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EXERCISE 9.4 PAGE NO: 395

For each of the differential equations in Exercises 1 to 10, find the general solution:
1 dy _1—cosx

dx 1+cosx

Solution:
Given
dy 1 —cosx
= — = —
dx 1 + cosx
We know that 1 —cos x = 2 sin” (x/2) and 1 + cos x = 2 cos® (x/2)
Using this formula in above function we get

. o X
E _ 2 sin 5
dx 21:0512%

We have sin x/cos x = tan x using this we get

dy X
= — = tan’-
dx 2

From the identity tan’x = sex” x — 1, the above equation can be written as

Y _ gec?®_
= = (sec > 1)

Now by rearranging and taking integrals on both sides we get

X
= J-dy = J-seczi dx—fdx

On integrating we get

X
= y = 2tan E—x +cC

dy -
280 _ Ja—y? (=2<y<2)

dx
Solution:
Given

dy —
= d_ = -\,14 — }72
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On rearranging we get

dy 4
;‘*—W— X

Now taking integrals on both sides,
[ 75
= | —— = X
Va—Y?

We know that,

J‘ 1 d X

= | ———dx = sin""-

\In'az —_ XZ a

Then above equation becomes
-1 E

sin =X+
= 2

dvy

3. —+y=1(y=1)
dx
Solution:
dy + 1
“ax YT
On rearranging we get
= dy=(1-vy)dx
Separating variables by variable separable method we get
d
= v = dx
1-y

Now by taking integrals on both sides we get

= J’d_}’ = J-dx

1-y
On integrating
=-log(l-y)=x+logc
=-log(l-y)—logc=x
=log(l-y)c=-x
= (1-y)c = ™
Above equation can be written as
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= (1-y) =<
yv=1+ %e‘“
Y=1+Age™

4.sec’ xtan ydx +sec’ ytanx dy =0

Solution:

Given

= sec’xtany dx + sec?ytanx dy
Dividing both sides by (tan x) (tan y) we get
sec’xtanydx ~ sec” ytanx dy

tanxtany tanxtany
On simplification we get

sec’xdx  sec’ydy
= - =

tanx tany
Integrating both sides,

sec’x dx sec’y dy
= J- tanx J- tany
= lettanx=t&tany=u
Then

sec’x dx = dt&sec’ydy = du

By substituting these in above equation we get

dt du
Tt Ju

On integrating

= logt=-logu+logc

Or,
= log (tan x) =-log (tany) + log c
C
logt = log——
= logtanx Dgtany

= (tanx) (tany)=c
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s(e+e)dy—(ef—e)dx=0

Solution:
Given
= (e + e M)dy— (eX—e™)dx =0
On rearranging the above equation we get
(e* —e™)dx
ex 4 X

Taking Integrals both sides,

(e* —e™)dx
= J-dy = J- —

e¥ + e7X

Now let (& + €7 =¢
Then,(ex —e¥)dx = dt
dt
t

On integrating

- d:-:_l
o R 0gx

= dy =

.'.}T =

So,

=y=logt

Now by substituting the value of t we get
= y = log(e® + e™) 4

1y )
5-%:{1+,\:2]{l+)*‘}
ax

Solution:

dy 2 2
= —=(1+x")(1+

| ( (1+y7)

Separating variables by variable separable method,
dy
=
1+ y?
Now taking integrals on both sides,
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dy 5
=:-J-1+F2—J-dX+J-XdX

On integrating we get

P
= X — C
y 3

= tan—*

7.vilogydy —xdy=10

Solution:

Given

ylogydx—xdy=0

On rearranging we get

= (ylogy) dx =xdy

Separating variables by using variable separable method we get
dx dy

== — =

X ylogy
Now integrals on both sides,

dx J’ dy
—1 _— =

X ylogy

= let logy =t
Then

1[1 dt
= — =

- Y

dt

= logx = | —

= logx+logc=logt

Now by substituting the value of t

= log x + log c = log (log y)

Now by using logarithmic formulae we get
= logcx=logy

= logy=cx

=y = e
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Separating variables by using variable separable method we get

dy
Fo L e _1‘5
dx
Solution:
Given
dy
s.¥ _ 5
= X I v
dy —dx
Ty T xS
On rearranging
dy dx

Integrating both sides,
- [E+ [S-a
Let a be a constant,

= J-y‘E‘dy + J-X_de = a
On integrating we get
= —4y*—4x7* +

On simplification we get
4 _F—q- _—

d

= —X

The above equation can be written as

1 1
E + F = C
dy st

9. & —gin7'x
dx

Solution:

Given

= @ = sin"'x
dx

NCERT Solutions For Class 12 Maths Chapter 9
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Separating variables by using variable separable method we get
= dy = sin"!xdx
Taking integrals on both sides,

= J-dy = J-sin‘lx dx

Now to integrate sin™*x we have to multiply it by 1
to use product rule

fuvdg = ufvdx— | (iu) ([ vdx)dx}
Then we get

=y = f 1.sin"txdx

According to product rule and ILATE rule, the above equation can be written as
d

~y = {sin”! :{J- l.dx— J-(Esin‘l X) (J- 1.dx)dx}

On integrating we get

X
-
= y = xsin"'x— J- dx
V1 —x2

Now

= letl—x% =t

Then

= —2xdx = dt
dt

= xdx = —E

Substituting these in above equation we get

1
L —1
= = xsin""x + | —=dt
y J-zﬁ

On simplification above equation can be written as
1 2
= y = xsin"'x + EJ-t 3 dt

1
= y = xsin"'x + Ewﬁ +c

Substituting the value of t, we get

=y =xsin'x + J1—-x2 + ¢
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10. e tan y dx + (1 — ") sec? ydy =0

Solution:

Given

= e*tanydx + 1(1—e¥)sec’ydy =

On rearranging above equation can be written as

= (1—e¥)sec’ydy = —e*tanydy = 0

Separating the variables by using variable separable method,

sec’y e*
= dy = dx
tan y C1—ex
Now by taking integrals on both sides, we get
J’sec y J’ e "
= dx
tany 1—ex

lettany=tand 1—-e*=u

Then on differentiating

(sec’ydy = dt)& (e*dx = du)
Substituting these in above equation we get

J’ dt du

On mtegratlng we get

= logt=logu+logc

Substituting the values of t and u on above equation.
= log(tany) = log(1—e*) + logc

= logtany = logc(1l—e*)

By using logarithmic formula above equation can be written as

= tany = c(1-—e¥)

For each of the differential equations in Exercises 11 to 14, find a particular solution

Satisfying the given condition:

oy B dy )
11.{x" +x +x+ I}T = 2+ x V= 1 whenx=10
ax

Solution:
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Given
=}{x3+x2+x+ l)%z 2x% + X
Separating variables by using variable separable method,
2x% + x
G+ D+ D>
Taking integrals on both sides, we get
2x% + x
= J-dy T x+DEE+ D & e 1
Integrating it partially using partial fraction method,

= dy =

2x? + x A Bx + C
= = +
(x+ D)(x2+1) x+1 x2+1
2x% + X% Ax? + A(Bx + O)(x + 1)
T xrDEEED) x + D+ 1)

= 2x* + X =Ax"+ A+ Bx + Cx + C

= 2x+x=A+Bx*+(B+Cx+A+C
Now comparing the coefficients of x* and x
=>A+B=2

=B+C=1
=A+C=0
Solving them we will get the values of A, B, C
1 3 1
AZE’BZE’C:_E
Putting the values of A, B, Cin 1 we get
2x% + x 1 1 13x—1

— + =
T H+DEE+ 1) 2(x+ 1) 2%+ 1
Mow taking integrals on both sides

J’d 1J- 1 +1J’3x—1d
=1 = — —
Y = x+1 ¥ "3+ 1 *

On integrating

_11 1 +3J’ X q IJ‘ dx
Sy =glegx+ D)+ o) Ty ot

1 3 2x 1
:~y=510g(x+ 1)+Efx9+1dx_§tan X ,
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For second term
letx? + 1 =t
Then, 2x dx = dt

3J- x . 3[dt
Y e
[ = logt
so,I = - log

Substituting the value of t we get
3
I = Elog{xz + 1)
Then 2 becomes
1 3 1
=y = Eng{X + 1) + Zlog{xg + 1) —Etan‘lx +c

Taking 4 common

1 1
=y = E[Elﬂg{){ + 1) + 3log(x* + 1)]—5’&&11_1:{ +c

1 1
=y = E[lﬂg{:{ + 1)% + log(x* + 1)7] —Etan‘lx +c

1 3 1
=y = E[lﬁg{(x + 1)%(x* + 1} —Etan‘lx +c- ;

Now, we are given thaty =1 whenx=0
1 1
~ 1= 2 [log{(0 + 1)? (0% + 1D} - Etan‘l 0 +c
1 1

l1=—-x0—2-x0+c
4 2

Therefore,
C=1
Putting the value of cin 3 we get

1 1
y = 5[1ﬁg{(x + 1)?(x* + 15}] —Etan‘lx +1

: dy
12. x (x7 - H=-=liy=0whenx=2

Solution:
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Given
dy
2 —
x(x° + 1)_dx =1

Separating variables by variable separable method,

dx
= dy = x(x2 + 1)
%2+ 1 can be written as (x + 1) (x — 1) we get
dx
= dy =

X(x + 1)(x—1)
Taking integrals on both sides,

J’d B J’ dx
T T IxE+DE-D 4
Now by using partial fraction method,

1 A+ B N C
= —
X(x+ -1 x x+1 x-1 5

1 Ax—1D(x+ 1) +B)E-1) + C(x)(x+ 1)
= =
X(x+ (-1 X(x + D(x—1)
Or
1 (A+ B+ Cx*+ (B—Cx—A
T xx+ DE-1 x(x + D(x—1)
Now comparing the values of A, B, C
A+B+C=0
B-C=0
A=-1

Solving these we will get thatB=%and C=}
Now putting the values of A, B, Cin 2

1 1 N 1( 1 ) N 1( 1
= = —— — —
X(x+ 1)(x—1) Xx 2% +1 2\x—1
Now taking integrals we get

Jav = - [zae+ 5[ () ax+ 5/ (
A B B I Py A B )

On integrating

1 1
=y = —logx + ilﬂg(x + 1) + Elﬂg(x—l) + logc
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Now we are given thaty =0whenx =2

[c?{z— D2+ 1)

We know e = 1 by substituting we get

0 11
= —lo
> g
log>C —
= log— =
87
3c?
== — =
4
= 3¢ = 4
= ¢? = 4/3
Now putting the value of c?in 3
Then,
[ 4(x—1)(:
.L'=l]Dg (r I}E'H—I]
2 i 3x°
[ 4(x* -1
Lo (_)]
2 3x
dv
13 cos[—1}
Solution:
Given

)
cos =i

R7is

On rearranging we get

dy

1
=y = Elog

[cz{x— Dix + 1)

== =C05 ' a

o

dy =cos™ adx

Integrating both sides, we get

j-.c?’}-' =cos” a If:’.r

|

' }:g (a € R}: V= l whenx =0

NCERT Solutions For Class 12 Maths Chapter 9
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y=xcosta+C...1
Nowy=1whenx=0

Then
1=0cos*a+C
HenceC=1

Substituting C = 1 in equation (1), we get:
y=xcosta+1
(y—1)/x=cos?a

¢

v -1
= CO5| = W=u
L xr

14. ﬂ: vianx:yv=1 when x =0
dx '

Solution:

Given

dy

i y tanx

Separating variables by variable separable method,
= id = tanx dx
y

Taking Integrals both sides, we get

d
= J-—F = ftanxdx
y

On integrating

= logy=-log (cosx) +logc

Using standard trigonometric identity we get

= Llogy=log (secx) +logc

Using logarithmic formula in above equation we get
= Log y=log c (sec x)

=y=c(secx)...1

Now we are given thaty=1whenx=0
=1=c(sec0)

=1=cx1
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=>c=1
Putting the value of cin 1
= y =sec X

15. Find the equation of a curve passing through the point (0, 0) and whose
differential equation is y’' = e* sin x

Solution:

To find the equation of a curve that passes through point (0, 0) and has
differential equation y' = e* sin x

So, we need to find the general solution of the given differential equation and

the put the given point in to find the value of constant.

dy .
So,=2 — = e*sinx
dx

Separating variables by variable separable method, we get
= dy = e*sinx dx
Integrating both sides,

= J-dy = J-exsinxdx .

Now by using product rule we get
fuvdg = ufvdx— f{iufvdx}dx
Now let

I = [e*sinxdx

d
=1 = sinxf e*dx — J-(ESHIXJ- e* dx)dx

= | = e*sinx — J- cosx e*dx
Now by integrating we get
= [ = e¥sinx — [cos XJ- e*dx + J-sinx e*dx]

From 1 we have
= [ = e¥sinx - e*rosx—1
Now on simplifying

https://byjus.com
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= 2I = e*sinx —e*cosx

= 2I = e*(sinx — cosx)

. (sinx — cosx)
2

Substituting | in 1 we get
(sinx — cosx)
* +cC

2 2

Now we are given that the curve passes through point (0, 0)
o (sin0 —cos0)

=>1=0e

=y =e

0=e > +c
1(0—1)
T2
1
=;~c=§

Substituting the value of Cin 2

(sinx — cosx) N 1
=y = ¢ =
Y 2 2

On rearranging

= 2y = e*(sinx—cosx) + 1
Hence

= 2y —1 = e®(sinx — cosx)

J ¥

day

16. For the differential equation XV T =(x+2)(y+2)
(X

Find the solution curve passing through the point (1, —-1).

Solution:
For this question, we need to find the particular solution at point (1,-1) for the

given differential equation.
Given differential equation is

dy
— = + 2 + 2
> xyg = (x+ 27 + 2)
Separating variables by variable separable method, we get
y (x + 2)dx
= }T = —
v+ 2 X
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Taking Integrals both sides, we get

> [l - [(1+ )

Splitting the integrals

1 1
= J-dy—EJ-y n Edy = J-dx + EJ-de

= y—2log(y + 2) = x + 2logx + ¢ 4

Now separating like terms on each side,

= y—x—c = 2logx + 2log(y + 2)

= y—x—c = logx? + log(y + 2)°

Using logarithmic formula we get

= y—x—c = log{x*(y + 2)%} —i)

Now we are given that, the curve passes through (1, -1)
Substituting the values of x and y, to find the value of c
= —1—1—c = log{1(—1 + 2)?%}

= -2-c=log (1)

We know thatlog 1 0

=2Cc=-2+0

Soc=-2

Substituting the value of cin 1

y—x—c = log{x?(y + 2)%}

y—x + 2 = log{x®(y + 2)?}

17. Find the equation of a curve passing through the point (0, —2) given that at any
point (x, y) on the curve, the product of the slope of its tangent and y coordinate
of the point is equal to the x coordinate of the point.

Solution:
dy
We know that slope of a tangent is = dax’
So we are given that the product of the slope of its tangent and y coordinate of
the point is equal to the x coordinate of the point.
dy
Y = X

Now separating variables by variable separable method,
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= ydy=xdx
Taking integrals both sides,

= J-ydy = J-xdx

On integrating we get
2 2

y X
= — ==+

2 2
= }72 — Xz = EC]_
Now the curve passes through (0, -2).
~4-0=2c
=c=2
Putting the value of cin 1 we get
= 3‘?2 _ XZ = 4

18. 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).

Solution:
We know that (x, y) is the point of contact of curve and its tangent.
v +3
Slope (m1) for line joining (x, y) and (-4, -3) is x+4".....1
dy

Also we know that slope of tangent of a curve is dx.

dy
- slope (m2) of tangent = 70

Now, according to the question, we can write as
(m2) =2(m1)
dy 2(y + 3)
= — = ——
dx X+ 4
Separating variables by variable separable method, we get
dy 2dx
= =
y+3 x+4
Taking integrals on both sides,
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J’ dy J’ dx

= = 2

v+ 3 X+ 4

On integrating we get

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

Using logarithmic formula above equation can be written as
= log(y + 3) = logc(x + 4)?

=y +3=clx+4)?* 3

Now, this equation passes through the point (-2, 1).
=14+ 3 =c(—2 + 4)°

=4 =4c

=c=1

Substitute the value of cin 3

=y +3=(x+ 4)

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

Solution:
Let the rate of change of the volume of the balloon be k where k is a constant
I

dt
d 4 -3 . 4 .3
T (Em ) = k {volume of sphere = 3™ 1
On differentiating with respect to r we get

4 _dr

= 5’]’[31 E =k

On rearranging
= 4mridr = kdt
Taking integrals on both sides,

= "-I-TIIJ-l‘zdl‘ = kJ- dt

On integrating we get
411y
3

= =Lkt + c
i
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Now, from the question we have

Att=0,r=3:
=4nx33=3(kx0+c¢)
= 108 = 3c

= C = 361
Att=3,r==6:

= 4mx 6% = 3(kx3 + )

=k=84n

Substituting the values of kandcin 1

= 4mr® = 3(84mt + 36m)
= 4mr? = 4m(63t + 27)
= r* = 63t + 27
= r = {63t + 27

So the radius of balloon afte

20. In a bank, principal increases continuously at the rate of r% per year. Find the

=3
r t seconds is V63t + 27

value of r if Rs 100 double itself in 10 years (log. 2 = 0.6931).

Solution:

Let t be time, p be principal and r be rate of interest
According the information principal increases at the rate of r% per year.

dp r
Tdt (ﬁ)p
Separating variables by varia

dp r
= ? = (m) dt

ble separable method, we get

Taking integrals on both sides,

[5 =)
= | = = — | dt
p 100

On integrating we get

It
=:~1ﬁgp=ﬁ+k

l+k
= p = ei00 1

Given thatt=0, p = 100.
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https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

NCERT Solutions For Class 12 Maths Chapter 9

m BYJ U'S Differential Equations

The Learning App

= 100 = e* 5
Now, if t = 10, then p = 2 x 100 = 200

So,
ok
= 200 = eT0 "
r
= 200 = eio.ek
From 2
r
= 200 = ei10x 100
r
= eld = 2
r
— = log2
= 0 og
=1 = 6.93

Soris 6.93%.

21. In a bank, principal increases continuously at the rate of 5% per year. An amount
of Rs 1000 is deposited with this bank, how much will it worth after 10 years
(%5 =1.648).

Solution:
Let p and t be principal and time respectively.
Given that principal increases continuously at rate of 5% per year.

= (5
“at ~ \100/?
Separating variables by variable separable method,
dpp
=2 — = —
p 25
Taking integrals on both sides,

d 1
= J'_P = —J-dt
p 20

t
= logp = e20"% ;4

Whent=0, p=1000
= 1000 = e°
Att=10
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+C

= P =

The aboue equation can be written as

= p = e?xef

= p = 1.648 x 1000 (e?° = 1.648)

= p = 1648

So after 10 years the total amount would be Rs.1648

22. In a culture, the bacteria count is 1, 00,000. The number is increased 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?

Solution:
Let v be the number of bacteria at any instant t.
Given that the rate of growth of bacteria is proportional to the number present
LAy
a7
dy

e ky (kis a constant)

Separating variables by variable separable method we get,
dy

Taking integrals on both sides,

d
= J’_}’ = kJ-dt
v

On integrating we get

= logy=kt+c..1

Let ¥’ be the number of bacteria at t = 0.
= logy =c

Substituting the value of cin 1
=logy=kt+logy

= logy-logy =kt

Using logarithmic formula we get
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y
= log— =kt
5y .

Also, given that number of bacteria increases by 10% in 2 hours.

Therefore,
110
= = ——
¥ = 1007

V 11

= — = —
y 10 3

Substituting this value in 2, we get
kx2 =1 1
= kx2 = —
%8710
11
10
So, 2 becomes

11 11 £ 1 v
=:-20g1ﬂ>< = Gg}"

k—ll
= —Eﬂg

N

FF

oe

0810 .4

Now, let the time when number of bacteria increase from 100000 to 200000
bet'.

=y =2y att =1t

So from 4, we have

2log
=t =

y
Elﬂgf 2log2
— 't'r = =

11 11

lngﬁ lugﬁ

2log2

11
So bacteria increases from 100000 to 200000 in *°€% hours.
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: : s ; . dy g
23. The general solution of the differential equation T: e s
dx
(A) e +e¥=C (B) ee+e=C
(C) e*+e&=C (D) e*+e?=C
Solution:
(A)e*+eY=C

Explanation:

We have
dy
= — = e¥*Y¥
dx
Using laws of exponents we get
d
= v e* x e¥
dx

Separating variables by variable separable method we get
= e Vdy = e*dx
Now taking integrals on both sides

= J-e‘l"'dy = J-e“‘dx

On integrating

= —a ¥ =¥ + ¢
=e*+e¥ = —
Or,

e+ eV =c¢

So the correct option is A.
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