Previous Year JEE Questions

Question 1

The general solution of the differential equation
(3" — 2" ydx — xydy =0 (x = 0)is (where, C is a constant of
integration) (2019 Main, 12 April 1)
@) v: -2+ O =0 v+ 28 + Cx*=0
W+ 2%+ =0 v -2 + O =0

Answer: (b)
Solution:

Given differential equation is
(yg’—x"‘}dx—xydy =0 (x=0

d:

= o yt=-
dy _dt dy _ 1 di

N ty =t 2 — =_
o, Uty =t = 2y S Y T dx

zdt_,__p

2 dx
= E—E£=—2x‘n’

dex =x

which is the linear differential equation of the form
E + Pi =)
dx '

Here, P=-ZandQ=-2
X

-[2dr 1
Now, IF=¢ = =_
©

~* Solution of the linear differential equation is
(IF) & = IQ(IF}d}: + &  [where Ais integrating constant]

:[x_];’J=_2 I(x‘"’xx—]:q]dx+ L

t

= —=—2r+ A
<
4 2r=1L o=y
= ?+ = [+ t=2»"]
= ' -kt =0
or ¥+t + O =0 [letC=-12]
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dx+ 1 1
—x=—
d}' ¥ 2 ‘}IS

equation of the form ;E + Px=0Q.
¥

which 1z the linear differential

Here, P - — and Q=L_,s
,‘}'

.1
| —d¥ _1

E]
Now, [F=e¥ =g &
~.The solution of linear differential equation is

- (IF) [QAPdy + C

~.The solution of linear differential equation is

z-(IF) _I'Q(IF}ﬂE? +C

=z = J-L% eVidy+ C

U J’{ £ édt+C [let—%—t:w—dy—dt]

=—te +Je[d!+C [integration by parts)
=—td + +C
:»xe‘”-"=l PRt N ] (1)
¥
Now, at y=1, the value of x=1, s0
1-¢l=¢t 46! +lf',':alf','=—l
e
On putting the value of C, in Eq. (1), we get
1 &
x=—+1-
¥ €
vz
E‘yn,at‘}'=2thevaluenfx=l+1—E—=E—L
2 e 2 e

Question 2

9 1
Conzider the differential equation, y'dxr + [x - —}iy =0.

¥

If value of yis 1 when x =1, then the value of x for which

y=218 (2019 Main, 12 April I)
5 1 3 1 1 3
(nt»?E mi_ﬁ (1:}— T (d}l—g—v";

Answer: (b)
Solution:

Given differential equation is
1
ydx+ [x— —] dy =0
¥
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Question 3

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

$+ytanx=2x+xztanx, xe[—E E} such that
dx 2 2,

({0} =1. Then {2012 Main, 10 April I1)

Answer: (a)
Solution:

Given differential equation is

% +ytanx=2r+ xzta.nx which 1s linear differential

equation in the form Df +Py Q.
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Here, P=tanxand @ =2x+ x" tan x
SR = ltenrds _ Jlagalmes) _gon

Now, solution of linear differential equation 1= given as
yxIF=[(@xTF)dx+C
ooyl(secx) = I (Zx + x*tan x)secxdx+ C

=J 2xsecx) dx+ J-xzsacxta.nxdx+ C
J xzsecxtanxdx=xzsetx—J 2xsecx) dx
Therefore, solution 1s

_}'ser:x=2_|- xsecx dx + xzser:x—Z‘[ xsecxdr+C

= ysecx = secx + C ... (i)

vy =1=211)=01)+C=C=1
Now, ¥ =+ +cosx

and ¥ =2x -sinx

According to options,

B )
(D g)ee
o (5o ()-(6)-3) 605 )

and"{) 4) 16(1:;_nz”‘!§

.
) 5

[from Eq. ()]
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y(e™ ) = J'e"‘"” sec’x tanx dx +C
Let tanx = = sec’xdx =di
ygtans =Id-sdz + 0=t —j’e’dz +C
[using integration by parts method]

= (t-1+C
= y-@ T = T e — )+ O [ & = tanx]
. ¥(0) =0
= 0=10-1)+C= C=1

y-gttm T Ty — 1)+ 1
Now, atx = T
4

yel=pl(-1-11+1

= yc_L=—2e_l+l=:_y=c—2

Question 4

If y=y(x) i1z the solution of the differential equation

d @
d—‘; = (tanx—‘y)s,f_ac‘x, re [—%,%} such that ¥ =0
then y (— %] is equal to {2019 Main, 10 April I)

@i-2 ®
@

b | =

—e (0 2+ () e—2
[

Answer: (d)
Solution:
Given differential equation
dy 2
— = (tanx — y)sec”x

dx
day

= o= +[scc2x}y seclrtan x,

which is linear differential equation of the form
dy
=L+ Py=4g,
ST =Q

where P = sec” x and @ = sec”xtanz

jm:zrd.r=emn:

IF=e

S0, solution of given differential equation is
¥ x IF=j(Q><IF}dx+C
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Question 5

x

Ifmsxﬂ—ysinx=ﬁx, Dex<> and 3 =0, then
_ dx ° 2 3

(2019 Main, 9 April 1)

2 2 mz “E
y I S P dy -
243 2.3 & 4.f3 { 2

"y
| — |1s equal to
|5 )iea

Answer: (b)
Solution:

Key Idea(ll First convert the given differential equation into

linear differential equation of the form j_y +Py=0
I

(it} Find IF
(i) A pply formula, y(IF) = IQ[J‘F)d:r +C

Given differential equation

msxg — (sinx)y = Gx
dx

= dy _ (tan x)y = i, which is the linear
dx CO8X

differential equation of the form

D ope-g
dx

fix
COSX

—[ tanx dr - .
S0, IF=e I = gl — ppgy

where P=-tanxand ¢ =

~Required solution of differential equation is

2
yleosx) = [ () ——dx + C=6‘T+C=:ax3+c
CO8X 2
Given, y[£]=0
3
2
So, 0= %{ ]+C=.C_—“_
3
cosx) =31 —E—
¢ 3
Now, at ==
NERTIE SHE r: n®
¥ — =-}_—_=—_=:.J,l=—
[ 2 36 3 4 3
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Question 6

Tl;!e gsolution of the differential equation
xd—'; +2y=xY(x#0)withy(1)=1,is (2019 Main, 9 April I}

3 P 1
(a) _v=x_+‘_i__, (b) _v=xT+ lg
4 d4x 5 Bx
c) ¥ _3.. l,, (d) _|,-=Ef1 + ]'U
4 4x= o bx”

Answer: (a)
Solution:

Given differential equation 1s

x% +2y =x2, (x=0)

dy (E]
= —+|=|y=x
dx \x,
which is a linear differential equation of the form
% +Py=@

Here, P=EandQ =x
x

a

IF=e[

Since, solution of the given differential equation is
yxm=j@xnn¢+c

;-e.ir — Algx =x2

1
"_v(xz) = j (xxxY) de+C =:vj_vx2 =xT+ C

Ml)=1s01 =%+C ==

o | o

3

s % 3
yrE=—+t—=y=
E PR

dx

+

h|}‘ﬁ.\7

[

Question 7

Let ¥ = y{x) be the solution of the differential equation,
x + 1}3% +2¢(x* +1)y=1 such that y@)=0. If

Ja ¥1) = ‘1_1;’ then the value of ‘a’ 15 (2019 Main, 8 April I)

1 1 1
) L ) L ) 1 a L
@3 ® 3 ¢ T

Answer: (d)
Solution:

Given differential equation 1=

(:c1 + l}z? + ‘_J.:c(:cz +hy=1
x

dy 2 1
= i T = 7.0
dx 1+ x~ 1+ x)

[dividing each term by (1+ £*) ...(0)
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This is a linear differential equation of the form

Hipy-q
dx
9
Here, P = = —and ) = %
1+x7) 1+x7)"
¥ 31-2
~Integrating Factor (IF) =¢ ¥ 7
_ el + 2y _ 1+ 25

and required solution of differential Eq. (i) is given by
y-(IF) = J’ Q(IPdxe+C

=:-_v(l+x°“]=-[ lj_’(l+:r""}d:r+C
1+ ™)
=:-_v(l+x”}=j -+ C
1+ x°
=yl+x)=tan "(x)+ C
w ¥0)=0
C=0
Y1+ x")=tan ' x [-C =0
tan' x
= y= .
1+ x°
-1
- J‘;—v=£ tan :t‘
1+x™

[multiplying both sides by /]
Mow, atx=1

Jar
8

o | =
]

Jay (1}=£[t“;"l‘”] @

m -
= (given)
+ 32

Ja=log-1
4 16

Question 8

If a curve passes through the point (1, — 2) and has slope

]
x =2y

of the tangent at any point (x, y)on it as , then

x
the curve also passes through the point
(2019 Main, 12 Jan 11}

(a) (/3,00 by (—1.2)
(©) (-4/2,1) (d)y (3,0

Answer: (a)
Solution:

We know that, slope of the tangent at any point (x, ¥) on
the curve is

ﬂ [ £ —2y (given)
dx x &
dy 2 .
= —+—y=x ]
x

Ehich ig a linear differential equation of the form
=+ Py =Q),
where Pix)= E and Q(x) =x
x
Now, integrating factor
—zd.'r -
ﬂl—"} =E_[P|.r}d: =-E']I =EJ“&I
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Lt [- mloga =loga™)

=" [ %/ = ()]
and the solution of differential Eq. (1) 1=

WIF) =j QI Fdx + C = y(x") = j e de+C
4

- yx2=IT+ C (i)

-» The curve (11) passes through the point (1, —2),
therefore
-2= l +C=2C0=- 2
4 4
.. Equation of required curve is 43y¢* = x* -9,

Now, checlang all the option, we get
only (+/3,0) satisfy the above equation.
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So, required solution 1s
' .

) _x
Now, at x=e;e;_v[e}=%lngee—§

[where, y(¢) represents value of yvat x =4

= »e) = f [+ log, e=1].

Question 9

Let ¥ = y{x) be the solution of the differential equation,
xiﬂ—i‘; +y=xlog, x,(x>1) If 2¥(2)=log,4 -1, then ye)
1s equal to (2019 Main, 12 Jan 1)
2
€ € € [
(El‘} - E (bl} - (f} ‘—1_ (d} :

Answer: (c)
Solution:

Given differential equation is
xd—‘: +y=xlog,x (x>1)

dy

= ;+l‘_\'=lngex 1)
x

Which i= a linear differential equation.
1
L

So, if=¢r =gty

Now, solution of differential Eq. (1), 1s

yxx=-[(1ng‘,r)xdx+ﬂ

= ‘yx=x—dlugex—Jx—dxldx+C
2 2 x
[using integration by parts]
= 1yx=§log‘,x—x?d+c .. (i1}
Given that, 2y@2)=log,4-1 e (111)

On substituting, x =2,1n Eq. (11),
we get

2y@)=log 2- 7 +C,

[where, ¥(2) represents value of vat x =9

= 2y2)=log,4-1+C . (1v)

[ mloga =loga™]

From Egs. (1) and (1v), we get
C=0
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Question 10

If y(x) 1= the solution of the differential equation

d)‘ [2I+1]. _irp
—_ + y=¢ -, x>0,
dx x

where y(1) = %e_z, then

{2019 Main, 11 Janl)

(a) y(x)is decreasing in [T];- . l]

(b} w(x)is decreasing in (0, 1)
ic) y(log, 2)=log 4

(@ yllog, 2 =2

Answer: (a)
Solution:

We have, % + [Ex;— l]y —g ™

which is of the form % + Py=@, where

2x+1

pP=

and @ =¢ ™"

Now, [F =clPd: = el[%lir =c‘l[%+ 2ld:
R PR -

and the solution of the given equation 1s
y-(F)= [ (F)Qdx +C

= _.v(reh}=-|-(reh_e'k}dx+(7

=_|-xdx+C=x?-+C (D)

l 3
Since, y= Ee“ when x=1

1 5 4 1 . .
Ee".c‘ =3 +C = =0 (using Eq. (1))
_y(xe""r}=g = _y=£e'3r
Now, B Loy %o () =E_&{l R x} <0,
dr 2 2 2
i.f% <x<l [by using product rule of derivative]
and ‘yﬂng“ 2= ]@%2 c—!hlﬂ, 2_ % 1Dg¢ 2 e'ltlg‘ o2

1 2 1
== .log,2-2%="log,2
5 - 1og. 5 log.
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Question 11

Let f be a  differentiable function such that
frix)y="7 : Hﬂ ,(x>0)and f(1) #4. Then, lim rf( ]
—0t

(2019 Main, 10 Jan IT)

{a) does not exist (b) exists and equals é
i

{c) exists and equals 0 (d) exdsts and equals 4

Answer: (d)
Solution:

Given, [ (x) =

3 f@) f(x} s
+

On putting fix) = yand [ (x) =

dy 3y
= ===
dx 4x
= £+lv—7 1)
drx  dx”

\:E'hich is a linear differential equation of the form
3
Ev+Pv =@, where P =EandQ =T

)
Now, integrating factor (IF) =2J;

_ e'?]cng: _ ‘_JUB 4 _ r‘ﬁ."i

and solution of differential Eq. (1) 1s given by
y(F) = [ (Q-(F)dx+C
yr‘ﬂ'd — J‘ Tr‘ﬁ.l'd dx+C

3

—+1

. 4
= yat = 1= +C

Z+1

4

) 1
= ya'l =dxr 4 C
= y=dx+ O
So, y=fl)=de+ O™
Now, ,f"[l)=i+lf'-'-::.’w.1
) x

lim xf[l] = lim x(i+c.‘f*“ = lim (4 +Cx"4) =4
x x

=07 07 =07
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Answer: (a)
Solution:

Given, differential equation is

dv 3 ]
3 ¥=

— |5 —, which 1z a linear differential
dx cos x

CcOs™ X

3

]
e X

and

equation of the form ?!E + Py =@, where P=
__1
cos®x
Now, Int,Lgr.iting factor

IF= e ooz LJML rdE _ #tanr ond the solution of
differential equation is given by
¥(IF) = [ (Q (IF)) dx

@ Il
= e‘“"“.y=_|-e’““"rsec‘xc£x (1)

Let I=J-em“":seczxdx

Put Atanx=1{
= dsec” x dx=dt

el‘ E“SLun:

1=jidz=—+0= +C
3 3

From Eq. (1)

{_":5[‘”:___\'= +

It is given that when,

r=—,yis—
3

Thus, “"”:v=d +é

T
Now, when x=-— ¢ y="_ + ¢
4 3

= y=£ +l ['.‘tan[—£]=—1:|
3 4

Question 12

d 3 1 — 4
]f—‘v + 7 )= 5 X € (_ﬂ: . E] and -v[l) =5 then
dx cos x cos"x 3 3 4 3

R
y[ - —) equals
- {2019 Main, 10Jan 1)

(a) %+ e b —% ic) _—2+ é (d) i

i b i i
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Question 13

If ¥ =y(x)1is the solution of the differential equation,
x% + 2y = x” satisfying y(1) = 1, then v[%) 1z equal to

(2019 Main, 9Jan 1)
13 l T

49 i
)] ) — d) —
16 ® 4 € 16 ¢ 64

{a)

Answer: (c)
Solution:

Given differential equation can be rewritten as

dy (2 C e . . .

— +|=|-» =x, which is a linear differential equation of
x

dx
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the form & + Py =@, where P _Z and @ =x
dx x

Now, integrating factor

—34.{:
(IF} =g * =eZ'|(|g_r - ‘._Jugrg =y
[ /9 = ()]
and the solution is given by

yF)= [ @xTF)dx+C
= _.\'12=‘[x3dx+C

= yxz=x—+ C A1)
4

Since, 1t 1s given that y=1when x=1

- From Eg. (1), we get

1=licse23 (i)
4 4
41-'*’:3; =+t 23 [using Egs. (1) and (11)]
2 +3
= =
4x
1
—+3
Nowr, v[l)=lﬁ ; .19
2)” .1 16
4
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Question 14

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

. dy
sinx—+ yowsx=4x x =0, W)

If v(ﬂ] =0, then »{1] is equal to
2 G (2018 Main)
@5 m}%n! @-3x @2

Answer: (c)
Solution:

We have,
inx % + B Y 4 yeotx=4

sinx——+ ycosx=4x = — + ycot x=4xcosec x
This ig a linear differential equation of form

dy

—+P=Q

FPREE
where P = cot x. @ =4xcosec x

i trdr i .

Now, IF = 7% = :_Jm =T _ in

Solution of the differential equation is

y-slnx= _[4x cosec xsinxdx + C

= ysinx=-|-4:x£x+(?=2xz+€
Put x=%,‘y=l'.l, we get
- , ml
C=———= ysin:c:Ex‘—ﬂ:—
2 ’ 2

Put x=£
i
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Question 15

If a curve y = f(x) passes through the point (1, - 1) and
satisfies the differential equation, ¥(l1 + xpy)dx=xdy,

then f[ - l) is equal to
2 (2016 Main)

©2 @ 2
o3 o

| b

(a]—l_

by -2
o

o

Answer: (d)
Solution:

Given differential equation is
M1+ xy)dx=xdy

= ydx+ xyidx =x dy

R xdy—yds_ . g,
¥

= —M=xdx =:-—d[£]=xdx
g ¥

On integrating both sides, we get
x x .
—===4C (1)
y 2 (

-+ It passes through (1, - 1).

Question 16

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

(x 1{ng}? + ¥=2xlog x, (x 2 1). Then, () 1= equal to
T

(2015 Main)
{a)e () 0 (c) 2 (d) 2e

Answer: (c)
[P.T.O. for Sol'n]
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Solution:

Given differential equation 1s
dy
log x) —+ y =2x1
{xlogx o ¥ og x
dy ¥

= —
dr xlogx
This is a linear differential equation.
1

—dr
IF =g xlogx =e'k|g|]cbg:r} — ]Dg.‘f

-2

Now, the solution of given differential equation 1s given

by
_y-lngx=‘[ logx-2dx

= y-lngr:E_[ log xdx

= ylogx=2 [xlogx—x]+¢c

At x=1 = c=2

= y-logx=2 [xlogx—x]+2

At x=¢e y=2(—-e+2

= y=2

Topic: Linear & Exact Differential Equations

2
x

Now, j" (x) dx = —dx
j -Lﬂ* 1-—
[using property]
Ny xﬁ
=2 — dx
[\] 1-—x
= j‘fs%msﬁ df [taking x=s1n 8]

wE o, i
_2 jwsin‘ﬂ do = {1 - cos 20) do
0 L]

_[B_sinze ¥ m sin2m/3 _m A3
2 ), 3 2 3 4

Question 17

The function y = f(x) is the solution of the differential

equation d— a4 x4'+2x m (-1,1) satisfyin
q o I R o . g
f(ﬂ}=D.Then,j rf(x)dxis (2014 Adv.)
LR m 3 n 3 LRk
@32 '“”—T O % D=2

Answer: (b)
Solution:

PLAN () Solution of the dﬁererrtialequations—y + Py =0 s
X

y-(IF) = J'{J-[u;..:fx +e
where, IF =E'J P

(i j: flx) e =2 j:.f[x:l-:"x. if f—x) = f(x)

Given differential equation

r:Ev+ x xt+2x
— ¥=
dr x*-1° J1—xF

This 1z a linear differential qu.lﬂtiﬂn
J zI dx

[Fee ©-1 _ lnl: -1l ﬂ
= Bolutionis y./1- x j x(::."—+2} J1—2t dx

or 1y1f1—x3=‘[(x1+2x}dx=7+xz+c
3 ]
5
flly=0 = e=0 = f(x}qfll—x3= -

7|Page

Question 18

Let f:[1/2,1] —» R (the =zet of all real numbers) be a
positive, non-constant and differentiable function such

tll'Lat f @) <2f(x) and f(1/2)=1. Then, the value of

-[1.-'2 fix) dxlies in the interval (2013 Adv)

{a) (2e -1, 20) B (e—-1,% -1
(12} [’E;l,i‘—].] (d} [U,i‘;l]
Answer: (d)

Solution:

PLAN Whenever we have linear differential equation containing
inequality, we should always check for increasing or
decreasing,

. dy dy
e for— 0 = 0
ie ordx+ﬂf-: = dx+*’)f>

Multiply by integrating factor, ie. EJM and cormvert into
total differential equation.
—f 2dx

Here, f'(x) < 2f (x), multiplying by ¢
frix)e™ —2e=f<0 = %(f(x)-e‘l""} <0

. 0lx) = f(x)e™ is decreasing for r e [% s 1]
1
Thus, when x = 5

Px) < [%] =

e flxy<e f[%)

= flxy<e™1, givenf(%]=1
- 0< [ fede<| & dx
1 gl '
= l']{-l-u_v f(x}dr{[ 5 ]
B Sz
=
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Question 19

Let f (x) be differentiable on the interval (0, =) such that

fly=1, and 1'111'1M =1 for each x >0. Then,
=z

ft—x

fix)is (2007, 3M)

1t 1 | 4¢®
a) —+ ) ——+
¢ Ax 3 @ Ax 3

0

©-1+2 @

I x x

Answer: (a)
Solution:

Given, lim 73‘}"(::}—::‘}"(3} =
t»x  f-x

= 2f ) -2xflx)+1=0

= ) —2x f(x) N L1

52

1

=0
(x

d(f@)y__1
- dx(f]' -

On integrating both sides, we get

x

-» 1
e+ —
fix)=c +L

¥

Also, fi1) =1, c==

2
H f =224 L
Enee, ) =—x"+—
3 ax

Question 20

fxdy=y(dx+ ydy), y(1)=1and y (x) > 0. Then, y (-3)

is equal to (2005, 1M)
(a)3 (b) 2
©1 (d)y0

Answer: (a)
Solution:

Given, x dy = y(dx+ v dy),y =0

= xdy—ydx=yidy
dy— v dx
= #=d‘v:¢ d[£)=—d‘v
.\I‘ ¥

On integrating both sides, we get

L y+e ]

Y
Since, y)=1 =x=1yv=

c=2

. x
Now, Eq. (1) becomes, =+ y =2
¥

8|Page
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Again, forx=-13

= -3+ 3y =2y
= _vz—E_\'—3=D
= (v+1)(y-3)=0

As v>0,take y=3, neglecting y=-1

Question 21

If ¥(t)1s a solution of {1+ t}% —ty=1and y(0)=-1,

then y (1) iz equal to (2003, 1M)
(a)-1/2 (bye+1/2
{c) e—1/2 (dy1/2

Answer: (a)

Solution:
Given, Sy _[_t ¥= and y (0)=-1
dt \1+t¢ (1+1¢)

Which represents linear differential equation of first
order,

c e

Il ol o

IF=¢ [1 r}d =£.—r+'|-:|gl'l-rl'|=£,—r.(l+ﬂ
Required solution 1s,
1

ye! (L+ )=
’ -F 1+

t-e" (l+ﬂrit+r:=j etdt+e

= ye t(l+t)=—e"+¢

Since, y(0)=-1

= -1-" 1+ 0 =—e"+¢
c=0
yeerl oyl
: (L+1) ’ 2

Question 22

Let f: (D, =)— R be a differentiable function such that

fixy=2 - @ for all x (0, =)and f(1) # L. Then
x (2016 Adv.)

@ lim f El]=l

x— 0+

(b) lim xf[_l)= 2
= 0+ x

© lim L) =0

{(d) | fix)| < 2forallx e (0,2)

Answer: (a)

Solution:
Here, f'(x)=2 —@
x
or E +2_9 [1.e. inear differential equation 1n 3]
dx  x
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rats e _
Integrating Factor, IF = =¢ ¥ =x
. Required solution is y-(IF) = j QF)dx+C

- y(ﬂ:_[z(x}dnc
= yx=x+0C
y=2+C [ C =0, as f(1) =1]
x

(a) lm j“'[ )— lim (1-Cx%=1

0" =07
o Option (a) 1= correct.
(b) lim xf[ ]_ lim (1+Cx* =1

=07 =07

.~ Option (b) 1= incorrect.
ic) im »*f ()= lim (* -C)=—C=0

=07 =07

. Option (c) 1= incorrect.
(d) flx) =x+£, C =0
x

For C>0, lim fix)=o

=0t

. Function 1s not bounded i (0, 2).
.. Option (d) is incorrect.
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N _2n® = _4114_231:z

Question 23

If wx satisfies the differential  equation

¥ —ytanx =2 xsecx and y(0), then 2012)
2 2
) £]= i ) -[£]=“_
@ y[a, a2 ®) ¥ 4) 18
2 T
) y[E)=E d) '[E]:ﬂ 2
@ y[a] 9 @ 53 34
Answer: (a, d)
Solution:

PLAN  Linear differentizl equation under one variable.
E+Py =0 IF =EIMI
dx
~ Solution is, ¥(F) = [@- (Fdx+C
¥ —ytan x=2xrsecx and ¥(0)=0

dy

= ——ytanr=2xsecx
IF:jE_lmr dy=e"ele®d — o v

Solution 18 y-msx=J Zxzecx-cosxdx+ C

= yeosx=x"+C

As ¥D)=0= C=0

y=rsecx
T n*

. vx(E]=l+“_ﬁ
4] J2 82

Question 24

Let u (x) and v (x) satisfy the differential equations
%+P (x)u=fix) and % +pix)v=gix), where

plx), f{x) and g(x) are continuous functions. If
u (xm)>v(xn)for some x and f(x) > g (x) forall x>,
prove that any point (x, ¥) where x> x does not satisfy

the equations y=u (x) and y=uv(x). (1997, 5M)
Solution:
Let wix)=u(x)—vx) (1)

and hix) =f(x)-g(x)
On differentiating Eq. (1) wor.t. x
dw _du dv

ds de ds
={fl-pE)uEy-{gk-puvlx; [given]
={f (x) — g (0} — plx) [u (x) —v (x)]

= %=h{x}—p(x}-w(r} (i)

= % + p(x) wix)=h (x) which 1z linear differential
equation .
The integrating factor is given by
IF =eJ plde _ (x) [let)
On multiplying both sides of Eq. (11) of r{x), we get
r (x)-%+p () (r (x)) wix)=rix)-h(x}

= %[r(x}w(x}]=r(x)-h(x} '.'%=p(x)-r(x}

Now, r(x)=ajplr’dr>ﬂ,‘ﬁ"x
and hix)=f(x)-g(0=0,forx>x
d
Thus, —_ yw(x)] =0, V=
us dx[r(x w (x})] r>x

r (x) w (x) increases on the interval [x, o= |
Therefore, for all x> x
rix)wix>rin)wig)=0
[+ rixm)=0and u (x) > vig)]
= wix)=0Vr=n
= ulx)>vix)vr=>x [ rix)=0]

Hence, there cannot exist a point (x, ¥) such that x> x
and y=u (x)and y=wv (x).
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Question 25

Let ' (x) + y(x) g (x) = gix) g’ (x), y0)=0, xe R, where
d fix)

" ix) denotes and g(r) iz a given non-constant

differentiable function on R with g(0)=g2)=0. Then,
the value of ¥2)1s ...... (2011)

Answer: 0
Solution:

?!—'.!i+..\"§’(xf'=g(ﬂ§’(x}
IF=£J¥II'JI=ESII'

. Solution is y (e¥'*) =J gl)-g(x-e*de+ C

Put gl =t gix) de=di
et =t di+C
=t —Jl-e’ dt+C =t-é - +C
vy = (g -1 & 1 O (1)

Given, ¥0)=0,g0)=g2)=0
o Eq. (1) becomes,

0" = (g0)-1)- &% 1 C
= O=(-1)-1+C = C=1
¥ - = (gl -1) M7 + 1
= Y- = (g2) -1) '® + 1, where g(2)=0
¥2)1=(-1)-1+1

¥i2)=0

!
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