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Solution
DIFFERENTIAL EQUATIONS

Class 12 - Mathematics

.y=cosx+c

y1 =-sin x

y1+sinx=0

. It is given that equation is y”’ + (y’)2 +2y=0

We can see that the highest order derivative present in the differential is y”.
Thus, its order is two.
Highest power raised to y” is 1

Therefore, its degree is one.

. The order of this differential equation is 2, because the highest order derivative in is second order.

The degree is the power of this highest order derivative. In this case degree is 2.
So, the answeris 2 x 2 =4,

d
L=+ D)y

= 5 dy = (e* + 1) dx
Integrating both sides, we obtain
f%dy: [ (" +1)dz
=logly|=e*+x+C

Hence, log |y| = e* + x + C is the required solution.

. Since the equation has the power of highest derivative 2 .Therefore its degree is 2.
. Given differential equation can be written as

dy 1 1
T -2)y=12

T

z—logz

T
Therefore integrating factor = e or =

dz z Yy z y z
= logy =logz + logc = log y =log cx

=>y=cx

. Consider the given differential equation,

%y * a\*, 3 _
2(52) +y(%) +a* =0
Then the degree of a differential equation is the degree of the highest order derivative.

In this given differential equation, the power of the highest order differential coefficient is 3 .
Therefore the degree of this diff equation is 3.

. Given differential equation is

On separating the variables, we get
eXdy = x3dx
On integrating both sides, we get
[e¥dy = [z3dx

ey zd

B
= 2e% = z* + 40,

2e% = z* + C,where C=4C;

The given diff. equation is not free from radical sign. Therefore Degree is not defined.
The given differential equation is,
d_y + 2 =qj
7, T2y =sinx ,
comparing with ﬁ +Py=Q,

P=2and Q =sinx
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12.

13.

Now, LF. = e/ 24z = g2
SyLE=Q.I.Fdx + ¢

= y.2e* = [ sinze’®dz + c...(i)
LetI= fsin:ceh

2z
= sinz [ e**dz - [ cosS-dx

S &
= ysinz- - [cos-dzx 2
_ 1. 2z _ 1 2z : e
= ysinze® - [cos[ e + [ sinzdz|5dz|
2z

1. 1 e L[
= Esmxe“ - 5leosz——+ 5 [ sinzdz[e**dz]
= %sinxe% - %[cosxeh + %I} +c

I= %sinweh - icosxem - iI +c

=
5 & .
= ZI: v [2sinx-cosx]+c
2z
=1= e? [2 sinx - cosx] + C
Using this value in equation (i),we get,
2% _ &

y.e z [2 sin x - cos x] + ¢

. . d; .
According to the question, —z + 2ytanx = sinx

. S . . A d
Given equation is a linear differential equation in the form £+ Py=Q

Here, P = 2tanx and Q = sinx
Now, Integration Factor(IF) = e/ P& = ¢/ 2 tanzdz
= 2 [tanzdz
_ eZlog | sec z|
— elog sec? z
=sec’z [ el8f@) = f(z)]
The solution of differential equation is given by
y-(IF)= f(IF)Qdm +C
= y-sec’z = [sec’z - sinzdz + C
=y-seclz= [ gy 4 C

cos“ x
:>y-sec2m:f%-$dw+0

=y-sec’z = [tanz - seczdz + C

=y-sec’x =secx + C

Dividing with sec?x on both sides, we get

oy= L c

secx

sec?

=y = COSX + C.cos?x

s

According to the question, y = 0 when x = 3

2T

Ozcos%—i—C’-cos 5

=0=3+C-7

I

1 C
= 2 4
=C=-2

Now, y = cosx + C.cos’x = y=CosXx-2 cos2x

Therefore, the required particular solution is y = cos x - 2 cos?x
We have,

x% +2y = x210g X
= % + % y =xlog x

This equation is in the form of a linear differential equation as:
% + py = Q (where P = % and Q = x log x)

Now,we have,

LF = efpdac — efj dr _ g2logx _ clog z2 =x2.

The general solution of the given differential equation is given by the relation,

y(LE)= [(Q x LF)dx + C
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14.

15.

:>yx2=f(xlogx.x2)dx+c
=>X2y=f(x3logx)dX+C
:>x2y=logxfx3dx—f[d (logw)-fa::‘da:} dx +C

dz
éxzyzlogx.%—f(%-%)dx+c
:xzyZLfgz—%fw:‘dw—}—C
B

= Xzy = 1—16:1:4 (4logx-1)+C

=y= %xQ (4logx-1) + Cx2

Given that, interest is compounded 6% per annum. Let p be principal
a°P _ Pr

dt 100

b _

; o :10} L dt

P 100

logP == + ¢ ...(1)

Let P( be the initial principal att =0
log(Py))=0+c¢

¢ = log(Ry)

Put value of C is equation (1),then,we have,

log(p) = 1750 + 1Og(p0)

log(z%) = %

Case 1:

Here, Py = 1000, t = 10 years and r = 6
log 125 ) = %"
logp — log 1000 = 0.6

logp = log e%6 + log 1000

= log (€% + 1000)

= log(1.822 + 1000)

log P =log 1822

Therefore,

P =31822

Rs 1000 will be R s 1822 after 10 years

Case 2: let t; be the time to double ¥ 1000, therefore,we have,

P = 2000, Py = 1000, r = 696

100x0.6931 _
SR — t

11.55 years =t;
It will take approximately 12 years to double
The given differential equation is,

-1 4y

= )=x+
sin (dw) Xty

dy .

—_ = +
= I sin (X +y)
Let x + y =v. Then,

dy  d dy  dv
1+dz7dz:>dzidz

_ v
dx

d . . . . .
Put, x +y =vand d_Z — 1 in the given differential equation, we get

cdv g

S 1=sinv

= % -1 45inv
dz

www.saitechinfo.com

3/8



16.

= —L dv=dx

1+sinv
= [ Hslmdv = [ dz [Integrating both sides]
= f dx = f 17;mfdv

1—sin“ v

:>fd:z::f 175;”dv

Ccos“ v

= [ dx= [ (sec?v - tan v sec v) dv

= x=tanv-secv+C

= x =tan (X +y) - sec (x +y) + C, which is the required solution.
(i) Let the population at any instant (t) be y.

Now it is given that the rate of increase of population is proportional to the number of inhabitants at any instant.

= — = ky (k is constant)

Now, integrating both sides, we get,
logy=kt+C....... @)

According to given conditions,

In the year 1999, t = 0 and y = 20000
= 10g20000 = C .....(ii)

Also, in the year 2004, t = 5 and y = 25000
= log 25000 = k.5+ C

= log 25000 = 5k + log 20000

= bk = log<%) = log(%)

— k= %log(%) ...... (i)

Also, in the year 2009, t = 10

Now, substituting the values of t, k and c in equation (i), we get
logy = 10 x %log(%) + 10g(20000)

= logy =log [20000 X (%) 2]

= y=20000 x 2 x 2

=y =31250

Therefore, the population of the village in 2009 will be 31250.
(ii) Let the population at any instant (t) be y.

By the given condition,we have,

dy

EO;y

= d—'z = ky (k is constant)
= Y = kdt

Now, integrating both sides, we get,

logy =kt + C...(1)

According to given conditions,

In the year 1990, t = 0 and y = 200000

= 10g200000 = C ...(ii)

Also, in the year 2000, t = 5 and y = 250000
= log 250000 = k.5 + C

= log 250000 = 5k + log 200000

_ 250000 \ _ 5
= bk = log<200000) = log(4)
_1 5
=k= 5log(4) ...... (iii)
Also, in the year 2010, t = 10
Now, substituting the values of t, k and c in equation (i), we get

logy =10 x %log(%) + log(200000)
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17.

18. (i) Let A be the quantity of radium present at time t and A be the initial quantity of radium.

2
= logy = log [200000 X (g) ]

=y =200000 x 2 x 2
=y = 312500
Therefore, the population of the village in 2010 will be 312500.

'S

i. We have, (1 - XZ)E- xy=1
dy 1
dx —z?
1 —2z
~.LF.=e f 2t e Tat

o=

1
— 65105(1*‘”2) — elog (173:2)

=41 —a?

ii. We have,d—Z+ y=e*
It is a linear differential equation with LF. = e/ % = X
Now, solution is y-e* = [e* - e *dx + ¢
= ye*=[dx+c=ye*=x+c=y=xe*+ce¥
y(0)=0=c=0..y=xeX

iii. We have,d—i+ y tan X = sec x
It is a linear differential equation with

LE. = eftanmdm = eloglsecx| — o x

Now, solution is y secx = f sec?z dx +c
= y secx =tanx +c
OR
dy .
We have,d— - 3y = sin 2x
L
It is a linear differential equation with

LF. = ef ~3d = 3

Therefore,we have,

Now, A = Agwhent=0
log Ag=0+c
c=log Ay

Put value of c in equation
log A =—M\t + log 4,

Given that, In 25 years, bacteria decomposes 1.1 %, so
A =(100 - 1.1)% = 98.996 %= 0.989 A, t = 25

Therefore,(2) gives,

log (_0.925;,40) =-25\

log(0.989) = —25X
A= ——log(O 989)
Now, equation ( 2) becomes,

1og(i) - {ilog(o.gsg)}t

Now A =
1og(iA) L10g(0.989)t

lo|.—\
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19.

—log2x25 _

log(0.989)
0.6931x25 _
0.01106

t = 1567 years.
Required time = 1567 years

t

(ii) Let A be the quantity of radius at any time t, therefore,we have,

dA

L xA
Y-
8 — Xt

[ =—)[adt

logA=—-Xt+c...(1)

Let A be the initial amount of radium percentage,then,we have,
log Ay = —X(0) +c¢

¢ = log(4o)

Using, equation (1),

log A= —\t +log Ay

log(AiO) — Xt .2

Given, its half-life is 1590 years, therefore,we have,

log(3) = —A(1590)
-log 2 = —A(1590)

log 2 = A(1590)

log 2
1590 A

Therefore, equation ( 1) becomes,
A log2

10g<,4_0> = ~ oot

Now, put t=1,we have,

A\ log 2
log(AO > 1590

1—AA:1-0.9996
0

A4 .0004

4

percentage to be disappear is one year
_ Ag-A

=z x 100

=0.0004 x 100

=0.04%

i. Here, P denotes the principal at any time t and the rate of interest be r% per annum compounded continuously, then according

to the law given in the problem, we get
a°P _ Pr
dt — 100
ii. We have,
a°P _ Pr
dt d; 100
T
= ?1— — dt
T
= f FdP = 100 f dt

_rt
:>10gP—W+C

Att=0,P =P
C =log pg

So, log P 1100 +log pg

P _ ot
log(r()—m
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iii. We have, Py =¥ 100, P =¥ 200 = 2P and t = 10 years

rt

Substituting these values in log (Pi) = 00"
0

we get
2P\ _ 10r
tog( %) = 165
_ 10r
= IOg 2= m
=r1=101log 2
=10 x 0.6931
=6.931
OR

We have, Pp =¥ 1000,r=5and t = 10

Substituting these values in log (P%) = % , we get
log(leo) = %

= log(lé%) = % =05

— P _ 05

1000
= P =1000 x &%
=1000 x 1.648
=3 1648
20. Let A be the amount of bacteria present at time t and A be the initial amount of bacteria. Therefore,we have,
L4
Z‘TZ =)\
i Adt

Integrating both sides,we get,
logA=Xt+c ..(1)
whent=0,4= A4,

log(Ap) =0+c

c=log Ay

Using equation (1),

log A = At +log Ag

AN _
log<A0> = At ..(2)
Given, bacteria triples is 5 hours, so A = 3 Ay, whent =5,

therefore from (2),we have,

log<ﬂ) =5

Aoy
log3 = 5\
)\ = L3

5
Put the value of X in equation ( 2),we have,

os(4) - 2

Case I: let A; be the number of bacteria present in 10 hours, then,we have,

A1) _ log3
log(A—0>_ — x 10

1og(j—;) —2log3
log<i—;> — 2(1.0986)
log(j—;> =2.1972

Ay = Age2 1972

A = A9

Hence,there will be 9 times the bateria present is 10 hours.

Case II: Let t; be the time necessary for the bacteria to be 10 times, then,we have,
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log<A%> = 1°5g3 x t
A log 3
log<10 0) = 0§ X t1

Ao
5log 10 =log 3 t;
log10
5 log3 t1
5log 10

Required time is o83

hours
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