Edubull

DIFFERENTIAL EQUATION
EXERCISE # 1

ST Order & Degree Q.5 If pand q are order and degree of differential
based on
1/3
: . d’ y rax [ 42 =i
Q.1  The order and degree of the differential equation y* o’ i Xy" =sin X,
equation y = x Yyl (dy] +b? are- then-
dx dx A B . 5
> —= = <
AL2 ®)21 ©QLL (D)22 (A)p>q () ()p q(D)p<q
Sol.  [A] Sol. [D]
dy /1_y2 Orderp=2anddegreeq=6=p<q
dx yV1—x2 Questions

wesiidldl Formation of Differential Equation

Clearly order one and degree one
Q.6 The differential equation of the family of

Q.2 The order and degree of the differential curves represented by the equation X2 + y2 =32
2/3 is-
) dy 2 _ dzy IS
equation | 4+| —= =— are- dy dy
dx dx (A)x+y_:0 (B)y—:x
dx
Sol. [C] (©) y—y (—yj = 0(D) None of these
Clearly order one and degree two dx
. . . Sol. [A]
Q.3 The degree of the differential equation X2+ 2=
oy ) d?y  _d dy
9Y 1 14 .39Y 5% _gjs- =2x+2y -~ =0
dx® dx? dx dx
A1 (B2 (C)3 (D) None Lxry Y og
sol.  [C] dx
dy 2 d2y 3 Q.7 The differential equation of the family of
4+[dx] } z{d?} curves y2 = 4a (x + a), where a is an arbitrary
= order two and degree three constant, is-
. . B 2
Q.4  The order 'O’ and degree D of the differential Ay 1+[d_yj — o Y
dy x2 (dy 2 dx dx
equation y = 1 + X [—j+ — [—j + ... B
dx 2! Ldx r 2 d
q B)y 1_(d_yj }: ox Y
o+ (—yj ..... oo are given - | \dx dx
dx
(A)'O':l (B)D=2 (C) +2dy—o
(©)D=0 (D) D is not defined
4 3
dy . x2 (dy x" (dy dy dy
Sol.[A 1+ Fot— | = +.. 2 | +3=+y=
oLIAl y= de (dxj n! Ldx > (©) dx 3dx y=0
= order'O' =1, degree D = . Sol. [B]
y’=4a(x+a)  ....(1)
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dy v )2 Y
2y — =4a e y
Y i (D) (y+xd—xj _1_[d_xj
:>yj—y:2a Sol.  [C]
X i i 2 2
b® =
from (1) line is ax + by + va“ + 0 1)
Yy _
22y y dy =a+h— =
= dx X+2dx
2 jﬂ _a
:>y:2xﬂ +y(d_yj dx b
dx dx 2
a a
2 from (1) —x+y+ (_j 11 =0
=>y|l- ﬂ :zxﬂ b b
dx dx

2 2
(g (2
Q.8 The differential equation whose solution is X X

(x—h)? + (y —k)? = @ is (where a is a constant)-

dy 2] » ((d?y 2 Q.10  The differential equation of all parabolas that
) 1+[d_xj - [dx_zJ have origin as vertex and y-axis as axis of
_ 3 symmetry is-
2 2 , ,
®) 1+[ﬂj =29y (A) xy' =2y (B) 2xy' =y
|\ ] dx (©) yy' = 2x (D) y" +y=2x
r 3 2,2 Sol.  [A]
(C)l+d—y a2 |9 Equation of parabola i
dx dx2 quation of parabola is
L ) .
(D) None of these X'=day @)
Sol. [A] diff. w.r. to x we have
(x—h)?+(y—k?=a’ (D) 2% = day
:>2(xfh)+2(y,k)d_y:0 = X=2ay'
dx X
dy = a=s -
:>(x—h)+(y—k)d—=0 (2) 2y
X From (i)
dy 2 dzy
:1+[—j +(y—k)—2=0 ....3 x2:4i
dx dx = 2yr y
from (1), (2) and (3) we get
) 2 = Xy'=2y
L[| g 9%y
" dx "l ax2 Q.11 Differential equation whose general solution is
y = C1X + ¢, /x for all values of ¢, and c; is-
Q9 T_he differential equa_tiorj for all the stra!ght dy  x2 dy _
lines which are at a unit distance from the origin A) —5+—+=>=0
is dx y dx
2 2 2
dy dy dy .y dy _
A)ly-x—2|=1-|2 B) 2+~ -—2L=0
( )(y dxj [dxj ®) dx>  x? dx
(B) +Xd_y 2:1+ d_y2 (C)ﬂ+iﬂ:
Y X dx dx?  2x dx
2 2 2
dy ) _ dy dy 1dy vy _
C)ly—-x—=|=1+|-2 D) —+—--—2-2 =0
( )[y dxj (dxj ( )dx2 x dx x2

Sol.  [D]
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= siny = ¢ Ccos X

y=CiX +
Q.14  The solution of the equation%= cos (X —y) is
c X
y=0C- X—i
Y-
A)y + cot C (B) x+cot =C
-, Ay ot (XY ]=c @) xvoot XY
y = Fcz
C) x +tan C (D) none of these
Loy oy ©x+tan (%3] = 0)
Y+—X X+
X 2 2X Sol. [B]
20 2 dy = oS (X —
Lymxy s XY XY ™ x-y)
2 dy _ dt
) Letx—-y=t > 1- —
=y =Xy +Xy" dx  dx
dt
Wy 1, 1- — =cost
Y'Y R AR 7 i
. X = E-l cost:ﬂ—Zm 2 b
“ial Variable separable dx dx 2
= J.dx = 3 J.coseczidt
Q.12  The solution of the equation 2t 2
2 = X=-cot— +C
d_y+ 1_y2 =0is- %
dx  V1-x = x=-cot +C
A) X41-y? —yy1-x% =¢ -
(A) -y X = x+cot(—X2yJ:C
(B) x\/l—y2 +yV1-x? =
Questions
©) x \/1+y2 +yx/1+x2 - il Homogeneous
(D) None of these Q.15 The solution of the differential equation
Sol.  [B] x2 g—y: X2 + Xy + y2 is-
X
dy __ 1=y
dx  V1-x2 (A) tan-? [%j: log x + ¢
dy dx
= y (Y-
I\/l—yz IJl_Xz (B) tan1 (;)-—Iogx+c
=sinty=—sin'x+c
=sinty+sin'x=c (C) sin~ ( j log x + ¢

= sin* (xwll—yz +yx/1—x2) =

(D) tan1 [ij =logx+c
= xy1-y? +yv1-x? = y

Sol. [A]
Q.13  Solution of the equation d_y_x2+xy+y2
dy . dx  x2
COS X COS y—==—sin X siny is-

G- _ R A -
(A)siny+cosx=c (B)siny—cosx=c Lety-vx:&-v+x&
(C)siny.cosx=c (D) siny=c cos x dv

— 2

Sol. [D] :>v+x&—1+v+v
fcot ydy=- ftan X dx dv dx
S
1+v X

= logsiny =log cos x + log ¢

Power by: VISIONet Info Solution Pvt. Ltd

Website : www.edubull.com Mob no. : +91-9350679141



Edubull

tan'v=logx + ¢ -
= g I327vdV:7J‘d_X
1 y vi-l

3, (v-1) 7
Zlog| —= |- = log (V- 1
ey g[v+1j 7 oo (v-1)

= tan” =logx+c
Q.16 The solution of the differential equation
=7 logX + logc

X— =y (logy—log x + 1) is- Solving we get

(A)y = xee (B)y +xe*=0 c=(x+y-1)°(y-x+1)°
C)y+ex=0 (D) None of these
dy _3x—-4y— 2
.18  The solution of the equation—+- =——-—
o A ° | dx 3x-4y-— 3
Si )):(Iog +1] (A) (x-y)2+C=log (3x — 4y + 1)

(B)x—y+C=log (3x—4y +4)
(C)x—y+C=log (3x—4y - 23)
(D)x—-y+C=log (3x—4y + 1)

dv

Lety:vx:ﬂ =V+X
dx dx

:>v+xﬂ =v(logv+1) Sol. [D]
dx dy 3x-4y-2
:>j dv = ax d_x_3x—4y—3
viog v X
=loglogv=1logx+logc R
y g_g W _Ov
= log = =cx dx  dx
=y=xe* = d—v=—£v—+1]
dx v-3
Q.17  Solution of differential equation
By —7x + 7) dx + (Ty —3x + 3) dy = 0 is- I—d" - fox
(A)C=(2x+y-1)° (y-3x+ 1)’ =Vv-4log(V+1)=-x-c¢
(B)C=(x+y—1)°(y—x+1)’ = (8x—4y)—4log Bx—4y +1)=—x—c
(C) C=(x+2y-1)° (2y x+1)’ = (x—y) + = log (3x — 4y + 1)
(D) None of these
Sol.  [B] Sl Linear & Reducible to linear

o Sy-rx+i 19 The solution of the differential equati
dx 7y—3X+3 Q e solution of the differentia equatlon

Putx=X+h, y=Y +k xlogx:;I +y=2log X is-
dy dY
= —=— we have Ay = | +
dx  dx (B)y Iogx2 c
=logx2+c
dY  7x-3Y+7h-3k—7 (B)y=log ;
dX  3x-7Y+3h-7k-3 (C)ylog x = (log ) + ¢
take 7h— 3k —7=0and 3h -7k ~3=0 (D)y=xlogx +c
wegeth=1k=0 Sol.  [C]
dY  7X-3Y dy, vy _2
T aX | aX_7Y dx xlogx X
dy d 1
PUtY:VX3&:V+X& |.F.=eIX|OngX = gloglogx _ log x
d_v 7(v? -1) y.Iogxsz.logxdx
dX 3-7v X
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Q.20

Sol.

Q.21

Sol.

Questions
based on

Q.22

= ylog x = (log X)* + ¢

The solution of differential equation Sol.
Yy +1=eXVis-

dx

(A)eYy=eX2+ce* (B)eY=eX+ce™X

(C) 3e¥ =eX/2 + ce* (D) None of these

[A]
eyd—y +e/=¢"

dx
Letey:t:>eyd—y:E

dx dx

= av +t=¢"

dx
LF. = el® =¢

:t.eX:Iezxdx

2x
:>t.eX:T+C

X
e B
:>ey:7 +ce

The solution of differential equation
siny (dy/dx) = cosy (1 —x cos y) is-
(A) cosy=(x+1)—ceX (B) secy = (x +1) —ce*
(C) sec y=(x—1) — ceX (D) None of these
[B]
dy

tany secy—> —secy =X
dx

Q.23

dy dt
Letsecy=t=secytany—=—
Y Y Y dx dx Sol.

— —t==

dx
ILF. = e 1™ =g
=te*= —J.xe‘x
=te*=xe™ —Ie‘x dx —¢
=>teX=(x+1)e*-c

=secy=(x+1)-ce

Trajectories and exact differentials

Q.24

The value of k such that the family of parabola
y = cx? + k is the orthogonal trajectory of the
family of ellipses x> + 2y —y = c.
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1
A 5
[B]
X2+2yP—y=c
diff. w.r.to x we have

d_y_d_y =0
dx dx

®; ©> O3

2X + 4y
For orthogonal trajectory

2xf4yd—x+d—X =0

dy dy
=2x=(4y-1) ax
dy

2dy _ rdx
4y -1 X

:% log(4y—-1)=logx +logc
=4y -1=cx

—y=ol+ T
4

So k=

QYIS

[A]
0 Xdx +ydy  xdy-—ydx

(x2 +y2)2 - X2

2x dx + 2y dy (xdy—ydxj
j— = —

2(X2+y2)2 XZ

1 -1 ) iy
~2 Id[x2+y2]_ Id(xj
= X_; =C

X 2(x*+y?)

: 2
y +sin X cos” (xy) dx

cos? (xy)

X .
+ | ————+siny |dy=0
{cosz(xy) y] Y
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Sol.

(A) tan (xy) + cos x +cosy =c

(B) tan (xy) + cos X —cosy=c¢

(C)tan (xy) —cosx +cosy =c

(D) tan (Xy) —cos X —cosy =c¢

[D]

Isecz (xy)d(xy) + Isin xdx + J.sin ydy=0

= tan(xy) —cos X —cosy =c¢

CIESTE Miscellaneous

based on

Q.25

Sol.

Q.26

Sol.

Q.27

Sol.

The solution of

V2D
e Y {xy*dy+y%dx} + {ydx —xdy} = 0, is-
A eY+e¥+c=0 (B)eY—eV+c=0
C)e¥+e+c=0 (D)e¥-e"+c=0
[A]
e® M2 (x dy +y dx) + (y dx —x dy) =0

= e (xdy +ydx) + Xy (ydx;zxdyJ =0
y
=d ) +dEe?) =0

d Xy’ d X/y -
:I&(e )dx + J‘&e dx=c

—eY+eW+c=0

The degree and order of the differential
equation of the family of all parabolas whose
axis is x- axis are respectively-

(A) 2, 1 (B) 1,2
() 3,2 (D) 2, 3
[B]

Equation is y? = 4a (x — h)
differentiate we get
dy

2y— =4a

y dx
Again differentiate then

d?y (dyY’

—— 4+ —=1 =0
y dx? (dxj

Clearly degree 1 and order 2

X

Number of values of m € N for which y = ™
is a solution of the differential equation
D% —3D% — 4Dy + 12y = 0 is-

(A)0 (B)1

()2 (D) more than 2
[C]

Oy=e™
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Q.28

Sol.

Q.29

Sol.

.. Dy=me™, D =m’™, D} =m’e™
Then D% —3D% — 4Dy + 12y =0is
me™ — 3m%e™ — 4me™ + 12e™ =0
=>m’-3m’-4m+12=0
=>M-2)(M+2)(m-3)=0
=>m=-2,2,3

Butme N

= m=2, 3 two values

The solution to the differential
y Any + xy’ =0, where y(1) = e, is-
(A) x(\ny) =1 (B) xy (Any) =1

(D) Ay + {X—;Jy =1

equation

(C) (Any)* =2
[Al

y)\ny+xd—y =
dx

R
yAny X

= A (Any)=—AnX+Anc
=XNy=c
Oy(l)=e=c=1
=XANy=1

A curve passing through (2, 3) and satisfying

the differential equation jty(t)dt: X%y (X),
0

(x> 0) is-

WX +y=13 @)Y= ox
x? y?_ _

(C)?+§—1 (D) xy=6

[O]
0 j ty(t) dt = X3y (X)
0

on differentiation

= xy(x) = 2xy(X) + x*y*(X)

= —Xxy(x) = 2 )
dx
o W) o dx
y(x) X

Integrating we get

A Yy(X)=—AnX+Anc

Website : www.edubull.com

Mob no. : +91-9350679141



Edubull

=xy(x) =c¢ - jd_yzjd_x
Passing through (2, 3) y X
=Cc=6 =logy=logx+logc
curve isxy = 6 =>y=cxX

Q.30 Familyy = Ax + A2 of curve represented by the This is a equation of straight line passing through

differential equation of degree- origin.
(A) three (B) two
(C) one (D) None of these True / False type questions
Sol.  [A]
y=Ax+A’ Q.33 The differential equation y*dy + (x + y?) dx = 0
N dy _ becomes homogeneous if we put y? = t.
dx Sol.  [True]
3 2
So y:xﬂ+ dy d_y:_(x+3y)
dx (dx dx y
= degree 3 y =t
2
dy _ _ oy y= B oy Z(XHYT) _dt
Q31 If vl 1+x+y+xyandy(-1) =0, then y.y ix y Vv X
function y is- —2(x+t) dt
2 2 = =—
(A) e=x)7/2 (B) )2 _q t dx
(C)loge(1+x)-1 (D)1+x homogenous
Sol.  [B] : . :
] Q.34 The degree of the differential equation
y _
0-—==(1+x(+y) 20\ 48
dx VI 9V Y G2y 4 sin [d—yjzo
dy dx? dx®  dx dx
J.1+ - I(1+x)dx is 2.
2 Sol. [False]
=log(l+y)=x+ =5 o0 Degree not defined.
©y(1)=0 = c= 1 Q.35 The differential egua}tlon of the faml-ly of
2 parabola whose axis is parallel to y-axis has
_(x+1)? order 3 & degree 1.
=log(1+y) =" Sol.  [True]
2 _
—y= e(1+x)2/2 _1 (x—Db)*=4a(y - k)
order =3
Q.32  Solution of differential equation xdy — ydx = 0 2(x — h) = day'
represents- 1= 2ay"
(A) rectangular hyperbola ) dy ax +3
(B) straight line passing through origin Q.36 If the solution of —- = 2y+1 represents a

(C) parabola whose vertex is at origin
(D) circle whose centre is at origin
Sol.  [B]

O xdy =y dx J@y+1) dy=[(@ax+3) o

circle, then the value of a is — 4.
Sol. [False]
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2 2
(2y2+1) :(axz?:) te

=>a=-2

Fill in the blanks type questions

Q.37

Sol.

Q.38

Sol.

Q.39

Sol.

Solution of differential equation

y 21 3!
+ . 1S ..l
xdy
X2 — eydx

= % .[Z(Anxz)dx = Iy dy

2

1 X¥(A\nx*—1) = Y i¢
2 2

XA xX2-x*=y?+2c

The orthogonal trajectory of system of curve
y = ax? which does not passes through origin,

ellipse

If gradient of a curve at any point P(x, y) is

X+—y+1and it passes through origin, then
2y+2x+1

CUIVE IS, euviniireneeneannns,

dy  X+y+1

dx 2(x+y)+1

X+y=t

Power by: VISIONet Info Solution Pvt. Ltd

Q.40

Sol.

Loy _d
dx dx

X+y+1 _dt
2X+2y+1 dx

1

=1+

L+l dt
2t+1 dx

3t+2 dt

= =—
2t+1  dx

3t+§

= J‘(j)(=§~l‘3t+§dt

x+c:3t—£)\n|3t+2|
3 2

c:—l)\nz
2

Solution of differential equation

&
3d—y+ﬂ: X—IS ................. .
dx x+1 y?

3
3y? dy 2
dx  (1+x)

Lety’=t = 3y° dy _ dt
dx dx

dt, 2t

dx 1+x

2
IF. = eIE =) = (1 + x)?
= t(1+x)°= Jx3(1+x)2dx
= y*(1+x)?°= J.(x5 +2x% +x3) dx

6 4
3 2 X 2 5 X

= 1+X)'=—+—=—x+—+C
y( ) 6 5 4
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EXERCISE # 2

Q.1

Sol.[C]

Q.2

Sol.[C]

Q3

Sol.[C]

1yl Only single correct answer type

Questions

The order of the differential equation whose
general solution is
y = C,eX + C,e2% + Cue* + C,e*" where
C4, Cy, C5, Cy, Cy are arbitrary constant, is-
(A)5 (B) 4 (©)3 (D) none

y =(C1+C, %) eX+C, 62X +Cae

= ae* + C, e + Cye*

® Three arbitrary constants
= order=3.
The order and the degree of the differential
equation whose general solution is, y = ¢(x — c)?,
are respectively -
A1 B)1,2 (©)1,3
y =c(x—c)’

= One arbitrary constant = order = 1
for degree diff. w.r.to x

(D)2, 1

d—y:ZC(x—c)
dx

2 2
dx 4y \dx 4y \ dx
= degree = 3.

The order of the differential equation formed
by differentiating and eliminating the constants
from y = a sin?x + b cos2x + ¢ sin 2x + d cos2x.
Where a, b, c, d are arbitrary constants; is -
(A)1 B2 (©)3 (D) 4

y = asin® + b cos? x + ¢ sin 2x + d cos 2x
diff. w.r.t. to x

j—yzasinZX—bsin2x+ZCCOSZX—2dsin2x
X
=Psin2x +2ccos 2x  [P=a—-b-2d]
d2y .
= —2=2PCOSZX—4csm2x
dx
d3y .
= —3 =—4(Psin2x+2c cos 2x)
dx

Power by: VISIONet Info Solution Pvt. Ltd

Q.4

Sol.[A]

Q.5

Sol.[A]

Q6

Sol.[A]

3
9y + dy =0;order=3
dx3 dx

The degree of differential equation satisfying

the relation

1’1+X2 + I]_+y2 = n(Xﬂ1+y2 —y\I1+X2 )lS

(A1 (B) 2 ©3 (D) none
Put x = tan 6 and y = tan ¢ then Vi+x? =secd

and 1+ y2 =sec ¢
equation becomes

sec 0 + sec ¢ =n (tan O sec ¢ —tan ¢ sec 0)
= €0S ¢ +cos O =n(sin O —sin ¢)

=N 2005m cosﬂ =2n sinﬂ cos
2 2 2

6-¢

= cotT =n=0-¢=2cot'n

9+¢
2

= tan'x—tan'y=2cot'n
Differentiating we get
1 1 dy _

1+x2
Which is a differential equation at degree 1.

The solution curves of the given differential
equation xdx — dy = 0 are given by a family of-
(A) parabola (B) hyperbola

(C) circles (D) ellipses

Xdx —dy =0

By integrating we get

= dex = J.dy

2
—_= + C

> y

2=2(y+0)
This is equation of parabola.

=

The equation of the curve, passing through
(2, 5) and having the area of, triangle formed
by the x-axis, the ordinate of a point on the
curve and the tangent at the point as 5 sq. units-
(A)xy =10 (B) x2 =10y

(C) y2 = 10x (D) xy2 =10
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x.y)
(%, 0) (a,0)
Area=5
1 @-x)y=5
> y
10
a= — +X
y

Then point (a, 0) = (E + x,OJ
y

Slop of tangent

dy _ -y _ Yy
7 & 10 10
y
= —lOId—Z:Idx
y
= 10 e

Sol.[A]

Q.9

Curve passes through (2,5) = ¢=0

So, equation of curve is
xy =10

Q.7 The solution of the differential equation

|Og(g_§j:4X—2y—2,y:1WhenX:1iS'

(A) 2e2y+2 =X 4+ e2 (B) 2623/*2 =X 4+ 4

Sol.
Q.10

dy =™ o @y+2)

sol[c]

= Ie2y+2dy= J.e4xdx

— 1 eZy+2:le4x+C
2 4
® y=1x=1
c=1¢
4

— 2e2y+2 = e4x + e4
(X2 + 1)y, + 2xy = 4x?is-

Power by: VISIONet Info Solution Pvt. Ltd

Sol.
Q.11

Solution of the differential equation

3
Wya+d=2rc

B)y(L-x)=x+C
©ya-=% +c

(D) none of these

dy , _2x o _ 4x?
dx  1+x2 1+x?
-[Zixdx .
LF.= e 1 = gM@XT) = q 4 2

4x2
= y.IF= LF [dx
J.(1+x2 ]
= y@l+x)= J.4x2dx

= y(1+x2):%x3+C

y = f(x) satisfies the differential equation
j—i—y:cosx—sinxwith the condition that y

is bounded when x — + oo the longest interval
in which f(x) is increasing in the interval [0, «t] is-

w3y wf]

of%) el
[B]

The solution of the differential equation

2x2y:—y = tan (x2y2)— 2xy2 given y(1) = g is-
X

(A)sinx2y2=ex1 (B)sin (x2y2) = x
(C) cos?xy2 +x=0 (D) sin (x2y?) = X
[A]

The solution of differential equation

d_y:X+
dx X

<

@ (%) =k
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Sol.[B]

Q.12

Sol.[A]

Q.13

Sol.[B]

<

dx ¢,(

dy _ dv
— =ZV+X —
dx dx

= V+X ﬂ =v+ M

dx o'(v)
Mdv: J‘d_X
o(v) X

= A ¢(V) = Anx + Ank
= ¢ [lj =xk

X
The equation of curve through point (1, 0) and
y-1
X2 +X

(A)(y-1) (x+1)+2x=0
B)2x(y-1)+x+1=0

dy _y . d{xj
X

X <
N—

Lety=vx=

is-

whose slope is

1-x
(C)yzl—
+ X
(D) none of these
dy _ y-1
dx  x(x+1)
yﬂx_zj(i__i_jdx
y-1 X x+1
= A(y—-1)=xin X +AnC
X+1
Cx
= y-1)=—
x+1
Curve passes through (1, 0)
= C=-2

= (y-1) (x+1)=-2x
= (y-1) (x+1)+2x=0

The solution of the differential equation

xdy + ydx — y1-x%y? dx =0 is-
(A)sinlxy=C-x

(B) xy =sin (x + C)

(C)log (1 -x2y2)=x+C
(D)y=xsinx+C

xdy + ydx — w/l—xzy2 dx=0
= xdy ty= \/1—x2y2

dx

Power by: VISIONet Info Solution Pvt. Ltd

Q.14

Sol.[A]

Q.15

Letxy=t:>ﬂ+y=ﬂ
dx dx

4 e
dx

= J‘ ! dt:J.dx

1-t2

= sin't=x+C

= sin'xy=x+C

= xy=sin(x+C)

A curve passes through the point (1, %J and its

slope at any point is given by Y_ cosz[%j.
X

Then the curve has the equationy = ....
(A)y=xtan (xn Ej
(B)y=xtan1(\n+2)
C)y= L tant [kn Ej

X X
(D) none of these

Given Y = ¥ _cos2 ¥
X X X
Let y =vx
o W
dx dx
= J.sec2 vdv = — d_x
X

= tanv=—-Anx+C
at(l,n4d) => C=1
y

= tan = =—AnXx+ \ne
X
1 e
= y=Xtan (xn—j
X

If x intercept of any tangent is 3 times the
x-coordinate of the point of tangent, then the
equation of the curve given that it passes
through (1, 1) is-

Ay= -
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Sol.[C]

Q.16

Sol.

Q.17

Sol.[B]

N

Let point of tangent is (X, y)
point of x intercept is (3x, 0)
slope of tangent is

(D) none of these

dy__ vy
dx 2X
dy dx
2 1= =— 11—
J.y X

= 2Ny =-Anx+c

Curve passes through (1,1) =>c¢=0
, 1 1

> Yy Dy —

X

Jx
A particle moves in a straight path such that its
velocity is always 4 times its acceleration. If its

velocity at time t = 0 is 2m/sec, what is its
velocity att = 2 sec?

(A) v2e misec
Ve

C) —m/
()2msec

(B) 2+/e m/sec

(D) 2 m/sec

Je

2=4x 2
2

v=2¢"

A normal is drawn at a point P(x, y) of a curve.
It meets the x-axis and y-axis in the points A
1
oB
where 'O' is the origin. The equation of such a

curve passing through (5, 4) denotes -

(A) aline (B) acircle

(C) a parabola (D) pair of straight line
Equation of normal at (x, y) is

and B respectively such that S =1,
OA

(xfx)+<vfy)%=o

Power by: VISIONet Info Solution Pvt. Ltd

Q.18

Sol.[A]

X Y
= + =1
X + d—y x+yd—y
ydx dx
dy
dx
d x+yd—y
= OA:X+y_y,OB:—dX
dx dy
dx
Given that i + L =1
OA OB
= 1+d—y:x+yﬂ
dx dx

= )Y =1«
dx

= (y—l)g—z +(x-1)=0

= (y-1+(x-17°=cC

Curve passes through (5, 4) so C = 25 curve is
(y—1)°+ (x-1)*=25

Which denotes equation of circle

The equation of a curve for which the product
of the abscissa of a point P and the intercept
made by a normal at P on the x-axis equals
twice the square of the radius vector of the
point P is (curve passes through (1, 0))-

(A) x2 +y2 = x4 (B) x2 + y2 = 2x4

(C) X2+ y2 = 4x4 (D) none of these
Equation of normal at P(x, y) is

(X—x)+(Y—y)%=o

X Y
= + =1
x+yd—y x+yd—y
dx " dx
dy
dx

® radius vector of point P = \Ix2+y2 from

Given condition
X [x + yd—yj =20 +yd)
dx

= x2+xyd—y=2x2+2y2
dx
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Q.19

Sol.[B]

Q.20

Sol.[C]

dy _ x2+2y2
dx Xy

Puty=vx= d_y :v+xﬂ

dx dx
dv _ 1+2v2

= VX — =

dx v

s dx
5 dv =
1+v X
= A1 +Vv)=2\nx+C

Curve passes through (1,0) => C=0

Putv= Y we get 2 +y? = x.
X

Solving we get j

The latus-rectum of the conic passing through
the origin and having the property that normal
at each point (x, y) intersects the x-axis at
((x+1),0)is-

(A1 (B) 2

()4 (D) none

Normal at (X, y) meets x-axis at ((x + 1), 0)

So, Slope of tangent dy__y
dx 1
= Slope of normal at (x,y)
o _1

dx vy
= jydy = J.xdx

= y?’=2x+C

Curve passes through (0, 0)
= C=0

= y*=2x

Latus rectum=4a =2

The equation of the curve satisfying the
differential equation y,(x2 + 1) = 2xy, passing
through the point (0, 1) and having slope of
tangentatx=0as 3 is -
(A)y=x2+3x+2 (B)y?=x2+3x+1
(C)y=x3+3x+1 (D) none of these
y2 (¢ + 1) = 2xy;
Yo _ 2%
yi o x%2+1
Integrate both side we get

Any; =An (¢ +1)+C
at x=0,y;=3= C=An3
= Ny;=A(x*+1)+\n3

=

Power by: VISIONet Info Solution Pvt. Ltd

Q.21

Sol.[D]

Q.22

Sol.

= y;=30%+1)

= y=x}+3x+k

It is passes through the point (0, 1)
= k=1

= y=x*+3x+1

Ify =X (where c is an arbitrary constant)
an|ex|

is the general solution of the differential equation
dy _y, ¢ [iJ then the function d{ij is -
dx X y y

2

2 2 2
(A)§_2 (B)fi—z (C)i—z (D)fi—z

X .
(i
A |cx| ®

(i) is the solution of the differential equation

y:

Y _Y [KJ (i)
dx x y
From (i) ﬂ = —m|cx|—1
dx  (n|cx|)’
dy 3_1 y (y)
-t = o (;J (100

T

From (ii) and (iii) we get
2
Xl-_¥Y
¢ (YJ x2
dy

The solution of y° x +y — x ol 0is
X

(A) x4 + 1/5 (xly)’ = C
(B) X°/5 + (1/4) (x/y)* = C
(C) (x/y)° +x'14=C

(D) (xy)* +x°/5=C

[B]
wdx + ydx —xdy _

ye.y?

Ix"’dx +j);—zd(§j =0

x5 1(x)'
Z 4+ 2 =c¢
5 4ly

0
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Q.23  The solution of

Xy [ Y qlaxis
X2+y2 X2+y2

(A)y=xcot(c—x)

(B)costy/x=-x+c¢

(C)y=xtan(c—X)

(D) y?/x* = x tan (c —X)
sol.  [C]

j xdy —ydx :j—dx

2
x2(1+ yz]
X

Q24 LetA=| (dy]m’ and
dx

2/3
B= {yo 33} Equation
X

tr(AB) ::—y is a differential equation of order
X

‘m’ and degree ‘n’ then (M + n) is equal to

(A) 2 (B) 3
€4 (D)5
Sol.  [C]

| 1ga il One or more than one correct
answer type Questions

Q.25 The differential equation of the curve for which
the initial ordinate of any tangent is equal to the
corresponding subnormal -
(A) is linear
(B) is homogeneous of first degree
(C) has separable variables
(D) is second order

Sol. [A, B]

y=yy
&,
dx

Q.26  The differential equation of all circles in a

lane must be =—
p (yl X

Power by: VISIONet Info Solution Pvt. Ltd

(A)ys (1 +y1%) —3y; ¥, =0
(B) of order 3 and degree 1
(C) of order 3 and degree 2
(D) y5* (1 -¥1%) =3y, ¥, =0
Sol.[A,B] Equation of all circles in a plane is
X2 +y*+2gx +2fy +C=0
diff. w. r. to x
2x+2yy, +2y+2fy; =0
Again diff. we have

1+yy, +y’ +fy,=0 (1)
Again diff. we get
YYs + Y12 + 2y1y, + fy3 =0 -(2)

from (1) & (2) we get

ys(1 +y:%) - 3y1y," =0
Which is of order 3 and degree 1
option A, B are correct.

Q.27  The differential equation

2
9V Y L in y + x2 = 0 is the following type
dx?  dx
(A) linear (B) homogeneous
(C) order two (D) degree one
Sol.[C,D]
Clearly the equation is not linear and not
homogeneous.

But equation is of order two and degree one
= option C, D are correct.

2
Q.28  The solution of (d_y] + 2y cot xd—y =y2 is-
dx dx

c c
(A)y—1 =0 B)y=
+CO0SX 1-cosx
©)x=2sint |S ©)x=2c0s1 | &
2y 2y
Sol.[A,B,C,D]

Solving for g_y , We obtain
X

dy _ —2ycotx=x \l4y2 cot? x + 4y2
dx 2

dy
dx
Thus we have

=y (- cot X £ cosec X)

jd_y = J(—cotx +cosecx) dx
y
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ANy = —Ansin X + An tan g +AnC

= x=0o0ry=0
= option A, C are correct.

X
_ CtanE c _ ¢C Q.30 The solution of | Y 4 x = xe( -1y js-
= = X

sin X 200822 1+cosx oty :
< C (A) ! log (e (n_l)y_lj = XT +C
andcos? X = =~ = x=2c0s? |- - €
2 2y 2y ,
d (B) e(n_l)y:Ce(n—l)y+(n—l)x /2+ 1
Again solving .[— =— I(cotx+cosecx) dx (n-1)
y e -1 | _ ,
(C)log| ———, | =x+C
C C ) (n -1y
Wegety = v 1
ZSinZE cosx (D) e(n-1)y = Ce(nfl)xz/2+x+ 1
or sinX =< Sol.[A,B] Yoy (™Y 1)
2 2 dx
Let(n—1)y=t
.41 |C
X=2sin — dy 1 dt
y =diwih 7 V™
dx n-1 dx
A, B, C, D all are correct.
1 dt __
q dv )2 = A x (e"-1)
Q.29 The solution of v = u oy [—Vj , Where B
du du 1 e_t
= — I —dt= jxdx
u=yandv =Xy are- n-17J1-¢
- _ 2
(A)y_o (B)y——4X = _1 )\n(_’]__e’t):x_q.c
(C) xy = cy + 2 (D) X2y = ¢y + 2 n-1 2
(n-Dy _ 2
9 1 e 1 X
dv dv = AN =) =—+C
Sol.[A,C] V=u— + | — n-1 ey 2
du du . . .
This equation we can write
dv (n-1y _ 2
PUIE_P )\n—e 1=(n—1)X—+)\nC
P e(n_l)y 2
V=UuP+P (1) )
Solution v =Cu + C? ey _q (nfl)X?
® v=xy,u=y ceDy
= xy=Cy+C? 2
From (1) L Dy = Ce(nfl)w(nfl)7 +1
d_v =P+u d—P + 2P d—P = Option A, B are correct.
du du du
= (u+2P) d_P =0 0 ﬂ =P Q.31 The differential equation ﬂ—w
du du dx 3y+2x+4
N P _o or u+2P=0 (2 which is not with separated variables, can be
< transformed into one which is with separated
® P=- % ..(3) variable; by the substitution -
From (1) & (3) we get (A)2x+3y=v (B)4x+6y+5=v
2 2 0 (C)2x+3y+4=v (D)3x+2y=vV
vV=— — + — =
2 2 Sol. [A B, C]
xy=0
Power by: VISIONet Info Solution Pvt. Ltd
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Q.32

Sol.

Q.33

Sol.

Q.34

Sol.

The function f(x) satisfying the equation,
f2(x) + 4F '(x). f(x) + [f'()]* =0, is-

(A) f(x) = c. e@ Vo
(B) f(x) = c. e+
(C) f(x) = c. eV3-2x

(D) f(x) = c. e @3
[CD]

The graph of the function y = f(x) passing
through the point (0, 1) and satisfying the

differential equation :—y+ Yy COS X = COS X, IS
X

such that

(A) it is a constant function

(B) it is periodic

(C) itis neither an even nor an odd function
(D) it is continuous and differentiable for all x
[A, B, D]

LLF. = gfcosxdx - gsinx

Its solution

y.e’" = J.cosxes"‘xdx =e"+ ¢

c=0=y=1

Water is drained from a vertical cylindrical
tank by opening a valve at the base of the tank.
It is known that the rate at which the water
level drops is proportional to the square root of
water depth y, where the constant of
proportionality k > 0 depends on the
acceleration due to gravity and the geometry of
the hole. If t is measured in minutes and
k = 1/15 then the time to drain the tank if the

water is 4 meter deep to start with is-

(A) 30 min (B) 45 min
(C) 60 min (D) 80 min
[C]

dy
" k\/;
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Q.35

Sol.

Q.36

Sol.

Ody ktd
N i A t
N

2JH =kt

_ 2\/ﬁ_ 2x2x15
k 1

t =60 min

The solution of the differential equation,

xzﬂ. oS 1 y sin 1 -1, wherey —» -1 as
dx X X

X — oo, is-
Ay= sini—cos 1 B)y= x+1
X X Xsin=
X
(C)y=cos l+sin l(D)y: x+1
X X XCOS~—
X
[Al
1 .11 1
dy|cos—| - |sih——dx =- —dx
y( x) I X x? x>

J.d(cos%yj :J.—Xizdx

If Jty(t)dt: x? + y(x) then y as a function of
a

X is
x?-a?
(A)y=2-(2+a’)e 2
x2_g2
B)y=1-(2+a)e 2
x2_g2

Cy=2-(L+a)e 2
(D) None of these

[A]

Diff. w.r. to x
Xy=2x+y'

d
=>xy-2)= %

2
X
:>7:)\n|y—2|+c
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atx=a, y=-a’

(B) If both Statement-1 and Statement-2 are

x2=n (y - 2)% + 2¢ true but Statement-2 is not correct
explanation of the Statement-1.
a? -an(a® +2)* : .
c= (C) If Statement-1 is true but the Statement-2 is
2 false.
1 (D) If Statement-1 is false but Statement-2 is
Q.37 A function f(x) satisfying If(tx) dt = nf(x), true.
) ° Q.38  Statement-1: The area of the ellipse 2x2 + 3y = 6
where x>0, is will be more than the area of the circle
n n X2+y2_2x+4y+4=0.
(A)f(x)=c. x " (B) f(x) =c. x"1 Statement-2: The length of the semi-major
! axis of ellipse 2x2 + 3y2 = 6 is more than the
©) f(x) =¢c. x" (D) f(x) = c. x&™ < raBdius of the circle X2 + y2 —2x + 4y + 4 =0,
ol.
Sol. [A] [E]
2 2
1 XY
I f(tx) dt = nf(x) 3 2
0
A=
lettx =u m/6
c X +y —2x+4y+4=0
jf(u)—u = nf(x) A=n
X
0 Aellipse > Acircle
X
If (u) du=x.f(x)n Q.39  Statement-1: The differential equation
0 y3dy + (X + y2)dx = 0 becomes homogeneous if
Diff. wrt x we put y2 =t.
_ | Statement-2: All differential equation of first
f(x) =n.xf + nfl . -
() =n.xf" (9 +nflx) order and first degree becomes homogeneous if
y(1fn):nxd—y we put y = tx.
dx Sol. [C]
x__n (o dy _—(x+y?)
x 1-nty dx y°
ACxX= — Any y =t
B y O_d
o Tdx  dx
CX=Yy
5 (=x+t) _dt
‘Part-C Assertion-Reason type Questions Tty dx
The following qugstions consist of two homogeneous.
statements each, printed as Statement-1 and
Statement-2.  While  answering  these _ )
questions you are to choose any one of the Q.40 Statement-1 : The orthogonal trajectory to the

following four responses.

(A) If both Statement-1 and Statement-2 are
true and the Statement-2 is correct
explanation of the Statement-1.

Power by: VISIONet Info Solution Pvt. Ltd

curve (x —a)*+ (y—b)>=r’isy=mx + b —am
where a and b are fixed numbers and r & m are
parameters.

Statement-2 : Any line that passes through the
centre of circle is normal to the circle.
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Sol.

Q.41

Sol.

Q.42

Sol.

[D]
2(x—a)+2(y-b).y'=0
~(x-a)

y—>b

y=mx+b-am

y‘:

y'=m
y=yx+b-ay
—b '
y-b_,
X—a

Statement-1 : sin X d_2y + COS X dy +tanx=0
dx?2 dx

is not a linear differential equation.

Statement-2 : A differential equation is said to

be linear if dependent variable and its

differential coefficients occurs in first degree

and are not multiplied together.

[A]

Statement-1 : The equation of the curve
passing through (3, 9) which satisfies differential

dy _

equation o= +Lis 6xy = 3x° + 29x — 6.

X2

Statement-2 : The solution of differential

. dy 2 dy , x, x D -

equation | — | — X (e"+e)+1=0is
dx dx

y =cef +ce”

[B]

2 X 6
6xy = 3x* + 29X — 6
Statement 2

x> 1 29
_ e
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()’ -€y-e*y+1=0
y'(y-¢€)-e’(y-e)=0
y=e* or y=¢

Edubull

Column Matching type Questions

Q.43 Column | Column 11

(A) A curve passing through
(2, 3) having the property
that length of the radius
vector of any of its point P
is equal to the length of the
tangent drawn at this point, can be

(B) A curve passing through (Q) circle
(1, 1) having the property
that any tangent intersects the
y-axis at the point which is
equidistant from the point of
tangency and the origin, can be

(C) A curve passing through
(1, 0) for which the length of
normal is equal to the radius
vector, can be

(D) A curve passes through the
point (2, 1) and having the
property that the segment of
any of its tangent between the
point of tangency and the
X- axis is bisected by the
y- axis, can be

So. A->P,S;B>Q;C>Q,S;D>R

(A) §J1+(y')2 =X +y?

(R) parabola

2

y "2 2,2
(1+(y))=x"+y
v
VY () =X () + Y (YY)
2 y2
v) —';7
y':l y':_l
X X
1
ANy = Ancx AN — = ANncx
y =¢X Xy =¢C
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(B) OA =PA

A

X, y)
P

Ol N
Y-y=y (X=X
A=(0,y-xy)
PA = \x? +x2(y'")?

y=xy'= xyL+(y)?

y2 + XZ (yl)Z _ 2Xy yl - XZ + XZ (y.)z
2 2

y —X

=2xyy'
y2dx — x?dx = 2xy dy
y? dx — 2xy dy = x* dx

_\2
@ydy -y o

X2

jd(yz/x):—jdx

2

=Y _ x+c
X

=x*+y* —cx=0

c=2

circle

(C) YL+ ()2 =x* +y?
YV +Y (Y)Y =x+Yy

_ X , X
y:— yzf_
y y
y>—x*=2c X +y'=2c
xy
y
D 0,=
©) 03]
/(—x,O)l
=Y
y 2X
dy _dx
y 2X
Any® = \n cx
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y* = cx

Q.44  Match the following
Column | Column 11

(A) Solution of (P)xy*’=2y° +¢
xdy , dy
_— = + =
y dx y dx
is
(B) Solution of (Q)secy=x+1+ce

(2x — 10y°) OI—y+y:o
dx

is

(C) Solution of RYx+1)(1-y)=cy
sec’y dy + tan y dx = dx
is
(D) Solution of (S)tany=1+ce”™
sin yd—y: cosy (1—x cosy)
dx

is
Sol. A->R;B>P;C>S;D>Q

d
Ay -¥=(x+1)
X
dx 1 1
— = -=+—d
X+1 I( ery—ljy
1 1
- - - dy
13-4l

An(x + 1)c = A\n (LJ
y

3
d_x+2_x_10y_
ay y y

2

[=dy
LIF.=eV =y?
Its solution

5

2 _ 44, _ Yy
XYy -1ij dy = 10x c +cC
Xy’ =2y’ +¢

(C) sec’y . j—y +tany=1
X
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tany=v

W +v=1

dx

I.LF.=¢"

ve*=e'+c

v=1l+ce™

tany=1+ce™
(D)tany.secyd—y =secy—X

dx

seCy=v

a;—v:—x

I.LF.=¢™

Its solution

veX=— jxe‘xdx

veX=xe*+el+c¢C
v=x+1+ce
secy=x+1+ce*
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EXERCISE # 3

‘Part-A Subjective Type Questions

Q.1

Sol.

Q.2

Sol.

Q.3

Sol.

. dy y

Solve: X+— % =1 Jx
dx  (1-x)Vx

dy y

LA — D

dx  (1-x)Vx

1 1
dx _= 4
ILF. = ej(l‘x)& ol

—e It ="~ =
—t 1-4x
1+\/;
= 1+&dx
-~ [+
:>y1+\/;—x+gx3/2+c
1-+/x 3

Find the solution of the differential equation
satisfying the given initial conditions

dy)’ dy =
-2 + 2x = — :O, _~=4/5
Y[dx) de y Ylx=o0

o dy ? dy 2 2 w
Yo == | +2xy—= + X —x*—y*=0
dx dx

( dy jz 2, .2
y—=+X| =x+y
dx

yg—y+x:iw/x2 +y?
X

d 2

L H ot

dax vy y

Show that a particle x, y which moves so that,
dy dx .
——=ax +hy+g, —=—(hx + by + f), will
5 y+d at ( y + )

always lie upon a conic section.
dy  ax+hy+g
dx —(hx+by+f)

dy _ —(ax+hy)
dx  (hx +by)
Y = Xv
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Q4
Sol.

Q.5

Sol.

Q.6

Sol.

d_Y:Xd_V+
dXx dXx
—a—hv_ Qv

v —_—
h + bv dx

—a—2hv—Dbv? _de

h+bv dX
:>J‘d_X:J* —(h + bv) dv

X bv? + 2hv +a

Solve : (x + tan y) dy = sin 2y dx
X Jcoty =cC+ ,/tany

Find the orthogonal trajectories of the family of
semi-cubical parabolas ay? = x3, where a is a
variable parameter.

ay’ = x° (1)

differentiate with respect to x we have

2ayd—y =3x°
dx

dy 1
replace — by — — we get
p dx y dy g

dx
2
2ay:—3Xdy
dx
3 x% d
= a=--— — =
2 y dx

= 3ydy=-2xdx
= 3y+2¥*=C

The tangent at any point (X, y) of a curve makes
an angle tan-1 (2x + 3y) with x axis. Find the
equation of the curve if it passes through
1.2

0 =tan™ (2x + 3y)

= tanb =2x+3y

® tand= d_y
dx
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Q7

Sol.

QS8

Sol.

Q.9

= L2 =2X+3y
dx

= d—y73y:2x
dx

ILF. = efjsdx:e’3x

ye ¥ = J. 2xe "X dx

= ye¥=- % xe >+ I % e > dx

E 2 2
3X:7—XE3X7— e3><+C

= ye
y 3 9

= y:f3 x— 2 4 ce¥
3 9

This curve passes through (1, 2)

_26
= c="—¢
9

= y:é[26e3x’3—6x—2]

A particle P moves so that its velocities parallel
to the axes of x and y are respectively —ky and
kx where k is a constant different from zero.
Find the path of the particle, if it passes through
the point (3, 4).

X2 +y2=25

Show that the curve for which the normal at
every points passes through a fixed point is a
circle.

Equation of normal at (x, y) is
dx

(Y-y)=—— (X-%)
dy

Let it is passes through a fixed point (h, k)
dx
(k-y)=- d—(h—X)
y

= (X—-h)ydx=-(y-Kk)dy
On integration

2 2
x-m? _ y-k? , .

2 2

= (x—h¥+(@y-k?’=r
Put2C =
Which is a equation of circle.

=

Find the equation of the curve passing through
the origin if the middle point of the segment of

Power by: VISIONet Info Solution Pvt. Ltd

Sol.

Q.10

Sol.

its normal from any point of the curve to the
x-axis lies on the parabola 2y2 = x.

(%, y),
2_ X
y 2
(x+Yyy', 0)
1
Yoy=— = (X-x
y=-3 (X=x)
(ZXJFW,XJ Iiesonyzzi
2 2 2
Y2 2x+yy
4 4
y d—y—y2+2x—0
dx
y'=t
dt
2V . =
y.y X
E—2t:—4x
dx
ILF.=e®

t=2x+1+e*.¢c

y?=2x+1+c.e*

x=0,y=0

=c=-1

yP=2x+1-e*

Find the equation of the curve for which the

Cartesian sub-tangent varies as the reciprocal
of the square of the abscissa.

Given that
2

L = L = X_dX: ﬂ

dy  x? k y

dx

x3 y
= — =Any-AnC = = =

3k c
ex3/3k
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Q.11

Sol.

Q.12

Sol.

Q.13

Sol.

- yzcex3/3k
Solve:x:—){—y:qux%y2
dy _ VX2 +y? +y
dx X
Lety=vx = d—y:v+ﬂ
dx dx
= v+ﬂ:\/1+v2 +Vv
dx
dv. _ dx
= = —
Vi+vZ o X

On integrating we get

= An(v+ W):)\nxﬂxnc
= v+ W: cX

=>y+ W = CX2

A curve passes through the origin. Through any
point (X, y) on the curve, lines are drawn parallel
to the coordinate axes. If curve divides the area
formed by these lines and coordinate axes in the
ratio 2 : 1, show that the curve is a parabola.

(o0
!f(x)dx_ ;

diff w.r.t. x
X ..y

fx)=—=y+ =
y f(x) 3V 73

2y X,

3’
ZId—X:Id—y = A X* = Anyc

X y

X2 = ¢y

parabola.
The rate of disintegration of radium is

proportional to the quantity of radium present.
Radium disintegrate by one half in 1600yrs. The
amount of radium that has disintegrated after 100

1 1/16
{1—&) } of initial quantity

Power by: VISIONet Info Solution Pvt. Ltd

Q.14

Sol.

Q.15

Sol.

Q.16

Q.17

Q.18

Q.19

Sol.

Q.20

A wet porous substance in the open air loses its
moisture at a rate proportional to the moisture
containt. If a sheet hung in wind loses half its
moisture during the first hour when will it have
lost 99% of initial moisture containt. Assume
that the weather conditions remain the same.

In 100
In 2

hrs

A particle of mass m is projected vertically
upwards with an initial velocity v, in the uniform

gravitational field of earth. The force of
resistance is k times the velocity, per unit mass.
Find the duration of time when particle is moving
vertically upwards.

1. (g+kvoj
k g

Solve the following differential equation ;
(let p = dy/dx)

(i) x¥p2 —2xyp + 2y>—x2=0

(i) y=px+p-p

(i) (y—px) (p-1) =p

(iv) p2 (x2—a?) — 2pxy +y2—b2=0

Determine the function y = f(x) satisfying the

1
equation j_y =f(x) + If(x) dxand f(0) =1
X
0

Determine the function y = f(x) satisfying the
X X

equation x J-y(t) dt=(x+1) j ty(t)dt; x>0
0 0

A cyclist moving on a level road at 4m/sec stops
pedalling and lets the wheels comes to rest. The
retardation of the cglcle has two components; a
constant 0.08 m/sec” due to friction and other is
0.02 v2/m where v is speed in metres per second.
What distance is traversed by the cycle before it
comes to rest ? (consider An5 = 1.61)

161/4m

A body at a temperature of 50F is placed
outdoors where the temperature is 100 F. If the
rate of change of the temperature of body is
proportional to the temperature difference
between the body and its surroundings. If after 5
min the temperature of body is 60 F, Find -
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(A) How long will it take to reach a temp of 75 F
(B) the temp. of body after 20 min.
Sol.  (A) 5 logs;2 min. (B) 79.52 F

Q.21 A tank initially contain 40 gallons of fresh water. Sol.
Brine contains 2 pounds per gallons of salt flows
into the tank at the rate of 2 gallons per minutes
and the mixture kept uniform by stirring, runs out

at the same rate. It takes kan (gj min. for the

quantity of salt in the tank to increase from 30 to
60 pounds, where K is ......
Sol. 0020

‘Part-B Passage based Question

Passage | (Q. 22 to 24)

Let f(x) be a function satisfying f(ij :m,
y) f(y)

for V X,y € R, buty # 0, f(y) = 0. Slope of

tangent to the curve y = f(x) at x = 1 is 2.

Q.22  The function f(x) is -

(A)2x2  (B)x2 (C)% (D) x4 -2

Sol.  [B]

f(zj )
y) f) Q.24
Putx=y=1wegetf(l)=1
y =f(x)
differential with respect to x we get
dy _.,
™ =f'(x)
0 atx=1=f'(1)=2
= f'(x)=2x Sol.
integrating we get
f(x) =x*+C
0 x=1,fx)=1
= C=0
f(x) = X
= y=x
Q.23 Area bounded by the curve y = f(x), the x-axis,

in the first quadrant and satisfying x2 + y2 < 2
is

Power by: VISIONet Info Solution Pvt. Ltd

1 n 1
A T2 By T_=
(A) >3 (B) >
1 n 1
c)y T = D) *_=
© 4 6 ( )4 3
[C]
y = x4, x-axis and satisfying x* + y* < 2 is
(0, ¥2)y=x

(-v2,0) o 1 J(v2,0)

0, - 2)

Solving x* + y? = 2 and x> = y we get
X =1 So required area

1 V2
= [y2 [6 2
jxdx+! 2—x“dx

o

1 2
3
=X+ {5x/2—x2 +sin‘li}
3, |2 V2
1 n 1 =
= _ 4+ - _ - _ =
3 3 2 4
-r_1
4 6

A tangent to y = f(x) + 1, cuts off a trapezium
of greatest area with x = 0, y = 0 and x = 1.
The point of tangency is -

N
oftt) ol
[B]
y=x*+1
Cc
p
o ALO)

Let Point of tangency is P (h, k)
Then equation of tangent
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=(y—k)=2h (x—h)
atx=0y=k-2h
= B(0,k-2h%
andatx=1y=k+2h—2h?
= ¢ (1, k+2h-2h?

Area = %(2k+2h—4h2):k+h—2h2

=k-h(2h-1)
it is maximum when 2h—-1=0
= h:l
2
2 5
and k=h"+1 = k==

Passage I (Q. 25 to 27)

On

A drop of liquid evaporates at a rate
proportional to its surface area, if the radius
initially is 5mm and 5 minute later the radius is
reduced to 2mm.

the basis of above information, answer the

following questions-

Q.25

Sol,[C]

Q.26

Sol. [D]

Q.27

Sol. [C]

The rate with which the surface area changes

after 5 minutes is-
(A) 8 tsg. mm/min  (B) 4.8 © sg. mm/min

(C) 9.6 © sq. mm/min (D) 16 & sg. mm/min

The rate of change of radius is —
(A) linear function of time

(B) circular function of time

(C) parabolic function of time
(D) independent of time

The rate of evaporation after, 5 minutes is —
(A)8m (B)48=w (C)96n (D)16~

Passage 111 (Q. 28 to 31)

Power by:

Newton Law of Cooling. The rate at which a
body undergoes a change in temperature is
proportional to the difference between its

VISIONet Info Solution Pvt. Ltd

Q.28

Sol.

Q.29

Sol.

temperature and temperature of the surrounding
medium. If y = f(t) is the temperature of the
body at time t and if M(t) denotes the
temperature of the surrounding medium,
Newton's law leads to the differential equation
y =—kly-M(@®)] or y +ky=KkM()

Where K is a positive constant. This first-order
linear equation is the mathematical model we
use for cooling problems. The unique solution
of the equation satisfying the initial condition
f(a) = b is given by the formula

t
(1) = bekt + gkt j kM(2)e* dz
a

A body cools from 200° to 100° in 40 minutes
while immersed in a medium whose
temperature is kept constant. Let M(t) = 10°. If
we measure t in minutes and f(t) in degree then
f(t) must be -

(A) 10 + 180 ekt
(C) 10 + 100e Kt
[D]

dy
= = _k(y-10
ot (y-10)

d t

AN T;lo =_kt
190

T=10+190e™

(B) 10 + 140e &t
(D) 10 + 190 ekt

The value of k must be -
(A) (log 19 - 10g9)/100

(B) (log 19 — log 9)/100
©) log 194; log 9

(D) none of these

[C]
t=40
T =100
90=190 e*“0
a2 = 40k

9
= 19 -9

40
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Q.30  Suppose in the same system a body cools from
400° to 200° with M(t) = 10° then time taken
for cooling must be equal to -

(A)401log 19 (B) 40 log 9
(C) 40 log19—1log9 (D) 40 log 39—-1log19
log39-log19 log19-log9
Sol. [D]

20 t
I _Y=_kjdt
4ooy_10 0

AN [@J_Mt

390 ) 40

An39 —An19
t=40| ==
AN19 — A9

Q.31 Suppose the temperature drop from 100° to
10° takes t; minutes while from 200° to

100° t, minutes then t; is nearly equal to
(Take M(t) =59
(A) 4t, (B) 8t, (C) 2t, D) t,

Sol.  [A]

100
Id_y =—kt,
moy_s
)\n[g_5J =—kt,

195
L__ w8,
t, An39-Anl9

tl = 4t2
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EXERCISE # 4

Old 11T JEE Questions

Q.1

Sol.

A hemispherical tank of radius 2 meters is
initially full of water and has an outlet of 12 cm?
cross-sectional area of the bottom. The outlet
is opened at some instant. The flow through
the outlet is according to the law

v(t) = 0.6 {/2gh(t) , where v(t) and h(t) are
respectively the rate of flow at outlet and water
level in tank at time t, and g is the acceleration
due to gravity. Find the time takes to empty the
tank. [11T-2001]

Let 'O’ be the centre of hemispherical tank. Let at
any instant 't', water level be BAB; and at
t + dt, water level is B' A' B;. Let Z£0,0B; = 6.

= AB;=rcos0and OA=rsin0
decrease in the water volume in time dt,
= AB,% . d (OA)
(nr? is surface area of water level and d(OA) is
depth of water level).
= nr?. cos’ 0 . r cos O dO
= nr® . cos® 6dO
Alsoh ()= 0,A=r—rsin®=r(1-sin0)
Now outflow rate Q = A . v (1)

= A.(0.6) /2gr(1—sin0)

Where A is the area of the outlet. Thus volume
flowing out in time dt.

= Qdt=A.(0.6). 4/2gr . 4/1-sin0 dt
We have, i’ cos’0d0 = A (06). y/2gr .+1—sin O dt

rd cos® 0

A(0.6)y/2gr /(1-sin6)
Let the time taken to empty the tank be T.

=dt

Power by: VISIONet Info Solution Pvt. Ltd

m2 3 cos® @

mr
! A(0.6).4/2gr ~ 1—sin®

3 nl2 R a
nr J~ €0s“ 6(—cos0) 40
0

- A(0.6) 4/ 2gr v1-sin6
Let t; = Y1-sin0O

ThenT = do

—cos6
= dt; = —— db
YT Ji-sine
27'cr3 ¢
= T=—""__ |@-sin?0).dt
A(0.6) /29" '1[ !
27'cr3 ¢
-  T=—"_" |[1-(sin6)?]dt
A(0.6) /20r v[ !
0
—21‘5[‘3 2.2
= =— S |p-@-t})?]dt
re {[ (@-t3)21dt,
0
—21T,r3 4 2
= T=—"_ [L-@+tf-2t})]dt
06 o {[ 1+t - 2tF)ldy
27[r3 ¢ 4 2
= J.(tl - 2t1 )dtl
1

T A(0.6),/2gr

0
T:—ZTU‘3 i_ﬁ
A(06)2gr |5 3
5/2
N T=26L.{O—%—O+§}

A()/Zgr
10
_ 27'525/2(102)5/2 I:E_£:|
12%.\/5.\/5 35
B 27_[25/2(102)5/2 |:g_li|
12.%\/5.\/5 35
_ 2mx10°4.5 {10—3}
(12x3),Jy L 15

21x10° x 7 147x10° .
= = units.

33.49.3 27.Jg

Let P(x) be a polynomial such that

1

= T
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Sol.

Q3

Sol.

diXP (X) > P (x) forx>1,and P(1) = 0.

Prove that P(x) >0 forx > 1
[11T-2003]
Given P(1) =0 and

a PXX)>P(x) Vx>1
dx

6] -P(x)>0
dx

Multiplying by e™ (¢ > 0)

= e~ d P(x) + P(x) a e7>0
d dx

dx
d x

= — (PX)e)>0
dx

= P(x) e isaincreasing function

= P(x)e*>P(1)e! vx>1
= P(x)>0 V x>1

A right circular cone with radius R and height
H contains a liquid which evaporates at a rate
proportional to its surface area in contact with
air (proportionality constant = K > 0). Find the
time after which the cone is empty.

[11T-2003]

Given : liquid evaporates at a rate proportional to
its surface area

d_V oc—S (1)

t
We know, volume of cone
=1 nr’h and surface area
= nr? (of liquid in contact with air)

or V= %nrzh and S = nr? (2)
R r
Where tan 6 = 5 and —=tan 0 .(3)
from (2) and (3)
v=1 P co0ands = o (4)
Substituting (4) in (1), we get

& coto . 3r? a.__ knr?
3 dt

0 T
— coth jdr =fkjdt

= cot0 G-R)=—K(T-0)
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Q.4

sol. [A]

Q5

Sol. [A]

= Rcotd =KkT
= H=kT (using (3))
= T= %
required time after which the cone is empty
= = E
k

If y(t) is a solution of (1+ t)cé—i/f ty = 1 and

y (0) =—1, theny (1) is equal to- [I1T-2003S]

(A) -1/2 (B) e + 12
(C)e—1/2 (D) 1/2
dy t 1

at 1+t 1+t

t 1 j
ot 1=t
IF =e w2 e I( L+t
= e—t+}\n(l +t) - efl (1 + t)
—et(l+1)= Je‘tdt

= e'y(l+t)=—e'+C

y(@)=-1
= y(@l+t)=-1
1
3 - — —
1+t
1
1)=— =
ym=-7
_ 2+sinx (dy) _ _
Ify =y(x) and (—) =—cos X, y(0) =1,
y+1 dx
theny (gj equals - [11T-2004S]
(A) 1/3 B)2/3 (C)-13 (D)1
dy 4 _cosx __cosx
dx  2+sinx 2+sin x
J' COSX X
IF =g 2#sinX " = (2 +sin )

= y(2+sinx)=- J.cosxdx

= y(2+sinx)=-sinx+C
0 y0=1 = c=2
= y(2+sinx)=2-sinx
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Q.6

Sol.

2-sin x
= y= -

2+sinx
at y(n/Z)I%

Find the curve passing through (2, 0) and
having slope of tangent at any point P(x, y) as
(x+1)* +y-3
X+1
also the area enclosed by the curve and x-axis

in the IV quadrant. [11T-2004]
Hence, slope of tangent

dy _ (x+)®+y-3

. Find equation of the curve, find

=

dx (x+1)
= d—y:(x+1)+u;putx+1:Xandy
dx (x+1)
-3=Y
dy _dYy dy _ Y
= == —, — =X+ —
dx dX dx X
or d—Y—iY:X
dxX X
. . 1 _ egx_ 1
where integration factor = — =e ==
Squtionis,Y:i:J.X.idX+c
X X
or 1:X+c
X

or y—3=(x+1)*+c (x+ 1), which passes
through (2, 0)
-3=1+c
= c=-4
required curve is,
y=(x+1)2—4 (x+1)+3ory=x*—2x
As shown in the figure

A

Thus, required area

2
I(xz —2x)dx
0

2
3

_ [X—-XZJ
3

0
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Q.7

w| s

square units

(x2 +y2)dy = xydx (initial value problem),
y>0,x>0,y (1) =1,y (Xg) = e then find x, =?

[11T-2005]
2
) 2‘1 (B) V22 -1
(C) e?-2 (D) V3e
Sol. [D] dy =X
Lety=vx = ﬂ =V+X ﬂ
dx dx
Put the value and solving we get
dv v
X —
dx 1+ v?2
2
_ jl+;/ dv = d_X
vV X

Q8

= %—Anv:)\nx+c
2V
2
= _Xz —\ny=C

2y
1
0 yb=1 = C:E
2
= X_,)\nyzl
2
2y 2
O y(x)=¢e
2
. X_02=§
2e 2
= X0=\/§e

xdy — ydx = y2dy, y > 0 & y(1) = 1 then find
(A)3 (D)5

B)2 (C)4

2

Sol. [A] — [MJ = dy

y

= d[£J=dy
y

On integrating we get
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_izy+c
y

0 y=1
= Yy -2y+x=0
at x=-3

= y*-2y-3=0
= (y-3)(y+1)=0
y=3-1

Q.9 If length of tangent at any point on the curve
y = f(X) intercepted between the point and the
x- axis is of length 1. Find the equation of

curve.

Sol. J1-y? +1n

1—41-y?

= C=-2

=xX+cC

= x:—y+3y:O = Xxy'+3y=0

X
= Id_y =-3 Jd_x
y X

Any = —3Anx + AnC
= xy=C
Curve passes through (1,1) = C=1
[11T- 2005] curve is X’y = 1
Which also passes through (2%)

= Option B, C are correct.

Q.10 A tangent at P(x, y) point on the curve

y = f(x) intersects to the axes at A and B points ~ Q-11 I\(/:Iatlch thelfollowing - C[IIIT—ZO?IG]
respectively such that AP : BP =1 : 3, given Gilimn olumn
that f(1) = 1, then- [11T- 2006] (A) Area boundedby = (P)0
(A) normal at (1, 1) isx + 3y =4 —4y*=x and x-1= - 5y
(B) equation of curve is 3y + xy’ = 0 (B) cosine of the angle (Q) 6An 2
(C) curve passes through (2, 1/8) of_lnt)t(arslectl((j)n (if;t{rl‘l’es
(D) equation of curve is xy’ — 3y =0 i’/; X*=Landy = o77l0g X
sol. Bl © [ (simye(cosx.cotx (R 413,
Equation of tangent to the curve y = f(x) at 0
(x,y)is — log(sinx)sin)dx
(Y-y)= dy (X -X) (D) Let dy - 6 where 51
dx dx Xx+y
- y(0) = 0 then value of y when
B y =) X+y=6is
3 \.(X Y) Sol. A->R;B>S;C->S; D>Q
(A)4y* + 1= +5y°
y'=1
A y= +1
X=-4

d

o,
0 A , 0

dy N

dx /

® BP:PA=3:1
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1
A= [(-4y*-1+5y) dy
-1
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1

= [(* -y
-1

4

3
(B) y' =X\ x + x.x**
= x*(Anx + 1) ..(1)

3X71
y = +ax.3TAn3  ..(2)
X

D y=1
(2 y=1
Z of intersection =0
cos0=-1
(C) (sin x)***=1
(sin X)®*\n(sin X)(- sin x) + cos?x(sin x)®* 1. dx = dt

|:jdt:[t]%):1

= ‘2—2 =
3

d 6
(D)_y:

dx Xx+y
X+y=t
14 dy dt

dx  dx
1+§:£

t dx

o =jt:f;6dt

C+X=t—An(t+6)
C+X=X+y—An(X+y+6)
M(X+y+6)=y-c

x=0,y=0
C=—An6b6
AN12=y+Anb6
y=An2
2
Q.12 The differential equation dy_ iy
dx y
determines a family of circles with- [11T-2007]
(A) variable radii and a fixed centre at (0, 1)
(B) variable radii and a fixed centre at (0, —1)
(C) fixed radius 1 and variable centres along
the x—axis
(D) fixed radius 1 and variable centres along
the y—axis
Sol. [C]
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Q.13

Sol.
Q.14

Sol.

y _
- jﬂdy_jdx
= 41-y? =x+C

= 1-y*=x*+2Cx+C?
= X +y?+2Cx+C°—1
Centeris (- C, 0)

radius = \/C2 —c?241=1

=> circle has fixed radius 1 and variable center
along the x-axis.

Let f(x) be differentiable on the interval (0,00)

2 2
such that f(1) = 1, and lim R =xT1(®) _y
t—>x

t—x
for each x > 0. Then f(x) is- [IIT 2007]
1 2x? -1, 4x2
A) —+ B) —+
( )3X+ 5 ( ) 3
-1 2
©€) —+— (D) =
X X X

[Al
Let a solution y = y(x) of the differential

equation X vVx2 -1 dy —y+/y?-1dx=0
. 2
satis 2)= —
fy y(2) 5

STATEMENT-1 : y(x) = sec (sec‘l X -gj and

STATEMENT-2

y(x) is given by i = —- /1——

[11T-2008]

(A) Statement-1 is true, Statement-2 is true;
Statement-2 is a correct explanation for
Statement-1.

(B) Statement-1 is true, Statement-2 is true;
Statement—2 is not a correct explanation
for Statement-1

(C) Statement-1 is true, Statement-2 is false

(D) Statement-1 is false, Statement-2 is true

[C]

X Vx2 -1 dy-vy

-1 dx=0
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dy _ dx
J‘y\/yz -1 J.xx/xz -1
secty=sectx+C

2

73

=sect2+C

Sol.

atx=2,y=

i

(@)
1
|
ol|a wla

1. _ -1 T
secty=sect x— —
6

_ Y
y:sec(seclx—g)

R _ _ T
Againsecty=sec? x — s

Q.16

Q.15 Match the statements/ expressions in Column |
with the open intervals in Column- 1l [I1T-2009]
Column | Column 11

® (-3

© (o,

| a

(A) Interval contained in the
Sol.

domain of definition of

N | )

T
2
non- zero solutions of the

differential equations

(x-3)’y +y=0

(B) Interval containing the
value of the integral

5
I(x—l)(x—Z)(x—S)(x—4)(x—5)dx
1

(C) Interval in which at least one (S) (Og)

of the points of local maximum
of cos?x + sin x lies

Power by: VISIONet Info Solution Pvt. Ltd

(D) Interval in which

r (M n )
tan™ (sin x + cos X) is increasing
A->PQRST;B—>PT ;C>PQRT;
DS

A—)(X—S)Zd—y +y=0
dx

LWy

dx (x —3)2
or ﬂ =_ 1 dx

y  (x-3)

_ 1

= )\ny——(X_S) (x=#3)

Bol= Ils(x—l)(x—Z)(X—3)(X—4)(X—5)
= ==
= 1=0

C— f(x) = cos’x + sinx
= f'(X) =—2 cos x sinx + cos X
= €0S X (—2sinx +1)

F(x) sinx = 1/2
|———+++++————+++—4
S B B B cosx=0
—n L LU
> 6 2 6
Max Max

sinx + cos X — (C0s X — sinx), cos X > sin X

Let y'(x) + y()g'(x) = 9(x)g'(x), y(0) = 0, xeR,

afx) and g(x) is a given
dx

non-constant differentiable function on R with

g(0) = g(2) = 0. Then the value of y(2) is.

where f '(x) denotes

[11T-2011]
[0]
dy
2 4y=
ag Yo
I.F.=J'1.dg =g

y.ed = J.geg.dg =ge’— Jeg.dg

yed=ge’-e%+¢
y=g-1+ce*®
0y0)=0&g(0)=0
atx=0
0=0-1+Ce”
c=1

y=g-l+e?
atx=2
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y2)=0-1+e°=0

Q.17 If y (x) satisfies the differential equations

y' —y tan x = 2x sec x and y(0) = 0, then
[11T-2012]
2 2
T T Y T
Ayl —|=—= B)y|—|=—
ofiae @i
2 2
T) T n) 4n 2=n
C — = D ) =—b4t —
()y(sj 9 ()y[sj 3 "33
Sol. [A,D] j—i —ytan x = 2x sec x
P =tan x
ILF. = efjtanXdX:cosx
y.COS X = J2x.dx
ycosx=x>+C
0y0)=0=C=0
y = X% sec X
y(ﬁ)_ﬂ_z y(ﬁJ_Z_ﬂz
4) 82 3) 9

y'(n) = 2x sec x + x* sec x tan x
4

6

271 n?
—x2+—24/3
3 9 \/_

Power by: VISIONet Info Solution Pvt. Ltd

(nj T m T 72 9n?
y =——+—\2=—F
2 16

7282 82
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EXERCISE #5

Q.1

The differential equation
(x+y)dx+xdy=0, is- [REE- 1995]
(A) homogeneous but not linear

(B) linear but not homogeneous

(C) both homogeneous and linear

(D) neither homogeneous nor linear

Sol. [C] Given equation can be written as

Q.2

dy | x+y
dx X

or d—y+1:—1
dx X

Given equation is linear and homogeneous.

The order of the differential equation whose
[11T-1998]
y = (c; + Cy) cos(x + c3) — ¢4 €% * C5, where

general solution is given by

C1, Cy, C3, C4, Cs are arbitrary constant is-
(A)S5 (B) 4
(€)3 (D)2

Sol. [C] y = (cy + C,) COS (X + Cg) — Cqe* . €%

= y=Acos (X + c3) — Be*
Hence three arbitrary constant

= order=3
Q.3 The differential equation
2
L xd—y + sin y + x2 = 0 is of which of the
dx?  dx
following types- [REE-1998]
(A) linear (B) homogeneous
(C) order two (D) degree one
2
Sol. [C, D] Y W +siny+x2=0
dx? dx
Clearly it is of order two and degree one
= option C, D are correct.
Q.4 The differential equation representing the

family of curve y2= 2¢(x +\/E), where ¢ is a

positive parameter, is of- [11T-1999]
(A) order 1 (B) order 2
(C) degree 3 (D) degree 4
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SoL[A, C] y?=2c(x+ +c)
dy dy
2y — =2¢c c=y —
y dx - y dx

Q5

= y'=2y j—i (Xﬂ/%J

| | 3/2
Y 2% z _2y1/2[ ij

2 3
dy dy
—-2X——| =4y |—
- (y dx) Y (dxj
= order =1 and degree = 3.

The solution of the differential

2
d_y _Xﬂ+y:0i3_
dx dx

(A)y=2
(CQy=2x-4

equation
[11T-1999]

(B)y=2x
(D)y=2x2-4

Sol.[C] p*=xp+y=0

Q6

Sol.[B]

Q.7

= y=xp-p’
Solution is
y=cx—c?
Put ¢ = 2 we get
y=2x-4
If x2 +y2 =1, then-
(A)yy"—2(y)2+1=0
(B)yy" +(y)?+1=0
C)yy"+(y)?-1=0
(D)yy" +2(y)2+1=0
X +y =1
x+yy =0
L+yy"+(y)*=0
= Wy ) +1=0

[11T-20008]

A normal is drawn at a point P(x, y) of a curve.
It meets the x-axis at Q. If PQ is of constant
length k, then show that the differential
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equation  describin such  curves, is
qd g = j_p-xf(p)71/2-$:0
y D=t fk2_y? [T 1994] i "
dx dp o vy
= — {X-(p)“}=0
Sol. Length of normal dx

yy1+(y)? =k = P _gorx= (—p) ™2
X
Yy (y) =K o
If — =0 =
yy =k -y x o PTf
putting this value in (i), we get
Q.8 Lety =f(x) b(_e a curve passing through (_1, 1) y=ox+2 J_c
such that the triangle formed by the coordinate

’ ) This curve passes through (1, 1)
axes and tangent at any point of the curve lies

in the first quadrant and has area 2. Form the = 1=c+24-c
differential equation and determine all such = c=-1
possible curves. [11T- 1995] y ; —X +22
. : or x+y=
Sol. Equation of tangent to the curve y = f(x) at point
! ) y=Teoatp again if x = (- p)**

A y)isY-y=1"(x)(X-X) — _p=xputting in (1)

—X 1 1
y:_2+2__:_
X X X
= xy=1
Thus, the two curvesare xy = land x +y = 2.

Q9 Ify +:—X(xy) = x (sin x + log X), find y (x).

[REE -1995]
xd .
whose, x-intercept (x—y.d—x,oj Sol. y + xy +y =X (sin x + log x)
dy dx
day 2 .
y-intercept [O,y—xg—yj : AOPQ =2 w7 (sinx + log X)
X
jgdx
1 dx dy - IF = e’ % :XZ
= —. x—yd— y—xd— =2
2 y i = yx’= J-xz(sinx+logx)dx
1 _ _ dy
= x—yE (y—xp)—4,wherep-& = yxZ:—xzcosx+J.2xcosdx
22 _ 9 +4p +V2=0 3 2
= Px gxy Pry +X—Iogx—'[x—dx
= (y-px)"+4p=0 3 3

y—px=2y-p x° x°

=—x2cosx+?Iogx+2xsinx+ZCosx—?+C
= Yy=pX+24-p (1)
. hgf _xI X +2 - 2 . C
differentiating w.r.t X, we get = y—g ogx—g—cosx — SinX +—- cosx +—-

X X X
p=p+@.x+2.[1j(p)-”z.(l)@ |
dr 2 dx Q.10 A curve y = f (x) passes through the point

P(1, 1). The normal to the curve at P is;
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Website : www.edubull.com Mob no. : +91-9350679141



Edubull

Sol.

Q.11

Sol.

a(y-1) + (x-1) = 0. If the slope of the tangent
at any point on the curve is proportional to the
ordinate of the point determine the equation of
the curve. Also obtain the area bounded by the
y-axis, by the curve and the normal to the curve
atP. [11T-1996]

N
B

3N\ Y)

AN
Y-y=y (X-Xx)

e

B=(0,y—xy)
3X — 3—y:4x

x=

y+xy'=0

2o

ANy = -3 AnX + Anc

y=—5 sol.

1
yI

Solve the differential equation

c0s2X 4y (tan2x) y = cos?x, |x| < w/4.
X

When'y (gj - % [REE -1996]

dy tan22x y = c0s? X

dx  cos® x

Power by: VISIONet Info Solution Pvt. Ltd

y Q.12

_I tan2xdx

IF. = e ~ cos’x

_.[ 2sin X CoSx
e

— X
2 cos? x-1) cos? X

[ 2y
=¢ @Dt \wheret = cos x

2f( 52
e 2t°-1 t

2
2[1m(2t271)4m) w2t
=e \? =e
_ 2t? -1 _ 2cos® x—1 _ C0S2X
t? cos? x cos? x
C0S2X
= 5 Icostdx
C0S“ X
cos2xX  sin2x
= 7 S +C
COS” X 2
y k3 = ﬂ = c=0
6 8

= y= % tan 2x cos? X

Determine the equation of the curve passing
through the origin, in the form y = f (x), which
satisfies the differential equation.

g—i ~ sin (10x + 6y) [T -1996]
dy _ .
—= =sin (10x + 6y)
dx

Let 10x + 6y =t (given) ....(1)

= 10+6ﬂ :(ﬂ)
dx dx

(5
dx
Now, the given differential equation becomes

sint= l [ﬂ—loj
6 \dx

= 6sint= E -10
dx

dt

dx

dt

dx

dt

————— =dx apply variable separable
- 6sint+10 PP P

Integrating both the sides, we get

=6sint+10

=6sint+10
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d
Iesin tt+10 - J.dx

Putting this in (2)

1
Now EI1:x+c.

1 dt
= — |—— =x+c (2
2 ISsint+5 @) r ¢
Let I, = J'L = Lant 5tan5+3 =xX+cC
3sint+5 T
Puttant/2=u i
= Leec?t/2dt=du _ i
2 .| 5tan—+3
2du = — tan 2 =4x+4c
= dt= 3 4
sec“t/2 L
2du
= dt= .
1+u2 = = [5tan (5x + 3y) + 3] = tan (4x + 4c)
Also, I, = .[L — 5tan (5x + 3y) + 3 = 4 tan (4x + 4c)
3sint+5 When x =0, y = 0, we get
:I dt 5tan 0 + 3 = 4 tan (4c)
2tant/2
3 ———— |+5 3 _
(1+tan2t/2J ~1 4 =tan 4c
(1+tan® t/2)dt

6tan£+5+5tan21
2 2

= 4c=tan? &
4

Then, 5 tan (5x + 3y) + 3 =4 tan (4x + tan* 3/4)

2
= I 22(1+u2 )du = tan (5x + 3y) = 4 tan (4x + tan* 3/4) — 3
(1+u®)(5u” +6u+5) 5 5
2 du L[4 a 3
== |- 5x + 3y =tan | —{tan(4x +tan " 3/4)}——
5 J‘u2+(6/5)u+1 i {5{ (s ? 5}
2 du
=3 IT = 3y=tan’ [i{tan(4x+tan13/ 4)}—3} —5x
u2+gu+1 5 5
_2 J‘ du :yzétan1{%{tan(4x+tan‘13/4)—%}—S—X
5 u2+gu +%+l
) du Q.13  Solve the differential equation
"5 J.( 3}2 16 ycosl (xdy — ydx) + x sinY (xdy + ydx) = 0.
Uu+=| +=— X X
5 25
Wheny (1) = n/2 [REE -1997]
_2 J‘% Sol.  Given equation can be written as
5 3 4
(U-l—j +(J Xcosxl d_y_l +sin X d_y+X =0
5 5 x \dx X x Ldx X
2
= EE tan_l (L?’/S) X COSX—XSinX
54 415 _oay _x X x X
1 1| 3uts dx YeosY +sinY
2 4 X X X
dy dv
Let y =vXx — =V+X —
= L {_5tant/2+3} y = dx
2 4

Power by: VISIONet Info Solution Pvt. Ltd

Website : www.edubull.com Mob no. : +91-9350679141



Edubull

Q.14

Sol.

dv vZ cosv—vsinv

= V+X — = n
dx VCOosV+Ssinv
dv 2vsinv
= XY= =
dx VCOSV+Sinv
VCcosV+Ssinv 2
- j[;jdv:j_dx
vsinv X
= Ansinv+Anv=—Anx’+\nc
T T
)== = ¢c=—
y(1) > 7
= (vsinv)x2=Z
2
= Xysin Y-z
X 2

A and B are two separate reservoirs of water.
Capacity of reservoir A is double the capacity
of reservoir B. Both the reservoirs are filled
completely with water, their inlets are closed
and then the water is released simultaneously
from both the reservoirs. The rate of flow of
water out of each reservoir at any instant of
time is proportional to the quantity of water in
the reservoir at that time. One hour after the
water is released, the quantity in reservoirs A is
1% times the quantity of water is reservoirs B.
After how many hours do both the reservoirs
have the same quantity of water? [IIT -1997]

dv .
_t oc v for each reservoir

% - .

= log —2& =—Kit = Va=Va. € Ky ()
Va

Similarly for B,

Vg’ = Vg. g ket

Dividing (i) by (ii), we get
Va _ VA (KKt
Vg Vg

Itis giventhatatt=0, vp = 2vg and at

....(ii)

Power by: VISIONet Info Solution Pvt. Ltd

Q.15

Sol.

3
t= 3/2, V'A = E V'B.
Thus, g =2. e (KimKa)t

= e (Ki7K) =31
Now, let at t = ty both the reservoirs have some
quantity of water. Then
VA=V
Hence, 2e~(KimKa) = ¢

3\
= 2. (Z\J =1 = = |093/4 (1/2)

Let u(x) and v(x) satisfy the differential
equations 2% + Pu = ) & ¥+ PV = g(x),
dx dx

where P(x), f(x) and g(x) are continuous
functions. If u(x,) > v(x;) for some x; and
f(x) > g (x) for all x > x;. Prove that any point
(X, y) where x > x, does not satisfy the equation
y = u(x) and y = v(x) [T -1997]
Letw (X) =u (X) — Vv (X)

and h (x) =f(x) (x) -9 ()
differentiating with respect to x

={f(¥) = p(x) . u (¥} - {9(x) —p(x) v (X)}
(given)
={f() -9 ()} —p (x) [u (x) - v(x)]
= (:j—w =h(x) — p(x) . w (x) (1)
X
(:TV)\(I +p (X)W (x) = h (x) which is linear

differential equation.
The integrating factor is given by

LF, = PO (let)
Multiplying both sides of (1) of r(x), we get

r(x). i—\;v +p(x) {r)} w (x) =r (x) . h (x)
= di [r () w(x)] = r(x) . h(x)
X

[sin ce ﬁ = p(x).r(x)}
dx

Now r(x) = ejp(x)(IIX >0V X

and h(x) = f(x) — g(x) > 0 for x > x;
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Thus, di [r(x)w(X)]>0Vx>x,
X

r(x) w (x) increases on the interval [X, o)
Therefore for all x > x;

r(x) w(x) > r(xy) w (x;) >0

[© r(x)) > 0and u (x1) >V (x1)]

= WX)>0VXx>x
= u(x) >Vv(x) VX > x; [0 r(x) > 0]
Hence, there exist a point (X, y) such that x > x;
andy = u (x) and y = v(x).

dt t2+4t+2
dx t2
{2
= J.—Zdt: J.dX
(t+2)c-2

Putt+2=P = dt=dpand
Solving we get

=

Q.16  Solve the differential equation P-2An(p*-2) - % an 2= \/; =x+C
(1+tany) (dx—dy) + 2xdy =0 [REE-1998] 2 Gk
Sol. d_X_1+ X _ = t-2\n(E+4t+2)— t+2 \/_ +C
dy l+tany x/_ t +2+ x/_
dx x Where t = x + 2y
dy " lran y Q.18 A curve passing through the point (1, 1) has the
) property that the perpendicular distance of the
IF = eJManydy origin from the normal at any point P of the
) curve is equal to the distance of P from the
I1+ o dy x-axis. Determine the equation of the curve.
Y [T -1999]
Lettany=t = dy= dt Sol. Equation of normal at point (x, y) is
1+t2 dx
Y-y=—— (X=X
_[ 2 dy
——dt . . .
A+ t)(1+1%) Distance of perpendicular from the origin to (1)
Solving we get y+dl X
= \n(siny +cosy) +y - dy
= M TEONY = (siny + cos y) & 1+(dsz
= Xx(siny + cosy) &’ = I(sin y+cosy)eY dy dy
. . Also distance between P and x-axis is | y |
= X (siny+cosy)e’=¢e"siny+C dx
= X (siny + cosy) =siny + ce” y+®.x
Solving we get >~ |yl
dx
= X(siny + cosy) :—cosy+x/§ cos(y—%j +Ce” 1+(dy]
Q.17  Solve the following differential equation : IRV dx & + 2x dx _ 5 14 dx 2
(X2 + 4y2 + 4xy) dy = (2x + 4y + 1) dx y dy y dy y dy
[REE- 1999] )
oo B 2x+2y)+1 (d_X] 00— y) + 20y X =
dx (x + 2y)2 dy dy
dy dt dx dx 2 2
Letx+2y=t =1+ — = — — || —|(x“ = +2xy (=0
y dx  dx dy I:( dy) ( y) y
Power by: VISIONet Info Solution Pvt. Ltd
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Q.19

Sol.

dy dx 2Xxy
dx .
But d_ =0 = x =c, where ¢ is a constant.
y

As curve passes through (1, 1), we get the
equation of the curve as x = 1.
2 2
The equation ax Y X jsa homogeneous
dy 2xy
equation.
Put y = vx, so that
dv _ v2x?-x?
VFEX — = —————

dx 2x2v
dv _ vZi-1 _ v —1-2v? _ v2 +1
X — = —v= =—
dx 2v 2v 2v

=
= c¢,—log (V*+1)=log|x]|
= log|x|(V+1)=c,

2
[X | y—2+1 = e
X

X2 +y* =+ e%xor x*+y® =+ e is passing
through (1, 1)so1+1=+¢e°. 1=>+e°=2
Therefore, required curve is x* + y* = 2x

U

A country has a food deficit of 10%. Its
population grows continuously at a rate of 3%
per year. Its annual food production every year
is 4% more than that of the last year. Assuming
that the average food requirement per person
remains constant. Prove that the country will
become self-sufficient in food after n years,
where n is the smallest integer bigger than or
an1l0-2n9
An(1.04)-0.03
Let X, be initial population of the country and Y,
be its initial food production.

Let the average consumption be a units.
Therefore, food required initially aX,. It is given

equal to [11T-2000]

90
Y,=aXy | — | =0.9aX (1
= 0] =09%, ()
Let X be the population of the country in year t.
Then dd—>t< = rate of change of population

3 X =0.03 X
0
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Q.20

Sol.

(la g 0.03 dt
X

integrating, J-d7X = J0.0Bdt

= log X=0.03t+c

= X=A.e"®'when A=¢°
Att=0, X=X, thus Xg = A

s X=X, e

Let Y be the food production in year t.

t
ThenY =Y, 14— ) =009 aXo (1.04)"
100

Q) Yo = 0.9a X,
Food consumption in the year t is aX, e%%"
againY - X2>0 (given)
= 0.9 Xpa (1.04)" > aX, e?%®!

@od' 1 _10

00t 09 9

Taking log on both sides,
t[An (1.04) —0.03] >An10-An9
An10-2An9
= t>2 —
An(1.04)-0.03
Thus, the least integral values of the year n, when

the country becomes self-sufficient, is the
smallest integer greater than or equal to

An10-n9
An(1.04) —0.03

A curve y = f(x) passes through O(0, 0) and
slope of tangent line at any point P(x, y) of the

4
curve is Lxgl , then the value of least
1+X
integer which is greater than or equal to f(-1) is
d_y =x?_ 1+ Lyz
dx 1+Xx
dy 2x2 1
dx 1+x
2X
IF=e w2 1
1+x?
2
X“ =1
! 2 =I 7 d
1+X X +1
y - =x-2tantx+c
1+X

x=0,y=0=c¢c=0
y= (< +1)x—2(x* + 1) tan 'x
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f(l)=2+4 2 =n_2 v o J-Zs"‘x(cosx—l)%nz ix
4 2X 2X
2 sinx—x — t
Q.21  Solve the differential equations 2°5MX\n2 . (cos x — 1) dx = dt
(X3+y2+2) dX+2ydy=O y sin x —x
Sol. y*=t o 2 +c
dx c=0
- zsinx
-2 Y
dx
I.LF. =¢ Q.24  Solve:

Its solution 1- x2)2dy + (y« 11— %2 —x —+1—x2 ) dx = 0.

t.exz—j(x3+2)exdx

[ 2
t.e*=[(x* + 2)e* - 3x°e* + 6x &* — 6e* + (] Sol. d—y+ yz 312 =2 l;)z
t=—(x*+2)+3x*—6x+6+ce” dx  (1-x%) (@=x7)
J- dx
2\3/2
Q.22 Solve the differential equations ILF.= ¢ &)
yy' sin X = cos X (sin X — %) X =sin 0
Sol. y2 =t cos0 do
2yy| - t| e C0839 = ejseczede
t . cosx . ILF. = g™
5 MXE (sinx—1) Its solution
! | 2
t—:cosx—tcotx y,.gta“":J'e‘a”‘*_—)“r 1;)2 dx
2 (L-x?)
ﬂ +2cotx.t=2cosx
X

:je\/lxj( X 1/dx J

+
ILF. = e gin2y L-x%)?  (1-x%)?

Its solution is
t.sin’x = ZJ.Cosxsin2 X dx
Putsinx =u

:Zqudu

y? sin’x = %(sin x)® +c

Q.23 Solve:
dy _ ~sinx
——yAn2=2""(cos x—1) An2,
dx
y being bounded when x — +oo.
Sol.  IF.=emdnz L

T 2x
Its solutions
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ANSWER KEY
EXERCISE # 1

QNo. [ 1 2 3 4 5 6 7 8 9110|1112 )13 14]|15)16 ) 17| 18|19 ] 20
Ans. | A[C|IB|[A[D[A|[B[A[C[A[D|[B|D BI|A[A[B|[D|[C|[A
QNo. [ 21 [ 2223|2425 26|27 |28 |29 [ 30| 31| 32
Ans. B|B|A|[|D|A|B|C|A|D|A]|B]|B
33. True 34. False 35. True 36. False 37.y2=x*(\x 1) + ¢ 38. ellipse

6 5 4
39. 6y -3x = An [XF3Y*2 40, P (x+12=X 424X ¢
6 5 4
PART-A
QNo. | 1 2 3 4 5 6 7 8 9 (10| 11|12 ]| 13| 14| 15
Ans. C C CI|A|A]|A C| A B | A B | A B[ A C
QNo. [ 16 | 17 |18 | 19| 20 | 21 | 22 | 23 | 24
Ans. B B | A B C D B C C
PART-B
Q.No. 25 26 27 28 29 30 31 32 33 34 35 36 37
Ans. A,B A,B CD |ABCD| AC AB [ABC| CD | ABD C A A A
PART-C
38. (B) 39. (C) 40. (D) 41. (A) 42. (B)
PART-D
43. A>P,S;B>Q;C—>0Q,S; DR 44. A5>R;BoP;C—>S;D—>Q

EXERCISE # 3

1.y1+&=x+zx3’2+c 2. y2=5+25x 4. x.Jcoty=c+ \Jtany 5.2x2 + 3y2 = ¢2
1-Vx 3
6. y:% [26e3x-3-6x-2] 7. x2+y2=25 9. y2=2x+1-eX 10.y = ce*’/
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1) In 100
11. y=xsinh(x+c) 13. {1—&] ]of initial quantity 14. — hrs
1 g+kV, .
15. E)\n B 19. 161/4m 20. (A) 5 logs42 min. (B) 79.52 F 21. 0020
22. (B) 23.(C) 24. (B) 25.(C) 26. (D)
27.(C) 28. (D) 29. (C) 30. (D) 31. (A)

EXERCISE # 4

5
1. T=2719 nits, where g i in cm/time? 3\T= 4. (A) 5. (A)
27,9 K
6. ()y=x(x-2);x=-1 (ii) 4/3 sq. units 7. (D) 8. (A)
2 1-41-y?
9. yl-y“+In |———|=xx+¢C 10. (B, C)
11. A>R;B>S;C—>S; D>Q 12. (C) 13. (A) 14. (C)
15. A>PQRST;B>PT ;CH>PQRT; DS 16. 0 17. (A, D)
EXERCISE #5
1. (C) 2.(C) 3.(C, D) 4. (A, C) 5. (C) 6. (B)

2
8. [xg—y—yj +4%=0, 1-xy=1-X, /1-xy =x-1,xy =1
X X

X 2 . 2 c
log X ———cosx + —sinx + —-cosx + —-,c € R.
3 X X X

9. y=

w | x

10. eax-1), 1 [a— %+ e-4] sg.unit
a
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11. y= % tan 2x . cos2x

In(1/2)
" In(3/4)

17. t—2\n (2 +4t+2) + 3 \n

2

18. x2+y2-2x=0,x-1=0

21 Y =3 —6x—xX+ce*+4

23 y = 25in X
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5tan 4x

12.y= L ganr [ Dlandx
3 4—3tan 4x

3

16. x(siny+cosy)=-cosy+ V2 cos(y—%)+ce—y

X+cC;wheret=x+2y

20. 2
2 . c
22.v* = Ssinx +
y 3 sin? x
| X
24, y = +ce V=x°

j - X 13. xy sin

x |<

i
2
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