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Chapter 9: Differential Equations

NCERT Exemplar - Class 12 - Maths
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Questions

Question 1
Find the solution of

Solution

Given differential equation,

dy = QY-X y _2

dx dx 2%

On separating the variables, we have
Ix .

ﬂf- = f—t" = 277dy =2""dx

2 2 ‘

Now, integrating both the sides, we get
‘[2*-" dy = ‘[2"" dx
—2¥ i
log 2 lgg 2
-27+2%=clog?2
27X -2¥ =k [where ¢ log 2 = k]
Thus, the solution of the differential equation1s 2*—-2¥ =k

+¢ = =2"=-2"+clog?2

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

Solution

We know that, the equation of all non-vertical lines are y = mx + ¢

ExameElite - examelite.com

Page 1 of 63



ExamElite - Textbook Solutions examelite.com

On differentiating w.r.t. X, we get

dy/dx = m

Again, on differentiating w.r.t. x, we have
d2y/dx2 =0

Thus, the required equation is dzy/dx2 =0.

Question 3
Given that and y = 0 when x = 5.

Find the value of x when y = 3.
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Solution

Given equation,

ay _ -2

dx

) ,

u}_f - =dv = Y. dy=dx

e
Integrating both sides, we get

jez-’fdy = jd:c = %ﬂz-’" =xX+c

Puty=0andx=5

= —¢ =5+(C = r:—-5=_§
: ]- "TIU 9
So,The equation becomes —¢“¥ =x = 5
Now putting y = 3, we get
l 6 o 9 . 1 f 9
—¢ =T X—— = X=—¢ +—
2 2 . 2

Thus, the required value of x = > (e® +9).
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Given equation,

ﬂ = {1-311'

dx

0 ,

u‘f - =dy = e™ . dy = dx
=T !

Integrating both sides, we get

jez-”dy = jd:c = %el-” =x+c

Puty=0and x=5

:>lﬂ”'=5+:: = r:=l—5=--2
2 2 2
1 9

So,The equation becomes 5 eV =x - >
Now putting y = 3, we get

1 6 _ 9 - 1 4] 9
—¢ =FX—— =2 X=—¢ 4+—
2 2 \ 2

Thus, the required value of x = > (e® +9).

(xz—l)@JrZ ) = zl
dx VTl

Question 4

Solve the differential equation
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Solution

Given different equation,

n dy 1
x*=1)—+2xy=—
( )Ty Z 1
On dividing by (x2 - 1), we have
dy N 2xy 1

dx  x2-1 (x*=1)

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

2x 1
2

Now, P = —_—
<=1 (x==1)°

=

pte _ JFTT® lmiot) g
Integrating factor LE = "I 1 =!8 = (% -),

Hence, the solution of the equation is

7 1 -1
x*=1)==1 + C.
Y ) 2 o5 x+1
dy
—+2xy=y
I V=D
Question 5

Solve the differential equation
Solution

Given differential equation,

dy/dx + 2xy =y
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dy
dx
Integrating both sides, we have

2
Jﬂz J(l—Z.r)d.r = logy= .1'—2.%+ log ¢

dy
log y=x—x2+log ¢ = log y - log ¢ = x — 32
lﬂgi_a_l =}L_f=£x-t“

Soy= y=c.e

Thus, the required solutionis y=c.e* ™" .

@_ =y-2xy = ﬂ=y (1-2x) = ﬂ-= (1-2x)dx
dx ) dx Y

Integrating both sides, we have

n't; ¥
J(l 2x)dx=logy=x-2. —+lo;, ¢

dy
log y=x-x*+logc=logy-logc=x-x
logi—a—x =>L—f=e‘"‘:

y——— y:;:_e
Thus, the required solutionis y=c.e*" v

dy

dx

+ay=e™

Question 6

Find the general solution of
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Solution

Given equation, dy/dx + ay = e™
Solving for linear differential equation of first order, we have

P=aand Q=e™

SUD I,F = [’de:.' — Efﬂ.n‘.h{ — Etu’-
Solution of equation is y x LF = JQ LF dx +c

lf.l'. AV J L’””. Eﬂ'; ffl' +C = y . E.n‘ — J' E{r:n-..’r‘.i.t d.T +

Jm+a)x ?[lu barjx
AN o ¢ — c —ix ’—.:H'
o't = ———+C = y=——".0 " + (0
‘ (m+a) (m+a)
» MY
& —ax
Sy = ———+cC.¢
' (m+a)
S
Thus, the required solution is y=ﬁ+ c.e”™
m+a

dy

— +1=""
dx

Question 7

Solve the differential equation

Solution

Given differential equation, dy/dx + 1 = XY

Substituting x + y =t and differentiating w.r.t. X, we have
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]+d—""'r=ﬂ
dx dx
£=E' = ﬂ=a:i1r
dx e'

= ¢ 'dlt =dx

Integrating both sides, we have

'I.L*'tde‘:jdx = —e

W=yt —=

e™?

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

Question 8

Solve: ydx - xdy = x?ydx.
Solution

Given equation, ydx — xdy = x?ydx
y dx — x2y dx = xdy

y (1 —x2) dx = xdy
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[1—x" ]d:r =il“f- = [l— :1')d1'=f-1“£
X y X y

Integrating both sides we get

1 d
j[: —.1'):1’.1' = JI—;”

-

x
log x — rie log v + log ¢

2 2 .2

logz'—ﬁ—zlogys = logx-logczx—- = Iog-i—zf'—

2 2 ye 2
X Ve i) i/
=L = o Lo = yc=xe !

ye X

1 ey ey 1

Ly=—.xe ¥ = y=kxe? vok=—

c ¢

Thus, the required solution is i = feve X2

Question 9

Solve the differential equation dy/dx =1 + x + y2 + xy2, wheny=0,x=0.

Solution

Given equation, dy/dx =1 + x + y2 + xy2
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Y 11+ x)+y2(142)

dx )

ay =(]+J:)(1+y2) =5 dy_, =(1+x)dx
dx 1+ y°

On integerating both side, we get

d 2
_[ Y “j(]+1‘)dx = tan”' y=x+l~—+c
1+y 2

S
Putx=0and y=0, we get tan™(0)=0+0+c=¢c=0

. x? ( sz
Sotan Ty =x+— =y=tan|x+—
2 2

. I x°
Thus, the required solution is y = tan [I + ?)

Question 10

Find the general solution of (x + 2y3) dyldx = y.
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Solution
d
Given equation, (X + 2'! ) n:r{
d v ox+2y°
y__ Yy _dx_x+2y

dx B x + 2_;;3 ﬂ'y N iy
dx _x 23;3 dy X

==+ o T =0y
dy 'y oy &y y 7
1 )
Here P = % and Q =2y~
SD’ d _[ I | l
) ——dy oe 0g — 1
Integrating factor LF. = [,dey =g ¥V =eloBY -, ¥ =-I;
So the solution of the equation is '
x.l. 1": - jQ.l.F.dy+c
— 2° —dJ+C
J' I Y
X f )
— =2|yd e =2t seloyac
; [y dy S=25 L=V

=y> Y =y(y* + <)
Thus, the required solutionis x =y (1;2 +¢)

— — COSX

2+sinx | dy
l+y ) dx

Question 11
If y(x) is a solution of and y (0) = 1, then find the value of y(1t/2).
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Solution

(Given equation,

(2+5m 1}&’.;
—COS X
I+y )dx
2 +sin x dH:—(l+1;) - dy __ cosq.r dx
cosx Jdx ; (1+y) 2 +sinx

Integrating both sides, we get
Cos X

1+:; __-[2+31n1
logll+yl ==logl2+sinx!|+logc
logll+yl+logl2+sinxyl =loge

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

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

T
Now put x = E

(1+y)(2+sing} -4

4 4 1
1+ (2+1) =4 = l+y=— => y=—=1= —
(1+y)(2+1) =3 y=3 i

T ]
50,1(—]=—
N2)73

. . n 1

Thus, the required solution is J;[EJ =-§
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Given equation,

2 +sinx | dy
=—C0S X
I+y )dx
2+sinx \dy ——(l+y) = dy __ cosq.r iy
cosx Jdx ; (1+y) 2 +sinx
Integrating both sides, we E,e
_I Cos X
1+ i 2 + sin 1
logl1+yl ==logl2+sinxl+logc

logll+yl+logl2+sinxl =loge

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

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

e
Now put x = E

(1+y)(2+5ing] -4

4 4 1
1+ 241D =4 = 1+ y=— = y=—=1= —
(1+y)(2+1) =3 y=3 i

T ]
So, I(—)=—
N2)73

. .. i 1

Thus, the required solution is H(E) =§-

dy
(1 + i*) — 1y =
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Question 12
If y(t) is a solution of and y (0) = - 1, then show that y (1) = -1/2.
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Solution

Given equation,

dy dy t 1
1+0Y =1 =Y -
TR T [1+f]-” 1+1

Here, p = —t and Q = 1
1+ 1+t
Now,

2

Integrating factor L.F. =¢

I%dt -I]+t_ldt

[Pt -0

~SLE=et (1+h

The required solution of the given different equation is,
y.LF.= [Q.LF.dt+¢

1

(1+1)

y.e'(1+t)= .'f"' dt + ¢

y.ola+n=| et (1+hdt+c

= y.e'1+t)=-¢"+c
Putingt=0 Ei]ld}f:-l [ H(O):_-I]
-1.¢".1==¢"+¢

-1==1+¢ =¢=0

So the equation becomes
ye' (1+4)==¢"
Now putt=1
y.et(1+1)=-¢"

1
2=-1=y=——
l-‘r l"r 2

Thus, y(1)= —%- is verified.
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Question 13

Form the differential equation having y = (sin"1x)? + A cos™1x + B, where A and B are arbitrary
constants, as its general solution.

Solution

N - . - 2 —
Given equation is iy = (sin"'x)* + A cos™'x + B

dy 1 -1
—I-Eqm by ——+ A | ——

& ) . ks ]
dl ’I —x° 1 —x-

On multiplying both sides by \/1— x* , we get

i
-2 Y —o6in'x- A

dx

Again differentiating w.r.t x, we get

\(—dzlf dy ]x(—2.1')_ 2
dx 2

dx* 241-x*  (l1-x

! d‘ X 2
U J;zh: 1— 12

On multiplying both sides by 41— x° , we get

n‘“u dy
I-x")—%5-x—-2=0
= ¢ )dﬁ dx

Thus, the above is the required differential equation.

Question 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)2 + (y — a)2 = a2, where (0, a) is the centre
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x2 +y? + a2~ 2ay = a2
‘Y
t(0.a)
< Ol X
v X2 +y2—2ay=0..... (i)

Differentiating both sides w.r.t. X, we get
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dy ., dy

2x + 21 —_
ey dx dx =0
dy dy
+y—- =0
* ‘!d'r “ dx = x+y-a).oo
Y
lf = dlf
A’h
-yt

n'_y

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

Xy —-2(u+ ; ]_; 0
/dx

2xy s 5 2XY

2,2 52 2% 22 2Ny
= X" +y -2y ay 0 = x"-y dy

dx dx
(x* = y%) dy -2xy =0
dx
Thus, the required differential equation is

d
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dy dy
2y +2y.—-2a.— =
T 0 Hrh =0
dy  dy dy _
x+y—-a.—=0 = x+
o dx *+y-a). X
Y
lf n= dlf
Vx.
-yt
n'_y
Putting the value of a in eq. (i), we get
X +yl —-2(u+ ; ]J 0
./dx
2x1 2x1
2, .2 52 LYY 22 =YY
= X" +y -2y @ =0 = x -y = dy
dx dx

dy

2_ .2

X =y")=—=2xy =0

(X =y7) oo — 2y

Thus, the required differential equation is

d

Question 15

Find the equation of a curve passing through origin and satisfying the differential equation

(1+ xz)%jt 2xy=4x"
X

Solution

Given equation,
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(1+x%) fl’{+2w = 4x°

.:f_l; 2x _ 4x*
d:u: 1+x° Y 1+ 22
.
Here, P= —— and O = —
ere, I° = 1+ _1_'2 an = 1+ .TE

2%
. Tk j rdx v 2
Integrating factor L.F. = ::II Vot S plog(l+a7)
So, the solution 1s
y % ILF.= |OxLF.dx+c
. 4.1

"1+

y(1+x%)=| X (1+x%)dx + ¢

y(1+x%)= (4x2dx + ¢

= y(1+ )= %.1’3 +C (1)

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

0(1+0)=%(0)3+c‘ = c=0

Now, 4>

C 4 4
Equationis y(1+x*)==x" = y=——
q yl+x7) == V=304
4x°

Thus, the required solutionis ¥y = ———
“ Y 31+ x°)

Question 16
Solve:

ExameElite - examelite.com
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Solution

Given equation,

v? =2 = x? 4 xy + y°
Todx T 4
dy X+ xy+ oyt
= =
dx e
Now, taking y = vx [As it 1s a homogeneous
dy dv differential equation]
—=p+X.—
dx dx
50, 2 2,.2.2
dv X7+ vxT +0%x
vHX.— = >
dx x*
dv (1+v+0%)
P+X . — = ,,
dx x©
dv > dv "
v+Xx.— = 1+0+0° = x.—=1+v+v- -0
dx ax
dv 5 dv dx
= X.— = 1+ = = =
dx 1+o° X
Integrating both sides, we get
J- dv dx
1+0° 7 x
(1
= tan'v=logx+c = tan” [—"] =logx+c¢
X

Thus, the required solution is tan™ (E) =loglx!| +¢
X
dy
(1+1H)+ (x— e )— =0.
dx
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Question 17

Find the general solution of the differential equation

Solution

Given differential equation,
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(1+y3)+(x —u:?l'l'f'**")ﬂ =0
' dx )
NN T N dy —(1+y°)
(J. C ) A ( y ) dx Y= cl.‘u!"y
dv  x—e™V dx Y ety
—_ = 3 = —_— = — - 5 =+ =
dy  —(1+y7) dy (1+y°) 1+y°
I ¥ Jgan'y _ _
P 5o = - 5 [First order linear
dy (1+y7) 1+y . differential equation in y]
‘I Jhan "y
Here, P= 5 and Q= : 3
1+y 1+y
SD:, ;ﬂ'” »
Integrating factor L.F. = ol P =3J’+F' D=ty
And, the solution is
x.LF.= [Q.LF.dy+c
. tan'y -
= x.eM Y= = Ydy +c
1+y~

1
Put¢™ Y=t , we have

tan™' v

e —12- dy =dt

1+y
x.etnTy < jr cdt+ ¢

-1 1
X .{,.’tﬂn !', = _Efz +c

=] 1 -1 1 ‘ P c
T LU H(Etnn ‘”)E‘FC - = ___(Etm _:;)+ _

2 2 plan 'y
-1 2¢
211' = Etﬂ“ 1” + a
L,tan Y

1

— Dy . ety = (t,tnn'Iy)E +2c
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(1+y3)+(x —u:?l'l'f'**")ﬂ =0
' dx )
NN T N dy —(1+y°)
(J. C ) A ( y ) dx Y= cl.‘u!"y
dv  x—e™V dx Y ety
—_ = 3 = —_— = — - 5 =+ =
dy  —(1+y7) dy (1+y°) 1+y°
I ¥ Jgan'y _ _
P 5o = - 5 [First order linear
dy (1+y7) 1+y . differential equation in y]
‘I Jhan "y
Here, P= 5 and Q= : 3
1+y 1+y
SD:, ;ﬂ'” »
Integrating factor L.F. = ol P =3J’+F' D=ty
And, the solution is
x.LF.= [Q.LF.dy+c
. tan'y -
= x.eM Y= = Ydy +c
1+y~

1
Put¢™ Y=t , we have

tan™' v

e —12- dy =dt

1+y
x.etnTy < jr cdt+ ¢

-1 1
X .{,.’tﬂn !', = _Efz +c

=] 1 -1 1 ‘ P c
T LU H(Etnn ‘”)E‘FC - = ___(Etm _:;)+ _

2 2 plan 'y
-1 2¢
211' = Etﬂ“ 1” + a
L,tan Y

1

— Dy . ety = (t,tnn'Iy)E +2c
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Thus, the above is the required solution of the given differential equation.

Question 18
Find the general solution of y2dx + (x? - xy + y?) dy = 0.

Solution
Given equation, y2dx + (x2 — xy + y?) dy = 0
2 2 3
ydx = —(x"—xy+y°)dy
2 2
dx XT=Xxy+y

dy yz
Since it is a homogeneous differential equation

i dx
Putting x=vy = — =0+

ay "y
So, U+y.E = _{1’2.’!2‘1','!1*'5!1]
dy v’
) 2 ?z_.
T Gt )
“ dy Y2
d ‘ d )
vty *&—:j =(-*+v-1) = y.d—; =—-p°+0-1-v
d 2
V. il =-p =1 = :1:? =-dy
dy (*+1) Y
Integrating both sides, we get
d
JL = -J—‘Ii = tan'v=-logy+c
(0% +1) y
Y
tan™' | = | +log y=
o)
Thus, the required solution is tan"(;J +logy=c.
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yrdx = — (X —xy + 7)) dy

2 2
dx XT =Xy +y
2

dy y

Since it is a homogeneous differential equation

: dx
Puttmg, x=vy = —=0v+

ay~ Yy
So, v+y E = _[1’2.‘!2‘1{'!1 +!f1]
dy y*
) 2 ;2_
sy B0 L Y-t
" dy y?
d 5 ‘ d 2
i?+‘tj.+d—:j =(-vr-+v-1) = y.d—; =—p*+v-1-v
d 2
y.i =-p =1 = :1!? =_d_t;
dy (v*+1) Yy
Integrating both sides, we get
d
JL = -J—‘Ii = tan"'v==logy+c
(0° +1) y
X
tan™'| = | +log y=
3]
Thus, the required solution is tan™ (-;ﬂ +log y=c.

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

dy x+y-1
= _ T e— .
dx  x+y+1

Putting x + y = z, we have

dlf dz
So, 14— = —
dy  ax
dy ~ _Z_l
dx - dx
dz z—1
Now, Il--l R
dz z-1 dz z-=-1+4+z+1
= +1 = =
dx z+1 dx z+1
z z+1
dz = 2 = dz =2 .dx
dx z+1 z

Integrating both sides, we get

jz;'j dz = 2fdx

J.(l + l)dz = 2jdr

z
z+log Izl = 2x +log Icl

x+y+log lx+yl= 2v+log lcl
y+log lx+yl = x+log Icl
log lx+yl= x-y+log Icl
log lx+yl—log lel = (x—y)
X+ y X+ Y
c
xt+y=c.e"7Y

= {?‘l -¥

= (x-y) =

= log

Thus, the required solutionisx+y=c.e¢" ¥
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dy x+y-1
= _ = —
dx  x+y+1

Putting x + y = z, we have

dlf dz
ng l+—== = —
dy dx
dy _ dz _,
dy  dx
dz z—1
Now, Il:-l R
dz z—1 dz z-1+4+z+1
= +1 = =
dx z+1 dx z+1
> 1
dz = 2 = £ dz =2 . dx
dx z+1 z

Integrating both sides, we get

jz:] dz = 2fdx

J'(l + l)dz = Zj:i:r:

z
z+log Izl = 2x +log Icl

x+y+log lx+yl= 2v+log lcl
y+log lx+yl = x+log lcl
log lx+yl= x-y+log lcl
log lx+yl—log lcl = (x—y)
X+y

= log = (x-y) =

c
x+y=c.e" 7Y

Thus, the required solutionisx+y=c.e¢" ¥

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

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

ExameElite - examelite.com Page 29 of 63



ExamElite - Textbook Solutions examelite.com

dy
dx

dy
Y dx

J ﬂ’l*_-E :al—-Jf n't,\'=E
2y +6 X 2 y+3) " X

Integratmg both sides, we get

2(y+3)=xy.

1|
=

I

iy

"-ﬁ
+
o

1 y+3-3 dx
hl i 1ry I Paiad
2 - 1;+3 a '[ 2 y+3 &

1 (1-i]xh ax

2- y+3 X

1 ¢ dx

E-l - __-[t;+3d'f_ X

Ey-Elogly+31 = logx+¢
Putting x =1 and y = -2, we have

—-(-—2)-—+lngl-2+3l log (1) +¢

-1-—3—103(1) =log (1) +¢
-1-0=0+c¢ [ log (1) =0]

we=-1
Now, the eqaution 1s

%y—%log!y+3l = log x -1

y-3log ly+3l=2logx-2
y-log I(y+3)°* = log x*-2
log I1(y+3)*l +log x?*=y+2
log X (y+3)° 1 =y+2 = ¥} (y+3)°=¢¥"?

.

Thus. the required solution is X% (y + 3 =¢V * 2,
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Question 21

Solve the differential equation dy = cos x (2 — y cosec x) dx given that y = 2 when x = 1t/2.
Solution

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

d i

Y cos x (2—-ycosecx) = —— =2¢€OSX -1 COSX.COSeC X
dx dx

dy d

—= =2cosx—-ycotx = = +ycoty=2cosx

dx dx
Here, P=cotx and Q=2 cos x.

So,

Pdx txdx » 5i .
J - LJ‘-'“ o _ E[ub SINY _ cin v

Andlntegrahng factor LF.= ¢

:'Required solutionisy x LF = IQ X LF.dx +¢

y.sinx = IZ cos X.sinxdx +¢
: . . 1
y.sinx = Ism 2xdx+c¢ = y.sinx= — ¢os 2x +c¢

i
Putx= E and y =2, we get

. T 1
2sin — = —-Ems M+

1

2(I)= == (-1 +c ==*2=-1-+c = c=2- _3

1
2

o 1
Thus, the equation is y sin x = ~3 COS 2x + '

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

Solution

Given, Ax2 + By? = 1
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Differentiating w.r.t. X, we get

2A .x +2Bi j—’ 0

x
dy dy
Ax + By .= =10 By .— =-A
I dx - dax *
ydy A
X dx B

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

dy ,
y dzu du 1__” - 0
x dy? d1 .1'2
2
_;1 n‘_,r+r(rit;) jif-—ﬂ
X dx- dx

dz.!f (d.f) dJ " na ¢
X _—+ —_—— =5 _‘ . +..‘.. - 1/. =
XY d:'l'z dx — Y- dx 0 XYy X (y ) vy 0

Thus, the required equation is
Iy‘yﬂ_l_xl(yr)ﬁ Hy.y! =0
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2A.x+ 2By Z:"’ 0

dy
Ax + By . -—J-—U = By. j—! = -Ax
Y
y ff_J_ A
X dx B
Differentiating both sides again w.r.t. x, we have
dy 1
y dzu dy J‘d_r_” i
X dx? dl x?
2 2
Sl )
X dy? dx dx
2
d
.1*y%+1[d‘:) :f: 0 = xyy”+x(y) =yy’ =0

Thus, the required equation is
ly-y”"l‘.r(y!)z “_1/-_1/} —_ {],

Question 23

Solve the differential equation (1 + y?) tan™1x dx + 2y (1 + x?) dy = 0.

Solution

Given differential equation, (1 + y?) tan~1x dx + 2y (1 + x2) dy = 0

2y (1 +x°) dy = «(1 + ) tan"Ix dx
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2y (1 + 1% dy = —(1 +yz) Stan"ly L dy

21 B
‘fz dy = —tan—,‘.n‘x
1+y 1+x°
Integrating both sides, we get
o) - -1 ..
J -y,, dy = -—Jvhn—:udx
1+y ~ 1+ x*
2 Lo o1 )2
log|l1+y ' = ﬂg(tan x) +c

= -;(tan'I .1')2 + lngl'[ +y1| =

Thus, the above equation is the required solution.

Question 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-2)7=r

Differentiating both sides w.r.t, x we get
!fy dy
20x-1)+2Ay—-2)— =10 — -2)— =0
(x=1)+2(y )dl_ = (x=1)+(y 2)dx

Thus, the above is the required equation.

Long Answer (L.A.)

d .
y+—(xv) = x (sinx + logx)
dx
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Question 25

Solve :
Solution

Given differential equation,
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y+ —f—(xy) = x (sin x + log x)
dx

i + X dl-f-t = x(sinx +logx
y+x.o- ¥ =x(sinx+logyx)
dl; o (sinx+] ”
d\ =x(sinx +logx) -2y
dy 2y n‘t; 2 .
= — = (sinx+logx)—— = —— 4+ =y =(sinx+logx
dx . 8) X dx xY N 8%)

2
Here, P = T and Q = (sin x + log x)

-
Ilu‘r Ix'fx 2logx _f]ngr: .

lﬂ-

Integrating factor L.F. = =¢'* =

Now, the solution is
yxLF = IQ.I.F. dx+c
= V. x* = I(sin x +logx) xidx+c (1)
LetT = I(sin x +log x) x’dx
—Ir smtxh + ﬁmgrm
= x‘.Ism xdx— I(D(:J:EJ . Jsin:c :f:u:) a‘x] +
-Ing X, Ix?‘ ax— I(D(lﬂg X). Jx?'d:r) a’x]

X 2(~cosx)— 2{—Tc05tdt]+|:10g1 %1-_[— id1:|

Il

x 3

- 3

= _—.1:2 COSX + 2(.1' sin x — _[1 .sinx dx ):I + J:?lmg -3 Ixzdx]
) o 1

==X cns:r:+2x5inx+2cnsx+glugx—-§x

3

Now from eq (1) we get,
3
5 : X 1
y.x°= —x% cosx +2x sinx +2 cos x +?lug X R X te

2sinx 2cosx «xlogx 1 2
. Y= —COSX+ t——+—— ——x+4cC.X
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X h 3 Y
Thus, the required solution is
2sinx 2cosx xlogx 1 -2
Y= —=Cos X+ +—+ ——X+C.X
X x° 3 9
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y+ —f—(xy) = x (sin x + log x)
dx

i + X dl-f-t = x(sinx +logx
y+x.o- ¥ =x(sinx+logyx)
dl; o (sinx+] ”
d\ =x(sinx +logx) -2y
dy 2y n‘t; 2 .
= — = (sinx+logx)—— = —— 4+ =y =(sinx+logx
dx . 8) X dx xY N 8%)

2
Here, P = T and Q = (sin x + log x)

-
Ilu‘r Ix'fx 2logx _f]ngr: .

lﬂ-

Integrating factor L.F. = =¢'* =

Now, the solution is
yxLF = IQ.I.F. dx+c
= V. x* = I(sin x +logx) xidx+c (1)
LetT = I(sin x +log x) x’dx
—Ir smtxh + ﬁmgrm
= x‘.Ism xdx— I(D(:J:EJ . Jsin:c :f:u:) a‘x] +
-Ing X, Ix?‘ ax— I(D(lﬂg X). Jx?'d:r) a’x]

X 2(~cosx)— 2{—Tc05tdt]+|:10g1 %1-_[— id1:|

Il

x 3

- 3

= _—.1:2 COSX + 2(.1' sin x — _[1 .sinx dx ):I + J:?lmg -3 Ixzdx]
) o 1

==X cns:r:+2x5inx+2cnsx+glugx—-§x

3

Now from eq (1) we get,
3
5 : X 1
y.x°= —x% cosx +2x sinx +2 cos x +?lug X R X te

2sinx 2cosx «xlogx 1 2
. Y= —COSX+ t——+—— ——x+4cC.X
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X X~ 3 Y
Thus, the required solution is
2sinx 2cosx xlogx 1 -2
Yy =—Ccosx+ +—+ ——X+C.X
X x° 3 9

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

Solution

Given, (1 + tan y) (dx —dy) + 2xdy =0
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(1 +tan y) dx— (1 + tan y) dy + 2xdy =0
(I1+tany)dx—(1+tany—-2x)dy=0

dx dv 1+tany-2x
(1+ tan_t;)d— =(I+tany-=2x) = =
!

v dy 1+ tany
dx 2x dx . 2x 1
— p— — ———————— ﬁ —
dy 1+tany dy l1+tany
2
Here, P= ——— and Q=1
1+ tany
Integrating factor LF.
J-lft.zln ud'u j-.-.in:::iw"”
= E - = t‘l - - e
J‘f,in YHCOS Y-Sy F Ccos Y ! J[‘ . <os ¥ ~sin q]:fu
=¢ {sin v + cos y) l‘u=E siny +cosy | -
cos iy — siny
- LJ Ldy EI SN+ cos v Ay
=M = Y (sin y + cos )

Now, the solution 1s x x I.F. = IQ x LF.dy+c
= x.c’(siny+cosy)= Il .e¥(sin iy +cos y)dy + ¢
x.e'(siny+cosy)=¢’.siny+c

[ [ L)+ F ()] dx = e* flx) +c]

x(siny+cosy)=siny+c.e¢”
Thus, the required solution is x(siny +cosy)=siny+c.e”.
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(1 +tan y) dx— (1 + tan y) dy + 2xdy =0
(I1+tany)dx—(1+tany—-2x)dy=0
dy l+tany-2x

dx
(1+tany)d—u—(]+tany-?~1) = dy ~  l+tany

dx 2x dx 2x
=1-—= o —4 =1
1+tany dy 1+tany

d

Here, P = _2z and Q=1
1+tany

Integrating factor LF.

2 2eos. ¥
Jirams® _ Sy cemy®
_ stany siny+cosy
=ée =e
shn g bcos v=sin ¥+ cos v oS ¥ -sin y
j - : =iy T4 —— Ly
{sin v+ cos ) . siny + cos oy | -

=g =¢
cos iy — siny ”

=EI|-'I.”.E-[1~in.u+wﬁy ’

= eV e BT = ¥ (sin y + cos )

Now, the solution 1s x x I.F. = IQ x LF.dy+c
= x.c’(siny+cosy)= Il .e¥(sin iy +cos y)dy + ¢
x.e'(siny+cosy)=¢’.siny+c

[ [ L)+ F ()] dx = e* flx) +c]

x(siny+cosy)=siny+c.e¢”

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

Question 27

Solve: dy/dx = cos(x + y) + sin (x + y). [Hint: Substitute x + y = z]
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Solution
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Putting x + y = v and on differentiating w.r.t. X, we get

d d
1+ _ %
dx  dx
dy dv 1
EA-' dx
dv _
— =1 =cosv+sinv
dx o
So, :f_i =cosv+sinv+1

dv

cosv+sinv+1
Integrating both sides, we have

= dx

J dzi = [1.dx
cosv+sinv+1 -
| ? dv - = [1.dx
I—tanzi 2 tan —
2+ 2 +1

v
1+tan3§ 1+ tan>

(1 +tan? E)
2

7 U v 2
l—-tan"—+2tan —+1+tan”
2 2

Now, putting 2+2 tan% =t

v
Differentiating, 2 ?12- sec? —z-dp =dt = sec’ -idu =t

E;-=J'1.d:f

lne 1#] =4 3 ~
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l-\.l"b L =% " ke

log =X+

2+2tanE
2
+ 1

X+1 .
2'*'2*3“[ 2";) =X+c= lﬂg2[1+ tan(l Zj]] =x+c¢

log2+log [1+ tan(xzy)] =X+

X+
= Iu::ng[l-H:!cﬂ[1 ZF)] =x+c~-log2

Thus, the required solution is

lﬂg[l+tan(1’;y)]=x+!< [c-log 2=K]

log
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Putting x + y = v and on differentiating w.r.t. X, we get

d d
1+ _ %
dx  dx
dy dv 1
EA-' dx
dv _
— =1 =cosv+sinv
dx o
So, :f_i =cosv+sinv+1

dv

cosv+sinv+1
Integrating both sides, we have

= dx

J dzi = [1.dx
cosv+sinv+1 -
| ? dv - = [1.dx
I—tanzi 2 tan —
2+ 2 +1

v
1+tan3§ 1+ tan>

(1 +tan? E)
2

7 U v 2
l—-tan"—+2tan —+1+tan”
2 2

Now, putting 2+2 tan% =t

v
Differentiating, 2 ?12- sec? —z-dp =dt = sec’ -idu =t

E;-=J'1.d:f

lne 1#] =4 3 ~
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l-\.l"b L =% " ke

2+2tano =x+¢
2
X+1 :
2'*'2*3“[ 2";) =I+f‘=='log2[1+tan(l;y]]=x+c

log2+log [1+ tan(xzy)] =X+

X+
= Iu::ng[l-H:!cﬂ[1 ZF)] =x+c~-log2

Thus, the required solution is

lﬂg[l+tan(1’;y)]=x+!< [c-log 2=K]

log

log

Question 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
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So,
Integrating factor L.F. = ¢

And, the solution 1s
yxLE. = [Q.LF.dx+c

=Y. e = IsinZ:r.e"”I dx +c¢

JPd'.r _ L’J =3y P_:;x

Nowlet, [ = [si Y dy
ow let, | jsm{Zx.L" dx

[ = sin2x ‘Je*l"dx—_ll(D (sin?.x).‘[e"g""dx] dx

-3x -3x

d J.2cos2x. ¢

-3

sin2x + -2- Icos 2x .7 dx
3 I 1l

| = sin2x. dx

-3x

—_—

E—Er

sin2x + % [cus 2x. Ie“'}"dx -

I[D COS2X . Ju‘3"dx| d:r]

-3x

-3x ¢

I = ¢ 5in2x+%[c052x.

{,—31
2sin2x. } dx

[ =% sin2.1'-zc0523:.e'3" ——ijsinz:r.e“h dx
3 9 9

-3x
(4 . 2 -3 4
= sin2x ——e¢ " cos2x——=1
- 9° 9
-3
I+-‘-1-! =£ sian-—Ec‘axcust
9 -3 9
131

e = —% [3 e sin2x +2 ¢ ¥ cos 2,1::'
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| = --11—3 e [3 sin2xy + 2 CDSZI]

Hence, the equation becomes

v

y.et = _ L [3sin2x +2 cos2x|+c

13
T -—%[3 sin2x + 2 cos 2x| +¢. e

Thus, the required solution is

3sin2x +2 cos2x 3y
y=- +c.e”
t! 13
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So,
Integrating factor L.F. = ¢

And, the solution 1s
yxLE. = [Q.LF.dx+c

=Y. e = IsinZ:r.e"”I dx +c¢

JPd'.r _ L’J =3y P_:;x

Nowlet, [ = [si Y dy
ow let, | jsm{Zx.L" dx

[ = sin2x ‘Je*l"dx—_ll(D (sin?.x).‘[e"g""dx] dx

-3x -3x

d J.2cos2x. ¢

-3

sin2x + -2- Icos 2x .7 dx
3 I 1l

| = sin2x. dx

-3x

—_—

E—Er

sin2x + % [cus 2x. Ie“'}"dx -

I[D COS2X . Ju‘3"dx| d:r]

-3x

-3x ¢

I = ¢ 5in2x+%[c052x.

{,—31
2sin2x. } dx

[ =% sin2.1'-zc0523:.e'3" ——ijsinz:r.e“h dx
3 9 9

-3x
(4 . 2 -3 4
= sin2x ——e¢ " cos2x——=1
- 9° 9
-3
I+-‘-1-! =£ sian-—Ec‘axcust
9 -3 9
131

e = —% [3 e sin2x +2 ¢ ¥ cos 2,1::'
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| = -311—3 e [3 sin2xy + 2 cns2x]

Hence, the equation becomes

y.e N = —% ¢ [3sin2x +2 cos2x]+¢

T -—1]—3[3 sin2x + 2 cos 2x| +¢. e

Thus, the required solution is

3sin2x +2 cos2x 3y
y=- +c.e”
t! 13

Question 29

examelite.com

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?)I 2xy.
Solution

Given that the slope of tangent to a curve at (x, y) is (x2 + y2)/ 2Xy.

It's a homogeneous differential function
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dy d:J

' =px = —— =p+
So, putting iy = ox . vtXx. I
duv X +Uzlz
vHX. — =
dv 2x. X
2
-~ E _ 1+v
dx 2v
y dv  1+0° by dv 1+v* = 20°
o dx 20 T dx 20
Y dv . -I_Fz - 20 do = d:l'
T dx 20 1-v° -

Integrating both sides, we get

2 .
J qul’=jﬁ' :—logll—t?zl=logx+lugc
Ry

1-v°
y’ x? "1!
—~log|l —={=logx+logc = -log =logx+logc
x*
2 .
lo =log lxcl = ——= =xc
5 x? —-y v -y
As, the curve is passing through the point (2, 1)
27 4 2
@ - "X T 37H T 7
Thus, the required equation is
3'.2 y)

- —xv = 2(x*-1y)=3x
I__yz 3 ( _f')
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dy dz:
. s Y,
So, putting iy = ox . vtXx. I
dv +'Uz.12
VX, — =
dx 2.1'.1?:«'
2
z:+.1'.E _ 14v
dx 2v
‘ dv  1+0° by dv 1+v* = 20°
T dx 2v T dx 20
. dv 1-2° R 20 gy - A%
T dx 20 1-v° -

Integrating both sides, we get

2 ,
J U-,H'U=I-ﬂi' = —log I1- v’ =log x +log ¢
x

1-v°
;'2 Ij
—log|l—={=logx+logc = —Iug ———] =logx+logc
x*
22 2
log =log lxcl = 27 X
X" -y r -y
As, the curve is passing through the point (2, 1)
(2)° ~ 4 2
@ - "X T 37H T 7
Thus, the required equation is
2
X 2 5
——> = =X = 2(x* -y )=3x
v2 _yz 3 ( _f')
Question 30

examelite.com

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)
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Solution

Given that the slope of the tangent to the curve at (x, y) is

dy  y-1 dy dx
dx  x*+x y-1 ¥ 4x
Integrating both sides, we have
o dy e dx
Ty-1 Tty
- d .
-LJI = dx [making perfect square]
Y= PR R
4 4
dy __[ dx
y-1 1V (1Y
0
2 2
viio2t
log ly =11 = ]1 log % % +log ¢
2X— X+ -+
2 2
log ly—11 = log |——|+log c
&Y S I &
log ly—11 = | al
&'Y og E(I+1]
o & 1Y (1) =
y=1=—"7=F-D+h=a
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dy  y-1 dy dx
. T 2 = T 172
dx  x*+x y=1 x*+x
Integrating both sides, we have
- dy - dx
Ty-1 Tty
- dy dx

‘y-1 7 5
: XTHXx+———
4 4
dy __[ dx
-G
X+— | ==
2 2
L
log ly =11 = lllog % 2+logc
2X— X+ -+
2 2
log ly—11 = log |[——|+log c
&1 Slx o8

log ly—11 = log {;( al ]

Il

cx
— = y-1)@x+1)=w

-1
Y x+1

As, the line is passing through the point (1, 0),then (0—-1) (1 +1)=c(l)=>c=2

Thus, the required solutionis (y — 1) (x + 1) = 2x.

Question 31

= T [making perfect square]

examelite.com

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.
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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
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_4y
dx  dx
PV DL
dx dx
So,the equation becomes

dv ,
1——=79% = E=I—IP" = g
dx dr 1-v

Integrating both sides, we get

J- dv =Jd:r

Il

1-2°
1 1+v 1 l+x-y
—lo =X+ —log|[——— =x+¢ ..l
2 gl—v tre :'Zog I-=x+y e 1)
As, the curve is passing through (0, 0)
1+0-0
thcnllug_=0+c = =0
2 1-0+0
- On putting ¢ =0 in eq. (1) we get
1 IT+x-y l+x—y
—I =X I =2__'
2 5 I=x+y v o= log I-x+y 1

1+x—-1 |
Y — [,2.1

= (1+x-y)=c(1-x+y)
Thus, the required equationis (1 +x-y)= i (1-x+y)

Question 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
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So, the coordinates of A and B are (2x, 0) and (0, 2y) respectively.

"lf
B

The slope of the tangent AB = (2y — 0)/ (0 — 2x) = -y/X

So, Ey— = A =% d_l" = —-E
dx X Y X
Integrating both sides, we get
d .
j—y S = logy=—logx+logc
Y X

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

Thus, the required equation is xy = 1

v~} (logy - logx + 1
I V (logy—logx+1)
Question 33

Solve :
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Solution

Given that: 1%{ =y (log y—log x + 1)
X

s ] - -l
=L = 1 = [+1 - =L
-8 dx _lf[ 8 X - dy X log

As 1ts a homogeneous different equation.

dy dv
Put y=ox = —=v+x.—
J :h dx
dv [ [m) ]
vtx.— = log +1
dv x
z:l+.1|c'.E = v [log v+ 1]
dx
_-,:_@:n[lugu-i-l] v o= . dv _ v(logv+1-1]
dx ch:'
=>I_@.=U.logv => dv_ _ X
dx vlogy «x
Integrating both sides, we get
J dv _ ﬂ
vlogv X
Now, putlog v ="t on L.H.S.
ldu = dt
v
dt_ rdx
t X

log !t =loglx| +log ¢
log llog vl =logxc = logv=xc

= log (%J = XC

, . !
Thus, the required solution is log [—!] = XC.
X
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Given that: 1%!1 =y (log y—log x + 1)
X

dy (y) ] dy y[ (y] ]
Yy l1og[ X |+1 ay _Yle|Y
- 8 dx y[ °8 X = dv X log X *

As 1ts a homogeneous different equation.

dy dv
Put y=ox = —=v+x.—
4 dx dx
dv _ ox [ (m‘) ]
v+x.— = —|log|—|+1
dx X X
z:l+.1|c'.E = v [log v+ 1]
dx
I_ﬂ =v|logv+1]-v = 1@ =v[logv+1-1]
dx ax
= x_@.=u.logu = do = dx
dx vlogy «x
Integrating both sides, we get
J dv _ ﬂ
vlogv X
Now, putlog v =t on L.H.S.
ldu = dt
v
dt_ e
t X
log !t =loglx| +log ¢
log llog vl =logxc = logv=xc
= log (EJ = XC
X
Thus, the required solution is log (I—] = XC.
x

Objective Type
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Choose the correct answer from the given four options in each of the Exercises from 34 to 75

(M.C.Q)

2

2
d*y -
i BN
dx” dx

= xsIin

Question 34

The degree of the differential equation

(A) 1 (B) 2 (C) 3 (D) not defined
Solution

Correct option is (D) not defined.

dy

dx

1S

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.

3
>
v\ > d*v.
[+ — =—3I8
dx dx
Question 35

The degree of the differential equation

(A) 4 (B) 3/2 (C) not defined (D) 2
Solution

Correct option is (D) 2.

Given differential equation is
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3/2

14 {ﬂj | d7y
dx dx?

Squaring both sides, we have

3 : 2
2 e
1+ (d_y] = _]:
d_r dl.-.

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

5 1

d’y (dy)4
+

1
5 +x° =0
dx dx

)

Question 36

The order and degree of the differential equation respectively, are

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

Correct option is (A) 2 and not defined.

Given differential equation is

1

{2 d -
oy (1) 4 g
dx dx

5 1
- d“g;;+(d};)q _ 5
the dx

)

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

Question 37

If y = e (A cos x + B sin x), then y is a solution of
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d*y _dy
—4+2—=0
(A) dxz dx
d’ v o dy
, +2—+2y=0
© dx’ dx Y
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

dy

examelite.com

d’y _dy

—— —2—+42y=0
(B) dx? dx ’

2

— =¢" (-Asinx+Bcosx)-e¢™ (Acos x+Bsinx)

dx

dx

d—‘l{ =¢" (-Asinx+Bcosx) -y

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

d*y
dx?

-
dx~

I

F dx

Question 38

- ¢ *(~Acosx-Bsinx)-¢ ' (~Asinx + Bcosx) -

—e (A c05.1'+B5in.1:)-[-d—-+ y]--d‘i

dy
dx

dx

—+2y =0
P

The differential equation for y = A cos ox + B sin ox, where A and B are arbitrary constants is
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dg}" 2 072.}’ 2

(&) —5~*y=0 (B) — 7+ y=0
d*y d*y

(C) — 5 +o=0 (D) —5—0y=0

Solution

Correct option is (B).

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

dy

it =-Asingxy.ao+Bcosax. o

=-Adgsincgy+Docosox
Again differentiating w.r.t. x, we get

d* -+ .
_;i =-Ac’cosox—-Bo’sinox
dx”

d* \

Yy _ -t (A cos o x + B sin oL x)
Iv2

dx

12 2

d=1 i

_'-; =_[12y=}_';+{12_1f=0
dx dx

ExameElite - examelite.com Page 63 of 63



