos| © ==

) Cxp C xy

:>-t1-'cns['—v]:k [L‘:]—]
X C

A

This is the required solution of the given differential equation.
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Question 8:

.J.‘ﬁ—_j-‘+,1.‘5iﬂ[i] =1
o

Ay x
Answer
v . ;
xi—y+xsm [l}:{]
dx X
dy . [1]
= x——=y—xsin| —
dx x

=S . 1.2 (1
v x { )
j'—xsin(%]
Let F(x,y)= a
(v)="—
i_‘u—ﬁxsin[;']:] _v—xsin(y]
_._ "-I[Ax‘ij}: -Jr — .‘l." — j’u‘ I-{x r],']
Ax X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o

:‘E(J]—;{W}
dv dv

= =Vt r—
dx v

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

dv v —xsiny

V+X—=
dx X
el )
= V+tX—=v—sInv
X
dv dx
sinv - x
ax
= COseC vavr = ——
¥
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Integrating both sides, we get:

C
log |cus&:i.:v—col 1»'| =—logx+logC =log
y [ y ] C
= cOosec| — [—cof| — |=—
x x x
COs Y
| x C
= - =—
x

1) =L}
- fra{gen()

This is the required solution of the given differential equation.

Question 9:

vy +x Iug[ildj-' —2xdy =10

x
Answer
.L'Li\'+x|0gti]c{b' = 2xdy =0
x
(v
= Yy = |:2.1'—.!.' lt)gL' J:| dy
X
= % - (1)
“2x—x Iog[} J
x
¥
Let F(xy)=— 2
2x=xlog (1—]
x
L F(Ax.Ay)= 2y =Y i F(xy)

WX X

2()._1;}—[J.x}lng(¥) 2_r-1ng[l]

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

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

dv d
B4
dv oy
v
—— =Y+ —
X dlx
i
dv s
VEY— = —————
dx  2x-xlogy
dv v
SV —m—
v 2-logv
v v
=1 —
d 2- log v
dt 1.—"1'+'.I0g1*
:iw. 2=logv
ch _viegv-v

ci‘n 2—logv
2-logv cﬁ'=c—b:
v(logv-1) X
Lo (1 - oy _
= —{] log V) ch‘:ﬂ
v(logv—1) X

I 1 dx
=S| ———|dv=—
v(logv-1) v X

Integrating both sides, we get:

Iv{lny—l} I‘ _I_
- j-l-'{lug 1'—1}

—logv=logx+logC

N

I3
e
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= Let logv—-1=t¢
o dr
= —(logv—1)=—
dv{ £ ] dv
|
1 v
v
= v = ¢t

Therefore, equation (1) becomes:

1
= rf—'r—logv =logx+logC

I
::>101._J—|0;:,[ J l{:-E_ (,1.
X

= log Iof,[i] :| Ing,[ = log (Cx)

X

]ub['l]

= log : =log(Cx)

x

N
:‘*105( J =Cy

This is the required solution of the given differential equation.

Question 10:

™y x
{l—l-e-"'Jr:irJrc-" (I - x}f‘f:{]
-J.'

Answer
: - X
1+e' de +e' (] ——]afv =
-]..‘

:b[] +e ]dx =—¢' [l —i}z’y
Lo¥
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x N
. ()
X ¥
= —=—— el 1
& : (1)
I+e
_e; [I ) IJ
1_.‘
Let F(x,y)= —
1+ e
2 Ax ) ox
—e® {I—;—'J e’ LI——J
LV ! o
F(ix.Ay)=——"T22= 230 F(xy)
+et I+e

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

X =vy
d d
;">— ; = —1 ¥y
=5 ()
oy v
= —=Vv+y—
dy dy

dx

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

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

dv vie

= p—= _

Ty I+¢'
MN+e' } dv
= dv=——

v+ V

Integrating both sides, we get:
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= log(v+e')=—logy+logC= lﬂg[EJ
b, .1I

= x+ye’ =C

This is the required solution of the given differential equation.

Question 11:
(x+y)dy+(x—y)dy=0:py=1whenx=1
Answer

(x+p)dv+(x=y)de=0

= (v+ )y = —(v-7)ds

L& _~(-y)

bl (1)

dx x+y
Let F{L 1} = _(x _’F}.
x+y
—(Ax—Ay) B —(x-w)

- F(Axay)= Ax—-Ay X+

=A". ,‘-'{_r__]:}

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o
E“]_E{H}
dv dv
= =Vt x—
dx v

ﬁ

Substituting the values of y and dx in equation (1), we get:
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1.,'+.~rﬂ = —_{I _m_}
dx X+ VX
dv  v—=1
=S V+x—=
de v+l
dv v-1 v—l-v(v+1)
S>x—-= —y=
dr v+ v+1
dv v=1-1v"—v '{1"'"-]
— =
dx v+1 v+1
v+ 1
L0
1+ v x
v 1 ax
= ~+ —|dv=——
l+v 1+ x

Integrating both sides, we get:

] , N '

EIDg[IH- }+tan v=—logx+k
::~1::-g(1+r3]+2tan 'v=-2logx+2k

::-lug,[{_1+r3]-x:}+2mn 'v=2k

::-lug,[(l+¥}-.r:]+3mn VY _ o
X X

\
:>]ng(x:+y3)+2tan'1l=2k -(2)
,1.'

Now, y =1atx = 1.

= log2+2tan' 1 =2k

= log2+2x = =2k
4

:::-Zrlnng:Ek

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

2 2 AT
10g{x'+.u"}+2tan '[%]:;Hogl

This is the required solution of the given differential equation.
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Class XII Chapter 9 - Differential Equations Maths

Question 12:

x’dy +(xy+y7 v =0;y =1 whenx =1
Answer

x dv+ (:cj-' +y° }d‘r =0

=x'dy= —[.r_r+ 3 ) d

-4 ()
Let F(x,v)= _(n:- L}
(e ay e ()] _~(we)_,
SR Ax Av)= ﬂ = . =A" F(xy
(i) == (x.7)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o

:‘E(JJ—E{W}
dv v

= ——=v+r—
dx dx

dy

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

dv —|:I'1T'L'+{VI}!:|

V+x—= n =—y—y
v X
v 5
= x—=-v —-2v=—v(v+2)
dx
v el
— =

v(v+2)  x
2
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Maths

Integrating both sides, we get:

%[Iogv - I0g{v+2]] =—logx+logC

::-llo [L}—lo ¢
2 g\v+2 gx
v [C\"’
= =|=
v+ 2 IJ
¥y ,
49
Y9 x
x
=7 :':}-
y+2x o x
Xy s
— =" 2
y+2x (2)

Now, y =1atx = 1.
1 .
== =
1+2
|

=C'=—
3

5 1
C ==
Substituting 3in equation (2), we get:

xty

1
y+2x 3
= y+2x=3x"y

This is the required solution of the given differential equation.

Question 13:

[Min2 ['—T—}'J]dx+x{’fy=ﬂ;y§ when x =1

r] /
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Answer

|:.'|[ sin’ [] ] —_1} dx +xdy =10
.
[ L v
L | xsint| ]—y
== L

dx x

P il O]

x
. PR
(’hl]—ﬁ.)} —|::r51'ﬂ:| '1_ |—:|'i|
yoAL) _ LY =A". f'-{-"f-.:"}

Ax X

—[/‘.x-sin'

Y

s F(Ax Ay)=

Therefore, the given differential equation is a homogeneous equation.

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

y = vx
o
= —(y)=—
()= ()
dy v
= ——=Vv+r=—
dx dx

ﬁ
Substituting the values of y and dx in equation (1), we get:
v —[J:Sirl2 v—wr]

V+x—=
e x

dv s . s
= V+r—= —I:S]'ﬂ_ V- U:I =Vv—58In" v
dx

(h-' .7
— X—=-—3In" v
[

dv oy

sin” v dx
. v
— cosec vy = ——
X

Integrating both sides, we get:
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Maths

—cot v =—log|x|—

= cotv = log|x[+C

— L.Ul[ ] r| +logC
X
icol['—v]ﬂng Cx -(2)
x
y:E atx=1
Now, 4

T
= cot| — |=log|C
[4] 5[C
= 1=logC
=C=¢=e

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

cot(i] =log
X

This is the required solution of the given differential equation.

£X]

Question 14:
dy v
———+c+::sen,( ]—{I y=0whenx=1
dr  x L x
Answer
vy ’ y

—— — 4 COSEC —|
dr  x | X

dv v v
Jiz;—cnsec['— | {I]

dv  x X

[y

Let F( \J}———msec|
S F(Ax Ay)= ﬂ—cusec

= F(Ax,Ay)= X_ cosec[lw =F(x.p)=4"-F(x.p)
x )

Therefore, the given differential equation is a homogeneous equation.
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Maths

To solve it, we make the substitution as:

y = vx
o il
=—ly)=—1w
Lir{' ] dx{ }
Vv dv
= ——=v+i—
friy dx
dy
Substituting the values of y and dx in equation (1), we get:
v
V4 X— =V-—COosec v
e
dv iy
= - =——
COSCC v X
= —sinvdv=—

Integrating both sides, we get:

cosv = log x + log C = log|Cx|

Cx

v
= cos| — |=log
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[ l—] =log {m:}|

X

This is the required solution of the given differential equation.
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Question 15:

2xy+y  =2x" = =0; y=2 whenx =
cx
Answer
2xy+y° =2x° dy =
dx
= 2x° ﬂ =2xy +_1-':
dx
2w+ )
el 2x°
2xy+y°
Let Fx,y)="-—.
2x~

2 }.. 2_ ? ,1 E] : P, 2
F(f’l."[,z{_l’}Z { ‘{'}{ J}+[ J‘} =2,'IJ1 + ¥ _

- - A" -F{L_v}
E[Ax]' 2x

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

y = vx
o I

3‘;@)—3(”)
dv v

= —=v+x—
dx v

i
Substituting the value of y and dx in equation (1), we get:
v Ex(vx}+ (vx]l2
dx 2x°
dv  2v+v”

VX

ey 2

2, dv= ﬁ
v x

Integrating both sides, we get:
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Maths

2. 1 241

—2+1

=log|x|+C
5

= —-—= |Ug|.r|+C
N

N
:>—%:Ing|x|+f.‘
x
2x .
:>——:Iﬂg|.r|+(:. -(2)
¥y
Now, y =2 atx = 1.
= —l=log(1)+C
= (C=-1

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

_2x = log|x| -1
J..l
= 2Jl-:I—lug|x|
.LI
2;
=) —m, {XEtU-. X 5*":’)

This is the required solution of the given differential equation.

Question 16:

dx x )

=h
A homogeneous differential equation of the form dy

substitution

¥/ can be solved by making the

A.y =vx
B. Vv = yx
C.x =vy
D.x=v
Answer
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"
dx X
cf =.f.=[ |
For solving the homogeneous equation of the form % YJ we need to make the

substitution as x = vy.

Hence, the correct answer is C.

Which of the following is a homogeneous differential equation?

A (4x+6y+5)dy—(3y+2x+4)dx =0

B. {-"'..i-'}dr’-‘ - {_.r3 - y? }c{u =1
C. {-"5i +2.1-':}.'Ir+ 2xvdv =10

D. vy +(,\.‘3 —apt ];{1’ =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:

}':.:3'_1'-!—{.1': —xp -y }n’y =0

dy —y? Vv

-

de X —xy—y Y 4xp—x’
. V'
Let Mlx, v =7,
ctF(x.) VA xy—x°

(Ay)
{/Lr}'l +{AI}{;L1']—{/1J:]'I

]

ATy

/?,1{,1'? +xy—.'|:“}

= F(ix. ly)=

_pf )
Ly = J
=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 .
v, 2y=sinx

dx

Answer

Ic?r—‘1+2_1='—§1n1

The given differential equation is dx

Ll + py={where p=2and 0 =sinx).
This is in the form of ¥

Now, LF = e‘J.M :GJ’M =",

The solution of the given differential equation is given by the relation,
v(LF)= I{Qxl F)dx+C

= ye'' = Isin_r-e:‘(£1'+ C (1)

Letf = _[sin_re:"

= [ =sinx- Ie:"dx— [[%[sin.r]- E“dt]d.‘c‘
R AN

. et e
= [ =s1mx- WCOSI- L’h

2 I
—y=F qmr—l{ COs X U“ ﬂ/ {'..osr e " dx |a’t}
2 2
e sinx |
== -——lc
2 2[

2 4
e
=] =-—(2sinx—-cosx)——1
4
5 &
== [=-"—(2sinx—cosx)
4
-1
= [ =—(2sinx—cos x)
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Therefore, equation (1) becomes:

2y
=X
1 €

ye ' =

(2sinx—cosx)+C

Ix

1 :
= y= E{Zmnx—cosx}+cf»’

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

Question 2:

ay .
—+3y=e""
'y

Answer

‘—}j?+ py=0 (wherep=3and O=¢"").

The given differential equation is

Now, LF =¢ Jor = EJ’M': =™,

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

= ye'' = I{ e’ xe’)+C

= ye't = Ice*d.r+{_.‘

= et =e"+C
—y=e¢ " +Ce™

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

Question 3:

& y_.2
de  x

Answer

The given differential equation is:

-] I 1
d—} +py =0 (wherep=— and 0 =x")

dx X

1
Py aly "
MNow, LF = E’J = :3'[” =™ =y,
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The solution of the given differential equation is given by the relation,
»(LF)= [(QxLF.)dx+C
= y(x)= ij -x]dr+C

= xy = I:cja!r +C

4
x

= xy=—=+0C
4

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

Question 4:

dv i
—'1+sec.~qv =tanx| D=x <—
dr 2

Answer
The given differential equation is:

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

Now, LF =¢

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

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

| e | sec i log(see r-+ian x|
- 2 = "-J =

=secyx+1tan x.

— y(secx+tanx Isec xtan xdy + Itan’ xav+C

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

= y(secx+tanx)=secx+tanx—x+C

Question 5:
X
_[3 cos 2xdx
i)
Answer
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Let/ = _[3 cos 2x dx

i 3

sin2x =F[_r}
/

By second fundamental theorem of calculus, we obtain

I:F[%]—F(ﬂ)

()

[sinm —sin0 |

j-l.‘:i.‘.ls 2xdx = (

b |

[0-0]=0

[ N I o ]

Question 6:
dy 5
2y 2y=xlogx
oy
Answer
The given differential equation is:

ay 1
x—‘]r+2y =x"logx
v

dv 2
= —+—y=xlogx
de  x

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

iy 2
% + v =0 (where p == and 0 = xlogx)
X X

2
I-r""l"' J--"l'l' 1 b x log x* 2
Now, LF =¢ =gt =g ="t =y,

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

Page 82 of 120
Website: www.vidhyarjan.com Email: contact@vidhyarjan.com Mobile: 9999 249717

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051
(One Km from 'Welcome’ Metro Station)



R ...
Class XII Chapter 9 - Differential Equations Maths

»(LE) = J(QxLF)dx+C
= yex = I(A‘Iugx-x:)m‘+c
=xy= ﬂ.\"‘ log .\')dx +C

= x'y=logx- [.‘s"dx-_[ ;i{log x)- [.‘s"dx}i’xﬂf
b | cx -

. v (1«
=xy=logx-—- || = — HT'I-C
4 k.l' 4 J

A
S xTy= X logx 1 J.\"‘.:."I+C
4 4

4 4
. xlogx ;
— Xy Z—H_l.r_+c
4 4 4

= x'y= %.‘r‘ (4logx—1)+C

=y = 1. (4logx—1)+Cx”
3}

Question 7:
dy 2
xlngxi+}' =—logx
ax v
Answer

The given differential equation is:

xlog x£+ y= Elog x
dx x
dv ¥ 2
— =

"y

dr xlogx x

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

and Q=£}

;e
xlogx x

et

el xlog logi{bog ¥
Now, L.F =ef =e " =" Z og

ﬁ+ pv=0 (wherep =
dx

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

4

= ylogx= J[ &_ lngx}(h#{_" (1)

Ry

Now, [[ zﬁ Ingx]m‘:z[ log x- Iﬂ ]d_‘r.
X’ \ x
=2-lng:r-j ! (h'—ﬂi{lngx}-j ! ri"r}(h'
L xt 1.:1".‘( S

-foes( - (D) |

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

[ logx 1
= 2 _ _—
x x

2
=——(l+logx
x( gx)
o

J—[%]og,rjdx
Substituting the value of A in equation (1), we get:

viogy = —E{l +logx)+C
x

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

Question 8:

(147 )dy + 2xy dx = cot xdx(x # 0)
Answer

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

dv  2xy  cotx
= T =

de 1+x° 1+x°
This equation is a linear differential equation of the form:
v 2x colx

—+ py = (where p = —and O = =)
dx 1+ x° 1+x

x
Tole gl 145° 5
J"”' =g * ]:1+.r“.

Now. L.LF =ejm =g
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The general solution of the given differential equation is given by the relation,
y(LF.) = [(QxLF.)dv+C

— _1.-(| +,\'3} = ﬂ cot :: x{l+_t:j-‘f£\'+£1

1+ x
= y{l +.r3}: Icnt x4+ C

sinx|+C

=% }'(I +x:}: log

Question 9:

x%+_1-‘—.‘c+.r_1-‘cutx=ﬂ(x;tﬂ]

Answer
day

r—+y—x +_1q1:cmrtx =1
dx

= x£+y|[l+_rc0t.r]=x
dx

dy [I ]
= —+| —+cotx [v=1
ar Lx

This equation is a linear differential equation of the form:

£+ pv =0 (where p = ! +ecotx and J=1)
dx X

. |
I-""'l"' J-l :rw“ [ets lovge v+ bl i Jowe] xsinx .
Now, LF =¢' =¢ = pluwrhetams) _ Jlelisinn) _ ygin v,

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

= y(xsinx)= I{] xxsinx)dv+C

= y(xsinx)= I[.\’Sinx]a’x+(_'

= y(xsinx)=x IRiT‘I.‘L‘ dx - ].[i[r} Isin xeir} +C

iy

= _].'[.l'ﬁi]'i.‘{'}= x[—cuax}— II '[—L‘Ufix:lt."l' +C

—yeosx+sinxy+C

C

= y(xsinx)
—XCOs5 X

= V= : +
xsinx

I
= y=—col-x+—+

Question 10:

dv _
v

Answer

{x+_;»‘} 1

aﬁ:
x+y)—=—=1
(x }}afr

xsinx

This is a linear differential equation of the form:

£+;1r:Q{wherep=—| and 0 = v)

dx

Now, L.F = cfﬂ'h = cj_'# =e .

The general solution of the given differential equation is given by the relation,
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x(LF) = [(QxLF.)dv+C
=xe’ = [(ye”)dy+C

w0V e e
y

= e =y(=e7)= [(-e)dv+C

=xe ' =—ye'—e " +C

=>x=-y-1+Ce’

= x+y+1=C¢

Question 11:
yde+(x—y)dy=0
Answer

vy +(,r— v )aﬁ =0

= v = {y: —.r)({y

de vi-x
= —= =y-——
dy vy v
de  x
D —t—=
dv v
This is a linear differential equation of the form:
dv 1
—+ px =0 (where p=—and 0 = y)
l.’i‘{l' A

]
. bl [ e N
Now, LF = eJI N

The general solution of the given differential equation is given by the relation,
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(L) = (QxLF.)dy+C
= xy= J{'L . _v}u'fv +C

= xy= J_V‘jn’y +C

= xy=-——+C
2
v C
S x=—+—
Iy
Question 12:
ay dy
x+3y J=—=y(y=0
(x+317)7=r(y>0)
Answer
5y dv
x4+ 3y |]—=—=
(x+307) "=
__ )
dr x+3)°
dr x+317 X
= — —+3y
dv 3 3
de  x _ 3y
dy ¥
This is a linear differential equation of the form:
dx 1 .
+ px =0 (where p=——and 0 =3y)
ﬂhr Jr
. il |,'-,l_.: 1 |
Now. LF =e/™ = ¢ 5 =g =g M J.1

The general solution of the given differential equation is given by the relation,
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x(LE.)= [(Qx1F.)dy+C
= xxl: J-[Byxl]c{v+(f
y y

= to Jy+C
J.l
= x=3p" +Cy

Question 13:
dy . m
i+ 2ytanx =sinx; v =0 when x =—
A" 3
Answer
dy

——+2ytan x =sinx.
The given differential equation is dx

This is a linear equation of the form:

dv .
: +py =0 (where p=2tanx and ¢J =sin x)
dx

j_.'l:.f.l ’! an il 2 log|see.a| JI-.\-l_.'.|_':=|." g

Now, I.LF =¢ =¢ =¢ =¢ =secT X,

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

y(LF) = [(QxLF)dx+C
— _1-'(561;‘: .r] = J{sin x-sec” ,r)dx+{“.

— psec’ x = J{scc x-tan x v + C

= ypsec” x=secx+C (1)
y=0atx= T

Now, 3

Therefore,

AT T
Oxgec” —=sec—+C

= 0=2+C
=C=-2
Substituting C = -2 in equation (1), we get:
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ysee’ x =secx—2
,
= y=cosx—2c08 x

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

Question 14:
5y dV 1
{l+x')i+21}‘= ~:y=0whenx=1
el [+
Answer
2y AV 1
(l+.r'}'—+2.r_v: -
dv 1+ x°

£+ 2y

4

dr 1+x° (I+x1}_

This is a linear differential equation of the form:

; 2
ﬂ+ v =0 (where p = i —and 0 = ;,}
dx 1+x {1+x3)'

2xel
[.ll:."r JI ! ; ||~;|:|+_|:] 1
Now, LF =e =gt =g =l+x.

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

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

| L

_ : ?-L|+x‘} dx +C

{]+x‘]
1

= p(l1+x7) = IHI_, dv+C

x+C (1}

= y(l +.'(:}:

= y{l+.r“}= tan™

Now, y = 0 at x = 1.

Therefore,
O=tan'14+C
. b
=C=-——
4
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- T
C=—
Substituting 4in equation (1), we get:
3 T
A1+ x )=tan ' x—=
y(1+) i

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

Question 15:

dy . s
—=3ycotx=sin2x;y=2 whenx=—
dx 2

Answer
= _3ycotx=sin2x.
The given differential equation is ¥

This is a linear differential equation of the form:
dy . .
d‘— + py =0 (where p=-3cotx and ¢ =sin 2x)
fe
1

J-_lu:.l?r -.;'--I-I-'Iill-'-l-':I '-:IL'lgl.\II'l ¥ g i’ '.| I
Now, LF =¢'  =¢ =e =¢ TREI
51N X

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

¥(LF) = [(QxLF)dx+C

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

= peosec’x =2 j{ cot xcoseex ) dy +C

= ycosec'x = 2cosec x+C

2 3
= y=- — g
Cosec X Cosec X
= y=-2sin’ x+Csin’ x (1)
i
y=2atx=—.
Now, 2

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.
dv
At point (x, y), the slope of the curve will be dy
According to the given information:

—=x+y
dr

dv
———y=x
dy

This is a linear differential equation of the form:

jv + py = (where p=—1 and 0 = x)

MNow, LF = GIMT —c*ﬁ_”'h =g

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

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

= ye = J-.‘IEL"_'IM'I.T +C (1)
Now, j.‘l.'c"”rir =X IL ey — I[% (x)- I{"'Tril} dx.
dx
=—xe ' - I—c'“ufr
=-—xe "+ (—e"“ \]
=—¢ "(x+1)
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Substituting in equation (1), we get:

yve ' =—¢ " (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:
r+y+l=¢

Hence, the required equation of curve passing through the origin is* * ¥ +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
ﬁ

to the curve at (x, y) is dx

According to the given information:

dv
—+5=x+y
dr ’

d’.
::ai—_r =x—35
friy

This is a linear differential equation of the form:
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? + =0 (where p=—1land J=x-3)
dx

Now, LF = efk ::_fﬁ e

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

= y-e' = [{1 ~5)etdx+C (1)

Now, J{A‘—S}e"dr:{x—ﬁ} Jﬁ"'cir— J‘[%{,r—ﬁj_jy'-'a{r}h‘,
(x=5)(-e ”)— ‘[(—e ")a[‘c'
(

5-x)e +(—e'”)

=(4-x)e”
Therefore, equation (1) becomes:
ye ' =(4-x)e " +C
=y=4-x+C¢
= x+y-4=Ce" -(2)
The curve passes through point (0, 2).

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

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

= y=4-x-2¢
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This is the required equation of the curve.

av "
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:

v ,
ri —y=2x"

dx

vy 2x

dr X
This is a linear differential equation of the form:
ey
—+ pv =0 (where p=-=—and Q0 =2x)
dx
The integrating factor (I.F) is given by the relation,
EJ.th

- Irlfl. wal v |

S LF =e'l ozl thlf foxt =

X

Hence, the correct answer is C.

The integrating factor of the differential equation.

{l—.L':J£+JT€=({L'{—] <y<l)
dy is

A V-l
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1
B, V']

C. I__]-:J
1
p. V1=
Answer
The given differential equation is:
2y X
(l - ]—+j-‘.1f =4y
dy

dv opx ay

== —+ — = -
de 1-y  1—-y°
This is a linear differential equation of the form:
?{‘( 1V L
Sl py =0 (where p = —— and Q=L—'ﬂ}
dy -y -3

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

E_[_lkn':

_— |

i [ 3 log
——hi ':ll:'b'i]'_l":| o S
=g - =g

S LF = L’J e g

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).

L‘F+5x[d—] —6y =logx
(i) o™ el

r'\.'l , 2
[d—lj —4[£] +7y=sinx
(ii) :’J'Jr (l{'ﬁ'

"':l .!J
dy —sin[d“l]=ﬂ

4 3
(iii) o dx
Answer

(i) The differential equation is given as:

d’y 5 dy
—+3x| — | —6yv=lo
.ﬂ’_" [ ] v=logx

dx

f y
E? [ —by—logx=10

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 di’® is one. Hence, its degree is one.

(ii) The differential equation is given as:
v a

& —4 & +T7y=sinx

ax dx ’

MR
ax dx

+Ty—sinx=10
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Class XII Chapter 9 - Differential Equations Maths
dy
The highest order derivative present in the differential equation is dx | 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
A
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
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=ae' +he” +x° : X “L'T +2 b —xy+x =2=0
0) e abx
y=e"(acosx+hsinx) : ”r-'fl -2 dy F2y=10
(i) dx” alx
¥ =xsin3x : d1 +0y—6eosix=0
(iii) ol
¥ =2y"logy : (v + j‘:JE— =0
(iv) dlx
Answer

. -x 2
(i) .1' =ae +-|!l){'.’ + X

Differentiating both sides with respect to x, we get:

dv -
= —=qge¢' —he "+ 2x
fr
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Again, differentiating both sides with respect to x, we get:
d’y

—=ge' +he™ +2
d_'l; &

dy d’y

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

d*y ; 5
1—1' —~2i—x;-'+x' -2

d” v
= J‘(rm” +he™" + E:I + Z(rre’" —he™ + 2_1'} - .r(rre Che 4t }+ X -2
= (uﬁ.‘{*" +bhye " + 2.1‘] +(2r.r€" —2be ™" + 4_1.')—(&!.‘5*" +bxe " + .'f")+ ¥ =2
=2ae" —2be "+ x* +6x-2
# (]

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

Hence, the given function is not a solution of the corresponding differential equation.
. y=e"(acosx+bsinx)=ae" cosx+bhe" sinx
(i)

Differentiating both sides with respect to x, we get:

. ;o d.

@ :,L,r-i—{e" c{}s;x)+h~—{e‘ sinx)

dx dx dx :

— ﬂ = ”{g’" cosx—e" sin _r}+h ~[{.’ "sinx+e¢’ cos .‘-‘)
dx '

dv .
= TL =(a+bh)e" cosx +{b —a)e’ sinx
uax

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

[.cr+b —[E’ m)u] [h—u];—i(e‘sinx)

1.

=(a+b)- [e”{:usx —e"sin x:|+ (b —a][e“ sinx+e” ::Uf:‘-."r]
v

d — [(a+b)(cosx—sinx)+(b—a)(sinx+cosx)]
X
d:y

X

; | 2¢" (bcosx—asinx) |

=

=g [.:.rco-:t asinxy+bcosxy—hsinx+hsinxy+bcosx—asinx— acosr]

(

t’?r:-]_" aj:'
Now, on substituting the values of dv’ and ¥ in the L.H.S. of the given differential

equation, we get:

+2y
ik dx »

=2e" (hcosx—asinx)-2e’ I:[a +b)cosx+(b—a)sin Jr:l +2e" (acosx +bsinx)
|: beosx—2asinx)—(2acosx+2bcos x)

2hsinx—2asinx } [Ecrmsx + 2bsin :l.'}

[2h -2a- Eh+2u me:|+e I: 2(:—23)+2a+2h “sll"l 1:|

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:

% :i{xsin 3x) =sin3x+x-cos3x-3
» )

= ﬂ =sin3x+3xcos3x
X

Again, differentiating both sides with respect to x, we get:
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'y d, . d
‘ 1 =—{5m3x]+3—{xcn53x]
o’ A" elx
= {F'}' - 3-:4::53x+3[cﬂ53x+x[—sin 3.1}-3]

clx”

d’y :
= —1 =beos3xy—9xsin3x

2

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

d—{+‘)_\'—ﬁcns.’!x

e

= (6-cos3x —9xsin3x )+ 9xsin 3x — 6cos3x
=1

Hence, the given function is a solution of the corresponding differential equation.
(iV) X = 2)*" IDg }"
Differentiating both sides with respect to x, we get:

o

2x=2-—=|y'logy
v=2- o=y logy]
dy 1 dv
= x=|2y-logy-—+y ——
dx v dx
v
== (2ylogy+y)
dx
dx J:{lillng_ﬁ‘}
dv

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

|{.'|:: +.!’:]%‘-U:

X

( . 1 X
=2y logy+y )o———r

{ ) y(1+2logy)

) x
=y (1+2logy) ———————xy
a ey) y(1+2log yv) !
=Xy - xy
=10

- Xy

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

(x —(r}z +2y' =a’
Answer

{.\'—a}: +2y =a
=y +a -2ax+2y =a’

=2y’ =2ax-x’

(1)

where a is an arbitrary constant.

Differentiating with respect to x, we get:

dv  2a-2x
p

2 =
T odx 2
dy _a-x
dr 2y
dy  2ax-2x°

From equation (1), we get:

2ax=2y" +x°

On substituting this value in equation (3), we get:

dy 2y 4t =207

dx dxv
dy 2y7 —x°
dlx dxy

Website: www.vidhyarjan.com
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7

dy 2y  —x

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

Question 4:

-

v -y =¥ +)7)

Prove that - is the general solution of differential

x*—3x’ }t'«‘ir = {y; —3x7y ) dy

equation( , where c is a parameter.

Answer
{;,1.‘-‘ — 3 _]n".\: = {}'! - 3:«"21-‘}::&’

dy  x"=3xy°

(1)

This is a homogeneous equation. To simplify it, we need to make the substitution as:
_‘l.‘ = VX

dy v =3xy

o o
= —(y)=—w
)=o)
Vv ar'l:l
= = =y x—
ol dx

ﬂ
Substituting the values of y and dx in equation (1), we get:
dv X ~3x(w)’
dr [1‘_1:]3 —3x° [1‘1‘]

V+X

dv 1-3"
=Vt X — =
de v =3v
dv 1-3"
— X — = — -y
de v =3v
e 1—31::—1:(113—3;']
S y—= _
dx v =3y
dv 1=

3
de v =3v

:>|"rv"‘—3v\ _dx
I—1-'J‘J
8
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Integrating both sides, we get:

I[v _':"]fﬁ'=]ngx+lngi" -(2)

l—v

(v =3y ) v velv
Now, ﬂk - |d":.[|_1.4 _3j]—1~*
(v =3n) Vv velv
= =1 —31,, where ! = and /[, =
-l‘Ll—'r4 J‘ S ' jl—r* : II—r*
Let1—v' =1
d i dt
1= ) =
ﬂ’!'{ } v
= 4y :ﬂ
v
=
4

—dt | |
Now, [ = |—=——logr=——log[1 -+
T T Ty e1=)

vy v
And, I, = = Z
o [ =
Letv' = p.
o d 2 _dp
..E(l ]—E
:t>2u-':£

W
:bm’vzﬁ

2

lgpdp 1 lep[ 1 (1407

=4 Z'.»I-I—p: zx21°*1—p| P

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

v =3y ] - a3
J.[ - }a’t ——Ilog[l—v ]—Elog

v

Therefore, equation (2) becomes:
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1+v* ,
=logx+logC

3

%Iog[l—v']—%lug -

% 3
|

:>_-_¢I||{)g (I—x*)[iil: | =logC'x

P

|
A

5 4

:>{:c2 —.1':): = l’.’”‘(_‘r: +37)
= {_rz -y’ ) =C" {_'l.'! + 3 ]:
—x' =y =C(x" + ) ): , where 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:

{x—f:}:+{JJ—(i}::r:: (1)

Page 105 of 120

Website: www.vidhyarjan.com Email: contact@vidhyarjan.com

Mobile: 9999 249717

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051

(One Km from 'Welcome’ Metro Station)



Class XII Chapter 9 - Differential Equations Maths
Y“
wlet, a)
o X

Differentiating equation (1) with respect to x, we get:
dy
E =
=(x—a)+(y-a)y' =0

2(x—a)+2(y-a) 0

= x—a+w-a'=0
= x+p' —a(l+))=0
_x+w

14y

= a
Substituting the value of a in equation (1), we get:
N - [ K 2 . o :
o X4y J e X+ RS
1+ ’ 1+ 1+
. (x=v)y R I S
(1+) 1+)" 1+

= (x- 3-'}3 T (x- J"}: =(x+ Jf"'r]:

= (r=y)[1+ () | =(x+20°)

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

(x —y}] [] +{y'}:] = {x+Jj*']: :
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Question 6:

Answer

::- dv —dx
N

Integrating both sides, we get:

sin” y=—sin'x+C

= sin x+sin y=C

Question 7:

dy v v+l B

0

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

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

Answer

dv ¥y +y+l

dy  x +x+1
.ar.' I'l-:':‘l‘y"]

_d_ ()

0

dx X x+l
dy ~dx

= — =—
¥+r+l o x+x+l

dy dlx
T+ =0
Y +Hr+l o xT+x+1

Integrating both sides, we get:

is parameter
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_f 3 dy +I ,dx =C
Yy +r+l Tx+x+l
:’J aj :+j ffx;-—zzc
[_1’+1 +{\ﬁ] [r+l] +[ V- ]
a2 2) 7| 2
o 1
A B A Jxty
= ——=lan £ |+ —=tan” = |=C
3 V3|3 V3
L 2 2
. 2»+1}+m“_[2;.+1}=4’§c'
A NER I
I 21»+I+2'c+l
— tan 3B |\
] (2y+1) (2x+1) 2
N NG
I 2x+2y+2
= tan ' V3 = S
1_[41‘_}‘+21+2_1-‘+|\' 2
_ s
! 23 (x+y+1) ]= Jic
3-4xy-2x-2y-1 2
= tan"' V3(x+y+) :“'EC
2(1-x—y-2xy) 2

ey

s
—

ﬁ(_y+}'+|] :mn[

2(l-x—y-2xy)

-

] = . where B = tan[

J3C ]

b

:>1-+n=+1—23(1—1-1'—”r1=]
2
= x+y+1=A4(1-x—y—2xy), where 4 =

] T3

Hence, the given result is proved.
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Question 8:
(o
>3
Find the equation of the curve passing through the point 4) whose differential

i i inx { sin v =
equation is, 510 .x ¢os yelx +cosxsin ydy =0

Answer
The differential equation of the given curve is:
sin xcos vdv + cos xsin ydy =0

sin x cos vdy + cos xsin ydy
= =0

COS X COS ¥

= tan xdx + tan ydy =0
Integrating both sides, we get:
log(secx)+log(secy)=1logC
log(secx-secy)=logC

= secx-secy=C A1)

3

The curve passes through point
~1xy2=C

=C=42

On substituting C :"‘E in equation (1), we get:

SECY-5eC Vv = V'E

1
= EECX- =2

Cos

SeCx

J2

= COS Yy =

S5eCX

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

{|+ﬁ"r}ﬁﬁ'+(] +_1-‘"}e7¢a’.\‘ = ﬂ, given that y = 1 when x = 0

Answer
{l + e:”}r{L' +(l +y° }c”dx =0

ey ¢ dy
p—1 'J relan PR =1
| U

Integrating both sides, we get:

tan ' v+ Lii =C (1)

Ix

=1,

lete' =t=¢

= il{f*}=£

dx o
. dt
= e =—
dx
= e'dy =t
Substituting these values in equation (1), we get:
ct

tan”' v+ j -=C
[+t

= tan” y+tan 't=C
= tan"'y+tan”' (c ]= C «(2)

Now, y = 1 at x = 0.

Therefore, equation (2) becomes:

tan ' l+tan ' 1=C
:;,E_;..E:l:
::~If_‘=:It

2

o
C=—
Substituting 2in equation (2), we get:
- Ry T
tan”' y+tan”' (e )==
P2
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Class XII Chapter 9 - Differential Equations Maths

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

Question 10:
X '( x
yeldy =| xe’ + _1-=E ]ﬁf}"(J' =0)
Solve the differential equation -
Answer
ye'dx = [xe-"' + ) ]f{l-‘
= ye' — =xe’ +)°
dy
. dx )
— Yy —Xx =_].'
{ dy }
l d"‘" }
o | ¥ 4 =X
) ¥
=g =] | I]
¥
Lete’ =z

Differentiating it with respect to y, we get:

d| d=
— & -
wl” )y

. d[x\‘ dz
e ]2
."‘

dy dy
dx
5 'rlurl.'_x dz
= — [=— (2
‘ v dv { }

From equation (1) and equation (2), we get:
d _
dy N
= dz =dv

1

Integrating both sides, we get:
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Question 11:

Find a particular solution of the differential equation

y=-1,whenx =0 (Hint: putx -y =t)
Answer

(x—y)(dx+dy)=dx—dy

= (x—y+1)dv=(1-x+y)dx

- dy _l-x+y
dav x—y+1
o l=(x—y
3Q=M (1)
dv 1+(x—y)

Letx—v=r.

o df
= L (x-y)=
dx el
- dy dt
dv  dy
av oy

ﬂﬁ-‘

(x—)(dx+dy) = de—dy , given that

Substituting the values of x - y and dr in equation (1), we get:
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Class XII Chapter 9 - Differential Equations Maths

i dt -t

de 1+t

dt [I—r)
= —=]-—

dx \ 1+1 g

1+¢)—(1—t

_dr_(1+1)=(1-1)

dx 1+¢

ﬂ_ 2t

de 1+t

P N

:[]1]-:#:2(?{'(
!

:‘>[]+}]ch=2¢4{‘|: -(2)

Integrating both sides, we get:

=2x+C

f+log
:>{x—_1']+]ug_‘.‘r—_l'|=._x+(:

:}]ng|x—li-'|=x+'5'+l:.' el ?

T
L

Now, y = -1 atx = 0.
Therefore, equation (3) becomes:
logl1=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:
ey lax
[ oi(x#0)
Solve the differential equation
Answer
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ey |dv

NN

=Ix

dy e

::'E=__\E

dv v e

1

r}‘l
Jx

LK

de Nx o Wx

This equation is a linear differential equation of the form

.
dy 1 g
—+ Py=0,where P=—= and 0 = )
de \-"'l_' N
1
ey |_':'I". af
Nﬂ\?'f', ]_I".ZLJF . :r_k'l-""' :E""T

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

y(1F.)= [(QxLF.)dx+C

=

2.

1Jx e 2% .
=y :ﬁ T xe ]afr+(,
x

S

- [ e
X

— ye“_-\".-. — 2\;';4_':

Question 13:

dy

Find a particular solution of the differential equation dx

given that y =

Answer

y==
0 when 2

The given differential equation is:

ay
dx

F veot x = dxcosec x

This equation is a linear differential equation of the form

~=+ ycot x = 4xcosec x(x # 0)

I
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Class XII Chapter 9 - Differential Equations Maths

" - py =0, where p=cotx and O = 4x cosec x.
v

Now, LF = e = [t _ Jloetinid _ i

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

= ysinx = j{ 4x cosec x-sinx)dx+C

= ysinx = 4J-.1cfr’x+['

. X
= ysinx=4."-+C

= ysinx=2x" +C (1)

T
y=0atx=—.
Now, 2

Therefore, equation (1) becomes:

0=2x" 4¢
4
—~c=-1
2
c--T
Substituting 2 in equation (1), we get:
ysinx=2x" - x

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

Question 14:
x+1)===2e7 ~1
Find a particular solution of the differential equation dx , giventhaty =0
when x =0
Answer
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(x+1) D =26

x
Ay _
2e =1 x+1
e'dy el
= - - =
2—-e" x4+l

=

Integrating both sides, we get:

J‘E. b =log|x+1|+logC (1)
2-¢
Let2-e" =t
o o dt
2-¢g"|=
f.f_"l’( } dy
L dr
="' =—
dy
= e'dt =—dt

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

—dr_ log|x+1+log C
f

= —logt| = log|C(x+ l}|

= - ]ug‘l -

= Iﬂg‘(—f{x + ]}|
l

e

= =C(x+1)

. 1
e D— 2
C{x+|) { }
Now, at x = 0 and y = 0, equation (2) becomes:

1

=C=1

Substituting C = 1 in equation (2), we get:
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l
2-g'=——
x+1
1
= e =2-
x+1
. 2x+2-1
=g =
x+1
. 2x+l
e’ =
x+1
2x+1 -
= v =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 2009?

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.

dy
oot Y
dr
dy .
-2 o (# is a constant)
df
— ﬂ = kdt

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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log 253000=F%-5+C
= log 25000 = 5k + log 20000
25000 5
= Sk =log ]=Ing[—
20000 4
1, (5
= k=—log| — w1 3)
5 gL4] { ’
In the year 2009, t = 10 years.
Now, on substituting the values of t, k, and C in equation (1), we get:
1. (5
log y =10x—log| = |+ log(20000)
J 1y 4
5 2
= logy= Iﬂg[’.’ﬂﬂﬂﬂx(zj }
5 5
= y=20000x —x~—
4 4
= y=31250
Hence, the population of the village in 2009 will be 31250.
Question 16:
'd.'— -a’v
vy —xdy _ 0
The general solution of the differential equation ¥ is
A.xy =C
B. x = Cy?
C.y=Cx
D.y = Cx?
Answer
The given differential equation is:
el — xey
yedx — xey 0
_l.l
.d —: d-.'.-
xy
1 1
= —dv——dy=10
X v
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Integrating both sides, we get:

log|x| - log|y| = log &

X
= log|—

= y=—x

=logk

1

= y=Cx where C =—
k

Hence, the correct answer is C.

Question 17:

The general solution of a differential equation of the type

E.F P =O|
dv is

.v{*ﬁ"‘{" = ![U.t’fp"'!r ]dl +C
A.

.1_' e Itf.}.v — I[(JI{FJ‘III::X }‘tr + (-.
B.

C.

i o i)
_rej‘l..: _ J‘L(‘}ﬁj‘llx iy +C

- o e
D. »

Answer

dx

The integrating factor of the given differential equation dv

The general solution of the differential equation is given by,

x(LF) = [(QxLF.)dv+C
= x-e Jrs [[Q,U'{JM \|d_v+ C

Hence, the correct answer is C.

& pngyiel®
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Question 18:

e'dy + (.re* - 2.r)a’x =0

The general solution of the differential equation is
A.xe" + x*=C
C

C
C

B. xe’ + y?

C.ye" + x*

D. ye’ + x*
Answer

The given differential equation is:

e'dy +(ye* +2x)dx =0

dy :
e —+ye’ +2x=0
dx

ay .
= —+y=-2xe

v
This is a linear differential equation of the form
dy s
=+ Py=0,where P=1and 0 =-2xe .

v
Now, LF = c'l-m = (f'F'h =g
The general solution of the given differential equation is given by,
y(LF.)= [(QxLE.)dx+C

= e’ = I{ —2xe™" -L"']¢£1'+L‘

= ye" =— Ilrd,'n.‘ +C

= ye' =—x" +C

= ye' +x° =C

Hence, the correct answer is C.
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