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CBSE Class-12 Mathematics
NCERT solution
Chapter -9

Differential Equations - Miscellaneous Exercise

1. For each of the differential equations given below, indicate its order and degree (if
defined):

-
-

Ldy _ [dv)
(O —+35x — | —-6y=logx
ax” \ ax )
3 I I:' 'fﬂil'mlﬁ _ .
) — -4 — | +7y=sinx
| ax ) a2
*y ‘&
(i) ——sin, —= =10
ax o )
o : : d'y _ [dvY
Ans. (i) Given: Differential equation 4+ 5x = | —6 }'zlug x
ax” L ax )
The highest order derivative present in this differential equation is ﬂl_l and hence order of
ax

this differential equation if 2.

The given differential equation is a polynomial equation in derivatives and highest power of

d°v

ax

the highest order derivative is 1.

=
&

Therefore, Order = 2, Degree = 1

(ii) Given: Differential equation = = | —4 %'
\ c:_-'xf! \ a::_-'xi!

-

+Tv=sinx

Material downloaded from myCBSEguide.com. 1/28


http://mycbseguide.com/

% myC BSEguide.com

% A Complere guide for CREE stwaenis

[

ax

and hence order of

The highest order derivative present in this differential equation is
this differential equation if 1.

The given differential equation is a polynomial equation in derivatives and highest power of

m.
the highest order derivative — is 3.

oax

Therefore, Order = 1, Degree = 3

- =
=

a7y .,

et

——sin, — |=0

ax L

(ii1) Given: Differential equation

-:|‘ .
The highest order derivative present in this differential equation is ﬂl_} and hence order of
ax

this differential equation if 4.

The given differential equation is not a polynomial equation in derivatives therefore, degree

of this differential equation is not defined.

Therefore, Order = 4, Degree not defined

2. For each of the exercises given below verify that the given function (implicit or

explicit) is a solution of the corresponding differential equation:

. s 1 - 2 dv _dv ;
W) gy=age’ +he " +x  x—+1——xp+x —-2=0
ax” ax
. L dty e
() y=¢" (geosx+bsinx) —=—2—+21v=0
' Coax ax

-
=4

R

(i) y = xsin 3x: +9v—6cos3x=0

[ )

ax

) x* =2y logyv:|x +v | ——xp=0
L E &l-II:-
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Ans. (i) The given function is xy = ge® +be™  +x° o @)
To verify: Function (i) is a solution of D.E. a 1 +2 2 =2
dx” dx

dy . .
Differentiating both sides of eq. ) w.r.t. X: x—+ v.1=age” +he +21x

ax

Again differentiating both sides w.r.t. .

d*v v . dv . B
—~+—.1+—=aqe" +be™ +2

ax ax ax

X

I/ 4% ; .
= x—5+1—=ae +be " +1

a1 ady
r—=+2—=xy—x +2
ax” e
d*
= —+21——x+x-2=0
ax” ax

Therefore, Function given by eq. (i) is a solution of D.E. (ii).

(i) The given functionis v =& (gcosx+hsinx] . @

To verify: Function given by (i) is a solution of D.E. ﬁ. -2 av +2v

dy .. . o
From (i), — =—eg" (acosx+bsinx|+e —|acosx+bsin x|
ax  dx ' ax '

av L L , .

= —=¢ |acosx+bsinx|+e | —asin x+bcosx|

x . . . .
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ay £i : :
= —=1+¢e [—asinx+bcosx| [Byeq. )] ... (iii)
x . .
d*1 L, , L .
= ——=—+¢ [—asinx+bcosx|+e |—acosx—bsin x|
ax~ ax ' ' ' '
d* L, , L .
=~ ——=—+¢ |—asinx+bcosx|—¢ (acosx+bsin x|
ax” ax ' ' ' '
dy & [av )
— ——=—+ — —1 — Vv [Usingeq. (iii) and (i)]
axs oax L ax ;
= all =2ﬂ}.—21'
ax” dx
= d_ Y 28 000
ax ax

Therefore, Function given by eq. (i) is a solution of D.E. (ii).

(iii) The given functionis v =xsin3x ... )

]
[ )

4 '::.+9}'—|5C053I=E| .. (i)

To verify: Function given by eq. (i) is a solution of D.E.

ax

. dy .
From eq. (), — = xcos3x.3+sin3x ]
ax

v .
= —— =3xcos3x+sinax

dx
d*v - . . - . .
= ——=3| x(—sin3x)3+cos3x1|+(cos3x)3
5 Rt . 17 .
-ﬂ'—:l’ . . .
= —— =-9xsin3x+6cos3x=—91v+6cosix [Usingeq. (@]
ax”

Material downloaded from myCBSEguide.com. 4/28


http://mycbseguide.com/

%} myC BSEguide.com

A Complore gride for CREE stndets

dv
—+9y—6ecos3x=0

=

ax

Therefore, Function given by eq. (1) is a solution of D.E. (ii).

(iv) The given functionis x* = 21 log 1 oo @)

To verify: Function given by eq. (i) is a solution of D.E. | x~ + 3~ |

Differentiating both sides of eq. () w.r.t. .

o 1y dl
2x=1 v ——+(logy)iy—|
Vvax ax |

F

v
ﬂ:'}' v ¥ x
dx x| vt vyt 7
v l+— V| ——1| - [-
. ¥ oy

av vy
j —_— = = -

ax x +yv
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Therefore, Function given by eq. (i) is a solution of D.E. (ii).

3. Form the differential equation representing the family of curves

|x—a) +2 Vvi=ac, where & ia an arbitrary constant.

-

Ans. Equation of the given family of curves is ['. r— H:f +72 }.2 - a
= x'+a’ —2ax+ 2y =a’

= x' 2ax+21 =0

= ¥ 4+21=2ax (i)

Here number of arbitrary constants is one only (a |.

So, we will differentiate both sides of equation only once, w.r.t. .

ll:vﬁ.-.
= Ix+22ly—=12a

oax

dy N
= x+4y—=2a ... (ii)
ax

Dividing eq. (i) by eq. (ii), we have

x*+ 2y lax
=> d-I' - 4
4 2a
2x+4v—
ax
x +2y°
=X
_ ah
2x+4v—
ax

( fry)
= x| 2x+4y— |
1 &l.-'l.r-_l

=x +21

i
.
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= 5

; av
= Ix+dxoy—=x"+211°

- w

ax

-

ay ;
= dxy—=2yv —x"

dx dx
4. Prove that _1;: - J,-: =r [ _1;: + J,-: '] " is the general equation of the differential equation
(" =3x7 | dx=(1" =3x"1v| &v. where ¢ is a parameter.
Ans. Given: Differential equation |x° —3x7 | de={1" =3x"v| dv o 6))

Here each coefficient of 4+ and m is of same degree, i.e., 3, therefore differential equation
looks to be homogeneous.

=

dy (¥ =307

dx |y —-3x7y|
-'-.lll\..l"
L 1-3=] ,
id X y .
= — = =f_| .......... (ii)
ax v [y X
"_I —3 "_l
X LX)

Therefore, the given differential equation is homogeneous.

¥
Putting — =,

+
—NN
v dv dv
= " ='|-".].+."|.'f='l-"+."|.'f
ax ax o
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Putting these values in eq. (i),

) dv 1-37
= vt x—=—
ax v —3v

dv 1= -3 =+ 37
= X—=— —v= -

dr vV —3v Vo —3v

Fa::_-"v_ 1—v*

= Xx—=—
de Vv —3v

= x[vV =3v| dv=[1-v"] ax

= - _3:- dv = ax [Separating variables]
1—v x

Integrating both sides

v =3y 1
s I 3 ov = I —_ ﬂ'."f:].l:lg _T-|—]_|:|gr_'_ .......... (111)

 1-v " X

. . : v —3v
Now forming partial fraction of -
l—v

v =3y _ v —3v
1 (1= (1447

v —3v Vo —3v

= = = . — o
1—v' (1=v)(1+v) (147

A B Cv+D

1:3 _31: = = — = =
1 (1=v) (1) 1+

= v =3v=A(1+v){1+v' |+ B(1-v) {1+ | +(Cv + D) (1-+" |
= VvV —3v=A(1+V +v+v |[+B(14+v —v—+" |+ Cv—Cv + D -Dv'
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Comparing coefficients of like powers of

v A-B-C=1 ... )
v A+B-D=0 ...... (vi)
v A-B+C=-3 ... (vii)
Constants A+B+D=0 ... (viii)

Now eq. (V) — eq. (vii)
— -2C=4

= C=-2

Eq. (vi) — eq. (viii)
= -2D=0= D=0

PuttingC=-2ineq.(v),A-B+2=1

PuttingD=0ineq. (Vi A+B=0 .......... (x)
Adding eq. (ix) and (x) 2A =-1

-1

-

= A=

Fromeq. (x), B=-A=

| —

Putting the values of A, B, C and D in eq. (iv), we have

v =3 7
=7 - ;
1—-v 1-v 1+v 1+v
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P — —1log|(l
— |1P 31’ dvz_lm —lng[1+‘p]—IDE[1+‘v ]
1—v 2 -1 2
= |”P1_31P d»_llug[l 1=]+11I:IE[1+‘L=]—IDE[1+‘P ]
J v 2 2
- =3y -
= | — m,__|1ng[1 1»]+1|:|E[1+1a]|—1|:|2[1+1= ]
Vv 2
v =3y 1-
= | + dv=—|log(l1-v){1+v] I—IDE[lﬂ )
1yt 2
- =3y 1
= | &"p—IDE[l v ]*—IDE[1+‘P ]
S Py
= log 1_1:‘ |
1+v° |

1—v
=> log — | =log xc
L 1+
147
= = r
1+

Squaring both sides and cross-multiplying,

= 1V =¢'x (1+v' )

. V
Putting v= =
x
= -5 =c'x" 1+~
X | X
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— X =1 X T
——— =X —
X X
— =yt LX)y
_ == -
x x

= " —1° =C|x"+)°| where ;? =C

5. For the differential equation of the family of the circles in the first quadrant which

touch the coordinate axes.

Ans. We know that the circle in the first quadrant which touches the co-ordinates axes has

centre ['_c:r= c;r_'] where a is the radius of the circle.
Equation of the circle is
[-. r— ,.:;r:| : + [;L — ,.:;r:| : = ,.:;r: .......... 1)
= x +_:L': - 2ax— 2{1}'+H: =1
Differentiating with respect to -x-
= 2x+2w—-2a-2ay'=0
= x+v —a—aq =0
= x+)v' =all+y)

X+ 3
= a=—"—
1+ v

Substituting value of @ in eq. (i),

x+w' x+w' |l [ x+ap

1+y' ) 1+y' ) | 1+

-
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r+xy —x+ 1 v+ —x— | Cx+
— - N = -
(] 1 I 1 I
1+ ) 1+ 1+
= (- +y—x) =(x+1")

6. Find the general solution of the differential equation ay +
dx

Ans. Given: Differential Equation

= @ __{1-y

dx 1— ¥

= J1-F dv=—of1-17 @
—ﬂ'-.'lf

a
= "II—J,': Ao e

Integrating both sides

-1 : -1 i
= | —d=—| ==

— sin‘ly =sinlx + ¢

. -1 . -1
= sin x+sm V=c

7. Show that the general solution of the differential equation ay +L1+1 =0 1is

e x +x+1
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given by (x +y + 1) = A (1 - X -y - 2xy), where A is parameter.

R ) SN
dv  x +x+l

Ans. Given: Differential equation

dv [y e+l

= — == -
e | x+x+]1)
dv —ex
:h = = .l
v4+yv+l x+x+1
ay dx
= — +— =0
v+y+l x+x+1

Integrating both sides,

. i 1 1: 3 2 1"'.: ."-. 3‘“':‘
= v +y+l= y+=—| +—= 1.+—'+£
) ) ©2) 4 20 02
- 1 o 1 i
ﬂ 1=:::L-=| ——— v
Therefore, ~ ¥ TV + f 1v (B
V+=—| + £
o2) 02
1

13/28
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- 2 2x+1
Similarly, | — dx= jtaﬂ._l -'J_
S x +x+1 3 3

Putting these values in eq. (1),

2, a2p4l 2 2x+]
N F A
L 2v+1 L 2x+1 A3

=

&,

= tan +tan = ——=— = ——¢ [Multiplying by X~
J3 N 2
2x+1 N 2v+1
-1 ﬁ 3 -1 3
— tan =tan ¢ where '=*¥" .-
;_2x+1 2y+1 cT
«,E [2x+2v+2) .
— - - - — =
3-(4x+2x+2y+1)
= f3(2x+2y+2)=c'(2-2x-2y —4xy)
= "u"'_[ x+y+1)=2c"(1-x—y—2xy)
dividing by 2./3
x+y+l=—0x(l-x-y—1x]
,,E
. : c'
= x+1v+1l=A(l-x—y—2xy| whereA= —
8. Find the equation of the curve passing through the pomt [] — | whose differential

_]_ |
equation is sifi xcos 1V ax+coxsin vy =10
Ans. Given: Differential equation sifi xcos Vv dx+cos xsin v &y =10
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= Sl XCOS )V dx=—COosXsiny 4y
silx . —sifay
dr=— =g
CoOs X Cos V

= tan x dx=—tan v v
Integrating both sides,

= jtan x dx= —jtan vdy

= log [sec J:|:—1Dg|5E|: J;|+1|:|g||:|

= log |sec _T|+1Dg |5 EE_}'| =log ||:'|

= log [sec _TSEI:J.'|=1Dg|c|
— SeCXseCl=c (1)

Now, curve (i) passes through [l: |-

L P,
" -

i
Therefore, putting x =10,y = : in eq. (),

b
= seclsec— =c¢
4
= c=.2
Putting » = /2 ineq. (@),

= secxsecy =-/2

SeCXx
== =~.|I'2
cCos ¥V
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SECX
—» COS V=
2
9. Find the particular solution of the

(1+¢&™ | dv+(1+1" |e" dx=0 given that v =1 when =

Ans. Given: Differential equation (1+¢&™* | dv+({1+17 |&" dr=10

Dividing every term by 1+ v |{1+¢&*" |. we have

1+v

Integrating both sides,

= | = dy+ —dx=c
14+ <14+
-1 I E: .
= tan” ¥+ | T S (i)
“1+e”
Now to evaluate | — s
“1+e”
putting z* = ¢
:_ 4l .
= & =— = g dx=dt
o
- g° - dt ~ 1 s
- € — gy = |—==tan lr=tan™' &’
“l+e” “l+r
Putting this valueineq. (), tan™ v+tan™ e =¢ oo (ii)

Now putting v =1, x=0 in eq. (ii),

Material downloaded from myCBSEguide.com.

differential

equation

16 /28


http://mycbseguide.com/

%} myC BSEguide.com

% A Complere guide for CREE stwaenis

= tan 1 +tan e’ =¢

= tan ' l+tan " l=c¢

Putting ¢ = — in eq. (ii),

k| e

= tan” v+tan” e’ =

ko | H

10. Solve the differential equation: 1e™" g =(xe™ + 17| dv(1 = 0)
Ans. Given: Differential equation v.e™ dr=[xe™ + 1! | dv.v =0

dx I_Er’f-"'+3," e '

It is not a homogeneous differential equation because of presence of only }' as a factor,

-

yet it can be solved by putting — =V, i.e., X =1}
N
dx dav
= —=Viy—
ay ay

Putting these values in eq. (i), we get
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av —
= V+lV—=Vv+1e
m.

= e’dv = dy

Integrate both sides, we get

= @ =Vv+c

= ¢ =y+¢

11. Find the particular solution of the differential equation (x— v |(dx+dy) = dx—dv
given that 1 =—1 when »=1.
Ans. Given: Differential equation (x— v |(dx+dv)=dx—dy
= (x—y)de+(x—y)dv=dx—dy

= (x—V)de—de+(x—y)dy+ay=0

= (x—y-ljde+(x—y+1)dy=0

= (x—y-llde=—(x—y+1)dy

e (e v_T
o & _ byl o)
ax x—yv+1

Putting x— 1V =1

dv dt
ax  ax
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dv ot
= —— = — -1

ax  ax

dv —dt

— = — +1

ax oax

Putting this value in eq. (i),

—dt =17
= — +l=—| —
e wr+1)
—lt “r—17
= =—]-
e Lt+1)
dt Tt—17Y t+1+2-1
= o4 |- T
ax Lt+1) t+1
dr 2
= — ="
dx  r+1

= (z+1) dt =2t dx

r+1 )
= —  di=2dx
3

Integrating both sides,

=[ (%) dt=2[1de

-

-,
h !

-t 1Y
= | -+- di=2x+c
ot

LY

- =
!
F 1

= || I+= |dt=2x+c
"\ L

LY

= I+1|:|g|z.‘|: 2x+c
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Putting x— V=T,

= I—J;+1Dg|x—3;|=2r+|:

= log |J:—J.'|:J:+J;+|: .......... (ii)
Now putting v =—1,x =10 in eq. (ii),
= logl=0-1+¢

= D=-1+¢

— c=1

Putting » =1 in eq. (i),

= log J:—J.'|= x+yv+1

12. Solve the differential equation: —— |— =1{x=0]

-1Jx .

g 1 a1
— —_ = —

NxooNxoax
= —+ . =

1 2

P= and Q =

En
P
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The general solution is

= y(.F.)= [Q['_I_P._] dx+c
= ye?V? = f%ezﬁdw +c
= ye?VT = f\/iadw—l—c
—ye?V® =2,/ +c

= J;=E':"'E [ 2«,.'{;+|:]

13. Find the particular solution of the

[

ax

Ans. Given: Differential equation — + vcot x=4xcosec x

ax

al'.L.
Comparing this equation with —+ Py =0Q),
ax

P=cotx and Q= 4xcosec x

[P dx = [cnt x dx=logsin x

I.LF. = | P lozsiny
— o E

=g =s5in ¥

The general solution is

=y )= [Q(LE.) dr+c
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= y(sinx)=| 4xcosec xsinx dx+c

sSinx dx+¢

= yisinx)=4|x—
' ' s X

-
-

L - x
= v|sin J:_]=—1|J:dx+c=—l.7+|:

= ysinx=2x"+¢ e 6]
. T, .
Now putting v =10, x=— ineq. (i),
- . ¥
P
= 0=2—+c
4
= =
2
Putting - = _*_ ineq. (i),
¥
| 7
= vsinx=21x" -

. .y .
14. Find the particular solution of the differential equation | x+1|— =21g™" —] given

ax
that =0 when »=10.

Ans. Given: Differential equation [x+1)— =2 —1

ax

s
= ['_Jr+1_']m—f=;,;—1= -
x

ax a°

= (x+1)e’ dv=(2-¢"] dx
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— e ay  ax

22— x+1

Integrating both sides,

:_'*, - E--‘ _ d}:[ ]. a'-_'k-'
- l—e “ x+1
Putting E"‘; =7
dt
= & =—
= &' dv=dt
| ar =log Jr+1|
- 2-t
log|2—
= M=lng|x+l|+c

Putting 2% — ¢,

= —1ug|2—e-"|=1ng e+ 1]+

= log jr+1|+log |2 —¢'| =

= log e +1|2—¢'|=—¢

= |x+1||2—e—"|=e‘*

= (x+1){2-¢" | =z~

= (x+1) ['.2 —& _'] =C whereC= 45 ... 0

Putting x =0, v =0 ineq. (i),
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= (1){2-1) =

— C=1

Putting C = 1 in eq. (i),
= (x+1)(2-¢" =1

This solution may be written as

. 1
= 2—e" =
x+1
. 1 2x+1
:’ E"L = 2— =
x+1 x+1
; 2x+17
= loge =log |
L ox+1 )
C2x+10
= v=log |
Lx+1 )

where expresses } as an explicit function of x.

15. The population of a village increases continuously at the rate proportional to the
number of its inhabitants present at any time. If the population of the village was
20,000 in 1999 and 25,000 in the year 2004, what will be the population of the village in
2009?

Ans. Let P be the population of the village at time r.

According to the question, Rate of increase of population of the village is proportional to the

number of inhabitants.

4P

— — =/P where [ >0because of increase and is the constant of proportionality
at

Material downloaded from myCBSEguide.com. 24/28


http://mycbseguide.com/

%} myC BSEguide.com

% A Complere guide for CREE stwaenis
P i . .
— — =/ dr [Separating variables]

-1 o
Integrating both sides, | — &P =k|1 dt
- P -
= logP=k+c¢c ... @)
Now Population of the village was P = 20,000 in the year 1999.

Let us take the base year 1999 as ¢ =1J.
Putting # =) and P = 20000 in eq. (i), log 20000 =¢

Now putting log 20000 =¢ ineq. (@), logP =% +log 20000

— log P — log 20000 = &

= log =lF (ii)
20000
Again Population of the village was P = 25,000 in the year 2004, when § =2004 —1990 =%
. . . . 25000
Putting r =5 and P = 25000 in eq. (ii), log =5k
20000
. 5
= Sk=log—
4
1 5
= k=—log—
5 4
1 Lieg
Putting value of % ineq. (ii), log = —log— |t .. (iii)
20000 5 T4

To find the population in the year 2009, f = 2009 —1999 =10

1 a0
Putting r =10 in eq. (iii), log 30000 = _'IDEI | =10
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P 5 5Y 25
= log =1log—=log — | =log—
20000 4 L 4) 16
25
=> P = T6 X 20000
—25x 1250 = 31250
Choose the correct answer:
: : : L ydi—xdv_ .
16. The general solution of the differential equation =10 is:
v
A) & =C
B) x=Cy°
©) v=Cx
(D) v =Cx’
_ _ _ _ Vv dx—x dy
Ans. Given: Differential equation - —=1)
v
= vax—xdv=0
dx dy _ _
— — =— [Separating variables]
x v

Integrating both sides, log |1| =log |J;|+1Dg ||‘.'|

= log|x =1|:|g||:3;|
= x=TIcy

1
= y=t—x

'
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1
= 1v=0Cx whereC==1=
&

Therefore, option (C) is correct.

HLL.
17. The general equation of a differential equation of the type — +Px = (), is:

ax

i :j- . fa ilF & "'-\.l
A) ve =| Qe vdy+ C

nae ¢  [Ra
®) ve =| Qe | dx+ C

ima . R4
©xe " =|Qe T |dv+ C

B e B o | .

M oe =] Qe | dx+ C

a)
Ans. We know that general solution of differential equation of the type — =P x=0(), is
ax

w(LF. )= | Q,(LF.) éy+c where (LF )= E_fE d

Therefore, option (C) is correct.

18. The general solution of the differential equation ¢ v +| ve* +2x| dx=0 is:
(A) xe¥ +x* =C
B) xe' + 1" =C

©) ve* +x =C
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M) yve' +x =C

Ans. Given: Differential equation e dv+( ve* +2x| dx=0

v .
—+ve +2x=0
ax

— N

:’ﬂil". X 3
— ¢ —T1e =—aXx

ax
dv Dy
= —+t V=—
ax g’
i —2x
: L QY —
Comparing with — =Px=() P=1andQ= v
ax —
+

[Pdx=[1dc=x 1F= P& _ ,
Solutionis ¥(LF.)= [ Q(LF.) dx+C

—2x .
= *dv+C

= 'L'Er=|

w

= e :—2| xde+C

- X
= yeg” =_ET+C

= ye' =—x"+C
= ye' +x =C

Therefore, option (C) is correct.
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