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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 . ...
3 sin(y )=0
dx
Solution:
The given differential equation is,
9
a4’y +sin(y") =0
dx* |
=y +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.

77

2277

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.

Solution:-

The given differential equation is,

( ds ) d’s

— | +3s =0
L dt ) dt’ ,

d”s
The highest order derivative present in the differential equation is ;2 .

The order is two. Therefore, the given differential equation is a polynomial
. . 2
equationin s and ds.

drt’ dt
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So, its degree is one.

, N2

d-y [ dy

4. | +cos| — |=0
dx dx

Solution:-

The given differential equation is,
d*y ( dy }

5 +c::rsl— =0

dx dx
d? y

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

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

5 ﬂ"zj‘ A :
+ —— =08 3x +s1n 3x

dx”

Solution:-

The given differential equation is,

d*y . )
— =08 3x +sin3x
dx”
d?y |
= —— — 083X —sin3x =0
dx?

2
d*y
The highest order derivative present in the differential equation is Al

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

72
equation in d-) and the power is 1.

2
dx
Therefore, its degree is one.

6. (y”)? +(y’)P+(y) +y>=0
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Solution:

The given differential equationis, (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 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.

277

8.y +y=e*

Solution:

The given differential equation is, y’ +y = &*
=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.V’ +(y')*+2y=0

Solution:

The given differential equationis, y””’ + (y’)? +2y =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’andy’.

Then the power raised to y” is 1.

Therefore, its degree is one.

10.y"”’ + 2y’ +siny=0
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Solution:-

The given differential equationis, 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’andy’.

Then the power raised to y” is 1.

Therefore, its degree is one.

277

11. The degree of the differential equation.

12 .\'lzlI F— 2 i
(d Y +Lﬂ], +5111(£J+1:U is

dx* ) dx ) dx
(A)3 (B) 2 (C)1 (D) not defined
Solution:-

(D) not defined
The given differential equation is,

3 2 3

d’y| (dyY . (dv)
- ,+L—',+5m ~ izl )
dx” | dx ) dx | d*y
The highest order derivative present in the differential equation is dv?

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 L dy :
2x"——=3—4y=01s
dx” dx
(A) 2 (B) 1 (C)o (D) not defined
Solution:-
(A) 2
The given differential equation is,
,d*y L dy
gl B s SR
dx” dx d>y

The highest order derivative present in the differential equation is

T
Therefore, its order is two. dx
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EXERCISE 9.2 PAGE: 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
Differentlatmg both sides with respect to x, we get,
Y2 -
dx ... [Equation (i)]

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

d |, d
dx (y') = E[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 thaty = x> + 2x + C
Differentiating both sides with respect to x, we get,

d
o 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
= 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 that y =cos x + C
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Differentiating both sides with respect to x, we get,
d
''=— +C
V= (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:-

From the question it is given thaty = V1 + X2

Differentiating both sides with respect to x, we get,

- ()

Y = X
1 d
=y = ——(1+x?
y 241+ x2 dx( )

By differentiating (1 + x°) we get,

2%
21+ x2

=y

On simplifying we get,

By multiplying and dividing V(1 + x%)

X
I f
= %41 +x2
1+x27V

=¥

Substituting the value of V(1 + x?)
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Substituting the value of V(1 + x?)

, X
=Y = l—l—xz'y
=y = Xy

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,

d
r
Y = (Ax)
y =A
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,

I d :
V' = & (xsinx)

I : d :
=y =sinx (x) + Xo (sinx)

=y = §iNX + XCOSX
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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+X°.V1—sin?x
Vv 2

=y+x* [1-(=
y 5

=y +x/(y)? - (x)
= RHS
Therefore, the given function is a solution of the given differential equation

y?
7.xy=logy+C: y' = | _ & =P

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

Differentiating both sides with respectto x, we get,

d d
dx (xy) = dx (logy)

d dy 1dy

On simplifying, we get.

1d
=}y+xy’=;d—i

By cross multiplication,
=y +xyy =y
= (xy—1)y' =y’
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=y =y
1-xy
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:-
From the guestion it is given that y — cosy = x

Differentiating both sides with respect to x, we get,

dy d _d[)
Lcosy = (x

dx d dx
= vy +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 TSHW

= y(1+ siny) x %ﬂlll}’
On simplifying we get,

=Y

= RHS

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

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

Differentiating both sides with respect to x, we get,

d d
il _ -1
= (x+y) = (tan™"y)

1
<oy fe il

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

1
T
1] -
=7 [1 +y?
On simplifying,

Jr—(+yH) .,
1+y2 |

| v
1+y?

=1

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

Consider, LHS = y?y' +y* +1
2 [-Q+y®) 2
_ V [—yz ]+ v +1
=-1-y'+y*+1
-0
= RHS

Therefore, the given function is the solution of the corresponding differential equation.
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10 1‘= 1!g3._.r3.r e (—a, a): 1:+—11£i£ =0(vz0
a ‘ " dx :
Solution:-
From the question it is given that ¥ = V az—x?

Differentiating both sides with respect to x, we get,

dy d
_r 2 2
dx(”a x?)

dy 1 d .,
= — — —_
dx 24az—x2 dx (a%=x%)

1
=—F——(—2x
2va — x? ( )
—X
2va? — x?
Then,
Substituting the values of y' in the given differential equations, we get,

Consider LHS =x + y%

_ I i

=X+4a? —x%x 22
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:
(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.

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

(A)3 (B) 2 (€)1 (D)0

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

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

1. 4+ - =]
a b

Solution:-

From the question it is given that l; + % =1

Differentiating both sides with respect to x, we get,
1 1dy
—+-"=0
a bdx
11,
— — =
a by ... [Equation (i)]

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

1,
D+E}’ =0
1 "
:}E}J =1

By cross multiplication, we get,

=y'=0
~the required differential equation is y"’ = 0.
2.y’=a(b’>-x?

Solution:-
From the question it is given that y* = a(b® — x?)

Differentiating both sides with respect to x, we get,
dy
2y—=a(—2
y o =a(=2x)

= 2yy’ =-2ax

= yy' = (-2/2)ax



%dsecu ™e Ch.9 - Diffgllrzfm?i;lxélq_ugnt?c:::
EDUCATION NCERT Solutions
Now, differentiating equation (i) both sides, we get,
Sy Xy +yy”=-a
=) +yy' =-a ...[we call it as equation {ii)]
Then,

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

() +yy" _—a
vy’ —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’ = Q.
3.y=ae¥*+be

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

Differentiating both sides with respect to x, we get,
y' = 3ae® - 2he™ ... [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 + V'
= Gae* =2y +y

r
x_2Y 1Y
5

= de

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

r

—2x

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

2y +yr
‘5,!":9}( 2}':"}”_'_4:,(#

=] p= ]

. 18y + 9y’ . 12y — 4y’

=Y 5 5

On simplifying we get,

. 30y +5y
=y =——
5
=y =6yty

=y' -y -6y=0

“the required differential equationisy" —v' - 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 =2eZ(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 + e¥*b — 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,
"o 2 r
F; Yy _ 5
y' —2y

By cross multiplication,

;‘h y” _ Z}‘YJ‘ — 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"*(acos x + 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’ =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,

= vy” = e*[2bcosx — 2asinx]

=y’ =2e*(bcosx—asinx) ... [equation (iii)]
Now, adding equation (i) and (iii), we get,

y+ % = e*[(a+ b)cosx — (a — b)sinx]

y
y+5=vy

=2y +y" =2y
Therefore, the required differential equationis 2y + y" = 2y'=0.

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

A
Y

2
X" O (P.0) X

b

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?

= X2+ p2—2xp +y? = p?
Transposing p? and — 2xp to RHS then it becomes — p? and 2xp

= x> +y?=p?—p?+ 2px

= x2 +y? = 2px ... [equation (i)]
Now, differentiating equation (i) both sides,
We have,

= 2x+2yy' =2p

=>Xx+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.

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

Solution:
The parabola having the vertex at origin and the axis along the positive y- axis is
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x? = day ... [equation (i)
A
Y
‘X’ o 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’
—=— = —
X? 4ay

On simplifying, we get,

2y

]
Xy

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.

x? +},2 1
b2 | a2 [equatir:-n {l}]
A
Y
a
‘X o X'
b
Yv

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

2x  2yy
+
b2 ' a2
v _
P =+ i .. [equation (ii)]
Now, again differentiating equation{ii) both sides with respect to x,

=0

}' y' Hyy
b"' az
On simplifying,
1
ba

1
== @ +yy")

¥ |
@”+w)~ﬂ

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

| N ) vy’
xl—a—z(y + yy )] -E-?:D
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On simplifying,
= -x(Y)—xyy” +yy' =0

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

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

Solution:
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

2] L)
= gl

T _¥Y _q
i . [equation (i)]
A
Y
< o D
b
Y,
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Now, differentiating equation (i) both sides with respect to x,

2x  2vy'
.
a b?
S
a2 BE ... [equation {")]

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

1 y'y +yy" 8
a2 b2 -

On simplifying,

1 1
STy, A 2 + [T} s
= (y“+yy')=0

1 l(’z—i— )
— T ——
sriad™v i S v

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

F

X 2 V}?
_ﬂ v + " e 'i_ - O
b__: ((.. ﬁ } bz
= x(y')* +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'“
09
< X (o] )(j;
b
Yy
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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 circles with centre at (0, a) and
radius 3 is: x2 + (y- a)? = 32
=>x2+(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

X

=y—a=—
}I'."
Now, substitute the value of (y - a) in equation (i), we get,
—x 2
Xz + (—,) =9
y

Take out the x* as common,

= x? [1 + [;;)2] =9

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

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

11. Which of the following differential equations has y = c; e* + c¢? e* as the general

solution? | | q
(A) 1_f+_v:0 (B) i;;—y:{} (C) i;ﬂ:[m D) ‘;-;'_]:0
Solution;

(B) d_'r—}':{}

g
dx”
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Now, differentiating given equation both sides with respect to x,

dy
— =8 —ce7F
dX 1 2

.. [equation (i)]

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

d?
e c,e°+ e
&y _
—axz Y
dz
a0
2
Hence, E— v = 0is the required differential equation.

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

solution?
d*y 5 dy

(A) —5— %X ——ZTIOZX (B)
- ax
d*v - dy

(C) 53X +x=0 (D)
dax dx

Solution:_
d°y ,dy

(C) —=x"——+xy=0
i dx

Explanation:

d % y dv
~ X ——+xy=x
dx” dx
. 3
d°y dv
—+x—+xy=0
dx” dx
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From the question it is given that y = x

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

dy _1
dx ... [equation (i)]

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

dz

dy_

dx?
Then,

. dy d3y . ) .
Substitute the value of ™ andﬁ in the given options,

d’y _,dy

2

——x2—+

dx? x dx Xy

=0—-(x*%x 1)+ (xxx)

= %2 + x2

=0
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EXERCISE 9.4 PAGE NO: 395

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

dx 1+cosx

Solution:
Given
dy 1 —cosx
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

. o X
E _ 2 sin 5
dx 21:0512%

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

dy X
= — = tan’-
dx 2

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

dy ,X
= = (sec E_l)

Now by rearranging and taking integrals on both sides we get

;»J-dy J-sec—dx—de

On integrating we get

X
= y = 2tan E—x +cC

dy >
220 = J4-y? (=2<y<2)

dx

Solution:

Given

d —

dx
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On rearranging we get

dy 4
;‘*—W— X

Now taking integrals on both sides,
[ 75
= | —— = X
Va—Y?

We know that,

J‘ 1 d X

= | ———dx = sin""-

\In'az —_ XZ a

Then above equation becomes
-1 E

sin =X+
= 2

dvy

3. —+y=1(y#1)
dx
Solution:
dy + 1
“ax YT
On rearranging we get
= dy=(1-vy)dx
Separating variables by variable separable method we get
d
= v = dx
1-y

Now by taking integrals on both sides we get

= J’d_}’ = J-dx

1-y
On integrating
=-log(l-y)=x+logc
=-log(l-y)—logc=x
=log(l-y)c=-x
= (1-y)c = ™
Above equation can be written as



2. d v Class - XIl _ Maths

e secu m Ch. 9 - Differential Equations

EDUCATION NCERT Solutions
1

= l:l — }’) = EE_K

yv=1+ %e"‘

Y=1+Ae™

4.sec® x tan y dx + sec? y tan x dy = 0

Solution:

Given

= sec’xtany dx + sec?ytanx dy
Dividing both sides by (tan x) (tan y) we get
sec’xtanydx ~ sec” ytanx dy

tanxtany tanxtany
On simplification we get
sec?x dx . sec®y dy

=
tanx tany

Integrating both sides,

sec’x dx sec’y dy
= J- 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
Tt Ju

On integrating

= logt=-logu+logc

Or,
= log (tan x) =-log (tany) + log c
C
logt = log——
= logtanx Dgtany

= (tanx) (tany)=c
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s(+e)dy—(ef—e*)dx=0

Solution:
Given
= (e + e M)dy— (eX—e™)dx =0
On rearranging the above equation we get
(e* — e ™™)dx
ex 4 X
Taking Integrals both sides,

(e* —e™)dx
- o= [ o=

Now let (&° + €7 =t
Then,(Ex —e¥)dx = dt
dt

T

On integrating

} dx_l
o R 0gx

= dy =

So,

=y=logt

Now by substituting the value of t we get
= y = log(e® + e %) 4 ¢

f' L]
6. %:{Hx?}{lfﬁ}
ax

Solution:
d}" 7 2
= —=(1+x")(1+vy~
| ( (1+y7)

Separating variables by variable separable method,
dy
=
1+ y?
Now taking integrals on both sides,

= dx(1 + x9)
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dy 5
:~J-1+F2—J-dx+fxdx

On integrating we get

P
= X — C
y 3

= tan—*

7.vilogydy —xdy=10

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,

dx J’ dy
—1 _— =

X ylogy
= let logy =t
Then
= ld dt
- y
dt
= logx = s

= 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

= logy=cx

=y = e
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dy
g P ey
dx

Solution:

Given
_d _

=}-X£=—}’

Separating variables by using variable separable method we get
dy —dx

= — = -
};r.:l XJ

On rearranging
dy dx

= — 4+ —= =10
};r.:l XJ

Integrating both sides,
d dx
= J-—}_F + — = 4d
}FJ XJ
Let a be a constant,
- J-y‘f‘dy + J-X_Sd}{ = a

On integrating we get
= —4y*—4x* +c=a

On simplification we get

= —x*—y* =
The above equation can be written as
1 1
; + F = C
dy s
% L g X
dx
Solution:
Given
dy _—
= — = sin"'x

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

= J-dy = J-sin‘lx dx

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

fuvdg = ufvdx— | (iu) ([ vdx)dx}
Then we get

=y = J-l.sin‘lx dx
According to product rule and ILATE rule, the above equation can be written as

d
Ly = {sin‘lxj-l.dx— J-(Esin‘lx)[f 1.dx)dx}
On integrating we get

1

= y = xsin” dx

X
T LW
Now
= letl—x% =t
Then
= —2xdx = dt
dt

dx = — —
= Xax 2

Substituting these in above equation we get

1
L —1
= = xsin""x + | —=dt
y J-zﬁ

On simplification above equation can be written as
1.2
= y = xsin"'x + EJ-t 3 dt
. -1 1
= y = xsin"'x + Ewﬁ+c
Substituting the value of t, we get

=y =xsin'x + J1—-x2 + ¢
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10.eftan ydx + (1 —e*) 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 x
= dy = dx
tan y C1—ex
Now by taking integrals on both sides, we get
J’sec y J’ e *
= dx
tany 1—ex

lettany=tand 1—-e*=u

Then on differentiating

(sec’ydy = dt)& (e*dx = du)
Substituting these in above equation we get

J’ dt du

On mtegratlng we get

= logt=logu+logc

Substituting the values of t and u on above equation.

= log(tany) = log(1—e*) + logc

= logtany = logc(1l—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:

oy B dy )
11.(x" +x" +x+ I}T =2x2+x;y=1whenx=0
dx

Solution:
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Given
3 2 dy _ 2
:_{x +XT+x+ 1)- = 2x° + X

Separating variables by using variable separable method,
2x% + x
Gr D+ D>
Taking integrals on both sides, we get
2x% + x
LA P L
Integrating it partially using partial fraction method,
2x% + X A Bx + C
= = +
(x+ D)(x2+1) x+1 x2+1
2x% + X% Ax? + A(Bx + O)(x + 1)
T E+rDE+ 1D E+rDE+ D)
= 2" + X =Ax*+ A+ Bx + Cx + C
=25 +x=A+Bx*+(B+0Cx+A+C
Now comparing the coefficients of x* and x
=>A+B=2

= dy =

=B+C=1
=A+C=0
Solving them we will get the values of A, B, C
1 3 1
AZE’BZE’C:_E
Putting the values of A, B, Cin 1 we get
2x% + x 1 1 13x—1

I + —
T+ D+ 1) 2x+ 1) 2%+ 1
Mow taking integrals on both sides

J’d 1J- 1 +1J’3x—1d
=1 = — —
Y = x+1 ¥ "3+ 1 *

On integrating

_11 1 +3J’ X q IJ‘ dx
Sy =glegx+ D)+ o) Ty ot

1 3 2x 1
:~y=510g(x+ 1)+Efx9+1dx_§tan X ,

Class - Xll _ Maths
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For second term
letx? + 1 =t
Then, 2x dx = dt

3J- x . 3[dt
") r 1T T
[ = logt
so,I = - log

Substituting the value of t we get
3
I = Eln:rg(:«:2 + 1)
Then 2 becomes
1 3. 1
=y = Elﬁg(x + 1) + Elog(x + 1)—5‘&111‘ X +c
Taking 4 common

1 1

=y = E[Elﬁg(x + 1) + 3log(x® + 1}]—5‘&111‘1:{ + c
1 1

=y = E[lﬂg(x + 1)% + log(x?® + 1)7] —Etan‘lx +.c

1 3 1
=y = E[lﬁg{(x + 1)% (x* + 1)}]—Etan‘1x + c ;

Now, we are given thaty =1 whenx=0

1 o 1
w1 = E[lﬁg{(ﬂ + 1)% (0% + 1)} —Etan‘lﬂ +c

1 L 0 L 0 +

=-x0—-=x C
4 2

Therefore,

C=1

Putting the value of cin 3 we get

1 3. 1
y = E[lﬁg{(x + 1)7(x* + 1)}] —Etan‘lx + 1

2 (f"p‘
122 x(x"=1)—=1:y=0whenx=2
dx ‘

Solution:
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Given
dy
2 _— =
x(x® + 1) i 1

Separating variables by variable separable method,

dx
= dy = x(x2 + 1)
%2+ 1 can be written as (x + 1) (x — 1) we get
dx
= dy =

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

- fdy N J-XKX + ?Lh;(‘x— 1.1

Now by using partial fraction method,

1 A B C
- X(x+ (-1 T x * x+1 * & I

1 Ax—1Dx+ 1) + BEE-D + Ccx)x+ 1)
- X(x+ (-1 - X(x + IUx~1)
Or

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

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

1 1 N 1( 1 ) N 1( 1 )
= = —— — —
X(x+ 1)(x—1) Xx 2% +1 2\x—1
Now taking integrals we get

Jar = - [zax+ 5[ (5) e+ 5[ (=)
Al A B B ey A AT b

On integrating

1 1
=y = —logx + ilﬂg[x + 1) + Elﬂg[x—l) + logc
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B ZL1 cAx—1(x+ 1)
=y = 5 og 2 ,

Now we are given thaty =0whenx =2

1 c*(2—-1)(2 + 1)
0 = Elug[ 2 ]

3c?
= lﬂgT =20

We know e = 1 by substituting we get
3c?
= — =1

4
= 3¢ = 4

= ¢? = 4/3
Now putting the value of c?in 3
Then,

1 '4(x—1}[_~;+|]]

2 3x°

Solution:
Given

B

CoOs| — (=4

ax

On rearranging we get

dy -1
= —=C05
o

dy =cos™ adx
Integrating both sides, we get

L&:mm”uﬁh
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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

¢

v -1
= CO5| = W=u
L xr

14. i: yvtanx;y=1 whenx=0
dx '

Solution:

Given

dy

= y tanx

Separating variables by variable separable method,
= id = tanx dx
y

Taking Integrals both sides, we get

d
= J-—F = ftanxdx
y

On integrating

= logy=-log (cosx) +logc

Using standard trigonometric identity we get

= Llogy=log (secx) +logc

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

=y=c(secx)...1

Now we are given thaty=1whenx=0
=1=c(sec0)

=1=cx1
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=>c=1

Putting the value of cin 1
=y =SsecXx

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.

dy .
So,=2 — = e*sinx
dx

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

= J-dy = J-exsinxdx .

Now by using product rule we get
fuvdg = ufvdx— f{%ufvdx}dx
Now let

I = [e*sinxdx

d -
=1 = sinxf e*dx — f[asinxj e* dx)dx

= | = e*sinx — J- cosx e*dx
Now by integrating we get
= [ = e¥sinx — [cos XJ- e*dx + J-sinx e*dx]

From 1 we have
= [ = e¥sinx - e*rosx—1
Now on simplifying



2. d v Class - XIl _ Maths
e secu m Ch. 9 - Differential Equations
EDUCATION NCERT Solutions

= 2I = e*sinx —e*cosx

= 2I = e*(sinx — cosx)

. (sinx — cosx)
2

Substituting | in 1 we get
(sinx — cosx)
* +cC

2 2

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

=>1=0e

=y =e

0=e > +c
1(0—1)
T2
1
=;~c=§

Substituting the value of Cin 2

(sinx — cosx) N 1
=y = ¢ =
Y 2 2

On rearranging

= 2y = e*(sinx— cosx) + 1
Hence

= 2y —1 = e*(sinx — cosx)

| . . dy
16. For the differential equation XV T =(x+2)(yv+2)
(X
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

dy
— = + 2 + 2
> xyg = (x+ 27 + 2)
Separating variables by variable separable method, we get
y (x + 2)dx
= dy =
v+ 2 X
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Taking Integrals both sides, we get

> [l - [(1+ )

Splitting the integrals

1 1
= J-dy—EJ-y n Edy = J-dx + EJ-de

= y—2log(y + 2) = x + 2logx + ¢ 4

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)%} —i)

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 thatlog 1 0

=2Cc=-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:
dy
We know that slope of a tangent is = dax’
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
Y = X

Now separating variables by variable separable method,
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= ydy=xdx
Taking integrals both sides,

= J-ydy = J-xdx

On integrating we get
2 2

y X
= —=_—+tc
2 2

= }FE—XE = EC]_

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

=c=2

Putting the value of cin 1 we get

= yZ—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:
We know that (x, y) is the point of contact of curve and its tangent.
y+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.

r

| _ 4y
- slope (m2) of tangent = 70

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
= =
y+3 x+4
Taking integrals on both sides,
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J’ dy J’ dx

= = 2

v+ 3 X+ 4

On integrating we get

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

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

=y +3=clx+4)?* 3

Now, this equation passes through the point (-2, 1).
=14+ 3 =c(—2 + 4)°

=4 =4c

=c=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:
Let the rate of change of the volume of the balloon be k where k is a constant
I

dt
d 4 -3 . 4 .3
T (Em ) = k {volume of sphere = 3™ 1
On differentiating with respect to r we get

4 _dr

= 5’]’[31 E =k

On rearranging
= 4mridr = kdt
Taking integrals on both sides,

= "-I-TIIJ-l‘zdl‘ = kJ- dt

On integrating we get
411y
3

= =Lkt + c
i
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Now, from the question we have

Att=0,r=3:
=4nx33=3(kx0+c¢)
= 108 = 3c

= C = 361
Att=3,r==6:

= 4mx 6% = 3(kx3 + )

=k=84n

Substituting the values of kandcin 1

=

=

=

=

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

amr® = 3(84mt + 36m)
amr?® = 4mn(63t + 27)
r* = 63t + 27
r = Y63t + 27

Class - Xll _ Maths
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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 (log. 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.

Separating variables by variable separable method, we get

dp r

e = [m)p
dp r

= ? = (m) dt

Taking integrals on both sides,

[5 =)
= | = = — | dt
p 100

On integrating we get

It

= logp = — + kK

100

t
ELIAST

= p = eloo 1

Given thatt=0, p = 100.
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= 100 = e* 5
Now, if t = 10, then p = 2 x 100 = 200

So,

rt k
= 200 = ei0 "

E
= 200 = eio.ek
From 2

rt

= 200 = e10x 100
-

= eld = 2
r

=10 = log2

= Tr = 693

Soris 6.93%.

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

Solution:
Let p and t be principal and time respectively.
Given that principal increases continuously at rate of 5% per year.

= (5
“at ~ \100/?
Separating variables by variable separable method,
dpp
=2 — = —
p 25
Taking integrals on both sides,

d 1
= J'_P = —J-dt
p 20

t
= logp = e20"° 4
Whent=0, p=1000
= 1000 = e*
Att=10
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:'p:EE-'-C

The above equation can be written as

= p = e?xef

= 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:
Let v be the number of bacteria at any instant t.
Given that the rate of growth of bacteria is proportional to the number present

dy
..EDCF
dy

e ky (kis a constant)

Separating variables by variable separable method we get,

dy

Taking integrals on both sides,

d
= J’_}’ = kJ-dt
v

On integrating we get

= logy=kt+c..1

Let ¥’ be the number of bacteria at t = 0.
= logy =c

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

= logy-logy =kt

Using logarithmic formula we get
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=5 ln:,tgiI = kt
y a2
Also, given that number of bacteria increases by 10% in 2 hours.
Therefore,
110 ,
= = ——
¥ = 100Y
V 11
= — = —
y 10 3
Substituting this value in 2, we get
kx2 =1 -
= = log 10
K ZL1 11
T 2%
So, 2 becomes
Llog—x t — logY
= > ﬂglﬂ = u::tg}FI
2 lﬁg}%
R oY
9810 .4
Now, let the time when number of bacteria increase from 100000 to 200000
be t'.

=y =2y att =t
So from 4, we have

y
Elﬂg}? 2log?
— 't'r = =

11 11

lngﬁ lugﬁ

2log2
11

So bacteria increases from 100000 to 200000 in *°€% hours.
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23. The general

(A) €+ ¢

(C) e*+ ¢

Solution:
(A)e*+eY=C

Explanation:

NCERT Solutions

: : s ; . dy g
solution of the differential equation T: e’ is
dx
= (B) e+ e&=C
=i (D) e*+e?=C

Using laws of exponents we get

We have

dy .

- X+y
= i e

dy

Y Xy a¥
= I e¥x e

Separating variables by variable separable method we get

= e Vdy = e*dx

Now taking integrals on both sides

= J-e‘?*’dy = J-exdx

On integrating
= —a¥ = po* +

C

= g% + 7YV = —

Or,
e+ eV =c¢

So the correct option is A.
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EXERCISE 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 x4y

dx  x2+xy
x%+ y?

Letf(x,y) = T xy

Here, substitutingx=kxandy=ky
o ) — 07+ (9’
(kx)? + k. ky

Taking k* common

1{2 XE + yE
TkZxZ+ Xy
= kO f(x, y)
Therefore, the given differential equation is homogeneous.
(x2+xy) dy = (x* +y?) dx
dy x% + y?
dx  x2 + Xy
To solve it we make the substitution.
Yy=vX
Differentiating equation with respect to x, we get

dy N dv
ax ¢ Yax

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

V+HX—=—]"-"7-—
dx X2+ X VX

Taking x> common
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On simplification we get

. dv 1 + v?
V+xXx—=
dx 1+v

On rearranging the above equation we get
dv 1 + v? 1+ vi-v — v?

& T 1+v T 1 +v
dv 1 —v
X— =
dx 1+v
1 +v 1
dv= —dx
1 —v X
Taking integrals on both side,
f 1+ v

1 —vw
[ ( 1+ 2

1 —v
On integrating we get

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

1
dv=f£dx

1
)dv = fgdx

y y
< 2log|1 xl = log|x| + logC
Using logarithmic formula we get
y (x — y)? ,
3= log——— + log[x| + logC
y (x — y)*
—g = lﬂgTCX
On rearranging and computing we get
2
X —
R
X X
_ 2
X

Cx — y)? = xe¥/®
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P X+v
2. y = :

X

Solution:
Given
Yy =
The above equation can be written as
dy x+vy

X+¥y

X

dx X
X+y
X
Here, puttingx=kxandy=ky

kx + ky
f(ko, ky) = ——
kx+y
Tk x
= k°.f(x, y)
Therefore, the given differential equation is homogeneous.
X+ y

Letf(x,y) =

’

y = X
Then the above equation can be written as
dy x+y

dx ~ x
To solve it we make the substitution.
Yy=VvX
Differentiating equation with respect to x, we get
dy dv
E =V + XE
Now by substituting the value of v we get
dv  x + vx

V+x— =
dx X

On simplification we get

dv
v+x—=1+v
dx
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On rearranging we get
dv

XEZ

1
dv = —dx
X

1

Now taking integrals on both side we get
1

[dv =] ~dx

On integrating we get

v=logx+C

Now by substituting the value of v

y

<= logx + C

y=xlogx+Cx
3.(x—y)dy—-(x+y)dx=0

Solution:

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

On rearranging above equation we can write as
dy x+vy

dx x-—y
X+y
X—V
Now by substitutingx=kxandy=ky

kx
O 9) =

On simplification we get
X+y
flkx, ky) = —

X—V¥
= k°.f(x, y)
Therefore, the given differential equation is homogeneous.
(x-y)dy—(x+y)dx=0
dy x+vy

Letf(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
dy dv

E =V + XE

Now by substituting the value of dv/dx we get

dv X + VX

dv 1+v
VIFER T 1 v
On rearranging

dv 1+ v

XEZI—V_v

Now taking LCM and computing we get
dv 1+ v—v+ v?

XE - 1 —v
dv 1 + v?
X— =
dx 1 —v
1 —v q ld
1+vz 0 T ™
Taking integrals on both sides we get,
1 —v 1
J 1+ vzdv = de
Now by splitting the integrals we get
1 v 1
dv — dv = | —d
fl+v2v Jﬂl—l—vzy fxxl
Let, I, = d
etl; = J 1+ vz
Putl +v?=t
2vdv=dt
d ldt
vdv = >

Now by applying integral we get
1f 1dt
27t
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-1

2 08!

Now by substituting the value of t we get

1

Elﬂg(l + v?)

From equation 1 we have

1
~ tan"'v — Elog(l + v%) = logx + C

Now by substituting the value of v we get
2

.y 1 V

1 _ = il —

tan < 2lﬂvg(l + (x) ) = logx +C
On rearranging we get

1 x2+ y?
tan‘lg = logx + ilog( Xzy ) + C

1 x% + y?
tan‘l% = E(Zlﬂgx-l—lﬁg(Ty)) + C

Using logarithmic formula we get

1 X% 4+ y? N\
tan‘lg = E(lng(Tyx 3‘)) + C

1 .
tan‘lg = E(lﬁgx2+ vi)+ C

4. (x> -y?)dx + 2xy dy = 0

Solution:
The given equation can be written as

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

d}’ B XE _},2
dx 2Xy

%2 — },2
Letf(x,y) = — ————

2Xy
Here, substitutingx=kxandy=ky



= L/ Class - Xl _ Maths
@dsecu m Ch. 9 - Differential Eq_uations
EDUCATION NCERT Solutions
k2x2 — kzyz
fle ky) = — —5 -
Now by taking k* common
2 g2 _ },2
flleg, ky) = i
= k°.f(x, y)
Therefore, the given differential equation is homogeneous.
(x?—yH)dx + 2xydy = 0
Again on rearranging
2xydy = —(x? — y?*)dx
The above equation can be written as
dy xZ —y?
dx 2Xy
To solve above equation and for further simplification we make the
substitution.
Yy=VvX

2Xy

Differentiating equation with respect to x, we get

dy N dv
ax " ¥ax

Now by substituting the value of dy/dx we get
dv x?— vix?

v XE - 2X. VX

Now taking x* as common
dv x3(1— v?)

v XE - 2vx?

On rearranging

dv 1— v?

XE T v v

Now taking LCM and computing
dv. —1 + v?— 2v?

XE - 2v

On simplification
dv.  —1 — v?

— =
dx 2V
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Rearranging the above equation we get
2v 1

1+ vz dv = de
Now by multiplying the above equation by negative sign we get

2v 1
1+ v2 dv = = de
Taking integrals on both sides, we get

2v 1
f1+v2dv_ —f;dx 1
2v
Let,I, = [ T dv
Putl1+vi=t
2vdv=dt
1

vdv = idt
Taking integral we get

1
[ =adt

t
Llogt

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

};r 2
1 (1+ - ) = + logC
og (x) 0gx og
By using logarithmic formula we get

x4 y? C
log 22 = lﬁgg

On simplification
X2 +y? = Cx

2 dl‘ll’ 7

7y 2
5. X ——=x" =2y +xy
dx

Solution:
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The given question can be written as
dy  x"—2y°+xy

dx %2

x2—2y? + xy

Letf(x,y) = e

Now by substitutingx=kxandy=ky
k?x?— 2k?y? + kxky
flkx, ky) = o
Now by taking k* common we get
k? x?—2y* + xy

o ky) = 15—
= K°.f(x, y)
Therefore, the given differential equation is homogeneous.
dy
2V L2 n,2
X I X°—2y° + Xy

On rearranging we get

dy x%—2y*+ xy

dx x?

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

Yy=VX

Differentiating above equation with respectto x, we get

dy N dv

ax | Yax

Now by substituting the value of dy/dx we get
dv x*—2vix?+ xvx

V+xXx— =
dx ¥4

On rearranging we get
dv 1— 2vi4 v

V+xX— =
dx 1
dv

V+x—=1-2vi+vy
dx

On simplification

dv
Xx— = 1-2v?

dx



@dsecure

EDUCATION

By separating the variables using variable separable method,
1 1

———dv = —dx
1- 2v? X
Taking integrals on both sides, we get
1 1
———dv = | —d
J 1- 2v2 v=]J X X
The above equation can be written as
1 1
[ ————dv = [ —dx
1-(v2v)? X
1 1
f ————dv = [ —dx
12 —(v2v)? X
On integrating using standard trigonometric identity we get
L1 1+ Va2v ol + C
—.—.log |/———| = log|x
V221 % [1 -y &
Now by substituting the value of v we get
1 1+ V2l «
lo = loglx| + C
w2 81 Y &
X
On simplification
1 X+ w’rzy
lo = log|x| + C
W2 8 k= V2y 8|
6.xdy —ydx = Jx°% _x': dx
Solution:

The given question can be written as

xdy = (x2+y2 + y)dx

On rearranging the above equation we get
dy (yx*+y? +y)

dx X

KTy o+
Letf(x,y) = S Y y)

X
Here, puttingx=kxandy=ky

Class - Xll _ Maths
Ch. 9 - Differential Equations
NCERT Solutions
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(T EEY? + ky)
fkx, ky) = = ————
Now taking k as common
k (yx2+y2 +y)

fllo ky) = 72—
= k% f(x, y)
Therefore, the given differential equation is homogeneous.

xdy - ydx = x? + y2dx

By separating the variables using variable separable method we get
xdy = (yx2+y? + y)dx

On rearranging we get

dy (Yx*+y* +y)

dx X
To solve above equation we make the substitution.

Y=VX

Differentiating equation with respect to x, we get

dy dv

— =V + XxX—

dx dx

On rearranging and substituting the value of dy/dx we get
dv  Vx2+x2v? +vx

vV + Xx— =
dx X

Taking x as common and computing we get
dv  xv1 + vZ + wvx

V+X—=
dx X
On simplification
dv —
V+x—=41+vi+v
dx
dv —
X—=+1+v?
dx
Again separating variables we get
= d 1(1
———dv = —dx
V1+ve X

Taking integrals on both sides, we get
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1 1
dv = [ —d
N
1 —_—

———— = log(x + {/x?+a?
Using = Vx? + a2 , the above equation can be written as
log(v + 1+ vZ)=logx + logC

Now by using logarithmic formula we get

y ’ y?
log £+ 1+x_9 = logCx

On simplifying we get

2
E+ 1+F—2=Cx
X X

Taking LCM

XZ + 2
LA e
X X2
v,V
X X
On rearranging

y + x2+y2 = Cx°

! k| R 5y Py
! ; Vo ) ! ¥
7. ] _rc::rs['— J— yﬁmt'— | y .ff.r:{‘rsm('— I—_rcosl — i}t dy
X J X !

]__ X 'IJ" ' X

Solution:
The given question can be written as

gy {seos(Z)ysin)}y
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Now by substituting x = kx and y = ky
{}{xcos (%) + kysin (g)} ky
o () ko ()

Now by taking k* as common we get

B k2 {xms @) + ysin @} y
)~ e ]
= k2.f(x,y)

Therefore, the given differential equation is homogeneous.

ay {xcos(}) +ysin(})} v

dx {ysin @) — XC0S @)} X

To solve above equation we make the substitution.
Yy=VX
Differentiating equation with respect to x, we get

dy N dv
x| Yax

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
V+x— = , .
dx {vsin(v) — cos(v)}
On rearranging and computing we get
dv  {cos(v) + vsin(v)}v
& {vsin(v) — cos(v)}
Taking LCM and simplifying we get
dv  vcos(v) + vZsin(v) — vZsin(v) + vcos(v)
X—= :
dx vsin(v) — cos(v)
dv 2v cos(v)

v+ X

ax T vsin(v) — cos(v)
Separating the variables by using variable separable method we get
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vsin(v) — cosv 1
dv = —dx
2vcosv X
Now by splitting the numerator we get
vsinv COsv 1
vV — dv = —dx
2VCOsvV 2VCosv b4

On simplification we get

lt q lZLI[1 ld
Zalwv 27 V—X‘X

Taking integrals on both sides, we get
1 [ tanvd 1 [ L [ L

> anvdv E.VV— Xx
On integrating we get

1 1

Elﬂg Secv — Elﬂgv = logx + logk

Using logarithmic formula we get
log secv — logv = 2logkx
Now by substituting the value of v we get

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

lﬁgGsec G)) = log(kx)>

On simplification
X

—sec (E) = k%x?
v X

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

1 E
XyCoSs @)
On rearranging

Xycos GJ = %

Where Cis integral constant
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1 ) [ vV
8.x———y-+xsin| ‘—]:U
dx L x)
Solution:
The given question can be written as

. (¥
X— = — XSIII( )
dx y

X

On rearranging we get

@ _ vV — xsin@)

dx X

y — xsin @)
Letf(x,y) = "
Now putx=kxandy=ky

ky — kxsin (g)

flkex, ky) = ————
By taking k as common we get

k ¥V — Xsin g)
f(kx, ky) = e "
= k%f(x, y)
Therefore, the given differential equation is-homogeneous.

xg =y — xsin@}

On rearranging the above equation

dy ¥V — Xsin g)

dx X

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

Differentiating equation with respect to x, we get
Y vy

On rearranging and substituting the value of dy/dx we get
. (VX
dv VX — xsin (?)
dx X
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On simplification we get

v + X— = v- sinv
dx

X— = —sinv
dx

Now separating variables by variable separable method we get

1 1
,—dV =— —dx
smv X

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

X
Taking integration on both side, we get

1
J-msecvdv =—f ;dx

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

v y
lﬂg(msecx - cc}tx) = lﬂgx

On simplifying we get

y y C
cosec— - cot= = —
X X X
We know that 1/sin x = cosec x and cot % = cos x/ sin x then above equation
becomes
y
1 ~ cosy E
o Y iy X
siny  sing

On rearranging we get
y c .

1 — cos— = —.sin—

X X X

X(1 — CDSE) = lCSinE
X X

)
9.ydx+x log[ 2 ‘d}-‘— 2xdy=0

WX
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Solution:
Given

ydx + xlog( )dy 2xdy =
The given equation can be written as
y
xlog (x) dy - 2xdy = —ydx
Taking dy common
y
(xlug (x) dy - Ex) dy = —ydx

On rearranging we get

dy —y
dx  xlog @) dy - 2x
dy _ y
dx 2% —xlog g)
Letf(x,y) =
2x — xlog @)
Now putx=kxandy=Kky
ky
flkx ky) = 5
2kx — kxlog (E)
Taking k as common
')
f(kx, ky) =
k' 2% — xlng{y)
= k°flx, y)

Therefore, the given differential equation is homogeneous.
y

dx + xlog(=)dy- 2xdy =0

yax xng(x) y - £LXdy

F P
xlﬁg(x) dy - 2xdy = —ydx
On rearranging
dy _ —y
dx  xlog @) dy - 2x
Simplifying we get
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dy y
dx oy _ y
2x — xlog (x)
To solve it we make the substitution.
Yy=VX
Differentiating equation with respect to x, we get

On rearranging and substituting dy/dx value we get

pxo ™
' de_zx—xlﬁg(%)

On simplification

N dv. v
v de_z—lﬂgv

dv v

X— = -V
dx 2—logv

Taking LCM and simplifying we get
dv v— 2v+vlogv

*ax T 2- logv
dv_ —v+vlogv

Yax T 2- logv

By separating the variables using variable separable method we get
2—1lo 1

S dv = —dx

—v + vlogv X
2 —logv 1

v(logv—1) dv = L dx

On simplifying we get

1—(logv—1) 1

v(logv— 1) dv = de
L d 1[1 = 1[1
v(logv— 1) v Ve

1

[

Integrating both sides, we get V{108V —1)

1 1
dv—f;dv=f£dx

Class - Xll _ Maths

Ch. 9 - Differential Equations

NCERT Solutions
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1

v(logv — 1) d
Put,logv—1=t

1
—dv = dt
v

Letl, = [ v

On integrating
1
[ —dt
T
Logt
Substituting the value of t
Log (log v - 1)
From equation 1 we have
~ Log (log v-1)—log (v) =log (x) + log (c)
By using logarithmic formula we get

logv—1
lﬂg( Ggi ) = log(Cx)

logv—1
v
On simplification we get

Yy _
lﬁg%} 1 .

E(log}{(? - 1) = Cx

lﬂg(g) —1=Cy

= Cx

10. | 1+¢” dx+e;(l—£)dy=0

.}!
Solution:
Given question can be written as
dy ey (1 B 9

dx (14 exlv)
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Let f(x,y) = 1+ o)
Now putx=kxandy=ky
o )

il k) = — i)

« X
e (1- §)

(1+ ex/y)

= K°f(x, y)

Therefore, the given differential equation is homogeneous.

l+e"f“3’dx+e§ 1- Xdy = 0
( ) ;)

On rearranging

1+ e¥7)dx = —e% 1- 2 dy
( )

y
X
ax e (1 B ?j
dy  (1+ ex/v)
To solve above equation we make the substitution.
X=Vvy

Differentiation above equation with respect to x, we get

On rearranging and substituting for dy/dx value we get
_evwiv(1 - W
vty (1- )

N dv
v —_— =
y dy (1+ evy/y)
dv  —e' +ve
=3 = . v
Cody 1+

Now taking LCM and simplifying we get

dv  —¢"+ve' —v—ve'
= y—=
ay l+e

The above equation can be written as
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dv v+ e'
= y—= -
dy I+e¢

[1+¢' } dy
= — |dv=——
¥

v

Integrating both sides we get

c
A, ..LI

= lug(1~+c"}:—lr:rgy+lcrgt: log[

Using logarithmic formula the above equation can be written as

[ ] c
=|—+te |=—
¥ v

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=1whenx=1

Solution:
Given
(x+y)dy+(x-y)dx=0
The above equation can be written as
dy  (x-y)
dx (X+vV)
_Ex-y)

(x+y)
Now putx=kxandy=ky

(kx — ky)

f(kx, ky) = T+ k)

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

Tk (x+y)
= k%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 (-
dx (x+vVy)
To solve it we make the substitution.

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

On rearranging and substituting the value of dy/dx we get
dv (x —vx)
dx  (x+vx)
Taking x common and simplifying we get
dv (1—v)
VR T Ty
On rearranging
dv (1—v)
Yax T (a+v)
Taking LCM and simplifying
dv —1+v—v— v?
&x T (1+v)
dv.  —1-—v?
&x T (1+v)
dv.  —(1+v?)
T
Then above equation can be written as
1+ v |
1+ v2
Taking integrals on both sides, we get
f 1+ v

1+ v2
Splitting the denominator,

v 1
[ dv+fl+v2dv=—f£dx

1
dv=— —dx
X

1
dv = —f;dx

1+ v2
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On integrating we get
1
tan"lv + Elﬂg(l + v?¥) = —logx + C

Now by substituting the value of v we get

Ly 1 Y
tan §+510g 1+(§) = —logx + C
y=1whenx=1
1

1 1y
_1— —_ —_ = —
tan 1 + 211:}g(1+ (1) ) logl + C

The above equation becomes,

T leer =0+ cC
g 208 T

c=T 4 Lo
T3 2%

1
‘c::ml‘lE + —lo
X 2

[ = 09
o,
=
_|_
.-"'l_"‘\
e

[

e S
I
I
Qg
_|_
]

where,C =— + —log2

| 5

2

tan‘lg + %lﬁg(l + (E)z)

— logx + T Lioe
I R I St

LY xz*-yz)
2tan™ = + |
an < Gg( 2

TII
= — 2logx + 2 + log2

On simplifying we get
X+ y? , ™
+ logx® = 2 + log2

¥
2tan 1= + 1
an " Gg( 2

i
Etan‘lg + log(x*+y?) = o+ log2

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

Solution:
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Given
xidy + (xy+y?) dx=0
On rearranging we get

dy  (xy+y?)

dx x2
(xy+ y%)
Letf(x,y) = Tz
Now putx=kxandy=ky
(keky + k?y?)

f(kx, ky) = — 15
Taking k* common we get

k*  (xy+y°)
"k x2
= K°.f(x, y)

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

Above equation can be written as

dy (xy+y?)

dx x2
To solve it we make the substitution.
Yy=VX
Differentiating above equation with respect to x, we get
dy dv
— =V + X—
dx d
On rearranging and substituting dy/dx value we get
dv (x.vx + vx%)
V+X—=—
dx X2
dv (vx?+ v3x?)
V+x—=-—
dx X2
On computing and simplifying
dv 5
V+X—=—-V-V
dx
dv 5
X—=—V-V" -V

dx
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v(v+2) V= _de

Taking integrals on both sides, we get
1 1

fv(v+2) V= —fgdx

Dividing and multiplying above equation by 2 we get

1 2 1

2 v(v+2) V= —fgdx

Adding and subtracting v to the numerator we get

1 2+4+v— v 1

_f v(v+2) B _‘[de

Now splitting the denominator we get

1 2+vV v 1
2] (v[v—l— 2) a v(v+ E)Jdv =/ gdx

1./1 1 1
2 (G- g) v =~ S o
On integrating we get

1

E(lﬂgv— log(v + 2)) = —logx + logC

Using logarithmic formula,

}(lng M )= lngg

2 v+ 2
lo % = EIGE
© Y+2 °x

mg(yfzx) - log(:—{)

On simplification we get

= ()
v+ 2xX X

x%y
v+ 2x
y=1whenx=1

= (2

Class - Xll _ Maths
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T 1+ 2
x%y

1
“y+2x 3
3x%y =y + 2x
y + 2x = 3x%y
The required solution of the differential equation.

) ! i
13. [Iﬂlﬂ2 (i) - y]dﬂf +xdy=0; y= 2 when x = 1
Solution:
Given

[x sin’ G) — y: dx = — xdy

The above equation can be written as

[x sin” G) — y: = — xg
On rearranging

ay  [esin*(§) -]
dx X

We know f(x, y) = dy/dx using this in above equation we get
i [x sin? g) - y}
) = — -
Now putx=kxandy=ky
[}{x sin? (g) — ky]
f(kos, ky) = — =

Taking k as common
k [x sin? (g) — y]

k' X
= k%f(x, y)

Therefore, the given differential equation is homogeneous.
. (Y
2% —
[x sin (x) }?] dx + xdy = 0
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On rearranging

[x sin® G) — y] dx = —xdy

[x sin? G) — y] = — xg

ay i) -]
dx X
To solve it we make the substitution.
Yy=VX
Differentiating above equation with respect to x, we get
dy dv
— =V + Xx—
dx dx
On rearranging and substituting the value of dy/dx we get
dv x sin? (%) — vx]
V+X—=—-
dx ] X
dv xsin’v — vx
V+X—=—
dx i X
dv -
V+X— = —sinv-v
dx
On computing and simplifying we get
dv 5
X—=—[sin“v-v]-v
= | ]
dv o
X— = —sin“v+ v-v
dx
dv .
X— = —sin“v
dx
1 1
, v = — —dx
sin?v X
Taking integrals on both sides, we get
[ —=dv = —f ~d
v=—|—-dx
sinZv X

[cosec?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
cot% = log(Cx)

T
y = Ewhenx =1

/4
mtT = log(C.1)

t= = logC
cot, = log
1=C
el=C
v
- cotx = log(ex)

The required solution of the differential equation.

dy 'y £y )

14. =2 _ 2 4 cosec| 2 }:U; v=0 whenx=1
ax X . ‘

Solution:

Given

d

F_Iy cc}sec(z) =0

dx X X

On rearranging we get

Y cosec(?)

v y
Letf(x,y) = L cosec (3)
Now putx=kxandy=ky

f(ka, ky) = g — Cosec (g)

= g — Cosec (g)

= K°.f(x, y)

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

X x + cc}sec(g) =0

Y cosec(?)

dx x X
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To solve it we make the substitution.

Yy=VX
Differentiating above equation with respect to x, we get
dy dv
— =V + X—
dx dx
Rearranging and substituting the value of dy/dx we get
dv VX VX
V+Hx—=—— cnsec(—)
dx X
On simplification
dv
V + X— = V- cosecy
dx
dv
X— = — cosecv
dx
1
v =——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

y

— - = —1 + C
cos 0gx

y=0whenx=1

0
—Cosy = —logl + C
-1=C

y
"= - = -1 -1
msx 08X

cusz = logx + loge

y
COs_ = log|ex|
The required solution of the differential equation.
2 (f_\'

15.2xy+ y> = 2x o 0; y=2whenx=1
dx
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Solution:
Given

2xy + yz—Eng =0

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

2x?
Now putx=kxandy=ky

2kxky + (ky)®

flloc ky) = =) 1
Taking k* common

k? 2xy + y?
T k2T w2
= k°.f(x, y)
Therefore, the given differential equation is homogeneous.

d
2xy + yE—ZXEd—i =0

On rearranging

dy 2xy + y?

dx 2x°2

To solve it we make the substitution.

Y=VX

Differentiating above equation with respect to x, we get

dy N dv
ax ¢ Yax

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

Letf(x,y) =

vV + Xx— =
dx 2x2
. dv  2vx? + v%x?
vV + Xx— =
dx 2x2

On computing and simplification we get

dv  2v + v?

V+x— =
dx 2
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N dv v 1 5
v de = v Ev
dv B 1 5
*x © 2
1 1
Z—Edv = —dx
v X

Taking integration on both sides, we get
[2—dv = [ ~d

—dv = | —dx

Ve X

On integrating we get

2 1 + C
—_ - = 0
v gx
Substituting the value of v we get
2
——— =logx + C
y/x
2X

—— =logx+ C
v g

y=2whenx=1

2'1—1 1+C

2 %8
“1=C

2X 1 L
w—— = logx-

y
2X L 1
— =1 —logx
y

_ EX " r {]
y = T —loglx|" X # X #

The required solution of the differential equation.

dx x)
—_— ] - |
16. A homogeneous differential equation of the from <" [ v)
the substitution.

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

can be solved by making

Solution:
(C)x=vy
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Explanation:

Since, -~ is g It 11(3)

ince,— is given equal to h|—|.
dy g q v
Therefore,

X X
h (—) is a function of —.
y y

Therefore, we shall substitute, x = vy 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—(x>*+y3) dy=0

C.(x3+2y?)dx+2xydy =0

D. y’dx + (x*—xy—-y?)dy=0

Solution:
D. y?dx + (x>—xy—-y?)dy=0

Explanation:
We have
yvidx+ (x> —xy—vyi) dy=0
On rearranging
dy x% - xy - y?
dx  yz

X? Xy -y

FZ

Nowputx=kxandy=ky
 (k9)® - kky - (ky)?

Letf(x,y) = —

fl kx =

(e ky) )2
k2 x%-xy-y

S

= k%.f(x, y)

Therefore, the given differential equations is homogeneous.
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EXERCISE 9.6 PAGE NO: 413

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

dy | ;
1. —+2y=sinx
dx

Solution:
Given
dy o
» + 2y = sinx
dy
Given equation in the form of dx

Now. |E. = Efpdx _ Efzdx — p2X
’ " .

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

+py:Qwhere,p=zandQ=sinx

Lot | = | sinx.e?*dx

Integrating using chain rule we get

d .
- 2K Jur L f2dx ;
== smxj-e dx J- ( (sinx).e ) dx

. EEx J- EZ}: d
= 5INX.—— COSX. x
2 2

On integrating and computing we get

e?¥sinx 1 rd
=— —E[COSXJ-EZK—J (E(EDSX)'J- ezxdx)dx]

e?¥sinx 1 p2x e
=— —ilmsx?—f[[—smx).? dx
e’ sinx e*cosx 1
=5 T —EJ-[:SIID{.E )dx
Above equation can be written as
2x

1
— —(2sinx — -
Z (2sinx — cosx) 2
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5 e
= EI =7 (2sinx — cosx)
2x

== ?(Esim{— COSX)

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

= ye?¥ = ?(Esim{ —cosx)+ C
=y=z (2sinx — cosx) + Ce™%¥

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

1

y = E(Esim{— cosx) + Ce 2%

dy . ,
2.~ 43y=¢

dx
Solution:
Given
E _ a—2X
™ +3y=e

dy

This is equation in the form of dx TRy =Q

Where, p=3and Q = P

Now. LE. = E_rpdx . e_rzdx — p3x
il - . =

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

= yei* = J-(e‘z" X e**)dx+ C

= yed* = J-e"dx—k C

On integrating we get

= ye¥=g*+C

=y= E-Ex + Ce-:ix

Therefore, the required general solution of the given differential equationis y
=2+ Ce™
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dy v =
3 — 4 =x"

ax  x

Solution:
Given

d

dx X
d
This is equation in the form of d—i +py=Q
1

Where, p=xand Q = :,.;i—
Now, I.F. = e/Pdx — afzdx _ ologx _ o
Thus, the solution of the given differential equation is given by the relation

v(L.F) = J(Qx LE)dx+C
= y(x) = J-(xz.x)dx+ C

= Xy = J-(xa)dx+ C
On integrating we get
X‘L

:*-xy=?+ﬂ

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

&)
xy=x:+ﬂ_

dy i m
4 — t(secx)y=tanx| 0<x<—
dx \ 2

Solution:

Given

dy _

= (secx)y = tanx

. . dy
Given equation is in the form of 3, +py=Q

Where, p=secxand Q =tan x)
Now, |.F. = e/ Pdx — gf seexdx _ glog(secx+tanx) _ gacy + 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) = J-tanx(secx+ tanx)dx + C
= y(secx + tanx) = J-secxtanxdx—l— J- tanxdx+ C

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

= y(secx+tanx)=secx+tanx—x+C

Class - Xll _ Maths
Ch. 9 - Differential Equations
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Therefore, the required general solution of the given differential equation is

y (sec x + tan x) =sec x + tan x —x+ C.

dy
5.0s°x—+y=tanx | 0<x<
dx
Solution:
Given

d
2 —}r =
cos®— +y = tanx

The above equation can be written as

d
= d—i + sec?x.y = sec’xtanx

. . . dy
Given equation is in the form of 7~ + P¥ = Q
Where, p = sec’x and Q = sec’x tan x
NGW, |.LF. = Efpdx — EJF secix dx — IE,.tsm}c

o | 2

\\"'\————""F-

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

y(LF)=J(@x LE)dx+C
= V. gtanx _ fEtande—F C

Now, Let t =tanx

d(t )_dt
= 7 (fanx) = —

i dt
= Sec ¥ = —
dx

= sec’xdx = dt
Thus, the equation 1 becomes,
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= y.etnx = J-(et.t)dt +C

= y. el = J-(t. eH)dt+C

Using chain rule for integration we get

d
= y. e = ¢ f etdt — J- (E (t).f etdt) dt+ C

= y. e = ot — J-etdt +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™™,

dy
6.x—+2y=x"logx
dx

Solution:
Given

dy _ o2
X +2y=x logx

The above equation can be written as
dy N 2 1

= —+—-y=xlo
dx xy &

This is equation in the form Df% +py=0Q
5 :

Where, p = x and Q =x log x
Now, L.F. = Efpdx _ Efgz{dx — a2(logx) _ Elogxz _ 2
Thus, the solution of the given differential equation is given by the relation

v(LF)=J(@x LE)dx+C
= y.x* = J-(xlﬁgx.xz)der C

The above equation becomes
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= X’y = J-(xalﬁgx)dx +C

On integrating using chain rule we get

d
= X’y = logx.fxadx— J- [Eﬁlogx).fxadx] dx+C

2y~ logx 5 f S PR
= = —— —.—
Xy=ieRy x4 )%
x*lo 1
4gx—aj-x3dx+c
Integrating and simplifying we get
x*logx 1 x*

R ———
4 4’4

—] Xzyz

= X’y =
1
= X’y = Ex“(-ﬂllﬂgx— N+C

= =ix2(410 —1)+Cx~?
Y= 16 gX

Therefore, the required general solution of the given differential equation

y = ixz (4logx— 1) + Cx 2
16

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

d 2
Xlﬁgxd_i Ty= ;lﬂgx
The above equation can be written as
dy v 2
dx N xlogx T x2
The given equation is in the form of dy py = Q
Where, p= X _and Q= % o

xlogx

1
Now, I.F. = e/ pdx — efxlngxd" = eloslegx) — gy
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Thus, the solution of the given differential equation is given by the relation:
y(.F)=J(QxLF)dx+C

—ylogx=[|Zlogx|ax+c

Now, | [% lﬂgx] dx =2 (lugx.xiz) dx

On integrating using chain rule we get

=2 :lﬂgx.fédx— J- [% (lﬁgx).f%dx} dx]

~afoss(-2)- (L (-2)

lo 1
_o] -l [ 1y
X X
lo 1
o[-l 1)
X X
= 2 1+1
= X( 0gx)

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

2
y.lngx=—£(1+lngx)+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
dy 2xy cotx
= —+ =
dx  (1+x2) 1+x2 .
The given equation is in the form of d—i +py=Q

2x cotx

Where, p = (1+x2) and Q =1+x2)
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2X
NGW |_F_ — E.I..de — Ef|:l+K2idx — Elog{1+xz] — 1 _|_ XE

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

5 cotx 5
=V.(1+x°) = [1+X2.(1+x )]d:xH—C

= v.(1+x?) =J-c0txdx+ﬂ

On integrating we get

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

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

dy

9. x—+ y—x+xycotx=0 (x#0)
dx

Solution:

Given

dy
Xty - X+xycotx = 0
The above equation can be written as

dy+ 1 +xcotx) =
— —_— F =
Xoo v(1 + xcotx) =X

d}’_l_ (14— tX.‘ 1
= — — =
dx X €0 )}’

The given equation is in the form ofg +px=0Q
Where,p=1_, oxand Q=1 '

X
NGW, LE. = Efpdx — Ef(i+cc:tx)d}' — Elngx+10g{s:inx] — Elag{xsinx] = xsinx
Thus, the solution of the given differential equation is given by the relation
x(I.F)=J(Qx LF)dy+C

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

= y(xsinx) = J-[xsinx]dx +C
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By splitting the integrals we get
d
= y(xsinx) = XJ- sinxdx — J- [ﬁ (x).J- sinxdx] +C
= y(xsinx) = x(—cosx) — J- 1.(—cosx)dx+ C

On integrating we get
=y (xsinx)=-xcosx+sinx+C

—XCOSX sinx C
+——+

= xsinx xsinx xsinx

C

xsinx

y —cotx + - +
= X

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

Xsinx

y =-cotx += +

dy
10. (x+ y)—=1
dx

Solution:
Given

d
(x+y)=1

The above equation can be written as

dy 1
dx x+y
dx
:-d—}?:x—l-y
dx
:*-d—y—x:y

The given equation is in the form of % +px=0Q

Where,p=-1and Q=vy

Now, I.F. = afPdy — of—dy — o-¥

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

x (L) =J(@x LE.)dy+C
= xe™V = ’-[y.e‘?*']dy+ C
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d
= xe ¥ = yJ- e~y — J- [d_y (v) J- e‘?*'dy] dy + C
= xe ¥V =y(—e¥) - f(—e‘*’)dy#— C
On integrating and computing we get
= xe ¥V =—ye ¥ + J- e Ydy+C

= xXe Y =—ye ¥ —e ¥+

=>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:
Given

ydx + (x— y?)dy = 0
The above equation can be written as
= ydx = (y? —x)dy

dx  (y*—x) X

¥~y Uy
On simplifying we get
dx N X
— — —
iy 'y’ iy
The above equation is in the form of 3, T PX=Q
1

Where, p = y and Q=y
[
Now, I.F. = afpdy — o)y = plogy — y

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

= Xy = f[y.y]dyﬂ— C

:*rx.y:J-yzdy—kC
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On integrating we get
FE
= xXxy=—+C

3

3
C
:‘-X}’=%+§

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

2
C
X}’=F;+;

5. dy
12. {.t‘+3}"}i= y (y>0)
dx

Solution:
Given
d

(x+3y2) =y
On rearranging we get
Ly

dx x+ 3y?

dx x+3y* x
= — = =—+ 3y

dy y y
On simplification

This is equation in the form Df? +py=0Q
X
Where, p=-1/y and Q= 3y

dv 1
d -5 _ e log(;) _ 1
Now, I.LF. = v

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

L [favasc
= X.—= —

v y}’ Y
On integrating we get

- 3y +C
= — =3y
y
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= 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 ; I
13. — 4 2ytanx=sinx; y=0 when x=—
dx 3
Solution:
Given

% + 2ytanx = sinx

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

Where, p = 2 tanx and Q =sin x

Now, I.F. = Efpdx _ ef 2tanxdx _ ,2log(secx) _ elug{seczx} = secly

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

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

= y. (sec’x) = J-[secx.tanx]dx + C

On integrating we get
= y.(sec’x) = secx+ C_

I
Now, itis giventhaty=0atx =3
0 X seczE— secE-l—C
3 73
=0=2+C
=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.
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- dy 1
14 (14+x7)—+2xy = .
dx 14+ x°

:v=0 when x=1

Solution:
Given
2y dy _
(1+x )dx—I—EX}F— s
dy 2Xy 1
= 1+ =
dx  (1+x?2) (1+x2)2

d
The given equation is in the form of d—i +py=Q
2x 1

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

X
Now LF.= EdeK — EJF[HJ\:Zid}c — Elng{1+x2] =14 xz

Thus, the solution of the given differential equation is given by the relation
VILE) = [(Qx LE)dx+C

=y.(1+xz)=f[u+—:;)2.(l+xzj]dx+c

1
:‘-}’.(14'}{2) = J-mdk'F C
On integrating we get

=y (1+x)=tan'x+C 4

Now, it is given thaty=0atx=1
O=tan?1+C

=C=_1

4 i

Now, Substituting the value of C= 2 in (1), we get,
T
=vy.(l1+x%) =tan'x— 2
Therefore, the required general solution of the given differential equation is

s
v.(1+x?)=tan'x— 2

dy o
15. f—'—,'%_r cotx=sin2x; y=2 when x =
dx

NS
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Solution:
Given

dy
d— — 3ycotx = sin2x

This is equation in the form Df dx “+py=Q

Where, p =-3cot x and Q =sin 2x
Now, I.F. = E_rpdt — a3 [cotxdx _ p—3loglsind] _ 4 E|5m32{| _

Thus, the solution of the given differential equation is given bv the relation
y(LF) =S (Qx I-F.)dx+ C

1
= 51112:{
Y. sin3x J- [

= ycosec®x = 2 J-(cutxcusecx)dxﬂ— C

1

dx + C

On integrating we get
= y cosec’x = 2cosecx + C

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

.
-
=

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

2=-2+C

=0C=4

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

y = -25in’x + 4sin’x

= y = 4sin®x - 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:
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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 5

According to the given conditions, we get,

dy
E—Xﬂ-}’

On rearranging we get
dy

_— — — =X
dx

- . 4
This is equation in the form Dfd_i +py=0Q

Where, p=-1and Q =x :

Now, I.F. = e/Pdx — of(-1)dx _ o

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

=ye ™= [xe¥dx+C 1
—X _ —X _ i =M s .

Nc:w,fxe dx=x[e ™ dx— [ [dx(x}.f e d_x} dx

On integrating

=x(e ™) — J-(—e‘x)dx

=x(e™) + (-e™)

=—eF(x+1)

Thus, from equation 1, we get,

= ye t=—eF(x+1)+C

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

=x+y+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=¢"

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

According to the given conditions, we get, '

dy +5 +

dx —XTy

On rearranging we get
dy
— —yv=x%x—5

— d}{ X

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

y(LE) = J(QX LE)dx +C
—ye™ = [(x—5)e™dx+C . 1

NGW’I(X—E)E_de= (x—5)fedx— [ [i{x— 5). e dx] dx

= x-5)(e™) - e

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

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

X+y—4=-2¢e"

>y=4-x—-2e"

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

y=4—-x-2¢e"
. . . . dy 2,
18. The Integrating Factor of the differential equatiorv— — y = 2x° s
dx

A.e™ B.e” C.1/x D. x
Solution:
C.1/x
Explanation:
Given

dy 5.2
X = 2X
On simplification we get

d
= A 2x
dx x
This is equation in the form n:-f'jL—j'r +py=Q
.4
Where, p =-1/x and Q =2x
Now, I.F. = afpdx _ of —;td-‘i _ aloglx )L T 12
Hence the answer is 1/x .
19. The Integrating Factor of the differential equation
5, X : _
(I-y° ) —+yx = ay(-1< y<1) is
dy
. } l . | |

A 3 (B > (C) 2 D 2
) S 2 A g W) Ji-y
Solution:

I

(D) i
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Explanation:
Given
(1-y)T+yx=ay
On rearranging we get
N @ N yx___ &
dx 1-y?2 1-—y? iy
This is equation in the form of -+ py = Q

}" a
Where, p=1-¥"and Q= 1-v*
Now, I.LF. = 1
_|’—3r d 1 z log Iry w2
L Ede}' = @ 1-¥7 Y = EElﬂg{l—}" } =g J Y

(1-y?)
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MISCELLANEOUS EXERCISE PAGE NO: 419

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

1y /
(1) cf ; +“'n[“ \ -6y=logx

dx },l
. { y ] a‘\) _
)y | = Ty= smx
dx )

d*y 1 W

——'~.1[1 0
(111) 5 73
Solution:
(i) Given
dZ

—+ 5x (d}r) — 6y = logx
Dn rearranglng we get

d*y dy’
—+5x( ) —6y—logx=10
dx? dx y—08 "
We can see that the highest order derivative present in the differential is d—i
Thus, its order is two. It is polynomial equation in ii’

dx

The highest power raised to 9%y is 1.
Therefore, its degree is one. dc?

(i) Given
(%)3 —4 (g)g + 7y = sinx

The above equation can be written as
2

dyy dy) .
(E) 4((1}{ + 7y —sinx=0

. . . . R |
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 &
. : dy .
The highest power raised to d—i is 3. dx
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Therefore, its degree is three.

(iii) Given

dy o ()

dxct S (dx) =0

The above equation can be written as
d%y dy

2
—+5x(—) —6y—logx=0
dx? dx y &%
We can see that the highest order derivative present in the differential is
Thus, its order is four. The given differential equation is not a polynomial

equation.
Therefore, its degree is not defined.

d%

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
: - l'.f 4 fi'r"l. 7
(1) xy=ae"+be™+x : @ WL\ t+x —2=0
' dx- dx
d* ay
(1) v=¢€" (acosx+ bsinx) : — —2—+2y=0
' dx? dx
N
.. : dy .
(1) v = x sin 3x y > +9y—6cos 3x=0
" dx
. 4 >, dy
(iv) x* = 2_\‘3 log v z (X TRY XY= 0

dx

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

dy d d d
E—HEKE )+bﬁ(e )+E(X)
d
= —=ae"—be™ +2x
dx

Now, again differentiating above equation both sides with respect to x, we get,
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d | d . e
E[F)—E(ae—be + 2x)

d?y
= —— =ae“*+be™+2

dx?

dy 4%y
Now, Substituting the values of dx’ and d=* in the given differential equations,
we get,
We have
dy | o dy 2 _

LHS:dez—I_de Xy +x°—2

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

= (axe* +hxe™ + 2x) + 2(ae* - be™ + 2) —x (ae* +he™ + x*) + x* - 2

= 2ae" -2be™ +x% + 6x -2

=0

= | HS = RHS.

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

(if) Giveny =e*(acos x+ b sin x) =ae*cos x + b e"sin x
Now, differentiating both sides with respect to x, we get,

dy d Y =
o aﬁ(e cosx) + bﬁ(e sinx)
dy 2
== 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,
dzy—(+b)d(" )+ (b < (e
3z = @ 35 (& cosK (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 d=* in the given differential equations,
we get,
dy 5 dy
|_H5=dx2+ de+2y

=2e*(b cos x —asinx) -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] + e*[(-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,

W _ 9 (xsin3x) = sin3x + x.cos3x.3
d){_dx X8IMoX) = SlNoX — X. Q050X

= —F = 8in3x + 3xcos3x
dx

Now, again differentiating both sides with respect to x, we get,
d’y d d
= (sin3x)+ 3 - (xcos3x)
d%y |
=g 3x083x + 3[cos3x + x(—sin3x). 3]

On simplifying we get
dE

= —F = 6C083¥X — 9usin3dxy
dx?

dZy
Now, substituting the value of dx in the LHS of the given differential equation,
we get,
d?y
a2 + 9y — 6c053x
= (6.c0s3x — 9xsin3x) + 9xsin3x — 6cos3x
=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,
d . o
2x=2.ax 3 10F)

Using product rule we get
dy ,14d
=X = [Ey.logy.£+ y §d_
dy
= X = i (2ylogy + y)
dy X
—ax v(1+ 2logy)

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

Z4+y?)——xy = (2y*logy + y?). —

(x*+y°) ¢ —xy =2y logy +y )y(1+zlng}f} Xy
X

=y*(1+ 2logy). -

y*( ogy) yv(1+ 2logy) Xy
= XY —XY
=0
Therefore, the given function is the solution of the corresponding differential
equation.

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*=a’

= 2y? = 2ax—¥..........1

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

2y— =
dx 2

On simplifying we get
dy a—x

—dx 2y
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dy  Z2ax—2x°

dx axy L2
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?
dx 4xy
Therefore, the differential equation of the family of curves is given as

dy  2y°—x°

dx dxy

4. Prove that x? — y? = ¢ (x2 + 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  y-3xfy 1
Now, let us take y = vx for further simplification

On differentiating we get

d d
ﬁﬁ(}’)=£(ﬂi)

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

dx  (vx)® — 3x2(vx)

Taking common and simplifying we get

. dv  1—3v?

= vix—=

dx v3—3v
dv 1 — 3v?

= xXx— = v

dx  v3—3v
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Taking LCM and simplifying we get

dv 1—3vZ—v(v?—3v)
—ax v3—3y

dv  1—3v*
X T vi—3v

v3 —3v i dx
—“\1-3v¢+)" T %
On integrating both sides we get,
w33y .
f( )dv= logx + logC 5

1—3v=

Splitting the denominator
Now Jﬂ(va—zv) dv = _[ v dv — 3-[ vdw

1-—3v= 1—wv* 11—+

vdwv

1-v4 e 3

= | (va_gvjdv = I, — 3I,,wherel, = fli—idm andI, = [

1-3v3
let1—v*=t
On differentiating we get

4 g a4y _ ot
=}dv[:1 v)_dv

dt
Bt A=
vidy=-2
= 4
Now, I, = —% = —ilogt= —ilog(l— v*)
vdv T vdv
and 1, = J- 1—vt J 1—(v2)?
Letvi=p

Differentiating above equation with respect to v

d dp
vy = &
Z}dvﬂF ) dv

dp
==g
dp
= vdv = >

Using these things we get
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IR EEINTE
=g T T %2 %81

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

1|1 +v?
1—vw

v? —3y 1 3 1+v?
__ = B
J-(l—v“)dv_ 410g(1 v*) 410g 2
Thus, equation (2), becomes,
L og(1— v — 21og 2| = logx + loge
4ﬂg A 4Ggl—v2 = logx + log
1 1+v )
=3 ﬂg[[l V“)( —VE) =logC'x
(l-l—vz)“ s
[l T = (C'x)
Computing and simplifying we get
%)’
(1+X—2) ~ 1

(5
X
= (x* —y?)? = Cx* +y?)?
= (= y?) = C? +y)
= (x* —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

On multiplying we get

=>x—a+yy —ay' =0

=>x+yy —a(l+y’)=0
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a,a)

N

o
Therefore from above equation we have
x+yy!
= 3= 1+y/

Now, substituting the value of a in equation 1, we getf,

- (55 b (5

1+y
Taking LCM and simplifying we get

2 }’_Xg
BT -
1+vy

x—yy
1+y

S
- X

x+yy'\°
1+y

= (X-y)2y2 + (x—y) = (x+yy)?
= (x—yP[1+(y')] = (x+yy')
Therefore, the required differential equation of the family of circles is

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

6. Find the general solution of the differential equation

Solution:
Given

dy ||1—1r'Z _
dx T 1-x2 0

On rearranging we get
dy J1I—y?

dy

Class - Xll _ Maths
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On integrating, we get,

sin"ly=sin"'x+C

= sinx +sinly=C

, , , ody vy 4 v+l
7. Show that the general solution of the differential equation —t =()
is given by (x +y + 1) = A (1 —x —y — 2xy), where A is parameter. 4X X~ +x+1

Solution:

Given

dy y2+y+1 i
E «Z4utl
On rearranging

dy yvi+y+1
= — = —| —
dx X24+x+1
Separating the variables using variable separable method we get
dy —dx
— =
yi+y+1 x?+x+1
dy dx
= + =
yvi+y+1 x2+x+1
Taking integrals on both sides, we get,

J’ dy +J’ dx 3
y2+y+1 JxZ+x+1

or (e

2

On integrating we get

1 1
2t ‘1F+i+2t‘1XJri C
= —tan —tan
V3 RE V3
2 2
1 2v+1 4 2x+1
= tan [— + tan [ ]=C
V3

Using tan™ formula we get
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F2y+1  2x+1
-1 V3 i V3 V3
= tan =—=C
1— 2y+1 2x+1 2
_ V3 T V3
2x+2y+ 2
tan~? V3 = En:
— tal 1_(4xy+2x+2y+1) 2
| 3
Computing and simplifying we get
B 2V3(x+y+1) V3
= tan™* =—C
3 —4xy—2x—2y—1 2
| 2V3(x+y+1) V3
= tan =—
2(1—x—y— 2xy)

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

Let tan (?C) =B

Then,
2B

X+y+1= E(l—x—y—zxy)
2B

Now, let A = V3 is a parameter, then, we get
x+y+1=A(l-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 siny dy = 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
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 (secxsecy)=logC
= Secxsecy=_C
The curve passes through point (0, i/4)
Thus, 1 xv2=C
=C=v2
On substituting C = V2 in equation (1), we get,
Secxsecy=V2

1
= secx.—— = /2
cosy
secx
— COSY = —
y 2

SeCck

Therefore, the required equation of the curve is COSy =

ral| f

J
9. Find the particular solution of the differential equation (1 + e**) dy + (1 + y?) e* dx =
0, given that y =1 when x = 0.

Solution:
Given (1 +e®)dy+(1+y?) e*dx=0
Separating the variables using variable separable method we get
dy e*dx
= + -
1+y?2 1+e?
On integrating both sides, we get,

*q
tanly+ [——==C

1+e2¥ 1

lete*=t
= e =17

On differentiating we get

d dt
= &%) =5

3{_dt
= e ==
= e*dx = dt

Substituting the value in equation (1), we get,
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dt c
1+1t2

tan~ly + J-

=tanly+tantt=C=tan?y+tan™ (") =C

Now,y=1latx=0
Therefore, equation (2) becomes,
Tant1l+tan?1=C

TII+TL' C
— — — =
4" 4
C T
— = —
4

Substituting c = /4 in (2), we get,
T
tanty+tan? (ef) =2

X

10. Solve the differential equation V ¢ Ydx=

Solution:
Given

X X
yevdx = (xe§ + y? ) dy
On rearranging we get
*dx o
=> yey — = xe¥ +
y dy y

Taking common

bg-o-v
= eV|y.o-—X| =¥
dy

dx
K O ——
¥ S—
x
Differentiating it with respect to y, we get,
d ( ;) dz
dy &)= dy
; d (x) dz
= eV, —|—| =—
dy\y/ dy
2 }"dE_:‘r dz
— 2¥, }; = —
y Yo 2

Class - Xll _ Maths
Ch. 9 - Differential Equations
NCERT Solutions

+ y* Jdy (y#0)



2. d v Class - XIl _ Maths
e secu m Ch. 9 - Differential Equations
EDUCATION NCERT Solutions

From equation (1) and equation (2), we have
dz

d_y =1

= dz =dy

On integrating both sides, we get,

I=y+C

=~;e§=y+C

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

Solution:
Given (x—v) (dx + dy) = dx — dy

= (x—y+1)dy=(1-x+vy)dx
On rearranging we get
dy 1—-x+y
= — =
dx x—y+1
dy  1-(x-y)
dx  1+(x+y) |
letx—y=t
Differentiating above equation with respect to x we get
d(x—y) dt
dx  dx
dy dt
dx  dx
dt dy
dx dx

=1

=1

dy
Now, let us substitute the value of x-y and dx in equation (1), we get,
dt 1—-t
g
On rearranging we get

dt—l (1—1:)
i 1+t
dt (1+t)—(1—1)

T ax 1+t
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Computing and simplifying we get
dt 2t

_y — = —
ds 1+t

1+t
— (T) dt = Ed}l
— (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=-1latx=0

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

=C=1

Substituting C = 1in equation (3), we get,
log |x—vy|=x+y+1

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

=x+y+1
E_E‘H v |dx
12. Solve the differential equation -~ — =hExED)
\/? \/T dy
Solution:
Given
—z-X
[e i %] el
On rearranging we get
dy e 2% y
TaxT VR VR
_ E—l_ i= e 24X

dx \."E \."E i
- . . ¥
This is equation in the form of 3 +py=Q
1 E—Z\,'E

Where, p = VEand Q= v
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1
Now, I.F =Erpdx=efv_idx: p2vx
, LLF.

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

— e 2Vx -
::-yez““‘zf( = xez‘”‘)dx—kc
VE

= ye2Vx = J-idx+c
VX

On integrating we get
= yez” 2x+ C

¥
13. Find a particular solution of the differential equation a‘* y cotx = 4xcosecx
(x # 0), given that y = 0 when x = t/2

Solution:
Given

dy
- + ycotx = 4Xcosecx

Gwen equation is in the form :::f— py =Q
Where, p = cot x and Q = 4x cosec x

= - .
Now, I.F. = E_rpdx' _ Efcot*:dx lug_sum =\gifnx

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

= ysinx = J- 2xcosecxdx + C

=-’-}J-xdx+c

On integrating we get
2
X

=4 +C
2

= ysinx = 2x% + C
T

Now,y=0atx=z2

Therefore, equation (1), we get,
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z
0=2X,+C

::HC:’”Z
4 2

Now, substituting C = 4 in equation (1), we get,
1_[2

ysinx= 2x?— —

Therefore, the required particular solution of the given differential equation is
2
ysinx= 2x2 — “:

+ 1 d}r =2c7¥ 1
14. Find a particular solution of the differential equation, (X )5 = <€

given thaty=0when x=0.

Solution:
Given

W _ oa-v _
(X-I—l)dx—ze 1

On rearranging we get

dy dx
— =
2ev—1 x+1
e¥dy  dx

2—e¥ x+1
On integrating both sides, we get,

J$5=toghx +1] #loge
let2 —e¥ =1t
dt

-'-d—FKE—E}') =d_}’
= —e¥ = E

dy
= e'dt =-dt
Substituting value in equation (1), we get,

—dt

~ = 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
:"2—&}' (x )

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,
=2 =51
= e¥=2— -
(x+ 1)

2v+2—1
— Y T TG+
eV 2x +1

(x+1)

2x+1

=y= lﬂg| 11 |,[x¢ —1)
Therefore, the required particular solution of the given differential equation is

2x+1
V= ln:rg| T 1 X = —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

dy
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Where k is proportionality constant.

i
— Y kar
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
= 5k = lﬁg(zg[}[}[}) = log (E)
1 3
=k = glﬁg (:1-) ......... 3

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

LogY =10 x 2log (%) + log(20000)

5
= logy = lﬁglzﬂﬂﬂﬂ X (E) ‘

5 5
=y = 20000 X X

=y =31250
Therefore, the population of the village in 2009 will be 31250.
ydx —xdx
16. The general solution of the differential equation ———— = 0 is
A.xy=C B. x = Cy? C.y=Cx D.y=Cx2 Y

Solution:
C.y=Cx

Explanation:
Given question is
ydx — xdx
_— — =

Xy
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On rearranging we get
1 1
= —dx——dy=10
X y
Integrating both sides, we get,
Log |x| - log |y| =logk
X
_ 10g|;| = logk

X

2ok
=¥
V=%

1
= y=Cxwhere C=k

dx
17. The general solution of a differential equation of the type f_ +Px=0Q, is
dy

(A) y eJ‘ ded™ J‘(Qifll"ﬁ o ) dy+C
(B) ._‘1‘ : {’J_P' e ‘I-(Qlf-[P' “ ]nh‘ +C

|- P, dy

(© xel®® = [[Qel™ )y £

| B, dx

(D) xe = ‘(Qlﬁ[])' "'!"']six-th

Solution:
|_F‘I dy

- P dv
(C) xe :J-(Qlf‘J . ].-:f_‘rJrC
Explanation:

: X : i . . d
The integrating factor of the given differential equation d—; +Px=0Q,
i5 E.IFPJ. d}r_

Thus, the general solution of the differential equation is given by,
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x(LF.) = J-(Qx LF.)dy + C

= x. e/ P1dy = J-(Qlefpldl")dy-l— C

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

Solution:
C.yex+x?=C

Explanation:
Given e*dy + (ye* + 2x) dx =0
On rearranging we get
=}e"E+ e*+2x =0
dx y

dy
= —+y=—2xe"

dx dy
This is equation in the form of 3, T P¥Y = Q
Where, p=1and Q =-2xe™

Now, L. = e/ P = ef & — g

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

= ye* = J-(—er‘x.ex)dx + C

=;ye"=—f2:{dx+c

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





