Class XII Chapter 9 - Differential Equations Maths

dy  1-cosx
dr  l+cosx
Answer

The given differential equation is:

dy  1-cosx
dy  l+cosx

Lo X
dv 2sin” .
- 2 =ran“'5
ax z &
2cos
2
dy cx
= —=|sec’ ——1 |
dr 2

Separating the variables,we get:
b1

v

S
d3=_| sec” ——1
b 2 4

Now, integrating both sides of this equation, we get:
+ X + X
ftfv' = J(scc' ——I]dx = jsm:' —ci\'—fd,v
2 2

X .
= y=2tan_-x+C

This is the required general solution of the given differential equation.

o
%:Mnfl—}" (-2<y<2)

Answer

The given differential equation is:
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ﬂ 1\J'f;l — _J":
friy
Separating the variables, we get:

dy

.
[4— 7

N
Now, integrating both sides of this equation, we get:

J'—“ir = J'f.",\'

Ja-y’

= dx

—sin' L =x4C
2

::*%:sin(,wf_‘}

= y=2sin(x+C)

This is the required general solution of the given differential equation.

ﬁ"l-‘
—+y=1|r=l
S tr=10r=1)

Answer

The given differential equation is:

dv

—+y=1

= dv+y dv=dx

=dv=(I _1-‘}(;&'

Separating the variables, we get:
dy

:> — = {,'jl'_'g'
-y

Now, integrating both sides, we get:
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(-2~ fax

-y
= lug{l —_\'}z x+logC
= ~logC-log(l-y)=x

= logC(1-y)=-x

=C(l-y)=¢"
=1- L':le"'
B
1 .
= y=l-—c¢
C

. |
— y=1+A4de " (where 4= —E]

This is the required general solution of the given differential equation.

sec’ xtan ydy+sec’ ytanxdy =10
Answer
The given differential equation is:
sec” xtan ydx+sec” vtanxdy =0
sec” xtan ydx +sec” ytan x dy 0
tan x tan y

sec’ x sec’ y
v+ J dv=0

tan x tan v

sec” x sec’ y
dx = —dy

tan x tan y

Integrating both sides of this equation, we get:

SECiJL' S'Ei.:'1I ¥V
f=- —dy w1
J-tanx{ Itany ’ ”
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Let tanx =1,
df
(tanx)=
dx dx
, ot
= seC X =—
o

— sec” xdy =df

sec” x ]
Now, I dy = J— dr.
lan x f

=logt

= log(tan x)

. i 2 x
Similarly, F ¢ lafr= ]ug{lam v).
tanx

Substituting these values in equation (1), we get:

lug[lun x)=~log(tan 1] FlogC

[ C
= log(tanx) = log J
: \tan y

= lanx =
tan v

= tanxtan y=C

This is the required general solution of the given differential equation.

(GT+(.’ '}{.{1'—((?1 —¢ ’]m",‘f—U

Answer
The given differential equation is:

Iie” [ e"‘}la’y {L‘J" e"‘]a’x=ﬂ
= (e’ +e " dy=(e"~e ")

X -
& o—g
= dy= - ldx
’ e +e”

Integrating both sides of this equation, we get:
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J-aj-'= GT_U ~x+C
e +e
= y= LJT ¢ — dx+C 1)
e +e- ] o

Let (e“ + e™) = t.
Differentiating both sides with respect to x, we get:

di. _c_:’r
&) g

. . dt
e - =
ot

= (e"—e ’]L{l‘ =l

Substituting this value in equation (1), we get:
1

y=|-dt+C

y=

= y=log(¢)+C

= y= |0g{c.*" +e ”] +C

This is the required general solution of the given differential equation.

D (1ex)(14?)

Answer
The given differential equation is:

D (1+22)(1+5?)

dx
dy
1+

(147 )ax

Integrating both sides of this equation, we get:
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I g _ = J{] +.1::}(.h'

1+

—tan" y= |dy+ I_x'zeil'

x
= tan 'y :.1'+?+L‘

This is the required general solution of the given differential equation.

viog vav—xdv=10

Answer

The given differential equation is:
viog vy —xdv=10

= ylog vy = xdy

dy dx

viegy x

Integrating both sides, we get:

oy =I5 )

ylogy x

Let log vy =1.

d el
log v)=
f{r[ ey) dv
L
ooy
=>i_f{n-'=cff

}

Substituting this value in equation (1), we get:
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di _ pdv
t T x

= logt =logx+logC
= log(log y)=logCx
= logv==Cx

Lx

= y=e

This is the required general solution of the given differential equation.

s dv 5
X ===y
dlx
Answer

The given differential equation is:

5 d" 5

X ——=-y
e
dv dx

= 5=
% e
de dy

= —+—=0
oy

Integrating both sides, we get:

—+=k {(where k is any constant)

5

ri‘c ah
+ [%
X W

= Jx '=¢;!'r+ J._w-‘ dv=k

i
A

SN
4 -4
= x '+t =4k
=xt4yt=C (C=—4k)

This is the required general solution of the given differential equation.
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dy
—J=SII'I 'x
dx
Answer

The given differential equation is:

)
Y _sin' x

dx

= dy=sin"' x dx

Integrating both sides, we get:
J-ufv - Isill 'y

= = J(_sin '.T-l]u‘.r

= y=sin"'x- j{l]a{r— '[H%[sin" x): j{l}u’r” oy

= y=sin ' x-x j[ | t"lh
= X — “X |dx
) ‘ﬂ}ll _I: fl
. —X
= y=xsin x4+ |—=dx (1)
le—x"
Let 1—x" =1.
d . adr
= —|l=x")=—
u‘.r[ ] oy
= —2x= dar
ax

= .1‘dx=—%df

Substituting this value in equation (1), we get:
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l
e | I
y=xsin x+ JE\."'F dt

1
= p=xsin x+—- |(#) 2 df
) ) [(r)

+C

b | —
ta =]

= y=xsin" x+t+C
. | f 5 -
= p=xsin x+yl-x"+C

This is the required general solution of the given differential equation.

e' tan ydx +(1—e" Jsec” yey =0
Answer

The given differential equation is:
¢' tan v dy +{] —e" }SL‘C: vdy=10
(1-¢ )sec’ ydy = —e" tan y dx
Separating the variables, we get:

sec” —e"
= dy = —
tan y 1-¢

Integrating both sides, we get:

j-.\jec' iy dy = - v (1)

tan v 1-¢'
Let tan y=wu,

{ di

= (tany) ="

dy e

2 il
—sec’ y=—
dy

= sec” ydy = du
’ i
sec” v du
" _[ ~dy = j =logu =log(tan y)
tan v u
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Now, let 1—¢g" =r.

S o)
vy Ty
o
=" =—
oy
= —¢"dy = dt

= J‘]_ET dx = [$: log7 =log(1-¢")

—_— H"'

sec” y

dv and J- i{i}:
1 N

tan y -

Substituting the values of

= log(tan y)=log(1-¢")+logC

= log(tan y)= lng[f{l e' ]J]
:>13n_1==C{|-€'1]

This is the required general solution of the given differential equation.

. dy
{J: X 4+ I};z 2y 4 x;v=1 whenx=10
Answer

The given differential equation is:

(&7 +x7 +x +]}%= 27 +x
X

dv 2 +x
vy {.'c] +x 4+ x4 I]

2x +x
= dy=—"—"—dx

(x4 ]]{_'r: : 1}

Integrating both sides, we get:

in equation (1), we get:
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742 .
J-(.ﬁ-' = d—-l_,‘a’l {]}
(x+1)(x>+1)
Al e
Let 2x +:‘ _ A +Bl~+( . {2}
{,1.‘+]J(,1."+|] x+l x +1 i
2 +x A+ A+(Bx+C)(x+1)

= . -
(.r+l}{x‘+|j| {_'r+l](x"+1}

=2 bx=Ar + A+ B + Br+Cx+C

=2 +x=(A+B)x’ +(B+C)x+(4+C)

Comparing the coefficients of x* and x, we get:

A+B=2
B+C=1
A+C=0

Solving these equations, we get:

.4:1, B=2and C =
2 2

Substituting the values of A, B, and C in equation (2), we get:

2% +x _1o +|{3x—l}
{_r+1}{.1"1+l) 2 (x+1) 2(.1’:—1}

Therefore, equation (1) becomes:
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1 p3x—1
J-rfj— _[ ir+2_|':j+ldx

x+1
x 1 1
= y= —qu[x+l} — = — | ———dx
X+l 2°x +1
3oce 1
= y=_log(x+1)+ I dy——tan x+(
g xo+1 2
3, L
=y=—lo g[x+l;|+1|ng[x +1)—Etdn x+(

2log(x+1) +_‘llﬂE(T +I]}—ltun"x+(_'

il
[{r+|} 1 +1) }—%tan"x%ﬁ' -(3)

l

=1=—log
4

=;~I—l D——=0+C
4

= (=

Substituting C = 1 in equation (3), we get:

_] z 2 i 1 -1,
}J_E[Ing[x+l} {_x +I] :|—;tan x+1

Question 12:
1{,\' —I)ﬂ—l; y=0 when x=2
elx
Answer
dy
\(r —I) i =1
dx

x(.r:—l)
|
x[x—l]{xﬂ}m

Integrating both sides, we get:

= dv=

=dyv=
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I
Iﬂﬁ'z I.r{.*:— |][.1‘+1}n& (1)

I A B - N
Lct_t[.t‘—l}{.r+l]:?+.‘r—l+_\'+|' ~(2)
N | _ A =(x+1)+ Br(x+1)+Cx(x-1)

x(x=1)(x+1) x(x=T)(x+1)

(A+B+C)x +(B-C)x—4

- x(x=1)(x+1)
Comparing the coefficients of x?, x, and constant, we get:
A=-1
BE-C=0
A+B+C=10

E=

Solving these equations, we get

Substituting the values of A, B, and C in equation (2), we get:
1 -1 1 1

f-D(x+1) x 2(x-1) 2(x+1)

Therefore, equation (1) becomes:

|
2
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| 1 1 11
h=— I + v+ rh
J‘(} jx{‘c 2 L.'—If 2 -lx+lfx
= rl.'=—Iﬂgx+%Iog[x—l}+%lﬂg_{x+ 1) +logk
ﬁ}.-:ilnmg{k [x—|1}(x+l]] {3}
X

Now, y=0 whenx=2,

E(2-1)(2+1
= U= llug’w]
2 4
3k’
log| == [=0
- ng[ ¢ ]
3K,
4
=3k’ =4
=k’ =§
i |

Substituting the value of k% in equation (3), we get:

A(x—1){x+1
y=l]0g —{r }£T+ ]1
2 i 3x°
TR
y:_]ag (—-\.)
2 Ix

Question 13:
cos[ﬁ] =alacR):y=1whenx=0

dx

Answer
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dy -1
= —=0C05
oy

— dy=cos” adx

Integrating both sides, we get:
Iﬂ’y =cos ' a _[c.f’.r

= y=cos 'a-x+C

= y=xcos 'a+C (1)

Now, v=1whenx =0,

=1=0.cos ' a+C

=C=1

Substituting C = 1 in equation (1), we get:

y=xcos a+l

v—1 -1
=cos a
X
vl
— CO5| - =d
X
dy
@ _ ytanx;y =lwhenx =10
dx
Answer
dv
— = ylanx
dx

= ﬂ = tan x dlx
JE‘

Integrating both sides, we get:
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j- % =— j-tan xddv

= log » = log(secx)+log C
= log y = log(Csecx)

= y=Csecx (1)

Mow, y=1whenx=10.

= 1 =Cxsecl

=1=Cxl1

=C=1

Substituting C = 1 in equation (1), we get:

y = Sec X

Find the equation of a curve passing through the point (0, 0) and whose differential

. L1 =g"51
equation is? ¢ SI0X,

Answer
The differential equation of the curve is:

y'=e"sinx

dv .
—>——=¢ §inx
A
= dy=¢"sinx
Integrating both sides, we get:

In{r -~ J{r"'sin xdx (1)

Let! = Jc’ sin x o,

= [ =sin .\'jcr"d.r— J{%{Sin x)- j‘e“u'.r.Ju’.\'
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= [ =sinx-e" — [cos_\'-{r”c{r
. . fd .
= [ =sinx-e —[cosx v “dv - ﬂ —(cos x)- Ie cir];f,tw
\ el

—>I:Sin.r-c*”—|i 05 % ¢ —J :-Ir'u} e rh}
= [=¢"sinx—e " cosx—1
— 2] =¢" (sinx—cos x)

¢" (sinx—cosx)
2

Substituting this value in equation (1), we get:

e (sinx—cosx)

y= 5 +C -(2)

Now, the curve passes through point (0, 0).

" {:-:in 0-cos0)

0= +C
2
1{0-1
:>U:{ ) 1
2
o
= =—
2
C:]

Substituting Zin n equation (2), we get:

_e"(sinx—cosx) 1
- 2 )
= 2y=¢"(sinx—cosx)+1

= 2y—l=¢"(sinx—cosx)

Hence, the required equation of the curve is

1:;£-{1+"’}{_1-‘+2:],

For the differential equation dy find the solution curve passing

through the point (1, -1).

2y—l=e"(sinx—cosx).
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Answer

The differential equation of the given curve is:

ey
= = 2)(v+2
s (x+2)(y+2)
:>| Y Wuﬁ.'=[¥ 2|c.r’1f
'ke]'l+2/ T S
i a0 2
=|1-— c{r:[l+ |dix
y+2 )

Integrating both sides, we get:

i 2 b
Jl-
. y+2

= J-u’}' -2 jﬁf ¥ J-f-'fr +2 j'%”l"‘l

4 -
dy = -” 14 |c1‘l.‘l.'
\ A

— y-2log(y+2)=x+2logx+C

= y—x—-C=logx’ +log(y+2)

ey x-Colog (342 ] ¥
Now, the curve passes through point (1, -1).
—_]-1-C= lﬂg[(l}:{—l+2}:}

= -2-C=logl=0

=C=-2

Substituting C = -2 in equation (1), we get:
_L'—_r+2:lﬂg[r?{_r+3]:]

This is the required solution of the given curve.

Find the equation of a curve passing through the point (0, -2) given that at any point

X,V . . .
[ : }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.

Answer

Let x and y be the x-coordinate and y-coordinate of the curve respectively.
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We know that the slope of a tangent to the curve in the coordinate axis is given by the
relation,

.:i‘f'l-‘

dx

According to the given information, we get:

dy
Y _
dx

= vdv =xdx

Integrating both sides, we get:

J_r dy J,r el

=y —x =2C (1)

Now, the curve passes through point (0, -2).

~(-2)2-0%=2C

=>2C=4

Substituting 2C = 4 in equation (1), we get:
y’-x>=4

This is the required equation of the curve.

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).

Answer
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It is given that (x, y) is the point of contact of the curve and its tangent.
y+3

The slope (m;) of the line segment joining (x, y) and (-4, -3) is x+4

We know that the slope of the tangent to the curve is given by the relation,
ﬂrJ-‘

dv

. Slope (m, ) of the tangent = ET
clx

According to the given information:

m, =2m,
ﬁf‘p 3 2{_!-‘+ 3}
de x+4
dv 2y
y+3 Cx+4

Integrating both sides, we get:

I ,d"rﬁ =5 I;m‘

y+3 +4
=2

= log(v+3)=2log(x+4)+logC
= log(y+3)log C(x+4)

= y+3=Clx+4) (1)
This is the general equation of the curve.

It is given that it passes through point (-2, 1).

= 1+3=C(-2+4)

= 4=4C

= C=1

Substituting C = 1 in equation (1), we get:
y+3=(x+4)>

This is the required equation of the curve.
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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.

Answer

Let the rate of change of the volume of the balloon be k (where k is a constant).

v
SN

dar

(4 [ . 4 .
- nr ]— & Volume of sphere = —ar

df | 3 | 3

4 IE':"H‘?- (I'IJ' =1':.'

3 ot

= 4w’ dr = k dt
Integrating both sides, we get:

an [Fdr =k jm

= 4;1-% =kt+C
3

= dnr’ =3 (ke +C) (1)
Mow,atr=0,r=3:

24nx3*=3(kx 0+ C)

= 108n = 3C

= C = 36n
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Att=3,r=6:

>4nx6°>=3(kx3+C)

= 864n = 3 (3k + 36n)

= 3k = -288n - 36n = 252n

= k = 84n

Substituting the values of k and C in equation (1), we get:
47’ =3[84m +36:'1:]
= dqr’ =4 (63r+27)

= =631+27
|
== {63r+2?}|’

!
(63r+27)

Thus, the radius of the balloon after t seconds is

In a bank, principal increases continuously at the rate of r% per year. Find the value of r
if Rs 100 doubles itself in 10 years (loge 2 = 0.6931).
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Answer
Let p, t, and r represent the principal, time, and rate of interest respectively.

It is given that the principal increases continuously at the rate of r% per year.

dp [ r )
ol —|p
df L]ﬁﬁ J

$@=[L'm
P 100 )

Integrating both sides, we get:

— |dlt

i
p o100

_>]ugp:%1k

= p —em ~(1)

It is given that when t = 0, p = 100.

=100 = €“... (2)

Now, if t = 10, then p = 2 x 100 = 200.
Therefore, equation (1) becomes:

I.J.

200=¢"

= 200 =" ¢

= 200=¢" 100 (From (2))
= el =2
- _ log, 2
10 ’
-
= —=0.6931
10
= r=6.93]
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Hence, the value of ris 6.93%.

In a bank, principal increases continuously at the rate of 5% per year. An amount of Rs

7 = 1.648
1000 is deposited with this bank, how much will it worth after 10 years(‘ ) .

Answer
Let p and t be the principal and time respectively.

It is given that the principal increases continuously at the rate of 5% per year.

- N

u:r] f 5 1
= —=|—|p
de 1100

dp _p

dt 20

dp  dt
= —=—

p 20
Integrating both sides, we get:
j‘ﬁ = L dr

po20

i -
= logp=—=+C(
g 20
-

! "

_>p:e£“ (1)

Now, when t = 0, p = 1000.

= 1000 = €° ... (2)

At t = 10, equation (1) becomes:
_I||('

p=e!

= pP= e et

= p=1.648x1000
= p=10648
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Hence, after 10 years the amount will worth Rs 1648.

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?

Answer

Let y be the number of bacteria at any instant t.

It is given that the rate of growth of the bacteria is proportional to the humber present.

dv
dr
. .
- % = kv (where k is a constant)
{
.cl"'L'
== kel

3
Integrating both sides, we get:

dy

— =k |t

y I
= log v=kt+C (1)

Let yo be the number of bacteria at t = 0.

=>logy,=C

Substituting the value of C in equation (1), we get:
log v =it +log y,

= logyv-logy, =kt

L
)
:;~log['— |—k.f
Yo )
I"\.

L Yo

= &t =log

A

Also, it is given that the number of bacteria increases by 10% in 2 hours.
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110
= V= Va
o100
vy 11 .
_:-,,'_:_ sa | =
v, 10 (3)
Substituting this value in equation (2), we get:
'l ™
k-2 =log ll|
10
| 11
= k==log
2 Wb[]ﬂ]

Therefore, equation (2) becomes:

Lo -[HL =lo ,{L\]
E\IH; - El};z

2
[
2log| J
LM,
ﬁj:ﬁ .-.-.-{4]

Iug[t ”}/J

Now, let the time when the number of bacteria increases from 100000 to 200000 be t;.

=>y=2y0att=t1

From equation (4), we get:

il

v
2log| -
élk _L}_,J _ 2log2

3 A
Iog[ll ]Og[IIJ
10 ) 10

N,

2log2
i
|UE-L 11

Hence, in 'D] hours the number of bacteria increases from 100000 to 200000.

Page 51 of 120



Class XII Chapter 9 - Differential Equations Maths
fy .
@ _ e 18
The general solution of the differential equation dx
A € +e’=C
B. ¢ +e' =C

c.¢ +e' =C

p.¢ +e'=C

Answer
dv e
— =g =g
dx

dy
= — =¢"dx

e’

= e ‘dv=edx
Integrating both sides, we get:

J{: “dy =jt*"'(.l"x

= - =" +k
=g 4+ ==k
e e (c=—#)

Hence, the correct answer is A.
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