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% +sin(y™) =0
Determine order and degree(if defined) of differential equation dlx
Answer

4

1 M =10
o (»")
= " +sin(y")=0

mr

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

degree is not defined.

Determine order and degree(if defined) of differential equation ~ * 2% =0

Answer
The given differential equation is:
¥V4+5y=0

’

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

is one.

" I

It is a polynomial equation ind . The highest power raised to Y'is 1. Hence, its degree is

one.

(ds '
“’-‘"J + n“r—_‘ 0
Determine order and degree(if defined) of differential equation \ di dt
Answer
i s Y .:.f'1.\'

_J 3822
\ ot i~
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The highest order derivative present in the given differential equation is dr’ . Therefore,
its order is two.

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

Hence, its degree is one.

r’d:-!:\ (”j!:\,
— | teos| — |=0
Determine order and degree(if defined) of differential equation * N xS
Answer
[ d’ 1=\'“ ( ey
— | +cos| — |=0
| alx” J \ ex A

dy
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.

»

iy .
== ¢0s3x +sin 3x
Determine order and degree(if defined) of differential equation dx

Answer
d*y )
— = 05 3x +8in 3x
dx’
——cos3x—sin3x =0
T

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

order is two.
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It is a polynomial equation in ¥*" and the power raised to 9% is 1.
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Hence, its degree is one.

Determine order and degree(if defined) of differential equation
{1} + [1.} + {_1"}J +3y =0
Answer

{1} +{_1"'}1 +(»') +y' =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* * .and )’

L

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

Determine order and degree(if defined) of differential equation +2)y7+y' =0

Answer
P2+ =0

L

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

order is three.

.y andy . The highest power raised to Y is 1. Hence, its

It is a polynomial equation ind

degree is 1.

¥

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

Answer

" X

y+y=e

=y +y—e =0
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FREE Edutheihighest order derivative present in the differential equation is- Therefore, its order
is one.

The given differential equation is a polynomial equation in' and the highest power

r

raised to" is one. Hence, its degree is one.

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

Answer

V() +2y=0

L

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

order is two.

The given differential equation is a polynomial equation in' and? and the highest

L

power raised to- is one.

Hence, its degree is one.

Determine order and degree(if defined) of differential equation -~ +2¥ Tsiny =0

Answer
¥+ 2y +siny =0

-,

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
{

| 4y | +(£W +smL{T J+I =0
- X

Vet [ Ldx

is
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Answer
'(n’:_v"] dy ‘i i
| dx’ )| +[EW +SmLze’rJ+l 0

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

2009V 3y
dve is
(A) 2 (B) 1 (C) 0 (D) not defined
Answer
2029V 3
ddx” dlx

d'y
The highest order derivative present in the given differential equation is de” Therefore,
its order is two.

Hence, the correct answer is A.
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y=e"+1 Yy =y =0
Answer
y=e +1

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

dv d

— = 2" 4]

dx (.":f((. ]I

=y =¢ A1

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

4 ()=L(e)

alx dx

= y'=e

Substituting the values of ¥ and v, the given differential equation, we get the L.H.S.
as:
yi=y'=¢ —¢" =0=R.HS.

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

y=x +2x+C : Y =2x-2=0

Answer

y=x"+2x+C

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

V= ;—i{‘t +2x+C)

=y =2x+2

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

LH.S. =V ~20-2=2x+2-2x-2=0_p y g

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 (eosvsc)

= V' =—sinx
Substituting the value of* in the given differential equation, we get:
L.H.S. — _1"’_ Siﬂ .".‘ = _Sin .1.‘ +Si|‘| X ='D = R.H.S.

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

P— Xy
p=+1+x’ V= —
1+ x
Answer
y=vl+x

Differentiating both sides of the equation with respect to x, we get:
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v
, | { .
bt =—-(—(I+:r'}
2J1+x7 dx
\ 2x
'|_' =
= =
2l+x”
, x
.—1 = =
N
X T 5
= V' = x4+ x
|+ x°
\ x
=y'= — ¥
l+x
,_Xy
= =
l+x
-+ L.H.S. = R.H.S.

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

v = Ax r o' =p(x=0)

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

V' =—I( Ax

v ==(AY)

=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.

y=xsinx : x'=y+ ,r.“u'r.\" -y (x#0andx>yorx<—y)

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

V= i{t‘ sinx)
il

— ' =sin ri[r} +x i{sin x)
ey v '

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

= xsinx+x° cosx

=y+x -x."rl —sin’x
y+x |l ('1 ]

|

=VHX )y —x

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

i

=2 (=)

xy=logy+C : Ve
l—xy

Answer

xy=logv+C

Differentiating both sides of this equation with respect to x, we get:
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e el
d dy 1 dy
=y —(x)+x—=—"
dx dv oy

r ] r
= y+xy=—y
N

=+ =y
= (xy—1)y' ==’

.
=y =

[—xy

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

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

y—cosy=x (ysiny+cosy+x)y =y
Answer
y—Cosy=x

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

dv d ) _i
E d‘r{CGS'L}_fﬂr(I}

= V' 4siny-y =1
= ¥'(1+siny)=1
, |

=Yy ="
I+simn y

Substituting the value of ¥ in equation (1), we get:
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. 1
=(ysiny+cosy+ y—cosy)x

[+siny
= | 1+sin v)-

' { } l+siny
=V

=R.H.S.

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

Answer

xX+y= tan'l ¥

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

d -
T x+Jr}=E{tun ';-‘}

' I ,
=l1+y = = |
1+

=7 : ,—1:|:I
LI+

[1-(14)°
=y —{ +'j ]I =1
1+ y°

_":
=) |—— =1
L 1+)°

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

Educational Material DA del P54 2Qp://www.evidyarthi.in/
Get CBSE Notes, Video Tutorials, Test Papers & Sample Papers



Chapter 9 - Differential Equations Maths

Y
Vv —[ +:" ) +y* +1

...'I
=-1-y"+)" +1
=0
=R.H.5.

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

r1'=1~.'lc.r: —x:_re[—u.-::] : x+J"[_b.l=ﬂ[}';t0]
friy

Answer

V= Jat - ¢

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

dr o
dv | e
= = —(a’

=
dy  2Jgt—x* dx

dy
Substituting the value of dx in the given differential equation, we get:
dy = —x
L-I |,S.=.J.‘+_j'j=,1'+ a —x X?
x

ya —=x"

=x-x
=0
=R.H.5.

Hence, the given function is the solution of the corresponding differential equation.
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The numbers of arbitrary constants in the general solution of a differential equation of
fourth order are:
(A) 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)0

Answer

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

Hence, the correct answer is D.
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o
Differentiating both sides of the given equation with respect to x, we get
I 1y
a  bhdx
1,
= —+—»'=0
b

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

1

O+—1p"=0
b
1,
==y =0
b
= y"=0
" =1,

Hence, the required differential equation of the given curve is*

IL"-' = {J{h'-' —x’ ]

Answer
.1..-' = {J{.If?? —.fj ]

Differentiating both sides with respect to x, we get:

dy
2y—=ugl|-2x
Ty [ }
= 2y =-2ax
1)

= ' = —ax
Again, differentiating both sides with respect to x, we get:
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Dividing equation (2) by equation (1), we get:

(VY +»" _ -a
» —ax
= "+ _1.‘{_1-'}: —-w'=0

This is the required differential equation of the given curve.

Ix

y=ae  +bhe
Answer
y=ae" +bhe”" A1)

Differentiating both sides with respect to x, we get:

V' =3ae’ —2be™ .(2)

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

V' =9ge’" +4be " .(3)

Multiplying equation (1) with (2) and then adding it to equation (2), we get:
(2{.{{.’7‘1 +2be™" }+ (3&1’.’11' —2be " ] =2y+y

= Sae’ =2y +)

Zy+)

L

Now, multiplying equation (1) with equation (3) and subtracting equation (2) from it, we
get:
{:3.:3:3“ +3be" }—(3{:@“ —Zhe':‘) =3y-y

= She ™ =3y —)'

3p—)'

5

Ix

= he " =

Substituting the values of @€ and be ™" in equation (3), we get:
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1 [V ETH Far — S
o 18y49)y" 12y-—4y
3 5
. 30v+35y
=y =

3

= y'=6y+)

= "=y —6y=0

This is the required differential equation of the given curve.

y=e {u +bx)

Answer

_1'=c?:‘{ﬂ+a_'r,1‘} A1

Differentiating both sides with respect to x, we get:
V' =2 (a+bx)+e b
:_1-":L*E'T{3u+lbx+h) LA2)

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

get:

V' =2y=e"(2a+2bx+b)—e™ (2a+2bx)

= ' =2 =he™ ~A3)

Differentiating both sides with respect to x, we get:
el )

V' —=2y" = 2be™

Dividing equation (4) by equation (3), we get:

L P
¥ =2y _»

V=2

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

= =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+bcosy)

=y =e [{u+h]cos.r—[u—h}sin.r:| |

(&)

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

y"'=2e" (beosx—asinx)
)’
—-=¢'(beosx—asinx) ol

Tl
—

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

¥+ J? =g [{ a+ F}]Cﬂﬂ.'r ~(a- h)sin .r:|

v f
= yti—=y
2

= 2y+v" =2y
= V"' =2)y"'+2y=10

This is the required differential equation of the given curve.

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

The centre of the circle touching the y-axis at origin lies on the x-axis.

Let (a, 0) be the centre of the circle.

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

Now, the equation of the circle with centre (a, 0) and radius (a) is
{x—u}: +y' =a’.

= x° +J.'J = 2ax 1)
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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:
Wy =2(x+ 0 )x

= x + 7y =2x" + 2

= 2o +x" = )°

This is the required differential equation.

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

Answer
The equation of the parabola having the vertex at origin and the axis along the positive

y-axis is:

¥’ = day A1)
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Differentiating equation (1) with respect to x, we get:
2x =4ay LA2)

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

2x  4ay’

x day

= xy' =2y
= xy'=2y=0

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:

+—=1 . (1)
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Differentiating equation (1) with respect to x, we get:

b= b

=>—=+5=0 .A(2)

Again, differentiating with respect to x, we get:

vy ey
SR L |
b a”

R I
= :+?(.t- +}.L} 0

| 1l 2 u
T —:{L + v }

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

x{—?({y’]: + ._I.{L'"]:| + '1"1; =0

o

= —x()") —xp"+ ' =0
= "+ J‘{J"']l: -w'=0

This is the required differential equation.

Educational Material DI RA P54 2Qp://www.evidyarthi.in/
Get CBSE Notes, Video Tutorials, Test Papers & Sample Papers



__Class XII Chapter 9 - Differential Equations Maths

& eVidyarthi

FREE Educ¢ation

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 2
X 1 _
——==1 (1)
a
Yy
X X
- = -
i |

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

2x 2w/
————=1)
a h”
r o
—-=5=0 .(2)
a- b

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

I__ -1,'" --1'r+ JI_}I"

- =0
a b

=x()y) +xp"—n' =0

= x" + .r{_r'}: ' =0
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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 +|[_\'—b)? =3
=X’ +|:."'_h}j =9 (1)

Y

i, &)

o

i

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

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

Educational Material DA PR P54 2Qp://www.evidyarthi.in/
Get CBSE Notes, Video Tutorials, Test Papers & Sample Papers



§ eVidy

__Class XII

Chapter 9 - Differential Equations

Maths

il

—_ \"
FREE Edu [ SR

{1 ] +x7 =0

This is the required differential equation.

Which of the following differential equations has
“'r_-‘f +y=0
A, do
f?"{-‘ Cy=0
B. v
Y 1=0
c. dx
d* ¥ “1=0
p. ¥’
Answer

The given equation is:
y=ce +ce’ A1)

Differentiating with respect to x, we get:

aj .

=ce" —e,e
dx

Again, differentiating with respect to x, we get:

v=ce"

. X
ol =]

as the general solution?
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dx”
d*y
— =y
a7

:‘?‘L':—_l-':ﬂ

AN

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?

i 5 dy
—— X ==XV =X
A. v’ dx
d*y ey
—+X——+ XY =X
B. d¢ ax
?rl s L v
¢ 1 —-x° ) +xp=0
c. dx’ dx
v v
‘ 1 +rx—+xy=10
D. dx
Answer

The given equation of curve is y = x.
Differentiating with respect to x, we get:
:l ’
oy (1)

dx

Again, differentiating with respect to x, we get:

d vy
— =1 2
™ (2)
v v
‘ 1 , 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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dv” dv
=—x'+x
=0

Hence, the correct answer is C.
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dy  1-cosx
dv  1+cosxy
Answer

The given differential equation is:

dy  1—cosx
dr  l+cosx
.
dv 2sin” .
- 2 =tan"'5
ax x X
2cos
2
dy cxo )
= —=|sec’ ——1 |
de 2

Separating the variables,we get:
b1

v

oy
d)=_| sec” ——1
b 2 4

Now, integrating both sides of this equation, we get:
. X - X
fﬁ'v = J(scc' ——I]dx = jsm:' —cir—Jﬁr
2 2

X ‘
= y= llan;—x+(

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

b _ [4—y* (<2< y<2)
dx
Answer

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

:>—
V-

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

i

—sin' L =x+C
2

= dy

::*%:sin(,rﬂ_‘}

= y=2sin(x+C)

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

% I _1:=1{_1-';t|]

Answer
The given differential equation is:

= dv+ y dv = dx

= dyv=(1-y)dx

Separating the variables, we get:
dv

= _
-y

Now, integrating both sides, we get:
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= lug{l —_\'}= x+logC
= —logC-log(l-y)=x
= logC(1-y)=—x
—C(l-y)=¢"

1 !
=]l-y=—¢"
1 .
= y=l-—e¢
. ]
= y=1+4de " (where 4 =——)

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 ydx +sec’ ytanxdy =0

sec” x tan y dx + sec” ytanxdy

=0

tan x tan v

sec” x sec’ y
v+ . dv =10
tan x tan v

HFL'LZ: X St:L:: V
dr = e
tan x tan y

dy

Integrating both sides of this equation, we get:

EECiI S'l.il.l'1I V
f=- ~—dy el 1
J-ranx{ I[any ’ ”
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Let tanx =+
FREE Edu = “"° !
(tanx)= dt
dx dx
= gep” x = ﬂ
x

= sec” xdy =dt

sec” x ]
MNow, I dy = J— dr.
lan x f

=logt

= log(tan x)

. i L x
Similarly, F E Jlaf'rz ]Ug{lem v).
tan x

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

lug[lun x)=~log(tan 1] FlogC

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

= lanx =
tan y

= tanxtan y=C

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

(GT+(.’ '_}L{r—(e‘ —e ‘]{i‘f—U

Answer

The given differential equation is:
Iie” | e"‘]lf{}-' {L‘J" e"‘]a’x:ﬂ
= (e’ +e '}c{v = {e' —e " )dx
— d_l‘l-': |:{J-: —{_J-.: :|a.1_
e +e

Integrating both sides of this equation, we get:
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e +e”

:>_1.-=j{“'T_“ 'T}iwc (1)
€ +e’ '

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

d . .y df
— (e +e ) =—
v dlx
. . it
=" —g =
di

:(sf—e T]ufr—n".f

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

v=|-dr+C

y=l

= y=log(r)+C

= V= Iog{cr" +e "}+l’..‘

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

L (1) (147)

Answer

The given differential equation is:

%_[uﬂﬁ}(u_w)

dy

I+

—{1+_H]dx

Integrating both sides of this equation, we get:
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FREE Edu [
=% ’La-n'I y= J‘f.r‘x + I_x':ffx

= tan 'J-‘=I+%+f

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

viog ydv—xdy=10

Answer

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

= ylog vy = xdy

dy _dx

viogy x

Integrating both sides, we get:

o )

vlogy x

Let log vy =1t.
d el
{{F[lng_T‘}: dy
I dr
v
:>if{;==:.ﬂf

r] !

Substituting this value in equation (1), we get:
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f e X
= logt =logx+logC
= log(log y)=logCx
= logy==Cx
== e

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

5 dy 5
===
dlx
Answer

The given differential equation is:

s dv 5
X —==W
de 7
dv _ dx
}I.‘ -1_.‘
= ﬂ + uf1 =10
ooy

Integrating both sides, we get:

—+ |—==k (where k is any constant)
I X

j‘r.h . dy

= |x " dx+ J-J-‘ ‘dv=k

R
= —+—=}
4 3
= x4yt =4k
=x'+y*'=C (C=—4k)

This is the required general solution of the given differential equation.
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ti 9:
FREE Edu&fion "
dv .
—=sin X
dx
Answer

The given differential equation is:

dy

= =s5in"'x
dx

= dy=sin" x dx

Integrating both sides, we get:
J-ufv - .[Sin "xdx

= y= J[sin '.T-l]u‘.r

= y=sin"x- j{l]cﬂr— '[H%[sin" x): j{l}u’r” oy

. |
— p=sin 'x-x— I[ X oy
| T,
= y=xsin'x+ | i (1)
' Jl=x°

Let 1-x" =1.
1 .
= c—[l - x'] = da
elx oy
= -2x =£
Frhy
=y = —ldf
2

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

Educational Material DIWARRRA P54 2Qp://www.evidyarthi.in/
Get CBSE Notes, Video Tutorials, Test Papers & Sample Papers



__Class XII Chapter 9 - Differential Equations Maths

& eVidyarthi
FREE Eduy=xsin" x+ JEL\EL#
= y=xsin”' x+%- I{r} : dt

-

A‘+l~£+C
201

2
= y=xsin" x+ Jt+C

= y = xsin”’

= y=uxsin ' 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:
" tan y dx +[1 —e")sec” ydy =0

( |-e* )SEC: ydy=-¢" tan ydx
Separating the variables, we get:

Sec] v _E.'r
~dy = —dx
tan ¥ l-¢

Integrating both sides, we get:

Iﬁecjj-‘ﬁ{v=J~—e‘ v (1)

tan v 1-¢'
Let tan y=wu,
d i
= 9 (tany)=%
dy dy
2 il
= SECT V¥

ddy
= sec” vy = du

sec’ y du
I dy = j =logu =log(tan y)
tan y u
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FREE EdyNow: letl—e" =1.

S eyt
ax Ty
ol
= —e"=—
oy
= —¢"dy = dr

= J‘]—_t:; dv = [%: logleog(l—a‘)

seCT Y

dy and J-ircir
Substituting the values of = MY I=¢"in equation (1), we get:

= log(tan y)= lﬂg{l -e" } +logC

= log(tan y )= l{ug[C(l e' ﬂ
= tany=C(l-¢")

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

. dy
{x +r'+x+|‘};=31“+x:_‘|‘=l whenx =10

Answer

The given differential equation is:

(2727 +x +]}%= 2x" +x
T ax

dv 2x'+x

dx (_'c] +x +x+ I]

2y +x
Sdy=— Y

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

Integrating both sides, we get:

Educational Material DIWARRRR P54 2Qp://www.evidyarthi.in/
Get CBSE Notes, Video Tutorials, Test Papers & Sample Papers



__Class XII Chapter 9 - Differential Equations Maths

& eVidyarthi

FREE Edu [dv= j“‘—‘“d (1)
x+1) lx +1)
2x' +x A B\ +C "
Let {,1.‘+]](,1.'3+|] - .‘c‘+| X+l {-}
2x 4 x Ax' + A+(Be+C)(x+1)
= _= ;
[.r+l}{x‘1+lj {.'r+|](x"+1}

=2 tx=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:
1

=, B="andC=—
2’ 2 2
Substituting the values of A, B, and C in equation (2), we get:
2+x 1 1 1(3x-1)

{.r+1}{,1"1 + I) T2 {.Y*1}+ 2 (:r:—l_]

Therefore, equation (1) becomes:
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1 1 #3x-1
FREE Edllj-fj = _[ e iJr+2 I,T:+1£fx

=y =l|uu[x+l} L.n‘x—l ;‘:h‘
2 o+ 29x°+1
I 3 ¢ 2x I '

= y=—log(x+1)+ I dy——tan x4 (
2 4 Jx+1 2

::»J,-:—;I g[r+l}|+i|ug(x"+1)—étun"x+('
l[!]m, (x+1) +JlﬂE(T +Iﬂ—;mn"x+(_'
I'[{rﬂ} (% +1) }—%mn":&ﬁ' -(3)

Now, ¥ =1 when x =0.

=1=—lo g[l]—%tan"ﬂ+{f

-l-—-l-l—'

::»I——xﬂ—lxthf
- 2
= (=1
Substituting C = 1 in equation (3), we get:
1 24 2 W3 1 a1
}J=1[|ng[1’+l) {_‘C +I] }—;tﬂn .\+]

Question 12:
x{x: —I)ﬁ: I; v=0 when x=2
elx
Answer
dy
x ( x = I) i =1
dx

x[.r:—l)
|
x{x—l){x+|_}d¥

Integrating both sides, we get:

= dy=

=dv=
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I
FREE Edu fay=[ v (1)
I A4 B C N
Lm_t[.t‘—l}{.r+l]:?+.‘r—l+_\'+|' ~(2)
N | _A(x=1)(x+1)+ Bx(x+1)+Cx(x-1)
x(x—T1)(x+1) x(x=1)(x+1)

(A+B+C)x +(B-C)x—4
- xfx=1)(x+1)
Comparing the coefficients of x?, x, and constant, we get:
A=-1
B-C=10
A+B+C=10
1

B=landc=1
2

Solving these equations, we get

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

fx-1)(x+1)  x 2(x=1) 2(x+1)

Therefore, equation (1) becomes:
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FREE Edu J‘ri’v:—jlci‘c+ ! f : fix+] _l* : dx
’ x 2 x-1 2 x+1
::-rl.'=—Iﬂgx+%Iug{x—l}+%lng{x+1}+|Ugﬁf
K (x=1)(x+1
= = ;Iug{ (x ,}(1“ }] .(3)
X

Now, y=0 when x =2,

E(2-1)(2
=t “ = l IHE’M]
2 4
347
log| = [=0
- ug[ ¢ ]
*
4
=3k’ =4
=k =§
i |

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

_4(x—1}{x+I]]

4

i 3x°

o 4(_1)]
2

e
.1—2 0g

3

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

dx

Answer

Educational Material DIWARRRR P54 2Qp://www.evidyarthi.in/
Get CBSE Notes, Video Tutorials, Test Papers & Sample Papers



__Class XII Chapter 9 - Differential Equations Maths

& eVidyarthi

FREE Edum[ﬁ]=u

dx

dy -1
= —=0C05
oy

= dy=cos” adx

Integrating both sides, we get:

I:a’y =cos ' a J.r:i‘l.t'

= y=cos 'a-x+C

= y=xcos a+C (1)

Now, y=1whenx =10,

=1=0-cos 'a+C

=C=1

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

y=xcos a+l

FAL

@ _ vtanx:;y =Iwhenx =0
dx

Answer

s
— = ytanx
dx

= ﬂ = tan x dlx
Jr

Integrating both sides, we get:
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FREE Edu [% - - [tan xdx
.-.I'l

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

= y=Csecx (1)

Now, y=1whenx=0.

= 1 =Cxsecd

=1=Cx1

=C=1

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

y = sec x

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

. ) P
equation gy =€ sinx

Answer

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

dv _ e
= ——=¢ sInx
Ay

= dy=¢"sinx

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

Let/ = Jc‘ sin x e,

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

X
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FREE Edy= ! =sinx-¢' - [cos xeoetdv

fd
:~I—5inx-v*—[cosx € ff:r—ﬂ ; (cosx)- Ie dr]u’tw
A

= [ =sinx-¢ —[LDS\ e —‘[ :-I]"LJL} I rhi|
= [=¢"sinx—e"cosx—1
— 2/ =¢" (sinx—cos x)

¢* (sinx—cosx)
2

= [ =

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

¢ (sin ,1;— cosx) o

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

"(sin0—cos
€ ("-\I]'l Cos }+C

2
HO-1
U:{—)H;.‘
2
::.v(“.zl
2
c=1
2

Substituting in equation (2), we get:
¢ (sinx—cosx) 1
2 "2

= 2y=e¢'(sinx—cosx)+1

.-.ll =

= 2y—l=e"(sinx—cosx)

Hence, the required equation of the curve iszj “l=e {sm .r—ms.v.],

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

through the point (1, -1).
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The differential equation of the given curve is:

dy
xy—=(x+2)(y+2
o = (v+2)(r+2)

:>|I/ Y 1-:{1':[1.2\](:‘.1(
"\-]"I+2 x )

A

I3

h 20
c{l-‘=[|+“Ja{t
|

(
:>|1—
| X

2

.|_

y

A

Integrating both sides, we get:

( 2
-5
kY .-F+

5

I -
dy = [|1+= |dx
\ X J

| |
= J-L{L'—Ejmc{h jciﬂ. +2!;nt~:
= y-2log(y+2)=x+2logx+C
= y—x-C=logx’ +]0g{_r—2}:
= yp—x-C -1og[r*{_1-+ 1}3} (1)
Now, the curve passes through point (1, -1).
—~_1-1-C= log[(l]z{—l+2}:}
=>=2=-C=logl=0
=(C=-2
Substituting C = -2 in equation (1), we get:
_1»'—.r+2:]og[x?{_v+l]z}

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

XV . . .
[ 'b}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
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relation,
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ﬁ
dx

According to the given information, we get:

dy
yo——=X
o

= vdv =xdx

Integrating both sides, we get:

J}-‘r.{l' J:r el

(=]

=y —x =2C (1)

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

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

=>2C=4

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

This is the required equation of the curve.

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

Answer
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It is.given that (x, y) is the point of contact of the curve and its tangent.
FREE Education b y)is the p 9

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

de

.. Slope (m, ) of the tangent = ET
clx

According to the given information:

m, = 2m,
dv 2{_1-‘+ 3}
dr x+4
dv 2dx
y+3 Cx+4

Integrating both sides, we get:
O af
y+3 x+4
= log(v+3)=2log(x+4)+logC
= log(v+3)log Cx+ 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).

v
=Yy

ar

(4 . [ i 4 .
- o J— & Volume of sphere = —nr

df\ 3 | 3

4 IE':"n"?- (I"J' :,l:'

3 dt

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

an [Fdr =k jm

= 4:1-% =kt +C
|

= 4’ =3 (ke +C) (1)
MNow,atr=0,r=3:

>4n x3*=3 (k x 0+ C)

= 108n = 3C

= C = 36n
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>4n x 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:
nr' =3[84mr +361]
= dqr’ =4 (63¢+27)

= =631+27

!

= (631 +27):
1
631 +27)

Thus, the radius of the balloon after t seconds isli

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.

— | 7
dr 100 J’

:.“ri:[L'm
P 100 )

Integrating both sides, we get:

dp _ r_ f
p o 100

ri
=log p=—+%&
&# 100
= p= E,|.u|:-"" “]

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:

L

200=¢"’
=200 =¢" -¢*
=200 =¢'-100 (From (2))

= el =2

-
= —=log 2
10 S

— 06931
10

= r=06.931
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Hence, the value of ris 6.93%.

FREE Education

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

5
27 =.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.

P "

u:r] f 5 1
= —=|—|p
dt 100 )
_d_r
dt 20
dp  dt
p 20
Integrating both sides, we get:
Iﬁzl ot
po20

i -
=logp=—=+C(
g 20
-

! "

_>p:e£“ (1)

Now, when t = 0, p = 1000.

= 1000 = e° ... (2)

At t = 10, equation (1) becomes:
_||I|:'

p=e°

= p=e"xe"

= p=1.648=1000
= p=10648
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Hence, after 10 years the amount will worth Rs 1648.
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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.
dy
L)
dt

fy :
— ':? = kv (where £ is a constant)
[

dy

= — =kt
v

Integrating both sides, we get:
h

@ _ k Icﬂ

i

= log v=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 =it +log y,
= logy-logy, =kt

:;~lol.[—| kit
o
o

k.-]"f',-'

= &t =log

Also, it is given that the number of bacteria increases by 10% in 2 hours.
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110
oo 11 -
:;_ =ﬁ 1--':-.?}

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

{

k-2=log

1
=k =—log
E{lﬂ]

2

11
10

|

Therefore, equation (2) becomes:

1

==

114 V
—log| — |-r =log| —
2 *-‘[mJ E[IJ

i,
Elog| 2 ]

LMo

117
tog
0y ”}J

%, 4

".

.(4)

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

>y =2y att==¢

From equation (4), we get:

i v )
2log| -
gL_L}_,J 2log2

o) oe{io)

IDgL ]
10 hours the number of bacteria increases from 100000 to 200000.
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ol Uil
The general solution of the differential equation dx
A e +e'=C
B. ¢ +e =C
c.¢ +e' =C

p. ¢ +e'=C

Answer
dav . .
— =g =g
dx

dv .
——=¢'dx

&

= e ‘dv=e"dx

Integrating both sides, we get:

J e dy =jcf"'dx

= - =g +k

e e ==k

= +e ' =¢ (L‘ =—k)

Hence, the correct answer is A.

15
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[..r'ﬂ + r_r}nfr = {.1.‘? + j]c.".\.‘
Answer

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

Calg— . x ...{I]

dv a7 +xv

Let F{.r._r} = I, L4 X
x4y

Now, F (Ax,Ay) [h] +[/{JI}‘ - .r':—;r' A" F(x,p)
(Ax) +(Ax)(Ay) 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 dv

IJ-;- = v IE

ﬁ

Substituting the values of v and dx in equation (1), we get:
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FREE Edu,, dv_ " +(»)
dr x° +,1'{1-'x]

dv 1+
= V+X—=
e

l1+v

::-xdr _ 14+v* _v_(l+1-':)—1-‘{1+1'}

a1 +v 1+
av 1=
r—=—
de 1+v
i ¢
= IiJ=d\-'=£
Ll—v X
:}[2—|+v]d‘|=dr
l—v x
2
:t>L;—l]u’1':ﬂ
l—v x

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

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

= y= Iog{#]
J.‘(I —\:]'

¥ k
= —=log| ———
X { 1,'\'
.'r| |-- J
L v X
:::l:log o -
)
ko £
= -=g7
(x=»)

= [.'l.‘ - ‘1-']: = ke *

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

X
Answer

The given differential equation is:

. X+
¥y =
x

dv  x+y
= —= - |1

dx X [ }
Let Fx.y)= 1T

X

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

AX X

Thus, the given equation is a homogeneous equation.

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

Differentiating both sides with respect to x, we get:

ay v
—— =Vt r—
d dlx
dv
Substituting the values of y and dx in equation (1), we get:
dv x+wx
V+Xx—=
dx X

dv
= v+x—=1+v

dx
v
x—=1
dx
—1 dl,.' = E
X

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

— 2= logx+C
;

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

FREE Educafion

) . __Class XII Chapter 9 - Differential Equations
& eVid

(x=y)dv—(x+y)dx=0

Answer

The given differential equation is:
(x=y)dv—(x+y)dx=0

dv  x+y

— —— = ]
dx  x-y M)
Let F(x. y)= vy .
Tox—y
L F(Ax.ay)="XFTAY _XHY _ a0 p(x.y)

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
E“]_E{H}
dv v
= —=v+Ix—
dx dx

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

dv x+wvx 14w

Vhx—= =
dy x—we 1—vw
av  1+v |+1=—v{|—q-]
x—= -y -
e 1—v l—v
dv  14v°
Y — =
e 1-v
I-v dv:“f_‘r
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% y Integrating both sides, we get:

FREE Education

I . .
tan” v——log(1+v’ ) =log x+C

f ] ] :
= Lan"‘ ‘]—]—llug[l-k[‘]—] ]=lng:r+(l
X 2 X

'—v]= l]n}gf.\'] +_1‘3.}+f_'
X ! ;

This is the required solution of the given differential equation.

{J."ﬁ —y* ]rf,r+ 2xydv=10

Answer
The given differential equation is:

{J."ﬁ —y* ]rf,r+ 2xpy dv=10

dy —(x*=»7)
= - 1)
Let F[x.}-‘}—T.

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

y = vx
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e
d v
—=v+rxr—
dx dx

ﬁ

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

dv xt—(wx)’
VX —=—| ———
dx 2x-(wx)

dv v =1
vHx—=

e 2y

dv v -1 vi—1-2y7

r— = —y =

dx 2v 2v

. 1417
v (1Y)
dx 2v
v —dv = ﬂ
1+ X

Integrating both sides, we get:

lug(] +V ) ==logx+logC = Ir.zrgE
o

=4y =

=1+ |=—
X X

=x +y =Cx

C
P

This is the required solution of the given differential equation.

dvy 2
X ==X =2y 4 xy

dx
Answer
The given differential equation is:
2dy s
X ==
dx

XT =2y +xy
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v x

_9 :-: L vy
Let F(x.v)= L oey T

Ax) =2(Av) +(Ax)(Ay) ¥ =2y +w
F{A.t,/l_r]:[ ) [ ) - () (4 }= ! i, gy F(xy)
' {/’.x]' X
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx
v
Dy
¥ dr

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

'--‘+x£ _ X - 2{1'1}? +J.'-[1'x]

o x°

dv .
= 1r+x—=1-2v"+v
dx

v

>

yr—=1-2
i
dv a dx

1-2v  x

Integrating both sides, we get:
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ol Ll
I
FR du -
EE Edu_ 5 _1
5 I log i = log|x[+C
2w —v
V2 V2
1 LY
I T ﬁ x = by
:.&zﬂlns: iy = log|x|+C
V2 ox
1 J(+\E'l»'|
= log —|=log|x|+C
242 i::r—xEj'| g| |

This is the required solution for the given differential equation.

Question 6:

xdy — vdx = \|x* + v dx

Answer
xdy — vy = Jx* + v dx
= xdy = [}- +4fx7 +y7 ].:4"_1:

v f “}

Let F(x,y)= YENY 2V TV
.
Ax+y(Ax) +(Ay)’

AX

L F(Ax.Ay)=

xy)

_ _1-'+1."|'.1.'J +_1’3 _ 0. F(
. L

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

y = vx
o o
:'E{J]_E{W}
dv v
= ——=vV+Ix—
ks Feks
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Substituting the values of v and dx in equation (1), we get:

dv v+ xt ()

V+Hx—=

ey X
= V+x v _ v T+
dx
dv dx
) =—

JI+v  x

Integrating both sides, we get:

log|v++/1+v° :]:Jg|x|+lugc
= log|X+, 142 =log|Cx
X X
.'+ ': + Ij
= log YNt 7V log|Cx
X

= p4axT =0

This is the required solution of the given differential equation.

Question 7:

: - - N A
J x 0S| i]+_'|-'£iin| '}—]}_]-‘fﬁ'= [ vsin| 4 |—xn:un:;("—'ﬂ>x.:{v
" X, I” Lx) x )

Answer

The given differential equation is:
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FREE Edu{xcus( JI]+_vsin( J]} yelv = [_rsinf‘l"]—xcnsf 'r]}mj-'
X WX 1 X X

_peolz)n()) "
“ fronl3)re(3))

iy . __Class XII Chapter 9 - Differential Equations Maths
& eVid

[ -'1‘1 ‘ [ -}I ]
X oS + vsin
X X
NEA y ]
¥sin z — XS " X
o)y

=A"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

dy

Substituting the values of y and dx in equation (1), we get:
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FREE Edu + ﬂllll [-I COsSv+ vy Sin 1.’} VX
V+rX—

ey [wrsin v—x L‘r.}:-n'] X

) .

u’\' VCEOSVY+y sy

= V+r—=—
ax VSIN YV —COs Y

dv  veosv4rsiny
== "—¥
o VSINV—Cosy

dv  vecosv +v sinv—1" sinv+veosy
== X—

(i'r VEINV—Ccosy

v 2vcosv
e o — —_—
ii‘( VEINDV=C0O5V

vsinvy—cosy 2elx
= | — |y =—
Veos vy X

i 2
= L tan v —l}ﬁ-‘ ='—“{T

v X
Integrating both sides, we get:

log(secv)—logv=2logx+logC

::-log[c:: ] log(Cx }

ﬁ[sem-} oy
!.l

= secy = Cx’v

y . 2 ¥
— sec('—] =C-x =
L X x
= 5¢C 1 Cxy
X

v 1 11
= cos| © |=— -
) Cxp C xy

i{l-cos['—v]=k [£'=]—]
X, C,

This is the required solution of the given differential equation.
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xi—}wﬂ:sin[i] =10
v x
Answer
xﬁ—}%xsin[iJ:ﬂ
dx x
= ﬁ;ﬂz_r—rsin['—v]
dx X
V- 'rs.in['r)
dy ' X
:, —_— T I
v x { )
j'—xsin(%]
Let F(x.y)= a
(v3)="
i_‘u—ﬁxsin[:']i) _v—xsin[']'l]
.._ f‘[ixqi}}= --1 — J.‘ — Au‘ .LI{_T_ r'[,']
Ax X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

Yy = vx
o o

:'E(JJ—E{W}
dv v

= =Vt r—
dx Feks

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

dv v —xsiny

V+Xx—=
dx x
el .
= V+X—=v-—5sInv
ey
dv  dx
sinv X
ax
= cosec vay = ——
,r

Educational Material DA EA REA 2Qp://www.evidyarthi.in/
Get CBSE Notes, Video Tutorials, Test Papers & Sample Papers



iy . __Class XII Chapter 9 - Differential Equations Maths
& eVidyarthi
Int ting both sides, t:
FREE Edué’a?i%rr? ing both sides, we ge

lug|n:us&:i.:v—col 1»'| =—logx+logC =log ¢
X
[v] [L] C
= cosec| — |—cot| — |=—
x X x
Y
cOs
1 [r]
= = -
sin['}] sin(}]
X X
:»x{l—cos[ﬁﬂzﬂsin[ﬁ]
X X

This is the required solution of the given differential equation.

-
X

Question 9:

vy +x Iug[ildj-' —2xdy =10
X

Answer
ydx+x Iogti] dy=2xdy =0
x
(v
= Yy = {21‘—.1‘ lt)gt' ]:| dy
x
= % __y (1)
“ 2.".'—1'0;_1['} ]
X,
Let F(x.y)= 4 -
2x=xlog (l]
X
L F(Ax Ay)= AV — = z ~=A"-F(x.y)
2{)._1:}—[)._?)Ing[j—“!) 2:;-1ng[-‘_']
Lx X

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:

aliill
dv d
dx T{ld)
dy dv
—— =Vt r—
Y v
i
dv g
VY — = —————
dv 2x-xlogv
dv v
=S V+X—=
dv 2-logy
dv v ;
dr 2-logv
dt 1.—"1'+'.I0g1
:iw. 2=logv
ch _viegv—-v

ci‘n 2—logv
2-logv 0 dx
v(logv-1) x
e (1 —lonv _
(1-logv) dr:ﬂ
v(logv—1) X

I 1 friy
—— = |dv=—
v(logv-1) v X

Integrating both sides, we get:

f1,{1%1_1} [y [La

o
1={1ug v— 1}

—logv=logx+logC

]
e
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il Ll

e dr
= —(logv—1)=—
dv{ . ] dv
|
vy
v
::>—1=u’r

Therefore, equation (1) becomes:

i
= j-cf—'r—logv =logx+logC

N
= logr - Icrg["!—J =log(Cx)

X

I y V i

= log Iog['—]—l}—log['—]=log{(.‘,‘f}
X X

]ng["’L ]—I
= log —: =log(Cx)

— -1-
:«illog

vl.l

This is the required solution of the given differential equation.

Question 10:

T x
(1+e’"Jd‘c+e-" (I - x}f‘#:ﬂ
_J"-

Answer

1+e-"'}r’x +e’ (]—E]nfv =0
J.'

:>[] +|:3.L ]n"x =—¢' fl —%}1'}’

LoV
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FREE Edu ) ( =l
dx \ V)
S —— el 1
& ()
I+e
e [1 "' J
Let f'{.n_v}:“—r'r.
|+ e
A I/ 4 '\ T o '
—eM 1= ;1,_1 J —' | 1- '1_J
L F(Ax Ay) = s A A0 F(xy)
I+ 1+e

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

X = vy
d d
= —(x)=—/{wr
fi{r( } [:{{1'{ = }
dx v
Sy
dv dy
dx
Substituting the values of x and 4 in equation (1), we get:
dv —e'(1=v
v+ y—= ( , )
’ ﬁ{!-‘ l+¢
dv e’ +ve'
= y—= f v
dy l+e
dv —e"+ve’ —v—ve'
= V—= .
dy l+¢'

v v+e'

=y = _

Tody I+e¢'
[+ } dv
= v =——

v+e V

Integrating both sides, we get:
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FREE Edu_, 10g[1~+ ¢')=—logy+logC = lﬂg[EJ

b, .1I

= x+ye’ =C

This is the required solution of the given differential equation.

(x+y)dy+(x—y)dy=0:p=1whenx =1
Answer

(x+p)dv+(x—y)de=0

= {.\'+J-‘}f{1= = —{.-.'— _1'}(&1‘

L _~x-)

bl (1)

dx X+ ¥

Let F{L \} = —(.1: _JL}.

x+y
—(Ax—=Ay) —(x-y
L F(Ax.Ay)= { X ;U ) = (x-y) = A" F(x.)
Ax—Ay x+y

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o

= —(y)=—(w
Li!r“] f.h'{w}
dv v

= ——=vV+Ix—
dx Feks

dy

Substituting the values of y and dx jn equation (1), we get:
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dx X+vx
dv  v=1
= Vt+xX—=
de v+1
dv v-1 v—1-v(v+1)
S>x—=——-v=
dr v+l v+1
Tﬁ_r—l—v:—v_'{l'“’:)
T v+1 O p4]
+1 ,
L), ds
1+v x
[ v 1 } dx
= —+ —|dv=—F—
l+v 1+v x

Integrating both sides, we get:
1 ( 2 [
E|Dg[|+1- }+tan v=—logx+k

= log(1+r:]+2mn 'v=-2logx+2k

= 105[{1+r:]-x:]+2mn 'y =2k
:"I‘JEUIJr%]-.r:]ﬁrEtan LY o
X X
= ]GB(IE +,1’:)+ 2 tan' 2 = 2% (2)
,1.‘

Now, y = 1 atx = 1.

= log2+2tan' 1 =2k

= log2+2x " =2k
4
:::;:rlugE=2k

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

» el o H
log(.l:' +|u"}+ 2tan '[%J:;Hogl

This is the required solution of the given differential equation.
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x dy +[xy +y? }ci:.‘ =0;y=1whenx=1
Answer
X dv+ (.'cj-' +y° }d‘r =0

= x'dy= —[.\jr+ 3 ] d

-4 o) ()
Let F(x,v)= w
[2xar (@) ] ~(war)_,
SR Ax Av)= ﬂ = . = A" F(x,y
(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}
d v
=yt x—
dx o

dy

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

—[.Y-'l-‘.r—{m‘j:}

VHx—=

=—y— 1-'1

v x*
rﬁ =—v’ —2v=-v(v+2)
dx
v elx
= =-
1 {1’+2} v
r+ 2
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Integrating both sides, we get:

FREE Educatitin
%[Iog v—log(v+2)]=—logx+logC
1 ' C
= —log \=log—
2 Tlv+2) X
v cY
- 25-(9
v+ 2 X
¥ .
s
."'+: x
X
SN :
y+2x x°
.T:1 -
— :{' - 2
y+2x [ ]

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

Iy l

= y+2x=3x"y

This is the required solution of the given differential equation.

.ol X ) T
xsin®| ——y | dx + xdy =0 y— when x =1
y U 4
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xsin’ [] ] —_1} dx + xdy =)
.

. ?'/'I.'
—| xsin’| - ]—y
X

R ---m

Let F(x,y) = _[mn: [ij ] J}

. .
. .1 Ax . s / 1‘\‘

—| Ax-sin . -Ay| - ﬁm—| = |_J.
B f'{)ﬂl‘_/{-‘]‘}: '\.-‘- — \‘1 A

Ax X

=,

Y

} = A" F(x,y)

Therefore, the given differential equation is a homogeneous equation.

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

Yy = vx
o o

= —y)=—wx
ufr{':l dx{ )
dy dv

= ——=v+r=—
dx dx

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

dv - I:_T sin® v— wr]
Vb x— =
e X

dv . o s
— u'+.r—:—|:s|n' V- u] =y—sin~ ¥
dx

dl' .1
= X—=-3In"Vv

dx
dv oy
sinv
= cosec vy = —%

Integrating both sides, we get:
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FREE Edy~—ctV="- log|x|—

= cotv = log|x[+C

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

T
= cot| — |=log|C
(2] toelc
= l=logC
=(C=¢=¢

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:

.f .I' s b

i ij =0;y=0whenx=1

de x I,
Answer

PR

vy "

— ——+COsec =0

de  x X

_>ﬁ:£—msec[£| (1)

dv X X
[
5
Let F(x, _]}_——C'DSEC| —J
X
Ay [ Ay
o F(Ax Ay)= —t—uusect—‘]w
Ax ix
e y 1% _ 0
= F(Ax,Ay)= '——cosec['—w =F(x,y)=4"-F(x.y)
X X

Therefore, the given differential equation is a homogeneous equation.
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Yy = vx
o if
=—ly)=—1w
ufr{' ] dx{ }
Vv v
= ——=v+i—
friy dx
dy
Substituting the values of y and dx in equation (1), we get:
v
V+X—=V-—COsec v
e
dv dx
COSCC v X
= —sinvdv=—

Integrating both sides, we get:

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

Cx

—
2
C—

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 {w:}|

X

This is the required solution of the given differential equation.
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FREE Eduéifion”" ™
21 8)

2xy+y° - 2x
dlx

0; v=2 whenx=1

Answer

2xy+y° =2x7 b =0

v
= 2x° ﬂ = 2_1‘.].' +J.~:
ey
dv  2xp+y°
- = - @ . I
dr 2x° { ]
Ty )2
Let F(x,y)= ﬂ
2x
2 A Ay A : oy )
o F(anay)= 2 HA)_2w+)
2[)\,1']' 2x°

=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

= —(y)=—(v
ufr{'l] dx{w)
dv dav

—_———=V+r—
dx Feks

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

-

dv 2:{(1-‘.?}+[v_1:]
dy 2%

dv v+

v+ x

:>%ce’1==£

V X

Integrating both sides, we get:
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FREE Edu 2=

=log|x|+C
2+1

5
= —-—= |ug_|.'r|+l’:.‘
v

5
= —% =log[x[+C
x

:>—E:|ng|x|+ff (2)
¥

Now, y =2atx = 1.

= —l=log(1)+C

=C=-1

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

= log|x| -1
= 2Jl-: l —1ug|x
-1..
2x
=S y=—-(x20,xze)

This is the required solution of the given differential equation.

dx )

=h

A homogeneous differential equation of the form dy ¥J can be solved by making the

substitution

A.y =vx
B. v =yx
C.x =vy
D.x=v
Answer
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For solving the homogeneous equation of the form dy

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"...'I}ar'j" - {_IH + l'lv"} )({i-‘ =)

(.w.'1 +2y7 Jdx+2xydy =0
C.

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': —xy—y }n’y =0

dy -y I

-

I R
. i

Let F'(x,y)=——.
VoExy—x

= F(Ax, Ay)=—— (2)

(Ay) +(Ax)(Ay)—(Ax)

/{‘{.1'? +xy—,r“}

)
Voaxy—x J

*,
=i F(x.y)

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

FREE Education
Question 1:
ﬁ +2y=sinx
dx
Answer

Iﬁ‘r—‘l+2}='—§m1

The given differential equation is dx

P + py = O {where p=2 and Q) =sin x).
This is in the form of ¥

Now, LF = e‘J.M :GJ’M =g,

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

= ye'* = Isinx-e“nﬂr+ C A1)

Let f = Jsill.ve:"

= [ =sinx- Ie:"d,\‘— [[%[sin.t]- E“dr]dx
AN

s o
= [ =s1mx- 5 ﬂ/C(ﬂl 14:{1-

= LY £
3
o= gsinx —l{ COS X {cos.t]- Ie“ci:.‘ |dx}
2 \ clx y
== sinx [ sin T] dx
2 2
:.‘:f:'_ bll’ll’_ _Ll]bT—lI(blnre .
2 4 4
e I
= [=-—(2sinx—cosx)——1
4 4
5. e, ..
== =-—(2sinx—cosx)
44

== e; (2sinx—cosx)
2
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Therefore, equation (1) becomes:

FREE Educafion
N .
ve = .

(2sinx—cosx)+C

2r

] .
= y= E{ZSIHI—CGSI}"'CE

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

ay =
— +3y=¢""
ax

Answer

Q +py=0 (wherep=3and O=¢"").

The given differential equation is

Now, L.F =¢ Joar = ::‘J’m =™,

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

=y’ = j{ e xe’ "}+ C

= ye'* = jce*cf.r+{_.‘

= et =e" +C
—yp=e X +Ce™

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

Gj:' J_:I 1

+=—=x

dr x
Answer

The given differential equation is:
dy

1 .
—+ py =0 (where p=— and 0 = x7)
dx x

1
Py ey "
MNow, LF = {:‘J =e'[” =™ =y,
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The.solution of the given differential equation is given by the relation,

FREE Educafion
»(LF.)= [(QxLF.)dx+C

= y(x)= _[[1. -.Y)ﬂ'."( +C

= Xy = I:c"‘af'r +C
v

= xy=—+C
4

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

dy ( n
——+secxy = tan xL 0<x< —]
dr 2

Answer

The given differential equation is:

dy

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

f pa
: =secx-ttanx.

| s log|see r+tany)
3 =

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)de+C

— y(secx+tanx j'sec xtan xdv + Itan *xdv +C

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

=¥ [sec X+tanx

X

_[3 cos2xdx
il

Answer
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FREE EduLet/ - [} cos2vd

S
j-i.:ns 2xelx =( SIZX ) F[.r}
. 2 )

By second fundamental theorem of calculus, we obtain

I:F[EJ—FN)

2

()

[sinm —sin0 |

b |

[ I o ]

[0-0]=0

ay 3
x——+2y=x"logx
dx

Answer
The given differential equation is:

dy
.1.'—J+2_1-' = x' logx
iy
dv 2
= —+—y=xlogx
dv x

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

Iy 2
b pv =0 (wherep == and O = xlog x)
dx X
2.:'.'.

Now, LF = QJ’I'{H = eL

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

2oz x log x*
=g T =g 7 =X,
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FREE Edu»(LF) = [(QxLE.)dx+C
= yex’ = J‘(xlugx-x:).;jx_fc

=xy= ﬂ.\"‘ log x)dx +C

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

4 .-‘] 4%

y x x
= xyv=logyx-—— || —— lx+C
A eer
S xTy= X logx 1 J.x"‘dx+C
4
4 4
. xlogx 1 x
= Xy Y 1 ¢

4 4 4

= x'y= %.‘r‘ (4logx—1)+C

=y = 1. (4logx—1)+Cx*
6

Question 7:
xlngxﬁ+}' :Elngx
elx r

Answer

The given differential equation is:

xlog xﬁ+ = Eleg x
dx x
dv y 2
— =—

dx xlogx x

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

and Q=£}

;e
xlogx x

gt

s wlop logibog ¥
Now, L.F =ef =e " =" Z og v,

& + py =@ (where p =
friy

The general solution of the given differential equation is given by the relation,
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FREE Edy»(1F.)= [(QxLF.)dx+C

¥

.
= ylogx= J‘[%logx](h+f (1)

2 A I
Now, [[ - Inngtit =21 logx-—; ]d_‘r.
2 2

b
el fd ] _
= Ehlng.x - jl_: dx — h dx{lng;}- J-.‘('l fi’l.‘f}(hj|

A

=2 - log x + J-L,rh}
X X

—
-

_n '_ log x _lj|

X X

2
=——(l+logx

x{ gx)
o

j'[%log,r)dx

Substituting the value of A in equation (1), we get:
2 .

viogx===(l1+logx)+C
X

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

Question 8:
(l +x° ]d} + 2xy dx = cot xdx(x # 0)
Answer

{I +x° )u{v +2xv dx = cot xdx

dv  2xy  cotx
= ==
de 1+x° 1+x°

This equation is a linear differential equation of the form:
dv 2x cotx ]

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

2x
I _1"‘[ ll!_.'"l.T.
et _ i) _

Now, LF =ejp:“ =¢
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FREE EdUCA Igeneral solution of the given differential equation is given by the relation,

y(LF) = [(QxLF.)dx+C
—>_1.-(I+x"}_ﬂ"0h {l+1 ]j-‘d1.+[

14
— rL'{l +.r3}: Icnt xax +C

x+C

= }'(I +x:}—

\ﬂ b= x_1-‘cutx=ﬂ{x¢ﬂ]
dx

Answer

dy
X—— 4+ y—x +_1r|1'r.‘_:ﬂt x=0

o

dv
= x4 y(1+xcotx)=x
clx

dv (I ]
= —+|—+cotx |[y=1
de \x ’

This equation is a linear differential equation of the form:

ﬁﬂm Q{nh&l‘e;i_l+LDt\ and O=1)

dr X

|
I-'"'l" l- P e g v+ b i Tesg| xsin .
Now, LF =&~ =¢ = plerrestEnl Rl — g .

The general solution of the given differential equation is given by the relation,
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FREE Edu»(1F)= I[Qx LF.)dx+C
= }.-(xsinx}= I[]x:rsin gl-}dx+(:

= y(xsinx)= I[.\'Sinx]u"x+(_'

= y(xsinx)=x IRiT‘I.‘L‘ dy = J.[i[r} Isin .\'ei\'} +C

e
= y[xﬁin.r} = x[—cmi.r}— II —[—L‘usx:ldx +C

= y(xsinx)=-xcosx+sinx+C

—Xcosx  sinx C

:) |1’-I - " . "
Xsinx  xsinx  xsinx
I C
= y=—col-x+—+—
X xsinx

Question 10:
dy
x+y)l—=1
(r+2)—
Answer
(;ﬁ-'
i+ y)—=I1
(xry)
dy |
— —
dv x+y
dx
= —=Xx+)
dy
:>dr X =
dy !

This is a linear differential equation of the form:

ﬁ-|-J.l';r_'r=Q (where p=—1and 0= y)
dx
—

Now, LF =c:IML :c:F =g,

The general solution of the given differential equation is given by the relation,
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FREE Edu~(LF.)= [(QxLF.)dy+C
=S xe” = [(y-e”)dy+C

= xe ' =y- je'-" dy - J{:: (v) jt’""cil':|ci1' +C
)'(—e'-"}_ I{:—e"'}c{iw{'

=xe'=-ye '+ le'dv+C

E N

=xe ' =-ye'—e"+C
= x=-y-1+Ce’

= x+y+1=Ce’

Question 11:
vdx+ (.t -y }ﬂfj" =1
Answer

vy +(.r— v )ﬁfr =10

= yelv = { 3y —.r)r{\-'

de v o—x Y
= —= =y—=

dy ¥ ¥

dr x

I,

dv

This is a linear differential equation of the form:

(T'ﬁ? + px =0 (where p = lam:l O=y)
dx y

I
andy i )
Now, L.LF = eL Y= e[' =™ =y,

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

il

= xy= J{L . _1‘] dv+C

= xy= J_v:f.fy +C
v
= xy="—+C
-
voC
—= x=—+
I o
2y dy
x+3v ) —=ylyv=0
(x+35°) 2= 5(v>0)
Answer
{r+3)‘:}d]': =y
) de -
:"ﬂ: Y —
dv x+3y°
de_xedox
dy ¥ v
. de  x _ 3y
{4!1‘ JI

This is a linear differential equation of the form:

T- + pr=0 (where p = —-and 0 = 3y)
ay Y

iy (1]
Y R - ol B
Now, LLF :::II' =¢ V="M= VW=,

The general solution of the given differential equation is given by the relation,
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FREE Edy~(LF)= [(QxLF.)dy+C

1 1
= yx—= ﬂ/ 3}'X—]£f¥' +C
¥y L ¥

%= 3y+C
y

= x=3y +Cy

v . n
i F2ytanx =sinx; v =0 when x=—
dx 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

NQI‘&'_ |_}'. _ LJ hide _ L’!:‘qu.l..-'.\ _ E~|.._.; pecr _ EI-.‘L-"_“.'-." ".l _ SEC: T
The general solution of the given differential equation is given by the relation,
y(LF) = [(QxLF)dx+C

= y(sec’ .1.'] J{sin x-sec’ x)dx +C

= psec’ x = j{a ecx-tan x Jdv +C

= ysec” x =secx+C (1)
y=ﬂatx=£.
Now, 3
Therefore,
) n E
Oxsec” —=sec—+C
3 3
=0=2+C
=C=-2

Substituting C = -2 in equation (1), we get:
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FREE Edy?see’ x =secx -2
= y=cosx—2cos” x

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

- oy il 1
{ll+x')i+31»‘= —;y=0whenx=1
dx I+

Answer
{]+.T:}£+2.1‘_1’= : -
dx l+x°

dv  2xy ]

4

dx  1+x° fl+x:}_

This is a linear differential equation of the form:

dy 2 ]

@, pv =0 (where p = T__ and 0 =——)

dx 1+ x° {1+x:)'
2 wely f B

Now, LF :E’[m = E'J'*": = — 1+x°.

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

= y(1ex) = [|— - (1457) [dx+C
ey -

— _1'(I +,1'3}= I] +] sav+C
x

:>}?{I+.\':}=1an" x+C {1}

Now, y =0atx = 1.

Therefore,

O=tan'1+C
—Cc=-Z
4
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FREE Education c=-=1

Substituting 4in equation (1), we get:

,1'(|+.r:}=tan IX_E

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

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

Answer

& Jvecotx =sin2x.
The given differential equation is dx

This is a linear differential equation of the form:

& + py =0 (where p =-3cotx and O =sin 2x)
by

il 3| cot o Hloglsin ¥ kg — I
NDW‘. I.F = l'.‘-'J =g J =g RS =g ET8 T ) -

=
5N x

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

¥(LE)= [(QxLF)dx+C

] . | .
= y——= || sin2x.—— |dx+C
sl X 51 X

= pcosec’x =2 J{ cot xcosecx ) d +C

= ycosec’x = 2cosec X+ C

2 3
= y=- —+ .
COSeC™ Yy Ccosecx
= y=-2sin" x+Csin’ x (1)
i
=2 atx=—,
’ 2

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

= C=4
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Substituting C = 4 in equation (1), we get:
FREE Educafion )

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

—=x+y
dr

———y=x
ax

This is a linear differential equation of the form:

{:1 + py = (where p=—1 and O = x)
[Yi N

[oXrl (=1
Now, LF =el™ = % _ o
The general solution of the given differential equation is given by the relation,

y(LE)= [(QxLE)dx+C

= ye* = [xe dx+C (1)
Now, I.TL’ Yoy = x Ic "oy — [[%{‘t} jn‘ 'Tff.\'i|(f.1.'.
=—xe ' - ‘l‘—e'“ufr
=—¢ "(x+1)
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yve == (x+1)+C
= p=—(x+1)+Ce¢’
= x+y+1=Ce" (2)

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

=>C=1

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

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

to the curve at (x, y) is dx

According to the given information:

dv
—+5=x+)
dx
u".
:';'—L—_r: =35
dx

This is a linear differential equation of the form:
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FREE Edu ? +py =0 (where p=—land 0 =x-35)
[{hy

Now, LF = efk ::_fﬁ e

The general equation of the curve is given by the relation,
y(LF) = [(QxLE)dx+C
= y-e' = [(x-5)edv+C (1)
. . d .
Now, J{.r—ﬁ}c* dv=(x-5) J{, rir—J‘[dx{x—Sj.J‘v ufr}h‘.
(v3)(-2 ")~ (e i
=(5-x)e " +(-e ”)
~(4-x)e”
Therefore, equation (1) becomes:
ve " =(4-x)e " +C
= y=4—x+C¢
= x+y-4=Ce" ~(2)
The curve passes through point (0, 2).

Therefore, equation (2) becomes:

0+2-4=Ce

Substituting C = -2 in equation (2), we get:
x+y—d4=-2¢

= y=4-x-2¢
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This. is the required equation of the curve.
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The integrating factor of the differential equation- dx is
A. e~
B. e”
1
c. x
D. x
Answer

The given differential equation is:

This is a linear differential equation of the form:

& + py =0 (where p= . and Q = 2x)
dx ¥

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

J'_.x.'.

e

a1
it kg x™! I
- I,F — t‘..l I =g ling — -rl: |: ¥ 1 —
X

Hence, the correct answer is C.

The integrating factor of the differential equation.

{l—ll':J£+JtT=£{1'[—] <y<l)

& .
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c. 1=V
1

p, VIV

Answer
The given differential equation is:

(l — .L': ]:iT: + yx =ay

dv opx ay

== —+ — = -
de 1-y 11—y

This is a linear differential equation of the form:

?{‘( Vv T

bl pv=0 (where p=—— and 0 = L

dy | -

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

r:’J'_.m'.

=i o 1-37 ) log _ 1

I.F =L’J‘m=r:'|' =g * l: =g UV = fi .2

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

dy
. m ﬁ[ ] —by=logx

I's .I‘I-'\"L w2 )
iJ —4[£] +7y=sinx
(ii) LY dx dx

d'v . [Lflj-'\'
—sin| —=

4 3
(iii) dx | dx )

Answer

(i) The differential equation is given as:

Q + 51[£] —6yv=logx
e’ dx
d’y

dy
—+5y| — | —6yv—logx=10
dx” [{il] yo8

¥

d’y
The highest order derivative present in the differential equation is dx’ . Thus, its order is
d’y
two. The highest power raised to dx’ is one. Hence, its degree is one.

(ii) The differential equation is given as:

|d—11 —4[ﬂ] +7y=sinx

| dx v
f ]I’.-\":; : ! .
:»li —4[ﬂ +7y—sinxy=0
ey dx
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The highest order derivative present in the differential equation is dx Thus, its order is
ﬁ

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

(iii) The differential equation is given as:

d'y L xﬁ\'

——sin| —5
dx | dx )

=0

d'y
The highest order derivative present in the differential equation is dx’ . 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 cr"_:' +2 b —xp+x =2=0
i) e dx
y=¢ [HCL‘}H.'I.' +hsinx) : {IF-'EI -2 b F2y =0
(i) dx” clx
¥ =xsin3x : a;! +0y—t6eosdx=10
(iii) dx’
=2y logy : [_\'3 + 1HJ£ ~xy=0
(iv) il

Answer
() V= ae* +he” +x°

Differentiating both sides with respect to x, we get:

dv . -
= —=ge¢ —he "+ 2x
dr
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iy . .
¢ 1 =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
J‘—{*Ei—x;#x' -2
dx” cx

= .‘L'(HE" +he™ + 2} + Z(rre’" —he™ + 2_1.'} - .r(rre Cbe + 7 )+ x -2

= (u.w" +hve "+ 2.1‘] +(2|.’IE“T —2be™" 4+ '-I_T)—{H.'I.'E’T +hxe " + .'f")+ xt =2
=2ae" —2be 4+ x +6x-2
=

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

Hence, the given function is not a solution of the corresponding differential equation.
iy ¥~ " (acosx+hsinx) = e’ cos x+be" sin x

Differentiating both sides with respect to x, we get:

dv

—_— Ilf -
o

d_ (L*"" cos .1:) +h ~%I{.e‘ sin T]l

= Tﬂj = .-..r{'e" cosx—e' sin .r}+h ~{ca‘ sinx+e’ cns.\‘)
ax :

dv .
= TL =(a+h)e’ cosx+(b-a)e sinx
X

Again, differentiating both sides with respect to x, we get:
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FREE Edu‘:;% =(a+b)- %[e” Cos .1'] +(b —r;]i(e" sin _1')

dx

d_‘l'l f T s . B T
— ?r = ={(|T-I-|ﬁ}'|:t" COS Y —¢ SII'II:|+(|FJ—C'|‘]|:{:" SNx4e L‘E}S_‘l':l
dx”
dy .y : :
= a=e [(a+b)(cosx—sinx)+(b—a)(sinx+cosx)]
ax
d*v . . . . .
= .f.\ =¢ [;;.rcosx—c‘r5|n,~r+£1cos:|.'—hsm:..'+b5|nx+{acosx—.:'rmn.r—acﬂs.r]
ax”
d’y .
= ;’.ﬁ = [IUT{I}EGS X —asin \}]
ax-

n’:y dy
Now, on substituting the values of dx’ and 9 in the L.H.S. of the given differential
equation, we get:

d’y _dy
—+2—+2y

5

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

| (2bcosx - 2asinx)—(2acosx+2bcos x)
=¥

~(2bsinx—2asinx)+(2acosx + 2bsin x)
=g [{Eh ~2a-2b+2a)cos .\':I +e’ I:{ -2a-2b+2a+ Zh]sin_\':l
=0
Hence, the given function is a solution of the corresponding differential equation.
(iii) V'~ xsin3x
Differentiating both sides with respect to x, we get:

v d . .
D~ L (xsin3x) =sin3x+x-cos3x-3
dx  dx

v
— @& _ sin3x +3xcos3x
dr

Again, differentiating both sides with respect to x, we get:
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dvt ex clv
{F'EI = 3cos3x+3[ cos 3x + x(—sin 3x)-3]
dv
d’y .
= —1 =6c0s3x —9xsinix
o
d’y
Substituting the value of dx’ in the L.H.S. of the given differential equation, we get:
ﬁ"j'
—+9y—bcos3x
dx”
= (6-cos3x —9xsin3x )+ 9xsin 3x —6cos3x
=10

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

d

2x=2-—=y"logy
&= loey]
dv 5 1 dv
= x=|2y-logy-—+y ——
dx v dx

v
—x=(2y log y+y)
v

dx J:{lillngj‘}

&

Substituting the value of d¥ in the L.H.S. of the given differential equation, we get:
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FREE Edu(x* +_,.--)%_,U=
ax

( 1 1) X
=2y logy+y | ——————-xy
{ ) y(1+2logy)
3 X
=v(l+2logyv)——— — 3y
A ey) y(1+2logy) °
:_1:].' _\'}l
=0

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

Form the differential equation representing the family of curves given by

x—a) +2v' =a’ . .
l: } . where a is an arbitrary constant.

Answer

{.\'—a}z +2y =a

=y +a -2ax+2y =a’

=2y =2ax-x’ (1)
Differentiating with respect to x, we get:

dv  2a-2x
p &Y

2 =
©odx 2
ﬁ _a-x
dav 2y
dv 2ax-2x°
o ~(2)
dx 4xy

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

dv 2% +x7 = 2x°

dx dxv
dy 2y7 —x*
dlx dxy
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Hence, the differential equation of the family of curves is given as

__Class XII Chapter 9 - Differential Equations

Maths

il

-

Prove that X -y= {'I(I? +'LI?]

equation (,1.‘3 3% } oy = {1 ~3x7y)dy

Answer
{;,1.‘-‘ — 3 ]n".r = {}'! - lr'i!-‘} dy

dv  x'=3xn7
T —5 _ { ] }
dy v =3xy

is the general solution of differential

, Where c is a parameter.

)

dv 2y —x

dxy

This is a homogeneous equation. To simplify it, we need to make the substitution as:

V=1
o o

== —|v)j=—wx
a{r{'] u‘.r{ }
Vv ﬂrl’

=2 =y x—
dr o

dv

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

v x 3 vx)’

dx [1‘_1;]t —3x [1‘1‘]
dv  1-3°
=S VX — = —
dv v =3w
dv 1-%"
= X — = — -v
de v =3y
L?['l" ]_31-'? —1-'[1';_31']
= y—= S
dx v =3
dv 1=
X—=—
dv v =3y
e
1—-v" x
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1(11 __]': ]fﬁ*:]nngngC' -(2)
viav vl
= -3
JI—TJ J]—TJ’
(v =3n) vy
jm B Jm:f,—sf:: where I, = nd!z=_|‘|_r -(3)
Let1-v' =1
e ot
So— =y ) =—
fﬁ'{ } v
= 4y’ = ﬂ
v
vy =
4

—dit | |
Now, [ = | —=—-—logr=——loe[1 -+
e T T g(1-v')

And, I, = J- m’rl _ _[ m’\: :

Letv' = p.
d .y dp
{f\(l ']_u"\-'
:t>2||-':ﬁ
dv
:M‘ch:E
2
| 1 1 1+v*
_ L=_l|' u’p‘: log +;?|__1 +1
20l =-p 2x2 1—p| l—v'

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

Therefore, equation (2) becomes:
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FREE Eduzlug[l—v ]—1 log

3

1+ y
— =logx+logC
_'1I-

J—%]ng (I—v*][ il_:_ | =logC'x

\ /

¥

= {rz _1'1)= (e {xg | _1=1]:
=l -y =C(x 4y } . where C = C"”

Hence, the given result is proved.

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

Answer

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

touches the coordinate axes is:

{x—a}:+{y—a}::a: (1)
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sl a)

0 X

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

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

x+ '
1+

= d=

Substituting the value of a in equation (1), we get:
r . ! r - " 2
x ' X+ vy X+ vy
x_[\+_1j1 | - 3 _1_1r [ 'D,
1+y L 1+ y 1+y
(x=»)v'| [y=x| [x+w'|
= + =
(1+") 1+ 1+

&

= (x=2) 4 (e ) = ()

= (=2 [+ () | = (x+ )

A

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

T a4

[,1,- —_,!"]] [] +{y'}'} = [:\.4_”;}
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dv ||1—1» -0

Find the general solution of the differential equation dv ‘1"1 I-x°

Answer
L' ||] - L
‘||I |
v’l -
f— =
dx 1—x
N dv  —dx
“||I|—J-"1 \JIII—.T:‘

Integrating both sides, we get:

sin” y=—sin"'x+C

= sin x+sin y=C

dv ¥ +y+l _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 is parameter

Answer

dv v +y+l
de x +x+1

v _ (7 +y+1)

=0

dx x4+l
dy —dy
= =
y+rv+l o x+x+l
dy dx

=0

yar+l ¥ +x+]

Integrating both sides, we get:
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al llll
dx

v +y+| J‘\f"~i-.‘c+l

U
—
S
+
—y
&
Il
!

- | _v+_|jr - ERs
= ——lan~ < [+ —tan” < | =C
3 BB J3
L 2 2
- 2}'+11+m“_,|:2x+1:|:\-'r_:['
L3 V3 2
[ 2y+|+2x+l
= tan : ‘E ﬁ = ﬁc
] (2y+1) (2x+1) 2
L 3B
I 2x+2y+2
= tan ' V3 = e

1_[41_]-‘+21+2}-‘+|\' T2
_ s )

[ 23(a ] 3C
= tan {1 J } ]=J_L

J=—dxy=2x-2y-1 2

s

= lan

[ V3(x+y+1) e
| 2(1-x-y-2xy) 2
«ﬁ(x+_1'+l} :tan[

2(l-x—y-2uy)

=

C
—

b

] = £, where B = tan[

NEe ]

b
-

258
= x+yv+l= | —xy—2xv
) ﬁi ¥ —2xy)
2
= x+y+1=A4(1-x—y—2xy), where 4 =

i) T3

Hence, the given result is proved.
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Find the equation of the curve passing through the point L

equation is, SN cos yelv+cosxsin yay =0

Answer
The differential equation of the given curve is:
sin x cos vdxy + cos xsin pdy =0

$in x cos ydx +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 (1)

i J'E\
Lu,— E
The curve passes through point 4)

~x2=C
=C=42

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

SECY-5eC Vv = “JE

— 5CCX-

g
cos ) =

Hence, the required equation of the curve is

A
0,x
4) whose differential
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Find the particular solution of the differential equation

{|+(-.'"r}¢1{l-'+(| +_1-‘"}c-?Tca’.\‘ = ﬂ, given that y = 1 when x = 0

Answer
{l + e:”}r{L' +(I +y° }E*de =0

dy L© dx

g =0
1+y l+e

—

Integrating both sides, we get:
. e dx ,
tan~ v+ — = w1
e ()
lete' =t =¢"

=1,

= i{e*]=£

ax o

e =—
ax

= e'dy =t
Substituting these values in equation (1), we get:

dt
tan”' v+ j -=C
I+

= tan” y+tan 't=C

= tan ' y+tan”' (a ]= C .(2)
Now, y =1atx = 0.
Therefore, equation (2) becomes:

tan ' l+tan ' 1=

T L
= ==

s
==
2

C=

(SR

Substituting in equation (2), we get:

tan ' y+tan”' {e”} =

A
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X '( x
yelde=| xe’ + _1-=: ]ﬂf}-‘{}' =0)
Solve the differential equation -
Answer
ye'dx = [xe-"' + ]f{l-‘
= ye' —=xe' +y°
dy

Mﬂ ~(1)

Differentiating it with respect to y, we get:

d| = dz
— & -
w” )y

. ff[,x"‘ dz
e —| = =
o el s

dx
I '\" urr —-X d__
= — [=— (2
¥ dy { }

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

R

dy
= dz = dy

Integrating both sides, we get:
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{,1,- —‘L-'}{c?’.\”f '-‘4'_'1"} = dx—dy , given that

Find a particular solution of the differential equation
y =-1,when x = 0 (Hint: put x -y =t)

Answer

(x—y)(dx+dy)=dx—dy

= (x—y+1)dv=(1-x+y)dx

- ﬁ: l-x+y

dav x—y+1

& _1-(x=)) ()

dv 1+(x—y)
Letx—v=r.
o df
= x=y)=
u"x[ Y) dx
dv  dt
=]-—=
ax oy
ax oy

ﬁ

Substituting the values of x — y and dx in equation (1), we get:
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];
AN +1
[ I+1 )
:}d_f={]+r‘}—{_l—r]
dx 14+
ﬂ_ 2t
dr 1+t

::»[]Jr J-:J’.f=7ra"r
I

:;»[H%]d.r:hﬁr (2)

Integrating both sides, we get:

=2x+C

:>{x—_1']+]ug_|.‘r—_1'|:2x+(:

Tl
R

= log|x—y|=x+y+C ]
Now, y = -1 at x = 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.

2y Ly
[‘ T I]f =1(x#0)
Solve the differential equation

Answer
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[=
— “t.:

\."I X \"T

100K

dy ey

de  Jx Jx
:pﬁ_'___,-'—:('-' :\'I?
de Jx o Wx

This equation is a linear differential equation of the form

10T
dy 1 g
—+ Py=0,where P=— and 0 = A
a " 7 N
1
Py I_,:,||I- o
Now, LF=e!" o JE

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

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

= e 2% -
= ye " = et |dv+ C
b, ‘J; 4

e e
X

= }'c’:"I‘ = 2£+ C

av
L F veot x = 4xcosec x{x = ﬂ}
Find a particular solution of the differential equation dx ,

x==
given that y = 0 when 2
Answer

The given differential equation is:

dy
Y veot x = dxcosec x

dx

This equation is a linear differential equation of the form
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fhY

'.':n."'r

Now, LF=e¢ Jpie _ ?Im"m:' = " = gin x

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

= ysinx = j( 4xcosec x-sinx)dx+C

= ysinx = 4J-Ifr’x+['

. X
= ysinx=4.-"-+C

= ysinx=2x" +C (1)

m
y=0atx=—.
Now, 2

Therefore, equation (1) becomes:

0=2x"4C
4
—~c=-L
2
c--%
Substituting 2 in equation (1), we get:

. E i
ysinx=2x" -

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

x+1)—=—=2¢" =1
Find a particular solution of the differential equation Cdy ,giventhaty =0
when x =0
Answer
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x

dv _ dx
e =1 x+1
e'dv dlx
= — =
22— x+l

Integrating both sides, we get:

J‘E' b =log|x+1|+logC (1)
2-¢
Let2-¢" =1t
d o dt
2-e"|=
f.lfv( } dy
Lo
=’ =—
dy
= e"dt = —dt

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

lirlr=]::rg|:r+| +logC
i
= —logl| = log {.‘[x+l}|
= - ]ng|2 -e'|= Iﬂg|('.'{x + ]}|
= l—lc-' =C(x+1)
. 1
e R A .2
© T C(x+1) (2)

Now, at x = 0 and y = 0, equation (2) becomes:
=2 1=l1
=C=1

Substituting C = 1 in equation (2), we get:
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x+1
|
e =2-
x+1
2x+2-1
=g =
x+1
2x+1
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
_'_ — [+ 1-
dr
dy . .
== =jky {k is a constant }
of
v
= i = 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 25000 = 5k + log 20000

25000 5
=5k=lo =log| =
g[zﬂﬂﬂﬂ] g[4J

1. (5
=k =—log| = (3
5 g|\4] { :I

In the year 2009, t = 10 years.

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

5
lj+ log (20000)
4

lﬂg}-‘—]ﬂxl_log
5

= logy= Iﬂg[’lﬂ{]ﬂﬂx(g] }

= y= ZDDDDXEXE

= y=31250

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

yes—xdy
The general solution of the differential equation ¥

A.xy =C

B. x = Cy?
C.y=Cx
D.y = Cx*
Answer

The given differential equation is:

yalx —xdy 0
.]'I
vidv — xely
= — —

xy

0
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Integratlng both sides, we get:

FREE Educatitin
log|x| - log|y| = log &

:>|ng£=|ng.fc
)
S
Y
= V= IJl'
! k

= yp=Cx where C = .;

Hence, the correct answer is C.

£+P1—Q,

The general solution of a differential equation of the type dy is

ve frr I[U{’Il"l](fl +C
A.
J"” J-[(J :.J ]n’m+L
B.

i o i)
_rej‘l..: _ ﬂ(‘}]efl.x }‘ﬂ""":
C. d

e o e
D. K

Answer

l‘i - . v
—Y+P|.r=(_}| |s_:e-[J "
The integrating factor of the given differential equation 4V
The general solution of the differential equation is given by,

x(LF)= [(QxLE.)dy+C
s Iﬂ'{' [[Q,L""”"b. \|(J_L'+ C

Hence, the correct answer is C.
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e'dy + (.w-?* - Zx)d,r =0

The general solution of the differential equation is

A.xe’ + x> =C

B.xe” + y*=C
C.ye*+x*=C
D.ye"+ x*=C
Answer

The given differential equation is:
e dy + (}'e” 1 2.r)d‘c =10

1 )
+ye’ +2x=0
dx

—, [:*'T

av .
= —+p=-2x¢
dx

This is a linear differential equation of the form

&y +Py=0,where P=1and 0 =-2xe".

v
Now, L.F = c‘im = (f'F'h =g
The general solution of the given differential equation is given by,
y(LF)= [(QxLF)dx+C

= ye' = J-{l —2xe e’ )cf,r+ C

= ye' =— Ilrd,'v.‘+(_'

= ye' =—x" +C

=y’ +x°=C

Hence, the correct answer is C.
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