CBSE ACADEMY PLUS

SECTION - A
Questions 1 to 10 carry 1 mark each.

4
1. If m and n are the order and degree, respectively of the differential equation di[[?) :l: 0,
X

then write the value of m + n.
(a) 1 (b) 2 (c) 3 (d) 4
Ans: (c) 3

2o -
dx dx ) dx

Here m=Z2andn=1
Hence, m+n=3

2. The number of solutions of the differential equation zy Pt [’ . when y(1) = 2 is
X A=

(a) one (b) one (c) two (d) infinite

Ans. (b) one
: dy _y+1 _, dy _ dx
Given that; ] v+l x- 1

Onintegrating both sides, we get j

dx
y+1 x—1
= log(y+ 1) =log(x - 1) - logC
= log(y+1)+logC=log(x-1)= C=

Now, y(1)=2=c=1"1_¢

2+1
Required solutionisx-1=0
Hence, only one solution exist.

x=-1
¥+

3. The number of arbitrary constants in the particular solution of a differential equation of second
order is (are):
(a) O (b) 1 (c) 2 (d) 3
Ans. (a) 0
Particular solution of a differential equation of any order, does not have any arbitrary constant.

4. Kapila is trying to find the general solution of the following differential equations.
(1) xe"'dx— ye""dy=0
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dr
() (2x+1) = =3-2yc
x

(11T} ﬂ= sin x—cos y

dx
Which of the above become variable separable by substituting v = b.x. where b is a variable?
{a) only (I) (b) only (I) and (IT) (c) all - (I}, (I} and (III) {d) None of these
Ans. (a) only (I)
The homogeneous differential equation become variable separable by substituting v = bx.
Among given equations. only (I} is a homogeneous differential equation.

5. The general solution of the differential equation ydx - xdy = 0; (Given x, y = 0), is of the form:

a) xy=c (b) x = cy* c) y=cx (d) y = ex?
(Where ‘¢’ is an arbitrary positive constant of integration)
Ans. (o) y=cx

d-}f

6. The solution of the differential equation EIF — ¥ = 3drepresents:
i

(a) a circle (b) an ellipse (c) a straight line (d) a parabola
Ans. (d) a parabola

i
We have, Zx—'}r—_}f= 3
dx

= zxﬂ’=3+;-=.- o Ay _dx
dx I+y x

On integrating both sides, we get

2logly+3) =logx+logc

= log (y + 3)* = log cx

= (y+ 3 =cx

] .r"\:i i 1
7. The order and the degree of the differential equation 3f| ay| i}‘] + y=0are:
\ v’ \ oy
(a) 2,1 (b} 2, 3 c) 2,4 (d) 3,1
Ans: (b) 2,3

The highest order is 2 and the degree of the highest order is 3.
Hence, the order is 2 and the degree is 3.

8. Integrating factor for the differential equation (x log x) j—'}’+ v =2logxis
x

(a) log (log x) (b) log x (c) e* (d) x
Ans. (b) log x

. ody
Equaty — :
1 mmcir+xlugx

1
xlogx

_ 2
r=3

Hete P(x) =
| i
Integrating factor = EI dogr = gloglleex) = o0 5

In the following questions 9 and 10, a statement of assertion (A) is followed by a statement of

reason (R). Mark the correct choice as:

(a) Both Assertion (A) and Reason (R) are true and Reason(R) is the correct explanation of assertion (A).

(b) Both Assertion (A) and Reason (R) are true but Reason(R) is not the correct explanation of assertion (A).
() Assertion (A) is true bul reason (R) is false.

(d) Assertion (A) is false but reason (R) is true.
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9. Assertion (A): The solution of differential equation ? = ¥ with initial condition x = 1 and Y=
x  x

lisx=vy.

Reason (R): Separation of variable method can be used to solve the differential equation.

Ans. (a) Both Assertion (A) and Reason (R) are true and Reason(R) is the correct explanation of
assertion [(A).

10. Assertion (A): Solution of the differential equation (1+ f}%+y= tan ' x is

an '

¥ —(tan ' x—1)™ *+C
dv
Reason (R) : The differential equation of the form ﬂri+ Py =, where P, () be the functions
X

of x or constant, is a linear type differential equation.
Ans: (b) Both Assertion (A) and Reason (R) are true but Reason(R) is not the correct explanation of
assertion [(A).

SECTION - B
Questions 11 to 14 carry 2 marks each.

11. Find the general solution of the following differential equation: etanydyx + (1 - )sec’ ydy = 0.
Ans.
Given differential equation,
Ftanyde+(1-¢)sec’ ydy=0 = ¢ tanydr=-(1-¢")sec’ ydy
secy dy e
tany e 1
Integrating both v.ide-'., we get
f sec’ydy _ I
tany e -1
= log [tany|=log|(¢"=1)C]|
tany=(¢"-1)C

dx

dx = log|tany |=log|e -1 |+logC

12. Solve : (x* - yx¥)dy + (v* + x*yH)dx =0
Ans: The given differential equation is ¥ (1—- Ydv+ 3 (1+ ¥ )de=0
= x(1 - p)dy = -y {1+ x)dx

= 1-—}:1’}'— [Ht ]dx.lfx;y#ﬂ'
¥ x*

= [i—y—]d;. [xl+1]d.r = J’[—-yl]fr_,-uj[xln)dx

1 1
=——+x+C, which is the general solution of the differential equation.
X

=

dy

13. Find the general solution of the differential equation =x—1+axpy—¥.
X
dy
Ans: —=x—1+xy— y=lx-1){yp+1)
dx
= I (x—1)dx
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= log| y+1|= § —x+ C is the required solution.

14. Solve the following differential equation: -Z—y- = x' cos ecy, given that y(0) = 0.
X

. o . . d 3
Ans: Given differential equation: F}f = x' cos ecy,
X
dy 2
; = x’.dx
COSeC i

Integrating both sides, we get jsin ydy = _[.\'* dx

-4 0

:>-cosy=-’%—+f = -cosy=’:+v
= -1 =
Putting the value of ¢ in (), we get
4 4
—cosy= -1 cosu=(1_*_]
o 4 . 4

SECTION - C
Questions 15 to 17 carry 3 marks each.

15. For the differential equation AyZ—x = (x+2)(y+2), find the solution curve passing through the

point (1, -1).

Ans.

The given uation'sxg!-=(x+2)(y+2) = z d =x+2dx
gVl 'S Wy y+2 YT

= dpee(e =

2)dy=](l+-§)dx
= y=-2log|y+2|=x+2log|x|+C
= y=x+2log|x|+2log|y+2]|+C
= y=x+2log|x(y+2)|+C
Since the line passes through the point (1, -1). So, putting x =1, y = -1.
Wehave, =1=1+2log |1(-1+2) | +C = C==2
y=x+2log | x(y+2) | =2, which is the required equation of the curve.

16. Find the particular solution of the differential equation: (1 + ) dy + (1 + y’) €* dx = 0 given that
y=1whenx=0.

Ans.
We have, (1 +¢®) dy + (1 + ) ¢*dx = 0 and given that y = 1, when x = 0
dy  —(1+y%)e* dy e*dx
D = = =
dx 1+ezr _(1+y2) 1+‘,21
lntegrating both sides, we get
X
e'd
gL =-tanly ="
1+ y 1+e* 1+(e )
= -tan”'y = f = tz [Putting ¢* =t => ¢*dx = d]
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= —tan" y=tan” () +C = —tan" y=tan” (¢")+C
Putx =0, y=1in (i), we get

—tan”' 1= tan™ (¢%) + C :?—%=%+Céc=—%
Putting the value of C in (i), we get
—tan_'y = tan_lft'r:'—% = %=tan_'{e"‘]l+tan_]y

ki
Hence, tan '(¢") + tan! y=73 is the required solution.

r

17. Solve the following differential equation: L 2 ytan x=sin x, given that y = 0, when x = %
¥

Ans. Given differential equation is @y 2ytan x=sin x

d
Comparing it with E:E + Py =(Q, we get P =2tanx, () =sinx
IF = EJ'Elan.'rdx = Ezmﬁ’wﬂ = EWEI = seczx [_,re'"-'lﬁl =z]

Hence, general solution is y. sec’x = [sinx.sec’xdx +C.

2 2

‘yr,seczx=fsncx.mnxdx+c = ysec'x=secx+(C = y=cosx+(Ccos"x

Putting y=[}andx=%,wr:get0=Cﬂ5§+i‘.c052%
1 C
::-EI—E+E = (C=-2

Required solution is y = cos x —2 cos’ x.

SECTION - D
Questions 18 carry 5 marks.

18. Solve the following differential equation: (1+ " ) dy+ """ f1 X J dr=0,(x+0)
. -

"
!

Ans. Given differential equation {l + Er”] dy+e"” (1 & J dx=10
X

L wix
dy (?'1)"
— {1 +E‘¥h}|dy =(%-])z*’”dr = E= m

It is a homogeneous differential equation.
d;
Put y=wx and —y=v+x—v

dx dx
We have,
do _(=1)  pe-¢"

Ydx  1+e8 ¢ 1+
dv _ve"-¢" v -é"-v-ve
dx  1+¢ 0 1+e"
dv (v+¢e) 1+¢" dx

= Y—=- — = dv=-—
dx 1+¢ vte’ x
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On integrating both sides, we have

J'1+E:I b= I:f_.‘[
v+e’ X

= loglv+¢"| =-log|x| +log|C|

I

log|v+e€"| +log|x| =log|C]|
= log|x(v+e)| =log|C|

= x{v"'i?lr}:f: = 1'{%+f}".l".1)=c —, y+x‘,_|,l'-'r-l'=c

Cuestions 19 to 20 carry 4 marks each.

19. Case-Study 1: Read the following passage and answer the questions given below.
As per the Newton™s law of cooling, the rate at which an object cools is given by the following

equation: % =—k{F -0}
t

where 8 = 8(t) is temperature of cooling object at time, t, B is the temperature of the environment
(assumed to be constant) and k is the thermal constant related to the cooling object.
I Thermometer

a—

Calonmeter
Large Metal Box

2

no insulaton

et ]

(a) Write the order and degree of the above given differential equation.
dt
(b) Find the solution of the given differential equation: == —k(E@-8)
[

(c) If 6 = ty (initial temperature of cooling object) at time t = 0, then find the particular solution
of the above given ditferential equation.
OR

Find the rate of cooling of the object at 50°C, if the thermal constant is % min ! and
temperature of surroundings is 25°C.

g
Ans: (a)—=—-kB-0)
i

highest order derivative is a9 s0 order is 1. The exponent of highest order derivative is 1. so its

ot
degree is 1.
{b]ﬁ=—k{ﬁ'—ﬂ ) == dd = —kdt
dt ’ &—d.)
d@
_>_|' =—frjdr
(#-¢,)

= log.(8 - 8,) = -kt + C
=:"'H [-],1=r.-:"”'“
=f=c* " +is
(i) AsB=e ™ % +ps
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Att=0, 8 = by, then
Bp=e"+0;=>e" =0~ 0O
So, particular solution is,
B=cm(90'95)-85
OR

do
e =—k(0-0
(o) ” ( &)

= 90 __3 (50-25) =—-3C/min
it 25

So, rate of cooling is 3°C/min Case-Based

20. Case-Study 2: Read the following passage and answer the questions given below.
It is known that, if the interest is compounded continuously, the principal changes at the rate
equal to the product' of the rate of bank interest per annum and the principal. In other words,
compound interest is the interest calculated on the principal and the interest accumulated over the
previous period. It is different from simple interest, where interest is not added to the principal
while calculating the interest during the next period. Let P denotes the principal at any time t and
rate of interest be r % per annum.

Polio drops are delivered to 50K children in a district. The rate at which polio drops are given is
directly proportional to the number of children who have not been administered the drops. By the
end of 2nd week half the children have been given the polio drops. How many will have been
given the drops by the end of 3rd week can be estimated using the solution to the differential

equation %}: = k(50 — y) where x denotes the number of weeks and y the number of children
x

who have been given the drops.

(a) Find the solution of the differential equation % =k(50—y) (1)
Ix

(b) Find the value of ¢ in the particular solution given that y(0) = 0 and k = 0.049 (1)
(c) Find the solution that may be used to find the number of children who have been given the
polio drops. (2)

Ans: (a) We have, a k(50 —y)
dx

| dy = [ kdx=> ~log |50~ y|= b+ C
50—y

(b) Given y(0) = 0 and k = 0.049

Jog |50 - y| =kx + C

= -log|50 - 0| = 0.049 (0) + C

=-logh0=C=C= logsl—o

CD SIR (Chandra Dev Singh) SURYADEYV SINGH ( SURYA BHAIYA)

Founder , Mentor , Subject Expert Data Scientist, IIT Guwahati | M.Sc (11T Delhi)
& Career Counsellor at CBSE ACADEMY PLUS Director & Educator at CBSE Academy Plus



CBSE ACADEMY PLUS

1
(c) We have, —log |50 - y|= kx+1ﬂg”_ﬂ |[From (a) and (h)]
a

1 al -y w M-y ¥
= —kxy=log |50 - y|+lop— = —kx=1lop = p = =1-=
g[30-y| e 80
= e = p=50(1-e )
50

This is the required solution to find the number of children who have been given the polio drops.
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