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Exercise 9.1 Page: 382
Determine order and degree (if defined) of differential equations given in Exercise 1 to 10.
d4 1 "
L zx% +sin(y™) =0

. 4
Solution: 6;_.42 + Sil’l(y m) =0
X

:> y ""+ sin(y "V) — 0

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

four.

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

2.y'+5y=0

Solution: The given differential equation is:
y'+5y =0
The highest order derivative present in the differential equation is y’. Therefore, its order is one.

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

4 2
3: (éj +3sd—f:0
dt dt

F ."1 2
Solution: ‘?] +35%=0
\ t,

. . : : : : .. d’s :
The highest order derivative present in the given differential equation is R Therefore, its order
t

1S two.

: : .. d’ d. : ’s .
It is a polynomial equation in % andd—j . The power raised to % is 1.
t

Hence, its degree is one.
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2

P 2
Solution: d—i} +cos (ﬂj =0
dx dx
d’y

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

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

5:

d?yY
( yj =cos3x+sin3x

dx?

2

2
Solution: (d {J =cos3x+sin3x
dx

2
:d—f—cos3x+sin3x=0
dx

d2y

7 -
X

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

two.

2 2

dy in and the power raised to 4y

5 21s1.
x

It is a polynomial equation

dx

Hence, its degree is one.

6:
"+ y) +() +y" =0
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Solution : (3"’ +(¥"Y +(»)*+»* =0

"m

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

three.
The given differential equation is a polynomial equation in y"', y", and y'.

The highest power raised to y"' is 2. Hence, its degree is 2.
7: yHV + 2yH + y| — O

Solution: y"'+2y"+y'=0

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

three.

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

8:y+y=e¢e

Solution: y'+y=¢'
=y +ty-¢=0
The highest order derivative present in the differential equation is y'. Therefore, its order is one.

The given differential equation is a polynomial equation in y' and the highest power raised to y'
is one. Hence, its degree is one.

9 y4(y)+2y=0

Solution: : y'+(y")’+2y=0
The highest order derivative present in the differential equation is y". Therefore, its order is two.

The given differential equation is a polynomial equation in y " and y' and the highest power
raised to y" is one.
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Hence, its degree is one.

10: y"'+2y' +siny=0

Solution: y"+2y' +siny =0
The highest order derivative present in the differential equation is y". Therefore, its order is two.
This is a polynomial equation in y" and y' and the highest power raised y" to is one.

Hence, its degree is one.

11: The degree of the differential equation

23 2
d—); +(d_yj +sin(ﬂj+1=0 is
dx dx dx

(A)3
(B)2
©)1
(D) Not defined

20 2
Solution d—J; + (Q] +sin (d_yj +1=0
dx dx dx

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

Hence, the correct answer is D.

12: The order of the differential equation

2
2x2%—3%+y=0

(A)2

(B) 1
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(D) not defined

d’y L dy
-3—+y=0
dx’ dx 7

Solution:  2x?

dzy

> -
X

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

Hence, the correct answer is A.

https:fbyjus.com
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For each of the differential equations in Exercise 1 to 10. find the general solution:

1: y=e +1 cy"—-y'=0

Solution: y=e¢" +1
Differentiating both sides of this equation with respect to x, we get:

dy_d (e"+1)
dx dx
=y'=e (D)

Now, differentiating equation (1) with respect to x, we get:
d . d, .
= e
dx ) dx )

— yn — ex
Substituting the values of and in the given differential equation, we get the L.H.S. as:

y"—-y'=e"=0=RHS

Thus, the given function is the solution of the corresponding differential equation.
2:y=x>+2x+C 1y —-2x-2=0

Solution: y =x?+2x + C
Differentiating both sides of this equation with respect to x, we get:

y'= d (x* +2x+C)
dx

= y'=2x+2

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

LHS=y -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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J:y=cosx +C (y'+sinx =0

Solution: ' y=cosx +C
Ditterentiating both sides of this equation with respect to x, we get:

y' =i(cosx+C)
dx
= y'=sinx
Substituting the value of in the given differential equation, we get:
L.H.S. =y' + sinx = -sinx + sinx = 0 = R.H.S.
Hence, the given function is the solution of the corresponding differential equation.

__ X
1+x?

4: y=+1+x iy

Solution : y=+/1+x"
Differentiating both sides of the equation with respect to x, we get:

y= ()
X

'

g N
=y’ x2><\/1+)c2

:l+x

= y'= al
Y 1+x? Y
' Xy
:> =
Y 1+x?
~.L.H.S.=R.H.S.

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

5:y=Ax SXy’=y(x#0)

Solution: y = Ax
Differentiating both sides with respect to x, we get:
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d
'=—(Ax
y'=— ()
=y'=4

Substituting the value of in the given differential equation, we get:
LH.S.=xy’=xA=Ax=y=R.H.S.
Hence, the given function is the solution of the corresponding differential equation.

6: y=xsinx :xy':y+x»\/x2—yz(x¢0andx>y)orx<—y)

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

od
=—(XSInx
y dx( )

d d
= y'=sinx.—(x).—(sin x
y dx( )dx( )

= y'=sinx+xcosx

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

= xsinx+x’cosx

= y+x’/1-sin’ x

2
= y+x’ 1—(Zj
x

= P+ / V' —x’
=R.H.S
Hence, the given function is the solution of the corresponding differential equation.

2
7: xy=logy+C y'= Y
1—xy

(xy=1)

Solution : xy=logy+C
Differentiating both sides of this equation with respect to x, we get:

d d
= =21
T (xy) p (log y)

:yi(x)+x.i:l@
dx dx ydx
1
= y+xy'=—y'
y

=y +xyy'=y'
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= (y-Dy'=-y’
2
Sy
1—xy
. L.H.S.=R.H.S.
Hence, the given function is the solution of the corresponding differential equation.

8: y—CoSy =X :(ysiny+cosy+x)y'=1
Solution: y—cosy=x ...(1)

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

———(cosy)=—1(x

e (cos y) (x)

= y'siny.y'=1

= y'(l+siny)=1

" 1+sin y
Substituting the value of in equation (1), we get:
LH.S= (ysiny+cosy+x)y'

= (ysin y+cos y+ y—cos y)x -
I+siny

= y(1+siny). -
I+siny

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

9: x+y=tan" y Y Y'+y +1=0

Solution: x+y=tan"'y
Differentiating both sides of this equation with respect to x, we get:

d d »
—(x+y)=—0(tan
dx( y) dx( »)

' 1 '
=>1+y'= 1+y2 y

1
=y’ —-1|=1
ysz }
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1+y2

B 2
4
=y’ =1
Y _1+y2}

~1+y°
:>y':( 2y)
Y

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

—(1+y?
LHS= y’y+y*+1=3" [Q}+y2 +1
= -1-y2+y2+1
=0
=R.H.S
Hence, the given function is the solution of the corresponding differential equation.

10: y=~Na’—x’xe(-a,a) :x+yd—y=0(y¢0)
dx

Solution:  y=+/a’>—x’
Differentiating both sides of this equation with respect to x, we get:
dy d ( 22 )
—=—/(+a —x
dx dx

dy :l.i(a2 —x7)

dx 2 dx
1

= —————.(—2x)

2\a’ —x*
=X
B 2 2

a —x

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

X
L.H.S= x+yﬂ:x+»\/a2 N
dx az_xz
= X-X
=0
=R.H.S

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

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

(A)0

(B) 2
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()3
(D)4

Solution: 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.

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

(A)3

(B)2

©)1

(D)0

Solution: In a particular solution of a differential equation, there are no arbitrary constants.
Hence, the correct answer is D.
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Exercise 9.3 Page: 391

In each of the Exercises 1 to 5, form a differential equation representing the given family of
curves by eliminating arbitrary constants a and b

1 DR |
a b
Solution: ~ +7 =1
a
Differentiating both sides of the given equation with respect to x, we get:
1 ldy
PRy
1 1
=-+ y'=0
a b 4
Again, differentiating both sides with respect to x, we get:
1
0+ y"=0
b Y
1
= "n_ 0
b y
=y"=0

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

2: V' =a(b® —x*)

https:fbyjus.com



https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click

m BYJU'S  NCERT Solutions for Class 12 Maths Chapter 9- Differential Equations

The Learning App

Solution:

Differentiating both sides with respect to x, we get:

2y & =a(-2x)
dx

=2yy'=-2ax

= y'="2ax ...(1)

Again, differentiating both sides with respect to x, we get:
yv.y|+yyn =—qa

=)V +y"=-a ..(2)

Dividing equation (2) by equation (1), we get:
Y +p"_ —a
" —ax
=xyy" +x(y")* -y’ =0
This is the required differential equation of the given curve.

3: y=ae” +be™

Solution: y=ae™ +be > ...(1)
Differentiating both sides with respect to x, we get:

y'=3ae’ —2be" ..(2)
Again, differentiating both sides with respect to x, we get:
y"=9ae™ +4be™>* ...(3)

Multiplying equation (1) with (2) and then adding it to equation (2), we get:
(2ae™ +2be ) + (3ae3x —2be™* ) =2y+y'
= 5ae =2y+y'

2 1
= qe™ = %

Now, multiplying equation (1) with equation (3) and subtracting equation (2) from it, we get:
(Bae’™ +3be")— (3ae3x —2be™ ) =3y—y'
= Sae™ =3y+y'

L pe2t = VY
5

Substituting the values of in equation (3), we get:
y"=92y+y L3Vt

5 5
1 ' 12y+y!
o= 8y+y' 12y+y
5 5
:>y":30y+5y

5
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= y'=6y+)y’
=>y"-y'-6y=0
This is the required differential equation of the given curve.

4: y=e>"(a+bx)

Solution:  y=eé”(a+bx) ..(D)

Differentiating both sides with respect to x, we get:

y'=2e*(a+bx)+e*b

= y'=e""(2a+2bx+b) ...(2)

Multiplying equation (1) with equation (2) and then subtracting it from equation (2), we get:
y'=2y = (2a+2bx +b)—e** (2a +2bx)

= y'—2=be™ ...(3)
Differentiating both sides with respect to x, we get:
y'k—=2y'=2be* ..(4)
Dividing equation (4) by equation (3), we get:
y'-2y'_,

y'=2y

= y'=2y'=2y'-4y
=y"-4y'+4y=0
This is the required differential equation of the given curve.

5: y=e>(acosx+bsinx)

Solution: y=e’*(acosx+bsinx) ..(D)
Differentiating both sides with respect to x, we get:
y'=e"(acosx+bsinx)+e*(—acosx+bsinx)

= y'=¢e'[(a+b)cosx—(a—b)sinx] ...(2)

Again, differentiating with respect to x, we get:

= y'=¢e'[(a+b)cosx—(a—b)sinx]+e'[(—a+b)sinx—(a—b)cosx)]
y"=e"[2bcosx —2asin x]

y"=2¢e"(bcosx—asinx)

:>y7=ex(bcosx—asinx) ...(3)

Adding equations (1) and (3), we get:

y+y7=ex[(a+b)cosx—(a—b)sinx]

"

Y '
= )yt+t—=
y > Y

=2y+y"=y'
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=y"-2y+2y=0
This is the required differential equation of the given curve.

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

Solution: 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 +y ' =a’

= x> +)° =2ax ...(1)
Y
o e ¥
"
Differentiating equation (1) with respect to x, we get:
2x+2yy'=2a

=x+yy'=a

Now, on substituting the value of a in equation (1), we get:
=x"+ > =2(x+yy)x

= 2xp'+x° =y’

This is the required differential equation.

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

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

x> =4ay ...(1)

https:fbyjus.com
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'y
x
= o
Ve
Differentiating equation (1) with respect to x, we get:
2x=4ay' ...(2)
Dividing equation (2) by equation (1), we get:
ﬁ _4ay'
x> day
2 1
===
X oy
=>xy'=2y
=>xy'-2y=0

This is the required differential equation.

8: Form the differential equation of the family of ellipses having foci on y-axis and centre at
origin.
Solution: The equation of the family of ellipses having foci on the y-axis and the centre at

origin is as follows:
2 2

X Yy
"y
]
x
- =t -
Ve
Differentiating equation (1) with respect to x, we get:
2x  2yy'
72 > =0
b a
X '
= 2 _0 Q)

Again, differentiating with respect to x, we get:

https:fbyjus.com
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Ly oyHyy"

b’ a’

=L L (=0
b a’

==L rewn=o
b’ a’

Substituting this value in equation (2), we get:
1 ' " "
x{——z(y 21yy )}r% —0
a a
= —x(y)’ —xy"+yy'=0

—y"=x(y)'= ' =0
This is the required differential equation.

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

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

axis 1s:
2 2
X_ + y_ — 1
v a
4
x
— K
L.
Differentiating both sides of equation (1) with respect to x, we get:
2x 2y’
72 2 0
b b
X '
=+ JZ% =0 ..(2)

Again, differentiating both sides with respect to x, we get:
i_ y'.y‘+y.y" _

2 2 =0
a b

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

biz[(y')2+yy")]+%'=0

=x(y") +xpy"-y'=0
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2
= xy"=x(y)'=yy'=0
This is the required differential equation.

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

Solution: 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’ +(y-b) =3’
=x’+(y-b)’>=9 ..(D)
Yy

&

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

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

x’ +(_—)sz9
y

= x? {1+L}:9
)

=X (¥)+D=90r")’
=X -9 +x*=0
This is the required differential equation.

11: Which of the following differential equations has y =agahe gemeral

solution?
2

A dy+y:0

L dx?

d’y

B

—y=0

L dx?



https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click

m BYJU'S  NCERT Solutions for Class 12 Maths Chapter 9- Differential Equations

The Learning App

2
C.%H:O
X
d’y
D. 12 -y=0

Solution: The given equation is:
y=ce +ce ..(1)
Differentiating with respect to x, we get:

d
Y _ ce —ce
dx

—X

Again, differentiating with respect to x, we get:

2
C;J;:clex+czex
X
a’zy
= dx? -7
dzy
= ™ -y=0

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

Hence, the correct answer is B.

12: Which of the following differential equation has y = x as one of its particular solution?

dzy 2 dy

A ——-x"—+xy=x
PR
d’y _dy

B.—=—x—+xy=x
dx? dx v

C ﬂ—xz—y+xy:x:0
dx? dx
d’y _dy

D. —+x—+xy=0
dx? dx v

Solution: The given equation of curve is y = x.
Differentiating with respect to x, we get:

dy
21 (1
0 (1)
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Again, differentiating with respect to x, we get:
d’y
dx2

2

Now, on substituting the values of y, d—J; , and % from equation (1) and (2) in each of the given
X X

=0

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

2
d—f—xﬂ+xy =0—x>.1+xx
dx dx
= —x"+x’
=0
Hence, the correct answer is C.

https:fbyjus.com
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Exercise 9.4 Page: 395

For each of the differential equations in Exercises 1 to 10, find the general solution:

1:
d_y_ 1 —cosx
dx 1+cosx

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

dx 1+cosx

:g:(seczi—lj
dx 2

Separating the variables, we get:
X
dy=|sec’ = —1 |dx
2
Now, integrating both sides of this equation, we get:

Idy = I(secz % - lex = Isecz %dx —~ Idx

:>y:2tan§—x+C

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

https:fbyjus.com
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2:

d—y:\/4—y2 (-2<y<2)
X

Solution:

The given differential equation is:

= = /4—y2

Separating the variables, we get:

dy =dx

Jé4-y

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

j Idx

:>sin’1%:X+c

=

Dgzsin(x + C)
=y =2sin(x +C)

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

3:
dy
" +y=1(y=#1)

Solution:
The given differential equation is:

i}; =+y= 1(y¢1)

= dy + ydx =dx
=dy= (1 — y)dx
Separating the variables, we get
d
= —dx
I-y

Now, integrating both sides, we get:

https:fbyjus.com
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= log(1-y)=x+logC
= —logC —log(1-y)=x
=logC(1-y)=—x

= C(l— y)=e‘X

1
:>y=l—Ee

=y=1+Ae™” (WhereA = —é)

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

4:
sec’ ctan ydx +sec’ ytanxdy=0

Solution:
The given differential equation is:
sec’ ctan ydx +sec’ ytanxdy=0

sec’ ctan ydx + sec’ ytanxdy=0

tanxtan y
2 2
sec” X sec
dx + Y dy=0
tan x tany
2 2
sec” X sec
dx =— Y dy
tan x tany
Integrating both sides of this equation, we get:
2 2
sec” X sec
[ dx =~ Y dy ()
tan X tany

Lettanx =t
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t

So— (tan X) =—

dx dx
— sec’ xdx =dt

2

sec de =Ildt
tan X t
=logt
=log (tanx )

5602 X

Similarly, [=——dy =log (tan y)

tanx

Substituting these values in equation (1), we get:
log(tan x) = — log(tan y) + log C

C
log (t =1
= log (tan x) Og(tanyj

= tanXx =
tan y

= tanxtany =C
This is the required general solution of the given differential equation.

5:
(e" + e_")dy —(e" — e_")dx =0

Solution:
The given differential equation is:

(e" +e_")dy—(ex —e_")dX:O
:>(e" + e*")dyz(eX —e"‘)dx

T
—dy=| - |dx

X —X
_e +¢

Integrating both sides of this equation, we get:

Idyzj % dx +C

e* +e "

Let(ex+e—x)=t.
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Differentiating both sides with respect to x, we get:

d o, oo dt
d—X(e +e )_dX
«  x_ dt
=e - =—

dx

= (e" —-e )dx =dt
Substituting this value in equation (1), we get:
|
=|-+C
y=]
= y=log(t)+C
= yzlog(ex +e_")+C

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

6:
g§:@+xﬁ@+yq
Solution:

The given differential equation is:

g§:@+xﬁ@+yq

d

= y2 :(1+X2)dX
l+y

Integrating both sides of this equation, we get:

I dy :I(1+ Xz)dX

1+y2

= tan"' y:Idx +Ix2dx
3
:>tan1y=x+x?+c

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

7:
ylog ydx —xdy =0

Solution:
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The given differential equation is:
ylog ydx —xdy =0
= ylog ydx = xdy

dy _dx
ylogy x
Integrating both sides, we get:
d dx
= | Y &0
ylogy X
Letlogy=t
: i(10 )= de
U dx &Y dy
_1_a
y dy
1
= —dy=dt
y
Substituting this value in equation (1), we get:
dt_pdx
t X

— logt=1logx + logc
= log(log y) =logCx
= logy =Cx

- y — ecx
This is the required general solution of the given differential equation.

8:
d
< a _ _ys
dx
Solution:
The given differential equation is:
d
S _y’
dx

https:fbyjus.com
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dy dx
= 575
y X
:>d—)5(+d—}5’:0
XYy

Integrating both sides, we get:

dx dy .
J. — | 5= k (Where k is any constant)
X y

= J.X_SdX + Iy_sdy =k

=>x'+y"'=C (c=-4k)

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

9:

d .
& =sin'x
dx

Solution:

The given differential equation is:

9y _ sin”' x
dx
= dy =sin"' xdx

Integrating both sides, we get:
Idy = Jsin_lxdx

=>y= J‘(sin_1 x.l)dx

= y=sin” x[(1)dx - [ Kdi(sin—1 x)| (l)dxﬂdx

X

:y:sin_lxx—j ! x (dx
1-x7

:>y:sin_1x+j_4xzdx ...... (1)

Ji-x*
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Let 1 —x* =t
= Lox)=d
dx dx

:>—2X:i

dx

1

= xdx = ——dt
2

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

y=xsin"' X + J‘Ldt

24t

. |
=y =XSsIn 1X+EJ('[)

Lot
2

1

. 1 t2
=y=xsin" x+—.—+C
2 1

:>y:xsin_1x+\/f+C

=y=xsin"'x+v1-x* +C

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

10:
e* tan ydx + (1 —e* )sec2 ydy =0

Solution:
The given differential equation is:

e” tan ydx + (1 —¢" )sec2 ydy =0
(1 —e* )sec2 ydy = —€" tan ydx

Separating the variables, we get:

2 X
S€C —€
Y dy=——dx
tany I-e
Integrating both sides, we get:

jsecz ydyzjl__e; x )

tany
Lettany=u
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= i(tan y): d_u
dy dy

5 du
=sec'y=—

dy
= sec’ ydy =du
sec du
— =logu =log(tan

Itany Iu 8 g( y)
Now, 1—¢e* =t
2Ly
dx dx
d_u
dx
:>—e"dx=dt

:>J‘1 = dx = j——logt—log(l e)

= —e" =

Substituting the values of I dy and J-

dX in equation (1), we get
tany

= log(tany) :log(l — )+ logC
lo g[C(l—ex)]
= tany:C(l—eX)

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

= log(tany)

11:
dy

=2x* +x;y=1
dx Y

(X3+X2+X+1)

Solution:
The given differential equation is:

(x3 +xz+x+l)d—y:2x2 +x;y=1
dx
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dy 2x* +x
= =75 2
dx (x + X +x+1)
2
s dy= 2x° +X dx

(X + 1)()(2 + 1)
Integrating both sides, we get:

2x% +x
dy = d ...(1
J. Y J.(X+1)(X2+1) * M
2x% + X A Bx +C
Let . (2)

(X+1)(X2+1):X+1+ x* +1
N 2x° +x :AX2+A+(BX+C)(X+1)
(X+1)(X2 +1) (x+1)(x2 +1)
=2x" +x=Ax"+A+bx’ +Bx+Cx +C
=2x> +x=(A+B)x’ +(B+C)x+(A+C)

Comparing the coefficients of x”and X, we get:

A+B=2

B+C=1

A+C=0

Solving these equations, we get:
1 3 —l

A=—b=— andC=—
2 2 2

Substituting the values of A, B and C in equation (2), we get:
2x*+x 1 1 1(3x-1)

(+)(x+1) 2(x+1) 2(x+1)

Therefore, equation (1) becomes:
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1, 1 3x —1
dy=—|——dx +
Jay 23x+1 Ix2+1

dx

1 3 X 1 X
yv=tlog(x £1)+ 2 [ dx - L dx
y=glog(x+1)+ 2] 2Ix2+1

1 3¢ 2x 1
f— =—10 X+1— —dx——tan_1X+C
Y 2 g( )4jx2+1 2

1 3 |
= yzilog(x+1)zlog<x2 +1) —Etan 'x+C

1 |
:>y:Z[2log(X+1)+3log(x2 +1)]—Etan 'x+C

:y:%[(xz +1)(X2 +1)]—%tan_lx+C ....(3)
Now,y=1whenx=0

=1 :%log(l) —%tan1 0+C

:>12le—le+€
4 2

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

y:i[log(x2 + 1)2 (X2 + 1)3} — %tan_l x+1

12:
dy
x(x*-1)—==1y=0 whenx =2
(x*—1) =Ly

Solution:

d
X(X2 - l)d_z =1

dx
x(x2 - 1)

1

=dy=

TR

Integrating both sides, we get:
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J.dy J X+1) - ()

1 _A, B _C
o)) x o xo1 xer
. I A(x —1)(x + 1)+ Bx(x+1)+ Cx (x ~ 1)

X(X—l)(x+1) (x—l)(x+1)
:(A+B+C)x2+(B—C)x—A

X (x — 1)(x + 1)
Comparing the coefficients of Xz, x and constant, we get:
A=-1
B-C=0
A+B+C=0

1

Solving these equations, we get B = 5 and C = —

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

1 :—_1+ 1 N 1
X(X—l)(x+1) X X(X—l) 2(X+1)

Therefore, equation (1) becomes:

Idy——j dx + — J-—dx — ﬁdx

=y=-logx+ Elog(x -1)+ %bg(x +1)+logk

Neow,

y=0when =2

1 | 4
D=—log2+ 2It:ng{l+l}|+2I:.‘.n;_:{l— 1)+ log €

0=
)

logl=log| X
gl=log 2|
Y3 oo
2

2
=

J3
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1
v=—loex+—1lo +I+ Iu 1)+ log —
¥ gx+-log(x ) g(x~1) J_%

[ 2 |{r+1}|[r—]}‘

Iﬂg,
| 1.'3.1' .
1 2 -1
V= Iug ]
1 4 _1'1 = 1}
= — | St
. 2 & Ax l
13:
dy
cos| == |=a(aeR);l whenx =0
dx
Solution:
cos(gj =a
dx
Y osa
dx

= dy =cos ' adx
Integrating both sides, we get:

Idy =cos”' aj dxdx

=y=cos ax+C
=y=xcos a+C (D
Now, y =1 whenx =0
—1=0.cos'a+C

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

https:fbyjus.com
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y=xcos ' a+1

=<2 ——cos'a

X

-1

— COS( Y j =a
X

14:

ﬂ =ytanXx,y=1 whenx=0

dx

Solution:

dy

— =vytanx

dx Y

= ﬂ = tan xdx

dx

integrating both sides, we get:
J.ﬂ = —j tan xdx

y
= logy =log(secx )+ logC
= log y =log(Csecx)
= y=Csecx (1)

Nowy=1whenx=0
=1=Cxsec0

=1=Cxl
=C=1

Substituting C = 1 in equation (1), we get
y =sec X

15:
Find the equation of a curve passing through the point (0, 0) and whose differential equation is

y'=e"sinx

Solution:
The differential equation of the curve is:

y'=e"sinx

https:fbyjus.com
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d .
= & e sinx
dx
= dy =e"sinx
Intergrating both sides, we get:

jdy:IeX sin xdx e (1)
Let [ = Ie" sin xdx

= [ =sin XIeXdX — J‘[i(sinx).]exdx}dx

dx

— [ =sinx.e* — jcos x.e*dx

= [=sinx.e" — [cos X.I(di(cosx).jexdxjdx}
X

— [ =sinx.e” — [cos xe" — J‘(—sinx)e"dx}
= I=e"sinx —e*cosx —1
= 2] =¢" (sinx — cosx)
e (sinx — COS x)
2
Substituting this value in equation (1), we get
e (sinx — cosx)

= C o
y ) + ()

Now, the curve passes through point (0, 0)
e’ (sin0—cos0)

==

+C

1(0-1)
2
1

=>C=—
2

=0=

+C

1
Substituting C = E in equation (2), we get:
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e” (sinx —COS x) 1
+_
2 2
= 2y =¢"(sinx —cosx)+1

y:

=2y —1=¢"(sinx — cosx)

Hence, the required equation of the curve is 2y —1=¢" (SinX —COS X)

16:
. . . dy : :
For the differential equation Xy = d_ = (X + 2)(y + 2) find the solution curve passing
X
through the
point (1, —1).
Solution:

The differential equation of the given curve is:

d
Xy:d—z:(x+2)(y+2)

:(L)dy:()H_szx
y+2 X

Integrating both sides, we get:

j[l—yizjdy:j(uijdx

:>J‘dy—2j.ﬁdy='|.dx+2j.idx

:>y—210g(y+2)=x+2logX+C
= y-x-C=log x2+log(y+2)2

:y—x—C:log[xz(y+2)2J (D)
Now, the curve passes through point (1, -1)
= -1-1-C=log| (1)’ (-1+2) |

= -2-C=logl=0

=C=-2
Substituting C = -2 in equation (1), we get:
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y—x+2=10g[x2(y+2)2}

This is the required solution of the given curve.

17:

Find the equation of a curve passing through the point (0, —2) given that at any point (x, y) 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.

Solution:
Let x and y be the x-coordinate and y-coordinate of the curve respectively.
d
We know that the slope of a tangent to the curve in the coordinate axis is given by the d_y
X

According to the given information, we get:

d
Y_y =X
dx
= ydy = xdx
Integrating both sides, we get:
Iydy = dex
2 2
X
SN AR e
2 2
=y —x>=2C o (D)
Now, the curve passes through point (0, —2).
2 (=2 - 02=2C
=>2C=4

Substituting 2C = 4 in equation (1), we get: y* — x> = 4
This is the required equation of the curve.

18:

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).

Solution:
It is given that (x, y) is the point of contact of the curve and its tangent.
+3
The slope (m1) of the line segment joining (X, y) and (—4, —3) is 4 1
X+

d
We know that the slope of the tangent to the curve is given by the relation, d_y
X
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= Slope (m2) of tangent =

According to the given information: 19:

me = 2mj
2
:>d_y: (y+3)
dx X+ 4
dy 2dx

— =

y+3 x+4
Integrating both sides, we get:
J dy :2"‘ dx

y+3 x+4
= log(y +3)=2log(x +4)+logC
:>10g(y+3)logC(x+4)2
=y+3=C(x+4) e (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.

19:
The volume of spherical balloon being inflated changes at a constant rate. If initially its radius is
3 units and after 3 seconds it is 6 units. Find the radius of balloon after t seconds.

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

:Q:k
dx

= %(ﬂ zr’ j =k [Volume of sphere = %7[1’3 }

3
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- i7z.3r2.g =k
3 dt

= 4zr’dr =kdt

Integrating both sides, we get:
3

:>47r%:kt+C

= 4zr’ =3(kt+C) e (D)
Now, att=0,r=3

=47 x33=3(kx0+C)

= 1087 =3C

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

=47 x6° =3(k><3+C)
= 864r =3(3k+367z)

= 3k =-2887 3671 =252x

=k =84r
Substituting the values of k and C in equation (1), we get:

4rr’ = 3[847rt + 367[]
— 41’ = 472'(63t + 27)
=1 =63t+27

1
=r= (63t + 27)5

1
Thus, the radius of the balloon after t seconds is (63t + 27)5

20:
In a bank, principal increases continuously at the rate of 1% per year. Find the value of r if Rs
100 doubles itself in 10 years (loge 2 = 0.6931).

Solution:
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 % per year.
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p 100

Integrating both sides, we get:

J.@:L dt
p 100
It
=logp=—+k
P =100
:p:eﬁﬂ( (D)

It is given that when t =0, p =100
=100=¢" ....(2)

Now, if t =10, then p =2 % 100 =200
Therefore, equation (1) becomes:

ik
200 =¢!0
200 =el ¢
—200=¢"".100 From (2)

=elt=2

r
= —=1log.2
10 8

— L -0.6931
10

=1=6.931
Hence, the value of ris 6.93%

21:
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 (e°-5 = 1.648) .

Solution:
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.
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45

dt\ 100 P
_d_r

dt 20
_dp_dt

p 20
Integrating both sides, we get:
I @ = L dt

p 20

t
:>logp=2—0+c

1
—+c

= p=c? (D)
Now, when t =0, p =100
= 1000 =¢° ...(2)

At t= 10, equation (1) becomes:
1

p _ e%JrC

=p=e"’ xe°

= P=1.648x1000

= P =1648
Hence, after 10 years the amount will worth Rs. 1648.

22:

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?

Solution:

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.
dy

S, —0o0
a7

d
= d_?[’ =Ky (Where k is a constant)
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:g:kdt

y
Integrating both sides, we get:

[
y
=logy=kt+C ....(1)

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

= logyo=C

Substituting the value of C in equation (1), we get:
= log y=kt +log y,

= logy —logy, =kt

= log(l] =kt
Yo

= kt= log[lj .2
Yo

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

S y=—
y 1003’0
11
Y- 3
y, 10

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

11
k2=Ilog| —
g(loj

=k =llog E)
2 10

Therefore, equation (2) becomes:

..(4)

Now, let the time when the number of bacteria increases from 100000 to 200000 be ti =y =y,

att=+ti
From equation (4), we get
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2log A
¢ = Yo )  2log2

. lo (Hj lo (Hj
10 & 10

2log?2

Hence, ————— in hours the number of bacteria increases from 100000 to 200000.

lo (llj
& 10

23:

The general solution of the differential equation d—z =e"Vis
Ae*+e’ =C

B.e*+e’=C

Ce +e'=C

De ™ +e” =C

Solution:

j—z =" =¢e*e’

= % =e"dx

=e 'dy=e"dx

Intergrating both sides, we get:
Ie‘ydy = J-exdx

= -’ =¢"+k

=e +e ' =-k
=e" +e’=c  (c=-k)
Hence, the correct answer is A.

https:fbyjus.com
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Exercise 9.5 Page: 406

In each of the Exercises 1 to 10, show that the given differential equation is homogeneous
and solve each of them.

1:
(x2 +Xy)dy ( =x +y’ )dx

Solution:

The given differential equation can be written as

dy xz+y2
= e
dx x*+xy M

X’ +y°
LetF(X,y)Zz—

X" + Xy

2 2 y) 2 2 2

NOW,F(&X,&Y): ( X) +( y) :X +y ZlOF(X,Y)

2 2
(/IX) + (xlx)(/ly) 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 x Y

dx dx

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

dv B X8 (vx)2

V+XdX_X2+X(VX)
dv 1+v?
> V+X—=
dx 1+v
dv  1+12 (1+V2)—C(1+V)
X—= —_ =
dx 1+v 1+v
dv 1-v

X — =
dx 1+v
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Integrating both sides, we get:
—2og(l — v) —v=logx —logk

= V=—2log(1 —V) —logx + logk

=v=log| ———
s X(l—v)2
:>X:10g K 5
x X(l—yj
- X -
=Y g X
x o (x-y)
kx Y
= ———=¢"
(x-v)

Yy
= (X — y)2 = kxe*

This is the required solution of the given differential equation.

Solution:
The given differential equation is:

_X+y

'

=-Z="""

Now, (ﬂ,X,ﬂ,y) = AX, Ay S ﬂ,OF(X,y)
X

AX

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

y =VX

— https:fbyjus.com


https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click

m BYJU'S  NCERT Solutions for Class 12 Maths Chapter 9- Differential Equations

The Learning App

Differentiating both sides with respect to x, we get:

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

dv x4+ vx
V+X—=
dx X

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

:>X:10gx+C
X
= y=xlogx +Cx

This is the required solution of the given differential equation.

3.
(X —y)dy(—x +y)dx =0

Solution:
(X —y)dy (—x +y)dX =0
Yy _x+y 1)
dx x-y
LetF(x,y)ZX—i_y
X—-y
AX+Ay xX+y .
- F(Ax,Ay) = = =AF
(X’ y) AX—Ay X-—y (X’y)

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

y =vX
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Ln=Lw)
:>—y=V+xd—V
X dx

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

dv x+vx 1+v
V+X = =

dx x-vx l-v

dv 1+v I+v—-v(-v

X—=——-V=

dx 1-v 1-v
dv  1+v?

= X—=
dx 1-v
—I_V dV:d—X
(1+v2) X

1 1 dx

= ——-— |dx=—

I+v: 1-v X
Integrating both sides, we get

tan”' v —%log(l + vz)zlogx +C

2
—tan”| ¥ —llog 1+(zj :lzlogx+C
x) 2 X
2 2
—tan| ¥ —llog X +2y jzlongrC
x) 2 X
-1l Y _l 2 20 2| _
= tan - 2[log(x +y) logx ]—1ogx+c
1| Y 1 2 2
=tan"'| = |==log(x* +y’ )+ C
< )=Rlee(x*+y)

This is the required solution of the given differential equation.

4:
(x2 -y’ )dx + 2xydy =0

Solution:
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The given differential equation is:

(X2 ~-y’ )dx +2xydy =0

(2 2
Ly )
dx 2Xxy
_(Xz_yz)
Let(x,y) =—————
2xy
(Ax) () |_ (¥ =¥) .,
s F(Ax,Ay) = = =AF
( - y) { 2(/1x)(/1y) 2xy (X’y)

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

y = VX
d d
d—X(Y)—d—X(VX)

Z>—y=V+X£
X dx

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

dv v -1
V+X—=
dx 2v
dv v -1 v —1-2v?
o _— — V=
dx 2v 2v
1+ v
_ dv (V)
dx 2v
2
Vde=—d—X
1+v X

Integrating both sides, we get:

log(l + Vz):—logx +logC = logg
X
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—=1+v=

2
:{1+y—2}:g
X X

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

> | O

5:
Xzﬂ—x2 — 2y +Xxy
dx

Solution:
The given differential equation is:
d
Yy — 2y +Xxy
dx
dy x*>-2y’>+xy
—= 3 (D)

dx X

2 2
Let F(x, y) =~ 23'2 Xy

(2x)’ ~2(4y)' +(A)(Ay) _x*-2y*+xy _,
(ZX)Z - yz 2 =4 F(X,y)

X

- F(Ax,Ay) =

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

y = VX
dv
=Y ovix
X dx

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

v+xﬂ: x’ —2(VX)2 +x.(VX)
dx x’

:>V+Xd—V=1—2V2+V
dx

:>Xd—V:1—2V2
dx
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1-2v*  x
1 dv dx
= = =—
21 2 X
—=V
2 ]
1 dv dx
:> _ - | = —

&)~

Integrating both sides, we get:

—=+V
11 log 2 =10g|x|+C
22><L L—V
V2 W2
Ly

| \/5 X
= lo =]log|x|+ C
22 1y gl

NI
X—I-\/Ey

-1 log =log|x|+C
22 T x =2y

This is the required solution for the given differential equation.

6:
xdy — ydy = {x* + y*dx
Solution:

xdy — ydy =+/x* + y*dx
= Xdy:[y+ »\/XZ +y’ }dx
ﬂ_ y + »\/xz + y2

™ - (D
’ 2 2

Let F(X,y):y+ X2 Ty
X

https:fbyjus.com
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(1)) (2] _y+ oy

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

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

y =vX
d d
=5 (w)

:>—y:v+xd—V
X dx

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

dv VX + X +(vx)2

> V+X—=
dx X
:>v+x((11—vzv+\/1+v2
X
dv dx
= =—

Ji+v? X

Integrating both sides, we get:

log‘v +V1+V

2
:>logz+,1’l+y—2 :10g|Cx|
X %

y+4x2 +

X

:>y+\/x2+y2 =Cx?

This is the required solution of the given differential equation.

=log|x|+logC

= log

=log|Cx|

7:

e A

Solution:
The given differential equation is:
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i) r o pon() oo )
P9 i ) O

" ()l )

LetF(x,y)=

- F(Ax,4y)

Jreol)eol)p
o))

=" F.(X, y)
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = VX
dv

=Y ovixt
X dx

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

dv (xcosv + szinv).vx
V4 X— =

dx (VX sinv — XCOSV)X
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2 .
dV VCOSV + Vv sinv
= V+X

dx VSInV —CoSV

2 .
dv _vcosv+visinv
= X— - -V
dx VSINV — COSV

2 2
dv vcosv+ v sinv—v sinv+vcosv
= X— = :
dx VsSinv —CcosvVv

dV 2vcosv

dX  vsinv —cosv
VsSInvV —cosv 2dx
= dv=—+

VCOSV X
( 1] 2dx
=|tanv—— |dv=——
\% X

Integrating both sides, we get:
log(sec v) —log v =2log x + log C

= lo g(sev j—log(Cx )

:(secv) O
v

= secv =Cx*v

:sec( j Cx’.
X X
:>sec( j Cxy
X
:»cos(l):L:l.L
x) Cxy C xy

= xycos(zj =k (k = l)
X C

This is the required solution of the given differential equation.

8:

xg—y+sin(z):0
dx X

Solution:



https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click

m BYJU'S  NCERT Solutions for Class 12 Maths Chapter 9- Differential Equations

The Learning App

Xz—y—y+sin(1)=0

X X
= Xg =y— xsin(zj
dx X
y— xsin(yj
N = (1)
" S
y— Xsin(yj
Let F(x, y) = X
X
Ay — Ax sin(/lyj y— xsin(yj
F(Zx,iy)ﬂz AX) 2 =A"F(x,y)
dx AX X

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

y =vX
d d
o )=5(w)
:>—y:v+xd—V
X dx

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

dv vx-—xsinv
V+X—=—n———

sinv X

dx
= cosecvdv =——
X

Integrating both sides, we get:

10g|c0sec v — cotv| =—logx +logC = logE
X

= COS ec(lj - cot(zj = g
X X X
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cos Y
1 (Xj _c
sin Y sin Y X
X X
= ){1 — cos[zﬂ = Csin(zj
X X

This is the required solution of the given differential equation.

=

9:
ydx + xlog(z)dy —2xdy =0
X

Solution:
ydx + xlog(z)dy —2xdy =0
X
= ydx = |:2X - Xlog(zﬂdy
X
:?z Y (D)
~ 2x—xlog(yj
X
LetF(X,y)— _
2x—xlog(y)
X
- F(Ax,Ay) = Yo iF(xy)
y y
2(Ax)—(Ax)log| — | 2x-—log| =
(4%) = (Ax) og(lxj X og(xj

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

y =vX
d d
2L (w)
dx dx

:>—y=V+Xg
X dx

Substituting the values of y and in equation (1), we get:
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dv VX
V+HX—=———
dx 2x-—xlogv
dv \4
=>V+X—=
dx 2-logv
dv v
> X—=—""-V
dx 2-logv
dv. v-2v+vlogv
=>xX—=
dx 2—logv
Xﬂ_vlogv—x
dx 2-logv
2 —-logv dx

dv=2
v(logv—1) T

:>1+(1_10gv)}d\/:d—x

i V(logv—l)
. ;_l}dvzd_x
| v(logv—1) v X

Integrating both sides, we get:

1 1 1
— dv-[=dv=[—d
-[V(logv—l) Y IVV Ix 3

dv
:jv(logv—l)
= Let logv—-1=t

dt

d
= (1 —1)=—
:>dv(OgV ) dv

1_dt

v dv

—logv=Ilogx +1logC e (2)

dv
= —=dt
\%
Therefore, equation (1) becomes:
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= J%—log\/:logx +logC

X

= logt —log(y) = log(Cx)

= log log(Z] — 1} —~ log(zj =log(Cx)
X X
log(yj—l
= log + zlog(Cx)
ox

= E{log(zj — 1} =Cx
y X
= log(zj -1=Cy
X

This is the required solution of the given differential equation.

10:

[1+eY]dX+eY(1—§]dy=o
y

Solution:

l+e’ dx+ey(1—§]dy:0
y
=l 1+e’ dx:—eY(l—iny
y
o1
e Uy

=— 7 . (1)
d x
Y 1+¢”

https:fbyjus.com
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X
- X
Y

LetF(x,y) = "
1+¢e”
AX AX
_eya(l_ﬂXJ _GM(I_X]
. Ay Y) _ 40
S F(lx,ﬂy): & = x =1 F(X,y)
1+e% 1+e”

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

X =Vy
d d

jd—y(x)—d—y(w)

=>—=Vv+ dv
dy ydy

X
Substituting the values of x and d—in equation (1), we get:

dv —¢' (I—V)
V+ty—=——-—=
dy I+¢"
dv —-e' +ve'
>y—=——
dy l1+e¢"
dv. —e"+ve' —v-ve'

> V— =
ydy 1+¢"

N dv _ v+e'
ydy I+¢"

:{1+ev}dvz_g
v+e y

Integrating both sides, we get:

-V

https:fbyjus.com
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= log(v + ev):—logy+ logC = longJ
y

x | c
=>|—+e’ |[=—

X
= X+xy’ =c
This is the required solution of the given differential equation.

For each of the differential equations in Exercises from 11 to 15, find the particular
solution satisfying the given condition:

11:
(x +y)dy ( +X —y)dx =0;y =1 when x=1

Solution:

(X +y)dy(+x —y)dx =0
= (x+y)dy—(x—y)dx

dx X+y
LetF (x,y) = ﬂ
X+y
- F(Ax,dy)= ~(Ax - y) = ~(x-y) = AOF(x,y)

AX + Ay X+y

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

Yy =VvX
d d

jd—x(y)—d—x("x)

:ﬂ:\wxd—v
dx dx

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

X
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dv —(X—VX)
vVix—=——~2
dx X + VX
dv v-1
> V+HX—=——
dx v+l1
dv v-1 V—l—V(V—i—l)
— = V=
dx v+1 v+1
dv v-1-v'-v _(1+V2)
= X—= =
dx v+1 v+1
+1
(v1) 4y
1+v X

\% | dx

= 2 + 3 dv=——

I+v" 1+v X
Integrating both sides, we get:

%log(l +v)+tan” v=—logx +k
= log(l + V2)+ 2tan”' v=-2logx + 2k

— log[(1+ VZ)X2:| +2tan"' v=2k

2
= logul + y_zsz} +2tan”' ¥ =2k
X

X

:>log(x2 +y2)+2tan_lzz2k . 2)

X
Now,y=1atx=1

= log2+2tan"'1=2k

:>10g2+2><%:2k

T
= 2 +log2 =2k
Substituting the value of 2k in equation (2), we get:

log(x2 +y’ ) +2tan” (zj = log?2
x) 2

This is the required solution of the given differential equation.

12:
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X dy ( Xy +y’ )dx =0;y =1 wherex =1

Solution:
x*dy + (Xy +y’ )dX =0
= x’dy = —(xy +y’ )dx

_ 2
Ly _clwey)

dx X
_ 2
LetF(x,y)=M
X
AxAy+(Ay) | - 2
F(ix,ﬂy):[ . y+( Y) }: (Xy;l-y )=ZOF(X,y)

2
(4x) X
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = VX
d d
&(Y)—&(VX)

:>—y=V+Xﬂ
dx dx

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

2
—| X.VvX +(vx

V+Xg= [ ( )]:—V—VZ

dx x*
:xg:—vz—2V=—V(v+2)

dx
o dv &

v(v+2) x
:l_w}dvz_d_x

2_ V(V+2) X
ST P

212 v+2 X

Integrating both sides, we get:
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%[bgv — log(v + 2)] =—logx +logC

X
2

SO A

y+2x X

2
-2y _c .

y + 2Xx
Now,y=1latx=

1
=—=C

1+2
=C* ==

1
Substituting C’ = E in equation (2), we get;

Xy 1

y+2x_3

= y+2x =3x"y
This is the required solution of the given differential equation.

xsin’ (E — yj dx + xdy =0; y%whenx =1
y

Solution:

xsin’ (E— yj dx + xdy =0
y

https:fbyjus.com
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= (D)

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

) {zx sin’ [j’y‘ - Ayﬂ ) —[Xsinz (z - yﬂ )

y = VX
d d
jd—x(y)—d—x("x)
:ﬂ:\wxd—v
dx dx

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

dv —[xsin2 \ Vx:|
V+X—=
dx X

dv 35 .5
:>V+Xd—=—|:S11’1 V—V:|=V—Sll’l \%
X

Vv . 9
> X—=-—-SIn"v
dx

dv dx

sinv dx

dx

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

= cosec’dv =—

= cotV=10g|X| -C

= cot(zj =log|x|+logC

X
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= cot(zj =log|Cx| . (2)
X

N y i at x =1
oW, = — =
4

= cot(%) = 10g|C|

= 1=1logC

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

cot(zj =log|ex|
X

This is the required solution of the given differential equation.

14:
g—z+cosec(ljzo;y=0whenx:l
dx x X
Solution:
g—z+cosec(zjzo
dx x X
:gzz—cosec(zj (D)

dx x X

LetF (x,y) = Y CoSs ec(zj
X X

- F(Ax,Ay)= % — cosec(ﬂj

X Ax
= F(ﬂx,/ly) = cosec(lj = F(X,y) ﬂOF(X,Y)
X X

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

d d
:>d—x(y)—d—X(VX)
dy dv

=L =v4+x—

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

dv
V+ X— =—cosecv

dx
dv dx
= — =——
cosecv X
) dx
= —sinvdx = —
X

Integrating both sides, we get:
cosv =logx +logC =log|Cx|

= cos(zJ =log|Cx]| )
X

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

= cos(0) =1logC
= 1=logC

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

cos(gj:1og|(ex)|

This is the required solution of the given differential equation.

15:

2xy +y’ —ZXZQ:O;y:2 whenx =1
dx

Solution:

2Xy +y° —2X2ﬂ=0
dx

:>2x23—z:2xy+y2

2
_ 4y 2xy Y
dx 2x
2Xy + y2
2x?

(1)

LetF(x,y) =
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2
2(Ax)(4y) +(4y)” _2xy+y’
2(Ax )2 2x°
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

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

y =vVX
d d
&(Y)—&(VX)
:>—y=V+Xﬂ
X dx

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

ﬂ B 2X(VX) + (VX)2
dx 2x°

dv  2v+v?
S V+X—=

dx 2x°

2
\"

dv
SVHX—=V+—
dx 2
:%dV:d—X
\% X

Integrating both sides, we get:

—2+1
A\Y

-2+1

V+X

2.

:10g|x|+C
— _2 = 10g|x| +C
v

2
_Z _joglx|+C
= v 0g|x|

X

= _2x = 1og|x| +C (2
y
Now,y=2atx=1

= —1=log(1)+C

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

——:10g|x|+1
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2xX

:>—=log|x|
Yy
2x
y—m,(xiO,Xie)

This is the required solution of the given differential equation.

16:

A homogeneous differential equation of the form j—x =h (Ej can be solved by making the
Y y

Substitution

A.y=vx

B.v=yx

C.x=vy

D.x=v

Solution:

dx X
For solving the homogeneous equation of the form d_ =h (—j , we need to make the
y |/

substitution as X = vy.
Hence, the correct answer is C.

17:
Which of the following is a homogeneous differential equation?

A.(4x +6y+5)dy —(3y +2x +4)dx =0
B.(xy)dx - (x’ +y’)dy =0

C.(x* +2y* )dx + 2xydy =0

D.y’dx +(x* = xy’ —y*)dy =0

Solution:
Function F (x, y) is said to be the homogenous function of degree n, if F(ﬂx, /IV) = /I'F(X, y)

for any non-zero constant (A).
Consider the equation given in alternative D:

ydx + (x2 —xy’ -y’ )dy =0
dX B _y2 yZ

= = =
dy )(2—)<y2—y2 y2+xy—x2

https:fbyjus.com
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2
Let F(X, y) = %
Yy +Xy—X
ﬁ, 2
= F(lx,/iy) = (%y)

(Ay)" +(2x)(Ay) - (2x)
_ /12y2
/Iz(y2 +Xy—X2)

:/10 y2
vy +xy—x°
=/10F(X,y)

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

https:fbyjus.com
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Exercise 9.6 Page: 413

For each of the differential equations given in Exercises 1 to 12, find the general solution:

1:

g+2y:sinx
dx

Solution:

d .
The given differential equation is d—y + 2y =sinx
X
. dy .
This is in the form of d_ + py = Q (where p = 2 and Q = sinx)
X

dx 2dx
Now, L.F = eIp = eI =2
The solution of the given differential equation is given by the relation,

Y (Lf)=[(QxLF)dx +C
= ye™* = Isin x.e*dx +C 1)
Let [ = J-sin x.e”*

=1= jsin X.Iezxdx - I(di(sinx).jez"dxjdx

X

2x 2x
=1I= sinx.e— —J. cosx.e— dx
2 4

https:fbyjus.com
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esinx 1 . <
:I:T—E_cosxj e’ —j( cosx)j 2 dx)dx}
2X _*
:>I:ﬂ—l cost-——J‘{ s1nx }dx}
2 2

—1= e” ;inx g ZOSX :Zj(sinx.ez")dx

e . 1
=1 :—(2s1nx — cosx) —-—t
4 4

5

:>ZI: (2sinx —cosx)

c_
4
er
=1= T(Zsinx —CosX)
Therefore, equation (1) becomes:
2x
e .
ye™ = ?(2smx — cosx) +C
1 : -2x
=>y= §(2s1n— cosx) + Ce

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

2:

dy -2X
—+3y=e
dx Y

Solution:

dy -2x
The given differential equation is 5 - +3y=e (wherep=3andQ=¢ "

dx 3dx
Now LF = ™ =l —3»
The solution of the given differential equation is given by the relation,
= ye’* = J.(efz" x e ) +C
= ye* = Iexdx +C

=ye*=e*+C

=y=e¢*+Ce™*
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This is the required general solution of the given differential equation.

3:
dy_y_p
dx x
Solution:

The given differential equation is:

(Where p :l and Q =x7)
X

1
dx —dx
Now, LF = ¢/’ el gy
The solution of the given differential equation is given by the relation,

logx

= y(x) = I(xz.x)dx +C

:xy:IX3dX+C

4
X

=>xy=—+C
YTy

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

4:

dy V4
— +secxy=tanx| 0<x<—
dx 2
Solution:

The given differential equation is:

(where p = sexx and Q = tanx)

sec.xdx elog(sec x+tanx)

dx
Now LF. ejp = ej =sec X +tan x
The general solution of the given differential equation is given by the relation,

https:fbyjus.com
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= y(secx + tanx) = Itanx(secx +tanx)dx + C
= y(secx + tanx) = Isecxtan xdx + J“[&ln2 xdx +C

= y(secX + tanx) =secx + J(sec2 X — l)dx +C

= y(secx + tanx):secx +tanx —x+C

5:

X

J.OE cos 2xdx

Solution:
X

Letl= J.O5 cos 2xdx

J.costdx: (sinjxj =F(x)

By second fundamental theorem of calculus, we obtain

I:F(%j—F:(O)

= l sinZ(zj —sin0
2 2

= %[sinﬁ —sin0]

~~[o-0]=o0

6:
xg +2y=x"logx
dx

Solution:
The given differential equation is:

xg+ 2y =x"logx
dx

:g+gy:xlogx
X

dx

https:fbyjus.com
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This equation is in the form of a linear differential equation as:

2
(Where p=—and Q =x log x)
X

2
dx =dx
Now,IF=e:jp :ejx = g?loex —glogx” — 2
The general solution of the given differential equation is given by the relation,

y(LF)=[(QxLF)dx +C
=yx’ = I(xlog XX’ )dx +C

= xzy:J‘(x3 logx)dx +C

2logx log x>

X

= xzyzlogx.jx3dx —I[dd (1ogx).Jx3dx}dx +C

4 1X4

= x’y=logx.—— [| =2 |dx + C

Y= oERy Ix 4

oo X logx 1 5
=>Xy= 2 —jde+C

4
szy:x 1ogx_lx_JrC
4 4 4

7:

xlogxﬂ +y= glogx
dx X

Solution:

The given differential equation is:
dy 2

xlogx—+y=—logx
dx

d 2
_dy, oy _2

2

dx xlogx x
This equation is the form of a linear differential equation as:
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and in)

(Where p = >
xlogx X

dx —dx X
Now, LF = eI - ej"bg =" 8" — oo x
The general solution of the given differential equation is given by the relation,

y(I.F) = I(Q X I.F)dx +C

= ylogx = I(%logx}lx +C....(1
X
Now, I(%logx]dx: 2j(logx.%jdx
X X
=2 logx.j%dx — J{i(logx).J’de}dx}
i X dx x°

A DG

[ logx 1
=2| - + | —=dx
Jeo]

X

5 _logx_l}
. X X
2

=——(1+1
X( +logx)

2
Substituting the value J.(—Zlog dex of in equation (1), we get:
X

ylogx = —2(1 + logx) + C
X

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

8:
(1 +x° )dy + 2xydx = cotxdx(x * O)

Solution:

(1 +x° )dy + 2xydx = cot xdx

:g+ 2xy  cotx

dx 1+x> 1+%°
This equation is a linear differential equation of the form:
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2x cotx
(Where p= and Q= j

1+x° 1+x°

2x
pd —dx log(1+x?
Now, L.F. eI i :ej”Xz :eog( <) =1+x’
The general solution of the given differential equation is given by the relation,

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

= y(1+ XZ):I[IC_(:UZ x(l + xz)}dx +C
X

:>y(1+x2):_[cot xdx + C
:>y(1+X2):log |sinx|+C

2

X?+y—x+xycotx:0(x;t0)
X

Solution:
Xﬂ+y—x+xycotX:O
dx
= xg+ y(lcotx)yzl
dx
:xg+(l+cotx)y=1
dx \x

This equation is a linear differential equation of the form:

(Wherep=l +cotx and Q=1)
X

1
pdx I(f+cot xjdx log+1 . ) . .
Now, L.E. = eI =e ¥ glogloe(sinx) _ glog(xsinx) _ o iy

The general solution of the given differential equation is given by the relation,
y(I.F) = J(Q X I.F)dx +C
= y(xsinx) = j(l X xsinx)dx +C

= y(xsinx) = j(xsinx)dx +C

dx

= y(xsinx) = x_[sinxdx - J.[i(x).jsinxdx} +C
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= y(xsinx) =x —(cosx)—jl.(—cosx)dx +C
= y(xsinx) =-xcosx +sinx +C

—XCOSX  sInx C
+ +

= Y= , ,
XsiInxX  XsInX Xsinx

|
= y=—CotX + —+—
X XSsmx

10:
dy
x+y— |=1
( ydxj
Solution:
dy
x+y—|=1
( ydxj
1
dx x+vy
dy
=2 =x+
dx Y
dy
== —Xx=
dx Y

This is a linear differential equation of the form:

(Wherep=—1and Q =vy)

dx
Now, LF == eIp = Je_dy ="c" 4
The general solution of the given differential equation is given by the relation,
y(LF)=[(QxLF)dy+C
=>xe”’ = j(y.e‘y )dy +C

=xe ¥ = y.J.e*ydy —~ J.{diy(y).jeydy} dy +C

=>xe”’ = y(—e‘y) - I(—e_y )dy +C

=>xe ' =—-ye’ + J-e*ydy +C



https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click

m BYJU'S  NCERT Solutions for Class 12 Maths Chapter 9- Differential Equations

The Learning App
=xe ' =-ye’ —e "’ +C
=>x=-y—-1+Ce’

=>x+y+1=Ce’
11:
ydx+(x—y2)dy:0

Solution:
ydx+(x—y2)dy:O
= ydx + (y2 —~ x)dy

dx _y-x_ X
dy 'y

Ay x_
dx vy

This is a linear differential equation of the form:

(Where p= l and Q=Yy)
y

1
X —d
Now, LF. = ejpd = ej2 e e Y =elogy — y
The general solution of the given differential equation is given by the relation,
y(LF)=[(QxLF)dy+C
= Xy= -[ yzdy +C

3

z>xy:y—+C
3
3
:>x:y—+g
3y
12:

(x + 3y3)j—z= y(y>0)

Solution:

https:fbyjus.com
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x+3y° )2 =
(x+3y’) 5 =Y
dy__ vy
dx x+3y’
dy_x+3y _§+3y
dx y y
dy 'y

This is a linear differential equation of the form:

(Where p =—l and Q=3y)
y

y

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

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

:xxlzj(3yxljdy+C
y

_g © [7j
d _ g 1
Now,I.F.:eIpy:er:el"gy:e Vo=

y
:>§=3y+C
y
:>x=3y2+Cy

For each of the differential equations given in Exercises 13 to 15, find a particular
solution satisfying the given condition:

13:

g+ 2ytanx =sinx;y =0 when x =z
dx 3

Solution:
. . . .. dy .
The given differential equation is d_ + 2ytanx =sinXx
X
This is a linear equation of the form:

(Where p = 2tanx and Q = sin X)

pdx 2 tan xdx 21 log (sec? x
Now, LF = eI :ej P (sx) =sec’ X

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

https:fbyjus.com
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y(LF)=[(QxLF)dy+C
= y(sec2 X) = J.(sin x.sec’ X)dX +C
= ysec’ X = I(secx.tanx)dx +C

= ysec’ x =secx + C (D)
7
Now, y =0 at ng
Therefore,
pis 7
0xsec’ —=sec—+C
3 3

=0=2+C

=C=-2

Substituting C = -2 in equation (1), we get:
ysec’ X =secx — 2

=>y=cosX —2cos’ X

Hence, the required solution of the given differential equation is y =C0OSX — 2cos’ X

14:
(1+><2)j—z+2xyzl+x2 ;y=0 when x =1
Solution:
d
(1+xz)d—z+2xy=1+X2
dy 2xy .

d_x+1+x2_(1+xz)2

This is a linear differential equation of the form:

2X 1
(Where p = —and Q = =)
1+x (1 + xz)
2xdx )
Now LF. = ejpdX = eI e — elog(1+X ) =1+x*

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

y(LF)=[(Qx1F)dx +C
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:>y(1+x2): ﬁ.(l+x2) dx +C
:>y(1+xz):_|‘l+x2 dx +C
:>y(1+x2):tan’lx+C ...... (1)

Now,y=0atx=1.
Therefore,

—c=-=
4

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

y(1+x2)=tan_1x—%

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

15:

gy _ 3ycotx =sin2x; y =2when x = 4
dx 2
Solution:

o : .. dy ;
The given differential equation is d_ —3ycotx =sin2x
X
This is a linear differential equation of the form:

(Where p =— 3 cot x and Q = sin 2x)

1
sin’ x
The general solution of the given differential equation is given by the relation,

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

=Y. _13 :j{sian. '13 }dx+C
sin” X sin” X

. 1
Ipdx _ e—3jcotxdx _ e—3log‘smx‘ —o og sin x _

Now, LF.=¢

= ycosec’X = 2j(c0txcosecx)dx +C

= ycosec’x =2cosecx + C
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2 3
+

COS CCZX COS GC2X

=>y=-
=y =-2sin’ x + Csin’ x

T
Now, y:2atx=5

Therefore, we get:

2=-2+C

=C=4

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.

16:
Find the equation of a curve passing through the origin given that the slope of the tangent to the
curve at any point (X, y) is equal to the sum of the coordinates of the point.

Solution:
Let F (x, y) be the curve passing through the origin.

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

According to the given information:

dy

< =x+

dx 4
dy

= L =—y=X
dx 4

This is a linear differential equation of the form:
(Where p=—1 and Q =x)

dx —1)dx _x
Now,I.F==eJp =ej( ) =¢e
The general solution of the given differential equation is given by the relation,

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

Now, jxe"‘dx = xje"‘dx — J{di(x).je_"dx}dx

X

=—xe ¥ — Je‘xdx
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=-xe " + (—ef" )

=—c (X + 1)

Substituting in equation (1), we get:
ye X  =—e(x+1)+C
=y=—(x+1)+Ce"

=x+y+1=Ce" n(2)

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

1=C

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

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

17:

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.

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

curve at (X, y) is

According to the given information:

dy

—+5=x+

dx J

:g—y:x+5
dx

This is a linear differential equation of the form:
(wherep=—land Q=x-15)

dx —1)dx X
Now, LF. =™ = ol _¢
The general equation of the curve is given by the relation,

y(LF)=[(QxLF)dx +C
=ye " :j(x—S)e"‘dx+C ...... (1)

d

Now, j(x —5)edx =(x— S)Ie_xdx — J[d—(x — 5).Je_xdx}dx

X
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-9 oo
=(5-x)e™ + (e*")
= (4 - X)e_X

Therefore, equation (1) becomes:

The curve passes through point (0, 2).
Therefore, equation (2) becomes:
0+2—-4=Ce0

=-2=C

>C=-2

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

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

18:

d
The integrating factor of the differential equation X d_y —y= 2x’is
X

A e "
B. e’

1
C. —
X

D.x

Solution:
The given differential equation is:

dx x
This is a linear differential equation of the form:

1
(Where p=—— and Q =2x)
X

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

ejpdx

J.idx _ eflogx _ elog(x—l) _ X*1 _

~LF. =¢
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Hence, the correct answer is C.

19:
The integrating factor of the differential equation.

(1—y2)3—§+yx:ay(—l>y<l)

Solution:
The given differential equation is:

(l—yz)z—i+y><:ay

dy  yx _ ay
dx 1-y* 1-y’

This is a linear differential equation of the form:

=

(Wherep=—1 Y and Q= y )

3 2
= I-y
The integrating factor (I.F) is given by the relation,
Ipdx
€
o _ S _ i) Pl
~1.F=¢ =¢ 7 =e¢? =e =

Hence, the correct answer is D.

https:fbyjus.com
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Miscellaneous Exercise Page: 419

1:
For each of the differential equations given below, indicate its order and degree (if defined).
2

. d7y dy’
(1)@‘*‘5)((&) —6y:10gX

o (dyY dy Y’ .
— | -4 —=| +7y=
i (dx) (dxj Y= E

4 3
(iii) % - sin(%} =0

X X

Solution:
(1)The differential equation is given as:

2 2
ﬂ+ SX(d—y) — 6y =logx

dx? dx
2 2

= % + 5){?) — 6y —logx
X X

The highest order derivative present in the differential equation is i{ . Thus, its order is two.
dx

2
The highest power raised to d_f is one. Hence, its degree is one.
dx

(i1)The differential equation is given as:

3 2
(Q) — 4(ﬂj + 7y =sinx
dx dx

3 2
:(gj —4(ﬂ) + 7y —sinx =0
dx dx

The highest order derivative present in the differential equation is dy . Thus, its order is one.
dx

d
The highest power raised to gy is three. Hence, its degree is three.

(ii1) The differential equation is given as:
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4
The highest order derivative present in the differential equation is d—Z. Thus, its order is four.
X

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

2:
For each of the exercises given below, verify that the given function (implicit or explicit) is
a solution of the corresponding differential equation.

2
(i) y=ae" +be ™ +x’ :xd—};+2g—xy+xz—2:0
dx dx
: d’y .dy
ii) y—e”* (acosx + bsin —=—-2—+2y=0
Wy ( : x) dx’ dx Y
d’y
(iii) y = xsin3x : F+9y—6cos3X:0
X
(iv) x> =2y’ logy : (X2 + yz)j—i—xyzo
Solution:

(i) y=ae* +be™ +x°
Differentiating both sides with respect to x, we get:

4y 0 de)rpd(en) s L(x)

dx? dx dx dx
= dy =ae” —be " +2x
dx

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

2
Now, on substituting the values of dy and d_f in the differential equation, we get:
dx dx

L.H.S
2
xd—}zl+2g—xy+x2 -2
dx dx
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= x(aex +be™ + 2) + Z(ae" —be™ + 2x) — X(aeX +be™ +x? ) +x2-2
= (axeX +bxe™ + 2x) + (Zae" —2be™ + 4x) - (axe" +bxe™ +x° ) +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.

(i) y=¢" (acosx + bsinx) —ae” cosx + be* sinx

Differentiating both sides with respect to x, we get:

Q = a.i(eX cosx) + b.i(e" sinx)
dx dx dx
= ﬂ = a(e" cosx —e* sinx) + b.(ex sinx +¢e* cosx)
dx
= j_y =(a+b)e* cosx +(b—a)sinx
X

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

d’y d /. A
@:(a+b)d_x(e cosx)+(b—a)d—x(e smx)
2
:%:(a+b).(excosx—e"sinx)+(b—a)(exsinx+excosx)
X
2
:%:e"[(a+b)(cosx—sinx)+(b—a)(sinx+cosx)]
X
2
:%:ex[acosx—asinx+bc0sx—bsinx+bsinx+bcosx—asinx—acosx]
X

2
= % = |:2€X (bcosx — asinx)]

2 7
Now, on substituting the values of Ay and d_} in the L.H.S. of the given differential equation,
dx’ d !
X X

we get:
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=2¢"* (bcosx —asinx ) — 2¢” [(a +b)cosx +(b - a)sinx] +2¢* (acosx + bsinx)
| (2bcosx —2asinx ) —(2acosx — 2bosx)
—(2bsinx — 2asinx) + (2acosx — 2bsinx)
=e" [(2b —2a-— 2b)cosx] +e” [(—23 —2b+2a+ 2b)sinx]
=0

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

(111) y = x sin 3x
Differentiating both sides with respect to x, we get:

— dy = i(xsin3x) =sin3x + x.cos3x.3

dx dx
dy .

= — =sin3X + 3xcos3x
dx

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

dy d,. d
— =—/(sin3x)+3—(xcos3
dx? dx( X) dx(X X)
2
:3—};: 3cos3x+3[cos3x+x(—sin3x).3]
X
2
= j—}; =6c0s3x —9xsin3x
X

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

dzy

— 4+ 9y —-6c0s3x

dx? 4

= (6.cos3x — 9xsinx) + 9xsin3x — 6¢cos3x

=0
Hence, the given function is a solution of the corresponding differential equation.

(iv) x> =2y’ logy

Differentiating both sides with respect to x, we get:



https://byjus.com/?utm_source=pdf+click
https://byjus.com/?utm_source=pdf+click

m BYJU'S  NCERT Solutions for Class 12 Maths Chapter 9- Differential Equations

The Learning App

2X = 2(%{ = [yz logy]

=X = 2y.logy.ﬂ + yz.l.g
dx y dx
dy

= X=—
dx

(2ylogy - y)

Substituting the value of d_y in the L.H.S. of the given differential equation, we get:
dx
dy
x*+y’ )= -x

(x*+y?) o~
=(2y*logy +y°). X - X

( y osyTy ) y(1+2logy) Y
=y’ (1+2logy).——— —x

y gy) y(1+2logy) Y
=Xy — Xy
=0

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

3:
Form the differential equation representing the family of curves given by (X — a)2 + 2y2 =a’

where a is an arbitrary constant.

Solution:
(x - a)2 +2y° =a’

=x’ +a’ —2ax +2y’ =a’

=2y’ =2ax—x"  ....(1)
Differentiating with respect to x, we get:
dy 2a-2x
2y—y =
dx 2
dy a-x
Y _
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dy 2ax-2x’
> = ..(2)
dx 4xy
From equation (1), we get:
2ax =2y’ +x°
On substituting this value in equation (3), we get:

g_2y2+x2—2x3

dx 4xy
2 2
Ay 2y -x7
dx 4xy

dy 2y’ -x’

Hence, the differential equation of the family of curves is given as —

dx 4xy

4:
2 2 2 2\?. . . : :
Prove that X~ —y~ = C(X +y ) is the general solution of differential equation

(X3 —3xy” )dx = (y3 - 3X2y)dy where c is a parameter.

Solution:
(x3 —3xy” )dx = (y3 — 3x2y)dy
LAy _x -3y’

(1)
dx vy -3x’y
This is a homogeneous equation. To simplify it, we need to make the substitution as:
y =VX
9 (5)=L(w)
dx dx
dv
ST ovixt
X dx

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

d_V: X3—3X(VX)2
dx (VX)3—3X2(VX)

dv 1-3v*
S V+X—=

dx Vv’ -3v
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dv  1-3v?
= X—=
dx v’ -3v

'

dv 1-3v* —V(V3 —3V)

= X—-=
dx v’ —3v
dV 1-v*
dX v —3v

(V —3V] dx
= — |[dv=—
1-v X

Integrating both sides, we get:
-3
J(V Vjdv-logx+logC‘ ..(2)

1-v*

Now J‘(V —3dev J‘V —3V J- VdV
\%

3
LA and 1 j Vol ..(3)

= V

Now, j[\; __;V]dv =1, =31, Where [, = Il—4
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:>VdV=d—p
2
2
__J~ 2_ o 1+p:llog1+v2
2x2 l-p| 4 l-v

Substituting the Values of I1 and I2 in equation (3), we get:

v: —3v 3 1-v*
dV———lo 1-v')—=lo
I(l v j g(1-v') i e
Therefore, equation (2) becomes:
l10 (I—VZ)—EIO v =logx + logC'
408 48[l y2| T BRI
:>—llo (1—V4) v =logC'x
4% 1-v? s
4
1+ v? ~
:>( )2_(C'X)4
(1-v?)
2 4
X B 1
:( y2 2 C|4X4
==
X
(xz+y2)4 1
_ %

=x’ -y =C(x2 +y’ )2,where C=C"

Hence, the given result is proved.

5:
Form the differential equation of the family of circles in the first quadrant which touch the
coordinate axes.

https:fbyjus.com
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Solution:

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

coordinate axes is:

(x—a)2 +(y—a)2 =a’ .1

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

2(x—a)+2(y—a)j—z:O

= (x-a)+(y—-a)y =0
> x—a+yy—ay'=0

I+y'

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

2 2 2
< X +yy +| X +Vyy _[x+yy
I+y' I+y' I+y'

T2

g 2 T2

|G-y fy-x | _[x+yy

(1+y')_ I+y' I+y'

= (X - y)2 v+ (X — y)2 = (x + yy')2

= (x=y) |1+ (v) [=(x + vy

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

(x=y) |1+ (v) | =(x+yy)
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6: ;
d 1-

Find the general solution of the differential equation d—y + N Y >
X -X

=0

Solution:

2
dy . 1=y _
dx 1-x?

Ly iy

dx  \1-x?
- dy _ —dx

\/ 1- y2 \/ 1—x?
Integrating both sides, we get:

sin”'y=-sin"'x +C

=>sin”' x+sin'y=C

7:
d ‘+y+1
Show that the general solution of the differential equation hd/ - BN

=0 is given by (x
dx x*+x+1

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

Solution:
2
1
g+y2+y+ gt
dx x"+x+1

2
jg: (y +y+1)

dx x2+x+1
d —dx
= Y ~ 2
y+y+l x"+x+1
dy dx
= 0

2 T -
y+y+1l x"+x+1
Integrating both sides, we get:

dy dx
I IX2+X+1_C

3 +
y +y+1
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= dy + dx :C_<y2+_y+1)

yV+y+l CxP+x+1 X’ +x+1
d d
:I 2y \/— 2+.[ 2X \/— 7=C
(v 1) (3} ) H
2 2 2 2
_y+1_ _X 1
2. 4|7 2, 2 i
= ——tan || —==% |+ —=tan"' | —== [=C
AR
L 2 ]
= 2y+1} {2x+1} J_
_ 52
2y +1 2x +1
— tan "’ \/— \/_ =\/§C
(2y+1)(2x+1) | 2
. BB
i 2X + 2y +2 d
= tan”' \/g =\/§C

3

1_(4xy+2x+2y+lj 2

Hence, the given result is proved.

8:

Find the equation of the curve passing through the point 0, (0, %j whose differential equation
is, sin x cos ydx + cos x sin ydy =0

Solution:

The differential equation of the given curve is:

sin x cos ydx + cos x sin ydy = 0
sinx cos ydx + cosxsinydy 0

COSXCOSY

= tan xdx + tan ydy = 0
Integrating both sides, we get:

https:fbyjus.com
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log (sec x) + log (sec y) =log C
log (sec x. sec y) =log C
=>secx.secy=C...(1)

T
The curve passes through point (O,Z)

.‘.lx\/z:C
—C=42

On substituting in equation (1), we get:

SecX.secy = 2

= SecX. ! =2
Cosy

SCCX

N

Hence, the required equation of the curve is 0S y =

=Ccosy=

S€CX

N

9:
Find the particular solution of the differential equation
(1 +¢e* )dy + (1 + yz)eXdX =0, given thaty = 1 whenx =0

Solution:
(1 + e")dy+ (1 + yz)e"dx =
dy e“dx

+ =0
1+y> 1+e™

Integrating both sides, we get:
e dx
1+e*
Let e =t=e™ =t

d /. dt
=55

tan_1y+j =C..(1)

2

dt
dx

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

=e" =
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tan 'y +

R J‘1+t

=tan"'y+tan ' t=C

= tan"'y + tan”~ (e" ) =C ...(2)

Now,y=1atx=0.
Therefore, equation (2) becomes:

tan ' 1+tan'1=C

:>”+£—C
4 4
—c==2
4

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

tan”' y + tan”' (ex ) = %

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

10:

X X

Solve the differential equation ye’dx = xe? + y’ dy(y # O)

Solution:
E X

ye'dx =| xe' + vy |dy

:ey{y.d—x—x}:yz

dy

X d

el 2 do
y

Letegzz

Differentiating it with respect to y, we get:

https:fbyjus.com
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d| ;1] dz
—l e —_
dy dy

id(x] dz
=>e . —| —|=—

dy

x| Y —X
S| ——— == ..

From ezluation (1) a_nd equation (2), we get:

dz_,

dy

= dz=dy

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

X

:>e;:y+C

11:
Find a particular solution of the differential equation (x —y) (dx + dy) = (dx — dy, given
that y=— 1, when x = 0 (Hint: putx —y =1)

Solution:
(x—y)(dx+dy):dx—dy
:>(x—y+1)dy:(l—x+y)dx
_dy_l-x+y

dx x-y+1
gy 1-Gmy)

dx 1+(x—y)
Let x—y=t

(D

- dxoy)=2
dx Y dx

dx dx

_dy _ dt
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=1~ du = dy
dx dx
Substituting the values of x —y and d_y in equation (1), we get:
dx
_dt_1-
dx 1+t
dy dt
o dy_dt
dx dx

dt (l—tj
= —=1-| —

dx 1+t
jﬂ (1+t)—(1-1)

dx 1+t
dt 2t
= —=—
dx 1+t
:(I_Tt)dt:de

= (1 + %)dt =2dx ....(Q2)

Integrating both sides, we get:
t+ 10g|t|: 2x+C

:>(x—y)+log|x—y|:2x+C

:>log|x—y|=x+y+C (3

Now,y=-1atx=0.

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

=>C=1

Substituting C = 1 in equation (3) we get:
10g|x—y|:x+y+1

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

12:

,2,\/;
e dx
Solve the differential equation {— - L} —= I(X * O)

Solution:
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dy _e ™ vy
dx  Jx  Wx
y y "

dx  Jx  Wx

This equation is a linear differential equation of the form

N
ﬂ+py:Q, WhereP:Lansz ©

dx KR

1
dx —=dx
Now, LF. e'[p :efﬁ :ez\/i
The general solution of the given differential equation is given by,

y(IF)=[(QxLE)dx+C
ok

Jx € 2%
:>y62 ZJ‘(TXC jdx—l-C
X

:yezﬁzjldx+c
X

:>yez’&:2\/;+C

13:

d
Find a particular solution of the differential equation d_y + ycotx =4xcosecx (X # 0) , given
X
T
that y =0 when X = 5

Solution:
The given differential equation is:

dy + ycotx =4xcosecx
dx

This equation is a linear differential equation of the form

? + Py =Q where P =cotx and Qx cosecx
X

cot.c.dx _ elog‘sin x|

dx .
Now, I.LF = eI P = eI =SInXx
The general solution of the given differential equation is given by,

https:fbyjus.com
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y(LF)=[(QxLF)dx +C
= ysinx = I(4xcosecx.sinx)dx +C

= ysinx :4J.de +C

2
= ysinXx =4.X7 +C

= ysinx=2x">+C o (D)

T
Now, y=0atX:5

Therefore, equation (1) becomes:
2

O=2><7T—+C
4

T
Substituting C = _T in equation (1), we get;

. Vs
ysin X =2x> ——

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

14:
. . ) . . . dy y .
Find a particular solution of the differential equation (X + 1) ax =2¢” —1, giventhaty =0
X

when x =0
Solution:

d
(x+1)=L=2¢7 -1

dx

dy  dx
2¢7 -1 x+1
e'dy dx

2—-¢ x+1
Integrating both sides, we get:

e’dy
Iz_eyzlog|x+1|+logC .. (D)
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Let2—¢e’ =t
i(2—ey):£
dy dy
o dt
= =—
dy
= e’dt =—dt

Substituting this value in equation (1), we get:
.[%dt = 10g|x + 1| +logC

= —10g|t| = 10g|C(X + 1)|

= —1og‘2 — ey‘ = log|C(x + 1)|

1
= =C(x+1
2—-¢’ ( )
1
=>2-¢ =—— N
C(x+1) @
Now, at x =0 and y = 0, equation (2) becomes:
:>2—1:l
C
=C=1
Substituting C = 1 in equation (2), we get:
e’ =
X +1
:>ey:2—L
x+1
gy 2x+2-1
e =—m—
x+1
ey:2x+1
x+1
2x +1
=y=lo (x#-1
4 5 x+1 ( )

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

15:
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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?

Solution:

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

ooy

Cdx
dy .

— — =ky (ks a constant)
dt

= dy =kdt

y
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:

10g25000 =k.5+ C

= log 25000 = 5k + log 20000

=5k = log(M) = log(él
20000 4

1. (5
= k=—log| —
5 g@

In the year 2009, t = 10 years.
Now, on substituting the values of t, k, and C in equation (1), we get:

logy =10 x %log(%J +10g(20000)

2
= logy = 10g|:200()0 X [%) :l

:>y=20000><%><§

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

16:
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ydx — xdy _0is
y

The general solution of the differential equation

A xy=C
B. x = Cy?
C.y=Cx
D.y=Cx?

Solution:
ydx —xdy _ 0
y
_ ydx—xdy
Xy
= ldx - ldy =0
X y
Integrating both sides, we get:
10g|x| — log|y| =logk

—log i‘zlogk

:>_

Sy=ix
"

= y=Cx whereC=l
k

Hence, the correct answer is C.

17:

dx
The general solution of a differential equation of the type @ +Px=Qis
y
o I)ld
= | Qlej " dy+C

B. y.eIP'dx = Qlejp'dx jdx+C

cxe = Qlejp'dy y+C
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IPldx IPldx
D. xe' = J. Qe x+C

Solution:

. . . . . . dX . JP 1dy
The integrating factor of the given differential equation d_ +Px=Q,is .

The general solution of the differential equation is given by,

x(LF.)= (IQ X I.F)dy +C
x.eI L J.(Qlej e jdx +C

Hence, the correct answer is C.

18:

The general solution of the differential equation e*dy + (yeX + 2X)dX =0is
A xe’ +x*=C

B. xe' +y’ =C

C.ye* +x°=C

D. ye' +x°=C

Solution:
The given differential equation is:

e*dy + (yeX + 2x)dx =0

d
:>ex—y+ye" +2x=0
dx
d 1
- y=-2xe"
dx
This is a linear differential equation of the form
d x
d—y+Py=Q,WhereP= 1and Q=—- 2xe
X

dx dx
Now, LF = eI - eI =¢e"
The general solution of the given differential equation is given by,

y(I.F.) = (IQ X I.F)dx +C
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= ye' = _|.(—2xe‘X X" )dx +C
= ye’ =—I2xdx+c

=ye*=—x>+C

=ye* +x°=C
Hence, the correct answer is C.

https:fbyjus.com
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