Differential
Equations

=] Syllabus

Ordinary differential equations, their order and degree, the formation of differential equations,
solution of differential equation by the method of separation of variables, solution of a homogeneous

Chapter

and linear differention equation of the type Z_y+ p(x)y = q(x)
x

Topic

Differential Equations

QQ’ JEE (Main) Previous Year Questions

Multiple Choice Questions

1.

Let ax = exp (xPy") be the solution of the
differential equation 2x%y dy — (1 — xy?) dx = 0,

x> 0,y(2) = ylog.2. Then o + B -yequals:
M1 -1 ()3 40

[JEE (Main) — 1% February 2023 - Shift-2]
If y = y(x) is the solution curve of the differential

equationﬂ+ytanx:xsecx,Ostﬁ, y©0) = 1,

dx 3
then y(%) is equal to
V3 [zﬁ] V3 ( 2 j

eV3
N ) 2

[JEE (Main) — 1% February 2023 - Shift-1]
The solution of the equation

dy:[x2+3y2]’y(1) =0is

3
1) = _Y2 7) N9,
@ 2 2 O8e p () 12 2 08e

differential

dx 3x2+y2
xy

1) log, |x+y|- =0

(1) ‘o8 1)
2

(2) log, |x+y|+——L=0
(x+y)

(3) log, |x+y|-—2_ 0
(x+y)

(4) log, |x+y]|+ Yo

(x+y)*
[JEE (Main) — 30 January 2023 - Shift-2]

. Let y = y(x) be the solution of the differential

equation xlogex%ﬂ/ = x*log, x, (x > 1). If y(2)
= 2, then y(e) is equal to
1+¢2 4+¢? 2+e? 1+¢
1 2 3) —— (4) —
N == @ —= 6 —— @~

[JEE (Main) - 29th January 2023 - Shift-2]

. Let y = y(x) be the solution curve of the

differential equation

%:1(1+xy2(1+logex»r x>0,y (1) = 3. Then
X X

y2(x)

9

is equal to :

2
xZ

x
) 2232+ log, x%)-3 (2) 3x3(1 +log, x2) -2

xz 2

3 3 2, (4 X
3) 7 -3x7(2+log, x7) (4) 5—2x3(2+10gex3)
[JEE (Main) - 25% January 2023 - Shift-1]

. Let y = y(x) be the solution of the differential

equation ¥’dy + (xy — 1) dx = 0, x > 0,
1
y(gj = 3 —e. Then y(1) is equal to



10.

11.
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@1 2)e 3)3 4)2-e
[JEE (Main) — 24" January 2023 - Shift-1]

Let ¥ = y (x) be the solution of the differential

. dy 5 (x° +1)
- = , 0 =
equation —-+ ) A >0 If y(1)
2, then y(2) is equal to:
693 637 697 679
1) 128 () 128 @3) 128 (4) 128
DEE (Main) — 11" April 2023 - Shift-2]
Let the solution curve y = y(x) of the

differential  equation (1 + ¥ ) (Z—y + yj =1
X

pass through the point (Q%} . Then, }g; ey (x)
is equal to

T 3z T 3z
1) = 2) == 3) = 4) ==
m:  er er @3

JEE (Main) — 29" July 2022 - Shift-1]

If the solution curve of the differential equation
dy _x+y-2
dx xX-y

and (k+1, 2), k>0, then

passes through the point (2, 1)

1) 2 tan_l(%j = log,(K* + 1)
(2) tan~! Gj: log, (% + 1)

(3) 2tan~! [ﬁj = log, (% + 2k + 2)
+

[JEE (Main) — 29 July 2022 - Shift-2]

Let ¥ = y(x) be the solution curve of the
differential equation

2 +3
dy [ 2x°+11x+13 y _(x ),x . _1
de | x°+6x* +11x+6 x+1

which passes through the point (0,1). Then, y(1)
is equal to: 3 5
®G) 5

7
1) > ) > 5 @) 3
JEE (Main) — 29" July 2022 - Shift-2]

Let the solution curve of the differential

equation xdy:(,/x2+y2+y) dx, x > 0,

12.

13.

14.

15.

intersect the line x = 1 at y = 0 and the line

x = 2 aty = a. then the value of . is :

1 3 -3 5
1) = 2) — 3) — 4) —
ms @ e @

JEE (Main) — 28" July 2022 - Shift-1]

Ify =ykx), xe [O,%j be the solution curve
of the differential equation (sin2 Zx)j—y +
x

(8 sin® 2x + 2 sin 4x) y=2¢™* (2sin2x + cos2x),

with y(~/4) = e ", then y(m/6) is equal to

2 2
(1) _e—Zn/S (2) _62”/3
3 3

5 5
(3) %627{/3 (4) %627!/3

JEE (Main) — 28" July 2022 - Shift-1]
Let y = y(x) be the solution curve of the

dy 1
_+ =
X xz—ly

differential equation

1/2
(x — ] .x > 1 passing through the point
x+1

(2, \E J Then, 7 y(8) is equal to:

(1) 11 + 6log,3 (2)19
(3) 12 — 21log,3 (4)19 — 61log,3

DEE (Main) — 28 July 2022 - Shift-2]
The differential equation of the family of circles
passing through the points (0, 2) and (0, —2) is:

dy
1) 2xy L 2 _ 2 4+4)=0
1) ydx+(x Y +4)

d
2) 2xyﬁ FE+ P-4 =0

(3) 2xy d—y+(y2—x2+4) =0
dx
dy 2_ 2 _
(4) 2xy Iy x—-y*+4)=0

[JEE (Main) — 28 July 2022 - Shift-2]

Let v = y1(x) and y = y,(x) be two distinct
solutions of the differential equation Z—y =x+y,
x

with y1(0) = 0 and y,(0) = 1 respectively. Then,
the number of points of intersection of y = y;(x)
and y= y,(x) is.
®o @1 @) 2 @3

DEE (Main) — 27 July 2022 - Shift-1]
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16.

17.

18.

19.

20.

If d—y+2y tanx = and

sinx,
dx

O<x<E
2

y [g] = 0, then the maximum value of y(x)

1S
1
M @:

@> Oy

[JEE (Main) — 26 July 2022 - Shift-1]

Let the solution curve y = f(x) of the differential
equation

x € (-1, 1) pass through

the origin. Then f(x) dx is equal to

lG——rle

@r_1 @ V3
3 4 3 4
3 T V3 @™ V3
6 4 6 2

[JEE (Main) — 26™ July 2022 - Shift-2]
The slope of the tangent to a curve C : y = y(x)

2X _ g ,—X
at any point (x, y) on it is w. It

2+9e7
. 1 T
C passes through the points 0,_+_]
2 22
1
(“/Eeza )/ then ¢ is equal to :
3+f ) 3 3++/2
3 L \/E+]. \/E‘l‘l
®) |21 N

[JEE (Main) — 25% July 2022 - Shift-1]
The general solution of the differential equation
(x - yZ)dx + y(5x + yz)dy =0is:
@) * + x)* = C|(* + 2¢)°|
@) & + 20" = C|(* + %)
G) | +x)°| = CQy* + 0
@ |+ 22)°| = Cy* + x)*

[JEE (Main) — 25% July 2022 - Shift-1]

Let the solution curve y = y(x) of the differential

equation
X ¥
——+et |y

21.

22,

23.

24.

25.

26.

pass through the point (1, 0) and (20, o),
o > 0. Then o is equal to

(1)—exp( ++Je - 1) (2)—exp[ +e— lj

3) exp(%+ e+lj @) Zexp( ++Je - 1)

[JEE (Main) — 28" June 2022 - Shift-1]
Let y = y(x) be the solution of the differential
: _ 2% 2 1 443 —
equation x(1 — x )dx +Bxy—y—4x°)=0,x>
1, with y(2) = 2. Then y(3) is equal to
1) -18 (2)-12 (3)-6 4)-3

[JEE (Main) — 28" June 2022 - Shift-1]
dy ax-by+a
o S
represent a circle passing through point (2, 5),
then the shortest distance of the point (11, 6)
from this circle is :

Let where a, b, ¢ are constants,

bx+cy+a

1) 10 )8 ()7 4)5
[JEE (Main) - 27 June 2022 - Shift-1]
dy 227Y2Y-1) ,
If EJFT =0,x,y >0,y =1, theny(2)
is equal to:
1) 2 + log,3 ) 2 + logs2
(3) 2-1ogs2 (4) 2-1log,3

JEE (Main) — 27" June 2022 - Shift-1]

If the solution curve of the differential equation
((tan"'y) — x)dy = (1 + y?)dx passes through the
point (1, 0), then the abscissa of the point on the
curve whose ordinate is tan(1) is

(1) 2e (@) 2e (3)2 (4)1/e
[JEE (Main) — 27" June 2022 - Shift-2]
If y = y(x) is the solution of the differential

dy

equation x T + 2y = xe*, y(1) = 0 then the local
x

maximum value of the function z(x) = x¥%y(x) — ¢,
xe Ris:

1) 1-e 20 (3)1/2 (4) 4 e
e
[JEE (Main) — 26™ June 2022 - Shift-2]
If the solution of the differential equation Z—y +
x

(o — 2)y = (¥* — 2x)(x* — 2)e** satisfies y(0) =
0 then the value of y(2) is ....

® -1 21 (3)0 (@)e

[JEE (Main) - 26" June 2022 - Shift-2]



27.

28.

29.

30.

31.

32.
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Let y = y(x) be the solutions of the differential

equation (x + 1)y -y = & (x + 1)2 with 33 If

y(0) = % Then, the point x = % for the curve

y =y()is:
(1) not a critical point
(2) a point of local minima
(3) a point of local maxima
(4) a point of inflection
[JEE (Main) - 25" June 2022 - Shift-1]

If the solution curve y = y(x) of the differential
equation y2dx + (x* - xy + y?)dy = 0 which passes
through the point (1, 1) and intersects the line y
= 3x at the point (o, V30), then value of log,
(3o is equal to:

T n T T
1) 3 () ) @3) ) (4) n
[JEE (Main) — 25" June 2022 - Shift-1]
If y = y(x) is the solution of the differential

equation ZxZZ—y — 2xy + 3y* = 0 such that  y(e)
x

= %’ then y(1) is equal to

1 2 3
1) 3 2 3 (3) 5

[JEE (Main) - 25" June 2022 - Shift-2]

The surface area of a balloon of spherical shape
being inflated, increases at a constant rate. If
initially, the radius of balloon is 3 units and after
5 seconds, it becomes 7 units, then its radius after
9 seconds is :

®m?9

OF;

(2) 10 (3) 11 (4)12
[JEE (Main) — 24" June 2022 - Shift-1]

If y = y (x) is the solution curve of the differential
equation x* dy + (y—lj dx =0;x >0and, y (1)
x

=1, theny (%j is equal to :

@3- L

Je
[JEE (Main) - 1%t Sep 2021 - Shift-2]
dy 27V -2x
it dx 2!
(1) logy(2 + ¢)

(3) logy(2e)

(1) 34 L

Je

(3)3+e 4)3-e

,y(0) =1, theny (1) is equal to :
(2) logy(1 + e)
(4) logy(1 + &%)

JEE (Main) — 31% Aug 2021 - Shift-1]

34.

35.

36.

37.

38.

X Y nx
dy  2'y+2'2 ;¥ = 0,
dx 2" +2"7log,2
y = 1, the value of x lies in the interval:

) [%1} @) [Oﬂ G 1L2) @3

[JEE (Main) — 31% Aug 2021 - Shift-2]

then for

2

v
dy |y ¢[sz

=x| L+ 5
Y
o)

2
dx x?
2

y (1) = -1, then q)[yzj is equal to:

Ify , x>0, ¢ >0 and

Mo@ @402 (G)20(1) (@)40(1)
JEE (Main) — 31% Aug 2021 - Shift-2]
Let y = y (x) be the solution of the differential

dy

equation d_=2 (y + 2sin x = 5) x — 2 cos x such
x

that y(0) = 7. Then, y(m) is equal to:

1) 3" +5 (2)7¢° +5 (3)26 +5 (@)e™ +5
[JEE (Main) — 27 Aug 2021 - Shift-1]

Let ¥ = y(x) be a solution curve of the

differential equation (y + 1) tan?x dx +
tan x dy + ydx = 0, x (O,gj. Iflirg} xyix) =1,
then the value of y(gj is:

r_ T T _r
M -1 @5 ®) @ -

DEE (Main) — 26" Aug 2021 - Shift-1]

Let y(x) be the solution of the differential
equation 2x%dy +(e¥ — 2x) dx = 0, x > 0. If
y (e) = 1. Then y (1) is equal to:

™o (2)2 (3) log, (2¢) (4)log,2
DEE (Main) — 26" Aug 2021 - Shift-2]
Let y = y (x) be solution of the differential

d
equation loge(%j = 3x + 4y, with y(0) =0. If

2
y(—gloge 2j= o log.2, then the value of o is
equal to:
1
M 5

1 1
@ -7 ()2 @7

DEE (Main) — 27 July 2021 - Shift-1]
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39.

40.

41.

42.

43.

Let y = y(x) be the solution of the differential
equation (x — x*)dy =(y + ya® -3x¥)dx, x > 2. If y
(3) = 3,theny (4)isequal to:

1 8 @) 12 (3) 16 (4)4

EE (Main) — 27 July 2021 - Shift-2]
Let y = y(x) be the solution of the differential
equation Z—y =T+xe’™, 2 <x<V2, y (0) =0,
x
then the minimum value of y(x), x € (— V2,42 ) is
equal to:

JEE (Main) — 25 July 2021 - Shift-1]
Let ¥ = f(x) be the solution of the differential
equation xdy = (y + x*cosx)dx with y(rt) = 0, then

f (gj is equal to :

7152 s TEZ T TCZ s

o on
N2 T il 3l @l il
-7 @ O @
DEE (Main) — 25 July 2021 - Shift-2]
Let y = y(x) be the solution of the differential
equation
cosec’x dy +2dx = (1 + y cos2x) cosec?x dx, with

y [gj . Then, the value of (y (0) + 1)?is equal to

1 -1
(1) e’ () e* @)e’ e
[JEE (Main) — 22"¢ July 2021 - Shift-2]
Let y = y(x) be the solution of the differential
equation

x tan (z]dy:(ytan(zj—dex, -1< x<1y
x x

£
2) 6
Then the area of the region bounded by the

V2

curves x = 0, x= and y = y(x) in the upper

half plane is :

1
(1) 35 (-3) @ <(x-1)

44.

1 1
3) g(n—l) 4) Z(n—z)
JEE (Main) — 20" July 2021 - Shift-1]
Let y = y(x) be the solution of the differential
equation e* 1—y2dx+(zJ dy =0, y(1) = -1.
x
Then, the value of (y(3))* is equal to:
(1) 1+4e> (2)1+4e® (3)1-4¢° (4)1-4¢°
[JEE (Main) - 20% July 2021 - Shift-1]

Q45. Lety = y(x)satisfies the equation Z_y_| A| =0
X

46.

47.

y sinx 1
for all x > 0, where A = [0 -1 1
2 0 1
x
y(m) = © + 2, then the value of y {g} is:

3n 1

n 4 n 1
Dy @5 @5— @+

2 n 2

[JEE (Main) - 20% July 2021 - Shift-2]
Let y = y (x) be the solution of the differential

X

equation Z—y—(y+l)[(y+1)ez —xJ, 0<x<21

, with y (2) = 0. Then the value of dy atx =1is

dx
equal to:
5 1
2 5e?
(1) —— ) ;
(1 +e? ) (62 + 1)
3
O O—
5 .
(1+€2) (e2 +1)2
JEE (Main) — 18" March 2021 - Shift-2]
Which of the following is true for y(x) that
satisfies the differential equation
d—y:xy—1+x—y;y(()):0:
dx
1
®y@=1 (@ y(d) = e -1

1 1 1

@) y(l) = e*—e? @y =e?-1

[JEE (Main) - 17" March 2021 - Shift-1]
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48. Let y = y(x) be the solution of the differential 52.Let C; be the curve obtained by solution of

equation cosx (3 sin x + cos x + 3) dy dy 5
= (1+y sinx (3sin x + cos x + 3)) dx, differential equation nyd— =y~ —x",x>0Let
x
- the curve C, be the solution of 2y _dy ,If
OstE,y(O) OTheny( ]1sequa1to x?—y? dx
both the curves pass through (1, 1) then the area
(1) 2log (Z\EJJOJ () 2log [\/_ 7] enclosed by the curves C; and C, is equal to :
‘L n ‘
(1) g—1 (2) g+1 @ -1 @n+l
3/3-8 2
@) 210&{ 1 ] @) Zloge[ \/§6+9J JEE (Main) — 16" March 2021 - Shift-2]
0 53. The rate of growth of bacteria in a culture is
UEE (Main) — 17 March 2021 - Shift-2] proportional to the number of bacteria present

and the bacteria count is 1000 at initial time ¢ =
0. The number of bacteria is increased by 20% in
2 hours. If the population of bacteria is 2000 after

49.If the curve y = y(x) is the solution of the
differential equation

Z(xz+x5/4)dy—y(x+xl/4)dx:2x3/4dx,x>O k
— % ___hours, then (k/log 2)?is equal to :

which passes through the point(1,1_§10gg Zj log, s
then the value of y (16) is equal to : (1) 4 (2)2 () 16 (4)8
31 8 [JEE (Main) — 26 Feb 2021 - Shift-1]
1) (———log 3] (2) 4 —+=1log,3 . .y .
3 3 °° 54. The population P = P(t) at time ‘' of a certain
species follows the differential equation
3) [3—1+810ge j 4) 4(3—1—810 3) dP
T = 0.5P - 450. If P(0) = 850, then the time at

. th .
UEE (Main) - 177 March 2021 - Shift-2] which population becomes zero is :

50.If y = y (x) is the solution of the differential

dy - 1) 1logf 18 (2) 2log, 18
equation, —+ 2y tanx = sin x,y(—] =0, 2
dx 3
then the maximum value of the function (3) log.? (4) log,18
y (x) over Ris equal to : [JEE (Main) — 24™ Feb 2021 - Shift-1]
15 1
1) 8 @) b ®) s () 8 55. Let f be a twice differentiable function defined
on Rsuch thatf(0) =1, f(0) = 2and f"(x) # 0 for
. th : fx)  f)|_
[JEE (Main) — 16" March 2021 - Shift-1] all x e R. If o f o 0, for all x € R then

51.1f y = y (x) is the solution of the differential the value of f (1) lies in the interval:

don , LI MmOe12 269 ©G)G6 @03
equation — o+ (tanx)y =sinx, 0<x< 5 Wy [JEE (Main) — 24 Feb 2021 - Shift-2]

(0) = 0 then y( g j equal o' 56. If a curve y = f (x) passes through the point (1,2)

and satisfies xZ—y +y= bx*, then for what value
X
(1) log2 @ Liog 2
2 2 62
) of b, | f(x)dx = =
()( jloe @ Liog, 2
N g 1 g

62 31
[JEE (Main) — 16" March 2021 - Shift-2] 1)5 @5 G5 @10

[JEE (Main) — 24™ Feb 2021 - Shift-2]
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ANSWER - KEY

1.(1) 2.(2) 3.(2)

5. (4) 6. (1) 7. (1)

9. (1) 10. (2) 11. (2)
13. (4) 14. (1) 15. (1)
17. (2) 18. (2) 19. (1)
21. (1) 22.(2) 23. (4)
25. (4) 26. (3) 27.(2)
29. (2) 30. (1) 31. (4)
33.(3) 34. (4) 35. (3)
37. (4) 38. (2) 39.(2)
41. (2) 42. (3) 43.(3)
45. (4) 46. (4) 47. (4)
49. (4) 50. (4) 51. (3)
53. (1) 54. (2) 55. (2)

ANSWERS WITH EXPLANATIONS
1.

Option (1) is correct.
The given d.e. is :
2x2yd—yf(17xy2)=o
dx
dy 1y
=2y Z-—+d -0
ydx ¥2  x
dy du
Lety? = u= 2y -2
Y ydx dx

So, @+E=i (linear d.e)
dx x 2

jldx Inx
I[E=¢* =e " =x

.. The solution is

uUuXx= inzxxdx

= ux = log,x + C = y*x = log,x + C
Now, using y(2) = 10g.2 , we get
2log,2 = log,2 + C = C = log,2

.. The solution is :

4.(2)

8.(2)
12. (1)
16. (1)
20. (1)
24. (2)
28. (3)
32.(2)
36. (3)
40. (1)
44. (3)
48. (1)
52. (1)
56. (4)

y2x =Inx +In2 = In2x = 2x = exp (x%)

On comparing with ox = exp (Py?), we get

o=2p=1y=2
Lo+B-y=2+1-2=1

HINT:

equation.

Substitute > = u and make a linear differential

2. Option (2) is correct.

The given differential equation is :
dy

Y
——+ytanx =xsecx,0<x<—
dx 3

As the above differential equation is linear i.e.,

d—y +P(x)y =Q(x)
dx

So, integrating factor (LE) = /7%

tanxdx
:eI :elnsecx:secx

Now, the solution is :
y X LE = [Q(x)xLF.dx

:yxsecx:jxseczxdx

= x_[ sec? dx — J.(%(x)_[ sec® x dxj dx

= xtanx—J‘tanxdx

=ysecx =xtanx—Insecx + C
Using initial condition, y(0) = 1, we get
(1)sec0 =0-1Insec0 + C
=1=-In1+C =C=1

Now, put C = 1 in equation (i) we get
ysecx =xtanx—Insecx + 1

Put x :g in equation (ii) we get

T T T n
yxsec—=—xtan——Insec—+1
6 6 6 6

= xi——xi—ln(ij+1
BB \B

n 3 (ZJ V3
=>y=—-—In +—1Ine
12 2 2

a

V3

-5-2(m(%))

Option (2) is correct.
Given differential equation is

dl _ x> +3y2
dx 3x2+y2

Lety = vx
L.
dx dx

dv (xz + Sszz\

dx (324 vzxZJ

dv 1+30%
S U+X—=— 3
3+v

xdv -1-30%-30-0°
>
dx 3+0%

3‘[ 3+02
03 +30% +30+1
‘[ 'Uz+3

(0+1)°
Letv+1=t=dov=dt

v:_gdx

dv=-Inx+C

_1\2
J.(tlt#dt:—lnx+C

()

..(0)

(lnu —-Inb= lngj
b
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jﬂdt_—l x+C

1 2 4
3](?—?+F)dt:—lnx+c

:lnt+%—£:—lnx+c
t 2
:>1n(1+v)+i— 2 =-Inx+C
1+o (1+v)
2
AL 2x s=-Inx+C
X x+y (x+y)
2
=>In|x+y|-Inx+ x| =-Inx+C

x4y (x+y)
2x(x + y)—Zx2

= In(x+vy)+ =C
(x+y) ity
2xy
= In(x+vy)+ =
ey (x+y)?

Using y(1) = 0, we get
In1+0)+-L ¢ =c=0
(1?

So, the solution is:

2xy
(x+y)*
Option (2) is correct.

Given differential equation is

dy
x loge.x Y= *log.x

In(x+y)+ =0

sx > 1.

= dy + 1 y=x which is a linear differential
dx xlog,x

equation
1

NOW, IE=c¢ xlog, x
= LE = ,log.(log.x) = LE = log.x
So, solution of given differential equation is

dx

y(loge x) = Ix(loge x)dx +C
(xz (1 x2\
= y(log, x) = logexLEJ —IL; EJ dx+C )
1 Z1 1 ¢
:>y(0gex)_ Ogex_ZLZJ_'_
x 1
= y(log, x)— logex—Zx +C
cAtx=2,y=2
=2 (log,2) =2log,2-1+C=C=1
2
1
=y (log, x) = %logex—zxzﬂ

2
=>y= x—ogex—lx +1
log, x 4
2 2

e” 1 4+e
:y(e):3—1e2+1 =y(e)= 1

5.

Option (4) is correct.

Given, % d =4 L1421+ Inw) y(1) =3
X
== dy _ y+y (1+1nx)
dx
%d—y—%(lj =1+Inx
Yy dx Yy X
Let—%:u:%d—yzld—u
y y dx 2 dx
= Lau +4-14nx
2dx x
= du + 2u_ 2(1+Inx), which is linear differential
X
equation,
.[de
Now, LE = ¢~
= IE =2 =42
So, solution of given differential equation is
u (LE) = [2(1+Inx)(LF)dx +C

= ux? = j2x2(1 +Inx)dx+C

3 3
= ux? = 2(1+ lnx)x——Zj(lj.x—dx +C

3

= ux? f—(1+1nx)—T+C
3
:—izxzzi(1+lnx)—i+C
y 3 9
Put x = 1in above equation, we get
1 2 2
-—1)==1+0)—-=+C
9() 3( ) 5
:>C:—E
9
X2 20 223 5
—y = ey -S -2
y 9 9
2
=X 63 4Inx)-223 5]
y 9
2
:>x2 1[5 4x3 —6x3 Inx]
ye 9
2
=X - L5230+
ye 9
S R
9 5-2x° (2+lnx)

Option (1) is correct.
Bdy + (xy-1)dx =0

(xy
Also, y( )

Now, x3—y+xy—1:0
dx

3—e&x>0

3‘1]/ 3dy
—~ =1- -
= X XY = x +xy 1
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dy (1 1
= Lyl S ly=—
dx (xz )y x>
This is a linear differential equation
j'i x L
IF = e Xz =eX
So, differential equation becomes,
-1 -1

— o1
eX =|eX . —dx
Y I I
Put ot = —dv—at
X X

RHS. = [-telt
o I
Integrating by parts

RHS. =- [tet —Ietdt] = — tet + et +c

So, solution of differential equation is
-1 -1

ye* =—6‘7(;1—1)+C

X
1
=>y= (—+1)+cex

X

[uny

1
= - :3—@
At x 2 y

1
1
=3-¢= 1+1+ce[2)
(2)
=3-e=Q2+1)+c?
= ce” = —¢
-1
=c= —

g 1
So,y = (%Hj +(—3e;

1 1Y) 5
Now, atx =1, ¥= I+1 +— e

e
sy=2-1=1

7. Option (1) is correct.
Given that
dy 5 (1)

—= ,x>0
dx  x(x®+1) x’

which is a linear differential eqn.
5

flan oud)

LE=¢ XD o U
1

Let t=1+x75
dt:—%dx or —dt:%

X x

_J‘ldt 1 1 x5
ILE = ¢t :e—ogfzfzif)

I 1+x

Solution of differential eqn. is given by

5 5 2
o X :J(x +1) N
1+x° x’ (1+x°)

5
dx +c

y

5
:_[x ;rldx+c=.f(x3+x_z)dx+c
X

5 4
X X
. L S

1+x° 4 «x

Puttingx =1,y = 2, we get

5 4
1
21 gicoel s X 2y
1+1 4 4 1+x 4 x
Putting x = 2

yx32_1£_1+z
1+32 4 2 4
7§{I6+7—2}733x21 693
A 2x4 V18

=

Option (2) is correct.
Given differential equation

([ dy
1+e™) Ly |=1
(1+e )(dij
dy 1
dx 1+e*

which is linear differential equation of first

order

1
So,P=1andQ=——-
1+e

Now, LF—el ™
S1F=el = ¢

Solution for given differential equation is

X

y.(LF) = f(I.F).deJrc = y.e* :I1f62X dx+c

Lete'=1t
coetdx =dt

1 X -
= ye* :Il+t2 dt+c=ye =tan t+c

= ye' =tan"' (ex) +c
.- It passes through the point (0,w/2)

=>E=tan’1(l)+c SN
2 2 4

T

4

(LT
cyet =tan” (e )+4

L
~—

Now, lim(ye*)= lim( tan™ (e" )+

3n
4

=tan (em)+E=tan_1oo+E:£+E:
4 4 2 4



JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [ilugl3\V:yj{et]

Option (1) is correct.

dy _x+y-2_(x-1)+(y-1)
(-1)-(y-)

Letx—-1=Xandy-1=Y

= dx = dX and dy=dY

dx  x-y

Cdy _dy
Tdx dX
Let Y= VX:>d—Y—V+ v
ax X
2
- VX dav 1+V Xd_V:l+V
X 1-V axX 1-V
f _f _[ax
1+V? 1+ V2 X

= tan' V—%loge (14—V2):10ge X+C

2

Y
1+F =log, X+C

tan”! [Y] 1 lo
N X2
x| 2 Se

1 y—l 1 2 2
= tan (ﬁj—zloge ((x—l) +(y-1) +log, (x—l)

10.

=log.(x-1)+C

S(y-1) 1 2 2\
= tan (Ej—alog((x—l) +(y-1) )—C
.. Passes through the point (2,1)
=0 _%10&, (1)=C
= C=0

4(y-1) 1 2 2\
. tan [E)—Eloge ((x—l) +(y-1) )—O

Passes through (k+1,2)

. tan™ [%j —% log, (k2 +1) =0

— 2tan” [%j =log, (k2 +1)

Option (2) is correct.
2
Givend_y+ 2x° +11x+13 y:x+3 s1
de | x> +6x* +11x+6 x+1

Which is linear differential equation of first order

M i
NOW IF_efpx x> +6x% +11x+6
2x" +11x+13 2 1 1
——————dx. P B S S
—e f(x+1)(x+2)(x+3) = [F= ef(x+l+x+2 x+3

= p2loge (x+1) +logee (x+2)-loge (x+3)
- (x+1)" x(x+2)
- (x+3)

Solution of given different

y (LF) = [(LF) Qdx +¢

equation is

:y(x+1)2(x+2) :I(x+1)2(x+2) (x+3)

11.

X dx +c¢

(x+3) (x+3) (x+1)
2
 y(x+1) (x+2) (x+2)=_[(xz+3x+2)dx+c
(x+3)
2 3 2
:y(x+1) (x+2) X 3—+2x+c
(x+3) 3 2
.. Curve passes through (0, 1)
1><1><Z:C:> sz
3
2 3 2
.'.M:x_+3i+2x+%
(x+3) 3 3

Put x=1 in above equation, we get

4x3) 1 3 2
Y =—+—+2+—
4 3 2 3

= y><3:1+2+§:3+E =>3y:2
2 2 2

Option (2) is correct.
Given differential equation is

xdy = (W + y)dx
:d—y:—mwz 1+(zj2 +y
dx X
dy dv

Lety=vx= —==v+x—
dx dx

L U+X ?z J1+0* +0
X

1 1
= do=|=dx
ekl
= log, [v+V1+0*|=log, |x|+log, ¢

2
= Z+ 1+x_2 =cx
X y

= y+ 7 +yt =cx’
Putx =1and y = 0in above equation, we getc = 1
Syt 4yt =27

Put x= 2 and y=o.in above equation, we get c=1

LYy =2
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12.

13.

=4-a

S ot Jd+a? =4 = b+

=4+0*=16+0a*> -8a = a=

N | W

Option (1) is correct.
Given differential equation is

(sin2 ZX)Z_Z + (8 sin” 2x +2sin 4x)y

=2¢™" (2sin 2x + cos 2x)

dy 8sin? 2x + 2sin 4x

dx sin” 2x
—4x .
= 2e (Zsm 2x+ COSZx) , which 1is linear
sin? (Zx)

differential equation

4sin 2x.cos2x

LP=8+ =8+4cot2x

sin? 2x

IF J'(8+4cot2x)dx
=e

NOW, F= :eSx+21n(sin2x)

8x+21In(sin2x)

Solution is y.e

_ J'264x+21n(sin2x) . ( 2sin 2x2+ Cos2x j I
sin” 2x

= 2_[e4x (2sin 2x +cos2x) dx

Letdx=t=dx = idt

=Ie’ sin£+1cosi dt
2 2 2

alsini ;
: =—cos—and
dt 2 2

_[e ))dx—ef( )

- ye*.sin® 2x =" sin2x +C

T . .
Putx = 1 and y=e¢ " in above equation, we get

e =e"+C=C=0

syt sin® 2x =" sin2x = y=¢**.cosec2x

.y(zj_ei”i
N 7

Option (4) is correct.
Given differential equation is

1
d_y+ 21 y= x—_lz,x>l
dx x*-1 x+1

-1
x+1] —

J ! dx lln

IF.=¢¥1 =¢?

x—l]Z

14.

15.

Solution:

(1)

Lo _j(1—ijdx
x+1 x+1
1
x—1)2

iytmj =x-2In[x+1|+C

11
Put x=2 and y= 3
1 1
5' §=2—211’l3+c

:C=21n3—E
3
1
(x_—ljz :x—21r1|x+1|+21r13—E
x+1 3
Put x=8
1
7 \2

y(—j :8—21r19+21r13—E
9 3

- 7y(8)=19—6 In3

Option (1) is correct.

Family of circle passing through the given points
(0,2) and (0,-2) is

X+ (y+2)y-2)+kr=0keR

>+ P-4 +ke=0 ...(3)
Differentiate w.r.t x

2x+2yg—y+k:0
x

=k :—(2x+2yj—yj
X

Putting in (i), we get
X +yt—4-x [2x+2y

= x+y’—4-2x7 2xy—y—0

= Zacyd—yﬂc2 -y’ +4=0
dx
Option (1) is correct.

Given differential equation is

dy dy
=x+ —
dx YT

DIz e

—y=Xx

.. Solution is

yeX = [ xe™*dx
= —xe*+ Je*dx
yer=—xe*-e*+C

y=-x-1+ce*



16.

17.

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [ilugl3\V:yj{et]

Putx=0,y=0,wegetc=1

Sy =-x-1+¢ (i)
Putx=0,y =1, we getc=2
Sy =—x-1+ 2 ...(ii)

On solving equations (i) and (ii) we get
e* = 0 which is not possible

So, number of points of intersection

y1 (x) and y, (x) is 0.

Option (1) is correct.
Given differential equation is

Z—y +2ytanx =sinx , which is linear differential

equation.

Now, LF= ethanx _ eZln‘secx‘
L
=sec’x
So, solution of given differential equation is

y-sec’ x = Iseczx.sin xdx
= Itanx -secxdx

= ysec’ x =secx+c

Put x = % and y = 0 in above equation, we get

0= sec%+c:>c:—2

sysec’x=secx—2 =y =cosx—2cos’ x
2
:1—2(cosx—lj
8 4
. . 1
- iy is maximum when cosx—Z=0

. Maximum value of y is %

Option (2) is correct.

4
d_y 4= y= X +2x which is linear differential
dx x* =17 J1_y2
equation

2x

So,IF—eEf 1

_alie M exe(-1,1)]
:e%log l xz) \/—

.. Solution is,
IFxy=[LFxQdx
xt +2x

= y\/l——jm ﬂ
= I(x4 +2x)dx

x5
= yJ1-x° :?+x2+c

18.

"+ It passes through (0, 0)
20=0+c=c=0
x° +5x ( %)
e
A

Now, f

Y. U
—dx

:J%—S — dx+\£/2 —

5o,
=0+2 _[ —dx

0 V1-x?
5

— is an odd function.
1—x

xZ
V1-x?

1-(1-x%)
=2 j S S

0 \jl—xz

ﬁé 1
-2 '(.). (\/l—x2

and is an even function.

\/ﬁjdx
A

—2|sin x—2\1-x? —lsin'lx
2 2 .

=2 1sm x—— 1-x*
| 2 2
3 1}

1

4

0

x

3 4

_177,'

=2 —=x——
_2 3

Option (2) is correct.
Given, slope of the curve C: y = f(x)

dy > —6e™ +9
m=—= = —""""x
dx 2+9e
2x —X
-6 +9
=dy= —Zdx
Y 2+9¢7%

1
Since, C: Passes through the points (0, > +

and (a, 1 e )
2

1 2a

gy [2ose s,

1 =« —2x

220 °2+9
1 2g 2% 2x
¢ a(2e”* —6e* +9)e

:[y]li ‘[0 (2—‘,—96 ZX) 2x

2 242
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19.

- 1o _1_m Ia264x—6ex+9ezx i
2 2 22 2% +9
J-(Ze +9¢* 6)e
20%% +9)
Let e* =t
= e’dx = dt
1,5, 1 o (2% + 9t —6)dt
S L e L
2 2 2[ (2t* +9)

_ je (t——f jdt
1 2t +9

Q(e“ -1)

200
2 1+Ze”
9

@

(e*-1)
5= 2| 2
2 9+Ze

9
r tan_l[(e _1)\/§>< 9
4 3 9+ 2e“
= tan(fj= M —1=
4 9+ 2¢*
— 9 + 2e%= 3+/2e% -3+2
= (2-3v2)e* = 3v2-9
. 3J2-9 3(3++2)
== —— = =
2-32 ~2(3-42)

Option (1) is correct.
Given differential equation

(x — yA)dx+ y(5x + y?)dy = 0 (i)
= (x—yA)dx = —y(x + y)dy

=

9+ 2¢*

3v2e* 342

dy (x=y")
- de  —(5xy+y’)
Zyjl _ -y
= * —(bx+y”)
Let =t
dx dx
1 _ et
2dx  (5x+1)

Which is Homogeneous differential equation of
first order.

Put t =xv
dt dv
= — = X—+v
dx dx
( do ) (x—xvj —x(1-0)
—|x—+v| = - =
2\ dx S5x+xv x(5+v)
. -2(1-v)
X—+0 = ———
- dx (5+0)
xdv  —2(1-0) —24+2v—9(5+0)
= —= — =
dx (5+v) 5+v
_ —2+420-5v—0v° —2-3v-7°
B 5+v B 5+v
Lo _ ~(0® +30+2)  —(v+1)(v+2)
= Tdx (v+5) - (v+5)
.[Lsdv _ _dx
(v+1)(v+2) X

4 3 1
:>j(0+1)+(v+2)dv = [

=4log,(v + 1) + 3log,(v + 2) = —log,x + log,c

(zH—l)4 . [C]
o+27) ~ %l
(0+1)* B
(ZJ+2)3 Ty
= x(v + 1)4 =(v+ 2)3'0
yz
Put the valueof v = — = ~—
X X
2 4 5 3
x(y_+1) = (y_+2j C
X X
x(y* +x)* (y* +2x)°c
x4 x3



JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [ilugl3\V:yj{et]

2 4 2 3
. (v +3 ) _(y +32x) .
x X
= (y2 + x)4 = c(y2 + Zx)3

20. Option (1) is correct.
Given differential equation

l:—x +ez}cd—y X B
R dr = x+{ﬁ+e wy
.0
2 i dx+ye%dx

X
U __J
Ixz_yz [xz_yz
x? x
= mdy_\/xzjiiyzdx =xdx+yey/xdx—xey/"dy

x(xdy —ydx)
= % = xdx + e/ (ydx — xdy)
-y

v
dy+e* xdy = xdx+

_ (dy —ydx)

(1)

Dividing by x? both sides, we get
1 (xdy—ydx]_ey/x(ydx—xdyj

D) 2 2
a0
X

x x
Integrate both sides

o 1 (xdy—zydijrJ'ey/x(xdy—zydxj
-

e!" (ydx — xdy) = xdx

= 1alx
x

S x

= Ildx +c
x
1 ]/ /x y _
_ J—Zd(;j+_[ey d(;) = +logx +C
a0
x
—~  sin’ (%)MW =logx + C .. (i)
which passes through the point (1, 0) and (20, o)
logl = 0
sin'(0) = 0
e =1
=0+1=C
=C=1
So, sin’! (ljﬂzy” = logx + 1 ...(iii)
x

it passes through (20, o)

21.

o 1

s -1

= sin (_Z(xj+ez = log,(20t) + 1
1 1

= sin”' (Ejﬂzz = log,20 + 1

= g+\/g—l = log,20.

T(
=20 = eg+\/5—1

e %[ngr\/El]

Option (1) is correct.
Given differential equation

x(l—xz)Z—Z+3xzy—y—4x3 =0

= x(l—xz)d—y+3x2y—y = 4x°
dx

dy . (3x*-1) 4x° _
dx  x(1-x")" T x(1-x%) ()
which is linear differential equation of first order
3x" -1
S0P =1+
4x*
and Q =
1-x°
Now, LE = ej P = eI xs(i_;zl)dx = (ix-;)dx
Letx—x>=t
= (1-3xHdx =t
1 1
— “[Lar — ylogelt] - — — — —
SO,I.F. eIt ¢ |t| |x(l—x2)|
_ 1 _ 1 (rx>1)
lx=x" ¥y

Solution of given differential equation is

y (LE)= [(LE).Qdx+c .. (i)
1 4x* 1
. = X dx+c
:yx(—1+x2) J.1—x2 x(=1+x%)
2
= I%dx+c = —I%dx+c
(1-x7).x(x* -1) (x*-1)
Letx®-1=t
= 2xdx = dt
= —j%dt+c = E+c = 22 +c
t t x -1
1 2 y
yx(xz _1) = ﬁ‘f‘c ...(11)
Given, y(2) =-2
ax— 2
24-1)  4-1
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22,

23.

-1 2 -1 2
3?—§+C:>C—2 3——1
=C=-1

2_
=y= 22 1xu+cx(x2—1)
x J—

= =2x-x(*-1)
Sy=2-x"+x=3x—-x
= y(x) = 3x - x3

S y(3)=9-27=-18
Option (2) is correct.

3

Given that
dy  ax-by+a
dx  by+cy+a

= bxdy + cydy + ady = axdx — bydx + adx
= b(xdy + ydx) = axdx + adx — cydy—ady

N bId(xy) — Iaxdx+jadx—jcydy—jdy

_ax’ cy’
= bxy = 7+ax—7—uy+k
Given that it represent equation of circle
b=0
anda = —

= x2+y2+2x—2y+2—k =0
a

Since it passes through (2, 5)
2k

4+25+4-10+— =0
a

= 2k =-23
a

. Equation of circle is
4+ 2x0-2y-23=0
which have centre (-1, 1) and radius = 5
So, minimum distance of P from circle will be

= Ja1+1P+(6-1* -5 = 13-5=8

Hint : Minimum distance of point P(x;, y7)
from circle having centre (g, &) and radius
ris

Jg—x ) +(h-y,)* =7

Option (4) is correct.
dy 2727 (2Y -1)

dx 2" -1
Zy 2X
dy = —
= 71 Y sz—ldx
v X
IZ .logezdy _ __[2 .logé,de
2V —1 2" -1

24.

25.

{ J@dx =log,f(x) + ¢

f(x)
= log, |2y-1| = -log,|2x-1|+logc
c
2" -1

>2-1)2"-1) =c
Putx=1andy =1 wegetc=1
L@2-1)2°-1) =1

Put x = 2 in above equation, we get

4
= 1 — ¥ = 4 >y= logz(gj
3 3

=2/-1=

= 2log, 2 -1log,3 = 2-1log, 3
Option (2) is correct.
Given differential equation is
dx  (tan”'y)-x

= dy 1+y?
a1
f 1 ety
dy 1+y 1+y
1
=1E = ejpdy = eI”yz = eta“_1 y

.. Solution is
LF x x = [LFxQdy

tan”y

1. tan-1
= x.enly = Je y. 147 dy
Lettanly =t = Iy dy =dt
x.etanfly _ J‘t‘e‘-‘dt = te' —Il.efdt
=tel-e +c
= xettn ™ = ety ran-ly 1) 4 ¢

-1
Sxy=tanly—1+ eV

Puty = 0 and x = 1 in above equation, we get
1=0-1+ce?

=c=2

sox=tanly—1 + 200y

Put y = tan (1) in above equatioln, we get
x =tan! (tan 1) = 1 + 2¢7%" (tan1)

=1-1+2¢"

>x= -

e

Option (4) is correct.

Z‘V +2y =xe5; y(1) =0 (i)

Given, xX—=
X

which is linear differential equation of first order.
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W2, (i)
dx «x

W.py —Q ..(iii)
dx

X

On Comparing P = 2 ,Q=e
x

2
LF = eIPdX = ehdx =2
Solution y (LF) = [(LF)Qdx+c, i)

yxP= Ixzexdx +e

yxP= eX(®-2x + 2) + ¢ (iv)
yx?= x%* - 2xe*+2e" + ¢
Put x=1,y(1)=0
= O=e(1-2+2)+c
c=-e
= yx? =¥ (2-2x +2)—e (V)
Given z(x) = Xy(x) —e*xe R
Find the local minimum value of z(x)
Z(x)= (2 —2x + 2) —e—¢€*
= (®-2x+2-1)-¢
Z(x)= (2 -2x + 1) —e
Z(x)= ef(x-1)%*—e
Differentiate with respect to x
Z(x)= " 2(x—1) + (x=1)%¢%,
Z(x)=0
= 2x-1)+ (x=1)2e =0
e2x—1) = —(x-1)%¢*
2=—(x-1)

Lx=1=-2
x=-1
Again differentiate

Z(x) = (x> - 1)
=2/(X)= e2x + (- 1) &

=0 +2x-1)
Z/(-1) = e [1-2-1]

=1[_2]=__2<0
e e

Then, z(x) has a local maximum at x = -1.
Local maximum value at x = -1:
Z(-1) =el(-1-1)7>-¢

4
= ——e

e
Option (3) is correct.
dy . .
ﬁ +e' (¢ =2)y = (2-22) (@-2) ¥ ...(i)
which is linear differential equation of first order
in the form
dy
— + Py =
dx y=Q
comparing

P = " (x*-2) dx
Q= (¥*—2x) (x* - 2)e*

) B Ide _ jz*(xz-Z)dx
Find LF= ¢ e
— e[ex(xz —2) - (2x)e* + (2) €]

IF = e[eX(xz —2-2x+2]
= 02 -29) .(ii)

Solution for y
y(LF) = I(I.F)de+C

ye (P -2x) = [e (x* —2x)
(2= 2x) (2 =2) e dx + ¢
= [ 2902 (2 _ox)(x® ~2)dx +
Y (¥ -2)

X, 2
= Je“ (772007 o (x2 = 2x)(x* = 2)dx + ¢
Let (P -2x) =t
e [2x — 2]+ ¢"[x% - 2x] dx = dt
= " [2x -2 + x% - 2x] dx = dt
¢ [x2 - 2] dx = dt

yeex(xz — 2): Iett dt+c

Y (E-2)=¢t-e +c

= 022 X2 _2x) — 1] + ¢
y=[*(x* - 20— 1] + ce " (x* - 2x)
Putx=0 y(0)=0
0=[-1]+c=>c=1

Y= 02— 20) =1 + 9072
Then y(2)= e*(4 —4) - 1 + ¢4 -9

=-1+1=0
y2)=0
. Option (2) is correct.
Given, ¥ _ Y _ vy 4 1) (i)
dx x+1
Comparing with
Ay +Py =Q
dx
p- L
T x+1

And Q= ¥(x + 1)
which is linear differential equations of first order

1
x —dx
LE = I ej i
. 1
— ,inx+1) — _—
¢ x+1
y(LE) = .[(I.F.).de+C
1 3x 1
= y = Ie (x+1)x dx+C
(x+1) x+1
N vy o_ J.eaxdx+C
x+1
y e3x
= — -
x+1 3 +Gy



DIFFERENTIAL EQUATIONS

28.

eBx

= y= A (x+D+C(x+1)

63x
- y= (x+1){?+c:| (i)
Putx =0

1
Given, y(0) = % =y(0) = l{§x1+c}

...(iii)

So, = ——[3x+4]=0

3

For extermum or critical point put Z_y =0
x

=3x+4=0
-4
=>x= —
3
N PV 1r Gy r e )30
ow, i g[ (3)+(3x+4).3¢ ]
dz 3x
Now, —]2/ ¢ ><3[1+3x+4]
dx 3
dzy
Now, = =e*[3x + 5] >0,
X
atx = —

Therefore, x = % is a point of local minimum.

Option (3) is correct.
Given differential equation
Vdx + (C—xy + P)dy =0

dy -y .
= A P —xu+v? ()
x X" -xy+y
which is Homogeneous differential equation of
first order

Puty = vx
d
4 x@+v
dx dx
do _szz
X—+0| = — — —
Now, (i), ( dx j x? —x?v+0v%x?
_ vt
1-0+0?

)= =2
—Y X—+0| = _~
dx 1-v+0?
- xd_v _ —v* —o(1-v+0%)
dx 1-v+0°
- xd_v _ vt —v+0?-0°
dx 1-v+0>
do  —v(1+0%)
= X = oy
dx (I-v+0%)
jl—v+vz dx
—— 5 00 = _—
- o(1+70%) X

j 1 _ 1 N v A — e +1
ZHo40?) 1407 1402) TS

:I[l_ v 1 L
v 1+0% 1+0* 1+0°

jdv = —Inx + Inc

c
= Inv-tanlv = ln(;j

Put,x=1,y=1
= ln(zj—tanl [zj = ln(gj
X X X

= In (1j =tan"'(1)

C

= (5] - w(2)

where _|nc— =

= ln(zxfj
X C

X
Puty = V3x
1 [ﬁJ—ta 13 = ~Inx-=
X 4
= +lnf—g = —-Inx——

= ln(\/§)+lnx E—g

In(V3x) = T E T
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29. Option (2) is correct.

dy _ 2xy—3y2
dx 2x?

Which is Homogeneous linear differential

equation of first order.

Put y=xv
d_y = x.d—v+v
dx dx
2x.x0 —3x%0?
X—+0 = ———5
dx 2x
20— 30>
X—+0v =
dx 2
do 20— 30? 20-30v% -20v
= x— = —-v=
dx 2 2
dv 302
x— =
dx 2
dx -2
= = |—dv
x J‘302
-2 -1
= logx = ?x—+c
v
] Y e
ogx = ——
3y
2x
logx —c = —y
Ay = 2x
y= logx—c
given ye) =
3 e 2e
X — =
3 log,e—c
= 1= i
1-¢
l-c=2
c=1-2=-1
1 _ Z_x_ 2x
o8 *= 3y $3y = logx+1
Y
- Y= 3 logx+1
Put x=1
M= 1a2l 2
M= 3 0g1+1 3

30. Option (1) is correct.
Let r be the radius of spericut balloon.
So, surface area of balloon, S = 4772

Q)

31.

Given, s = P (constant)
dt
= 8Tcrﬂ =P
dt
= 8nrdr = Pdt
N SnIrdr = _[Pdt
)
= 87'[7 = Pt + C
Att =0,r=3
9
8 - =
= Tf[zj C
C =36n
Also, at t=5r=7
49
= 8n > = 5P + 36m
= 5P = 160m
= P =32n
2
8n? = 32nt + 36m

Put t = 9 in above equation, we get
2
871% =321 (9) + 367

= r=9

Hints:

Surface area of balloon S = 41r2, where 7 is the
radius of spherical ballon and solve further

using the concept of application of derivations.

Shortcut method
Let r be the radius of spherical ballon.
So, surface area of ballon, S = 477>

Given, E = P (constant)
dt
= 8nrﬂ =P
dt
2
= 8n— =Pt+C
- At t =0,r=3
C = 36m
Also,at t=5,r=7
= P =32n
4mr*= 321t + 361
So, at t =9,r=9
Option (4) is correct.
dy Y 1
2 _ _
xdy + ydx = — = + 23



DIFFERENTIAL EQUATIONS

32.

33.

a1y
= ye ¥ = J€x~x—3dx+c

-1 1
Let — =t= —de=dt
X X

1

= yeig = J.—tetdt+C = [t -

1 1 1

1
:>yeX=—eX+ex+C

Putx=1
e—l
=)l = T +el+C

=C=¢1

1 1

Equationis ye * = —e ¥ + ¢ * —¢
x

el/x

1
+1-

Sy= -
1
Atx = -
Y73

=y=3-¢
Option (2) is correct.

dy MY o _2{2 —1}

dx Y

J~2yd

o szdx

.

e+ C

1
—1

2

2Y

Let 2Y-1 =t=2YIn2dy = dt

dt 1 x
at_ 1 _ o
= t In2 j x

Int 2" c

:>ln_2= ln2+ In2
= nt=2"+¢
Whenx=0,y=1,c=-1

aln@-1) =2-1=2-1=¢

=2y=1+ ezx_l

When, x=1=2=1+¢=y=

Option (3) is correct.
4y

dy 2x(y-+2y)
= dx 2%(1+2% log,?)
Y
o (2824 [
y+2Y

= Inly+2¥ | =x+c¢
Now, y(0)=0=c=0

2%-1

2%y 4 2Y 2%
dx 2% 42"V 1og,?

logy(1 + e)

Injy+2Y] =x
Now, for y = 1 we have
x=In(1+2)=In3€e (1,2
34. Option (4) is correct.
2
¥y
yay _ |y, \x

xdx |42 2
o)

y = xt
dy dt
i =t+ Xa
dt G
frxtt) - ( " )J
, dt _ o)
T e Tyl
f¢<fz>dt 14
o(t%) X
Integrating both sides

[y - (L
(%) x
Let ¢(t) =p
= (p’(tz) -2t =dp

1¢dp (1

= EZ'I';;- = I x:cix

= %lnp =Inx + C
1 2

= Eln(p(t)=ln+C

2
= %ln [(I)(y—z\n =Inx +C
X

Ifx=1y=-1thenC = 1 ln((p(l))

= %m[ [Z—z J Inx + —In((p(l))
= In [d{i—jD = Inx? + In(p(1))
- ln[ (z_ZD = In(x%p(1))

= [Z—ZJ = x%¢(1)

1/2
If x =2, then ¢ )= 4¢(1)

,let
X

Yy

=t



35.

36.
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Option (3) is correct.
Given differential equations is

d_y =2(y+2sinx—-5)x —2cosx
dx
dy _

= d—_ny+4xsinx—10x—2cosx
x

Comparing with ? +P(x)y=0(x)
X
Px) =-2x,Q(x) =4xsinx—-10x -2 cos x

So IF = eJ.de _ eI—Zxdx _ eixz

= IF =e¢
Solution of differntial equation is
y(IF) =]Q@F)dx +c

2

=y )=f(4xsinx—le—Zcosx)e”C2 dx+c
2

= ye ™ =[e™[2x (2sin x - 5)-2 cos x] dx

2 , 2

J e 2x (2sinx—5) dx—j e cosxdx
I :
i

J'[—e"xz (2sinx— 5):| +
2 2
I e cosxdx —I e cosxdx

= ye‘xz = (5-2sinx) +c¢
= y=5—2sinx+ce"Z
Let F (x)

- F)=7
= F (0) = 5-25sin (0) + ce’

= 7=5-0+c

=7-5=c

c=2

~ F{x) =5-2sinx + 265
Nowatx =mn
—F(m)=5-2sinm + 26"
—F(m)=5-2(0) + 2"
SFm=5+2¢"

Option (3) is correct.

(y+ Dtan®xdx + tan x dy + y dx = 0

=5—Zsinx+cex2

=

So, oy (1 + y)tan x= -y cot x
dx

= % + y(tan x + cot x) = —tan x

2
.[ tan” x+1 dx

(tan x+cot x)dx _ tan x

IF = eI = tan x
soytanx = I—tanzxdx+C
= ytanx = I(l—seczx)dx+C

= ytanx=x-tanx + C

37.

38.

Now lim xy =1
x—0"

= lim (
x—0"

& ) (x—tanx+C) =1
tan x

=10-0+C)=1=C=1

Then, the function y tan x = x —tan x + 1 at

dy _ e 1
dx 9,2 x
eldy eV 1
dx — x 92
Let €Y=t ...(d)
dy _ dt
—Y(_ _— = —
= e 1)dx dx
(differentiating both sides w.r.t. x)
-4t _t_ 1
dx  x 2
—dt t _ -1 _odt ot 1
de  x  9x2 dx  x  9,2
Jldx
Now, IF = €% ==y
tx = %-xd;ﬁ—C
2x
_ 1
= eYx = Elnx+C
1 1
= _1. = — = —
yle) =1=e" -e 2+C:>C 5
_ 1
= e¥x = §(1+lnx)
Put x = 1in the above equation, we get
_ 1
e y = —
2
= -y = In1
Y 2
= y=In2

Option (2) is correct.

d
In (%) =3x+4y,y0)=0

dy 3x | 4y
dx ¢

= =e
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= jef4ydy = _[eSde

—4y 3x
e e
= 3 =3 *¢€
Also (0)—0=>_—1—1+C
PYEETE T3
-7
2C=10
-4 3 12
Put x =%21n2
) 1
. i B 63(?)log2 1 B elogz 1
-4 3 12 3 12
L 17
-4 12 12 2
= =2
:>—4y=ln2:>y=_zlln2
I
=1

39. Option (2) is correct.
Given, (x - x°)dy = (y + yx* - 3x¥)dx, x > 2
=xdy - ydx = x*(xdy + ydx) - 3x*dx
dy —yd
= % = xdy + ydx - 3x*dx
x

Integrating both sides
LAY
=L =wW-xtc

Given, y(3) =3 = % =9-27+c¢

= ¢=19

4(4
Now, Q

i = 4y(4) -6y + 19

= %y@) =45

= y@4)=12
40. Option (1) is correct.
d
% =1+ xe¥™
d
e
dx
dy dt
PuteV=t Y L = -
ut e =e » I

= dt t+ xe™
-——= xe
dx

(@)

41.

42.

dt L .
:E+t=—xe ...(ii)

IE = eIldx e
Solution of equation (ii) is
te* = I(—xe’x)exdx +c

2

2

2
X

:}ex_y = ——+C
2

= te¥ = +c

... (i)

2-x*
Also, y0)=0=1=c= Y= 5
2—x*

2
= y=x+ln[

Now, & — 14 ( 2 j
oW dx * 2-x*
2-x%+2x X2 —2x-2
272 T o) | X max—a)
= [ 2—x? J - [ 2—x? 0
.'.x=1i\/§
— + —
| |
] ]
1+«/§
dy

1-3
If T changes sign from negative to positive at
x

x = g, then it will be a point of minima.
= Ymin atx = 1-3

= Ymin= (1—x/§)—ln(\/§—1)

Option (2) is correct.

xdy — ydx
% = x cosx dx
X
d

- jd(zj _ Ixcosx X

X

%= xsinx + cosx + ¢
= 0=0-1T+4+c=>c=1
= y =x*sinx + xcos x + x

2 2
= f(Ej = Tc_.|.0+£ = T[__|_E
2) 4 2 4 2
Option (3) is correct.
Given, cosec? x dy + 2dx
= (1+y cos 2x) cosec’xdx

dy

= = +2sin’x = (1 + 2
I sin“x = (1 + y cos2x)



d
:>d—y—yc052x=1—25in2x
W (cos2) (1 + )
— = (cos 2x
dx Y
d
I—y = Icostdx
1+y
sin 2x
= In(l+y) = > +c

Given,y[gj =0

sin ~
T 1
:ln{lﬂ/[zn = +c=>c= —
sin0 1
Now, In (1 + y (0)) = -
ow, In (1+y(0) ===~

So,(1+ y (0)) = ¢
L1 +y )=t

43. Option (3) is correct.
Given differential equation

= xtan( jdy ytan( jdx xdx

= tan[ j(xdy—ydx) — —xdx
)

= In

crxl:i

=c=In1=0

y=x sec! (lj
x

So, required bounded area in upper half,

1/42
A= j xsec™
0

/42

(%jdx= .(l; xcos™ (x )dx

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) IaUlal3\7r.yy{e]

Using integration by parts

X
= cosx
2

1
4 4 270

1
2oL 2
Y o
. 0 le—xz

1—(1—x2)
N

X

Sl

(sin’1 x)O% — | V1-x%dx

0

n 1
_+_
16 2

1
V2

n 1 L
_+_
16 2 4

{1 W Lsin }
L]

44. Option (3) is correct.

0

A

n 1
_+_
16 2|

Given differential equation
1-y dx+(yjdy 0, y(1) = -1

= ¢ 1—y2dx:_—ydy
x

Y [xedx o [
Ty Ji
= J1-y* =e" (x-1)+c

Givenx =1,y =-1
= 0=0+c=c=0

= J1-y* =" (x-1)

At x=3=1-12= (2 =y>=1-4¢

jxe*dx

45. Option (4) is correct.

y sinx 1
, 0 -1 1
Given, A= 1
2 0 -
x
So, IA|= y(‘_lj —sinx (-2) + 1(2)
x
= |A|=_—y+Zsinx+2

X

Given, dy_ |Al=0
dx

d—y—(_—y+25inx+2j20
dx X



DIFFERENTIAL EQUATIONS

46.

= d_y+1_2 (sinx +1) =0
dx  x

Ildx
ILE =¢"
So, yx= IZ(sinx+1)xdx
So, yx=2 dex+j.xsinxdx}

=X

2
=  yx=2 {%+(—xcosx+sinx)}+c

= yx = x*—2x cosx + 2sin x + ¢
At X=m, y=m+2

= @+2)n=n*+2m+c

= n+2n=n’+2n+c
=c=0

Option (4) is correct.

Given

y = y (x) be the solution of the differential
equation

Z_Z:(yn)[(yn)exz_x],y(z):o

j—i=<y+1>{(y+1>e3—x}

Divide both sides by (y + 1)

1 d_y_eg x

(ye1pde  y+l

= -1 dy__x ——e%

(y+1)2 dx (y+1)
P tL—Z
v y+1_
Differentiate both sides w.r.t x

-1 dy dz x

By _as d X .

- (y+1)2 dx dx £+z-(—x):—ez )

Compare with Z_Z +Pz=Q
b

Where P and Q are functions of x.

Find integrating factor

IF. = olP®

_ ef(fx)dx

Solution of (i) is
z-(LF.) = [Q:(LF.)dx+C

X2 2 X2

= z-e_fz—jef-e_fdx+C
X
= z-e 2 :—Idx+C
xz .. p—
= ze 2=-x+C . ( Idx_x)
1 2
Put z=—— =% - x4C L)
y+1 y+1
Given, y=0atx=2
Z=-2+C
= C=2+¢2 (i)
From (ii) and (iii)
x
e 2
+1=
Y e 4+2—x
Again,atx =1
3
2
= +1=
Y e’ +1
3 Sy 3
2 2 1 2
d_y = Ze Ze e2-1| =——F 3
dx|._; e*+1]e*+1 (€2+1)

Hint :

(i) Rewrite the given differential equation.

(ii) Now, thisisin the form oflinear differential
equation.

(iii) Find integrating factor.

(iv) Write the solution of differential equation.

(v) Find the constant by using given condition.

(Vi) Find Z—y atx=1.

X
Shortcut Method:
d x*
§=<y+1>{<y+1>ez ]
oy (1) 5
= (y+1)2 dx x(y+1J_ ¢
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= £ __xicC (D)
y+1
y@2)=0
C=e2+2 ...(ii)

From (i) and (ii)

IZ

2
e
y+1=—
e2+2-x
3 3 " El
d e2 e? = e2
. _y Xez_l = —

dx|,_; e*+1| 2 +1

47. Option (4) is correct.

Given
d—y=xy—1 +x-y;,y(0)=0
dx
d—y=xy—l +x-y
dx

= d_y=xy—y+x—1
dx

= W ya-1) +1(-1)
dx

= Woyt+n@E-1
dx

Now, we can use variable separable method to
solve this differential equation.

W e 1ydr
y+1

Integrate both sides.

dy _
J;:I—j@—lﬂx

Put y+l=t= dy = dt
dt
—=|(x—-1)dx
-=[-1)
2
= 1n|t|:%—x+c

{ Id—x:1n|x|+cl
X

J.xdx = % +c,
Idx =X+C;3
Take all constant to

one side to make

single constant]

2
= In|y + 1| =?—x+c (i)
[vt=y+1]
y = 0atx = 0 (Given)

In|0+ 1| = 0 -0+c

2

= Inl=c¢

= c=0

So, (i) becomes

(~In1=0)

Inly+1| = x? -x
= ly +1| = e2
(v log,b=m=0b=a")
Put x=1
1
ly+1] = e
1
= y+1=e?
(Taking case of positive)
14
= y=e2 -1
1
= y=e?2-1
1L
So, y =e? -1

Hint :
(i) Rearrange the expression so that
differential equation occurs in form

d
=W )
X
(i) Solve using variable separable method.
dy
(iii) Solve [——= | f(x)dx
Iﬂw /

(iv) Use the given initial condition to find
constant.
(v) Finally put x = 1 to find value of y.

Shortcut Method:

d_y=xy—1+x—y
dx
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d
- jy—flzj(x—ndx

2
=In|ly+1| = 7—x+c

y0)=0=c=0
y+l=€?_x
A
y=c?-1

48. Option (1) is correct.

Given: differential equation is

cosx (3sinx + cosx + 3) = (1 + ysin x (3 sin x

+ cos x + 3)) dx

= cosx (3sinx + cos x + 3)dy = dx + y sin x
(3 sin x + cos x + 3)) dx

= cos x (3 sin x+ cos x + 3) dy —y sin x (3 sin x
+ cosx + 3) = dx

= cosxdy-ysinx dx=——"———— dx

3sinx+cosx+3
dx
- d(ycosx)_Bsinx+cosx+3

Integrating both the sides, we get
dx
d =
J. (ycosx) -[3sinx+cosx+3
dx
3sinx+cosx+3
2
As we know, sin 20 = —tan? and
1+tan” 0
1-tan*0
1+tan®0

=  ycosx :I

c0s20 =

dx

— ycosxzj
2tan> 1—tan?X

3 2 1, 2 +3
1+tan? > 1+tan? >
2 2

(1 + tan? xj dx
2

. ycosxzj . " "
6tan=+1—tan*=+3| 1+tan*=
2 2 2

sec? X dx
= ycosx = " 2x "
6tan=+1-tan*=+3+3tan* =
2 2
{ sec26:1+tan26}
sec® > dx
= ycosx:_[ 2 ...(4)

2tan? X +6tan> +4
2 2

Put tan> =}
2

= 1seczfdx =dh
2 2

So, equation (i) can be written as,

%dh
VoSt = e a
dh
- ycosxzjhz +3h+2
dh
- ycosx:IhZ +2h+h+2
= COSJCZJ‘¢
Y (h+1)(h+2)

1 1
= YCosx Zj{m—m} dh

As we know, J%dt:1n|t|+c

= ycosx=In|h+1|-In|h+2|+c

Also, we know that In(m)—In(n)= ln(%j

h+1
= ycosx=In Y

+C

x

tan —+1

= ycosx=In —2 i
x

tan — +2

Given that y (0) = 0.
tan(0)+1

0-cos(0) = In| )2
- cos(0) ntan(0)+2

+C

1

= c¢=-In

L o) (L]t

l+tan>
ycosx =1In +In(2)
2+tan%

Put x = g in the above equation, we get

. . 1+tan ™
y(gjcos[gj ~In|—© +In(2)

2+tanE
6
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[rei-5)

V3 +1 +1n(2)}

= y[gjzz{lnm

i 2(V3+1)
- y(gj:z N
{ In(m)+1In(n)= ln(mn)}

- y(szzm 243 +2
3 24/3+1

Rationalising the term in logarithm, we get

y[zj o (z\/§+2)(—2\6+1)|
3 (2\/§+1)(—2\/§+1)‘

o (7). n—12—4\6+2\6+2‘
(R T |
{a*=b* =(a+b)(a-b)}

o s

n 24/3+10

(szmo 24/3+10
Yl 3 8|

Hint :

(i) Simplify the given differential equation.

(i) Solve the obtained indefinite integral
using method of substitution.

Option (4) is correct.
Given a differential equation

2(35Z +x5/4)dy—y(x+x”4)dx =2x"*dx

(x2 +x5/4)dy :2x9/4dx+y(x+x”4) dx

I
[\

[\

(x2 +x5/4)dy = (ng/4 +y(x+x1/4 ))dx

27/ +(x+xl/4)y
dx 2(x2+x5/4)

QU

- dy ~ 2104 (X+x1/4)
E_Z(x2+x5/4)+2(x2+x5/4)y
. d_y: o4 (x+x1/4)

dx (x2 +x5/4) 2x(x+x”4)

9/4
W 7y
dx x5/4(1+x3/4) 2x
- Wy __x ..4)
dx 2x  T1+x**

As we know, linear differential equation is in
d

the form of d—y+Py:Q, where P and Q are
x

functions of x.

So, we can see that equation (i) is a linear

differential equation with P=;—1 and
x
X
RS

Now, as we know, the integrating factor,

IF = eJ.P dx
So, Integrating factor (LE) of equation (i) is,
;ldx

LF.=¢ %

Ll‘[ldx _—Ilnx
—1 —p2Jx = —p2
LF.=e IF.=e

= LF.= ™ { Inm" = nln(m)}
= IF.-= % foo o = 1)
X

Also, we know that the solution of the linear
differential equation is given by

y (LF.)= [Q(LE.) dx

So, the solution of equation (i) can be written as,

1 _J‘L.idx
&)l
1/2
y X ..
= L | dx LL(1n
NRLEvT: @
Put 1+x¥* =h
3 -1
= Exflalx:dh:>§x4dx:dh
4 4

So, equation (ii) can be written as,

-1
ExTh ‘/; h
4
y 4h-1
= L =[="——dn
Jx Ia h
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50.

- %:—J[l——]dh
N %:5(}1 Inh)+c
= %:%[(l+x3/4)—1n(1+x3/4)]+c

This is the solution of differential equation
Now, given that it passes through the point

4
1,1-=1 2
( 3 B )

4
l—gloge 2y

-3 =5((1+(1)3/4)—1n(l+(1)3/4))+c

= 1—éln2:é(2—ln2)+c
3 3

4 8

= 1——ln2——+éln2:c =c=—
3 3 3

The solution can be written as

%:%((l+x3/4)—ln(l+x3/4))——

Put x = 16, we get

%:%((1+63/4)—ln(1+163/4))——

— y(16)= 36(1+8 In(1+8))-=
= y(16)= 136(9 In9)-= >
= y(16)=2(9-2In3)-

= y(16)=4 3 -Sin3]
Hint :

(i) Convert the given equation into linear
differential equation,

(i) Find the integrating factor and then
use method of substitution to solve the
differential equation.

Option (4) is correct.
Given differential equation is

dy .
o + 2 t = eee i
o H2ytanx =sinx (i)
Solution of this differential equation will be
y (LF) = [sinx(LF)dx ...(ii)
ILF = eIZtanxdx
LF = eIZtanxdx

jtanx dx = In (secx)+c
LE = eZlnsecx

In sec” x

IF = e
LF = sec’x ..(iii)
Now using equation (ii) and (iii)

y(seczx) = J'(sin x)(sec2 x)dx

sec X)= j( j(sec X)dx
= y(sec2 X)= j(tan xsecx Jdx

:>y(sec2 x):secx+C ..(iv)
. L . T
Given that y[gj =0 i.e., whenx = 3/ y=0

= (O)(sec j— sec(EJ+C — C=-sec’
3 3 3

=C=-2 (V)
Using equation (iv) and (v)

y(sec2 X)=secx—2

secx—2 secx 2
= 5 - _
sec” x sec’x sec’x
1 2

_ _ 2
S Yy=——-—"7— =Y =Cosx 2.cos” x

secx sec”x

=>y= —2{cos® x —%cosx}

, 1 1 (1Y
=y =-29C08" X ——Ccosx+| — | —|—
2 4 4
1 1Y’
=>y=—-2| cosx——
8 2

1
For y,.x put cosx = > = Ymax =

0 | =

Hint:
(i) Solution of D.E will be
y(LF) = I(sin x)(LF)dx

(ii) IE= ethanxdx

(iii) Itan xdx =In(secx)+C

(iv) -1 <cosx <1

Shortcut Method:

2 tan xdx
LE= I =sec’ x

1.sec 2x = J.sm x.sec? xdx
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= ysec® x =secx+C = :ln\/i

Np

= y:Lan orLlogEZ

242 242

Asy[§j=0:>C=—2

= y(sec2 x) =secx—2

Hint :
= Iy =CoSX— 2cos® x (i) Solution of linear differential equation
02—
=y=t-2t";t=cosx d_y+yp(x):Q(x)
dy dy 1 dax

=~ =1-4t, when = =0=t=—
4 P(x)dx P(x)dx
dt dt 4 e yeI (x) —eI (x) .Q(x)dx

1 (ii) Use property of logarithm,

Ymax = g

51. Option (3) is correct. log(b) (a ) =mlog, a

Given, y (x) is a solution of
Shortcut Method:
d—y+(tan x)y =sinx dy .
dx y ’ secxa+secxtanxy=secxsmx
h 0,2 land y(0)=0 d
wherex e U5 andyiv) = = d—(ysecx):tanx
X
° The given equation is a liner differential = ysecx=In (secx) + C
equation as it is of the form x=0,y=0=0=0+C
Yo yp(x)=Q(x) =
dx In(secx)
J'P(x)ﬂlx So, y=
Integration factor (ILE) =e secx
Here, P(x) = tan x .
So LE 6J o At i " 4 Y 1 In2
4 L= 7 X =—, = 7 = —
In(secx) 4 / T 2\/5
= ILE =e sec Z
= LE =secx

52. Option (1) is correct.

So, solution of differential equation d 5 o
dy o Forcurve C;: 2xy 2 =12 —x% x>0
d—+y(tanx):sinx is given by dx
x
. dy y*—x* .
= secx) = |(sinx)(secx)dx = 2L = ..(i)
y(sec) = [(sinx)(secx) Yy
- ysecx = J‘ sin x dx This a homogeneous differential equation.
cosx = Puty = ox
= ysecxzjtanxdx N d_y =v+x@
dx dx

= ysecx =In(secx)+C . do 0

)= v+x = = —"—
Also, y(0)=0 dx 20x?
= 0 sec (0) = In (sec(0)) + C . - dv _ 0?2 —1
= 0=In(1)+C dx 20
= C=0 2

= P g
So, y sec x = In (sec x) dx 20

T). . 2_1_9,2
Now, y| — | is given by — xdv -0 v
! dx 2v

T B T 2 _
sec(z)y—ln(seczj - X dv _ _ (U 1]
20

dx
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20 dx _xz k
= = = — +1=-
v +1 X yz y
d(Uz +1) dx = xz + yz = k]/
- 241 x = P+ —ky =0
Inteerating both sid It passes through (1, 1)
ntegrating both sides =
5 - =1+1-k=0
= In@w +1) =—=Inx+Inc —k=2
= UZ+1=£ So, Czisx2+y2—2y=0
x = @-02+@y-12=1
= £+1 =< Y
x2 X A
= 2ty =cx

= 1+ yz -cx =0
It passes through (1, 1)

= 1+1-c=0
= c=2
So, Cpisx®+y?-2x =0
~12+ (y-072 =1 1
- =17+ -0) Required area = ZI(VZx—xZ —x)dx
2xy  dy .. 0
For curve C;, ———=—> ...(i1)
xz—yz dx 1 1
5 9 =2_fv2x—x2dx—2jxdx
dx _x -y g 0
dy  2xy -
Put x = py =2l — 2{%:‘
= mpty N 2 O
dy Y =2 -2 (1-0)
P22 -y 2
(i=p+y L="1 2 =2, -1
2py .
=Sp+y b _ E Now, L = IVZx—xzdx
d 2p 0
1
Lyd Pl = L = [{1-(x-1) dx
dy 2p 0
d 2 4 ~2 Put x—1 =sin0
:yd_P P ; 27 = dx =cos0d6
Y p 0
d p?+1 L = Icos&cos@d@
:}y _p = — 1 T
dy 2p 2
0
2p dy 2
= dp=-—=-2L cos“ 0d0
(P2+1J y = I _J;_
2
- d(p2+1)_ dy Lo
71y = I = Ejﬂ(l+cosze)de
Integrating both sides, we get 2
2 __ 0
= In@p'+1) =-Iny+Ink N L = 1[9+1sin29}

= p2+1= 2

< | =
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= L==r
LG
So, area = 2I; -1
=2 Ej 1= _1
4 2
Hint:

(i) For homogeneous differential equation
puty = vx or x = py to obtain its solution.

(ii) Both curves are passing through (1, 1), use
this to find arbitrary of integration.

(iii) Use the concept of symmetric curves
w.r.t. line y = x for simplification of area
integral.

Shortcut Method:

2.2
d_y:u,Puty=vx
dx  2xy

dv v? +1
= In@+1)=—-Inx+Inc
Curve passes through (1, 1) and y = vx
= x> +y2—2x = 0, curve C;
Similarly, curve C, is > + ¥* — 2y = 0 as

2
differential equation is given as dy __2xy

dx  x* —y2

1
Area = ZJ.(\/Zx—xZ —x) dx = g
0

53. Option (1) is correct.
Given : Rate of growth of bacteria in a culture is
proportional to the number of bacteria present
and the bacteria count is 1000 at initial time
t=0.
Number of bacteria is increased by 20% in 2
hours.
Population of bacteria is 2000 after

_k
6
log, (5)

. d_x oc x where x is number of bacteria at time £.

hours.

- dx_ ax Where A is a constant.

dt

=
X
x=1000at t=0

andx = xatt =t
Integrating both sides, we get

[IRESN
1000 5 0
= In x [fop =1t [o

= Inx—-In1000=A ¢t

= In| —— |=nt
1000
X b
= —= : = =
1000 e (..lnu b=a e)
= x =1000e" (1)
Number of bacteria after 2 hours grows 20% more,
= 1000 + 20 x1000
100
=1200
1200 = 1000e**
= e = é
5
= 20 =1In (éj
5
(Taking log both sides )
1 6
Given,
=2000 at t= k
x=2000at f=—rc i)
In (j
5

From (i), (ii), and (i)

il“(g}lnfs]

2000 = 1000e
= 2= ek/2
Taking log both sides
2
m2-K= K o= k14
2 In2 In2

Hint:
. dx
(i) 'f—:ln|x|+c
X
(i) [dt=t+c
(iii) glog.x —, whenever defined

(V) Inx=b=x=¢"
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Shortcut Method: . e
1200 ) (i) '[—:ln|x|+c
dB dB x
< 'B = =1 [at .
1000 0 (iii) _"x"dx =% 4 cwheren=-1.
1. (6 n+1
= A= —ln(—J
2 5 Shortcut Method:
2000 T
J' d_leln éjjdt dE S0
wo B2 \5J dt 2
2In2 0 t
- T=76) R e
1n(5] a0 0—900 27
k=21n2 = n(200)_¢t
- - 50 ) 2
2
= kY = t=21In18
In2 . .
55. Option (2) is correct.

54. Option (2) is correct. Given : f(x) is a twice differentiable function
Given: definedonRsuchthatf(0)=1,f(0) =2andf (x) #0.
Population (P) = P (t) at time ‘t' of a certain Forall xe R
species follows the differential equation.

: q M) 10 e
dP _ 5P _ 450 = 12’ 920 . Z_E:P—29OO f(x) f (%)
a =@ (- ()=
It is in variable-separable form =f(x)f“(x) = (f'(x))Z
dpP 1 ) ,
“pooo0 2" o ) _f()
ot i fi(x) f(x)
Integrate both sides .
P=850atf=0 Integrate both sides
P=0att=t jf(x jf(x)dx
©odp 1 fr(x ) f(x)
j = —[dt
P-900 2 = In|f' (x)| | f(x)|+Inc
dx
| —=lIn|x|+c =1 = f'(x)=
= gpsoo||, <L | L n|£/(x)|=Inlof(x)| = f(x) =4/ (x)
J.dx:x+c = f(x):
f(%)
= In900-In50 = 1t =In (@j _t Integrate both sides
2 50 ) 2 f(x)
I—dx = jc dx
Using Inx—Iny =In> /)
Sig X ny—n; = In|f(x)|=cx+d
= In18 =1 = |f(x)|=e (cx+d) (v Inx=a =x=¢
2
= t=2In18 f(O)jl
Hint: =1=¢
=d=1Inl (v a’=c=log,c=b)
i) dy _ &) is variable separable form that =d=0
dx g(]/) |f (x) | = ¢

can be solved as = f(x) =+

J.g(y)dy:.[f(x)dx f(x) = +ce™
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Cf0) =2
=2=*c
=c=%2

So,f(x) =te*?

flx)=e* (= £(0) > 0, £(0) > 0)
f (1) = ¢ which lies in interval (6, 9) according to
given options as ¢ = 7.39.
Hint:

(i) j%dlenu(x)ml

f"(x) x=In|f'(x)|+c
= (),

(i) |

Shortcut Method:
F()F ()= (£ () =0
- f'(x) _f'(»)
fi(x) f(x)
> FW=d0)
f'(x)
= =
f) "
=  Inf(x)=cx+k
= f(x) =ke™
fO) =1=k
fr@=c=2
fl) = e
f) =e*=739¢ (6,9)
Option (4) is correct.

Given: Curve y = f(x) passes through the point
(1, 2) and satisfies
dy 4
X——+y=>bx
dx Y
Divide by x
&y Yy
dx x
Lo dy
which is of the form - +Py=Q
x

where P = 1,Q=bx3
X

Integrating Factor (I.F)

dx 1
LE = Ejpdxze'[Tzelnx:x ('.'QOg”x=x>

&y Y
dx x
Multiply both sides by x
dy 4 d
XE‘F]/ =bx" = E(xy) = bx4
= d(xy) = bx*dx

Integrate both sides
Id(xy) = b_[x4dx

5
e xy = bi+c
n+1
{ jx"dx _2 +c,n ;t—lj
n+1
4
= y=b,c
5 «x
Curve passes through (1, 2)
b .
2= —+¢ @
5 ()
2
_[f(x)dx _82
1 5
6

= £x32+cln2—£=@
25 5 5
= 31 +cln2 = &2
25
Compare both sides
c=0,b=10

Hint:

(1) ? +Py=Q where P and Q are functions

X

of x is Linear Differential equation.
P
i) LE = ™
n+l1
(i) [x"dx="— +c, n=-1
n+1

(iv) J'd?x =In|x|+c

Shortcut Method:

d_]/+zsz3
dx x
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1
dx = +2 dx+C
IE=¢ * =¢™=x I\/xz—l J.\/xzfl
So, solution of D.E. is y(x? —1)? =/x% -1+ 2log|x +Vx% -1|+C
Y. x = be4dx+c )
ot Putting y(Z):alog(2+\/§)
asses throug}’i a ;) Slog(2+v3)x9 =3 + 2log | 2++/3 | +C
. b i) =C=-/3
=c+ — .
5 putting ¥=v2

y(1)% =V1+2log |2 +1|—/3

2 fodx =22
1 5 =y =1-3+2log|1++/2|=alog(/a +B)+B—+/y

I On comparing=o0=1,=1,y=3
= |clnx+—— 5 ando.B.y =2X1x3=6
! 2. Lety = y(x) be a solution of the differential (x cos
31b 62
= cln2+—=— x)dy+(xysinx+ycosx—1)dx=0,0<x<g

2 B
= ¢ =0andb = 10.

If yU J3, then |~ [g}zy@

JEE (Main) — 6™ April 2023 - Shift-1]

Sol.The correct answer is (2).

is equal to

Integer Type Questions (Chapter Based)

j4—xdx 3
SOLE = ,[Pdx_ /x4 _ 2log®~1) _ (2 _1y2

So, solution of DE is given by

x+2

yx(x* =17 = §x(x2—1)2dx+c
(x? -1)2
S [E2 aec
(% -1)2

1. If y = y(;c) is tfe solution 2of the differential (x cos x) dy + (xy sin x + y cos x — 1) dx
t dy X _ X+
eqtation dx+(x2_1)y x>l =0,0<x<§
(x* -1)2
5 2dl+(xsinx+cosxj 1
such that y(2) :—loge(2+x/§) and dx XCOSX " xcosx
V2)=al , o, B, v €N, th LF,= o[ XSINXFCOSX 30 g =
y(N2)=alog, (o +PB)+B—+y B, v e en eI coonr X sec x
ofyis equal to
G I soluti IF) = LF.)dx
[JEE (Main) -13th April 2023 - Shift-2] eneral sot my (F) = [QuF)
Sol.The correct answer is (6). y.xsecx = .[ Y dx =tanx+C
. XCOosx
Given that
dy  4x  x+2 33
E*xz_ly_ 5 Since y(§)=— Hence C=+/3
(x*-1)2
. . 4x
which is LDE, where P= and Tl Ty Tllz121=2
s 21 Hence |V (6j+y[6j‘ [-2]
(& -1)>? . Let y = y(x) be the solution curve of the

differential equation sin2x?) log, (tan x?)

dy + |4xy-— élx/ﬂsin[x2 - 2]] dc = 0,

0 <x< /%, which passes through the point

i

DEE (Main) — 27" July 2022 - Shift-1]

is equal to
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Sol. The correct answer is (1). 4. Suppose y = y(x) be the solution curve to the
Given differential equation is differential equation Z_Z —y =2-¢"guch that
. 2 2
sin (2x° )log, (tan x* )dy lim y(x) is finite. [fa and b are .
. x=00 respectively the x —
+(4xy — 42xsin [xz - Z] dx=0 and y — intercepts of the tangent to the curve at x
= 0, then the value of 2 — 4bis equal to
2 4xy
= log, (tan x%) dy + de JEE (Main) — 26™ July 2022 - Shift-2]
(., Sol. The correct answer is (3).
4/2xsin [x N 4] P Given differential equation is
J— " x —
sin (2x*) z_y -y = 2—¢*which islinear differential equation.
2xy X
= log, (tan xz) dy + m secz(xz) dx So, LF = e /d¥ =
.. Solution is
42x [sin(x2 ) 11 cos(x’ )j =y’ = [(2e7 - e F)dx
= \/E \/E dx 6—21
2sin x* cos(x?) =yt = -2 + 5 +C
2 —Xx
- fd(y.loge(tanx )dy y=-2+ 62 + Cot

= IZx[sec(x2 ) —cosec xzjdx
. is infinit
= ylog, (tan x%) = log,(sec x* + tan x?%) Elﬁmoo y(x)Is infinite

—log,(cosec x* - cot x*)+C - Hm(2 + £ + Ce*)is infinite
2

2

X—>00

| secx® +tan x* |

=  ylog, (tan x?) = log +C So, it is possible only C = 0

cosec x* —cotx? |

Ly= -2+ €’
T 2
Putx \/gan Y Whenx=0:>y=—%
- sec£+tar1E d_y __i__l
:logetangzloge6—6ﬂ+C x| 2 2
cosec— —cot—
6 x=0

&“H@a

2 .. Equation of tangent to the curve at x =01is
1 Nl 3) 1
:loge(—]= log, \/§—+C y+—]———(x—0)
3 2-3 2 2
=x+2y+3=0
2.3 x and y — axis intercept is — 3 and -3
=C= loge _ -3 2
3 .'.a=—3andb=?
Putx:\/z Now ,a-4b=-3+6=3
3 5. Let y = y(x) be the solution of the differential
. dy 4y’ +2yx’ 3
= ylog, (\/g)zloge ;+\/§1 +log, [2 —\/gJ equation o 3 20 y(1) = 1. If for some
B BB ne N,y(2) e [n-1,n), then nis equal to;
( 5 ﬁ) JEE (Main) — 25 July 2022 - Shift-2]
= log,| \/3 (2 +3 ) X Sol. The correct answer is (3).
dy 4y’ +2yx°
= ylog.\/3= -log/3 dx  3xy*+x°
So,y = -1 =>|y|=1 Which is a Homogeneous differential equation

of first order.
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dy dv
lety = L =x—+
ety xv:>dx X+

3.3 3 3
(xd_UJrv] =4xv +2x7v :40 +2v
dx 30 +x° 3% +1
dv  4v°+20
X—=— -0
dx  3ov°+1

_40°+20-30"-v U’ +0
3% +1 302 +1
2
I—3U +1 dvzjldx
v(vz+1) x
Letv® + 0=t

= (30® + 1)dov = dt

1 1
oo —dt = | —dx
ft fx
= log,t =log,x +log,c=>1t=cx
(0® +v) = cx

Yo
x> x
y1) =1

=C
3

8W)

A

Xy

l 3
L

A4

(2,y(2)) satisfies y> + 4y = 32
Letg(y) = y° + 4y - 32
g ) = 3> +4>0
nn=3
6. Let y = y(x) be the solution of the differential
equation

1-2Pdy = (xy+ (x> +2)(N1-x?)) dx,-1 <x < 1
and y(0) = 0. If

1
Izl V1-x%y(x)dx =k, then k! is equal to ...
2

[JEE (Main) - 27" June 2022 - Shift-2]
Sol.The correct answer is (320).
Given differential equation is :

(1-x3)dy = (xy+(x3 +2)W1-x? )dx
P ran1-

dx B 1-x

dy _x x*+2
= dx_l—xzy - \/1_x2
1r 2x 1 ,
Now, LE= EEII’deX = gElng(lﬂf )
= ]_ — xz

.. Solution is ]/(Vl_xz) = jf(xa +2)dx
= y( 1—x2) = §+2x+C

() =0
=0=0+0+C=C=0

4
noyN1-x? = xz+2x

b | =

IVl—xzy(x)dx =k

1
2 x* +8x 1
= l—x“x d =k
i 4 1-x
2
1
1%, 1
k= —|(x" +8x)dx 2
= 41[( ) :>k=%_‘-x4dx
2 0

1
2
J xdx =0, xis odd function
1
2

1 x5 1/2 1
= —x|=| =k=—=k'=320
=k { } 320

7. Let the solution curve y = y(x) of the differential
equation (4 + x?)dy — 2x(x* + 3y + 4)dx = 0 pass
through the origin. Then y(2) is equal to

[JEE (Main) - 26" June 2022 - Shift-1]

Sol.The correct answer is (12).

Given differential equation
(4 + xA)dy - 2x(x* + 3y + 4)dx = 0 (1)
= @4+ A)dy = 2x(x* + 3y + 4)dx

2
R dy _ 2x(x"+4+3y)

dx (x* +4)
dy 6x
= L = 2x+
dx x*+4 Y
dy  6x
- _ =2
i sl 0
Which is Linear Differential Equation of first
order.
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—6x

dx
LE = ¢ P

Now,
Let X 4+4=t
2xdx = dt
1
3[2at
LE = e I = ¢ loge!
— e—fil()ge(x2 + 4)
_ 1
C(x*+4)°

Solution of given differential equation is

y(LF) = I(I.F.)de+C
1 1
= 2xdx+C
y((xz +4)3J I(x2 +4y°
Letx’+4=u
2x dx = du
-1
= I%du—i—Cz 3 +C = ﬁ"‘c
u —u 2(x"+4)

1 B -1 e
Y (x* +4)° 2(x% +4)>
Which passes through the originx =0,y = 0
-1 1

+C - el
2x16 32

. 1 11

O N @iy | T 2ty 32

(x* +4)°

1, 5 1
LY== (x"+4)+—
y 2( )32
Putx =2

1 1
Sy =-= — 3
Y) =~ 4+ AL+ [+ d]

=—§+lx8x8x8
2 32

y(2)= -4+ 16 = 12

y(2) =12

. Let S = (0, 21) - {53—“3—“7—“} Let
2 4 2 4

¥y = ylx), x € S, be the solution curve of

dy 1

the differential _
dx 1+sin2x

equation

Yy (gj = % . If the sum of abscissas of all the points
of intersection of the curve y = y(x) with the

curvey = V2 sinxis 11(2 then kis equal to

[JEE (Main) — 26" June 2022 - Shift-1]

Sol. The correct answer is (42).

Given,
d_y _ 1
dx 1+sin2x

which is first order differential equation.
By separation of variables

dy= ——
Y 1+sin2x

[dy - | ! dx

(cos® x +sin® x + 2:sin x cos x)

—dx
y= (sin x +cos x)
_[ sec” x

(1+tan x)
Letl + tanx =t
sec?xdx = dt

dt -1 -1
= |—-=—+C= +C
y Itz t 1+tanx
= y= 1 c
1+tanx
T 1
]/LJ =3
- 1 = -1 +C 3———1+C
2 1+tanE
= C=1
-1
= +1
Y 1+tanx
~-1+1+tanx tan x
:} y: =
1+tanx 1+tanx
_ tanx
Y 1+tanx
Given, vy = V2 sinx
Equating (ii) and (iii)
1+tanx
sin x
— /2sinx = —CO8X _ smx.
l+smx CcosXx +sinx
Ccos X
2sinx = &
CcosXx +sinx
= \/Esinx—Lx, =0
CcOSX +sinx

..(0)

...(ii)

...(ii)
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- :
COSXx +SsImnx

=Ifsinx =0=>x=n
1

2

If cosx + sinx

1 1 1
= —F—COSX+—=SInXx = —

2 V2 2
. T T . . T
= SIN—COSX +COoS—SsIinx = SINn—
4 4 6
. (ﬁ ) . T
= SINn| —+X | = sin—
4 6

in[ ) = sinfn Jsinf20 7
= sin| —+x | = sin| t—— |=sin| 2n+—
4 6 6

ey @) ®)

From (1) and (2)
T T
4 6
_om.z
6 4
From (2) and (3)
Tix = 2n+2
4
_ Br n
6 4

Sum of solution
+ﬁ+@ _ 12n+7n+23n _42_71:_k_7r
12 12 12 12 12

s k=42
9 If xp(x)=[(37-20'(t)) dt, x > -2, and

$(0) = 4, then ¢(2) is .
[JEE (Main) — 315 Aug 2021 - Shift-1]

Sol. The correct answer is (4)
X

Given, xo(r) = [(3t* - 2¢'(t))dt
5
Also, ¢(0) =4, x> -2
Now, x¢'(x) + 6(x) = 3x% — 2¢'(x)
= (x+2)0'(0) =) =3

() _ 327
X+2  x+2

=0'(x) +

ej'dx/x+2 42

So, IF =
3x?

xX+2

= 0(x)-(x +2) = I(x+2)( jdx +C

= o)x+2) =x+C

Putx =0
= 0(0)x2=0+C
=C=8
Now, 6(2) = 84L8=4

10.If y = y(x), y € [O,%j is the solution of the

differential equation secy Z—y -sin (x + y)

x
—sin (x —y) = 0, with y (0) = 0, then 5y’ is equal
to . [JEE (Main) — 27" July 2021 - Shift-1]

Sol. The correct answer is (2).

d
secy% = 2sin x cos y ...(d)

IsecZydy = .[Zsinxdx

=tany=-2cosx t¢
Whenx=0,y=0=>c=2
So,mtany = -2 cosx + 2

...(ii)
Also, sec?y &y = 2sin x
’ dx
PN -
= (1 + tan y)a = 2sin x ...(iii)
By equation (ii) and (iii)
dy _ 2sinx
dx 1+(2-2cosx)?

T 2 2 b
"= = = — 5 "= =
Solf(Z) 1422 57 f(Z) 2
Q.11. Let y = y(x) be the solution of the

differential equation dy = ™ *¥ dx; oo € N. If
y (log.2) = log.2 and y(0) = log, (%j , then the

value of o is equal to
DEE (Main) — 27 July 2021 - Shift-2]
Sol. The correct answer is (2)
dy =™ " Vdx
= eVdy =eMdx

e(XX

= Y =—+C
o
Now, y(In2) = In 2 and y(0) = -In 2
e(xan
= 2 = +C
-2 4=t G
- > ()
In2 1 1 .
And ™ == +C=—-+C=-2 .. .(i)
o o
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Solving (i) and (ii)
2-1 3 _
o —§:>0c—2(asoceN)

12.Let ¥y = y(x) be solution of the following

differential equation ¥ d_y_zey sinx + sinx
x

cos’x = O,y(gj =0.Ify (0) = log, (o + Be?), then
4 (o0 + B) is equal to .
JEE (Main) — 25 July 2021 - Shift-1]

Sol. The correct answer is (4)

d
ey 9 _ 2¢Y sin x = — sinx cos? x
dx
Pute’ =t
oy dt
dx dx
dt . ) )
= — —2tsinx = —sin x cos“x
dx
—| 2sinxdx cosx
IF =e I = ¢
el e2eosx — J.ez“’sx (—sinx.cos2 x)dx
Put cosx =z
2z 2z 2z
= e -ZZ_IEZZ zdz = R e, .
2 =2 2 4

2z
e
= eV pXeos¥ ZZ(ZZZ -2z+1)+c

2cosx

— Y 205X T(Zcos2 x—2cosx+1)+c

| w

s 1
At X == =0=1=—+c=c=

= ¢ =%(2C052x—2cosx+1)+%e—zcosx
1 3,
=y0)=In|—-+—¢
v (0) n(4 1 j

=y (0)= In (a+Pe?)
1

=, B=

1 é=>4(oc+[5):4

= o=
4

13. Let y = y (x) be the solution of the differential
equation

[(x+2)e[“2] +(y+1)} dx = (x + 2) dy,

yd)=1.
If the domain of ¥ = y(x) is an open interval (o,
B), then |a+p| is equal to

[JEE (Main) — 22" July 2021 - Shift-2]

Sol. The correct answer is (4).

y+l
((x+2)ex+2 +(y+1)j dx = (x + 2) dy

Let x+2=X,=dx=dX,
And  y+1=Y
= dy = dY
Y —
sO,(Xe§+dex_XdY
LAY _ v Y
ax X X
Put Y = tX
dY dt
— =t X—
= X X
dt
So,t+X— =¢ +¢
dx
X
= J‘e’tdt = I?
= et=1In |X]| + In |c]

= In|cX|=-¢"
= —-In|cX|) =~
y+1=—x+2)n(-In|c(x+2)])
Inlc(x+2)] <0
= |lcx+2)|<l=-1<c(x+2)<1
Casel:c>0

-1 1
— < x+2< -
c c

- 1
= —-2<x<--2
c c

1 -1
Domain: (E—Z,T—Zj = (o, B)

= |lo+p| =4
Case2:¢c<0

_—1—2<x<1—2
c c

1 -1
Domain: (——2,——2j = (o, B)
c c
= |la+p| =4
Hence, |00 + B| =4
14. Let a curve y = y(x) be given by the solution of
the differential equation

cos(%cos‘l (e"‘ )de =+e* -1dy

If it intersects y—axis at y=-1, and the intersection
point of the curve with x— axis is (o, 0), then e* is
equal to................

JEE (Main) — 20" July 2021 - Shift-2]



DIFFERENTIAL EQUATIONS

Sol. The correct answer is [2].

cosecos( )] = e ~1dy

dx = [ dy
os™! (e‘x)=t
_ dx dt . I cos( jdt—y+c

V1 —e?

)
2sin Ecos y+c
So, =0 =
= =1
y =2sin 1Cos’l(e’x)
2
If y=0,thenx = o
= 2sin [1 cos™ (e"‘ )j =1
2
|
= e =E:>x=1n2:a

So, the value of e* = 2
15. Let y = y (x) be the solution of the differential

equation xdy - ydx = (xz—yz)dx, x > 1,

with y (1) = 0. If the area bounded by the line x
=1,x=¢"y=0andy = y(x) is Ae?™ + B, then the
value of 10(o. + B) is equal to
[JEE (Main) — 18™ March 2021 - Shift-2]
Sol. The correct answer is (4).
Given

y = y(x) is solution of differential equation

xdy-ydx= x*—y*dx ,x=1,y(1)=0

Area bounded by linex =1, x =¢", y = 0and y
= y(x) is oe?® + P.

xdy-ydx = |x* —y* dx
Divide both sides by x>
2
= xdy—ydx 11y
x? x\ X

(on integrating both sides)

I\/— =sin "x + C

and j— =In|x| + C,
X
1| Y .
= sin | =In|x| +C (i)
C=C-C)
At x=1Ly=0
in"10) =In|1] +C
0=0+C
C=0
Equation (i) is
=In|x]|

Ne—

sin~! [Z
x
4 —sin (In |x])

x

y = xsin (In|x]|)
Required Area
= J.; xsin (Inx)dx

Putx=¢x>1 =t—>0
dx=cldtx 5" =>ton

Area= J.geZt sint dt

Compare with given area

T

o2
ae’™+ B = ?(Zsint—cost)

0

2n+B 1+e*"

5
27 2m 1
e+ P = et
5
1 1
o =-andf= =
P 5
10(oe + B) = 10( 1}
-5 5
=10><%
5
10 (o +B) =4

Hint :

(i) Apply inspection method to solve given
differential equation.

(ii) Find constant using initial conditions.

(iii) Use integration to find area and compare
with given area to find o and .
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Shortcut Method:

<

[y

N

Il

= O
o

Il

o

sin(In x)

y:

Area = LEK xsin(In x)dx

_ eyl
5

1
o = = —
5

10(o + B) = 4

16.1f y = y(x) is the solution of the equation

e cosy Z_y"'esmy cos x = cosx , y(0) = 0 ;

X
then 1 r ﬁ (Ej 1 (Ej is equal
+y(6j+ I +ﬁy 4
to . [JEE (Main) — 26'" Feb 2021 - Shift-1]

Sol. The correct answer is (1).
Given: y = y(x) is the solution of the equation
4y,

esmy cosy , esmy COSX = COSX, ]/(O) =0
X

.,
dx

e™ cosy e™™Y cosx = cosx

Substitute siny = ¢t
dy _dt
dx dx

= cosy

Lopdt
- € —_+e cosx=cosx

x
Substitute ¢! = z

cdt dz
= e —=—
dx dx
d_Z + zcosx = cosx ..(i)
dz

Integrating factor = gleositt _ psinx

Multiply both sides of (i) by e™

dZ R . .
7, 2o x.e™" = e cosx -+ (i)
x

sinx
e .

Product rule of differentiation:

Integrating both sides

Farlee )= Tle)

SINX _— eSll’lX +c

= z.e
N et esinx — esinx +c ( 7 = et)
= esiny'esinx — esinx +c ( t = sin y)
= PSIY Fsiny _ psinx (- el =t h)
Given, y=0atx=0
60 = EO +c
= c=0
N esiny + sinx _ esinx
= siny + sinx = sin x
= siny=0
= y=0

(2] (5 (5]

_ V3 R
1+0+7(0)+\/§(0) 1

Hint:

(i) For linear differential equation of the

form d_y + Py = Q where P and Q are
dx

functions of x,

IE = /™

(ii) Solution is

y.(LE) = [Q(LF.)dx +c

Shortcut Method:
Put ¢™ = ¢
= sy (:osyd—y=ﬂ
dx dx

Differential equation is

dt
—+1COSX =Cosx
dx

Solution is
SNt = Icos x.e® Y dx+c

= Sy + sinx _ SIX 4 o

y(0) =0
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— Sy + sinx _ £Smx
= sin y + sinx = sin x
= y=0

Ol il

17. The difference betweeen degree and order
of differential equation that represents the

a
family of curves given by y2=a(x +7j,

a>0is
[JEE (Main) - 26™ Feb 2021 - Shift-1]
Sol. Correct answer is [2].

Given: i = a[x+[%D, a>0 ()

Since, there is only one arbitrary constant ‘a’,
we need to differentiate once and eliminate ‘a’
using that constant.

Differentiate (i) w.r.t. x

2y =a

Putin (i)

7 2 '
¥ =2y [H_szyj

= y=2yx+y Joyy

2
= [y—ZxZ—Z) - (v 2wy’

2 2
= P+ (Z—yj —4xyg—y = [Z—yj .Zy;l—y
x x x x

3 2
= Zy[Z—Z] —4x2(Z—ZJ +4xyd—z—y220

Maximum order of d_y =1
dx

Order =1

Maximum power of Z_y =3
X
Degree = 3.

Degree — Order =3 -1 = 2.
Hint:
(i) Differentiate the given curve as much
times as the number of arbitrary constants.
(i) Use these equations to eliminate number
of constants.

(iii) Order = Number of arbitrary constants

(iv) Degree = Highest degree of the differential
coefficient providing the order when
expressed in polynomial form.

Shortcut Method:
5 3/2
y=art o 0
=2y =a
(Zyy,)3/2
Put in (i) (> - 2xyy) = —5
2 "3
Squaring (yZ—nyy’)2 Y (Q,y )
Order =1
Degree = 3
Degree — Order =3-1 = 2.

18. If the curve y = y(x) represented by the solution

of the differential equation (2xy?* — y)dx + xdy =
0, passes through the intersection of the lines,
2x — 3y=1 and 3x+2y=8, then |y(1)| is equal to

[JEE (Main) - 25% Feb 2021 - Shift-2]

Sol. The correct answer is (1).

Given: Curve y = y (x) represented by the
solution of differential equation (2xy*—y) dx +
xdy = 0, passes through the intersection of the
lines, 2x— 3y = 1and 3x + 2y = 8.

xy*—y) dx + xdy = 0

= Quy?—y) dx = —xdy

Sody 20—y o dy 207y

dx —x dx X X
= d_y _Yy_ _zyz
dx x
Divide by —y*
-1d
= —i—y+i=2 ..(0)
y“dx xy
Let 1 =t
Y
_, “ldy _at
y*dx  dx
. (i) becomes
a t_, (i)
dx x

Which is a linear differential equation.
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1
—dx
Integrating factor, LE = ej"

= ¢ InX
=y ( alog,lx — x)

Multiply both sides of (ii) by L.E

X.£+x.£:2x
dx X
= x5 (i)
X

Product rule of differentiation

= d(tx) = 2xdx

Integrating both sides
Jd (tx) = [ 2xdx

n+1

Ix"dx - z+1

+C

2
=tx = Zi_i_c

=>tx=x"+c

= Zox e A (iv)
y

Solve 2x— 3y =1land 3x + 2y = 8
simultaneously

2x—3y =1 (V)

3x+2y=38 ...(vi)
Multiply (v) by 3 and then subtract from (vi)
multiplied by 2

6x + 4y =16

6x —9y =3

+

13y =13

= y=1 From (v)

2x =4
= x=2
So, the curve (iv) passes through (2, 1)

= 2 _224¢
1

= c=—2

So, curveis X — 2 _2
y

Put x = 1 to find | y(l)|
1

v(1)
=  yMH=-1
= ly)l =1
Hint:

(i) Find Integrating factor = ¢/T% for the
liner differential equation of the form

dy
7 + = Q
iy Py

(i) Solution of such D.E. is
y.(LE) = [Q.A.E)dx + ¢

Shortcut Method:
Qxy*—y) dx + xdy = 0
= 2xy*dx—ydx + xdy = 0
= 2xdx = M
2
Y
= 2xdx = d(fj
Y
Now, integrate
Y
Point of intersection of lines are (2, 1).
==+
4 1
= c=2

) X
Curveisx? = —+2

Now, y1)=-1

= ly@® [ =1

aao



