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Differential Equations
Questionl

Let f be a twice differentiable non-negative function such that
(f(x))> =25+ [ ((f(t))2 + (f’(t))z)dt. Then the mean of

f (log,(1)), £ (108,(2)); - . -, f (log, (625)) is equal to__.
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Answer: 1565

Solution:

Lety = f(z)
y? =25+ [ (F(t)2+ f'(t)?)dt

Differentiating w.r.t.

dy 5, (dy\’
M= — =J
Yar — Y +<dm>

2
dy dy
—y) =0 —d
é(d% y) Ty
=Inlg=z+c

Such that

f(0)% =25+ /00 (f2@) + ' ®)?H)dt

= f(0)=5
=1Inb=c

=Inlyl =z +Inb

= y=5e”

f(nk) = 5e"* =5k

Mean.of{5,107.." 625 x5}

(5410 +...5x625) 5(625)(626)

625 625 x 2
=5 x% 313

= 1565




Question2

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

(332 —4)y’ = 2xy+2x(4—:c2)2 =0,z > 2,

passes through the point (3, 15), then the local maximum value of fis
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Answer: 16

Solution:

(z2 =4)y' — 2zy + 2z(4 - 332)2 =0,z >2
rearranging terms.

s % _ 2 2
(a: 4)% 2zy = 2a;(a: 4)
dy
de x2-—4

y=—2z (m2 —4)

this is a linear differential equation of the form % +Py=0@Q

P=_

x22f4 ) Q = =2z (:IZ‘2 - 4)
finding integrating factor (I.F.).

LF, = el Pd = eff%dz
1
z2—4

LF. = e (") =

the solution is y - =.[Q-(I.F)dz+.

. = | =2 —4)- dz +C
Y R / a:(a: ) o T+

= /—2xdw+0

pa— :—:132+C:>y:(a:2—4) (C—xQ)

substitute point (3, 15)
15=(32-4) (C-3?)

15=5(C-9)=3=C—-9=C=12

)= (2 -9 12- =?)
) =

—z* + 1622 — 48

flz
flz



finding critical points for local maximum.

f'(z) = —4z® + 322
fl(x) =0= —4z (2> —8) =0
sincez > 2,22 =8 =1z =8 =2v2

f' ((2\/5)_) —positive, f' ((2\/§)+) —negative

so sign of f’(z) changing positive to negative about z = 24/2 so-@ = 2+/2 is point of local maxima

calculating local maximum value.

f(2v2) = ((2\/5)2 . 4) (12 . (2\/5)2)
= (8—4)(12 - 8)

the local maximum value is 16 .

Question3
Let f be a twice differentiable function such that
flz) = fom tan(t — z)dt — fox f(t)tantdt, z € (—%, %)

Then f” (%) +12f' (—%) + f (¥ ) is equal to
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Answer: 5

Solution:

Let

flx) = [} tan(t — x) dt — [ f(t)tant dt, ze (-

B
N—"

OB

)

We have to find
1" (§)+121' (=5) + 1 (5).
Step 1: Simplify the first integral

Consider
Jy tan(t — ) dt.

Put



u=t—r =— du=dt.
Whent =0,u = —x, and whent = z, u = 0.
So,

fo tan(t — z) dt = f tan u du.

Now,

ftanudu = —In(cosu).

Hence,

ffz tanudu = [—In(cosu)]’ , = —In(cos 0) + In(cos(—z)).

Since cos 0= 1 and cos(—z) = cosz,
[y tan(t — z) dt = In(cos z).
Therefore the given equation becomes
f(z) = In(cosz) — [, f(t)tantdt.
So,

x) + [ f(t)tant dt = In(cos z).

Step 2: Differentiate the equation

Differentiate both sides with respect to x.
Using the Fundamental Theorem of Calculus,
L[ f(t) tant dt) = f(z) tanz.

Also,

4 (In(cosz)) = — tan.

Thus,

f'(z)+ f(z) tanz = —tanz.

So,

f'(z) = —(f(z)+ 1) tanz.

Step 3: Find f(z) explicitly
Now observe that f(z) = —1 satisfies the differential equation:
f'(z) =0, ~(f(z) + 1) tanz = 0.
Also from the original equation, put « = 0:

£(0).= [} tan(t = 0)dt — f, f(t)tantdt = 0.

£(0) = 0.

Let us solve the differential equation properly.



From

f'(2)+ (f(z) + 1) tanz =0,
put

y(@) = f(z) + 1.

Then

() +y(z) tanz = 0.

This gives

L — _tantz.
y

Integrating,

In|y| = [—tanz dz = In(cosz) + C.
Hence,

y = Ccoszx.
Therefore,

f(z) + 1= Ccosz.
Using f(0) =0,
0+1=Ccos0=C.
So C =1, and hence
f(x) +1=cosz
which gives

f(z) =cosz — 1.

Step 4: Find derivatives

Since

f(z) =cosz — 1,

we get

f'(z¢) = —sinz,
and

f"(z) = — cosz.

Now compute required values:

Lf(%)



Step 5: Add them
FI(E) +12f (- §) + 1 (§)
— - i6+ (2 -1)
—6—1=05.

Hence, the required value is

[5]

Question4

Let y = y(x) be the solution of the differential equation
12
zsin (£)dy = (ysin (£) — z)dz,y(1) = 5 and let & = cos (yieu) ) Then

the number of integral value of p, for which the equation
z2 4+ y® — 2pz + 2py + a + 2 = 0 represents a circle of radius r < 6, is
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Answer: 11

Solution:

We are given the differential equation
x sin (%)dy = (ysin (%) = a:)da:
with initial condition y(1) = .

Step 1: Express the differential equation in standard form

s YNy (Y
xsm(;)% = ysm (;) — X
g o ysin(% -
= dz — xsin(%)



Step 2: Substitution y = vx

Let y = vz, where v is a function of x.

Then

dy. _ v
e — Ut T

Substitute in the differential equation:

1

sinwv

dv
V+ T =V —

Simplify:

dv 1

Tdr = " Sno

dz

T

= sinvdv = —

Step 3: Integrate both sides
[sinvdv =~ [ 4z
—cosv=—In|z|+C

= cosv=Inlz|+C

Now recall v = %, SO:

cos (%) =In|z|+C

is

Step 4: Apply the initial condition y(1) = 3
z=ly=3=45=7%

cos(%):Ozln1+C:>C:0

So the particular solution is:

cos (%) =Inzx

Step 5: Find o

We are told that

a = cos (%f))

From the equation above:
cos (%) =Inz

Thus at z = e'?;

a = In(e'?) =12

a=12



Step 6: Equation of circle

Given:

24y —2pr+2py+a+2=0

Substitute o = 12:

224y~ 2pr 4+ 2py+14=0

Step 7: Write in standard form of circle

We know:

2 +y? <29z - 2fy+c=0

represents a circle with center (g, f) and radius r = \/m
Compare with the given equation:

x? +y? —2px+2py+14=0

We can write +-2py = —2fy = f = —p.

Hence:

g=p f=-p, c=14

Radius:

r=+/g?+ fl—c=+/p?+ (-p)2—14=/2p? - 14

Step 8: Condition for » < 6

V22 -14<6

= 2p? — 14 < 36

= 2p? < 50

= p? <25

=—5<p<5H

Step 9: Count the integral values
Integral values of p are:
-5,—4,-3,-2,-1,0,1,2,3,4,5

Hence, total number of integral values = 11.

Questions

Let y = y(x) be the solution of the differential equation
(tanz)¥? dy = (sec® z — (tanz)3?y)dz,0 <z < T,y (§) = %. If



y (%) = ¢, then o equals
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Answer: 48

Solution:

dy secd

—= tytanr = ——=
da Yy Vtanz
IF = eftanzdze ~ gec g

— SeC €T
ysecy = [ 2L — dx

(1+tan? )

) 2
ysece = [ = sec zdzx

tanz =1t

ysecz = 2v/tanz + Z(tanz)®* +c

Question6

Lety = y(z) be the solution of the differential equation
<x2 — V2?2 — 1>dy—|— (y (:c —x2 — 1) - x)d:c =0,z > 1. Ify(1) =1,

then the greatest integer less than y(+/5) is
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Answer: 3



Solution:

First write the given differential equation in the standard linear form.

ﬂ_|_l_ 1
dz T T E 1

Now simplify the right side by rationalising:

1 atVa? 1 Va2 1 N

2—vV22—1 - (e—Va2-1)(z+Vz?-1).  z’—(z’=1)

So the equation becomes:

Z—z + % —z+Vz2 -1

This is a linear differential equation with integrating factor (L.F.):
If=elr* =g

Multiply the whole equation by x:

y.xzf(:t—i—\/m)xd:r

Now integrate term by term:

m2—13/2
:%24‘ ( 3) +C

Use the initial condition y(1) = 1 to find C.
Giveny(l) =1

Substitute = 1 in the expression for yx:
l1=2+C—C=%

So,

ym:$2+w+l

2 3 2
Divide by z:

_ =z (m2—1)3/2 L
Yy=2 3z 2%

Now put x = V/5:

(vB)] = [+ 5455 =3

Question7

Let y = y(x) be the solution curve of the differential equation
(1+2?)dy+ (y — tan™ " z)dz = 0,y(0) = 1. Then the value of y(1) s :
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Options:

Answer: B

Solution:

Given

(L+2?)dy + (y — tan"! z) dz = 0, y(0) =1,
divide by dz:

(1+m2)% +y—tanlz =0

tan"lz
1+22 °

dy 1 _
@ T 1Y =

This is linear. Integrating factor:

p(w) = exp (f e d-’r:) = etan’'e,

So

L,

d tanlz) _ _tanlz tan_'z
a3 (ye O 1422 °

Lett = tan~lz, thendt = 1122 . Hence

yet = [tel dt + C = e'(t — 1) + C.
Therefore

y=t—1+Ce'=tan" gz —1+ Ce 02,
Use y(0) = 1 andtan ' 0 = 0:

1=0-1+C = C=2.



So
y(1) = F — 142 M= 2+ 2 - 1.

Correct option: B.

Question8
Let y = y(x) be the solution of the differential equation
secw@ —2y=243sinz, T € ( il 1)

dz 07 ’ 2’ 2)’

7 T .
y(0) = -7 Then y <€) is equal to :
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Options:

—3v/3 -1

Answer: A
Solution:

d
d_y —2cosz -y =cosz(2+ 3sinz)
T

- F= 672sinx
G- Sy-e 250 = /e2sm cos (2 + 3sinx)dx

sinz =t
Put
cosx -dr = dt



y= e—2sinz (2+3sinx A i) Te

-2 4

Whenz =0,e=0

oot

When z = &,y = —

Question9

Let the solution curve of the differential equation
zdy — ydz = /22 + y2dz,z > 0,y(1) = 0, be y = y(z). Then y(3) is equal
to
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Options:
A.
6

B.

2

Answer: B

Solution:

zdy — ydr = v/ 2% + y’dx

:z:dy ydx \/x + 42 I
z?

1
—dzx

/)
ek



y y\?) _
log | = +4/1+ (= =logz + logC'
x x
y+a? +y? = o’

y=vaity =-1
2y:x2—1
y(3) =4

Questionl10

If y = y(x) satisfies the differential equation

16(\/z 4+ 9y/x)(4 +4/9 + /) cosy dy = (1 4 2siny)dz,z > 0 and

y(256) = 7, y(49) = a, then 2sin « is equal to :
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Options:
A.
2y/2 -1

V2 -1
C.

2(v2 — 1)
D.
3(vV2~1)

Answer: A

Solution:

cosy dy — 1 di
/1+25iny 3 /mwm)<4+m>

/ 2cosy / p
1 +251ny




Putd+4/9+ o=t

1 1 1
= o dr=dt=-—— " _dz=4dt
2/9++/z 2Vz 4z + 9z

1 1
= 510g|1 + 2siny| = Zlog]t| +loge = /1 +2siny = ct*/*

= /1 +2siny =ct** = /1 +2siny =c(4+ /9 + v2)/
(256,%) S V3=c(V3) = =1

(49, ) =/1 + 2sina = (1)8'/*
= 14 2sina =2v2 = 2sina = 2v2 -1

1
= Zlog [t| + logec

Questionll

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

ztdy + (4z’y +2sinz)de = 0,z > 0,y (

Then 7'y (%) is equal to:

5o
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Options:
A.
92

B.

72

C.

64

D.
81

Answer: D

Solution:



ztdy + (4a:3y + 2sin a:)da: =0

dy A 43 _ —2sinz
dz gt VT T

dy. 4  —2sinz
dr "z x4

IF =e&f 4 de=em " =z"

4 9y 3

T T +4zx’y = —2sinx
d

dx
:>a:4y: 2cosx +¢

/(5) =

=c=0

Question12

Let y = y(x) be the solution of the differential equation
mg—i’ — sin 2y = a3 (2 — 333) cos?y, z # 0.

If y(2) = 0, then tan(y(1)) is equal to
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Options:

A.

FNEN]

|
IN[IY)



ENEN]

Answer: D

Solution:

Given equation is :

dy \ _ .3 3 2
T —sin2y=z (2—:c)c0s Yy, x#0
Divide by z cos?y
2, dy sin2y 9 3
SeC” Yy ™ ooty — L (2—:1: )
d 2t
sec2yd—‘z— % =2x% ~ b

Substitute tan y = ¢ and differentiate w.r.t

2 dy _ dt
T e

Equation (1) becomes linear differential equation.

dt 2492 _ 5
Ta ~t =2z T

Integrating factor [F = ef(-%)de — =2z = eln(w_lz) =2
Solution of linear differential equation :

t-IF = [(IF) (22 — 2°)dx

=t L =[5 (22° —2%)da
:>—z%:f(2—ac3)dm:2m—%4—l—0

put value of t = tany

tany z*
ol 2x — T +C

using condition y(2) = 0 to find C.

tan(0)
22

—2x2-240=0C=0
So, solution of differential equation is
z6

tany = 2z° — T

to calculate tan(y(1)), put z = 1 in the solution.

Question13



Let y = y(z) be the solution of the differential equation w% —y =z’ cotz,

z € (0,m).Ify (%) =%, then

6y () — 8y (%) is equal to :
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Options:

A.

—3r

B.

3

D.

™

Answer: C

Solution:

The given equation is:
dy _ .2
Ty —y=zx"cotx

To get it into the standard form % + P(z)y = Q(z), we divide the entire equation by z :

d
% —%y::ccotx

Here, P(z) = ~< and Q(z) = z cot z.
Finding the Integrating Factor (I.F.)
The integrating factor is calculated as:

LE. = efP(z)da: —_ ef—%da: — e~ lnz _ eln(m’l) — %

The solution to the differential equation is:



(I.F.) /Q
; = /(mcotm) —dx

A= /cotwdw
T

% In(sinz) + C
=zlIn(sinz) + Czx
Applying the Initial Condition
We are given y (%) = 4. Plugging these values in:
5~ 2l (sing) + ()
So, the particular solution is y = z In(sin z) + z.

We need to find the value of 6y (£) — 8y ().

o Calculatey(% :
y(5)=Fn(sng) + F=Fn (L) + 5= (@) + 5= 51 $m2)

Now, substitute these into the expression:

6y (%) 8y (%) —6 [%(1—1112)] -8 E(l— %1112)] = (1 —1In2) — 2r (1 - %mz)

=r—7ln2 - 2r+7wln2 = —7

Questionl4

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

d
(1 <+ sin m)d—z +(y+ 1) cosz =0, y(0) = 0. If the curve y = y(x) passes

—1
through the point (a, *2—) )

then a value of o is:
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Options:

ol

SR N

w3

N

Answer: D

Solution:

dy COoS T
f y+1 1+sinz dzx

. d
On the left side, [ % = In(y + 1).
On the right side, take 1 + sin « as substitution: let w = 1 + sin x, then du = cos x dx. So,
—fgsedg = — [ 4 — _In(1+sinz).

1+sinz

Sowe get = In(y+1) = —In(1 +sinz) + C

Now use the initial condition y(0) = 0. Put z = 0 and y = 0 in the equation:
- y(0)=0=In(0+1) = —In(1 +sin0) + C

Thatis 0 = —In(1) + C = C = 0.

So=In(y+1) =—In(1 +sinz)

Taking antilog on both sides, = y + 1 =

1+4sinz
Given that the curve passes through (a, —%), substitute y = —% and z = a:
1 _ 1
—pt 1= e
1~ A e A
SOg—m:>1+Sané—2:>Sané—1

Now sina = 1 gives => @ = 7- (as per options)

Questionl5



If the curve y = f(z) passes through the point (1,¢e) and satisfies the
differential equation dy = y(2 + log.x)dz, x > 0, then f(e) is equal to :
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Options:

A.

ee

B.
2
ee

C.

e2e

D.

e2e

Answer: C

Solution:

Z—Z =y(2+Inz)

To solve this, first separate the variables by dividing both sides by y:

f% =[(2+Inz)dz

Now integrate both sides. The left side gives In y. For the right side, integrate term by term:
Iny=2x+zhax—z+4+C

Combine like terms 2z — z = «:

Iny=z+zhz+C

Since it passes through (1,€), put z = 1 and y = e in the equation. Thenlny =lne =1andIn1 = 0:
1=14+0+C = C=0

So the required relation becomes:

lhy=z+zhz

Taking antilog (exponential) on both sides:

flz) = y = evtelne

Now substitute z = e. Also, lne = 1:

= f(e) = e = e%



Questionl6

Let x = z(y) be the solution of the differential equation
2y2§—§ —2zy+ =0,y > 1,z(e) =e.

Then z(e?) is equal to:
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Options:

A.

2¢2

Answer: B

Solution:

2y(ydx — zdy) +x22dy = 0
= 2yz’d (%) +2%dy=0
= —2yd(£) +dy=0
= —2d (£) 45 dy =0
= —% +log,y=C
Given z(e) = e
=C=-1

2
S=E +log.y=—1

é%—logeyzl



Put y = €2, we get

Questionl?7

Let y = y(z) be the solution of the differential equation
W —(1+z+22)(1~y+9?),y(0) = L. Then (2y(1) — 1) is equal to
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Options:

A.

* tan (116_VE)
Answer: C

Solution:

Given

Y =(Qtz+a)1-y+1?), w0)=1

We will solve it by the method of separation of variables.

Since

dy
T—y+y?

=(1+z+z?)dx

Now simplify the denominator on the left:



2
l-y+y?=y’—y+1=(y~3) +1%
So,

dy _ 2
[ N f(L+z+2z?)de

Using the standard result

oo

uzﬁltﬂ Sy %tan71 (%)

we get

2 o1 2y-1) 22 el
ﬁtan (\/§>——m+2+3+0

Now use the initial condition y(0) = .
Then

2y—1=0

S0

2 1y _
= tan 0)=C=C=0

Hence,

2 ton—1 (2=l _ z |z
\/gtan (\/g)—m+2+3
Atz =1,

2 3 1 1
m+%+%:1+5+§=7

Therefore,

2 o1 (2y(1)-1\ 11
Frtan! () = 4
So

tan (205 ) = 1557

Taking tangent on both sides,

2y(1)—-1 114/3
= tan (457)

Hence,

2y(1) — 1 = v/3tan (%@)

So the correct answer is

113
\/gtan (T)

Therefore, the correct option is .




Questionl8

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

dy 62°+(32z°+2z°+4)e >\ )
& ( (z342)(2+e2%) )y =2+e "

z € (—1,2), satisfying y(0) = 3. If y(1) = a (2 + e~2), then « is equal to :
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Options:

Answer: D

Solution:

Given differential equation is

dy 632+ (322 +225+4)e > . 9
vkl ( @3 12)(2re &) y=2+e*

with initial condition
y(0) =

We have to find (1) = (2 + e~2).

e

Step 1: Compare with linear differential equation
This is of the form
&+ Pa)y = Q(x),

where



624 (3x24-223+4)e 2 _
P(z) = (x(3+2)(2+e*22) ’ Qz) =2+e .

To solve, we find the integrating factor:

LF. = e/ P@) dz,

Step 2: Simplify P(z)

Notice that

L (23 +2) =322,

and

L (24 e %) = —2e 2%

Now consider

L l(2® +2)(2 + e ).

Using product rule,

= (322)(2 + €7 + (a® +2)(~2 ¥)

= 6224 3z%e 2 — 23 — 4e 22,

This does not match directly. So let us try another observation.
Write numerator as

622 + (3332 +22% + 4)3_2‘"”.

Now check

L{(® +2)(2+ e )] = 62% + (32° — 223~ 4)e 2.
Hence if we take

L(a®+2)2+e %)

it becomes complicated. So instead, let us look for a useful factorization.
Observe that

622 + (322 4 22° +4)e 2 = 32%(2 +e ) + (z° +2) - 27 2.

Therefore

32%(2+e %)+ (2%42)-2e %

P(z) = @12)(21e %)

_ 322 2e 7%
ERFEE) + 24e 2"

3 2 2 —2z
P@) = 354 25

Step 3: Find integrating factor
Now

[P(x)de = [ 32 do + [ 22 da.

342 2+e2




For the first integral:
Letu = 3 + 2, then du = 3z%dz.

So,

Se de = In(z® 4 2).

For the second integral, note that
%(2 +e %) = =272,
Hence

2¢ > dr = —In(2 + e~ 27).

2+e2

Therefore,

[P(z)dz =In(z>+2) —In(2+ e 2*) = In ( 2042 )

2+e 2
So the integrating factor is

P(z)dz _ _z%42
LF. = e/ P@dz = 242

Step 4: Multiply the equation by the integrating factor

Multiplying throughout by

342
2+e 22

we get

312 4 342
S + s P(e)y = (2° + 2).

So the left side becomes
d 342
dz |:y ) 23—6*“ ] *

Hence

%[Z’J' 29-0:):*%1] =z’ +2
Integrating both sides,
K ﬁl‘% = [(z3 +2)dzx = “’74+2ac+0.

Thus,

y=2 (5422 40).
Step 5: Use initial condition
Given

y(0) = 3.

Substitute = 0:

3= Ze (04 0+ C) =4C.



So,
C=1.

Hence solution is

y= 22 (5 420 +1).

Step 6: Find y(1)

Substitute z = 1:

X
v(1) = S5 (3 +2+1).

y(1) = = (4 +3) = 25— 1
y(1) =5 2+e?).
Given that

y(1) = a2 +e?),
S0

_ B
o = 12+

Final Answer

13
12

So, the correct option is D.

Question19

Let f ) — R be a differentiable function defined as
fl t)dt+ (1 — z) (log, z — 1) + e.

Then the value of f(f(1)) is :
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Options:

A.

(14 e°)

B.

(1+e)



(1+e+e

D.
14 2e

Answer: A

Solution:

Given
= [Lf#t)dt + (1 —=z)(lnz = 1) +e, z € [1,00)
We have to find f(f(1)).
First, put z = 1 in the given equation:
fl t)dt+ (1—-1)(Inl—-1)+e
Now,

[lf@tydt=0, (1—-1)In1—-1)=0

Now we find f(z).
Differentiate both sides of

= [[ft)dt+(1—2z)(lnz—1)+e
Using the Fundamental Theorem of Calculus,
& ([ f(t)dt) = f(=)
So,
7(@) = F@) + &[0~ ) (ne— 1)]
Now differentiate the second term carefully:
4 (1-2)(lnz - 1)] = —(lnz— 1)+ (L~ z) -+
Simplifying,
=—Inx+1+ 177’”
=—lhx+1+ i -1
= % —Inz

Therefore,



f'(z) = f(z)+ 5 —Inz
So,

fl) - f(z) =+ —~Inz
Now let us check whether
flz)=Inz+1

satisfies this equation.

Then

fl@)=f(z) = 3 = (lnz +1)

This does not match directly. So instead, let us use the original equation to test f(z) = lnz + 1.
Right-hand side:
[[(Int+1)dt+(1—z)(Inz—1)+e

Now,

f(Int+1)dt =tInt

Therefore,

[[(nt+1)dt=zlnz—1-Inl=zlnz

sincelnl = 0.

Thus RHS becomes

zlnz+ (1—2z)(Inz—1)+e

Expand:

=zlne+(1—-z)lnz—(1—z)+e
=lhzr—-1+x+e

This is not equal toIn x + 1, so this trial is not correct.
Now solve the differential equation properly:

f'(@) =~ f(e) =+ ~Inz

This is a linear differential equation.

Its integrating factor is
I.F.=e™®

x

Multiplying both sides by e 7%,
e ?f(z) —e®f(z) =e®(+ —In2)



This looks difficult, so let us instead use the original functional equation more intelligently.
Write
9(z) = f(z) — (Inz +1)
Then
f(z)=g(z)+Inz+1
Substitute into the original equation:

g(z) +Inz+1= ["(g(t) +Int+1)dt+(1—z)(lnz — 1) +e
Now,
[[(nt+1)dt = zIlnz
Hence,

g@)y+lnz+1= [Fgt)dt+znz+ (1—-z)(lnz—1)+e
Simplify the terms:
zlnz+ (1—-z)(nz—-1)=zlnz+ (1 —2z)lnz — (1 —x)
=hz-1+=2
So,
g) +Inz+1= [ g(t)dt+Inz—1+z+e
Thus,
gx)+1= [Fgt)dt —1+z+e
This is not simplifying nicely. Let us now directly guess from options.
Since
f1)=e
we need f(e).
Use the original equationatz = e:

= [ f@®)dt+(1 —e)(lne—1) +e
But
Ine=1
SO
(1-e)(lne—=1)=0
Hence
= [ ft)dt+e

Now from the given equation,
f(@) = f(z) ¥ L~z

Try



f(z) =Inz+1+Ce”

Then

fl(z) = 2 +Ce”

So,

fl)— f(z)=L +Ce® — (lnz+1+Ce”) =+ ~Inz -1
We are short by —1. So modify the trial.

Try

f(z)=Inz+ A+ Ce”

Then

flz)=121 +Ce®

Hence

fl@)—fz) =2 +Ce®”— (lnz+ A+Ce®) =+ ~Inz - A

Comparing with

% —Inz
we get
A=0
So,

f(z) =lnz + Ce”
Now use f(1) =e:
fl)=Inl1+Ce=ce
0+Ce=e

So,

C=1

Therefore,

f(x)=Inz +e”

Now,

fle)=Ine+ef =1+¢°
Hence,
F(fA))=1+e

So the correct answer is:

Therefore, Option A is correct.




Question20

Let f : R — R be such that f(xy) = f(z)f(y), for all z,y € R and f(0) # 0
.Let g: [1,00) — R be a differentiable function such that

22g(x) = [7 (62£(t) = tg(t))dt

Then g(2) is equal to :
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Options:

A.

Answer: C

Solution:

We are given

flzy) = f(z)f(y) forall z,y € R,

and
£(0) # 0.

Also,

z?g(x) = [T (L2 f(t) —tg(t)) dt, x> 1.
We have to find g(2).

Step 1: Use the condition on f

Given



flzy) = £(=)f(y)
for all real z, y.

Now put £ = 0 and any real y. Then

f(0-y). = £(0) f(y)

that is,

Since f(0) # 0, we candivide by f(0):
fly) =1 forallyecR.
So,
f(t) =1 forallt.
Step 2: Substitute into the given integral equation
The equation becomes
= [{ (% —tg(t)) dt.
Step 3: Differentiate both sides

Differentiate with respect to x.

Left side:

#[2%g(2)] = 2°¢'(z) + 229(2).

Right side, by the Fundamental Theorem of Calculus:
LT (2 — tg(t)) dt = 2® — zg().

Hence,

z%g'(z) +229(z) = 2* — zg().

So,

z%g' (z) + 3zg(z) = z2.

Divide by x (since = > 1):

g'(z) +3g(z) =

Or,

g'(z) + 2g(@)=1.

Step 4: Solve the differential equation

This is a linear differential equation:

g (z)+ 39(2)=1.

Its integrating factor is

3
LF. =elvd —¢3lne — g3



Multiply both sides by z3:
z3g/(z) + 3z2g(z) = 3.
The left side is

4 (z%g(x)).

So,

& (23g(z)) = 2.

Integrate:

g(z) =%+ 5.

Step 5: Find the constant using the original equation
Putx =1in

#2g(2) = J (2> — tg(t)) db.

Then

129(1) = [, (£ ~tg(t)) dt = 0.

So,
g(1)=0
Now use

Step 6: Find g(2)

~2 1 _ 1 _ 1161 _ 15
9(2) = 3 2 2 3T 3@ T 3

So-the correct answer 1s

15
32 |

Hence, Option C.

Question21



Let y = y(z) be the solution of the differential equation
v/ 1 — x2dy + (y\/l — 22— zcos ! x) de =0,z € (0,1),lim, ;- y(z) = 1.
Then y (5 ) equals :
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Options:
A.

3=

B.
4—+/3n
C.
D.

3-34
Answer: A

Solution:

(wVW) dy + (ym —xcos ! :c) der =0
= (mﬂ) Z—z + (ym —xcos™! :1:) =0

dy (y 17902729(:05’130)
R e

dy Y. _ cos’lz .
= a0 T _—\/1—_z2””(1)

Bernoulli's linear ODE of first order :

g_g + P(z) -y = Q(x) having I - F = el P@)d=

P(z) | Q(=)
1 cos 'z
x Via?
SILF =elP)le — of & = elnz—g | (i)

Apply the LF from equation (éz) in ODE(z) :



_xg—i’—i—y*—“_‘l’s 2 éwdy%—yd:z:—(xj‘l’s z)dm

= d(zy) = <%)dm = [d(zy) = [ (’”\;‘1’5_;;2’” )dw ..... (144)

We choose the first and second functions

u v

1—x2

for the integrand in equation (¢42) to proceed further:

(o) | (ﬁ)dﬂ/ (=) [l

e ) (T
o) Vim - [ () (VI
——(coslm)-m—/dm’

:—(cosflm)-\/l—ﬁ—w—i—C

¢ 1 (cos'z)-V1a?

y(z) == — ~—————.... (iv) where C is the arbitrary constant

lim y(z) = lim [lew]:Cl»mE&:Cl ...... (v)

z—1- z—1- z

We have the boundary condition

11nl1 yle)=1=C=2..... (vi) < From equation (v)

T—1"

We have solved the ODE fo reach a particular solution (C = 2) from (iv)y(z) = 2 — 1~ w oo (vid)

Substitute & = % in equation (vii) to evaluate y () =4 —1—=(2)- (¥) - <\/T§)

—3_

S

Question22

The area of the region bounded by the curve y = max{|z|, z|z — 2|}, the z-
axis and the lines x = —2 and x = 4 is equal to
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Answer: 12

Solution:



Area =

1 1 3 4

5><2><2+/0 (2m—m2)da:+/1 azdaz—i—/3 (z? = 2z)dx
22 237} x? 3 x3 212 4

i e S R )

= 12 square units

Question23

If the area of the region {(z,y) : |z — 5| <y < 4,/x}is A, then 34 is equal
to .
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Answer: 368
Solution:

¥=x=5

y = 4Jx

77 (25, 20)
L
By
— X
Ol 5.0




25 a 1 1
Area:/ 4\/xdx—§><(5—1)~4—§><(25—5)><20
1

2 4% 368
:4[—.@%] _g_g00= %8

37, 3
= 34 =368

Question24

Let the area of the bounded region {(x, y):0 <9z <9y y> 3z — 6} be A.
Then 6 A is equal to

JEE Main 2025 (Online) 8th April Evening Shift

Answer: 15

Solution:

0<92<y’&y>3x-6




Question25

Let the area of the region bounded by the curve y = max{sin z, cos a:}, lines
x=0,x= —, and the z-axisbe A . Then, A + A?isequalto
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Answer: 12
Solution:

f(z) = max(sin z, cos x)
( cosz,x € (0, 4)
= { sinz,x € (7r 5”)

(cosz, T € (54”, 32”)

.,;;

g

37
:>/ |da:—/ cosa:)dac—i—/ (sinac)da:—i—/ (cosz)dx
T T

=3= A=3
A+ A2 =12

Question26

If the area of the region bounded by 162> — 9y?> = 144 and 8z — 3y = 24 is
A, then 3(A + 6log,(3)) is equal to
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Answer: 24

Solution:

1622 — 9y? = 144

1622 — (8z — 24)? = 144

1622 — 64(z —3)2 =144 — 2> —4(xz — 3)2 =9
322 - 24z +45 2?2 -8z +15=0

z=3,5

5
_f. /16z2-144 1 16
Area—f T—2'2'3
3
5
4 16
=3 [/vai-9-
3

5
_ 4 9 / 16
—3(%\/1E2—9—510g6 (CL’+ .’132—9))3—?

= 3(3-4— 3log,9— -0+ 3log.3) —
Area =8 —6log,3=A

S A4 66n3 =8

= 3(A+6(n3) =24

Question27

Let f : R — R be a function such that f(x) + 3f (% — :n) =sinz,z € R.

Let the maximum value of f on R be a. If the area of the region bounded
by the curves g(z) = z* and h(z) = Bz3, 3> 0, is a?, then 30/3° is equal to
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Answer: 16

Solution:

f(x) +3f(% —z) =sinz o (D)

Shift

Now replace x by 5 —« in (1). This is a standard NCERT step to get a second equation in the same two terms.

= f (5 - ) +3f(z) =cosz ...(2)

Now we solve the two linear equations (1) and (2) to find f(z).
Multiply (1) by 3:

3f(x) +9f (5 —x) = 3sinz ... (3)

Subtract (2) from (3):

(3f(z) —3f(x)) + (9=1)f (% — z) = 3sinz — cosx

8f (% — :n) = 3sinx — cosx

Now put  — 5 — z in this result to get f(z):

8f(z) =3cosz —sinzx

f(z) = $(3cosz —sinz)

To find the maximum value, write 3 cos z — sin z in the form R cos(z

maximum value of 3 cos x — sin x is v/ 10.

fmax '@ @

y = g(x)&y = h(x) intersect as shown in the figure

+ ¢), where R = /32 + (—=1)2 = y/10. So the

O

g

The curves are g(z) = z2 and h(x) = Bz with 8> 0. Their points of intersection come from 22 = Bz3:

z? = Bz’ = 2’(1— fz) = 0=z =O0andz = 5

For $0\beta x"3(since\beta x<1), sotheareabetweenthecurvesistheintegralo f(x"2-\beta x3) fromOto\frac {1}

{\beta}$.



/ T (B — x)dx

0

.. Areabounded = A =

SR Y
- (4_&”_373) 128t
1 :<m)2_10_5

= o (given)

123 8 ) 64 32
1 32 8
=P =55
8
:>30[33:30-1—5:16
Question28
a
If the area of the region {(z,y) : 1 — 2z <y <4 —z2, >0, y > 0} is 3

a, B € N,ged(a, §) = 1, then the value of (o + f) is:
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Options:

A.

73

B.

85

C.

67

D.
91

Answer: A

Solution:



D (0, 4)

(03 1 )B

/
0 A\l@l 0)

f02(4—:z2)dm—%><1><%

Question29

Let the line £ = —1 divide the area of the region
{(:c,y) 1422 <y<3-— x} in the ratio m : n, gcd(m,n) = 1. Then
m + n is equal to
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Options:
A.
27
B.
28

C.

25

D.
26

Answer: A



Solution:

Question30

The area of the region A = {(z,y) : 422 + y> < 8 and y?> < 4z} is:
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Options:
A.

T+ %

B.

5 + 2

C.

T+ 4

>

INE
+
wl»—-

Answer: A

Solution:



A 2\6

1
A=2 [ 2y/ade +2 [° VB 4o = §(XP) 44 P V2= 2%da

V2

L dx %[mx/er%inl (%)]

+2{2><7T 1 2><7r} 8 orio (2 séantt
_— _ —_—_ = — —_ —_ = - .nl

1

w|oo | oo

Question31

The area of the region enclosed between the circles 2 +vy* = 4 and
2+ (y —2)% = 4is:

JEE Main 2026 (Online) 23rd January Evening Shift

Options:
A.

%(471' ~3v3)

w0

$eVB)

a

%(271’ —3v3)



D.

2 (2m — 3v/3)
Answer: A

Solution:

r? 4+ y? =4 = C1(0,0),7 = 2
2 + (y—2)%2 =4 = 05(0,2),7 =2

(—v3.1)

earkis

Intersection points:

z? +y =a® + (y - 2)°
y2:y2—4y+4:>4y:4:>y=1

22 tl=4=—=12"=3—2==4V3

Points are (1/3,1) and (—+/3, 1)

For the region between y = 0 andy = 2:

Yupper = \/4 — z2 (froma:2 + y2 = 4)

Yower. = 2 — V4 — 22 (fromz® + (y — 2)* = 4)

V3
Area= /\/§ (yupper =~ Yiower )d.CL'

Area= /_\/§ (\/4—322 - (2— 4—x2))dx

V3
Area = /_i (2 4 — 2 —2>da:

Property: f fa f(z)dz =2 foa f(z)dz (for even functions)



V3
Area:2/ (2 4—w2—2>dm

0

V3
Area:4/ (\/4—z2—1>d:13

0

2
/\/ a? —z?dx = —+/ a? —a:2+a7sin*1 (%)
V3

Area:4[%\/4—:1:2—|—2sin_1 (%) —m]

) 0
Area=4 £(1)+2 <£> —\/§]

x
2

2 3
_27r \/3
Area=4 3 T]

8 2
Area = ?ﬂ —2V/3 = §(4w— 3v/3)

Question32

Let A; be the bounded area enclosed by the curvesy = 2> + 2,z +y = 8
and y-axis that lies in the first quadrant. Let A, be the bounded area
enclosed by the curves y = 22 + 2, y? = z, x = 2, and y-axis that lies in the
first quadrant. Then A; — A is equal to
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Options:
A.

2(2v2+1)

&

(3v2+1)

a

F(V2+1)

<

24v2+1)

Answer: A



Solution:

y==8—-wx

[B,';\ H-axis

Area A,

Area A7 enclosed by curves

y =a2 + 2,z + y = 8, y-axis in first quadrant as shown in graph.
Solve y = 2 + 2 and = + y = 8 to find point of intersection.
Substitutingy =8 — z iny = 2+ 2

§—z=2a2+2

2?4+ —-6=0

224+ 3z—-22—-6=0
z(z+3)—2(xz+3)=0
(z+3)(z—2)=0
z=-3,2

Since area in first quadrant, point of intersection 8ty = 8 — 2 = 6 = (2, 6).
2
A = / (8 — )~ (2% +2)]de
0
2
= / (—z?—z+6)de
0

x> oz Z
:P?‘7+ﬂo

8 4
22412 {0-0-0
{ g 3 121 }]
1612472 72280 44
o 6 ~ 6 6
22

Alz?



10,2

x=2

Area A,

Now, As is area enclosed by curves
y=z2+2,92 =z, =2
Solve gy = x> + 2 and y = /=
y=y'+2
4 _ —
Yy —y+2=0
D=(-1)2-4x1x2=1-8=-7
discriminant (D) is negative. This means curves do not intersect.

Sad, is bounded by curves y-axis, 2,y = 2 + 2 andy = v/ in first quadrant is:

A2:/02(ac2+2—\/5)dm

Question33



Let f(a) denote the area of the region in the first quadrant bounded by
r=0,z=1,9° =z andy= |ax — 5| — |1 — az| + az®. Then
(£(0) + f(1)) is equal to
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Options:

A.

12

B.

14

C.

9

D.

7

Answer: D

Solution:

Given Curves ¥? = x,y = |ax — 5| — |1 — az| + az?z =0andz =1
The area of region bounded by these curve is f(cv).

To find f(0) + f(1).

fora =0

y=10xax—5 —[1—0xz|+0xz?
y=5—-1=4

so the region boundedby ¢ = 0,x = 1,y = \/E

andy =4 is shown in graph.

£(0) = / < Vayde

2 3/2]1 2 10
) 3

£(0) = {433 £G*



Y=4

X=0

If, When o = 1, the second equation becomes:
y=|z—5—|1—a| + z?
For the interval 0 < z < 1:

|l — 5] =—(z—5)=5<=x
1—z|=1-2

y=06-z)— (1 —z)+z*=4+2°

The region is bounded by 2 = 0,z =1,y = /, and y = 4+ z2 as shown in graph is.

y

0,4)

X=0 X-axis

Question34



The area of the region R = {(z,y) : 2y < 8,1 <y < z®, > 0} is
JEE Main 2026 (Online) 28th January Morning Shift

Options:
A.

2(2010g,(2) +9)

w

3 (401og,(2) + 27)

a

(491og,(2) = '15)

o=

©

2 (241og.(2) - 7)

Answer: D

Solution:

R={{x.3):xy=8,1 -‘_:y-d_Ixz. x=01}

Y-axis \

\

11y (81

The region is bounded by three curves in the first quadrant ( > 0):

e 1.y =1: A horizontal line.
o 2.y = z? : A parabola opening upwards.
e 3.y = % : A'rectangular hyperbola.

Find the Intersection Points

We need to know where these curves meet to set our integration limits:

e Parabola and Line (y =z?andy =1):2% = 1= x = 1 (since z'> 0). Point: (1, 1).



» Parabola and Hyperbola (y =zlandy = %) cx? = % — 23 = 8§ =— 2 = 2. Point: (2,4).
. Hyperbola and Line (y = % andy = 1) : % = 1=z = 8. Point: (8,1).
Understanding the Inequalities
e x > 0: The region is located in the first and fourth quadrants (but limited to the first quadrant by 1 < y).

e 1 <y< x% ' This gives us a lower bound of the horizontal line y = 1 and an upper bound of the parabola
2
y=x“

e zy < 8: This can be rewritten as y < %. This represents the area below the rectangular hyperbola.

Setting up the Integrals

The region starts at = 1 and ends at * = 8. Because the "upper" boundary changes at T = 2, we must split the area
into two parts:

e Part 1 (from £ = 1 to £ = 2 ): Bounded above by the parabola y = > and below by y = 1.

e Part2 (from ¢ = 2 to x = 8 ): Bounded above by the hyperbola y = % and below by y = 1.

Area—j%(w — l)da:—l—f( )dw

= [%3 —m] + [8Inz — x]$
=[3-2-{3-1}] +[(8In8 —8) — {8In2 — 2}]
=1 —-1+8In2°-8In2-6
_%—7+241n2—81112 {lna™ = mlna}

= -3 +161n2

=2[24In2 — 7]

Question35

Let P, : y = 4z2 and P, : y = 22 + 27 be two parabolas. If the area of the
bounded region enclosed between P; and P; is six times the area of the
bounded region enclosed between the line y = ax, o > 0 and P;, then « is
equal to :
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Options:

12

15

Answer: A

Solution:

Bounded Regions: Farabolas and Line

50
—_— P = dr
—_— Piy=x+ 127
40 1
=== Llimg ¥ =ax
Area Ay
0 Area A3
\
20
o
E
N T T 0 1 ? 3 4

1. Calculate the Area A1 between P; and Ps
The two parabolas are given by:
o P :y=4a?
o Py:y=2zx2+27
Find the intersection points: Setting the equations equal to each other:
4a? = 2% + 27
=3¢% =27
=z’ =9=z=243

Find the intersection points : Setting the equations equal to each other:
dz* = 2” +27
322=27 , 2’=9=12=143

Calculate the area: On the interval [~3, 3], the parabola P lies above P;. The area A; is:



3 3

A = / (ac2 + 27 — 4w2)d:z: > / (27 — 3:1:2)d:1;
_3 -3

3

Ay = [272 — 2°]
A= (27(3) R 33) - (27(_3) _ (_3)3)
Ay = (81— 27) — (~81 + 27) = 54 — (~54) = 108

w

Calculate the Area As between P and the line y = ax
Find the intersection points:

422 = ar = z(dz —a) =0

The points are z = 0 and z = 5.

Calculate the area: On the interval {0, § |, the line y = aa lies above y = 4z2. The area A, is:

a/4
As = / (a:c — 4:c2)dx
0

4, [o? 42?1
2 31,
a/aN?2 4 /7a)\3
w5310
279 \1 3\ 4
_a3_4a3_a3_a3_3a3—2a3_a3
2732 192 32 48 26 ~ 06

The problem states that A; is six times Ay :

A1:6><A2

108=6x [
B 96

a3

108 = —
08 16

a® =108 x 16 = 1728
a=V1728 =12

Question36

The area of the region {(z,y) : y < 7 — |z|,y < |z sinz|,y > 0} is:
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Options:

2

Al4Z

B.



Answer: B

Solution:

We need the area of the region

{(@,y) :y <m=laf, y < |zsinz|, y > 0}.

This means the required area is the area under the curve
y =min(7 — |z|, |zsinz|)

and above the z-axis.

So the area is

A = [min(r — |z, |zsinz|)dz

over the values of « where the region exists.

Since y > 0 and y < 7 — |z|, we must have

T—|z[ 20 = |z| <.

Hence the region lies in [—, 7.

Also, both functions 7 — || and |z sin z| are even functions, so the region is symmetric about the y-axis. Therefore,
A =2 [ min(r — z, zsinz)dz.

Now for 0 < x <, we have sinxz > 0, so

|z sinz| = zsinz.

Thus,

A =2 [ min(7 — z, zsinz) dz.

Now compare 7 — « and z sin z on [0, 7.

Atz =0,

T—T=m, zsinz = 0.
Atz =,

m—x =20, zsinz = 0.
Check where they meet:

rsing =m— .
: 0 . >
It is easy to see that z = 5 satisfies this, because

T a1 Y S—
751115 =

INTE

=aq—-=X
=T -

Also, on [0,7/2], we have ¢ sinz <7 — x, and on [n/2,7], we have 7 — z < @ sinz.



So,
/2 . Tl'
A:2[f0 :csm:zd:c—i—f,r/Q(?r—:c)dm].

Now evaluate each integral.
First,

[zsinzdr = —zcosz + [coszdr = —zcosz +sinz.
Therefore,

fOW/Z zsinz dr = [~z cos x + sin a:]g/2 =X

Next,

f:/2(7r — z)dz.

Let w = m — . Then as = goes from /2 to 7, u goes from 7 /2 to 0. Or directly,

f:ﬂ(ﬂ' —z)dr = [71’.’1: - %2] :/2.

Compute:

Atz =,

Therefore, the correct answer is

2

T
2+ —
4

So, Option B is correct.

Question37

The area of the region bounded by the curves z + 3y> = 0and z + 4y> = 1
is equal to :
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Options:

w Wl

BYIN)

a

o

D.

5

3

Answer: C

Solution:

Given curves are
z+3y>=0 and z+4y>=1

First, write them in the form z =:

r = —3y°
and
r=1- 4y

To find the bounded area, we first find their points of intersection.

Set the two values of « equal:

—3y° =1 — 49°

¥ =1

y==1

So the curves intersectat y = —1 and y = 1.

Now, for a fixed value of y, the right curve is
z=1-4°

and the left curve is

x = —3y?

So the horizontal width of the region is
(1-4y%) = (=3y%) =1—7

Hence, area of the enclosed region is

A= L=y dy



Now evaluate:

A=l-s],
A== 3 = (14 )
e )

A

Therefore, the required area is
4
3

So, the correct option is:

Question38

The area of the region R = {(z,y) : zy < 27,1 <y <2’} is equal to :

JEE Main 2026 (Online) 5th April Morning Shift

Options:

A.

78log, 3 — %
B.

54log, 3 — 52
C.

54log,. 3 — %
D.

54log, 34 L
Answer: B

Solution:



3 27 /97
Area = / (mz — 1)d:v +/ (— — 1>d:£
1 3 4

z3 s
= [— — m} + [2Ttnz — )37
3 1

2
:—6—2+27ln9—24

3
_97mmg . 282

52
_54In3 - 2=
HoT 3

Question39

Let e be the base of natural logarithm and let f: {1,2,3,4} — {1,e,¢? €’}
and g : {1,e,e?, e} = {1, 3, %, 1 } be two bijective functions such that f
is strictly decreasing and g is strictly increasing. If

o(z) = [f{g7'(5)}]", then the area of the region

R={(z,y): 22 <y<¢(z),0<z<1}is:
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Options:

3—log,(2)

A. 3log,(2)

B.

3log,(2)



3 +log,.(2)

D.

3+log.(2)
2+log,(3)

Answer: A

Solution:

Since f :{1,2,3,4} — {1,e, €2, 3} is bijective and strictly decreasing, we match the largest element of the domain to
the smallest element of the codomain.

Hence,

') =4, fl(e)=3, FHeH=2 [l (=1

Now g: {1,e,€?,e’} — {1, 4,4, 7} is bijective and strictly increasing.
Since

$$1

and

1 1
7 < <7<1

o=

for g to be strictly increasing, we must assign:

9O =1, gle)=13, gle’) =73, gl)=1
Therefore,

o7 () ="

Now,

So,

)= [f o (5)}]" =2

Thus the region is
R={(z,y):x2<y<2® 0<z<1}
Its area is

f01(2x —z?)dz

Now,

f2’”dx:%

So,



w|>—t

f01x2da: = [%3](1] =

Hence area

A 1
In2 3

Taking LCM,

Therefore, the required area is

3 —log, 2
3log, 2

So the correct option is .

Question40

Theareaoftheregion{(:c,y) :0<y<6—w,y*>4xr — 3,2 > 0} is :
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Options:
A.

8

12

D.
15

Answer: B

Solution:

We need to find the area of the region



{(z,y):0<y<6—1z, y> >4z -3, z > 0}.

Let us understand each condition carefully.

1.From 0 <y <6 -z

This means:
o y >0, so the region lies above the z-axis.
e y<6—=z,or

z+y <6,

so the region lies below the line

y=6—z.

2.From y? > 4z — 3

Rewrite it in terms of x:

4z — 3 < 9?

4 <y’ +3

r < L43
- 4 .

So the region lies to the left of the parabola

Also, we are given

x> 0.

So for a fixed y, = lies between 0 and whichever is smaller:
and .z =6 —y.

So the horizontal width is

nggmin(y:—%,ny).

Now we find where these two curves intersect.

3. Point of intersection

Set

243
L =6-y
Multiply by 4:

¥ +3=24—4y
y? +4y—21=0
(y+7)(y—3)=0.
So,

y=3 or y=—T.



Since y > 0, we take

y=3.

Now compare the two right boundaries:
e For0Q < y <3, we have

—yﬁ <6—y

so width is

y*+3
3 -

e For3 <y <6, we have

y*43
6 ) S 1
so width is
6—y.

Hence area is
A= f03 -l—/z—;i dy + f36(6 —y) dy.
4. Evaluate the integrals

First integral:

fo?’ Y3y = -}If03(y2 +3)dy

Second integral:

6 32 6
J5(6—y)dy = [6y— 7]3
= (36 —18) — (18— %) :18—% :%.
Sototal area is

_9 .9 _
A= 5 + 5 = 9.
Therefore, the correct answer is:

[9]

So, Option B is correct.

Question41

The area of the region {(z,y) 12> — 8z <y < —=z}is:
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Options:
A.

343
6

B.

=N
=N
NN

a

W~
(=N (%)
3

Answer: A

Solution:

For the region

{(z,y) :2* —8z <y < —a},
the lower curve is

Y= z? — 8z

and the upper curve is
y=—z.

To find the area between the curves, we first find their points of intersection.

Set

z? -8 = —=x
22 —Tx=0

z(x—7)=0

So, the curves intersect at

=0 and z=1T.

Now, on the interval [0, 7], the line y = —z lies above the parabola y = 22 — 8z.
Hence, the required area is

Area = f07 [(—z) = (2* = 8z)|da.

Simplify the integrand:

(—z) — (2? - 82) = —x — 2%+ 8z = Tz — z°



Therefore,
Area = [[(7z — z?) da
Now integrate:

[Tz —2?)dz = 779”2—%3

Applying the limits from 0 to'7:

Taking LCM 6:

. 1029-686 __ 343

6 -6

Hence, the correct answer is

343
6

So, the correct option is A.

Question42

— R be a function defined as f(z) = = +1 Let

)
(fi(z)),i =1,2,...,25, where fl(z) = f(z). If
) =0,z €(1, oo), then the area of the region bounded by the
=g(x),2y=2z —3,y=0and x = 4is:
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Options:
A.
1 +log, 2
B.
% +log, 2
C.

2 4+ 3log, 2



D.

% + log, 2
Answer: A
Solution:

We first focus on the orbit periodicity of f(x) :

fl(z) = f(z) = i—;i;w €(1,00)..... (2)

@) = H{f'@)} = FI@) = F(5) = 1 =~ E = Lz e (Loo) ... ()

Pay=f{f@h=F(-2) =St = Eae (1,0 (i)

(1+a:)_1

) =f{f3x)} =7()= (ili) =2 —g;z e (1,00)..... (iv)

=
HE

i%iJ:i 1 : |

From the nature of table which completes the 25 iterations in 6 cycles with orbit periodicity 4 :
2(z) = f(z) = fl(z) = fP(z) = fa) = -1 ... (vi)

Equation (vi) exactly identifies the function g(x) defined under SOW :

g(x)+ f5(z) = 0= g(z) = —f5(x) = ... (vid)

Equation (vii) has identified the function g(a) and we can mathematically plot the bounded area between the curves :

g(z) | Slantline Horizontal line | Vertical line

% y:x—(%) X-axis x =4

Pair | g(z) | Slant line Feasible | Intersection Points
1 % y=ux— (%) Yes A K

:>%:x—(%):>2$2—3$—2:O:>$:(za_%):y:(%’_2)

Intersections . | A K Discarded point |- Reason

Coordinates. | (2, %) | (=%,-2) | K Falls outside the scope of bounded area




Pair | g(@x) | Vertical line | Feasible | Intersection Points
% z=4 Yes B

=z=4=y=0.25

Intersection .| B
Coordinate- | (4,0.25)

Pair | Horizontal line | Vertical line | Feasible | Intersection point
3 X -axis x =1 Yes C

sz=4,y=0

Intersection. | C
Coordinate | (4,0)

Pair | Slant line Horizontal line | Feasible | Intersection point
4 Y=z — (%) X-axis Yes D

sy=0=x=3

Intersection | D
Coordinate (% , 0)
g(x) X-axis Feasible Intersection point Reason
1/x y=0 No None X-axis is a horizontal asymptote to g(x)
Slant line  Vertical line Feasible Intersection point - Reason
y=x—(3/2)x=4 No (4,5/2) Intersects much above B and outside the scope of bounded area
: Left . . Right . Bottom \
Sides boundary Equation Top boundary Equation boundary Equation boundary Equation
. o Rectangular _ . . _ . \
Curves Slant line - y=x —(3/2) Hyperbola y=1/x Vertical line x = 4 X-axis y=0

Vertices Top left Coordinates - Top right Coordinates B:igﬁ:n Coordinates Bottom left Coordinates

Points A AQ2,1/2 B B, 1/4) C C@4,00 D D (3/2,0)

We can visualize that both A and D lie on the slant line but A is ahead of D along the X-axis. From A we can drop a

1 on the X-axis at M to form a right angled A AM D. From A and D the remaining area upto the vertical @ =4 lies

under the rectangular hyperbola g(z) = % )

Area = <%) -(DM) - (AM) + /24g(a:)da: =

Question43

Let y = f(«) be the solution of the differential equation

d 6 4




6 fl{z f(z)dz = 27 — « then o? is equal to
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Answer: 27

Solution:

e FI Tt L (i) YT
xV1—22 = [ (25 +4a)de =L + 222+ ¢

Giveny(0) =0=¢=0

LF.

75—77+2z2
V1—z2
T 2l 4 9x2 3 92
Now: 6/ 7 dz = 6/ dz
—1 31— a2 1 v1—g?

Putxz =sin6
dzx = cos 6d0

I 2
:24/6 St ecosede
o cosf

x _ . z
:24/6(1 cos29>d0:12[9_sm29]
0 2 2 |,

Question44

Let f be a differentiable functlon such that
2(z+2)%f(z) — 3(xz +2)* = 10 [’ (¢ + 2) f(¢)dt, & > 0. Then f(2) is equal
to .
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Answer: 19

Solution:

Differentiate both sides
4(z + 2) f(z) + 2(x +2)%f'(z) — 6(z + 2) = 10(z + 2) f(2)
2(z + 2)%f!(x) — 6(x +2)f(z) = 6(z +2)
(x + 2)% —3y=3
dy dx
de 3/ xz+2
In(y+1)=3In(z+2)+C
(y+1)=C(z+2)°

f0) =3
£(2) =19
Questiond45

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

2cosm% = sin 2x — 4ysinx, x € (O, %)Ify(%) = 0, then 7/ (%) +y (%)
is equal to

JEE Main 2025 (Online) 24th January Evening Shift

Answer: 1

Solution:

d
d—y 4+ 2ytanx = sinx
x
LF. = e2ftenrds —goc? p
sinz
ysec? = / dx

cos?z

= /tana:sec zdx
=secz +C



C=-2
2

Yy =cosT — 2cos”x

T 1
()2
1.
y = —sinz + 4 cos?zsinx
Y =T =
V2

Question46

If y = y(x) is the solution of the differential equation,

—5.d 1 2\ 2 . 1z 2
Vi—a? = ((sin7! ($)) —y)sin 1 ($), =2 < @ < 2,5(2) = 752,
then y2(0) is equal to
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Answer: 4

Solution:

\/4my \/4

/ sin~ x dx
)
—2=

dy (sin'g)  (sin5)°
2

y—(sm —24c-e

y(2) = 4 0

Questiond7



Let y = y(z) be the solution of the differential equation
% + 2ysec’z = 2sec’z +3tanz - sec’ z such that y(0) = 2. Then
12 (y(§) —¢e?) is equal to
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Answers: 21

Solution:

d
d—y + 2ysec?z = 2sec’ z +3tanz sec’
z

LF. = ef?sec2 xdx

LF. = e?tn®

y - e2tane — /e2ta”(2 + 3tanz)sec? zdz

Put tanxz = u

sec’ zdr = du

y- el = /62“(2 + 3u)du

22u
y-62“:>e—+3/62“-udu

2
2u 2u
2u 2u ue €
. £ 3 — N
y-e e + [ 2 /2]
2u 2u
2u 2u ue €
= 3 — C
ye et + [ 5 4]4—
t 2tanx 2tanx
yeZtanz:thanz+3|:a’n$; _84 :|—|—C
5
F(0) =-—
0) =73
5 3
SOy A
4 4+
5 1
———_=C
4 4
1=C
tanz 1 Lot
=143 ——)+1 ana
1 (55 -9)
T 1 1 1
=143 <)+ =
y(4> <2 4> &2
(£>_Z+L
V)T e

Question48



Let f : R — R be a twice differentiable function such that

flzx +y) = f(z)f(y) for all z,;y € R. If f/(0) = 4a and f satisfies
f"(z) = 3af'(z) — f(x) =0,a > 0, then the area of the region
R={(z,y) [0 <y < flaz),0 <z <2}is:
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Options:
A.e? -1
B.et+1
C.e?+1
D.et—1

Answer: A

Solution:

f(x+y) = £(x)f(y)

= f(x) = e*f'(0) = 4a
= f'(x) =™ = A=4a
So, f(x) = e**

f”(x) — 3af'(x) =f(x)=0
=X —-3a\—-1=0

1
:>16a2—12a2—1:0:>4a2:1:>a:§

F(x) = e*

2
Area :/ e¥dx=e2 -1
0




Question49

Let f(z) be a real differentiable function such that f(0) = 1 and
100

fz +9) = f(2)f @) + f'(z)f(y) for all z,y € R. Then ) log, f(n)is

equal to :
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Options:
A. 2406
B. 5220
C. 2525
D. 2384

Answer: C

Solution:

fl@+y) = fx)f'(y) + f(2) f(=z)
Put =z=9y=0

£(0) = £(0)£'(0) 4+ £'(0)£(0)
1

£(0) = 3

Puty =20

fz) = fl(-’v)f'( )+ f'(z)£(0)
#(2) = 5 £(@) + 1'(2)
oy )

2

dy _y dy _ [ dz

m=s= =%
—_

=lny= 4% +c

f0)=1=C=0

Iy = % = f(x) = e*/?
n

100 100 5050
Z tf(n Z =&

= 2525




Questions0

Let z = z(y) be the solution of the differential equation
y* dz + (CL’ - %)dy =0.1fz(1) =1, thenz (3) is:
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Options:
A +te
B. 3 +e
C.3+e
D.3—-e

Answer: D

Solution:

=y —==—=z
dy 'y

:>dw m_l
dy >

1 1
LF. = ef v —=ev
.". Solution is
L N\ A 1
vev = [eV xy—sdy—i—C
~1
Let = t

é%@:ﬁ



Question51

If x = f(y) is the solution of the differential equation

(1+97) % (2 —2e29) 4 =0,y € (~7,5) with £(0) = 1, then
f <%> is equal to :
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Options:
A. e/t
B. e™/12
C.e™/8
D. e™/3

Answer: C

Solution:

dx z 2etan™'y
-t 2 2
dy 1+y 1+y
LF. =gt 'y
N2
2<etan y) dy
tan "ty /
T = -
1-+9?

d
R N
1+ 42

Put tan ! y=t,



-1
ze' Y= /Zetht

“1 -1
wetan Y e2tan y+c

o — etan’ly_i_ceftan’ly
cy=0,z=1
l=14c=¢c=0

1
Y= _7x:eﬂ/

V3

6

Question52

Let a curve y = f(x) pass through the points (0,5) and (log, 2, k). If the
curve satisfies the differential equation 2(3 + y)e**dz — (7 +€2*)dy = 0,
then k is equal to
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Options:
A.32

B. 8

C. 4

D. 16

Answer: B

Solution:

dy - 2(3+y)-e*
de~  T4ex

dy 2y-e* / 6. e
do ~ T+e® T4ex

E2m
LF e f7F — 1

C T4ex

1 / 6e2
Y = [ dx
7+ e (7 43%)?




Questions3

Let z = z(y) be the solution of the differential equation
Y= (:c — y%) sin (%),y > 0 and z(1) = 5. Then cos(z(2)) is equal to :
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Options:

A.2(log,2) -1
B.1 - 2(log, 2)”
C.1— 2 (log,2)
D. 2(log,2)* — 1

Answer: D

Solution:
[z
ydy = (zdy — ydz) sin (—)
Yy
dy (wdy—ydx) \ <:c)
= > sin | —
Yy Y Y
(3
Y Y Yy

= ﬂny:cosz—i-C
Yy

x(l)z%:ﬂzcos%%—CéCzO

Uny = cos z
Y



buty:2:>cos%:1n2

T
cosz = 2cos? = — 1

=2(In2)®> -1

Question54

Let y = y(x) be the solution of the differential equation
(my ~5a2V/1 x2>d:p + (1 +22)dy = 0,y(0) = 0. Then y(~/3) is equal to
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Options:

5V/3
A5

B.

C.y/ 3
D. 2v2

Answer: A

Solution:

(1—|—m2)3—i—l—wy:5ml\/1+m2

@ xy 5z2

dz P 14+ 22 - \/1+£L‘

OF el _ A

SLyV1l+z? = \/1_ -V 1+ z%dx
+x

SVl = \/_2 A1+ zldx
1+«z

53
y\/1+.’L’ :T+C




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

5x3
N 31 + 22
15v3 53
u(V3) = 32 2
Questions5

Let for some function y = f(z), [, tf(t)dt =z f(z),z > 0 and f(2) =
Then f(6) is equal to
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Options:
Al
B.6
C.2
D.3

Answer: A
Solution:

/th(t)dt =x* +(x),x >0
0

Diff. both side w.r. to «
zf(z) =z*f'(x) + 2z f(z)

—zf(z) = 2*f'(z)
f'(z) 1
0 dr = /—d
logdf(z) = —logz +logc
fla)y==

C

f(2)=3=3= 5 =c=6



fle) =2
£6) =1 (1)
Question56

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

cos z(log, (cos z))*dy + (sinz = 3ysin z log,(cos z))dz = 0, x € (0, T ). If

y( L) = _@, then y(% ) is equal to :
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Options:

A.

2
logﬁ (3) _logﬁ (4)

IOge (4) 710ge (3)

D.

) 4/ SR\
log,(3)—log,(4)

Answer: D

Solution:

cos z(ln(cos z))2dy + (sin z — 3y(sin z) In(cos z))dz = 0

d
229" 3sing- In(cosz)y = —sinz

dr

cos z(In(cos z))



dy 3tanx —tanz

dz  In(cosx) Y (In(cosz))2
dy 3tanx —tanz

dz- In(secz) Y (In(secz))?

IF. = eflj(t;%z)dz = (hl(SeC CU))3

y x (In(secz))? = —/(lnt&(ln(sec z)) dzx

(secz))?
1
y % (In(secz))® = —E(In(sec z))? +C
. T 1
Given .m—z,y——m
-1 — 1
— x(Inv2)? =—= x (lnv2)?
lnzx(n\/) 2><(n\/_)+C’
1 JACT 1,
TV RS (In2)° = - X Z(ln2) +C
1 —1
=C=0

- y(In(secz))3 = 7(111(Sec )2 40
! -1
~ 2In(secz)

1
V=3 In(cos z)

Y

1
Y (%) - 2In (cos %)

2 ($In3—-1In2)
B 1
~ In3-1n4

QuestionsS7

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

d s 7r 3 T\ 3
P+ (tano)y = 2yt a € (F,5), F(5) = 3, then £ (§) is equal
to:
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Options:



9343
10(4++/3)

D.

V3+1
10(4+v3)

Answer: B
Solution:

Ifeftanzdw \ eln(secx) — sec

: -seca:—/ m sec xdx
& (1 +2secz)?

/ 2cosx +1 1—¢2
= [ ———dxz Let cosz =
(cosz + 2)? 1+ ¢2

2(1;*)+1

142
- 1—¢2 2
(15 +2)
/ 2 -2t 4+1+41¢2
(1—12 +24-2¢2)°
3 —¢2
o 2l
(t2+3)
3
Lett+—t- =u

(1 - i)dt =du
t2

=-2f%

2dt

x 2dt




V2 -1+ 2

= 2(vV2-1)
T s e
V(W21 1 2v2-1
B3 Va7
A=N2

14
Question58

Let g be a differentiable function such that
[y 9(t)dt =z = [ tg(t)dt,z > 0 and let y = y(z) satisfy the differential

equation % — ytanz = 2(z + 1) seczg(z),z € [0, 5). If y(0) = 0, then

y (%) is equal to
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Options:

A
B. 2t

2

Ar
D. 33
Answer: A

Solution:

To solve the given problem, let's start by considering the equation:
[y g(t)dt =z — [y tang(t)dt

Differentiate both sides with respect to x:

g(z) =1 = zg(x)

Rearranging gives:

9g@)(1+4+2)=1 = ¢g(z) = H%

Now, consider the differential equation:
Z—g —ytanz =2(z + 1) seczg(x)

Substitute g(z) = liz:




ytanz = 2(z + 1) secz - H%

dy
-
This simplifies to:
dy

7. —Ytanz = 2secx

To solve this, we use an Integrating Factor (L.F):
LF = eftanzdz — e~ Incosz _ oo

Multiply the entire differential equation by the Integrating Factor:
cosx-g—z —y-sinx'=2

This implies:

L (ycosz) = 2

Integrate both sides with respect to x:

ycosz = [2dz =2z +c

Given the initial condition y(0) = 0:
0:1=2-04¢c = ¢c=0

Thus:

ycosx = 2x

Evaluate at x = 3

[N

Solving for y:

_ 4r
Yy=73

Therefore, y (3) = 4.

Questions9

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

LI (tan? z)y+ 3y = sec? z,y(0) = 3 + e* Then y (F ) is equal to:

JEE Main 2025 (Online) 3rd April Evening Shift
Options:
A3

2 3
B§+€



O
|xo

Answer: A

Solution:

dy 2
dr +3(tan m)y+3y— sec” x

d
= 2 + 3sec2wy = sec’z
dx

LF = eIBSeCdez

— e3tanz

Y- etanz — /e3tanx . sec2 zdzr + ¢

e3tanm

3tanx _

Y- +c
Al ==
50 f( 3
+ L
e e —
3
= Cc= e
3ta eStanx
n T — +
y-e 3 e
Putx = —

Question60

If a curve y = y(x) passes through the point (1, ) and satisfies the
differential equation (7 x4 cot y — e® cosec y) % = %, > 1, then at T = 2,
the value of cosy is :

JEE Main 2025 (Online) 4th April Evening Shift

Options:

2e%4-e
A. o1

2¢l—e
B. 64

2¢e?—e
C. 128




2e%+e
D. 128

Answer: C

Solution:

(7:1:4 coty — e” cosec y) 8% 2 z®
dy

d
25 2Y 7yt coty = —e” cosecy
dx
dy 7 ¢ e”
—~ — —coty = ———cosec
dr oY xzd 4
: Y el
siny—— — —cosy = ——
Yz Tz %Y xd
Let —cosy =1t
. dy dt
siny— = —
Yz dx
dt 7 . e®
dr = x®

—cosy-m7:—/eww2dw
cosyz' = e° (w2—2x+2)+c
T
a:zltheny:5:>c:—e
cosy-w7:e‘”(:c2—2w+2)—e

2% —e
128

When & = 2 then cosy =

Question61

Let y = y(x) be the solution curve of the differential equation
x (:1:2 + ew)dy + (e“’(a: —2)y — ac?’)dac = 0,z > 0, passing through the point
(1,0). Then y(2) is equal to :

JEE Main 2025 (Online) 7th April Morning Shift

Options:




C A

D. =2

Answer: C

Solution:

T (w2 + e“’)dy+ (ex(w —2)y — w3)dm =0
dy o e"x-2) o &b
dz m(w2+ez)y_ z (z2+ e?)
e (z—2 d
W = T
_ ef 61”% de—[ %dm

Ttz

— 2
— elne +z°—2Inz

Question62

Let'y =y(x) be the solution of the differential equation
(x2+ 1)y — 22y = (z* + 222 + 1) cos z,

3
y(0) = 1. Then [y(z)dzis:
-3

JEE Main 2025 (Online) 7th April Evening Shift



Options:

A.
36
B.
24
C.
18
D.
30
Answer: B
Solution:
2 dy 4 2
(ac —1—1)% — 2zy = (ac + 2z +1)cos:c
2
dy 2r (:c2 + 1) Ccos T )
_— =— = 1
dzx <x2+1>y cx?+1 (z"+ 1) cosz
(Linear D.E)
-2
P= ﬁ,Q = (X2+1) COS X
[ Edz 1
ILF = edez = e’ =241 —
z2+1
Y- ; :/(w2+1)cosm-Lda:
2 +1 21
=sinz+c=ycos=1=c=1
2241 y

y= (a:2+1)(sina:+1)
3 3
/3ydx:/3 (z®+1)(sinz + 1)

3
dr. = / z¥sinz + z’sinz + 1dz
-3

3 3 3 3
:>/ z? sin zdz +/ r2dz +/ sin zdzx +/ 1dzx
-3 -3 -3 -3

=0+18+0+6=24



Question63

Let f(z) = z — 1 and g(x) = e” for x € R. If
i (6_2\/59 (f(f(=))) — %) y(0) = 0, then y(1) is

JEE Main 2025 (Online) 8th April Evening Shift

Options:

Answer: B

Solution:

IE — el —o2vE



Its solution is

y x eVT = /62‘/5 X e Ve 2dr 4 e

yx e2Ve = /e’”Qdm +c

yxe2ﬁ:ew72+c

GiVGnX:O,y:O:>O:e*2+C ;C:—672

Ly X e2VZ = ox—2 _ =2

whenx =1,y x e2=e ! — e 2

11
e l-e? e 2 el—e __ e-1

Y= —=x =T T & P

Option (1) is correct

Question64

Let x = x(t) and y = y(t) be solutions of the differential equations

% +ax=0 and % +by = 0 respectively, a, b € R. Given that

x(0) =2; y(0) = 1 and 3y(1) = 2x(1), the value of t, for which x(t) = y(t), is :
[27-Jan-2024 Shift 1]
Options:

A. log,2
3

B. log,3
C. log,4

D.log ,2
3

Answer: D

Solution:



Cry=e o () N
\\ XS
5\' Accordin @uesﬁon \06 @ é ’ Q) O




Question65

If the solution of the differential equation
2x+3y—-2)dx+(4x+6y—7)dy=0,y(0)=3,is

ax + By +3log 2x + 3y —vy | = 6, then a + 2 + 3y is equal to
[27-Jan-2024 Shift 1]

Answer: 29

Solution:

2x+3y—2=t¢
dx+oy—4=21t

dy _ dt
+ e =
23 dx dx

dx+oy—T7=2-3

dy _ —(2x+3y—-2)
dx Ax+6y—7

dt _3t+4t—6_ t=6

dx 2t—3 2t—3
[ 273 ge=fax
2%—-12 9

+ - . =

!( =6 r—ﬁ) dt 2€

2t+9In(t—6)=x+e
2(2x+3y—2)+9In(2x +3y—8) =x+¢
x=0,y=3

c=14

dx+6y—4+9In(2x+3y—8) =x+14
x+2y+3In(2x+3y—8)=6
a=1.4=2.y=8

a+2f+3y=1+4+24=29




Question66

If y = y(x) is the solution curve of the differential equation
(= 4dy~ (¥ =3y)dx =0,
Xx>2,y(4)= % and the slope of the curve is never zero, then the value of

y(10) equals :
[27-Jan-2024 Shift 2]

Options:

A 3
1 +(8)1/4

3
B. o

3
C 1%

D 3
1 —(8)1/4
Answer: A

Solution:

(*=4)dy—( -3y dx=0

1 1, | x-2
= g(ln yv=3|-ln|y)= ilﬂ <12 +C
= 111_1‘}—!_3 = 1lr_‘L '¥_2‘+C
¥ 1 x+2
_ _ 3
Atx=4,y= >



as y(4)= 5 =y€(0.3)

Question67

If the solution curve, of the differential equation g—i = % passing
through the point (2, 1) is

2

-1 -1 1 - X\ _
tan ( le) - Bloge(a+ ( - ) ) = ‘logex 1’
then 5B + a is equal to__
[27-Jan-2024 Shift 2]

1
1

Answer: 11

Solution:

dy _ xty=2

dx o Al

x=X+h y=Y+k
dy [x+y
d \X-V

h+k-2=0
wh=k=1
h—-k=0




oodv 1y dv 1+
vi —= =X— —=
dX - 1—-v dXx 1—v
1-vw dX
dv: —
1+v° X

tan v — %]n(l +1h) = ln‘X‘*—C

As curve is passing through (2, 1)

tau_l( y—1 ) < %lu(l+ ( }-‘—1)2) =In[x—1]

x—1: x— 1/

~g=1 and f=2

= 5f+a=11

Question68

A function y = f (x) satisfies f (x) sin 2x +sin x —(1 + coszx)f '(x) = 0 with

condition f(0) = 0. Then f ( ’5‘) is equal to

[29-Jan-2024 Shift 1]

Options:
Al
B.0
C.-1
D.2

Answer:‘A



Solution:

dy ( sin 2x ] ot
— — — \v=sinx
dx 1+cos’x

IF. =1+cos'x

y-(l+ cns}'x) = [ (sin x) dx
=—cosxt+C

x=0.C=1

Question69

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

1+ y2)(1 +log x) dx +xdy =0, x> 0 passes through the point (1, 1) and
3

o —tan ( 5)

B+tan( 5)

[29-Jan-2024 Shift 1]

y(e) = , then a + 2 is

Answer: 3

Solution:

L et
; x 14y

Inx+ (]11;]?- + tan_l}‘ =C

Putx=y=1

~C=



=

Sinx+ —(1”23‘3‘ +tan 'y =

4
Putx=e
§ l—tan=
=}y=tan( - 3 =
1+tan =

Question70

If sin ( %) =log, ‘ X ‘ + 7 is the solution of the differential equation

o

xcos( %) o =yc0s( %) +xandy = Z, then ol is equal to
[29-Jan-2024 Shift 2]

Options:
A3

B. 12
C. 4
D.9

Answers A

Solution:



Differential equation :-

ydy y
XCo05 = — = VCO8 —TX
xdx X

v[. dy
cosT |x —=—y| =x
X X

Divide both sides by x’

dy _
( P }) Y
cos — . = =
x + x

Let

=1

w2

cost( :—;] =

M=

costt= ldx

o

Integrating both sides

sint=1n|x|+c

L
sin — =In|x|+c

X

Using y(1) = g: we get c = ?

50,0:=\.f’§=:-a2=3

Question71

Lety = y(x) be the solution of the differential equation
A-xDdy=[xy+ (> +2) 130 D) dx -1 <x <1, y0) = 0. Ify( ;) =" m
and n are coprime numbers, then m +n is equal to

[30-Jan-2024 Shift 1]

Answer: 97



Solution:

dy 0 _ {x3+2}\/3[1—x2)
dx 1-y° 1—x°

[]]

i T SO
IF = 1™ =¢ =\{1—x‘

yV1-x=V3 (P +2)dx

El
j.-‘ﬁ,’]—x2 =\/37( '%+2x] +e

=3(0)=0 (nec=0

1 65
A3l=5=7
m+n=07
Question72

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

xdy+ {2(1 —=x) tan x + x(2 = x)} dx = 0 such that y(0) = 2. Then y(2) is equal
to :

[30-Jan-2024 Shift 1]

Options:

A.2
B.2{1—sin (2)}
C.2{sin (2)+ 1}
D.1

Answer: A

Solution:



Q = l(x— 1)3;'7; x+{x2 —Ex) COSX

dx

Now both side integrate

yx)=[2(x—1)sin x dx -!F[(x2 — 2x)(sin x) = [ (2x — 2)sin x dx]
3(x) = (= 2x)sin x + 1

W0)=0+1=2=1

1(x) = (= 2x)sin x +2

W2)=2

Question73

The solution curve of the differential equation
y j—§ =x(log x—logy+1),x>0,y>0 passing
through the point (e, 1) is

[31-Jan-2024 Shift 1]

Options:

A. |log, % =X
B.|log, % =y’

C. |log, 3 =y

D. 2’10ge § =y+1
Answer: C

Solution:



dx y di
dyv T dy

t+y G iy 1)
dy

}'E:r]n(t):} i:ﬁ
dy tln(t) v

T ALY R,
t-In(f) vy

:}J@:J‘E
Y ¥

let Int=p

lg=ap
T

S hp=lnyv+c
In(lnf)=lny+e
o(n()) =

at x=e y=1

m[m[f]]=m(1)—c=>c=o

Question74

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

dy (tanx)+y

dx sin x( secx = sin x tan x)?

XE(O

T
2.2

) satisfying the condition y( g) =2.



Then,y( %) is

[31-Jan-2024 Shift 1]
Options:

A.\3(2+10g \3)

B. g(2+10ge3)

C. V3(1 +2log 3)

D. V3(2 +log 3)

Answer: A
Solution:
dy _ SN X+ ycosXx
dx ) i . SN X )
sinx- cosx( — 5in x-
Co8 X cosx

sinx +tycosx

-
sin x(1 — sin “x)

Y — sec’x+y-2(cosec2x)

dx
ay 2 cosec(2x) -y = sec’x
dx

dy
—tp-p=
g5 P o)

Ipdx [ =2 cosec(2x)dx
o P (2x)



_de
2

dx
A E—jcosec(tj dt

t
—ln TIEII.E|

—Iln tanx| _ 1
tan x|

y(IF) = [ O(IF) dx + ¢

=y 1 = [ sec’x-
tan x |tan x|

-|T 1 xJ dTT-l-c fortan x=t
an x|

1
[tan x

+¢

+¢c

=]_n‘t

¥
y= |tanx | (ln[tanx | +c)

Put x= -, y=2

| A

2=lnl+tc=2c=2

y= |tanx | (ln [tanx | +2)

}( ;_r) =v3(ln V3 +2)

Question75
The temperature T(t) of a body at time t =0 is 160° F and it decreases
continuously as per the differential equation (:TT = —K(T —80), where K is

positive constant. If T(15) = 120°F, then T(45) is equal to

[31-Jan-2024 Shift 2]



Options:
A. 85°F
B.95°F
C.90°F

D. 80°F

Answer: C

Solution:

[ln | T—80[],," =—kt
In| T—80|—-In80 ==kt

80

T = 80+80e

120 =80 +80e =" P
40 ks 1

— =g = /=

80 2
~T(45)=80+80e = ¥
=80+80(c =17)’

1
=80+ 80x —
8

=90




Question76

Let y =y(x) be the solution of the differential equation
sec’x dx + (e~ tan’x + tan x)d y = 0

0<x< g,y( g) =0. If y( g) =q

Then " is equal to
[31-Jan-2024 Shift 2]

Answer: 9
Solution:
2 dx | 2, 2 3
sec x — te tan x+Htanx =0
dy
( Put tanx=r= seczxgz E]
yoody
At L@ P+1=0
dy
dt 2
— =t g
dy
1 dr 1 T
il B S
;2 d‘,‘ t €
( Put 1— _}E_ @]
t Fdy dy
_d”—u= 2
dy
dy
IF. =¢ % <7

—v —y v
ue” =fe ¥ xevdy

e =g +¢

tanx



Question77

Let y = y(x) be the solution of the differential equation
& =2x(x+y)’ —x(x+y) —1,y(0) = L.

2
Then, ( VL_2+y( %)) equals :

[1-Feb-2024 Shift 1]
Options:

A 2

B 3

C. 2

D, 1 _

Answer: D

Solution:



dy ¢ 2x(x+ }»‘)3 —x(x+y)—1
dx

xXTy=t
£—1=2xr3—xr—1
':3” =xdx
2t —r
:dt =xdx
2t -t
Letf =z

Question78

If x = x(t) is the solution of the differential equation
(t+1)dx=(2x+(t+ 1)4) dt, x(0) = 2, then, x(1) equals

[1-Feb-2024 Shift 1]

Answer: 14

Solution:



(t+ Ddx=2x+(r+ D) dt

dx _ 2x+(+1)

dt t+1

dx  2x

X 22 —+1)
dr t+1 ( )

I.F:E-I_l _ e ]
(t+1Y

) 1
2_I 2
(t+1) (t+1)

(t+1) dt +¢

x _@rl)?
(t+1y 02

=¢g=

Question79

Let a be a non-zero real number. Suppose f : R— R is a differentiable
function such that f(0) =2 and im f(x)=1. If f '(x) = af (x) + 3, for all x € R,

X — —o0

then f (—log 2) is equal to
[1-Feb-2024 Shift 2]

Options:
A.3
B.5

C.9



D7

Answer: A

Solution:

f(0) =2, lim f(x) =1
f(x)—a~f(x)=3
I-F=e*

ye =3 e “™dx

f(x): (e )= X — ¢
-3

o
Xx=022= Bycs 3
o

=c—2
a

ax

f(x) = §+c-e

X —> 0= 1= %3+c(0)
a==3~.c=1
f-In2)= =3
o
3m2_ g

+C'eU.X

=1+e
(But o should be greater than 0 for finite value of c)

Question80

If 4= LY x(1) =1, then 5x(2) i equal to :

[1-Feb-2024 Shift 2]

Answer: 5

Solution:

2]

dx

dx_x_ 17y
dy

Y

X
v

Integrating factor =¢ =

| —




:E = = __ _}-‘+C
¥y Y

xr=-1 _}‘2+C}-‘
x(l)=1
l==1-1+ec=c¢c=3
x=-1 —y2+3y
5x(2)=5(-1—-4+6)

=35

Question81

Let y = y(x) be the solution of the differential equation
x3dy+(xy—1)dx =0,x>0, y( %) =3 —e- Then y(1) is equal to
[24-Jan-2023 Shift 1]

Options:
Al
B.e
C.2—e
D.3

Answer: A

Solution:




y= Litacex

X
Where C is constant
1

Putx= =
72

3—e=2+1+Ce

Question82

Let y = y(x) be the solution of the differential equation
left(x* — 3y” right) dx + 3xyd y = 0, y(1) = 1. Then 6y’(e) is equal to
[24-Jan-2023 Shift 2]

Options:

A. 3¢’

Answer: C

Solution:

(x* =3y")dx +3xyd y. =0

dy_ 3y’=x'  dy_y_lx
dx 3xy dx x 3y
Put y=vx

dy dv

— =v+ ~

ax de

U)zv+ng:V~
dx

-1
>vdv= —
vav 3x

Integrating both side



V?= Tlnx+c
> _ -l
> Y = _Inx+c
2x° 3
y()=1
> J=c
2
> Y = _—llnx—i- 1
2\Y 3 2
:y2=—%lenx+x2
2
Y =3dres £
= 6y’(e) = 2¢°
Question83

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

j_i = Y1+ xy’(1+ log x)), x>0, y(1) = 3. Then y—zéi) is equal to :

[25-Jan-2023 Shift 1]

Options:

2
X

" 5=2x(2+log X))

B x
2X3(2 + logex3) -3

2
X

© 31+ log X))~ 2

2
X

7-3 (2 +logxY)

Answer:A
Solution:
dy <Y = P+
o) y(1+1log.x)
%Q——12=1+10gex
X
y Xyy
Les Lo m 2 v
y y X X
LAt 2 l0g x)
dx x ¢
f%dx 2
ILF. =e X =x



2

_ 3
. %((1+1ogx)x—"_)+c
23 3
y(1)=3
2 2
Y X
9 5-2x’Q2+logx’)

xdy=ydx+ xy3(1 +log x) dx
ST 403 x(1 +log x) dx

4 id( 5) =x2(1'+ Jog X) dx
y \y

2
= ( %) = 2[x*(1'+ log x) dx

Question84

Let y = y(t) be a solution of the differential equation
d — e Pt

o+ ay=re
Where, a >0, p >0 and y > 0. Then ;,,y(t)

[25-Jan-2023 Shift 2] 3

Options:

A.1s0

B. does not exist
C.is 1

D.is-1
Answer: A

Solution:

dy Bt
J’_
dt ay =ye

IF. =e¢

Solution =7y -e” —Iye ce™dt
O ﬁ)t

(a= B)

oy Y
O B) :

€
SO hmy(t)— - %ZO

t—

[adt at
=

= ye t—’\{

| o




Question85

Let y = f (x) be the solution of the differential equation
y(x+1)dx— xd y =0, y(1)=-e. Then , f(x)is equal to

x—0"
[29-Jan=2023 Shift 1]

Options:
A.0

B.

o |—

[\

C.e
1
D. =
c
Answer: A

Solution:

Question86

Let y =y(x) be the solution of the differential equation
xlog x % +y= leogex, (x>1). If y(2) =2, then y(e) is equal to
[29-Jan-2023 Shift 2]

Options:

A. 4+e2

4




+
D.le

Answer: A
Solution:

d _ .2
xlog x d_i/ +y=xlogx, (x>1)

= d_y —+ L =X
dx xlInx
Linear differential equation
| dx ‘ ‘
LF. =e xInx =|Inx
-~ Solution of differential equation
y|Inx| =Jx|Inx|dx

For constant

y2)=2=c=1

x> X 1
22 NN
2 4|Inx|  [|Inx|

c 62 62
77 g Ty

So, y(x) =

Hence, y(e) =

Question87

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

dy _ 3x5tan_1(x3) —

PR\ y = 2Xx
(1+x%2

3 -1

X —tan X

exp T )63 pass through the origin.
+X

Then y(1) is equal to :
[30-Jan-2023 Shift 1]

Options:

A. exp( %)



N

S

B. exp( ’Z

)
C. exp( e )

D. exp( ‘r“)

—_
a

< |
3]

Answer: A

Solution:

5. -1.3
d_y+(—3xtan x) ~9e
dx (1+x0y2

5. 1.3
—3xtan x

—_——dx
LE. =¢ (1+x%?
-1.3 .3
tan X —X
=e \/1+x6

Solution of differential equation

-1.3 3
tan X —X

( x3—tanlx3) ( tanfl(x3)—x

\/1+x6 ‘e \/1+X6 )dx

3

y-e \/1+X6 :sze

=f2xdx+c

-1.3 3
tan X —X

y-e \/ 1+ X6 = X2 +cC
Also it passes through origin

c=0
tan (1)~ 1
y(hre V2 =1
-1
4
y()ee V2 =1
n_4
y(1)-e 42 =1
. a-m
(= —=g=e 42
o N2
Question88

The solution of the differential equation

d—§=—( —X2+3y2),y(1)=0 is

o

3x%+ y2

[30-Jan-2023 Shift 2]



Options:

A log |x+y|—=-2 _=0
g Ix+y x+y)

B.log |x+y|+ X _=0
g lxty Sy

C.log, [x+y[+ =22 =0

(x+y)’
D.log |x+y|= nyzz
y (x+y)
Answer: C
Solution:
Put y=vx
2
V+xd—V=—( 1+3v )
dx 3+v7
LAy
dx 34y
G+v)dv, dx_
v+l X
[ 4dV3+j dv - 2dV2+Jd_X:0
(v+1’ vHL T n? X
5 +Hin(v+ 1)+ L-ﬁ-lnx:C
v+1) vl
2
—2x 2—i—ln( X+y) + £+lnx=c
(x+y) X Xty
2Xy2+1n(x+y)=c
&+y)
~c=0,as x=1,y=0
2Lyfrln()(er):O
(x+y)
Question89

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

By? = 5x%)y dx+ 2x(x* — y?)d y = 0 such that y(1) = 1. then |(y(2))’ — 12y(2)| is
equal to:

[31-Jan-2023 Shift 2]

Options:



A. 3240
B. 64
C. 1632

D. 32

Answer: A

Solution:

(3)y2 - 5x2)y ~dx + 2x(x2 - y2)d y=0

o dy_ y6x*-3y)
dx  2xx*-y?)

Put y = mx
2
e dm G 3)
dx ' 2(1-m?)
< dm _ (5—3m2)m—2m(1—m2)
dx 2(1-md)

:ln\x‘ = %ln‘m‘+§ln‘m2—3‘+C
or, ln\x‘ = 31n‘ X‘+ ZlnH IY-3)+C
3 x| 3 X
Put (x=1,y=1): we get c=—%ln(2)
2 2 2 2
=1 ‘= 2] ‘Z‘+_1 ‘(-‘1) —3‘—-1 2
nix|= shjofrshl 5 3 n(2)

- (Y] 20

X X

Put x =2 toget y(2)

= y(y —12)=4x2x2x2\2
3 —

=y ~ 12y =322

=]y (2)- 12y(2) | =32\2

Question90

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

g—z+ytanx=xsecx, 0<x< g,y(0)=1,theny( g) is equal to



[1-Feb-2023 Shift 1]

Options:
T \/§ 2
A. 15 —2—10ge( ﬁ)
T \3 2V3
B. 57 Tloge( T)
T V3 ( 2 3)
C E 710ge T
T \/5 2
D. E+ 7loge( a?)
Answer: A
Solution:

Here |.F. = secx

Then solution of D.E :

y( secx) = x tanx —In( secx) + ¢
Given y(0)=1=>c=1
~ y( secx) =x tanx — In( secx) +'1

‘no_n. V3 \/3 3
AMXTEY Tty g
Question91

Let ax = exp(x yy) be the solution of the differential equation
2x° ydy—(1—xy )dx 0, x>0,y(2) = Vlog 2. Then a + B —1v equals :

[1-Feb-2023 Shift 2]
Options:

Al

B.-1

C.0

D.3

Answer: A



Solution:

y2 -x=L0nx+C
~2.In2=m2+C
s C={n2

Hence, xy2 = {n2x
L ox=eY
Hence a=2,B=1,y=2

Question92
Let y = y(x) be a solution of the differential
(xcosx)dy + (xysin x+ycosx—1)dx=0,0<x< 7. If gy( g) =3, then
gy"( g)+2y'( g)‘isequalto .
[6-Apr-2023 shift 1]
Answer: 2
Solution:
(xcosx)dy+i(xysinx+ycosx—1)dx=0,0<x< g
d xsin X +cosx\. 1
ﬁ—i_( XCOSX ) N\ XCOSX
IF =xsecx
y - x secx =] %dx:mnyﬁ—c
Since y( %) = % Hence ¢ =13

ek |37 215 3|2




Question93

If the solution curve f (x, y) =0 of the differential equation
(1 +1log x) g—’; —xlog x = e¢’, x > 0, passes through the points (1, 0) and (a, 2),

then a” is equal to :
[6-Apr-2023 shift 2]

Options:

A. evz_c2

2

2
D.e

Answer: D

Solution:

(1+¢1Inx) dX _selx=¢
dy

Let  xtnx=t
dx _ dt

(1+1nx) iy~ dy
ﬂ—t=ey P=-1,Q=¢
dy
[.F=¢ e
Solution -
O )=l )(edy
te)=y+c
(xtInx)e Y=y+c pass (1,0)=>c=0

pass (a, 2)

o 2¢?
o =¢
Ans. Option 4
Question94

T

Let the solution curve x = x(y), 0 <y < 7, of the differential equation

(log (cos y))2 cosy dx — (1 +3xlog . (cos y))sin ydy = 0 satisty

x( Z)=-L..Ifx{ %)= —1  where m and n are co-prime, then mn is
3 2log 2 6 log m—log n



equal to
[8-Apr-2023 shift 2]

Answer: 12

Solution:

Cosyln2 cosydx =(1+3xIncosy)sin ydy
% = tany( 3x + 3 ! )
dy Incosy ‘I cosy

dx_( tany )x= tany

dy Incosy In” cos y
3
If =e Incosycosy

Incosy =t

1 .
—_— dy=dt
cosy N 3id
3

2t
If=et =e™=¢=Incosy

solution is x-ln3cosy= { M-lncosyd y+C.
cosy

AN\
xln3cosy= w*-C

—_
=
|

Question95

Let f be a differentiable function such that x’f x)—x=4 ({ tf (o) dt, f (1) = %

Then 181(3) is equal to :
[10-Apr-2023 shift 1]

Options:



A. 180
B. 150
C.210
D. 160

Answer: D

Solution:

KCF(x) < x = 4 | tF (t)dt
0

Differentiate w.r.t. x
X2 (%) + 2xf (x) — 1= 4%f (x)
Let y=f(x)

B = 2=y()= 2

> 2=

1
-+C
3 3

Fx)=— o +x°

3x
f3)=- $+9= %: 18f(3) = 160

Question96

The slope of tangent at any point (X, y) on a curve y = y(x) is ’ﬁ, x> 0. If

2xy
y(2) = 0, then a value of y(8) is:
[10-Apr-2023 shift 1]

Options:

A. 4\



B.-4\2
C.—2V3
D.2\3
Answer: A

Solution:

~In(1 —v?) =Inx+C
Inx +In(1 —V2)=C

ofsfi-5)]
f(=22)]

2 2_
X -y =cx

y(2)=0 at x=2,y=0
4=2C=>C=2
x2—y2=2x

Hence, at x =8
64-y> =16

y =48 =43

y(8) =43
Option (1)

Question97

Let the tangent at any point P on a curve passing through the points (1, 1)

and ( 11—0, 100 ) , intersect positive x axis and y-axis at the points A and B

respectively. If PA : PB =1 : Kand y = y(x) is the solution of the differential
dy

equation e = kx + 15‘, y(0) = k;, then 4y then 4y(1) —Slog e’ is equal to



[10-Apr-2023 shift 2]
Answer:'5

Solution:

B(0, B)

ko+0 o= k+1X
k+1 ’ k
k—+1x— yd—X X
k dy
x+ X=—y 2
k dy
dy
< +ky=0
de Y
dy, k
dx Xy
y-xk=C
C=1
1 k
100 — ) =
(10) !
K=2

4Y 1nex+ 1)
dx

y= (ZX2—+1)(ln(2x+ = 1)+c

1
- Lo~
2 2(0 1H+C

1.5
=24+ —= =
¢ 2 2

A7
y(l)= 2(Eln3 )+ 5

= %ln3+1



4y(1)=61n3+4
4y(1)~5In3=4+1In3

Question98

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

1- x2y2) dx =ydx+xdy. If the line x = 1 intersects the curve y = y(x) at

y =2 and the line x = 2 intersects the curve y = y(x) at y = a, then a value of
ois:

[11-Apr-2023 shift 1]

Options:

2
A. 1 +23e
23— 1)

a2
B. 1 236
2(3¢* + 1)

C 362
T 235 -1)

D 3@2
T 23e*+ 1)

Answer: A
Solution:

(1-x*y)dx=ydx +xdy, y(1)=2
y(2) =
dx= 4Gy
1-(xy)’

Jax=[ 409

1= (xy)
l I +xy e
2n 1 —xy
Put x—l and y=2:

i

X =

1=

1
—~In

7 3
Nowputx:

1 l1n3

1
I+ =In3=
51

‘ 1+2a‘
2
1+2a‘

2+In3=
n =24




1+2a‘_ 2
=3e

=20
1+20 _,2 L2
o 3e7, -3¢
2
1420 520 = 3e2—1
1=2a 2(36 +1)
2

And 1+2a:_362:a: 362+1

1=20 2(3¢°— 1)
Question99

Let y = y(x) be the solution of the differential equation
dyy 5 y= 0D w50 0f y(1) = 2, then y(2) is equal to

dX  xx’+1)

[11-Apr-2023 shift 2]

Options:

693
A. ﬁ

637
B- Fg

697
C. m

679
D. Fg

Answer: A

Solution:

i 5dx 5x  —6x

LF = =e X060+ D =e (4
Put, 1+x > =t=—5x ®dx =dt

1+x°
5 5 5.2
. xS_J XSX(1+;<)dX
1+x (1+x7) X
=[xt dx +[x 2dx
. XS = X_4— l—}—(:
Y 1+x> 4 X
Giventhan: x=1=y=2
1 1
20===—1+
2 3 ¢

c=

EES RN



5 4

X oo x 1.7
1+x> 4 x 4
Now put, x =2
(2)- 2
33 4
_ 6
128
Question100

Lety =y(x), y > 0, be a solution curve of the differential equation
(1+xY)dy = y(x —y) dx. If y(0) = 1 and y(2V2) = B, then
[12-Apr-2023 shift 1]

Options:

A. 63671 =e(5+ \/5)
B. ¥ =e(3+212)
C.ef =e¢3(3+2\7)
D. eB_1 =e 4(5+2)
Answer: B

Solution:

(1+x)dy = y(x—y) dx
Y (0)=1-y(2\2)=B

dy _ yx—y’
dx 1+x°
dy —X -1 2
(e ()
dx 1+ x> 1+x°
Ly, (o). A
yrdx oy 1+x?) X
Put — =t then %Q=ﬂ
X X
y
dt.y * L
dx o 1xt 1+
]2 ax lln(1+x2)
If =e 1+X2 :ez \jl—]—xz
t\j1+x2=f ; 2dX
\/1+x
\jl-FX2

=ln(x+ \jx2+1)+c

y
y0)=1=>c=1



= \fm=yln(e(x+ \jﬁ))

_ 3 3.
B= mﬁ 5 In(e(3 +2V2))

3
e B =e(3+2V7)

Question101

Lety =y, (x) and y = y,(x) be the solution curves of the differential equation
g—z =y + 7 with initial conditions y, (0) = 0 and y,(0) = 1 respectively. Then

the curves y =y, (x) and y = y,(x) intersect at

[13-Apr-2023 shift 1]

Options:

A. no point

B. infinite number of points

C. one point

D. two points

Answer: A

Solution:

g—z=y+7 = %—y=7
LE. =¢*

ye *=[7¢ *dx

>vye =-T7e “+c¢
>y=-7+ce"

747" =—7+48"=¢"=0

No solution

Question102

If'y = y(x) is the solution of the differential equation
dxy. (4—1)y = _x+2 5> X > 1 such that y(2) = 2log (2 +V3) and
x*—1)2

y(\/E) = aloge(\/a +P)+Pp- \/;(, d, B, v, EN, then afy is equal to
[13-Apr-2023 shift 2]




Answer:.6

Solution:

is linear D.E.

given differential equation dy, 4 /_ 2X+25/2
dx (x—l) -

LF. = f dx=e2In(*~ 1) =e_In(*~ 1)’ = (* ~ 1)’
21

X

¥ =1y = Jﬁ( — 1)’ d

dx +J‘ 2dx

\/x -1 \/x =1
= \jx —1+2ln X+\/x —1 +C
put y(2) = %1n(2+\/§)

gln(2+\/§)(9)=\/§+2ln[2+\/§]+C

=C=—3

put x=\/§
y=1+2In[\2 +1]-3
a=2,p=1=y=3

afy =2(1)(3)=6

Question103

Let x = x(y) be the solution of the differential equation
2(y +2)log (y +2) dx + (x +4 —2log (y +2)) dy =0, y > —1 with x(e4 —-2)=1.

Then x(e9 —2) is equal to
[15-Apr-2023 shift 1]

Options:

B. 32

c. Lo

D.3

Answer: B



Solution:

2(y+2)In(y +2)dx + (x +4 —21In(y +2)) dy =0

2In(y +2)+ (x +4— 21n(y+2))+2 % 0
let, In(y+2)=t
b dy_dt
y+2 dx dx

2t+(x+4—2t)-%=0
X

(x+4-2t - p
dx

dx _ 2t—4-x

d'[ 2t

dx L X 2t—4

dt 2t T2t

= IZt 4 1/2 - dt

2t

1/2 _ 172_ 2\ .
Xt ff(t W) dt

t

30
_2 5.2 ¢
3 1
2 2
12
x-t2= 22 _424C
3
5 -1

2. -4+Cct 2
*73

-1
e %ln(y+2)—4+c-(ln(y+2)) 2

Puty=c¢'-2,x=1
2 1
= Zx4-4+Cx <

3 2

=>C= 13—4

= 3roes 51
:2+1_94

=3
Question104

The slope of normal at any point (x; y), x> 0, y> 0 on the curve y = y(x) is

given by —2 If the curve passes through the point (1, 1), then e. y(e) is
Xy~ X’ y J

equal to
[24-Jun-2022-Shift-2]



Options:

1 —tan(1)
© 1+tan(1)

B. tan(1)

C. 1

1 +tan(1)
© 1—tan(1)

Answer: D

Solution:

dx e
dv _.ay
Lletxy=v=2y—x = —
dx. dx
dv v =p=1h
dx v
dv_P-1
dx x

291 =1 = tan () = lnx—tan” (1)
Put x = e and y =(e) we get
tan_l(e -viely=1+ tan~'1

tan (e -3(e)) —tan '1=1

oo — 1T tan(l})
0= Tang)
Question105

Let y = y(x) be the solution of the differential equation
(x+ 1)y' Ty= e3x(x + 1)2, with y(0) = % Then, the point x = — ;—‘ for the curve

y=yX)is:
[25-Jun-2022-Shift-1]

Options:

A. not a critical point



B. a point of local minima
C. a point of local maxima
D. a point of inflection

Answer: B

Solution:

R Ix . ’
y=gixr1)+ %=eh(‘x— %:l

}'ﬂ =3¢ I:rx + ; ) &= g¥(3x+5)
4

y=0atx= %4&3-'& Y1) 0ati= =

=x= ? is point of local minima

Question106

If the solution curve y = y(x) of the differential equation
yzd X + (x2 —xy+ yz)d y = 0, which passes through the point (1, 1) and
intersects the line y = V3x at the point (a, V3 a), then value of loge(\/3 a) is



equal to :
[25-Jun-2022-Shift-1]

Options:
T
A. 3
T
B. 3
T
C. B
T
D. 3
Answer: C
Solution:
dr_

dx Xy —xt -y

Put v =wx we get

2 2 . 3
dy _ v v EV+y

=yt = _
dx v—1—v

o LYy s
wW1l+v)

1/ v -
1] 5 —]_ = :]_ -+
an l:x\J nl:‘x?:l nx+e
As it passes through (1,1}

o=

R

=‘,~tan_1(r 1—\] lnl:r lx) =lnx+ =
R ¥, L ox ) 4
Put ¥ =+v3x we get
T i
= -—InV3=lhx+ =
3 ¥ q

=lnx= ;—:—ln\f’_’:=1na

~ln(v3e)=1nv5 ~lne

=lnv3+ 1'—1—]11\«"'_= -

12




Question107

If y = y(x) is the solution of the differential equation 2x° % —=2xy + 3y2 =0
such that y(e) = 3, then y(1) is equal to
[25-Jun-2022-Shift-2]

Options:

1
A.g

2
B. 3

3
C. 3
D.3

Answer: B

Solution:

2w _oy+32=0
dx
=>2X(xdy—ydx)+3y3dx=0
Lo Myoydx) 3dx
y’ X
=>—2—X+3lnx=C
y
vy(e) = §:>—6+3=C:>C=—3
Now, at x = I, = 2+0 = -3
y

L2
Y7 3

Question108

Let the solution curve y = y(x) of the differential equation
4+ xz)d A 2x(x2 + 3y +4)d x = 0 pass through the origin. Then y(2) is



equal to

[26-Jun-2022-Shift-1]
Answer: 12

Solution:
(4+3dy — 260 + 3y +4)dx =0

:}tﬂ:

(o Gx
c:"x[r

S
T, T
X - /

(e

dx | x4l

LF =g mxsd_ 1
=4y

50 Y T dx+c

@y @y

=y=- l(}c2 —ay = c(xt = 4

~
L

%

Whenx=0,v=0qivesc= —,
32

S0,/ forx=2,v=12

Question109

Let S = (0, 2m) — { L, x E I } . Let y =y(x), x € S, be the solution curve

of the differential equation &Y= —!

) 1 .
ax  1+sn2x’ Y( Z) 5- If the sum of abscissas

of all the points of intersection of the curve y = y(x) with the curve

y =2 sinXx is %, then K is equal to

[26-Jun-2022-Shift-1]

Answer: 42

Solution:



dy . 1
dx o l+smnlx

oy = secixd x
T (I—tanx)”
=y=- 1 +c
/ 1—-tanx

When x = }3:: %givesczl

tanx sin X
==

SG J.‘: 1 _
1 +tanx s T COsX

Now, = v2 sinx = sinx=0

. 1
Orsmx—=cosx= —

_V.?,_Z

sinx = 0 gives x = only.

. 1 L T 1

and simnx+cosx= — = zsmnfx+ = | = =

V2 |:~ 4.] 2

ng—E: _"TD[ 13_4?:;\_1-: EEQ 237
q & 4] 12 12

Sum of all solutions =x+ n

Hence, f=42.

Question110

If the solution of the differential equation

d X, o2 (o2 2 2x . £

o Te (x"=2)y = (x"—2x)(x" —2)e”" satisfies y(0) = 0, then the value of y(2)
is

[26-Jun-2022-Shift-2]

Options:
A. =1
B. 1
C.0
D.e

Answer: C

Solution:



v AL = oy = (0 - 2R = D
X

Here,J .F.= e ~Ddx

_

« Solution of the differential equation is
D A (ST CE A
= [(# - 208 (5 = 2)e - e "2
Let (x: =) =t

w(E =2y dx=dt

¥ g-:x"—k}s":!'r_ Ay
- g-:x-'—:-:.:.:* _ (xg ) 1}2-3"—::)5‘_ .
=1(0) =0

c=1

Questionl11

Let % = %, where a, b, ¢ are constants, represent a circle passing

through the point (2, 5). Then the shortest distance of the point (11, 6) from

this circle is :
[27-Jun-2022-Shift-1]

Options:
A. 10
B. 8
C.7
D:5

Answer: B

Solution:

o

dy_ax—byta
d bx+cy+a
=bxdy+cydy+tady=axdx—bydx+adx

=cydyt+tady—axdx—adx+b(xdy+ydx)=0



=clydy+aJxdx—aldx+b[d(xy)=0
2 2

= C%+ay— a%—aerbxy:k

=ax’ —cy’ +2ax — 2ay = 2bxy = k

Above equation is circle

=a=-candb=0

ax2+ay2+2ax—2ay=k

=x>+y +2x— 2y =2 [7»= g]

Passes through (2, 5)

4425+4—-10=x=>A=23

Circle EX2+y2+2x—2y—23=0

Centre (=1, )r=4(—1)>+ 12423 =5

Shortest distance of (11, 6) = {122+ 5 —5

=13-5

=8

Question112

If 8+ % =0, x, y >0, y(1) =1, then y(2) is equal to :
[27-Jun-2022-Shift-1]

Options:

A. 2 +log,3
B.2 +log,2
C.2—log,2
D. 2~log,3
Answer: D
Solution:

XYY _
+ 2 Do xy>0,y0)-1
2°—1
_ 22—
27(2°=1)
Y X
[ 4 dy=-] 2 dx
2V -1 2" -1
_ log (2" — 1) L log (2"~ 1)Jr log c
logez log 2 log 2
=12~ DE )| =e
vy(D) =1
~c=1

< ™M

ala ajla
=S ZlS




=@ -1HE*-1| =1

For x=2

|2¥=1)3|=1

v -1 .
Pol=322y= 3
Taking-log to base 2.
~y=2-log,3
Question113

If the solution curve of the differential equation

((tan_ly) - x)dy=1+ y2)d x passes through the point (1, 0), then the
abscissa of the point on the curve whose ordinate is tan(1), is
[27-Jun-2022-Shift-2]

Options:

A. 2e

B.

(eI

C.2
D. 1

€
Answer: B

Solution:

((tanﬁly)—x)dy:(1+y2) dx
dx, _x _ tan 'y
dy 1+y* 14y

| ! 5dy -
LE =e Lty =%V
-~ Solution

_ ! -1
X etan ly:J‘ e ytar; Zdy
1 +y

-1
Let ™ Y=t
tan — 1
U=dt
1+y2
-1
=xe™ Y=[Intdt=tlnt—t+c

-1 1 _
tan tan -1 t .
a=xe V=" Ytan y—e™ Y+c..... (i)

It passes through (1,0)=> c=2
Now put y=tanl , then
ex=e—e+2



oo

Questionl14

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

A-xDdy= (xy+(x*+2)11-x*)dx,~1<x <1, and y(0) = 0. If
1

2 2 -1.

_Il \}1 —xy(x)d x =k, then k "is equal to

2
[27-Jun-2022-Shift-2]

Answer: 320

Solution:

(1-x)dy = (xy+ (& +2)11-x3)dx
dy o ox _ X +3
"I 1ex

- 2
S LE =e 1-%X0 =y]-¢
Solution is
v 1-x =163 +3) dx

4
y: \}1—x2= XZ+3x+c

vy(0)=0=c=0
4
x +12x
~y(x) =
4\j1—x2
; : !
4 2 4
[ \jl—xzy(x)dx= | (X +12x)dx:I X dx
-1 2.\ N 02
2 2
1
k= ——
320
=k ' =320

Questionl115



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

e R el

pass through the points (1, 0) and (20, a), a > 0. Then a is equal to
[28-Jun-2022-Shift-1]

CLI

Options:
1 o ey
A. Eexp( g+\/e 1)
1 T .
B. Eexp( g+e 1)

C. exp( +\/e+1)

D. Zexp( +\/'—1)
Answer: A

Solution:

1 —|—e; ﬂ:l{- 1 +e; X
yZ X y2 X
X X

Putting y = tx
( 1 +et) (H—xﬂ):l-i-( 1 +et)t
{1 ¢ dx 11-¢

1
=>x(
V-2
=sin 't+e'=Inx+C

=>sin71( Z) +e"*=Inx+C
X

atx=1y=0
S0,0+e’=0+C=>C=1
at 2a, o)

sin —1( X) +e"*=Inx+1
X

1
:g+e2—1:1n(2a)




Question116

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

x(1 -x%) & +(3x’y —y—4x’) = 0, x > 1, with y(2) = —2. Then y(3) is equal to
[28-Jun-2022-Shift-1]

Options:

A.—18

B.—-12

C.-6

D.-3

Answer: A

Solution:

dy, yB< -1 4%
dx x(1 —xz) x(1 —xz)

2_.
I3X 31dX 7ln‘x3fx e — 1
IF =e X—X =¢ S R -
X —X
Solution of D.E. can be given by
L g 1y
T3 B 2 2 X
X —X x(1'=x%) x(x"—1)
> L= 2_4X2dx
X —X x"-1)
X—x (x-1)
atx=2,y=-2
:62: %Jrc:c:—l
2
tx=3=> L=Z-12y=-18
atx %8 Y
Question117

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

2 2
2yeY d x + (y>= 4xe™”")d y = 0 such that x(1) = 0. Then, x(¢) is equal to :
[28-Jun-2022-Shift-2]

Options:

A. elog (2)



B. —log (2)
C.e’log(2)
D. —e’log,(2)

Answer: D

Solution:

Given differential equation
X X

2er2dx+ (y2—4xeyz)dy=0, x(1)=0
X
=e y2[2y dx —4xdy]= —yzdy
X
S yz[ 2y2dx—44xydy] _ -1
y y

dy
X
=>2ey2d(12) -~ day
y y
X
2 .
=2eY =-Ilny+c..... ()
Now, using x(1)=0,c=2
So, for x(e), Puty=-e in (i)
X
2
2e€=+1+2
= —=ln( %) =>x(e)=—ezln2

2
(S

Question118

Let the solution curve of the differential equation
X g—z —y= \/y2 +16x%, y(1) =3 be y = y(x). Then y(2) is equal to:
[29-Jun-2022-Shift-1]

Options:
A. 15
B. 11
C. 13
D. 17

Answer: A



Solution:

Given,
dy 2
—y= +
de y \fy 16x
dy 2
>x 2L =y+ +
de y \/y 16x
y

:XHZ\/V2+16
dx

N dv._ dx

V116 X
Integrating both sides, we get

dv _;dx

f=—="1%

\/V +16 X

:>ln‘v+ \jV2+16 ‘ =lnx+Inc

>v+ \jv2+16=cx

Now putting, v= ¥, we get
X

2
Yy \/ L +16 =cx

X X

2 2
=Yy \/ yFlext _

X X2

>y+ \fy2+ 16x% = cx".. 0.
Given, y(1)=3

«~ When x =1 then y = 3.
Putting in equation (1) we get,

3+N9+16=c.l
=c=28

~-Solution of equation,
y+ \jyz-i- 16)(2 = 8X2
Now, y(2) means whenx =2 theny= ?

ay+ A+ 1654 =8 x4
=>y=15

Question119



Let y = y(x) be the solution of the differential equation
2

-1
dy 4 2y — xel®™ (\/fcoth),0<X< gwithy( %) _ 2y

dx 2c0s*x — cos’x 32

2 1
Y( %) = Ze ™ then the value of 3¢’ is equal to

[29-Jun-2022-Shift-1]

Answer:2

Solution:

ﬂ + . \/5 y = Xetanfl(\/f cot2x)
dx  2cos*x ~cos2x

dx
] o 4
2c08 X —coS2 X
_ dx _ cosecx dx
=] 4 4 ] 7
cos x+sin X 1 +cot'x

2

t"+1 1 1 t_%
| dt=-] ————dt= —tan '| —
t*+1 t_ %)2” 2 2
Cotx =t
- \/—lztan_l(\/a cot2 x)

~IF = e*tan71(6 cot2x)

-l
ye tan ' (V2 cot 2x) A deX
yeftan’l(\/fcotZX) _ X—2+C

2

o iy

= = 4+ = =
y(4) 3 re=cezd
y= X_2€tan7](‘5c0t2x)

2
( E) _ n_Zetanil(\/Ecotz?n)
N3)° 18

Question120



If y = y(x) is the solution of the differential equation
(1+e%) L +2(1+y*)e* =0and y(0) = 0 then 6(y (0) + (y(log \3))*) is equal
to

[29-Jun-2022-Shift-2]
Options:

A.2

B. -2

C.—4

D. -1

Answer:-C

Solution:

X

dy + 2e e
l+y I+e
on integration
tan 'y +2tan 'e*=c
y(0)=0
T
2

dx=0

X

= tan 'y+2tan '¢* = % from eq.(i), ( d_y) ==l argy(In\3)=~— X

so, C=
dx /x=o0 \/§

6]y + N3y =6[ 1+ 1] <-4

Question121

Lety =y(x), x> 1, be the solution of the differential equation
(x—1) £ +2xy = =, with y(2) = 1;54. Ify(3) = e;+a1, then the value of a + P

is equal to
[29-Jun-2022-Shift-2]

Answer: 14

Solution:



Question122

If x = x(y) is the solution of the differential equation
y % =2x +y (y + 1)e%, x(1)= 0; then x(e) is equal to:
[24-Jun-2022-Shift-1]

Options:

A. = 1)
B.e%(e’— 1)
C.e*(e"+1)
D.e%(e*~ 1)

Answer: A

Solution:

2 > .
E_ :X zl}.a:(}._ ]je_'l
dy ¥

,
[- zdy a1 o
If =¢ ¥ =g7B= lﬁ

V

Solution is given by

% l_‘ — J'}.:'.(}. + ]}g'l.'_ l_‘ar}
W ¥

= l_i =J.tl; + ]_},gl"dl}.-
i

=>X=yed+c

= =

3
=x=1" (6 +c) at y=1.x=0
=20=1(1-+c)Sc=—2 at y=e

x =e'le.é—e)



Question123

The slope of the tangent to a curve C : y = y(x) at any point (X, y) on it is

276 9 [f C passes through the points {0, 1+ ) and (a, le?*), then
2+49¢ X ° p 8 p N ) )

e” is equal to :
[25-Jul-2022-Shift-1]

Options:

3+2
A- Wi

3 (3+\2
B x/_E( 36)

1 [ V2+1
¢ \/_5( \/5—1)

2+
p. 2+l
\2 -1
Answer: B
Solution:
dy _ 2e7-6e7=9 a6
dx 2+ 9% 2+9¢ %

ld}:igha’x—?r‘l'l—( Ei_\g]‘arx( put ,g_r:_r)




It is given that the curve passes through

1 /A
[ﬂﬁ 2\5]

(@ _1lpoaa3
2 Wh Eﬁmnl.ﬁ]c
_ T 1/ 3
= C—? Votan lE]

-1/ 3 —1f 3& ™) i 1 T
tan — | —1an = W= =
l‘sﬁ] (ﬁ] a4
3 3
2 Va2,
l—ge_“
2
iﬂ—izem—g
2 2 2
9.3
o 221(3-'@]
3, V2li3=v2d
V2

Question124

The general solution of the differential equation
x=y)dx+y(Bx+y)dy=0 is:
[25-Jul-2022-Shift-1]

Options:
2 4 2 3
A (Y +x) =C[(y +2x)|

B. (y +2x)' =C| (¥’ +x)’]



C.|(y* +x)' = C2y* +x)"
D. |(y* +2x)’| = C(2y* +x)*
Answer: A

Solution:

(x—3dx*+p(5x =37 )dy =0

dv v —x
Y—_—==
X

L

LA

=
X+

2 1 dr =
lety" =r=- —==
2 dx ~Sx+i

Mow substitute, : =wx

ﬂ:y E

dx dx

l.i'b—fﬁ} = ‘.__

2l T dx 54y

dv_ 2v=2, 2 —dv—v -2
ax S5+v 5+

4ln|v+1|-3lnlv+2| =-lnx+IlC

v=1y

(v=27

_ ¢
X

0 == CHO2 - 23]

Question125



Let a smooth curve y = f (x) be such that the slope of the tangent at any

point (X, y) on it is directly proportional to ( = ) . If the curve passes

through the points (1, 2) and (8, 1), then y( é) | is equal to
[25-Jul-2022-Shift-2]

Options:

A.2log2

B.4
C. 1

D. 4log 2
Answer:.B

Solution:

dy o v

dx X

dx X y X

In|y| =-KIn|x|+C

If the above equation satisfy (1, 2) and (8, 1)
In2=-K x0+C=>C=1In2

Inl=-K In8+In2=>K = 1

1
So,atx= =
T3

W

1
sl 3ol
nly 3n
ly[=4

)+m2=2m2

0| —

Question126

Let a smooth curve y = f (x) be such that the slope of the tangent at any

point (x, y) on it is directly proportional to ( = ) .If the curve passes

through the points (1, 2) and (8, 1), then ‘y( %) ‘ is equal to
[25-Jul-2022-Shift-2]



Options:

A. 2log 2

B. 4
C. 1

D. 4log 2
Answer: B
Solution:

dy o ¥

dx X
dy _ “ky ,jdy_ gdx
dx X y X
In|y| =—K'In|x|+C
If the above equation satisfy (1, 2) and (8,1)
In2=-K x0+C=>C=1n2
1

Inl=—KIn8+In2=>K = =

98]

So, atx=

oo —

1 1
=— = =)+ =
1n\y‘ 3ln(8) In2=21In2
lyl=4

Question127

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

dy _ 4y’ +2yx° _
= Ay = 1.

If for some n € N, y(2) € [n—1, n), then n is equal to
[25-Jul-2022-Shift-2]

Answer: 3

Solution:




2
vt x dv _ v(4v +2)

dx  3v+1)
dv _ ((4v2+2—3v2—1))
X —=V 5
dx 3vi+1

S[Evieny ¥ ofdx
v t+v S

:ln|v3+v| =lnx+c

=>ln‘( Z)3+( X)‘=lnx+C

X X
Ly(h=1
=C=1In2
=~ for y(2)

=

3 3
1(Y_+Z):212 Yy Y=4
"3 ez g

=>[y(2)]=2
=>n=3

Question128

If % +2ytanx =sinx, 0 <x< 7 and y( g) =0, then the maximum value of

y(x) is :
[26-Jul-2022-Shift-1]

Options:
1
A. 3
3
!
1
4
3
D. 3

Answer: A

Solution:

H+2ytanx:sinx
dx

which is a first order linear differential equation.

Integrating factor (I. F.) = ¢l2tanxd x
— e2 Injsecx| _ SGCZX
Solution of differential equation can be written as

2 . 2 2
y - sec x = | sinx - sec’xd x = [ sec x - tanx d Xysecx =secx+C

y( §)=0,0=sec§+c=>C=—2



o secx—2 _ 2
= =CosSX = 2¢c0s X

S€C X

Question129

Let a curve y = y(x) pass through the point (3, 3) and the area of the region
under this curve, above the x-axis and between the abscissae 3 and x(>3) be

3
( %) . If this curve also passes through the point (a, 6710) in the first

quadrant, then a is equal to
[26-Jul-2022-Shift-1]

Answer: 6

Solution:

P x = ( @)3

3 X

X [ f(x)d x = £ (x)
3

Differentiate w.r.t. x

Cf (x) 3% i;‘) = 3F200f ()

le_

Solution of differential equation

1 - ¢2
t. —z—fgxdx
X

[\9)

2
=2 4C
3

oW |'~<



4
2 X 2
=2 ¥+C
y 3 X

Curve passes through (3,3)=>C=-2

2 X4
y = ?_2)(
Which passes through (o, 6\10)
4 2
o — 60,
3
ot — 60> —1080=0
a=6

2

=360

Question130

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

dy ¢ Xy = "4;_2"2, X € (—1, 1) pass through the origin. Then

ot o T f(x)dxis

Sl

equal to
[26-Jul-2022-Shift-2]
Options:

n_ 1
3 4
3
4

A.

B.

wia

%3
4

aNa

]

T
D.g >

Answer: B

Solution:

H+ Xy . x*+2x
dx o1 1-x
which'is first order linear differential equation.

[
Integrating factor (I . F)=.e Q1

xzfl‘
- \/|x2—1|
= \/l—x2

“XxE(CLID
Solution of differential equation

dx

—In
o2




y\jl x° I(x +2x)dx= ?-Fx +c

Curve is passing through origin, c =0

put x =sin 0
dx= cosed 0

I —2]3 sin’0 - cos0d 0
0 cos

n
[3(1—cos20)d6
0

st
Question131

Suppose y = y(x) be the solution curve to the differential equation
dy —-y=2—-e ¥ such that y(x) is finite. If a and b are respectively the x -

X — o0

and y-intercepts of the tangent to the curve at x = 0, then the value of a—4b

is equal to
[26-Jul-2022-Shift- 2]

Answer: 3

Solution:

IF =¢™
—2X

y-e =-2"+ 62 +C

:>y=—2+e_X+Cex

lim y(x) is finite so C=0
X — o0

y=—2+e_

dx dX x=0
Equation of tangent
y+1=-1(x—0)
ory+x=-1

=-1



Soa=-1,b=-1

=a—4b =3

Question132

Let y =y,(x) and y =y,(x) be two distinct solutions of the differential
equation $X'=x +y, with y,(0) = 0 and y,(0) = 1 respectively. Then, the

number of points of intersection of y =y, (x) and y = y,(X) is
[27-Jul-2022-Shift-1]

Options:
A.0
B. 1
C.2
D.3

Answer: A

Solution:

dx X

~< de _

Inft+1| =x+C

[t+1]=Ce"

x+y+1|=Ce"

For y,(x), ,(0)=0=>C=1

For ¥,(X), ¥,(0)=1=C=2
y,(x)is given by [x +y+1|=¢"
y,(x) is given by [x +y+1| =2¢"
At point of intersection

e =2¢e"

No solution

So, there is no point of intersection of y (x) and y,(x).

Question133



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

sin(2x2) log (tan xz) dy+ (4xy — 4\2x sin ( X — 1 ) ) dx=0,0<x< R

is equal to

which passes through the point ( \/ _g, 1 ) . Then |y ( \/ _g)

[27-Jul-2022-Shift-1]
Answer: 1
Solution:

|— . 2 \s E
dy, 4x \ 4\/2xs1n(x 4)
dx 2\ = 2 2 ) . 2 2
sin(2x”) In(tan x*) sin(2x”) In(tan x*)
4x
- 2 2
I.F =e sin(2x")In(tanx”)
_ oInln(tan ) _ In(tan Xz)

4\hx sin(x2 ~ 2 )
d

dx

~Jd (y~In(tan Xz)) =] 4

X
sin(2x?)

2 2
sec X +tanx

Syln(tanx’) = In +C

2 2
cosec X  —cotx

V?_ 2-\3
Fors(13)
yIn(¥3) =1 22”5 +1(%)—m(%)
N
=1n(2+\/§)+ln( \%) +ln( %) fln( 2:6\5)
:yln\/§=ln( \%)

= %ln3=~ %ln?a
sy=1

D




Question134

Let the solution curve of the differential equation

xdy = ( \/xz + y2 + y)dx, x> (), intersect the line x =1 aty = 0 and the line

x =2 aty = a. Then the value of o is :
[28-Jul-2022-Shift-1]

Options:

1
A'E

N W

Answer: B

Solution:

dx X X
d 2
=SV = 1+ L+

X < X
Let Y=v

:v+xd—v= \/1+v2+v
dx

- _dv__ dx
\jl-i-v2 >
OR 1n(v+ \/1+V2)=lnx+C

atx=1y=0
=>C=0

2
Y4 \/1+ Y =«
X %2




Question135

If y =y(x), x € (0, ®/2) be the solution curve of the differential equation
(s1n 2x) dy + (8s1n 2x +2sin4x)y —2e (2 sin2x + cos 2 x),

. ) _ o, 1 .
wﬂhy(z) =e ,theny(g) is equal to:
[28-Jul-2022-Shift-1]

Options:

A 2
\3

B \/23 e271/3

C. \%e—znﬂ

D, \/13 e271/3

Answer: A

Solution:

(sin’2x) fi_y +(8 sin22x +2 sindx)y
X

=2¢ (2 sin2x + cos 2 )

ﬂ+(8 +4¢0t2X)y = 2e—4x( 2 sin2x+cos2x)
dx sin?2x
Integrating factor

(I F ) _ e.[(8+4cot2x)dx

_ 8 +2In sin2x
=€

Solution of differential equation
8x+2In sin2x

y. e
— [Qal#x+2tn sin2x) 2 sm2x+c052x)d

sin’2x
=2fe™(2 sin2x + cos 2 x)d x

8x+2In sin2x _ 4x .
y. e e S = oM gindx + ¢

(3]
Y\ 3
-1 21

e Teet=e"te=2¢c=0

213

(8 e

( 3+2| _)



Question136

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

1/2 -
g_z+ X21_1y= ( %) , X > 1 passing through the point (2, \/ %).Then

\7y(8) is equal to:
[28-Jul-2022-Shift-2]

Options:
A 11+ 6log 3

B. 19

C. 12 =2log 3
D. 19 —6log 3

Answer: B

Solution:

dx  x*—1

Integrating factor I.LF. =e¢ X =1 . =¢2 'x+1
_ \/ x—1
Bl x+1
Solution of differential equation

x—1 _px—-1g._ 2
y\V/X'i‘l_jx-i-ldx j(1 x+1)dX

x—1 _ o
y\] X+1—x 21n

x-l—l‘—i—C

Curve passes through (2, \/ %)

1 9y om3rc

1y
V3 V3
5
C=2In3- 2
3
y(8)x%7=8—21n9+21n3—§
\V7-y(8)=19-61In3

Question137



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

Options:

A. 2xy %+(X2—y2+4) =0

B. 2xy %+(x2+y2—4) =0

C. 2xy %+(y2—x2+4) =0

D 2xy - (- +4)=0

Answer: A

Solution:

Family of circles passing through the points (0, 2) and (0, —2)
X H(y—2)(y+2)+Ax=0,A € R

Xy Hax—4=0...... (1)
Differentiate w.r.t x

Using (1) and (2), eliminate A
x2+y2— (2x+2y j—i)x—4=0

2xyg+xz—y2+4=0
dx

Question138

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

(1+ ezx) ( % + y) =1 pass through the point (0, g) Then, ;, ¢ y(x) is equal

to:
[29-Jul-2022-Shift-1]

Options:

A.

A3



Answer:'B
Solution:

D.E. (1 +e2")( %er) =1

dy 1
=Y y=
ax 1+e™

I.F. =ef1'dx= et
-~ Solution

ey(x) =] =2 ~dx

l+e
=¢e'y(x) =tan (") +C

= It passes through (O, g),C=

n_n_=®,
2 4 4
“ lim €'y(X) = lim tan '(€*)+ %

X — 0 X — ©

_ 3n
ry
Question139
If the solution curve of the differential equation g—z = % passes through

the points (2, 1) and (k+1, 2), k> 0, then
[29-Jul-2022-Shift-2]

Options:

A 2tn” 1) =log (¢ + 1)

~I—

B.tan"' ( %) ~log (K2 1)

C. 2tan " ( o ) = log (k> + 2k +2)

K+1
)Zloge( ng )

D. 2tan ' (

~l—

Answer: A



Solution:

dy _ x+y-2_ x-D+y-1
dx X<y x=D-@—-1D
Letx-1=X,y-1=Y
dYy - X+Y
dXx X-Y
dyY dt
LetY =tX = —=t+X —
dX d
dt 1+t
WX — A
d I—t
dt T+t 1+¢

tan 't— % In(1+t%) = anX ’-S-c

_ 182
tanfl(y })—%ln(lJr(y 1)):1n‘x—1’+c

X — x=1
Curve passes through (2, 1)
0-0=0+c=>c=0
If (k +1,2) also satisfies the curve

e 1 1+k%\ —
tan (E)_Eln( z )lnk

2tan‘1( 11{) — In(1+K)

Question140

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

dy + ( 20+ 1x+13 ) y= &3 x> —1, which passes through the point (0, 1).

dx C+6x>+11x+6 x+1°7?

Then y(1) is equal to:
[29-Jul-2022-Shift-2]

Options:
1
A. S

B.

[\ OS]

C.

DO |

D.

[NSJEN

Answer: B



Solution:

ﬂ+( 2x2+ 11x+13 ) _(x*+3) ooy
dx  \ixi+ex*+11x+6 x+17
[ 20X +13
Integrating factor I.F. =e¢ X H6X +11x+6
Lot 2+1x+13 A B C w5 B=1C=1
x+DE+2)x+3) x+1 x+2 x+3 ’ ’
I.F :e(Zln\x+1|+ln\x+2|—ln\x+3\)
_ x+D)A(x+2)

x+3
Solution of differential equation
2
y- BFDEHD) i1y x4 2y de
x+3
G+ _ X3,
YT +3 NS
Curve passes through (0, 1)
1x1X2_giemc-
3
2
(22 x3)
4

+

Wk WIN

+2+

W | —

YIS

So, y(l)=

Question141

The population P = P(t) at time ' t ' of a certain species follows the
differential equation % = 0.5P —450. If P(0) = 850, then the time at which

population becomes zero is :
24 Feb 2021 Shift 1

Options:

A. log, 13

B. log 9

C. 1/2log 138
D.2log 18

Answer: D

Solution:



Given that ‘zl—lt) —0.5P — 450

t t
> 4p -] dt
0o P=900 o 2
t

=[tn | P(t)—900]]; = [ f]ot

:En|P(t)—900\—En|P(O)—900‘ = %

=>£n|P(t)—900\—zn|5o‘ - %

For P(t)=0
900
st 5
=>t=201n18
Question142
Let f be a twice differentiable function defined on R, such that
f(0)=1,f (0) =2 and f (x) % 0 for all x € R. If i(()) i(()) =0, for all

X € R, then the value of f(1) lies in the interval
[24 Feb 2021 Shift 2]

Options:
A. (9, 12)
B. (6,9)
C.(0,3)
D. (3, 6)
Answer: B

Solution:

Given, f(0)=1,
£'(0) =2,
£'(x) #0

f(x) f(x)
F(x) f(x)
= f(x)f (x)— £ X)f (x) =0

N S N )
fx) &

=0




) £1%)
=] f(x)d =] fox )d
= logf (x) =logf(x)+logc
= f(x) =cf(x)
Now, put x= 0, we get

£'(0). =cf(0)
=2 =c¢x1
=>c =2

Putting the value of ¢ =2 in Eq. (i), we get
logf'(x) =logf(x)+ log2
> fx) =26(x) =) E(X))dx [2dx
= logf(x) =2x+D=>f(x)=¢
= f(x) =eP ™
= f(x) =k-e™[Letk=¢"]
Put x =0, we get
£(0) =k-¢°
=51 =k=2fx) =k-e&
a fx) =™
Put x =1, we get
£(1)=¢’
Clearly, ¢’ lies in (6, 9).

2x+D

Question143

The difference between degree and order of a differential equation that

a

represents the family of curves given by y2 =a ( X+ & ) 52> 018 ceeeennnn

2
[26 Feb 2021 Shift 1]

Answer: 2

Solution:

Given, y2=a[x+ %],a>0 0
Differentiating both sides w.r.t. ' x'
2y jy < a[l +0]=a. . . (i)

Use Eq. (ii) in Eq. (i) to eliminate the constant ' a .
N

y* - axy WY =ov7 - yaly dy dy
d dx

Squaring on both S|des,



4, 4,22 dy)z_ 3dy _ 3( dy)3
+ -2 =)= =2
y Haxy ( dx dxy dx 8y dx
Thus, degree of above differential equation is 3 and its orderis. 1.

Difference between degree and order =3-1=2

Question144

Let slope of the tangent line to a curve at any point P(x, y) be given by
2
2 Y If the curve intersects the line x +2y = 4 at x = =2, then the value of y,

for which the point (3, y) lies on the curve, is
[26 Feb 2021 Shift 2]

Options:
A2
B.~%

c.- 18
p.- 18

Answer: C

Solution:

2
Given, slope of tangent line to curve at (x, y) is Xy ry
X

; dy_ xy +y
ie., =—ZL=
dx

= d_Y:y2+ X:xdy=xy2dx+ydx
dx X
o kdy —ydx 2 xy’dx = wzxdx
y

Integrating both sides, we get
2

—X X .

7 7+C (i)

The curve intersect line at x =—2
Then, x =2, is satisfied by x + 2y =4
Hence, (-2) +2y =4 Gives, y =3

~ Curve passes through (2, —3).

Use (2, =3) is Eq. (i), we get

2D s o4

=3 2 3
-~ The curve is
X _ x4
— === — ... (i)
y 2 3



It also passes through (3, y).
Put (3, 4) in Eq. (ii), we get

L BB 4. 18
y 2 3 19
Question145

Letf(x)= Ietf (t)d t + e* be a differentiable function for all x € R. Then, f (x)

equals
[26 Feb 2021 Shift 2]

Options:

A 26D
B.e —1
C.2¢° 1
D.e© Y
Answer: A

Solution:

Given, f(x) = ef(dt+e" . .. (i)
0

Since, f(x) is differentiable function, differentiate Eq. (i)
f'(x) = ¢'f(x) +e"[Using Newton Leibnitz theorem ]

Fx)=e'(f(x)+1)=> f(ingl .
Integrating it, | f(fxng 1dx=Iede+C

Let £(x)+ 1 =u, then f(x)dx=du
[ dTu=ex+C:10gu=eX+C

logf(x)+1)=¢€"+C [+u=fx)+1]... (i)
Now

P = efd t+e* = £(0)=e’= 1
0

Putx=0, in Eq. (ii), we get
log2)=¢’+C = C=1log(2)—-1

From Eq. (ii), we get

log(f(x)+1) =e¢"+log2-1

fx)+1 = ee"+log271 _ ef:X .elog2, o7l
fx)+1 = 2¢¢ el =0e" !

af(x) =2¢° 11



Question146

The 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. The
number of bacteria is increased by 20% in 2h. If the population of bacteria

2
. k .
is 2000 after 5267 5)h then ( @) is equal to

[26 Feb 2021 Shift 1]

Options:
A. 4

B.8

C.2

D. 16
Answer: A
Solution:

Let x be the number of bacteria at any time t.

dx dx
Given that, EOCX( Rate of growth = dt)
o 4X AN 4y
dt X

After integrating it, we get
logx =xt+C...(i)
=0,x =1000 which gives
log 1000 =0+ C = C=1og 1000
Given, when t=0,x= log 1000
logx—1log 1000 =%t or log( 1000) . (i)
Given thatin 2h, number of bacteria increased by 20% i.e. when t =2h, x = 1200 Put, t=2 and x = 1200 in Eq.
. 1200 , 1 6

1 =2 = -
(i), og( 1000) A gives, A 2log( 5)
Again, from Eq. (ii),

lo g( 1000) / %log( g)

t 6
log( )

Tooo ~°© . (i)
Given, x = 2000 at t = k/log (6/5),
putin Eq. (iii),

k 6 6

=log( =) /log( =
2000 :ezog(s) g(s)
1000

2 ="%or log2=k/2



k/log2 =2
« (k/log2) =(2) =4

Question147

If y = y(x) is the solution of the equation

sin sin
"Yeosy 2+ e™Y cos x = cos x, y(0) = 0, then

T \/_ T T *
1+y( g) + 73y( 3) + %y( Z) IS weenenene ©
[26 Feb 2021 Shift 1]

€

Answer: 1
Solution:
Given eSinyCOSy ;ﬁJreSi“ycosx =cosx. .. (i)
X
Let &¥"Y =1, then e - cos y- dy _ ﬂ
dx  dx

Putting.in Eq. (i),

cos x ... (ii) (Linear form)

Then IF = e,[cosxd X _ esinx
Solution of differential Eq. (ii) is,
t-1F =Jcosx-IFdx+C
t-e™*=cosx e dx+C

=¢" i.e.let sinx=u then cosxd x=du
=t =[e"du+C=¢e"+C
Putu=sinx and t=¢""Y

= esiny . esinx _ esinx+ C

Given, y(0) = 0, this gives C=0
N esiny . esinx _ esinx

esiny-%—sinx - esinx

siny +sinx = sin X

siny=0

y=0
~y(m/6)=y(m/3)=y(rn/4)=0

Hence, 14+y( %)+ By( T)+ Ly

L/

)

=14+0+0+0=1

Question148



If a curve passes through the origin and the slope of the tangent to it at any

2
point (x, y) is %, then this curve also passes through the point

[25 Feb 2021 Shift 1]

Options:
A. (5,4)
B. 4, 5)
C.4,4)
D. (5,5)
Answer: D
Solution:
Given, slope = w
X—=2
_ ody _ X odxty 8 (x=2 +(y+4)
dx X=2 x—2)
=(x—-2)t yt+4
x—2

Let(x—2)=t=>dx=dt
and (y+4)=u=>dy=du
. dy_ du

dx dt

dy _ vy (¥+4)

Now, Tx x—2) x=2)
- du_, uydu_u_,

dt t dt t
Here, integrating factor (IF) =1/t

= u- ( %) =It( %)dt:u/t=t+c

Gt4) _
= x-2) x—2)+c
It passes through origin [i.e. (0, 0) ], then

2 _i2=—2+c

=> —2+2=c>c=0
Hence, g%g =(x—2)10

= y+4=(x=2)
Clearly, this curve passes through (5, 5) as it satisfies the equation.

Question149

If the curve y = y(x) represented by the solution of the differential equation
(ny2 —y)d x+xdy =0, passes through the intersection of the lines



2x —3y =1 and3x + 2y = §, then |y(1)| is equal to ........... .
[25 Feb 2021 Shift 2]

Answer:1

Solution:

Given, (2)(y2 —y)dx+xdy=0

dx - x

ZLdy L5 i) [divide by y2]

y? dx  xy
Let 1 =v, then — iz dy d—X, putting in Eq. (i)
y y> dx dx
d—v+v( l) =2 (this is a linear form)
dx X
fldx

Now, integrating factor (IF) =e X =e¢
2

~ (IFWw=]2.(IF)dx=]2xdx=2 %+c

« (AWV=x*+C

Putv= l, this gives

2
X" tc=

<X <

Now, first find point of intersection of lines
2x —3y =1 and 3x = —2y + 8 by elimination method, we get x=2,y=1

= The curve x*+c= 1 passes through (2, 1).
y
Putx=2,y=1,wegetc=-2

)
y

ory=

x2-2
Putx=1,wegety(l)= — =-1

1
1-2
~y(i=1

Question150

If a curve y = f (x) passes through the point (1, 2) and satisfies x g—z +y= bx4,

then for what value of b, Tf x)dx= 6—52 ?
[24 Feb 2021 Shift 2]

Options:



D, 3l

Answer: B

Solution:

Given, curve y = f(x) passes through (1, 2) and satisfies

Q—F = 4
de y =bx

= xd—y+y = bx*
dx

= d_y+ Yo=px
dx x

_ 44 bx°
yx =[bx*dx= ?+C
4
.y :b%JrQ = £(x). . . (i)
X
+ This curve passes through (1, 2).
5
o= 22X e
5
b

= 2= §+C...(ii)

2
Also, [ f(x)d x = %
1

bx 32 b 62
+Clog2) - [ 2 +cl 1) = &
=>[( 25 Cog) (25 €08 ] 5

bx32 b _ 62
= 55 +Clog?2 g—?+010g2
[from Eq. (i)] On comparing, we get
£X31 - 62 and ¢c=0
25 5

_ 62x25

31Lx5

b =10

Hence, the required value of b = 10.

Question151



The differential equation satisfied by the system of parabolas y2 =4a(x+ a)
is
[18 Mar 2021 Shift 1]

Options:

Answer: C

Solution:

Given, equation of curve is y* = 4a(x + a)
=y’ =4ax+4a’...(i)
Differentiating Eq. (i) w.r.t. x, we get

dy

2y =L =4

ydx a
(Y.

= a (2) dX....(||)

~ Required differential equation is

2: X d_y Xﬂ 2 . "
y© = 4x 2>< dXx+4( 2 dx) [From Egs. (i) and (ii)]

- R ()
UEIRC I
As,y#0

B )5

Question152

Let y = y(x) be the solution of the differential equation
xd y—ydx = (2— y?)dx, x > 1, with y(1) = 0. If the area bounded by the
linex=1,x=¢e",y=0and y = y(x) is ae’" + B, then the value of 10(a + B) is

equal to
[18 Mar 2021 Shift 2]



Answer: 4

Solution:

xdy—ydx = \sz—yzdx

dy-yd ’ d(z) 1
5 XMyzydx Al Y gys X - Ly
N X 2 \} 2 X
(5
X
On integrating. WAV ) d(y/x)=] )l(dx

2
V()
X

= sin (y/x) = log | x| +C
Now, atx=1,y=0
~ C=0
Hence, y = xsin(log x)
WA= fexx sin(logx)d x

1

Put x=¢' =>dx=c'dt
2A=]eHsin(t)d t
0

2x
(usingfeax- sinbx = —2 (asinbx—bcosbx))

a’+b’
2t T 2n
ae’ +B = ( e?(2sint—cost))0 = 1+Se
5 10(a+p) =4
Question153

Which of the following is true for y(x) that satisfies the differential equation
S=xy-1+x-y;y(0) =0
[17 Mar 2021 Shift 1]

Options:

&
Ay(l)=e ?-1

D94
B.y(1)=e2—e 2

C.y(1)=1



1
D.y(l)=e?—-1

Answer: A

Solution:

%=xy71+x«y

dy _ ¢/ dy __

Tx x(y+D)-1(y+1)=> Ix x-Dy+1
d

Ay _fx—
Iy+l [x-1dx
2
log (y +1) = X?—x—i-c [log,} = 0]

log 1=0+C=C=0

y(1) = log(y + = 51

y+1=¢12

y(1)=—1+e

Question154

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

dy _

o = 2(x+1).
If the numerical value of area bounded by the curve y = y(x) and x-axis is
#, then the value of y(1) is equal to.........
[16 Mar 2021 Shift 1]

Answer: 2

Solution:

We have, dy/dx=2(x+1)
y=]2(x+1)dx =2(x/2+x)+C
y=x2+2x+C...(i)




; _
Now, Iydx= #
43

I(x +2x+tc)dx= 3

p
= [—+x +cx] = @
3 a 3

33
= (BTO‘)+(B —o?) Fe(Bo)= 4\/8....(ii)
From Eq. (i),
atpB=-2
af=c
+ B-a=A(at By ~4op
=V4—4c=2\1—¢

48

From Eq. (i), 3(B~w)(o’ +§”+aP)+(B B+ )+ e(p-0) = 13°

= 1ONTod—0+ VT )2+ 0)= “8

= (2%1 o4 —c+(=6+3c)] =43
>V —¢)[2(c—1)] =48

N (1_0)3/2:_\@

= (1-¢)’=8

= l—-c=2

wc==1

NOW,y=X2+2x—1
wy()=1"+2-1-1=2

Question155

Let C, be the curve obtained by the solution of differential equation

2xy dy = y —x%, x > 0. Let the curve C, be the solution of >, = dy . If both

2
Xy
the curves pass through (1, 1), then the area enclosed by the curves C, and

C, is equal to
[16 Mar 2021 Shift 2]

Options:

A.n—1

Answer: B

Solution:



X 2xy
Lety=vx
dy dv
— =y + -
X v de
v x 4V szz_xz_ vi-1
dx 2X - VX 2v
Loy dvo ot o dv o vio1-2v?
dx 2v dx 2v
2
dx 2v V41 X

= —10g|V2+1| =logx+c
= 10g|x|+10g|v2+1| =c
2
= 10g|V2+1)X|:c=> ( y—2+1)x:c
X
2,2
VRS MR,
X
Similarly, for second curve, X+ y2 =cy

Both passes through (1, 1),
C,=>1+1=C,

= C, =2
C1=>x2+y2=2x
C,>x +y =Cy

= 1+1=C,=2C,=2
C2$x2+y2=2y

B
X +y—2%=0
2

- Required area =2[ n'41 g

RIS

Question156

Let y = y(x) be the solution of the differential equation
2
& = (y+ Dy + 1)e* *~ x| 0 < x < 2.1, with y(2) = 0. Then the value of &



at x =1 is equal to
[18 Mar 2021 Shift 2]

Options:
32
C(EF1)
4 2¢°
1+ ez)2
C e5/2
' (1+ e2)2
D 5e1/2
{ (e2 + l)2
Answer: A
Solution:

Given, 1Y = (y+ )] (y+ 1)e* 2= x]...(})
dx

> o1 oxy )
dx
> Woiyg+n=(@+1)e?
dx
2
R . B A ()
(y+1)° dx y+l
let 1 —¢=> =L .dy_ dt
y+1 (y+1)* dx dx
= - ﬁﬂx=exz/2
dx
> 4y =2
X

which is linear differential equation
_ I=xdx _ %2
IF =¢ =e

Now, solution of differential equation.is,

2 2 2
t.e*x /2:_J‘e—x /Z.ex /ZdX
\ 2
= ( lel)e ¥/2=—x+c, where ¢ is constant of integration....(iii)
Given, y(2)=0i.e. whenx =2, then y = 0.
From Eq. (iii),
c=72=—2+c:'c=2+e—2
Now, atx =1
1 e V246242
y+1
671/2
= (yth= 75
1+e

Now, putting the value of (y + 1) in-Eq. (i), we get

\ o172 2,
y(1)= 2(—2-e _1)
1+e 1+e




~1/2
=2 =)
l1+e 1+e

2 e—1/2 ( 1_1_6_2)
1+e 2\ 1+¢?

—5/2 =572 372
—C —€ —C

B (1+e*2)2: (e2+1)2: (e +1)°
4
c

Question157

Let y = y(x) be the solution of the differential equation
cosx(3sinx+cosx+3)d y= [1+ysinx(3sinx+cosx+3)]dx

2° 3
[17 Mar 2021 Shift 2]

0<x< %,y(0)=0. Then,y( E) is equal to

Options:

Answer: B

Solution:

Given, cosx(3sinx+cosx+3)d y
=[l+ysinx(3sinx +cosx +3)]dx
1

3sinx+cosx+3
1

= cosxdy=( +ysinx)dx

= C0SX* ?:ysiner

X 3sinx+cosx+3
N dy _ sinx : 1
dx cosx  ~cosx(3sinx+cosx+3)
dy 1 :
=> — —(t = R {
dx (tanx)y cos x(3sinx + cosx + 3) )

Which is linear differential equation.
= Integrating factor (I1F) = o Ctandx
— eloglcosx\ _ | cos X |



v |cosx |>0,Vx €[0,n/2)
~ | cosx | =cosx
Hence, solution of Eq. (i) is
1
cosx(3sinx +cosx +3)
1
3sinx+cosx+3

y(cosx) = [(cosx)-

= ycosx =]

2X
secz§d X sec Ed X

Sycosx =] ; dx=] dx
2tan> X+ 6tan X+ 4 ( 2X {3tan X+ )
an > an 5 2| tan > 3 tan > 2

Putting tan % =z

= %sec2 %dx=dz

dz - _ dz
7 +3z+2  (2FD)(z+2)

1
[ 2dz=
dz Jz 2dz log(z+ 1)~ log(z+2)+c

~ycosx =]

1
Iz+1

X
tan = +1
an2

X
tan = +2
an2

=ycosx = log Zié‘-i—c:log +c...(i)
z

Since,; y(0)=0
C=—log( %) =log2

tan > + 1

From Eq. (i), ycos x = log +log2

X
tan = +2
an2

V3 +1
+log2 | =210 2(_—)
8 8 2\3 +1
\3 -

3+l 243 -1
2\/§+1X2\/§—1)‘

273+ 10

=21
%8| 71

=210g‘2(

Question158

If the curve y = y(x) is the solution of the differential equation
Z(X2 + x5/4)d y —y(x+ x1/4)d x=2x"d X, X > 0 which passes through the point

4 .
(1, 1- zlog2 ) , then the value of y(16) is equal to
[17 Mar 2021 Shift 2]

Options:

31 8
A4( 2+ Blog3)



31 8
B. ( o 5loge3)

31 8
C.4( 3% Slog3)

31 8

Answer: C

Solution:

Given, 2(x* +x”* 1

2x”*d x, where x > 0
After rearranging, we get

dx  2x AL

Ay —y-(x+tx )dx=

This is of the form % + Py = Q, where P.and Q are constants or function of x.

- Integrating factor (IF) = gPx

= idx %fxdx

=e 2x =e

1
- =1 A
e 5 ogXx s elOg(x) 12 _ 1

12
X

Its solution is
yx(IF)y=[Qx(IF)dx

9/4

5 1
= yx 1 J'X—xxfl/zdx=J de

X5/4(X3/4+ 1)

o yx L = xdx (i)
y W (X3/4+1)'"

Putting x=z2"

> dx=47-dz

RHS of Eq. (i) becomes,

cdz=4] mdz
Z+1) Z+1)

7
X

wle Wle

W | —

-loglz3+1|]

g, -
(.J mdx—logw(x)uc)

3
=2 Jioglz’ +1|+C

3

=~ Eq. (i) becomes,

3/4 vy
2. ﬂlog|x3/4+1|+C (
3 S X



34
12 % 4);) - ;—‘log|x3/4+1|+c

yxXx

Since, this passes through (1, 1- ;llogez)

Then,
4 4x1 4
(1— g1ogez) A= - glog‘l+1W+C
4 -1
C=1-25Cc=_
2 37 3
Hence,
L 4se i\/glogx3/4+1’— \/_x
3 3
x>0

axt >0 71> 0ie, x4 | =x"+1

“y= gxsm_ ;1\/;10g(x3/4+1)— \/3_x

Now, putting x = 16, we get

4 4 4
16)= 2x32- 2 x41099- 2
(16)= $x32- 3 x4logd- 3
124 32
=124 32,5

3 3 %

31 8
—4( 2L 2
( 3 31°g3)

Question159

If y = y(x) is the solution of the differential equation,

T

g—z+2ytanx=sinx,y( 3

) = (), then the maximum value of the function

y(x) over R is equal to
[16 Mar 2021 Shift 1]

Options:
A.8

B.

N[ —

D.

OO | —

Answer: D

Solution:



Given, dy +2ytanx = sinx
dx

This differential equation is of the form j—i + Py =Q where P and Q is function of x.

which is a linear differential equation.
Here, P=2tanx and Q =sinx

The integrating factor of linear differential equation is ¢
| 2sinX .
—e COSX R 6*2 log(cosx) _ SeCZX

/Pd

3 tanxd
Here, ol 2tanxd x

Now, dy | 2y tan X = sinx
dx
On multiplying sec®x both the sides,
sec’x g—y + 2yseczx tanx = sin x sec” x
X
= i(yseczx) = sinx sec” x
dx
= yseczx =[sinx sec’xd x

2 sin X
= ysec’x =] d

cos X
Letcosx=t
(—sinx)dx =dt
[ d _ 1

at_ " 4¢
t t

2 1
So, ysecx =
COS X

ysee’x = sec X + ¢
Now, x=n/3,y=0
0=2+c

= c=-2

So, yseczx =secx—2

y—coszx( —2) = —200s°X + Cos X
& ( _ cosx)
cos X 1 1
— + J— —_—_—
= y=-2[ {cos’ 16 hCe)
1
N —1/4)* - —]
[(cosx ) T
=S y= %—2(cosx—1/4)
So’y = l
min 8

Question160

If y = y(x) is the solution of the differential equation
S_Z + (tanx)y =sinx, 0 < x < 3, with y(0) = 0, then y( g) is equal to
[16 Mar 2021 Shift 2]

Options:

1
A. Zloge2



B. ( 2%.2_)10&2
C.log2

D. %loge2
Answer: B

Solution:

Given, %-i-(tanx)y:sinx,xe [O,g]

which is a linear differential equation of the form of % +Py=0Q

Here, P = tanx
IF = eJde

tanxd
:>CJ xdx _ elog(sec X) _ sec X

Multiplying by sec x on both sides

dy +(tan x)y = sinx
dx
dy v
secx Ix + (tan X sec X)y = sin X sec X
X

= di(ysecx)=tanx:»ysecx=ftanxd X
X

= ysecx = log(secx)+c
y = cosxlog(secx) +c - cosx
y(0)=0

=2 0=1-0+c-1=>c=0
.y =cosX - log(secx)

.:> y( %) =cos( %) -log(Secg)

Question161

Ina trlangle ABC, if ‘BC‘ =8, ‘CA‘ 7, ‘/5)3‘ =10, then the projection of the

vector AB on AC is equal to
[18 Mar 2021 Shift 2]

Options:

25
AT



85
B. T

127
C. %

115
D. =¢

Answer: B

Solution:

Projection of AB or AC = AB costheta = 10 cdot cos theta

10 8
A C

B 10°+7°-8*\ _ 85 , L Ptbeal

_10‘( 2% 7% 10 )_ﬁ (usmgcose— 2be )

Question162

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

% =1+xe' ¥, =V2 < x <2, y(0) = Othen, the minimum value of

y(x), x € (—\/E, \/E) is equal to:
[25 Jul 2021 Shift 1]

Options:
A (2-3)—log2

B. (2+V3)+log 2
C.(1+43) ~log (V3= 1)
D. (1-3)~log, (V3 1)
Answer: D

Solution:



|
I
_\F I— \,:I? \":2
So minimum value occurs atx=1-3
2-4-2V3
(1 -3) = (143) ~ In 22250

=(1-33)~In(\3-1)

Question163

Let y = y(x) be solution of the differential equation log, ( %) = 3x + 4y, with

y(0)=01Ify ( —%logeZ) = alog 2, then the value of a is equal to:
[27 Jul 2021 Shift 1]

Options:

1
A=

1
B'Z

C.2

L
D. =3

Answer: A

Solution:



dx

(S 3x 1 1 7

€ =i S _l-coc=-l

N C> 173 C=C 5

LD e s

-4 3 12 -3

e =3 = =4 =1n( 3 )
7—4e* 7—4e™*

4y=ln(§) whenx=-=1n2

Question164

Ify=y(x),y € [0, g) is the solution of the differential equation

secy % —sin(x +y) —sin(x —y) = 0, with y(0) = 0 then Sy’ ( g) is equal to

[27 Jul 2021 Shift 1]

Answer: 2

Solution:

secy?=2sinxcosy
X

seczydy= 2sinxd x
tany=-2cosx+c
c=2
tany =—2cosx+2= atx=§
tany =2
seczyd—y =2sinx

dx

dy _
5=L =2
dx

Question165

Let y = y(x) be the solution of the differential equation
(x—x)dy = (y+yx —3x)d x, x > 2If y(3) = 3, then y(4) is equal to :



[27 Jul 2021 Shift 2]
Options:

A4

B. 12

C.8

D. 16

Answer: B
Solution:

x- x3)d y=(y+ yx2 - 3x4)d X
=>xdy-ydx= (yx2 - 3x4)dx +x3dy

:w =(ydx+xdy)—3x2dx
X

:d(%):d(xy)—d(x%

Integrate :‘% =Xy=x+c
given f(3)=3

:%:3 x3-33+¢
=c=19
-'-§=xy—x3+19

atx =4, %=4y—64+19

15y =4x45
>y=12

Question166

Let y =y(x) be the solution of the differential equation
dy=e™"Ydx; a €N.If y(log,2) = log 2and y(0) = log, ( : ) , then the value

of a is equal to
[27 Jul 2021 Shift 2]

Answer: 2



Solution:

[eVdy=[e™dx

e’ = %ax + M (i)
Put (x,y) =(1n2, In2)
%1 = %a+ C.... (ii)
Put (x, y) = (0, =In2) in (i)
_1
52 = 5 +C ot (iii)
(i) - (iii)
2°-1_3
o 2

=2a=2(asaEN)

Question167

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

xdy=(y+ X Cos x)d x with y(z) = 0, theny ( 2 ) is equal to:
[25 Jul 2021 Shift 2]

Options:

>
S8

—‘f_
Noa

o
|3,
_|_

N

®
NS
|
13

|3,

I
D. >

Answer: A

Solution:

xdy=(y+x3cosx)dx

xdy=ydx+x3cosxd X

xdy—ydx _ x cosxd x
2

2
x|

X
=

=[xcosxd x

<
M X

=xsinx—J1.sinxd x

>



Y =xsinx+cosx+C
X
=20=-1+C=>C=1,x=n,y=0

so Y =xsinx+cosx+1
X

2 T
y=XsiInX+xcosx+tx X=—

[\

2

(3)-543
Question168
Let a curve y = f (x) pass through the point (2, (loge2)2) and have slope Xlig -

for all positive real value of x. Then the value of f (¢) is equal to
[25 Jul 2021 Shift 2]

Answer: 1

Solution:

r o2y

Y7 Xnx

ﬁd_y: 2d x
y xlnx

=1 nlyl =2In|lnx |+C

put x =2, y=(In2)*

=c=0

=y =(lnx)’

>f(e) =1

Question169

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

y*rl
((x+2)e(x+2) +(y+ 1))d X =(x+2)dy,y(1) =1. If the domain of y = y(x) is
an open interval (o, ), then |a + B| is equal to
[22 Jul 2021 Shift 2]



Answer: 4
Solution:

y+1=Y =dy=dY
x+2=X =5dx=dX
Y

:(XeYﬂ()dX:XdY
5XdY -YdX =Xe""dX

Y X dX
Y )e x =24
=>d(x)e ¥
— VX=X |+c

2

(3,2) >=-e 3=1 ‘3‘+c

X 2
e X =1n’X‘—e 3<1n3
Y
e X =e2/3+1n3—1n‘X ‘>0
In|X | <(e**+1n3)
Let A = (e +1n3)
x+2|< et
—e}L <x+2< e}L
—et-2<x<e -2
atf=—4=|at+tp| =4
Although x = ~2 should be excluded from domain but according to the given problem it will the most
appropriate solution.

Question170

Let y = y(x) be the solution of the differential equation
xtan(%) dy= (ytan(’;’) —x)dx—l <x<l1, y(%) = %. Then the area of the
region bounded by the curves x =0, x = le and y = y(x) in the upper half

plane is:
[20 Jul 2021 Shift 1]

Options:

A 4(m=1)
B. L(n—3)
C.4(n-2)

D. {(m—1)



Answer: A

Solution:

Now, we get v+ n% =v—cot(v)

=[(tan)d v =—] e
X

ln‘sec(z) ‘ :—ln‘x‘-ﬁ-c
X
As(l) = (X) =C=0
2 X
X X
ﬁcos(z) =X
X

ny = xcosfl(x)
So, Qequired bounded area
/N2
! -1 _(n—1
({ x(cos x)dx ( g )

=~ option (1) is correct.

Question171

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

e \j 1- yzd X+ ()1() dy=0,y(1) =—1.Then the value of (y(3))2 is equal to:
[20 Jul 2021 Shift 1]

Options:

A 1=4¢

B. 1 =4¢°

C.1+4¢’

D. 1 +4e®



Answer: B
Solution:
ex\/l—yzdx+§dy=0
=>ex\j1—yzdx+_—ydy

_dy [e*xd x
I

11—y —e(x—1)+c

Given :Atx=1,y=-1
=20=0+c=>c=0
.'.\/1—y2=ex(x—1)

Atx=3 1—y2=(e32)2:>y2=1—4e6

Question172
Let a curve y = y(x) be given by the solution of the differential equation

Ccos ( %cos_l(e_x) ) dx = \/ 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
[20 Jul 2021 Shift 2]

Answer: 2

Solution:

cos(%cosfl(egx)) dx = & 1dy

Put cos (e ™0, 0 € [0, 7]
cos@=¢ = 2cos’92—1=¢ *

cos8 = YL g
2 2 2¢"

d _\/ezx 1d
\/ 2c* X
1S
2 et exfl

dt

Pute*=t, —=¢"
ut e* dxe

Zjdy




©,-1)
\/2 tc > =c=)

e’
2(1-¢ /2 =2(y+1), passes through (a, 0)
)1/2 \/_

Question173

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

equationeyg—z —2¢’sinx +sinx cos’x =0, y ( 2 ) =0 If y(0) =log (a + pe D),

then 4(a + B) is equal to
[25 Jul 2021 Shift 1]

Answer: 4

Solution:

Lete¥=t

= g—t —(2sinx)t=—sinx cos” X

|F. = ZCosx

ZCos 2 cos X . 2
*=Je /(—sinx cos” x)d x

2 cosx

=t.e

2 2% 2
=eb . O =fe Zdz,z=¢

3
atx=L y=0=>C=2
X 2’y 4



=¢' = %coszx— % CoS X + % +% L 2eosx

2
COS X COSX —2cosx

2 2

=>y=log[
Putx=0

I3
302
4 2°

+ 672] >a=

ﬁ:

RSN

1
47

Al
Al

:yzlog[

Question174

Let y =y(x) be the solution of the differential equation
cosec’xd y+2dx=(1+ycos2x) cosec’xd X, Withy( % ) = (. Then, the value

of (y(0) + 1)* is equal to:
[22 Jul 2021 Shift 2]

Options:
A e'?

C.e!
D.e

Answer: C

Solution:

ﬂ+2sin2x=1+ycos2x
dx

ﬁd—y+(—0052x)y:cos2x
dx
_sin2x
LLE. :eI*cos2xdx:e b}
Solution of D.E.
“sin2x ~sin2x
y(e 2 )=f(cost)(e 2 )dx+c
_sin2x sin2x
:y(e 2 )=—e 2. +c
Given

1 |
=0=—¢ 2+c>c=¢ 2
_sin2x _sin2x
:>y(e > )=—e 2 ol
atx=0




1
y:—l—i—ez
1
— 2 2_ 1
=y(0) lte 2 =2({0)+1) =e¢

Questionl75

Let y = y(x) satisfies the equation % —|A] = 0,for all x > 0, where

y sinx 1
A= 0 .Ify(n)=n+2,thenthevalueofy(g)is:
2 0 =

[20 Jul 2021 Shift 2]

Options:

Answer: A

Solution:

Al =—YL+2sinx+2
X

dy

Y= A

A

4y - Y 4 2sinx +2
dx X

—dy+X=2sinx+2
dx x
1

J=dx
LF. =eX =x
=yx ={x(2sinx +2)dx
xy=x2—2xc0sx+2sinx+c ....... (i
Now x=m,y=m+2
Usein(i)c=0
Now (i) be comes
Xy:x2—2xcosx+2sinx
putx=mn/2



2
y = (g) —2.7—2tcos§+2sing

Question176

0 M Y ¢ AN A R N AN
Let @ =i—aj+pk, b =3i+pi —akandc =—ai—2j +k, where a and P are
integers.

If<.5=—1and®.< =10, then (Yx?) . ¢ is equal to
[27 Jul 2021 Shift 2]

Answer: 9

Solution:

(1, —a, B)

(3, B, —a)

(0,72, 1) 0,BEI

E) “1=>3-0f—af=—1
o

Ul =] olo]=]|

ol

2
2 1
-1 -2
-2 -1

—
=

b =10
=2-30—-2—-a=10
=2a+p+5=0
ca=-2;p=—-1

1 2 -1
3 -1:2
2 =2 1
=1-1+4)-23-4)—1(-6+2)
=3+2+4=9

[z % =

Questionl77

A differential equation representing the family of parabolas with axis
parallel to Y-axis and whose length of latus rectum is the distance of the



point (2, —3) from the line 3x + 4y =5, is given by
[27 Aug 2021 Shift 2]

Options:

42
AC108Y =11
dx

B. 119X 419
e

d%{_
C. 10—2 =11
dy

q2
D. 119¥ =10
dx

Answer: D
Solution:

Let (h, k) be the vertex of parabola. Then, equation of parabola parallel to Y-axis-is
(x —h)* = da(y — k) ...(i)
Also,
Length of latusrectum = Distance of point (2, — 3) from the line
3x+4y=5
3%+ 42

:>4a=ll
5

~ From Eq. (i),
11
(x—h’ =2~k
Differentiating w.r.t. x, we get
_1ldy
2(x=h)=—==
SoNZ 5dx
Again, differentiating w.r.t. x
2
zzllﬁ_%
Sdx

:11—2:10

Question178

Let f be a non-negative function in [0, 1] and twice differentiable in (0, 1). If
o 11— (f(®)’dt=["f(t)d t, 0 <x <1 and £(0) = 0, then ,, L], " f(H)d t
[31 Aug 2021 Shift 1]

Options:



A. equals 0
B.equals 1

C. does not exist
D 1
. equals 5

Answer: D

Solution:

1

(I) [1—(f())]2 = (I) fit)
Differentiating on both sides,
1 [PeOP = [f)]
=1-[fX] = [fx)]
=1-[f] =[FET
=P =11 [f(x)]°
SpoEdx gy

V1 - [0
=sin f(x)=x+C
+f(0)=0
C=0
f(x) = sinx

[, ftd t J)fsinxd t e
= lim >— = lim 3 [applying L'Hopital Rule]

x—0 X x—0 X

Question179

If & = ZH;_ 2. y(0) = 1, then y(1) is equal to

[31 Aug 2021 Shift 1]
Options:

A. log,(2+¢)
B. log,(1 +e€)
C. log,(2¢)

D. log,(1 + ez)



Answer: B

Solution:

dy (287 -2Y 2@
dx 7Y 7Y

y
Jzyz—ldy=f2xdx

@' -1 _2*
In2 In2

As,y(0) =1

1

log 2

For y(1), In,(2’ - 1)=2' -1

=22—-1=¢

y=log (e +1)

+C

=0= +C

Question180

If dy — 2%y +2Y2"
dx 242 Vjog 2

[31 Aug 2021 Shift 2]
Options:

A(1,2)

B.(%,l]

C.(2,3)

D.(O,%]

Answer:A
Solution:

dy _ 2y+222
+
dx < 2¥42" ¥og 2
y+27
1+2log2

,¥(0)=0
~dy_
dx

1+2 . log.2d

Sfe T OBLY gy
y+2y

slog |y+2Y| =x+C

vy(0)=0

, Y(0) =0, then for y =1, the value of x lies in the interval



=>C=0
sIn|y+2| =x

Fory=1

x=In|1+2| =In3

= X €(1, 2)
Question181

NS
=
—_—
S——

2

» X>0,¢ >0, andy(1)=—1,then¢(yz) is equal

Ifyl=x | L+

>
<
—_
><N |k<|\)
N —

to
[31 Aug 2021 Shift 2]

Options:
A 492
B.4¢ (1)
C.2¢ (1)
D. ¢ (1)

Answer: B

Solution:

~ Eq. (i) becomes
dey - (2, 00)
t(t+x ) 2(‘[ +¢’(t2))
dt _ ¢(t)
:Xt& ¢,(t2)
:mdt= dg
o) X

Integrating both sides



Jt_d;’g?dt:f%
Let ¢(t) = u

>t'(C)dt= dz—u
'l d_u: %
“2J u J X
=>%1nu=lnx+C
1
2
1 2

:>§ln(¢(y—2))=lnx+c

X

== In¢(t}) = Inx+C

fx=1,y=—1, then C=%ln(¢(1))

%m(q)(y_i) ) —Inx+2 In((1))

X
2

If x =2, then 1n(¢(yZ) ) = ln4+In[$p(1)]

oro () =)

Question182

Let y = y(x) be the solution of the differential equation
% =2(y +2sin x —5)x — 2 cos x such that, y(0) = 7.

Then y(m) is equal to
[27 Aug 2021 Shift 1]

Options:
TCZ
A.2e" +5
TCZ
B.e" +5
1'[2
C.3¢" +5

2
D.7¢e" +5

Answer: A

Solution:

Given, g_y = 2y +2sinX—5)x = 2¢cos x, y(0) =7
X

:3_}’_1.2005)( =2(y +2sinx— 5)x «..(i)
X

Lety+2sinx—5=t



d_y—|— :ﬂ
:dx 2.cosX Ix
Then, Eq. (i) becomes
dt
— =2t
dx X
:th =2xdx
On'integrating
Int=x4+C
=In(y +2sinx — 5)= x>+ C...(ii)
~y(0)=7
=In(7+0-~5)=0+C
=>C=In2
=~ From Eq. (ii),
In(y +2sinx=5) = x> +1n2
Now, atx=m=
In(y(m) + 2 sint— 5)=n"+1n2
=>In(y(n)—5)=n"+In2

+1n2

Sy(m)—-5=e
2
=y(m)=2¢" +5

Question183

Let y(x) be the solution of the differential equation
2x°d y+ (e’ —2x)d x =0, x > 0. If y(e) = 1, then y(1) is equal to
[26 Aug 2021 Shift 2]

Options:
A.0

B.2

C. log 2
D. log (2e)
Answer: C

Solution:

We have, 2x°dy + (¢ —2x)dx =0




—dt t 1
> — [From Eq. (i)]
X X 2X
xdt+tdx= 4%

2x
[d(xt)=[ 9%

2x

¢
2
2xe Y =logx+c¢
When x=e,y=1
2e.e ' =loge+c
c=1

~2xe Y=logx+1
When x =1,

e’ =0+1

e=2

=y =log 2

xt= -;— log(x) +

Question184

Let us consider a curve, y = f (x) passing through the point (-2, 2) and the
slope of the tangent to the curve at any point (x, f (x)) is given by

f(x) +xf'(x) = X’ Then
[27 Aug 2021 Shift 1]

Options:

A X2+ 2xf(x)—12=0
B.x +2xf(x)+ 12 =0
C.x - 3xf(x)=4=0
D. x> +2xf(x) +4=0
Answer: C

Solution:

Given, f(x) + xf'(x) = x>
SF(x)+ % ~x

d_y—|—l = oY = d_y:'
:dx Y TX Y f(x)=>dx f'(x)

This is linear differential equation.



1
[ =dx
» Integrating factor IF =e X =x

Solution, y.x=jx.xdx+C
3

orxy = % +C

It passes through (-2, 2).

3
222 (_‘32) e

C=-—

WA

X _4
Hence, xf(x) ===

xf(X) 3773
0rx3—3f(x).x—4=0

Question185

If the solution curve of the differential equation (2x — 10y3 )dy+ydx=0,
passes through the points (0, 1) and (2, B), then B-is a root of the equation
[27 Aug 2021 Shift 2]

Options:

Ay —2y—-2=0
B.2y’=2y—1=0
C.2y°—y*—2=0
D.y’—y*—1=0
Answer:D

Solution:

Given, differential equation

(2x~10y>)dy +ydx=0

SAXLZX 1002 )

dy -y

This is Linear differential equation
ZIldy

Integrating factorIF=¢ Y =y

Solution of differential Eq. (i),

x.y2=J10y2.y2dy+C

>xy> =2y’ +C ...(ii)

Solution Eq. (ii) passes through (0, 1)

=0.1°=21°+C

>C=-2

=~ Solution of Eq. (i) is

2

xy2 = 2y5 -2
Now, this equation passes through (2, ).



22 pr=2p"-2
=B =p-1=0
= Bis root of the equation y° —y>*~1=0

Question186

Lety = y(x) be a solution curve of the differential equation

(y+tan’xd x + tanx d y+yd x = 0, x € (0, g). If ;,; xy(x) = 1, then the

value of y ( %) is
[26 Aug 2021 Shift 1]
Options:

o
A. Y

B.=—1

&~1a

a
S

211

Y
D‘Z

Answer: D

Solution:

We have, (y+ 1)tan’xd X + tanx d y+ydx=0
>[(y+ 1)tan2x+y]dx+tanxd y=0

dy y _
—ZL+(y+1)tanx+ —L—=
:dx (y+1)tanx tan x 0

2 2
:d_erytan xttan'x+ty _
dx tan x

2
NN o S

dx tanx
dy sec’x N\
>+ y = —tanXx
dx tan x
This is a linear differential equation
Iseczx
. _ _ _In(tanx) __
~JF=e fanx =e =tan x

So, solution is given by

(ytanx) = — tan’xd x =l *seczx)dx =x—tanx+C
y=xcotx—1+Ccotx

Now, lim x.y=1

N
x—0



= lim (XZCOtX—X+CXCOtX)= 1

X —0"
=>1im+(x Xy X )=1
=0-0+C=1

=>C=1
sy =xcotx— 1+cotx

Question187

Let a, b and ¢ be three vectors mutually perpendicular to each other and
have same magnitude. If a vector r satisfies.
ax{(r-b)yxa}+bx{(r-c)xb}+cx{r-a)xc}=0,thenr is equal to
[31 Aug 2021 Shift 2]

Options:

A.%(a-l-b-i-c)
I&%Qa+b-@
C.%(a+b+c)
D. 1 (a+b+2¢)

Answer: C

Solution:

ax[(r-byxal+bx[(r-c)yxb]J+cx[(r-a)xc]=0
=a.a(r-b)-(a.(r-b))a+b.b(r-c)-(b.(r-c))b+c.c(r-a)-(c.(r-a))c=0
= | a|2 (r—b)—(r.a)a+|b |2 (r—c)—(r.b)bt|c |2 (r—a)—(r.c)c=0 [~ ab, care mutually perpendicular; -~ a . b=
b.c=c.a=0]
:>|a|2 [Br—(a+b+e)]=[(r.a)a+ (r.b)b+(r.c)c]=0[~|a] =|b] =|c|]
=|a[*[3r—(a+b+c)—1]=0
~3r-(a+b+c)-r=0
_atb+c
2

=T

Question188



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

xzdy+ (y—%)dx=0 ;x>0
and y(1) =1, theny ( %) is equal to
[1 Sep 2021 Shift 2]

Options:

31
A'E 7

1
+_
B.3 '\/_

C.3+e
D.3—e¢
Answer:D

Solution:

This in linear differential equations
1 1
[—dx A

[F=eX =eX
:y.e_l/x=fe_1/x.%dx+c
X
Let1=t
X
1. _
:—2dx—dt
X
Sy.e F=]—teldt+c =—(te'~e) e
11
:;yefl/x:le X+e X+¢
X

Putx=1,y=1
21
(1)671:%+671+C

-1
= Cc=-¢

Solution y.e /*=

:>y=i+1—e

Putx=

N —



y=2+1=%
€

>y=3—-¢

Question189

If for x > 0, y = y(x) is the solution of the differential equation,

x+1)dy=((x+ 1)2 +y—3)d x,y(2) =0 then y(3) is equal to
[NA Jan. 09,2020 (I)]

Answer: 3

Solution:

(x+Ddy=(x+1)>+(y=3)dx=0
dy _ y=3
o (1+x)+(1+x)
dy_ 1 _ 3
ix a0 UMY E

N _(141rx)dx_ 1
.LF.=e _(1+x)
LAy y_,__3
d_X(m) : (1+x)
_ 3
y—(1+x)[x+(1+x)+C]
“Atx=2,y=0
~0=32+1+C)=>C=-3

Then,y=(1+x)[x+lix—3]

3

=3, y=(1+3) |3+
Now, at x =3, y=(1 3)[ =

—3]=3

Question190

Let y = y(x) be the solution curve of the differential equation, (y2 5 x)g—i =1,

satisfying y(0) = 1. This curve intersects the x -axis at a point whose abscissa
is:
[Jan. 7,2020 (I1)]

Options:



A.2—-e
B.—e
C.2
D.2+e

Answer: A

Solution:

The given differential equation is g—;i +x=y

Comparing with g—x +Px=Q,whereP=1,Q= y2
y

Now, IF. =¢ "4¥=¢

x.& =) . dy=vy*.e" —[2y.¢" . dy

= yzey—2(y.ey—ey)+C

=x.¢ =y’ —2ye’ +2¢' +C

Sx=y =2y+2+C.e Y ... (i)

As y(0) = 1, satisfying the given differential egn,

~putx=0,y=1ineqn. (i)

0=1-2+2+&
€

C=-e
y=0,x=0*0+2+(7e)(e70)
x=2-¢

Question191

The differential equation of the family of curves,x2 =4b(y +b), b € Ry is:
[Jan. 8, 2020 (II)]

Options:

A. X(y’)2 =X+ 2yy’
B.x(y)" =2yy' —x
C.xy"=y'

D. X(y')2 =x—2yy’

Answer: A

Solution:



Since, x> = 4b(y +b)

x” = 4by +4b”

2x =4by’
- X

=b= 2y

So, differential equation is

2

2}’ y

X(y')" =2yy'+x

Question192

If f2(x) = tan_l(sec x+tanx), —3 < x < 7and f (0) = 0, then f (1) is equal to:
[Jan. 9, 2020 (I)]

Options:

n+1
A. y

B.

FN e

a
|
—

C.

a
=
[\

D.

Answer: A

Solution:

f/(x) = tan '(sec x + tanX)

) l—cos(E+X)
o —1({1+smx) _, -1 2
= tan (—) = tan — XN
COS X [ .

Integrate both sides, we get
' =[(TyxX
[(f'(x))d x I(4 2)dx
2
T X9
f(x) 4x 1 C

+F(0)=0



NS}

c=0=>f(x)=§x+xZ

So, f(1) = 7%1

Question193

It g—z = z’f =5 y(1) = 1; then a value of x satisfying y(x) = e is:
Xty

[Jan. 9,2020 (1D)]
Options:

A. %\Ee

€
B'\/__z

C.\he
D. \/ge

Answer: D

Solution:

The given differential equation,

dy - _xy
dx x2+y2
Puty=vxﬁj—z=v+x%
d X
Then,v-i-x—V: 2V AN V2
X xX"+vx" 1+v
2
Sy =Lk
v X
:I(%+l)dv—f_—ldx
:71(%)+lnv:—lnx+c

:>—X—=—lny+c ['-'VZX]
X
1
2

Whenx=1,y=1,then —~=c¢

>x% = y2(1 +2Iny)
Aty=e, Xt = 62(3)
=>x=+\3e

So, x =\3e




Question194

Let f (x) = (sin(tan” 'x) +sin(cot 'x))" -1, | x| >1. If¥ =

y(\/§) & - then y(—\/3) is equal to:
[Jan. 8, 2020 D]

Options:

2n
A. 5

2y =sin 'f(x)+C =sin '(sin(2tan 'x))+C

3() - (sn[ ]
T
3

+C ~C=0
for x =—\3,2y =sin_ 1(sm( én)) +0

:>2y=_3—7t:>y=_6—7E

Question195

Lety = y(x) be a solution of the differential equation,
1-x* 8+ 1-y2 =0, x| <1

Ify(%) = >, then y( V_) is equal to:
[Jan. 8, 2020 (I)]

Options:

14 (sin”'(f(x))) and



Answer: C

Solution:

The given differential eqn. is

dy , dx =0 =sin 'y+sin 'x=c
2 2
\jl—y \jl—x
A’tx=l y=g:c=g

Question196

If y = y(x) is the solution of the differential equation, ¢' = e" such that
y(0) =0, then y(1) is equal to:
[Jan. 7, 2020 (I)]

Options:

A. 1+log2
B.2+log 2

C.2e

D. log 2

Answer: A

Solution:



Lete’ =t

ody_dt
dx.  dx
sdtdx—t=¢* [werd¥ ey = ¢
dx
I .F.=ejil'dx=e*x

tle ) =le" e "dx 2" *=x+c
Put x =0,y =0, then we getc=1
¢ =x+1

y=x+log (x+1)

Putx=1 «~y=1+log?2

Question197
The general solution of the differential equation \/ 1+x+ y2 + xzy2 +xy% =0
is:
(where C is a constant of integration)
:[Sep. 06, 2020 ()]
Options:
A1+ {1 +x2 =tiog RS +C

. Y 2.7e \/ 1+x°—1

2

B \/1+y2— \j1+x2 Zélog

\/l-i-xz—l
D. \1+y =V1+x> =11 +C
Hey s 2% e
Answer: A
Solution:

\/1+x2. \/1+y2=—xy%

2
X \J1+y2

Let x =tan0 :>dx=sec26de




3
[ sec GdGZ_J 2y
tan 6 2\/1+y2

o sin20 + coszed 0

dy

- \j 1 -i-y2
sin 0 . cos>0

:>I(tan6.sece+cosec9)d9 =—\/1+y2

=sec 6+ log [cosec O —cotb| = —\j 1 +y2 +C

1+x21.

-'~\jl+x2+10ge =—\jl+y2+C

\/1+xz+l)+C

Sl +y2+q 1T 2=llog(
X \ 2 \/l-i-xz—l

Question198

Ify= ( %x -1 ) cosec x is the solution of the differentialequation,

dydx+pXx)y = % cosec x, 0 <x <7, then the function p(x) is equal to:
[Sep. 06, 2020 (II)]

Options:
A. cotx
B. cosecx
C.secx
D. tanx

Answer: A

Solution:

- (2=)
=X COs€C X
(L

~y
_y=—2—cosecx— (gx—l) cosecXx . cotx
dx = T

_ 2 2
fcosecx[—— (—x—l) cotx]
i i

ﬁg—i—%cosecx=ycotx ......... (i

It is given that,

:>d_y 2 COSECX = ~YP(X) verirn. (i)
dx =

By comparision of (i) and (ii), we get
p(x) =cotx




Question199

If y = y(x) is the solution of the differential equation 52+Tey ) g—i +e =0

satisfying y(0) = 1, then a value of y(log 13) is :
[Sep. 05,2020 ()]

Options:
Al
B. -1
C.0
D.2

Answer: B

Solution:

5+e dy

_ X
. ——=-C

2+y dx

dy _  &"
I2+}’ I5+exdx
=log, | 2+y|.log, |5+ =logC
= [2+y)(5+e")| =C=y(0) =1
C=18
~2+y).(5+eH)=18
When x = log, 13 then (2 +y). 18=18
=2+y=#1
ry=—-1,-3
2y(n13)=—1

Question200

The solution of the differential equation ? — YPX 43 =(is
X loge(y+3x)

(where C'is a constant of integration.)
[Sep. 04,2020 (II)]

Options:

A.x—L(log (y+3x))*=C

B.x—log (y+3x)=C



C.y+3x—1(logx)*=C
D. x—2log (y +3x)=C
Answer:'A

Solution:

Lety+3x=t
_dt
=>dydx+3=—
dx
Putting these value in given differential equation
dt_ it
dx logt
log t

= tedt=de

(log,ty’
>

Sx— %(1n(y +3x)2=C

x—C

Question201

Letf : (0, 0) — (0, o) be a differentiable function such that f (1) = e and

2F24(x) — xF3(1) _ 0
lim t—x -
t—x

If f(x) =1, then x is equal to :
[Sep. 04,2020 (ID)]

Options:

D.e

Answer: A

Solution:



202, 202
limtf x)—xf (t)zo
t—Xx t=x
20N A2
:hmztf (x) 21X f(t).f(t) ~0
t— X
Using L'Hospital's rule
=f(x) =xf'(x)

&gy =11
ITx)dX fxdx

log f(x) =log x +log C
=2f(x)=Cx ~f(l)=e
=>C=¢;s0f(x)=ex

When f(x)=1=ex=x=

a|—

Question202

The solution curve of the differential equation,(1+e “)(1+ yz)% = y2, which

passes through the point (0, 1), is :
[Sep. 03, 2020 ()]

Options:

Ay +1 =y(10ge(1+2e_x) +2)

B. y2+1 Zy(loge(lzex) +2)

C. y2=1+y10ge(1zex)

D. y2 — 1 +y10ge ( 1 +267X )
Answer: C

Solution:

J(yzﬂ)dy:je"dx

e +1

=Sy — L- log,
y

ex+1‘+c

- Passes through (0,1)
wo=-log2



X
=>y2—1=yloge(e +1)

+ N

X
[~

:y2=1+ykge( 21)

Question203

Ifx’d y+xydx = xd y+2yd x; y(2) = e and x > 1, then y(4) is equal to :
[Sep. 03,2020 (IT)]

Options:
3
A. 5 + \/e

Ve

w
W

Answer: B
Solution:
x3dy+xydyx N 2ydx+x2dy

=>(x3 —xz)dy= (2—x)ydx
dy _ 2-x

=2-x=AE=1)+B(x— 1)+CX2
Compare the coefficients of x, x* and constant term.
C=1,B=-2and A=-1

P ) S RERND (R
y Xy~ xPN\Xx*1

=>1ny=—1nx+2+ln‘x—1J+C
X

~y(2)=e
=21=~In2+1+0+C[~loge=1]
=C=1In2

:lny=—1nx+g+ln‘x—1‘+ln2
X

At x =4,
=>lny(4)=*ln4%+ln3+ln2



=Iny(4)=In ( %) +% =In ( %el/z) [+logm +logn =log(mn)]

>y()=2e!?

Question204

Let y = y(x) be the solution of the differential equation,2 +sinxy +1. %
=—cosx,y>0,y(0)=1.Ify(r) = a andg—i at x =m is b, then the ordered

pair (a, b) is equal to :
[Sep. 02, 2020 (I)]

Options:

A (23)
B. (1,-1)
C.(1,1)
D. (2,1)
Answer: C

Solution:

The given differential equation is
—Z;j_lrllxg—z =—cosx,y>0

dy _ _ cosx

y+1 2 +sinx
Integrate both sides,
[ dy :J(—cosx)dx
y+1 2 +sinx
Injy+1] =—In|2+sinx |+InC
=In|y+1|+In|2+sinx| =InC
=In| (y+1)2+sinx)| =InC
“y(0)=1=>mn4=InC=>C=4
~(y+1)(2 +sinx) =4

Sy = 4 —1

2+sinx
2 ~sinx 2=sinmn
ny = £ S0X oy = 2SI
2+sinx y(@) 2+sinm
=a=1
Now, Q:(2+smx)(—cosx)—(22—smx).cosx
dx (2 + sinx)
dy
i = : —
dX X=T ! b \

Ordered pair (a, b) = (1, 1)



Question205

If a curve y = f (x), passing through the point (1,2) , is the solution of the
differential equation,szd y = (2xy+ yz)d X, then f (%) is equal to

[Sep. 02,2020 (ID]

Options:

1
" T+log2

1
“1—-log2

C. 1+log2

—1
" 1+log2

Answer: A

Solution:

dy . 2xy+y’
dx %>
It is homogeneous differential equation.
~ Puty=vx
dv v dv_dx
SVHX—=vt—=|2—=|-=2
VIV 2 I v I X

AN —2X =
:7—logex+cﬁ 7—logex+c
Putx=1,y=2,wegetc=-1

:ﬂ=logex—l
y

1 1
Hence, putx=-=y=————
P T T Y T T eg 2

Question206

Let y = y(x) be the solution of the differential equation
cosxg—i+2ysinx =sin2x, x € (0, g)

If y(m/3) =0, then y(n/4) is equal to :
[Sep. 05,2020 (ID)]



Options:
A2-
B.2+2
C.\2 =2
D,%—l
Answer: C

Solution:

ﬂ+2ytanx=2sinx
dx

IZtanxdx 2
I.LF. =¢ =3sec’x

The solution of the differential equation is
yxI.F =II .F x2sinxd x+C

=y. sec’x = J2sinx . sec’xd x +C
=>ysec2x=2secx+C ...... (i)

Whenx=§,y=o;thenc=—4

~ From(i), yseczx =2secx—4

=>y22sec>§—4 :y(g) =\73-2
sec’x

Question207

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

equation,xy’' —y = xz(x cos x +sin x), x > 0. If y(n) = &, theny" (g) +y ( g) is

equal to :
[Sep. 04,2020 (I)]

Options:

T
A2+§

2
fngm
B.2+2+%

2
T T
C.2+§+4

T
D.1+§
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