Mathematics

(Chapter - 9) (Differential Equations) (Exercise 9.1)
(Class - XII)

Determine order and degree (if defined) of differential equations given in Exercises
1 to 10.

Question 1:

Determine order and degree (if defined) of differential equation
4

a‘y : ey _
i sin(y"') =0

Answer 1;:

4

d™y
dx*

Fsin(y")=0 =2y +sin(y"") =0

TEET

The highest order derivative present in the differential equation is y*"'. Therefore, its order is four.
The given differential equation is not a polynomial equation in its derivatives. Hence, its degree is not defined.

Question 2:
Determine order and degree (if defined) of differential equation y’' + 5y = 0

Answer 2:
The given differential equation is: y' + 5y = 0
The highest order derivative present in the differential equation is y'. Therefore, its orderis one.
It is a polynomial equation in y'.The highest power raised to y' is 1. Hence, its degree is one,

Question 3:

4 2
Determine order and degree (if defined) of differential equation (E) + 35% =0

dt
Answer 3:
ds\* d’s
(:;E) 4—5&SEIE§-=={] 2
The highest order derivative present in the given differential equation is %. Therefore, its order is two.
d?s 2

; . : : ds ; d°s . : ;
It is a polynomial equation in % and o The power raised to ol 1. Hence, its degree is one.

Question 4:

. ; ; : : : d2y\* dy
Determine order and degree (if defined) of differential equation (—) + cos (—) =)

dx? dx

dy ’ dy B
2z *+oos(3) =

. o . : ; . s e . :
The highest order derivative present in the given differential equation is a_; . Therefore, its order is 2.

Answer 4:

The given differential equation is not a polynomial equation in its derivatives. Hence, its degree is not defined.

Question 5:
2
Determine order and degree (if defined) of differential equation 25 — cos3x + sin 3x

dx?
Answer 5:

dzy 3x +sin3 dzy 3 In3 0
= cos3x +sin3x so cos3x — sin3x =
dx? dx? 2

dcy

The highest order derivative present in the differential equation is — Therefore, its order is two.

: : TN & ; dy . . .
[t is a polynomial equation in a_:j’-) and the power raised to d—;; is 1. Hence, its degree is one.
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Determine order and degree (if defined) of differential equations given in Exercises
1 to 10.


Question 6:
Determine order and degree (if defined) of differential equation

")+ ")+ ) +y7 =0
Answer 6:

111y 2 I AY
(y) +O"°+0) +y*=0
The highest order derivative present in the differential equation is y'"' .

Therefore, its order is three.

The given differential equation is a polynomial equationin y"’,y" and y’.
The highest power raised to y"’ is 2.

Hence, its degree is 2.

Question 7:
Determine order and degree (if defined) of differential equation y""' + 2y" +y' =0

Answer 7:
yl”’ _I_ Zyﬂ' _I_ yl’ — 0
The highest order derivative present in the differential equation is y'"’. Therefore, its order is three.

It is a polynomial equationin y'"”,y",and y' . The highest power raised to y"’ is 1.
Hence, its degree is 1.

Question 8:
Determine order and degree (if defined) of differential equation y' + y = e*

Answer 8:
y+y=e* 2y +y—ef=
The highest order derivative present in the differential equation is y'. Therefore, its order is one.

The given differential equation is a polynomial equationin y’ and the highest power raised to y’ is one.
Hence, its degree is one.

Question 9:
Determine order and degree (if defined) of differential equation y"' + (y")* +2y =0

Answer 9:
y"'+ () +2y=0
The highest order derivative present in the differential equation is y" . Therefore, its order is two.
The given differential equation is a polynomial equationin y’ and y’ the highest power raised to y' is one.
Hence, its degree is one.

Question 10:
Determine order and degree (if defined) of differential equation y"" + 2y’ +siny =0

Answer 10:
y'+2y +siny =0
The highest order derivative present in the differential equation is y"'.
Therefore, its order is two

This is a polynomial equation in ¥" and y’ and the highest power raised to y"' is one.
Hence, its degree is one.




Question 11:

2.0\ 9 2
The degree of the differential equation (jTi) . (g) + sin (j—i’) +1=0Iis
(A) 3 (B) 2 (C) 1 (D) not defined
Answerll1:

2y\°  rdyy? d
(F2) + (@) +sn(3)+1-0

The given differential equation is not a polynomial equation in its derivatives.
Therefore, its degree is not defined.

Hence, the correct answer is (D).

Question 12:

.
The order of the differential equation 2x2 iTJ; ~ 3% +y =0Iis
(A) 2 (B) 1 (C) 0 (D) not defined
Answer 12:
d’y . dy
2x2 —=—-3—+y=0
Y de Cdax Y
Z
The highest order derivative present in the given differential equation is jTi .

Therefore, its order is two.

Hence, the correct answer is (A).




Mathematics

(Chapter - 9) (Differential Equations) (Exercise 9.2)
(Class - XII)

Question 1:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:

y=e*+1 = 3 — y=0
Answer 1:
y=e*+1
Differentiating both sides of this equation with respect to x, we get:

&Y _ B¢
d:x:_dx(e +1)

=gt (1)
Now, differentiating equation (1) with respect to x, we get:

d d , . o,
T() =2 =y =
Substituting the values of y and y~ in the given differential equation, we get the L.H.S. as:

y'— y =e¥—e*=0=R.H.S
Thus, the given function is the solution of the corresponding differential equation.

Question 2:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:
y=x24+2x+C : y—=2x=2=0
Answer 2:
y=x%+2x+C
Differentiating both sides of this equation with respect to x, we get:

, d ;
% =E(x2+2x+(}) >y =2x+2

Substituting the value of y in the given differential equation, we get:

LHS = y—2x+2
=2x+2—-2x—2=0 =R.H.S
Hence, the given function is the solution of the corresponding differential equation.

Question 3:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:
V= COS XL : yf+sinx:0
Answer 3:
y=cosx+C
Differentiating both sides of this equation with respect to x, we get:

;:— -|-C =% ,:— ;
y dx(cosx )=y sin x

Substituting the value of y in the given differential equation, we get:

L.H.S = y +sinx

=—sinx +sinx =0

= R.H.S.

Hence, the given function is the solution of the corresponding differential equation.




Question 4:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:

yz\/]_ + x4 : yr: 1:{_3;2

Answer 4:

y =41+ x?2

Differentiating both sides of the equation with respect to x, we get:
f d ! 1 d

= —( 1+ x? > y = ———(1+x’
’ dx(‘/ ) ) S ired )
_ o 2 sy X

y —_ = - y e

2V1 + x2 V1 + x?

sy =——x1+22 =y = . .
T Y T T+ T1+x2
sLHS=RHS

Hence, the given function is the solution of the corresponding differential equation.

Question 5:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:
y=Ax :xy =y(x #0)
Answer 5:
y = Ax
Differentiating both sides with respect to x, we get:

, d ,
y =—(Ax) =y
Substituting the value of y in the given differential equation, we get:

L.H.S :xy} =x.A=Ax=y= R.HS
Hence, the given function is the solution of the corresponding differential equation.

Question 6:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:

y =xsinx : xy’=y+x\/x2—y2 (x #0and x > yor x < —y)

Answer 6:
y=XxSsinx
Differentiating both sides of this equation with respect to x, we get:
=L sing) >y = sinx () +x—(sinx) =y =sinx+
y =4 (xsinx y =sinx.——(x) +x.——(sinx y =sinx 4+ xcosx

Substituting the value of y’ in the given differential equation, we get:

L.H.S xy’ = x(sinx + x cos x)

= xsinx + x°cosx =y +x*V1 — sin’x

—y+af1-(2)

=y+x/Jy?—x%* = R.H.S




Question 7:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:

, 2
xy =logyv+C :y —liy(:t:y¢l)

Answer 7:
xy=logy+C
d d
= — V= —(log v
.si‘t:(ﬂ) asi'c{m?‘l)
d dv 1 dy
= y—(x)+x.—=——
cx dx ydx
= y+x) =l._1f'
¥

=y +xy/ =)
=(xy-1)y'=-y

=y = 4

1-xy

Thus, the given function 1s the solution of the differential equation.

Question 8:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:

y—cosy=x : (ysin}rJrcnserx)yF:y

Answer 8:

y—Cosy=x
dy d d

— —— COsV)I=—I|X
ax cir( ¢ ] dx (x)

= ' —(-siny).y =1
= y'(1+siny)=1
I

=y =—
1+siny
Theretfore,
: ; : ]
(ysiny+cosy+x)y =(ysiny+cosy+y—cosy)x—
1+siny
I
= y(1+smny). -
J( “)l+mny
=¥

Thus, the given function is the solution of the ditferential equation.

Question 9:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:

x+y=tan~ly :yiy +y:+1=0

Answer 9:
x+y=tan"'y
Differentiating both sides of this equation with respect to x, we get:
d d s F 1 ;
—_— = —Ir =3 = 1 ]

I 1 J1— (1 +y?) [ =2 " r o

Y 1+ y? ] }'{ 1 + y? ] Y 1+ y? Y y?

Substituting the value of ¥ in the given differential equation, we get:
—(1+y°)

LHS=y*y +y*+1=y?

_{_y2+1 =—1—y2+}?2+1=0 = . .8

Y
Hence, the given function is the solution of the corresponding differential equation.




Question 10:
Verify that the given functions (explicit or implicit) is a solution of the corresponding differential equation:

y=va?—-x2x € (-a,a) :x+yj—i: 0(y # 0)
Answer 10:

y =+ a2 - x2
Differentiating both sides of this equation with respect to x, we get:

dx dx
ady 1 < -
— = a‘—x°) = (—2x) =
dx  2va? — x? dx 2va? — x2 Va2 — x2
Substituting the value of %
LHS = x + d—y—:|f+\/.f12—::z:2 X —
R va? — x?2

=x—x=0=R.H.S

Hence, the given function is the solution of the corresponding differential equation.

Question 11:
The numbers of arbitrary constants in the general solution of a differential equation of fourth order are:
(4) 0 (B) 2 (C) 3 (D) 4
Answer 11:
We know that the number of constants in the general solution of a differential equation of order n is equal

to its order.
Therefore, the number of constants in the general equation of fourth order differential equation is four.
Hence, the correct answer is (D).

Question 12:
The numbers of arbitrary constants in the particular solution of a differential equation of third order are:
(4) 3 (B) 2 (C) 1 (D) O
Answer 12:
In a particular solution of a ditferential equation, there are no arbitrary constants.

Hence, the correct answer is (D).
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(Chapter - 9) (Differential Equations) (Exercise 9.3)
(Class - XII)

For each of the differential equations in Exercises 1 to 10, find the general solution:

Question 1:
dy 1-cosx

Find the general solution; — =
dx  1+cosx

Answer 1:
The given differential equation is:
gy 1~t0sx
dx 1+ cosx
. 9 X

dv 2sin*s X d X
N A8 ?f:tanz— =>—y=(secz——1)

dX 9 cos? 5 2 dx 2

Separating the variables, we get

X
- 27 _

dy = (sec ) 1) ax

Now, integrating both sides of this equation, we get:

_ 5 _ 2 X e B
fdy—f(sec ; 1)dx-—fsec zdx fdx =>y—2tan2 14+L

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

Question 2:
Find the general solution: z—i =J4—-y%2(-2<y<2)
Answer 2:

The given differential equation is:

dy_ — dy _J‘
dx_‘“ y ifJﬁL—f dx

Now, integrating both sides of this equation, we get:

d
f Y —fdxnsin'12=x+6
!4_y2 2
y

=;>§=sin(x-|-(?) so y=2sin (x +C)

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

Question 3:

Find the general solution: % +y=1(y 1)
Answer 3:

The given differential equation is: j—i +y=1

Sdy+ydex=dx =dy=(1-y)dx

Separating the variables, we get:

Now, integrating both sides, we get:

)
f Y dx=fdx
1-y

=2 log(l—y)=x+logC = —-logC—-log(l—y)=x =SlogC(1—-y)=—x =CA-y)=e*

1 1 1
=>1—y=Ee‘x =>y=1+Ee‘x =>y=1+A4e7* (whereA=E)

This is the required general solution of the given differential equation.
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For each of the differential equations in Exercises 1 to 10, find the general solution:


Question 4.

Find the general solution: sec®xtany dx + sec*ytanx dy = 0
Answer 4:

The given differential equation is:

sec’xtany dx + sec*ytanx dy = 0

sec’xtan y dx + sec*ytanx dy
iy —

tanxtany
sectx secty
— idx + dy =0
tan x tany
sec’x sec’y
= dx = dy
tanx tany
Integrating both sides of this equation, we get:
sec’x sec?y
f dx = —J dy o o
tan x tany
Lettanx =t
d : dt , dt T
—_— —_—— =5 — = —
(an X) e secx = sec“x dx
Now jst:]jdx = f ~dt =logt =log(tanx)

Similarly, [ e ~ dy = log(tan y)

tanx
Substituting these values in equation (1), we get:

= log(tanx) = —log(tany) + log C

&

log(tan x) = log (——) tan x = —— tanx tany = C
= log(tan x) = log — = tanx — = tanxtany

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

Question 5:

Find the general solution: (e* + e ™)dy — (e* —e ™*)dx =0
Answer 5:

The given differential equation is: (e* + e™)dy — (e""' —e Ndx =0

e

= (e*+e ™ )dy=(e* — e )dx = dy = [

Integrating both sides of this equation, we get:

fdy f dx+C

e* —e”
== f[ ]dx+C
lete*+e™* =t

Differentiating both sides with respect to x, we get:

d dt dt
—— () = — S et —egr=— = (e*—e¥)dx=dt
dx dx dx

Substituting this value in equation (1), we get:

eX + e X

1
::uy:J’Edt-l—C >y=Ilog(t)+C =>y=log(e*+e™*)+C

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




Question 6:
Find the general solutmn == (1+x9)(1 + y%)

Answer 6:
The given differential equation is:
B et ay ST Lt
dx Y 1+ y?
Integrating both sides of this equation, we get:

dy %
2 2 - -

f1+y f(1+x Ydx = tan"ly = fdx+J’ dx tanly=x+ : 4
This is the required general solution of the given differential equation.
Question 7:
Find the general solution: ylogydx —xdy =0

Answer 7:
The given differential equation is:

logydx—xdy=0  =ylogydx=xd oy, B
ylogydax —x dy = ylogyax = xay ylogy ¥
Integrating both sides, we get:

dy dx
f | = | — (1)
J Y108y X
Let logy =t
(] Y= dt =) LB = : d dt
08Y) = . P 3 A
dy y ~ dy y

Suhstltutlng this value in equation (1), we get:

dt dx
f = logt =logx + logC = log(logy) =log Cx

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

Question 8:

Find the general solution: x> j—i = —y°
Answer 8:

The given differential equation is:
dy 5 dy  dx dy dx
JFTy ﬁﬁ__ﬁ =>x5 N =0

Integrating both sides, we get:
ay dx .
IF + J’F =k (wher k is any constant)

Sxt+yt=C  (C=-—4k)

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

=5 =

Cx




Question 9:

. .. d 5
Find the general solution: -d—i— = S
Answer 9:
The given differential equation is:
dy o
——-sm 1x =dy=-7sin""x dx

Integratlng both sides, we get:
fdy fsm x dx = P f(sin'lx. 1)dx

=) sin‘lx.f(l)dx —f (;—x(sin‘lx)).f(l)dx dx

1 —%
>y =sin"'x.x— f ( .:r:) dx =8 s XS —f dr wsall
g V1 + x? / V1 — x2 (1)
Let 1 t ’ 1— x? e 2 - d dt
— = - — — — = — _- — — = — —
-~y i FI= g = T3
Substituting this value in equation (1), we get:
1
— ez ] 1 d — tar—1 1 —% d — ] 1t C
y = xsin”""x+ F t =y = xsin x+§. (t) t =y = xsin x+2.T+
2

1
:y=xsin‘1x+§.ﬁ+6 =>y=xsin‘1x+§.\/1—x2+c

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

Question 10:
Find the general solution: e* tany dx + (1 — e*)secly dy = 0
Answer 10:
The given differential equation is:
e“tanydx + (1 —e¥)sec’ydy =0 = (1-e¥)sec’ydy =—e*tany dx
Separating the variables, we get:

sec?y —e”
dy = dx
tany 1—¢e*
Integrating both sides, we get:
fseczyd _J’ —e* ; .
tan y Y= )1 —ex™ wene L)
Let tany =u
d(t ) du L o2 du P q
=»> —(tany) = — secty = — secty dy = au
dy dy dy
J‘seczyd - du_l sl
ity y = == ogu = log(tan y)
Nowlet 1 —e* =t
dl *"—dt = x—dt = —e*dx = dt
dx( _e)_a T i
f_exd drlt](l )
= — — — —_
T X - =log 0g e

Substituting the values of [ e

= log(tany) = log(1 —e*) + logC = log(tan y) =log[C(1 —¢e*)] =tany=C(1-e%)
This is the required general solution of the given differential equation.




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

Question 11:
. . . .y . . d
Find a particular solution satisfying the given condition: (x® + x? + x + 1) d—i =2x*+x; y=1whenx =0

Answer 11:
The given differential equation is:

dy dy 2x% + x 2x% + x
g 1wl ) " ”
+x24+x+1)—=2x"+ = — = = dy = d
= )dx T dx (x3+x¢+x+1) Y (x3+x44+x+4+1) *
Integrating both sides, we get:
fd f 2x% + x ; ,

= X

T G+ D+ D) (1)
2x° + x A Bx+C

T RinE+ T i D el W

> 2x°+x=Ax*+A+Bx*+Bx+Cx+C 522 +x=A+B)x*+(B+C)x+(A+C)
Comparing the coefficients of x2, x and constant, we get:

A+B=2
B+C=1
A+C=0
Solving these equations, we get:
1 3 —1
A—E ,B —E and C —7
Substituting the values of A, B, and C in equation (2), we get:

2¢24x 1 1 1(3x+1)
GrDE+D) 2+ 26D

Therefore, equation (1) becomes:

RYER 1 [ (3x+1)
fdy"if(xﬂ)derE Zr) ™

. +1+3f A 1J 4
FY=g R+ U = i i

=5 =lln (:;:Jrl)JrE o dx—lmn‘lxﬂ-c*
y=2'% i) 2+ D™ 2

== llog(ar: + 1) +Elt:~g(x2 +1) —ltan‘lx +C
2 4 2

1 1
e E[Zlog(x + 1) + 3log(x% + 1)] —Etan'lx +C

1 1
=y =g [(x + 1)%(x% + 1)°] - -itan'lx +C ..(3)
Now y=1whenx =0

1 1
= 1=-log(1) — Etan‘l(ﬂ) +C

4
1 . 0 : 0+C C=1
=2 1==%0—=X = =
4 2

Substituting C = 1 in equation (3), we get:

—
—

1 1
- [(x + 1)%(x% + 1)3] - Etan'lx +1
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Question 12:
Find a particular solution satisfying the given condition: x(x? — 1)% =1;y=0whenx = 2.

Answer 12:

-2 =1 I PO I Y : d
i dx y_x(xZ—l) * y_x(x—l)(x+1)x
[ntegrating both sides, we get:

1

dy = d a1

f ’ fx(x—l)(xﬂ)x )
1 A B C

Let

x(x—l)(x-l—l)=x I (x — 1) I (x +1)

Alx—1)(x+ 1) +Bx(x+1)+Cx(x—1)
= 1=

(A+B+C)x*+(B—-C)x—A
= ] =

x(x—1)(x +1) x(x—1)(x+1)
Comparing the coefficients of X2, x, and constant, we get:
A=-1,B—-C=0 and A+ B+C=0
Solving these equations, we get

B ! dC !
=— andC ==
2 2
Substituting the values of A, B and C in equation (2), we get:

1 = 1 1

x(x —1)(x + 1) S x - 1)+2(x + 1)
Therefore, equation (1) becomes:

PO T | 5
YR - T2 v D™

k2(x—1D(x+1)

1 1 1
=>y=-logx +§log(x—1)+Elog(x+l)+lngk :byzalog = —e
Now,y =0 when x = 2.
1 [k*C2-12+1) 3k? 3k 5 oF
:>O:§log 1 = log|— | =0 :>T:1 = k =g

Substituting the value of k2 in equation (3), we get:

_1 4(x—-D(x+1) Ll 4(x*-1)
YT T e It ] T

Question 13:
d

Find a particular solution satisfying the given condition: cos (—y-) =a(a€R);y=1whenx =0

dx
Answer 13:
COS (@) = = a9 _ cos™la = dy = cos ladx
dx dx
Integrating both sides, we get:
fdy = cos"laf dx =>y=costax+C =>y=x.costa+C I

Now,y=1whenx=0,
1=0.cos ta+C >C=1
Substituting C = 1 in equation (1), we get:

—1 -1
y=x.cos ta+1 =>yx =cos™la = cos( )= a




Question 14:
dy

Find a particular solution satisfying the given condition: —=ytanx;y =1 whenx = 0
Answer 14:

Y _ t o t d

dx—yanx :by—anxx

[ntegrating both sides, we get:
d
?y = —f tanx dx = logy = log(secx) + logC = logy = log(C secx)

=y = (secx eitld)

Now,y =1 whenx=0.

= 1= _CsecO = (=1

Substituting C = 1 in equation (1), weget: y = sec x

Question 15:
Find the equation of a curve passing through the point (0, 0) and whose differential equation is y' = e* sin x.

Answer 15:
The differential equation of the curve is:
: d
y =e*sinx :éze’:sinx = dy = e*sinx dx

Integrating both sides, we get:
fdy = fexsinx dx ..(1)

Let] = fex sinx dx

d
= | = sinx fex dx—f(— (sinx).[ exdx) dx
dx

=] = sinx .e* —J’cosx.ex dx

' d
= [ =sinx.e* — cnsx.fexdx—f (E(msx).f e*‘-’dx) dx]

=> [ =sinx.e* — cosx.ex—f(—sin ).exdx]

=1 =e*sinx —e*cosx — I
= 21 = e*(sinx — cosx)
(sinx — cos x)
X
2

Substituting this value in equation (1), we get:
(sinx — cos x)
y =e* ; kG i ()
Now, the curve passes through point (0, 0).
o (sin0 —cos0)

(0-1)
>0 = 2 FC =20=1"—5—"+4C

Substituting € = % in equation (2), we get;

L

=>[=e

= (=

DN | =

sinx —cosx) 1
yze""( > ) =§ = 2y = e*(sinx —cosx) +1

=>2y—=1=e*(sinx —cosx)
Hence, the required equation of the curveis 2y — 1 = e*(sinx — cosx)




Question 16:
For the differential equation xy% = (x + 2)(y + 2), find the solution curve passing through the point (1, -1).

Answer 16:
The differential equation of the given curve is:

dy
xya =x+2)(y+2)

(yd i P 1= Nav=(1+%)4
= = = —
) =) = (1) =(14) @

Integrating both sides, we get:

f(1 ) dy = f(1+§)dx
fdy zf—dy J’dx+2ﬁdx

=>y—2log(ly+2)=x+2logx+C
=>y—x—C=logx? +log(y + 2)*
>y—x—C=log[x*(yv+2)*] ..(1)
Now, the curve passes through point (1, -1).
= -1-1-C =log[(-1)?*(-1+ 2)%] >-2-C=logl=0 =C=-2
Substituting C = -2 in equation (1), we get:
y—x+ 2 =log[x?*(y + 2)?]
This is the required solution of the given curve.

Question 17:

Find the equation of a curve passing through the point (0, -2) given that at any point (x, y) on the curve, the product
of the slope of its tangent and y-coordinate of the point is equal to the x-coordinate of the point.

Answer 17:

Let x and y be the x-coordinate and y-coordinate of the curve respectively.

d
We know that the slope of a tangent to the curve in the coordinate axis is given by 2

According to the given information, we get:

dy

Yoq =X = y.dy = x.dx
Integrating both sides, we get:

y2  x?
fy.dy—fx.dx :?_7%
= y° —xt =20 (1)

Now, the curve passes through point (0, -2).
(=2)2-0%2=2C =>2C=4

Substituting 2C = 4 in equation (1), we get: y* — x? = 4
This is the required equation of the curve,

Question 18:
At any point (X, y) 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).
Answer 18:

[t is given that (X, y) is the point of contact of the curve and its tangent.

The slope (m1) of the line segment joining (X, y) and (-4, -3) is =— y+3

We know that the slope of the tangent to the curve is given by the relatiﬂn,




; ) , d
slope (m,)of the given information = =

dx
According to the given information:
" =}dy_2(y+3) . dy _de
M2 = &l dx x+4 y+3 x+4

Integrating both sides, we get:
d dx
fy_f3 = fo T = log(y + 3) =2log(x+4) +logC  =log(y + 3) =logC. (x + 4)“
> y+3=C(x+4)* =4=4C =(C=1
Substituting C = 1in equation (1), we get: y + 3 = C(x + 4)*
This is the required equation of the curve.

Question 19:

The volume of 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 t seconds.

Answer 19:
Let the rate of change of the volume of the balloon be k (where kis a constant).
5 d(4 Jil Valums Pebmce = o
:}E_ :E EHT = [oumen sp ere—inr]
4 dr
= —m3rt.—=k = 4rr? dr = kdt
Y, dt
Integrating both sides, we get:
3
4nfr2dr=kfdt =>41r%=kt+(}
= 4mr3 = 3(kt + C) (1)
Now, att=0,r=3;
=>4m(3)* =3(kx0+C) = 108m=3C =>C=36T
Abt=3,r=6:
=4nx63=3(kx3+C) =864n=3(3k+36m) =3k=-288n-36m=252n
> k=84n

Substituting the values of kand C in equation (1), we get:

" 1
4mr’ = 3(84nt + 36m) = 4nr3 = 4n (63t + 27) = 72 =53t +27 = r = (63t +27)3
Thus, the radius of the balloon after t seconds is (63t + 27)s.

Question 20:
[n a bank, principal increases continuously at the rate of r% per year. Find the value of r if 100 doubles itself in 10
years (loge 2 = 0.6931).

Answer 20:

Let p, t, and r represent the principal, time, and rate of interest respectively.
[tis given that the principal increases continuously at the rate of r% per year.

:}%:(T)p =}@=(r)dt

100 p  \100
Integrating both sides, we get:
dp 1 rt RAEW
T e |dt =] - 4+ k = p = @100 v (1
p 100 TP =100 P=¢ ()
[tis given that whent =0, p=100.
= 100 = ek i |2 )

Now, if t=10,then p=2 x 100 = 200.




Therefore, equation (1) becomes:
r

= 200 = 107"
r

= 200 = e10. e"

= 200 = e10.100 (from (2))
e{_ﬂ =/

r
= —=1log,2 = 0.6931

== 5931
Hence, the value of ris 6.93%

Question 21:
In a bank, principal increases continuously at the rate of 5% per year. An amount of ¥ 1000 is deposited with this
bank, how much will it worth after 10 years (e*°) = 1.648).

Answer 21:
Let p and t be the principal and time respectively.

[tis given that the principal increases continuously at the rate of 5% per year.

dp 5 dp D dp dt
relml?  *wE v
Integrating both sides, we get:

dp 1 ] , 1 T

5 = 20 t =>agp-—20+C = p=e20 ..(1)
Now, when t =0, p=1000.
= 1000 = ¢ ek 2)
Att=10, equation (1) becomes:
1

S>p=e2 =exe® =p=1648x1000
= p = 1648, Hence, after 10 years the amount will worth X 1648.

Question 22:
[n a culture, the bacteria countis 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?

Answer 22:

Let y be the number of bacteria at any instant t.
[tis given that the rate of growth of the bacteria is proportional to the number present.

dy Y o e ky (where k is a constant)
dtd dt
=5 | kdt

Y

Integrating both sides, we get:

dy
j?zkfdt = logy=kt+C ...(1)

Let y0O be the number of bacteria att = 0.
= log yo =C
Substituting the value of C in equation (1), we get:

logy =kt +logy, = log (l) =kt >=kt=log (l) . (2)
Yo Yo

Also, it is given that the number of bacteria increases by 10% in 2 hours.




110

:y=ﬁﬁ%
y 110
= — i —— . (5
Vo 100 ()
Substituting this value in equation (2), we get:
k2= (11)
=> k.2 = —
"9\10

Therefore, equation (2) becomes:

1 ) 11 . y
R (ﬁ) - g (ﬂ)
Y
21 —
0g(5-)
11
log (15)
Now, let the time when the number of bacteria increases from 100000 to 200000 be t;.

=‘.‘ry = Zyu;] att =1t
From equation (4), we get:

=t =

- (4)

2log (%) - 2log 2

t, = =
 bog(r)  toa(ip)

hours the number of bacteria increases from 100000 to 200000.

2log2
og(5;)
Question 23:
The general solution of the differential equation L = Xty

Hence, in

dx
(4) e*+e ¥V =C (B) e*+e¥=C
(C) e*+e¥=C (D) e *+e™=C
Answer 23:
dy

- gl = p¥ g
X

=>—y = e*dx
ey

eV =eX+k
e’ +e” =—k
>e'+e 7V =¢ (c = =k)

Hence, the correct answer is (A).




Mathematics

(Chapter - 9) (Differential Equations) (Exercise 9.4)
(Class - XII)

Question 1:
Show that the given differential equation is homogeneous and solve each of them.
(x% + xy)dy = (x* + y4)dx
Answer 1:
The given differential equation i.e,, (x + xy)dy = (x? + y?)dx can be written as:

dy x*+ y?
= .. (1)

dx ~ x%2 +xy

x* + y*

X%+ xy
(A)*+ (A" x*+y°

(Ax)? + (Ax)(Ady) x?+xy

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

To solve it, we make the substitution as:

Let F(x,y) =

Now F (Ax, Ay) = = J"Flxy)

y = vX
Differentiating both sides with respect to x, we get: j—i =v+ x%
Substituting the values of v and % in equation (1), we get:
dv  x%+ (vx)* dv 1+ v°
SV X—= SVPTrEr—=
dx x?+ x(vx) dx 1+4+v
dv 1+ v? (1+v%)—v( +v) dv 1—v
= Y — = 3 1 S = Y — =
* dx 1+v L+ *dx 14
1+v dx 2— 147 dx 2 dx
:>( )dvz— =>( )dv:— :>( —1)dv=—
1—-v X 1=49 X 1 =iy X

[ntegrating both sides, we get:
—2log(1—-v)—v=Ilogx —logk > v=-=-2log(1—-v)—logx +logk

: k ] y | k y | kx ]
= = = — = = —
e (T x (1-2F] Ela—y
’ o
s (¢ — y)? = ke
= = ex = (X — = KXeéx
(x —y)? 4
This is the required solution of the given differential equation.
Question 2:
Show that the given differential equation is homogeneous and solve each of them.
, X+
b X

Answer 2:

The given differential equation: y’ = HTy
dy x+y

— = a1

= dx X N ()
X
Let F(x,y) = 4
< Ax+ Ay x4+
X

Now F (Ax, Ay) = E = ! = A°F(x,y)

AX X
Thus, the given equation is a homogeneous equation.

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




. . . . d
Differentiating both sides with respect to x, we get: -d—i =Pt x—

Substituting the values of y and -Z—i in equation (1), we get;

dv x + vx dv dv dx
V+x— = >v+x—=1+v >x—=1 =2dv=—
dx X dx dx X

Integrating both sides, we get:

v=logx+C zz:logx+(3 =>y=xlogx + Cx
X

This is the required solution of the given differential equation.

Question 3:

Show that the given differential equation is homogeneous and solve each of them.
(x—y)dy —(x+y)dx =0

Answer 3:
The given differential equation: (x — y)dy — (x + y)dx = 0
dy x+7y
= v W
X X-—=Y
X+y
Let F(x,y) =
et Flx,y) = — y
X HAY Ty
Now F(Ax, Ay) = = = A F(%.
ow F(hx, &) = =3 = - = F(x,3)

Thus, the given differential equation is a homogeneous equation.

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

dy d dy dv
= S = — = i
dx dx (vx) dx v+xdx
Substitute the value of y and g
dv x+vx 1+v dv 1+v 1+v—v(l—-v)
=>UV+X = = = Y= 17 =
dx x—-vx 1-v dx 1-v 1-v
dv 1+ v 1—v . dx ( 1 v )d dx
5 = =-— = —
ix 1-v A+ T x 1+v2) (A+v))"" " %

Integrating both sides, we get:

1
tan~ v — Elog(l +v%) =logx + C

= tan (i) ;log(l 1 G:—)z) =logx+C

1 X% + y?
= tan™! (X)——log( 2}7 )zlogx-i-C

X 2 X

=1 Z _1 2 2\ 27 _ —1 Z _1 2 2
= tan (x) 2[lulg(:!:: +y*) —logx®| =logx + C = tan (x)—zlog(x +P°)+L

This is the required solution of the given differential equation.




Question 4:

Show that the given differential equation is homogeneous and solve each of them.
(x* —y%)dx + 2xy dy = 0

Answer 4:
Thz giveidjiffzfe_renzt)ial equation: (x2 —y2)dx + 2xy dy =0
= % B | nyy2 : L1
Let F(x,y) = —(xzx;y )
Now F(Ax, Ay) = _(/1: ();x; (%3;)2 — —(xzzx;yz) = A'F(x,y)

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

::—x(y):%(vx) ﬂ%:v+x3—z
Substituting the value of y and j‘i
dv x% = (vx)* dv v?-1
=S Ydx - 2x(vx) =>v—|—x£= 2V
dv v?—-1 v —1 — 2p? dv (1—v?) PAY dx
:xﬂ_ v 2V A”‘E:" 2V ﬁl—vzdv:_?

Integrating both sides, we get:

C C
=>10g(1—v2)=—logx+log(j‘:log; ::»1—1;2:;

NT_¢ 2 L o2
ﬁ[l—(;)]—; > x“+y°=Cx
This is the required solution of the given differential equation.

Question 5:
Show that the given differential equation is homogeneous and solve each of them.
d
xzﬁz x% —2y% 4+ xy
Answer 3:

The given differential equation: x* j—i =x%—=2y* 4+ xy

dy x%—2y%+
a'd M . (1)

dx b

x% — 2y + xy
Let F(x,y) = 3
() -2+ () (y)  xf-2yt+xy

Now F(Ax, Ay) = (70)? = 3 =A"F(x,y)

Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitutionas: y = vx

d dv
=>—y=v-l—x—

dx dx
y

Substituting the values of y and j—x




—_— = —_ —_— ] — 2 —
v_l_xdx 1—-2v%+v =>Jc:dJf 1—-2v ::)1_21?2 -
1 dv  dx 1 dv dx
P = = > ——
2%—1;2 X 2 (%) .
Integrating both sides, we get
1.y 1.y
U o \ Al c og V2| c
z.zing i_z—og\x|+ ﬁﬁogi_z—og\x|+
vz Wz7x K.
s ogP Y2 gl ¢
—Ilo = log|x
N — 2y °

This is the required solution for the given differential equation.

Question 6:

Show that the given differential equation is homogeneous and solve each of them.

xdy—ydx =x? +y2dx
Answer 6:
The given differential equation: x dy —y dx = /x% + y2 dx

dy y+x*+
:xdy=[y+\/x2+y2‘ dx gt V27 +y” .. (1)

dx X
Yok 8/ X% o -
X

A+ ()2 + (Ay)2  y+/x?+y?
Ax X

Let F(x,y) =

Now F(Ax,Ay) =

= 1°F(x,y)

Therefore, the given differential equation is a homogeneous equation.

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

dy d o) dy dv
ey =5— =1
dx _dx > ax " Mdx

Substituting the values of v and 2 o 2 in equation (1), we get:

dv  vx ++/x2 + (vx)? dv dv

'Y o X —= Sv+x—=v++1+ 12

Integrating both sides, we get:

log|v+\/1+v2‘=log|x\+6 = log £+J1+j—22 = log|x| + C
+ /x?% 4 y?
= log 4 \/x R 3 log|x| + C =y +Jx24+y? = Cx?

This is the required solution of the given differential equation.

dx x dx T




Question 7:
Show that the given differential equation is homogeneous and solve each of them.

ros (D) +ysin (D)= frsin(2) - xeos (D)

A X X
Answer 7:

The given ditferential equation: {x COS ( ) + y sin ( )} ydx = {y sin ( —) —FC0S ( )} xdy

Ly _lres(3)ysin(3lly

dx {ysm(;"ﬂ —xcos(i—})}x

s (2)+yan (D)
pan(D)—xe (D)
{Axcos(ﬂ)+,1ysm(g)}y

psin( ) - eeos ()}

Therefore, the given differential equation is a homogeneous equation.

Let F(x,y) =

Now F(Ax, Ay) = = 1°F(x,y)

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

:dy " av
dx_v xa’x

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

dv (xcosv+ vxsinv).vx dv vcosv + vésinv
=Y == . =R — ,
dx (vxsinv—xcosv).x dx  vsinv—cosv
dv vcosv+ visinv — visinv + vcosv dv 2V CoS v
=X = _ = X—=—
vSsinv — cosv dx vsinv —cosv
vSinv — cosv 2 dx 1 Zix
= dv = — = |[tanv ——|dv = ——
2V COS V X v X

Integrating both sides, we get:

= log (?) = log(Cx*)

Secv 5 5
=>( )=Cx = secv = Cx“v

v
= sec %) = sz.% = Cxy
1 1 1
:}COS(%) = R
= XY COS (%) =K (Where k = %)

This is the required solution of the given differential equation.




Question 8:
Show that the given differential equation is homogeneous and solve each of them.

dy (Y
xa—y+xsm(g) =0
Answer 8:
The given differential equation: x w + x Sin (Z) =0
8 q L 4 -
. (Y
ﬁxﬁ—y—xsm(g) :'ﬂ— ” gl 1)
gty
Let F(x,y) = L xim(x)
Ay — Ax sin (%) y—Xx S1n (%)
Now F(Ax, Ay) T = - = A"F(x,y)

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

dy d - dy Z dv
Y — s —— ) — PP
dx  dx dx " dx
Substituting the values of y and ﬁ in equation (1), we get:
dv vx —xsinv av _ dv  dx dx
vtx—= S>vV+x—=v—siny =>———=— Scosecvdyv=——
ax X ax sinv X X

Integrating both sides, we get:

log|cosec v — cotv| = —logx +logC = Iog;

C 1 COS Y (
= cosec (%) — cot (g) = = i @) in é_‘g T x = [1 — 05 (i-i)] = Csin (%)

This is the required solution of the given differential equation.

Question 9:
Show that the given differential equation is homogeneous and solve each of them.

y dx +xlog(£) dy — 2xdy =0
Answer 9:
The given ditferential equation: y dx + x log e) dy — 2xdy = 0

=y (X = [2x—xlﬂg(§)] dy ﬁ%z zx_;;og (Z) we (1)
i
B y
LeLfyal T 2x — x log (%)
Now F(Ax, Ay) = Ay = s = 1°F(x,y)

2(4x) - (Ax_log (%) 2x — xlog(%)

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

dy d dy dv
,dx—ﬁ(vx) :a-—v+xa




Substitute this value of y and =

d
a av vX ; . dv v 2 dv v
v Idx_Zx—xlogv YT T2 2 —logv xdx_Z—logv v
dv v-=2v+vlogv 2—logv dx 1+ (1-logv) 7 dx
= X — = = —_—
“dx 2 —logv v(]ogv—l) x v(logv —1) YT %
[ 1 I]d ~dx
- v(logv—1) v YT

Integrating both sides, we get.:

1 1 1
dv — dv = d — 1 = ] logC ...(2
fv(logv—l) v fv - fx = v(]ogv—l) = gy = ingw T oy (2)

Lot logle -1 =t =5 = flogn — 1) = = LI
— . :} —_— — = o — S o = =
et log(v—1) ~(logr —1) =—— i ”
Therefore, equation (2) becomes
dt
i logv =logx +logC = logt —log G) = log(Cx)
: y .
log(=)—1
= log [Iog( ) = 1‘ log (y) = log(Cx) = log (33:]) = log(Cx)
., X
y ) _
[Iog( )—1] Cx :blog(;)—l—Cy

ThlS is the required solution of the given differential equation.

Question 10:
Show that the given differential equation is homogeneous and solve each of them.

- & X
(1+ey)dx+el’(1——)dy:0

Y
Answer 10:
X X
The given differential equation: (1 + 95) dx + ey (1 - E) dy =0
X
£ X
x < x o _dy_ ~2(15)
= (1 +e}’) dx = —e¥ (1—-) dy d = ..(1)
Y * (1 + 95)
X
-S43
Let F(x,y) = 7
(1 + e?f)
Ax ¥
—ey (1 — AE) —eV (1 — %)
Now F(Ax, 1y) = 4 = 1°F(x, )

x\ X
(1 + eﬂy) (1 + e}’)

Theretore, the given ditferential equation is a homogeneous equation.

To solve it, we make the substitution as: x = vy

d dy dv
@(x)—@(vy) ﬁa—iﬂ'}’@

. d
Substitute the value of x and —

dx




dv —eV(1-v) dv —eV+ve’ dv —-e’+veV —v—veV

TV ay T Tarery T Ydy T 1ter D TV 1+e
dv v—e”] [v-e”]d dy
=yV—= = = — —
ydy 14 e 1+ev]"” y
Integrating both sides, we get:
C X X1 € X
log(v-l—e”)=—10gy+log(?=log(;) — ;+el’]=; =>x+yey=C

This is the required solution of the given differential equation,

Question 11:
For the differential equation, find the particular solution satisfying the given condition:
(x+y)dy+ (x—y)dx=0;y=1whenx =1

Answer 11.
The given differential equation: (x + y)dy + (x — y)dx =0
= (x+y)dy =—(x —y)dx :bd—y: —x =) a5 CL)
ax xX+y
—(x—y)
Let F(x,y) =
et F(x,y) =—— ”
_—Ax-Ay) —-x-y) _,
Now F(Ax,Ay) % Ay v AF(X,Y)

Therefore, the given differential equation is a homogeneous equation.
To solve it, we make the substitutionas: y = vx

d d dy dv
- — = — = — = =
dx 2 dx(vx) dx dv+xdx
Substituting the values of y and é in equation (1), we get:
dv —(x —vx) dv v-1
v+x—= SV+Xx—=
dx X+ vx dx v+1
dv v-—1 v—1—-v(w+1) dv v—1—-v*—-v —(1+7v?)
= X -V = = —
dx v+1 v+1 dx v+1 v+1
:>(u+1)d - dx " v " 1 o — dx
1+02 07 "% 1102 1+v2Y T T %

Integrating both sides, we get:

1
Elog(l +vé)+tan v =—logx + k

= log(1 + v*) + 2tan™'v = — 2log x + 2k = log[(1 + v*).x%] + 2tan"'v = 2k

= log [(1 + ﬁz).le + 2tan~1Z = 2k

X

= log(x? + y2) + 2tan™= = 2k seld,)

X

Now,y=1atx=1.

T T
log2 + 2tan™'1 = 2k :>10g2+2><1=2k :';E+10g2=2k
Substituting the value of 2k in equation (2), we get:

2 2 — X _E
log(x“ + y*) + 2tan (x)—2+10g2

This is the required solution of the given differential equation.




Question 12:

For the differential equation, find the particular solution satisfying the given condition:
xédy + (xy+y9)dx=0; y=1whenx =1
Answer 12:

The given differential equation: x*dy + (xy + y*)dx =

dy —(xy+y?)

> xédy=—-(xy+y9dx = e = ": .. (1)
_ 2
Let F(x,y) = (ij;;l- Y7
(A () + (4)?]  —(xy +y?)

Now F(Ax, 1y) = = A%F(x, y)

(Ax)? X+
Therefore, the given differential equation is a homogeneous equation.

To solve it, we make the substitutionas: y = vx

d() d( ) dy 4 dv
) — —_— ) — A—
dxy dx v dx ¥ xdx

Substitute the value of y and %

dv [x.vx + (vx)? dv
v-l—x—=[ ( )]=—v—v2 S x—=-v*-2v=—-v(v+2)
dx % dx
. dv.  dx :>1 (v—Z)—v'd - dx :>1[1 1 ]d - dx
v(v+2)  x 2| v(v+2) YT 2lv v+ 2l X

[ntegrating both sides, we get:

1 1
E[Iogv—lt}g(v—l- 2)] = —logx + logC =3 [logv —log(v + 2)] = —logx + logC

= ( - ) log— - (C)z £ O Y __ ¢ .
e = g = = | — = = — = —
2 e\y+2) " 8% v+2 \x %+2x % y +2x (2)
Nm.ﬂuf,y:1at;1f:1.Therﬁ-ﬁ:;rrsa-L:C2 i
142 3
Substituting C 2 = %, we have
x*y 1
== S y+2x =3x"
y+2x 3 7 Y

This is the required solution of the given differential equation.

Question 13:
For the differential equation, find the particular solution satistying the given condition:

m
[xsinz(g)—y]dx+xdy = 0; y=Z whenx =1
Answer 13:
The given difterential equation: [xsinz @) - y] dx +xdy =0




b l””" ( ) 3"

- 2 = (1)
Let F(x,y) = _i -I—_yy)
Axsin? 1/13’ 1 2 (Y _
Now F(Ax,Ay) = [ - (,1xx ) 3’] = [xsmz JEX) y] = A%F (x, y)

Therefore, the given differential equation is a homogeneous equation.
To solve this differential equation, we make the substitution as: y = vx

d ) d - dy N dv
o = — = — = N
dx T dx dx = dx
Substituting the value of y and d—i in equation (1), we get:
dv — [xsin®v — vx] dv . 5
SVv+x—= > V+x—=—[sin‘v—v]| =v—sin‘v
dx X dx
dv - dv dx dx
= X——=—Sinv D ——===—— = cosec’vdy = — —
dx sin“v X X

Integrating both sides, we get:

—cotv = —log|lx| —C =cotv=loglx|] +C = cot G) =loglx|+C = cot g) = log|Cx|
T

T
Now, y =7 atx =1 ﬁcot(z)zloglﬂ S 1=legl = L= =g

Substituting C = e in equation (2), we get: cot (%) = log|ex|

This is the required solution of the given differential equation.

Question 14:
For the differential equation, find the particular solution satisfying the given condition:
Z) =(0;y=0whenx =1

dy y
T g + cosec (x

Answer 14
The given differential equation: & _Y 4 cosec (y) —0 =% _Y_ tpsec (Z)

dx X X dx X >
Let F(x,y) = % — cosec G)

Now F(Ax,Ay) = — — cosec (':ly ) = 2 _ cosec (I) LFix,v)

AX X
Therefore, the gwen differential equation is a homogeneous equation.
To solve it, we make the substitution as: y = vx

— () = () Y vt
=} —_ _- — =) — — M
= dx BT
Substltutlng the values of y and 2 1n equation (1), we get:
dv dv dx | dx
V+X— =V —CoSecv = = — = —sinvdv =—
dx cosecv X X
Integrating both sides, we get: cosv = logx +log C = log|Cx| .. (2)

This is the required solution of the given differential equation. Now,y=0atx =1.
cos(0) =logC =>1=logC =>C=el=e¢

Substituting C = e in equation (2), we get: cos( ) = log|ex]|

This is the required solution of the given differential equation.




Question 15:
For the differential equation, find the particular solution satisfying the given condition:
dy

2xy + y° —2xza= 0;y =2whenx =1

Answer 15:

The given differential equation: 2xy + y* — 2x? % = (
dy dy 2xy+y*
= 2xt—=2 2 == =1l
tax Y Ty dx 2x“ (D
2xy + y*°

Let F =

et F(x,y) 523

200x)(Ay) + (Ay)*  2xy + y?

Now F (Ax, Ay) = Ux)dy) +(Ay)” _2xy +y = A°F(x,y)

2(Ax)? - 2x?
Therefore, the given differential equation is a homogeneous equation.

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

d () d () dy & dv
= = — e — —
dx Y T dx dx v dx
Substituting the value of y and g in equation (1), we get:

dv  2x(vx) + (vx)?
V+X— =

dx 2%°
:>1:=*+:1::ﬂ}-—zv-l-v2
dx 2
:>U+x@=v+v—2 @idv:d—x
dx 2 v X

Integrating both sides, we get:

1?_2+1

e |

= log|x| + C

= log|x| + C

= log|x| + C

RIL N ST

2X
= —721{]3'1’1 + L (2)

Now,y=2atx=1.Wehave -1=1og(0)+C =C=-1
Substituting C = -1 in equation (2), we get:

2X X
-—=]og|x| —1 = — =1 -log|x]

This is the required solution of the given differential equation.




Question16:

A homogeneous differential equation of the form ? = H (i
y
(A)y = vx (B)v = yx (C) x = vy (D)x = v

Answer 16;

) can be solved by making the substitution

——

dx Fr[ ]
For solving homogeneous equation of form 4 Y J, we need to make substitution as X =wy

Thus, the correct option is C.

Questionl7:

Which of the following is a homogeneous differential equation?

(A) (4x + 6y +5)dy — By +2x+4)dx =0 (B) (xy)dx — (x* + y3)dy = 0

(C) (x® + 2y¥)dx + 2xy dy = 0 (D) y%dx + (x* —xy —y%) dy = 0
Answer 17:

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 (4).
Consider the equation given in alternative (D):

yidx+ (x* —xy—y?)dy=0

d i
o 4
dx (x?—xy—1y?)
2
-y
Let F(x,y) =
Y=

—(Ay)*
(Ay)* = (Ax)(Ay) — (Ax)?

Now F(Ax,Ay) =

Azyz
=D
A2(y? + xy — x?)

2
Y
AD
- (y2 + xy — xz)

= A°F(x,y)
Hence, the differential equation given in alternative (D) is a homogenous equation.




Mathematics

(Chapter - 9) (Differential Equations) (Exercise 9.5)

(Class - XII)
Question 1:
For the given differential equation, find the general solution:
dy
—+ 2y =i
5, T2y =sinx
Answer 1:

The given differential equation: %+ 2y = sin x

This is in the form of j—i—l—py = Q(where p = 2and Q = sinx)
Now ILF = elpPdx = oJ2dx — p2x

The solution of the given differential equation is given by the relation,
y(I.LF)=[(QXL.F.)dx+C

Sryeet = jsinx.ezx dx+C ..(1)

Let] = fsinx.ezx

d EZI sz
= [ = sinxfezxdx-f(E(sinx).fezxdx)dx = [ = sinx. > f(cosx.T) dx

j[_ezxsinx 1T J‘ - J(d J‘ - )d
== > _cosx et dx - (cosx). | e““dx |dx
; e““sinx 1] g~ J‘ _ e r ]
= | = —_—— — — | —
> ; -cosx : (—sinx) 7 X
I e**sinx e**cosx 1 i i 62‘“(2 | ) 11
—3 f = — —— — : T — — — —
> 2 4f(sm:nc.@ )dx 2 Sinx — cos x 7
5 EZI E,E.I
= 1[ = T(Z sinx —cosx) =1 = ?(2 sinx — cos x)
Therefore, equation (1) becomes:
2X
yezsz(Zsinx—cosx)+C :>y:§(251nx—cosx)+Ce‘2x
This is the required general solution of the given differential equation.
Question 2:
For the given differential equation, find the general solution:
il + 3y =¢e72%
dx
Answer 2:

The given differential equation: % + py = Q (where p = 2 and Q = e~*%)

Now I.F ye?* =elpdx = pf3dx = p3x
The solution of the given differential equation is given by the relation,

y(I.F)=f(Q><].F)dx+C =>ye3x=f (e™#* x e3*) 4+ (C
= ye?'“’=f e*+C

=5y =@ =X o Cg
This 1s the required general solution of the given differential equation.




Question 3:
For the given differential equation, find the general solution:

dy vy
dx+x_x

Answer 3:

The given differential equation: z—i+py = (J(where p =i and Q = x*4)

The solution of the given differential equation is given by the relation,

y(I.F) = f(QxI.F)dHc

r x4
= y(x) =f(x2.x)dx+C S>yx= | (xdx+C =>xy=E+C
J

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

Question 4:

For the given differential equation, find the general solution:
dy T
a+ (secx)y = tanx (0 =X <§)

Answer 4:

The given differential equation: i—i+ py = ( (wherep = secx and Q = tan x)

Now /. F.= efp dx — e_fsecxdx - elng(secxﬂanx}
The general solution of the given differential equation is given by the relation,

y(I.F) = j(Q X[.F)dx +C

= y(secx +tanx) = ftanx(secx-l—tanx) dx + C
= y(secx +tanx) = fsecxtanxdx +ftan2xdx+C

= y(secx +tanx) = secx + j(seczx —1)dx +C = y(secx +tanx) =secx +tanx + C

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

Question 5:
For the given differential equation, find the general solution:

dy T
2 - s
COS x—x+y-tanx (Oi:rc:z)

Answer 5:

. . . : d d
The given differential equation: cos? xd—i- +y=tanx = -ti—i- + y sec

2y = tanx sec? x

. g . q
The given equation is in the form d—i—-+ py = Q (where p = sec? x and Q = tan x sec? x)
Now [.F.= el Pdx — efseczxdx _ ptanx

The general solution of the given differential equation is given by the relation,

y(I.F) =f(Q><].F) dx + C =>yet3“=ftanxsec2xeta”dx+c

Lettanx =t = secixdx = dt




Therefore, the solution of differential become

yet=ftetdt-|-c

= yet = t.e® — f etdt+C [Using Integration by part]

> yet =tef+ef+C

— yetanx — tanxletanx . etanx 'I‘ C

=>y=tanx+ 1+ Ce” ¥

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

Question 6:
For the given differential equation, find the general solution:

d
xd—i+ 2y = x*log x

Answer 6:

d
The given differential equation: é +%y = xlogx

This equation is in the form of a linear differential equation as:

dy+ = h —2 dO =xl
p py = Q (W erep—xan 0 =xlogx)

= 2
Now LF = elpdx = pl39x — ploga® — 42
The general solution of the given differential equation is given by the relation,

y(I.F) = f(Q XI[.F)dx+C

= y(x*) = f(xlogx.xz) dx + C =S x*y = ](:ﬁf3 logx)dx + C
p 3 d
=D Xy = logxfx adx — f (E(Iogx).jﬁdx) dx + C

x* 1. %= x*logx 1
:>ny ZIng.E—f(;.E)dI € =>Izy= 43 4[1’36{3{ +C

x*logx 1 x*
4 4 4
This is the required general solution of the given differential equation.

x* s
- € $x2y=E(4logx—1)+C :>y=E(4logx—1)+Cx‘2

=5 X%y =

Question 7:
For the given differential equation, find the general solution:
dy Z
xlogx—+4+ y=-logx
8 Ix ¥y - 5
Answer 7:

The given differential equation: xlogxi—i+y = %logx

dy y 2
= oa = —
dx xlogx x*
This equation is the form of a linear differential equation as:
dy

1 2
aﬂuy— Q (wherep e and -x_z)




1
Now I.F = eJpax = oltogz®™ — logllogn) - log x

The general solution of the given differential equation is given by the relation,

y(I.F) :J.(QXI.F) dx + C zylogx:f(leogx)dx+6 . (1)
Now, f( logx)dx— 2f(0gx —)dx

= Z[Ing. : dx—f[ (logx)[ dx] dx

x2

gz (-2) - [ (-] =25+ [

Substituting the value of f( logx) dx in equation (1), we get

=2

loex 1
=2l 5

X X

2
] = —;(1+long

2
ylogx = —;(1+logx)+C

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

Question 8:
For the given differential equation, find the general solution:
(14 x%)dy + 2xydx =cotxdx (x #0)
Answer 8:

The given differential equation: (1 + x%)dy + 2xy dx = cotx dx
dy 2XYy cotx

~ dx +1+x2 1 + x4

This equation is a linear differential equation of the form:

dy 2X cotx
dx+py Q(where pzl andQ:1+x2)

Now LB = plPdr = plnag® — glugltsn®] — 4 442

The general solution of the given differential equation is given by the relation,

y(f.F)=f(Qx1.F)dx+c

+:x-

cot x
:>y(1+xz):f[1+x2x(1+x2)]dx+(f :>y(1+x2):Jcotxdx+C

= y(1+ el — log |sinx|+ C

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

Question 9:
For the given diftferential equation, find the general solution:
d
dz+y x+xycotx=0 (x=#0)
Answer 9:

The given differential equation: x—+y x+ xycotx =0

—_— 14+ xcotx X +(1+ (]tx) = 1
= = — =
! y( C ) C y




This equation is a linear differential equation of the form:

dy+ = (h —1+ t d —1)
Ay py = Q |wnere p—-x cotx and Q =

Now [.F = efpdx - ef(%ﬂntx) dx _ plogxtlog(sinx) — ,log(xsinx) — 5 cin x
The general solution of the given differential equation is given by the relation,

y(L.F) =f(Q><1.F)dx+c

= y(xsinx) = f(l X xsinx)dx + C = y(xsinx) = fxsinx gx #+ G

d
= y(xsin x) =xfsinxdx—f{E(x)fsinxdx}dx C

= y(xsin x) = x(—cosx) — f 1.(—cosx)dx + C = y(xsinx) = —xcosx +sinx+C

—XCOSX SInXx L
=Y = : + - -+ —
xXsinx XxSsinx xsinx
1 C
Sy=—Ccotx +—+—;
X Xxsinx

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

Question 10:
For the given differential equation, find the general solution:
_ dy
+y)—=1
(x+y)—
Answer 10:

The given differential equation: (x +y)%i— =1

" dy 1 =}dx " dx
_— —_— = —— =
dx x+vy dy Ty dy =7

This is a linear differential equation of the form:
Now I.LF = /Py =¢f-dy = g
The general solution of the given differential equation is given by the relation,

x(I.F) :J.(Q XI.F)dy+C

= xe Y = f(y.e'y) dy+C
d
= xe Y =yfe'ydy—f{5(y)fe_ydy}dy+6

= xe Y =y(e™) - J(—E'y)dy ool

Sixe V=i—ye™F eV o0

=>x=-y—1+Ce”

=>x+y+1=Ce

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




Question 11:
For the given differential equation, find the general solution:
ydx + (x — y?)dy =0
Answer 11.:
The given differential equation: ydx + (x —y%)dy = 0
dy y°—x X dy x

d: 2 d —— — il
= ydx = (y° — x)dy = . yy =>dxyy

This is a linear differential equation of the form:

o - (wh = ond ~y)
7, TPy =@ |where p=2 o Q=y

7 = plogy =y

1

Now [LF= elPdy = ef?i

The general solution of the given differential equation is given by the relation,

x(1.F) =I(Q X1.F)dy+C
=Faig=— f(y.y)dy-l—C

= Xy = J(yz)dy—l- C
3

=:fxy=y?-l-C
S
:>x=y—+—
3 x

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

Question 12:
For the given differential equation, find the general solution:

Nl
x+3y)——=y (¥ >0)
Answer 12:
The given differential equation: (x + ByZ)j—i =y

dy y dx x+3y* x . dx x
— ™ — = —
dx (x+3y*%) dy y y dy y

This is a linear differential equation of the form:

<A = (wh - 40 = 3y)
7, TPy =0 (where p= e Q =3y

1 1
Now |.F = Ej-pdy = E,'_f;dy — elﬂg}f — elug(;) = &
y

The general solution of the given differential equation is given by the relation,

x(I. F) :f[Q X I.F)dy + C

3y

1 1 ¥
:x(;)zf(3y><;)dy+c =>;=3y—I—C L =34 E
This is the required general solution of the given differential equation.




Question 13:

For the differential equation, find a particular solution satisfying the given condition:
dy T

s ylanx = sinx Y wnen x 2

Answer 13:

The given differential equation: j—i + 2y tanx = sin x

This is a linear equation of the form: j—i+py = ( (wherep = 2tanx and Q = sinx)
Now [ F = efPdy — pf2tanxdy — ,2loglsecx| — plog(sec®s) — cpr2y
The general solution of the given differential equation is given by the relation,

y(L.F) =f(Qx1.F)dx+c

5§ FEEE )= f(sinx.seczx) dx +C = ysec’x = f(secx.tan x)dx + C

= ysec‘x = secx +C .. (1)

Now, y=0atx = g Therefore,
T T

Oxseczgzsec§+(] S0 =24 =L==2

Substituting C = -2 in equation (1), we get:
ysec’x =secx—2 = y=cosx—2Ssec’x
Hence, the required solution of the given differential equation is y = cosx — 2 sec*x.

Question 14:

For the differential equation, find a particular solution satisfying the given condition:
1

1+xw

N
(1+x)a+2xy: y=0when x =1

Answer 14:
1

14x2

The given differential equation: (1 +x2)j—i + 2xy =
d

:"_y+ 2XYy _ 1
dx 14+x¢ (14 x%)4

This is a linear differential equation of the form:

dy

2X 1
ax TPV =0 (where P =1t i § _(1+x2)2)

The general solution of the given differential equation is given by the relation,
yil.BE= f(Q XI1.F)dx + C

1 ' 1
=>y(1-|—x2)=J. (1+x2)2.(1+x2) dx + C =>y(1+x2)=f(1+x2)dx+c

>y(1+x%)=tan”'1+C  ..(1)

Now,y =0 atx = 1. Therefore,

T
O=tan" 11+ C =>C=—Z

I8

Substituting C = Ein equation (1), we get: y(1 + x%) = tan™'1 — -

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




Question 15:

For the differential equation, find a particular solution satisfying the given condition:

dy | s
——3ycotx =sin2%; y=2 whenx=§

dx
Answer 15:
The given differential equation: % — 3y cotx = sin 2x
This is a linear differential equation of the form:
d
é—l—py = Q (wherep = —3cotx and Q = sin 2x)
1
Now LF = efpa‘y - e—3fc0tx dy — e—Slﬂglsinxl — glﬂg(singx) - 1
| sin3x
The general solution of the given differential equation is given by the relation,
y(I.F) = I(Q XI.F)dx+C
. —f in 2 : ]d C A t dx + C
Yoomg = | [SIN2R o] B = y.coSsec’x = J(co x.cosec x) dx
= iy =2 +C =3y= - 4 )
y.cosec’x = 2cosec X e T

y = —2sin‘x + Csin®*x  ..(1)
Now,y =2atx =g

Therefore, weget: 2=-24+(C =(C=4
Substituting C = 4 in equation (1), we get:

y = —2sin’x + 4sin’x =y = 4sin’x — 2sin“x
This is the required particular solution of the given differential equation.

Question 16:

Find the equation of a curve passing through the origin given that the slope of the tangent

to the curve at any point (x, y) is equal to the sum of the coordinates of the point.
Answer 16:

Let F (x, y) be the curve passing through the origin.

At point (x, y), the slope of the curve will be %‘
ay

According to the given information: Fadal o

This is a linear differential equation of the form:

d
d—y+py=Q(where p=—1andQ = x)
X

NowlF= /P8y = gl(-Ddx = p—x
The general solution of the given differential equation is given by the relation,

w{l.F) = J(Qx!.F)dx+C




=y ¥ = Jxe‘xdx+ C
Now, [xe*dx=x[e™™ dx—f{;—x (x) [e™ dx} dx

= —xe X — f —e Y dx

Substituting in equation (1), we get: ye™* = —-e™*(x+ 1)+ C

sy==kx+1D+C" =>x+y+1=0" ..(1)

The curve passes through the origin.

Therefore, equation (1) becomes: 0+ 0 +1=Ce? =C=1

Substituting C = 1 in equation (1), we get: x + y+ 1 =¢"

Hence, the required equation of curve passing through the originisx+y+1=e¢e”*.

—xe* 4+ (—e™*) =—e*(x+1)

Question 17;
Find the equation of a curve passing through the point (0, 2) given that the sum of the
coordinates of any point on the curve exceeds the magnitude of the slope of the tangent

to the curve at that point by 5.
Answer 17:
Let F (x, y) be the curve and let (x, y) be a point on the curve.

The slope of the tangent to the curve at (x, y) is i—i.

. : : . d d
According to the given information: é+5 =X+ :d—i—y =X—5

This is a linear differential equation of the form:

d
d—i-|-py=Q(whereP =-landQ = x—5)

NowlF= el P = oJ(=Ddx — o-x

The general equation of the curve is given by the relation,

y(l.F) =f(Q><I.F)d:r+C

sy Ty f (x-5)e*dx+C ..(1)
Nowj(x— 5e™ dx = (x — S)fe'xdx—f {%(x— 5).[ e™* dx}dx

=(x—=5)(e™) — f(—e"x)dx =b5-x)e*+(e™*) =4—x)e™

Therefore, equation (1) becomes: ye™* =(4 —x)e ™™ +C

>y=@A-x)+Ce* =x+y—4=_Ce sl L)

The curve passes through point (0, 2). Therefore, equation (2) becomes:
0+2-4=Ce’ — 3 L = L= = 2

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

x+y—4=-2¢" =>y=4—x—2"

This is the required equation of the curve.




Question 18:
The Integrating Factor of the differential equation X —=

(A) e7* (B) e” (C) ; (D) x
Answer 18:

dy —y = 2Xx* is

The given differential equation is: xj—i—y =Zx* =3 ‘z £= 2%

This is a linear differential equation of the form:
i (where p = - pd ) =3 )
I py = Q (where p = jlL_::m(.i] X

Nowl.F= e/Pd¥

= ef (—%)dx

_ E,—Iﬂgx

log(x™ ")
== x_l = l

Hence, the correct answer is (C).

Question 19:
The lntegratmg Factor of the differential equation (1 yz)—+ yx =ay (-1< y <1) is

()57 g ©) 152 0) 7=

Answer 19:

{I—y );—I+}T—-m

dx VX ay
= —+ =

dy 1—-y* 1-y°

dx

i + px =0,
(whcrc p, = 2 — and @, = . 1)
L2 5 Ll
| ] |
S Vo g =
I.F :Efﬁ:lm _EII ‘I e Iuj:{] l— L i R l

Thus, the correct option 1s D.




Mathematics

(Chapter - 9) (Differential Equations) (Miscellaneous Exercise)
(Class - XII)

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

defined]

3 2 3
(i d ' (j:] —6y=logx (ii) (g) —4(3—1) + 7y = sinx (iii) E - sin (i;) = ()
Answer 1:

2 2
(i) The differential equation is given as: Y | 5x (d—y) — 6y = logx

dx? dx

dty dy) _

e >+ 5x (dx 6y —logx =0 2

. d
The highest order derivative present in the differential equation is a;‘
2

Thus, its order is two. The highest power raised to %15 one.

Hence, its degree is one.

i v : : : : ady 3 ay 2 :

(ii) The differential equation is given as: (H) —4(5) + 7y = sinx
dy)3 (dy)z ;

:; P — Rl —_ —

(dx 4 ] 7y —sinx =0 d
The highest order derivative present in the differential equation is d—i
Thus, its order is one.

The highest power raised to = - 2 is three. Hence, its degree is three.
S . 1 ) . . d*y ds d’y
(iii) The differential equation is given as: — -sin|— ) =0
dx dx .
The highest order derivative present in the differential equation is sz.

Thus, its order is four.
However, the given differential equation is not a polynomial equation. Hence, its degree
s not defined.

Question 2:
For each of the exercises given below, verify that the given function (implicit or explicit)
is a solution of the corresponding differential equation.

(i) xy=ae' +be"+x :xjj;IZZi xy+x¢—-2=0
(ii) y = e*(acosx +bsinx) : 22 —22 4 2y =0

(iii) y = x sin 3x :3; 9y —6cos3x =0

(iv) x% = 2y°logy : (= +y2)j—i—xy:0

Answer 2:




xy=ae' +be* +x° d }'+2dy xy+x°-2=0

(i) YA dx
xy=ae +be”* +x° -y

Differentiating both sides with respect to X, we get:

d d / d ; »
£+vl-a£( )+bé( )+£( )
dy

== X—+y=ae +be +2x
dx

Again, differentiating both sides with respect to ¥, we get:

= d }’ v Y =qe’ +be™ +2
:}xd_{:+2@=ﬂ£”+he'r+2 (2)
ax” ax
d ' & Zd} —xy+x°-2=0
Now, we have dx dx
2
LHS = tﬂ+2ﬂ—xy+t 2
dx’ cx
=ae” +bhe™ +2- (ar:r+hf:'x +f)+f -2 [using (1) and (2)]
=me* + e 4 2—aef —be t—x" 42" —D
=4
= RHS

Thus, the given function 1s a solution of the corresponding differential equation.




(ii) y=e*(acosx + bsinx) = ae* cosx + be” sinx
Differentiating both sides with respect to x, we get:
dy d

dx—a—(e cosx)+bdx(e sin x)

ﬁz—i—a(e cosx —e*sinx) + b.(e*sinx — e*cosx)

L

d;r =(a+b)e*cosx+ (b—a)e*sinx
Again, differentiating both sides with respect to x, we get:

dz—y=(a-l-b)i(excusx)-I-(b—a)i(exsinx)

2y dx? dx dx
:>m—ex[acnsx—asinx+bcosx—bsinx+bsinx+bc05x—asinx—acosx]
= zz |2e*(bcosx — asin x)]
Now, on substituting the values of ? and —x in the L.H.S. of the given diftferential
equation, we get: 2 ]

%—I— Zd—z+2y

= 2e*(bcosx —asinx) —2e*[(a+b) cosx + (b —a)sinx] + 2e*(acosx + b sinx)

= e*[(2bcosx — 2asinx) — (2acosx + 2b cos x) — (2bsinx — 2asinx) + (2a cos x + 2b sin x)]
=e*|(2b — 2a — 2b + 2a) cos x| + e*|(—2a — 2b + 2a + 2b) sinx| = 0

L.H.S.= R.H.S.

Hence, the given function is a solution of the corresponding differential equation.

(iii) y = xsin3x
Differentiating both sides with respect to x, we get:

dy d
— (xsin3x) = sin 3x + x.cos 3x. 3
dx ~ dx
dy
ﬁa—51n3x+3x cos 3x
Again, differentiating both sides with respect to x, we get:
dzyd 3%) + 3= (x.cos 3 LY _ 605 3x - 9xsin3
il il i —
o (sm X) e (x. coi X) e cos 3x — 9x sin 3x
Substltutmg the value of dxz in the L.H.S. of the given differential equation, we get:
d?y

Tz T 9y — 6 cos 3x




= (6.cos3x —9xsin3x) +9xsin3x —6cos3x =0
L.H.S.= R.H.S.

Hence, the given function is a solution of the corresponding differential equation.

(iv) x* = 2y?logy
Differentiating both sides with respect to x, we get:

d
2x = 2. —(y2 log )

22 =25 lopy. 2 4 2.2 2 dy21 J .. S

—_— ; . = —_ —
g V8V i y* y dx * dx( ylogy +) dx ~y(1+2logy)
Substituting the value of j—i in the L.H.S. of the given differential equation, we get:

ay
2 g o
) (2" +y%) — x
= v2(1+ 21 :
y(1+ 2logy) ry yi( 08y) y(1+ 2logy)

= (2y°logy + y?). xy 2xy—xy=0

L.H.S.= R.H.S.
Hence, the given function is a solution of the corresponding differential equation.

Question 3:
Prove thatx?—y¢ =c(x*+y?)* is the general solution of differential equation, (x° —
3xy%)dx = (y° — 3x“y)dy, where ¢ is parameter.
Answer 3:
Given equation: (x® —3xy?)dx = (y* — 3x%y)dy

dy x> —3xy?
= ——=— > el
dx y°=3x“y
This is a homogeneous equation.
To simplify it, we need to make the substitution as: y = vx

d d dy dv
dx(y) =a(vx) =>d—x- v+xa
Substituting the values of y and & E‘ we have
dv x> —3x(vx)* dv 1-—3v° dv 1-—3v°
L?-I-I]:E_(li'x)i"’—BJCZ(I:»'JL') :v+xa_v3—3v :xa B —30
dv 1-3v%—v(v? - 3v) dv 1-—v* v3 — 3v dx
T v3 —3v X T 7R3 :(1—17‘*){11? x

Integrating both sides, we get:
V3 — 3v
f dv=Ilogx +logC" ..(2)
v3 =30
Now, f( )dv—f“ﬁdv 3f1v4
3

v —31:-' 1% v
:,f( )dv = [, — 31, wherel; = dvand [, = av  ..(3)

1—vt 1 — vt

L dt dt
— (1 - =— —4p3 = — vidy = ——
( V') dv - T dv Y 4




Now, I = [ 2= Llogt = —~log(1—v*) and I, =J vdv =f vdv
&t 4 4 1 —p4 1 — (v2)2
let v*=p
=>%(v2)=% =>2u=§—i S pdy = 2P
N =lj dp 1 IDg1+zt:’| Lo L7
2)1—-p%2 2x2 "l1—-pl 4 °|1—v?

Substituting the values of I, and I, in equation (3), we get:

f 3 — 30 o ll (1— v 3] 1 44
1—pt |V T TN TV T T

Therefore, equation (2) becomes:

1 o & [L4vt r
Elog(l—v )—Elog — =logx + logC
y2\'
1+ 12\’ (1+ v?)* (1"'3,;_2) 1
_ _ a4 = I = r.\—4 2
~ 410g (1 v)(l—vz) ogl'x "1 -2 (t) ” y2\*  C*x*
(1-5)
2 | 12)% 1
. (x° +y°) S (2 —y2)2 = C'*(x2 +y2)* = (k2 — y2) = (' (x2 + y2)?

" (x? — y2)? R
= x2 — y2 = C(x% + y2)?,where C = C'*
Hence, the given result is proved.

Question 4:
Find the general solution of the differential equation z—if—l-\J :ﬁ =0
Answer 4:
. . . . dy ly=
The given differential equation: s }1—3:2 0
d 1-—y% d —dx
N .

Integrating both sides, we get: sin"ly=—-sin"'x+C =sin"ly+sinlx =C.

Question 5:

, . . . dy kel
Show that the general solution of the differential equation g

=0 is given by
(x+y+1)=A(1-x-y-2xy), where A is parameter.

Answer 5:
d ‘+y+1
The given differential equation: = 4 y2+y+ = ()
dx  x“+x+1
dy _(yz + vy +1) dy —@X dy dx

dx x2+x+1 yi+y+1) x*2+x+1 *+y+1) x*+x+1




Integrating both sides, we get:

dy dx
e o e
*+y+1) x*+x+1
1 1
dy dx 2 = y+-2- -1 x+-2-
=>f ZIJ =0 =-—tan + tan =C
1\* (V3 1\ (V3 V3 V3 V3
(v+5) +(5 (x+5) - - -
Y72 2 2) "\ 72 - & - 2
[ 2y+1+2x+1 ]
2y +1 2x +11  V3C V3C
= tan~1 4 ]-I—tan"l =— =:>tan‘1, V3 V3 -
V3 V3 2 1_(2y+1).(21~c+1) 2
| V3 V3
2x + 2y + 2 1
V3C  2V3(x+y+1) ] V3¢
itan_l @ _— :}tan_l ( y ) —
. (4xy+2x3+2y-l-1) 2 3—4xy—2x—-2y-1 2

.~

= tan~!

V3(x +y + 1) _ﬁc
2(1—x—y—2xy) T2

= \/§(x ty+ = tan (@) = B where B = tan (E)

2(1—x—y—2xy) 2 2
:>x+y+1=A§(1—xy—2xy)

V3
:>Jc+y+1:A(l—:If—y—23{3}),whﬁ??'ezil:E

V3

Hence, the given result is proved.

Question 6:
T

Find the equation of the curve passing through the point (0,;) whose differential equation

is sinx cos ydx + cosxsinydy =0
Answer 6:
The differential equation of the given curve: sinxcos ydx + cosxsiny dy = 0

. sinxcos ydx +cosxsinydy

0 =tanxdx+tanydy =0
COS X COS Y

Integrating both sides, we get: log(secx) + log(secy) = logC
= log(secx.secy) =logC =secx.secy=C ..(1)

The curve passes through point (O,E)
5 1Xv2=C ieC=+2

On substituting € = V2, we have

1
secx.secy = V2 = secX. =42 = COSYy =

COS Y v2

sec X

Nk

SEC X

Hence, the required equation of the curve is cosy =




Question 7:
Find the particular solution of the differential equation
(1+e*)dy+ (1+y?)e*dx =0, giventhaty = 1whenx = 0.
Answer 7:
The given differential equation: (1 + e**)dy + (1 + y?)e*dx =0
dy e*dx
= + =0
14y 1+e4¥
Integrating both sides, we get:

tan~1 +J X _ oo
an_'y Trgm - C -
Lt e*= tsoe* =t
:>d("'f) - = - fd% =t
—(e*) = — ¢ =— Spe*dx=
dx dx dx
Substituting these values in equation (1), we get:
dt
tan~ty + =L
oy + | T
>tanly+tanit=C Stanly+tan~i(e¥)=C
Now,y =1at x =0, therefore
>tan "1+ tan™'1=C :>E+E—C :C—E
4 4 2

4
2
This is the required particular solution of the given differential equation.

Substituting C = g in equation, we get: tan™'y + tan™*(e*) =

Question 8:
Solve the differential equation yerdx = (xe; + yz) dy (y = 0).
Answer 8:

The given differential equation: yevdx = (xe'?—l—yz)dy

~ X X

ﬂyeyazxey+y2

[y dx .

Xr dx A"
_ 2 _
= eV y.d—y—x =y > eY y? =1 .. (1)
Let e =z Differentiating it with respect to y, we get:
dx
d 1 X\ dz 2 y'@_ dz
dy(e ) dy ‘ ' dy (2)
From equation (1) and equation (2), we get: ;—dj= 1
= dz =dy

Integrating both sides, we get: z=y +C

X

= e = y+C
This is the required solution of the given differential equation.




Question 9:
Find a particular solution of the differential equation (x —y)(dx + dy) = dx — dy, given that
y =-1, when x = 0. (Hint: putx-y = t)

_Answer 9:
The given differential equation: (x — y)(dx — dy) = dx — dy
dy 1-—(x-y)

- 1)dy = (1 — d —_—= . (1
=G -y+Ddy=>1-x+y)dx =-7 ——7 (1)
Let (x—y) =t

d( )_dt 1 dy dt 1 dt  dy
:de y_dx N dx dx > dx dx
Substituting the value of x —y and j—i in equation (1), we get:
y gt 1=t =>dt—1 (1—t) :>dt_(1-l-t)—(1—t)
dx 1+t dx i dx 1+t
dt 2t 1+¢ 1
s ﬁ(—)dt:de :>(1+—)df=2d;\f
dx 1+t t t

Integrating both sides, we get:

t + log|t| =2x+ C

>@x=y)+loglx=y|l=x+y+C ..(2)

Now,y=-1atx=0.

Therefore, equation (2) becomes: logl=0-1+C =C=1

Substituting C = 1 in equation (2) we get: loglx —y|=x+y+1

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

Question 10:

_2@
Solve the differential equation E\E j}] g =1 (x #0).
Answer 10:
ven di - on: €% _ v ]ax _
The given differential equation: [ = \/E] o 1
dx e~2V* dx AL
- — - = L

dy  Vx Yx dy Vx  Vx
This equation is a linear differential equation of the form
dx 1 A

> —+4+ Py = (0,whereP =— and 0 =
iy =0 N ¢ =

1
Now,L.F = el Pdx = o T = g2 VR

Therefore, the solutions is given by: y(I.F) = [(Q X .F)dx + C

1

= ye? V¥ = f—

] Vi
= yeV¥ = 2\/x + C

This is the required solution of the given differential equation.

dx + C




Question 11:

. . . . . . d .
Find a particular solution of the differential equation d—i’ + y cotx = 4 x cosec x (x # 0), given
T

that y = 0 when X =z,

Answer 11:

. . : . d
The given differential equation: d—i’ + y cotx = 4 x cosec x

This equation is a linear differential equation of the form

d
d_i: + Py = Q, where P = cotx and Q = 4x cosec x

Now, I.F ZEdex iy efmtxdx — eloglsinx| — ¢ip 5
The general solution of the given differential equation is given by,

y(I.F) = I(Q X I.F)dx + C

xZ

= ysinx = J-(ﬁ}x cosec x.sinx)dx+C = ysinx = 4.7+ C =ysinx=2x*+C ..(1)
Now,y=0atx = g, therefore the equation (1) becomes:
2 T2
0=2X—+4+C =2C=—
4 2
T e

Substituting € = —— we get ysinx = 2x* -

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

Question 12:
Find a particular solution of the differential equation (x + 1) Z—i = 2e™> —1, given thaty =

0 when x = 0.
Answer 12:

The given differential equation: (x + 1)3_1 =2e 7V -1

dy dx e’dy dx f e’dy loglx + 1[ +log C "
= — = — = —
2e7Y =1 x+1 2—eY x+ 1 2 —eY &l o6 (1)
Let 2—¢eY =t
. d(2 y)_dt . y_dt T
dy "~ "7 T dy T ST
Substituting this value in equation (1), we get:
—dt
—t—=10g|x+1l g = —log|t| = log|C(x + 1)| = —log|2 — e”| = log|C(x + 1)]
1
T o, AT =ttty W
Now,y =0 at x = 0, therefore the equation (2) becomes:
1
2—1=E =5 (=1
Substituting C = 1 in equation (2), we get:
> oY = 1 BoF .5 1 Zx+2-1 . y_Z:Ja:+1:> 1 2x +1 f 2 1}
X+l e T U] PFEY

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




Question 13:

vdx—xdy =0 i

Y
(A) xy =C (B) ¥=Cy* (C) y=Cx (D) y = Cx*

Answer 13:

The general solution of the differential equation

ydx—xdy
y

0

The given differential equation:

dx—xd 1 1
el y=0 =>—dx ——dy =0
Xy X y
Integrating both sides, we get:
X X 1
—| =logh =2 —-=k 2y=-x = y:Cx,whereC:E

= | —1 —logk =1
og|x| —logly| = log 0g v p

Hence, the correct answer is (C).

Question 14:

The general solution of a differential equation of the type Z—i+ Pix= () is

(A) yel P19y = f(Qlefpldy)dy+ C (B) ye/Prx = [(Q,e Pé%)dx + C

(C) xe.[ Pidy — I(Qlefpldy)dy_i_ C [D) er*PIdx x J'(Qlefpldr)dx 4+
Answer 14:

The integrating factor of the given differential equation % + Pix= Q,1is el Pray

The general solution of the differential equation is given by,
x(I.F.) = f(Q XI[.F.)dy+C = xel P8y = I(Qlefpidy)dy +C

Hence, the correct answer is (C).

Question 15:
The general solution of the differential equation e*dy + (ye* + 2x)dx =0 is
(A) xe¥ +x* =C (B) xe? +y % =C
(C) ye* +x*=C (D)ye' +x*=C
Answer 15:
The given differential equation: e*dy + (ye* + 2x)dx =0
:>ex—y+yex+2x=0 —bdy}y=—2xe'x
dx dx
This is a linear differential equation of the form
j—i+ Py =Q, whereP =1 and Q = —2xe™*

Now, [.F zef Pdx = gJdx — px

The general solution of the given differential equation is given by,
y(I.F) = I(Q X1.F)dx+ C
=3y o= f(—er‘x.e*"")dx +C Svye*=—x*+C sye*+xi=C

Hence, the correct answer is (C).




