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CBSE Class-12 Mathematics
NCERT solution
Chapter -9

Differential Equations - Exercise 9.5

In each of the following Questions 1 to 5, show that the differential equation is

homogenous and solve each of them:

1. [.."{: + .".:L'.] dy= [.."{: + ;L'::] dx

Ans. Given: Differential equation [_.T: + J:L'_] dy = [_.T: + 3 ] X @)

Here degree of each coefficients of 4+ and & is same therefore, it is homogenous.

d:l.-- -.IL__J- + :-L.a-
— — = —
ax X +xy

S R
m. -'I..-"
= - = = -
dx 5 V
x| 1+= |
. x )/
." -L. .I‘l
S
frgly Lo ) ..
— — = - .....(id)
HI-.'I:. T I:L 'I
1+| = |
:",.-'l'-_.l
[ v
:ﬁ F - | >
1 -||.F

therefore the given differential equation is homogeneous.

. ¥
Putting — =v
¥
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= y=w
ay dv dv
—=vil+x—=v+x—
ax dx o
a"‘;:_1+1::
X dx dr 1+v
dv  1+v7
= Xx—= —v
de  1+v

. I£=1+v —Vv—=V _1—1:

dx 1+v 1+v

= x(1+v) dv=(1-v) dx

1+v .  dx
- —— Ov=
1—v X

[Separating variables]
Integrating both sides,

1+ |
> [ gy=[2 ax
.1_ B

—1 dv=logx+¢

‘:ﬁhl—b y
2log(1-v)
= eli—y —v=logx+c

= —2log(l-v)-v=logx+e¢
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-

=
L

: v ' Yi ¥

Putting v==— —llog 1-— |—= =logx+c

x L x) x
vy

= 2log 1-=— |+ = =—logx—c¢

. ox) x
'-. l_-_ l.‘.\l‘. l-

— log ! +Hlogx=—"1—c¢
Cox ) X
Tx—y ) ¥

= log = x=—1—¢
Cox ) X

— | x— v o
+

— x—y —pT gt
+

= (x—y)' =Cuxe? WhereC= ¢

XtV
2. y = -
x
. . . : ,_XTY¥
Ans. Given: Differential equation 11" = .
x
@ _x )
= —=—+=
dx X X
: y_ ¥
= —=1+==fF = .. (03]
ax X : 1’;.-'

Therefore, eq. (i) is homogeneous.

¥
Putting — =v
¥
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= V=W
ay dv dav
= —=vil+x—=v+x—
ax ax ax
Putting value of }' and — in eq. (i)
ax
av
= y+x—=1+v
ax
av
= x—=1
ax
= xdv= dx

i ax
— v =— [Separating variables]
x

Integrating both sides,

= v=1ug|_1’|+|:

. v
Putting — =v,
¥

v
=> = =log |.T|+|‘.'.
v

= v=xlog |.1‘|+ X
3. (x—V) ev+(x+y) dx=0
Ans. Given: Differential equation | x— 1| dv—(x+ 1) dx=0 .. )
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This given equation is homogeneous because each coefficients of 7+ and & is of degree 1.

= —=
ax  x—=V
¢ )
x 1+=— |
] x
= —=—= =
o . 1l
v 1—= i
\ X
1
S A
ay X L.
ax l_i W
.

¥
Putting — = v

-
= V=
av dv dv y
= —=vil+rx—=v+x— ..>40)
ax ax ax

HLL.
Putting value of }' and — in eq. (ii)

ax
dv  1+v
V+xX—=—
dr 1—v
dv  1+v
X—=——=—V
de 1—v
o dv _ 14+v—v+1?
=> x% o 1—v

L dv 1422
=== xdm )

= x(1-v) dv=(1+V) dx
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— [-1 _ 1;] V= d_ [Separating variables]

1+ X

Integrating both sides,

(1= .
> [ Y av=[L a
! L
- 1 R - )
= | av—|—= dv=|— dx+c
1+ S 1+ <X
1 1, 2v -1
= tan ‘p——l - ::.-'m=| dx+c
25 1+v <X

1 . .
= tan v—;lng[1+v‘ |=logx+e¢

v
Putting v==—
v
=>tan " — — - =logx+c
x 2 - J
. l:l,. 1 f -_'l__: +:_L: "':
= tan~ ———log —— =logx+c
xr 2 LX)
-1 1 1
= tan  — ljlug[r +1° ]—IDET |=logx+c
+
ay 1 2 2y, 1 2
= tan~ ———log|x + 1" |+—=logx" =log x+¢
T 2 1 : 2
ay 1 . 2y, 1
—> tan ——;lng[x + ¥ ]+;.21Dgx:1|:|gx+c
x 2 ' 2

ay 1 - 2
= tan~ ———log|x 4+ 1" |=c¢
x 2 X .
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ay_ 1 2 2
= tan —=;1ug[x + 1 |+

x 2
4. (x* =) de+ 20 dv=0
Ans. Given: Differential equation | x* —v* | dx+2xy dy=0 -

This equation is homogeneous because degree of each coefficient of 7+ and &V is same i.e.,
2

— 2_1}' ﬂ__':L'Z—[.I:—;L': ] e

_ afl.':_| x =) :},:_Iz
dx 2xy Ix
i,
- & _\x) = fl 2] (ii)
dx AV x)
2

Therefore, the given equation is homogeneous.

v
Put — =v
¥
= V=1x
av dv dv
= " ='|-".].+."|.'f='l-"+."|.'f
ax ax ax

v 4y
Putting these values of — and — in eq. (ii), we get

x ax

dv v =1
v+ .Tf =
dx 2v
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dv v =1
:h _'I,_"fz -V
dx 2v
dv v —1—202
= w% 2v

= x 2vav=—(v +1) gx

2v dv _ —dx

= = =
v +1 X

Integrating both sides,

= v -1
=> | 40— dv=—|— dx
v +1 “x

— log(v' +1]+logx=logc
= log(v' +1)x=loge

= (v +1)x=c

v
Put — =v,

¥

; ) ,:
=> -+1 x=c¢

x

v +x
= — X=¢

| _'Ill"‘ J

1: +x
::’ =

¥
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= X" +1 =cx

2 v 2 2
5. x| = |=x —-2vi+x
L ax
. . . . 7 ﬂ:L ’ 7
Ans. Given: Differential equation x* — = x~ — 21~ +xv
ax
dv ¥ 2 xm
j - = = - - o] + I'-'l
ax x @ x X
&LL. ' v 1"-I‘ & .L."-I i ;L "':
= —=1-12 "_'+"_'=f—| .......... 1)
ax Lx) Lx) WX

Therefore, the given differential equation is homogeneous as all terms of x and ' are of

same degree i.e., degree 2.

¥
Putting — = v

-
= y=wx
v dv dav
= —=vil+x—=v+x—
ax ax ax

v ay
Putting these values of — and — in eq. (i), we get

x ax
dv 9
v+ x—=1-2v"+v
ax
av ;
= x—=1-2v
ax

= xadv=[1-2v) dx
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av dx , ,
= —= [Separating variables]
1-2v  x

Integrating both sides,

1 S
=> | —— dv=|—dx
“1-2v" X
: - dv=[l dx

= .l nd . L
(1) —|_NEV_| *

log 1+\E¥
= 1 ) 1—;21: = log

21 «.E —» Cofficient of v

x|+

o 1 i 1 |c1f+."{_
| —— dx=—1TIog
| “a —x la |c:r—J:_
. v
Putting — =,
v
1 1+.22
=> lng * =1|:|g X|+c
N2 | pY |
+
1 I+J:_'J; )
=> Z\EIDE I_ﬁ}_ —1::1g|.1’|+|:

In each of the Questions 6 to 10, show that the given differential equation is

homogeneous and solve each of them:

6. xdv—yvdx= 1|II.T: +17 dx
Ans. Given: Differential equation y gy — 1 gy = fx + 17 dx
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= xdy=vdrtax 3 odx

Therefore given differential equation is homogeneous.

N
Putting — =v

+
= V=YX
av dv dv
— —" = 1I--".:].'|' .Tf = 1I--"'"."i'f
ax oax o

. Vv
Putting these values of — and

[

in eq. (1), we get

X ax

dv 5
=> v+ x— =vrafl+v

ax
av 7
= x—=xJ1+"
ax
_ dv_ dx
NI+ X
Integrating both sides,
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. &'-IL.-

—,
|~J1+'p

= log|v+ 1+v* |=logx+loge

. V
Putting — =v,

R P e
= log y=log cx
X |

_J 3 il :_L ": | ) J { :_L ": { :_L ":l )
7. 4 XCOS —|+1 sifl _I}"T ax =+ Vsin —l—"{l."_l.'_'IS —l}l’-ﬂ:L'
i X, X JJ |¥ X X J.-J
Ans. Given: Differential
4; v .|y b fy v \: ;
XCos, — I+J.'5111 — 7} Gy =+ Vsin, — T xcos — s 30V
| X, x) o x, Lx J
[ v v Voo, v
. . 1CD5—+151H—| U C0s —4+ 1 sif1 —
ay _\ X X ’ x x
— — = = = '. '.
ax | V V| s Y 1
VSin——xCcos— |x XSl ——X Cos—
\ X X ) X X
. =cos—+ = I sin — P
ay s ;WX 1 C Vo i
— ¥ _ X X \X, * = F1 ] s 6))
dx V..o ] L x)
— Sifl —— CO5— -
X x X
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Therefore, the given differential equation is homogeneous.

¥
Putting — = v

+
= ¥=x
av av av
= —=vil+x—=v+i—
ax oax o

¥V v
Putting these values of = and — in eq. (i), we get
x X

dv  vcoosv+yvosinw
V+X— = :
ax VSIN V—COsV

dv  veosv+1sin v
= x—= -V

dx VSl V— COS WV

., dv  veosv+ Vo sin v—Vv sin v+ veosy
N—=

dx VSN V—COSV

dv 2vecosv
= Xx—= :
aX VSN v—Cosv

= x(vsin v—cosv| dv=2vcos v dx

VSil V—COsV | dx , ,

— av=2 [Separating variables]
VCOSV x

Integrating both sides,

- VSIN V—COS V i

dv=12|— dx
- VCOS V "X
< vsinv cosv | -1

= | - dv=2|— dx

\vcosv vcosv)
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= | tan v—

LY

h !

[ =

-1
cfx:zll—cir
<X

1

||
N ,

;

-

= log |sec 1:|—1|:|g |1,| =2log |J:|+1|:|g |r|

= log i =1Dg|x|:+1|:|g||:|
v
= log| 2| = log|c|z?
SECV =i|.:|_1::
v

= seCcVv= i||:|x‘1:

. 15
Putting v==
+
Y 1 ¥
= gec = =Cx" = where C= +¢
X X

.
= sec— =Cxy
5

= Cxy
= v

cos —

-

v
= Cxycos=—=1

-
v 1
— X.C05—=—
x C
ay . [V
8. x— —1v+xsin —|=D
ax X
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-

m. . ¥ .L -\._.I
Ans. Given: Differential equation x — — v+ xsin, — =10
ax X f.-'
ay nea
= X—=1V-—Xxsin -— |
ax LX)
a v . [y V)
- — =——3Ih —I=f _| .......... 1)
ax x X/ X

Therefore, the given differential equation is homogeneous.

. v
Putting — =v

-
= V=1x
v dv dav
= —=vil+x—=v+x—
ax ax ax

v ay
Putting these values of — and — in eq. (i), we get

X ax
dav .
V+X—=V—SInv
ax
dv :
— X— =-S5V
ax
= rdv=—sinvdx
dv  —dx
::: : =
il v X
—

= cosec vdadv=

T

Integrating both sides,

Material downloaded from myCBSEguide.com. 15/31


http://mycbseguide.com/

%} myC BSEguide.com

A Complore gride for CREE stndets
=> |cosec vdv=—|— dx
] L
= log ||:|:|5 ec v—cot biz—ln:ng|x|+1|:|g|c|

'
= log ||:|:|5 ec v—cot "’1 =log |-
+

o
—> cosec v—cotv=1—
I

¥ ¥ c , v
— cosec — —cot=—=7T— [putting v==]

X X x X
v
Cos
1 y C
:ﬁ _— — T —
.YV .V x
sifn—  sin—
X X
.
l—cos=
= X — " where +¢=(
. ¥ X
sin —
+
’ v .
= X 1—cn5—|=Cs1n—
\ X v
i l:L "I

9. v dx+ xlog L adv—2xdy=0

VX .-l

" -

i A i
Ans. Given: Differential equation v dx+ x, log — | ay—2xadv=0
\ oy

o
. B

-

: N P
= vadx=2xdv—x lng—l
\ X )

= e

'ﬂilrl
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_ v
= vdx=x, 2—log— | av
X
v
- )
= = & =f "_l .......... (i)
ax 2 _].DE v LA A

Therefore, the given differential equation is homogeneous.

N
Putting — =v

+
= V=YX
av dv dv
— —" = 1I--".:].'|' .Tf = 1I--"'"."i'f
ax oax o

[

v
Putting these values of — and in eq. (1), we get

X ax
v
== v+ Xr—=
dr 2-logv
av v
- X—= -V

v—2v+vlogv

2—logv

dv  —v+vlogv
— X—=—-"
ax 2—logv

dv  vilogv—1]
LW .

ax 2—logv

= x(2-logv) dv=v(logv—1) dx
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2—logv dx

v(ogv—1] Cx

l1-(logv-1}) = gx
- Ldv="

v(logv—1] x

Integrating both sides,

[ S
= || — _—_ |dv=|—dx
" vilogv-1) v | " X

= log [log 1:—1|—1|:|g H =log |J:|+1|:|g |r|

logv—1
= log =1|:|g|n’
v
logv—1
[— =||‘_'__'|,_’|
Vv
logv—1
— g—:if_j{: (Cx whereC= *¢
v

= logv—1=Cxv

v v , v
= log ——1=Cx= [Putting v==]
x X x
.
= log=——-1=Cyp
5
10. (1+ &™) dx+e™ | 1-=| dv=0

i E
LY LA
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-

1. 3, x),
Ans. Given: Differential equation| 1+¢* | dx+e¢° 1—— | & =10
- | L
S lde S, x) L :
= | 1+e" | —+e 1-— | =0[Dividingby aV]
| | -ﬂ:L \ 1 S
ol a3, x)
= 1+E’ | f:_EJ 1_—|
| dv v
z : x|
et 1= -
ax ! V) | x|
= — = - =f = (i)
a o2t Ty
1+ e |
. |
Therefore, it is a homogeneous.
. :'I'r
Now putting — =¥
v
— X=VY
dx av
= —=Viy—
av ay
. X e .
Putting these values of — and — in eq. (i), we have
v ay

& & (v=1)

V+ )V — —
v l+e
dv_ & (v-1)
= }'—.:—[' v
v l+e
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dv ve' —g —v—ve' —a'—v
= V—= - = -
av 1+e l+e

= y(1+&'| dv=—(e"+v| dv

1+&" dv , ,
— av=—— [Separating variables]
v+eé V
Integrating both sides,
=1+e = 1
= | —dv=—|—d1
T vte ¥
= log |1:+ E"'|=—1Dg|3;|+1|:|g|c|
: X
Now putting v=—,
v
x5
= log |—+e° =—1Dg|}'|+1|:|g|r.|

1

= log|—+e |=log|—
v v
X, 3
= |—+e |=|—
v v
x = x
= _+af =1_
v v
T _ CwhereC= +¢
= x+yel = Tc

For each of the differential equations in Questions from 11 to 15, find the particular
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solution satisfying the given condition

1. (x+y) dv+(x—y) dx=0;y=1when x=1

Ans. Given: Differential equation (x+ v | dy+(x—y) dx=0,y =1 whenx=1 ....()
— (x+y)dy+(x-y)dx=0

dy _—(x-Y)

w

dx  (x+y)

HEL. :L e
= —=
ax Vv+x
- 1:
i v ——1
ay v )
= — = = :1
ax v i
x, —+1 i
A
- .:
a =Y
¥ x |}
—5 — == :*=f_l .......... (ii)
d.-ll..- -L 1 :-\. -Il.-
= +1] : R
o

Therefore the given differential equation is homogeneous because each coefficient of

and ¢V is samei.e., degree 1.

. v
Putting — =v

¥
— ¥V =1x
v av
_ .- =v+ Xx—
ax ax

v dv
Putting these values of — and — in eq. (ii), we have
X ax
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dv  v—1
V+xX—=—

dr v+l

dv  v—1
= X—=—"=V

dr  v+l1
:}Ifﬁznhd—w —v_ Vv -1

dx v+1 v+1
. Iﬁz_v +1

dx v+1

= x(v+1) dv=—(v'+1] dx

v+l ax , ,
= — v = —— [Separating variables]
v +1 x
Integrating both sides,
R E o0 1 - 1
=> | 40— dv+|—5— dv=—| - dx
“ v +1 v +1 < x
1 'y E'I-" . -1
—_ —| - dv+tan™ v=—log x+c¢
2° v +1
1

= ;lng['v: +1|+tanv=—logx+c

. Vv
Now putting v==—_
-
SN R
= —log|, — | +1|+tan —=-logx+c
2 L x ) I x
1 [ Vo +x ] a1 ¥
= —log ——— +tan —=-logx+¢
2 L ox ) X
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] 2 2y 1 2 1Y
= —log|1 +x |-—logx +tan™ —=—logx+c
2 T2 X
= %log(y2 + z2) — % x 2logzx + tan_l% = —logz + ¢
1 3 7% a1 ¥
= :lug[}' +x |+ttanT = =C e (iii)
2 ' ' X

Now again given } = 1 when + =1, therefore putting these values in eq. (iii),

%lng ['_:l+1_']+tan'1 l=c¢

1 T
= ¢ =:1Dg I+ —

Putting this value of ¢ in eq. (iii), we get

SR ay 1 T
log|v" 4+ x| +tan 1"—=:1|:|g 2+:

x

—

ot | =

=log(y? +z2) + 2tan_1% = log2 +

12. v dv+(x+17 | dx=0:7 =1 when x=1
Ans. Given: Differential equation x~ &v+|xy+17| dx=0

= 22dy = —(zy +y?)dz

grea
. bk =
= dy_ ylx+a L x)
dx Y X
\ ] ¥ ¥
= —=-= 1+_|:f — | e (63)
ax X X X

Therefore the given differential equation is homogeneous.
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. v
Putting — =v

¥
— ¥V =1x
v av
= — =V+tx—
ax ax

v av
Putting these values of — and — in eq. (i), we have

X ax
av . , -
= v+tx—=—v[l4+v|=—v—v
e . .
av ,
= x—=—Vv —1v
ax

dv . .
= x—=—v|(v+1]

a7x
av __cz"x
1:['_1:+2_']_ x
. des, [——— dv=—| L ax
Integrating both 31des,‘ m v=—| T X
1, 2 )
— El mdv=—lng|m‘|+lng|ﬁ|
(v+21—
= l,} [1{[-_'_ +],!]1P c::"‘;:=—1|:|g|x|+1|:|g|n:|
27 viv+2
= [Fl— L | v = 2log |+ log|d
e
v -
= log =log|x ‘|+1Dg||:|
v+ 2

Material downloaded from myCBSEguide.com.

24/31


http://mycbseguide.com/

%} myC BSEguide.com

A Complore gride for CREE stndets

= log =1Dg|cx—‘|
v+2
v 9
= =Tex
v+2
. Vv
Putting v==—_
+
v

-
v B
= ———=tex
v+21x
= x'v=C(y+2x) whereC=te¢ ... (i)
. . . 1

Now putting =1 and v=1 ineq. (ii), weget 1=3C = (C = E
Putting value of C in eq. (ii),

, 1. .
y==|y+2ix|

3 3 F
= 3x'y=v+2x
AT : T
13. xsin®| = I~ | dx+xdy =0, v=— when x=1
| X/ A 4
. . . (a0, . T
Ans. Given: Differential equation, xsin”™ ——v | ax+xay= 0 V= I x=1
\ X /
"2y )
= Xxgy=— xsin ——1 | ax
1 .-'I..-
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HLL. . -V v .:L . )
== " :—5111"’——|-"—=f _| .......... 1)
ax X X WX

Therefore, the given differential equation is homogeneous.

. v
Putting — =v

¥
— ¥V =1x
v av
_ .- =v+ X—
ax ax

v av
Putting these values of — and — in eq. (i), we have
X ax

ﬂl-'l-" .1
= V+X—=—3511" V+V

ax

ﬂnl-" v ]
= X—=-—sin" v
ax

av ax
—— = —— [Separating variables]
SN v x

Integrating both sides,

— [cuseazvdua':—[— dx
L L

= —cotv=-log |J:|+|:

= cntv=1ng|x|—|:

Vv . Vv ..
= cot = =log|x|+c [Putting = =v] ... (ii)
x x

. a . .. A
Now putting ;L':I=_T:1 in eq. (11),|:|:|t: =logl-c
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— c=-1

Putting the value of ¢ in eq. (il),

cot & =log |J:|+1
-

= cot= =log |J:|+1|:|g e
¥

v
= cot = =log xe
I,

ay ¥ [ V]
14. — ——+cosec ol
ax  ox LX)

" =

k1

. . . . dv ¥ v
Ans. Given: Differential equation — ——+cosec—=(; v =10, x

ax x X

Therefore, the given differential equation is homogeneous.

. v
Putting — =v
¥

— V=X
v av
= — =Vt x—
ax ax

1 dv
Putting these values of — and — in eq. (i), we have
X ax

av
= V+X— =V—COS&C V

ax
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dv -1
X— = —
G sin v
— sin v dv=—— [Separating variables]
x
Integrating both sides,
ro. ) -1
= |sinvdv=—|—dx

<y

= —cosv=-log |.T|+|:'.

= cnsv=1ug|1‘|—c

"
+¢ [Putting — =v].......... (ii)
¥

v
= cos—=log
-

x

Now putting v=0_x=1 ineq. (i)),cos0 =logl—¢
—= ¢=-1
Putting the value of ¢ in eq. (ii),

|:|:|5£=1|:|g|_1‘|+1
v

= cos® =log |.T|+1|:|g e
x

.
= cos—=log xe
x

. 1 dv
15. 2xy+y —2x"— =0;v =2 when x =1
ax
Ans. Given: Differential equation 2x1 + 1" —2x" — =10 ......... 6))
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= d‘L =5
= —2x  —=-2xy—y°
ax

dv —2:na v
:h = = = - =

dr —2x° =1x

& v 17wy () .
= =4 =f ] (ii)

dr x 2\ x) L X,

Therefore the given differential equation is homogeneous because each coefficient of
and &1 is same.

¥
Putting — = v
¥

— V=W
ay v
= — =V+X—
ax ax

¥V dv
Putting these values of = and — in eq. (ii), we have

X X
av ,
V+X—=v+—V
dx 2
ﬂ'-'l-" ’
_ K==V
dx 2
= 2xdv=v" dx
dv  dx
= 22— = [Separating variables]
v X
Integrating both sides,

-

2y av=[ L &
" "X
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-1
= 12 % =log |.T|+ c

= :=1Dg|r|+|:
v

— =log
:& { v 1

+c

T

. V
vV [Putting — = v]
= -
x |

LA
. -

R |
—— =log|x|+¢
Now putting v=2.x=1in | 1 - | |

g
2x

Again putting - = —1,in — =log |J:|+|: , we get
N

-

=log |J:|+|:

=

2

= = 1:::g|x|—1
2x

= = 1—1Dg|.1‘|

Choose the correct answer:

-

P |

dv | x|
16. A homogeneous differential equation of the form — =/; — can be solved by
ax ¥

L =

making the substitution:
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A) V=3
(B) V=1
(C) X=1W
D) r=v
. . . dx | x|
Ans. We know that a homogeneous differential equation of the form — =7/ — can be
H:L' \ v J
solved by the substitution — =V i.e.,, X =1}.

1

w

Therefore, option (C) is correct.

17. Which of the following is a homogeneous differential equation:
Q) (4x+6y+5) adv—3(3y+2x+4) dec=0

®) () de—(x+)7 | dv=0

© (¢ +2p7 ) ce+2xy dy=0

@ 3 dx+(x =37 ) dr=0

Ans.D
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