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EXERCISE 9.1 PAGE: 382
Determine order and degree (if defined) of differential equations given in Exercises 1
to 10
d*y .
1. —+sin(y )= 0
dx
Solution:
The given differential equation is,
4
) ; wr
—+sin(y )=0
4 v
dx

=Sy +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.

2177

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.

g5\ 23
3.((1—3) +35d—::O
dt dt”

Solution:-

The given differential equation is,

- \4 g3
S350
dt dt” 5

d”s

The highest order derivative present in the differential equationis ;2 .

The order is two. Therefore, the given differential equation is a polynomial
equationin d>s and ds .

dr® E
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So, its degree is one.

2
d? y dy
Tl = o] =
dx dx

Solution:-

0

The given differential equation is,

= 42
d-y dy
= | =kcog|— =0
dx dx

"

dy

The highest order derivative present in the differential equation is dr?

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

5.

Solution:-

The given differential equation is,

2
d’y "
— =08 3x +sin3x
dx~
&y 3 in3 0
:E—COS X —SINaxX = 12
(

v
The highest order derivative present in the differential equation is ; {\_2
The order is two. Therefore, the given differential equation is a polynomial
12
equation in d Y and the power is 1.
2
dx”
Therefore, its degree is one.
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6. (y”)+(y’P+(y) +y*=0

Solution:

The given differential equation is, (y"”’)? + (y”’)* + (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.

7. Y"+2y"+y =0

Solution:

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

The highest order derivative present in the differential equation isy’”’. The
order is three. Therefore, the given differential equation is a polynomial
equationiny’”’,y” andy’.

Then the power raised to y'”’ is 1.

Therefore, its degree is one.

277

8. y’ +y =e*Solution:
The given differential equation is, y’ + y = e*
=y +y—-¢e*=0
The highest order derivative present in the differential equationisy’.
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.

9. vV’ +(y)?+2y=0

Solution:

The given differential equation is, y"”’ + (y’)>+2y =0

The highest order derivative present in the differential equationisy”.

The order is two. 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.
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10.y"” + 2y’ +siny=0

Solution:-

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

The highest order derivative present in the differential equationis y”.

The order is two. 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.

277

11. The degree of the differential equation.

2 3 2
d”y dy . [ dy iy
— | +|— | +sin| — |+1=018
dx” dx dx

(A)3 (B) 2 (€)1 (D) not defined
Solution:- (D)

not defined

The given differential equation is,

7 3 2
(12 nt(il'l + 81N il +1=0 ’
dx” dx dx d*y

The highest order derivative present in the differential equation dx? is

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

12. The order of the differential equation

,
»d”y _dy :
2x"——3—+y=01s
dx” dx
(A) 2 (B) 1 (C)o (D) not defined
Solution:- (A)

2
The given differential equation is,
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N
7 (/- V 5 (l\‘
2" —=3—+y=0 |
dx~ dx d*v
The highest order derivative present in the differential equation 5 s
Therefore, its order is two. ax
EXERCISE 9.2 PXGE: 385

In each of the Exercises 1 to 10 verify that the given functions (explicit or implicit) is a
solution of the corresponding differential equation:
l.y=ex+1:y"-y'=0
Solution:-
From the question it is giventhaty=e*+ 1
Differentiating both sides with respect to x, we get,
dy d

DB K)

dx dx ... [Equation (i)]

Now, differentiating equation (i) both sides with respect to x, we have,

S @)= (e
=y’ =e*Then,
Substituting the values 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.

2.y=x*+2x+C:y-2x-2=0

Solution:-

From the question it is given that y = x*> + 2x + C
Differentiating both sides with respect to x, we get,

d
¢ S 2
y ——dx(x +2x+C)

y =2x+2
Then,
Substituting the values of y’ in the given differential equations, we get, =
y —2x-2
=2X+2—-2x-2
=0
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= RHS
Therefore, the given function is a solution of the given differential equation.

3.y=cosx+C:y' +sinx=0
Solution:-
From the question it is given thaty =cos x + C
Differentiating both sides with respect to x, we get,
Pri= % (cosx+ C)
y’ =-sinx
Then,
Substituting the values of y’ in the given differential equations, we get,
=y’ +sinx
= - sinx + sinx
=0
= RHS
Therefore, the given function is a solution of the given differential equation.

4.y =V(1+x%):y =((xy)/(1+x?)
Solution:-
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From the question it is given that y = V 1+x2

Differentiating both sides with respect to x, we get,

, d
y = &( v1+ xz)
, 1 d
3 =
4 21+ x2 dx
By differentiating (1 + x?) we get,

2X
21+ x2

On simplifying we get,

(1+x?)

=¥ =

X
=y =
Y V1+x2
By multiplying and dividing V(1 + x?)

X
=y X1 +x2

B 1+x2

Substituting the value of V(1 + x?)

Substituting the value of V(1 + x?)

=y = >
Y =1+x27
Xy
=¥ =
y 1+x2

Therefore, LHS = RHS

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

5.y=Ax:xy' =y (x%0)
Solution:-

From the question it is given that y = Ax

Differentiating both sides with respect to x, we get,
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Then,

Substituting the values of y’ in the given differential equations, we get, =

Xy
=x XA
= AX

=Y ... [from the question]
= RHS

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

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= = (xsinx)

! s jd s -
=y’ = sinx— (x) + X (sinx)

=y’ = sinX + XCOsX
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Then,
Substituting the values of y’ in the given differential equations, we get,
LHS = xy’ = x(sinx + xcosx)
= Xsinx + x’cosx
From the question substitute y instead of xsinx, we get,

—y+X%V1—sin?x

2

y
=y+x*1- (;)
=y +xJ(y)? - (x)?

= RHS

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

)
V”
7.xy=logy+C: y" = l - o (xy# 1)

Solution:-
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From the question it is given that xy = logy + C

Differentiating both sides with respect to x, we get,

d d
e (xy) = o (logy)

d dy 1dy
=Yy &(X)+X.&— ;&
On simplifying, we get.
+ ris 213'.'
=Sy+xy = =

By cross multiplication,

=y +xy' =y

1-
By comparing LHS and RHS

LHS = RHS

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

8.y—cosy=x:(ysiny+cosy+x)y' =y
Solution:-
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From the question it is given that y — cosy = x

Differentiating both sides with respect to x, we get,

dy d _d()
dx  ax OV T ¥

=y +siny.y' =1
=y (1+siny)=1
=y = 1

1+siny
Then,

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

1

= (ysiny + cosy +y — cosy) X 1+ siny

= y(1 + siny) X m
On simplifying we get,

=y

= RHS

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

9.x+y=tanly:y’y' +y*+1=0
Solution:-
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From the question it is given that x + y = tan™y

Differentiating both sides with respect to x, we get,

d d
2ns, et -1
&= (x+y) - (tan~'y)

! 1 !
LY =[1+y2]y

By transposing y’ to RHS and it becomes —y’ and take out y’ as common for
both, we get,

= ’[ s 1] =1
Y l1+y2
On simplifying,

[1— (1+y?)
1432

| =¥
L3y
« {LEy?)
=T

=1

=

Then,
Substituting the values of y’ in the given differential equations, we get,
Consider, LHS = y?y' +y?* + 1

=-1-y*+y?+1
=0
= RHS

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

Vi f 2 _2ye(-aa): x+y—=000%0)
10. . a X " dx -
Solution:-

From the question it is given that ¥ = vaz—x2

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

d
& = (/e =)

dy 1
:-

dx  2yaZ—x? dx

(a2 —x?)

1
He—w

=X

2yaz — x2

Then,
Substituting the values of y’ in the given differential equations, we get,

Consider LHS = x + yj—i

=X
=X+ 4a%?—x2 X e
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.

11. The number of arbitrary constants in the general solution of a differential equation
of fourth order are:
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(A)O (B) 2 (€)3 (D) 4

Solution:-

(D) 4

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

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

(A)3 (B) 2 (€)1 (D)O

Solution:-

(D)0

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



www.edugrooss.com

EDUGROSS

WISDOMISING KNOWLEDGE

XERCISE 9.3 PAGE: 391
In each of the Exercises 1 to 5, form a differential equation representing the given

family of curves by eliminating arbitrary constants a and b.
X 0y

1. 42 =1
a b

Solution:-

From the question it is given that E + % =1

Differentiating both sides with respect to x, we get,

1 1dy
a bdx
iy Tl

=—+=-y' =0
2 bY ... [Equation (i)]

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

"
: n 0
by

By cross multiplication, we get,
=2y’'=0
~the required differential equation is y”’ = 0.

2.y*=a(b?-x?
Solution:-
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Differentiating both sides with respect to x, we get,

2 dy = 2
yo = a(-2%)
= 2yy’ =-2ax
= yy' =(-2/2)ax

Now, differentiating equation (i) both sides, we get,

=y Xy +yy’'=-a

=(y)P+yy' =-a ...[we call it as equation (ii)]

Then,

Dividing equation (ii) by (i), we get,

(yl)z 3 yyn —2a
yy' T -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.

3.y=ae*+be
Solution:-
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From the question it is given that y = ae® + be™® ... [we call it as equation (i)]

Differentiating both sides with respect to x, we get,
y = 3ae* - 2be* ... [equation (ii)]
Now, differentiating equation (ii) both sides, we get,
vy’ = 9ae* + 4be ™ ... [equation (iii)]
Then, multiply equation (i) by 2 and afterwards add it to equation (ii),
We have,
= (2ae™ + 2be®) + (3ae* - 2be ) = 2y + Y’
= 5ae¥*=2y+y

2y +y
5

= ae®* =

So now, let us multiply equation (ii) by 3 and subtracting equation (ii),
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We have
= (3ae* + 3be™?) - (3ae* - 2be ) =3y -V

= 5bhe® =3y-y
3y -y
5

Substitute the value of ae**and be* iny”,

= be ¥ =

2 (
Y= 9% B 4 x T
5

Y

_ 18y +9y’' i 12y — 4y’
-5 5

On simplifying we get,

30y + 5y’
i SESY,

5
=y’ =6y+y
=2y'-y-6y=0

~the required differential equationis y” -y’ - 6y = 0.

4.y =e* (a+ bx)
Solution:-
From the question it is given thaty = e® (a + b x) ... [we call it as equation (i)]
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 + 2bx + b) —e* (2a +
2bx)
Y - 2y = 2ae® + 2e¥bx + ePb — 2ae?* - 2bxe? y’
-2y = be* ... [equation (iii)]
Now, differentiating equation (iii) both sides,
We have, = y” — 2y = 2be* ... [equation
(iv)] Then,
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Dividing equation (iv) by (iii), we get,
"—2
.8 -
yi—2Zy

By cross multiplication,

= yn _ 2yn — zyl _ 4y
Transposing 2y’ and -4y to LHS it becomes — 2y’ and 4y
=y’ -4y —-4y=0
~ the required differential equation is y”" — 4y’ —4y = 0.
5.y =e*(a cos x + b sin x) 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’ =e*(a cos x + b sin x) + e*(-a sin x + b cos x)

=y =e*[(a+ b)cos x—(a—b) sin x)] ... [equation (ii)]
Now, differentiating equation (ii) both sides,
We have,

y” =e*[(a + b) cos x — (a — b)sin x)] + e*[-(a + b)sin x — (a — b) cos x)]
On simplifying, we get, = y” =

e*[2bcosx — 2asinx]

=vy” =2e*(b cos x—asin x) ... [equation (iii)]
Now, adding equation (i) and (iii), we get,

y+ y? = e*[(a+ b)cosx — (a — b)sinx]

¥ .3
y¥m=y
=2y ey =2y

Therefore, the required differential equation is 2y + y” = 2y’=0.

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

Solution:
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A
Y

-2
X O (P.0) X

Y’

By looking at the figure we can say that the center of the circle touching the y- axis at
origin lies on the x — axis.
Let us assume (p, 0) 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)+y?’=p’=>x
+p?=2xp +y* = p?
Transposing p? and — 2xp to RHS then it becomes — p? and 2xp =
X2 +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, =
X% +y?=2(x+yy')x
= 2xyy’ + x2 = y?

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

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

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

x? = 4ay ... [equation (i)
A
Y
<X’ (0] X>
Yv
Now, differentiating equation (i) both sides with respect to x,
2x = day’ ... [equation (ii)]
Dividing equation (ii) by equation (i), we get,
2x  4ay’
x2  4ay
On simplifying, we get,
z ¥
- — ==
X ¥

By cross multiplication,
=Xy’ =2y
Transposing 2y to LHS it becomes -2y.
=>xy' —-2y=0
Therefore, the required differential equation is xy’ — 2y = 0.

8. Form the differential equation of the family of ellipses having foci on y-axis and

centre at origin.
Solution:
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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.

&}
n I"<
(5}

+L =1

0’|'A
£}

... [equation (i)]
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A
Y
a
“x o x>
b
Yv

Now, differentiating equation (i) both sides with respect to x,

2x 2

2

b2 a2

X a5y

BT ... [equation (ii)]
Now, again differentiating equation (ii) both sides with respect to x,

A

et a2 0
On simplifying,

] 1
S e m —
=~ (y*+yy) =0
1 %o i "
=5z a2 (y™=+yy")

Now substitute the value in equation (ii), we get,

!

1 yy
2 " -
X[~ O]+ =0
On simplifying,
=X (y) —xyy” +yy' =0=
xyy” +x(y')>=yy =0
Hence, xyy” + x (y’)?> — yy’ = 0 is the required differential equation.
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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 having foci on x — axis and the centre at origin is

(&)

x*_yi_ 1
a®  b? ... [equation (i)]
A
Y
< of x>
b
Y’
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Now, differentiating equation (i) both sides with respect to x,

2x  2yy
az b2
S L
2 T b2 ... [equation (ii)]

Now, again differentiating equation (ii) both sides with respect to x,

1 yv+w _,
a2 b?
On simplifying,
T 4 _
=>a—2—b—2(Y'2+YY )=20

==’1—].(,2_{_ "
a2 pzvy Y

Now substitute the value in equation (ii), we get,

!

biz((y’2+yy")—)l’)y—2=

Sx (V) +xyy” -yy =0=xyy” +x(y')*-yy' =0
Hence, xyy” + x (y’)? — yy’ = Ois the required differential equation.

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

Y“
o!
(0.a)[ |5
X o) X
b
Yy

Let us assume the centre of the circle on y — axis be (0, a).
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We know that the differential equation of the family of circles with centre at (0, a) and
radius 3is: x2 + (y-a)?=32=> x>+ (y-a) =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-a)xy =0
Transposing x to the RHS it becomes — x.

=(y—-a)xy =x

=y—a= ;—‘:

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

_X2
X2+(7) =9

Take out the x? as common,

= x? [1 - (yl,)Z] =9

On simplifying,
=X ((y')* +1) =9(y')?
= (X*=9)(y)+x*=0

Hence, (x*—9) (y')* + x* = 0 is the required differential equation.

11. Which of the following differential equations has y = ¢1 e* + c2 e™* as the general
solution?

d”v d?v d*y d*y
(A) —+y=0 (B) ——y=0 (O) —+1=0 (D)
dx” dx~ dx” dx

~1=0

o |

Solution:
5
d-y

£y
dx”

(B) -y=0

Explanation:
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From the question it is given that y = c;e* + c,e™

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

— =c,e¥—c,e™
% G 2 ... [equation (i)]

Now, again differentiating equation (i) both sides with respect to x,

d’y : _
T c,e°+ e
d?y
=&Y
d?y
V-0
d2 : : : : .
Hence, d‘:— y = 0is the required differential equation.

Which of the following differential equations has y = x as one of its particular

12.
solution?
d*y 5 dy d*y  dy
(A) ——X —+xy=x (B) X=X
dx” dx dx” dx
d*y ,dy d*y  dy
(C) ——x ——+xy=0 (D) —+x—+xy=0
dx” dx dx” dx
Solution:
d*y ,dy
C Susgt——tap=()
(£) dx? dx

Explanation:
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From the question it is given that y = x

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

dx ... [equation (i)]

Now, again differentiating equation (i) both sides with respect to x,

d2
ey _ .
dXZ
Then,
: dy d?y . : :
Substitute the value of = andg.‘: in the given options,
d’y ,dy
2
o Mt
=0—-(x*x1)+ (x xx)
= -x? + x?
=0

PAGE NO: 395
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For each of the differential equations in Exercises 1 to 10, find the general solution:
1 dv _1—cosx

dx l1+cosx

Solution:
Given
dy 1 —cosx
SRS e
dx 1 + cosx
We know that 1 —cos x = 2 sin? (x/2) and 1 + cos x = 2 cos? (x/2)
Using this formula in above function we get

. 2 X

dy 2 sin 5
dx 2 X
2 cos 3

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

dy , X
=>&—tan 5

From the identity tan?x = sex? x — 1, the above equation can be written as

N et
=>dx—(sec > 1)

Now by rearranging and taking integrals on both sides we get

X
- fdy=fsec2§dx—fdx
On integrating we get

X
= y = 2tan §—x+c

dy
220 = J4=y? (-2<y<2)
dx
Solution:
Given
d
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On rearranging we get
dy

> —2— = dx
JE—y2
Now taking integrals on both sides,
=)
= | — = | dx
4 —y?

We know that,

f 1 dx g X
= ﬁ = Sin 5
Then above equation becomes
sin?¥ =x+¢
= 2
dy
3. 2 4 y=1(yl)
dx
Solution:
dy
— +y=1
On rearranging we get
= dy=(1-y)dx
Separating variables by variable separable method we get
d
.. (e dx
T=¥

Now by taking integrals on both sides we get

=>fd—y=fdx
Ly

On integrating
=-log(l-y)=x+logc
=-log(l-y)—-logc=x
=log(1-y)c=-x

= (1-y)c = e

Above equation can be written as
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1
AL = o
y=1+ %e"‘
Y=1+Ae™
4.sec’xtan ydx + sec’ytanx dy =0

Solution:

Given

= sec’x tany dx + sec?y tanx dy

Dividing both sides by (tan x) (tan y) we get

_sec’xtanydx ~ sec”ytanx dy

" tanxtany tanxtany

On simplification we get

sec’xdx  sec’ydy
anx T wny

Integrating both sides,

sec’x dx sec’y dy

= tanx j tany

= lettanx=t&tany=u

Then

sec’x dx = dt&sec’ydy = du

By substituting these in above equation we get

dt du

.s T = T

On integrating

= logt=-logu+logc

0

=

Or,
= log (tan x) =-log (tan y) + log c
C
logtanx = log——
= logtanx ogtany

= (tanx) (tany)=c

s(e+e*)dy—(ef—e*)dx=0
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Solution:
Given
= (e + e™)dy— (e¥X—e™)dx = 0
On rearranging the above equation we get
(e*—e™™)dx
ex + e7X
Taking Integrals both sides,
(e*—e™)dx
= f dy = =
e¥ + e ¥
Now let (& + €7) =t
Then,(ex —e¥)dx = dt
dt
On integrating

--fd"-l
&) i 0gx
So,

=y=logt
Now by substituting the value of t we get
=y = log(e* + e™) 4, ¢

= dy =

1' 7
6. i:(l-i-.\'z)(l+_\“)
dx

Solution:

dy 2 2
= —=({1+x")1+

I ( )A+y°)

Separating variables by variable separable method,

= 2
=>1+y2—dx(1+x)

Now taking integrals on both sides,
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d
=>f 4 =fdx+fx2dx
1+ y?

On integrating we get
3
-1 X

= tan"'y = X + 3 2 L

7.vlogydx —xdy=0

Solution:
Given
ylogydx—xdy=0
On rearranging we get
= (y logy) dx = x dy
Separating variables by using variable separable method we get
dx dy

x  ylogy
Now integrals on both sides,

5~ I
= _—=
X ylogy

= letlogy =t
Then
= 1d dt
v y
dt
= logx = 5

= logx+logc=logt

Now by substituting the value of t

= Log x + log c = log (log y)

Now by using logarithmic formulae we get
= logcx=logy

= Llogy=cx

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

dy
Y \5
dx
Solution:
Given
dy
S S
= X dX y
dy —dx
ys x5
On rearranging
dy dx
y'—s + ;" = 0

Integrating both sides,

dy dx
ﬁfﬁ*f;=a

Let a be a constant,

= fy‘sdy - fx‘sdx = 3
On integrating we get

= 4y *—4x*+c=a

On simplification we get
= x*-y*=c

The above equation can be written as

1 1
F+y4
1

dy 3
9 = =f X
dx

Solution:
Given

= = sin™'x

d
dx
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Separating variables by using variable separable method we get
= dy = sin"!xdx
Taking integrals on both sides,

= jdy = fsin‘lxdx

Now to integrate sin"*x we have to multiply it by 1
to use product rule

fuvdx = ufv dx—f(%u) ([ vdx)dx}

Then we get

g f 1.sin"'x dx

According to product rule and ILATE rule, the above equation can be written as
Y= {sin‘le 1.dx— f(%sin‘1 x)(f 1.dx)dx}

On integrating we get

- -1 X
= y = xsin x—fmdx
Now
= letl—x% =t
Then
= —2xdx = dt
dt
=>XdX=—?

Substituting these in above equation we get
1
= y = xsin™'x + f—dt
y N

On simplification above equation can be written as
1 1
= y = xsin"!x + Eft‘idt
et 1
= y = Xsin x+§\/f+c

Substituting the value of t, we get

=y =xsin"'x+ J1—-%x2+ ¢
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10. e tan y dx + (1 — ¢*) sec? ydy =0

Solution:

Given

= e*tanydx + 1(1—e¥)sec’ydy =

On rearranging above equation can be written as

= (1—e¥)sec’ydy = —e*tanydy = 0

Separating the variables by using variable separable method,

sec’y e¥
= dy = —
tan y L —eX
Now by taking integrals on both sides, we get
sec? e *
= f y j dx
tan y 1—ex

lettany=tand1—-e*=u
Then on differentiating
(sec’ydy = dt)& (e*dx = du)
Substituting these in above equation we get
dt du
i ¥
On integrating we get
= logt=logu+logc
Substituting the values of t and u on above equation.
= log(tany) = log(1—e*) + logc
= logtany = logc(1—e¥)
By using logarithmic formula above equation can be written as
= tany = c(1—e%)

For each of the differential equations in Exercises 11 to 14, find a particular solution
Satisfying the given condition:

3 2 dy 3
IL(x +x +xtD)— =2 ¥ y= l'whenx=0
dx

Solution:
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Given
3 2 dy _ 5.2
=>(x FixS g 1)e= = 2x%F X

Separating variables by using variable separable method,
2x% + x
b EER o
Taking integrals on both sides, we get
2x% + x
- fdy T
Integrating it partially using partial fraction method,

2x% + X A Bx + C
=)(x+1)(x2+1)=x+1+x2+1

2x% + x Ax? + A(Bx + O)(x + 1)
T ErDE+D . G+ DEF D

= 2x2+ X =Ax*+ A+Bx+Cx+C
=>2x+x=(A+Bx*+(B+COx+A+C
Now comparing the coefficients of x* 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=z B 2506 = =5
Putting the values of A, B, Cin 1 we get

2x% + X 1. 4 13x—1

= — + =
TE+DE+ 1) 2(x+ 1 2x2+ 1
Now taking integrals on both sides

fd _lf L +1f3x_1dx
i p o g ) Eg O Fg ) g

On integrating

L +1+3f s lf dx
¥ =l Y o) o7 e

1 3 2x , S~
=>y=—2-10g(x+ 1)+foz+1dx—§tan X 5
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For second term
letx? + 1 =t
Then, 2x dx = dt
3 j 2x 3 (rdt

Al i al

I 31 t
50,1 = 2 og
Substituting the value of t we get

3
[ Z]og(x2 + 1)
Then 2 becomes
1 3 1

=g &= Elog(x + 1)+ Zlog(x2 + 1) —Etan‘lx + c

Taking 4 common

1 1

Sy = Z[Zlog(x + 1) + 3log(x? + 1)]—§tan‘1x +c
1 1

=y = Z[log(x + 1)% + log(x* + 1)7] —Etan“lx + C

1 3 1
=Sy = Z[log{(x + 1)2E%*+ 1)} —Etan"lx +:Ce 3

Now, we are given thaty =1 whenx=0

g %[log{(o + 1) (0% + 1)}]—%tan‘10 +c

1
1 2 0 > 0-+c

Therefore,
C=1
Putting the value of cin 3 we get

y = %[log{(x + T)é(%+ 1)3}] —%tan‘lx IR

2 ay
12.x(x"—=1)—=l:y=0whenx=2
dx :

Solution:
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Given
dy
2 W o
x(x“ + 1) e 1

Separating variables by variable separable method,

dx
Y = x(x2 + 1)
X%+ 1 can be written as (x + 1) (x— 1) we get
dx
= dy =

x(x + 1)(x—-1)
Taking integrals on both sides,

=:’fdy:fx(x+cll;((x—1) 1

Now by using partial fraction method,

1 A B o
B x(x+ 1(x-—1) N §+x+ 1 +x—l _____ 2

1 Ax—1DxE+ 1) + Bx)E-1) + cC(x)(x+ 1)
s x(x +1)(x—1) - x(x + (x—1)
Or

1 (A+ B+0x*+ (B—-0x—A
Txx+ DE-1 x(x + D(x—1)
Now comparing the values of A, B, C
A+B+C=0
B-C=0
A=-1

Solving these we will getthatB=%and C=%
Now putting the values of A, B, Cin 2

1 1 s 1( 1 ) o 1( 1 )
= = —_—— — —
x(x+ (-1 X 2% + 1 2\x—1
Now taking integrals we get

=>fdy:_f%dx+%f(xi1)dx+%f(xi1)dx

On integrating

 § 1
= y = —logx + Elog(x + 1) + ilog(x— 1) + logc
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_1l cAx—-1)x+ 1)
- puffesee)

Now we are given thaty =0 whenx=2

1. [c22-1)(2+ 1)
0= Elog[ 2 }
C2
= logT =0
We know e° = 1 by substituting we get
32
= T =i
= 8¢% =:4
= ¢ = 4/3
Now putting the value of c?in 3
Then,
: =llog—4(.\'—“l)g.\'+l)}
4 i ax
1 4(x* -1
1—§|0g (3x )]

13. COS(%]ZG (a € R) y= 1 whenx =0

Solution:
Given

[ - ]

cos| — |=a

dx

On rearranging we get

dy =
= —=C0S d
dx

dy = cos™ a dx
Integrating both sides, we get

I dy=cos ' a Idx
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y=xcosta+C...1
Nowy=1whenx=0

Then

1=0cos*a+C

HenceC=1

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

(y—1)/x=cos*a

=
=>Ccos| — |=a
;X

dy
14. —=ytanx:y=1whenx=0
dx

Solution:

Given

dy_ :
&—yanx

Separating variables by variable separable method,
dy
= ? = tanx dx

Taking Integrals both sides, we get

d
=>f—y=ftanxdx
y

On integrating

= Logy =-log (cos x) + log c

Using standard trigonometric identity we get

= Logy=log (secx) +logc

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

=y=c(secx)....1

Now we are given thaty =1 whenx=0

= 1=c(sec0)

= 1=e%x1

www.edugmoss.com
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=>c=1
Putting the value of cin 1
=y =secx

15. Find the equation of a curve passing through the point (0, 0) and whose differential
equation is y' = e*sin x

Solution:
To find the equation of a curve that passes through point (0, 0) and has
differential equation y’ = e* 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,= d_y = e*sinx
Todx

Separating variables by variable separable method, we get
= dy = e*sinx dx
Integrating both sides,

= fdy = fe"sinxd_x 4
Now by using product rule we get
fuvdx = ufvdx—f{iufvdx}dx
Now let
I = [e*sinxdx
d
= I = sinxfe"dx— f(&sinxfe"‘dx)dx

S e"‘sinx—fcosxe"dx
Now by integrating we get
] e e“‘sinx—[cosxf e*dx + fsinx e*dx]

From 1 we have
= | = e*sinx - e*cosx—1
Now on simplifying
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= 2I = e*sinx —e*cosx

= 2I = e*(sinx — cosx)

. (sinx — cosx)
2

Substituting | in 1 we get

. (sinX — cosx)
=y =e

= ]=0ce

+
2 €.

Now we are given that the curve passes through point (0, 0)
o (sin0 —cos0)

0 = +
e 2 C
1(0—1)

B 2
1

= C = —

€=3

Substituting the value of Cin 2

. (sinX — cosx) " 1
=Yy = @ =
y=¢ 2 2

On rearranging

= 2y = e*(sinx—cosx) + 1
Hence

= 2y—1 = e*(sinx — cosx)

A b

16. For the differential equation XV T ={x+2)(y+2)
ax
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
given differential equation.
Given differential equation is

d
> o = &+ 2+ 2)
Separating variables by variable separable method, we get
y (x + 2)dx
= dy = ——
y + 2 X




www.edugrooss.com

EDUGROSS

WISDOMISING KNOWLEDGE

Taking Integrals both sides, we get

- J(1—g5)ar = [ {1+ o

Splitting the integrals

1 1
:fdy—zfﬁ_—zdy=fdx+2j;dx

= y—2log(y + 2) = x + 2logx + ¢ 1

Now separating like terms on each side,

= y—x—c = 2logx + 2log(y + 2)

= y—x—c = logx? + log(y + 2)?

Using logarithmic formula we get

= y—x—c = log{x?(y + 2)?} —1i)

Now we are given that, the curve passes through (1, -1)
Substituting the values of x and y, to find the value of c
= —1—-1-c = log{1(-1 + 2)%}

= -2-c=log (1)

We know that log 1 0

=c=-2+0

Soc=-2

Substituting the value of cin 1

y—x—c = log{x?(y + 2)%}

y—x + 2 = log{x%(y + 2)%)

17. Find the equation of a curve passing through the point (0, —2) given that at
any point (x, y) on the curve, the product of the slope of its tangent and y
coordinate of the point is equal to the x coordinate of the point.

Solution:
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dy
We know that slope of a tangent is = dx’
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.
dy
Yige — >
Now separating variables by variable separable method,
= ydy=xdx
Taking integrals both sides,

=>fydy=jxdx

On integrating we get
2 2
y X
Die— =i $C
2 2

= y2 == X2 = 2Cm1

Now the curve passes through (0, -2).
S 4-0=2cC

=yig=)

Putting the value of cin 1 we get

= yi—x? =4

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:
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We know that (x, y) is the point of contact of curve and its tangent.
yi+-3
Slope (m1) for line joining (x, y) and (-4, -3) is x+4......1
dy
Also we know that slope of tangent of a curve is dx.

=~ slope (m2) of tangent = —

Now, according to the question, we can write as
(m2) =2(m1)
dy 2(y + 3)

=
dx X +4
Separating variables by variable separable method, we get

dy 2dx
= —
¥ 3 X+ 4
Taking integrals on both sides,

f dy f dx

= = 2

Yt 3 X+ 4

On integrating we get

= log(y + 3) = 2log(x + 4) + log c

Using logarithmic formula above equation can be written as
= log(y + 3) = logc(x + 4)°
sy+3=cx+4? 3

Now, this equation passes through the point (-2, 1).
= 1+ 3 =c(—2 + 4)?

=4 =4¢€

=Cc=1

Substitute the value of cin 3
=y+3=x+4)?

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

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

dy
o k
- (4 3) = k {vol fsph w0
FASTE ] = {volume of sphere = 31T }
On differentiating with respect to r we get

-+ 3 , dr —k
= 3n r T

On rearranging
= 4nr?dr = kdt
Taking integrals on both sides,

=>4Trfr2dr=kfdt

On integrating we get
4mr

3 2|
Now, from the question we have
Att=0,r=3:
=4nx33=3(kx0+c)
= 108 = 3c
= ¢=36n
Att=3,r==6:
= 4nx 6> = 3(kx3 + ©)
=k=84n
Substituting the values of kand cin 1
= 4mr?® = 3(84mt + 36m)
= 4mr® = 4m(63t + 27)
= r® = 63t + 27

= r = V63t + 27
So the radius of balloon after t seconds is V63t + 27

= =kt + ¢

20. Ina bank, principal increases continuously at the rate of r% per year. Find the
value of r if Rs 100 double itself in 10 years (log. 2 = 0.6931).
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Solution:
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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.

dp r
~5 = ()

Separating variables by variable separable method, we get

d
= ?p = (ﬁ)dt

Taking integrals on both sides,

ol

= | —=—|dt
p 100

On integrating we get

rt
=>logp=m+k

i+k
= p = e100 1

Given thatt =0, p = 100.
= 100 = e*

Now, if t = 10, then p =2 x 100 = 200

So,
it e
= 200 = el0"
= 200 = el0.e¥
From 2
rt
= 200 = e10Xx 100
T
= e10 = 2
S
= —=1lo
10 %8
= P =:693
Soris 6.93%.

21. In abank, principal increases continuously at the rate of 5% per year. An
amount of Rs 1000 is deposited with this bank, how much will it worth after 10

years (e®® = 1.648).
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Solution:
Let p and t be principal and time respectively.
Given that principal increases continuously at rate of 5% per year.

2 = (1)
“ac - \100/P

Separating variables by variable separable method,
dp p
p 25

Taking integrals on both sides,

d 1

= f_p = —fdt
p 20
t

ezo+°

= logp = o |
Whent=0, p=1000
= 1000 = e€
Att=10

s |
=P =:@F 7 E
The above equation can be written as
= p = e xe°
= p = 1.648 X 1000 (e®® = 1.648)
= p = 1648
So after 10 years the total amount would be Rs.1648

22. In a culture, the bacteria count is 1, 00,000. The number is increased by 10%
in 2 hours. In how many hours will the count reach 2, 00,000, if the rate of growth of
bacteria is proportional to the number present?

Solution:
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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

dy
..EOCY

dy .
i ky (kis a constant)

Separating variables by variable separable method we get,

dy
= a = kdt

Taking integrals on both sides,

d
=>f—y=kfdt
Y

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

Let y’ be the number of bacteriaatt=0.
= logy =c

Substituting the value of cin 1
=logy=kt+logy

= logy-logy =kt

Using logarithmic formula we get
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= logl, = kt
¥ . )
Also, given that number of bacteria increases by 10% in 2 hours.
Therefore,
110 ..
4 dia 100"

y 11

= — =
y© 10.53

Substituting this value in 2, we get

11
= kx2 = logﬁ

11
10
So, 2 becomes

1 11

k—ll
= —Eog

Now, let the time when number of bacteria increase from 100000 to 200000
be t'.
>y=2y'att=1t
So from 4, we have
2 log}% 2log2
=t = : 1_1 = 1 1_1
%670 9870

2log2

11
So bacteria increases from 100000 to 200000 in °8Tc hours.
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; ; ; . dy i
23. The general solution of the differential equation T =e 7 is
ax
(A) ef+e?=C (B) ¢+ e =C
(C) e +e=C (D) e*+e?=C
Solution:
(A)eX+eV=C

Explanation:

We have
dy
U ni ARG
= dX e
Using laws of exponents we get
dy
A2 e
~ i

Separating variables by variable separable method we get
= e Ydy = e*dx
Now taking integrals on both sides

= je‘ydy = fe"dx

On integrating

=2 —e Y =¢e*+c
=>e*+eV = —
Or,

ev =g

So the correct option is A.
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XERCISE 9.5

PAGE NO: 406

In each of the Exercises 1 to 10, show that the given differential equation is

homogeneous and solve each of them.
1. (x% + x y) dy = (x? + y?) dx

Solution:
On rearranging the given equation we get
dy _ xP4y?
dx  x%+xy
x% + y?
X2+ xy
Here, substitutingx=kxandy=ky
o kyy 0902+ ()
(kx)? + kx.ky
Taking k* common
k2 XZ = y2
Tk2x2+ Xy
=k°f(x, y)

Letf(x,y) =

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.

y=VX

Differentiating equation with respect to x, we get
dy dv

& =V + X&

We have dy/dx, substituting this in above equation

dv  x%+ (vx)?
V+Hx—=—7-—""—
dx x%+ x.vx

Taking x* common
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dv  x%(1 + v?)
VHX—=—7—"-
dx x2(1+v)

On simplification we get
dv 1 + v?

¥ Xa; - 1+v

On rearranging the above equation we get

dv 1 + v? 1 + vi-v — v

dx 1+ v v 1 +v

Taking integrals on both side,

I ¥ 1
fl_vdV=f;dX

f(_1+1—v

On integrating we get
-v-2log|1l-v|=log |x| +logc
Substituting the value of v we get

)dv= f%dx

y y
—= —2log|]1 — =] =1 + logC
= ogll — Z| = log|x| + log
Using logarithmic formula we get

y x - y)?
= B logT + log|x| + logC

y x -y
—; . logT.Cx

On rearranging and computing we get
y x - y?°
og————C

¥ =

X X

—— ]
CX =Y _ oyi

C(x — y)? = xeV/*
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i X4y
2 y = -
X
Solution:
Given
y =5
The above equation can be written as
dy x+y
dx  x
X+y
Letf(x,y) = "
Here, puttingx=kxandy=ky
kx + ky
flko ky) = ——
Xy
Tk x
=Kk°.f(x, y)
Therefore, the given differential equation is homogeneous.
, X R
y = X
Then the above equation can be written as
dy x+y
dx  x
To solve it we make the substitution.
y=VX
Differentiating equation with respect to x, we get
dy dv
& ="V.+ X&

Now by substituting the value of v we get

" dv X + vx
V+xXx— =
dx X

On simplification we get

- o 1+
v X— = v
dx
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On rearranging we get

dv ;
ax
1
dvi= =dx
X
Now taking integrals on both side we get
1
dv = | —dx
fav= [
On integrating we get
v=logx+C
Now by substituting the value of v
y
= =1 +C
X 08X

y=xlogx+Cx
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

dx x-—y
Letf(x,y) =

X+ ¥
2 S
Now by substitutingx=kxandy=ky

kx

On simplification we get
Xk ¥
flot ky) = —

X ¥
=k°.f(x, y)
Therefore, the given differential equation is homogeneous.
(x-y)dy—(x+y)dx=0
dy x+y
dx  x — y
For further simplification we make the substitution.
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y=VX
Differentiating equation with respect to x, we get

Now by substituting the value of dv/dx we get

% dv X + VX
V+xXx— =
dx X — VX

Taking x as common we get

dv 1+v
V+X&= ¥
On rearranging
dv 1+ v
. v

Now taking LCM and computing we get

dv 14+ v-—v+v?
X—:

dx 1—-v
dv. 1+ v?
T 1-v
i — vd 1dx
1+v2 T %
Taking integrals on both sides we get,
1—v 1
dv = | —dx
fl + v2 vl X
Now by splitting the integrals we get
1 \" 1
dv — dv = | —dx
f1+v2V f1+v2V fx _____ 1
LetI, = [ = Vzdv
Putl +vi=t
2vdv =dt
d 1dt
vdv = 5

Now by applying integral we get
1 [ 1 it
2° t
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11
2 o8t
Now by substituting the value of t we get
1
Elog(l + v?)
From equation 1 we have
1
~ tan~lv — ilog(l + v?) = logx + C
Now by substituting the value of v we get
2P I ¥
1— — — —
tan = 2log(l s (x) ) = logx +C

On rearranging we get

+
; logx + —log( d ) + €

i T Ay
tan = 2(Zlogx+log( <2 G

Using logarithmic formula we get

({0 ))

= —(logx +y3) +C

tan~?!

tan™?

><I‘<: NI‘<2

4. (x*—y?)dx +2xy dy =0

Solution:
The given equation can be written as

2xydy = —(x* — y?)dx
On rearranging we get

dy  x*-—y?
dx 2Xy

%2 — y2
Letf(x,y) = — 2%y

Here, substitutingx=kxandy=ky
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kZXZ L k2y2
(o ky) = — 2k2xy
Now by taking k common

2 X2 - y2
R

=Kk°.f(x, y)

Therefore, the given differential equation is homogeneous.
(x? —y?Hdx + 2xydy = 0

Again on rearranging

2xydy = —(x* — y?)dx

The above equation can be written as

dy X2 5 y2

dx 2xy

To solve above equation and for further simplification we make the
substitution.

y=VX

Differentiating equation with respect to x, we get

Now by substituting the value of dy/dx we get

N dv x2% — v2x?
V+Fx—= — ——8
dx 2X. VX

Now taking x* as common
dv x(1— v?)

V+X— = —
dx 2vx?2

On rearranging

Now taking LCM and computing

dvie. -1 + vZ— 2v?
& 2v
On simplification

dv -1 — v?
& 2V
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Rearranging the above equation we get

2v 1
1+ v2 Ll
Now by multiplying the above equation by negative sign we get
2V 1
1 Fv2 o= -de
Taking integrals on both sides, we get
2v 1
Ly ol 1
2v
LetI, = [ L
Put1+v®=t
2vdv =dt
1
vdv = Edt
Taking integral we get
1
f ;dt
Logt

From 1 we have
~log (1+v?) =-logx+logC
Now by substituting the value of v we get

log(l + (g)z) = —logx + logC

By using logarithmic formula we get

x%+y? C
log =2 = log;

On simplification
x* +y? = Cx

Solution:
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The given question can be written as
dy _ x*-2y°+xy
dx x2
x2—2y%+ xy
X2
Now by substitutingx=kxandy=ky
k?x2— 2k%*y? + kxky
f(ks, ky) = o
Now by taking k common we get
k? x%—2y%+ xy
f(kx, ky) = =E
=k°.f(x, y)
Therefore, the given differential equation is homogeneous.

Letf(x,y) =

x2

2

T sz e
xdx—x 2y° + xy

On rearranging we get

dy x*—2y%+ xy

dx x2

To solve above equation and to make simplification easier we make the
substitution.

y=VX

Differentiating above equation with respect to x, we get

dx dx

Now by substituting the value of dy/dx we get
dv x?—2v%x?+ x.vx

vV + X& = <2

On rearranging we get

dv 1—2vi+ v

v + de = 1
dv 5
vV + x& = 129"+ ¥
On simplification
dv
X— = 1- 2v?

dx
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By separating the variables using variable separable method,

L d : dx
1-2vz VT X
Taking integrals on both sides, we get

f——av = [ ~dx
1-2vz VT %
The above equation can be written as

X 1
fmdv — f;dx
/

1

12 - (V2v)?2
On integrating using standard trigonometric identity we get
1+ V2v

—.—.log |———
V2 21" 8 [1 — v
Now by substituting the value of v we get

1 i 2 \/ZX
log §
2v/2 1 =28

On simplification
1 l X+ \/Zy
)
22 8 k= 2y

6. xdy—ydx= ,/,rz +y* dx

Solution:
The given question can be written as

xdy = ((x2+y2 + y)dx

On rearranging the above equation we get

dy (yx2+y2+y)
dx X
(Vx2+y2 +y)
X

Here, puttingx=kxandy=ky

1
dV=f;dX

= log|x| + C

= log|x| + C

| = log|x| + C

Letf(x,y) =
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R (W + ky)

Now taking k as common

o ky) = e D)

= Kk°.f(x, y)

Therefore, the given differential equation is homogeneous.

xdy - ydx = \/mdx

By separating the variables using variable separable method we get
xdy = (yYx2+y? + y)dx

On rearranging we get

dy (Yx2+y2+y)

dx X

To solve above equation we make the substitution.

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

On rearranging and substituting the value of dy/dx we get

dv  Vvx2+x2vZ +vx
V+x—=
dx X
Taking x as common and computing we get

dv  xv1 + v2 + vx

V+xXxX—=
dx X

On simplification

dv
V+X—=41+vZ2+v
dx

dv

e 2
% | B

Again separating variables we get

1 : |
dv = —dx
X

Taking integrals on both sides, we get
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frr = sapes Floy
vi= =
V1 2 X
1

———— = log(x + {x%2+ a2
Using~ VX2 + a2 , the above equation can be written as

log(v+ 41+ v2)=1logx + logC

Now by using logarithmic formula we get

y f ¥
log §+ 1+X—2 = log Cx

On simplifying we get

’ 2
3—,+ 1+y—2=Cx
X X

Taking LCM

x2+ 2
’, /_Y - o
X X

y XY

X X
On rearranging

y + Jx2+y? = Cx?

y (Y % i 8 y
7. {.\‘cos ( — ) + ysin ('— ]} yvdx= {\' sin ( = ]— .\'cos('— )}\ dy
X & X X

Solution:
The given question can be written as

X

PN I
xcos(y) +ysinly)yy
Letf(x,y) = {ysin (X) — XCOS (Z)} X
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Now by substituting x = kx and y = ky

() ()
" oo () tocn (2]

Now by taking k* as common we get

B {xcos (%) + ysin (i)} y
)~ L) e (D]

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

dy _ (xeos(3) +ysin(§)} v
o {YSiD (%) — XCOS (%)} X

To solve above equation we make the substitution.
y=VX
Differentiating equation with respect to x, we get
dy dv
EX- =g o X'd—x
Now by substituting dy/dx value and on rearranging we get
dv {xcos(v) + vxsin(v)}vx
dx {vxsin(v) — xcos(v)}x
Taking x as common and simplifying we get
dv  {cos(v) + vsin(v)}v
V4 X— = —
dx {vsin(v) — cos(v)}
On rearranging and computing we get
dv {cos(v) + vsin(v)}v
Xax {vsin(v) — cos(v)} v
Taking LCM and simplifying we get
dv  vcos(v) + vZsin(v) — vZsin(v) + vcos(v)
Xax ~ vsin(v) — cos(v)
dv 2v cos(V)
Xax ~ vsin(v) — cos(v)

Separating the variables by using variable separable method we get

V"X
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vsin(v) — cosv 1
dv = —dx

2VCOoSsV X
Now by splitting the numerator we get
vsinv cosv 1

vV — dv = —dx

2VCosV 2VCosV X
On simplification we get
1 i o | 1

Etanvdv e 5.;dV= ;d.X

Taking integrals on both sides, we get
1 s R | 1
Eftanvdv - E'f Sadv = f;dx

On integrating we get

i & 1

Elog secv — ilogv = logx + logk
Using logarithmic formula we get

log secv — logv = 2logkx

Now by substituting the value of v we get

y N
log sec (x) log (x) = 2logkx
Ahain using logarithmic formula we gte

log(gsec (g)) = log(kx)?

On simplification

X y — 1r2+2

;'sec (;) =k*x

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

e T TR

wyeos )

On rearranging
AN 1
XycCos (;) = E

Where Cis integral constant
1

T k2
Xycos (g) =C
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dy =
8.x—)—y+xsm(L =0
dx o

Solution:
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The given question can be written as

Xz = xsin(y)

X
On rearranging we get

dy Yy — xsin (%)
dx X ;
Letf(x,y) = L x:m (i)

Now putx=kxandy=ky

ky — kxsin (%)
f(kx, ky) = =
By taking k as common we get

f(ioc ky) = ;y = x:in(%)

=K°.f(x, y)

Therefore, the given differential equation is homogeneous.
dy ;

x& =y — xsm(;)

On rearranging the above equation
dy ¥ = Xsin (%)

dx X

To solve above equation we make the substitution.
y=VX

Differentiating equation with respect to x, we get

dy 4 dv
ax T ¥ax

On rearranging and substituting the value of dy/dx we get
- VX
dv VvX— xsin (;)

V+ X—=
dx X
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On simplification we get

i dv ,
V+ X— = v- sinv
dx
dv _
X— = —sinv
dx
Now separating variables by variable separable method we get
1 1
= dv=— —dx
sinv X

We know that 1/sin x = cosec x then above equation becomes
1
cosecvdv = — ;dx

Taking integration on both side, we get
1
f cosecvdv = — < dx

On integrating we get
Log (cosec v—cotv) =-log x + log C
Now by substituting the value of v we get

y o oo C
log(cosecX - cotx) = logX

On simplifying we get

y y C
cosec= - 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§§ e
Y Y T x
sinf,  sing

On rearranging we get

¥ C vy
1 — cos— = —.sin—
X X : 4

¥ o
x(1 cosx) = CsmX

9.y dx+xlog( l]dy— 2xdy=0
%
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Solution:
Given

ydx + xlog (f—:) dy- 2xdy = 0
The given equation can be written as
y _—
xlog (x) dy - 2xdy = —ydx
Taking dy common
y _— —
(xlog (x) dy - 2x) dy = —ydx
On rearranging we get

dy _ =
dx xlog(g) dy - 2x
dyy ___ ¥
dx  2x— xlog (%)
y
Letf(x,y) =
s 2x — xlog (g)
Now putx=kxandy=ky
ky
f(kx,ky) =

2kx — kxlog (%)

Taking k as common

fllos ky) = 5. —
’ - k‘Zx—xlog(g)

=Kk°.f(x, y)
Therefore, the given differential equation is homogeneous.

ydx + xlog (g) dy - 2xdy =0
xlog (g) dy - 2xdy = —ydx

On rearranging

dy _ Y

dx xlog (%) dy - 2x
Simplifying we get
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To solve it we make the substitution.
y=VX
Differentiating equation with respect to x, we get

dx dx
On rearranging and substituting dy/dx value we get

dv VX
V+x—=

dx  ox— xlog (‘;—X)
On simplification

N dv_ \'
¥ Xdx_z—logv

dv v
LT logv ¥
Taking LCM and simplifying we get
dv v—2v+vlogv
¥ax = 2- logv
dv —v+vlogv
T B logv
By separating the variables using variable separable method we get
AN vy
—v + vlogv X

2 —logv 1
v(logv—1) Vs ;dx

On simplifying we get

v(logv—1) 4 —)—{dx
= d 1d = —dx
v(logv—1) VYT Tk

1

1 1
—————dv — [ —dv = [ —dx
Integrating both sides, we get v(logv—1) v X
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1
v(logv—1) d
Put,logv—-1=t

3
—dv = dt
v

Letl, = [ v

On integrating
1
f ;dt
Llogt
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

logv—1
log(%) = log(Cx)

logv—1

On simplification we get

AT
log()if) 1 i

3(10;@)_ 1) = Cx

log(g) —1=Cy

10. | 1+¢” dx+e?(1—i)dy=o
y

Solution:
Given guestion can be written as
dy &5 (1 B 3%)

dx (14 exv)
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s ex/y (1 — 3)
Letflxy) = —+ om)
Now putx=kxandy=ky
- (i )

o ky) = — 7 5o

x X
—en(1-)

(1+ exfy)

= kK*f(x, y)

Therefore, the given differential equation is homogeneous.
3 X

(1+ e¥¥)dx + ev (1— ;)dy =0

On rearranging

pr oA ~ur p—ay i
( ;)

ax ~—oW(i- )

dy ~ (1+ )
To solve above equation we make the substitution.
X=Vy

Differentiation above equation with respect to x, we get
dx dv

R - + v—
iy ~ " Vay
On rearranging and substituting for dy/dx value we get

v~ e"Y/Y(l B ﬂ)

y
Vick Y=
Yay =~ (1+ )
dv  —e' +ve'
= y—= — =y
T dy 1+e'

Now taking LCM and simplifying we get

dv  —e" +ve' —v—ve'

> y—= -
dy l+e

The above equation can be written as
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Integrating both sides we get
- C
=5 log(v+e )= —logy+logC = log{—]
-l'

Using logarithmic formula the above equation can be written as

A% =l
=|—+e |=—
v y

X

=>x+ye’ =C

For each of the differential equations in Exercises from 11 to 15, find the particular
solution satisfying the given condition: 11. (x +y) dy + (x —y) dx=0; y =1 when x =
1

Solution:
Given
(x+y)dy+(x-y)dx=0
The above equation can be written as
dy -y
dx x+y)
(x—y)
(x+y)
Now putx=kxandy=ky
(kx — ky)
f(kx, ky) = (= + k)
By taking k common from both numerator and denominator we get
k (x-y)

=E'_(x+y)
= Kk°f(x, y)

Therefore, the given differential equation is homogeneous.

Letf(x,y) = —
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(x+y)dy+(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

-d._X =V + X&

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

vV + X& = — m

Taking x common and simplifying we get
dv (1—-v)

VIR ()

On rearranging

dv (1—v)

Taking LCM and simplifying
dvn. —-1+v—v— v?
¥ax =7 (1+v)
dvn. —-1-v?
X&x ~ (1+v)
dv.  —(1+v?)
¥a&x ~ T(1+v)
Then above equation can be written as

1+ v

1+ v2

Taking integrals on both sides, we get
1+v 1

dv=— —dx
X
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On integrating we get
1

tan~v + Elog(l + v3) = —logx + C
Now by substituting the value of v we get

- ( y 2)

1Y = = = —
tan > + 2log : +(X) logx + C
y=1whenx=1
t ‘11+ 11 1+(1)2 = —logl + C
an 1t los 1 = —log

The above equation becomes,

L S
g T g ees
¢ = Fu i
=3T3

1 2
tan‘lg + Elog(l + (}é) ) = =logx'+ C

here Gm s i logh
where, C = 2 + ~log

A L N
-~ tan 1; + ilog(l + (;) )

e e B
= OB F W08

¥ x’+y?
2tan = + log( =2

b
= — 2logx + 2 + log2
On simplifying we get

X2+ 2
Ztan‘lz—{, - log( xzy ) + logx? =

S

+ log2

s
Ztan‘lg + log(x*+y?) = o log2

The required solution of the differential equation.
12. x*dy + (x y +y?)dx =0; y =1 whenx =1

Solution:
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Given

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

dx x2
_(xy+y?H)
XZ
Now putx=kxandy=ky

kx kz 2
f(kx,ky)=_( kslr{;kxz y°)

Taking k* common we get
k*  (xy+y?)
k2’ x2
= Kk°.f(x, y)
Therefore, the given differential equation is homogeneous.
x’dy + (xy+y?) dx=0
Above equation can be written as
dy (xy+y9)

dx x2
To solve it we make the substitution.

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

dy N dv
ax ¢ Y

On rearranging and substituting dy/dx value we get

dv (x.vx + v?x?)
vV + X& == <2
dv (vx? + vZix?)
vV + X& = — <2
On computing and simplifying

4 dv .
V+X—=-V-1V
dx

dv 5
X—=—-V-V°-V
dx

Letf(x,y) =
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dv
X—=—-v(v+ 2)

dx
1 1
v(v+2) = —)—{dx
Taking integrals on both sides, we get
1
I v(v+ 2) - _f dx
Dividing and mult|ply|ng above equation by 2 we get
1 2
7 v(v+ 2) T f dX
Adding and subtracting v to the numerator we get
O V
_f v(v+ 2) = f dx
Now splitting the denomlnator we get
1 2+v v 1
Ef (V(V+ 2) B v(v+ 2))dV =-/ ;dx

1 1 1
2wy =I5
On integrating we get

5

E(logv— log(v + 2)) = —logx + logC

Using logarithmic formula,

1 C
5 (108 ~5) = logg

2

log(yf Zx) - log(:—{)

On simplification we get
2

y o
y+ 2x 5 (g)
x%y
y+ 2x =~

y=1whenx=1
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, 1 1
C=1¥2"3
X% 1
“y+2x 3
3x%y =y + 2x

y + 2x = 3x%y

The required solution of the differential equation.

) T
13. [xsm“(%)—y]dﬂxdy=0; 1= when x = 1

Solution:
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Given

2T ) i
[x sin (‘() y]dx = — xdy
The above equation can be written as

[x sin? (i—;) - y] = — x%

On rearranging
ay _ [xsm*(3)-v]

dx X
We know f(x, y) = dy/dx using this in above equation we get

. 2(Y
) o= [x sin (f) — y]
Now putx=kxandy=ky
: [kx sin? (%) - ky]
(kx, ky) = — =
Taking k as common

_k[xsm’(§) - v]
i X

=k°.f(x, y)

Therefore, the given differential equation is homogeneous.

[x sinz(g) - y]dx + xdy = 0
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On rearranging

[x sin ( ) y]dx —xdy

[xsm ( ) y] —x—
d_y=_[xsm() y]

dx
To solve it we make the substitution.
y=VX
Differentiating above equation with respect to x, we get
dy N dv
dx dx
On rearranging and substituting the value of dy/dx we get
- (vx
dv X sin ;—) — vx]
V+x—=—=
dx _ X
o dv xsin’v — vx
V+x—=-—
dx I X
% dv -
V+ X— = —sin‘v-v
dx
On computing and simplifying we get
dv ne
X—=—[sin“v-v]-vVv
— == ]
dv 2y 4
X— = —sin‘v+ v-v
dx
dv
X ax = —sin?v
1 1
——dv = — —dx
sin?v X
Taking integrals on both sides, we get
[ —mdv = — [ ~dx
V= —| =
sin?v X

fcosec?vdv = - log x—log C
On integrating we get
-cotv=-logx—logC
Cotv=Ilogx+logC
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Substituting the value of v we get
cotf—: = log(Cx)

s

Y=z whenx =1
/4

cotT = log(C.1)

T
cotz = logC
1=C
el=C

y
cot; = log(ex)

The required solution of the differential equation.

dy vy y

14 — =t cosec| = |=0: y=0whenx=1
dx x o '

Solution:

Given

ay ..¥ L

= =% cosec(x) =0

On rearranging we get

YT cosec(d)

o y
Letf(x,y) = ¢ cosec (x)
Now putx=kxandy=ky

(k. ky) = % o cosec(%)

= g = COSEC(}é)

=k°.f(x, y)

Therefore, the given differential equation is homogeneous.
dy vy y

& x 23 cosec(—) =0

YT cosec()
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To solve it we make the substitution.

y=VX
Differentiating above equation with respect to x, we get
dy i dv
dx dx
Rearranging and substituting the value of dy/dx we get
+ dv VX (VX)
v+ x— = — — cosec{—
dx X
On simplification
2 dv
V + X— = V- cosecv
dx
dv
X— = — cosecv
dx
1 1
¥ = ——dX
cosecv X

Taking integrals on both sides, we get
1
[sinvdv = — [ ~dx

On integrating we get
-Cosv=-logx+C
Substituting the value of v

—cos)—}; = —logx + C
y=0whenx=1
—cosg = —logl + C
-1=C

S = TP
- (:osX = —logx-1
cosg = logx + loge

Yy _
cose = log|ex|

The required solution of the differential equation.
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2 > dy
15.2xy+ y" —=2x"—=0; y=2whenx=1
dx '
Solution:
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Given

2xy+y2—2x2%=0

The above equation can be written as
dy 2xy + y?
dx 2x2
2xy + y?

2x2
Now putx=kxandy=ky

2kxky + (ky)?

fllocby) = =
Taking k?* common

k? 2xy + y?
B
=K°.f(x, y)
Therefore, the given differential equation is homogeneous.

d
2xy+y2—2x2d—i= 0

On rearranging

dy 2xy + y?

dx 2X%

To solve it we make the substitution.

y=VX

Differentiating above equation with respect to x, we get
dy dv

&=V+X&

On rearranging and substituting the value of dy/dx we get
dv  2x.vx + (vx)?

Letf(x,y) =

V+x— =
dx 2x2
P dv  2vx? + v2x?
V+x— =
dx 2x2

On computing and simplification we get

dv  2v + v?

+ x— =
vExo >
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dv_l
*x -2V

1 1
2—dv = —dx
v X
Taking integration on both sides, we get
1 1
2—dv = | =dx
[2- ik

On integrating we get

2

- | + C

Fo e
Substituting the value of v we get

2
——— =logx + C

y/x

2 o logxt ©
—— = logx

y
y=2whenx=1

2.1
——— =1logl +C
2=

2X 1 ‘
—— = logx-
v g
2X B~
— =1 —logx
v g
2 : Xk = 0

Y = 1 loglx]’ * 7 ¥

The required solution of the differential equation.

dx 3%

—_=h —-]
16. A homogeneous differential equation of the from ¢ [ ¥/can be solved by making
the substitution.

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

Solution:
(C)x=vy
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Explanation:

Since: i It h(x)

ince,— is given equal to h{—|.
dy g q y

Therefore,
X X
h (—) is a function of —.
y ¥

Therefore, we shall substitute, x = v y is the answer

17. Which of the following is a homogeneous differential equation?
A.(4x+6y+5)dy—(3y+2x+4)dx=0

B. (xy)dx—(x3+y3)dy=0

C. 3+2y?)dx+2xydy=0

D. y’dx + (x2—xy—-y?) dy=0

Solution:
D.yidx+ (x*—xy—y?) dy=0

Explanation:

We have

yidx+ (x*—xy—y?) dy=0

On rearranging

dy x? - xy-y>

yz

x*-xy-y*

y2

Now putx=kxandy=ky
()2 - keky - ()’

Letf(x,y) = —

i) = )2
K2 x2-xy-y?

T

= Kk°.f(x, y)

Therefore, the given differential equations is homogeneous.
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For each of the differential equations given in question, find the general solution:

dy

1. —+2y=sinx
dx

Solution:

Given
dy i 5
=1 2y = sinx

+tpy=Q

Given equation in the form of chc where, p=2 and Q =sin x

fiow, [E. _efpdx_efzdx_eZK

Thus, the solution of the given differential equation is given by the relation
v (LE) = J(QX LE.)dx+C
= ye?* = [sinx.e®**dx+C___ 1

Let | = J sinx.e?*dx

Integrating using chain rule we get

d
== sinxfez"dx—f(&(sinx).ehd")dx

e2x ez:c
= sinx.—— — |dx
SINX 2 f(COSX 2 )

On integrating and computing we get
e smx 1
cosxf X f (cosx)f 2“dx dx

e?*sinx 1 ( ) ~
=% 5 cosx sinx

e?*sinx e® “cosx 1 s
v (sinx.e“¥)dx
Above equation can be written as

2x 1
= — (2sinx — cosx) — -1
4 4
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(2sinx — cosx)
2x
— ?(Zsinx— COSX)

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

= yeX = ?(Zsinx— cosx) + C
1
=iy=g (2sinx — cosx) + Ce™%¥

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

1

y = g(ZSinX — cosx) + Ce %%

dy _
2. _.+3'\. == e-2.\

dx
Solution:
Given
d_y — a—2X
= +3y=e

dy

This is equation in the form of dx +py=2Q

Where, p=3andQ="¢

Now. LE. = efpdx - ef 3dx _ o3x
’ - Oy

Thus, the solution of the given differential equation is given by the relation
v(1.E)=J(QXLE.)dx+C

= ye¥* = f (e72% x e2¥)dx+ C

2x

= yed¥ = fe"dx+C

On integrating we get

=ye¥=e"+C

=y=e?+Ce™

Therefore, the required general solution of the given differential equationisy
=%+ Ce™
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3' ‘I_\' \‘ 2

peceO-—CLH + e .\‘
dx «x
Solution:
Given
d
_y + Z — X2

dx; X dy

This is equation in the form of _~+ py = Q
1

Where, p=xand Q = xf

Now, LF. = e/Pdx = of5dx — glogx — 4

Thus, the solution of the given differential equation is given by the relation
v(L.E)=J(@XLE)dx+C

= y(x) = f(xz.x)dx+ €

=>xy=f(x3)dx+c

On integrating we get
4
X

=>xy=Z+C

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

Xy=§+c

dy T
4 — 4 (secx)y=tanx| 0<x<—
dx 2

Solution:

Given

L i (secx)y = tanx
dx y

! N dy
Given equation is in the form of 3. T PY = Q
Where, p =secx and Q =tan x)
Now, I.F. = efpdx = ef secxdx _ elog(secx+tanx) = secx + tanx
Thus, the solution of the given differential equation is given by the relation
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y(LF.)=[(Qx LF.)dx+C

= y(secx +tanx) = f tanx(secx + tanx)dx + C
= y(secx + tanx) = f secxtanxdx + f tan?xdx+ C

= y(secx + tanx) = secx + f(seczx— 1)dx+C

= y(secx+tanx)=secx+tanx—x+C
Therefore, the required general solution of the given differential equation is
y (sec x + tan x) = sec x + tan x —x+ C.

—_

dy T
5.cos’x—+y=tanx |0<x<—
dx 2

Solution:
Given

d
29y
_+ —

The above equation can be written as
d

= &y + sec?x.y = sec?xtanx

. ... d
Given equation is in the form of :f: +py=Q
Where, p = sec’x and Q = sec’x tan x
Now, I.F. = efpdx - ef sec®xdx _ ptanx
Thus, the solution of the given differential equation is given by the relation

v(L.E)=J(@XLE)dx+C
=y. ptanx _ fetanxdx +C

Now, Let t = tanx

4 o) = &
=>dx anx-dx

,  dt
= SeC"X= —
dx

= sec’xdx = dt
Thus, the equation 1 becomes,
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— y. etanx — j (et.t)dt+C

= y.etnX = f (t.eH)dt+C

Using chain rule for integration we get

d
=y yrelnx — ¢ f etdt — f (d_t (t). j etdt) dt+C
= y.e¥* =t o' — fetdt+C

On integrating we get

= te®™ = (t—1)e'+C

= te™™ = (tanx — 1)e™™ + C

=y=(tanx-1)+Ce™™

Therefore, the required general solution of the given differential equation is
y=(tan x-1) + Ce™™,

(I'\‘ 2
6.x—+2y=x"logx
dx

Solution:
Given
dy s
X t2y=x logx
The above equation can be written as

=)dy+2 =xl
dx “xT Toe

This is equation in the form of:—z +py=Q
5 3
Where, p = x and Q =x log x

Now, I.F. = ofpdx _ ofzdx _ o2(logx) _ glogs® _ 42
Thus, the solution of the given differential equation is given by the relation

v (L) =J(@X LE.)dx+C
= y.x%> = f(xlogx.xz)dx+ C

The above equation becomes
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= x’y= f(x3logx)dx +C

On integrating using chain rule we get

d
= x%y= logx.fx3dx—f [&(logx).fx?‘dx]dx-i—c

4 4
=>x2y=logx.x——f lx_ dx +C
4 X 4

x*logx 1
2y C 3 +
= X°y 2 4fx dx+C
Integrating and simplifying we get
x*logx 1 x*
25 e M
= Xy 2 12 C

2 _i 4
= Xy = x(4logx 1)+C

1 2 2
=y = Te¥ (4logx—1) + Cx~
Therefore, the required general solution of the given differential equation

1
y= —x2(4logx 1)+ cx~2

dy 2
7. xlogx—+ y=—logx
dx X
Solution:
Given

d 2
xlogxd—i +y= ;logx
The above equation can be written as
. SO dy N y 2
dx xlogx x2
The given equatlon isin the form of o =Py =1Q
Where, p = andQ=2:

xlogx

NOW, I-F. — efpdx - efXIngdx — elogaogx) — logx
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Thus, the sblution of the given differential equation is given by the relation:
v(L.E)=J(@xLE.)dx+C

Syloge=[|Z loglax+c 1

NG, Il [xiz.logx] dx = Zf(logx.xiz) dx

On integrating using chain rule we get
p 1 d 1
=2 _logx.f;dx—f{&(logx).f;dx}dx]

o[ ()

lo : §
—2- 2, [ Lo
X X
lo 1
[ 1
X X
= : 1+1
= X( 0gx)

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

2
y.logx=—;(1+logx)+c

8. (1 + x2) dy + 2xy dx = cot x dx (x # 0)

Solution:
Given
(1+ x?)dy + 2xydx = cotxdx
The above equation can be written as
d 2X cotx
gy W
dx (1+x2) 1+x2 p
The given equation is in the form ofd—f: +py=Q
2x cotx ’

Where, p = (1+x?) and Q =1+x?)
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2X
Now, L.F. = &/ P% = o/ ™ _ glog+®) _ 1 4 x2

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

v(.E)=J(@XLE)dx+C

=y.(1+x?) =f[1cit;:2.(1 +x2)]dx+C

=vy.(1+x?) =fcotxdx+C

On integrating we get

= y(1 +x?) = log|sinx| + C

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

dy
9. x—+ y—x+xycotx=0 (x#0)
dx
Solution:
Given
dy
X< Ty —X+xycotx = 0

The above equation can be written as

dy+ 1 + xcotx) =
=>de y(1 + xcotx) =X

dy + (1 + tx) 1
= —+ |- =
Frea cotx |y
The given equation is in the form of &Y px=Q

Where,p=14 gtxand Q=1 o

X 1
Z+cotx)d : i :
Now, I.E. = efpdx s ef(x'*'CO ‘() v elogx+log(smx) = elog(xsnmc) = xsinx

Thus, the solution of the given differential equation is given by the relation
x (1.F)=J(@X LE.)dy +C

= y(xsinx) = f[l X xsinx]dx + C

= y(xsinx) = f [xsinx]dx + C
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By splitting the integrals we get

d
= y(xsinx) = x f sinxdx — f [& (x). f sinxdx] +C
= y(xsinx) = x(—cosx) — f 1.(—cosx)dx + C

On integrating we get

=y (xsinx)=-xcosx+sinx+C
—XCOSX sinx G
+ +

= Xsinx xsinx xsinx

C
y =cotx+- +
=

X  xsinx

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

C
y =cotx+ +

X Xsinx

dy
10. (x+y)—=1
dx

Solution:
Given

d
(x+ y)ﬁ= 1

The above equation can be written as

dy 1
dx x+y
dx
=>£’=X+y
dx
=>®—X=y

The given equation is in the form of j—i +px=Q

Where,p=-1andQ=y

Now, I.F. = g/pPdy — of-dy — o-¥

Thus, the solution of the given differential equation is given by the relation:
x (1.E) = J(QX LF.)dy +C

= xeV = [[y. e ¥]dy+ C
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d
= xe ¥ = yf e %y —f [a (¥) f e‘ydy] dy + C
=xe ¥V =y(—eV) - f(—e‘y)dy+ C
On integrating and computing we get
= xeV =—ye ¥ + f e Ydy+C

=xeV=—ye Y —e¥+C

=>x=-y—-1+Ce'

=>x+y+1=Ce’

Therefore, the required general solution of the given differential equation is
Xx+y+1=Ce'.

11.ydx+ (x—y?)dy =0

Solution:
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Given
ydx + (x—y?)dy =0
The above equation can be written as
= ydx = (y* —x)dy
& _GF-x_ox
dy y =
On simplifying we get
dx x

. dy
The above equation is in the form of 3 +px=Q
1
Where, p=Yand Q=y
I

dy. __ sl plo s
Now, LF. = e/P¥ =&’y = loey —y

Thus, the solution of the given differential equation is given by the relation
x(1.F) = J(@X LE.)dy +C

R f[y.y]dy+ C

=>x.y=fy2dy+c

On integrating we get

y3
=Xy = 3 +C

3

C

=Xy = ¥y + -

3 ¥
Therefore, the required general solution of the given differential equation is

y?, C

3 ¥

1y
12. (.\'+3_\'2)2:.\' (y>0)
dx

Solution:
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Given

2\9y _
(x+3y7)="=¥%
On rearranging we get

.. ¥
dx x+ 3y?
dx x+3y? B o
dy y y 7
On simplification
- de: x o
iy y

This is equation in the form of?' +py=Q
X
Where, p=-1/y and Q = 3y

dy

1
fpdy _ _f? — o—logy _ 108(;) = 1
Now, I.F. =€ e e e =

Thus, the solution of the given differential equation is given by the relation:
x(L.E)=J(@X LE.)dy +C

= : f [3 1] dy+C
X.— = —

¥ d y ¥
On integrating we get

= —3y+cC
- =iy

=>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:

dy ; T
13. — 4 2ytanx=sinx; y=0 when x=—
dx 3

Solution:
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dx
. - d
This is equation in the form of Ii +py=Q
Where, p = 2 tanx and Q =sin X
Now, I.F. = efpdx - ef 2tanxdx _ eZlog(secx) sses elog(seczx) = sec2x
Thus, the solution of the given differential equation is given by the relation:

Y(|.F.)=f(Q>< ILE.)dx+C

= y. (sec?x) = J[sinx.seczx]dx +C

= y. (sec’x) = f[secx. tanx]dx + C

On integrating we get
= y. (sec?x) = secx+ C 1

n
Now, it is given thaty=0atx=2

T T
0 X sec2§ = sec§+C

=0=2+C

=2 C==2

Now, Substituting the value of C=-2in 1, we get,

= y. (sec?x) = secx — 2

=y = COS X — 2€05°X

Therefore, the required general solution of the given differential equation is
y = COS X — 2COS*X.

B —1\' |
14. (1 +x~ )‘—‘ +2xy = —:v=0 when x=1
dx 1+ x°

Solution:
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Given
2y dy e
(1+X )dx+2Xy-— 1+x2
dy 2Xy 1

= =+ =
dx (1+x2) (1+x2)2 <
The given equation is in the form of IZ +py=Q
2x 1

Where, p = 1+x?) and Q = (1+x?)?

2X
Now, I.F. = e/Pdx — I ™ _ gloga®) _ 1 4 y2

Thus, the solution of the given differential equation is given by the relation
v(LE)=J(@X LE)dx+C

=y. (1+x?) =I[ﬁ.(1 +x2)]dx+C

=>y.(1+x2)=f(1+—lxz)dx+c

On integrating we get
=y.(1+x¥) =tan"'x+C_ 4

Now, itis giventhaty=0atx=1

O=tan*1+C

=C=_=I

4 11

Now, Substituting the value of C= 2 in (1), we get,
T

=vy.(1+x?) = tan‘lx—z

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

b3
y.(1+x?) =tan"x ~%

dy .
15. T —3ycotx=sin2x; y=2 when x =
ax

S

Solution:
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Given

g— — 3ycotx = sin2x
This is equation in the form of 35 - +py=0Q

Where, p =-3cot x and Q = sin 2x
Now, I.F. = efpdt - e—3fcot*<d’< — p—3loglsinx| _ e1°g|s1n3x| o A

Thus, the solution of the given differential equation is given By the relation
y(1.F)=J(@QXLE)dx+C

1 j‘[ i 1
£ = sin2x.
y sin3x sin3

= ycosec3x = 2 f(cotxcosecx)dx+ C

dx +C

On integrating we get
=y cosecx = 2cosecx + C

2 3
=Yy = cosec’x cosec3x
= y = -2sin’x + Csin’x............. 1

A

Now, it is given that y = 2 when x =
Thus, we get,

2=-2+C

=C=4

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

y =-2sinx + 4sin®x

=y = 4sinx - 2sin’x

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

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

Solution:



EDUGROSS

www.edugrooss.com

WISDOMISING KNOWLEDGE

Let F(x, y) be the curve passing through 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 %

According to the given conditions, we get,

dy

&=X+y

On rearranging we get

dy B
:&—y—x

This is equation in the form of % +py=0Q

Where, p=-1and Q=x

Now, I.F. = e/ Pdx — of(-1)dx _ g—x

Thus, the solution of the given differential equation is given by the relation:
vilF) = J(QX LE.)dx +C

=ye™ =[xedx+C 3

On integrating
=x(e™) — f(—e"‘)dx

=x(e™*) + (—e™)

=—e*(x+1)

Thus, from equation 1, we get,

= ye *=—e""(x+1)+C

=y=-(x+1)+Ce"

=>X+y+l=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=¢"
Therefore, the required general solution of the given differential equation is x
+y-1=¢*
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17. Find the equation of a curve passing through the point (0, 2) given that the sum of
the coordinates of any point on the curve exceeds the magnitude of the slope of the
tangent to the curve at that point by 5.

Solution:
Let F(x, y) be the curve and let (x, y) be a point on the curve.
We know the slope of the tangent to the curve at (x, y) is %
According to the given conditions, we get,
dy

&+5=x+y

On rearranging we get

=>&y—y=x—5

dy
This is equation in the form of 3, T PY = Q
Where, p=-1and Q=x-5
Now, I.F. = e/ P3 = [ (“1)dx — g=x
Thus, the solution of the given differential equation is given by the relation:

y(LF.) = f(Q X LF.)dx+C
=ye=fx—beTde+C .. 1

Now, [(x—5)e ™dx = (x — S)fe”‘dx—f[% (x—5).[e® dx] dx

={({x—5)e=")— f(—e‘-“)dx
On integrating we get

= (x—5)(e™)+ (—e™)
=(4—x)e™™®

Thus, from equation 1, we get,

=ye ™ =(4-x)e*+C
=y=4-x+Ce
=>x+y—4=Ce*

Thus, equation (2) becomes:

0+2—-4=Ce°

=-2=C
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=>C=-2
Substituting C = -2 in equation (2), we get,
X+y—4=2e"=y=4—-x—2¢e"
Therefore, the required general solution of the given differential equationisy
=4 —x—2¢e"
dy
18. The Integrating Factor of the differential equation-\'z —¥=

,
2x7 s
A.e™ B.e” C.1/x D. x

Solution:

C.1/x

Explanation:
Given

dy 2
de y = 2X

On simplification we get
dy y

=)&—§=2X

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

Now, I.F. = ofpdx _ of —dx _ glog(x™) _ -1
Hence the answer is 1/x

P

19. The Integrating Factor of the differential equation
~ (f.\'

A=y ) —+ yx ='a_\*(—l< v<l1) is
dy
1 1 l

(A) V-1 (B) /'\,2_1 (C) -y (D) -

Solution:

I

) -y’

Explanation:
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Given

(1-y) T +yx=ay

On rearranging we get

E, v,
dx 1=y% " 1-=y2 o

This is equation in the form of 7+ py = Q

y a
Where, p=1-¥*and Q= 1-¥*
4
edey = efl—Ly2dy — eélog(l—yz) - \’(L_yz)
1

J(A-y?)

MISCELLANEOQOUS EXERCISE PAGE NO: 419

1. For each of the differential equations given below, indicate its order and degree
(if defined).
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dx? dx
3
dy dy

— | —=4|— | +7y=smx
vt ((/.\‘) d\') '
o By )
(111) —d—rz——blll dx3 =0
Solution:
(i) Given

2 2
%4— SX(Z—D — 6y = logx
On rearranging we get

2 2
g+ SX(%Y) —6y—logx=0
We can see that the highest order derivative present in the differential is
Thus, its order is two. It is polynomial equation in ﬁ:
The highest power raised to 4y is 1. ox

. 4 2
Therefore, its degree is one. g%

d?y

ax?

(ii) Given
(%)3 —4 (j—i)z + 7y = sinx

The above equation can be written as
2

dy = dy
= —4(—) +7y—sinx=0
(dx) ax/ 7Y y
We can see that the highest order derivative present in the differential is d—i
Thus, its order is one. It is polynomial equation in &

The highest power raised to % is 3. dx

Therefore, its degree is three.
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(iii) Given

The above equation can be written as
d?y dy\*

=7 5x(—) — 6y —logx=10

We can see that the highest order derivative present in the differential is d—\:
Thus, its order is four. The given differential equation is not a polynomial
equation.

Therefore, its degree is not defined.

2. For each of the exercises given below, verify that the given function (implicit or
explicit) is a solution of the corresponding differential equation.
2
: ) ) = dy dy 2
(1) xy=ae'+be*+x s X—F2———xy+x —2=0
dx” dx
2
5 _ d°y .dy
(il) y= ¢ (acosx + bsin x) ——2—+2y=0
dx” dx
2
: d-y
(1) y= x sin 3x : —+9y—-6¢c0s3x=0
' dx”
- ) ) 2 2. dy
(iv) X =2y’logy z TRy )T—.\_\‘ =0
' - dx

Solution:

(i) Givenxy=ae*+be™+x?
Now, differentiating both sides with respect to x, we get,

dy d - d ;- d
&—a&(e)+bdx(e )+dx(x)
=>d—Z=ae"—be"“+2x

Now, again differentiating above equation both sides with respect to x, we get,
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J d X —X
&(y) = &(ae — be™ + 2x)

dz

:Ez—ae +be ™™+ 2
dy d?y
Now, Substituting the values of dx’ and ax* in the given differential equations,
we get,
We have
LHS = + 2 7 —xy+x%-2

=X (ae +be™ + 2) +2(ae* - be™ + 2) —x (ae* +he™ + x?) + x* -2

= (axe* +bxe™ + 2x) + 2(ae* - be™ + 2) —x (ae* +be™ + x?) + x* -2
=2ae*-2be™ +x% + 6x -2

=0

= LHS = RHS.

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

(i) Given y = e*(a cos x + b sin x) = ae*cos x + b *sin x
Now, differentiating both sides with respect to x, we get,

d d
2 a—(e COSX) + b—(e sinx)
dx
dy
= a(e*cosx — e*sinx) + b. (e*sinx + e*cosx)
On rearranging we get
d
d_i = (a+b)e*cosx + (b —a)e*sinx
Now, again differentiating both sides with respect to x, we get,
d2y d d
e = (a+Db). —(e cosx) + (b — a)—(e sinx)

Taking common

= (a+b).[e*cosx — e*sinx] + (b — a) [e*sinx + e*cosx]

Simplifying we get

= e*[acosx — asinx + bcosx — bsinx + bsinx + bcosx — asinx — acosx]
= [2e*(bcosx — asinx)]
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dy d%y
Now, Substituting the values of dx’ and dx? in the given differential equations,
we get,

o T
(G oy 1

=2e*(b cos x—asin x) -2e*[(a + b) cos x + (b —a) sin x] + 2e*(a cos x + b sin x)
=e*[(2bcosx — 2asinx) - (2acosx + 2bcosx) - (2bsinx — 2asinx) + (2acosx + 2bsinx)]
=e*[(2b—2a—2b + 2a) cos x] + €*[(-2a— 2b + 2a + 2bsinx]

=0 =RHS.

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

(iii) It is given that y = xsin3x
Now, differentiating both sides with respect to x, we get,

dy @d. . :
- &(xsm3x) = sin3x + x.cos3x.3
= &y = sin3x + 3xcos3x
Now, again differentiating both sides with respect to x, we get,
iy d. . d
e iy (sin3x) + 3 o= (xcos3x)

d?y ,
= i 3x0s3x + 3[cos3x + x(—sin3x).3]
On simplifying we get

d?y .
= axz = 6C0s3X — 9xsin3x

d%y

Now, substituting the value of ax? in the LHS of the given differential equation,
we get,

d?y

Ee) + 9y — 6c0s3x

= (6.c053x — 9xsin3x) + 9xsin3x — 6c0s3X
=0=RHS

Therefore, the given function is the solution of the corresponding differential
equation.
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(iv) Given x* = 2y? log y

Now, differentiating both sides with respect to x, we get,
dopng

2x=2. 2 1o%)

Using product rule we get

dy 1d
=SR= [Zy. logy.& + yz.—.ﬂ

L%

= x =2 (2ylogy +y)
dy X

T dx  y(1+ 2logy)

dy
Now, substituting the value of dx in the LHS of the given differential equation,
we get,
X

y(1+ 2logy) Xy

d
(x*+ yz)d—z —xy = (2y’logy + y*).

= y2(1+ 2logy).

=Xy =Xy

=0

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

X
y(1+ 2logy) T

3. Form the differential equation representing the family of curves given by (x — a)?
+ 2y? = a%, where a is an arbitrary constant.

Solution:
Given (x—a)? + 2y’ = a?
= x*+a’—2ax+2y*=2a’

=> 2y? = 2ax— X..ccuiui 1

Now, differentiating both sides with respect to x, we get,
dy 2a-—2x

N~ 2

On simplifying we get
dy a—x

=;’dx 2y
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dy 2ax—2x°

dx 4xy
So, equation (1), we get,
2ax = 2y? + x*
On substituting this value in equation 2, we get,
dy 2y?+x?—2x?
dx 4xy
dy 2y?—x?
- N et
dx 4xy
Therefore, the differential equation of the family of curves is given as

dy _ 2y°-x®
dx 4xy

4.  Prove that x? - y? = ¢ (x? + y?)? is the general solution of differential equation (x3-
3xy?) dx = (y*-3x%y) dy, where c is a parameter.

Solution:
Given (x*-3xy?) dx = (y*-3x%y) dy
On rearranging we get
dy _ x®-3xy?
dx y3-3x% 1
Now, let us take y = vx for further simplification
On differentiating we get

d d
=>&(Y) =&(VX)

Now, substituting the values of y and dv/dx in equation 1, we get,
dv.  x*— 3x(vx)?

V+x—=
dx (vx)3 —3x2(vx)

Taking common and simplifying we get

+ dv 1-—3v?

- _—

¥ Xd:»( v3 —3v
dv 1-—3v?
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Taking LCM and simplifying we get
dv 1-3vZ—v(v3—3v)

= X— =
de v3 —3v
dv. 1-—3v*
= X— =
dx v3-—3v

On integrating both sides we get,
v3—_3v
i ( )dv = logx + logC’

1-3v*

Splitting the denominator
v3-3v v3 vdv
Now, f (1—3v“) dv = f 1-v* dv—3 f 1-v*

= [ (va_av)dv = [, — 3I,,wherel, = fl‘:—;dv andI, = [

1-3v*

vdv
1—v* 3

let1-vi=t
On differentiating we get

403 oty _ 3
(1 V)—dv

= dv
dt
—4y® = —
= dv
at
vidv=——
4

L=[-7= —%logt= —ilog(l—v“)

vdv vdv
andl; =fl—v4 =fl—(vz)2

Letvi=p
Differentiating above equation with respect to v

Using these things we get
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B =1f dp | +p| 1|1 +v2
=5 1—pz 2><2 1 1—-v

Now, substituting the values of |; and |2 in equation (3), we get,

vi—-3 1+v?
f ( = VZ) dv = ——log(l v ——log
Thus, equation (2) becomes,

1+ v?
——log(l v — —log = logx + logC’
1+v2\°] ;

= ——log[(l V4)( v2) = logC'x

_ KL+ il

(1 )3 = fex)-?
Computing and simplifying we get

%)’

= y2 27 (Claxa

(1-%)

= (XZ 2)2 CM'(X S y2)4

= (x*—y?) = C*(* +y?)

= (x2—y?) = C(x* + y?), where C = C’?
Therefore, the result is proved.

5. Form the differential equation of the family of circles in 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 axes is (x -a)* + (y —a)* = a“ ............ 1

Now differentiating above equation with respect to x, we get,
2(x-a) + 2(y-a) dy/dx =0
=(x—a)+(y—a)y' =0
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On multiplying we get

=>x—a+yy'—ay’ =0

=>x+yy —-a(l+y’)=0
YA

(a.a)

o > X
Therefore from above equation we have

X+yy!
= a= 1+y/

Now, substituting the value of a in equation 1, we get,
Xx+yy y X+yy f x+yy’2
[X_(HY’) +[y_(1+y’> B (1+Y')
Taking LCM and simplifying we get
et ) o Y y—x]z | (X+yy’)2
1+y 1+y 1+y
= (x-y)2y2+ (x—y) = (x+yy')
= (x=y)[1+ (V)] = (x+yy')
Therefore, the required differential equation of the family of circles is

(x=y)[1+ (V)] =(x+yy)

dy
6. Find the general solution of the differential equation — +
dx

Solution:
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Given

dy 1-y?
24 [—L =
dx 1-x2 0

On rearranging we get

dy J1—y2

:_—_
dx V1 —x2

5 dy dx
J1-y2 V1-—x2

On integrating, we get,
sin"'y =sin"'x+ C
= sinx +sin?y=C

dy vy +y+1

7.  Show that the general solution of the differential o =)
equation is givenby (x +y+1)=A (1-x-y-2xy), where A is dx x " +x+1
parameter.

Solution:
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Given

d 24y+1
S o
dx  xZ+x+1

On rearranging

dy yi+y+1
= —=—|—=—
dx xZ+X+41
Separating the variables using variable separable method we get
dy —dx
] =
ks o i o Sl S b o
dy dx
= o ¥ =0
y2ty+1  xE4x+1
Taking integrals on both sides, we get,

dy dx
| +| ~c
y2+y+1 X% Fxk

ﬁf(yu)%(ﬁ)ﬁf(ﬁ1)2+(£)2=C

2 i g 2 2
On integrating we get
| 1
Zt =1 Ll +2ta‘1 ki) C
='—fan [—="l+=tan"|—| =
V3 RE V3
2 2
2y+ 1 2x+1
=>tan‘1[y ] n‘l[ ]=
V3 V3

Using tan™ formula we get
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j 2y+1+2x+1
Vs |_ V3,
I3

2o dis
=t 2y +1 2x+ 1|

i == ;
| V3 " 3
F 2x+2y+ 2
B - i
1_(4xy+2x+2y+ 1) e
5 3
Computing and simplifying we get
[ 2V3(x+y+1) C
|3 —4xy—2x—2y—1

2V3(x+y+1) | 3C

2(1—-x—y—2xy)| 2

= tan

= tan~?

= tan~?!

V3(x+y+1) V3
= =tan| —C
(1-x-—y— 2xy) 2
V3 )
e ttan(z C) =B
Then,

X+vyv+1= 1—x— 2
y J—( y — 2xy)

Now, let A= Viisa parameter, then, we get
X+y+1=A(1l—-x—y— 2xy)

8. Find the equation of the curve passing through the point (0, t/4) whose
differential equation is sin x cos y dx + cos x sin y dy = 0.

Solution:

Given sinx cosy dx +cosxsinydy=0
Dividing the given equation by cos x cos y we get
sinxcosydx + cosxsinydy
COSXCOSY -
On simplification we get
= Tanxdx+tanydy=0
So, on integrating both sides, we get,
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Log (sec x) + log (secy) =log C

Using logarithmic formula we get

= Log (sec xsecy) =log C

= Secxsecy=C

The curve passes through point (0, 1i/4)

Thus, 1 xVv2=C

= E=V2

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

1
= secx.—— =2
cosy
secx
= oSy = —
V2

Secx

Therefore, the required equation of the curve is COSy = -}

9. Find the particular solution of the differential equation (1 + e*) dy + (1 + y?) e*

dx =0, given thaty =1 when x = 0.

Solution:
Given (1 +e¥)dy+(1+vy?) e*dx=0

Separating the variables using variable separable method we get

dy e*dx
— -+ =0
y? T1e=
On integrating both sides, we get,

5 e¥dx s
tany+ [ m=C 1
Llete*=t
=eX=t2

On differentiating we get

d dt
=)a;(e )=&

= "—E
¢ T &
= e*dx = dt

Substituting the value in equation (1), we get,
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tan~! +f at C
n —

YT ee
=tanly+tanit=C=tany+tan? (") =C.......... 2

Now,y=1atx=0
Therefore, equation (2) becomes,
Tan*l+tan?1=C

=>1T+T[ &2
4 4
¢ T

= C=—

B

Substituting ¢ = /4 in (2), we get,
mn

tanly+tant(e¥) =4

RS X

T s N 1
10. Solve the differential equation Y € dx= ( xe’ +) )d.\ (y#0)

Solution:
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Given

2 L
yevdx = (xey + yz)dy
On rearranging we get

xdx X
=>yeyd—y= xey + y?

Taking common

X7 . dx 3
=)eY[y.d—y— ]=y

dx
x [yox
— eY.[d—y,] 3 |
X s 1
X

Differentiating it with respect to y, we get,

d(;_i)_dz
ay\& ) T ay

xd/x dz
= ey —(—)

‘dy\y/  dy

x [ 2%

= e?[ i ] = ?
¥ T— 2

From equation (1) and equation (2), we have
dz
dy
=dz=dy
On integrating both sides, we get,
z=y+C

5
=ey=y+C

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

Solution:
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Given (x—vy) (dx + dy) = dx —dy
= (x—y+1)dy=(1-x+y)dx
On rearranging we get
- d_y N 1.=%3Fy
dx x—y+1
dy _ 1-(x-y)
dx  1+x+y) ............ 1
letx—y=t
Differentiating above equation with respect to x we get
d(x—y) dt

dx  dx

dy
Now, let us substitute the value of x-y and dx in equation (1), we get,
dt ;S

dx 1+t
On rearranging we get

=>dt—1 (1—t)
dx 1 %1

dt (1+t)-(1-9)
dx Tkt
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Computing and simplifying we get
dt 2t

& 1+t
1+t

=>(—t )dt=2dx

=>(1+%)dt=2dx

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

= (x—y)+log [x—y| =2x+C

= log |[x—y|=x+y+C...... 3
Now,y=-1atx=0

Then, equation (3), we get,
log1=0-1+C

=C=1

www.edugmoss.com

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

Log [x—y|=x+y+1
Therefore, a particular solution of the
=x+y+1.

given differential equation is log |x —y|

.’\/T

12. Solve the differential equation
Solution:
Given
[ —2VX . L] d_y L 1
\,'E \,& dx o
On rearranging we get
dy e 2% y
==
dx  Vx VX
d grovE
O ¥
dx  Vx VX
This is equation in the form of P ~+py =
1 e—ZvX

Where, p = VEand Q= Vx

Ny

Q

—l(\;tO)
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1
—dx
Now, I.F. = efrax — of
, I.F.

Thus, the solution of the given differential equation is given by the relation
vy (LF)=J(QX LE.)dx+C

= g AVX
=>ye2V-“=f( xe2&>dx+c

%
e e2\,x

VX
= ye2V* = fidx+c
VX

On integrating we get
= ye?V*=2x+C

Y. _
13. Find a particular solution of the differential equation ET yjcotx = 4xcos ecx

(x # 0), given that y = 0 when x = /2

Solution:
Given

d
d—i + ycotx = 4xcosecx

d
Given equation is in the form ofd—i +py=Q
Where, p = cot x and Q = 4x cosec X

- efpdx = ef cotxdx _ gloglsinx| _ giny

Thus, the solution of the given differential equation is given by the relation
vilF) = J(QX LE)dx +C

= ysinx = f 2xcosecxdx + C

=4fxdx+C

On integrating we get
2
X

=4+
42 C

= ysinx = 2x? + C
x

Now,y=0atx=2

Therefore, equation (1), we get,
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0= 2 X %2 +C
=C=""
4 w2
Now, substituting C = # in equation (1), we get,
ysinx= 2x%— L2

4" 5 A ; s 5 3
Therefore, the required particular solution of the given differential equation is
2

ysinx= 2x2 — %

14. Find a particular solution of the differential equation, (X

given that y=0when x =0.

Solution:
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Given
(x+ l)j—i =2eV -1

On rearranging we get

dy  dx

T 2ev—1 x+1
e¥dy  dx
2—eY x+1

On integrating both sides, we get,
fﬂ = log|x + 1| + logC

DY  FownRNNRs SR RNl o 1
let2—e¥ =t
d dt
@(2 —ey) =®
= —e¥ = g
dy
= e'dt = -dt

Substituting value in equation (1), we get,
—dt
fT =log|x + 1| + logc

On integrating we get
= -log |t| =log | C(x+1)|
= -log|2—e'| =log |C(x+ 1)|
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1
—_——=C(x+1

Now, at x =0 and y = 0, equation (2) becomes,

=2-1= E
=C=1
Now, substituting the value of C | equation (2), we get,
R (x+1)
=e¥=2— -
(x+1)

2x+2-—1
=€ (x+1)

2%+1
— ¢ T &+

2X

=>y=10g| A J(x#-1)
Therefore, the required particular solution of the given differential equation is

¥ G o |
y =log| o5 -1

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
o a? (xy

dy
E—ky



EDUGROSS

www.edugrooss.com

WISDOMISING KNOWLEDGE

Where k is proportionality constant.
= ﬂ = kdt

y
Now, integrating both sides, we get,
Logy=kt+C......... 1
According to given conditions,
In the year 1999, t =0 and y = 20000
= log20000=C.......... 2
Also, in the year 2004, t =5 and y = 25000
= Log 25000 = k.5 + C
= log 25000 = 5k + log 20000

25000 5
R Iog(20000) =08 (Z)

= k= §1°g® ......... 3

Also, in the year 2009, t = 10
Now, substituting the values of t, k and c in equation (1), we get

:_ 1 5
Logy =10 x 2log(2) + log(20000)

5
= logy = 10g[20000 X (Z) ]

5 5
= y = 20000 X — X —

4 4
=y=31250
Therefore, the population of the village in 2009 will be 31250.

ydx —xdx

16. The general solution of the differential equation v =0 js
A.xy=C B. X = Cy? C.y=Cx D.y=0Cx* -
Solution: C.
y = Cx
Explanation:

Given question is
ydx — xdx
= —=10

Xy
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On rearranging we get

1 1
= —dx——dy=0

X y
Integrating both sides, we get,
Log |x| -log |y| =logk

X

- logl;l = logk

X
Xk
=Y

w Ly
V= p

1
=y =Cx where C=k

dx
17. The general solution of a differential equation of the =—fn PI.\' = QI
type is ay
\ P, dy P, dy
(A) yel'? = j(Q,eJ B ) dy+C
P, d P, dx
(B) I ' J-(Qle-' X )d\' +C

(C) \e“"" j( % Vo4

|Pdl

(D) xe [( '-P' dt)d.\‘-i—C

Solution:

(C) = c’J.P' P J-(Q,e-[P' - ) dy+C

Explanation:
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The integrating factor of the given differential equatlon — + Px=Q,
is e.rp.l. dy

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

x(L.LF.) = f(Q X L.F.)dy+C

— x. elPrdy = f(QlefpldY)dy+ C

18. The general solution of the differential equation e*dy + (y e + 2x) dx = 0 is A. x
ey+x2=C B.xey+y?=C C.yex+x2=C D.yey+x*=C

Solution:
C.yex+x2=C

Explanation:
Given e*dy + (ye* + 2x) dx =0
On rearranging we get
= e-“g +ye*+2x=0
= ye X
dy

a—+y—-2xe ®

This is equation in the form of ax ~+py=Q
Where, p=1 and Q = -2xe™

Now, LF.=e/Px =el ™= e*

Thus, the solution of the given differential equation is given by the relation
v (L) =J(QX LE.)dx+C

= ye* = f(—2xe"“.e")dx+ C
= ye* =—f2xdx+C

On integrating we get
=ye*=-x*+C
=>vye*+x*=C
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