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Class 12 Linear Differential Equation

Class 12
Q.1) Show that the general solution of the D.E.
dy . y*+y+1 L. .
e T e = Oisgivenbyx +y +1 = A(x —x —y — 2xy) where A is the parameter.
Sol.1) We have & — _ Yiy+l
! dx x2+x+1
dy —dx

y2+y+1 = X2rxr1
Interpreting both sides

dy _ dx
f(y2+y+1) - f (x2+x+1)
1 1
dy = — d
I T T
= f 21 2 y = - 21 2
(r+3) +(5) (+3) +(3)
2 _q(2y+1\ _ 2. _q(2x+1
= gtan () = —Ftan™ (7)) +
= % (tan™1 (Zy—\/;l) + tan~?! (Zic/::) =c
2y+1, 2x+1

_ 5 V3
= tan 1(%—?C

2X+2y+2

-1 3 _ 3
= tan (m—;c

B8l

2x+2y+2)V3 V3
2—4xy—-2x-2y 2

(e+y+1) 1 ﬁ
1-2xy—-x—y \/Etan ( 2 C)
x+y+1 _ 1 V3
PRryse—— A; where A = \/Etan ( 5 c)
= (x+y—1)=A( — 2xy — x — y) is the required solution ans.

Q.2) Find the particular solution of the D.E.
(1+e*)dy+ (1 +y?e*dx =0;givenx =0,y =1

Sol.2) We have, (1 + e?*)dy = —(1 + y?)e*dx
dy = 1+y%e*
E - 1+eXdx
Separating the variables & interpreting both sides
dy ex
= f1+y2 - f 14+e2% dx
Pute®* =t = e*dx = dt
dt
1+t2
S>tan"ly=—tan"lt+c
= tan"(y) + tan"}(e¥) =

Stanly=—/
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Putx=0&y=1

s +tan (1) =c=>c=-+-=<
4 4 4 2
~tan"1(y) + tan"1(e¥) = %
X
:>tan‘1(y+e ) =r
1-ye* 2
X
= XX — tan (f)
1-ye”* 2
X
S 1 L {tan (:) =o<}
1-ye”* 0 2
=20=1-ye*
1. . .
=y =is the required solution ans.
Q.3) At any point (x,y) of a curve, the slope of the tangent is twice the slope of the line

segment joining the point of contact to the point (—4,—3). Find the equation of the
curve given that it passes through (—2,1).

Sol.3) It is given that xy is the point of contact of the curve and its tangent.
Hence the slope =y + 3 + 4.

Let this be m;

but we know that slope of the tangent to the curve is Z—z

Let this be m,
According to the given information, m, = 2m;

dy _ 2(y+3)

dx ~ x+4

Seperating the variables
d 2d

we get L

(y+3) ~ (x+4)
Integrating on both sides

dy f 2dx
(y+3) (x+4)

orlog(y +3) = 2log(x +4) + logc

log(y + 3) =logc. (x + 4)?

y+ 3 =c(x+4)?

It is given that the curve passes through the point -2,1

Substituting for xx and yy in the general equation to evaluate for cc we get
1+3=c(-2+4)?

4 =4c

c=1

substituting this for ¢, we get

we get [

y + 3 = (x + 4)? is the required equation of the curve ans.

Q4) [ solvethe D.E. I+x2+y2+x2y2 =1y L =0
S0L4) | \ye have, & — _ JIrE IRy
dx xy
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N ay _ V(@+x2)(1+y?)

dx xy
N dy _ Vi+xZ1+y?

dx xy
Separate the variables & interpreting both sides

> [Z=dx = — L

1+y2 x
Putl+y?=t¢t put 1 + x2 = z2

ydy = % 2xdx = 2xdz

zdz
dx =—
X

'1fdt_ z zdx
Yol v x" x

2
:%xzﬁz—f Z dz

z2-1
2_
\/EI—IZ 1+1dz

z2-1

S>Vt=—[1+ L dz

z2-1

= 1+y2=—[z+%loglg|]+c

_ 7, 1 Vi+x2-1
=>1+y [v1+x +Zlogm+1]+c
5 7, 1 Vitx2-1|
>VI+x2+,1+y +log T = ¢ ans
Q.5) Find the equation of the curve passing through the point (1,0) given that slope of the
2x(logx+1)

tangent to the curve at any point (x,y) is Snyty o5y’

Sol.5) Slope of tangent at any point (x,y) is given by z—z

d 2x(logx+1
We have, 2 .(;)
dx siny+y cosy

= (siny + ycosy)dy = 2x(logx + 1)dx

Interpreting both sides

[(siny + ycosy)dy = 2 [ x(logx + 1)dx

= [sinydy+ [ycosydy =2 [xdx +2 [ xlogxdx
. . 2x? x? 1 x2

= —cosy+ysinx — [sinydy = —+2 [logx.;— f;.;dx]
. x? x?

:—cosy+ysmy+cosy=y+2(7logx—:)+c

= ysiny = x? +x210gx—x72+c

This equation passes through the point (1,0)
Putx =1andy =0
50=1+0=—+c

1
Sc=-=
2
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2
s ysiny = x? +x210gx—x7—%

. x? 1
=>ysmy=7+x6210gx—5

= 2ysiny = x% 4+ 2x%logx — 1 is the required equation of curve. ans.
Q.6) Solve the D.E. 3e*tanydy + (1 —e*)sec’ydy =0
Sol.6) We have, (1 — e*)sec?y dy = —3e*tany dx
dy _  -3e*tany

dx  (1—eX)secy
Separating variables & interpreting both sides

:fﬂdy= -3/ exxdx

tany 1-e
Puttany =t Putl—e* =z
sec? ydy = dt —e¥dx = dz
= log|t| = 3logz + logc
t
= log == logc
Replacet & z
tany
(e*-131
tany
e
= tany = ¢;(e* — 1) where ¢; = +c is the required solution. ans.
Q.7) For the D.E. xy% = (x + 2)(y + 2). Find the solution curve passes through (1,-1).
SO|7) We have d_y = w
" dx xy
=2 dy = 22 ix
y+2 x

Interpreting both sides

y+2-2 , _ cx 2
=>f—y+2 dy = [~ +-dx

2 2
:fl—y?dy—f1+;dx
=>y—2logly + 2| = x + 2log|x| + ¢
It is passes through the point (1,-1)
Putx =1&y =-1
~ —14+2log|1| =1+ 2log|1| +¢
=>-1+0=14+0=c=>c=-2
~y—2logly + 2| = x + 2log|x — 2|
vy — [X*2

fy+2dy—f —dx
=y =x+2 = 2log|x| + 2logly + 2|
=y —x+2=loglx?(y + 2)?|
=>y—x+2=log(x%(y +2)?) ans.

Q.8) In a bank principal increases at the rate of 5% per year. In how many years Rs.1000
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double itself.
Sol.8) Let P be the principal at any time t
Then, according to question
v _ g P
dat 100
v _
at 20

1 1
> ;dp = %dt
Interpreting both sides
1 1
Jodp =3[ dt
1

= logp = otte

1
= p — e%t+c

t
= p = e2.e"

t

p =ez —cy; whenc; =e

Givenatt = 0;p = 1000
%1000 = e%.¢;
= ¢; = 1000

t

~p =e20.1000
Letatt =t;p = 2000

[

t
= 2000 = e20,1000

1
= e20 =2

Taking log on both sides

tl _
20 = log 2

t; = 20log, 2 years
-~ principal doubles in 20 log, 2 years ans.

Q.9) The volume of a spherical balloon being inflated changes at a constant rate. If initially its
radius is 3 units & after 3 seconds it is 6 units. Find the radius of the balloon after
t seconds.

Sol.9) Let the rate of change of the volume of balloon be k
Hence & = k
dt

a(Grr) =t

4 dr

57’(37’[2). (E) =k

Now seperating the variables,
we get 4rr?.dr = k.dt
Integrating on both sides we get
4r [ r2dr = kf dt
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3
4r (%) =kt+C
4rr3 = 3. (kt + C)
Givent=0,r=3t=0,r=3
4r(3%) =3(k.0+ C)
108r = 3C
C =36r
whent=3,r=6t=3,r=6
4r.6% =3.(k.3+0)
864r = 3.(3k + 36r1)
Now Dividing throughout by 3 we get
3k = —288r — 367
3k = 252r
Hence k = 84r
Now substituting the values of k and ¢
we get 4713 = 3(84r.t + 361)4r
Taking 4rdr as a common factor
4r.13 = 4r.63t + 27
Dividing throughout by 4r
we get r3 = 63t + 27

1
r = (63t +27)3
1
Thus the radius of the balloon after t seconds is (63t + 27)3  ans.

Q.10) In a culture the bacteria count is 1,00,000. The number is increases by 10% in 2 hours. In
how many hours will the count reach 2,00,000, if the rate of growth of bacteria is
proportional to the number present?

Sol.10) From the given information we know that % is proportional to y
on separating the variables

we get dy—y =k.dt

Integrating on both sides

wegetfdy—y =kf dt

logy =kt+c e (1)

Let y, be the number of bacteria whent = 0
Hencelogy, = C
Substituting this value in equation (1) we get logy = kt + logy,
logy —logy, = kt
X)) =
log (J’o) kt ...(2)
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It is also given that the number of bacteria increases 10% in 2 hours
Hencey = 110 22

100

Let y, be the number of bacteria whent =0
11
Yo=710

Substituting this in (2)
we get 2k = log (%)
1 11
ork = 510g1_o
1 11\, y

Therefore Elog (ﬁ) t =log (yo)

_ 210g(y—3;)

- log(5)
Let the time when the number of bacteria increases from 1,00,000 to 2,00,000 be t;
y=2ypatt=1¢;

_ 21°g(y_};) __ 2log2
Hence t; = log(i—;) = log(i—;)

2log2 the number of bacteria increases from 1,00,000 to 2,00,000 ans.

°8(55)

Hence in
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