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Exercise 9.3

1. Find the solution of iﬂa-—n
Solution: dx

Given differential equation,

ﬂ =V-X ﬂ = E

dx dxy 27

On separating the variables, we have
{ Ix

A

2 2
Now, integrating both the sides, we get
_[2"?{!51 = J.E"" dx
B G

- +c =2¥==2"+clog 2
g2  Tog2 £ =S 2%+ clog

=2%+ 2V =¢log2
22 =k [where c log 2 = k]

Thus, the solution of the differential equation 18 2% 2¥=k

2. Find the differential equation of all non-vertical lines in a plane.
Solution:

We know that, the equation of all non-vertical lines arey =mx + ¢
On differentiating w.r.t. X, we get

dy/dx =m

Again, on differentiating w.r.t. x, we have

d?y/dx? =0

Thus, the required equation is d?y/dx? = 0.

3. Given that ﬁzg—fﬁ andy =0 when x = 5.
dx

Find the value of x wheny = 3.
Solution:

Given equation.

dy _ oy

e -

dx

it} .

_:]fy =dy = ¢V.dy=dx
e - -

Integrating both sides, we get

i 1
jl’l“‘{'«" = _[d.'c = Ecz” =X+
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Puty=0and x=5

0 _& 1 9
= = =R = ===
-3 : 2 2
= 1 5, 9
So,The equation becomes i
Now putting i =3, we get )
l{_h: 1.._2 framza '||=itr{'+2
2 2 l 2 2
Thus, the required value of x = 3 (e® +9).
: : _ Iy 1
4. Solve the differential equation (x*—1) i 2y = "7
Solution: dx Ll

(Given different equation,

5 dy
xr=1)—=+2xy=
( )d:r Y T
On dividing by (x? - 1), we have
dy % 2xy 1

dc x*-1 (x* -1)*

Clearly, it is a linear differential equation of first order and first degree.

Now. p=—2%_ .nd Q= L

24w ek <}

2x
_frax ,J T leE=1 2
Integrating factor LE = ff =e¢ " = B oy -1).

Hence, the solution of the equation is

i+ 1 x=1
s =1)==log |—|+ C.
w( ) 2 5 <+1
] } ] ayv
5. Solve the differential equation —_ 24y =y
Solution: dx ’

Given differential equation,
dy/dx + 2xy =y

{ 1 i
ooy = Eoy-2v) = Log-20)d
dx - dx Y

Integrating both sides, we have

&

7 = J{] =2x)dx = log y = x - 2.1?_ +log ¢

log y=x~-x*+log c=logy - log c=x - x*
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..|.|f tr-1:

/ 2
log==x-x"=3==¢
C ¢

Ly=y=c.e’
Thus, the required solutionis y=c.e* ¥,

6. Find the general solution of 41’4_,9}.-:3”‘1

Solution: dx

Given equation, dy/dx + ay = e™

Solving for linear differential equation of first order, we have
P=aand Q =e™

So,L.F = L’J LD ::I T T

Solution of equation is y x LF = IQ LFdx+¢

I,a',t““ - jlf"".i"!';[f.\"f C = y . IIIqr-. s jl?qm-u-.a'lrdl, +

E."i Nl t‘l'm Lapa

s A iy

+r = y=- B L L
(m+a) T (m+a)

s

ay

= +r.e
Y (nr+a)

LUk
X

Thus, the required solution is y= FE5e"

(m+a)

x+y

7. Solve the differential equation iﬂ:e
Solution: dx

Given differential equation, dy/dx + 1 = e**¥
Substituting x + y =t and differentiating w.r.t. x, we have

o
dx  dx
d_l =¢ = d—‘:d.\' = ¢ 'dt =dx
dx ¢!

Integrating both sides, we have
Ie "t = jdx = —e '=x+c
‘ = .
W N=yre=m —=x+c=a(x+c)e ¥=-1
¢

Thus, the required solutionis (x +¢).e* Y +1=0

8. Solve: ydx — xdy = x2ydx.
Solution:
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Given equation, ydx — xdy = x?ydx

y dx — x?y dx = xdy
y (1 —x?) dx = xdy

— ‘1
[l = Jn‘.‘r=r~f'E = [l— J‘]:f1'=d—y
x l X y

Integrating both sides we get

j(l —.'L')li’.l' = E*I-{
x y

2
log x slers logy+loge

Fa

2 2

X 2 . 2
log:c—iﬂ:lug e =» !ug:t'—logr:::l—- =3 Iog-L:f—-
: 2 : 2 “ye 2
e 2 ia IC - 13 Iy
=—=¢""" = L:c YIS =3 ye=xe ¥is
e x
I iy —yf 1
ny=—.xe 7 = y=kee™? [ A‘=—]
¢ ¢

Thus, the required solution is y = kve™ /2

9. Solve the differential equation dy/dx = 1 + x + y? + xy?, wheny = 0, x = 0.
Solution:

Given equation, dy/dx = 1 + X + y? + xy?

dy 5

—= =11+ 1+x

v (1+x)+y"“(1+x)

8y :{]4—.1:)[]4-_1,:3) = d_!,r.. =(1+ x)dx
[tAY 1+y°

On mtegeratimg both side, we get

'[ dy’ :J.(l“f'\:ld_\ =k tﬂn_l [f:_*c+£+l:
T+y ! 5

Put x=0and y=0, we get tan"(0) =0+ 0+c=c=0

-1 .1'3 .'1.':"|
Sblan y=x4+4— =y=tan|x+—
- 2 . l‘}

-

2
. i X
Thus, the required solution is y = tan [.1' 5 ?]

10. Find the general solution of (x + 2y3) dy/dx =y.
Solution:
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Given equation, (X + 2y%) -

dy __ v dy _x+2y°
dy 4 2};‘1 dy W

dy  x 21;"" dz X

L O L — = 21‘(
dy vy i r." y oy

1 2
Here P= —E and Q= 2y,

50,
I.";!l.f .l' I' Hy log log L
Integrating factor LF, = ¢!~ =¢ ¥ =¢ BY¥ =¢ ¥
So the solution of the equation is
¥.IL.F. = JQ.I.F.dyH
I » 1
x.— = |2y .—dy+c
: [2y S
v v’ T
- th‘;+n=#—-2—+a=a—-'; +c
v J ] 2 Yy
X '1’L|f Y+ ¢)

Thus, tlu: required solution is x =y (f° +¢)

2+sinx | dy
1+y dx

11. If y(x) is a solution of =—Cosx

Solution:

Given equation,
(2+sin .TJ dy

— =-—COSX
1+ y

dx

2+sinx\dy dy
( CoSs X Jd\ —A+y = (1+ )_

Integrating both sides, \w get

Cas x

s cos Xy

m _“J'Z+sm1.

log 11+ yl =

log 1+ yl+logl2+sinxl =logc

-[2+sinx

and y (0) = 1, then find the value of y(n/2).

] dx

—log |2 +sinx|+logc

log(1+y)(2+sinx) =loge = (1+y)(2+sinx)=c¢

Putx=0and y= 1, we get
(1+1)(2+sin0)=¢ = 4=¢
So,equationis (1 +y) (2 +sinx)=4

F[
Now put x = 3
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1+ [2+-‘ E):«l
(L4 )| 2+ sin 5

(I+y)(2+1) =4 = 1+y=

T 1
5% 5'[5]=§

i £ s T
Thus, the required solution is H[EJ =

dy
12. If y(t) is a solution of (1 + ¢) E —tv=1 andy(0)=-1, then show thaty (1) = -1/2.

Solution:

Given equation,

dy dy t 1
f S 8-y - i, || — [ —
A }dl =l = it [1+f]y 1+!

Here, P = ——and Q 1
T+t 1+1¢
Now .-t -jIH'Id:

B ; Fi J—iﬂ
Integrating factor LF. =l W T V!

=t.’_ J[l' #}'” _ L.'["'“E“"")]

. t_-:-»!ng{i-l {) =¢='r.r'“3“+”

S LE =0 (140
The required solution of the mven different equation is,

y.LF.=[Q.LF.dt+c
1
.o (14t = [——.e".(1+dl +c¢
v+t j[m) e (1+1)
y.r"’{l+r]=_[=:“' dt +¢
= y.c'(l+)=—¢"+c
Putingt=0 and y =-1 [+ y(0)=-1]
1. 1=-¢" +¢
=l1==14+¢ =¢=0
So the equation becomes
et (1+1)=—¢"
Now put t =1
.t (141)=-"
1
y==l=y= ==
Y v >

Thus, y(1)= —-;- is verified.
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13. Form the differential equation having y = (sin-'x)? + A cos'x + B, where A and B are arbitrary

constants, as its general solution.
Solution:

Given equation is y = (sin”'x)* + A cos v + B
tilj

=2sin ]T %“I’f!. -7']_‘
d.'t' 'I_ e . ]_ e

On multiplying both sides by /1- 2, we get

‘)i
1-=x i4I'i*-2=;m |

Again differentiating w.r.t x, we get

“,fzu r{; Ix{(-2x) 2
e = =
L

On multiplying both sides by 41— x*, we pet

. .rilu rit_‘r
e R N,
{ ) n':c2 :h

Thus, the above 1s the required differential equation.

14. Form the differential equation of all circles which pass through origin and whose centres lie on
y-axis.
Solution:

The equation of circles which pass through the origin and whose centre lies on the y-axis is given by,
(x —0)? + (y - a)® = a, where (0, a) is the centre

X2 +y? +a?—2ay = a?

x2+y?—2ay=0......... (i) Y
Differentiating both sides w.r.t. X, we get

2v+2y. L—?ﬂ “r” =
dx .rh'

dy dy iy
x4ip—=—=-g,— = X -n).— =0
R dx dx = EHy dx
4
dy /
Sy
n= V =+ o
dy /
ﬂ'".

Putting the value of a in eq. (i), we get

https://byjus.com
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.1‘1+_|;1—2[_r;+'—t]_:; =0

dy ,
v
5 - 2x . 21
= :‘..—+"IEH2‘HL-—T-|}£ - ﬂ = .X'z—y'—= Tl;f
dx dx

2,
(x* - |,r*}:-‘-{ -2xy =0
* Tdx )
Thus, the required differential equation is

s s dy
Py L -2xy =0
=) =2y =

15. Find the equation of a curve passing through origin and satisfying the differential equation
_ 5. dy 5
(14+x")—+2xy=4x"

dx
Solution:

Given equation,

5t
(1+2x%) &, 2xy =4x°
Hx :

dy 2x 4x°

S 7-¥= 3

dx  14x 1+x°
2x 4x

1= i =
Here, | = and Q P

2

¥
=

ix
. pte _ JTe®  jopiies
Integrating factor LF. = Py _ T peie) _ g 4 42

So, the solution s
y*LE= IQ x LF.dx +¢

y(1+x%)= I]i—xz X(1+x)dx+¢

y(l+x)= _[4.\':rix +c

s _ 4 :
= y(1+1%)= q-’-'"‘ +c (i)

Since the curve is passing through origin i.e., (0, 0)
Putting y =0 and x =0 in eq. (i)

D('I+U)=§(0)3+r = ¢=0

Now, 3
Equation is y(1+x?) =£,\:‘1 = y= L
3 T 31+x7)
. WA 4x*
Thus, the required solution is ¥ = m
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v
16. Solve:  x?— =x? +xy + %
Solution: dx

Given equation,

2 iy 2 2
==X+ Xy+ 1
idx =

dy X xy+ Y
:':; —_— —‘J’
dx T
Now, taking y = vx [As it 1s a homogeneous
dy Jo  differential equation]
dx dx
SO’ ] 2 B9
dv X5+ oxt +utx
Pt X.—= -
dx x*
do  x*(1+v+p®)
PHEN—F —_—
dx :
o dv
VHx.— = 140+0° = Y. —=1+p+0° -0
ix dx
dv 3 dv dx
= y.—= 1+ = - =
dx T4+ 0° h
Integrating both sides, we get
J' do dx
1+22 ‘I x

)
= tan'v= logx+c¢ = tan '[i] =logx+c¢
X

!
Thus, the required solution is tan™ (i) =loglxl +¢
x

. v
17. Find the general solution of the differential equation (1 +3%) + (x - é?““‘“)g

Solution:

Given differential equation,

3 -4 dlf
1+y)+(x—-" )<L =90
(I+y ) +(x—e¢ ) I i
. gtany i{:r{.___ 2 d_l{=ﬂ1
(x— )‘h_ (1+y9) = 7 " ooy
dy  x—e™ Y dx x ety
— = '_,}' :> — = — = + -
dy  =(1+y7) dy — (1+y") 1+y
. Jan 'ty
=5 ax o [First order linear

dy (1+y%)  1+y°

https://byjus.com
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1 Jan Tty 2 =t

Here, P= P and Q= W

Sl_—|-| IPII I%“"y =]
Integrating factor LF. = ™ = 144 = = plan7y
And, the sohrtion 1s

x.lLE= jQ.I.F.dyH

: L,I.m"_:,f |
= x .0 ¥= _[—ﬂ.-f"m Ydy +c
1+ y”

-1
Put e™ ¥ =t , we have

-
Jan

e .;dumﬂ
1+y 7

x. ety o jr Jdt+¢

voowty o L
2

=1 1 -t 1 ! c
ooty o Loy o pn 2ty S
2 2 L’““ [
1 2c
2_1— = fh\ﬂ L & I
plan”y

— Dy . L,l.m']_u = [t.t.'m_i_u]E +2¢
Thus, the above is the required solution of the given differential equation.

18. Find the general solution of y2dx + (x> — xy + y?) dy = 0.
Solution:

Given equation, y?dx + (x> —=xy +y?) dy =0
yrdx = — (- xy + v dy
v .1'2 —xy+ _:;2

e 2
ay v
Since it is a homogeneous differential equation

: dx do
Putting x=oy = —=v+y.—
. ’ dy “dy
So, v+Y. dv _ [Py - +y?
:!"l,l' H:
5. a
Ii'+_!f.d—t-—y (u —Ir-q..]].
dy yz

{ . d
i’+3f-51£ = (-t"+t=-1) =>y.d—tlm-z.*1+p-1-1:—
Yy Y
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1.'1f£=—?..‘2—] = fv =—ﬂ
dy (*+1) ¥
Integrating both sides, we get
J do 4y =tan'o=-logy+¢
(@*+1) y

X
= lan I(I_I] +log =

afx
Thus, the required solution is tan ](T] +logy=c.
L

19. Solve : (x +y) (dx —dy) = dx + dy. [Hint: Substitute x + y = z after separating dx and dy]
Solution:

Given differential equation, (x +y) (dx — dy) = dx + dy
(x+y)dx—(x-y)dy =dx + dy

-(x+y)dy—dy =dx—(x +y)dx
-(x+y+1)dy=-(x+y-1)dx

dy x+y-1

dx x+y+l1

Putting x +y =z, we have

=

dy _ dz
SCI! I+E‘:¥ - .:fI
dy _ dz _
dy  dx
iz 1 z—1
N{EIW, E— :+.1
iz z-1 dz z-=-1+z+1
— I +1 = e —
dx z+1 dx z+1
4 z z+1
d—" i =L = 2 =2 dx
dx  z+1 z

Integrating both sides, we get
[= Ltz = 2fdx

J.(l +-}T]1fz = 2_[‘“

z+log lzl = 2v+log lel
x+y+log lx+yl= 2v+log lcl

y+log lx+yl= x+log Icl
log lx+yl=x-y+log lcl
log lx +yl =log lcl = (x-y)

https://byjus.com
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X X+
= ]ug c‘f =gy

+1
J] = {_1; -
Xty= ¢c.e'”
Thus, the required solutionisx+y=c.¢" ¥

20. Solve : 2 (y + 3) — xy dy/dx = 0, given that y(1) = -2.
Solution:

Given differential equation, 2 (y + 3) —xy dy/dx =0

{fu
3 -
2(y+3)—xy.— I 0

cit’

(UJI dy i =>] 2 n'=E
2 +6 % _;+3 x

Integrating both qideq we get

_JU;S'J x

f

—_[1 flj'——_[— = |=—

_,r+3 3 dx
2~[ )

= -Z-y-%lngly-l-3l=l0gx+c‘

Putting x =1 and y = -2, we have
= —;—(-2]-—-3-!-:}g1-—2+3I =log (1) +¢

—1—%!0;;{]} =log (1)+¢
-1-0=0+c¢ [ log (1) =0]

Now, the eqaution is
%y—% logly+3!l =logx-1
y=-3log ly+3l=2logx-2
y—log I{y+ 3 = log ¥
log |(y+3]3| + |ug,1;2= y+2
log |32 (y + 3} = y+2 = ¥ (i +3)=¢¥*2
Thus, the required solution is x* (y + 3)*=¢/ "2,

Chapter 9: Differential Equations

21. Solve the differential equation dy = cos x (2 —y cosec x) dx given that y = 2 when x = z/2.
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Solution:

Given differential equation, dy = cos x (2 —y cosec X) dx
diy ]

ay
d—‘ = Cos X (2—-1 cosecy) = rf_ =2C0SX =1 COS X, COSEC X
X x

T 1

Y . 2cosx—ycoolxy = B 4 yootr=2cosx
dx : dr

Here, P=cot x and Q=2 cos x.

S0,

Agq!Plesrating factor LF. = o P4 = pleotvdx _ Jogsin

=sinx
h{:quirud solution is y = LF = JQ ®LF.dx+¢
iy.s5inx = JZ cos x.sinxdx +¢
3 ; 1
¥y.sinx= Jsm 2xdy+ec = y.sinx=-—-—cos2x+¢
14
Putx= 3 and y =2, we get
2sin = = ——COST+¢
2 2
2(1)= »——1-[~+1)+f =&2=i+c = ¢=2—i=§
2 2 s 2 2
B 1 2
Thus, the equation is i sin v = —— cos 2x + 5

22. Form the differential equation by eliminating A and B in Ax? + By? = 1.

Solution:

Given, Ax? + By?=1
Differentiating w.r.t. X, we get

i
24 . x+28y L =0

tax
{
Ax+53;.ﬁ=n = Bu.f—'{z =-Ax
fHx “ Hx
y dy_ A
i X dx B

Differentiating both sides again w.r.t, x, we have

dy
2 Xi—=—=y.1
y i_uiz[_m_] 2

. = ()

xdy? dx g L

2 2 2
&ﬁ_if'“_[fﬂj = d_y =0

Xoodxt dy/ 7 dx

Py (dy Y dy TR F T
1y1h—2+1(-&—1-] -—_J,r.r—f; =0 = xpy +x(y) -py =0
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Thus, the required equation is
Xy +x(yy —py =0

23. Solve the differential equation (1 + y?) tan~tx dx + 2y (1 + x?) dy = 0.
Solution:

Given differential equation, (1 +y?) tanxdx +2y (1 +x?) dy=0
2y (1 + x3) dy = -(1 + y?) tan"Ix dx

2p (1 + %) iy = -1+ _1_;1) Ctan 'y L dx
2 an” ¥
! =y =-— tan :‘ cdx
T+y° ° 1+x

Integrating both sides, we get
2 tan ' x
J=Lody = [ F dx
1+y= ° 1+x°

-

| 2
—;{tan'l .‘I.'} +

]

10g|1+},‘3[

= %{lan“ o) +log|t +-"'1| &

Thus, the above equation is the required solution.

24. Find the differential equation of system of concentric circles with centre (1, 2).
Solution:

The family of concentric circles with centre (1, 2) and radius ‘r’ is given by
(X-1)*+(y-272=r?
Differentiating both sides w.r.t, x we get
(]
2r-N+2Ay-22L =0 = E-1+tp-2%2L =0
x ; dx

Thus, the above is the required equation.
Long Answer (L.A.)

i
25. Solve : _*L’+r—{.‘1{1‘:| =x (sinx + logx)
Solution: dx

Given differential equation,

y-pj—f-{;ry} = x (sin x + log x)
x

d
y+.—c.r‘:+y = x (sinx +logyx)

t—ﬂ*‘i =v(sinx+1 . "]
¥ = x(sinx+logx)-2y

https://byjus.com
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D . (5in:c+!ogx)—-2£ =34 E-E+Er; =(sin x + log x)

dx x dey  x°

Here, P= % and Q= (sin x + log x)

2
. Pt - ix ot
Integrating factor LF. = af e u‘ix = o VBT — pOBF _ 42

Now, the solution is
yxLE = [QLE.dy+c
= y.x'= [(sinx+logx) x'dx+c )
Letl < I(sin x+logx) x¥dx
= _[xlz sinx dx + j.x;lz Iolgx dx
= xz.jsin xdx - J[D{Iz} . Jsin % rf.r) :f:r] +
:log X. J':cI dx - I(D{ log x). szn‘,r) :Lx‘]

3 3
- X 1. 3 ]
=l x°(~ =2 |=xcosxdx |+|logx.—= |—.—d
E (=cosx) _[ XCOSX 1] og X . x

" 3
= _—:r2 cosx + 2(:-: 5in X — II .sinx dx )] + 1? log x — % J':-.-E:ﬁ:}

3

g X 1
=-x%cosx +2xsinx +2cos x + S log ¥~ ;.1:3

Now from eq (1) we get,
3

, X 1
y.x*= —x?cosx +2xv sinx +2 cos x +?iog .1:-;3:3 +c

2sinx  2cosy  xlogx 1 2
Y= -=cosx+ +— v e IR

x x* 3 9

Thus, the required solution is
2sinx  2cosx xlogx 1 -
§==cosx+ +—s—t ~=XHE, X
x x 3 9

26. Find the general solution of (1 + tan y) (dx — dy) + 2xdy = 0.
Solution:

Given, (1 +tany) (dx —dy) + 2xdy =0
(1+tany) dx— (1 +tany) dy +2xdy =0
(1+tany)dx—=(1+tany -2x) dy=0

dyr 1+tany-2x
(1+ tany}? =(l+tany-2x) = L srany -
i

Ay 1+tany
dx 2x dx 2x
= — — =
dy 1+tany dy l+tany
Here, P= and Q=1
1+tany
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Integrating factor L.F.

2 Lt
1 ~l1r|_.l._r'l"'I 0¥+ COs Y w
— X — "
= =¢ ’
ST U FC0S Wi W s Y R U =i
m———— Is — iy
= Isin v % oos w) a S b OO

1‘\15#—\;1‘!‘!
—_—
_eJI-"r}" L’jr'lﬂl.l-o{u_hu ¥

— cu‘t‘!n.;lhin!.rrcms] - E’u-{Sin _1_.“+CDS u]
Now, the solution 1s v = LF. = JQX LF.dy+c¢
= x.¢'(siny+cosy)= II oY (sin y + cos y)dy + ¢

x.o/(siny+cosy)=e’.siny+c
[+ [ 1@+ e dy =e* flx) +c |

x(sin y+cosy)=siny+c¢.e”
Thus, the required solution is x(sin y +cos y)=siny +c.e”,

27. Solve: dy/dx = cos(x +y) +sin (X +Y). [Hint: Substitute x +y = z]
Solution:

Putting x + y =v and on differentiating w.rt. x, we get

dy v
14— =—
dr  dx
do
L
fdx dx
dv .
— =1 =cosv+sinv
dax
o ;
— =gosp+siny+1
So, dx
duv
= dx

cosv+siny + 1
Integrating both sides, we have

Lfi*

= |1.d
Jmm.-+sinz*+‘l I o
dv

1—tan? . 2 tan v
2 2

=J'1..fx

+1

1+tan’S  1+tan’ S
an” 3 an” 3

(1 +tan® E]
2 . do = Il.:fx

2T i) 71
I-tan®—+2tan —+ 1 +tan” —
2 2
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sec? 2
j-—g——-du = jl .dx
o
2+ 2tan =

2

Now, putting o Shans = {
P co 1 o, .l SO

Differentiating, z_Esec -2-;-.';; =dl = sec zdv =dt

j‘.fli.-.J'de
log [t =x+¢

log

n
2+2tan| =x+cC
+ ﬂnz X
2+2‘an[ﬂJ =x+c= log2|1+tan f—.t—s.'.,. =y+c
> g 2 = v+e

log2+log [1 + tan[HTyn =X+c

log

= log[l-i-tan( ;H]] =x+c-log2

Thus, the required solution is

log[l+tan[%]]=x+ﬁ [c-log2=K]

28. Find the general solution of dy/dx — 3y = sin 2x.
Solution:

Given equation, dy/dx — 3y = sin 2x
It’s a first order linear differential equation
Here P = -3 and Q = sin 2x
So,

Integrating factor LF. = ¢
And, the solution 1s

yxLF = [Q.LF.dx+c

-3 & -
= . = jsrnlr.e My +c

_lF'd.r _ EI—M.‘: ke t’_lT

Nowlet, | = Isin‘Zx.c'.?I dx

L = sin2r. [e™dx —j(D (sin2x). _[c"""‘“:fx] dx

-3x

-3
¥ ¢

I =gin2y.E dx

- J'Zr:oslr.

|_'3x
| =

w 2 =1
i 2 e A
sin2x 3Icos; X dx
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(,—3.1:

L 2r 3
[ = sin2x +—| cos2x. | ¢ dx —-
= 3l I‘

[IDcos2x. [edx] d.r]

=3x ¢ =3x

2
in2x+—~ X
_35m ¥+ 7| cos2x —

=3x
P
2s5in2x., 1x
s 3 ]t

L3 2 4
=2 3 sin2x — g s Dy, o 5 J.sin 2x. ¢ dy

3
=2 3 511'121’—%9'3" cosz.t—il
, ,=3y
I+ gf =Y _sin2x —% e™¥ cos2x
% = —% [3 e sin2x +2¢7% cosEx]

1= ._Tlg e [3 sin2x +2 cus.Z.T]

Hence, the equation becomes

|-1't

y.e = —11—31:"“ [3sin2x +2 cos2x]+¢

TR —%[3 sin2x +2 cos2x| +¢. ¢

Thus, the required solution is

3sin2x +2cos2x 1
y=- 5 +c.e

29. Find the equation of a curve passing through (2, 1) if the slope of the tangent to the curve at

any point (X, y) is (x? + y?)/ 2xy.
Solution:

Given that the slope of tangent to a curve at (x, y) is (X* + y?)/ 2xy.
It’s a homogeneous differential function

. i i dy ” do
O u = 'J-".. — =7 _'l‘ ., —
2 p g y ¢ ﬂ‘-l' L d_‘-
dv 2 40hy?
e i
dx 2y, vx
fdv 14 IJ2
p4+y. — =

dx 2v
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1@ _ 1+v3_u ﬁ_t.ﬂziﬂrz—ﬁll
dx 2v dx 2v
IE _ 1-u° - 21}1'h':_"
dx 2v l—=p* T

Integrating both sides, we get

J']:E;E dv = J'r% =-log I1- v*l =logx+log ¢

2 :
—log 1—-”'—2 = logx+loge = —log|- =logx+logc
! x’ log Ixel = N
0 = xe I 3 =
g’ _1'2 - -]-,l': g = __y..
As.  the curve is passing through the point (2, 1)
(2° : 2
R, i S TSy 1 —_— S
27 —(1) Zc = 3 =€ = =3
Thus, the required equation is
¥ 2 5 &
— . S = 2{."."'_ - ff_} =3x
-yt 3

30. Find the equation of the curve through the point (1, 0) if the slope of the tangent to the curve at

any point (x, y) is (y - 1)/ (x> + x)
Solution:

Given that the slope of the tangent to the curve at (x, y) is
dy  y-1 - dy dx

dr X +x y=1 24y
Integrating both sides, we have

dy ¢ dx
IH -1 ‘[1'2 +x

f - .
J' = J X : [making perfect square]
y-1 T
X +r+ i =

4
dy dx
el

)
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https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

NCERT Exemplar Solutions Class 12 Mathematics
[§)BYJU'S i

The Leatuing AP Chapter 9: Differential Equations
log ly-11 = log X L iloge
5 8 x+1 &
log ly—11 = | T
o111 - k(25
1= — 1) (x+1)=cx
y=l= g =y-Le+r)=x

As, the line is passing through the point (1, 0), then (0-1) (1 +1)=c(1)=>c=2
Thus, the required solution is (y - 1) (x + 1) = 2x.

31. Find the equation of a curve passing through origin if the slope of the tangent to the curve at
any point (x, y) is equal to the square of the difference of the abscissa and ordinate of the point.
Solution:

We know that,

The slope of the tangent of the curve = dy/dx

And the difference between the abscissa and ordinate = X —y
So, as given in the question we have

dy/dx = (x - y)?

Taking, X -y =V
_dy _do
dx  dx
Ly 1 — dv
) oy dx
So,the equation becomes
v _ , )
L =7 => 'd_Ii =]-p = dv., =dx
dx dx 1-v°
[ntegrating both sides, we get
dv
— = | dX
1- 22 J
1 1+w 1 1+x—-y
—lo =x+c = —log = =x+c ..l
2 gl—a: ? E’1-,1'-#1[,' . W)
As, the curve is passing through (0, 0)
1+0-0
then X log =0+c = ¢=0
z 1-0+0
= On putting ¢ =0 in eq. (1) we get
1 1+x-y l+x—y
sy IG'I' ~ =1 = 10 - =2I
5 o I-x+y 1= x4y
lex=y 2
I-x+y

= (1+x-y)=c(1-x+y)
Thus, the required equation is (1 +x —y)=¢™ (1 -x+y)
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32. Find the equation of a curve passing through the point (1, 1). If the tangent drawn at any point
P (X, y) on the curve meets the co-ordinate axes at A and B such that P is the mid-point of AB.
Solution:

Let’s take P(x , y) be any point on the curve and AB be the tangent to the given curve at P.
Also given, P is the mid-point of AB

So, the coordinates of A and B are (2x, 0) and (0, 2y) respectively.
The slope of the tangent AB = (2y - 0)/ (0 — 2x) = -y/x

gt S "\
tix X [l X B

Integrating both sides, we get

i —jd—l = logy=-logx+logc

¥

logy+logx=loge = logyx=logc
Lyx =
As,  the curve passes through (1, 1)
Ixl=¢ . c=
=yx=1

Thus, the required equation is xy =1

. Hy
33. Solve : -Ti?f (logv—logx+ 1)

Solution:

Given that: 1—;- y(log y—log x+1)
dx

2] - &Ll
Td.x Y l:log = g i log S +1

As 1ts a homogeneous different equation.

d d
Put y=vx = "—u=i'+\. i
dx dx
I?+I.E‘E{ = E|'|l:‘r,':;,[E)+lj|
dx x x
dv
v+x.— =v|[logv+1]
dx
x.ﬂ =v[logv+1]-v = y. av — =v[logv+1-1]
dx dx
= y. E-U logvr = av =d—l
dx vlogyr «x
Integrating both sides, we get
j dv  pedx
vlogo x
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Now, put log v =t on L.H.S.

—dv = dt
o
ff_f _ I!f.’t‘
! X
logltl = loglx| +log¢
Iog Ilog ol = Ic:-g.rr =3 Iﬂg p=xc
Y
= | (—] =XC
og 2

Thus, the required solution is log [_] =X,
£

Objective Type
Choose the correct answer from the given four options in each of the Exercises from 34 to 75
(M.C.Q)

e

34. The degree of the differential equation [“’: ] +(ﬂ]_ =x sm[;Jis:
(A) 1 (B) 2 (C) 3 (D) not defined dx e ax
Solution:

Correct option is (D) not defined.
Since the value of sin (dy/dx) on expansion will be in increasing power of dy/dx, the degree of the given
differential equation is not defined.

b |

}

35. The degree of the differential equation ’1+[ ”'.1"]'} _dy.

(A) 4 (B) 3/2 (C) not defined (D) 2 =) | ==F

dx”
Solution:

Correct option is (D) 2.
Given differential equation is

I

(2] - ()

Squaring both sides, we have

(@] - (2]

Thus, the degree of the given differential equation is 2.

1
respectively, are

=

B LR 1
36. The order and degree of the differential equation d”) +[d_-‘]“ VBl
dx’ dx

(A) 2 and not defined (B) 2 and 2 (C) 2 and 3 (D) 3and 3
Solution:

Correct option is (A) 2 and not defined.
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Given differential equation is

d*y  (dy\s :
‘-.+[_-] +x3 =0

dx= dx

1
- d* I,- ln‘!_l.r)4 :_I;
dx? dx

NCERT Exemplar Solutions Class 12 Mathematics
Chapter 9: Differential Equations

As the degree of dy/dx is in fraction its undefined and the degree is 2.

37. If y = e (A cos x + B sin x), then y is a solution of

da’ ¥ dy
—_— —’?—+2
(B) dx?

rf v v

+2—=0
dx
d*v _dv
——+2—4+2v=0
© dx” idx ¥
Solution:

Correct option is (C).

Given equation, y = e™* (A cos X + B sin x)
Differentiating on both the sides, w.r.t. x, we get

-r:'i = ¢ (-Asinx+Bcosx) -
ax
dy : ;
? =¢" (-Asinx+Bcosx) -y
dx
Again differentiating w.r.t. v, we get
il;": - e ' (~Acosx-Bsinx)-¢”
dx”
2
" { i
% = = (A CDSJ‘+BSi1‘!.‘:‘]—|:'f—']f+ _:;]—'ii
dx* dx dx
dzy ; dy | dy
dx® 4 dy 7 dx
d*y dy d*y _dy
—ta M 0 — _... + 2L
dx’? Y T Al

(D)

(A cos x +Bsinx)

4B 2y=0

1
(- Aqln1+ch\}~ﬂ

dx

38. The differential equation for y = A cos ax + B sin ax, where A and B are arbitrary constants is

b

=0

(C

=0 (D

Solutlon.

Correct option is (B).

Ty=0

=0
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Given equation is y = A cos ax + B sin ax
Differentiating both sides w.r.t. X, we have

dy
dx

-Asinary.o+Beosayxy,. o
=-Ausincy+Bocosux

Again differentiating w.r.t. x, we get

fd 2];'
dx »

-

d-y

dx”
dy

]

dx”

= Adicosaryr—-Belsinoy
2 = -0’ (Acos ey +Bsinon)

3 i
=-oty =
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