For Enquiry — 6262969604 6262969699

Chapter 9

Differential Equations
Exercise 9.1

Determine order and degree (id defined) of differential equations given in Exercises 1 to 10

Question 1

4

y . "
@+ sin(ly ) =0

Solution:

The given differential equation is,
4
y £ nr
— + sin =0
ﬁ y o) + Sin (y”,) - 0
The highest order derivative present in the differential equation is y””, so its order is three. Hence,
the given differential equation is not a polynomial equation in its derivatives and so, its degree is not

defined.

nn

Question 2
y +5y=0
Solution:

The given differential equationis,y’ + 5y =0

The highest order derivative present in the differential equation is y’, so its order is one.
Therefore, the given differential equation is a polynomial equation in its derivatives.

So, its degree is one.

Question 3

4 2
dx d“s
—] +3x—=0
(dt) dt?

Solution:

The given differential equation is,

4 2
ds d“s
Z) 435 —=0
(dt) dt2

. - : : . o . ..o d?
The highest order derivative present in the differential equation is a polynomialEquation in EZS and
ds
dt
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So, its degree is one.

Question 4

dzy z dy
(E) +cos (&)

Solution:

0

The given differential equation is,

d2y 2 dy _
(57) +eos(5)=0 2

. . . . . : : . d
The highest order derivative present in the differential equation is dX_}ZI'

The order is two. Therefore, the given differential equation is not a polynomial.
So, its degree is not defined.

uestion 5
d? .
—}2’ = cos 3x + sin 3x
dx

Solution:

The given differential equation is,

d? :
d—ﬁ = cos3x + sin3x
X
d? :
=>d—32’ - cos3x - sin3x =0
X

dzy

The highest order derivative present in the differential equation is —

The order is two. Therefore, the given differential equation is a polynomial
N .

Equation in dx—i and the power is 1.

Therefore, its degree is one.

Question 6
")+ ()R + () +y>=0
Solution:

The given differential equation is, (y"")2 + (y")3 + (y')*+y>=0

The highest order derivative present in the differential equation is y”’.

The order is three. Therefore, the given differential equation is a polynomial
Equationiny”,y” and y’.

Then the power raised to y’” is 2.

Therefore, its degree is two.

Question 7
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y"' + Zy" + yl = 0

Solution:

The given differential equation is, y"”’ + 2y” +y' =0

The highest order derivative present in the differential equation is y’”.

The order is three. Therefore, the given differential equation is a polynomial
Equationiny”,y” and y’.

Then the power raised to y” is 1.

Therefore, its degree is one.

Question 8
yty=e
Solution:

The given differential equation is, y’ +y = e*

=y, +y-e* =0

The highest order derivative present in the differential equation is y”.

The order is one. Therefore, the given differential equation is a polynomial equation in
Y.

Then the power raised to y’ is 1.

Therefore, its degree is one.

Question 9
y”+(y)2+2y=0
Solution:

The given differential equation is, y” + (y')? + 2y =0

The highest order derivative present in the differential equation is y”.

The order is one. Therefore, the given differential equation is a polynomial equation in
Y”andy’

Then the power raised to y’ is 1.

Therefore, its degree is one.

Question 10
y” + 2y +siny=0

Solution:

The given differential equation is, y"”’ + 2y’ + siny = 0
The highest order derivative present in the differential equation is y”.
The order is two. Therefore, the given differential equation is a polynomial equation in y” and y’.
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Then the power raised to y” is 1.
Therefore, its degree is one.

Question 11

the degree of the differential equation.

(3%)3 +(2) 4 sin () +1=0is

dx
(A)3 (B) 2
A1 (D) not defined
Solution:

(D) not defined

The given differential equation is,
3

(52) +(@) +sin () s=0

The highest order derivative present in the differential equation is

dzy
dx?’

The order Is three. Therefore, the given differential equation is not a polynomial.
Therefore, its degree is not defined.

Question 12

the order of the differential equation
dzy dy .
2 2 _ —Z =
2x*-5-33 - +y=0is
(A) 2 (B) 1

(A0 (D) not defined
Solution:

20
the given differential equation is,

d?y dy
2 — =
2x 7 33 oty 0 2
: N : : : .. d
The highest order derivative present in the differential equation is dx—i :

Therefore, its order is two.

Exercise 9.2

In each of the Exercises 1 to 10 verify that the given functions (explicit or implicit) is a
Solution of the corresponding differential equation:

Question 1
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[ ]

Y=ex+1:“Y"-y' =0

Solution:

From the question it is given thaty =ex+ 1
Differentiating both sides with respect to x, we get,

dy_ 4 px
dx dx (e )
Now, differentiating equation (i) both sides with respect to x, we have,

d,  d

() - (%)

S>y=e"

Then,

Substituting the value of y’ and y “in the given differential equations, we get,
Y’ -y'=e* - e* = RHS.

Therefore, the given function is a solution of the given differential equation.

..................... Equation 1

Question 2
y=x*+2xcy -2x-2=0
Solution:

From the question it is given thaty = x2 + 2x + €

Differentiating both sides with respect to x, we get

y’:%(x2+2x+c)

y =2X+2

then,

substituting the values of ¥’ in the given differential equations, we get,
=y =2x-2

=2x+2-2x-2

=0

= RHS

Therefore, the given function is a solution is a solution of the given differential equation.

Question 3
y=cosx+cy +sinx=0
Solution:

From the question it is given thaty = cos x + ¢
Differentiating both sides with respect to x, we get,

, _d
Y = ™ (cosx +c)
Y’ = -sinx
Then,
Substituting the value of y’ in the given differential equations, we get,
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=y +sinx

= - sinx + sinx
=0

=RHS

Therefore, the given function is a solution of the given differential equation.

Question 4
y=v (1 +x2):y = ((xy)/ (1 +x2))
Solution:

From the question it is given thaty = V1 + x?
Differentiating both sides with respect to x, we get,

Y=L Wt D)

> I 1 i 2
4 T 2V14x2’dx (L +x%)
By differentiating (1 + x2) we get,
B 2x
Y T i
On simplifying we get,
, I
7Y T iz
By multiplying and dividing v (1 + x%)
- y=—=xV1+ x?

1+x
Substituting the value of v (1 + x2)

Substituting the value of v (1 + x2)
, S

=2y = 1+x2 -y

v Y

Y= 1+x2

Therefore, LHS =RHS

Therefore, the given function is a solution of the given differential equation.

Question 5
y=Ax:xy' =y (x # 0)
Solution:

From the questions it is given that y = Ax
Differentiating both sides with respect to x, we get,
, _d

y = (Ax)

y =A

Then,

Substituting the values of y’ in the given differential equations, we get,
= Xy'
=xx A
= AX
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=y ... [from the question]
=RHS
Therefore, the given function is a solution of the given differential equation.

Question 6
y=xsinx:xy’ =y +x (v (x? - y?)) (x # 0 and x>y or X< - y)
Solution:

From the question it is given that y = xsinx
Differentiating both sides with respect to x, we get,

, _d :
Y = ™ (Xsallnx) )
=> = sinx—— (x) +x. = (sinx)
=>y’ = sinx +Xcosx
Then,
Substituting the values of y’ in the given differential equations, we get,
LHS = xy’ = x(sinx + xcosx)
= XSinx + X2Cosx
From the question substitute y instead of xsinx, we get,

=y +x2 V1 — sin’x

[ 2

= 2 1 =(%

=y+x2 |1 (x)

=y +x[0)2 = @

= RHS

Therefore, the given function is a solution of the given differential equation

Question 7
A
xy=logy+c:y =1_—xy(xy¢ 1)

Solution:

From the question it is given that xy = logy + ¢
Differentiating both sides with respect to x, we get,

d d
- (xy) =~ (logy)

4 dy _ldy
=Y. (x) + X oo =i
On simplifying, we get.

,_1dy
SYy+Xy = S dx
by cross multiplication,
=y Hxyy' =y’
= &y-1y'=-y?
ﬁY’ — y
1—xy
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By comparing LHS and RHS

LHS = RHS

Therefore, the given function is the Solution of the corresponding differential
Equation.

Question 8
y-cosy=x:(ysiny+cosy+x)y =y
Solution:

From the question it is given that y - cosy = x

Differentiating both sides with respect to x, we get,

dy d _d
dx dx cosy = dx (X)
=>y +siny,y’ =1

=>y' (1 +siny) =1

Then,
Substituting the values of y’ in the given differential equations, we get,
Consider LHS =(ysiny + cosy + x)’

1

= (ysiny + cosy + y - cosy) X T

=y(1 + siny) X

1+siny
On simplifying we get,
=y
= RHS

Therefore, the given functions is the solution of the corresponding differential equation.

Question 9
x+y=tanly:y2+y2+1=0
Solution:

From the question it is given that x + y = tan-ly
Differentiating both sides with respect to x, we get,

d d
- (x+y) =—(tan'ly)

) _ 1 )
=>l+y'= [1+y2]y
By transposing y’ to RHS and it becomes - y’ and take out y’ as common for

Both, we get,

=y = [1—1—1y2 B 1] =1
On simplifying,.
<[
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—y

-

1+y

—(1+y?%)
y2

2

= y'[ 5
=y =
Then,
Substituting the values of y’ in the given differential, we get,
Consider, LHS = y2y’ +y2 + 1

_ o[-+

=-1-y2+y2+1

=0

= RHS
Therefore, the given function is the Solution of the corresponding differential equation.

Question 10

y=VvaZz —x?xe€ (-a,a):x+y%=0(y¢0)
Solution:

From the question it is given thaty = Va2 — x2

Differentiating both sides with respect to x, we get,

@ _ 2 (JaT—57)

dx  dx

dy 1 d 2 2
2 —=———|a"-X
dx 2Va?—x? dx ( )

1
= etz & 2%
—x

~ 2Varlx?

Then,

Substituting the values of y’ in the given differential equations, we get,
Consider LHS=x+y %

=X+ m X 2—'a_2xfxz

On simplifying we get,

=X-X

=0

By comparing LHS and RHS

LHS = RHS

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

Question 11

the number of arbitrary constants in the general Solution of a differential equation of fourth
order are:

(A)o (B) 2

@3 (D) 4
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Solution:

(D) 4
The solution which contains arbitrary constants is called the general solution (primitive) of the
differential equation.

Question 12

the number of arbitrary constants in the particular solution of a differential equation of third
order are;

(A)3 (B)2
A1 (D) O
Solution:

(D) 0

The solution free from arbitrary constants i.e., the solutions obtained from the general solution by
giving particular values to the differential equation.

Exercise 9.3

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

Question 1

+==1

QIR
S

Solution:

From the question it is given that 2 4 % =1

Differentiating both sides with respect to x, we get,
1 1dy

== O

a 1b dxl

=+ y=0 .... [Equation (i)]

Now, differentiating equation (i) both sides with respect x, we get,
1 »

0 +1;y =0

— Ey =0

By cross multiplication, we get,
= yrr — 0
=~ the required differential equationisy” =0

Question 2
y2=a(b* - x*)
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Solution:

From the question it is given that y2 = a (b? — x?)

Differentiating both sides with respect to x, we get,
dy _ :

Zya =a(2-2x)

- 2yy =-2ax

- yy =(-2/2)ax
Now, differentiating equation (i) both sides, we get,

Yxy +yy’'=-a
(v;)2+yy’=-a ... [we call as equation (ii)]
Then,
Diyiding equation (ii) by (i), we get,
) +yy'  =a
yy  —ax

=>x(y)* + xyy” = yy’

Transposing yy’ to LHS it becomes - yy’

=>xyy’ +x(y)*-yy =0

=~ the required differential equation is xyy” + x(y’)% - yy’ = 0.
Question 3

y = ae3* + be **

Solution:

From the question it is given thaty = ae3* + be ?*

Differentiating both sides with respect to x, we get,
V' = 3ae3* - 2be~%* ... [equation (ii)]

Now. Differentiating equation (ii) both sides, we get,
y' =9ae3* + 4be =¥ .. [equation (iii)]

Then, multiply equation (i) by 2 and afterwards add it to equation (ii),

We have,

= (2ae3* + 2be™?*) + (3ae3* - 2be™?*) = 2y +y’

= 5ae3% =2y +y

= aed* = =——

... [we call it as equation (i)]

So now, let us multiply equation (ii) by 3 and subtracting equation (ii),
We have

= (3ae3* - 3be™%*) - (3ae3* - 2be™?*) =3y -y’

= S5he ** =3y -y’

= pe—2x =2

Substitute the value of ae3* and be™** in y”,

- 2y+y’ 2y+y’
Y’=9x 2 g 22

» _ 18y+9y’ 12y—4y’
Sy = y5y+ ysy

On simplifying we get,
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,» 30y+5y’
5
=YY" 6y +y’
=Y -y -6y=0
=~ the required differential equation is y” -y’ - 6y = 0.

=Y

Question 4

y = e%* (a + bx)

Solution:

From the question it is given thaty = e?* (a + b x) ... [equation (ii)]
Differentiating both sides with respect to x, we get,

Y =2e?* (a+bx) +e?* xb .. [equation (ii)]

Then, multiply equation (i) by 2 and afterwards subtract it to equation (ii),
We have, *

Y’ - 2y = e?*(2a + 2bxb) - e?* (2a + 2bx)
Y - 2y = 2ae®* + 2e**bx +e**b - 2ae?* - 2bxe**

Y’ - 2y = be?* ... [equation (ii)]

Now, differentiating equation (ii) both sides,
We have,

=Y’ -2y = 2be?* ...[equation(iv)]
Then,

Dividing equation (iv) by (iii), we get.

y' =2y

e — 2

y —2y

By cross multiplication,

=>Y' -2y =2y -4y

Transposing 2y’ and -4y to LHS it becomes - 2y’ and 4y
=>Y' -4y —4y=0

~ the required differential equation isy” - 4y’ - 4y = 0.

Question 5
y =e*(acosx + b sinx)
Solution:
From the question it is given that y = e* (a cos x + b sin x)
... [we call it as equation (i)]

Differentiating both sides with respect to x, we get,
Y” =ex(acos x + b sin x) + ex (-a sin X + b cos x)

y' =ex[(a+b) cosx-(a-Db)sinx)] ... [equation (ii)]
Now, differentiating equation (ii) both sides,
We have,

Y =ex[(a+b)cosx-(a-b)sinx)]+ex[-(a+b)sinx-(a-b)cosx)]
On simplifying, we get,
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y” = ex [2bcosx - 2asinx]
y" =2ex(bcosx-asinx) ..[equation (iii)]
Now, adding equation (i) and (iii), we get,

Y + % =eX[(a+b) cosx - (a - b)sinx]

Y _ o
Y + 5= y
=2y +y =2y

Therefore, the required differentialis 2y +y’ = 2y’ = 0

Question 6

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

Solution:
F Y
Y
- e >
v
v

By looking at the figure we can say that the centre of the circle touching the y- axis at origin lies on
the x - axis.

Let us assume (p, o) be the centre of the circle.

Hence. It touches the y - axis at origin, its radius is p.

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

= (x-p)2 +y* =p?

= x? +p? =2xp + y? = p?

Transposing p? and - 2xp to RHS then it becomes - p? and 2xp

= x% +y%=p%-p?+2px

= x? +y?% = 2px ... [equation (i)]

Now, differentiating equation (i) both sides.
We have,

=2x + 2yy =2p

=>X+yy =p

Now, on substituting the value of ‘p’ in the equation, we get.
=>x2+y2=2(x+yy)x

= 2xyy + x%=y?

Hence, 2xyy’ + x> = y? is the required differential equation.

Question 7

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

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

x? = 4ay .. [equation (i)]
-~
Y
1S/
YI
v
Now, differentiating equation (i) both sides with respect to x,
2x = 4ay’ .... | equation (ii)]
Dividing equation (ii) by equation (i), we get,
2_x _Aay’
x2  4ay
On simplifying, we get,
2.y
x |y
By cross multiplication,
= xy =2y
Transposing 2y to LHS it becomes = - 2y.
=>xy -2y=0

Therefore, the required differential equation is xy’ - 2y = 0.

Question 8

form the differential equation of the family of ellipses having foci on y-axis and centre at
origin.

Solution:

By observing the figure, we can say that, the equation of the family of ellipses having foci on y-axis

and the centre at origin.

x2

y2 . .
= 1 ...[equation (i)]
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Now, differentiating equation (i) both sides with respect to x,
b2 a2
b2 BNas

2x + 2yy’ -0
Z 4+ = ... [equation (ii)]
Now, again differentiating equation (il) both sides with respect to x,

On simplifying,

1 1 ) »

St +yy)=0

1 1., »

2=z 0% ryy)

Now substitute the value in equation (ii), we get,
1 7 n '

- O +yy)]+ =

On simplifying,

=>-xy)*-xyy" +yy =0

=Xyy +x(y)?-yy =0

Hence, xyy” + x (y')%2 - yy’ = 0 is the required differential equation.

Question 9

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

Solution:

By observing the figure, we can say that, the equation of the family of hyperbolas foci on x - axis and

the centre at origin is
2 2
Y =1 .... [equation (i)]

a2 b2

X
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S
RN

'YI
Y
Now, differentiating equation (i) both sides with respect to x,
2x 2yy'
a2 pz Y
x .
ﬁa—z T b_z =0 [(ll)]

Now, again differentiating equation (ii) both sides with respect to X,
1 yytyy" 0
az b2 .

On simplifying,
1 1 ! ”
= — - (?+yy") =0

a?
1 1 - »
= === (y"+yy")
Now substitute the value in equation (ii), we get
X e Yy
0y ) =55 =0
= xy?+xyy' ~yy' =0
= xyy” +x (y)?-yy' =0
Hence, xyy” + x (y')? - yy’ = 0 is the required differential equation.

Question 10

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

Solution:
vk
B
- X' 0] X’
b
V'
 J
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Let us assume the centre of the circle on y - axis be (0, a).

We know that the differential equation of the family of circle with centre at (0, a) and radius 3 is: x?

+(y-a)2=3?
= x%+(y-a)?2=9 ... [equation (i)]
Now, differentiating equation (i) both sides with respect to x,
=>2x+2(y-a)xy' =0 ... [dividing both side by 2]

=>x+y(y-a)xy =0
Transposing x to the RHS it becomes - x.
(y-a)xy' =x
Y-a=—
y'

Now, substitute the value of (y —a) in equation (i), we get,

(s

Take out the x2 as common,
1
= x21+ (y,)z] =9
On simplifying,
= x*((y)*+1) =9(y')*
= (x*-9) (y)2+x2=0
Hence, (x%2 - 9) (y')? + x2 = 0 is the required differential equation.

Question 11

Which of the following differential equations hasy = c1 ex + ¢2 ex as the general?

(A) Z+y=0 (B) =2 -y=0 (C)d—y+1 0 (D)%—1=0

Solution:

2
(B)Z2—y=0
Explanation:
From the question it is given that y = c1 eX + cze*
Now, differentiating given equation both sides with respect to x,

d : .
ﬁ =C1eX-Cz e¥ .... [ equation (i)]
Now, again differentiating equation (i) both sides with respect to x,
dZ
d—z C1eX+cyex
dZ
dyzc B
d%y
- _ y 0
dZ
Hence, — 7Y = 0 is the required differential equation.
Question 12

Which of the following differential equations has y = x as one of its particular Solution?
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(A) x2 ol _+Xy =X (B) +x — + Xy =X
(C)ﬁ—x%+xy=0 (D) +x—+xy 0
Solution:

d? dcy ,dy.
(C)— 7 X~ +Xy = 0
Explanation:

From the question it is given that y = x

Now, differentiating given equation both sides with respect to x,

d : .
ﬁ =1 .. [ equation (i)]
Now, again differentiating equation (i) both sides with respect to x,
dZ
dx =0
then,
! dy d%y . . .
substitute the value ofa and - in the given options,
d’y y
Rl i
=0-(x2x1) + (xxXx)
= -X2 + X2
=0

Exercise 9.4
For each of the differential equations in Exercises 1 to 10. Find the general solution:

Question 1

dy _ 1—cosx

dx ~ 1+cosx

Solution:

Given
dy _ 1—cosx

dx ~ 1+cosx

We know that 1 - cos x = sin? (x/2) and 1 + cos x = 2 cos? (x/2)
Using this formula in above function we get

dy _ 2 sinzg

dx ZCOSZ%

We have sin x/cos x = tan x using this we get

~ d x
= 2 = tan2=
dx 2
From the identity tan?x = sec?x - 1, the above equation can be written as
dy x
=>— =(sec’>-1
dx ( 2

Now by rearranging and taking integrals on both sides we get
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= fdy:fseczgdx—fdx
On integrating we get
:>y:2tan1§—x+c

Question 2

dy _ — o2 (.

dx—,/4 y:(-2<y<2)
Solution:

Given

dy _

)
:>dx 4—vy

On rearranging we get
dty
=dx

ﬁ—
Jimy?

Now taking integrals on both sides,

1
> | ==l dx
We know that,

1 . X
= | == dx =sin1-
f\/az—xz a
Then above equation becomes
= Sin'l}z—] =X+C

Question 3

dy _

. 1(y+1)
Solution:

dy
=>—=—+y=1
dx y

On rearranging we get
=dy=(1-y)dx

separating variable by variable separable method we get

d
=2 - dx
1-y

Now by taking integrals on both sides we get

d
= f% = [dx
On integrating
=-log(l-y)=x+logc
=-log(1-y)-logc=xd
= Log(1-y)c=ex
Above equation can be written as
= (1-y)= % ex
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y=1+ é ex

y=1+Aex

Question 4

sec2xtanydx +sec2ytanxdy =0
Solution:

Given

= Sec? x tany dx + sex? y tan x dy
Dividing both sides by (tan x) (tany) we get

. sec 2xtanydx sec 2ytanxdy -0

tanxtany tanxtany
On simplification we get
sec 2xdx sec 2ytanxdy _

tanx tanxtany

Integrating both sides,
sexZxdx sec2ydy

= f tax - f tany
= Lettanx=t&tany=u
Then,
Sec? x dx = dt&sec? y dy = du
By substituting these in above equation we get
. ordt _ du
x
On integrating
= Logt=-logu+logc
Or,
= Log (tan x) = -log (tany) + log c
= Log tan x = log—

tany
= (tanx) (tany) =c

Question 5
=>(ex+eX)dy- (ex-eX)dx=0
Solution:

Given

(ex+ex)dy-(ex-ex)dx=0

On rearranging the above equation, we get
(ex -e—x)dx

>dy=———"—

ex +e—x

taking integrals both sides,

= fdy:f(ex—e—x)dx

ex +e—x
Now let (ex+ex) =t
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Then, (ex-eX) dx =dt
dt

t

On integrating

dx
[ —=logx
So,
= T=logt
Now by substituting the value of t we get
=>y=log(ex+eX)+c

Question 6

L= (1+x%) (1+?)

Solution:

>Z=(1+x?) [+
Separating variable by variable separable method,

dy _
o dx (1 +x?)
Now taking integrals on both sides,
dy
:>f1+y2:fdx+fx2dx
On integrating we get
B

pa
= Tanly=x+=+c

Question 7
ylogydx - xdy = 0
Solution:

Given

Ylogydx-xdy=0

On rearranging we get

= (ylogy) dx =xdy

Separating variables by using variable separable method we get
dx dy
x  ylogy

Now integrals on both sides,

S [lof

ylogy
Letlogy =t
Then,
1
=>-dy=dt
;Y
dt
= logx = e
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= Logx+logc=logt

Now by substituting the value of t

Log x + log c =log (log y)

Now by using logarithmic formula we get.
= Logcx=logy

= Logy =cx

> Y =ex

Question 8

dy
x5 = _y5
dx y

Solution:

Given
dy
520 5

= X= =y
Separating variables by using variable separable method we get

dy —dx

e
On rearranging

d dx
ﬁ—);+—5:0
y x

Integrating both sides,
=[S+ [5=a

Let a be a constant,

= [y >dy+ [x °dx=a
On integrating we get

= -4yt-4x*t+c=a

On simplification we get
= -xtyt=c

The above equation can be written as
11
= x—4 + }7 =C

Question 9

dy -
—=sinlx
dx

Solution:

Given

= Z—z =sinlx

Separating variables by using variable separable method we get
= dy = sin'1 x dx

taking integrals on both sides,

= [dy = [ sin — 1xdx
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Now to integrate sin-1 x we have to multiply it by 1
To use product rule
d

fu.vdx =u [vdx — [ (Eu) (f vdx) dx}

Then we get

=y = [ 1.sin — 1xdx

According to product rule and ILATE rule, the above equation can be written as
s y=sinlx [1.dx — fZ—zsin_lx)(f 1.dx)dx}

On integrating we get
X

=y =xsinlx- [ —dx
Now,
sletl-x2=t
dt
=>xdx = - -

on simplification above equation can be written as
. 1 1
Sy=xsinlx+-|t—=d
y =XS % Jt—zat
=>y=xsin'1x+5\/f+c

substituting the value of t, we get

S>y=xsinlx+V1—x2+c
Question10

extanydx + (1-e*)sec2ydy=0
Solution:

Given
=extanydx+1(1-eX)seccydy=0
On rearranging above equation can be written as
(1-e*)sec?ydy=-e*tanydy=0
Separating the variables by using variables separable method,
sec?y e*
—=dy =- dx
tan y 1—e”*
Now by taking integral on both sides, we get
sec?y _ e*
= dy = —dx

tany
Lettany tand m1-e*=u
Then on differentiating
(sec’y dy = dt) & (e*dx = du)

Substituting these in above equation we get
dt du

t u
On integration we get

= logt=logu+logc

Substitution the values of t and u on above equation.
= log (tany) =log (1 -¢e*) +logc

= logtany =logc (1 —e¥)
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By using logarithmic formula above equation can be written as
= tany (1 —e¥)

For each of the differential equations in exercises 11 to 14 find a particular
solutionSatisfying the given condition

Question 11

2

d
(x3+x +X+1)ch =2x?+x;y=1whenx=o0

Solution:

Given
=3 + x? +x+1)j—i =2x%+x
Separating variables by using variable separable method
=dv = 2x2+x g
YT (x+1)(x2+1)
taking integrals on both sides, we get
2x2+x

Integrating it partially using partial fraction method,

2x%4x _ A Bx +c
GAD@2+1) x+41  x2+1

2x°+x _ Ax?+A(Bx+c)(x+1)
(c+1) x2+1)  9x+1) (x2+1)

= 2x% +x= Ax* + A+ Bx+Cx+C

= 2x2+x=(A+B)x2+(B+c)x+A+C
Now comparing the coefficients of x2 and x
=>A+B=2

=>B+c=1

=>A+c=0

Solving them we will get the values of A, B, C

1 3 1
A=+ B=3c=-
2 2 2

Putting the values of A, B Cin 1 we get
2x% +x 1 1 13x— 1
= - + -
(x+1) (x2+1) 2 (x+1) 22x2+1
Now taking integrals on both sides
1,1 3x—1
= [dy =3[ frdx [ 5 d
On integrating

1 3 x 1 dx
:>y—glog(x+1)+gfx2+1 X—E o
:>y:510g(x+1)+zf = dx——tan X 2

For second term
Letx2+1t
Then, 2x dx = dt

dt
_fx +1 t
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So, I = % logt
Substituting the value of t we get
I:%log (x% +1)
Then 2 becomes
=y =%10g (x+1) +zlog (x?+1) —%tan'1x+ c
Taking 4 common
y=% [21og (x + 1) + 3log (x% + 1)] —%tan'1x+ c
y=% [log (x + 1)2 + log (x? + 1)3] — % tan'l X + c
y=% [log (x + 1)2 + log (x? + 1)3] —%tan'1 X+cC .3
Now we are given thaty =1 whenx =0
& 1=7[log (0+1)2(02+1)}] —tan1 0 +c
1=2x0—2x0+c

4 2
Therefore,
C=1
Putting the values of c in 3 we get
y :% [log (x + 1)2 + log (x% + 1)3] —%tan'1 X+c

Question 12

dy
x(x2—1)£= 1:y=0whenx=2
Solution:

Given
dy
2_1NN2 =
x(x2-1) o 1

separating variables by variable separable method,
dx

M

x2+ 1 can be writtenas (x+ 1) (x - 1) we get
dx
=AY = T he-D

Taking integrals on both sides,
dx

Now by using partial fraction method,

c
x(x — D(x-1) _;+x+1+ x—1 el

1 _ A=) (x+1)+B(x)(x—1 )+c(x)(x +1)
x(x +1)(x—-1) B x(x+1)(x—1)
Or
1 _ (A+B+0)x2+(B—C)x—A
x(x+1D)(x—-1) x (x+1)(x—1)
Nowcomparingtevaluesof A, b, c
A+B+C=0
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B-c=0

A=-1

Solving these we will get that B=% and c =%
Now putting the value of A, B, cin 2

1 1 1/ 1 1/ 1
= rerhe—n - x 2 (x+ 1)) + E(E)
Now taking integrals we get
1 1 1 1 1
= Jdy=-Jrdre 3 (p)dxe 3 (T5)dx
On integrating
=y =-logx +%10g (x+1) + %log (x-1) +logC

1 c2(x—1)(x+1)
=y= 2 log[ x2 ]

Now we are given thaty = 0 when x = 2
_amb c?(x—1) (2 4+1)

0 2 log;[ 2 ]

= log 3% =0

We know e° = 1 by substituting we get
= ¥4
4
= 3c% =
= c?>=4/3
Now, putting the value of ¢? in 3

Then,
1 4(x—1)(x+1)
y= 2 10g [ 3x2

v=slon[]

Question 13

d
cos(d—z)=a(aER):y=1whenx=O

Solution:

Given
d_y) _

cos (dx =a
On rearranging we get
=2 os

—=cosla

dx
dy = cos a dx
integrating both sides, we get

fdy = cos‘lafdx

y=xcostla+c..1
Nowy=1whenx=0

Then,
1.=0costla+c
HenceC=1
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Substituting C = 1 in equation (1), we get;
y=xcosla+1
(y=-1) /x=cos1a

-1
:>cos<y )za
X

Question 14

%=ytanx:y=1whenx=0

Solution:

Given

dy
- = nx
7 y ta

Separating variables by variable separable method
= d7y tan x dx

Taking integrals both sides, we get

= dey = [ tanx dx

On integrating

=Logy=-log (cosx) +logc

Using standard trigonometric identity, we get
=Logy =log (secx) + log c

Using logarithmic formula in above equation we get
=Logy = log c (sec x)

=Y =c(secx) ...1

Now we are given that y =1 whenx =0

=1 =c(sec0)

=>1=cx1

=>C=1

Putting the value of cin 1

=Y =secx

Question 15

find the equation of a curve passing through the point (0. 0) and whose differential equation
isY =exsinx

Solution:

To find the question of a curve that passes through point (0, 0) and has differential equationy’ = ¢’
sin x

So, we need to find the general solution of the given differential equation and the put the given point
in to find the value of constant.

So, :>Z—Z - exsin x
Separating variables by variable separable method, we get
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= dy = eXsin x dx
integrating both sides,
= [dx=[e*sinxdx..ueeunn. 1

Now by using product rule we get
[u.vdx = u [ vdx-[ {%ufvdx} dx
Now let

[=[e*sinxdx

d
= 1 =sinxfe"dx— f(asinxfexdx)

= [ =exsinx — [ cosxe® dx
Now by integrating we get
= [ =exsinx = [cos x[ e*dx + [ sinxe* dx]
From 1 we have
> I=e*sinx-excosx -1
Now on simplifying
= 2] = e*sin X eX cos X
= 2] = e* (sin X - cos x)

(sin x—cos x
) SN

2

Substituting [ in 1 we get

sin x—coasx

Now we are given that the curve passes through point (0, 0)

>l=¢e

- 0= eo (sin 0—cos O)+C
=>0= @ +C

1
=>CcC= =

2

Substituting the value of C'in 2

(sinx—cosx) 1
ﬂy:ex—.k_

2 2
On rearranging

= 2y =e*(sinx - cos x) +1
Hence
= 2y-1=e”*(sinx-cosx9)

Question 16

For the differential equation xy % =(x+2)(y+2)
Find the solution curve passing through the point (1, -1).

Solution:
For this question, we need to find the particular solution at point (1, 1) for the

Givendifferential equation.
Given differential equation is

d
:xyﬁ =(x+2)(y+2)
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Separating variables by variable separable method, we get

=>Ldy (x+2)dx
y+2 X

Taking integrals both sides, we get’
ﬁf(l—i)dy=f(1+z) dx
y+2 x
splittingtheintegrals
1 1
zfdy—medy:fdx+2f;dx
=y-2log (y+2)=x+2102X+ Covvrverrerrns o 1
Now separating like terms on each side.
= y-x-c=2logx+2log(y+2)
= y-x-c=logx?+log(y + 2)2
Using logarithmic formula, we get
=>y-x-c=log{x%(y+2)?-1)
Now we are given that the curve passes through (1, -1)
Substituting the values of x and y, to find the value of ¢
=>—-—1-1-1=log[-1+2)%}
=-2-c=log(1)
We know that log 1 0
=>c=-2+0
So,c=-2
Substituting the value of cin 1
y-x=-c=log{x*(y++2)%}
y-x+2=log{x*(y + 2)%

Question 17

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

. d
We know that slope of a tangent is = %.

So we are given that the product of the slope of its tangent and y coordinate of the point is equal to
the x coordinate of the point.
yor =X
now separating variables by variable separable method.
= ydy=xdx
Taking integrals both sides.
= [ydy = [ xdx
On integrating we get
yZ x2

S>—=—+c
2. 2

=>y?-x2=2c..1
Now the curve passes through (0, -2).
s 4-0=2c
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=c=2
Putting the value of cin 1 we get
=>y2-x2=4

Question 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:

We know that (¥, y) is the point of contact of curve and its tangent.
y+3
x+4;
Also, we know that slope of tangent of a curve is ﬁ,
d
=~ slope (m2) of tangent = ﬁ w2
Now, according to the question, we can write as
(m2) =2(m1)
dy _2(7++3)
dx = x+4
Separating variable by variable separable method, we get
dy _ 2dx
y +3 T x+4
Taking integrals on both sides,

[ A

Slope (m1) for line joining (x,y and (-4, -3) is

y+3 x +4
On integrating we get
= logy + 3) = 2log(x + 4) + log c
Using logarithmic formula above equation can be written as
=log(y + 3) = log c(x +4 )?
s>y+3=c(x+4)> 3
Now, this equation passes through the point (-2, 1).
=1+3=c(-2+4)?
=4 =4c
=C=1
Substitute the value of cin 3
= y+3=(x+4)?

Question 19

The volume of spherical balloon being inflated at a constant rate. 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 is a constant
dy
o— =k
dt
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% (% nr3) = k {volume of sphere = %nr3}
On differentiating with respect to r we get
4 dr
= -m3r3— =k
3 dt
on rearranging
=4mr?dr = kdt
Taking integrals on both sides,
=4n [r2dr= k[dt
On integrating we get
3
=kt+c 1

Now, from the question we have
Att=0,r=3:
=4ntx33=3(kx0+c)

=108 m = 3c

=C=36m

Att=3,r = 6:
=24nx63=39kx3 + ()

>K=84m

Substituting the values of kand cin 1
= 4nr3 = 3 (84nt + 36m)

=4nr3=4m (63t + 27)

=>13=63t+ 27

=r=363t + 27

so, the radius of balloon after 1 second is V63t + 27

4mr

=

Question 20

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

Solution:

Let t be time, p be principal and r be rate of interest
According the information principal increases at the rate of r% per year.

L _ (T
Cde (100)p
Separating variable by variable separable method, we get

dp _ r
=" (100)dt
Taking integrals on both sides,
dp _ r
= f? =100 f dt
On integrating we get
rt
=Logp t— oot k
=SP=—0+ | TP 1
Given thatt=0, p = 100.
=100 =€k ...2
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Now, if t=10. Then p=2x100 =200

So,
rt
200 = = +k
200 = -~ ek
el0
From 2
200 = %x 100
It o
el0
= —log2=1=6.93
el0

So, ris 6.93%

Question 21

In a bank principal increase continuously at the rate 5% per year. An amount of Rs 1000 is
deposited with this bank, how much will it worth after 10 years (0.5 = 1.648).

Solution:

Let p and t be principal and time respectively.
Given that principal increase continuously at rate of 5% per year.
. % S
Tax T (100) p
Separating variable by variable separable method,

dr

p 25
taking integrals on both sides,

dp _ 1

= == [dt

Slogp = 5+ Corvvrerene 1
When t=0,p=1000
=1000 = e°

Att=10

= =P = A +C

e2
the above equation can be written as
=>P=e% xe¢
=P =1.648x 1000 (e =1.6489)
=P =1648

So, after 10 year the total amount would be Rs. 1648

Question 22

in a culture, the bacteria countis 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:
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Let y be the number of bacteria at any instant t.

Given that the rate of growth of bacteria is proportional to the number present

d
d—{ Xy
= % = ky (k is constant)
Separating variables by variable by separable method we get,

d
= 2 - kdt
dt

d
:f—y:kfdt
y

On integrating we get
=Logy=kt+c..1

Lety’ be the number of bacteria att = 0.
=Lety;=c

Substituting the value of cin 1

= logykt+logy"

= Logy-logy =kt

Using logarithmic formula, we get

= log ;— = K coooomone Mifommmne: 2

taking integrals on both sides.

Also, given that number of bacteria increases by 10% in 2 hours.
Therefore,

_uo,
Y= 1007
y _1L
y' 10
Substituting this value in 2, we get
11
=>Kx2=log—
1,11
=>K=- log )

So, 2 becomes
Lo, /8 2,
= zlog o< = log "

210gX
>t= 1{ ...4
logE

Now, let the time when number of bacteria increase from 100000 to 200000 bet’
= y=2y att=t

So, from 4, we have

210g§" _2log 2

>t =

log% - log%
So, bacteria increase from 100000 to 200000 in 2110—‘9112 hours
Ogﬁ
Question 23
The general solution of the differential equation % = ex*yis
(A)ex+ev=C (B)ex+ey=C
(c)ex+ey=C (D)ex+evY=C
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Solution:

(A)ex+evy=C
Explanation:
We have

d
ﬁ _y — eX + y
dx
Using laws of exponents, we get

d
:>_y:eX+y
dx

Separating variable separable method, we get
=eV dy = exdx

Now taking integrals on both sides

= [eVdy = [e*dx

On integrating

= —eY=eX+cC

SeX+e¥=-C

or,

ex+evV=c

So, the correct option is A.

Exercise 9.5

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

Question 1
(x2+xy)dy=(x%+y?) dx
Solution:

On rearranging the given equation, we get

dy _)(2+y2

dx  x%2+xy

Let f(xy) = S4Y
' Y) = x2+xy

Here, substitutingx=kxandy=ky
(kx)? + (ky)?
f (kx, ky)= o+l ly
Taking k? common
B k2 x2+y2
T k2 X2+ xy
=k, f(xy)
Therefore, the given differential equation is homogeneous.
(x? +xy) dy = (x* +y?) dx
dy _ x*+y?

dx  x2+xy
To solve it we make the substitution.
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y=VX

Differentiating equation with respect to x, we get

Dyl

dx dx

We have dy/dx, substituting this in above equation
dy  x%+ (vx)?

V+X—==5—"=—
dx  x2%+ xwx

Taking x? common

dy _ x*+(1+v)?

v de T x2 +(1+v)

On simplification we get

dy _ x*+(1+v)?

dx ~ x2+(1+v)

On rearranging the above equation, we get

V+X

dy _1+v2 V_1+v2—v—v2
dx — 1+w - 1+ v
dy 1 -wv
1dx_ L+o
- v

dv=-dx
1 +v X

Taking integrals on both sides,
[—Ldv= f%dx

1+w
f(—1+ f:)dv:f%dx
On integrating we get
-v-2log[1-v]=log|x|+logc
Substituting the value of v, we get
—1—1—210g| 1—3{—]| =log |x| + log C

Using logarithmic formula, we get

—a
——=log(xx—y)+log |x| +log C

2

On rearranging and computing we get
~Z=1o Dl C
X g X

CEa=)° J
St

e_:V/x

c(x-y)2=xev/x

Question 2

x+y
X

!

y:

Solution:

x +y

y ==

The above equation can be written as
dy _x+y

dx  x

Letf (x,y) = ¥

X
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Here, puttingx =kxandy =ky
f (kx, ky) = =22

_ ﬁ x +y

K «x

=k0.f(x,¥y)

Therefore, the given differential equation is homogeneous.
y _ xty

X
Then the above equation can be written as

dy _x+y

dx  x

To above it we make the substitution.

y=VX

Differentiating equation with respect to x, we get
dy _ v

dx dx

Now by substituting the value of v we get

dv  x+uvx
V+X—=
dx x
On simplification we get

dv
v+ix—=1+v
dx

On rearranging we get

On integrating we get

v=logx+C

Now by substituting the value of v
% = logx + ¢

y=xlogx+cx

Question 3
(x-y)dy-(x+y)dx=0
Solution:

Given (x-y)dy = (x +y) dx

On rearranging above equation, we can write as

dy _x+y

& - X=y

Letf (x,y) = tyy

Now by substitutingx=kxandy =ky
kx + ky

f(kX, kYJ kx — ky

On simplification we get

f (lox, ky) =2

=keo. f (x,y)
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Therefore, the given differential equation is homogeneous.
(x-y)dy-(x+y)dx=0

dy _ Xty

d x-y

For further simplification we make the substitution.
y=VX

Differentiating equation with respect to x, we get
By

dx dx

Now by substituting the value of dv/dx we get
dv X +VX
Vvt X— =
dx X—VX
Taking x as common we get
dv _ 1+v
dx  1-v
On rearranging
dv. _ 1+v
dx  1-v
Now taking LCM and computing we get
dv. _ 14v-v+ v?

dx 1-—v
dv. 1 +v2
1dX Ty |
-V
dv= | -dx
1 +v?2 fx

Now by splitting the integrals we get
[—=dv- [—dv =f§dx |

1+ v2 V1+ v2
Let, 11 = f 112 dv
Put1+v2=t
2vdv =dt
v dv :%dt

Now by applying integral we get

% logt

Now by substituting the value of t we get
1 2

3 log(1 +v?)

From equation 1 we have

1

~tan"ly - %1og (1+v?) =logx +c

Now by substituting the value of v we get
-1 X

X
Onrearranging, we get

tan~1< - %1og (1+ (E)Z: logx +c

1Y _ l (X2+y2)
tan™" —10gx+210g - ) tc

x2

2 2
tan_li :%<210gx + log (X Y )> +C

Using logarithmic formula, we get

tan_lz = % (log (Xz)j—zyz X xz)) +C
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tan~1L =
X

% (logx? + y?) +c
Question 4

(x%-yY)dx +2xydy=0

Solution:

The given equation can be written as
2xydy =- (x? - y?)dx

On rearranging we get
dy B Xz_yz

dx 2xy

——
Letf(x,y) = _xeyy

Here, substituting x =k xandy =ky

k2 2_k2 2
f (lox, ky) == ==

Now by common by taking k% common
2

f (kx, ky) = - .

=k%£(x,y)

Therefore, the given differential equation is homogeneous.

(x? -y?)dx +2xydy=0

Again, on rearranging

2xy dy = - (x? - y?)dx

The above equation can be written as

x2 _yZ

2xy

dy > xz_yz
E - 2xy
To solve above equation and for further simplification we make the substitution.
Y=vx
Differentiating equation with respect to x, we get
dy dv
ax VT
Now by substituting the value of dy/dx we get
dv x2—v2x2
V+X— =-
dx 2x.vx

Now taking x?as common
dv x2 (1-v?)

v de - 2vx2
On rearranging
dv -1 +v? —2v?
dx 2v
Now taking LCM and computing
dv _ —1+ v2—2p2
dx 2v
On simplification
dv _ —-1- v?
de T 2w

Rearranging the above equation, we get
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2v 1
- -dv = =dx
1+ v X

Now by multiplying the above equation by negative sign we get

2v 1
= _dv = -—dx
14+v X

Taking integrals on both sides, we get
[—Sdv =-f~dx .1

1+ v2
Let, il = fl+v2dv
Putl+v?=t
2vdv =dt

Vdv = %dt

Taking integral, we get

Logt

From 1 we have

~log (1 +v?)=-logx+logc

Now by substituting the value of v we get

log (1 + (%)2) = -logx + log c

By using logarithmic formula, we get
2 +y2 c

log( = ) = log;

On simplification

X2 +y2=(Cx

X

Question 5

d
xzd—z= X% - 2y2 +xy

Solution:

The given question can be written as
d_y _ x%—2y24xy
dx x?2
Letf(x,y)=
Now by substitutingx=kxandy=ky
k?x%—2k%y?+ kxk
f(kx, ky) = — kzxyz Xy
Now by taking k? common we get
k% x2—2y?+
f (kky) = 55—~
=k0f (x,y)
Therefore, the given differential equation is homogeneous.

x2— 2y2+ Xy
x2

dy
227 — w2 2
X?—==x2—2y?+ X
i ye+ Xy
On rearranging we get
dy _ x2-2y2 +xy

dx x2
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To solve above equation and to make simplification easier we make the substitution.
Y=vx
Differentiating above equation with respect to x, we get

dy dv
dx v dx
Now by substituting the value of dy/dx we get
VX d_v x2—2x24x.vx
dx x?2
On rearranging we get
dv  1-2v%+v

V+X—=
dx 1

dv
V+x—=1-2vZ+v
dx

On simplification
xj—z =1-2v?
By separating the variable using variable separable method,

dv-—dx
1— 22

Taking 1ntegrals on both sides, we get

| =mdv= f dx
The above equation can be written as

1
f1 o2 dv = f dx

1
f12—(J2v)2 dv = f;dx

On integrating using standard trigonometric identity we get
11 |1 +v2v

V221 08 [T Vay
Now by substituting the value of v we get
1++22
sz 1- xfzy
On 51mp11f1cat10n

Ll |1+\/2v
242 08 1—+/2v

|=log|x|+C

log =log |x| + ¢

|=1og|x|+c

Question 6
xdy -y dx = /x?% + y?2dx
Solution:

The given question can be written as

xdy = (y/x? + y? +y)dx

On rearranging the above equation, we get
dy _ (vx2+y2 +y)
dx
x2
Let f (x, y) - (P 4y
Here, putting x = k xandy =k
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VEZx2+ k2y?+k
K (g ky) = (=2

Now taking k as common

f (kx, ky) = &, Q22

=k%. F(x,y0

Therefore, the given differential equation is homogeneous.

xdy - ydx = {/x? + y?dx

By separating the variables using variable separable method we get
xdy = (\/x? + y? + y)dx

On rearranging we get

dy _ (JxZ+y? +y

dx x
To solve above equation, we make the substituting

y=VX
Differentiating equation with respect to x, we get

E ] dx
On rearranging and substitution, the value of dy/ dx we get
dv  VxZ+x%v2 +vx

V+X—=
dx x

Taking x as common and computing we get
dv _ xV1+x2+vx
VHX—=———
X X
Again, separating variables, we get
1
V1 + v2 T x
Taking integrals on both sides, we get

1 1
Tt
Using fﬁ +log (x + Vx? + a’the above equation can be written as

log(v++/1+ x%) = logx+logc

Now by using logarithmic formula we get
2
log(i—/+ /1+ i—2> = log cx
On simplifying we get
2
v 1+ L=cx
X X
Taking LCM
Y . x2 4+ y2

= X
x x2

y , STy

X X
On rearranging

y+x2 + y% = cx?
Question 7

=X
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{xcos (2) + ysin(2)}ydx = {ysin(2) - xcos (2)} xdy

Solution:

The given question can be written as

d_y _ {xcos( )+ysm( )}
dx {ysm( ) xcos( )}x
{x cos ( )+y sin ( )}
Letf (% ¥) = ) eeos ()
Now by substituting x = kx and y = ky
ky in (&
g - B2
ysin (E) —k xcos (E)}kx
Now by taking k? as common we get
_i2 freos (§) +ysin (D}
e, KY) S o () —eeos D)
=k0. f(x,¥y)
Therefore, the given differential equation is homogeneous.
ay _ {xcos () +ysin (Gl
3™ o () s ()
To solve above equation, we make the substitution.
y=VX
Differentiating equation with respect to x, we get

Now by substituting dy/dx value and on rearranging we get
d_v _ {xcos (w)+vxsin (v)}vx

VX dx ~ {vxsin (v)—xcos w)}x

Taking x as common and simplifying we get
dv _ {cos(v) + vsin (v)}v
dx {vsin (v) — cos (v)}
On rearranging and computing we get
dv _ {cos (v) +vsin (v)}v
dx {vsin (v) — cos (v)} -
Taking LCM and simplifying we get
dv _ vcos (v)+ v2 sin (v)—v? sin (v)+vcos (v)
dx vsin (v)—cos )
dv _ 2vcosify)
E ~ vsin (v)—cos (v)
Separating the variable by using variable separable method we get
vsin (v)—cosv dv = 1 dx

V+X

2vcosv X
Now by splitting the numerator we get
vsinv cosv 1
—— dv———dv=-dx
2vcosv 2vcosv X

On simplification we get

ltanvdv —1.2dv=1dx

2 2'2 x

Taking integrals on both sides, we get
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1 1 1 1
[ tanvdv -2 [-dv = [ - dx

On integrating we get

1 1

B log secv - B logv =logx + logk

Using logarithmic formula, we get

Log secv - logv = 2logkx

Now by substituting the value of v we get
Log sec(%)— log (%) = 2logkx

Ahain using logarithmic formula we get

Log (% sec (%)) = log (kx)?

On simplification

= sec(z) = k2 x?

y X

We know that sec x = 1/cos X, by using this in above equation we get

1 —
e (@

On rearranging
e
XyCOoS (x) =3
Where C is integral constant
1
C = k_2

XyCOS (i) =C

Question 8

x% -y + xsin(%) =0

Solution:

The given question can be written as
Xﬂ -y — xsin (X)
dx X
On rearranging we get
dy ¥ —xsin (%)

dx x

Left(x,y) = .
Nowputx=kxandy-ky

Ky - kxsin ky
f (kX,kYJ — — (kx)

By taking k as common we get

—xsin (L
f (kky) = - —— )

=kOf(x,y)
Therefore, the given differential equation is homogeneous.

y —xsin (X)

X
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Y _y_xsi (x)
X-—=y - xsin( -
On rearranging the above equation
in (L
d_y _ y - Xsin (X)
dx X
To solve above equation, we make the substitution.
Y=vx
Differentiating equation with respect to x, we get
dy _ d_v
dx SVEX dx
On rearranging and substituting the value of dy/dx we get
dv vx—xsin (ﬂ)
VX —=———
dx x
On simplification we get
d :
V+X—=v-sinv
dx
*2 = - sinv
dx

Now separating variables by variable separable method, we get
1
sinv
We know that 1/sinx = cosec X then above equation becomes

dv:—ldx
X

1
cosecvdv = — - dx
X

Taking integration on both sides, we get
[ cosecvdv = — f%dx

On integrating we get

Log (cosecv - cotv) =-logx + log c

Now by substituting the value of v we get
Log (coseci—' - coti—') = logi

On simplifying we get
cosecZ - cot> =<
X X X

We know that 1/ sin x = cosec x and cot x = cos X/ sin x then above equation becomes

y
1 cos

sin  sinl  x
X X
On rearranging we get
c .
1—cotZ=Z.sinZ
X X X

x (1 - cot¥) = Csin

X X

| @)

Question 9
ydx + xlog (X) dy - 2xdy = 0
x

Solution:

Given
Y —
ydx + xlog (;) dy - 2xdy =0
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The given equation can be written as

xlog G) dy - 2xdy = - ydx
Taking dy common

(Xlog (%) dy — Zx) dy = - ydx
On rearranging we get

@y __
dx  xlog (i—/)dy— 2x
v __ ¥y
dx 2x —xlog (i—/)

_ y
Letf(x,y) = PO <iog G)
Nowputx=kxandy=Kky
Fkgky) = —

2kx —kxlog (%)
Taking K as common

_ Y
F(kX'kY) T 2% — xlog (i—/)

=k0. f(x,¥y)
Therefore, the given differential equation ais homogeneous.

Ydx + xlog G)dy -2xdy =0

xlog G)dy - 2xdy = -ydx
On rearranging

dy _
dx xlog (ii)dy —2x
Simplifying we get
dy _ y

dx 2 —xlog (%)

To solve it we make the substitution.

Y=vx

Differentiation equation with respect to x, we get
dy _ d_v

dx v de

On rearranging and substitution dy/ dx value we get

+ de _ vXx
dx  2x—xlog (vx—x)
On simplification
v de_ v
dx 2—logv
e
dx 2—logv
taking LCM and simplifying we get

dv _v—2v+vlogv

dx 2 —logv
Xd_v _v—2v+vlogv
dx 2 —logv
by separating the variables using variable separable method we get

2—log v 1
— 29" dv=-dx
—v+vlogv x
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2—log v _1
v (log v—1) dv= x dx
On simplifying we get

1—(log v—1) dv = ldx

v (log v—1) . . .

Integrating both sides, we get fmdv fodv=[dx. 1
. 1

Let, = f v (logv —1)

Put, logv-1=t

“dv =dt

On integrating

1
Jzdt
Logt

Substituting the value of t

Log (logv-1)

From equation 1 we have

~log (logv- 1) - log (v) =log (x) + log (c)
By using logarithmic formula, we get

log ((logv;l)) = log(cx)

logv-1
2 B CX
\%

On simplification we get

bAY
log(;,() 1 = ox

*(o3(9) =) =ex

y _
log (;) -1 =cy
Question 10
x X x
<1 + ey)dx + ey<1—;)dy =0

Solution:

Given question can be written as

dy _ —e*/¥(1-)

dx z

(1 +eY)

_eX/)’(l_f)

— Y

Letf(ij) - (1+€X/y)

Now putx-kxandy=ky

_ekx/ky (l_k_x)
vk

—ekx/ky (1_’;_;5)

(1+ ehx /ky )
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KOf (x,y)
Therefore, the given differential equation is homogeneous.

z X
(1+eVdx+ev (1—;) dy=0
On rearranging
(1+e)dx=—e’ (1-2)dy

y
dy _ —ex/y(l—g)
dx (1+ex/¥)
To solve above equation, we make the substitution
X=Vy
Differentiation above equation with respect to x, we get
dy + dv

=V+y—
dx dy
On rearranging and substituting for dy/ dx value we get

iy _evy/y(l_ %)

dy ~ (1+ew/y)
dy _ —e+ve” v
y dx | 1+e?
Now taking LCM and simplifying we get
dy —eV+veV—v—veV
= y e =
dx 1+e?
The above equation can be written as
dv v+e?
Sy—=-|——
dy 1+e?
v+eV dv
a2
1+e? y

Integrating both sides we get
Log (v +eY) =-logy + log C = log (i)
Using logarithmic formula, the above equation can be written as
= [f + eﬁ] =<
v by

=>x+ye’=C

For each of the differential equation in Exercise from 11 to 15, find the particular Solution
satisfying the given condition:

Question 11

(x+y)dy+ (x-y)dx=0:y=1whenx=1
Solution:

Given

(x+y)dy+ (x-y)dx=0

The above equation can be written as

dy _ (=)
dx (x+y)
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Let f(x,y) = — (x~y)

(x+y)
Now putx=kxandy=sky
_ (kx—ky)
f(kX'kYJ T (kx +ky)

By taking k common from both numerator and denominator we get
k (x=y)

)

=k0, f (x, y)

Therefore, the given differential equation is homogeneous.

(x+y)d+(x-y)dx=0

Again, above equation can be written as

dy _  (x=y)

dx (x+y)

To solve it we make the substitution.

y=VX

Differentiating above equation with respect to x, we get

dy dv

2 .

On rearranging and substituting the value of dy/dx we get
dv _ (x—vx)

dx - (x+vx)

Taking x common and simplifying we get

vex__0-v
dx (1+v)

On rearranging

dv = (1-v)
ax  (1+v)
Taking LCM and simplifying

dv _—1+v —v—12

A (1+v)
de _—1—172
dx  (1+v)

dv _ —(1+v?)
R PR,
Then above equation can be written as.
1+v _M
1+v2 dv =- ; dx
Taking integrals on both sides, we get
1+v 1
f1+v2dv=_f;dx
Splitting the denominator,
+v 1+v 1
f1+v2dv+fl+v2dv=_f;dx
On integrating we get

tan'1V+%log (1 + v?¥)=-logx+c
Now by substituting the value of v we get
1
Tan-% +-log (1 + (g)z) =-logx +c
y=1whenx=1
Tan 4+ tog (1 + (2) ) =-logl +C
an -+ “log +(;) =-logl +

The above equation becomes
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E.,_lz =0+c
427
c=" 42
" 2logZ 2
1
-'-tan'1§+glog (1 + (%) ) = -logx +c
Where,C:% +%l0g2
2
. 1Y Y
~ tan x+log<1+ (x) )

T 1
=-logx + ot ElogZ

x2+y2)
2

-1

2tan ~t log (
= - 2logx + % +log?2
On simplifying we get

2 2
2tan? %+ log (x il

) + logx? =% +log2

x2
Ztan'% +log(x? + y?) = % +log2
The required solution of the differential equation.

Question 12

x*dy + (xy y*)dx =0;y=1whenx=1
Solution:

Given

x2dy+ (xy+y%)dx=0
On rearranging we get

dy _ _ (wyty2)
dx x2 ,
Letf (xy) = — 2222

Now put x =k xand gk y

f (lx, ky) = - ) ;x§2y2>

taking k? common we get

_kE Gy ty2)

T2 x2

=kO0f(x,y)

Therefore, the given differential equation is homogeneous.
x2dy+ (xy+y?)dx=0

dy _ (xy +y2)

dx x2

To solve it we make the substitution,

y=VX

Differentiating above equation with respect to x, we get
dy dv (x wx+v%x?)

g o Xg N (x vx)fvzxz)

dx svEX dx e x2

On computing and simplifying
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dv 5
V+HX—=-V-V
dx

dv 2
X—=-V-V4-V
dx

Taking integrals on both sides, we get
[——dv=—] idx

v(w+2)
Dividing and multiplying above equation by 2 we get

1 2 1
Ef dV:—f;dx

v(w+2)
Adding and subtracting v to the numerator we get
1, 24+v—-v 1
1p2vov o [ lay
2 v(w+2) x

Now splitting the denominator, we get

1 2 v 1
Ef(v(v+2) _v(v+2)) dv = _f;dx
1 1 v 1

G rara) v

On integrating we get

% (logv -log (v +2)) =-logxlogc
Using logarithmic formula,

7 (1og5) Slogs

y
log( = >=210g§

Z42
X

og (7352) <tog (5)
On sirnplifizcation we get
y-{J—/Zx - (i)

2
X
Yy c2

y+2x

y=1whenx=1
2- L £1
o= 1+2 3
Xty 1
Cy+2x 3
3x%y =y + 2x

y + 2x = 3x%y

The required solution of the differential equation.

Question 13

[xsin2 G) — y]dx +xdy=0:y= gwhen x=1
Solution:

given
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[xsin2 (%) — y] dx = — xdy
The above equation can be written as

[xsin? () -] = - x
On rearranging

ay _ _[zsin®(G)]

@  x

We know f (x, y) = dy/dx using this in above equation we get
f(X y) - [xsinz(i—/)—y]

X

nowputx=kxandy=Kky

2 ()
f(kx, ky) _ _k[xsm k(),;x) ky]

Taking k as common
ke [ent ()]

k x
= k9, f(x, )
Therefore, the given differential equation is homogeneous.

_xsinz (i—’) —y|dx+xdy=0

On rearranging
in2 (L) = =

| xsin (x) Y dx = — xdy

[ . y ] dy

() 5] =t
R L el

P x

To solve it we make the substitution.
y=VX

Differentiating above equation with respect to x, we get
dy _ d_v
dx VX dx

On rearranging and substituting the value of dy/dx we get
dv _ [xsinz(%)—vx]

dx X

dv _ [xsinzv—vx]

dx x
dv .2
V+X—=XxSin“v—v
dx
On computing and simplifying we get

x L = _[xsin?v — v] - v

dx

dv . 9
X—=—XSIN"V—v
dx

dv .. 2
X—=XsSin"v

i |
——dv =—=-dx
sin?v x

Taking integrals on both sides, we get
[——dv=—[2dx
X

sin?v
[ cosec?vdv =-logx-logc

On integrating we get
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-cotv=1logx-logC
cotv=logx+logc
Substituting the value of v we get
Cot% =log (Cx)
y= % whenx =1
/4
cot—— = log (C.1)
Z =]
COtZ =logc
1=C
el=C
cot% =log (ex)

The required solution of the differential equation.

Question 14

dy y YN _ 0.y — —
E-;+cosec(;)—0,y—0whenx—1

Solution:

Given

d

2L cosec(z) =0

dx x x

On rearranging we get

d
2 Yy COSQC(X)
dx x X

y y
Letf (X, y) = o cosec(;)
Now putx=kxandy=ky
F(kx, ky) = 9 cosec (k—y)
kex kex
y

= cosec(%)

=k0.F (x,y)

Therefore, the given differential equation is homogeneous.

d
2 2y cosec(z) =0
dx x x

d
2 + COSGC(X)
dx x X

To solve it we make the substitution.

y=VX

Differentiating above equation with respect to x. we get

dy _ d_v

dx v de

Rearranging and substituting the value of dy/ dx we get
dv  vx vx

V+ X—=—- cosec(—)
dx x x

On simplification
d

V + X— =V - cosecv

J dx

v
X— = —coSsecv
dx
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1 1
dv =-=dx
cosecv X

Taking integrals on both sides, we get
[ sinvdv = - f%dx

On integrating we get
—cosv=-logx+c

Substituting the value of v
y

-cos~ = -logx +
y=0whenx=1

0
—cosy =-logl +c
-1=c

- cos%: -logx -1
cos% = logx + logecos% = logl|ex|
The required solution of the differential equation.

Question 15

2xy+y2-2x23—z=0;y2whenx=1

Solution:
Given
d

2xy + y2 -ZxZ%:O
The above equation can be written as
d_y _ 2xy -+—y2
dx ~ 2x? ,

_ 2xy +y
Letf(x,y) = —

Nowputx=kxandy=Kky
2kxky + (ky)?

F (kx, ky) = 050
Taking k? common
_ k% 2xy +y?

T k2 2x2

= Kk0.f(x,y)

Therefore, the given differential equation is homogeneous.
dy

2xy + y2 - 2x°a =0

On rearranging

dy _2xy + y2

dx 2x2
To solve it we make the substitution.

y=VX
On rearranging and substitution, the value of dy/dx we get

v+ de _ 2vx?
dx ~ 2x2

On computing and simplification, we get
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dv  2v+ v?
V4X —=

dx 2

dv 1 2
V+HX—=V+-7D
J dx1 2
v
X—=-v?

2 %vzdv = % dx
Taking integration on both sides, we get
[2iv2dv=[1dx

2 x

On integration we get

—% =logx +C
Substituting the value of we get
2
——==logx + C
/%
2x

—— = logx + C
y

y =2 we=henx=1

2'1—1 1 +/C
2B 5 &
—1=c
2x
o-—==1 -1
2 T 0g X
X
—=1-1
» 0gx
2x
yzl_loglxl,xie,x;ﬁO

The required solution of the differential equation

Question 16

A homogeneous differential equation of the from % = h(i) can be solved by making the
substitution.

(A)y=vx (B)v=yx
(CO)x=vy (D)x=v

Solution:

(C)x=vy
Explanation:

. dy . . x
Since, . 1s given equal to h (;)
Therefore,

h (5) is a function of =.
y y

Therefore, we shall substitute, x = vy is the answer

Question 17

Which of the following is a homogeneous differential equation?
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a.(4x+6y+5)dy-(3y+2x+4)dx=0
B.(x,y)dx- (x3+y3)dy=0
C.(x3+2y?)dx+2xydy=0
D.y2dx + (x2-xyy?)dy=0

Solution:

D.y2dx + (x2-xyy?)dy=0
Explanation:

We have

y2dx + (x2-xy-y?)dy=0
On rearranging

dy _ xz—xy—y2
dx y2
xz—xy—yz
Let f(x,y) = — 2=
y

Nowputx=kxandy=Kky
__ Uex)®—kxky — (ky)*
f (kx,ky) = Uy )’
~ K2 x2 —xy - y2
=TT
=kO. f(x, y)
Therefore, the given differential equation is homogenous.

Exercise 9.6

For each the differential equations given in question, find the general solution

Question 1
dy .
— + 2y = sinx
dx y S
Solution:
Given

dy .
— + 2y = sinx
dx y

Given equation in the form of;i—z + py = Q where, p =2 and Q = sin x

Now, LF. = e/ pdx = gJ 2dx — g2x

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

= ye2 = [sinx.e?*dx +c..1

Letl= [ sinx.e?* dx

Integrating using chain rule we get

= [ =sinx [ e**dx — f(% (sinx). edex) dx
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. e2x e2x
= sinx. —- [ (cosx.—) dx
2 2

On integrals and computing we get

2X o7 1 d
=£ ;mx -3 [cosxfezx — J——(cosx). [ e**dx) dx]
ersinx 1 e2x . e2x
=— -E[cosxT— - f (—smx).T] dx]
_ez"sinx

2x
- -%-%f(sin.ez") dx

Above equation can be written as

e?x . 1
=—(2sinx - cosx) - -1
4 4

5 e?x .
= 1= e (2sinx - cosx)
e2x .
== e (2sinx —-cosx)

Now, putting the value of l in 1, we get
2x

e .
= ye?* = — (2sinx - cosx) +

1 . _
= y<(2sinx - cosx) + ce 2

Therefore, the required general solution of the given differential equation is

1 A
y = c(2sinx - cosx) + ce 2x

Question 2

dy —2x
— 4 =]
i 3y=e

Solution:

Given

dy —2x
- + =
o 3y=e

This is equation in the form on—z +py=Q

Where, p 3and Q = e 2*

Now, |.F. = e/ pdx — gf3dx _ g3x

Thus, the solution of the given differential equation is given by the relation
y (LF) = [(QxI.F)dx + ¢

= ye3¥ = f(e_z"xezx) dx + C

= ye3* = fe"dx+c

On integrating we get

= yed*=e* +¢

>y= e 2%y Ce3x

Therefore, the required general solution of the given differential equation is
= e 2% 4 ce 3%

Question 3
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Solution:
Given

This is equation in the form Of% +py=q
Where, p = % and Q = x2

Now, I. f, = e Pdx = ef%dx = elogx = x
Thus, the solution of the given differential equation is given by the relation
y (LF) = [(QxI.F)dx + C
Sy(x)=[(x%x)dx +c
=>xy=[(x3)dx +C
On integrating we get
4
> Xy = xz +C
Therefore, the required general solution of the given differential equation is
4

X
Xy=-+ C
Question 4
dy _ n
= (secx)y-tanx(O <x< 2)
Solution:

Given

dy _
—* (secx) y = tanx

Given equation is in the form on—z +py =Q

Where, p =sec x and Q = tan x)

Now, LF. = efpdx o efsecxdx = elogilsecx +tanx) — gacx + tanx

Thus, the Solution of the given differential equation is given by the relation
y (I, F) = [(QxI.F.)dx + C

= y(secx + tanx) = [ tanx(secx + tanx) dx + C

= y(secx + tanx) = [ secxtanxdx + [ tan® xdx + C

=y (secx + tanx) =secx+tanx -x+C

Therefore, the required general Solution of the given differential equation is
y (secx +tan x) =secx + tan x - X + C.

Question 5

d
coszxdy+y=tanx(OSx<§)

X
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Solution:

Given
dy

2 =
cos’~ +y = tanx
The above equation can be written as

d
=3 % + sexc? x.y = sec? xtanx

. L d

Given equation is in the form of% +py=Q
Where, p = sec2x and Q = sec2x tan X
Now. LF. = efpdx — efseczxdx = ptanx
Thus, the Solution of the given differential equation is given by the relation
Y(i.f) = [(QxI.F.)dx+C
Sy el = [l dx + C ..., 1
now, let t = tanx

d dt
= — (tanx) = o
dt
> sec?X =—
dx -
= sec?2 xdx = —
dx
thus, theequation 1 becomes,
= y. el = [(el.t)dt + ¢
S y. e = [(t.et)dt +c
Using chain rule for integration we get
d
Sy et =t [eldt — f(; (t).fetdt) dt +c¢
Sy eff™=tel — [eldt+c
On integrating we get
= te™ =(t-1)ef +c¢
= te"™ = (tanx - 1) e " +c
=>vy=(tanx — 1) + ce ™
Therefore, the required general solution of the given differential equation is
y=(tanx-1) + ce !4

Question 6

x2 + 2y = x%log x
dx

Solution:

Given
d
Xﬁ + 2y = x*log x
the above equation can be written as
dy 2
:>dx+xy_xlogx )
This is equation in the form of% +py=Q

Where, p =%and Q=xlogx
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Now, LF. = e/ Pdx = eJ7dx = p2logx) _ glog? _ 2

Thus, the solution of the given differential equation is given by the relation
y (LF.) = [(QxI.F.)dx +c

=>y.x2= [(xlogx. x*)dx +c

The above equation becomes

x%y = [(x3logx) dx + ¢

On integrating using chain rule we get

= x%y =logx [x3dx — f[% (logxO. fx3dx] dx + c

4
.XT)dx+c

4
2y, = L
= x y-l(:gx. 7 f(
x*logx ) l 3

T dxtc
Integrating and simplifying we get
xt*logx 1 x*
— = =%
R
=>x2y=Ex4 (4x—1)+c

= x’y =
= x%y =

>y = %xz (4logx - 1) + Cx 2
Therefore, the required general solution of the given differential equation
y=—x? (4logx — 1) +cx~2

16

Question 7

dy _2
x log X, +ty= xlogx
Solution:

Given
dy _ E
x log X~ +y=- logx
the above equation can be written as
dy y 2
ey, .

dx = xlogx  x2

The given equation is in the form on—z +py=Q

Where, p = ;and Q= 2z

xlogx x?2
1 dx
Now, LF. = e/P%* = e/ Tloge ¥ = glog (logx) =log x

Thus, the Solution of the given differential equation is given by the relation
y (LF.) = [(QxI.F.)dx +C

ﬁy.logx:f[xiz,logx]dx+c ............... 1

2 1
Now, [ [x—z, logx] dx=2 [ (logx, x_Z) dx
On integrating using chain rule we get

=2 [logx.fxizdx —f{% (logx).fxizdx} dx]
=2 [logx (=) = [ G- (=) dx]
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2|2+t
23

X
= —% (1 +logx)
Now, substituting the value in 1, we get,
2
=y, logx = —= (1 +1logx) +C
Therefore, the required general solution of the given differential equation is
y, logx = —% (1 +logx)+C

Question 8
(1 +x2) dy +2xy dx = cot x dx (x # 0)
Solution:

Given
(1 + x2) dy +2xy dx = cotxdx

The above equation can be written as
dy L 2xy _ cotx
de  (1+x2) 1+x2

The given equation is in form ofz—z +py=Q
2 and Q=

(1+x2)

cotx
(1+x2)

Where, p =

2x
Now, 1. f. = eJ Pdx :ef(”"z)dx: elog (1+x%) _ 1 4 52

Thus, the solution of the given differential equation is given by the relation
y(LF)=[QxI.F)dx+c

sy (T+2% =) [[25 @+ x| dx+c

14 x2
=y. (1+x%) = [ cotxdx + ¢

On integrating we get

= v. (1 +x2) = log|sinx| + c

Therefore, the required general solution of the given differential equation is
y(1 + x?) = log|sinx| + c

Question 9
x%+y—xycotx= 0(x=#)
Solution:

Given
dy _
Xty xycotx=0

The above equation can be written as
d
= xﬁ + y(1 + xcotx) = x
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dy (l )_
=x_— + |-+ cotx y=1

. L d
The given equation is in the form ofﬁ +px=Q
1
Wherefore, p = i cotxando =1

Now. LF = efpdx — ef(%"‘wfx )dy = plogx +logisinx) _ plog ((xsinx) — yqinx
Thus, the solution of the given differential equation is given by the relation
x (LF.) = [(QxI.F.)dy + ¢

= y(sinx) = [[1 + xsinx] dx + ¢

= y(xsinx0 = [[xsinx]dx + ¢

By splitting the integrals, we get

= y(xsinx) = x [ sinxdx — f[% (x).fsinxdx] + c

= y(sinx) = x(-cosx) - [ 1.(— cosx) dx + c

on integrating we get

=>y(xsinx) = —xcosx+sinx+c
—XCOSX sinx c

= y = : = -
xsinx xsinx xsinx

1
Sy=-cotx + =+ —
X xsinx

therefore, the required general solution of the given differential equation is

1
y = -COtX + — + —
X xsinx

Question 10
dy _

(x+y) g =1

Solution:

Given
dy _
(x+y)-—-=1
The above equation can be written as

The given equation is in the form ofj—z +px=Q
Wherefore,p=-1landQ=y

Now,L.F.=e/Pdy = ef-dy = ¢~y

Thus, the solution of the given differential equation is given by the relation
x (L.F.) = [(QxI.F.)dy + c

=>xe ™V =[[y.e?]dy+c

xe? =y [ — [| () [edy|dy +c
xe? = y(e™) — f(—e‘y)dy +c
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On integrating and computing we get

S>xe Y =-yev+ [eVdt+C

> xeY=-yeY-e¥+C(C

=>x=-y-1+CeY

=>x+y+1=_CeY

Therefore, the required general of the given differential equation is
x+y+1=_Cey

Question 11

ydx+ (x-x2)dy =0
Solution:

Given

ydx + (x-y?) dy = 0

The above equation can be written as
= ydx = (y*-x) dy

xR *
dy y Y
on simplifying we get
dx x
> —+4+-—= y

dy ¥
. ¥ d
The above equation is in the form of% +px=Q

Where, p =%and Q=y

Now, LF. = e/ Pdf = eIdTy = elogy =y

Thus, the solution of the given differential equation is given by the relation
x (LF) = [(QxI.F.)dy + C

=>xy=[ly.yldy+C

=>xy=[y*dy+C

On integrating we get
3
=S Xy= y? +C
3
A
SXy=T+
Therefore, the required general solution if the given differential equation is

3
c
Xy:y?-i-—
y

Question 12

+ 3y2 dy = >0
(x +3y2) = =y(»>0)
Solution:

Given
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+ 3y2 4 _
(x y)dx—y

On rearranging we get

dy _ 3

dx ~ x+3y2

d x+3y2 «x

_y - —y = +3y
dx y y

On simplification
d x

Y_X_3

dx b4

This is equation in the form ofj—z +py=Q
Where,p=-1/yand Q = 3y

dy il
Now, LF. = /P4 = ¢ 15 = g~togy = 9% _ 1

y
Thus, the solution of the given differential equation is given by the relation

X(LF.) = [(QxI.F.)dy + C
1 1
On integrating we get
Z=3y+C
y
X=3y%+Cy
Therefore, the required general solution of the given differential equation is x = 3y? cy.

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

Question 13

%+2ytanx=sinx.y= Owhenx=§
Solution:

Given

dy i .
ot 2ytanx = sinx {
This is equation in the form ofﬁ +py=Q
Where, p = 2 tanx and Q =sin x
Now. if. = efpdx — ethanxdx = p2logisecx) — elogi?@seczx) = secly
Thus, the solution of the given differential equation is given by the relation:
y (LF.) = [(QxI.F.)dx + ¢
=y. (sec’x) = [[sinx.sec?x]dx + ¢
= y.(sec’x) = [[secx. tanx]dx + ¢
On integrating we get
=vy. (sec’x) = secx + C ...1
Now, it is given thaty = 0 at X%
0 x seczgzsec%+c
=>0=2+c
=>C=-2
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Now, substitution the value of c =-2 in 1, we get
=y (sec?x) = secx - 2
=y =cosXx-2cos’x

Therefore, the required general solution of the given differential equation is

y = CoS X - 2c05%x

Question 14

A+x)242xy=—"y=0whenx=1
dx 1+ x2’

Solution:

Given

dy
(1 +x2)E+ 2xy =
dy 2xy 1
— 4+ —
dx  (1+x2) ([1+x2)
The given equation is in the form on—z +py=Q

2x
1+ xz)and Q=

Now, 1. F. e/ Pdx = elomaTa = elog+x™y = 1 4 x2
Thus, the solution of the given differential equation is given by the relation
y(LF.) = [(QxI.F.0dx + C
1
>y. (1+x2)=f[m(1+ xz)]dx+c

1
=vy. (1+x?) :f(1+x2)dx+c

14+ x2’

Where, p = REPE

On integrating we get

Sy (1+x?)=tanlx+c..1
Now, itis giventhaty=0atx=1
O=tanll+c

T
C=-

Now, substitution the value of c = — %(1), we get

y. (1+x?) = tan'lx—%

Question 15

%—3ycotx=sin2x;y=2whenx=§

Solution:

Given

dy .

™ - 3 y cotx = sin 2x )

This is equation in the form of% +py=Q

Where, p = -3cot x and Q = sin 2x

For more Info Visit - www.KITest.in

9.64




For Enquiry — 6262969604

sin13x| = !

sin3x
Thus, the solution of the given differential equation is given by the relation
Y(L.F)=[(QxI.F).dx+c

== [sian. sinl3x] dx +c¢

Y cosec3x =2 [(cotxcosecx)dx + ¢
On integrating we get

Y cosec3x = 2cosecx + ¢

Y=— 2 3

cosec?x  cosec3x
Y = — sinx + Csin3x......1

Now, it is given thaty = 2 when x =

Now, LF. = efpdx =3 [ cotxdx _ e—3log |sinx| _ el‘?g

Thus, we get

= -2l

C=4

Now, substituting the value of C =4 in 1, we get,

y = —2sin’x + 4sin’x

y = 4sinx - 2sin’x

Therefore, the required general solution of the given differential equation is
y = 4sinx - 2sin’x

Question 16

6262969699

Find the equation of a curve passing though the origin given that the slope of the tangent to
the curve at any point (x, y) is equal to the sum of the coordinated=s of the point.

Solution:

Let F (x, y) be the curve passing though origin and let (x, y) be a point on the curve
We know the slope of the tangent to the curve at (x, y) is Z—i}
According to the given conditions, we get

dy

dx y

On rearranging we get
dy —x

dx y=

This is equation in the form Of% +py=Q

Where,p=-1land Q=x

Now, I. F. = e/ Pdx = of(-Ddx = g—x

Tus, the solution of the given differential equation is given by the relation:
Y(LF) = f(QxI.F.)dx + ¢

ye ™ = [xe *dx+c .1

Now, [xe ™*dx =x [ e *dx — f[% (x).fe"‘dx] dx

On integrating

=x(e™) - [(—e™)dx

=x(e™) +—e™)
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=—e*(x+1)

Thus, from equation 1, we get

ye r=—e¥F(x+1)+cC

y=—(x+1) +Cx*

x+ym+1= Ce* ..2

Now, it is given that curve passes through origin.
Thus, equation 2 becomes

1=c

C=1

Substituting C = 1 in equation 2, we get
X+y-1=¢e*

Therefore, the required general solution of the given differential equation is
X+y-1=¢e"*

Question 17

find the equation of a curve passing though 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
We know the slope of the tangent to the curve at (x, y) is Z_i
According to the given conditions, we get,

Yy 5=x+ y

dx
On rearranging we get we get
> _y=x-5

dx y=

This is equation in the form ofj—z +py=Q
Wherefore,p=-1landQ=x-5

Now, LF.= e/ Pdx = o(-Ddx = p=x

Thus, the solution of the given differential equation is given by the relation:
Y(LF)=[(QxI.F.)dx +c

=>ye ™ =[(x—-5e ¥dx+c..1

Now, [(x —5) e *dx=(x-5) [e ™ dx- [ [% (x — 5).fe_xdx] dx
= (x-5) (e™) - [(—e ™ )dx

On integrating we get

=(x-5)(e™)+(-e™)

= (4 -x)ex

Thus, from equation 1, we get,

=>yex=(4-x)ex+C

=>y=4-x+Cex

=>x+y-4=_Cex

Thus, equation (2) becomes:

0+2-4=Ce®
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=-2=C
=>C=-2
Substituting C = -2 in equation (2), we get,
X+y-4=-2ex
>y=4-x2eX
Therefore, the required general solution of the given differential equation is
Y=4-x-2¢
Question 18
the Integrating Factor of the differential equator x% -y 2x2is
(A) ex (B) e
(O)1/x (D) x
Solution:
C.1/x
Explanation:
Given
9 _ .
X--y= 2x

On simplification we get
=Y Yoo
dx x ;

This is equation in the form of% +py=Q
Where, p =-1/xand Q = 2x

fldx logitx—1 1
Now, LF. = e/ P4f = ¢/59% = glogie™) — 31 ==
Hence the answer is 1/x

Question 19

The Integrating factor of the differential equation
(1—y2)2—;+yx=ay(-1<y<1) is

1 1
(A) 57 B) 7=

1 1
€ = (D) 7=
Solution:

=z

Explanation:
Given

(1—y2)3—z+yx=ay
On rearranging we get
dy yx _ ay

=2y =
dx 1-y?2 1-y?2
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This is equation in the form of% +py=Q
Where, p =
Now, L.F. =

y

-y?

J:27d Lo i —y2 log[ 2}
——efpdf el 197 = pRlogil@—y9) -, 1-y%)
V(a-y?)

MISCELLANEOUS EXERCISE

Question 1

For each of the differential equations given below, indicate its order and degree (if defined) .
. dzy dy 2 _
(i) d_xZ"':’X(E) ;6y—logx
(ii) (ﬂ) -4 (2) +7y=sinx
3
(111) — - sin (3 ;l) =0
Solution:

(i) Given

dZy dy 2
dx_2+5X(E) - 6y = log x

On rearranging we get

dZ 2
=z 5X( ) -6y=logx=0
2
We can see that the highest order derivative present in the differential is jx—)z]
2

. ) . : 0 s
Thus, its order is two. it is polynomial equation in dx—z

. ; d?y .
The highest power raised to dx—ﬁ is 1.
Therefore, its degree is one.

0 (3) 4 () +7v=s
(ii) (dx 4 ) * 7y =sinx
The above equation can be written as

£)'-4 (2) 7y snx-
(dx -4 +7y=sinx=0 )
We can see that the highest order derivative present in the differential is % thus, its order is one. It
. . .. d
is polynomial equation in %

. : dy .

The highest power raised to % is 3.

Therefore, its degree is three.
(iii) Given
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The above equation can be written as

d’y dy 3 N

7+5X(dx) —6y—lOgX—O ,
. R : : c.d

We can see that the highest order derivative present in the differential is dx—);

Thus, its order is four. the given differential equation is not a polynomial equation.
Therefore, its degree is not defined.

Question 2

for each of the exercise given below, verify that the given function (implicit or explicit) is a
solution of the corresponding differential equation.

i) Xy =a ex+bex+ x2 &y 2 ay -Xy+x2-2=0
dx?
(i) y=ex(acosx + b sinx) %+2—+2y 0
2
iii) y =xsin 3 x d—+9y 6cos 3x=0
dZ
(iv) x2 = 2y?logy : (x2 + y2) XY= 0

Solution:

(i) givenxy =aeX+bex+x?
Now, differential both sides with respect to x, we get,

d_y = i X i -X i 2
dx d_adx (e)+bdx (e )+dx (X)

$£=aex—be'x+2x

Now, again differentiating above equation both sides with respect to x, we get,

d
) = 5 (aex- 2%)
d?
ﬁd—z-aex+bex+2
Now, substituting the values of &, and in the given differential equation,

We get,

We have

LHS = X +2—y—xy+x2 2

—X(an+beX+2) + 2 (aex-bex+2) - x (aex+ bex+x2) +x%2 -2
= (aex+bex+2) + 2 (aex-be*+ 2) - x (ae* + be* + x2) + x2 - 2
= 2aeX - 2be*+ x2 + 6x - 2

*0

=LHS # RHS

Therefore, the given function is not the solution of the corresponding differential equation.
(ii) Giveny = ex (a cos x + b sin X) = aeX cos x + b eX sin x

Now, differential both sides with respect to x, we get,

d
% =a_- (eXcosx) + b — (eXsmx)
dy .
= E =a (e* cosx - eX smx) +b. (e*sinx + e*cosx)

On rearranging we get
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d :
= % = (a+b) excosx + (b - a) e*sinx
Now, again differentiating both sides with respect to x, we get,
d?y d d o
i (a+Db). ” (excosx) + (b -a) . (exsinx)
Taking common
= (a+Db).[ excosx - exsinx] + (b - a) [ eX sinx + eX sin x + ecosx]
Simplifying we get
= eX [acosx - asinx + bcosx - bsinx + bsinx + bcos x - asinx - acos x]
= [2ex (bcosx - asinx)]

Now, substituting the values of— and In the given differential equation,

We get

LHS = + 2 + 2y

=23 (b cows x asinx) - 2ex[(a+b)cosx + (b - a) sin x] + 2e* (a cos x + b sin x)
=eX[(2b - 2a- 2b + 2a) cos x| + X [9 2a - 22b + 2a + 2bsinx]

=0 R]JS

Therefore. The given function is the solution of the corresponding differential equation.
(iii) Itis given that y = xsin 3x

Now, differential both sides with respect to x, we get,

d d . . :

o _ES (xsin3x) = sin3x + x. cos3x.3
gx dx

% = sin3x + 3xcos3x

Now, again differential both sides with respect to x,we get,

d%y

dx2
2

= d— = 3x0s3x + 3 [ cos3x + x (-sin3x). 3]

S i (sin3x) + 3 ix (xcos3x)

On 51mp11fy1ng we get

d?y
:;d—z 6cos3x - 9xsin3x

2
Now, substituting the value ofzx—z in the LHS of the given differential equation.
We get,

2
dx 2
= (6. Cos3x - 9xsin3x) + 9xsin3x - 6cos3x
=0=RHS
Therefore, the given function is the solution of the corresponding differential equation.
(iv) given x% =2y%logy
Now, differentiating both sides with respect to x, we get
2x = 2. % (y%logy)

Using product rule, we get

[Zy logy. -+ y?=.2|

y dx
X = ; (2y10gy +y)
y___x
dx y(14+2logy)

Now, substituting the value of Z—i’ in the LHS of the given differential equation,
We get

+ 9y - 6c0s3x
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d
(r* + y2) g - xv = (2y%logy + ¥*). smes — xy
o - *
=y“ (1 + 2logy). y(142logy) w
=Xy - Xy
=0

Therefore, the given function is the corresponding differential equation.

Question 3

From the differential equation representing the family of curves given by (x - a )% +
2y? = ma? where a is an arbitrary constant.

Solution:

Given (x-a)% + 2y? = a?

=>x’+ a?—2ax+ 2y’=a

= 2y R ... ... 1
Now, differential both sides with respect to x, we get
2 d_y 225
dx 2
On simplifying we get
dy a—x
E B 2y
d_y _ 2ax— 2x2 2
dx e 4xy --------------------------

so, equation (1), we get
2ax = 2y? + x?
On substituting this value in equation 2, we get
dy _ 2y24 x%— 2x2
dx 4xy
d_y _ 2y2—x2
dx 4xy
Therefore, the differential equation of the family of curves is given as
dy 2y%— x2

dx 4xyj

Question 4

Prove that that x? — y% = c (x> + y?)? is the general solution od differential equation
(x3 — 3xy?) dx = (y3~ 3**Y)dx, wherecisparameter.

solution:

Given (x* — 3xy*) dx = (y* — 3x%y)dy
On rearranging we get
dy _ x%—3xy? 1
dx y3_ szy ...............
Now, let us take y = vx further simplification

On differentiating we get
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> (y) === (vx)

Now, substituting the value of y and dv / dx in equation 1 we get
+ d_v x3=3x (vx)?
v de (vx)3—3x2 (vx)

Taking common and simplifying we get

oy + de _1- 32
dx ~ v3-3v
dv  1-3v?

+XE = 3 30

Taking LCM and simplifying we get
dv _ 1-3v2—v(v3-3v)

X—= " =7

dx v2—3v

dv  1-3v2

%_x ~ p2-3y

v?=3v dx

(1—3v4)dv T x

On integrating both sides we get,

f(l - )dv-logx+logC .................. 2
Splitting the denominator.
vdv

J () dv=
/ (U _3U) dv = I1- 31z, where I =

1-3
Letl-vi=t

On differentiating we get

vdv
1—-(v?2)2

Now, = [ %=

LetvZ=p

Differentiating above equation with respect to v
i(VZ) = 9K
dv 4 dv

14
2v=—
dv

Vdv = —

Using these things, we get )
w1l :%fiz;z - 2;2 lo |%Z| :il%
Now, substituting the value of |, and |2 in equation (3), we get,
f (Ul _By)dv =- —log(l v4) - —log |1+U
Thus, equation (2), becomes,

1 4 3 1+v2| ,
= —Zlog(l-v )—Zlog |m|—long

(1+ 1}2)4 _ ) —4
(1-v2)2 (C X)
Computing and simplifying we get

For more Info Visit - www.KITest.in

9.72




For Enquiry — 6262969604 6262969699

(1+z—§)4 1
(1_3;7)2 - W
= (x2 _ yZ)Z = (4 (XZ +y2)4
= (x% = y¥)?=C*(x* +y?)
= (x? — y?)=C (x* — y?), where C=C"?
Therefore, the result is proved.

Question 5

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

Solution:

We know that the equation of a circle in the first quadrant with centre (a, a) and radius a which
touches the coordinate axesis (x-)? + (y-a)? =a? .......... 1

Now, differentiating above equation with respect to x, we get

2(x-a) + 2(y-a0 dy /dx =0

= (x-a)+(y-a)y =0

On multiplying we get

>x-a+yy -ay =0

=x+yy -a(l+y)=0

Y
a,a)
o >
Therefore, from above equation we have
x+yy'
2 =Xt
1+y

Now, substituting the value of a in equation 1, we get
N2 N2 N2
x+yy x+yy _ (xtyy
[X— (1+y')] +[y_ (1+y’)] _(1+y')
Taking LCM and simplifying we get
(=)' y=x1% _ (x+yy'\?
= [ 1+y' ] - [[1+y'] B ( 1+y')
= (x-y)?. ¥+ (x-y+)* = (x+yy)’
= (x-y)?[1+ (y'0%] = (x + yy')?
Therefore, the required differential equation of the family of circles is
(x-y)[1+ )] =(x+yy )2

Question 6
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— y2
find the general solution of the differential equation % + /1—y =

1-x2

0

Solution:

Given

dy /1—y2
- + = 0
dx 1—x2

On rearranging we get

1—vy2
S V1Y

dx  Vi—«x2
= dy _ dyx
Ji-y? Ji=-y2
On integrating, we get, +
Sinly =sinlx+c
= ST VISISIIFXEE

Question 7

. . J . dy  y*4y+1
Show that general solution of the differential equation —= + =
dx  x“+x+1

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

=0isgivenby (x+y+1)=

Solution:

Given
dy y2+y+1
dx  x%+x+1
On rearranging
dy (y2+y+1)
dx  \x24x+1
Separating the variables using variable separable method we get
dy _ —dx
y24y 1 x24x+1
dy dx
+ =
y2+y+1  x24x+1
Taking integrals on both sides, we get

=

f dy f dx
y24y+1 24x+1
1
dy 2 x+z
:>f— + —tan'll—l =C
(e V3 3
4[2y+1 ) [2x+1] _
1 1 =
tan [ |t tan 7 C
on integrating we get

1 1

2 y+s 2 X+

“ Sl LA B 1|22

\/gtan [n l+\/3tan [h}
2 2

) 2y+1] ) [2x+1] _

1 1 =

tan [ 7 + tan 73 C

Using tan-! formula we get

1l
(@]
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+ V3
N V3 V3|
= tanl|—57 A [T 5 €

V3 T3

2y+2y+2 \/

; V3 _ V3

= tan’! T EYErESN
e e e B

3

Computing and simplifying we get
[ 2V3(x+y 1) ] _ EC

13—4xy—2x—-2y—1 2

[ 2V3(x+y 1) ] _ 3

12(1— x—y —2xy) 2

2V3(x+y 1) V3
= 2(1— x—y —2xy) = tan ( 2 C)

[ 2y+1  2x+1 ‘|

= tan'!

= tan'!

Let tan(? c) =B

Then,
2B
X+y+ 1—ﬁ(1—x—y—2xy)
Now, let A = % is a parameter, then, we get

X+y+1=A(1-x-y-2xy)

Question 8

6262969699

find the equation of the curve passing through the point ( 0,m/4) whose differential equation

issinxcosy dx + cosxsinydy =0
Solution:

Given sin X cos y dx + cos xsiny dy = 0

Dividing the given equation by cos x cos y we get
sinxcosydx +cosxsinydy 0
cosxcosy -

On simplification we get

Tanxdx +tanydy =0

So, on integrating both sides, we get,
Log (secx) +log (secy) =logC

Using logarithmic formula, we get

Log (sec x secy) log C

Secxsecy=C

The curve passes through point (0, m/4)
Thus,1 xV2=C

=>C=v2

On substituting C =V/2 in equation (1), we get,
Secxsecy= V2

= Secx. L= V2

cosy

secx
= Cosy = 7
secx

Therefore, the required equation of the curve is cosy = 7
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Question 9

Find the particular solution of the differential equation (1 + e2x) dy + (1 + y2) exdx = 0, given
thaty =1 whenx=0.

Solution:

Given (1 +ez) dy + (1 + y?) exdx =0
Separating the variable using variable separable method we get
_dy + e*dx —0
1+y2  1+e2x
On integrating both sides, we get,
e*dx

-1 -
tan y+f1+62x C e 1
letex=t
= eZX = t2
on differentiating we get
d T dx
—>erz &
dx
= exdx=dt
substituting the value in equation (1), we get,
dt
-1 I
Tan'ly+ [ < =l
= tanly+tanly +tanl(ex)=C ... 2

Now,y=1latx=0
Therefore m, equation (2) becomes,
Tan1l1l+tan11=C
= E _|_ E =

4 4

c T
=>C= -

4

Substituting ¢ = /4 in (2), we get,
Tanly + tan'! (ex) = %

Question 10

X

Solve the differential equation yevdx = (xe§ + y2> dy(y # 0)

Solution:

Given

yey dx = (xe§ + yz)dy
On rearranging we get
= yeJZ—;: xey + y?

Taking common
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> e [y.j—z - x] =y?
b

:)eJ_/L— ................ 1

yZ
x

Let e¥ =z
Differentiating it with respect to y, we get,

d e; _dz
dy T dy

Lod /x dz
2>ey,—(=-)= —

dyd y dy

x Y-ﬁ —X dz
> ey, [ ¥ l gy e 2
From equation (1) and equation (2), we have
d g
dy
= dx =dy
On integrating both sides, we get,
Z=y+cC
Ser=y+c
Question 11

Find a particular solution of the differential equation (x - y) (dx + dy) = dx - dy,
Given thaty =- 1, when x = 0. (Hint: putx -y = t)

Solution:

Given (x - y) (dx + dy) = dx - dy
= (x-y+1)dy=(1-x+y)dx
On rearranging we get

dy _1—x+y
E _x—y+1
dy _1-@) f Aiaa it 1
dx x—(y+1)
Letx-y=t

Differentiating above equation with respect to x we get
L dGy) _dt

dx J d:gcl
t
51— 2X==—
ddx éix
t
>1-2=—
dx dx J
Now, let us substitute the value of x-y and % in equation (1), we get,
dt _1-¢
dx 1+t

On rearranging we get

dt 1-t
-1 ()
dx 1+t
dt _ (1+t)—(1-t)

dx 1+t
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Computing and simplifying we get

de_ 2t
dx - 1+t

N (%) dt = 2dx

N (1 + %)dt Z2dX e 2

On integrating both sides, we get,
t+log|t| =2x+C

= (x-y)+log|x-y|=2x+C

= Log X -Y| =X+ Y+ Currvrrrnn 3
Now,y=-1latx=0

Then, equation (3), we get,
Logl=0-1+c

=>C=1

Substituting C = 1 in equation (3) we get,
Log|x-y|l=x+y+1

Therefore, a particular solution of the given differential equation is log | x - y|
=x+y+1

Question 12

q . . e~2Vx y |dx _
Solve the differential equation [T — 7l = 1(x+0)

Solution:

Given
[e—zx/x _ L] dx _
Vx Vx| dy _
On rearranging we get
d e*ZX/x
ST T
dy |y e
dx  Vx Vx
This is equation in the form Of% +py=Q
1 e*Z\/X
Where, P= W and Q = T
Now, LF. = e/ Pdx = ef%dx = g2V
Thus, the solution of the given differential equation is given by the relation
Y (LF>) - [(QxI.F.) dx +C

e—Z\/x
:>Yez‘/x=f< e2V* ldx + C

x
Vax
1
= Ye2Vx = f—
Vx

On integrating we get
= Ye?V* =2vx+C

=

dx+C
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Question 13

Find a particular Solution of the differential equation % +y cot x = 4x cosec x(x # 0), given
thaty = 0 when x = /2

Solution:

Given
dy
-, Tycotx = 4xcosecx

Given equation is in the form ofj—i +py=Q
Where, p = cot x and Q = 4x cosec x
Now, Lf, = efpdx — efcotxdx = elogisinx| = ginx
Thus, the solution of the given differential equation is given by the relation
Y(LF) = [(QxI.F.)dx + ¢
Y sinx = [ 2xcosecxdx + ¢
4 [xdx+ ¢
On integrating we get
=4, X? +C
=S ys3sinx=2x2+c...1
Now, y = Oatx=§
Therefore, equation (1) we get,
2
0=2x=+C

2

=>C=—
4

2
Now, substituting C = % in equation (1), we get,
2
Y sin x = 2x2 - %
Therefore, the required particular solution of the given differential equation is

2
. s
:>Ysmx:2x2—7

Question 14

Find a particular solution of the differential equation, (x + 1) % =2ev-1
Given thaty = 0 when x = 0.

Solution:

Given
(x+1) Z=2ev-1

On rearranging we get

dy _dx
2e—y -1 Tx +1
e¥dy  dx

2—eY x +1
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On integrating both sides, we get,
e¥dy
f log |x + 1| +logc ...1

2—ey
Let2-ev=t

dt

y

d
..E(Z—GYJ—d—

= —ev=&
=%

= evdt= —dt

Substituting value in equation (1), we get,
—dt

szlog |x + 1| + logc

On integrating we get

= -log|t| =log| C(x+1)|

=-log|2-e|=log|C(x+1)]

1
=>2—ey — C(x+11)

= 2- = —— ......42
ey c(x+1)

Now, atx =0 and y = 0, equation (2) becomes,
=2-1=-

©
=>C=1
Now, substituting the value of C I equation (2), we get,
>2-eY=

(x+1)

add (x+1)

2x+2—1
=>ey=

=>ey=
(x+1)

2x+1
- y=tog 28] s 1
Therefore, for required particular solution of the given different equation is

zy:log[%],(xi—l)

Question 15

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 20,000 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.
Now it is given that the rate of increase of population is proportional to the number of inhabitants at
any instant.
dy
S—a

J dx Y

2o
= — ky
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Where K is proportionality constant.

- d7y = kdt

now, integrating both sides, we get,
logy=kt+C..1

According to given conditions,

In the year 1999, t=0and y = 20000

= log20000=C...2

Also, in the year 2004, t =5 and y = 25000

Log 25000 = 5k + log 20000

25000 5
= Sk =log (20000) - lOg(Z)

>K=:log(3)..3

Also, in the year 2009, t =10

Now, substituting the values of t, K and c in equation (1), we get
Logy =10xzlog(>) + log (20000)

=Logy = log [20000 x(%)z]

=Y =20000x>x-

=Y =31250

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

Question 16

The general solution of the differential equation ydx—xdx _ 0 s

(A)xy=C (B)x = Cy?
(€) y=C (D)y =Cx2

Solution:

Cy=Cx
Explanation:
Given question is
N ydx —xdx -0
y
On rearranging we get

1 1
ﬁ;dX—}—)dy—O

Integrating both sides, we get,
Log |x| - log |y| =log K
=Log |§| =logk
>I-k
y
1

2>y = EX

:>Y=CxwhereC=%
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Question 17

The general solution of a differential equation of the type % +P1x=Q1is

(A) y e/ P1dy = f(Qlefmdy) dy + C (B)y e/ 1y = f(Qlefpldx) dx + C
(C) X efpldy = I(Qlefpld}’) dy +C (D) X efpldy = f(Qlefpldx) dx + C
Solution:

(C)x e/ 1y = f(Qlefmdy) dy + C
Explanation:
The integrating factor of the given differential equation % +P1x=Q1is e/ P19,

Thus, the general solution of the differential equation is given by,
X (LF) = [(QxI.F.)dx + ¢
x el P19 = [(Q el P1¥) dy + C

Question 18

The general solution of the differential equation ex dy + (y ex + 2x) dx = 0 is
(A)xey+x2=C (B)xey+y2=C
(Cyex+x%=c (D)yey+x2=c

Solution:

Cyex+x%2=c
Explanation:
Given exdy + (yex + 2x) 2x) dx =0
On rearranging we get
d
:>e><ﬁ+ye><+2x:0
dy
dx
This is equation in the form on—z +py=Q
Where, p=1and Q = - 2xe*
Now, LF. = e/pdx = gfdx - ex
Thus, the solution of the given differential equation is given by the relation
y (LF.) = [(QxI.F.)dx + ¢
=>yex= [(—2xe ™" .e¥)dx+C
=>yex= [2xdx+C
on integrating we get
yex=-x2+C
yex+x2+ C

= —=+y=-2xe¥X
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