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CBSE Class-12 Mathematics
NCERT solution
Chapter -9

Differential Equations - Exercise 9.4

For each of the differential equations in Questions 1 to 4, find the general solution:

adv l—cosx
1. —_— = —
dx 1+cosx
. . . . dv l—cosx
Ans. Given: Differential equation — = ———
dx l14+cosx
o l—cosx |
= =" dx
l+cosx
. 1 X
) _asin® =
Integrating both sides, | &) = | = dx
J J o
2cos”
2
- - "I."
= y=|tan" = dx
- 2
= || sec’=—1] dx
J4 3 |
I
tan —
= —— —X+¢C
1
2
-
= _}'=:tﬂ.ﬂ:—l’+t‘.
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dv - ,
2. —=.f4-1 (-2<y<2)

ax
Ans. Given: Differential equation — =, /4 — 1~
ax
— dv = _4__}3 e
ﬂiL.
—, =ax
4—y°
Integrating both sides,
- dy I
= | == dv=|1dx
= —]-—:.L‘ =
— . + I 1 o . -1 %
sin. —=x+¢ || ———— dx=s51n —
2 | Y oalat =t H__
VoL :
— ; =sin | x+c|

= y=21sin(x+c)

3. & +y=1{y=1)

o

&LL.
~—+y=1

ax

Ans. Given: Differential equation

al'.L.

= —=1-vy
ax

= dy=(1-y) dx

= dy =—(y-1) dx
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Integrating both sides,

o [ =—[1dx
., :_L_]. .

= log |}'—1| =—x+c

—

= |_}'—1|=E‘_r' |~ if logx=r¢.thenx=¢&" |

= y—1l=2™"
= y=1te& %
= y=1x&e
= =1+ Aeg™",where A ==,

4. sec” xtan v dx+sec” vtan x gy =10

Ans. Given: Differential equation sec” xtan v dx+sec’ vian x gy =10

Dividing by tat1 xtan 1. we have

SEC:I . SEC:I'_
ax+ l .ﬂ:L:I:I
tan x tan v
— togfon ftogfans-tege |+ 2 emtos]
==

= log |tﬂ.‘tl xtan J.'| =loge

= |tan xtan _}'|= C
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= tanxtany=tc=C [|f|=alaz0)=r=1a |

5.le"+e™ | dv—|e" —e | dx=0

Ans. Given: Differential equation | e” +¢&™ | dv—(e" —e™" | dx

= |e"+e7 | dv=|e" —&7" | dx

Ans. Given: Differential equation — = |1+ x* |[1+ 1~ |
ﬂl-.'l_. , EEY E

= dv=(1427 (1417 dx

— 1 —— =|1+ x| dx [Separating variables]
+.L." . o

Integrating both sides,

1
;L': +1

=>|

dy = |[ x* +1) d
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-
-

-1 X
V=—+x+¢

= tan

7. vlog v dx—x dy =0
Ans. Given: Differential equation vlog v dx—x &y =0
= —xdy=—vlog v dx

dy dx _ _
—» ———— = — [Separating variables]
:_L' ].Dg J.- s

Integrating both sides,
- ﬂ:l- - -ﬂl-':
=> | = _—
“vlogy - ox
Putting log =1 on L.H.S., we get
1 &t
v oay
av
= =g
v

X xc

= 1Dg|z.‘|=1|:|g +1|:|g|c|=1|:|g

[If all the terms in the solution of a differential equation involve log, it is better to use log ¢

orlog ||‘_'| instead of ¢ in the solution.]
= |I| = |.'ﬁ‘.'.|

= f=Txc
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= log v =%*x¢ = ax where g =*¢
= y=g"

5 QY 5
8 ¥ —=—y

ax
Ans. Given: Differential equation x~ — = —~
ax

— .Ti aiL =_;L.5 ﬂl-.-'i'

& ax . .
—» — =—— [Separating variables]

v x

= ¥ odv=—x" dx

Integrating both sides

= | v dv=—|x"dx

_4 4

Yy _ =z

e g
= =—xT —4¢

=z 44y = —4c

= _}-4:3;_‘+_}-4:E,Where = —4dr
v

A . -1
9. —=sn " x
ax

. . . . ay |
Ans. Given: Differential equation — =sin" x
ax

- =] -
= gy =sin  xax
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Integrating both sides, | ldy = | sin”™" x dhx
= y=|sin" x1 dx

Applying product rule,

v=(sin™ x) [1ee— [ L (sin~x) [1 i e
sin” x| 1 (s )|

o - 1
= xsin” x— | =x dx ... (i)
S 1___{_1.
. : - X g ll- —2x J
oevaluate | == QX =7"— | === X
Tafl—xt 2- SJ1—x~

Putting, ] — _1;: =, differentiate —2x v = g

. 1 :
|7 di . LY PN R

2712

- i
= | — dx=—

Putting this value in eq. (i), the required general solution is

b | =

&8

bt | =

y=xsinT x+4/1- X +¢

10. & tan y dx+([1—¢ I sec’ ydy=0
Ans. Given: Differential equation ¢” tan 1 dx+|1—&” I sec” v dy =0

Dividing each term by | 1-¢&° I tan 1. we get

- =

. seCT ¥
— ax+
l—e tan v

w

gy =10 [Separating variables]

Integrating both sides,
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- & . rsec’y

| —— dx+| ~ dy=c

“l-e * tan v

= —[ _ ﬁ,, 4:::".1’+1Dg|tan}'|=|:
“l-e

= —log |1—Er|+1ug|tan J.'|=|:

— lngltan{ =logc’
-
e s]_
= —=c
|1—E*

= tan ;L'=C|:.1—E‘r.:| [ |I|=|:'=}‘-'z.‘=i|:'=C [sa}'j_l

For each of the differential equations in Question 11 to 14, find a particular solution
satisfying the given condition:

3 1 \ @y 5
1. [x*+x +x+]1|—=2x"+x y=1, when x=0
' Cax
. . e ,
Ans. Given: | x +x  +x+1|—=2x"+x
' Cax

= (& +x+x+1) dv=(2x" +x] dx

Fat L e
= dv= ~X T - [Separating variables]

IR |

2+ x

= 4y =— — :
x (x+1)+(x+1)
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] 2xt +x i
ay = - — o ax
[x+1)|x" +1]
Integrating both sides,
- 2x+x :
|1edy=]|- ——— dx
- T x+1)|x7 +1)
- 2 +x ]
= ¥=|- —— dx .0
“lx+1)|x" +1)
A Bx+C
Let +— [Partial fraction] .......... (ii)
x+1 x"+1

= 2" +x=A(x" +1)+(Bx+C)(x+1)

Comparing the coefficients of 1~ on both sides, A+B=2 .......... (iii)
Comparing the coefficients of x on both sides,B+C=1 .......... (iv)
Comparing constants on both sides, A+ C=0 .......... (V)

From eq. (iil) - (iv), we haveA-C=1 .......... (vi)

Adding eq. (v) and (vi), we have 2A =1

— A=

| =

-1
From eq. (v), we have C=-A= —
5

1
Putting the value of C in eq. (iv), B - < 1

oe!
1]
—

+
| =
1
[
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Putting the values of A, B, and C in eq. (ii), we have

2yt +x

(x+1) [..."{: +1_'] x4l 4

1

1 X
2 x+1

1

3
4=
2

1 1 3 2x
— -|-__ -
2 x+1 4 +1

Putting this value in eq. (i),

3- 2x

Y= _.l T Tyl g _.l,
2[1+1] —1_1+1 27 x

a::"x

= ':llng[r+1]+%1ng[r +1]—ltan e I (vii)

. . Ve |
=t = 4 [I]J dx=log f(x) |

Now, when x=10,1 =1, putting these values in eq. (vii),

1=l16g1+ilngl—ltan'1[]+c
9 4 9

= 1=¢ [logl=0.tan'0=0 |

Putting value of ¢ in eq. (vii), the required general solution is

}'=ilng[ J:+1']+Elng[' X +1']—ltan_1 x+1
A e /9

=

= y= %fzmg (xx+1)+3log (x* +1) | —%tan_l +1

Material downloaded from myCBSEguide.com. 10/27


http://mycbseguide.com/

%} myC BSEguide.com

A Complore gride for CREE stndets

= }-=%| lng['_x+1_']: +log(x’ +1']3 |—%tan'1 x+1

= }-:1| log(x+1)* (> +1) |—ltan_1 x+1
41 . LAY U

Ans. Given: Differential equation x [ x* -1} —=1

ax
Gy dx
= T (A1)
Integrating both sides,
- - 1 i
= |ldv=| ————dx
- " x| xt -1
[ : ()
= = — X+€ o,
V(1) (x—1) 1
1 A B C
—+ F— e (i)

' x(x+1)(x—1) "z =zl x1
= 1=A(x+1)(x-1)+Bx({x-1)+Cx(x+1]
= 1=A(x —1)+B(x —x)+C(x +x]

= 1=Ax"—A+Bx"—Bx+Cx +Cx

Comparing the coefficients of 1+ on both sides, A+B+C=0........

Comparing the coefficients of x on both sides, =B+ C=0
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Comparing constants on both sides, —A =1

Putting A= —1 and C = B in eq. (iii),

—1+B+B=0

= 2B=1

I}
os}
I

b | =

From eq. (iv),C=B =

b | =

Putting the values of A, B and C in eq. (ii), we get

1 -l

x(x+1)(x-1) Cx

- 1

= x(2+1)(x=1)

: 1

= x(2+1)(x—-1)

: 1

= x(x+1)(x—1)

: 1

= x(x+1)(x—1)

: 1

" x(x+1)(x—

1 |

b 2

2 . 1
x+1 x-1

. 1 . .
’:—J ; -ﬂ"'f E-l _-,;- ﬂ"'i' E-l -.__
1 1
*:—1:::g|x|+;1|:|g|_T+1|+;lng|x—1|
1 -

dx=—|2-log |J:|+1|:|g |.T+1|+1|:|g |.T—1|]

2L

dx = %z—lng |.'lf|: +log |.T+1| |.T—1|z

—1

_1| —IDE
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Putting this value in eq. (i),

=1

-
-

x

w F_I' —

0o, W)

Now, putting =10, when =2 ineq. (v), we get

Uzllngi+c e :_—:llnzugi
2 4 2 4

Putting the value of ¢ in eq. (v), the required general solution is

1 -1 1. 3
v=—log|——|—=lozg -
2 x° 2 4
. 1 i : x )
[NOTE: You can also do, to evaluate I— ax = |—ﬂ'1 =
" x|x—1] x| x =1}
l; 2x i
S pu g
27 i (x -1 =t

13. cos, — =ala<€ R );y=1 when x=0
Lax ) ’ '

Ans. Given: Differential equationcos — =a(a= R ); 1 =1 when x =10
e . .

ay -1
= —=C0s5 a
ax

= dy = (cost a)dx
Integrating both sides,
oo T1 0 = [ enet Al 4
= |ldy=||cos™ a dx
= _:L':[CDS_IIII] | 1 ex
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= _:L'=|:.EDS_14:I.] X+C e @)
Now putting v=1 when v =0 ineq. (i), we get s =1

Putting ¢ =1 ineq. (), v = I cosa|x+1

m.
14. — =yvtan x; v =1 when x =0

ax

— = Vtah x

ax

Ans. Given: Differential equation

= dv=ytan x dx

HLL.

w

— = tan x «x [Separating variables]

v
Integrating both sides,

=> [l 4:2‘:}'= [ta.tl x dx
Yy J

= log |1| =log |SEC .T|+1Dg ||i'|

= log|y|=log|csecx
= |s|=leseca]
= y=Tcsecx
= y=Csecx where +c=C .......... 1)
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Now putting v=1and x=( ineq. (), weget 1 =Csec0=_
Putting C = 1 in eq. (i), we get the required general solution

— V=Secx

15. Find the equation of the curve passing through the point (0, 0) and whose

differential equationis 1 '=g" sin x.
Ans. Given: Differential equation ' = ¢* sin x

dv_ s
= — =g snx
ax

= dv =& sin x dx

Integrating both sides

= v=1+C ..... @)
where I = | e sinx dx e (ii)
Applying product rule,

[=¢"(—cosx] —Jq e (—cosx) dx

= [=—¢" cos .T+'|q e’ cosx dx

Again applying product rule,

[= —e“cosx+e’sin .T—I e” sin x dx
= I=¢ ['_— cosx +sin J:_'I— [ [By eq. (iD)]

= 2I= ¢ (sinx—cos x|
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e .. :
= 1= —(sin x—cosx)

Putting this value of I in eq. (i), we get

1

}-::Er [sinx—cosx)+¢ .. (iii)

Now putting » = and v =0 in eq. (iii)

Dzl['—l'l+|:
o

Putting the value of ¢ in eq. (iii), we get the required general solution

v=—¢ (sinx—cosx|+—
7t £ n

= Jv=¢ (sinx—cosx|+1
= Jy—l=¢ (sinx—cosx|

ay . - :
16. For the differential equation xy—=(x+2|(1v+2],
de LAY ;

passing through the point (1. —1).

m =(x+2)(y+2)

oax

Ans. Given: Differential equation x’

= v dv=(x+2)(y+2) dx

L L . .
gy = & [Separating both sides]

[

v+2 x

=

Integrating both sides
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- ) -x+2
:>| aj,:I oax
‘:L'+: * x
22
=> [L2 2y = [(£ + 2)da
+2
>[5~ rsdy=[(1+ 2)de
:>f1——dy fQ+ 2)dz

= J;—Iln:ug|}'+2|=I+21Dg|1’|+|:

= J;—Jr=1|:|g|'}'+2:|:+1|:|g|'x:|:+|:
= 1—1’—1DE|1+-| |ﬁ: 2 e . )
Now putting x=1. v=—1 ineq. (i),
-1-1=log(l)+c

= c=-1

Putting this value of ¢ in eq. (i) to get the required solution curve

-

'L—T=1DEI'L+-| |1’ =2

-

= v—x+2=log(v+2) (xV

17. Find the equation of the curve passing through the point (0, —2] given that at any

point | x, 1| on the curve the product of the slope of its tangent and } —coordinate of

the point is equal to the x — coordinate of the point.

Ans. Let P( x, v | be any point on the required curve.

According to the question, Slope of the tangent to the curve at P x, v | *}V =X

Material downloaded from myCBSEguide.com. 17/27


http://mycbseguide.com/

%} myC BSEguide.com

A Complore gride for CREE stndets

EEL .
dx

—

y=x

— vy =xdx

Integrating both sides,

= 17 =x +C where C = 2¢

Now it is given that curve y* = x* +C passes through the point (0, —2].
Therefore, putting =) and 1= —2 in this equation, we get C =4
Putting the value of C in the equation J,-: = _1;: +,

V- =x"+4

w

::’ _:L"' —_'Il" =—]-

18. At any point | x, 1 | 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].

Ans. According to the question, slope of the tangent at any point P| x. v | of the required

curve

= 2. Slope of the line joining the point of contact P | x, 1| to the given point A —4,—3
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& _, ,1'—[__—3:]
ax x—|—4] |
av [ y+3)

= — =2/

dx x+4)

= (x+4) dv=2(y+3) dx

dy 2
— = fx [Separating variables]
v+3 x+4

Integrating both side,

-1 -1
=> | dy = EI e

Y43 ! x+4
= 10g|}'+3|= 2log J:+—1|+1|:|g|c|

= log|v+3|=log e+ 4| +log |c|=loge|(x+4)"

= |y+3|=z|c|(x+4)

= yp+3=ztfe|(x+4)

= p+3=C(x+4) where £|c|=C e (i)

Now it is given that curve (i) passes through the point { —2.1}.

Therefore, putting = —2 and v =1 in eq. (i),

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

= C=1
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Putting C = 1 in eq. (1), we get the required solution,
y+3i=(x+4)

= (x+4) =y+3

19. The volume of the 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 r seconds.
Ans. Let x be the radius of the spherical balloon at time 7.

Given: Rate of change of volume of spherical balloon is constant = % (say)

-ﬂ'— ';-—]'.:'.r = |
I =k
dr'. 3 )
4T, , dx

— TE.T‘.—_:.A._
3 at

~ 61X
— _]'.2-.-':‘ _=JEL-
art

= 47 dv=Ikdr [Separating variables]

Integrating both sides,

=> 47|x de=k [1dt

Now it is given that initially radius is 3 units, when # =0, x=3.

Therefore, putting f =0_x=3 ineq. (i),

4 x 27
=> —
3 C
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= =307 e (ii)
Again when ¢ = 3 sec, then x =& units

Therefore, putting y =3 and x =& ineq. (1),

> 3T 6)° =3k+c

3 X F

4, : .
= ?[_Ilﬁll =3k + 367 [From eq. (ii)]

= 47(72)-367=36
= 2887-367=3k = 3k=2527

= k=847 ......... (ii1)

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

value of » if Rs 100 double itself in 10 years. (log, 2 =0.6931]

Ans. Let P be the principal (amount) at the end of ¢ years.

According to the given condition, rate of increase of principal per year = %3 (of principal)
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adP ¥
= —=—0=x P

dar 100

AP ¥ . .
— ? =— 4r [Separating variables]
Integrating both sides,

¥ .
log P= —1it+¢ 6))
100

[Since P being principal > 0, hence log |P| =log P ]
Now initial principal = Rs 100 (given), i.e., when # =0, then P = 100

Therefore, putting =0, P=1001in eq. (),log100=¢
putting log 100 = ¢ in eq. (),log P = l_g[jwmgmm

= log P —log100= —;¢
100

= log—=—1
100 100

Now putting P = double of itself = 2 x 100 = Rs 200, when ¢ = 1() years (given)

-
log 200 " 210
100 100

r
= logl=—
10

= r=101log 2

= 10x0.6931=6.931%

21. In a bank principal increases at the rate of 5%; per year. An amount of Rs 1000 is
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deposited with this bank, how much will it worth after 10 years? | e’  =1648)

Ans. Let P be the principal (amount) at the end of ¢ years.

According to the given condition, rate of increase of principal per year = 5% (of principal)

aP 5
= —=—x P

dr 100

aP P
— —_— =

ar 20

dP dt . :
—» — = — [Separating variables]

P20
Integrating both sides,

1
log P= —r+c ... (i)
20

[Since P being principal > 0, hence log |P| =log P ]

Now initial principal = Rs 1000 (given), i.e., when ¢ = {J_ then P = 1000

Therefore, putting £ =), P=1000in eq. (i),log 1000 = ¢

Putting log 1000 =¢ ineq. (@),log P = %I-I-IDEIDGU

= log P —log1000 = ,,ir
= lugi=ir .......... (ii)
1000 20

Now putting ¢ =10 years (given)

P 1

0g —=—x El:l:[:l_i
100 20 2

Material downloaded from myCBSEguide.com. 23/27


http://mycbseguide.com/

% myC BSEguide.com

% A Complere guide for CREE stwaenis

p o -
= — —=¢ | ifx=rthenx=¢ |

1000 -

— P =1000x 1.648 = 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.
Ans. Let x be the bacteria present in the culture at time ¢ hours.
According to the question,

Rate of growth of bacteria is proportional to the number present

ax .
— — ls proportional to x
at
ax . . :
— — = /o where [ is the constant of proportionality
at
= dx=loc dt
X .
= —=kdt
x
Integrating both sides,

> (L axc=k[1ar
L !
= logx=&+c ........ 6)

Now it is given that initially the bacteria count is x;, (say) = 1,00,000
=> when =10, then x=1x.

Putting these values in eq. (i)
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logx, =c¢

Putting log x, =¢ ineq. (1), we get
=> log x =iz +log x;

= logx—logx, =/

— log—=Jg ... (ii)
xa

Now it is given also that the number of bacteria increased by 10% in 2 hours.

10
Therefore, increase in bacteria in 2 hours = —— = 100000 = 10,000

100

. X, the amount of bacteria at r =2 =1,00,000 + 10,000 = 1,10,000 = X (say)

Putting x = x; and ¢ =21 ineq. (i),

log -1 = 2k
e
1 X
— k _EIDE;
2 100000
= ﬂlelugH
2 1

Putting this value of I in eq. (ii), we get,

X 11
log—= |
X -

log — ¢
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log —— —— 't [when x= 2000001
"¢ 700000 2l %10 *

— 11 hours
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23. The general solution of the differential equation
ax

AW ¢+ =¢

B) & +&' =¢

©) g™ +&' =¢

D) g™+ =¢

w i

- = E‘
ax

Ans. Given: Differential equation
v .

— — =g &
ax

= dy=e¢.¢ dx

av L . .
— — =g gx [Separating variables]

5
= e ' dv=e" dx

o

Integrating both sides,
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= —e ¥ —¢" =¢
= @' +e =—¢
== %+ " = where C = — ¢ which is required solution

Therefore, option (A) is correct.
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