DIFFERENTIAL EQUATION

| SOLVED EXAMPLES '

Ex1
Sol.

Ex.2

Sol.

Find the differential equation whose solution represents the family : ¢ (y + ¢)* =x
ciy+eol=x .. @)

Differentiating, we get, c. [2 (y+ C):Ij_y =3x?
X

Writing the value of ¢ from (i), we have

3 d 2x’ d
2 ; (y+o)=L =32 = 2O 3y
(y+c¢) dx y+c dx
2x | dy
2x ﬂ:3 = —[_} =y+c
y+c dx 3 Ldx
e e 2% [4
ence ¢ = 3 lax| Y
2x( dy 2x dy ’
_ . L X922 s
Substituting value of ¢ in equation (i), we get [ 3 ( dxj y}[ 3 dx} X,

which is the required differential equation.
d

Solve : v x=3)(y+1)*
dx

ﬂ:(x—3)(y+1)“

dx
d
J‘ﬁ:.[(x—?))dx

1
Integrate and solve fory: 3(y+ 1) = 5. (x-3)*+C

1
(1= ¢ (=3P,

3
= y+1:[é—(x—3)2+Coj

- y:&(x—3)z+coj -1

All of this looks routine. However, note that y =—1 is a solution to the original equation

dy _

=0and (x-3)(y+1)**=0
dx

3
. 1 .
However, we can not obtain y =—1 from y = [g x-3) + Coj —1 by setting constant C; equal to any number.

1
(We need to find a constant which makes 5 (x—=3)*+C,=0forall x.)

Two points emerge from this.
) We may sometime miss solutions while performing certain algebraic operations (in this case, division).
(ii) We don’t always get every solution to a differential equation by assigning values to the

arbitrary constants.
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Ex.3  Form a differential equation of family of circles touching x-axis at the origin

Sol. Equation of family of circles touching x-axis at the origin is
xX+y*+iy=0 @) where A is a parameter
2x+2yg+kﬂ:0 ......... (i)
dx dx

Eliminating ‘A’ from (i) and (ii)

dy _ 2
dx X' -y’
which is required differential equation.
dy siny +x

Ex.4  The solution of the differential equation — = ————is -
dx sin2y-—xcosy

Sol.  Here, Y __ Sny+x
dx sin2y-—xcosy
dy siny + X .
= cosy — = ————, (put siny = t)
dx 2siny-x
dt t+x ( 8
= x 2t-x (pu VX)
LW+ _ovx+x v+l
dx 2vx—x  2v-—1
dv v+1 V+1 -2V +v
X = SV = v
dx 2v-1 2v—1
2v-1 dx )
or = = on solving, we get

2V +2v+1 A X

.2 . %2
Slny:xsmy-i- 74‘0.

Ex.5 Solveﬂ:M
dx 2x+4+3y+4

Sol. Putx=X+h y=Y +k

We h dy X+2Y+Mh+2k+3)
ave — =
CINE X T 2X43Y+@h+3k+4)

To determine h and k, we write
h+2k+3=0,2h+3k+4=0 = h=1,k=-2
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dY X+2Y

Sothat s = o3y

Putting Y = VX, we get

X
vax &V 142V 243V o dX
dX 243V 3V2-1 X
2443 243 oo X
- 263V-1) 2Bv+ | T X
2443 2-3
= ——1o \/3_V717—10 \/3_V+1:flo X+c
NG g ( ) NE) g ( )= (= log )

2+\/§
= Wlog(\/gY—X)—

2
243

where A is another constant and X =x -1, Y=y + 2.

log(\/3—Y+X):A

d
Ex.6  Solve:y—x . (szrd_yj
dx dx
Sol. The equation can be written as

dy
P + _
y—ay’=(x a)dX

dx l+ a
x+a |y l-ay 8

Integrating both sides,
On(x+a)=Ony—On(l—ay)+®nc

Qn(x-i-a)—.n[ = j
1-ay

cy=(x+a)(I-ay)
where 'c' is an arbitrary constant.

I3
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Ex.7

Sol.

Ex.8

Sol.

d
The solution of differential equation (x> — 1) d_z +2xy = 21 is -

The given differential equation is

1 ﬂ_ﬁ_ 2x 1 )
Xz 1 = dx X2 _1 y (Xz _1)2 ..... (l)

x* —1)%+2 Xy =

This is linear differential equation of the form

op =Q, wher P*‘Eﬁ— d L
Ix y =0, where =21 and Q= (x2—1)2
IF — eJ.P dx _ eJ-ZX/(xzfl)dX _ elog(xz -1 _ (X2 _l)
multiplying both sides of (i) by L.F. = (x*— 1), we get
dy
2_1)—+2 xy =
(X ) dX y x2 _1
integrating both sides we get
y&* -1)=| S dxC [Using:y (LF)= [Q.(F.) dx+C ]
2 = Liog PN
= y(xfl)—2 g 1 .
This is the required solution.
. . . dy 3.6
Solve the differential equation x & +y=Xxy .
The given differential equation can be written as
1dy 1 _5
yo dx  xy’
Putting y75 = v so that
goody_dvo o dy ldv
Y axdx dx  sdx O
1 1
——ﬂ+— =x'= Q—EVZ—SXZ ...... (i)
5dx x X X

This is the standard form of the linear deferential equation having integrating factor

5
I**dx 1
= X _ a5 logx _
IF=¢ * =e =—
X

Multiplying both sides of (i) by I.F. and integrating w.r.t. X

1 , 1
t v, —=|-5x". —dx
We get v o I o

v 5
:>—5=5X +C

=y x’ = %x’z + ¢ which is the required solution.
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d
Ex.9  Solvesin (ﬁj =x+y

dy .
Sol. —— =sin(x+y)

dx
putting x+y=t
& _a
dx dx
. t . dt
i—l:smt = —— =1+sint = — =dx
dx dx 1+sint
Integrating both sides,
dt 1—sint
— = |dx = dt=x+c = sec’t—sect tant) dt=x+c
J.1+s1nt I Jcoszt I( )
tant—sect=x+c
I-sint
- =Xx+c
cost
= sint—1=xcost+ccost substituting the value of t

sin(x+ty)=xcos(x+y)+ccos(x+y)+1

2
Ex. 10 Solvezl + {(Z) —1J ﬂ
X X dx

Sol. Putting y=vx
dy dv
— =v+ _—
dx % dx

2v+ (v —1) (V-i—xd—vj =0
dx

N ﬂ_ 2v
VI ax T VAol

dv —v(l+v?)
dx vi—1

J~ V2—1 - d_X
)

2v 1
J +v: v dv=—@nx+c

on(l+v)—Onv=—Onx+c

x> +y’

y

1+v?

X

on =¢c = @On =c

A\

’

x2ty’=yc' where ¢’ =¢°
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2 2
X

Ex.11  Prove that —— +———
* Vel I v e

=1 are self orthogonal family of curves.

2 2

X y

Sol. ——+—2 =1
0 a2 +h b +A

(i)
Differentiating (i) with respect to x, we have

LI dy=0

a’+A  b® +Adx - ()

From (i) and (ii), we have to eliminate A.

Now, (ii) gives

dy
—|b’x+a’y—2

[ ydx}
dy
X+y—
ydx

A=

@ -b’)x 2o —(@° —b’)y(dy/ dx)

=a’+A= ,
x+y(dy/ dx) x+y(dy/ dx)

Substituting these values in (i), we get

d dx
(x + yd—zj(x - yd—yj =a’=b i)

as the differential equation of the given family.

Changing dy/dx to —dx/dy in (iii), we obtain

dx dy 2 2
[x—yd—yj(x+ y&j =a° —-b". (i)

which is the same as (iii). Thus we see that the family (i) as self-orthogonal, i.e., every member of the family (i) cuts
every other member of the same family orthogonally.

Ex. 12 Solve the differential equation
t(1+t?) dx=(x+xt?—t*) dtand it given thatx =—n/4 att=1
Sol. t(1+)dx=[x(1+t})—t*]dt

dx x t

dat t 1+t

dx x t

T~ — = NEW which is linear in d_x
dt t 1+t dt

1
t IF = ei.[fdt —ent— l
1+t t

General solution is -

1 Jl __t
o1 T ) dtte

1
Here, P:f;, Q=-
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X
T:ftan*1t+c

putting x=-m/4,t=1
—n/4=-n/4+c = c=0

X=—ttan't

y + sin x cos” (xy)
X
cos’ (xy) cos’ (xy)

Ex.13  Solve + sin y] dy=0.

Sol. The given differential equation can be written as;

ydx +xdy

cos® (xy) +sinx dx +siny dy =0.

sec”’ (xy) d (xy) + sin x dx + siny dy = 0
d (tan (xy)) + d (—cos x) +d (—cosy) =0
tan (xy) —cos X —cos y =c.

U4y

Ex.14  Solve (ylogx—1)ydx =xdy.

Sol. The given differential equation can be written as
dy )
=, .
X 4 TYTY logx @)
1 d 1
Divide by xy* .  Hence — =2 +L =— logx
y & xy X
! 1 dy dv v 1 ;
Let ;:V = —y—2&=a SO that&—;V:—zlogx ..... (i)

1 1
(ii) is the standard linear differential equation with P =——_ Q =——1log x
X X

LF = o8& = Jlxe

The solution is given by

logx logx 11 logx 1
V.l—:J-l (—l—logx]dx—j % dx:i— ——dx= £ +—+c
X X X X X X X X X

= v=1+logx+cx=logex+cx

1
or ; =logex+cxory (logex+cx)=1.
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Ex. 15 Find the curves for which the portion of the tangent included between the co-ordinate axes is isected at the point of

Sol.

Ex.16

Sol.

contact.

Let P (x, y) be any point on the curve. B

Equation of tangent at P (X, y) is -

d
ny:m(Xfx)wherem:d—Z 'Y

is slope of the tangent at P (x, y).

Co-ordinates of A (w, 0) & B (0, y-mx) A
m

P is the middle point of A & B

mx —y
— =2 = mx—y=2mx
m

= mx=-y = o X7y
S
X Yy
Xy=c

0 = Onx + Ony = @nc

2)

For a certain curve y = f(x) satisfying = 6x — 4, f(x) has a local minimum value 5 when

dx®
x = 1. Find the equation of the curve and also the global maximum and global minimum values of f(x) given that
0<x<2.

2

d
Y —6x— 4, we get — =3 —4x +A

o d
Integrating e Ix

dy
Whenx=1, -—=0, sothat A= 1.
dx

Hence ﬂ =3x"—4x+1 @)
o CSx -4l

Integrating, we get y =x° — 2x> +x + B
Whenx =1,y =15, so that B=5.
Thus we have y = x* — 2x> + x + 5.

From (i), we get the critical points x = 1/3, x =1

At the o o e L B
¢ critica pOln X = 3 , dX2

Therefore at x = 1/3, y has a local maximum.

is negative.

2

y. o
At x =1, — is positive.
dXZ p

Therefore at x = 1, y has a local minimum.

s g L)2139 poio _
Alsof(l)S,f(3j S5 f(0)=5,2) =7

Hence the global maximum value = 7, and the global minimum value = 5.
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d
Ex.17 Solv d_z = tany cotx — secy COsX.

d

Sol. d_i = tany cotx — secy COsX.

Rearrange it :
(sin x — siny)cos x dx + sin x cosy dy = 0.
Putu=siny, So, du=cosydy:

Substituting, we get

) ) du COSX
(sinx—u)cosxdx+sinxdu=0, 7——u—;
dx sin X

= —CO0S8X

The equation is first-order linear in u.

The integrating factor is

. 1
I= exp.[—C(_)SX dx =exp{Insinx)}=——
sin X sin X
cosX .
Hence, u—; =—J‘,—dx:—hl|s1nx|+C.
sin X sin X

Solve foru: u=-sinx In |sin x|+ C sin x.

Put y back : siny =—sin x In |sin x|+ C sin x.

Ex. 18 Showthat (4x+3y+1)dx +(3x+2y+ 1) dy = O represents a hyperbola having the linesx +y=0and 2x+y+1=0
as asymptotes
So. (4x+3y+1)dx+(Bx+2y+1)dy=0
4xdx +3 (ydx+xdy)+dx+2ydy+dy=0
Integrating each term,
2x2+3xy+x+y*ty+c=0
2x2+3xy+y*+x+ty+c=0
which is the equation of hyperbola when h?>>ab & A # 0.
Now, combined equation of its asymptotes is -
2x*+3xy +y?+x+y+A=0

which is pair of straight lines

A=0
= 2.1l+2.l~l-§—2.l—l.l—l2:0
222 4 4 4
= A=0 2x2+3xy+y?+x+y=0
= x+y)(2x+y)+(x+y)=0 = x+y)(2x+y+1)=0
= x+y=0 or 2x+y+1=0
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Ex.19 Solve the equation x j y(t)dt = (x + 1)[ ty(t)dt,x > 0
0 0

Sol. Differentiating the equation with respect to x, we get

xy(x)+1 .Iy(t)dt =(x+1)xyx)+1 .Ity(t)dt

ie., Jy(t)dt =X y(x)+ .[ty(t)dt

Differentiating again with respect to x, we get y(x) = x*y'(x) + 2xy(X) + xy(x)

. x*dy(x)

ie., (1-3x)y(x)= dx

. (I -3x)dx _ dy(x) . :

ie., 2 y&) , integrating we get
_C  1/x

1.€ y x3

Ex.20 The perpendicular from the origin to the tangent at any point on a curve is equal to the abscissa of the point of

contact. Find the equation of the curve satisfying the above condition and which passes through (1, 1)
Sol. Let P (x, y) be any point on the curve
Equation of tangent at 'P' is -
Y-y=m(X-x)

mX-Y+y-mx=0

y—mx
Now m =X

y2 +m?x? — 2mxy = x2 (1 + m?)

y' -x' _dy v B .
2xy . which is homogeneous equation
Putting y =vx
& v R
dx Y dx 4 VP ax T oy
d_V_V2—1—2V2 N J~ 2v d_x
2 dx 2v vi+1 X

®n(v'+1)=-Onx+@nc

2
y
X (? + IJ =c
Curve is passing through (1, 1)

c=2

x*+y*—2x=0
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Ex.21

Sol.

Ex. 22

Sol.

3 1 if0<x<1 1 1
(Discontinuous forcing) Solve : y'+=y=g(x), where g(x)=11 ) , and Y(_j =% > and y(x) is
X —  ifx>1 2 8
X

continuous on [0,0).

The idea is to solve the equation separately on 0 < x < 1 and on x > 1, then match the pieces up at x =1 to get a
continuous solution.

3
0 <x<1:y+—y=1.The integrating factor is I:exp.[idx T &
X X
Then  yx’ =J.x3dx:lx4 +C.
4
The solution is y:lx+—
4 x’
. L L1 1 1
Plug in the initial condition gzy 5 =§+8C,C =0
The solution on the interval 0 <x <1 1is y=ZX.
1
Note that y(1)= rk
301 : , . !
x>1:y’+ —y =—.The integrating factor is the same as before, so yx’ = Ixzdx :§x3 +C.
X X
The solution is y:l— g
30X
In order, to get val fCtl*l 1—1—1CC*—L
n order, to get value of C, sety (1) i Z_y()_§+ , 5
. . . 1 11
The solution on the interval x> 1is y=————
3 12x
1 .
—X if 0<x<1
The complete solutionis y = ! \
—= x>1
3 12x°
Lety = f (x) be a differentiable function V x € R and satisfies :
1 1
fx)=x+ sz z f(z)dz+sz2 f (z) dz. Determine the function.
0 0
1 1
Wehave, f (x)=x+x* [2 f (2) dz+ x[7' f(2)dz
0 0
Let FE)=x+xA +xA,
r i 1+A, A .
Now 3, :sz(z)dz:j((l+x2)z+zzk1)zdz :TMFTI = 9 -4h=4 .. )
0 0
1 1
1+ A
dso M =[Zf@Mz= [ +1,)2 +2'0,)dz =£—ZJ2+?§ = 151,—4}% =5 i)
0 0
from (i) and (ii);
80 61 80 61 20x
A, =—— and A, =—— X)=X+ X’ + X = 4 +9x
e M Trg T RS g XS g @)
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Exercise # 1 - [Single Correct Choice Type Questions]

. . L fdy o dly .
1. The order and degree of the differential equation 3 . 4 = 7x=0 areaandb, thena+bis -
X X
A)3 B)4 ©)5 D)6
2. Number of values of m € N for which y = e™ is a solution of the differential equation
D3y —3D?*y—4Dy+ 12y=0, is
(A0 3B)1 ©)2 (D) more than 2
d
3. If y (x) is a solution of the differential equation &y + f(x) y = 0, then a solution of differential equation
&y + fi = i
o F0y=r@is
(A) L Jy (x)dx B)y,(x) Iﬁdx ©) J.r(x)y (x) dx (D) none of these
y(x) I % y,(x) !
4. A function y = f (x) satisfies the differential equation f(x) - sin 2x —cos x + (1 + sin?x) ' (x) = 0 with initial condition
y (0)=0. The value of f(7/6) is equal to
(A)1/5 (B)3/5 (©)4/5 (D)2/5
5. The x-intercept of the tangent to a curve is equal to the ordinate of the point of contact. The equation of the curve
through the point (1, 1) is
x x ¥ y
(A) ye’ =e (B) xe? =e (C) xe* =e (D) ye* =e
6. The solution of the differential equation, e*(x + 1)dx + (ye¥ — xe*)dy = 0 with initial condition f'(0) = 0, is
(A) xe* +2y%¥=0 (B) 2xe*+y%eY=0 (C)xe*—2y%Y=0 (D) 2xe*—y?eY=0
7. The order of the differential equation whose general solution is given by
y=(C,+C)sin(x+C,)-C, G is
(A)5 (B)4 ©2 (D)3
8. 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

1
k>0 depends on the acceleration due to gravity and the geometry of the hole. Ift is measured in minutes and k= —

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
d
9. The equation of the curve passing through origin and satisfying the differential equation &y =sin ( 10x + 6y) is -
1 o[ Stanédx 5x 1 o[ Stanédx 5x
A)y=—tan™ | ———— |- — (B)y=—tan™ | ———— |-
3 4 -3 tan4x 3 3 4 +3tan4x 3
1 3 +tan4 5
(C) y=—tan™ [$] __—_ (D) none of these
3 4 -3 tan4x 3
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10.

11.

12.

13.

14.

15.

16.

17.

If the differential equation of the family of curve given by y = Ax + Be** where A and B are arbitrary constant is of the

form (1- ZX)%(S—Z + lyj + k[j—z + lyj =0 then the ordered pair (k, /) is

(A)(@2,-2) (B)(-2,2) ©Q2,2) (D) (-2,-2)

The area bounded by the curve y=x ™ ; xy =0 and x = ¢ where c is the x-coordinate of the curve's inflection point, is
(A)1-3e2 (B)1-2¢2 (O)1-¢? D)1

The slope of a curve at any point is the reciprocal of twice the ordinate at that point and it passes through the
point (4, 3). The equation of the curve is
(A)x*=y+5 (B)y*=x-5 (C)y*=x+5 D)x*=y+5
2
A function y=f(x) satisfies the condition f'(x) sin x + f(x) cos x =1, f (x) being bounded whenx — 0. If [ = '[ f(x)dx then
0

2 2

T T T T T
(A)5<1<T (B)Z<1<7 (C)1<I<E (D)o<I<1

A curve is such that the area of the region bounded by the co-ordinate axes, the curve & the ordinate of any point
on it is equal to the cube of that ordinate. The curve represents

(A) apair of straight lines (B) acircle

(C) aparabola (D) anellipse

The differential equation whose solution is (x — h)? + (y — k) = a’ is (a is a constant)

r 2 P 2 2P 2 \2
) 1+(d—y” a4y ®) {H(ﬂj} :az[d yj
dx dx dx dx

r 3 2 2
(©) 1+(ﬂﬂ =a’ [%J (D) none of these
X

If the differentiable equation g—y —y = y*(sin x + cos x) with y (0) = 1 then y (r) has the value equal to
X
(A)e™ (B)—e" C)e™ (D)—¢e™

Which one of the following curves represents the solution of the initial value problem Dy = 100 — y, where
y(0)=50

y y

100 100

A) © 50 o 9
[0) X / |O X
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18.

19.

20.

21.

22.

23.

24.

25.

26.

The value of the constant 'm' and 'c' for which y = mx + c is a solution of the differential equation
D%y —3Dy—4y=—4x.

(A)ism=-1;c=3/4 (B)ism=1;c=-3/4
(C) no suchreal m, ¢ (D)ism=1; c=3/4
, , , . dy 1 1 .
The solution of the differential equation, x> x .coS <Y sin < 1, wherey > —1 as x > o is
A) 1 1 (B) X +1
=sin— —cos— =
Y X X Y xsinL

1 1
(C) y=cos— +sin— D) y= X+11

X X XCOS%
S,: The differential equation of parabolas having their vertices at origin and foci on the x-axis is a

equation whose variables are separable

S,: Straight lines which are at a fixed distance p from origin is a differential equation of degree 2
S,: All conics whose axes coincide  with the axes of coordinates is a equation of order 2
(A)TTT (B) TFT (C) FFT (D) TTF

The equation of a curve passing through (1, 0) for which the product of the abscissa of a point P & 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
(A)x2+y?=x* (B) x2+y?=2x* (C)x?—y?=4x* (D) x?—y?=x*

The latus rectum of the conic passing through the origin and having the property that normal at each point (X, y)
intersects the x—axisat ((x+1),0) is
Al B) 2 ©) 4 (D) none

If ¢(x) =¢'(x) and ¢(1) = 2, then ¢(3) equals
(A) ¢ (B) 2 ¢? (C)3¢? D)2¢l

The order & the degree of the differential equation whose general solution is, y = ¢(x — ¢)?, are respectively
A) 1,1 B) 1,2 © 1,3 D) 2,1

2
If y = e®+ Dx ig a solution of differential equation % -4 ? +4y=0,thenk=
X X

Aa)-1 ®)0 O1 (D)2

In a chemical reaction a substance changes into another such that the rate of decomposition of a chemical substance
x present at instant t is proportional to x itself i.e. amount of unchanged substance still present. If half of the
substance present initially has been converted at the end of 1 minute then the time t in minutes at the end of which
99 % of the substance will have changed lies in the interval

(A)Sand 6 (B)6and 7 (C)7and 8 (D) more than 10
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27.

28.

29.

31.

32.

w
w

d
A function y = f (x) satisfies the differential equation &y —y = cos X — sin X, with initial condition thaty is bounded

when x — co. The area enclosed by y = f(x), y = cos x and the y-axis in the 1% quadrant

1
A) N2 -1 B O)1 D) —
(A) V2 (B) \2 ©) ®)
The solution of the differential equation (x* sin® y — y* cos x) dx + (x* cos y sin’ y — 2y sin x) dy = 0 is
(A) x}siny=3y*sinx + C (B) x3sin*y +3y?sinx=C
(C)x*sin’y+y’sinx=C (D) 2x%siny +y?sinx=C
Ify= ﬁ (where c is an arbitrary constant) is the general solution of the differential equation = % +
X . X .
(P(—] then the function (p[—) is :
y y
x2 x? yz yz
A) =5 B) - —5 C) = D)- =
( ) yz ( ) y2 ( ) X2 ( ) Xz

d 1-x
The general solution of the differential equation d_z = " is a family of curves which looks most like which of

the following ?

The equation to the orthogonal trajectories of the system of parabolas y = ax? is

2 2 2 2
(A)%+y2:c (B) x2+y7:c (C)%—yzzc D) *-L —¢

d
Ifd—y =1+x+y+xyandy (- 1) =0, then function y is
X

(A) e(l—x)z/Z (B) e(1+x)2/2 -1 (C) 10ge(1 +X)* 1 (D) 1+x

The equation of the trajectories which is orthogonal to the family of curves cos y =ae™ is

(A)siny=ce* (B)cosy=ce* (C)siny=ce™ (D) None

A function y=1(x) satisfies (x +1).f" (x)-2 (x> +x) f(x) = ( +l) ,V x>-1

If £(0)=5,then f(x)is

A) (3x+5j o B (6x+5) o © 6x+5 o D) (5—6){) o
x+1 ) x+1 ) (x+1) x+1 )
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35.

37.

40.

The differential equations of all conics whose centre lie at the origin is of order :
(A)2 B)3 (0)4 (D) none of these

A curve passing through (2, 3) and satisfying the differential equation J.t y(t)dt =x%y (x), (x>0)is
0

2 2

9
(A)x2+y2=13 (B)y?=x (C)%+i’—8:1 (D) xy=6

The differential equation for all the straight lines which are at a unit distance from the origin is

dy ’ dy ’ dy ? dy ?
w [r-g) =1-(3) (o) (3]
dy Y’ dyj2 dy Y (dyjz
© (y de) 1+(dx o [yexgr) =1 [
A curve y = f(x) passing through the point (1, %) satisfies the differential equation % +xe ? =0.Thenwhich
e

of the following does not hold good ?

(A) f(x) is differentiable at x = 0.

(B) f(x) is symmetric w.r.t. the origin.

(C) f(x) is increasing for x < 0 and decreasing for x > 0.

(D) f(x) has two inflection points.

The solution of 2xdy2 =[ 3 Y > —1} dx is -

X +y X +y
(A)y=xcot(c-x) (B)cos'y/x=—x+c¢
(C)y=xtan(c—x) (D) y*/x*=xtan (c—x)

1
A function f(x) satisfying If (tx) dt =n f(x), where x > 0, is
0

I-n n 1

(A)fx)=c-X 1 B)f®)=c x""! (©)f(x)=c- X" D) f(x)=c-x1
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Exel‘Cise # 2 m [Multiple Correct Choice Type Questions]|

1. Which one of the following is homogeneous function ?
1 2

X — T
7 yz (B) f(x’ y): x3 .y 3 tan

1 X
X" +y y

(A) fix,y)=

n2)(2+y2 X+2y

3x—-y

(O fx,y)=x(n/x*> +y* —Iny)+ye*'? D) fix,y)=x [1 —In(x + y)}+ y* tan

2. The equation of the curve such that the distance between the origin & the tangent line at an arbitrary point is equal

to the distance between the origin & the normal at the same point is :

(A) XZ + y2 = . earctan (y/x) (B) XZ + y? = c . g arctan (y/x)
(C) X2 + y2 c . garctan (y/x) (D) x2 + y2 = . g arctan(y/x)

n

dy
dx"
(A)k,=4 (B)k,=-16 (O)k,,=20 (D) k,,=—24

3. Ify=e*cosxandy +k y=0, wherey = and k , n € N are constants.

4. The value of the constant 'm' and 'c' for which y = mx + c is a solution of the differential equation
D?y - 3Dy -4y =-4x
(A)ism=-1 (B)isc=3/4 (C)ism=1 (D)isc=-3/4

1+y°
5. Solution of the differential equation dy v = 01is
dx  1-x
(A)tan'y +sin'x =¢ (B) tan'x +sin”'y =¢

1
(C)tan'y.sin'x=c (D) cot™! 3 +cost4lI-%x? =c¢

6. Identify the statement(s) which is/are True.

(A) f(x,y)=e"*+tan % is a homogeneous function of degree zero

2
(B)x.n % dx + N sin~! % dy =0 is a homogeneous differential equation of degree one
X

(O) f(x,y)=x>+sinx.cosy is not homogeneous function.

(D) (x> +y?) dx - (xy? — y*) dy = 0 is a homegeneous differential equation.
7. The graph of the function y = f(x) passing through the point (0, 1) and satisfying the differential equation

d
d—z+ycosx =CO0SX is such that -

(A) it is a constant function (B) it is periodic

(C) it is neither an even nor an odd function (D) it is continuous & differentiable for all x.
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8. If xg—y =y (logy—logx + 1), then the solution of the equation is -
X
(A) log[ij =cy (B) log[zj =CX (€) y = xe™ (D) x =ye™
y X
. o . . . dy . sin® x :
9. A function y = f(x) satisfying the differential equation o sin X —y cos X + —— =0 is such that, y - 0 as
X X

X —> oo then the statement which is correct is

/2

.. i
(A) le(}t fix)=1 B) I f(x) dx is less than 3
0
/2
© J- f(x) dx is greater than unity (D) f(x)is an odd function
0
10. The solution of (x +y + 1) dy = dx are
(A)x+y+2=Ce (B)x+y+4==Clogy
() log(x+y+2)=Cy (D) log(x+y+2)=C+y
. . . d’y dy . ) . .
11. The differential equation d_2 + o +siny+x° =0 is of the following type -
X X
(A) linear (B) homogeneous (C) order two (D) degree one
dy Y d
12. Solutions of the differential equation X {—yj + Xy (—yj -6y° =0 -
dx dx
(A)y=cx? (B)x’y=c O xy’=c (D)y=cx
dy , \ , . e if0<x<2
13. Let ——+y=1(X) wherey is a continuous function of x with y (0) = 1 and f(x) = [ R .
dx e if x>2
Which of the following hold(s) good ?
(A)y()=2¢"! B)y (1)=-¢" (Oy@)=-2¢7 D)y'(3)=-2¢7

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

A f=c. e B)fx)=c. e (Of=c. e D)f=c. e @V
15. The solution of x* y,> + xy y, — 6y* = 0 are
1
(A)y=Cx? (B)x?y=C (C)E.ny:C-irlogx M)yx*y=C

2
16. The solution the differential equation dy)_ ﬂ(e" +e" ) +1=0 isare -
dx dx

(A)yte*=c (B)y—e*=c (C)y+e=c D)y—-e*=c
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17.

18.

19.

20.

21.

22.

23.

The equation of the curve passing through (3, 4) & satisfying the differential equation,

2
d d
y[d—Z] +(x—y)d—Z—x=0 can be -
(A)x—y+1=0 (B) x> +y?=25
(C)x2+y2—5x—10=0 (D)x+y-7=0

The tangent at any point P on a curve f (X, y) = 0 cuts the y-axis at T. If the distance of the point T from P equals
the distance of T from the origin then the curve with this property represents a family of circles. Which of the
following is/are correct ?

(A) Any arbitrary line y=mx cuts every member of this family at the points where the slopes of these members are equal.
(B) f(x,y) =0 is orthogonal to the family of circles x>+y?~ky=0 V k e R

(O) If f(x,y)=0 passes through (2, 2) then the intercept made by its director circle on the y-axis is equal to 8.
(D) If f(x,y) =0 passes through (-1, 1) then image of its centre in the line y=x, is (1, 0)

The solution of gy - axXF h represent a parabola if -
dx by+k

(A)a=-2,b=0 (Bya=-2,b=2 (C)a=0,b=2 (D)a=0,b=0

_ i : : : on 4y dy
Let y = (A + Bx)e’™ be a solution of the differential equation —+ md_+ny =0, m, n € I, then -

d X

(A)m+n=3 (B) n2 — m? = 64 (C)m=-6 MD)yn=9
Let C be the family of curves f (x,y, ¢) = 0 (no member of C is x-axis) such that length of

subnormal at any point P(x, y) on the curve C is equal to four times that of the length of subtangent at the same

point. Which of the following statement(s) is(are) correct ?

(A) Equation of the line with positive y-intercept passing through (4, 2) and perpendicular to the curve C is
x+2y = 8.

(B) Orthogonal trajectory of C is family of parallel lines having gradient + 2.

(C) Order and degree of the differential equation of family of curves C are 1 and 2 respectively.

(D) Differential equation of family of curves is 2y' £x=0.

Anormal is drawn at a point P(x, y) of a curve. It meets the x-axis and the y-axis in point A and B, respectively, such that

OI_A + Ol_B =1, where O is the origin, the equation of such a curve is a circle which passes through (5, 4) and has -

(A)centre (1, 1) (B) centre (2, 1) (C)radius 5 (D) radius 4

2
2 . d 4
The orthogonal trajectories of the system of curves [d_yj =— are -
X X
3/2 3/2

(C)y+e==

(A)9(y+ey=x’ (B)y+c= (D) all of these

+91-9350679141

B Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035



MATHS FOR JEE MAIN & ADVANCED

Part #11 ) [Assertion & Reason Type Questions] -

These questions contains, Statement I (assertion) and Statement I (reason).

(A) Statement-I is true, Statement-II is true ; Statement-II is correct explanation for Statement-I.
(B) Statement-I is true, Statement-II is true ; Statement-II is NOT a correct explanation for statement-I.
(C) Statement-I is true, Statement-II is false.

(D) Statement-I is false, Statement-II is true.

1. Statement-I : The order of the differential equation whose primitive is y =A + ®nBx is 2

Statement-II : Ifthere are 'n' independent arbitrary constants in a family of curve then the order of the corresponding
differential equation is 'n'.

2. A curve C has the property that its initial ordinate of any tangent drawn is less than the abscissa of the point of
tangency by unity.
Statement-I: Differential equation satisfying the curve is linear.

Statement-11: Degree of differential equation is one

2

1
3. Statement-I: Solution of (1 +x/x* +y* )dx+y (-1 + {/x* +y* )dy=0is x— y7+§ (x*+y?)2+c=0
1
Statement-I1I : Solution of (1 +xy) y dx + (1 —xy) xdy=01s ®n L A c
y Xy

4. Statement-I : The orthogonal trajectory to the curve (x —a)*+ (y—b)*=r?is y=mx + b —am where a and b are fixed
numbers and r & m are parameters.

Statement-II : In a plane, the line that passes through the centre of circle is normal to the circle.

5. Statement-I : The equation of the curve passing through (3, 9) which satisfies differential equation
& +i' 6xy=3x>+29x -6
ax KT 2 isoxy=3x X —
1 dy ] dy X —X 1 X —X
Statement-II : The solution of D.E. ™ | grm (e+e")+1=0isy=c e*+c,e
6. Statement-I: Differential equation corresponding to all lines, ax + by + ¢ = 0 has the order 3.

Statement-I1: General solution of a differential equation of n order contains n independent arbitrary constants.

xdy
. dx L. y  mx’
7. Statement-I : The solution of D.E. ———— =mx’ is givenbytan' = = +c
A ’X -y X 2
d
Statement-II : The solution of differential equation &y + % =sinxisx(y+cosx)=sinx+c
, : , . dy 1 ,
8. Statement-I : Integral curves denoted by the first order linear differential equation * x y=-X are family of

parabolas passing through the origin.

Statement-I1I : Every differential equation geometrically represents a family of curve having some common property.
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10.

11.

12.

14.

15.

& d . . . . .
Statement-I : sin X—Z, +cos xd—y +tanx = 0 isnota linear differential equation.
X X

Statement-II : Adifferential equation is said to be linear if dependent variable and its differential coefficients occurs
in first degree and are not multiplied together.
X

. X -= .
Statement-I : The line — +% =1 touches the curve y =be 2 atsome pointx =X
a

d .
Statement-II : &y exists at x =X,

d
Statement-I : Solution of the differential equation y — x % =y + &y isy=c(l-y)(x+1)

d d
Statement-II : D.E. &y =1(x) . g(y) can be solved by seperating variables. g(—y) =1f(x) dx
y

X

Statement-I : The solution of (y dx —x dy) cot( ] =ny? dx is sin (ij ='cet®
y y

Statement- II : Such type of differential equations can only be solved by the substitution x = vy.

Consider the curves C, : x> — <~ =a and C,:xy’=c

Statement-I : C, and C, are orthogonal curves.

Statement-II : C, and C, intersect at right angles everywhere wherever they intersect.

d
Consider the differential equation (xy — 1) d_i +y' =0

Statement-I : The solution of the equation is xy = logy + c.

Statement-II : The given differential equation can be expressed as d_X +Px = Q, whose integrating factor is ®ny.
y

Consider a differentiable function y = f (x) which satisfies f(x) = J.(f (t)sint—sin(t — x)) dt

0

Statement-I : The differential equation corresponding to y = f (x) is a first order linear differential equation.

Statement-I1I : The differential equation corresponding to y = f (x) is of degree one.
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ExerCise # 3 m [Matrix Match Type Questions]

Following question contains statements given in two columns, which have to be matched. The statements in
Column-I are labelled as A, B, C and D while the statements in Column-II are labelled as p, g, r and s. Any given

statement in Column-I can have correct matching with one or more statement(s) in Column-I1.

1.
Column-1 Column - I
(A) Solution of _x;dy: 2+ﬂis ® xy?=2y’+¢
Yk VT y =2y
, dy ,
B) Solution of (2x — 10y?) x +y=0is @ secy=x+1+ce
© Solution of sec? y dy + tan y dx = dx is (r) x+1)(1-y)=cy
. . dy .
D) Solution of siny o cosy (1-xcosy)is (s) tany=1+ce™
2. Match the properties of the curves given in column-I with the corresponding curve(x) given in the column-II.
Column-I Column-II
A) A curve passing through (2, 3) having the property that ®» Straight line
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 (1, 1) having the property that any @ Circle
tangent intersects the y-axis at the point which is equidistant
from the point of tangency and the origin, can be
© A curve passing through (1, 0) for which the length of (r) Parabola
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 (s) Hyperbola
the point of tangency and the x-axis is bisected by the
y-axis, can be
3.
Column-1 Column - I
1
(A) xdy =y(dx +ydy), y(1) = 1 and y(x ) =3, thenx = ®» 1
d
®B) Hﬂommmmnﬁa+u;%_w=h @ 15
y (0)=—1, theny (1)=
1
© (x*+y?) dy=xydx and y(1)=1 and (9] 5
y(x,) = ¢, thenx =
d 2
O T =0,y()=1, theny(2)= ©  \Be
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4. Column-—1I Column —1IT

d3 2/3 Sd

A) The degree of differential equation —}3, 2V _0is: ®» 1
dx dx

. d’ d
(B) Find degree of x* dx}zl —on (x %) +1=0 (1)) 2
. . . dy ,(d%

© Order of the differential equation yd— +x ol + Xy =C0SsX (r) 3
X X

D) Order of the differential equation y = ba—i , where (s) none

X +C

a, b, c are arbitrary constants.

m) [Comprehension Type Questions] -

Comprehension # 1

A & 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 of water in reservoir

A is 1.5 times the quantity of water in reservoir B.
LetV, &V represents volume of reservoir A & B at any time t, then :

On the basis of above information, answer the following questions :

1. If after 1/2 an hour V, =kV_, thenk is -

(A)3 (B)3/4 (©) 3 (D) none of these
2. After how many hours do both the reservoirs have the same quantity of water ?

1
(A) log,, ;2 hrs (B) log,, ;4 hrs (C) 2 hrs (D) mhrs
V. .. .
3. If V. = f(t), where 't' is time. Then f(t) is -
B
(A) increasing (B) decreasing (C) non-monotonic (D) data insufficient.
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Comprehension # 2

d
A curve y = f (x) satisfies the differential equation (1 + x2) d_y + 2yx = 4x? and passes through the origin.
X

The functiony = f (x)
(A) is strictly increasing V x € R. (B) is such that it has a minima but no maxima.

(C) is such that it has a maxima but no minima. (D) has no inflection point.

The area enclosed by y = f ~!(x), the x-axis and the ordinate at x = 2/3 is

(A)2Mn2 (B) % In2 (©) % In2 (D) % In2

For the function y = f (x) which one of the following does not hold good ?

(A) f(x) is arational function (B) f(x) has the same domain and same range.

(C) f(x) is a transcidental function (D) y=1f(x) is a bijective mapping.
Comprehension # 3

Differential equations are solved by reducing them to the exact differential of an expression in x & y i.e., they
are reduced to the form d(f(x,y))=0

xdx+ydy  ydx-—xdy

e.g.:

\/X2+y2 X’
1 2xdx +2ydy xdy — ydx — y — vy

= Y 2 2 =— P = d(\/X +Y):*d - = d \/X ty += =0
2 \/X +y X X X

.. y
solution is /x> +y° * ; =c.

Use the above method to answer the following question (1 to 3)

The general solution of (2x* — xy?) dx + (2y* — x%y) dy =0 is

(A) x*+x%y?—yt=c (B)x'—x?y*+y'=c
(O)x*—xy’—y*=c¢ (D) x*+x%y* +y'=c

d
General solution of the differential equation 2X Y > + [1 - Y 2) dx=0is
X" +y X +y

(A) x +tan™ (%) =c (B) x + tan™ L c (C) x—tan™ (%) =c (D) none of these
Yy

General solution of the differential equation e¥ dx + (xe¥—2y) dy =0 is
(A)xe’—y*=c¢ (B)ye*—x>=c¢
(O)ye¥tx=c (D) xe¥—1=cy?
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Comprehension # 4

Let C beacurve y=1f (x) passing through M (_\/5 , 1) such that the y-intercept of the normal at any point

P(x,y) onthe curve C is equal to the distance of P from the origin.

Which one of the following statement is correct ?

(A) f(x) has exactly two points of inflection.

(B) f(x) has maxima but no minima.

(C) The equation f(x) = —2 has two distinct real solutions.

(D) Inclination of the tangent line drawn to f(x) at (1, 0) is tan'1.

The area enclosed by the curve C and the co-ordinate axes is equal to

ol . o2 .
@)% (B) 5 ©)3 D) 3
The shortest distance between the curve C and the circle x>+ y?>—2y = 0 is equal to

1
A) 5 (B) V21 © 6-1 D) J5-1

Comprehension # 5

Consider three real-valued functions f, g and h defined on R ( the set of real numbers).

f'(x)
.

Let f(x) = 2x*+3 (1—%} x?>+3(a®>—a)x+b where a,b € R and g(x) =

Also h(x) is suchthat h"(x) = 6x—4 and h(x) has alocal minimum value 5 at x=1.

The true set of values of a for which f(x) has negative point of local minimum, is

(A) (=0,0) (B)(1,) (©©,1) (D) (1, 0)— {2}

The complete set of values of a for which vertex of parabola y = g(x) has negative ordinate, is
1

A) (Elj (B) (0,0) (OR-{2} (D) (1,0)— {2}

The area bounded by y = h(x) between x=0 and x=2, is

A2 B) 2 02 D) >

Ok (B) 3 ©)5 )3
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Comprehension # 6
dn dnfl
Y g &
O dx" ' dx"
We take the auxiliary equationa D*+a D*'+..+a =0

In order to solve the differential equation of the form a +....+ay=0,whereaa,a, are constants.

Find the roots of this equation and then solution of the given differential equation will be as given in the

following table.

Roots of the auxiliary equation Corresponding complementary function
1 One real root o, ce™

2 Two real and different roots o, and o, c,e™ +c,e"

3 Two real and equal roots o, and o, (c,+c,x) e™™

4. Three real and equal roots o, o, o, (c,tex+ex?) e

5 One pair of imaginary roots oL £ if3 (c, cos Bx +c, sin Bx) e*

6 Two pair of equal imaginary roots a =i and =i [(c, +¢,X) cos Bx +(c, +c,x) sin Bx] ™

Solution of the given differential equation will be y = sum of all the corresponding parts of the complementary

functions.
d’y dy
1. Solve o -2 o +y=0.
(A) y= (Cl + CZX)ex (B) y= (Clex + czex) ©) y= (Clx)ex (D) none of these
d*y
2. Solve o +a’y=0.
(A)y=(c, cos ax + ¢, sin ax)e™ (B) y =c, cosax + ¢, sin ax
(C) y= cl e + cz e X (D) none of these
d’y d’y dy
. 5 3 - Tt v =
3 Solve o 6 v 11 @ 6y=0
(Ay=(c,te,xtex?) e (B)y=x(c,e" +c,e™+c e™)
(C) y= Cl e* + 02 e 4 C3 ex (D) none of these

Comprehension # 7

Let y = f(x) and y = g(x) be the pair of curves such that

() the tangents at point with equal abscissae intersect on y-axis.

(ii) the normals drawn at points with equal abscissae intersect on x-axis and
(iii) curve f(x) passes through (1, 1) and g(x) passes through (2, 3) then

On the basis of above information, answer the following questions :

1. The curve f(x) is given by -
2 , 1 2
(A) ——Xx (B) 2x" —— (C) =X (D) none of these
X X X
2. The curve g(x) is given by -
1 2 1
(A) Xx—— (B) x+— © x* - - (D) none of these
X X X
2
3. The value of _[(g(x)— f(x))dx is -
(A)2 1 (B)3 (©)4 (D)4 on2
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Exercise # 4 - [Subjective Type Questions]

1.

o

(i)

(iii)

(A)

(B)

©

Find the order and degree of the following differential equations -

: ey)  (dyY ) dy) | dy  (dy)'
O (d—J () o I S B RO O
L (dy) : dyy, 1
(iii) sin”! (d_xj =x+y (iv) (dxj +y= dy
dx
5/2
By dz_y _ . dy Y’ __dYy
0 B o (] g

2
(vii) j }2] =sin (x +ﬂj
X

Form a differential equation for the family of curves represented by ax?>+ by?= 1, where a & b are arbitary constants.
Obtain the differential equation of the family of circles x*+ y?>+ 2gx +2fy + ¢ =0 ; where g, f & ¢ are arbitary constants.

Form the differential equation of circles passing through the points of intersection of unit circle with centre at the

origin and the line bisecting the first quadrant.

Obtain the differential equation associated with the primitive, y = ¢, e+ c, e+ c,e*, wherec ,c,, c, are arbitrary
constants.

The temperature T of a cooling object drops at a rate which is proportional to the difference
T — S, where S is constant temperature of the surrounding medium.

dT
Thus, i —k (T —S), where k> 0 is a constant and t is the time. Solve the differential equation if it is given that

T(0)=150.
The surface area of a spherical balloon, being inflated changes at a rate proportional to time t. If initially its radius is
3 units and after 2 seconds it is 5 units, find the radius after t seconds.

The slope of the tangent at any point of a curve is A times the slope of the straight line joining the point of contact

to the origin. Formulate the differential equation representing the problem and hence find the equation of the curve.

d
Consider the differential equation d_z +Px)y =Q(x)

If two particular solutions of given equation u(x) and v(x) are known, find the general solution of the same
equation in term of u(x) and v(x).

If o and [ are constants such that the linear combinations o.u(x) + B.v(x) is a solution of the given equation, find the
relation between a and 3.

v(x)—u(x)

If w(x) is the third particular solution different from u(x) and v(x) then find the ratio .
w(x)—u(x)

+91-9350679141
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10.

11.

12.

13.

()
(i)

14.

Let C be a curve passing through M (2, 2) such that the slope of the tangent at any point to the curve is reciprocal

of the ordinate of the point. If the area bounded by curve C and line x =2 is expressed as a rational P (where p
q

and q are in their lowest form), then find (p + q).

Find all the curves possessing the following property; the segment of the tangent between the point of
tangency & the x—axis is bisected at the point of intersection with the y—axis .

Solve the following differential equations (I-XV)

. dy X 1

I x + tany) dy = sin 2y dx 11 — + =
® ( y) dy Y e P T I

2 ﬂ 2\1/2 dy S)
(m - (A=-x)g F2xy=x(1-x) av) X(X—l)a—(X—Z)y:X(ZX—l)
(\%) (1+y+x2y)dx +(x+x3)dy=0 %) y—x Dy=Db(1 +x2Dy)
(VI ﬂ+l on :l(.n ) (VI ﬂ-ﬁ-x =y%*?. sinx

dx | x y X2 y dx Y=Yy .
d d
Ix) 2d—z—ysecx:y3tanx (5:9) xzy—x3d—i:y“cosx
. dy
XD y(2xy+e)dx—e*dy=0 X1 smx& +3y=cosx
dy dy

(XIII) x(x2+l)& =y(1-x?)+x. Onx X1IV) X e —y=2x2cosec 2x

(XV)  (1+y*)dx=(tan'y —x)dy

Find the equation of a curve such that the projection of its ordinate upon the normal is equal to its abscissa.
dy_20+2
dx x+y-1)

Find the curve such that the distance between the origin and the tangent at an arbitrary point is equal to the distance
between the origin and the normal at the same point.

Solve

dy x° +xy

Solve: (A) L " (B) (x*—3xy?) dx=(y*—3x%)dy

A curve passing through the point (1, 1) has the property that the perpendicular distance of the origin

from the normal at any point P of the curve is equal to the distance of P from the x-axis. Determine the
equation of the curve.

Lety, and y, are two different solutions of the equation y’ + P(x) . y = Q(x).

Prove thaty =y, + C(y, —y,) is the general solution of the same equation (C is a constant)

Find the relationship between the constants o and B, such that the linear combination ay, + By, be a solution
of the given equation.

Let the function ®nf(x) is defined where f(x) exists for x > 2 & k is fixed positive real number, prove that if

d
d—X(X. f(x)) < —kf(x) then f(x) <A x'* where A is independent of x.
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16.

17.

18.

19.

20.

21.

22.

23.

Let / be the line created by rotating the tangent line to the parabola y = x> at the point A(1, 1), about A by an angle
of (—m/4). Let B be the other intersection of the line / with y = x2. If the area enclosed by the line / and the parabola
a
a

is where a, and a, are coprime, find (a, +a,).
Find the orthogonal trajectories for the given family of curves when 'a' is the parameter.
A) y=ax’ (B) cosy = ag™
. . . . d oy’ y . .
Let ¢, and c, be two integral curves of the differential equation S_X 7Y Aline passing through origin meets

X x+y’

c,atP(x,,y,)andc,at Q(x,, y,). Ifc, : y=f(x) and c, : y= g(x) prove that f’(x ) = g’(x,).

Atank contains 100 litres of fresh water. A solution containing 1 gm/litre of soluble lawn fertilizer runs into the tank
at the rate of 1 lit/min and the mixture in pumped out of the tank at the rate of 3 litres/min. Find the time when the

amount of fertilizer in the tank is maximum.

Solve the following differential equations (I - X)

1) (x—y?) dx+2xydy=0 (1) (X +y*+2)dx+2ydy=0
d d
xSy eny=xye v B (g esecy
dx dx I+x
2
dy e’ 1 [dYJ dy
N dx x° x VD dx x y)dX i
o Gy yeox W A
(VI x 2y&x+1) gy Y
dy . .
X 1.~ =) x) yy' sinx =cos x (sinx — y?)

The light rays emanating from a point source situated at origin when reflected from the mirror of a search light are
reflected as beam parallel to the x-axis. Show that the surface is parabolic, by first forming the differential equation

and then solving it.

Letf(x, y, ¢,)=0and f(x, y, ¢,) = 0 define two integral curves of a homogeneous first order differential equation. If P,
and P, are respectively the points of intersection of these curves with an arbitrary line, y = mx then prove that the

slopes of these two curves at P, and P, are equal.

Find the curve such that the ordinate of any of its points is the geometric mean between the abscissa and the sum
of the abscissa and subnormal at the point.

A curve passing through (1, 0) such that the ratio of the square of the intercept cut by any tangent off the
y—axis to the subnormal is equal to the ratio of the product of the co—ordinates of the point of tangency to the
product of square of the slope of the tangent and the subtangent at the same point. Determine all such

possible curves.
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24.

26.

27.

28.

29.

32.

w
w

34.

Given two curves y = f(x), where f(x) > 0, passing through the points (0, 1) & y = I f(t)dt passing through the points

(0, 1/2). The tangents drawn to both curves at the points with equal abscissas intersect on the x-axis. Find the curve f(x).

Let y(x) be a real-valued differentiable function on the interval (0, c0) such that y(1) = 0 and satisfies

y(x) = hx+2 — X . Find the value of [y(e)—y'(e)].
x Inx
Find the curve for which the area of the triangle formed by the x—axis , the tangent line and radius vector of the point

of tangency is equal to a’.

The perpendicular from the origin to the tangent at any point on a curve is equal to the abscissa of the point of

contact. Find the equation of the curve satisfying the above condition and which passes through (1, 1).

Find the curve for which sum of the lengths of the tangent and subtangent at any of its point is proportional to the

product of the co-ordinates of the point of tangency, the proportionality factor is equal to k.

Show that the curve such that the distance between the origin and the tangent at an arbitrary point is equal to the
+ tan~! %

distance between the origin and the normal at the same point, y/x* + y* =ce

d
If y, & y, be solutions of the differential equation d—i+ Py = Q, where P & Q are functions of x alone, and

7J}% dx

¥, =Y,Z thenprove thatz=1+ae ,'a' being an arbitrary constant.

Find the curve y = f(x) where f(x) > 0, f(0) = 0, bounding a curvilinear trapezoid with the base [0, x] whose area is

proportional to (n + 1) power of f(x). It is known that f(1) = 1

It is known that the decay rate of radium is directly proportional to its quantity at each given instant. Find the law
of variation of a mass of radium as a function of time if at t = 0, the mass of the radius was m and during time t, o %

of the original mass of radium decay.

X—d_X
Yy

d
_2‘_y

Let C, and C, be two curves which satisfy the differential equation q
X

and passes through

m
M (1, 1). If the area enclosed by curves C, , C, and co-ordinate axes is o (m, n € N) then find the least value of

(m+n).

Atank consists of 50 liters of fresh water. Two liters of brine each litre containing 5 gms of dissolved salt are run into
tank per minute ; the mixture is kept uniform by stirring , and runs out at the rate of one litre per minute. If ‘m’ grams
of salt are present in the tank after t minute, express ‘m’ in terms of t and find the amount of salt present after 10

minutes.

Find all functions f(x) defined on (—g, g) with real values and has a primitive F(x) such that
sin2x

( +sinx)

f(x) +cosx.F(x)= . Find f(x).
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Exercise #5 2 Part#1 > [Previous Year Questions| [AIEEE/JEE-MAIN]

10.

The solution of the differential equation (x> y?)dx + 2xy dy = 0 is- [AIEEE-2002]
(1) x*+y*=cx 2)x*—y*+cx=0 (3) x2+2xy =y*+cx (4) x>+ y?=2xy + cx?
The differential equation, which represents the family of plane curves y = e, is- [AIEEE-2002]
(Dy'=cy (2)xy'—logy=0 (3) xlogy =yy' (4) ylogy = xy'
-1
The equation of the curve through the point (1, 0), whose slope is }; n is- [AIEEE-2002]
X +X
MHy-DHEE+1)+2x=0 (2)2x(y—-1)+x+1=0
B)x(y-1)(x+1)+2=0 @ x(y+ D) +yx+1)=0

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

[AIEEE-2003]
(12,3 22,1 31,2 43,2
-1, d
The solution of the differential equation (1 +y?)+ (x —e™" ly) d—y =0, is - [AIEEE-2003]
X
(1) Xe2tan_1y:etan_1y +k (2) (X—2): keftan_ly
(3) 2xe™ V=2 Y 4k (4) xe 'y =tan'y+k

The differential equation for the family of curves x>+ y?>— 2ay = 0, where a is an arbitrary constant is-

[AIEEE-2004]
(1) 2(x*—y?)y'=xy (2)2(¢ +y?)y'=xy () (=y?)y' =2xy (4) (¢ +y?)y'=2xy
The solution of the differential equation ydx + (x + x%y)dy =0 is- [AIEEE-2004]
1 1 1
(1)—— =C (2)—— +logy=C (3) — +logy=C (4)logy=Cx
Xy Xy Xy

The differential representing the family of curves y*=2¢(x + Je ), where ¢ > 0, is a parameter, is of order and degree

as follows- [AIEEE-2005, ITT-1999]
(1) order 1, degree 2 (2) order 1, degree 1 (3) order 1, degree 3 (4) order 2, degree 2
Ifx % =y(logy — logx + 1), then the solution of the equation is- [AIEEE-2005]
X y y X
(1) ylog| — | =cx (2)xlog| = | =cy 3)log| = | =cx (4) log =cy
y X X y
The differential equation whose solution is Ax*>+ By?= 1, where A and B are arbitrary constants is of-
(1) first order and second degree (2) first order and first degree [AIEEE-2006]
(3) second order and first degree (4) second order and second degree

B Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035

+91-9350679141



MATHS FOR JEE MAIN & ADVANCED

11.

12.

13.

14.

15.

16.

17.

18.

19.

The differential equation of all circles passing through the origin and having their centres on the x-axis is-
[AIEEE-2007]

(1)xe=y+xy Y @)=y 3xy Y @)y =+ 2xy @) y=x-2xy Y

dx dx dx dx

. . . . ody  x+y . .. .
The solution of the differential equation . = satisfying the condition y(1) =1 is- [AIEEE-2008]
X X

(1)y=®nx+x (2) y=x®nx + x> (3) y=xexD (4) y=x®nx+x
The differential equation of the family of circles with fixed radius 5 units and centre on the line
y=2is- [AIEEE-2008]
(1) (x=2)y*=25-(y-2)’ (2)(y-2)y*=25-(y-2y
() (y-2)y*=25-(y-2) (4) (x-2)’y?=25-(y-2)

The differential equation which represents the family of curves y = ¢,e" , where ¢, and c, are arbitrary constants,

is - [AIEEE-2009]
M yy" =y (2) yy"= (') By =y @ y"=yy
s

Solution of the differential equation cos x dy = y(sin X — y)dx, 0 <x < 5 is - [AIEEE-2010]
(I)secx=(tanx +c)y (2)ysecx=tanx + ¢
(3)ytanx=secx +¢ (4)tanx=(secx+c)y

dy .
If wx Y + 3> 0 and y(0) = 2, then y(In 2) is equal to [AIEEE-2011]
(1) 13 2)-2 3)7 @5

Let I be the purchase value of an equipment and V(t) be the value after it has been used for t years. The value V(t)

dvi(t
depreciates at a rate given by differential equation © = —k(T —t), where k > 0 is a constant and T is the total
life in years of the equipment. Then the scrap value V(T) of the equipment is [AIEEE-2011]
k(T - tY I kT?
HNl—— 2) e kT 3) T2 —— 4H1-
@ 2 (2 3) X “4) 2

The curve that passes through the point (2, 3), and has the property that the segment of any tangent to it lying

between the coordinate axes is bisected by the point of contact, is given by : [AIEEE-2011]
2 2
X y 6
M5+ 2] =2 @2y-3x-0 @) y=- @) x2+y2=13
2 3 X
Consider the differential equation y’dx + [x - l] dy =0. It y(1) =1, then x is given by : [AIEEE-2011]
y
A 1 b L
ai-Lie 2 4-2_¢ 3)3-L4e @1+l_e
y ¢ y e y e y e
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20.

21.

22.

23.

24.

2.(A)

(B)

The population p(t) at time t of a certain mouse species satisfies the differential equation dﬂft)= 0.5 p(t) — 450.

If p(0) = 850, then the time at which the population becomes zero is : [AIEEE-2012]
1

(1)In18 (2)21nl18 (3) In9 “) 5 In18

Atpresent a firm is manufacturing 2000 items. It is estimated that the rate of change of production P w.r.t. additional

number of workers x is given by j—P =100 —12+/x . If the firm employs 25 more workers, then the new level of
X

production of items is : [JEE (Main)-2013]
(1) 2500 (2) 3000 (3)3500 (4)4500

Let the population of rabbits surviving at a time t be governed by the differential equation dlzigt) = %p(t) —-200,
Ifp(0) = 100, then p(t) equals : [Main 2014]
(1)400-300¢" (2)300-200¢? (3) 600—500 ¢ *> (4)400-300¢ >

Let y(x) be the solution of the differential equation (x log x) % +y =2xlogx,(x >1). Theny (e)isequalto:
m2 (2)2e 3)e 40 [Main 2015]
If a curve y = f(x) passes through the point (1, —1) and satisfies the differential equation, y(1 + xy) dx = x dy, then

f(—%j is equal to : [Main 2016]

4 4 2
-3 @) 5 33 -3

[Previous Year Questions][IIT-JEE ADVANCED]

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

In10 —1n9

integer bigger than or equal to, m .

[JEE 2000 (Mains)]

Let f(x), x > 0, be a nonnegative continuous function, and let F(x) = J-f(t)dt, x >0 . If for some ¢ > 0,
0

f(x) < cF(x) forall x > 0, then show that f(x) =0 forallx > 0.
A hemispherical tank of radius 2 meters is initially full of water and has an outlet of 12 cm? cross
sectional area at 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 velocity of the flow through the

outlet and the height of water level above the outlet at time t, and g is the acceleration due to gravity. Find
the time it takes to empty the tank. [JEE 2001 (Mains)]
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8.(A)

(B)

10.

11. (A)

d
If y(t) is a solution of (1 + 1) d_i] —ty=1and y(0) =—1, then y(1) is equal to -

(A) 12 (B) e+1/2 (C)e-1/2 (D) -1/2 [JEE 2003]

d
Let p(x) be a polynomial such that p(1) =0 and = (p(x))> p(x) forall x > 1 show that p(x) >0, for all x> 1.

[JEE 2003 (mains)]
A conical flask of height H has pointed bottom and circular top of radius R. It is completely filled with a volatile
liquid. The rate of evaporation of the liquid is proportional to the surface area of the liquid in contact with air, with

the constant of proportionality K > 0. Neglecting the thickness of the flask, find the time it takes for the liquid to

evaporate completely. [JEE 2003 (mains)]
Ify=y(x)and ”# %IJ— —cosx, y(0)=1, then y m equals - [JEE 2004, (Screening)]
y+
A) = B) = ) -~ D) 1
(A) 3 (B) 3 © —3 (D)

x+17 +(y-3)
x+1)
between curve and x-axis in 4™ quadrant. [JEE -2004 (Mains)]

A curve passes through (2, 0) and slope at point P (x, y) is . Find equation of curve and area

The solution of primitive integral equation x>+ y2) dy=xydx,isy=y (x). If y (1) =1 and y (x)) = e,
then x, is - [JEE 2005, (Screening)]

(A) 2 -1) (B) y2 € +1) (©) \3e (D) none of these

For the primitive integral equation ydx + y2dy =xdy;xeR,y>0,y=y(x),y(1)=1, then y(-3)is-
a3 (B) 2 O1 D)5

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 the curve. [JEE 2005 (Mains)]

A tangent drawn to the curve y = f(x) at P(x, y) cuts the x-axis and y-axis at A and B respectively such that

BP:AP=3:1, giventhat f(1)=1, then - [JEE 2006]
. . dy .
(A) equation of the curve is Xd_x -3y=0 (B) normalat (1, 1)isx+3y=4
. . dy
(C) curve passes through (2, 1/8) (D) equation of the curve is Xa +3y=0

2 £(x) - x> f(t)

Let f(x) be differentiable on the interval (0, o) such that f(1) = 1, and lim . =1, for each
t—>Xx —X
x > 0. Then f(x) is - [JEE 2007]
1 2x° -1 4x* -1.2 1
A) —+—— B) —+— C)—*t— D) —
()3X3 ()3X3 ()sz D)
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(B)

12.

14.

dy +1-y

The differential equation . = ~———— determines family of circles with
X y

(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 varialble centres along the y-axis.

2
Let a solution y = y(x) of the differential equation x /x> —1 dy — y/y’ —1 dx = 0 satisfy y(2) =—=.
V3

Statement-1 : y(x) = sec [sec1 X — g) [JEE 2008]

243 1

|1 -=

1
Statement-2 : y(x) is given by ; =
(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.

Match the statements/ expressions in Column I with the open intervals in Column II. [JEE 2009]
Column I Column IT

T
A) Interval contained in the domain of definition of non-zero ®» (—5, Ej

solutions of the differential equation (x — 3')2 y+y=0

B) Interval containing the value of the integral (1)) (0,%}
5
[ = —2)x =3)x = 4)x = 5)dx ® mon
1 8 4
© Interval in which at least one of the points of (s) (0,%)

local maximum of cosx + sin x lies

D) Interval in which tan™! (sin x + cos X) is increasing ®) (~m, )

Let fbe a real-valued differentiable function on R (the set of all real numbers) such that f(1) = 1. If the y-intercept of
the tangent at any point P(x,y) on the curve y = f(x) is equal to the cube of the abscissa of P, then the value of
f(-3) is equal to [JEE 2010]
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15. (A) Let f : [1,0) > [2,0) be a differentiable function such that f(1) = 2. If 6If(t)dt =3x f(x)-x’

(B)

16.

17.

18.

for all x > 1, then the value of f(2) is [JEE 2011]
] ' — ' — ' df(X) : :
Let y'(x) + y(x)g'(x) = g(x)g'(x), y(0) = 0, x € R, where f'(x) denotes 1 and g(x) is a given
X

non-constant differentiable function on R with g(0) = g(2) = 0. Then the value of y(2) is [JEE 2011]
If y(x) satisfies the differential equation y' — ytanx = 2x sec X and y(0) = 0, then [JEE 2012]
) (zj_i (®) yv(zJ_i © (zj_i > {zj_“_u 21

N4 ) sh 4)718 N2 3)73 T30

Let f: B—, 1} — R (the set of all real numbers) be a positive, non-constant and differentiable function such

1 1
that f'(x) < 2f(x) and f [5) =1. Then the value of J f(x)dx lies in the interval [JEE Ad.]
1/2
e—1 e—1
(A) (2e — 1, 2e) (B) (e —1,2e—1) ©) |~ R D) | 0 2
A curve passes through the point (1, gj . Let the slope of the curve at each point (x, y) be A sec(z], x>0 .
X X
Then the equation of the curve is [JEE Ad. 2013]
(A) sin Y =10gx+1— (B) cosec b =logx+2
X 2 X
2y 1
©) sec[z—yjzlogx+2 (D) cos(—J:longr—
x X 2

Paragraph for Question 19 and 20

19.

Let f:[0,1] = IR (the set of all real numbers) be a function. Suppose the function f is twice differentiable, f(0)
= f(1) =0 and satisfies f"(x) - 2f'(x) + f(x) > €, x € [0,1].

1
If the function e " f(x) assumes its minimum in the interval [0,1] at X = 1 which of the following is true ?

[JEE Ad. 2013]

1 3
AW FE<fe). 7 <x<7 (5) £ .0 < x <

1 3
(©) <), 0 <x < D) L) </(x), 5 <x <1
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20.

21.

22.

24.

Which of the following is true for 0 <x <1 ? [JEE Ad. 2013]
1 1 1
(A)0<f(x)<oo (B) —5<f(X)<5 ©) —Z<f(x)<1 (D) -0 < f(x)< 0

d Y42
The function y= f(x) is the solution of the differential equation d—y TR AR z
X

in (-1, 1) satisfying f(0)=0.

-1 1-x?
V3
2
Then | f(x)dx is [JEE Ad.2014]
B
2
LE L] ] )
W37 B3775 © % 4 ®) 5

Let y(x) be a solution of the differential equation (1 + e¥)y' + ye* = 1. If y(0) = 2, then which of the following statements
is (are) true ? [JEE Ad. 2015]
(A)y=4)=0

(B)y(-2)=0

(C) y(x) has a critical point in the interval (-1, 0)

(D) y(x) has no critical point in the interval (—1, 0)

Consider the family of all circles whose centres lie on the straight line y = x. If this family ofcircles is represented by

2
"n_

d
the differential equation Py"+ Qy'+ 1=0, y' (here y'=

oY 0 ), then which of the following statements is (are)
true [JEE Ad. 2015]
(A)P=y+x (B)P=y—x
(OP+Q=1-x+ty+y+(y) D)P-Q=x+y-y'-(y)

A solution curve of the differential equation (x2 +Xxy+4x+2y+ 4)3—y =y* =0, x> 0, passes through the point
X

(1, 3). Then the solution curve

(A) intersects y = x + 2 exactly at one point.
(B) intersects y = x + 2 exactly at two points
(C) intersects y = (x +2)?

(D) does NOT intersecty = (x + 3)?

+91-9350679141
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) > > vockaesT < < ¢

SECTION -1 : STRAIGHT OBJECTIVE TYPE

XQ(dyjz X3(dy)3
1 Solution of differential equation x2=1 + | — T ly) ) Ly) )
. olution of differential equation x* = y) 2 T is
A)y*=x*(®nx*—1)+c¢ B)y=x*(®nx—1)+c
(C)y*=x(®nx—1)+c (D)y=x2e* +c
. . . X+y+l . _ .
2. If gradient of a curve at any point P(x, y) is ————— and it is passes through origin, then curve is
2y+2x+1
3x+3y+2 3x+3y+2
@nzu+3w:0n———zl—— anx+3y—on-31—1——‘
3x+3y+2
(C)3y+x=@n(3x+2y+1) (D) 6y—3x=@n |2V *<
3. The solution of the differential equation y, y, = 3y,* is
A)x=Ay +A y+A, B)x=A y+A,
O)x=Ay +A)y (D) none of these
4. The equation of the curve satisfying the differential equation y, (x> + 1) = 2xy, passing through the point
(0, 1) and having slope of tangnet at x =0 as 3, is
(A)y=x>+3x+2 B)y’=x>+3x+1 (C)y=x3+3x+1 (D) none of these
1 .
5. If the solution of the differential equation % _ ——— isx=ce’mY -k (1 +siny), thenk =
dx  xcosy+sin2y
A1 (B)2 ©3 D)4
6 The differential equation of all parabola having their axis of symmetry coinciding with the axis of X is
d’y (dyj2 dx (dx) d’y dy
A)yy—5+|—| =0 B)y—+|—| =0 C)y—+—==0 D) none of these
A Yl ax ()Ydyz dy ()ydXZ ix (D)
7. The differential equation of all parabola having their axis of symmetry coinciding with the x-axis is
d’y [dyj2 dx (dxY d’y dy
A)y—S+H —| = B) y—+|—1 =0 C)y—+—=0 D) none of these
( )ydx2 dx ( )ydy2 dy ( )ydx2 dx ®)
8. The degree of the differential equation satisfying \1—x* +,/1—y* =a(x—y) is
A) 1 (B) 2 (©)3 (D) None of these
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10.

11.

12.

13.

14.

15.

The equation of curve passing through (3, 4) and satisfying the differential equation

dyY’ dy
y|—| +(x—-y) — —x=0canbe
dx dx
S, :x—y+1=0 S, :x+y-7=0
S, 1 xX*+y*=25 S, : xX’+y*=-5x=10
(A) TFTF (B) TTFF (O)TTFT (D) FTFT

d
The solution of differential equation (x*— 1) &y +2xy= is

1 x-1 1 x-1
)= — 2 - —
(A) y(x*-1) log 1 +C (B) y(x*+1) log N +C
x-1
(C) y(x*-1)=— log 1 +C (D) None of these

SECTION - II : MULTIPLE CORRECT ANSWER TYPE

n

Ify=e*cosxandy +k y=0, wherey = " and k , n € N are constants.

(A)k, =4 (B)k,=-16 (C)k,=20 (D) k,, =—24

2
The differential equation d Z
X

+y + cot? x = 0 must be satisfied by
(A)y=2+c¢ cosx+ ,/c, sinx (B)y=cosx.0n(tan§j+2

. X
(C)y=2+c, cosx+c,sinx+cosx log(tanzj (D) all the above

2

The differential equation —- +y + cot® x = 0 must be satisfied by

(A)y=2+c,cosx+ 4/c, sinx (B)y-cosx.‘n(tan%)Jrz

(C)y=2+c, cosx+c,sinx+cosx log(tan%j (D) all the above

d d’
The differential equation of all circles in a plane must be [yl dy Y, = e y yeeeensd etc.]
X
(A) 5 (1+y7)-3y,y3 =0 (B) of order 3 and degree |
(C) of order 3 and degree 2 D) y: (1—yf)—3yly§ =0

d
The solution of ( yj x*y*+xy)=1is

(A)1/x=2—y?+Ce "
(B) The solution of an equation which is reducible to linear equation.
(C)2/x=1-y*+e?

1-2x .
(D) —— =—y*+Ce™”

B Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035

+91-9350679141



MATHS FOR JEE MAIN & ADVANCED

SECTION - III : ASSERTION AND REASON TYPE

2

1
16. Statement -I : Solution of (1 +x /x> +y? )dx +y (-1 + \/x* +y* ) dy=01is x - y7+§ (2+y?)2+c=0

1
Statement -1 : Solution of (1 +xy) ydx + (1 —xy)xdy=0is ®n L =c
y Xy

(A) Statement-I is True, Statement-Ilis True; Statement-11 is a correct explanation for Statement-I
(B) Statement-I is True, Statement-II is True; Statement-II is NOT a correct explanation for Statement-I
(C) Statement-I is True, Statement-II is False

(D) Statement-I is False, Statement-II is True

d 1
17. Statement -1 : The equation of the curve passing through (3, 9) which satisfies differential equation &y =x+ o
is6xy=3x>+29x—6
2
. dy dy \ . -
Statement -I1 : The solution of D.E. ) dx (ef+eM)+1=0isy=c e +c,e*
X X

(A) Statement-I is True, Statement-Ilis True; Statement-11 is a correct explanation for Statement-I
(B) Statement-I is True, Statement-II is True; Statement-II is NOT a correct explanation for Statement-I
(C) Statement-I is True, Statement-II is False

(D) Statement-I is False, Statement-II is True

18. Statement -1 : The D.E. of all circles in a plane must be of order 3.
Statement -II : There is only one circle passing through three non-collinear points.
(A) Statement-I is True, Statement-Ilis True; Statement-11 is a correct explanation for Statement-1
(B) Statement-I is True, Statement-II is True; Statement-II is NOT a correct explanation for Statement-I
(C) Statement-I is True, Statement-II is False

(D) Statement-I is False, Statement-II is True

19. Statement -I : The differential equation y* dy + (x + y?) dx = 0 becomes homogeneous if we put y> =t
Statement -11I : All differential equation of first order first degree becomes homogeneous if we put y = tx
(A) Statement-I is True, Statement-Ilis True; Statement-II is a correct explanation for Statement-I
(B) Statement-I is True, Statement-I1 is True; Statement-II is NOT a correct explanation for Statement-I
(C) Statement-I is True, Statement-II is False

(D) Statement-I is False, Statement-II is True

20. Statement -1 : Order of differential equation represents number of arbitrary constants in the general solution.
Statement -II : Degree of differential equation represents number of family of curves.
(A) Statement-I is True, Statement-Ilis True; Statement-11 is a correct explanation for Statement-I
(B) Statement-I is True, Statement-II is True; Statement-II is NOT a correct explanation for Statement-I
(C) Statement-I is True, Statement-II is False

(D) Statement-I is False, Statement-II is True
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SECTION - IV : MATRIX - MATCH TYPE

Find the solution of the following differential equation

Column-—1I Column 11
(A) (sinx+cosx)dy+(cosx—sinx)dx=0 ®» sec y +tany = c (cosec x + cot x)
(B) sinxdy +cosydx=0 @ 2 (x2+y?) +2 (xsin2x +ysin2y)
+ (cos 2x + cos 2y)=c¢
© x'cos’ydy +y'cos’xdx=0 (r) y=c—log|sin x + cos x|
D) tan x sec?y dy + tan y sec’x dx = dx (s) tanxtany=x+c¢
Column -1 Column - IT
1
) xdy =y(dx +ydy),y>0 ® 5
y(1)=1and y(xo) =-3, then X, =
: : dy
B) If y(t) is solution of (t + 1) P ty=1, @ —-15
y(0)=-1,theny(1)=
© (x*+y?) dx=xydxand y(1)=1 and ) - %
y(x,) = ¢, thenx =
dy 2y
D) — +—=0,y(1)=1,theny(2)= (s) 16
dx X
® B

SECTION -V : COMPREHENSION TYPE

Read the following comprehension carefully and answer the questions.

d d
Differential equation d_y =f(x) g (y) can be solved by seperating variable = - f(x) dx
X

g(y)

The equation of the curve to the point (1, 0) which satisfies the differential equation (1 + y?) dx — xy dy =0 is
(A) x*+y*= B)x*-y*=1 (C)x*+y*=2 (D) x*—y*=2

. _dy 14y .
Solution of the differential equation i + \/E =01is

A) tan”'y +sin'x=c¢ B) tan'x +sin"'y =¢ (C)tan'y.sin'x=c¢ (D) tan'y —sin'x =¢
y y y y

d
If&y:1+x+y+xyandy(—l):0,theny:
(1-x)? (1+x)
A)e ? Bye * -1 (C)on(1+x)-1 (D) 1+x
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24.

25.

Read the following comprehension carefully and answer the questions.

The rate at which a body undergoes a change in temperature is proportional to the difference between its tempera-
ture and temperature of the surrounding medium. If'y = f(t) is the temperature of the body at time t and M(t) denotes
the temperature of the surrounding medium. Newton’s law leads to the differential equation

y =-k(y-M(1)
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
f(t) =be ™ + e’ktJ‘k M(z) e¥dz

A body cools from 200° to 100° in 40 minutes while immersed in a medium where temperature is kept constant.
Let M(t) = 10°. If we measure t in minutes and f(t) in degree then f(t) must be equal to
(A)10+180¢e™ (B)10+ 140 ™ (C)10+100e™ (D)10+190 ¢

The value of k must be

log19—10g9 log19—10g9 log19—1og9
A)(g g9) (B)(g g9) (©) 8 g

100 10 40 (D) none of these

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

log19—1log9 _
(A)401og 19 (B)401log9 () 40| 20e10~log (D) 40 0839 =log19
log39 —log19 log19—1log9

Read the following comprehension carefully and answer the questions.

dzy

dx?

dy

A differential equation of the form +a, ™ +a,y=0iscalled linear differential equation where a, and a,
X

are function of x only. In case a, and a, are constants, the solution of the linear differential equation can be

easily written by following facts —

(i) y=01is a solution of differential equation.

(ii) If y =f(x) is a solution then y = ¢ f(x) is also a solution.

(iii) If y = f(x) & y = f,(x) are two solution then y = f,(x) + f (x) will also be a solution

(iv) If distinct roots of quadratic equation m*+a, m+a, =0 are m and m, (real or imaginary) then solution of
differential equation is y = clemlx + czemzx

In case roots are complex the solution can be transformed to the form e (¢, cos bx + ¢, sin bx) by using

Euler’s theorem.

(v) Incaserootsof m’+a m+a,=0 are equal (say m,) the differential equation can be make linear by putting

dy
— —-my=v
dx Y
) . . . dYy dy _ e .
The linear differential equation F-‘- a, W +a,y = f(x) can also be satisfied by some other functions

which are not of the above type such functions are called particular integrals
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26.

27.

28.

29.

d’y

2
X

(A)e™ (B) e—x (C) ae*+be™ (D)e*+c¢

y = ¢" is a solution of differential equation —y =0, then which of the following is not a solution.

2
Which of the following is solution of the equation dy _ 6 dy +9y=0

dx’ dx
3
(A)c +c,x (B) (¢, +e,x)e™™
(C) ¢, cos 3x + ¢, sin 3x (D) none of these
. . . . dy cosax .
A particular integral solution of the equation o +a’y+ . 0is
X
i xsinax ~ Xcosax

(A) ¢, cos (ax) +c, sin (ax) (B) 23 + a2

xsinax = cosax —Xxsinax cosax

C + — D) ———

© =7+ D) — 7 7

SECTION - VI : INTEGER TYPE

By eliminating the constant in the following equation x* — y? = c¢(x? + y?)?its differential equation is

_ x(y -x%)

= , then find the value of A.
YT yoxT -y

The curve passing through the origin if the middle point of the segment of its normal from any point of the curve to

the x-axis lies on the parabola 2y? = x is y> = Ax + 1 —e*, then find the value of A.

A & 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 of water in reservoir A is 1.5 times the quantity of water in reservoir B. After (A log, , 2) hours both

the reservoirs have the same quantity of water, then find the value of A

Let the curve y = f (x) passes through (4, —2) satisfy the differential equation,

sin? x cosZ x

yx+y)dx =x (¥’ —x)dy &y=g(x) = J. sin’lﬁ dt+ J. cos"ﬁ dt,
178 178

0<x<

(SN

4
. The area of the region bounded by curves, y = f(x),y =g (x) and x=0is % (Sl_g] , then find the

value of A.
The differential equation, (x> + 4y? + 4xy) dy = (2x + 4y + 1) dx has solution

x+2y+2—\/§

=@ +2y)P+A(x+2y)+2) -
y=®n((x+2y)’+A(x+2y)+2) xt2y12142

+ ¢, then find the value of A.

3
—— On
22
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PART - 11
B) proxi O sec 3. D 5§ 1 6. A 7. (x-3)x+1) 3 ! it 8. AC @BA
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1354/g K Y773
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w o= 0 > >
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11. AB 12. BC 13. BC 14. AB 15. ABD 16. B 17. B 18. B
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