Chapter 9 - Differential Equations NCERT Exemplar - Class 12

9.3 EXERCISE

SHORT ANSWER TYPE QUESTIONS

Q1.
Sol.

Q2.

Sol.

Qs.

Sol.

d
Find the solution of d—y =2V
X

The given differential equation is
) d v
W W2

dx dx 2%
Separating the variables, we get
d
dy _ = 2¥dy=2"dx
2 2"

Integrating both sides, we get
JZ_ydy = JZ_X dx

-2 27
=——+4+¢ = -2¥Y=-2%+clog 2
log 2 log 2 8
= -2Y+2% =clog2
_ ¥ _DV =k [where ¢ log 2 =k]

Find the differential equation of all non vertical lines in a
plane.
Equation of all non vertical lines are y = mx + ¢

dy _

Differentiating with respect to x, we get 7
x

m

2

Again differentiating w.r.t. x we have d_g =0
x
2

Hence, the required equation is d—Z =0.
x

d
Given that d—y =e™ and y =0 when x =5. Find the value of x
x

when y = 3.
Given equation is
d_y = e_23/
dx
d
= R = ¥ . dy=dx

e 2V
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Q4.
Sol.

Q5.

Sol.

Integrating both sides, we get

Jezydy = de = %ezy =x+c
Puty=0and x=5
9

1
= —e"=5+c = c=l—5=——
2 2 2

.. The equation becomes % e =x— %
Now putting y = 3, we get

1 ¢ 9 1 49

—e’ = x-= = x==¢e"+=

2 2 , 2 2
Hence the required value of x = 5 (66 +9).

d
Solve the differential equation (x2 -1 d—y+2xy =— 1
X X -

Given differential equation is

d
2 Y
-1)—=+2xy =
(x ) dx W x* -1
Dividing by (x* - 1), we get
dy _ xy
-t =72 2
dx x*-1 (x"-1)
Itis a linear differential equation of first order and first degree.
2x 1
pP= and Q=———
x* -1 Q (x* -1)2

Jde Jzzixdx 2
Integrating factor LE. = )™ =¢ ¥ 71 =08 (=D = (42 _7),

.. Solution of the equation is
y xLF.= jQ IF.dx+C

1
= x(x2-1=|———x(x*-1dx+C

yx( )J(xz_l)2 (x* -1)
x—1

x+1

+C

= y(xz—l)zj dx+C = y(xz—l):%log

x? -1

Hence the required solution is y( x2 - )= % log X - 1 e
dy +
——+2xy=y.

dx Y=Yy

Solve the differential equation

dy

Given equation is .
x

+2xy=y.
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= d_y=y—2xy :>d—y=y(1—2x) :>d—y=(1—2x)dx
dx dx y

Integrating both sides, we have
2

J.j—z: J-(1—2x)dx =logy= x—2.%+log c

= logy=x-x*+logc=logy—logc=x-x?

= logz=x—x2 SN APSS
c c
y= yzc.e*"‘Z

xZ

Hence, the required solutionis y=c.e*”
Q6. Find the general solution of % +ay=e™,
Sol. Given equation is Z—Z +ay =e™.

Here, P=aand Q =™

I.F:ejpdx :eju'dx =™,

Solution of equation is y x LF = jQ LFdx+c

= y.e™ = J‘e””‘. e“dx+c =y.e" = Je“”””dx +c
(m+a)x (m+a)x
= e = +c = y= e +ce™
¥ (m+a) 4 (m+a)
emx B
y= +c.e’™
(m+a)
emx

—ax

Hence the required solution is y= +c.e

(m+a)
d
Q7. Solve the differential equation % +1=¢""Y.

dy

Sol. Given that: —=+1 =¢*"Y
dx
Putx+y=t
1+d_y=£
dx dx
£=et = £=dx = e ldt =dx
dx et
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Integrating both sides, we have

fe‘tdt:.[dx = —e'=x+c

= W=yt —=xte=s (x+o) e V=-1
e

Hence, the required solution is (x +¢).e* ¥ +1=0.
Q8. Solve: ydx — xdy = x*y dx.
Sol. Given equation is ydx — xdy = x%y dx.

= ydx-x*ydx = xdy

= y(1-x")dx =xdy

.2
= (1 x]dx:d_y :(l—x)dxzd—y

x Yy x Yy
Integrating both sides we get
j(l—x)dxzjd—y
x Yy
2
= logx—?=logy+logc
= lo x—ﬁ—lo c = logx-1lo c—i = lo i—i
) 2 &Y ) 2 2 gyc 2
. A LN yc=xe7"2/2
ye x

y= 1 xe ¥ 5 y= ke /2 [ k= 1}
c c

Hence, the required solution is y = kxe 72

Q9. Solve the differential equation Z—y =1+x+y*+xy?, when
x
y=0,x=0.
Sol. Given equation is
dy 2 2
— =1+x+y" +x
dx y +xy
d
- Y 1@ +x)+ 2 (1+x)
dx
d d
= —y=(1+x)(1+y2):> Y =(1+x)dx
dx 1+ 12

Integrating both sides, we get
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dy 1 x?
=|(1+x)dx = tan =x+—+c¢
J1+y2 Ja+x y=x+2

Putx=0andy=0,wegettan‘1(0)=0+0+c:>c=0

1 xz ( xz)
tan Yy =x+— =D y=tan|x+—
Y 2 Y 2

2
. .. x
Hence, the required solution is y = tan (x + 7]

d
Q10. Find the general solution of (x + 2y3) % =Y.
. L N
Sol. Given equation is (x +2y~) a =y

3
dy _y =>dx:x+2y
dx  x+2y° dy y

=

3
= ﬁ:i.}.zl :>d_x_£—2y2

dy y oy dy y

1
Here P = —; and Q = 2y2.

[ pa [~y 1 log .
y=€ y =e_0gy=e y:—.

y

.. Integrating factor I.F. = e

So the solution of the equation is
xLE = _[Q.I.F.dy +c

L. '[Zyz.ldy+c
y y

2
X Y 2
=2|ydy+c=>—=2"—4+c=>—=y"+
Jyyc y 7 c Yy +c

=R

X
y

So x=y’+cy=y@y*+c)
Hence, the required solution is x =y (y* + c).

——=-cosx and y (0) =1,

) ) 2 +sinx)\dy
Q11. If y(x) is a solution of | ———— »

1+y
then find the value of y(gj
Sol. Given equation is
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2 +sinx | dy
———— |== =-cosx
1+y )dx

2
+sin x | dy ——(+y) = dy __ cos'x I
cosx |dx (1+y) 2 +sinx

Integrating both sides, we get

: cos x
J1+y __-[2+s1nx
= logll+yl =-logl2+sinxl+logc
=logll+yl+logl2+sinx| =logc
= log(1+y)(2+sinx) =logec = (1+y)(2+sinx)=c

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

Now put x =§

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

= I+y)(2+1) =4 :>1+y:% = y==—-1=—
n) 1
So, y| = |==
o375

. L n) 1

Hence, the required solution is y (E) =—.

. : dy
Q12. If y(t) is a solution of (1+ t)E— ty=1 and y(0) = -1, then
show that y(1)=-—

Sol. Given equation is

dy dy t 1
1+t)=-ty=1 = > —-| — |y=—-
SR dt (1+t}’ 1+t
Here, P_—andQ_

1+t 1+t , Lot
[—at -t
.. Integrating factor L.F. = ejpdt =¢ 1! 1+t

=e_J(1_1L+tJdt _ o [t-tog(1+1)]

—t+log(1+t -
_ o trlog(l+t) _ -t log(1+h)

~IF=et.(1+1)
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Q13.

Sol.

Required solution of the given differential equation is
y.LF.=[Q.LF.dt+c

= e+ e (I+t)dt+c
yoe'( e
= y.e_t(1+t)=‘|.e_tdt+c
= y.e_t(1+t)=—e_t+c
Putt=0and y=-1 [ y(0)=-1]
= ~1.e%1=-€"+c
= -1=-1+¢c =¢=0
So the equation becomes
yel (1+1)=—¢"
Nowputt—
y.el(1+1)=—¢"
= 2y=—1:y=—1

2
Hence y(1) = —% is verified.

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

Given equation is y = (sin"'x)* + A cos'x + B

d]/ -1 1 -1
—=2sin" x. +A.
dx 1-x7 [,ll—sz
Multiplying both sides by 4/1-x* , we get
d
J1- x? 4 2sin'x— A
dx
Again differentiating w.r.t x, we get

2 1x(-2
Ay 1
dx o fi- 2

dx \/ 1-x*
5 d d
= N y \/L dy \/272
X —
Multiplying both sides by 4/1- x*, we get
2Ly dy
= 1-x)—5-x—-2=0
dx dx
Which is the required differential equation.
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Q14.

Sol.

Q15.

Sol.

Form the differential equation of all circles which pass
through origin and whose centres lie on y-axis.
Equation of circle which passes through Y
the origin and whose centre lies on y-axis
is
(x ~0P+(y-ay=a®

= x? + 1y +a? - 2ay = a*
= x* +y2=2ay=0 (i) O X
Differentiating both sides w.r.t. x we get
dy dy
2x+2y.——-2a.— =
= it dx g dx 0
dy y dy
- =0 —a).— =0
= x ydx a . = x+({y—-a) I
x
y—a=w
dx
—-x
a=y+
Yy dy
dx
Putting the value of a in eq. (i), we get
x2+y2—2(y+dyx ]y=0
dx
2xy 2xy
2, .2 o2 XY 2 22
= x“ 4y -2y &y =0 = x"-y dy
dx dx

d
@y L —2xy =0
dx
Hence, the required differential equation is

(x

dy
2
-y )—-2xy =0
V) gy T2
Find the equation of a curve passing through origin and
satisfying the differential equation (1 + x%) ;i_y+ 2xy =437
x
Given equation is

(1 +x2)Z—y+ 2xy = 4x?
X

d_]/+ 2x B 4x?
Y 1+x2

dx  1+x%°
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H p 2x 4 4x?
ere, _1+x2 an Q_1+x2

[ pax oo™ e
—e + X =eog( +x7)

Integrating factor LF. = ¢ =1+x%

.. Solution is

yxLF.= [QxLF.dx+c
2

4x 2
= 1+x%) = X (1+x")dx+c
y(d+x) J1+x2 ( )
= y(1+x%)= J4x2dx+c
= y(1+x?)= §x3 +c ..(i)

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

O(1+0)=§(0)3+c = c=0

4 4x°
. Equationis y(1+x*)=—-x> = y=—
q yad+x7) =2 Y7305
. L. 4x°
Hence, the required solutionis ¥y = ———— .
3(1+x7)
d
Q16. Solve : x*. e A xy + v
dx
. . .oo2dy 2
Sol. Given equation is x o X +xy+y
x

dy x*+xy+y’

- dy _x xZ y
dx x

Puty =ovx [ it is a homogeneous

differential equation]
Y oprx B
dx dx
do ¥ +ox® +07x?
vtx.— = 5

dx x
dv *(1+v+0%)

= v+x.—=
dx x?

d

- AP P S

dx dx
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dv ’ dv dx
= x.—=1+v" = > =

dx 1+v X
Integrating both sides, we get

-2 dx
1+ 0? x
= tanlv= logx+c = tan™ (lj =logx+c
X

Hence, the required solution is tan™ (Z) =loglx! +
x

Q17. Find the general solution of the differential equation
a. d
A+y°)+(x—e™ y)—y=0
dx
Sol. Given equation is

(1+y2)+(x—etan_ly)d—y =0
dx

iy d dy —(1+y°)
= (x—e¢ y)%=—(1+y2) - %zHT"y
. Ay _x=e™V i x
dy  —(1+y%) dy  (1+y%)
. d_x x _ etan’]y
dy (1+y?)  1+y°
Here, P = L > and Q = i Z
1+y 1+y

1
7zdy -1
- Integrating factor LF. = [P ej“y =efan v
.. Solution is

x.LE = JQ JF.dy+c

tan™
e

_ -1
= x.etn o [S—— et Yy 4 e
1+y2
Putet™ V=t

etan’ly‘ 1 . dy:dt
1+y

x. ey = Jt.dt+c

-1 1
= x.e VY= Et2+c

C.

etan’1 v

+—
1+y2

10
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1 1 - 1 4 c
= x. e y=_(etan y)2+c :>x=_(etan y)+ —
2 2 etan y
- 2c
= 2 = Y 4
tan™'y

e
— 2x. ey = (eta“_ly)2 +2¢
Hence, this is the required general solution.
Q18. Find the general solution of y2dx + (x* — xy + y*) dy =0
Sol. The given equation is y2dx +(x% - Xy + yZ) dy=0.

= yidx = = (= xy + ) dy
dx X —xy+y?
— @ I
dy v’
Since it is a homogeneous differential equation
- Put x=oy = d_x:y_{_y.@
dy dy
So,  v+y. T [Py -wley
dy Y
2,2
= v+y.g—v=——y (© _20+1)
dy g
= v+y.£=(—vz+v—1) :>y.d—;=—vz+v—1—v
= y‘d_v=_,02_1 — dv =_d_y
dy @*+1) ¥
Integrating both sides, we get
d
= '[ dv =—J—y =tanv=-logy +c
(0 +1) y
(X
= tan (;j +logy+c

af x
Hence the required solution is tan ! (;j +logy=c.

Q19. Solve: (x +y) (dx — dy) =dx + dy. [Hint: Substitute x + y =z
after separating dx and dy]
Sol. Given differential equation is

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

11
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= —(x+ty+l)dy=—-(x+y-1)dx
N dy _x+y-1
dx x+y+1
Putx+y=z
dz
1+d_y=_
dx dx
dy _dz
dx dx
z—1
So, ﬁ—1=
dx z+1
dz z—1 dz z-1+2z+1
= — = +1 =5 —=——
dx z+1 dx z+1
1
= E= 2z = 2T dz =2 .dx
dx z+1 z

Integrating both sides, we get

Jzzldz = Zde

Zjdx

= j(l+l)dz=

z
= z+log Izl = 2x +log lcl
= x+y+loglx+yl= 2x+log Icl
= y+log lx+yl = x+log lcl
= log lx+yl = x—y+log lcl
= log Ix+yl -log lcl = (x-y)

+
= log XY x-y) = Ty =Y
c

x+y=c.e7Y

Hence, the required solutionisx +y=c.e* V.

d
Q20. Solve: 2(y +3) —xy 'd_y =0, given that y(1) = -2.
x
Sol. Given differential equation is
d
2(y+3)—xy.—y =0
dx
dy
== = 2y+6
= Xy Y

y dx 1( vy dx
dy = — = dy = ==
- (2y+6j Y x 2(y+3) YT

12
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Q21.

Sol.

Integrating both sides, we get

lJ' Yy dy= dx J~y+3 3 d-x
y+3 x y+3 x

1 3 dx
| 1-——dy = | =
= 2 ( y+3j 4 X

_ e
X

=

1 3
= Ey—ilogly+3|=logx+c

Putx=1,y=-2

1 3
= E(—Z)—Elog|—2+3|=log(1)+c
= —1—%log (1) =log (1) +c

= -1-0=0+c [ log (1) =0]
c=-1
.. equation is
ly—élogly+3| =logx-1
2 2
= y—-3log ly+3l=2logx-2
= y—log I(y+3)°l =log x*-2
= log I(y+3)°* +logx*=y+2
= log Ix® (y+3°1 =y+2 = x*(y+3)y>°=¢'"?
Hence, the required solution is x* (y + 3)> =¥ "%
Solve the differential equation dy = cos x (2 — i cosec x) dx given
thaty =2 when x = g
The given differential equation is
dy= cos x (2 —y cosec x) dx

= W _ cos x (2 -y cosecx) = &y =2 C0S X — 1/ COS X . COSeC X
dx dx
dy dy

= —=2cosx-ycotx = —= +ycotx=2cosx
x dx

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

Pdx cotxdx i
_[ — ef — elog sinx

.. Integrating factor L.F. = e =sinx

.. Required solution is y x L.F = _[Q xLF.dx+c

13
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= y.sinx = chosx.sinxdx+c
= y.sinx = jsiandx+c :>y.sinx=—%coszx+c
Putx=gandy=2,weget
. T 1
2sin —= ——COSTM+¢C
2 2
1 1 1
= 2(1)= —=(-D +c :,e2=—+c:>c:2——:E
2 2 2 2

1
. The equation is y sin x = — €08 2x + % .

Q22. Form the differential equation by eliminating A and B in
Ax®+ By =1.
Sol. Given that Ax* + By?=1
Differentiating w.r.t. x, we get

2A.x+23yd—y 0

dx=
dy dy
Ax+By.—=0 By.—=~ =-A
= X ydx = ydx x
ydy__A
x dx B

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

dy
2 x.——-y.l
ydy+dy[ dx ]:o

;'dx2 dx x?
2 2 2
e Y
X dx dx dx

dy  (dyY _ dy I
= xy.wﬂc.(a) —y.a =0= xyy ' +x(y) -yy'=0

Hence, the required equation is
xy.y” +2(y) vy’ =
Q23. Solve the differential equation (1 +17) tan'x dx + 2y (1+x%) dy =0.
Sol. Given differential equation is

(1+1? tanx dx + 2y (1 +x%) dy =0

= 2y (1+x%) dy = ~(1+y?) .tan"'x . dx
2 -1
= y2dy=_tar1 2x.dx
1+y 1+x

14
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Integrating both sides, we get

2y tan”' x
dy = - .dx
'[1+y2 Y J‘1+x2
= 10g|1+y2| = —%(’can_1 x)2+c
= %(’can_1 x)2 +1og|1+y2| =c

Which is the required solution.

Q24. Find the differential equation of system of concentric circles
with centre (1, 2).
Sol. Family of concentric circles with centre (1, 2) and radius ‘7’ is

(x=12+ @y -2)>% =7
Differentiating both sides w.r.t., x we get
d
2Ax-1+2y-2L =0 = (r-1y+(y-2)2L =0
dx dx
Which is the required equation.
LONG ANSWER TYPE QUESTIONS
Q25. Solve: y +di(xy) =x (sin x + log x)
x
Sol. The given differential equation is

y +i(xy) = x (sin x + log x)
dx

= y+x.£+y = x (sin x + log x)
x—dy = inx+1 2
= Iy = x (sin x + log x) — 2y
dy . 2y dy 2 .
- = +1 -—— =Ly = +1
= ™ (sinx +logx) . dx+xy (sin x + log x)

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

2
dex J-*dx 2logx log x* 2

Integrating factor LE. = ¢/ =¢ x

.. Solution is

yxLF = [QLF.dx+c
= y.x*= J(sinx+logx) x*dx+c ..(1)
LetI

15
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Q26.
Sol.

j(smx+10gx x*dx
:j : smxdx+jx logxdx

[2j51nxdx I(D(x Jsmxdx)dx}t
ogx x? dx— J(D(logx).jx dx)dx]

[ 3 3
[xz( cosx)— 2j xcosxdx}+ logx . %—jl X ax }
-|-

3
—x* cosx+2 xsmx—Jl sinx dx )J+ %logx——_[ x*dx

3
2

. X 15
=—x"cosx +2x sinx +2 cos x +?log x —gx

Now from eq (1) we get,
3

. X 1
y.x*= —x* cosx +2x sinx +2 cos x+?log x —§x3 +c

2sinx 2cosx xlogx 1

Y= —cosx+ +—+t —=x+c.x7
x X 3 9
Hence, the required solution is
2sinx 2cosx xlogx 1 9
Y= —cosx+ +——+ —=—x+c.Xx
x x 3 9

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

= (I+tany) dx— (1 +tany) dy + 2xdy =0

= (1+tany)dx—(1+tany—2x)dy=0

dx 1l+tany-—2x

= (1+tany)—y=(1+tany 2x) = @= 1+ tany

dx 2x dx 2x
= — =1l 5 —t— =
dy 1+tany dy 1+tany
Here, P = 2 and Q=1
1+tany
Integrating factor L.F.
2 2cos.y
— e-[l-*—tan y“ — e-[siny+cosy 4

J-sin y+cos y—sin y + cos yd J 1+ cos y —sin y M

—¢ (sin y + cos y) v —e siny + cos y
JCOS y —siny

— ej.l‘dy. e siny + cos y

=Y. BNV = oY (sin y + cos YY)

16
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Q27.
Sol.

So, the solutionis x xLF. = JQ xLF.dy+c
= x.e}/(siny+cosy)=Jl.ey(siny+cosy)dy+c
= x.é/(siny+cosy)=é’.siny+c
[ [T+ F0Tdx =€ fx) +c]
= x(siny+cosy)=siny+c.e?

Hence, the required solution is x(sin y + cos y) =siny +c . ™.

d
Solve : Y _ cos(x+y)+sin(x+y). [Hint: Substitute x +y = z]

dx p
Given that : % = cos(x +y) +sin(x +y)
Put x +y = v, on differentiating w.r.t. x, we get,
1 +d—y = do
dx  dx
X
dv X .
— -1 =cosv+sinv
dx
dv )
= — =cosv+sinv+1
dx
dv
= —— =dx

cosv +sinv +1
Integrating both sides, we have

jd—v=J1.dx

cosv +sinv +1

= I dv =J1.dx
1—’car122 2tam2
2 2 11
1+’can22 1+tan29
2 2
(1+tan29)
:J 2 dU=J1.dx
1—tan22+2’cang+1+tan2£
2 2 2
sec22
S J—2 o~ [1ix
2+ 2tan —
2
Put 2+2tan§=t

17
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2.lsec2§dv =dt = sec2§dv =dt

dt
= — = |1.dx
o)
= log It =x+c
= log 2+2tar1§ =x+c
+
=log 2+2tan(%)‘ =x+c= log2{1+tan(—x;yﬂ =x+c

= log2+log{l+tan(x+7yﬂ =x+c

= log{lﬂan(izyn =x+c—log?2
Hence, the required solution is
log[1+tan(x+Ty):|=x+K [c—log2=K]
Q28. Find the general solution of % — 3y =sin 2x.

Sol. Given equation is Z_y_ 3y = sin 2x.

X
Here, P=-3and Q=sin2 x

- Integrating factor LF. = el P ] 3 _ oo

.. Solution is
yxLE = JQ.I.F.dx +c

= y.e = '[sin2x.e_3x dx +c¢
Let I= Jsian.efg”‘ dx
i I
= I= sin2x.J‘e_3xdx—J.(D (sin2x).J.e_3xdx) dx
-3x -3x
= I=sin2x.% —JZCOS2x.e dx
-3 -3
6*3,9( 2 3
= I= sin2x +—fcost.e_ Y dx
-3 3 I I
—3x
_ e : 2 -3x
= I= 3 sm2x+§[c052x.je dx —

I[D cos2x . J e dx] dx}
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_3x -3x
= 1=° si112x+2 cos2x.f——
-3 3 -3
e—3x
2sin2x. dx
-3
—3x
= 1=¢ sin2x—gc032x.e’3x —éJ‘sian.e’?’x dx
-3 9 9
—3x
= =¢ sin2x—ge_3x cos2x—é1
-3 9 9
—3x
= I+él = ¢ sin2x—ge_3x Ccos2x
9 -3 9
1
= % =5 [3 e sin2x +2 " cost:I
= I= —% e [3 sin2x + 2 cos 2x]
.. The equation becomes
y. e = —% e [3sin2x +2 cos2x] +c

3x

y —%[3 sin2x +2 cos2x|+c.e

Hence, the required solution is
[3sin2x+2c052x] 3
y=- +

c.e
13
Q29. Find the equation of a curve passing through (2, 1) if the slope
2
+
of the tangent to the curve at any point (x, y) is a 5
Xy
Sol. Given that the slope of tangent to a curve at (x, y) is
dy Xy’
dx 2xy
It is a homogeneous differential equation
dy dv
So, puty =vx = PR =

do x* +0°x?
vtx. — = —(/————
dx 2x . vx
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Q30.

Sol.

do 1+?J2
= v+x. — =
dx 2v
L G 1+t o 1407207
" dx 20 " dx 20
= x d_U = i = 20 dz)zdx
" dx 20 1-20? 7

Integrating both sides, we get

1-9?
y2

1-2
2

2
J © o do = Jd—x = -log I1- v*| =log x +log c
X

¥ y2
)

= -log =logx+logc = -log =logx+logc

2
=log Ixcl = =xc
xZ _ y2 x2 — yz
Since, the curve is passing through the point (2, 1)

(2)° ) 4, 2
e o 229 = =2

eF-F " T 3T T T3
Hence, the required equation is

X2

2

= log

5 = gx = 2(x2—y2)=3x

2
-y
Find the equation of the curve through the point (1, 0) if the
y-1
X x

slope of the tangent to the curve at any point (x, y) is

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

dy y-1 dy dx
dx  x*+x y-1 x*4+x
Integrating both sides, we have
J‘ dy _ dx
y-1 2 +x
= J 4y _ '[ ax [making perfect square]
y-1 ’ 1 1
X xt+o -
4 4
dy dx
S |
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Q31

Sol.

L el
= log ly—11 = I log 2 +log c
2x— X+ -+
2
= log ly-11 = log |—— +log c
= log ly—11 = log|c *
& x+1

cx
y-1= m:}o(y—l)(x+l)=cx

Since, the line is passing through the point (1, 0), then
0-1)A+1)=c(1) = c=2.
Hence, the required solution is (y — 1) (x + 1) = 2x.

NCERT Exemplar - Class 12

Find the equation of a curve passing through origin if the slope of
the tangent to the curve at any point (x, ) is equal to the square of

the difference of the abscissa and ordinate of the point.

dy

Here, slope of the tangent of the curve = ™
x

and the difference between the abscissa and ordinate = x — y.

d
. As per the condition, d—y =(x- y)2
X

Putx-y=v
_Ay _dv
dx  dx
dy _q_dv
dx dx
.. the equation becomes
d
1-2 2 5 B 2o dvz =dx
dx dx 1-v

Integrating both sides, we get

J- dv2 =jdx

1-v
1 1+0 1 1+x-y
= —log =x+c = —log|l——— =x+c
2 1-v 2 1-x+y
Since, the curve is passing through (0, 0)
1+0-0
thenllog =0+c = c=0
2 1-0+0

(1)
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Q32.

Sol.

. On putting c=01in eq. (1) we get

1 1+x-y 1+x-y|
zlog —1—x+y =x = log T =2x
1+x-y
l1-x+y -
= (I+x-y)=e*(1-x+y)

Hence, the required equation is (1 +x —y) =e** (1 - x +y).
Find the equation of a curve passing through the point (1, 1),
if the tangent drawn at any point P (x, ) on the curve meets the
coordinate axes at A and B such that P is the mid point of AB.
Let P (x, y) be any point on the
curve and AB be the tangent to
the given curve at P. B
P is the mid point of AB (given)
. Coordinates of A and B are P(x,y)
(2x, 0) and (0, 2y) respectively.
.. Slope of the tangent (2x,0) N
AB = A
2y -0 y \
0-2x x

(0,2y)

y oy dy _ _dx

dx x y x

Integrating both sides, we get

jd—y = —jd—x = logy=-logx+logc

y x

= logy+logx =logc = logyx=logc
yx=c

Smce the curve passes through (1, 1)

- Ixl=c . c¢=1

= yx =1

Hence, the required equation is xy = 1.

dy

Q33. Solve: x =Y (log y —log x +1)
x

Sol. Given that: xZ—y =y (logy—logx +1)
x

s fnfgo] = 22l
- = = 2 ==]1 = (+1
- xdx 71708 X :>dx X 8 X "
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Since, it is a homogeneous differential equation.

d
.'.Putyzvx:—y=v+x.@
dx dx
dv _ ox vx
v+x.—=—|:10g(—)+1}
dx  x x
= U+x.@=v[logv+1]
dx
= x_d_v=v[logv+1]—v :x_d_v=v[logv+1—1]
dx Lcilx
= x,d_v=v.1ogv = do -
dx vlogv X
Integrating both sides, we get
J' dv _ d_x
vlogv x
Putlogv=tonL.H.S.
ldv=dt
v

jﬁzjd_x

x
logltl =loglxl +log c
= logllogvl =logxc = logov=uxc

= log (Z) = xc
x

Hence, the required solution is log (1) = xc.
x

OBJECTIVE TYPE QUESTIONS
Choose the correct answer from the given four options in each of the
Exercises from 34 to 75 (M.C.Q.)
Q34. The degree of the differential equation

@y ) (dyY d
CY] (2 < xsin( L )ss
dx? dx dx
(a) 1 ) 2 (c) 3 (d) not defined
Sol. The degree of the given differential equation is not defined

because the value of sin (d_y] on expansion will be in
) ) d dx
increasing power of (_y)
dx 3/
Hence, the correct option is (d). dv / 42
1+( Y ) -4y

Q35. The degree of the differential equation
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Sol.

Q36.

Sol.

Q37.

Sol.

(a) 4 (b) % (¢) not defined (d) 2

The given differential equation is

()T (2]

Squaring both sides, we have

BOIRE)

So, the degree of the given differential equation is 2.
Hence, the correct option is (d).
The order and degree of the differential equation

1
4%y (dy)4 1 :

—Z2 4| =L | + x5 =0 respectively are
dx*  \dx g P Y

(a) 2 and not defined  (b) 2and 2
(¢) 2and 3 (d) 3and 3

Given differential equation is

1
2 - 1
d—y+(d—y)4+x5 =0

dx®  \dx
2 - 1
= d—g + (d—y)4 =X
dx dx
Since the degree of Z—y is in fraction.
x

So, the degree of the differential equation is not defined as the
order is 2.

Hence, the correct option is (a).
If y =¢™ (A cos x + B sin x), then y is a solution of

d’y _d 2
V2% 2o 0 Y 2% oy 0

@ dx? dx dx? dx
dzy y d2
@ —3+2- 42y =0 m)25%+2y=0

Given equation is y = ¢™ (A cos x + B sin x)
Differentiating both sides, w.r.t. x, we get

Z—y =e¢* (-Asinx +Bcosx)—e™ (Acosx+Bsinx)
X

d_y =e¢* (-Asinx+Bcosx) -y

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

dZ_y _ e (-A cosx—Bsinx)—e_x(—Asinx+Bcosx)—d—y
dx? dx
= ch—‘;/ =_e_x(ACosx+Bsinx)—[Z—Z+y}—%
- Z;—]z/ = —ZZ—Z—Zy dx—Z+2§—Z+2y 0

Hence, the correct option is (c)

Q38. The differential equation for y = A cos o x + B sin o x, where A
and B are arbitrary constants is:

a2 d?

(@) _dxg_azyzo ®) ﬁﬂxzy:o
2 d?

© dxgﬂxyzo @ ﬁ_wzo

Sol. Given equationis:y=Acos o.x+ B sin o x
Differentiating both sides w.r.t. x, we have
dy

d_ =-Asinoax.o+Bcosax.a
X

=-Aodsinox+Bocosox
Again differentiating w.r.t. x, we get

2
Z—g =-Ao’cosax-Bosinax
X
d2

= d—Z=—oc2(Acosocx+Bsinocx)
X
2 2

N d_y=_(x2y:>d_y+oczy=0
dx? dx?

Hence, the correct option is ().
Q39. Solution of differential equation x dy —y dx = 0 represents:
(a) arectangular hyperbola
(b) parabola whose vertex is at origin
(c) straight line passing through origin
(d) a circle whose centre is at origin.

Sol. The given differential equation is
xdy —ydx =0
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Sol.

Q40.

Sol.

Q41.

Sol.

The given differential equation is
xdy —ydx =0
dy _y Y _dx
dx X Y x
Integrating both sides, we get
dy dx
55
= log y = log x +log ¢ = log y =log xc
= y = xc which is a straight line passing
through the origin.
Hence, the correct answer is (c).
Integrating factor of the differential equation

=

dy . :
cosx.——+ysinx =1is
dx

(a) cosx (b) tan x (c) secx (d) sin x
The given differential equation is
d
cosx. L+ ysinx =1
dx
dy sinx 1 dy
= —+ = = ——+tanxy =secx
dx cosx cosx dx

Here, P =tan x and Q =secx

Pdx tan xdx
f — 6'[ — elogsecx =secx

.. Integrating factor = e
Hence, the correct option is (c).
Solution of differential equation

tan y sec’x dx + tan x sec® y dy =01is

() tanx+tany=k (b) tanx—tany=k
© tanx —k
tan

The givgn differential equation is

(d) tanx.tany=k

tan y sec’ x dx + tan x sec® y dy = 0
= tan x sec?y dy = — tan y sec® x dx
2 o2
sec y.dy= sec’x
tany tanx
Integrating both sides, we get
2 a2
J~secyd =J sec’x
tany tanx
= log Itanyl=-log Itan x| +log c
= log Itanyl +log Itan x|=log c
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Q42. Family y = Ax + A® of curves is represented by the differential
equation of degree
(@) 1 (b) 2 ©3 (d) 4
Sol. Given equation is y = Ax + A
Differentiating both sides, we get

d
d—y = A which has degree 1.
x
Hence, the correct answer is (a).
d
Q43. Integrating factor of xd—y -y=x — xis
x
(a) xl () logx
© — (d) —x
x
Sol. The given differential equation is
d )
xﬁ—y =xt-3x = —Z—% =x’-3
Here, P=- l andQ=x%-3
x
1 1
x ——dx _ log—
So, integrating factor = e~ i elosr =% 2 L

X
Hence, the correct option is (c).

Q44. Solution of Z—y -y =1,y (0)=1is given by
x

(a) xy=—¢* ) xy=—e™
(c) xy=-1 (d) y=2¢"-1
Sol. The given differential equation is
dy
-y =1
dx 7

Here, P=-1,Q=1

. Integrating factor, LF. = eJ Pdx _ eI “ldx _ ox

So, the solution is
yxLF. = [QLF.dx+c

= yxe‘x=-[1.e”‘dx+c

= y.et=—er+c
Putx=0,y=1

= 1.8 =-€+c

= =-l+c se=2
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Q45.

Sol.

Q46.

Sol.

Q47.

Sol.

So the equationis y.e*=—"+2
= y=-1+2=2¢"-1
Hence, the correct option is (d).

The number of solutions of ay =y—+1 wheny (1)=21is

dx x-—
(a) none (b) one
(¢) two (d) infinite
The given differential equation is ay =y_+1
dy dx dx x-1
= A
y+1 x-1
Integrating both sides, we get
dy_ e
y+1 “Jx-1
= log (y +1)=log (x—1)+logc
= log(y+1)-log(x-1)=logc
+1 1
= log%‘=logc = iJ—rl =c
Putx=1andy=2
2+1
= —=c SC=o
1-1
y+1 1
=— = x-1=0 = x=1
x-1 0

Hence, the correct option is (b).

Which of the following is a second order differential equation?
(@) ) +x=y* (0) yy+y=sinx

@y +@)+y=0 @ y=y

Second order differential equation is y'y"’+ y = sin x

Hence, the correct option is (b).

Integrating factor of the differential equation

(1—x2)%—xy =1is
(@) = ® T2
© f1-2 (@) log(1-+)
The given differential equation is
(1—x2)%—xy =1

dy __x 1
= dx 1—x2'y_1_x2
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1
and Q =
-x 1-x
- Integrating factor

Here, P=—

2

X
7 ix 1 2
Pdx I e Slog (1-x7)
AP 1T = 2

LE. =
Hence, the correct option is (c).
Q48. tan™'x + tan"'y = c is the general solution of the differential

1-x

equation:
dy 1+y° dy 1+x°
(a) _y:_]/z w Y- -
dx  1+x dx 1+y

© (1+x%)dy+(1+y)dx=0
() (1+x%) dx+(1+y) dy=0

Sol. Given equation is tan™'x + tan™'y = ¢
Differentiating w.r.t. x, we have

d
1+1y

1+ 22 1+y2 "dx

d 1+y°
= 12 dy _ % Y +y2
1+y* ) dx 1+x dx 1+x

= (1+x%) dy=—(1+y? dx
= 1+x3)dy+(1+y?)dx=0
Hence the correct option is (c).

dy

0Q49. The differential equation Uirw + x = c represents:
x

(a) Family of hyperbolas  (b) Family of parabolas

(c) Family of ellipses (d) Family of circles
Sol. Given differential equation is
Y=
v dx
dy _

= yd——c—x = ydy=(c-x)dx
Integrati%g both sides, we get
jydy = J(c—x)dx
2 2 2 2
2 2 2

= x? +1y* = 2cx = 2k which is a family of circles.
Hence, the correct option is (d).
Q50. The general solution of e* cos iy dx — e sin y dy =0 is:
(a) e€cosy=k (b) efsiny=k
(c) e'=kcosy (d) ef=ksiny
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Sol.

Q51.

Sol.

Q52.

Sol.

The given differential equation is
efcosydx—e*sinydy =0
= €' (cosydx—sinydy) =0
= cosydx—sinydy =0 [ e #0]
= siny dy = cos y dx :>Sin—ydy=dx
cos y

Integrating both sides, we have

J-sirlydy= de

cos iy
= —log lcosyl = x+logk = log - logk=x

1 1
= log =x = =e

(k cos y] k cosy
1 — X X — 1
= roecosy = ecosy=c [CZE}
Hence, the correct option is (a).
The degree of the differential equation:
2 3

ZTZJF(Z_ZJ +6y° =0 is
(@) 1 (b) 2 (€3 )5
The degree of the given differential equation is 1 as the power

of the highest order is 1.
Hence, the correct option is (a).
The solution of the differential equation

dy x .
—+y=¢",y(0)=0is
L Fy=e y0=0i
(@) y=e'(x-1) (b) y=xe*
() y=xe*+1 @ y=@x+1)e”
The given differential equation is

dy —x
E+y—e
Since, it is a linear differential equation
~P=land Q=¢"
0 L
So, the solution is
yxLF = J.Q.I.F.dx+c Sy.ef= J.e”‘ .efdx +c
= y.e'= Jl.dx+c = y.ef=x+c
Putx=0,y=0,wehave0=0+c ..c=0
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So, the solutionisye*=x = y=x.¢e™"
Hence, the correct option is (b).
Q53. Integrating factor of the differential equation
dy

—+ytanx —secx =0is

(a) cosx (b) secx
(C) eCOSX (d) eSEC)C
Sol. Given differential equation is
dy dy

—+ytanx —secx = 0= —+ytanx =secx
dx y dx y
Here, P =tan x and Q = sec x
Pd tanx d
~1LE = eJ T = eI XX _ plogseey — gocx

Hence, the correct option is ().
Q54. The solution of the differential equation

dy 1+ y2 .
— = is
dx 1+ x?
(@) y=tan x ®) y—x=k1+xy)
(c) x=tan'y (d) tan (xy)=k
Sol. The given differential equation is
dy _1+y dy dx

z = = 2
dx 1+x 1+y2 1+x
Integrating both sides, we get

de =Jd_x

1+y2 1+x2
= tan‘ly = tan‘1x+c:>tan‘1y—tan‘1x=c
= tan! | L2 = ¢
1+xy
_x —_
= Y =tanc = y—* =k [k=tan ]
1+xy 1+xy
= y—-x=k(1+xy)

Hence, the correct option is (b).
Q55. The integrating factor of the differential equation

&y +y= 1ty is:
dx x
@ = ® = @ @e
e
Sol. The given differential equation is
1+
dy 1ty
dx x
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d 1+
. dy 1ty
dx x
dy 1 (1-x) dy (1—x] 1
-~ = —4y—->= _J _ J—
- dx x Y X - dx X Y= %
-Xx
Here,P=—( jandQ=—
x-1 1
x dx 1-— |dx
- Integrating factor LF. = eI e eJ o= ej( ")
(x—log x) e, e—logx
1
log—

=e'.e ¥ =e'.
Hence, the correct option is (b).
Q56. y = ae"™* + be™™ satisfies which of the following differential

equations?
d
@) —+my 0 ) d—z—my 0
2 2
dy
2 2
) —-my=0 d) —+m°y=0
© de Y @ dx? Y
Sol. The given equation is y = ae"™ + be™™
d
On differentiation, we get d_y =a.me"™ —b.me"™
x
Again differentiating w.r.t., we have
2
d ]2/ - amZ mx+bm2 —1Mx
dx
Py _ d*y a’y
= —2 =m (@™ +be™) = —2 =m’y = -m’y=0
dx* ) dx? Y dx? -

Hence, the correct option is (c).
Q57. The solution of the differential equation
cos x sin iy dx + sin x cos y dy =0 is
sinx _
(@)

(c) smx+siny=c (d) cosxcosy=c

(b) sinxsiny=c

Sol. The given differential equation is
cos x sin y dx +sinx cosy dy =0

= sinxcosydy=—cosxsinydx
cos
— dy = 2L gy = coty dy = cot x dx
siny sin x
Integrating both sides, we have
= jcotydy = —Jcotxdx
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Q58.

Sol.

Q59.

Sol.

= log Isiny! =—log Isin x| +1log ¢
= log Isinyl +log Isin x| =log c
= log Isiny .sinx| =logc = sinxsiny=c

Hence, the correct option is (b).
dy

The solution of x—+y =¢" is:
X

(@) y=e—+— (b) y=xe"+cx
XX
ek
() y=x.e +k d) x=—+—
Yy dy
The given differential equation is xd—y +y=e
dy y e *
= -+ = —

dx x X
e

1
Here P = — =—
ere . and Q . )

—dx
. log !
- Integrating factor LF.= ¢ *  =e*" =x

So, the solution is

X
yxLF = jQxI.F.dx+k :>yxx=_[e—><xdx+k
X
N yxx=J€xdx+k => yxx=¢+k
¥k
y= —+=

x X
Hence, the correct option is (a).
The differential equation of the family of curves x* + 1> — 2ay = 0,
where a4 is arbitrary constant, is:

2 2, dy 2 2, dy
- _:2 b 2 _— =
@ (x* -y )dx xy (b)) 2(x"+y )dx xy

d d
© 22 -y L=xy @ P+y)L=2zy
dx dx

The given equation is

P +y?-2ay =0 (1)
Differentiating w.r.t. x, we have
2x+2y.Z—z—2aZ—z= 0
= x+yZ—Z—aZ—Z=O = x+(y—a)3—i=0
= (y—a);l—z=—x :>y—a=dy_;;x
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y.j—y+x
= a= + — =#
Y dy/dx ‘ dy
Putting the value of a in eq. (1) we get dx
dy
2, .2 yﬂ+x 0
Xty -2 =
y Y dy
dx
dy ( dy j
2, 2.4y ay _
(x*+y )dx y ydx+x =0
2, .2\ 4Y 2 dy
2122 oy =
= (¥ +y )d Y P Xy
= (x2+y —2y2)—y =2xy = (x2—y2)d—y =2xy
dx dx

.. Hence the correct option is ().

Q60. Family y = Ax + A% of curves will correspond to a differential
equation of order

(a) 3 (b) 2 (o)1 (d) not defined
Sol. The given equation is
y=Ax+A®
Differentiating both sides, we get Y _A
dx Ay

Again differentiating both sides, we have d_2 =0
x

So the order of the differential equation is 2.
Hence, the correct option is (b).

Q61. The general solution of A _ oy is:

2 dx 2
(@) e V=c (b) e‘Z+e" =c
() e =e" +e @d e* "V =c¢
Sol. The given differential equation is
dy 2
- = X -y
Ix 2x.e
2 d 2
= L N s N R PN
dx e’

Integrating both sides, we have

_[Zx dx = Jeydy J.2x X dx

y
¢ Putin RHS x*> =t . 2x dx = dt
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Q62.

Sol.

Q63.

Sol.

Jey dy = Ietdt
= ¢/=etc = eV=e +c
Hence, the correct option is (c).

The curve for which the slope of the tangent at any point is
equal to the ratio of the abscissa to the ordinate of the point is:

(a) an ellipse (b) parabola
(c) circle (d) rectangular hyperbola
Since, the slope of the tangent to the curve=x:y

dy _x = ydy =xdx

dx y
Integrating both sides, we get fy dy = fx dx

2,2

= ]/7=7+C = yr=x*+2c
= y* — x* = 2c=k which is rectangular hyperbola.

Hence, the correct option is (d).
The general solution of the differential equation

d_y 2

X

dx=67+xyis:
(a) y=c.eT ¥ ) yzc.e7 2
© y=(x+c).e? () y=(c-x)e?

The given differential equation is
d_y267+xy = d—y—xy:e%
dx dx 2
Since it is linear differential equation where P=—x and Q = e?
[Pdx _ [-xd -z
X —xax
.. Integrating factor LF.= ¢’ =e =e 2
So, the solution is

yxLE = [QxIF.dx+c

x ¥? ¥?

= yxe 2 =J.e7677dx+c
XZ
= yxe 2 =_[eodx+c
Xz X2
= yxe 2 =Jl,dx+c = yxe 2 =x+c
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. y=(x+c) e2
Hence the correct option is (c).
Q64. The solution of the equation (2y — 1) dx - (2x +3) dy =0is

21 2y +1
@ 22—k ®) y+ —k
2y +3 -3

2x +3
© ==k
2y -1 2y—

Sol. The given differential equation is
Ry-1)dx-(2x+3)dy=0= (2x+3)dy =2y — 1) dx
dy dx
m T 2x+3
Integrating both sides, we get

dy dx
J2y—1 B J2x+3

%logIZy—ll = %log|2x+3|+logc

=

=
= log 12y —11 =1log 12x+ 3| +2log c
= log 12y—1I-log I12x +3I = log ¢?
2y -1
1 =log ¢
= 0g2+3‘ ogc
- 1
— Zy 1=C2 — 2x+3=_2
2x +3 2y-1 ¢
1
= 2er?’=k,wherek=—2
2y -1 c

Hence, the correct option is (c).
Q65. The differential equation for which y = a cos x + b sin x is a
solution, is:
d*y dzy
a) —5+y=0 by —-y=0
@ —aty= 0 —5-y=
© DY @inyy=0 @ Lr@-ty-0
—+(a+ = —2>+(a— =
dx2 (ﬂ ) Yy dx2 Y
Sol. The given equation is
Y= acosx+bsinx
dy

— = —gsinx+bcosx
dx
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Q66.

Sol.

Q67.

Sol.

dzy_ bsi

F——QCOSX— s x

d’y . ’ dy

—J = _ b —_— - _ _J =0
= 2 (acosx+bsinx) = 2 Y = " +y

Hence, the correct option is (a).

d
The solution of % +y=e",y(0)=0is:
(@) y=e*(x-1) (b)) y=x.¢
() y=xe*+1 (d) y=x.¢e™*

d
The given differential equation is % ty=e*

Since, it is a linear differential equation then P=1and Q=¢

Integrating factor LF. = ej P eJ T g

- Solution is
yxLE = J.QxI.F.dx+c

= yxe'= fe‘xxexdx+c :>y><ex=jeodx+c
= yxe'= fl.dx+c => yxe'=x+c

Puty=0and x=0

- 0=0+c .. ¢=0
s equationis yxe'=x
So y=x.e”

Hence, the correct option is (d).
The order and degree of the differential equation
2
dﬂ 4y (dy)“ !
—| -3—+2|—| =y" are
[dx3 ax? \ax) 7Y
(@) 1,4 (b) 3,4
(c) 2,4 (d) 3,2
The given differential equation is
2
& & dy\*
] pelE] -
dx dx dx
3

d
Here the highest derivative is d_z
x

.. the order of the differential equation is 3
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Q68.

Sol.

Q69.

Sol.

and since, the power of highest order is 2

.. its degree is 2

Hence, the correct option is (d).

The order and degree of the differential equation

2 2
{1 + (d_y) } = d—yare:
dx dx?

3
(a) 2,5 ®) 2,3

(21 (d) 3,4
The given differential equation is

2 2
B
dx dx

Here, the highest derivative is 2,

. order =2

and the power of the highest derivative is 1

. degree=1

Hence, the correct option is (c).

The differential equation of the family of curves y = 4a (x + a)
is:

d d d
249 ( + _y) 4
@y ax T ax ®) 2y. dx 4
dy (dyj2 dy [dy)z
—5+|=]| =0 d) 2x.—=+y|—| —
©y dx*  \dx @) 2x dx Y dx Y
The given equation of family of curves is
y2 =4a (x +a)
= y? = dax + 4a® (1)
Differentiating both sides, w.r.t. x, we get
dy
2y.— =4
Vi .
dy y dy
== =2 = <=
- Y T o

Now, putting the value of a in eq. (1) we get

2
pe (L) a2
2 dx 2 dx

dy dy \’ dy (dyY’
o er (] <l
- Y xydx+y dx =Y Zxdx+y dx
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d dy\?
= 2x.—y+y.(—yj -y=0
dx

Hence, the correct option is (d).
Q70. Which of the following is the general solution of

dy _dy
——-2—=+y=0?
x> dx 4
(@) y=(Ax+B).¢e* ®) y=(Ax+B)e™
(c) y=Ae" +Be™ (d) y=Acosx+Bsinx
Sol. The given differential equation is
Py _d
—-2—=+y=0
dx? dx v

Since the above equation is of second order and first degree

D?y - 2Dy +y =0, where D = %
= (D*-2D+1)y=0

auxiliary equation is

m*-2m+1=0 = @m-1%*=0 = m=1,1

If the roots of Auxiliary equation are real and equal say ()
then CF = (c; x +c,) . e™

CF=(Ax+B)¢"
So y=(Ax+B).¢"
Hence, the correct option is (a).

d
Q71. General solution of % +y tan x = sec x is:

(@) ysecx=tanx+c (b) ytanx=secx +c
(c) tanx=ytanx+c (d) xsecx=tany+c

d
Sol. The given differential equation is % +ytan x =secx

Since, it is a linear differential equation
P=tan x and Q =sec x
Pdx tanx dx
J — 6"[ an — elogsecx

Integrating factor LE. = ¢ =secx
.. Solution is
yxLF. = [QxLF.dx+c
= yxsecx= Jsecx.secxdx+c
= ysecx=JS€C2xdx+C =ysecx=tanx+c

Hence, the correct option is (a).
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Q72.

Sol.

Q73.

Sol.

dy y

Solution of differential equation o +==sinx is:
x X

(@) x(y+cosx)=sinx+c (b) x (y—cosx)=sinx+c
(c) xycosx=sinx+c (d) x (y+cosx)=cosx+c
d
The given differential equation is d_y +Z =sinx
x X
Since, it is a linear differential equation

P=l and Q =sin x

1
~d
Integrating factor L.F. = eJx o elosr =y

. Solutionis yxLF. = _[QXI.F. dx+c

yxx= Jsinx.xdx+c = yxx=Ixsinxdx+c
yx = x.Jsinx dx—_[(D(x)_[sinx dx) dx+c
yx = x(—cos x)—J—cosxdx

yx=—xcosx+.fcosxdx =Syx=-xcosx+sinx+c
yx+xcosx =sinx+c
x(y+cosx)=sinx+c
Hence, the correct option is (a).
The general solution of the differential equation
@+ ydy=(y+1)edxis:
@ (y+1)=k(e*+1)
(b) y+1=e"+1+k
(© y=log[k(y+1) (" +1)]

e"+1
(4) y—log{y+1}+k
The given differential equation is

e+ ydy=(y+1)e dx

= Y dy = ¢ dx

y+1 er+1
Integrating both sides, we get

tee Uy

y e

y+1 = '[ex+1dx
+1-1 x

- jnydy - -[e"e+1dx
1 X

= J.ldy—‘[mdy _ Jexe—i—ldx
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= y—log ly+1l=1log le*+1I +logk
= y=log ly+1l + log le*+11 +logk
= y=1log lk(y+1) (" + 1)l

Hence, the correct option is (c).

Q74. The solution of differential equation ;l_y =¥V 4 x%e Y is:
x r
@ y=e""V-x%Y+c (b) ey—e":?+c
3 3
x x
c Yre¥ =2+ d) ef—eV="—+¢
(© e"+e 3 te () 3

Sol. The given differential equation is

d - -
G = Y xPeY

dx

= 4y eV +xteV = dy _ e V(e +x%)
dx dx

= dTyy=(ex+x2)dx:>ey.dy=(ex+x2)dx
e

Integrating both sides, we have
Ieydy = _[(ex +x%) dx
x3 x3
= ey=ex+?+c =eé-e= "+
Hence, the correct option is (b).
Q75. The solution of the differential equation

d_y+ 2xy = 1 is:
e 1+x* (1+x%)
(@) y(1+x*)=c+tan'x (b) N Y 5 =c+tan ' x
+x

() ylog(l+x*)=c+tan'x  (d)y(1+x?)=c+sin'x

Sol. The given differential equation is
dy N 2xy 1
dx  1+x*  (1+x%)
Since, it is a linear differential equation

1
QT e

P=

1+
| Pax j127x2dx log (1+ 22 2
Integrating factor LE. = ¢/ =¢ 1" =¢lo8(1+2) = (1 4. 4?)

.. Solution is y x L.F. = _[Q xLF.dx +c
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5 X (1+x*)dx +c

2 =
= y(1+x9) '[(1+x2)

= y(1+x2)='[(1+x2)dx+c =Sy(l+x’)=tanx+c

Hence, the correct option is (a).
Q?76. Fill in the blanks of the following (i to x1):

2
(i) The degree of the differential equation Z—g+ e =0
is *

2

(if) The degree of the differential equation 4/1+ (%) =x

is .

(iif) The number of arbitrary constants in the general solution
of a differential equation of order three is

(iv) L Y - 1 is an equation of the type
dx xlogx «x
(v) General solution of the differential equation of the type

dx L
@ +Pix=Q; is given by .

d
(vi) The solution of the differential equation x% +2y = K2 s

d
(i) The solution of (1+x?) d—y +2xy —4x% =0 is
X

(viii) The solution of the differential equation ydx + (x + xy) dy =0
is
dy

(ix) General solution of o +y =sinx is
X

(x) The solution of differential equation cot y dx = x dy is

1+y

d
(xi) The integrating factor of % +y= » is
2
Sol. (i) The degree of the differential equation d—]zl+ e =0
is not defined. dx
; R o dy '
(if) The given differential equation is 4|1+ o
Squaring both sides, we gett

2
1 +(d_y) =x?
dx
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So, the degree of the equation is 2.

(iif) The number of arbitrary constants in the solution is 3.

(iv) The given differential equation &y P - 1 is of the
dy dx xlogx «x
type —— +Py=0Q.
ype - +Py=Q
(v) General solution of the differential equation of the type

dx
@+P1X=Q1 is given by xxI.F.:JQxI.F. dy +c
= x.ejpldy:.[Ql.eIPldydy+c.

d
(vi) The given differential equation is xﬁ +2y = x?

dy 2
= — + —Yy =X
dx x
Since, it is linear differential equation
2
=7 and Q=x
. | Pdx J-de 2logx _ logx® 2
Integrating factor LF. = ¢/" " =¢’x  =¢" %8 =¢%8" =x

.. Solution is
yxLE= [QxLF.dx+c

. y.x%= jx.xzdx+c :>y,x2=jx3dx+c
= y.x’= leie = y=lx2+c X2
) 1 M )

Hence, the solution is y = i X rc.x?.
(vii) The given differential equation is
dy 2
1+x%) =2 +2xy —4x> =0
( ) e T

d_y+ 2xy _ 4x?

dx  1+x* 1+2°
Since it is a linear differential equation

2 4x*
il and Q = X

P=
1+x2 1+x2

[pax Fod ™ _ ogaiee
IntegratingfactorLE.=e!  =¢ ™" = 8U*Y) = (14 4%)

. Solutionis y x LF= JQ XLF.dx+c
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4x
1+ x?

= yx(1+x2)=_[4x2dx+c =>y><(1+x2)=%x3+c

= yX(l+x2)=J X (1+x%)dx +c

4 P

= == +o(1+x3)™
Y73 (1+x%) \
Hence, the required solution is y = 4 +c@+xH)7t.
31+x?)

(viii) The given differential equation is
ydx + (x +xy) dy=0

= x+xy)dy=-ydx =>x1+y)dy=—ydx
1
= ﬂdy=—ldx
x

Integrating both sides, we get

J.lJ;ydy = —jldx

1 1
= J(y+1jdy— jxdx
= logy+y=-logx+logc
= logx+logy+loge’ =logc
= log (xy . ¢¥) = log ¢
xy=ce?
Hence, the required solution is xy = c e™.

dy

(ix) The given differential equation is T +y=sinx
Since, it it a linear differential equation
P=1and Q=sinx
Integrating factor L.F. = e
. Solutionis y x L.F. = JQ x LE.dx +c
= y.e'= _[sinx.exdx+c (1)

Jde _ efl.dx =

Let I= J-sinx.ex dx
I I

I=sinx. _[exdx— J(D(Sin x). _[exdx) dx
I=sinx.ex—Jcosx.ex dx

T
I=sinx.e* - [cos x. Iexdx - J.(D (cos x)J exdx) dx}
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I=sinx.ex—[cosx.ex—J.—sinx.e"dx]
I=sinx.ex—cosx.ex—Jsinx.exdx

I=sinx.e*—cosx.e" -1
=I+1=¢" (sin x — cos x)

= 2[=¢" (sin x — cos x)
X
I= %(sinx —COSX)

From eq. (1) we get
X
y.e'= %(sinx—cosx)+c

sinx — cosx “x
y= — 5 +c.e

Hence, the required solution is

sinx — cosx “x
y= — > +c.e

(x) The given differential equation is cot y dx = x dy

d_y=d_x = tanydy=d—x
coty «x x

Integrating both sides, we get

d
J.tanydy = J?x = log sec y =log x + log ¢

= log secy —log x = log ¢
= log ey =log C
x
secy=C:> x=l:> x=C [1:4
x secy C secy c
x= Csecy

Hence, the required solutionis x=Csecy .
(xi) The given differential equation is

1
dx X
dy 1y
= dx y x X
dy y _1 dy( 1) 1
~Lyy-L == Zil1-=ly =2
= dx y X x =>dx xy x
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Here P = (1 —l)
X

1
LE = ejpdx = ej[l_;jdx =¥ 7lo8 )
1
log—
X

X

- 1
x'elogx: x =¥ =
X

=€ e .e

1
Hence, the required LF. = e*. —.
x

Q77. State True or False for the following:

(i) Integrating factor of the differential equation of the form
Z_x + Pix =Q, is given by ejp‘dy.
Yy

(if) Solution of the differential equation of the type
Z—;+P1x=Q1 is given by x . LF. = [(LF.) Q,dy.

(iii) Correct substitution for the solution of the differential
equation of the type Z—Zz f(x,y), where f(x, y) is a

homogeneous function of zero degree is y = vx.
(iv) Correct substitution for the solution of the differential

equation of the type Z—x: g(x,y), where g (x, y) is a
Y

homogeneous function of the degree zero is x = vy.

(v) Number of arbitrary constants in the particular solution of
a differential equation of order two is two.

(vi) The differential equation representing the family of circles
x? + (y — a)* = a* will be of order two.

i Y3
(vii) The solution of 4 _ (Z) is y2/3 -xP=c
dx \x
(viii) Differential equation representing the family of curves
dy d
y=e"(A cos x + B sin x) is—Z—Z—y+2y=0.
dx dx
(ix) The solution of differential equation d_y = ﬂ
x+y=kx dx x

(x) Solution of xdy =y+x tan? is sin (Z) =cx.
dx x x
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(xi) The differential equation of all non-horizontal lines in a
2
plane is d—f =0.
Sol. (i) True
LF. of the given differential equation

=, Px=Qis eIy

d

(i) True (1i1) True (iv) True (v) False
Since particular solution of a differential equation has no
arbitrary constant.

(i) False

We know that the order of the differential equation is
equal to the number of arbitrary constants.

(vii) True
The given differential equation is

d_y _ (1)1/3

dx X

dy y"® dy dx
5w B T T

Integrating both sides, we get

I~ I = Py = [

y
= 11 y7%+1= 11 .x7%+1+c
—§+1 _é‘”
2 2
= yé=x3+§c = y%—x%=k[k:§c}

(viii) True
Given equation is
y=¢" (Acosx+Bsinx)
Differentiating both sides, we get
dy
dx
dy
dx

=¢" (A sinx + B cos x) + (A cos x + B sin x) e*

=¢" (-Asinx+Bcosx)+y
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Again differentiating w.r.t. x, we get

d’ d
—‘12/=e"(—A cosx—Bsinx)+(-Asinx+Bcosx).e + 9
dx dx
d d
—‘12/=—ex(A cos X + B sin x) + d_y_y+_y
dx dx dx
d? dy Py dy
—=-y-y+2—= . —-2—=4+2y =0
dx? vy dx dx? dx 4
(ix) True
The given differential equation is

dy —x+2y

dx  «x

d

dx x dx «x

-2
Here,P=— and Q=1
x

-2
—dx 2
Integrating factor L.F. = eI x = pr2logx  plogxt

. Solutionis yxLE. = JQ xLF.dx+c
1
= yxiz=.,‘l><—2dx+c
X X

1 1

= lz j—zdx+c = %:——+c
X X X X

= =-x+cx 2

(x) True

2 = y+x=cx

The given differential equation is
d
x—y= y+xtan(z)
x

dx
x—y——xtan(zj:y
x X
—y—tan (1) Y d_y = z+tar1 (z)
dx X x dx X X
Put VX = dy v+xdv
u = —_ = —_—
Y dx dx
o prxBowm (_)
dx  x x

48



Chapter 9 - Differential Equations NCERT Exemplar - Class 12

dv dv

= v+x—=v+tanv = x— =tanv
dx dx
do dx dx

=— = cotvdv=—
tan v X b

=

Integrating both sides, we get

Jcotvdv = Jd—x = log sinv=1log x +log c
x

= logsinv-logx=1logc = log sin% =log xc
sin? = xc
x
(xi) True
Let y = mx + c be the non-horizontal line in a plane
d &
Y —m and —Z =0
dx x
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