Differential Equations

No. of Questions | Maximum Marks Time

30 120 1 Hour

Chapter-wise

GENERAL INSTRUCTIONS

e This test contains 30 MCQ's. For each question only one option is correct. Darken the correct circle/ bubble in the
Response Grid provided on each page.

e You have to evaluate your Response Grids yourself with the help of solutions provided at the end of this book.

e FEach correct answer will get you 4 marks and 1 mark shall be deduced for each incorrect answer. No mark will be given/
deducted if no bubble is filled. Keep a timer in front of you and stop immediately at the end of 60 min.

e The sheet follows a particular syllabus. Do not attempt the sheet before you have completed your preparation for that
syllabus.

o After completing the sheet check your answers with the solution booklet and complete the Result Grid. Finally spend time
to analyse your performance and revise the areas which emerge out as weak in your evaluation.
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1. Ify=(x+1+x% ), then(1+x})— +Xx— _lle 7 _1 7
y=(x+ 1+ x* )", then ( x)dX2 ax 18 @ y I b) y=g |5t g
(@) n’ (b) -n%
1| e™ 7 1™ 7
2. The solution of the differential equation 8 8 8

ﬂ+llogy:l(logy)2 s xde+ydy) _ (a®—x*—y?)
dx x <2

L x4+ y? ) s

(@ y=log (x2 +cX) (b) logy=x [cx2 +%) (@) W = ¢ sin {(tan~! y/x) + constant}

(b) W — ¢ cos {(tan~! y/x) + constant}
(© W = ¢ {tan (sin"!y/x) + constant}

d*y d*y

[[2, 2\ _ -1 "
3. The solution of the differential equationd—{—gﬁ =0 (@) /(x*+y%) =a itan(cos™ y/x) + constant}
X X

4.  The solution of (x dy—ydx

1
() X= log Y[sz +EJ (d) None of these

1
safisfying y(0) = 3 »'(0)=0 and y"(0)=1is
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The gradient of the curve passing through (4, 0) is given by

O A S = 0 ifthepoint(5, a)liesonthecurve,
dx x (x+2)(x-3)
then the value of a is
67 7
(@) I (b) 5sin D

7
() 5 10g§ (d) None of these

The differential equations of all conics whose axes coincide
with the co-ordinate axis

d’y (dy)Z dy
—+x|—| +y—=0
(@) % dx? g dx Y dx

2
y (dy) dy

X +x|—| +x—=0
®) vz dx dx
d’y [d ) dy

2V 2 o0
(© % dx? g dx dx

The equation of the curve satisfying the equation
d

(xy— xz)d—y = y2 and passing through the point (-1, 1) is
/x

(b) y=(logy+I)x
(d x=(logx+1y

@ y=(logy-Ix
(© x=(logx-1)y

If for the differential equation y'= Ly ¢ [ﬁ} , the general
x y

X

solution isy = log| Cx |’ then ¢ (x/y) is given by
(@) —x%y? (b) »/x?
(© x*y ) 2
dy _yf'(0) -y’
The solution to the differential equation 5 _ =~
dx f(x)

where f(x) is a given function is

10.

11.

12.

13.

14.

@ f(x)=y(x+c) (b) f(x)=cxy
© f(x)=c(x+y) d) yf(x)=cx

The solution of the differential equation sec? x tan y dx +
sec? y tan x dy =0 is:

(a) tanytanx=c (b) taﬂ:c
tan x
tan” x
(c =c (d) None of these
tan y
The solution of the differential equation
log xﬂ+Z =sin2x is
dx x

1 1
() ylog|x|=C—Ecosx (b) y10g|x|=C+50052x

1 1
() y10g|x|=C—50052x (d) xy10g|x|=C—50052x

Ify = y(x) and 2SI (ﬂ) ——cosx, y(0)=1,
I+y \dx

I
then y (Ej equals
(@ 173 (b) 2/3
(c) -173 @ 1
The solution of the differential equation
(672\/; —L\ & 1 is given by
e
(@) yez‘/; =2/x +c (b) ye_z‘/; =x +c
© y=+x @ y=3Vx

The line normal to a given curve at each point (X, y) on the
curve passes through the point (3, 0). If the curve contains
the point (3, 4) then its equation is

@ x2+y2+6x-7=0 (b) 2(x>+y’)-12x=7=0

(c) X2+y2—6x—7=0 (d) None of these
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15. Differential equation of all conics ofthe form ax? + by =1,
a and b being parameters is :

2 2
(@ xy &y + x(d—y] -
d 2

X dx

dy
= =0
ydx

d’y dy]2 dy
— x| =] +y—=/=0
e P RS

dy (&) dy
Y YY) Yoy
© ¥4 X[dx] Vi

(d) None of these

16. Thesolution of the differential equation Y =2y G /x)

dc x o0'(y/x)
is
@ xo(x)=k (b) ¢ (v/x)=hx
© yoOox)=k d) dOx)=hy

(k is arbitrary constant)

d . .
17. The solution of cos yd—z = XTSINY 4 2680V o

‘ 3 ‘ 3
(a) ex—efsmy+x?=C (b) efx—efsmy+x?=C
‘ <3 ‘ <3
(©) ex+efsmy+?=C (d) ex—esmy—?=C
18. Which of the following equations represents the curve for
which the intercept cut-off by any tangent on y-axis is
proportional to the square of the ordinate of the point of

tangency?
11
(a) x+y=cxy ® T
é_}.E—X é_}.E—l
© YTy @ 15

19. The equation of the curve which is such that the portion of
the axis of x-cut off between the origin and tangent at any
point is proportional to the ordinate of that point is
@ x=y(a—blogy) (b) logx=bhby*+a
() x*=y(a—blogy) (d) None of these

d
20. Ify+ I (xy)=x (sin x + log x), then

2 2 x X c
(@) y=cosx+ T sin x + ? cos x + 3 log x — —+7
2 2 X X ¢
b) y=—cosx— — sinx+ — + = logx— X
(b) y=-cosx . sin x 2 cos x 3 og x 9+x2
2 . 2 X
(c) y=-—cosx+ T sinx+ —- cosx— 3 10gx—£+i2
X 9 «x

(d) None of these
21. The equation of the curve passing through the point

1
[a, —;j and satisfying the differential equation

dy 2 dy
— Yy — = + — .

@ (x+a)l+ay)=—-4a’y (b) (x+a)l-ay)=4a’y
(©) (x+a)(l-ay)= —4a2y (d) None of these
22. The real value of n for which the substitution y = " will

d
transform the differential equation 2x 4y d_y + y4 =4x% into
X

a homogeneous equation is
(@ 12 (b) 1
() 32 d 2
23. The solution of the differential equation

dy 'y y 2
— +Z1lo =—(lo :
/ gy 2( gy) 1S

@ y=log ()c2 +cx) (b) logy=x [sz +%]

1

2

() x=logy [cx +5] (d) None of these

24. The family of curves satisfying the differential equation

ﬂ—2ytanx+y2 tan*x =0 is
dx

@ ysec’x=5tan’x+c (b) ysin® x+5cos” x

(©) Ssec?x=y(tan’ x +c) (d) None of these
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25.

26.

27.

28.

7 An integrating factor of the differential equation
If a curve passes through the point (2, —j and has slope y
1 d—=ytanx—y2secxisequalt0:
1-—- | atany point (x, y) on it, then the ordinate of the x
X (@) tanx (b) secx
] o ] (c) cosec x (d) cotx
point on the curve whose abscissa is — 2 is : 29. Statement-1 : The differential equation of the form
3 3 yf (xy) dx+x¢ (xy) dy =0 can be converted to homogeneous
@ - 3 (b) 3 forms by substitution xy = v.
Statement-2 : Alldifferential equation of firstorder and first
Bl Bl degree become homogeneous, if we put y = vx.
© d - : : .
2 2 (a) Statement-1 istrue, Statement-2 istrue, Statement-2 is
24 y 2 acorrect explanation for Statement -1
The curvethat satisfies the differential equation ¥'= 5 (b) Statement-1is True, Statement -2 is True ; Statement-
Xy 21is NOT a correct explanation for Statement - 1
and passes through (2, 1) is a hyperbola with eccentricity : (c) Statement -1 is False, Statement -2 is True
@ 2 (b) ﬁ (d) Statement- 1 is True, Statement- 2 is False
(c) 2 @ 5 30. Statement-1 : The general solution of g_y +y=1lisye*=¢e*+c
. . . X
g he}famllyqfcukll'v es for Whlgh the area ofthe. trlanglﬁ formed Statement-2 : The number of arbitrary constants in the
Y the x-axis, the tangent drawn at any point on the curve general solution of the differential equation is equal to the
and r;ldlus vector of the point of tangency is constant equal order of differential equation
to 2a°, is given by (a) Statement-1 is false, Statement-2 is true
a2 a2 (b) Statement-1istrue, Statement-2 istrue; Statement-2 is
(a) X=cyt— (b) y=cxt— acorrect explanation for Statement-1
y S (c) Statement-1istrue, Statement-2 is true; Statement-2 is
2 2 2.2, 2 not a correct explanation for Statement- 1
(© x"tay” =cy (d) a’x Ly =cy (d) Statement-1 is true, Statement-2 is false
T 560000 26.0000 2.000@ 28.000Q@ 29 @000
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HINTS & SOLUTIONS (MATHEMATICS — Chapter-wise Tests)

Speed Test-83

1.

@  y=(x+Vl+x7)

%= n(x+y1+x2)"" (l +%(l+x2)71/2. Zx) :

%:n(xﬂlhxz)”*l (14" +x) :”(“1‘”‘2 +x)"

\/1+x2 \/1+x2

IS

[ d
or 1+x2d—y=ny0r ey =ny (0 y=—)
be

Squaring, (1+ x?)y,% = n?)?
Differentiating, (1+x7)2 V) + y12.2x =n*2 Wi
2

d’y 2 2
(Here, y, = 2 ) or (1+x%)y, +xp, =n%y

(©) Divide the equation by y (log y)2

1 dy, 1 11

y(logy)2 dx logy x - x2

1 =7 _—lﬂ = d_Z
Put 10gy y(]og y)2 dx dx

dz 1 1 . .
Thus, we get, ——+—-z=—-_linearinz
dx x <2

dz 1 1
o>+ -——|z=-—
dx [ Xj x?

—j.ldx

IF=e x =g lo8X !

.. The solution is, z[lj :I;l[lj dx +c¢
X x2 x

1 (1) —x7? [ ) 1]
= —|= +¢c =>x=logy|cx”+—
logy\ x -2 2

dzy d3y

t
@ Let 7= t= —==—"and the given equation
/x

e dx

dt
recuces to — =8¢ .
x

Separating the variables, ﬂ = &dx . Integrating we get.
t

lnt=8x+c=Iny" =8x+¢
Putx=0,then)y”=1= C,=0

sy =8x=y" =e*,

8x
o e
Again integrate, we get y' = 3

1
Again puttingx=0andy' =0 = ¢, =— 3

P | 1 &

TR

\+
- C
2 3

[After integration]

1
By giving valuesx =0, and y = g we get €3 = o

8x
Hence the final solution is y = é {eg - X+ %}



(a) Taking x = 7 cos 0 and y = r sin 0, so that
x2+)2=12and < = tan0,
x

wehavexdx +ydy=rdr
andx dy — y dx = x2 sec? 0d0 = 12 db.
The given equation can be transformed into

rdr _ [az —rzj
r*do ”

S R
N L: do
(a*=r%)

Integrating both sides, then we get

sin”! (L) 0+c

’1(“()( +y j tan~ (xj +c (1)

= J(x? +y2) = ¢ sin {tan ' (y/x)+ ¢}

= J(x*+ %) =a sin {tan"! (y/x) + constant}

(c) The differential equation is by = >
dx x (x+2)(x-3)

= sin

LF= ej(%]dx _ex 1
X

Solution is y(l) = I(lj x S—de _ ]n(x + 2) LC
X X/ (x+2)(x-3) x-3
It passes through (4, 0),s0C=-1In6

°. y =X 1n M
6(x—-3)
. 7
Putting (5, a), wegeta =5 ln[Ej
(¢) Any conic whose axes coincide with co-ordinate axis is

ax?+by?=1 ()
Diff. both sides w.r.t. 'x', we get

2 +2bd—y—0' +b d—y—O ii

ax LN ie.axtby (i)

oy (@)

Diff. again, a+bL e + dx J:O ..(iii)
.. a_ ydyldx

From (ii), b .

e (2 (2))

From (i), 3, =~( V2 " g0) |
dy
ydx d J’+(ﬂ 2
x dx*  \dx

= XW—5+X
dx?

7. (a)

d’y (dy) oy

dx E_O

We have, (xy_xz)%:

1
Putting —=u so that — — = —
x

We obtain @ +1 =— . Which is linear.
dy y

1
e lo;
IF=¢? =e%'=y

Hence the solution isuy = I ydy +C

or Z:]ogy+c or y=x(logy+C)
X

This passes through the point (-1, 1),
I=-1(log1+C)i.eC=-1
Thus, the equation of the curveis y =x(logy —1).
dy

Putting v=y/ x so that xﬂ+ v=—
dx dx

We have xﬂ+v= v+o(l/v)
dx

dv dx

o(1/v)  x
= log|Cx|= v
o(1/v)

(C being constant of integration)

Buty= is the general solution,

log| Cx|

X
So —=—=log|Cx

y 1=l "0
= ¢ (l/v) =_1h?
(differentiating w.r.t. v both sides)
= o@h)=—y*/x?

dy oy

We have — ix T x) £(x)
dy_£eo ¥
dx f(x) f(x)
Divide by y?
2dy_ afGo__ 1
dx f(x) f(x)
dy dz
dx dx



10.

11.

12.

@

©

@

_E_f’(x)(z)__ 1 :E f(x) 1
dx f(x) - f(x) dx f(x) f(x)
£100 4
[F.—e [0) _glogfl0) _ gy
.. The solution is Z(f(x)) = J.m (f(X))dX +C

Yy (f(x)=x+c = f(x) = y(x+c)
Given differential equation is
sec? x tan y dx + sec” y tan x dy = 0
On separating the variables
(dividing the equation by tan x tany)
sec” x

dr = sec’ yd
tan y

tan x
On integrating both sides, we get

sec’ yd

J‘SCszdx: J‘

tan x tany

Put tan x = u = sec3x .dx = du
and tan y = v = sec?y.dy = dv

= —I— = logu=—logv+logc

c
= u=—=uv=c
%
Required solution is tan x. tan y = ¢

ﬂ+ y sin2x
dx xlogx logx
dx
LE.=¢ *loegx
1
~dt
" I.F.:eIt =8 =t=log|x|

solution is given by
y(LE)=JQ(LE)dx+C

2
ylog|x|= [ == (log|x[)dx+C
log | x|

:_cos2x+c

2

2+
dy( sinx ) — —cosx,p(0) =1
dx\ 1+y

dy  —cosx N

(I1+y) 2+sinx

Integrating both sides

= In(l+y)=-In2+sinx)+C
Put x=0andy =1

= In(2)=-In2

13.

14.

15.

Put x=E
2

1
1n(1+y)=—ln3+ln4:1ng = yzg
ey e
@ L Jx \/;J dy

dy y e72&

Da‘f'ﬁ— NP ..

N §+P(y)=Q
X

This is linear differential equation.

1 2V
Here, P=— and 0=
Jx

Vx
1
LF_ Jrde _ J5% _ v

Solution is

y.ez“/; = Iez‘/;. e

P dx = ). e =2/x+c
(¢) The equation of normal to a curve at a point (x, y) is
(-9t (X-x)=0
dx
Since it passes throgh the point (3, 0), we have
d
(O—y)ﬂ+(3—x) =0= y—y: (3-x)= ydy =(3—x)dx
dx dx
2 X2

Integrating, we get YT =3x By +C

= xX>+y*—6x-2¢=0
Since the curve passes through (3, 4), we have
7
9+16-18-2¢c=0 = c= 7
x?+y?—6x — 7 =0 1is the required equation of the curve.
(@) The given equation is ax>+by?=1.

Differentiating we get, 2ax + 2byj—y =0
X

dy
= ax+ by— =0,
ax+ by i w(D)

2 2
4y, (ﬂj =0, .2
dx? \dx
From egs. (1) and (2), we get

2 2
vy [ @y (a
x dx dx?  \dx

Py (Y dy

Differentiating again, a +b (y

=0



1

Y _ —dx
16. (b) Let ; v IF. —e X :elogx —x

Q: v+xﬂ The solution is z(x) :J‘E(x)dx+c
dx dx X
_ X 1 c
Then, Q:Z+ o/ x) reduces to y X=kx+c =>=kx+c =>—=1+—
dx x o0'(y/x) y ky kx
A (&), )
+x —= vt ~ |-
A ) ) LK) A B
¢0) , _dx yooox "
o(v) dv = . 19. (a) Letthe equation of the curve be y = f(x).
On integrating, we get y ¥ f(x)
log ¢ (v)=logx+logk
= o(v)=xk
= ¢(Z):kx
X

d . . .
17. (¢) cos yd_y =X eSiny 4 x2 eSiny — esiny (X2 + eX)
X

Itis given that OT oc y
OT=by
cosy dy CoSy . r.2 =
= esiny& =(x*+e9) = J-esiny dy_J-(X et )dx = OM-TM=by
siny=t = x- =by [ TM = Length of the subtangent]
cosy dy = dt dy /dx
3 dx dx x
:>J‘eftdt=x—+ex+C’ = x-y—=by = ——==-b
3 dy dy y
—t 3 3 It is linear differential equation. Its solution is given by
e _X  x ' X —-siny | X _
= =—+e +C =>e" +e +—=C X
-1 3 3 —=—blogyt+ta=x=y(a—blogy)
18. (d) The equation of tangent at any point P(x,y) is Y

d 20. (d) The given differential equation can be written as

y

Y-y= o (X-x)
X

d—y+2— inx+1
X y=x (sin x + log x)

For Y intercept put X =0 )
= —+;. y = sinx + logx

d
which is linear in y i.e. of the type d_ic) +Py=Q

2
Hence P= —
:>Y=y—xd—y X
dx 5
.[de =2logx =logx
Given Y o y2 = Y_Xd—y:kyz
y dx . 2 2

[Pdx _ logx“ _
. ) e =e =X
[k proportionality constant]

Sol. isy.x2: Ixz(sinx +logx)dx +c

dy 1 ky? ody 1 4k
:_y__yz_L :y 2_y—_y 1:—_
dx x X dx x X 2 X2
=_—x?cosx+2xsinx+2cosx+— logx —— +¢
-1 2 dy dz 3 9
Puty =z=-y " —=—.
dx dx 2

. . x x c
ie.y=—cosx+ — sinx+ —3 cosx+ = logx— —+—

9
Then —d—z—lz:—E :>d—z+[ljz:£ x * 3 x
dx x X dx



21. (¢) Wehave y—xg_y:a[YZ +ﬂj
X

dx
= ydx —xdy = ayzdx + ady
= y(l-ay)dx =(x+a)dy
dx dy
- — =0
x+a y(l-ay)

Integrating, we get
log(x +a)—logy +log(l—ay) =log C

log (a+x)(1—ay)

or =logC 1ie. (x+a)(l-ay)=Cy
y
) 1
Since the curve passes through | 2, Y
. 2ax(l+]) = L iec-—4a?
a
So, (x+a)(l-ay)= —4a2y
22, (¢) y=u" 25.
S du
dx dx
- dy . .
On substituting the values of y and I in the given
X
equation, then
2xt " ! du +ut" = 4x°
dx
@ 3 4x6 _u4f’l
dx  2nx*u?n!
Since, it is homogeneous. Then, the degree of 4x° —1*" and
2nx* 12"~ must be same.
4n=6and4+2n-1=6
Then, we get n = 5 26.

23. (¢) Divide the equation by y(log y)>

1 dv 1 1 1

7t =g
y(logy)” dx logy x «x
1 -1 dy dz
Put | T e N dx  dx
ogy y(logy)” ax ax

1

dz . .
Thus, we get, ——+—-z = — > linear in z

X X
dz [ 1] 1
— | z=——
dx X x?
L
[F.=e © =e¢lgx=_—
X

e
:> —
log y\ x

24,

(¢) Divide the equation by y?, we get
Hd _
y? d_i ~(2tanx)y™" =—tan* x [see the Bernoulli’s equation]

ady_dz

Putyfl:z:—y x dx

4

Hence, —E—(ztanx).z=—tan X
dx

:>£+(2tanx)z:tan4 X
dx

Which is linear in z, Integrating factor,
IF. = e'[Ztan xdx

e210g|secx\ _ sec2 X

The solution is Z(sec2 X) = _[ (tan4 X) sec” xdx +a

_ 1
y 1(sec2x):gtan5 X+a :>5se02X:y(tan5x+c), C=5a

[av=] [1—xi2jdx

1 L .
= y=x+—+C, which is the equation of the curve
x

dy 1
a) Slope=—=1-— =
@ Slope=- =1

since curve passes through the point (2,%)

7=2+1+C = C=1
2 2

1
y=x+—+1
X

1 _
—2,then y=—2+—+1=—3
-2 2

when x

Putti = d dy _ v+ xﬂ he gi i
(@) Putting y=vx an ix ax the given equation
reduces to the form

dv  x?+v2x?

1+v?
V+Xx— = =
2x(vx)

&_I-FVZ
2v

X =
dx 2v

dx

2vdv  dx
- _

- 3—10g(1—v2)=10gx—a

1-v?
3log(1—v2)x=a = x(l—vz)zc,wherec:eal

1 1
When x=2,v=5, [when x=2, y=1, V=E]

so that ¢ = i
2

3x

So the equation of the curve is x? - Yz D)

-3

which is a rectangular hyperbola with eccentricity /7 .

V21

2_9
Y 76



27. (a) Tangent drawn at any point P (x, y) is Diff both side, we get

dy -1 dy d=
Y-y=-Y(X-x) 522
e ® y? dx dx
The triangle , whose area is given is A OPT (see the shaded
region in the adjacent figure) If coordinates of T are (X, 0) Put value of iz Q in the equation(1) , we get
then y© dx ’

A \ —(%) —(tanx)z =—secx
x.y)

dz
= (—) + (tan x)z = sec x
dx

This is the linear diffequation in 'z'i.e.

III \\\ d
[e) N T X This is of the form d_)Zc+ Pz=Q
. . .[de
dx then integrating factor = €
X=x- yd— (PutY =0in (i) - area of AOPT In the given question
Y J.tanxdx _log(secx)
1 LF.=¢ =e =secx
=5 |X-y|=2a” (given) 29. () ay=v
d x & ty= dv
.'.l|xy—y2d—x|=2az:xy—y2—X=J_r2a2 - dx dx
2 dy dy Then, the given equation reduces to
dx x  2a° v l( dv ) B
:>d_y_;=i_2’ which islinear in x xf(v)+x¢(v)(x PR =0
v dv
A = S+ y0(1) =0
Theintegrating factorisLF.=e¢ ¥ =¢ %Y =— * X
y _
R {V(f(V) ¢(v))} o ® o
The solutionis x | — [=|x——| — |dy+¢
) e, ey
a2y 2 x  vf()—(v)
XA Y =cy +2 Which is variable seperable form.
y -2 y dy dy
28. () Consider the differential equation 30. (c) Ix ty=1 = E =dx
dy 2
— =ytanx— y~secx
dx i=.[dx—log(l—y)=x
Divide by y? on both the sides, we get I-y
i(ﬂ):mnx_secx 1 l-y=e*, ye* =¢* +c¢
y* \dx y -1 Order of differential equation is the number of orbitarary
constants.
Let 1_ z Both are true but Statement 2 is not correct reason.

y
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