
1Differential Equations

1. (a) : The given differential equation is 
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\ Its order is 2 and degree is 1.
2. (b) : Order = 2, Degree = 3
\ Required sum = 2 + 3 = 5 
3. (d) : The given equation can be written as
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\ Order = 3, degree = 2

4. (c) : Given, y x= −cos 1
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\ c = 2
5. (b) :  We have, x2 + y2 = 9
⇒ 2x + 2yy′ = 0         [On differentiating both sides]
⇒ x + yy′ = 0 
⇒ 1 + yy″ + (y′)2 = 0         [On differentiating both sides]
6. (a) :  Given differential equation can be written as

⇒ − = −
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7. (c) : We have, dy
dx

y x y x
x

y
x

y
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=
+

= +
tan tan/  ...(i),

which is clearly a homogeneous differential equation

Putting y = vx ⇒ = +
dy
dx

v x dv
dx

 \ From (i), we have, v x dv
dx

v v
v
dv dx
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⇒ log sinv = logx + logC ⇒ sinv= xC ⇒ 





=sin .y
x

xC

8. (d) : Given differential equation is
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9. (a) : Given differential equation is dy
dx

y
x

x+ = 3

I.F. log=
∫

= =e e xx
dx x
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\ Solution is given by

 y x x x dx C x dx C⋅ = × + = +∫∫ 3 4

⇒ = +yx x C
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10. We have, 
dy
dx

xe xe ex y x y= = ⋅− −

⇒ = +∫ ∫e dy xe dx Cy x
  

⇒ = − +∫e xe e dx Cy x x1

⇒ ey = xex – ex + C 
⇒ ey – ex (x –1) = C 

11. We have, dy
dx

x y= +( )2

Let x + y = t ⇒ + =1 dy
dx

dt
dx

\ Given equation can be written as
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2

⇒ tan–1t = x + c  
⇒ tan–1(x + y) = x + c
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12. We have, 
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Since, L.H.S of the differential equation cannot be 

expressed as polynomial in dy
dx

. So, its degree is not 
defined.

13. Given, e xPdx∫ = sin

⇒ = ∫log(sin )x Pdx

Differentiating w.r.t. x, we get

 

1
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cos cot
x

x P P x⋅ = ⇒ =

14. We have, 
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∴ − =y x C2 3 2 3/ /  is the required solution.

15. The arbitrary constants in the general solution 
of the differential equation is equal to the order of the 
differential equation.
\ Number of arbitrary constants is 3.

OR

We have, cos sinx dy
dx

y x+ = 1

⇒ + ⋅ =
dy
dx

x
x
y

x
sin
cos cos

1

⇒ + =
dy
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x y
x

(tan )
cos

,1
which is of the form
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Py Q+ = . Here, P x Q
x

= =tan ,
cos

1

∴ = ∫ = ∫ = =I.F. e e e xPdx x xtan log(sec ) sec

16. (i) (b) : Given, T is the temperature of the body at 
any time t. Then, by Newton’s law of cooling, we get
dT
dt

k T= −( ),50 where k is the constant of proportionality.

(ii) (c) : From given information, we have 
At 8 p.m. temperature is 70°F
\ At t = 0, T = 70°F

(iii) (b) : From given information, we have 

At 10 p.m., temperature is 60°F
\ At t = 2, T = 60° F

(iv) (c) : dT
dt

k T= −( )50  ⇒
−

=dT
T

k dt
50

On integrating both sides, we get
log|T – 50| = kt + log C  ⇒  T – 50 = Cekt

Clearly, for t = 0, T = 70°  ⇒  C = 20
Thus, T – 50 = 20ekt

For t = 2, T = 60°  ⇒  10 = 20 e2k

⇒ 2 1
2
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(v) (b) : We have, T
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So, it appears that the person was murdered 2.5 hours 
before 8 p.m. i.e.,  about 5 : 30 p.m.
17. (i) Clearly, according to given information,
dy
dt

ky y= −( )5000 , where k is the constant of 

proportionality.

(ii) The given equation is y
e kt=

+−
5000

49 15000  

Substitute t = 0 in the given equation, we get

y =
+

5000
49 1

    y = 100.

18. We have, 
dy
dx

ax g
by f

=
+
+

.

⇒ (by + f  )dy = (ax + g)dx
Integrating both sides, we get

⇒ + = + +∫ ∫( ) ( )by f dy ax g dx c

⇒ + = + +
by fy a x gx c

2 2

2 2
⇒ by2 + 2 fy – ax2 – 2gx – 2c = 0, which represents a 
circle.
\ Coefficients of x2 and y2 must be equal i.e.,  
– a = b 

 a + b = 0, which is the required condition.
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19. We have, dy
dx

y x
x

−
+

=
( )1 0

⇒ =
+dy

dx
y x
x

( )1

⇒ = +dy
y

x
x
dx1

⇒ = +∫ ∫
dy
y x

dx1 1

⇒ logy = x + logx + C′

⇒ 





= +log y
x

x C′

⇒ = +y
x

ex C
′
 ⇒ = =

y
x

e e Cex C x′  where, C = eC ′

⇒ =y Cxex , which is required solution.

20. We have, dz
dx

z
x

z z
x

z+ =log (log )2
2   ...(i)

Let u = (logz)–1

⇒ = − ⋅ ⋅du
dx z z
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1 1
2(log )

⇒ = −dz
dx

z z du
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(log )2

Substituting the value of dz
dx

 in (i), we get
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u
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2 , which is of the form

 
du
dx

p x u Q x p x
x
Q x

x
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21. We have, x2 + y2 
dy
dx

= 4

⇒ = −y dy
dx

x2 24

⇒ y2dy = (4 – x2)dx

⇒ = −∫ ∫y dy x dx2 24( )

⇒ = − + ′
y x x C
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3
⇒ y3 = 12x – x3 + 3C′
⇒ x2 + y3 = 12x + C, where C = 3C′

22. We have, x x dy
dx

y
x

xlog log+ = 2

⇒ + =
dy
dx x x

y
x

1 2
2log

It is a linear differential equation of the form

dy
dx

Py Q+ = ,
 
whereP

x x
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∫

= =e e xx x
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log log(log ) log

\ Solution of the differential equation is given by

   y(logx) = ( )∫ log x
x
dx2

2

⇒ ( ) = − ( )



∫∫∫y x x

x
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dxlog log 2 1 2

y x x
x x

dx(log ) log= −



 + ∫

2 2
2

⇒ ( ) = −



 − +y x x
x x

Clog log 2 2

23. We have, (1 – y2)(1 + log x) dx + 2xy dy = 0
⇒ (1 – y2)(1 + log x) dx = – 2xy dy

⇒ ( log )1 2
1 2

+
= −

−
x

x
dx y

y
dy

On integrating both sides, we get
1 2

1 2
+

= −
−∫ ∫

log x
x

dx y
y
dy

( log ) log| |1
2

1
2

2+
= − +

x y C

When x = 1, y = 0

\ ( log ) log( )1 1
2

1
2+

= + C   ⇒ C = 1
2

⇒ 
( log ) log| |1

2
1 1

2

2
2+

= − +
x y

⇒ (1 + log x)2 = 2 log |1 – y2| + 1 is the required 
solution.

OR

We have 
dy
dx

yg x g x g x+ ′ = ′( ) ( ) ( )   

Clearly, it is a linear differential equation of the form 
dy
dx

Py Q+ = , where P = g′(x) and Q = g(x)g′(x).

∴ = ∫ = ∫ =′I.F. .e e ePdx g x dx g x( ) ( )

The solution is y e e g x g x dx Cg x g x⋅ = ′ +∫( ) ( ) ( ) ( )  ...(i)

Let I e g x g x dxg x= ′∫ ( ) ( ) ( )

Putting g(x) = t ⇒ g′(x)dx = dt

∴ = ∫I te dtt

 
= − 





= −∫ ∫ ∫ ∫t e dt d
dx

t e dt dt te e dtt t t t( )

 = tet – et = g(x)e g(x) – e g(x) 
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\ From (i), we have
 y· e g(x) = g(x)e g(x) – e g(x) + C′

⇒ y· e g(x) + e g(x) – g(x)e g(x) = C′

⇒ y + 1 –  g(x) = C′e –g(x)

⇒ log[y + 1 – g(x)] = –g(x) + logC′

⇒ g(x) + log[y + 1 – g(x)] = C, where C = logC′

24. We have x dy
dx

y x y
x

− + 



 =sin 0

⇒ 
dy
dx

y
x

y
x

− + 



 =sin 0

This is a linear homogeneous differential equation.

Put y = vx ⇒ = ⋅ +
dy
dx

v x dv
dx

1

∴ + − + =v x dv
dx

v vsin 0

⇒ + =x dv
dx

vsin 0
  

⇒ + =cosec vdv dx
x

0

Integrating both sides, we get
log |cosec v – cot v| + log x = log C
⇒ x (cosec v – cot v) = C

⇒ 



 − 











=x y
x

y
x

Ccosec cot

When x = 2, y = p

∴ −





= ⇒ =2
2 2

2cosec π πcot C C

⇒ 



 − 











=x y
x

y
x

cosec cot 2

is the required particular solution.

25. We have, e y dx y
x
dyx 1 02− + =

x e dx y

y
dyx +

−
=

1
0

2

Integrating both sides, we get

x e e dx y y dy Cx x⋅ − ⋅ − −( ) −( ) =∫∫
−

1 1
2

1 22
1
2

⇒ − −
−( )

=x e e
y

Cx x 1
2

1
1 2

2
1
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/

⇒ −( ) − − =e x y Cx 1 1 2

When x y= =    ,0 1,

∴ − − − =e C0 0 1 1 1( )
 ⇒ C = –1

∴ −( ) − − = −e x yx 1 1 12  

⇒ − − − + =e x yx( )1 1 1 02  is the required solution.

OR

We have, 
dy
dx

y
x x

=
−
+

1
2

⇒
−

=
+

dy
y

dx
x x1 2

⇒
−

=
+

dy
y

dx
x x1 1( )

⇒
−

= −
+







dy
y x x

dx
1

1 1
1

Integrating both sides, we get

 
dy
y x x

dx
−

= −
+





∫ ∫1

1 1
1

 

⇒ log(y – 1) = logx – log(x + 1) + log C

⇒ − =
+







⋅





log( ) logy x
x

C1
1

⇒ (y – 1)(x + 1) = xC  
Since, it passes through (1, 0), i.e., x = 1, y = 0
\ (–1)(1 + 1) = C ⇒ C = –2
\ Required curve is
 (y – 1)(x + 1) = –2x
⇒ (y – 1)(x + 1) + 2x = 0

26. We have, dy
dx

e
e
e e

x

y
x y= −( )

⇒ = ⋅ − ⋅e dy
dx

e e e ey x x x y

⇒ + ⋅ = ⋅e dy
dx

e e e ey x y x x

Put e v e dy
dx

dv
dx

y y= ⇒ =

∴ + = ⋅dv
dx

ve e ex x x , which is clearly a linear differential 

equation of the form dv
dx

Pv Q+ = ,

where P = ex, Q = ex· ex

I.F. = ∫ =e ee dx ex x

\ The solution is given by
 v e e e e dxe x x ex x

. = ⋅ ⋅∫
Putting ex = t, exdx = dt, we get

 v e t e dtt t. = ∫
 = − +∫te e dt Ct t1

 = tet – et + C
\ v = (t – 1) + Ce–t

⇒ ey = (ex – 1) + Ce–ex

27. We have, x x dy
dx

y x x xcos ( sin cos )



 + + = 1

⇒ + +



 =

dy
dx

y x x x
x x x x

sin cos
cos cos

1
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⇒ + +



 =

dy
dx

x
x
y

x
xtan sec ,1 1

which is a linear

differential equation of the form
dy
dx

Py Q+ = , where

 
P x

x
Q

x
x= + =tan , sec1 1

I.F. =
∫

= = =
+



 +e e e x x

x
x
dx x x x xtan log sec log log( sec ) sec

1

The solution is given by

 
yx x x x

x
xdxsec sec sec= ⋅∫

1

⇒ = ⇒ = +∫yx x dx yx x x Csec sec sec tan2

28. We have, y x dx
dy

x x( log ) log1 0+ − =

⇒ =
+

y dx
dy

x x
x

log
log1

⇒ =
+

∫ ∫
dy
y

x
x x

dx1 log
log

⇒ +



 = ⇒ =



∫log  = Puty t

t
dt x t

x
dx dt1 1log

= + = +∫ ∫
1 1
t
dt dt t tlog

= log (logx) + logx
⇒ logy = log(x logx) + log c
When, x = e, y = e2

 log e2 = log(e loge) + log c
⇒ 2 = 1 + logc ⇒ logc = 1
⇒ logc = 1
\ logy = log(x logx) + 1
⇒ logy – log(x logx) = 1

⇒






=log
log
y

x x
1

⇒ =
y

x x
e

log

⇒ y = exlogx

29. We have, ( ) ( )cosx dy
dx

xy x x x2 4 21 2 2 1+ − = + +

⇒ −
+

= +
dy
dx

x
x

y x x2
1

12
2( )cos , which is a linear

differential equation of the form 
dy
dx

Py Q+ = , where

 
P x

x
Q x x= −

+
= +2

1
12

2, ( )cos

∴ =
∫

= = + =
+

−
+ − + −I.F. e e x

x

x
x

dx
x

2
1 1 2 1

2
2 2

1 1
1

log( ) ( )

The solution is given by

 
y
x

x x
x

dx C⋅
+

= +
+

+∫
1

1
1 1

12
2

2( )cos

⇒
+

= ⋅ +∫
y

x
xdx C2 1

cos

⇒
+

= +
y

x
x C2 1

sin  ...(i)

At y (0) = 0, i.e. x = 0, y = 0, we have

 

0
0 1

0 0
+

= + ⇒ =sin C C

\ From (i), we have

∴
+

= ⇒ = +
y

x
x y x x2 1

12sin ( )sin

which is the required particular solution.

OR
Let P0 be the initial population and P be the population 
at any time t. It is given that

 
dP
dt

P∝

⇒ =dP
dt

Pλ λ,  is a constant

⇒ =dP
P

dtλ

⇒ =∫ ∫
1
P
dP dtλ

⇒ log P = lt + C  ...(i)
At t = 0, we have P = P0. Putting t = 0 and P = P0 in (i), 
we get
 log P0 = 0 + C ⇒ C = log P0

Putting C = log P0 in (i), we get
 log P = lt + log P0

⇒






=log P
P

t
0

λ  ...(ii)

It is given thart P = 2P0 when t = 25 days. Putting t = 25 
and P = 2P0 in (ii), we get

 
log log2 25 1

25
2= ⇒ =λ λ

Putting λ = 1
25

2log in (ii), we get

 log logP
P

t
0

1
25

2






= 



  ...(iii)

Suppose the population is tripled in t1 days. i.e. P = 3 P0 
when t = t1.

Putting P = 3P0 and t = t1 in (iii), we get

 
log log log

log
3 1

25
2 25 3

21 1= 



 ⇒ =







t t days
 

Hence, the population is tripled in 25 3
2

log
log






days.



6

30. Let y = f(x) be the given curve. Then, the slope of the 

tangent at P(x, y) is 
dy
dx

. But, the slope of the tangent at P 

is given as y
x

y
x

y
x

− cot cos . Therefore,

 
dy
dx

y
x

y
x

y
x

= − cot cos

Putting y = vx ⇒ = +
dy
dx

v x dv
dx

 
v x dv

dx
v v v+ = − cot cos

⇒ = −x dv
dx

v vcot cos

⇒ = −sec tanv vdv dx
x

⇒ secv = –log|x| + log C   [On integrating]

⇒ 



 = − +sec log| |y
x

x C

Since, the curve passes through (1, p/4). i.e., x = 1, 
y = p/4 Therefore,

 sec p/4 = –log 1 + C  ⇒ =C 2

\ sec log| | ,y
x

x



 = − + 2 which is the required 

equation of the curve.
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