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DIFFERENTIAL EQUATIONS

CONCEPT TYPE QUESTIONS

Directions : This section contains multiple choice questions. Each
question has four choices (a), (b), (¢) and (d), out of which only
one is correct.

1.

The differential equation representing the family of
parabolas having vertex at origin and axis along positive
direction of x-axis is
(@ yy'-2xy =0 (b) ¥ —2xyy"=0
() y¥¥-2xyy=0 (d) None of these
The differential equation of all non-horizontal lines in a
planeis 5

dzy dex d dx

ey —=0 @ _ —=-0
@ 5 ® 20O 0@y
The differential equation which represent the family of
curves y = aeP®, where a and b are arbitrary constants.

(@ y =y b)) y'=yy
© yy'=y (d) yy'=(")?
AJ1- y2

The differential equation (5 =
dx y

determines a family of circle with

(a) variableradii and fixed centre (0, 1)

(b) variable radii and fixed centre (0, —1)

(c) fixedradius 1 and variable centre on x-axis

(d) fixed radius 1 and variable centre on y-axis

d
The solution of the differential equation d_y =Y+ x%Y
is X
3 2

Y (b) ey=XT+eX+C

(a) ex=? +e¥+c
3

(c) e¥= X?—% eX+tc (d) None of these

Solution of differential equation (x2—2x+2y?) dx +2xydy=0
is

2 1 2 ¢ 22 2,.¢
=2x——x"+— (b =X x4+ —
(@ vy 2 2 ®) ¥y =3 2
© y2=2 —X2+—C (d) None of th
C y =—X— one o €se
30 4 2

The order and degree of the differential equation
1

2 -1
a7y n (j_yj 4 1 x5 =0, respectively, are
X

10.

11.

12.

13.

(a) 2 and not defined (b) 2and2

(¢) 2and3 (d) 3and3

tan~!x +tan~! y= cis the general solution of the differential
equation

dy 1+y2
@ dx 1+x2
ﬂ_ 1+x2
b)) o lJryz

() 1+x)dy+(1+y?)dx=0
d A+x)dx+(1+y?)dy=0
Integrating factor of the differential equation

d
—y+ytanxfsecx=0is

dx
(a) cosx (b) secx
(C) eCOS X (d) eSCC X
. 2 1 .
General solution of ﬂ+ X is

2 2
(@) y(1+x*)=c+tan!x

=c+ tan_1 X

® 12

(¢) ylog(1+x?)=c+tan!'x
(d y(l+x¥)=c+sin!x

dx X
A homogeneous differential equation of the E =h ;

can be solved by making the substitution
(@) y=wx (b) v=yx
(c) x=vy (d x=v
Which of the following equation has

y = ¢, €+ ¢, ¢ * as the general solution?

dzy dzy
—Z +y=0 b) —-y=0
(a) o) y (b) dx2 y
d?y d’y
(©) sy +1=0 (d)idX2 -1=0

The particular solution of
log dy_ 3x +4y,y(0)=0is
dx

(a) eX+3eH=4 (b) 4e*-3H=3
(c) 3e*+4ev=7 (d) 4e*+3eH=7



14.

15.

16.

17.

18.

19.

20.

21.

22,
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The solution of the equation dy = Sx-dy-2 i
dx 3x-4y-3

@ -y)+c=log(Bx—4y+1)

(b) x—y+c=log(3x—4y+4)

(c) x—y+c)=log(3x—-4y-3)

(d x—y+tc=log(3x—4y+1)

The order of the differential equation of a family of curves

represented by an equation containing four arbitrary

constants, will be

(a) 2 (b) 4 (c) 6 (d) None ofthese

The order and degree of the differential equation

2 1/3
ﬂ{d_}’j x4 0
dx? \dx

(a) order= 3, degree=2 (b) order=2, degree =3
(¢) order=2,degree=2 (d) order=3, degree =3
The differential equation representing the family of curves
y=Acos (x + B), where A, B are parameters, is

S

d? d?
d’y dy dy
(c) dx_f&ﬂ] (d) &+y=0

The order and degree of the differential equation

2

y= x§+ a’ (ﬂ] +b2 s
dx dx

(a) order=1,degree=2 (b) order=2, degree=1

(c) order=2,degree=2 (d) None of these

The order and degree of the differential equation whose

32

solution is y =cx + c?-3c¥2 42 , Where c is a parameter, is

(a) order=4, degree=4 (b) order=4, degreec=1
(¢) order=1, degree=4 (d) None of these

An equation which involves variables as well as derivative
of the dependent variable with respect to independent
variable, is known as

(a) differential equation
(c) linear equation

(b) integral equation
(d) quadratic equation

2
For the differential equationj—g—i-y =0, if there is a
X
function y = ¢ (x) that will satisfy it, then the function
y= ¢ (x) is called
(a) solution curve only
(b) integral curve only
(c) solution curve or integral curve
(d) None of the above
The differential equation obtained by eliminating the
arbitrary constants a and b from xy = ae* + be ™ is

d*y dy d*y . dy
a) X—+2——-xy=0 (b) —5+2y—-xy=0
(©) xﬁ+2ﬂ+x =0 (d) dz_y+ﬂ_2 =0
LR N

23.

24,

25.

26.

27.

28.

29.

30.

31.

A first order-first degree differential equation is of the form
2 3

d°y d’y

(a) dX—ZZF(X,Y) (b) dx—2=F(X;Y)
dy)? d

(c) [d—zj F(xy) @ o =F(x)

The equation of a curve whose tangent at any point on it

different from origin has slope y + %, is

(a) y=¢e* (b) y=kx. e
(¢) y=kx d y=k &’
The solution of the differential equation
X X
(1+e¥)dx+eY [1+§j dy =0 is
y
(a) yex+x=C (b) xe¥+y=C
y X

(©) yeX+y=C @ ye¥+y=c
The differential equation of the form
dy

—+Py=
By Q

where, P and Q are constants or functions of x only, is
known as a

(a) firstorder differential equation

(b) linear differential equation

(c) firstorder linear differential equation

(d) None of the above

Which of the following is/are first order linear differential

equation?
d d 1
(a) d—z+Y=SinX (b) d—z+(;j}’=ex

dy y 1
(©) d_x+ X log =% (d) Alltheabove
If p and q are the order and degree of the differential

2
d d
equation y—y xS ey + Xy = cos X, then
dx dx?
(@ p<q () p=q
) p>q (d) None of these

The differential equation obtained by eliminating arbitrary
constants from y = ae® is

2 2
d d d d
(a) y_g_i__y:() (b) _Z__y:()
dx dx dx dx
2 2 2 2
dy (dy) d%y (dy)

The elimination of constants A, B and C from
y=A+ Bx— Ce™*leads the differential equation:
(a) yn + ym =0 (b) yn _ yvn =0

(c) y+e=0 (@ y'+e=0
The integrating factor of the differential equation
X2 — y=2x%is

dx

1
(@) e~ (b) e~ © - (d) x
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32. The degree of the differential equation

3P +243y, 4y =0 is:

(a 1 (b) 2 () 3 (d) Noneofthese
33. In order to solve the differential equation

d
xcosxd—y-i- y(xsinx +cosx) =1
X

the integrating factor is:
(a) xcosx (b) xsecx
(¢) xsinx (d) xcosecx
34. The differential equation representing the family of curves

y2 :Zc(x+\/z) , where ¢ > 0, is a parameter, is of order
and degree as follows :
(a) order 1, degree 2 (b) order 1, degree 1
(¢c) order 1, degree 3 (d) order 2, degree 2
35. Consider the differential equation

1 .
yzdx+(x——] dy=0.Ify (1) =1, then x is given by :
y

1 1

v ¥
(@) 4-2_¢ ® 3-L1.o
y e y e
1 1
¥ ¥
(© 1+1-% d -1
y e y e
36. The equation of the curve through the point
D Al
(1, 2) and whose slope is —5 , 18
X7 +x

(A (y-Dx+1)-2x=0 (b) 2x(y-1)+x+1=0

(©) x(y-D(x+1D)+2=0 (d) None of these
37. Differential equation of all straight lines which are at a
constant distance from the origin is

@ (y+xy)=p*d+yD) () (y-xy)*=p>(1-y})
(c) (y—XY1)2:P2(1+Y12) (d) None of these

38. General solution of the differential equation

d
d_z(l +yg (x)=gx). g' (x), where g(x) is a function of x is

(a) g(x)—log[l-y—g(x)
(b) g(x)—log[l+y—g(x)
() g(x)+[1+y-logg(x)
(d) g(x)+log[l+y—g(x)

1=C
1=C
1=C
1=C

39. If x% =y (log y — log x + 1), then the solution of the
X

equation is

(a) ylog{%} =cX (b) xlog(%j =cy

(©) log(ij =X (d) log [%} =cy

STATEMENT TYPE QUESTIONS

Directions : Read the following statements and choose the correct
option from the given below four options.
40. Consider the following statements

d
I.  The order of the differential equationi =e” is 1.

2
II.  The order of the differential equation d_;/ +y=01is2.
dx

III. The order of the differential equation
3
(3y) 5[ d%y)
kuﬁxzkd_yj =0is 3.
dx? dx?

Choose correct option.
(a) TandII are true (b) IIand Il are true
(¢) TandIII are true (d) Allare true
41. To solve first order linear differential equation, we use
following steps
I.  Write the solution of the given differential equation
as

y (IF) = [ (Qx IF) dx + C
II.  Write the given differential equation in the from
dy

d—+Py=Q, where P and Q are constants or
X

functions of x only.

III. Find the integrating factor (IF) ef P dx

The correct order of the above steps is
(a) ILIOLI (b) I, LI
(c) OLI I (d LI I

MATCHING TYPE QUESTIONS

Directions : Match the terms given in column-I with the terms
given in column-II and choose the correct option from the codes
given below.

42. Column-I Column-II

Differential equations Degree
dy X

A, —=¢ 1. 1
dx

2

d

B. —z +y=0 2. 2
dx
Sy o (q? y\ ’

C. —5+x k—zj =0 3. not defined
dx dx

2
&y (dzy\ dy

D. —+2|—| ———+y=0 4 3
dx3 kdxzj dx Y
2
E. (ﬂj +(ﬂ) —sin?y=0
dx dx
F. ﬂ+sin(d—y)=0
dx X
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Codes
A B C D E F
(a) 2 2 4 3 1 1
(b) 1 1 1 1 2 3
(c) 3 4 1 1 2 3
(d 1 1 1 3 4 2
43. Column-I Column-II
(Differential equations) (Order and degree
respectively)
A YPHEPHEY Y =0 121
B. y"+2y"+y =0 2. 1,1
C. y+y=e* 3. 3,1
D. y'+()+2y=0 4. 3,2
5. 1, not defined
Codes
A B C D
(a 5 4 1 3
(b) 2 4 1 3
(c) 4 2 3 1
(d) 4 32 1
44. Column-I Column-IT
(Solutions) Differential equations
A y=e+1 I. y+sinx=0
B. y=x*+2x+C 2. xy =ytxyx?-y?
(x#0andx>yorx <-y)
C. y=cosx+C 3. y'-y=0
D. y=vl+x? 4. xy =y(x=0)
E. y=Ax y-2x-2=0
F. y=xsinx 6. y= xy2
1+x
Codes
A B C D E F
(a) 2 1 4 3 6 5
(b) 2 1 4 6 5 3
() 5 6 1 4 3 2
(d) 3 5 1 6 4 2
INTEGER TYPE QUESTIONS

Directions : This section contains integer type questions. The
answer to each of the question is a single digit integer, ranging
from 0 to 9. Choose the correct option.

45.

46.

The order of the differential equation of all tangent lines
to the parabola y = x?, is

(@ 1 (b) 2 (¢) 3 (d) 4

The order of the differential equation whose general
solution is given by

y=(C,+ C) cos (x +Cy) _C4ex+C5

where C,, C,, C;, C,, C; are arbitrary constant, is
(@ 5 (b) 4 (¢ 3 (d) 2

47.

48.

50.

51.

52.

53.

54.

55.

56.

57.

Family y = Ax + A3 of curves will correspond to a
differential equation of order

(a 3 (b) 2 (© 1 (d) not infinite
The degree of the differential equation satisfied by the curve

Jl+x —a l+y=1,is

(@ 0 b 1 (c) 2 (d) 3
d? d

If y=e*(sin x + cos x), then the value of —Z— Yy 2y,
dx dx

is

(@ 0 (b) 1 (c) 2 (d) 3

. . . d L.
A differential equation of the form d_y = F(x, y) is said to
X

be homogeneous, if F(x, y) is a homogeneous function of

degree,
(@ 0 () 1 (c) 2 (d) 3
The order of the differential equation whose solution is :

y=acosx+bsinx+ceXis:

(@ 3 (b) 2 (© 1 (d) None of these
The degree of the differential equation
4 5
d3y . d2y . dy ty=0i
— — | +—+y=0is
dx? dx? dx
(@ 2 (b) 4 (c) 6 (d) 8

d
If the L.F. of the differential equation §+ S5y =cos x is

IeAd" ,thenA=
(@) 0 (d) 1 (c) 3 (d) 5
For y = cos kx to be a solution of differential equation
d2
—z+ 4y =0, the value of k is
dx
(@) 2 (b) 4 (c) 6 (d) 8
For the function y = Bx? to be the solution of differential
equation (ﬂf —15x2 9y — 2xy = 0, the value of B is
4 dx dx y= 5
, given that B # 0.
@@ 2 (b) 4
() 6 (d) 8
In the particular solution of differential equation
dy 1 ,
—— = — 5 _,thevalue of constant term is ,
dc  x(3y?-D) —
given that y=2 when x = 1.
(@) 2 (b) 4 (c) 6 (d) 8
2 2

A family of curves is given by the equation — + b_2 =1.
a

The differential equation representing this family of curves

. d’y dy)>  dy

is given by Xde_2+ AX(& YT 0. The value of
Ais

(@ 0 (b) 1 (¢ 3 (@) 5
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ASSERTION - REASON TYPE QUESTIONS

Directions: Each of these questions contains two statements,
Assertion and Reason. Each of these questions also has four
alternative choices, only one of which is the correct answer. You
have to select one of the codes (a), (b), (c) and (d) given below.
(a) Assertion is correct, Reason is correct; Reason is a correct
explanation for assertion.
(b) Assertion is correct, Reason is correct; Reason is not a
correct explanation for Assertion
(c) Assertion is correct, Reason is incorrect
(d) Assertion is incorrect, Reason is correct.
58. Assertion: Order of the differential equation whose
solution isy = ¢e* "2 + ¢3e* "% is 4.
Reason: Order of the differential equation is equal to the

number of independent arbitrary constant mentioned in the
solution of differential equation.

d
59. Assertion: x sin xd—y + (x + x cos x + sin x) y
X

T 2 . 1
—ginx. Yl =] =1-—= lim y(x) ==
’ 2 s x—0 3

Reason: The differential equation is linear with integrating
factor x(1 — cos x).

60. Assertion: The differential equation ofall circles in a plane
must be of order 3.
Reason: If three points are non-collinear, then only one
circle always passing through these points.

61. Assertion: The degree of the differential equation

dy (dyY d?
—Z+ 3(—}]) =x’ log —z is not defined.
dx dx dx

Reason : If the differential equation is a polynomial in
terms of its derivatives, then its degree is defined.

d
62. Assertion: The differential equation x?=y?+ xyd—y isan
X

ordinary differential equation.

Reason: An ordinary differential equation involves
derivatives of the dependent variable with respect to only
one dependent variable.

2
63. For the differential equation d_§+ y =0, letits solution
dx

T

bey=¢, (x)=2sin (X+Z) .

Assertion: The function y = ¢,(x) is called the particular
solution.

Reason: The solution which is free from arbitrary constant,
is called a particular solution.

64. Assertion : The differential equation
dx dx -2x 2 _
—+x=cosyand —+——=y" ¢
d dy vy
are first order linear differential equations.
Reason : The differential equation of the form

y

dx
= Px=
4y Q

65.

66.

67.

68.

69.

70.

where, P, and Q, are constants or functions of y only, is
called first order linear differential equation.

Assertion: The differential equation y? dy + (x +y?) dx= 0
becomes homogeneous if we put y* =t.

Reason: All differential equation of first order first degree
becomes homogeneous if we put y = tx.

Let a solution y = y(x) of the differential equation

/ . 2
xVx? -1 dy—y\/yz—l dx = 0 satisfy Y(Z):ﬁ'

Assertion: y(x) = sec[sec_1 X —%}

ool 23 1

Reason: y(x)is given by ==~ —,[1=—

y(x)is g Yy~ x 2

Assertion : The number of arbitrary constants in the solution

2
of differential equation d_;/ =0 are 2.
X

Reason: The solution of a differential equation contains as
many arbitrary constants as is the order of differential
equation.
Assertion : The degree of the differential equation
()2
3 2. \o
d d°y 12 .
—Z+2k—§J + 2y =0 is zero
dx dx
Reason: The degree of a differential equation is not defined
if it is not a polynomial eq in its derivatives.

dy X -xyi+y’

Assertion : — = is a homogeneous
dx xzy—x3 g
differential equation.
. X3 — Xy2 + y3 .
Reason: The function F(x,y) = — 5 3  1is
Xy—X

homogeneous.

d
Assertion : d—y+ X2y =5 isa first order linear differential
X

equation.
Reason: IfP and Q are functions of x only or constant then

d
differential equation of the form d—y+Py = Q is a first
X

order linear differential equation.

CRITICALTHINKING TYPE QUESTIONS

Directions : This section contains multiple choice questions. Each
question has four choices (a), (b), (c) and (d), out of which only
one is correct.

71.

Which of the following differential equation has y = x as
one of its particular solution ?

d*y 2 dy d*y  dy
@ @ T
d*y o dy d*y dy
——x"—+xy=0 ——+x—+xy=0
© dx? * dx w @ dx? xdx ad



72.

73.

74.

75.

76.

77.

78.

79.
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In a culture the bacteria count is 1,00,000. The number is
increased by 10% in 2 hours. In how many hours will the
count reach 2,00,000 if the rate of growth of bacteria is
proportional to the number present.

2 2log?2
@ — (b) ==
log — lo (E)

10 & 10

log2 log2

© ogin (d) [11)
log| —

10

The equation of the curve passing through the point [0, Zj

whose differential equation is

sin X cos y dx + cos x sin ydy =0, is

(a) secxsecy= .2 (b) cosxcosy= .2

(c) secx= .2 cosy (d) cosy= .2 secy

The population of a village increases continuously at the
rate proportional to the number of its inhabitants present
at any time. Ifthe 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?

(a) 3125 (b) 31250
(c) 21350 (d) 12350
Solution of the differential equation
dx  xlogx ¢’ T 0.
dy I+logx Il+logx’ ify(1)=0,1s
y y
(@ x*=e’° (b) ¥ =x°
(c) x*=ye¥ (d) None of these

dy ax+3

If the solution of the differential equatlond_x= 2y +f

represents a circle, then the value of ‘a’ is
(@ 2 (b) -2
(c) 3 (d) -4

If(1+eX/y)dx+[1—£j e*/Ydy = 0, then
y
(@) x—yeV=¢ (b) y—xe¥=c¢

(c) x+ye¥y=c¢ (d) y+xeV=c
The solution of the differential equation

X+yﬂ 4
——dx :x2+2y2+y— is
y—x & x?
dx
y 1 y
a) —+ =cC b) —— =c
@ 7 21y (G Z1y?
X 1
© ———F 5=¢ (d) None of these
Y x4y

The equation of the curve satisfying the differential
equation y, (x> + 1) =2 xy, passing through the point (0, 1)
and having slope of tangent at x =0 as 3, is

(@) y=x3+3x+1 (b) y=x2+3x+1

() y=x3+3x d y=x3+1

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

If'y(t) is a solution of (1 + t)fi_y —ty=1 and y(0) =-1, then
t
the value of y (1) is
! b L 2
@5 ©®- ©

The female-male ratio of a village decreases continuously

(d 1

at the rate proportional to their ratio at any time. If the
ratio of female : male of the villages was 980 : 1000 in
2001 and 920 : 1000 in 2011. What will be the ratio in

2021 ?

(a) 864 :1000 (b) 864:100
(c) 1000 : 864 (d) 100:864
Solution of the differential equation

xdy —ydx = \/x? + y? dx is
(@) y=cx (b) y=cx®+ x2+y?
(©) me[xz+y2 =cx? (d) y—«lxz —y2 =c

The order and degree of the differential equation

d4y

—=+sin(y'"") = 0 are respectively

ax*

(a) 4and1 (b) land2

(c) 4and4 (d) 4 and not defined
2

The degree of the equation e* H+ sin [d_y) =31is

dx2 dx
(a) 2 (b) 0
(¢) notdefined (d 1
" 2y d
If y=(X+ 1+X2) » then (1 +x2)—§+x—y is
dx dx
@ ny (b)) 0y (¢ O-y (d) 2¢%

The equation of the curve passing through the point (1, 1)
whose differential equation is x dy = (2x%+ 1) dx (x # 0) is
(@) x*=y+loglx| (b) y=x*+log|x|

(c) y*=x+loglx| (d) y=x+log x|

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

(@ x+4=(y+3) (b) (x+4)=(y-3)

(©) x—4=(y-3) (d) (x+42=ly+3

In a bank, principal increases continuously at the rate of
5% per year. In how many years ~ 1000 double itself?
(a) 2 (b) 20

(c) 201log2 (d) 2log20

The equation of curve through the point (1, 0), if the slope

of the tangent to the curve at any point (X, y) is };_ , 1s

X+ X
(@) (y+1)(x-1)+2x=0
b)) y+DHx-1)-2x=0
() y-DHEx-1)+2x=0
d y-DHE+1)+2x=0
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90.

91.

92.

93.

94.

9s.

96.

The general solution of the homogeneous differential
equation of the type.

%:F(x,y)=g(§j,wheny=V2XiS

@ j _j dx+C
_I dx+C

(©) J. I dx+C

d
(d) J‘V—VV)=J‘;dX+C

If dx +dy = (x + y) (dx — dy), then log (x +y) is equal to
(a) xty+C (b) x+2y+C
(¢) x—-y+C (d 2x+y+C
If the slope of the tangent to the curve at any point P(x, y)

is% — cos? g, then the equation of a curve passing

T
through (1, Z) is
y y
(a) tan (;j +logx=1 (b) tan (;) +logy=1

X X
(c) tan [;j +logx=1 (d) tan [;j +logy=1

The general solution of the differential equation
(tan"'y —x) dy = (1 + y?) dx is

-1
(a) x=(tan'y+1)+Ce @M ¥

-1
(b) x=(tan'y—1)+Ce a0 Y

-1
(c) x=(tan'x—1)+Ce N X
-1
(d) x=(tan'x+1)+Ce 0 X
The solution of differential equation

N y\d

e H
@ yeVX-20x+C  (b) ye =Vx+C
(c) yeN; =Jy+C (d) ye =2Jx+C

Solution of differential equation xdy — ydx = 0 represents:
(a) rectangular hyperbola.

(b) parabola whose vertex is at origin.

(c) circle whose centre is at origin.

(d) straight line passing through origin.

The order and degree of the differential equation

=]

=L;x#0 is

p= yE are respectively
ay
dx?
(@ 2,2 (b) 2,3
() 2,1 (d) None of these

97.

98.

99.

100.

101.

102.

103.

104.

o y/x)
o' (y/x)

The solution of the differential equation y'= ;
is

(@) xo(y/x)=k

() yo(y/x) =k

The differential equation
(+y?)xdx—(1+x%)ydy=0
represents a family of :

(a) ellipses of constant eccentricity

(b) ellipses of variable eccentricity

(c) hyperbolas of constant eccentricity

(d) hyperbolas of variable eccentricity
The solution of the differential equation

(b) ¢ (y/x)=kx
(d) ¢ (y/x)=ky

3
ydx —xdy +3x°y?e* dx =0 is
X 3 X 3
() ;+eX =c (by ——¢ =c
3 3
(c) %+eX =c (d) %—e" =c

The solution of x> ==+ 4x? tan y=¢e*secy

3dy
dx
satisfyingy (1)=01is:

(a) tany=(x—-2)e* logx (b) siny =e*(x-1)x

(c) tany=(x—-De*x™> (d) siny=e*(x-1) x3
The differential equations ofall conics whose axes coincide
with the co-ordinate axis is

X2 ax
(b) xy—Z+x[¥j +xj—y—0
X X X
2
y (dyj dy
SY <Y Yoo
© W 7" M) Vax
2
4y _ (dﬂ WY
@ 2 e Vax

The expression satisfying the differential equation
d
(XZ —l)&y+2xy =1is

(b) (y*-Dx=y+c
(d) None of these

(@ x}y—-xy*=c

() (x*-1y=x+c

. . ody 1o 53 o
The diffrerential equation &JF;SHI 2y=x"cos"y
represents a family of curves given by the equation

(a) X6+6X2:Ctany (b) 6x2tany:x6+C

(c) sin2y= x> cos?y+C (d) none of these

Asteam boat is moving at velocity V when steam is shut off.
Given that the retardation at any subsequent time is equal
to the magnitude of the velocity at that time. The velocity
vin time t after steam is shut off is

(a) v=Vt (b) v=Vt-V

() v=W (d) v=Vet
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HINTS AND SOLUTIONS

CONCEPT TYPE QUESTIONS

1. (¢) Family of parabola satisfying given conditions can
be represented graphically as shown below:

AY

e

Equation is y? = 4ax )]
Differentiating w.r.t. x, we get 2yy’ =4a
Substituting 4a from equation (i)
2
2yy' = Y
X
= y-2xyy =0
2. (b) The general equation of all non-horizontal lines in a
plane is ax + by = 1, where a # 0.
Now, ax + by =1

dx
= ad_y +b=0 [Differentiating w.r.t. y]
d’x o
= ady_2 =0 [Differentiating w.r.t. y]
2
d—;‘ =0 [va=0]
dy
. . : _dk
Hence, the required differential equation is — = 0
dy

3. (d) Iny=Ina+bx
Differentiating w.r.t. x, we get

1

—y'=b

y
Again differentiating w.r.t. X, we get

1
L (y) =0

y y2
= W =)
Yy

L © f_p

On integration, we get —/1— y2 =Xx+cC
1-y*=x+c)=x+cP+y>=1,radius 1 and
centre on the x-axis.

5. (¢) From given differential equation

dy_ex+x2

dx ey

©

€))

©

(b)

Using variable separable form, we have
e¥dy = (eX + x?) dx
Integrating, we get
3
Y =X+ s

As (x2 - 2x + 2y?) dx = 2xy dy

d
= 2xy—y +2y?+x2-2x=0

dx

d
:>2xy—y+2y=2x—x2
dx
dy)
X|2y—| + = Iv_ x2
= (de 2y*=2x—x

By putting y> = v
by v
dx dx
dv
= X— +2v=2x-x2
dx
dv (2) 2x —x2
—+v|—| =
dx
J'gdx

[F=¢ X =x
Now, required solution is

X X

2

2).2
2x — d
V_Xzzj'wzj‘xz(z_x)dx
X
2 X3 X4
= vxl= —-"—+c¢
3 4
2x 1 2+ c
> v= X+ —
3 4 <2
2x 1 2 ¢ L. . .
. y?= ———X" +— which is required solution.
3 4 <2
2 L
d_z+(d_y\)4+x5 =0
dx dx

Clearly, order of given differential equation is 2 and
degree is not defined.
tan! x +tan 'y =c
differentiating w.r.t. X
1 1 d
— =0
1+x% 14y~ dx
d d
St

I+x° 1+y

= (1+y)dx+(1+x%)dy=0

= =0

d
—y+ytar1 x—secx =0
dx

dy
i (tan X) y = sec x

t:
eJ. anx dx _ logsecx

ILF. = =sec X
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dy 2xy 1 d2
10. (@) >+—5= 5 N A
e (1) el .
It is linear differential equation with 18. (a) Given differential equation can be written as
2x 2
LF e +x2  _ elog(1+x ) —14+x2 y X x Xy—= dx =a’ Ix +
Now, solution is Clearly, it is a 1st order and 2nd degree differential
) 1 equation.
1+x2)= |1+x .—dx+c_ +c .
W j 2)2 '[1+x 19. (¢) y=cx+c?-3c¢>?+2 .. (D)
I+x Differentiating above with respect to x, we get
y(1+x?)=tan'x+¢ ’
11. (c¢) For solving the homogeneous equation of the form dy —c
dx
d oL
d—x =h (Xj , to make the substitution x = vy Putting this value of ¢ in (i), we get
y M
. . . 2 3/2
12. (b) Familyofcurvesisy=c,e*+c,e™ (1) y=x dy dy _3 dy )
Differentiating w.r.t. x dx dx dx
y=¢e-cer,y'=cetcer=y Clearly its order is ONE and after removing the
Sy’ -y=0 fractional power we get the degree FOUR.
d? 20. (a) In general, an equation involving derivative of the

73’
Solution is dx? —y=0 dependent variable with respect to independent

variable (variables) is called a differential equation.
13. (@) Ay oxray _ o3 gy ( ) a

dx 2
L ety = g ey X e 21. (¢) Consider the differential equation d_;, +y=0
e Vdy=¢e — = X
—4
putx=0 The solution of this differential equation is a function
11 7 ¢ that will satisfy it i.e., when the function ¢ is
We have - =5 =¢ =c=- 1’ substituted for the unknown y (dependent variable)
oy o 7 in the given differential equation, LHS becomes equal
- = —— = 7=3eW+ 4eX to RHS.
14. (d) Hint :_?’ut 3x3 4y 1=2X The curve y = ¢ (x) i; calle.:d the .solution.curve
g IX d 1 dX (integral curve) of the given differential equation.
=3 4d—y o N A (3 - j 22. (a) The given function is
X X dx 4 dx Xy = ae* + beX ...()
= 3_1 % X-2 On differentiating equation (i) w.r.t. X, we get
4 4 dx -3
N _1%24X—8—3(X—3) xj—y+y:aex—be_X
4 dx 4(X -3) s o
| dX X 41 Again, differentiating w.r.t. X, we get
= —— T — 2
. . 4dc 43 X—d Y d—y-i-d—y—aex—be_X
15. (b) It is obvious. dx? dx dx
16. (b) Clearly order of the differential equation is 2.
/3 2
&y dy)' &7y ,dy : :
Agamdx—2+x =5 = de2 +2 ot A 0 [usingeq. ()]
3 . . . .
( d2y 1/4\ dy 23. (d) A first order-first degree differential equation is of
- L—2+ X J = i the form
dx X
which shows that degree of the differential equation ? = F(x,y)
is 3. X
17. (a) Sincey=A cos (x + B) 24. (b) According to the equation,
dy dy y ( 1)
=— —=y+==y|l1+—
dx Assin (x + B) dx y . y N

dz
= —Z=—Acos(x+B)=—y = ﬂ:(l+l)dx
dx y X
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(d)

On integrating both sides, we get

jd—;’:j(ua dx

= logy=x+logx+C

= log(%} =x+C

- X:ex-rC —eoX o€
X
26. (¢)
= R ke*
X
= y=kx. e
The given differential equation is
X
27. (d)

X
(1+eY¥)dx+ey [1—5jdy=o
y

X

e; [3—1]
K__ Y T G
dy (eX/y +1)

)

& _. (ij
dy y
. eq. (i) is the homogeneous differential equation 28. (o)

X
So, put — =v

i = d_x =v+ ﬁ
1Le,X=Vy = dy_ Ydy
Then, eq. (i) becomes

v e (v-1)

dy eV +1

29. ()

€ +v 30. (a)

I dt
[ ~log|y|+logC 3. ©
toeV4l

= log|t| + log |y| =log C

= loglev+v|+logly=logC (- t=¢e"+vV)
= log|(e"+v)y|=C=|e"+v)y=C
= (e"+v)y=C

X
So, put v=—, we get

(eX/y+§j y=C = ye"+x=C
y

This is the required solution of the given differential
equation.

A differential equation of the form

d

Z1Py=Q

dx

where, P and Q are constants or functions of x only, is
known as a first order linear differential equation.
The differential equation

dy .

— 4y =

™ y =sinx

NG
dx \x

dy ( y j 1
=> N o7 T
dx \xlogx/ x
are the first order linear different equation since, all

d
the equation are of the type d—i + Py =Q, whereP and

Q, are constants or functions of x only.
The given differential equation is

2
d d
y—erx3 AN Xy = COS X
dx dx2
Its order is 2 and its degree is 1.
p=2andq=1

Hence, p > q
The given equation is

y = aed
d
= Y= abeb @)
dx
2
d7y 2 bx
= =ab (i
) (ii)
bx d7y 2,2 bx
— ae  —==a"b’e
dx
2 2
d7y _ (dyj )
= YdX2 “ix [from eq. (ii)]
ﬁ_(gf o
= Y 2 \dx
Given, y=A + Bx - Ce™*
= y=B+Cex . (1)
and y"=-Ce™ ... (1)
and y" =Ce™ ... (ii1)

From egs. (ii) and (iii),

ym:*y":> ym+yn:0
d
X %—y=2xzor ?Z—§=2x

-1 1
[—d log—
IF=cx ™ oclox 21

X
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32. (b) Given: Differential equation is

2
y33 +2+3y,+y; =0
We know that the degree of a differential equation is
the degree of highest order derivative.

degree = 2.

Given differential equation is :
x cos x dy/dx +y (x sin x + cos x) = 1
Dividing both the sides by x cos x,
ﬂ+ Xy sinx L 1

33. (b)

=
dx xcosx
d 1
= —y+ ytanx+Z:
dx X XCOSX

dy ( lj secx
= —+(tanx+—|y=
dx X X

XCOSX XCOSX

dy

which is of the form —
dx

+Py=Q

SE€CX

1
Here,P=tanx +— and Q =
X
_[de
=e

1
I tan x+—dx
=€ X
= e(log secx +logx) — elog (secx . x)

Integrating factor

=X sec X
v =2c(x++c) )
2yy'=2c.l or y'=c ... (1)
= 7 =2 (x+ 1)
[On putting value of ¢ from (ii) in (i)]
On simplifying, we get

34. (0)

n2 3
(y—2xy")" =4y ... (111)
Hence equation (iii) is of order 1 and degree 3.

dx e 1
3s. Tt T3
(c) dy y2 y3
f%dy 1
LF.=e? =e”
1 1 1
So, x.e ” =J.?e Ydy

1

= xe V=1
1

| —
whereIZI—3€ Y dy
Y

-1 1

Let —=t = —dy=dt
y y

1 1

Lo A
= Iz—ftetdtzet—tet =e’+—e " +c
y
1 1 1

.
= xe ' =e +—e M +c
y

1
= x=l+—+ce?
y

36.

37.

38.

€))

(c)

@

c=——
e
= x=1+l—l.el/y
y e
_ d dx
Givenﬂ: y-1 :>_y_

A xax y-l x(x+D)
Integrating we get,

In(y -1) = 21n(ij+c
x+1
It passes through (1, 2), so, ¢ =log 2

. . 2
Required equation isIn(y —1) = ln[ X j
x+1

= (y-D(x+D)-2x=0
Any straight lines which is at a constant distance p
from the origin is

o
X cos o +ysin a.=p (@)
Diff. both sides w.r.t."x', we get
. dy
cosat+sina—— =0
dx
1 d
=tano=—— (where 4 :—yj
N2 dx
1 Yi

cosino = ;COS OL=—
2 2
\/l+y1 V1+yq

Putting the value of sin a and cos a in (i), we get
x— > +y ==P
\/1 + yl \/1 + YI

= (y-xy)?=p*(+y?

We have, ¥ ,
e have, = [2() ~ Y] ()

' dy dV
Putg(x)—y=V=g® -3 =4

dv
Hence, g'(x) ———=V.g'(x)
dx

= X (-V)g) 5T = ) dx

d
= I%ZIg'(X) dx = —log (1 -V)=g (x)-C

= gx)+log(1-V)=C
gx)tlog[l+y-gx]=C
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39. (o) xdﬂ=y(10gy—1ogx+ 1)
X

22l
dx x X

Put y = vx

dy xdv xdv

—_— + — —_—

o v e = v+ T v(logv+1)
xdv dv dx
—=vlogv=> =—

dx vlogv  x
Putlogv=1z

1

Lyt £

z
Inz=Inx+Inc

x=cx or logv=cxorlog (Xj=cx.

X
43.
STATEMENT TYPE QUESTIONS 3
d
40. (d) 1. The differential equation d_z(, =¢* involves the
highest derivative of first order.
Its order is 1.
II. The order of the differential equation
2
qu y=0 1is 2 since it involves highest
dx?
derivative of second order.
3
3 2
d d
I11. The differential equation (_31} +x° (—;/J =0
dx dx
involves highest derivative of third order
Its order is 3.
41. (a) Steps involved to solve first order linear differential
equation.
I.  Write the given differential equation in the form
? +Py=Q
X 44.

where P, Q are constants or functions of x only.

II. Findthe Integrating Factor (IF) = ef Pdx

III. Write the solution of the given differential
equation as

y(IF) = [ (QxIF) dx +C

MATCHING TYPE QUESTIONS

42.

(b) The degree of the differential equation

dx
2
d7y

= —2+y=0
dx

3
3 2
- (&3)<(5] -
dx3 dx

x> dx?
is 1 since, the highest power of highest order derivative
is 1.
The degree of the differential equation

2
(ﬂj + [ﬂ) —sin? y=0
dx dx

is 2 since, the highest power of highest order derivative

is 2.

The degree of the differential equation

dy +sin (d_y) =0

dx X

cannot defined since, this differential equation is not

a polynomial in y', y”, y"",...etc.

A. The highest order derivative which occurs in the
given differential equation is y"’. Therefore, its
order is three. The given differential equation is a
polynomial equation in y"'’, y" and y'.

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

B. The highest order derivative which occurs in the
given differential equation is y"'’. Therefore, its
order is three. It is a polynomial equation in y""’,
y" and y'. The highest power raised to y"" is 1.
Hence, its degree is 1.

C. The highest order derivative present in the given
differential equation is y'. Therefore, its order is
one. The given differential equation is a
polynomial equation in y'. The highest power
raised to y' is 1. Hence, its degree is 1.

D. The highest order derivative present in the
differential equation is y''. Therefore, its order is
two. The given differential equation is a
polynomial equation in y"’ and y’ and the highest
power raised to y "is 1. Hence, its degree is 1.

d3y d2y ’ dy
= —+2|—| ——+y=0
dx

()

(d) A. Given,y=¢e*+1 ... (1)
On differentiating both sides of this equation w.r.t.
X, we get

y' = i(ex +1) =eX
dx
Again, differentiating both sides w.r.t. x, we get
2 d ( X) X
= —\C =
Y dx

> y'=e = y'—y=e-e=0
Hence y = e* + 1 is a solution of the differential
equation
y' =y =0.

B. Giveny=x2+2x+C .. (D)
On differentiating both sides w.r.t. x, we get
= y-2x-2=0
Hence, y = x?> + 2x + C is a solution of the
differential equation y' —2x —2=0
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447

C. Given,y=cosx+C .. ()
On differnetiating both sides w.r.t. x, we get
y =—sinXx
= y +sinx=0
Hence, y=cos x + C is a solution of the differential
equation y' +sin x =0

D. Giveny =41+ x? (D)

On differentiating both sides of eq. (i) w.r.t. x, we
get

v )

:dx

= y'= %(sz)_5 (2x)
, 2x

yo— 2
- 21+ x2

= y'= - =
\/l+x2 \/1+x2.\/1+x2
[ Xy

= y'=
\/1+x2

Hence,y=\/l+x2 is the solution of the

differential equation y' = S A
(1 + xz)
E. The given function is y = Ax .. ()
On differentiating both sides, we get
y=A
Y ey =
:>y—; (v y=Ax,x#0)
= Xy’ =y
Hence, y = Ax is the solution of the differential
equation
xy' =y (x#0)
F. Given y=xsinx ()
On differentiating both sides w.r.t. x, we get
dy , d .
—=y'=—(xsinx
ax Y gt
= y' =sin X X+ XX (sin x)

(using product rule of differentiation)
= y' =xcosX*+sinx
On substituting the value of y and y’ in the equation

Xy =y+x \lxz—yz , we get

LHS = xy' = x (xcos x + sin x)
=x2cos X + x sin x

= xy’ :x3sll—sin2x+y

(" cos?x=1-sin’xand x sin x = y)

o

= xy'=Xx x2—y +y=RHS

N

= xy' =x

> |<

\S)

Hence, y =x sin x is a solution of the differential
equation
xz0,x>yorx<-y)

Xy =y+xyx? —y?

INTEGER TYPE QUESTIONS

45.

46.

47.

48.

49.

€))

(c)

(b)

(b)

()

The parametric form of the given equation isx =t, y=t>
The equation of any tangent at t is 2xt = y + t.

On differentiating, we get 2t =y,.

On putting this value in the above equation, we get

2
Y1 2

Xy) = y+[7j =4xy; =4y +yj

The order of this equation is 1.

The given equation can be written as

y =Acos(x + C;) — Be~.

where A=C, + C,and B = C;e®s

Here, there are three independent variables, (A, B, C;).
Hence, the differential equation will be of order 3.
y=Ax+ A3

differentiating w.r.t. X

dy_
dx
Again differentiating w.r.t.x

d2y

—5= 0

dx

which is differential equation of order 2.
Differentiate the given equation

dy _

dxo

%(l+x)‘”2 —%(1+y)_”2

- 1 __a dy
Jl+x \/m dx

78T Jlx dy/dx

Putting this value in the given equation

dy Jix I+y dy
7 1+ — - 7
dx X JI+Xx dx

d d
= (1 +x)d—zzl+y Vi+x d—z

The degree of this equation is one.
Hint : y = e*(sin X + cos x)

d
= l=2e"cosx

dx
d? .
= TZZZGX(COSXfSIH X)
X
Lus &Y _,dy
T dx? dx Y

=2¢X[cos X —sin X —2 cos X + sin X + cos X]
=2e¥x0=0=RH.S.
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50.

51.

52.

53.

54.

5S.

56.

DIFFERENTIAL EQUATIONS

dy

(a) A differential equation of the form . = F(x,y) is
X

said to be homogeneous if F(x, y) is a homogeneous
function of degree zero.
Given : y=a cos x + bsin x + ce*
This equation has three parameters.
The order of differential equation is 3.

The degree of a differential equations is the exponent
of the highest order in the differential equation.
Therefore the degree ofthe given differential equation
is 4.

()

(b)

d
—y+Py =Qis

) dx

The LF. of the differential equation

eI PdX Here P=5 therefore LF. = ef 5dx  Hence A=5.

d
(a) Given that y=cos k x, therefore d_z =—ksinkx and

dy o d’y
——5 = — k“ cos kx Putting this value of —> and
dx dx

d2
y=cos kx in d_z +4y =0, we get
X

— k2 coskx + 4 coskx =0
ork2=4
ork=+2,ork=2.

dy . . dy | .
— = B.2x, Putting this value of o equation

@ 4

3
dy] 2 dy
15k oy =
(dx o Y 0, we get

(B.2x)? — 15x2 (B.2x) — 2x (Bx?) =0
or B3.8x3-B.30x*-B.2x3=0

or B3.8x3-B.32x3=0

or B (B2.8x3-32x3)=0

B#0

s B28x3-32x3=0

or B2 8x3 = 32x3

orB2=4

orB=+2 or B=2

dy 1

© - ax  xGy?-1)

dx
s fey -nay = [
y3fy=lnx+c
whenx=1,y=2
n22-2=Inl+c¢
8§-2=0+corc=6

57.

(b)

2 2
X
Differentiating the equation a_2 + b—2 =1

w.r.t. X, we get

2x 2yd

XK Wy o
a2 b2 dx

x? xy dy
or —+—5-—"—=

Differentiating again w.r.t. X, we get

2ydy  y dy xdy dy  xyd’y
— St —+—=—= =
b2 dx p2dx pZdx dx b2 dx?

d? dy)? d
or Xydx—gJFX(d—zj —Y—y:0

comparing with the given differential equation, we
getA=1.

ASSERTION - REASON TYPE QUESTIONS

58.

59.

@

(@)

y= (clec2 -1-03604)6X =ce® (say)
d
X =
dx
. Orderis 1.
dy ( 1) 1
—+|—+cotXx+—|y=—
dx \sinx X X

1 1
I.F.:expf( - +cotx+—)dx
sin X X
X .
=exp En(xtangsmxj
=xtan£x251n§cos§=x(l—cosx)
2 2 2
Solution, yx(1 — cos x)

1
= I—.x(l—cosx)dx:x—sinx+c
X

<)
21 1

asx—0,y—>—

S o :
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60. (b) Letx®+y*+2gx+2fy+c=0
Here in this equation, there are three constants.
oo Order =3
Reason is also true.
61. (a) The given differential equation is
2 2
d—§+ 3(d_yj =x? logk—gj
dx dx dx
This is not a polynomial equation in terms of its
derivatives.
Its degree is not defined.
62. (a) The given differential equation is

2 2 dy
X =Yy + Xy dX
Since, this equation involves the derivative of the
dependent variable y with respect to only one
independent variable x.

It is an ordinary differential equation.

The solution free from arbitrary constants, i.e., the
solution obtained from the general solution by giving
particular values to the arbitrary constant is called a
particular solution of the differential equation.
Here, function ¢, contains no arbitrary constants but
only the particular values of the parameters a and b
and hence is called a particular solution of the given
differential equation.
Another form of first order linear differential equation is

dx
—+Py=Q
dy

where P, and Q, are constants or function of y only.
This type of differential equation are

63. (a)

64. (a)

dx N

—+ X = COS

dy Y

dx -2 _
s S e
dy 'y

d
65. (c) Assertion:y’ d—z+ (x+y*)=0

y =t
t
pydy _dt
dx dx
1 dt . .
——t+x+t=0 is homogeneous equation.
2 dx

Reason is obviously false.

67. (a)

The given differential equaiton is not a polynomial
equation in its derivatives so its degree is not defined.

66. (c)
68. (d)

69. (a)
70. (a) HereP=x%and Q=>5.Pisa function of x onlyand Q

is a constant.

CRITICALTHINKING TYPE QUESTIONS

d2
y=X = Qzl,_yzo

71. () ol

72.

73.

74.

(b)

(@

(b)

2
Now d—;—xzﬂ"‘xy: 0
dx dx

Let y denote the number of bacteria at any instant t -
then according to the question

dy dy .

at ay = y =kdt . (1)
k is the constant of proportionality, taken to be + ve
on integrating (i), we get
logy=kt+c ... (1)
cis a parameter. let y, be the initial number of bacteria
i.e., at t = 0 using this in (ii), c = log y,
= logy =kt +logy,

= log X =kt ...(iif)
Yo
10 11y,
= + =—0 whent=2
Y (y" 100 y‘)j 10
11y,
So, from (iii), we get log 19 = k (2)
0
k—llo i i
=k=7 glO . (1v)
N | 11
Using (iv) in (iii) log— = — | log — | t e (V)
vo 2 10

let the number of bacteria become 1, 00, 000 to
2,00,000 in t, hours. i.e., y= 2y,
when t = t, hours. from (v)

2 2log 2
logy(’:;[log :(l)j t, =t = gll

Yo log —
2 log 2
Hence, the reqd. no. of hours = 11
log 0

The given differential equation is
sin x cos ydx +cosx sin ydy =0

nx sin
dx + y

C s
dividing by cos x cos y =
COS X

dy=0
cosy

Integrating, Itan x dx + J. tany dy = log ¢

or log sec x secy =logc or secx secy =c

b
curve passes through the point (0, 4j

T
secOsecZ=C=\/§

Hence, the reqd. equ. of the curve is sec x sec y = /2

Let y be the population at an instant t. Now population
increase at a rate o no. of inhabitants

y . dy
= kdt Integrat J = | kdt+c
y ntegrating y _[

or logy=kt+c (1)
In 1999, t = 0, population = 20,000
. log 20,000 = c Put the value of ¢ in (i)



75.

76.

77.

DIFFERENTIAL EQUATIONS

()

(b)

(©)

log y = kt + log 20,000 or log y — log 20000 = kt

or log m—k ...(i1)

In 2004, t = 5, y = 25000

LS00 s
25000 15
% 50000 —k=5708y
20000

l10 > t
5 %y
In 2009,t=10

logy:(1 log ijxlOzZlogj

Equ (i1) as log

20000 5

tog (3 —tog 25 ¥ _25
= 814) T 16 720000 16

25
—— x 20000 =25 x 1250=31250

AT

(1 -5-10gx)d—X —xlogx=¢¥
dy

putting x log x =t = (1 + log x) dx = dt

dt
__t:ey

dy
Now, LE. = [-1dy _ -y

= te_y:'[e_yeydy—i-C
= t=Ce¥ + ye¥
= xlogx=(C+y)e,
Since, y(1) = 0, then
0=(C+0)1=>C=0
. ye¥=xlog x
y

= x* =¢¥°
We have,
dy ax+3
dx 2y+f

X2
= 37+3x=y2+fy+C

= (ax+3)dx=Qy+f)dy
(Integrating)
22 0 _
= EX +y -3x+fy+C=0
This will represent a circle, if
a

5= 1 [+ Coeff. of x2 = Coeff. of y?]
2

and,%JrfT ~C>0 [Using:g?+f2-c>0]

= a=-2and9+f2-4C>0
X
)
dx y
dy X
1+eY
dx ydv
Substitute x = vy = —=——+V
dy dy
Now given equation becomes
ydv (v-1)e"
— V=

dy 1+eY

78.

79.

80.

81.

(b)

(@)

(b)

€))

ydv  (v-1)e" —(v+ev)
= Z—= =
dy l+e¥ 1+eY
A\
- (l+e )dv_i_g:()
v+eV y

= In(vt+eV)y=lnc = (v+e)y=c
= x+ye¥=c¢

dy
X+y-~— 4
Given gx =x? +2y2 +y—2
y—Xx—= X
dx
X
(5)
d(x2+y2) y
2722
(x2 +y2) [X]
y
Integrating, we get
1 -1
- =——+cC _Y_ 1
x2+y2 x/y = . X2+y2

The given differential equation can be written as
Yoly, = 2x/(x* + 1).

Integrating both the sides we have

logy,=log (x*+ 1)+¢

which implies log y, (0) =log 1 +c¢, i.e., ¢ = log 3.
Therefore, log y, = log (x*+ 1) + log 3 which implies
y;=3x+1Dory=x>+3x+A,

$0, =y (0)=0+0+A,ie,A=1.

Hence the required equation of curve is
y=x3+3x+1.

By multiplying e and rearranging the terms, we get

e (1+0)dy+y(e" —(1+t)e " )dt =e'dt
=de ' (1+)y)=d(-e )= ye ' (1+1)=—€e " +c.

Alsoy,=-1=c=0=y(1)=-1/2
Let female-male ratio at any time be r

where k is the constant of proportionality and k > 0

‘We have d— =-k dt
r

Integrating both sides, we have

dr_ k[ dt

logr—fkt+logC
10gr10gC=kt:>10g(%) =—kt

where log C is the constant of integration

=r=CeX ..(0)
Let us start time from the year 2001,
Soin2001,t=0,r= %0 _ %

oML TR 000~ 50

Putting t =0 in (i), we have
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ﬁzC:ﬂzﬂe_kt
50

Also in the year 2011, t =10 and
920 23

r=——=—
1000 25
Putting in (ii), we have

23_49 0k, g0k _49 25 _ 49

..(ii)

25 50 50 23 46
or e_mk:ﬁ
49
10kx_t r
ok b
Hence,r:—9e 10 :rzﬂ 46 10
50 501\ 49
20
49(46\10
Intheyear2021,t=20.'.r=_9(_6j10
501 49
_39.,36 36 _ 364
50 49 49

Thus, at this trend female : male = 864 : 1000
Given equation can be written as

xdy = (\/xz-i-yz-i—y
2 2
d N Aty ()

dx x
Substituting y = vx, we get from (i)

dv ¥ +v? %
V+x—=

dx X

v+x§=\/1+v2 +v

X

v d
o o X (i)
dx Vi+v? X

Intergrating both sides of (ii), we get

log (v++v1+v?)=logx +logc

2
= V+\/l+v2:cx = Z-ﬁ- 1+y—=cx
X

2
= y+\[x2+y2 =ox?

x
d4y .
—=+sin(y"")=0
dx# )

82. (c)

dx, i.e.,

83. (d)

= y"+sin(y")=0

The highest order derivative which occurs in the given
differential equation is y"”, therefore its order is 4.
As the given differential equation is not a polynomial
equation in derivatives of yw.r.t. x (i.e., y""), therefore
its degree is not defined.

The given differential equation is

2
eX d—y+sin(d—y) =3
dx? dx
Since, this differential equation is not a polynomial
in terms of its derivatives.
Its degree is not defined

84. (0)

85. (a) Given,yz(x+\/l+x2)n ...G)

86.

87.

= %=n|:x+\/l+x2 Jn_l (1+
_ n[x+\/l+x2 ]n

2

X J
x2+1

1+x

2
d
= (—yj (1 + X2) = n2y2 [using eq. (i) and squaring]

(b)

@

dx
Again, differentiating, we get

2 2
2ﬂ.d—y(l +x2 ) +2x [d_y) = 21'12yd—y
dx gx?2 dx dx
2
. d
d—y(1+ x2)+ xﬂ = n2y [dmde by 2_yj
dx? dx dx
The given differential equation can be expressed as
2
2 1
dy=2""d4x
X
1
or dy:(2x+—)dx ... (1)
X

On integrating both sides of eq. (i), we get

J.dy: (2x+l) dx
X

= y=x?+log x| +C ... (i)
Eq. (ii) represents the family of solution curves of the
given differential equation but we are interested in
finding the equation of a particular member of the
family which passes through the point (1, 1). Therefore,
substituting x =1, y=1in eq. (ii), we get C=0

It is given that (x, y) is the point of contact of the
curve and its tangent.

The slope of the line segment joining the points.

(Xza YQ) - (Xa y) and (Xla Y1) d (_49 _3)
_y=(3)_y+3
- x—(-4) x+4
According to the question, (slope of tangent is twice
the slope of the line), we must have

dy 5 ( y+ 3)
dx x+4
Now, separating the variable, we get

d
dy _ ( 2 j dx
y+3 \x+4
On integrating both sides, we get

d 2

(e

y+3 x+4
= logly +3|=2log|x + 4| + log |C|
= log|y+3|=log|x+ 4>+ log |C]|

['.’slope of atangent =M]
X27X)

+3
= 10g|y—‘2=10g\C| ( logm—logn :logmj
|x+4| n
+3
SRALIE |2=C ...()
|x+4|



88.

89.
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(©)

(d)

The curve passes through the point (-2, 1) therefore
[1+3]

Z:C = C=1
| —2+4]

On substituting C = 1 in eq. (i), we get

ly+3[ _,
=
| x+4|
= |y+3|=(x+4)?
Which is the required equation of curve

Let P be the principal at any time T.
According to the given problem,

dpP ( 5 )
_— = — | X
dt  \100
PP
T dt 20
On separating the variables in eq. (i), we get
dP _ dt

P20
On integrating both sides of eq.(ii), we get

.. ()
... (ii)

t
logP=—+C
g 20 1

t
= P= ¢20 €1

i,
= P=_Ce20 (where, eCl = C)
Now, P= 1000, whent=0

On substituting the values of P and t in eq. (iii), we
get C=1000. Therefore, eq. (iii), gives

t
P =1000e 20

Let t years be the time required to double the principal.
Then,

...(iii)

t
2000 =1000e 20

= t=20log, 2
Here, the slope of the tangent to the curve at any point

(%, y) is =
X7 +X

dy y-1
&_x2+x
i_ dx
y—l_x2+x
On integrating both sides, we get
[
y—1 x(x-1)
= log(y—-1)=logx—log(x+1)+1logC

=

90.

91.

(b)

(c)

oz (v 1) = log( 2

x+1
= (y-D&x+1)=xC
Since, the above curve passes through (1, 0)
= -H@)=1.C
= C=-2
Required equation of the curve is
y-DE+1)+2x=0
To solve a homogenous differential equation of the
type

dy _ _ [z) ‘
dX—F(x,y)—g - .. ()
We make the substitution

y=V.X ... (1)
On differntiating eq. (ii) w.r.t. X, we get

dy =v+ Xg (iii)
dx dx "

d
On substituting the value ofd—z from eq. (iii) in

eq. (i), we get

V+Xﬂ= g(v)
dx

or xﬂzg(v)—v ... (1v)
dx
On separating the variables in eq. (iv) we get
dv dx
ﬁ =— Y]
glv)-v x
On integrating both sides of Eq. (v), we get
dv 1 .
———=|—dx+C .. (vi
el e

eq (vi) gives general solution (primitive) of the

v
differential eq. (i) when we replace v by;.

The given differential equation is
dx +dy=(x+y)(dx—dy)

dy x+y-1 )
dx  x+y+l1 -a
Putx+y=t
dy dt dy dt
I+ —=— —=—-1
= dx dx :>dx dx
So, from equation (i), we have
e R |
dx  t+l dx t+l
de_totrtel l(1+1)dt=dx
dx t+1 2 t

On integrating both sides, we get

1( 1) 1 C
—|1+—-]dt=|d —(t+logt)=x+—
_[2 . _[X:>2(+og)x+2

=>t+logt=2x+C
= log(x+y)=x—-y+C



DIFFERENTIAL EQUATIONS

453

92. (a) According tothe condition,

d .
—yzz—cosZZ ... (1)
dx x X

This is a homogeneous differential equation
Substituting y = vx, we get

dv 2
V+X—=V—Cos"V
dx
dv 2
= X—=-cos"Vv
dx
dx
= Iseczvdv =—|=
X

= tanv=—-logx+C

..(ii)

= tan1+10gx=C
X
T
Substitutingx =1, y= 7 Ve get C= 1. Thus, we get

y
tan (x) +logx=1
which is the required solution
The given differential equation can be written as
-1
K, x _ftny (i)
dy 1+ y2 1+ y2
Now, eq. (i) is a linear differential equation of the

93. (b)

dx
form d_+P1 x=Q
y

-1

where P| = 5 andQ; = tan 3
I+y I+y
1
Ide tan ™!
Therefore, LF =€ Y =¢

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

-1 ¢ -1 1
xe™ Y = | Lzy @ Yy 4 C )
I+y

(tan~lv) .. -1
Let I:I tan 'y etan Ydy
l-i-y2

1
On substituting tan~' y =t, so that{ 2} dy = dt,
I+y

we get
Izjtetdt: te! —Jl.etdt
=te' —e' =e!(t-1)

-1
or [=¢WnM Y (tan_1 y— 1)
On substituting the value of I in equation (ii), we get

-1 -1
xeln Y = otan y(tan_ly—1)+C

-1
or x=(tan"ly—1)+Ce@ ¥

94.

95.

96.

(@)

@

(@)

which is the general solution of the given differntial

equation.

The given differential equation is
(e—zﬁ_i\d_x_l 0
Yo Jx/ dy

Loy ey
dx \/; X
N dy 1 y e_2\/; (ii)
—=—=y=—F (i
NN
. . d
On comparing with the form Dy Py =Q, we get
X
1 e_2\/;
P=—and Q=—=
Jx Jx
1
J——dx
LF=e VX o o2V

The general solution of the given differential equation
is given by

yL1F=[(QxLF)dx+C

2Jx
yeZ\/; = J'e%/; XerX-FC

X

=
2Jx 1

e =|—=dx+C
g f&

= yezx/; = 2\/; +C
Given: xdy — ydx =0
Dividing by xy on both sides,

we get:

dy d

dy _dx

y X
dy dx

- 2=
y X

By integrating on both sides, we get,

logy=1logx +logc

= logz= loge = y=cxory—cx=0
X

which represents a straight line passing through origin.
Differential equation is given by

order of a differential equation is the order of the
highest derivative appearing in the equation. Hence
the order is 2.
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97. (b)

98. (d)

99. (a)

100. (b)

101. (¢)

To find the degree of the differential equation, it has
to be expressed as a polynomial in derivatives. For
this we square both the sides of differential eq" .
( dzy\ dy ’
3 (&)
X

Here power of highest derivative is 2, hence order is
2 and degree is also 2.

y dy du
Put—=1u wehave;—=u +X
X dx dx
d
u+xd—u =u + b (w) xS = 7¢’(u)
dx o'(u) dx  ¢'(w)
¢ () du = d—xand Integrate it
o(u) X
Required solution is ¢ ( j kx
X
x dx d
GivenT——> = y_yz
I+x I+y
Integrating we get,

%10g(1+x2) zélog(l+y2)+a

=1+x? :c(l+y2),

Where ¢ = 22

el 2 Y )

Clearlyc>0asc=¢e?
Hence, the equation (i) gives a family of hyperbolas
with eccentricity

c— 1+—
=4c+1lif c#1
c—1

Thus ecentr1c1ty varies from member to member of
the family as it depends on c.
Divide the equation by y?, we get

_ 3
M:-sx%x dx :g[z}_g(exsj
y dx\y dx

On integrating we get,

X 3 X 3
—=—" +c>=+e"

y y
Rewriting the given equation in the form

x* cos yd—y+4x3 siny =xe* = i(x4 siny) = xe*
dx dx

=C

4

=X siny:Ixexdx+c =(x-1e* +c¢

Since, y(1)=0so0,c=0.
Hence, siny =x *(x—1)e*
Any conic whose axes coincide with co-ordinate axis is

ax>+by?=1 (1)
Diff. both sides w.r.t. 'x', we get

102. (¢)

103. (b)

104. (d)

dy . dy .
2ax + 2byd—X =01e. .':1x+byd—X =0 .. (i)

[ 42 2)
DIff. again, a + b| y Y + [d—yj -0 .. (i)
d 2 dx
From (ii), & = Y/ d%
b X

From (iii), % = —{yji—z+ [2—1)2]

yg 2 2
Tdx _ yﬁ+[ﬂ)

X dx? \dx

d’y (dy) dy
Xy—=+X -y—= =90
= Y dX2 dx dX
Rewrite the given differential equation as follows :
dy 2x
e =
dx xz—ly x? -1’
The integrating factor

[ 2x
LE.=¢ ¥’ =x2-1
Thus multiplylng the given equation by (x> — 1), we
get

dx

/n(xz - _

(x? —l)d—y+2xy =1= i[y(x2 -D]=1
dx dx

On integrating we get y(x2 —-1)=x+c
The given equation can be converted to linear form
by dividing both the sides by cos?y. We get

sec’ yd—y+l2tany: X
dx x

3

Puttanyzz:sec2 yﬂzg
dx dx

dz 2
The equation becomes ——+ ;Z =x’ , which is linear

dx
inz
The integrating factor is
2 ax
LF.=e* =¢ =¢
Hence, the solution is

log xz 2

2logx =x

6
Z(XZ)IIX3(X2)dX+a = 7x> :X?+a ,

a is constant of integration.

- (6tany)x*>=x%+6a=6x>tany=x’+c, [c=6a]

. . dv
The retardation at time t=——.

H th
" ence, the

. : S\ dv .
differential equation is — m =vV= o ==dt .3
Integrating, we getlogv =—t+c ...(11)

Whent=0, v=V =C=1logV
The equation (ii) becomes log v =—t+ logV

:>1ogl:—t:l=e_t:>V=Ve_t
\Y Vv



