Class XII Chapter 9 - Differential Equations Maths

[.1.‘? + !.‘_1'}{{1-‘ = {..1.‘? + j]cfﬁ.‘

Answer
The given differential equation i.e., (x*> + xy) dy = (x> + y?) dx can be written as:

v x+
=T . L I
dv x+axy [ )
. xt+y
Let Flx.v)=———.
( ’ } X+ Xy

-

['h] "‘[4.1'}: X+
(Ax) +(Ax)(Ay) * +xv

This shows that equation (1) is a homogeneous equation.

Now, F(Ax,Ay) A F(x.y)

To solve it, we make the substitution as:
y = vx

Differentiating both sides with respect to x, we get:

dy v
=v+x
i3 dx
- dv .
Substituting the values of v and d_ in equation (1), we get:
iy
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r+x£: x4 (vx)

dv ¥ +x{1-‘x]
dv 147
= V+r—=
dy 1+v
. < l+v J=v(l1+v
ZC).‘EJ‘ =1+1. —v=( ) ( )
a1 4+v 1+
dv 1=v
r—=—
adv 1+v
(1+v) dx
= =dv=—
LI—?J X
:}[2—I+v]d‘|_dr
|- x
[
::»L;—l]a"——r
l—v X

Integrating both sides, we get:
—2log(1-v)-v=logx—logk

= v=-2log(l-v)-logx+logk

=v=log k
' J:(I—\:]
¥ k
==—=log| ——
x i 1,'\'
.'r| 1-- J
L X

; e
::J—:Iog ]
X x

= (x— .1"]: = kre *

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

¥
k]

.
Answer
The given differential equation is:

;. XtV
I'l.' =
x
dv x+y
I = |
dx X { }

Let F(x.y)= =y
x
Ax+dy x+v o,
- = =A F(.‘r._\'}
Ax x

Now, F(Ax.Ay)=

Thus, the given equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx

Differentiating both sides with respect to x, we get:
dy av

=v+x
i dx

A
Substituting the values of y and ;—J in equation (1), we get:
X

= dv= a
X

Integrating both sides, we get:
v=logx+C

¥ ,
= —=logx+C
X

= y=xlogx+Cx
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This is the required solution of the given differential equation.

(x—y)dv—(x+y)dx=0

Answer

The given differential equation is:

(x—y)dv—(x+y)dx=0

dv  x+y
— ]
dx x-y M)
Let F(Jr._‘r} =X 2
Tox-y
. F{.ﬂ\ j_]r}— .;..‘t"l'/{'l. _ .‘("l‘}' _ ;1\-“ . F[l'..}'}

 Ax- Ay x-—y

Thus, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o
=—(y)=—(»
ufr{'lj dx{w)
dv dv
= ——=v+x—
dx Frks

v
Substituting the values of y and d_} in equation (1), we get:

dv_ x+wvx l+v

Vhx—=

dy x—w l—vw
dv l+v |+1’—L'{I—!*]
r—= e . —
de 1—v l—v

dv 147

Xx—=

de l—v

l—vw i
= b‘ dv=2

[I+1=‘} X
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Integrating both sides, we get:

) 1 . . ]
tan” v——log(1+v" ) = log x +C

) ] :
= Lan"‘ ‘]—]—lh)g[l+[‘]—] ]zlngx+f3
(R 2 X

- L lug[l_ +?'1' J: logx+C

This is the required solution of the given differential equation.

{,\‘? -y* )n’,r+ 2xy dv=10

Answer

The given differential equation is:

{,\‘? -y* )n’,r+ 2xy dv=10

(1{1___(_1(:_'1,:)
:E_ 2xy -
Let F{x.}-‘)—g.
2xy
=y )
- f*{}{.ﬁ.,ﬁlj}—_ 2(2) (%) g =A"F(x.»)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
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—(y)=—wx
ufr{ ] dx{ )
v dv
> —=V+r—
dr dx
_— dv )
Substituting the values of y and u’_ in equation (1), we get:
iy
v R e ’
R e )
dx 2x-(vx)
dv v -1
V+x—=
v 2y
1_&_ v -1 o vi—1-2v"
oy 2v 2v
e 14v°
=X v { }
dx 2v
v —dv = ﬂ
1+ X

Integrating both sides, we get:

]ug(] + '|_."‘ ) = - lt}g_l' + ]ﬁgc = IUEE
¥

=14+ =

{ -1.-:} C
=|1+=|=—
X X

= x4+ =Cx

C
"

This is the required solution of the given differential equation.

Ldry . 3
PE AP 2y +xy
dx
Answer
The given differential equation is:
L dy ,
X —=—=x =2y +xy
dx
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dy  x" =2y +ay

dx a

e

Let F(x.y)="

F(AL/IJ'} _ (‘”‘} 2[“{-“}- 1 {;“-T}[’{."'} _ X —2_1_': + Xy

(1)

l:/'.x]:

Therefore, the given differential equation is a homogeneous equation.

X

To solve it, we make the substitution as:

y = vx
dy v
= =V y—
dx dx

v
Substituting the values of y and d—'l in equation (1), we get:
i

dv X - 3(1'.1r}? +x-(vx)

vtHxX—=
i x°
dv
= V+x—=1-2v" +v
dx
v
= x—=1-2
dx
dv oy
1-2v  x
| h dx
= ] =
2 1_,p x
2
l efv oy
= - =

Integrating both sides, we get:

A" F(xy)

Page 59 of 120



Class XII Chapter 9 - Differential Equations Maths

|
+v
1 1 i
3T log ‘F = log|x|+C
2% —v
V2o 2
1 LY
I J2ox
= log =log|x|+C
22 7|1y i

J2ox
1 J(+\E'l»'|

log ~|=log|x|+C

:2\,{5 l’]}: i‘-_ﬁj.| {g|1['|

This is the required solution for the given differential equation.

Question 6:

xdy — vy = \Jx* + v dx

Answer

xey — vy = 4/ x° + v dx

= xdy = [‘1-+ i+ ].:4"_1:
dv _ v+ m

[y f “}

_1-'+\m=/'."'f’_(-“'-v}

v

L F(Ax.Ay)= ‘h-

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx
o o

=L (1)=L ()
dv dv

= ——=v+x—
dx dx
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Substituting the values of v and u’_ in equation (1), we get:
dv vt x4 v
v +Jr—.' = v
o X
N
dx
dv dx
. = —

Jiev' X

Integrating both sides, we get:

R Rt

log =log |‘c| +logC

-

= log Yo +L =log|Cx
X 1'“ X
— log Yryx +v 1_ log|Cx
X

= p+x + 1 =Cx’

This is the required solution of the given differential equation.

I o r

T {
ne .
. _J.'C(J:R| }JP_‘I-‘.‘iln : I}J-'cirz-: ysin
X ,

X

1“‘]

, xely

i
v A

J.'Cﬁ:i[ =

WX X J

Answer

The given differential equation is:
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et
)}l ()

xcos| = |+ vsin
X X
{ . [ v [ 1-‘]
s J XCcos]) -~ X
x X

= /1__“ -F(xtJJ}

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
dy dv
= S =y+x=—
dx dx

dy

Substituting the values of y and d_ in equation (1), we get:
i
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dv [x COSV + vrsin 1'}-1:1'

el [vxsin v—x L‘L}S\'] X

dv  veosv+ysiny
e e
oy VSINV — COs v

dv o oveosv4vsiny
r——

== -y

e vesinv—cosvy

(v _veosv+ v sinv =y sinv+veosy

v vsinv—cosy
dv 2vcosv

dr vsinv—cosvy

_.S-n P— 05V 2()’_.

—, VEIN Y —Cos5) dv = X

Veos v x
( 1 2l
:»Ltanu-'——]dvz—
Vv X

Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log[EJ = log(CxJ )
v

ﬁ[secv] oy
W

= secy = Cx’v

= sec(i]= Cc.x*-2

X x
dl.l
= SEC —1 = Cay
X

¥, Cxpy C xv

:;»-‘r.l-cns['—v]:k [L-:]—]
X, C

A

[1 11
= cos| = |

This is the required solution of the given differential equation.

Page 63 of 120



Class XII Chapter 9 - Differential Equations

Maths

A‘ﬁ—)-‘+,\‘5in[i] =1
X

dx
Answer
fy ()
2 —_'L'+.1:sm['1 J=E]
dx x
dy ()
= x— = y-xsin
ﬁb; Lx)
. 7
y—xsin
dv_ - \x )
= = (1)
v X
)
y—xsin[' J
Let F(x, )= z
X
oA [y
i_‘l-‘—AxsmL)' Vy—xsin| -
P lx ) X 0
S Ax,Ay) = == =A -Flx¥
(Fx.9) = ——— (x.7)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o

= —y)=—ux
ufr{':l dx{ )
dv dv

= —=v+r—
dx o

v
Substituting the values of y and d_J in equation (1), we get:
i

dv  vx—xsiny
P —=
dx X

v .
= V+X—=v-—5si1nv
e

v dlx

sinv  x
ax
= cosec vy = ——
X
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Integrating both sides, we get:

C
lug|uusecv—cut 1-‘| =—logx+logC =log
v

[1-‘] [ 1'] C
= cosec| — [—cot) — |=—
X X X

fll‘}

COs| -
I LJ‘-'/_E
X

- .\.\I— , =
sin[J | sin(} ]
xS

X

Vv (vl
= J.‘|:| = cm{'—ﬂ ={sin '—J
X L X

)

This is the required solution of the given differential equation.

Question 9:

vdx+x Iog[ildj-' —2xdy =0

X
Answer
yebe + xlog t L] dy=2xdy =10

X

'
= yelv = |:.?..1' —xlog Y W:| dy
LS

~d__ ¥y (1)
dr ¥
2x—x Iog[ J
.
Let F(x,) }=1—
2x=xlog (l]
X
o F(Ax.Ay)= A = A F(xy)
z[z__x}-[)__r)lng(j—J] Z_T—Ing['l]
WX X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
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dy _d
=—=—(w)

de  dx

dv dv
= =vix—

dx dx

Substituting the values of y and aj in equation (1), we get:

dv e
VHx—=————
dy  2x-xlogv
dv v
=2V — =—
dv 2-logvy
dv v
= y—=——
de 2-logv
dt _v=2v+vlogy
T 2-logv
jxﬁzrlugv—r
dv 2-logv
4 .
~2-logv n _dx
{|0g1| -1) x
I+(1-logv ¢
= —( ogv) ch':ﬂ
v(logv—1) x
[ 1], de
=S| ———|dv=
v(logv-1) X

Integrating both sides, we get:
dv =
I oas ™ o= [

dv
= |——loov=logx+loaC
j-v{lugr—l} ogv=logxy+log (

I3
e
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= Let logv=1=¢
o dr
= —(logv=1)=—
dv{ . ] dv

ot
v

1
"
dv
= —=dt

"
Therefore, equation (1) becomes:

1
= I:—;—Iogv =logx+logC

_:l"l
= logr - Iﬂg[ij =log(Cx)

X
¥ Vv -
= log Iog['—] - l}— Iog('—] = log (Cx)
X X

]ug[ S
X el
= log 7 log(Cx)
- -1-
x
= — llog
v"’l

This is the required solution of the given differential equation.

Question 10:

.T\I x
(1+€"’Jd‘c+e-" (I - x]ﬂfvz{]
v

h

Answer

1+e-"'}a"x+¢-' (1—5]@ =0

-1.‘

:;»[l re’ ]dx =—¢’ [1 —E,de

LoV
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X ‘\I
J —¢ (l— !
v v
= _1 =I"'—T"'l ...(]}
dy =
I+’
)
LV
Let f"{_t'.,_‘l‘}='—r'_
|+ e
i.T'/ Ax ) :/ X
~e¥|1-7 J —e'|1- J
. l Ly ¥ ,
o F(Ax.Ay) = = —==A"-F(x.y)
I+e* I +¢

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

X =vy
7 d
= —|x)=—/[w
ﬁl-'r{ } [:{{11{ L }
oy v
= —=v+y—
v dy

dx
Substituting the values of x and ? in equation (1), we get:

v
dv  —e" (1-v)
v+ y—= ( .
dy 1+¢&
dv e’ +ve'
= y—= - v
dy l+e
dv  —e"+ve' —v—ve'
=y = .
dy l+e

dv v+e'

= p—= -

dy l+e
[ 1+¢' dv
= — |dv=——
| v+e Vv

Integrating both sides, we get:
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= log(v+e')=—logy+logC = lﬂg{EJ

h, ..III
¥ : (:-
=|—+e |=—
v ¥

X

= x+ye’ =C

This is the required solution of the given differential equation.

(x+v)dv+(x—y)dy=0:y=1whenx =1
Answer

(x+y)dy+(x—y)dc=0

= (x+y)dy=—(x—y)dx

dv  —(x-y)
L, S . I
- fray X+ y { }
. —(_r—y}
Let Fx,v)= .
et (x ¥) iy
. F(Ax.Ay)= i ) Wil Gk BT F(x.y)
Ax—Ay x+y

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = VX
o il
=—(y)=—(wx
L?I.I‘{'l[- :I dx{ )
dv dv
= ——=v+ri—
dx i
Substituting the values of y and j—J in equation (1), we get:
i3
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v —lx—wx
|r'+.'f£ :{—}
dx X+ VX
dv v—1
= Vt+X—=—
de v+l
dv vl v—1-v(v+1)
yr—= —v=
dr v+l v+1
Tﬁ_ L‘—I—L‘:—V B —{1+‘|="')
o v+1 r+1
::. {v+11}dv: dx
14w X
v 1 dx
= ~+ —|dv==—
l+v° 1+ X

Integrating both sides, we get:

] i ']

;Img[ l+v*)+tan ' v=—logx+4k
:}lﬂg(]+r3]+2mn 'v=—"2logx+2k

= log {] +r3]-1—3}+2mn 'v=2k

{2 .
:;wluu[ I+'LJ x:]+2mn BT,
X X
:>lcmg{_r:+,1:}+2tan"l=2k (2)
x

Now, y = 1atx = 1.

= log2+2tan' 1= 2k
—log2+2x " =2k
4
— "y log2 =2k
2
Substituting the value of 2k in equation (2), we get:

N\
R A W N .
log(x" + _}+ 2 tan [ IJ ~+log2

This is the required solution of the given differential equation.
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Question 12:

xdy+(xy+y7 )de=0;y =1 whenx =1
Answer

X dv+ (.'cj-' +° }d‘r =0

= x'dy= —[.r_r+ 3 ] dx

)

Let F(x,y)= y

3

[JT /I_'Ir' +{A1_V} ] —|xv+ ].': )
F(;{Li}.}: ; _ { - }=z1‘."'-F(_T,l].-']
[,J__Y}' x°
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

y = vx
o o
= —(y)=—
ufr{'l] f.h'{w)
dv dav
= —=v+x—
ks Feks

v
Substituting the values of y and & in equation (1), we get:

v —[.1' -1-'.r—{v:rj: ]

V+XxX—= - =—yp—y
el x°
rﬁ =—v —2v=—-v(v+2)
v
ey o dx
i {1’+ 2} - 'y
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Integrating both sides, we get:

%[Iog v—log(v+2)]=—logx+logC

1 C
= —log |=log—
2 Tlwv+2) X
v Y
= ==
v+ 2 LIJ
y .
49
.“_'_-1 X
x
: [:
S .
v+ 2x -
x°) .
= =" 2
v+ 2x [ ]

Now, y = 1atx = 1.

1 s
= =
1+2

o=l
3

Substituting (* :l in equation (2), we get:
3

Xy l

y+2x 3
= y+2x=3x"y

This is the required solution of the given differential equation.

.o X ) T
xsin” | ——y | dx +xdy =0 y— when x =1
¥ A 4
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Answer

)
|:.'L'hll]' [ —_1'}i\'+:mfr =
x)

_ /1']
—| xsin’| & |— ¥
dv _ |k-‘f, ?

= L A1
dx x [ )

T

- [xsin'| = J _‘J.i|

Let F(x.v)= o

X

L _-'/A]..‘l.'\' . v
~| Ax-sin N -Ay| - ,1-51n-| + |—J,-
. f'.(,a_'l,“/:-‘]‘}z 1'\_ s _-'I — X A o _ /:;: . f"[_‘{'”]'}
Ax X

Therefore, the given differential equation is a homogeneous equation.

To solve this differential equation, we make the substitution as:

y = vx
e o
= —|y]|=—wx
dr ] dx{ }
dy dv
= —=vitr=—
dr dr
N dy .
Substituting the values of y and u’_ in equation (1), we get:
iy
b —| xsin®v—vx
1.:+.1ri =—[ ]
e x

Cﬁ" .7 .7
— L'+.T—=—|:S|n- V- Uil =¥V —58In" v
dx

d'l-' .
— X—=—5In"V

dx
dv oy
sinv  dx
— cosec vdv = _&
X

Integrating both sides, we get:
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—cotv =—log|x|-C

= cotv = log|x[+C

= cot [ L4 ] =log x| +logC
Y

:‘w::ot[l = log |Cx]| (2)
X,

Now, y=— atx=

= cot[Ew = log|C]|
4

= l=logC

—C=¢=¢

Substituting C = e in equation (2), we get:
(y

cotL'—] = log|ex

X

This is the required solution of the given differential equation.

Question 14:

i b
day ¥ [y
—— —— 4 COSEC "—J =0;y=0 whenx=1
de  x L X
Answer
dy ¥ ()
— ——4cosec| — |=lZII
dv X LX)
£ b
(.{.I__. v Vv
= === CE}EEC‘ - | (1)
dr X LX)
£
Let F'(x,y)=——cosec —J
L X
. F
F(Ax.Ay)= uuse;.l : ]
Lx Ax )
© )
= F(Ax,Ay)=——cosec — |: Flx,v)=4"F(x.y)
X

Therefore, the given differential equation is a homogeneous equation.
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To solve it, we make the substitution as:

Yy = vx
o o

= —(y)=—(wx
ufr“] c.h'{n}
v dv
i) AP
dx dx

Substituting the values of y and ;i in equation (1), we get:
X

dv
V+EX—=V-—COosec Vv
fx
v iy
COSEC v X
) dx
= —5in vdv = —
x

Integrating both sides, we get:

cosv=logx+logC=log {_'_r|

Cx

'I"\|I
:‘*cos[‘— \=log
x )

This is the required solution of the given differential equation.
Now, y =0 atx = 1.

= cos(0)=logC

= 1=logC

=C=¢=¢

Substituting C = e in equation (2), we get:
ms[i] = log {L’.r}|
3

This is the required solution of the given differential equation.
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2 dy

= 2x =2xy+y’

ey
PR P 2
oW _20+) 1)
dly 2x°
2
Let F(x, )=

-

L .r
.‘l.':

2(Ax)(Ar)+(Ay) _ 2+
2(Ax) 2%

[ 3

o F(Ax, Ay)= =A"-F(x,y)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o

= E{l ] —E{k‘r}
d v
— =yv+r—
dx o

v
Substituting the value of y and d—J in equation (1), we get:

v 2x(w x)
papdy 2x(m)+ ()
dv 2x°

dv 2v+v

= v+xr—=
dx 2
dv v
= V+r—=1v+
d 2
2 ax
= — v =—
T X

Integrating both sides, we get:
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241

v .

2- =log .'(| +C
-2+1

5
= —-—= Iug_|_1'| +C
v

= —% = log x|+ C
x

2x
= === = log|x|+C -(2)
¥

Now, y =2 atx = 1.
= —l=log(1)+C
= (C=-1

Substituting C = -1 in equation (2), we get:

~

~=X oglx -1

rl.l

2x
= —=1-log|x

v
2x
= y=—— (x#0, x#¢)
1-log .1'| )

This is the required solution of the given differential equation.

A homogeneous differential equation of the form :j: = ;] can be solved by making the
substitution ’

A.y =vx

B. v =yx

C.x =vy

D.x=v

Answer
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)

fris X
For solving the homogeneous equation of the form P =h , we need to make the
@y Ly

substitution as x = vy.

Hence, the correct answer is C.

Which of the following is a homogeneous differential equation?

A. (dx+6y+5)dv—(3y+2x+4)dc=0
B. (xy)dv— {.r: +y )c.{r =1
C. (,1.‘} +2y° }Iu’r+ 2xydy =10

D. 1 dx +{_1.': —xpt =y }f{r =1

Answer
Function F(x, y) is said to be the homogenous function of degree n, if
F(Ax, Ay) = A" F(x, y) for any non-zero constant (A).

Consider the equation given in alternativeD:

_1'::1'.1'+{.T: —xy—y° j]r.{} =0

Let Fx,v)=— —.
(x.5) Y o+ay—x
= F(Ax, Ay)=— (4) ,
(Ay) +(Ax)(Ay)—(Ax)
- /{:‘-1.3
/1‘{.1? +x‘5'—,rﬁ}
of i )
=A - =
ol o S S
=A"F(x,y)

Hence, the differential equation given in alternative D is a homogenous equation.
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