Class XII Chapter 9 - Differential Equations Maths

[..r'ﬂ + r_r}nfr = {.1.‘? + j]ce’.\.‘

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

dv x4+ )°
- = e . I
de a7 +xy [ )
. x4y
Let Flx, v)=——.
( ’ } x4y

[,h] HAy) 4y
(Ax) +(Ax)(Ay) x +xv

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

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

To solve it, we make the substitution as:

y = vx

Differentiating both sides with respect to x, we get:
v v

v _ VX
iy dlx

dy

Substituting the values of v and dx in equation (1), we get:
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dv % +(mx)
V+X—= #
dv x° +x{1-‘x]
dv  1+v°
= V+Xx =
l+v
dv 1+t [+v ) =v(1+v
Lt (1))
v 1+v 1+
dv _1-v
T 1+v
(1+v) dx
= | — |=dv=—
kl—vJ X
2—1+v o
::-[ m]dl': d
l—v X
3 o
:}L;q]uﬁ-:_}f
l—v x

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

=v=-2log(1-v)-logx+logk

=v=log| ——
x(l—v]'
v k
= =—=log| ———
X { v
.'r| l-- J
L X
::lzlog for o
s ()
kx

=gt

= [.1.‘ = .1"]: = ke *

This is the required solution of the given differential equation.
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x4y

L}

V

&
Answer

The given differential equation is:

dy x4y

i+

Let F(x.y)=
X

Ax+Ay x+y

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

Ax X
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

i‘ s dlx

ﬁ

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

= dv= i

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

V ,
=~ =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
s —— = ]
dx x-y M)
Let F(Jr._‘r} =X Y
Tox-y
. F{ﬂ.x. Av)= Ax+Ay _xty a0 F[Ly}

C 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
= E{l ] —E{k‘r}
dv v
= =Vt r—
A dy

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

dv x+1.=x_1+1'

Vhx—= =
dy x—we 1—-vw
dv 1+v |+v—v{|—1-]
—= -y
de 1—v l—v
dv 147
x—=
e 1-v
l—vw 'k
= Lﬂ dv="
[I+1='} X

[ | v ] v
— —— — |dhv=—
l+v 1= X
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Integrating both sides, we get:

) 1 . . ]
tan " v——log(1+v" | =logx+C

(1 ] :
= Lan"‘ ‘]—]—llug[l-k[‘]—] ]=lng:r+(l
X 2 X

1

:ran"'

This is the required solution of the given differential equation.

{,\‘? —y? ]rf,r+ 2xy dv=10

Answer

The given differential equation is:

{,\‘? —y? ]rf,r+ 2xy dv=10

f{l‘_‘{x:_f:}
:E_ 2xy -
Let !'{r't]—_(;—‘;‘}
T N P S 0 N B it ) AT
. f*{}{.ﬁ.,ﬁlj}—_ 22 () p——— =A" F(x,y)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
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o d
= —y)=—lwx
Lir{' ] dx{ )
v dv
=Vt I—
dx dx
dy
Substituting the values of y and dx in equation (1), we get:
fv = (wx)’
U el L)
dx 2x(wx)
dv v -1
v4x—=
elx 2v
Nt S ) b
dy v v
; 1+v7
e ()
dx 2v
v —dv = ﬂ
1+v X

Integrating both sides, we get:

lng(] +V ) ==logx+logC = Ir.zrgE
"

=1+v =

=|l+—=|=—
X X

=x +y =Cx

C
.

This is the required solution of the given differential equation.

L dy N
X === x =2y 4 xy

dx
Answer
The given differential equation is:

L dy
=

dx

X =2y +xy
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dy  x*=2y +xy

{l'{‘l'_.‘l.f [I}

ER YR
Let f"(,r._u-}—M.

.‘L'J
Ax) =2(ay) #(Ax)NAy) P -2vi+m
F{A.t,/l_r]:[ ) [ ) - () (4 }z ! il SRy F(xy)
' (Ax) X
Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitution as:

Yy = vx
dy v
= =y y—
dx dv

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

1-'+x£ _ X - 2{1'1}? +x-(vx)

e x°

dv .
= r+x—=1-2v"+v
ax
v .
= x—=1-2v
dx

dv a oy

1-2v  x

dv e

Integrating both sides, we get:
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l
+v
%- II log “'F = log|x|+C
2 14
X\E \}5 ¥V
1 Y
I T ﬁ x| _ ¥ | x|
:}zﬁlns: iy = log|x|+C
J2oox
1 X+ 21»'|
= log ~|=log|x|+C
N P

This is the required solution for the given differential equation.

Question 6:

xdy — ydx = \Jx" + v’ dx

Answer
xdy — vy = x* + v dx
= xdy= [}- +4fx7 +y7 ].:4"_1:

[y x* “}

Let F(x,y)= YENYEV

1+m = /-LI'I . F{-I‘".ll}

¥+

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o
:‘E(JJ—E{W}
dv v
= =Vt x—
dx Frks
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dy
Substituting the values of v and dx in equation (1), we get:
[ { }2
al’ ' VX + 4 /X7 + vy
Vv +Jl'—.. = ‘ul
dx X
dv :
=Vt x—=v+yl+v
dlx
dv dx
= =—

Viey' X

Integrating both sides, we get:

v+l 4+

= ]:‘.ig|:c|+lngC

log

= log %+1u|l +i—: =log|Cx

v+ [x* +_}=:
N

X

= log |Cx

= log

= pafxt + 0y =Cx

This is the required solution of the given differential equation.

r

}J-‘ci =4 Vsin

TR {1

) [
{xcos| Jr_v.ﬂ'm -

X Lx,

Y

TR N

xay

1
.‘IECE‘.IE[ .

LX) x )

Answer

The given differential equation is:
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pro{Jess )
o)) o
(o)

freoe 3 s 2]
X C0Ss + vsin
_ X X
{ . [pw [1]
¥sin = J—.‘(CE}S = X
X X

= /-]_-'ZI .F(xty}

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
dy dv
= =yt =—
dx dx

dy

Substituting the values of y and dx in equation (1), we get:
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v [x sV +vrsin 1’} VX
vHx—= -
ey [vxsm v—.‘rm}:-u']-x

) .
d‘r‘l' VEOsSVY+v sy
S P+ —=—
alx VEINV—COS Y

dv veoosv4vsiny
=y —

o vsinv—cosy

v VCOSV+H1 SNy —v siny +veosy
=y — =

Feky VEIinv—cosy
v 2vcosv

e o — —_—
dr vsinv—cosy

VSNV —Ccosy 2elx
= | — |y =—x
VCosy X

{ 2
= L tan v —l}ﬁ-‘ = 2dx
v X

Integrating both sides, we get:

log(secv)—logv=2logx+logC

= log[ﬂ]= log(Cxl}
v

:}[SENJ oy
!.l

= secv = Cx’v

v P

= sec('—] =C-x"-—
L X x

¥V
= SeC ‘—1 = Cxy

X

v 1 11
=cos| ~ ==

) Cxpy C xy

:>-t1-'cns['—v]:k [L‘:]—]
X C,

This is the required solution of the given differential equation.
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Question 8:

xﬁ—}wﬂ:sin[i] =1
o

AY x
Answer
i . ;
xi—y+xsm [l}:{l
dx X
dy . [1]
= x—=y-xsin| —
dy X

i_w—ﬁxsin[j"j) _v—xsin(’]'l]
.._ "-I[Ax‘ij}: --1 — ,‘E' — a

(1)

Ax

Therefore, the given differential equation is a homogeneous equation.

AT F(x,v)
X

To solve it, we make the substitution as:

Yy = vx
o o
E“]_E{H}
dv v
= =Vt x—
dx dx

dy

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

dv  vx—xsiny
VHx—=—————
dx X

v .
= V+X—=v—5Inv
PrAY

v e

sinv - x
dx
=5 COseC v = ——
X
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Integrating both sides, we get:

C
lug|cusecv—cul 1-'| =—logx+logC =log
x

[1-‘] ( 1'] C
— Ccosec| — |—cot| — |=—
X X X

This is the required solution of the given differential equation.

Question 9:
vy +x Iug[ijdj-' —2xdy =10
X

Answer

4

v+ x Ingtl] dy=2xdy =10
X

'
= yelv = {E‘.x—_\' log 1 W:| dy

LA
dy ¥
- E :—r,'l ...{]}
’ 21—1'0[1[' J
X,
Let F(xy)=— .
2x=xlog (1—]
X
L F(Ax.Ay)= A - F(xy)
z(ﬂ__w;}-[,l_x}lng(j_}) 2_r-1r..g[-‘_']
X X

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
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Substituting the values of y and dx in equation (1), we get:

dv d
D _ 4 ()
dv  dx
v
—— =+ —
Y dy
ﬁ
dv s
VX —=——
dv 2x-xlogv
dv v
=V x—=
dv 2-logv
dv v
— -V
e 2- log v
ci"‘- 1.—"1'+'.I0g1
Yo a- log v
ch _viegv—v

ci‘n 2—logv
2-logv A dx
v(logv-1) X

1+(1-logv :
= —{ 051}]&’1‘:&

v(logv—1) X
B | d
=S| ——— =
v(logv=1) v X

Integrating both sides, we get:

L{lny—l} ~[Lav= [

= j’—‘
1-‘{lug v— 1}

—logv=logx+logC

—_—
I3
e
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= Let logv—=1=t¢

o dr
= —(logv—1)=—
dv{ . ] dv

Therefore, equation (1) becomes:
it

= r——logv =logx+logC
i

I
= logr - IUg[J—J =log(Cx)

X

P y :

= log Iog['—] - l}— Iog['—] = log (Cx)
x X
]ug['{]—l

= log : ~—— | =log(Cx)

— -1-
::-illog

'."’I

This is the required solution of the given differential equation.

Question 10:
™y x X
l+e” r:forc-"(l—' }Jf‘f:{]
Loy
Answer
B .ox
1+e” |dx+e' (]——]aﬁcﬂ'
J.‘
Ve i1
=|1+e" |dv=-¢ [l——]a’y
Loy
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9 . ¥/
S —— el 1
T ()
I+

e"[] ‘J

Lelf"{.t'.._‘l‘}=\'—f.
|+ e
Ax I.f « " Ery oy

(-2 ()

o F(nay)=——— 2 Y gop(y )

I +e* 1+e&
Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

X = vy
d d
= —|x)=—/wy
ﬂl-'r( } ﬂf“{ = }
dv av
—_—— 1+ _-I_y_
dy dy
dx
Substituting the values of x and dv in equation (1), we get:
dv  —e'(1-v
Vot y—= { - }
dy 1+¢&
dv e’ +ve'
= y—= e |
dy l+e
dv  —e" +ve' —v—ve'
= V—= .
dy l+¢'

dv v+e'
= y—= -
dy l+e

M+e } dv
= idv=——

v+ V

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

b ..III
x lcC
=|—+te |=—
¥ v

X

= x+ye’ =C

This is the required solution of the given differential equation.

(x+y)dy+(x—y)dy=0;p=1whenx=1
Answer

(x+)dv 4 (v= ) =0

= (x+y)dv=—(x—y)dx

_d_—(x-y) (1)

dx X+ ¥

Let F{L_\-'}: _(I_JL}.
x+y
—(Ax—Ay) —-lx-y
- F (A ay) = A ) _Z(x=y) =" 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 o
E“ ) E{”}
dv v

= =Vt x—
dx dx

ﬁ

Substituting the values of y and d in equation (1), we get:
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u+.r£ = —{x—wr}
ey X+vx
dv  v-1
=2vV+X—=—
de v+l
dv v-1 v—l-v(v+1)
= X—= —-y=
de v+l v+1
Tﬁ— r—1—=1% —v ~ -{1+F"'}
o v+1 v+1
- {v+11}m:= dx
1+ v X
v 1 dx
= — + = |dy==—
l+v I+ X

Integrating both sides, we get:

] ' .
;Img[\l +v" J+tan v =—logx +k

= lﬂg(]+r:]+2mn 'v=-2logx+2k

= log {] +1':J-.1'::|+2mn 'v=2k

Now, y =1atx = 1.

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

N
Y I B - fyMi_m® .
log(x* + ) }+4tan [IJ—_}H%Z

This is the required solution of the given differential equation.
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x’dy+(xy+y )dv=0;y = whenx =1
Answer

xidy+(xy+y?)de=0

= x'dy = —[-‘E"‘+ 3 ] dx

L) 0

dv X
—yr+1°
LEL f"‘{_‘['.‘l]"}: [TJ : ..1- }-
X
Ax-Ay+ /I_r:. — v+’
F[A.\',i}‘}=t (&) == (o - ’ }=zi"'-!-'{x,.1'}

(AxY X’

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitution as:

y = vx
o o

= —(y)=—I(n»
ufr“j dx{w}
dv dv

= ——=v+r—
dx dx

dy

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

dv —[.1' -111-_{1;1_}:}

v+x—= n =—y—y’
v X
v 5
= x—=-v =2v=—v(v+2)
dx
v el

1-‘{1’+2} X
2
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Integrating both sides, we get:

%[Iog v—log(v+2)]=—logx+logC

::-—Icrg[ k =log—
2 Tlwv+2) X

v )
5[

v+ 2 X

y .
== iJ

."'_l_: x

x

’ [:

-2 ==

y+2x o x

Xty 2
SN -2)

y+2x
Now, y =1atx = 1.
-
1+ 2

:C:—l
3

5 1
C=-
Substituting Jin equation (2), we get:

Xy l

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

This is the required solution of the given differential equation.

.ol X ) T
xsin® | ——y | dx + xdy =0 y— when x =1
y o 4
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Answer

. '-XT‘\I
|:_1:5||l‘ [ —_1'}i1‘+mfr =1
X

= !
alx x [ }

|: L \ % j|

- xsln'| . J 3
Let Fx,v)= LA
X
[. : ;'//l_\'\‘ . :| { S '
=l Ax-sin”| "~ |=A¥| —|xsin| - |—)'
Ay | x .
- F(Axay)= e 2 ()
Ax %

Therefore, the given differential equation is a homogeneous equation.

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

y = vx
i o

= —(y)=—I(w
ufr“ ] ey {W)
dv v

= ——=V+r=—
dx dx

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

dv — [.‘: sin’ v — m‘]
Vhx—=—t
el X

dv s e
= t'+.r—:—|:s|n' V- u] =y —5in° ¥
dx

dl' .7
= X—=—-3In" Vv

dx
dv oy
sinv dy
— cosec vy = _&
X

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

= cotv = log|x[+C

= cot [ 4 ] =log x| +logC
v
= cot[l] = log |Cx]| -(2)
X,
y:E atx=1
Now, 4

= cat[EW = log|C|
4 )

= l=logC
= C=¢' =e

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

(v
cotL'— = log|ex
X

This is the required solution of the given differential equation.

Question 14:

dv ¥ f )
—— —+ COSeC ”—J =0,y =0 whenx=1
dr  x X
Answer
A
dv v
————+cosec| — |:lIII
dv X X
£ LY
dv |
=== CE}EEC‘ | (1)
dv X LX)
oy
Let F'(x, y)==—cosec —J_
X WX
" Ay
F(Ax.Ay)= uuse;.l ]
Lx Ax )
v ' ™y
= F(Ax,Ay)==—cosec| = |=F(x.y)=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 i
=—y)=—|w
ufrl[' ] ch‘{ }
dy dv
L il
friy dx
dy
Substituting the values of y and dx in equation (1), we get:
v
V+X— =V—COSec v
el
dv dx
COSCC v X

. v
= —s5in vdv = —
x

Integrating both sides, we get:

cosv = log x + log C = log|Cx|

Cx

'I".‘II
:Ncos[‘— |=log
L x )

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

= cos(0) =logC

= 1=logC

=C=¢=¢

Substituting C = e in equation (2), we get:
cos[l] = log {e.r}|
=1

This is the required solution of the given differential equation.
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. Ly
2xy+y =2x"—=0; y=2 whenx =1
fx
Answer
. L dy
2avE+y =2x =10
v
. dy 5
= 2x —=2xy+y
ey

dv 2xp+ v
- W _ ]

2 A1)

Z"+ ll':

X
2(Ax)(Ay)A [/].J-‘}: a 2xp+ )
2(Ax) 2x°

Ty

2
Let F(x,y)=

b 2

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 il
E“)_E{u)
dv v
= =Vt r—
dx Frks

dy
Substituting the value of y and dx in equation (1), we get:
v 2:{(1-‘.'c'}+I:w:]2
dx 2x°

dv vy

VX

dx 2

=

W X

Integrating both sides, we get:
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2+1

v .

2. =log x|+ C
-2+1

5
= —-—= |ug_|.1‘| +C
N

— —% = |ng|_'c|+f.'
X

2x
= - == =log|x|+C -(2)
.1.I

Now, y = 2atx = 1.

= —l=log(1)+C

= C=-1

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

-
. log | —1

rl..

2x
= —=1-log|x

y
2x
= yp=— (x#0,x #e)
1-log .1'| )

This is the required solution of the given differential equation.

dx ¥ )

=h
A homogeneous differential equation of the form dy ¥/ can be solved by making the

substitution

A.y =vx
B. Vv = yx
C.x =vy
D.x=v
Answer
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dr x )

=h
For solving the homogeneous equation of the form dy ) , we need to make the
substitution as x = vy.

Hence, the correct answer is C.

Which of the following is a homogeneous differential equation?

A (4x+6y+5)dy—(3y+2x+4)dx =0

B. (X))l — {.r? +y }c.{r =0

C (,1.‘1 +2y° }u’r+ 2xvdy =10

D. Vdx +{.1.': - =y }f{r =10

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'::4"_1'+{.1': —xy—y ]n’y =0

dy -y Vo
= = = — =
dr x —xy—)y y 4+xv—x

v

Let Fx,y)=—2
(x.5) Vxy—x°
A , 2
= F(ix. ly)= , (4) .
(Ay) +(Ax)(Ay)—(Ax)
- /{-?_1'3
a{ﬁ{'.r“ +xj'—.'r1}
0 v )
= A - -
A o Sl
=" F(x.y)

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