Differential Equations

Short Answer Type Questions

Q. 1 Find the solution of ;1_3/ =2V

X
Sol. Given that, dy =V
dx
= ¥ _ 2 |—'.' a" " "]
dx 2% L n J
dy dx
- o " or
On integrationg both sides, we get
[277ay = [27"dx
_oy _ox
= = +
log2 log2
= 27 +2%=4+Clog?2
= 27 -27 =-Clog2
= 27 2V =K [where, K = + C log2]

Q. 2 Find the differential equation of all non-vertical lines in a plane.
Sol. Since, the family of all non-vertical line is y = mx + ¢, where m = tan E.

On differentiating w.r.t. x, we get
&
dx
Again, differentiating w.r.t. x, we get
2
oy _
dx

=m

Q. 31If Z—y =e ?Y and y =0 when x =5, then find the value of x when y =3.
X

Sol. Given that, [P N ?); —dx
dx e Yy
2y d d 82y c
e = c e
= I y _[ x = 5 x



When x = 5and y = 0, then substituting these values in Eq. (i), we get

0
® _s54C
2
= 1=5+C = Czl— -9
2 2 2
Eq. (i) becomes e =2x-9
When y = 3, then e®=2x-9 = 2x=e%+9
€ +9
2
d 1
Q. 4 Solve (x* —1) &y +2xy =
dx x? -1
Sol. Given differential equation is
ay 1
2 )L 4 2ay =
W e Y=
- d (2 ), 1
dx  (x% -1 (x% 1)
which is a linear differential equation.
On comparing it with g—y + Py =Q, we get
X
p_ 2x Q- 1
x2 -1 (x? -1
dx
j- 2x ]
IFoglPd _ g la®
Put X%~ 1=t =2xdx =dt
[
IF=e't =€°9" =t =(x* - 1)

The complete solution is
yIF=[ QIF + K

= Y'(xz—T)—IW.(x2—1)dx+K
d
- Y- - ):J‘(x23i1)
2 1 x -1
= y-(x —1)—§Iog T + K
Q.5Solved—y+2xy:y.
dx
Sol. Given that, %Jrgxy:y
dx
= dy+2xy—y=0
dx
= Y\ ox-1y=0
X

which is a linear differential equation.



On comparing it with g—y + Py =Q, we get
X

The complete solution is

IF=¢e

P=@2x-1),Q=
[Pox _ o jzx 1)

I

*=fQ-e” Tdx+C

F=0+C

_x2

y=Ce”

Q. 6 Find the general solution of dy +ay =e™

Sol. Given differential equation is

dx

ay mx
L t+ay=e
dx y

which is a linear differential equation.

On comparing it with

The general solution is

=

=

=

=

(m+a)y=e™ +Ke

ﬂ+ Py = Q, we get
X
P=aQ=e™
IF =alPox _glaox _ jax

y-e* :Iemx -e*dx +C

y.e® :Ie(m+a)xdx+c

e(m+a)x
e o
y (m+ a)
m+ a) _elmrae N (m+a)C
y= eax eax

—ax

Q. 7 Solve the differential equation = +1=¢" ¥

Sol. Given differential equation is

On substituting x + y =t, we get

Eg. (i) becomes

L R

dy
dx
Y q_erry
dx
1y _dt
dx dx
— =¢
dx
e ldt =dx
—e'=x+C
-1
ex+y—x+C

[ K=

(m+ a)C]



Q. 8 Solve ydx — xdy = x°ydx.

Sol. Given that, ydx — xdy = x°ydx
= iz _td [dividing throughout by x?ydx]
x xy dx
= - i ¥ + A =0
xy dx  x°
ay
= ——-—=+ay=0
dx  x° e
= & _y +ay=0
dx «x
= % + (x - i) y=0
dx x

which is a linear differential equation.
On comparing it with % + Py =Q, we get
X

P:(x—lj,on

X
IF =l

:ej(x—%jdx

The general solution is

2
= y=Cxe /2

Q.9 Solve the differential equation Z—y =1+x+y® +xy?, when
X

y =0 and x =0.
Sol. Given that, g—y=1+ x+ Y2+ ay

X

= %:(1+x)+y2(1+x)
dx

= Y4+ y?) 1+ x)
dx

= dy2:(1+x)o’x

1+ y

On integrating both sides, we get
2

tan y=x+ 4+ K ()



When y =0 and x = 0, then substltutmg these values in Eq. (i), we get

tan ' (0)=0+ 0+ K

= K=0
2
= any=x+
2
= y =tan x+£
2

Q. 10 Find the general solution of (x + 2y °) Z—y =y.
X

Sol. Given that, (x+2y3)%: y
dx
= )/-CLx=ac+2y3
dy
= di:£+2y2
ay vy
= dx £_2y2
dy oy

which is a linear differential equation.

On comparing it with Z—x + Px =Q, we get
y

P:—i,Q:2y2
Y
[~ la  -1la
IF=e' ¥V =e Y
elogy_l
y
The general solution is 1—_[2)/ —ady+C
y y
2
N *_2Y o
y 2
= T_yic
y
= x=y> +Cy

1+y )dx

[dividing throughout by y]

Q. 11 If y (x)is a solution of(mﬂj __ cos x and y (0) =1, then find

Sol.

the value of y(%j

Given that, 2+ sinx dy —COoS x
1+y Jdx
ay cosx
f— = —

1+ y 2 + sinx

On integrating both sides, we get

cosx
-[1+y :_I2+S|nx

= log (1+ y)=—log (2 + sinx) + log C



= log(1+ y)+log (2 + sinx)=log C
= log(1+ y) @ + sinx)=1log C
= 1+ y)@+sinx)=C
1+ y=
- y 2 + sinx
- Sy )
2 + sinx
When x = 0andy =1, then
C
1==-1
2
= C=4
On putting C = 4in Eq. (i), we get
4
Y o sina
2 2+ sin— 2+1
2
4]
- 3

Q. 12 If y (t) is a solution of (1 +t) Ccll_Jt/ —ty=1and y (0) =-1, then show

1
that y (1) = — -.
2
. dy
Sol. Given that, 1+ t)a —ty=1
- o ((t),_ 1
at 1+t 1+t
which is a linear differential equation.
On comparing it with dy + Py =Q, we get

ot

t 1
P:— — |, =
(1+tJQ 1+t

gl g —pf1- 1 |ar ettt
—e T+t

IF=e "' =
:e—f .elog (1+1)
=e ' (1+1)

The general solution is

A+t) c(+t)-e!
t)- = dt+C
ye) e J 1+1) i
e—t et t
= yt)y=— + C’, where C'= ——
(=1 1+t
1
ty=———+C'
= o) 1+t "

Whent =0andy = -1, then
-1=-1+C'=C'=0
y

1
y(t)=—m:>y(1):—§



Q. 13 Form the differential equation having y = (sin~* x)? + Acos™ ' x + B,

where A and B are arbitrary constants, as its general solution.

1

Sol. Given that, y=(sin"'x)?> + Acos 'x + B

On differentiating w.r.t. x, we get
ay _2sin” x (-A

dx 1= WH - x?
= 1 -2 g—y=23in‘1x—A

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

dy dy -2x
-
< di?  d 21+ «? ,/

2
- (1—x)dy X ~ 1-4? 2 _,
dx? M1-x dx

2
= (1—x2)d7§_x%=2
dx dx
2
- -2 ¥ _5_g
dx? o’x

which is the required differential equation.

Q. 14 Form the differential equation of all circles which pass through origin
and whose centres lie on Y-axis.
Sol. It is given that, circles pass through origin and their centreslie on Y-axis. Let (0, k) be the
centre of the circle and radius is k.
So, the equation of circle is

(x — 0% + (y — k)? = k?

= x% + (y — k)2 = k?

= x% +y? -2ky=0
2 2

- s Ay ()
2y

On differentiating Eq. (i) w.r.t. x, we get
2y(2x + Zyﬂ) - (x2 + y2)2—dy
dx

dx
=0
4y2
d)/j 2 2, dy
= 4 +y—|-2 + —=0
y(xeyY)-2e oY
2 QY 2, dy
= dxy + 4 -2 —=0
xy yd (x® y)dx
= [4y? — 2 (x? +y2)]g—y+ 4xy =0
= (4y? —2x% —2y) y+4xy 0
= @y? 2x)%+4xy 0
dx
= (yz—xz)%uxy 0
dx



Q. 15 Find the equation of a curve passing through origin and satisfying the
differential equation (1 + x?) dy +2xy = 4x°.

dx
Sol. Given that, 1+ x?) jl + 2y = 4x?
X
ay 2x 4x°
= =+ 5. Y= 5
dx 1+ «x 1+ x

which is a linear differential equation.
On comparing it with dd—y + Py =Q, we get
X

p_ 2x B 4x°
14 52 1+ x°
2x
|F:edex:e 1+ x

dx

2

Put 1+ x° =t = 2xdx =dft
dt

IF=14+ x2:e ?:elogt :elog(1+x2)
The general solution is
2 4x° 2
y-(1+2?)=[——(1+a?)dx+C

1+ x
= y~(1+x2):J.4x2dx+C

xS
= y-(1+x2)=4?+c 0

Since, the curve passes through origin, then substituting
x=0and y=0inEq. (i), we get
C=0
The required equation of curve is

3
y(1+x2):4—
N y= 43
3(1+ x?)
d
Q.16 Solve x> & =»? +ay +y2.
dx
Sol. Given that, ng—y:x2+xy+ Ve
X
d 2 .
= di:—1+%+j:—2 (1)
2
Let fe)=1+2L+ L
X ox
fx, \y)=1+ >+
( /) Ax 2 x?
y ., ¥
f (e, Ay) = 2° [1++2J
X ox

=01 (x,y)



which is homogeneous expression of degree 0.
ay av
Put y=ve = —=V+x——
dx dx

On substituting these values in Eq.(i), we get
( dvj o
V+x —|=1+Vv+vV
d.

x
= xd—vz1+v+v2—v
dx
dv P
= x—=1+v
dx
av dx
= ==
1+ v x

On integrating both sides, we get
tan™' v =log|x| + C

= tan™ (%) =log|x| +C
Q.17 Find the general solution of the differential equation
1+y?) +(x—eta“_1y)d—y =0.
dx

Sol. Given, differential equation is
1 dy

A+ y)+ (x—e® V)L =0
dx
- (42 er@-e= )Y
dx
(1+y2)d—x:—ac+etan y
ay
= (1+y2)d—x+x:eta”1y
ady
dx x ela”qy

=

it - dividing throughout by (1 + y?
AR TR [ g g y(1+ y9)]

which is a linear differential equation.

On comparing it with (z;—x + Px =Q, we get
y

1 etan y
ALl Iy
Y +y
1
”::eJ.de:e 1+y2 :etan’1y
1 eIan’1y 1
The general solution is x-el Y= el Vay+C
14 y?
_ tan’1y 2
= x. ey :IL 2) -dy+C
1+ y

1
1+ y

-
x-e™ V=[e? dt+C

Puttan'y=t =

> dy=at



- 1 -
x-eten yzie2tan e

=
-1 -1

= 2xeld Y=gl ¥ 40O
-1 -1

= 2x etan y :e2tan y + K

Q. 18 Find the general solution of y%dx + (x? —xy + y?)dy =0.

Sol. Given, differential equation is
yedx + (x% —xy + y?)dy =0

= yodx = - (x® —xy + y?)dy
2 dx 2 2
= — =@ -+ y)
dy
dx x?  x
= —_— = — T +1
dy yo oy
which is a homogeneous differential equation.
Put Y vorx= vy
y
dx av
= —=Vv+y—
dy dy
On substituting these values in Eq. (i), we get
av 5
V+y—=—-[vS—-v+1]
dy
= yd—vz—v2+v—1—v
dy
= yd—v -2
d vZ 41

On integrating both sides, we get
tan' (v)=—log y+C

= tan™' (xj +logy=C
y

Q. 19 Solve (x + y) (dx —dy) =dx +dy.

Sol. Given differential equation is
(x + y)(dx —dy)=dx + dy

ay ay

= + 1-—|=1+ —

(x y)( o’xj dx
Put X+y=2
= 1+%:$
dx dx

On substituting these values in Eq. (i), we get
az az
zZ|[1-—+1]|=

dx T dx

= Z(Z—gjzg
dx ) dx

= 22—z$—d—z—0

dx dx

[+ K =2C]



dz

= 2z—-(z+1)—=0
dx
adz 2z
= — =
dx z+1
- (Z+1)dz:2dx
z

On integrating both sides, we get
| (1 + 1jo/z=2 [dx
z
z+logz=2x -logC
(x + y)+log (x + y)=2x —logC
2x —x — y=1logC + log (x + y)

x—y=log|C (x + y)|
e*V =Cx+y)

U e Ul

_Voxy
u+w—ce

x+y=Ke* ™’

U

Q. 20 Solve 2 (y +3) —xy Z—y =0, given that y (1) =—2.
X

Sol. Given that, 2(y+ 3)_xyﬂ:0
dx dy
= 2(y+ 3)=ay—
dx
= de:[ y de
X y+ 3
- p (12822,
X y+ 3
X y+ 3

On integrating both sides, we get
2logx =y—-3log(y+ 3)+C
When x =1andy = -2, then
2log1=-2-3log(-2+ 3)+C
= 2.0=-2-3-0+C
= Cc=2
On substituting the value of C in Eq. (i), we get
2logx =y —-3log(y+ 3)+2
2logx + 3log (y+ 3)=y+2
logx® +log (y+ 3)° = (y + 2)
logx® (y+3°=y+2

x?(y+ 32 =e""2

U4 Ju

[vz=x+Y]

L

=X

1



Q. 21 Solve the differential equation dy =cosx (2 — y cosec x) dx given that

y=2 Whenng.

Sol. Given differential equation,
dy =cosx (2 — ycosec x)dx

= ¥ =C0Sx (2 — ycosec x)
dx
dy
= — =2 C0Sx — Y COSEC X - COSX
dx
= %:2cosx—ycotx
dx
= %+ ycotx =2 cosx
dx

which is a linear differential equation.

On comparing it with g—y + Py =Q, we get
X

P =cotx,Q=2cosx

Pd txd j -
IF =P _gleotxds _ gogsinx L giry o

The general solution is
y-sinx = JZ cosx -sinx dx +C

= y-sinx :jsian dx+C [ sin2x =2 sinx cos x]

Cos 2x

= y-sinx = ~ +C - ()

When x = g and y=2, then

cos(Zx—j
2.sin—= +C
2
= 2-1:+1+C
2
= 2—1:C:> 4—_1:C
2 2
3

= . =
On substituting the value of C in Eq. (i), we get

ysinx:—icOSZ X+ 3
2 2

Q. 22 Form the differential equation by eliminating A and B in
Ax? + By? =1.
Sol. Given differential equation is Ax® + By? =1
On differentiating both sides w.r.t. x, we get
2Ax + 2By ¥ =0
dx

= 2By%=—2Ax
dx

= By Y o LA
dx x dx B



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

")

&) (&)

) A N
= v.d g dx 5 -0

x dx X

() ()
] —y|=Z]|=0

- v 2 o dx / dx
= yy +x(yf -yy=0

Q. 23 Solve the differential equation (1 + y?)tan * x dx + 2y (1 + x?) dy =0.

Sol. Given differential equation is
A+ y*)tan™ xdx + 2y (1+ x%)dy =0

= A+ yH) tan ' xdx = -2 y (1+ x2)dy
—1

N tan xglx:_ .2y2 &
1+ x 1+ y

On integrating both sides, we get

tan" x 2y
dx = — a
J.1+x2 J’1+y2 v

Puttan™ x =t in LHS, we get
(

>dx =t

T+ «x
and put1+ y? =uin RHS, we get

2 ydy=du
= Jtdt:—jldu: i:—Iogu+C

u 2

= %(tarr‘ xf =—log(1+ y?)+C
= %(tan’1x)2 +log(1+ y?)=C

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

Sol. The family of concentric circles with centre (1, 2) and radius a is given by
(x -2+ (y-2P =a°

= ¥ +1-2x+ Y’ +4-4y=2a°
- x>+ 2 —2x—4y+5=2a° (i)
On differentiating Eq. (i) w.r.t. x, we get
2x+2y%—2—4%:0
dx dx
= (2y—4)%+2x—2:0
dx
= (y—2)%+(x—1)=0

dx



Long Answer Type Questions

Q. 25 Solve y + di (xy) = x (sin x + log x).
X

Sol. Given differential equation is

Y+ g (xy) = x (sinx + logx)
dx
dy !
= Y+ x ——+ y=x (sinx + logx)
dx
= xg+2y=x(sinx+logx)
dx
dy 2 .
= — + —y=sinx + logx
ax x
which is a linear differential equation.

dy

On comparing it with — + Py=Q, we get
X

P:E,stinxﬂogx
X

[E

”::e x x :e2\ng :x2
The general solution is
y-x2 = I(sinx + logx) x%dx + C

= y-x2:.[(x2 sinx + x2 logx)dx + C
= y~x2:Jx2sinxdx+szlogxdx+C
= y-x=1+1,+C ()
Now, I :fxzsinx dx

=x2 (- cosx) + ij cosx dx

=—x? cosx + [2x (sinx) — IZ sinx dx]

I, = — x° cosx + 2 x sinx + 2 cosx .. (i)

and I, = fxz log x dx

3 3

X 1 x
=lo RN [ |
9% 73 Jx 3

3
X 1 2
:|ng~?—§jx dx

—onﬁ—1 ﬁ (iii)
SO0y T3
On substituting the value of I, and I, in Eq. (i), we get
3
y-x° = — x° cosx + 2x sinx + 2c0sx + % logx — %xs +C

2 sinx N 2cosx

X x2

y=-CcoSx +

+ Ylogx - X 1 a2
3 9



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

Sol. Given differential equation is (1 + tany) (dx —dy) + 2x dy =0
on dividing throughout by dy, we get

(1+tany)[dx—1]+2x:0
ay

= (1+tany)d—x—(1+tany)+2x:0
ay
= (1+tany)d—x+2x:(1+tany)
dy
dx 2x
=

—+ =1
dy 1+ tany
which is a linear differential equation.
On comparing it with Z—X + Px =Q, we get

y

2

= Q=1
1+ tany
2 2cos
J' ady J‘iy
IF=e 1+ tany —e cosy 4+ siny
j-cosy+siny+cosy—sinydy
—e cosy +siny
I[1+cosy—smy]dy .
—e cosy + siny :ey+log(cosy+smy)
=e¥ . (cosy+ siny) [e°9% = x]

The general solution is
x-e¥ (cosy + siny) = f1-ey (cosy + siny)dy+ C

= x-e¥ (cosy + siny):jey (siny + cosy)dy+C
= x-e¥ (cosy + siny)=e” siny+ C [ Iex {f () + ' (x)} dx =e*F (x)]
= x (siny + cosy)=siny + Ce™”

Q. 27 Solve Z—y =cos (x +y) +sin (x + y) .
X

ady

Sol. Given, d—:cos (x+ y)+sin(x + ) ()
X
Put x+y=2
= 1+ﬂ:§
dx dx

On substituting these values in Eq. (i), we get
[dz j .
— —1|=cos z+sinz
dx

az .
= — =(cosz+sinz+ 1)

dx
az

——— =dx
cosz+ sinz+ 1



On integrating both sides, we get

- —

coSZ+ sinz+ 1

= [ = o
1-tan® z/2 . 2tan z/2

1+tanz/2 1+ tan® z/2
P oz —
1-tan“z/2 + 2tanz/2 + 1+ tan® z/2
1+ tan? z/2)

2
- J-(1+ tan 22/2)dz:.|-dx
2+2tan“z/2
2
N J- sec” z/2dz :fdx
2(1+tanz/2)
Put1i+tanz/2 =t = (1sec‘2 z/2)dz:dt
at
—=[da
- o
= loglt]=x+C
= log|1+tanz/2|=x+C
= Iog1+tany‘=x+c
. . dy .
Q. 28 Find the general solution of 2 3y =sin2x.
X
. ay .
Sol. Given, — — 3y =sin2x
dx

which is a linear differential equation.
On comparing it with g—y + Py =Q, we get
X
P=-3Q =sin2x
IF = e—S [ dx _ e—Sx

The general solution is

y.e % = Isian e % dx
Il

let y.e =T ()
. I = - 3x in2
.[e } smI x
e—3x e—Sx
= I=sin2x|. —JZCOSZx dx + C,
-3 -3
1 -3x o 2 - 3x
= I=--¢e sm2x+fje cos2x dx + C,
3 3 I [
1 o 2 o et
= I=-—¢ sin2x + — | cos2x —f(—2sm2x) dx |+ C, +C,
3 3 -3 -3
1 -3x & 2 - 3x 4
= I:_ge sun2x—50032xe _§I+C' [where,C'=C, + C,]

= I+i/2:+e‘3x(—1sin2x—gcos2xj+C’
9 3 9



=

S I=e % (—1sin2x—gcos.2 xj+C'
9 3 9
I:Ee‘sx (—1sin2x—gcos2 xj+C
13 3 9
I:ie’sx (—sin2x—%cosz x)+C

:ie,sx (= 3sin2 x —2cos 2 x)+C
13 3

(=3sin2x—-2cos2x)+C

- 3x

7-_¢

(2 cos2x + 3sin2 x)+ C

On substituting the value of I'in Eq. (i), we get

- 3x

y-e =- (2cos2 x + 3sin2x)+C

y:_%(20032x+33in2x)+ Ce®

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

Sol.

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

It is given that, the slope of tangent to the curve at point (x, y)is

=

(%] _x2+y2

dx (x,y)_ 2xy
d _1(x_ ¥
d« 2\y «x

which is homogeneous differential equation.

Put

=

y=vx
%:v+xd—v
dx dx

On substituting these values in Eq. (i), we get

av 1(1 )
Vix—=—|—+V
dx 2 \v

dx 2 v
av 14V
dx 2v

dv 1+ vZ-2v?
dx 2v
dv 1-v?

dx 2v

2v dv:d—yc

x? + y?
o

x% + P
2xy



On integrating both sides, we get

J' 2V B diac
1-v2 x
Put1—v2 =t in LHS, we get
—2vav =dt
at dx
= = = =
t X
= —logt =log x + log C
= —log (1-v?)=log x + log C
2
= —Iog(1—y]:|ogx+logc
X
2 2
= —Iog[x yjzlogx+|ogC
X
x2
= Iog[ 5 QJ:IongogC
X" -y
2
X
= =Cux i
. 0
Since, the curve passes through the point (2, 1).
@)’

2
2z =C@ = C=7

2

So, the required solution is 2 (x® — y?) = 3x.

Q. 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 Jg —
X +X
Sol. Itis given that, slope of tangent to the curve at any point (x, y)is x)z/ 11x'
2,4
ax )y, y) x% + x
- Y _ -
dx  x%+x
dy dx
N yo1 s
On integrating both sides, we get
J' o’y _J' ax
y -1 x° + x
ay dx
- Jy—1_-[x(x+1)
ay 1 1
——=||—- d
- J.y—1 I(x x+1]x
= log(y — 1) =logx —log(x + 1) + logC

= Iog(y—1):log[ch
x+ 1



Since, the given curve passes through point (1, 0).
1

The particular solution is y—-1=
=
=
Q. 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 abcissa and ordinate of the point.

Sol. Slope of tangent to the curve = g—y
X
and difference of abscissa and ordinate = x — y
According to the question, g—y =(x—y)? (1)
X
Put xX—y=12
- 1Y _9z
dx dx
= Y _q_ 92
dx dx
On substituting these values in Eq. (i), we get
az 5
1-—=z
dx
= 1- A
dx
= dx = dz 5
1-z
On integrating both sides, we get
az
dx =
Jor = |-
= X = 1| 1+ 2 +C
2 1-
= = Hog i T =Y ¢ (if)
2 1-x+y
Since, the curve passes through the origin.
0=liog| 279, ¢
2 1-0+0
= C=0
On substituting the value of C in Eq. (i), we get
1 T+x-vy
x =—log| ——
2 T-x+y
= 2x = |Og 1+x_y
T-x+y
N p2x _ |1+ x—y
T-x+y

= A-x+ye**=1+x—-y



Q. 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 coordinate

axes at A and B such that P is the mid-point of AB.

Sol. The below figure obtained by the given information

0, 2y)
B

A (2x,0)

Let the coordinate of the point Pis (x, y). It is given that, P is mid-point of AB.

So, the coordinates of points A and Bare (2x, 0)and (0, 2y), respectively.
0-2y vy

2x -0 X

Slope of AB =

Since, the segment ABis a tangent to the curve at P.
ay vy

dx x

%_ dx

y X

=

On integrating both sides, we get
log y=-log x + log C

C
log y =log —
X
Since, the given curve passes through (1, 1).
log 1=1log %
= 0=logC
= c=1
log y =log 1
X
y
= y=—
X
= xy =1

Q. 33 Solve x% = y(logy — logx + 1)

Sol. Given, xg—y = y(logy —logx + 1)
X
= x%:ylog(z+ 1)
dx x
= Wi = X(Iogz + 1)
dx «x x
which is a homogeneous equation.
Put Yo vVory=vx
X
dy



On substituting these values in Eq.(i), we get

v+ xd—v =v(logv + 1)
dx

W _ logv + 1-1)

= xXx—
dx
= xd—v =v(logv)
dx 9
av dx
= -
viogv  «x
On integrating both sides, we get
J' v di
viogv 7 «x
On puttinglogv =u in LHS integral, we get
iy av =du
v
du _ o
u x
= logu =log x + log C
= logu =log C x
= u==Cx
= logv =Cx
= log (zj =Cux
X

Objective Type Questions

2. )2 2
Q. 34 The degree of the differential equation [d—lz/j +(d_yj = xsin (d_yj

dx dx dx
is
(@1 (b) 2 (©3 (d) not defined
Sol. (d) The degree of above differential equation is not defined because when we expand
. (dy o L . . dy . .
sin I we get an infinite series in the increasing powers of I Therefore its degree is
X X
not defined.
5 3/2 )
. . . dy d?y .
Q. 35 The degree of the differential equation |1 +| = =< 1is
dx dx?
(a) 4 (b)% (c) not defined (d) 2
o 573/2 2y
. (d) Gi that|1+ | — =—=
Sol. (d) Given a{ +(de } e

On squaring both sides, we get

@]

So, the degree of differential equation is 2.



Q.36 The order and degree of the differential
d’y (dy v 1/5 .
— +| = + x> =0 respectively, are

dx? dx
(@) 2 and 4 (b) 2 and 2
(c) 2 and 3 (d) 3 and 3
) d2y dy 1/4 s
. G that, i =7 - _
Sol. (a) Giventha o + [dxj x
P 1/4
- (o
X X
1/4 2
- (%j __[yvs 9y
dx dx?

On squaring both sides, we get
oy \V2 a2y 2
IR
dx dx
Again, on squaring both sides, we have

d a2y )’
ad s 9
dx dx?
order =2, degree = 4

Q. 37 If y =e*(Acosx + Bsinx), then y is a solution of

d? d d? d
(a)WZué:o (b)ﬁyz- dTyc”y:O

2 d2
(c)%+23—§+2y:0 (d)#+2y:0

Sol. (¢) Giventhat, y =e *(Acosx + Bsinx)
On differentiating both sides w.r.t., x we get

7 =-e *(Acosx + Bsinx) + e *(- Asinx + Bcosx)

equation

dx
&__ y + e *(- Asinx + Bcosx)
dx
Again, differentiating both sides w.r.t. x, we get
dzy _dy —x . —x .
—5 =——+e "(-cosx - Bsinx) —e (- Asinx + Bcosx)
dx dx
d’y oy fdy 7
= —S ==Yy +
dx? ax | ox yJ
d? d d
dx adx dx
d?y dy
= —=-2—-=-2
dx? dx /
2
= ﬂ + 2% +2y=0

dx? dx



Q. 38 The differential equation for y = Acosa x + Bsino. x, where A and B
are arbitrary constants is

d y d’y
.7 0 (b)—=% + o ’y=0
il a2t
dZy d2y
() +ay=0 (d)—5 —ay =0
dax 2 Y dx ? Y
Sol. (b) Given, y = Acos a + Bsina
= %z—OLASin(xx-i-(xBCOSOLx
dx
Again, differentiating both sides w.r.t. x, we get
2
d—g =— Aa?cos ox — a®Bsin ax
dx
2
= d—g = - a®(Acos ax + Bsin ax)
dx
dzy 2
= —=—qQ
dx? y
d2
= dx% +a’y=0

Q. 39 The solution of differential equation xdy — ydx =0 represents

a) a rectangular hyperbola
b) parabola whose vertex is at origin

— o~ o~ —

¢) straight line passing through origin
d) a circle whose centre is at origin
Sol. (¢) Giventhat, xdy — ydx =
= xdy = ydx
dy dx
= he Al
y x

On integrating both sides, we get
logy =logx + logC

= log y =log Cx
= y=Cx
which is a straight line passing through origin.
Q. 40 The integrating factor of differential equation cosxd—y +ysinx =1is
X
(a) cos x (b) tan x (c) secx (d) sinx
Sol. (¢) Given that, cosxg—y + ysinx =1
X
= %+ ytanx =secx
ax

Here, P = tanx and Q =secx

IF :edex :eftanxdx log sec x

=€

=8ecx



Q. 41 The solution of differential equation tan ysec’xdx + tan xsec’ydy =0 is

(@) tanx + tany =k (b) tanx —tany =k
c) tanx:k (d)tanx-tany =k
tany
Sol. (d) Given that, tanysec? xdx + tan xsec?ydy = 0
= tan sec® xdx = — tanxsec®ydy
2 Y-

N sec’x | _ sty 0

tan x tany

On integrating both sides, we have
2 2
Iseo xdx__fsec Y 4
tanx tany

Put tanx =t in LHS integral, we get
sec®x dx =dt = sec®x dx =dt

and tany = uin RHS integral, we get
sec?ydy =du
On substituting these values in Eq. (i), we get
at  padu
t o Ju
logt = —logu + logk
log(t-u)=1og k

log(tanxtany) = logk
tanxtany = k

U U

Q. 42 The family y = Ax + A’ of curves is represented by differential
equation of degree

@1 (b) 2 (©3 (d) 4
Sol. (a) Given that, y=Ax + A
= ﬂ =A
dx
[we can differential above equation only once because it has only one arbitrary constant]
Degree =1

Q. 43 The integrating factor of Q;ﬂ —y=x*-3xis
x

@) x (b) log x L d - =
. dy 4 X
Sol. (¢) Given that, xS —y=at - 3
X
= J_y_ B3 _3
dx «x
Here, P:—l,Q:x3_3
X
;
FoelPo o T3 _gooon



Q. 44The solution of Z_y —y =1, y(0) =11is given by
X

(@) xy =—e* (b) xy = - €™
(@ xy =-1 (dy=2€" -1
Sol. (b) Given that,
[/
dx Y=
ay
=
- dx T
= & =dx
1+vy

On integrating both sides, we get
logd+ y)=x+C
Whenx =0 and y =1, then

log2=0+c
= C =log2
The required solution is

log(1+ y)=x +log?2

= |Og 1-’_yj:x

2
N 1+y:ex

2
= 1+ y=2e"
= y=2e" -1

Q. 45 The number of solutions of & _ y_+1 when y(1) =21s

de x-1
(a) none (b) one () two (d) infinite
Sol. (b) Given that, dy _y+1
dx x-1
= ady _ dx
y+1 x-1

On integrating both sides, we get
log(y + 1) =log(x — 1) — logC
Cly+1)=(x-1)
_x =1
B y+1

=

Whenx =1andy=2,thenC =0
So, the required solutionisx —1=0.
Hence, only one solution exist.

Q. 46 Which of the following is a second order differential equation?
@) +x=y> b)y'y"+y=sinx
@y" +(y")?+y=0 dy’=y?

Sol. (b) The second order differential equation is y 'y "+y = sinx.



Q. 47 The integrating factor of differential equation (1 — xz)g—y —xy =1is
x

(@) - x ()~ © 1— %2 (m%kga—x%

1+ x? d
Sol. (c) Given that, (1_x2)dl_xy:1
X
- dy  x . 1

dxr  1-x° 1-x°

which is a linear differential equation.

X
Foe e
5 at
Put 1-x“=t=-2xdx =dt = xdx:—;

T

1 2
— —logt —log(1—-x<)
Now, IF=e2't =2 =g2 =1-x°

Q. 48 tan ' x +tan ' y =C is general solution of the differential equation

1+y? T+ x°

@Y by & Y

de 1+ x de T+vy
© 0+ xAdy + 1+ yAdx =0 (d) 1+ xdx + 1+ yAdy =0

Sol. (c) Giventhat, tan'x + tan"'y=C
On differentiating w.r.t. x, we get

(RS (O
1+ x 1+y° dx
1 ay 1
- 142 dv 2
y© dx 1+ x
= A+x?)dy+ 1+ y*)dx=0

Q. 49 The differential equation y Z—y + x =C represents
X

(a) family of hyperbolas (b) family of parabolas
(c) family of ellipses (d) family of circles
Sol. (@) Given that, y% +x=C
dx
dy
Y_c-
= yc/x x
= ydy=C -x)dx
On integrating both sides, we get
Y X2
—=Cx-—+K
2
2 p)
= oY _coxrk
2 2
p) 2
= Y oY cx=k
2 2

which represent family of circles.



Q. 50 The general solution of e* cos ydx —e® sin ydy =0 is

(@) €* cosy =k (b) €* siny =k
(c) e* =kcosy (d) e* =ksiny
Sol. (@) Giventhat, e*cosydx —e*sinydy=0
= e*cos ydx =e*sinydy
dx
= — =tany
dy
= dx = tanydy

On integrating both sides, we get
x =logsecy+C

= x —C =logsecy
= secy=e*C
= secy=e%e

1 e*
= —— =

cosy e

= e*cosy =e°
= e“cosy =K [where, K =e°]

2 3
Q. 51 The degree of differential equation d—lz/ + (d_yj +6y° =0is

dx dx
(@1 (b) 2 (©3 (d)5
d’y dyj3 5
(@) —5+|—| +6y°=0

Sol. (a) e ( _ y
We know that, the degree of a differential equation is exponent heighest of order
derivative.
: Degree =1

Q. 52 The solution of Z—y +y=e",y0)=0is
x

@y=e"(x-1) (b)y = xe ™
@y =xe™ +1 )y =(x+De™
Sol. (b) Given that, Yoy e
dx
Here, P=1Q=e*
IF :eIde :ejdx —e¥

The general solution is
y-e¥ = J'e’x e*dx +C
= y-e¥ = _[o’x +C
= y-e*=x+C ()
When x = 0and y = 0, then
0=0+C= C=0
Eq. (i) becomes y-e*=x

= y=xe *



Q. 53The integrating factor of differential equation

dy

+ ytanx —secx =0

is
(@) cosx (b) secx (c) % (d) e~
Sol. (b) Given that, g—y + ytanx —secx =0
X
Here, P =tanx,Q =secx
IF = eJ'de _ e_[tanxdx
— e(Iog sec x)
=secx
. . . . dy 1+y°.
Q. 54 The solution of differential equation W _2TY g
dx  1+x°
@@y =tan"'x (b)y —x =k(1+ xy)
(©x=tan'y (d) tan(xy) =k
2
Sol. (b) Given that, & = 1+7y2
dx 1+ x
= &y __dx
1+ y° 1+
On integrating both sides, we get
tan'y=tan 'x +C
= tan'y—tan'x =C
= tan™’ (HJ =C
1+ ay
= Y=% _tanC
1+ xy
= y—x=tanc(l+ xy)
= y—-x=K(1+xY)
where, k=tanC
. . . . . dy 1+y.
Q. 55 The integrating factor of differential equation - + y = is
. o dx x
@ — (b) — (©) xe® (d) e*
e x
Sol. (b) Given that, ¥ +y= 1ty
dx x
N ay _ 1+y y
dx x
N dy _T+y-xy
dx X
- ay 1 i (1-x)
dx «x x
N dy (1 - x) yo 1
dx X x



Here, P:_“_x),Q:1
X X
x x -1
dx dx
IF:eIde ] . ej P
1
1-—|dx
:ejx—\ogx
1
=e¥ e\og(;j

Q.56 y =ae™ +be™ satisfies which of the following differential

equation?
dy dy
(@ —~+my=0 (b)—~-my =0
dx Y dx Y
2 2
4 2 d’y 2
()—5-m-y=0 (d)—=+m“y=0
dx? Y dx? d
Sol. (¢) Given that, y=ae™ + be™™
On differentiating both sides w.r.t. x, we get
Y maem™ ~ bme
dx
Again, differentiating both sides w.r.t. x, we get
2
Lg =m’ae™ + bm’e™™™
dx
2
= Lg =m?(ae™ + be™™)
dx
a®y )
= —=m
dx? Y
d2
= O’xié/ — m2y =0

Q. 57 The solution of differential equation cosxsin ydx + sin xcos ydy =0 is

(a)

sinx

- C (b) sinx siny =C
siny

(c) sinx + siny =C (d) cosx cosy =C

Sol. (b) Given differential equation is
cosxsinydx + sinxcosydy =0

= cosxsinydx = —sinxCcos ydy
= OB gy = - E8Y g

sinx siny
= cot x dx = —cot ydy
On integrating both sides, we get

logsinx = —logsiny + log C
= logsinxsiny =log C
= sinx-siny=C



Q. 58 The solution of xd—y +y=e"is

dx
: y
(a))/=e*+E b)y=xe*+Cx (Qy=xe"+k D= K
Sol. (@) Given that, Y iy-e
dx

dx x x
which is a linear differential equation.
1
J‘fdx
X

IF=e elo9) =

The general solutionis y-x = J(d : x] dx
X

= y-x:Iexdx

= y-x=e"+k
ex

= y=—+—
X X

Q. 59 The differential equation of the family of curves x? + y% — 2ay =0,
where a is arbitrary constant, is

(a)(xz—yz)dl=2xy (b)z(x2+y2)d—y=xy
dx dx
@202 -y P _ gy ) 2 +y2) Y = 2y
dx dx

Sol. (a) Given equation of curve is

x%+ y>—2ay=0
x% + P B
7}/ =

On differentiating both sides w.r.t. x, we get

y(2x+2ydyj—(x2 + yz)%
dx

= 2a

d
2 : =0
Y
= 2xy+2y2ﬂ—(x2+y2)%:0
dx dx
= ey - a2 - ) Y = oy
dx
= (2 -2 Y = oy
dx
= @2 - ) Y 2y
dx

Q. 60 The family ¥ = Ax + A> of curves will correspond to a differential
equation of order
(@3 (b) 2
(@1 (d) not defined



Sol. (¢) Given family of curves is y=Ax + A ()

- Y _
dx
. ay . .
Replacing A by o in Eqg. (i), we get
X
3
e[
dx dx
Order =1

Q. 61 The general solution of & _ 2xe® Y is

dx
2 2
(@) e* ’ij (b)e’i+ex =C
e =e" +C de* "V =C
Sol. (©)  Given that, Y ore”  —oxer 0
dx
= ey ¥ —oxet
dx
2
= e’ dy=2xe* dx

On integrating both sides, we get
J.ey dy=2 jxex2 dx
Put x® =t in RHS integral, we get

2x dx =dt

_[ey dy:.[et at
= e’ =¢' +C
= e =e*° +C

Q. 62 The curve for which the slope of the tangent at any point is equal to
the ratio of the abcissa to the ordinate of the point is
(a) an ellipse (b) parabola
(c) circle (d) rectangular hyperbola
dy

Sol. (d) Slope of tangent to the curve = -
X

and ratio of abscissa to the ordinate = X
y

According to the question, 7 _x
dx y
ydy=xdx
On integrating both sides, we get
2 2
L2 .,c
2 2
2 2
= LY oy ox?=2C
2 2

which is an equation of rectangular hyperbola.



x2

Q. 63 The general solution of differential equation Z—y —e? + xy is
X

@y=Ce™"* (by=Ce"
@y=k+0e"" (d)y =(C —x)e* "2
Sol. (c) Given that, & —exl2 Xy
dx
= dy xy = ex2/2
dx
Here, P=—xQ-= ex’/2

L
<
D

Q. 64 The solution of equation (2y — 1) dx — (2x +3) dy =0 is

2x —1 2y +1
(a) =k ) Tk
2y +3 2x -3
2 2x —1
© x+3=k d x i
2y —1 2y —1
Sol. (¢) Giventhat, (@y-1)dx —(2x + 3)dy=0
= @y —-1dx =@2x + 3)dy
dx ay
= — 7
2x+3 2y-1

On integrating both sides, we get

%Iog(2x+ 3)=%|og @Ry-1)+logC

= %[Iog-(2x+3)—|og @y —-"1]=logC
= 1Iog 2x+3 =logC
2 2y —1
1/2
- [2x+3j _c
2y —1
- 2x+3:cg
2y -1
= 2x+3:k,whereK:C2

2y —1



Q. 65 The differential equation for which y =a cos x + b sin x is a solution,

1S
dy dy
@ 2+y=0 (b) 27—y =0
d dy

Sol. (@) Giventhat, y=acosx + bsinx

On differentiating both sides w.r.t. x, we get

%:—asinx+bcosx
dx

Again, differentiating w.r.t. x, we get
d?y .
d—zz—asmx+ b cos x

X
d%y _
dx?
0'2
= ge Y0

-y

Q. 66 The solution of Z—y +y=e",y(0)=0is
x

@y=e"(x-) (b) y = xe*
@Qy=xe”+1 d)y =xe™
Sol. (d) Given that, L/ yide
dx
which is a linear differential equation.
Here, P=1andQ =e™
Fogl® —e

The general solution is
y-e¥ = fe’x e dx+C

= yex:Idx+C

= yet=x+C
Whenx =0andy=0 then,0=0+C=C=0
Eq. (i) becomes y-e* =x=>y=xe™"

Q. 67 The order and degree of differential equation
3.\? 2 4
[d y _3d_y+2(d_y) = y*are

de®) T \dx
(@ 1,4 (b) 3,4 (02,4 d 3,2
i *yY Ay (Y
Sol. (d) Given that, dst - (ng2 +2 (aj =y
Order =3

and degree =2



2 2
Q. 68 The order and degree of differential equation | 1 + (Z—yj = (:l—lz/ are
X x
(a)2% (b)2,3 () 2,1 (d)3, 4
|' 2'| 2
Sol. (¢) Given that, L1 + (%) J: Zx—é/

Order =2 and degree =1

Q. 69 The differential equation of family of curves y? =4a (x +a) is

dy dy) dy
24t =~ b) 2y =~ = 4
@y dx(x+dx ®) ydx 4
dy  (dy)’ dy [dy]z
X 12 <o d2x Ly —y=0
(C)ydx2+(de @ xdx+y dx Y
Sol. (d) Giventhat, v? =4a(x + a) ()

On differentiating both sides w.r.t. x, we get
dy ay
2y —=4a =2y—=4a
v dx y dx

dy 1 dy .
— =2 a=—y— (i
- ydx &= 2ydx (i

On putting the value of a from Eq. (ii) in Eq. (i), we get

¥ :Zy%(x+ 1y%j
dx

27 dx
ay o’y2
e (2)
- X xydx y dx
Sorlg)
= 2x —+y|—| -y=0
xdx y dx y

Q. 70 Which of the following is the general solution of

2
'y _ 2 &y +y=07?
dx? dx
@y=(Ax+B)e” b)y=(Ax+B)e™*
(Qy=Ae" +Be™ (d)y =Acos x + Bsin x
2
Sol. (a) Given that, % -2 % +y=0
D?y—2Dy+ y=0
where - a
dx
(D> —=2D+1)y=0
The auxiliary equation is m? —2m+1=0

m=1°=0 = m=11
Since, the roots are real and equal.
o CF=(Ax +Be*=y=(Ax + B)e*
[since, if roots of Auxilliary equation are real and equal say (m), thenCF = (C, x + C,)e "¥]



Q. 71 The general solution of Z—y + ytan x =sec x is

X
(@ysecx=tanx + C (b)y tanx =secx + C
(tanx=ytanx + C (d)xsecx=tany + C
Sol. (a) Given differential equation is

dy

— 4+ ytanx =sec x

dx
which is a linear differential equation
Here, P =tanx ,Q = sec x,

tan xd
IF =gl xd s _goglsec x| _gop x

The general solution is
y-sec x = Iseo x-sec x+ C

= y~secx:_[sec2xo’x+c

= y-secx=tanx +C

Q. 72 The solution of differential equation Z—y + Y —sin x is
X X
(@ x(y+cosx)=sinx+C (b) 2 (
() xy cos x =sinx + C (d) x (
Sol. (a) Given differential equation is
dy 1 .
—Z 4 y—=sinx
dx X

which is linear differential equation.
Here, P:landQ =sinx
X

1o

x x:elogx

IF=e =X

The general solution is
y-x = _[x~sinxdx +C

Take I:jx sin x dx

—xcosac—f—cosacdx

=-xCOS x + Sinx
Put the value of /in Eq. (i), we get
xy=-xcosx+sinx+C
= x(y+cosx)=sinx +C

Q. 73 The general solution of differential
e* +1) ydy =(y +1)e” dxis
@ (y+1)=k(e* +1) by+1=e"+1+k

(©y=log{kly+1) (e +1)} (d)yzlog{e +1}+k
y+1

y —cosx)=sinx +C
y + cos x) =cos x + C

equation



Sol. (¢)

Given differential equation

e +1)ydy=(y+1e*dx
N %_ex(1+y) di_(ex+1)y
dx (¥ + )y dy e*(1+y
X
N di: ey . y
dy e*(+y) e“(+y)
N ax __y y
dy 1+y @1+ ye”
= d—xzi(1+ij
dy 1+vy e”
N d7x2 y (e’ +1
dy 1+yl e*
X
- el
1+ y e* +1

On integrating both sides, we get

y

= a.
I =l
N J‘1+y—1d :J‘ e D
1+y 1+e*
1 e’
1dy - |——dy= d.
- T B s
= y—log|(1+ y)=log|(1+e¥)+ log k
= y=log(1+ y)+log(+e¥)+ log (k)
= y=log{k(1+ y)(1+e*)}

Q. 74 The solution of differential equation & _ "V 1 x% eV is

@y=€e"-x’e’V+C

3
(c) e+ ey=%+C

Sol. (b) Given that,

=

=

=

dx
e
bye¥ —e*==—+C
3
3
de" - ==—+C
Y _erv i g2e
dx
%:exe’y +x2e”
dx
dy e’ +x”
dx &

e’ dy=e" + x?)dx

On integrating both sides, we get

[e" ay=[E*+ x?)ax
3

e —e*+ X 4+ C
3

xS

e/ —e*="—+C
3



Q. 75 The solution of differential equation &y + 2y __ 1
dr  14x% (1+x°)°

4

is

1

@y@+x?)=C+tan'x (b) >=C+tan'x
1+ x
@ylog(1+x)=C+tan' x dy@d+x)=C+sin"'x
. ady  2xy 1
. (a) Given that, —— + =
Sol. (@) dx  14+x?  (1+ x%)?
Here, P= 2xzandQ= ! 55
1+ x 1+ x°)

which is a linear differential equation.

2x o

. IFze '+
Put 1+ x% =t = 2xdx =df
ot
”::ef?:e\ogz _glog (14 x%) _ 4, 2

The general solution is

A+ x%) = [(1+ x® +C

y-(1+ %) = [ ( ) T

1

= 1+ x2) = dx+ C

4 ) J.1+x2
= y(l+x?)=tan" x+C

Fillers

2
Q. 76 (i) The degree of the differential equation d—lz/ +eW/® 0 is ....... .
dx

2
(ii) The degree of the differential equation ,|1 + (Zy] =X 1S .. .
\/ X

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

y _1 is an equation of the type ........ .
d« «xlogx «x

(v) General solution of the differential equation of the type
is given by ........ .

(vi) The solution of the differential equation tfy +2y =x%is .. .
x

(vii) The solution of (1 + x?) fzy +2xy — 4x° = 0iS ... :
X



(viii) The solution of the differential equation ydx + (x + xy) dy =01is

(ix) General solution of Zy +y=sinxis....... .
X
(x) The solution of differential equation cot y dx = xdy is ....... .

dy 1+y

(xi) The integrating factor of = + y = 1S vevenenn. .
dx X

Sol. (i) Given differential equation is
gty %
X

Degree of this equation is not defined.
A . . L ay 2
(ii) Given differential equation is |1+ ) x
X

So, degree of this equation is two.
(iii) There are three arbitrary constants.
dy y 1

(iv) Given differential equation is — + =
dx «xlogx «x

The equation is of the type g—y + Py=Q
X

(v) Given differential equation is
dx
diy + H X = Q1
The general solution is

x-IF=[Q(Fdy+C ie.xelf :jo{e“’y}dwc

(vi) Given differential equation is
dy+2y=x2:>ﬂ+ﬂzx

x 2L
x dx X

This equation of the form g—y + Py=Q.
X

fgdx 2logx _ .2
IF=e'* =g°%9% =g

The general solution is
yx? :J‘x-x2 dx +C
4
2 X
= =—+C
yx 7
2
X -2
= =—+Cx
/ 4
(vii) Given differential equation is
ay

2
1+ %)

L 1 2xy—4x°=0
X

dx 1+ x° 1+ x°

%Jr 2xy 4x° -0



%)
=1+x

dy 2x 4x?
= P 2 )= 2
dx 1+« 1+ x
2x
Foe o5
Put 1+ x° =t = 2xdx =dft
ot
|F:ejT:e\ogt _glog(l+x
The general solution is
2
A+ x%) =1+ x%)= dx +C
y-(1+x%)=[( e
= (1+x2)y=I4x2dx+C
%3
= (1+x2)y=4?+C
3
= )/:4#2+C(1+3c2)’1
31+ x9)
(viii) Given differential equation is
= ydx + (x + xy)dy =0
= ydx +x (1+ y)dy=0
1 1
—dx=—||—+1]|ad
- el
= log (x)=—log (y)— y + log A
log (x)+ log (y)+ y=log A
log (xy)+ y =log A
= log ay + loge’ =log A
= xyel =A
= xy =Ae”
(ix) Given differential equation is
ay .
— + y=sin
ax y *

The general solution is

Let

y.

IF = [et =g

e’ = J.ex sinxdx + C

I:Iex sin x dx

I:sinxex—jcosxexo’x

=sinxe*-cosxe® + J(— sinx)e” dx

21 =e” (sinx — cos x)

I:%ex (sinx —cos x)

[on integrating]



From Eq. (i),

y-e* == (sinx —cos x)+ C

X

N —=N|&R

= y=—(sinx —cosx)+C-e”

(x) Given differential equation is

cot ydx = xdy
= lo/ac =tanydy
X
On integrating both sides, we get
1
= —dx = |tanyd
[ dx=[tanydy
= log (x) =log (sec y)+ log C
= log [x] =logC
sec y
X
= =
sec y
= x=Csecy
(xi) Given differential equation is
y T+y
— 4+ =
dx v X
dx X X
. &y (1 ) 1) gl
dx x x
1
1——|dx
IF :ej[ ’CJ
:ex—logx
—e¥ e—log x i
X

True/False

Q. 77 State True or False for the following

(i) Integrating factor of the differential of the form Zx +P, x=Q,1is
y

given by NELS

(ii) Solution of the differential equation of the type Zx +Px=Q, is
y

given by x - IF = J'(IF) x Q, dy.



(iii) Correct substitution for the solution of the differential equation of

the type Zy = f(x,y), where f(x, y) is a homogeneous function of
X

zero degree is y = vx.

(iv) Correct substitution for the solution of the differential equation of
the type Zy =g (x, y), where g (x, y) is a homogeneous function of
X
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.

1/3
(vii) The solution ofg = (yj is y?/3 —x¥3 =¢

dx \x
(viii) Differential equation representing the family of curves
2
y=e"(A cosx+Bsinx)isﬂ— Q+2y=0.
dxc? dx
(ix) The solution of the differential equation Zy _xrey is x + y = kx?.
X x
(x) Solution of Xy _ y +xtan Y is sin (yj =cx
dx x X
(xi) The differential equation of all non horizontal lines in a plane is
d’x
=2 =o.
dy®

Sol. () True
Given differential equation,

(ZTx +Pax=Q
y
IF =elP®

(ii)y True

(iii) True

(iv) True

(v) False

There is no arbitrary constant in the particular solution of a differential equation.

(vi) False

We know that, order of the differential equation = number of arbitrary constant
Here, number of arbitrary constant = 1.
So order is one.



(vii) True

1/3
Given differential equation, 7 = (Xj
dx x
1/3
= &y _y -
dx  x'3
= y By =x"%dx

On integrating both sides, we get
Jy—1/3 dy _ Ix—1/3dx

y—1/3+1 x—1/3+1

= = + C’
- +1 - +1
3 3
N 3 VE :§x2/s L O
2 2
2/3 2/3 ' |— 2 ' —|
= - =C where, -~ C'=C
oo A
(viii) True
Given that, y=e" (Acos x + Bsinx)
On differentiating w.r.t. x, we get
dd—y =e" (- Asinx + Bcosx) + e*(Acosx + Bsinx)
X
= %—y:ex (= Asin x + Bcosx)
dx
Again differentiating w.r.t. x, we get
2
Lg QL =e” (- Acosx — Bsinx) + e¥(— Asinx + Bcosx)
dx“ dx
d?y.dy dy
= —a e 4 -2 _
T
2
= Lg PSP,
dx dx
(ix) True
Given that, %=L2y:>%:1+g.y
dx x dx x
= % - gy =1
dx «x
_2d
|F267 e—2\ogx -2

The differential solution,

—2+1
= lz—x + K
x -2+ 1
-1
= %:—+k
x x
= y=—x + kx?



)

(xi)

True
Given differential equation,

xdly =y+ x tan (Xj
ax x
= ¥ =7 + tan (zj
dx x x
Put Yoy e.,y=
=vie,y=vx
X
dy xav
= ——=V+ —
dx dx
On substituting these values in Eq. (i), we get
xadv
— 4+ Vv=Vv+tanv
dx
dx av
= = =
x tanv
On integrating both sides, we get
Il dx = 1 dx
x tanv
= log (x) =log (sinv)+ log C’
= log (xJ =log C’
sinv
x ’
= - =
sinv
= sinv =Cx
= sin?y —cx
X
True
Let any non-horizontal line in a plane is given by
y=mx+cC
On differentiating w.r.t. x, we get
dy _
dx
Again, differentiating w.r.t. x, we get
d?y

{where, C=

g





