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#459651
Topic: Introduction

Determine order and degree (if defined) of differential equations given in the following.

Ay
" A sing) =0
2.,'+5y=0

ds a’s

_ 4 —
3.(dt) +35,2 =0

a?y 2 dy

4. (dxz) - cos( dx) =0
ay

5 —
a2 = Cos 3x+sin3x

G20 ntyf=0
7.y+2y"+y:0
8Ay'+y: e

9.y +(W2+2y=0

10. ,V" +2y+siny=0

Solution
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&y

b o Fsinly) =0
Order =4
Degree =1
2. y' +5y=0
Order =1
Degree =1
ds a’s

37 v3s s -0

(dt) dr
Order =2

Degree =1

4. (dxz) - cos(;) =0

Order =2
Degree =2
&y
5 —
o = Cos 3x+sin3x
Order =2
Degree =1

Gl 2P+ ntrf=0
Order =3

Degree =2
Ty+2, +y=0
Order =2

Degree =1

8. J/' +ty=¢¥

Order =1

Degree =1

9., +(2+2y=0
Order =2

Degree =1

10. )" +2y+siny=0
Order =2

Degree =1

#459652
Topic: Introduction
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The degree of the differential equation

D Not defined

Solution

The degree of a differential equation is the power of the highest order derivative in the equation. Here it is 3

2
N3 dyo dy
a2| * (a) + sin(a) +1=0is

#459653
Topic: Introduction

The order of the differential equation

2

d d .
2X2_y_3_y+y:0|s

dx? dx

D Not defined

Solution

Order is the highest derivative in the equation. Here it is 2

#459655

Topic: Types of Solution of Differential Equation

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

1.y= e +1
2.y=,2+2x+C

3.y=cosx+C
4.y= ‘\/1+X2

5Ay:AX

6.y = xsinx
7. xy=logy+C

8. y-cosy=x

9. x+ty=tan"ly

10.y = ~/a?~ x°xe(- a,8) :

Solution

: y"-yzo
iy -2x-2=0

. y'+sinX:O

Xy
Y T+
Foxy=yx#0)

oxy=y+ X—\/xzyz(x# Oandx>yorx<y)

2
y

J/’: 1fxy(Xy¢1)

© (ysiny+cosy+ Xy =y

Yy +y+1=0
o

X+y; =0(y#0)

1) Given, y = eX+1;y" -y=0

Forex.y"_y:o:> _y_y:o

dx?
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For this type of equation solunation is
y=e"+c CER
And it satisfies the above eqn.

SO,y: e +1

2)y -2x-2=0

= % =2x+2

= dy = (2x+ 2)dx

Integrating on both sides, we get
[dy =[x+ 2)dx

y=x2+2x+c CER

3)y +sinx=0

= %: +sin=0

= dy = sindx
Integrating on both side
Jdy = [sinxdx

= y= +cosx+c {[sinxdx= cotx}

xy

4
Y e
dy _xy
dx  1=x2
dy xdx
y 1+
dy xax
y 1P
Let,2+1=1¢

at
2xdx = dt+ xdx = 3

= Inl) 1 dt
ny = — [—
27 (1py
=In(y) = %[In(1 +2)]+c ceER
= takingc=0
In(y) = %Inm +1) = In(1+1)1/2

y= (1 +1)1/2

Y= VTR
5) y=Ax xy = y{x # 0)
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dy dy dx dy dx
X—=ys> —=—=[—==]—
dx y X y X

In(y) = In(x) + In(4) = In(y) = In(Ax), A € R

= y=Ax

Nx+y=tan W2y +)2+1=0

Py= -1+

y2

2y
1+ /2

[

1+yzdy:_[—d)(

1+)2 -1

T

=Idy-I#dy= - Jox

= dy= -Jdx

Sy-tan" = -x+c

> xty=tan W +c

dy

10) y = +/a? - el - a, a);X+y— oy #0)
dx

a ad -X
iy oo Y X
dx dx y
Jydy = - xdx
y—2 = [— xdx
2
p=am

y=a%= 2 xe(- a4

#459658
Topic: Introduction

The number of arbitrary constants in the general solution of a differential equation of fourth order are

A (o]

B 2

C 3
(o] «
Solution

The number of arbitrary constants in a solution of a differential equation of order pis equal to its order.

So, here it is 4.

#459659
Topic: Introduction

The number of arbitrary constants in the particular solution of a differential equation of third order are:

https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=1&qid=459802%2C+459803%2C+45... 5/28



7/4/2018 https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=1&qid=459802%2C+4598...

B 2

C 1

D 0
Solution

The number of arbitrary constants in a solution of a differential equation of order n is equal to its order.

So here it will be 3

#459661
Topic: Formation of Differential Equation

Form the differential equation of the family of circles touching the y~axis at origin.

Solution
The system of circles touching y axis at origin will have centres on x axis. Let (g, 0) be the centre of the circle. Then the radius of the circle should be a units, since the circle
should touch y axis at origin.
Equation of a circle with centre at (5, 0) and radius g is
X2+ y2-2ax=0
The above equation represents the family of circles touching y axis at origin. Here g is an arbitrary constant.
In order to find the differential equation of system of circles touching y axis at origin, eliminate the arbitrary constant from equation.
Differentiating equation with respect to x, we get
d)
2a=2(x+ yd—)):)
Replacing 25 of the above equation, we get

ay
242 - 2(x+ y—)x
X ( ydx)

- dy
Whichis 2 -2 + 2xy— =0
Xy 22y

#459662
Topic: Formation of Differential Equation

Form the differential equation of the family of parabolas having vertex at origin and axis along positive y-axis.

Solution
Equation of such parabola is given by 42 = 4ay
In order to make a differential equation, we just have to remove 5

Differentiating both the sides we get 2x = 4ay'
X
a=_——
2y
Putting this in original equation of parabola, we get

Xy'—Zy: o]

#459663
Topic: Formation of Differential Equation

Form the differential equation of the family of ellipses having foci on y~axis and center at origin.

Solution
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Equation of such an ellipse is given by ﬁ + y_2
p? &2

=0

Here we have 5 and p as variables, so lets remove them to get the required differential equation.
Differentiating this on both sides, we get

2, 2y
b 2

S T
§+(—2)[yy *()1=0
A A 2
2 = —(az)U/y +(y)]

Putting this in equation (1), we get
x vy
.2
Sy )1
LR e

This gives ny” + X(y')z _ yy' =0

#459664
Topic: Formation of Differential Equation

Form the differential equation of the family of hyperbolas having foci on x-axis and centre at origin

Solution

y2

Equation of a hyperbola is given by X_2 -2 =1
a® b?

Differentiating both the sides, we get

Putting this in equation (1), we get
X ,Vyv
— 2 LS A
(b2 [y )2 +yy'] 2 0
Multiply by 52 and after simplification, we get

Xy +xy)2-yy =0

#459665
Topic: Formation of Differential Equation

Form the differential equation of the family of circles having centre on y-axis and radius 3 units

Solution

Here it's given that the circle will have it's center on y axis and radius is 3 units.
So let's assume that the center is at (0, a)

Equation is given by 42 + - a)2 =9

Differentiating it one time, we get

2x+2yy -2ay =0

from here we can take out g and put it in main equation of circle.

2x+ 2yy'
a= ————
y "
2x+2yy (2
So equation is y2 + y' =9

This is the required equation.
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#459666
Topic: Types of Solution of Differential Equation

Which of the following differential equations has y = ¢;X + ¢, as the general solution?

ay
A Y=o
dx?
&’y
T
dx?
&y
¢ —+1=0
ax?
2
d
D,
dx
Solution
2
y=CeX+ czeXﬂ/ = CeX+ czeXﬂ = CleX+ CreX - ay -y=0
dx a2 dx?
#459668

Topic: Types of Solution of Differential Equation
Which of the following differential equations has y = x as one of its particular solution?

A &y dy

2 -
a2 "X ax TXY=EX

B &y dy

b T Xax TXV =X

d2 ! dy

2 —
ax? T X dx+Xy—O

D &y dy

o T Xt Xy =0

Solution
dy . d%
y= X—y =1—=0
ax  dy?

Now putting these values in given options then we will find that
Option C is correct
&y

d
—x2—y+xy= o]
dx? dx

#459739
Topic: Types of Solution of Differential Equation

https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=1&qid=459802%2C+459803%2C+45... 8/28



7/4/2018 https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=1&qid=459802%2C+4598...

For each of the differential equations, find the general solution:

dy 1-cosx
1. —
dx T 1+cosx
dy
22— —
w=VAy(-2<y<2)
dy
3. —
o = y#
4. sec2xtan ydx+sec? ytan xdy = 0
5. (e¥+ e ™Mdy—(eX- e ¥dx=0
dy
6. —
ax = (1500 + 7)
7. ylogydx—-xdy=0
dy
8. o
X ax T _,Vs
dy
9 —
ax = sin'x

10. gXtan ydx + (1- eMsec?ydy = 0

Solution
1 dy 1-cosx
dx 1+ cosx

(1-cosx)
[y = I[(1 + cosx))]dx

X
2sin?(3)

fdy={

X

2c0s2(3)

x X
fdy= Itan2(5)dx: J(sec®(3 ~Nax

~ X
- Isecz(f ~Tax

X
= 2tan(5 - 1) +c

X
y= 2tan(5 - 1) +c

Y. =d
= '\/1—(5)2 X

Letz:t

2

Thus ¢y = 24t

2dt
= '\/m

2dt
EY) ‘\/ﬁ = [dx

=2sin (A =x+c

Y
=2sinyf3 =x+cC
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dy
3) = =1y=1
)dx =1

Jdy=Jdx

y=x#c

4) secz)dande+ seczytanxdy =0

dy sec2xtany

dx  sec?ytanx

2 2
sec’y sec™X
dy= - ax

tant tanx

tany = u,tanx=u

seczydy = du, 5ec2XdX =dQ

du du
> [—=—
u u
log(u) = n—log(Q) + logC

c

log(u) = Iog(a)

log(u@) = log(Q)
u@==C_
tanytanx = C

5)(e¥+ e Mdy - (e~ e Max=10

(e*¥+ e™Mdy = (e¥— e Mdx

dy e*-eX
- dx
dx X+ g7X
eX7 e—X
dy = ax
eXte X

Integrating both sides.

eX—e’X
fdx=1[ dx M
X+ o= X
eX_e*X
y=]
eXte X

at
— = (oX— o~ Xdx
P (eX-e™
dt
dx =
eX_e’X

Substituting values in (1), we get

X—g-x dt

e
Jdy=1[ -

dt
Jdy=[—
t
y=logltl+C

Putting back t = gX- g=x
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y= |Og|eX— e Xl +C

y=logle*-e™+C (~e-e™*>0)

le)
6) = =141+ )2) = dy
1
= [ 7dy =101+

3
X
=Stan W=x+3+C

7) ylogy dx - xdy =0

yviogydx = xdy
dx _ ay
X ylogy

Intergrating both sides

dy dx
Yiogy X
Put ¢t = logy
1
dt=—dy
y
dy = ydt

Hence, our equation becomes

ydt ax
[T — ==
y.t X
dt_ o
t X

logltl =loglxl +logc
Putting ¢ = logy

log(logy) = logx + logc

log(logy) = logex (Using logab = loga + logb)
logy = cx
y: eCX
dy
8 — = _.5
)dex y

-4 -3
=>y_:_+c

-4 -3

1
5 T5+—5+C=0

33 4
dy
— =5sin" ) = [dy = [sin (¥adx
ax

So = [sin M Xdx = xsin 1) + /1~ X2

y=xin "+ V1= +c

10) e*tany dx + (1 - eMsec?ydy = 0
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e*tanydx = (X - )sec?ydy

2 X
sec e

Yay=1
tany e*-1

J

ax

tany=u,e¥-1=Q

sec?ydy = du &¥dx=du

du  du
u u

log(u) = log(Q) + log(Q)

tany=(eX-1=c¢c

#459779
Topic: Linear Differential Equation

Find the equation of a curve passing through the point (0, 0) and whose differential equation is y' = Xsinx

Solution
Equation is given by ' = g¥sinx
dy = eXsinxdx
Integrating both side we get(use integration by parts)
eXcosx + gXsinx
= +c
2
-1
Now, it has been given that this curve will pass from (0, 0), so putting this in above equation we will get ¢ = E

Hence, equation of the curve will be

eXcosx+ gXsinx 1

2 2

#459780
Topic: Linear Differential Equation

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

Solution

Equation can be written as

y X+2
dy=——adx
v+2) X
2 X+2
(1- )dy = ——adx
y+2 X

Integrating both the sides, we get
y—2log(y+2)=x+2log(x) + ¢
As mentioned, this curve will pass from (1, - 1)
-1-2log(-1+2)=1+2log(l) + ¢

wc=-2

Equation of the curve will be:

y—2log(y+2)=x+2log(x) - 2

#459781
Topic: Types of Solution of Differential Equation

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

equal to the x coordinate of the point.

Solution
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According to question, We have

y. % = xand it is passing through (0, - 2)
Ix
2 2

Y X
dy=xdx—=—+c

y.ay 5 >

This curve will pass through (0, - 2)
-2 2 2

2 -0 tcnc=2

2 2

Equation of curve is

£o2,
2 2

#459787
Topic: Homogeneous Differential Equation

d
The general solution of the differential equation d—y = gX*tyis
X
Solution

This equation can be written as

AN
e*e
dx

e Ydy = eXdx
Integrating both the sides, we get
—e Y=eXtcC

e VteX=C

#459793
Topic: Homogeneous Differential Equation

In the following, show that the given differential equation is homogeneous and solve each of them.

106+ xpdy = (2 + yAax

x+y

3. (x)dyix+ Ydx =0

4. (x2 + y2)dx + 2xydy = 0
dy

o =222+ xy

6. xdy. ydx= /x> * yPdx

5.

y y y y

7. [xcos(;) + ysin(;)]ydx = {ysin(;) - xcos(;)}xdy

jud y
B xge vt xsin(;) =0

y
9. yadx+ xlog(;)dy— 2xdy=0

Solution

1 (2 + xdy= (% + yP)ax

y
dy Pty 1+ G)°

dX_X2+Xy y
1+
y
u=12
X
ay 1My 1dy Y
dx x(dx) X2 xdx (X)
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ﬂj Y dy

dx X)X_ ax
X;dll+4:1+42

ax 144

xdu 1+ 42 1+42-4-42
ek —u= -
ax  1+4 1+4
xdu 1-4

= (M)

1+4 dx
:>(1_4)du=7
4

-1 ax
dx=-]—
4 X

I1_

-4+1-1-1 ax
=[——du=-]—
1-4 X

2
- \qw= o1&
I( 1_4)du IX
u+2in1-y)= -Inx)+c

S u+2in-4)= - Inp)+c

LY
X

Y
2/n( x): = In(x) +c

Y
=> y+ 2x//7( X) = = xIn(x) + xc

x+y
2) =2
4 X
y1:1+£
d_y du
—uz(dx)—4+x—
xdu dx
—=1sfdu=]—
Ix
u=Inx)+c

. In(x)+ c= y=xIn(x) + cx
X
3) wrong equation

4) (x® + yA)dx+ 2xydy = 0

@ _ Py
ax 2xy
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xdu -(1+42
ax 24

xdu _ ~(1+42) 4 -1-42 - 242

ax 24 24
xdu -1-342
dx 24

24 ax
——du=-[—
J1+342 I X

dt ax
i = -J=
1+ 3t X

%/n(1 +380 = —In(x) + In(c)
1 C
=In(1+38 = + In(—)
3 X

3,2 = mS)
3 X

C
e

a)
5) =22 = 22+ xy

—-“() it

du dx
J1—(w/ﬂ)2 =5
V24 = +7/2du=d+

RIPT
:>«/5 1-+2 ' x

. V2 w2)
:E[J(1—+ 1+1) ] n(x) + ¢

[—/n(1— +)+ 1+1],,n()¢+c

_1 1
11 n0 - -
o [2 In(1 - 42) + > In(1+ 42)] =In(x)+c

1+4

1 1
= —x—=Il1-42|-In+c

: 2+ )2
—in 2_
24/x n(x v

6) wrong question

=Ilnx+c

7)[Xcos(£)mm(i)]ydx_[ﬁm(ﬁ)-ms(i)]xdy
[m() ()s.n( )] Ly - [_s.n() cos(i)]dy
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y vy vy

cos(%) * (F)sin(3)

ay _ (Y y vy ¥
ax (x —cos() + (3)sin(%)

cosu + usinu

y+ X 4[fcosu+ usinu

d
Y 4

E( usinu — cosu

cosu + 4sinu
o2 - imocons |

cosu + usinu — usinu + cos4
= 4[ usinu - cosu ]

ady 2ucosu
X— = —
dx  usinu-cosu
(usinu— cosu

LCOSU )du =2dx
1
J(ta”“’ Z)du= [2ax

= Inlsecul - In(u) = 2x+ ¢

secu
:>In( u )=2x+c

y
sec(y,
Y
Yol=ox+
=>‘ (X) 2x+c
Y
xsec(,
= ) y |=2x+c

dy y
8) x— - y+ xsin(7) = 0
o y (3)

dy
ax ~ —*sin(y) =0
y dy du
u=== —=u+x—
X ax ax
ay -
— == -sin
dx  x G
u+ x— = u-sin(u)
. d ax
> x—=-sinu= [ = —
ax

Jcosecudu= -[—
X
= logf cosecu - cotu = - In(x) + In(c)

X
loginlcosu—cotul = Inl_1

(cosecu—cotu). x= ¢

y Y
){cose(;) - cot(;)] —c

9) E4
ydx + xlog(3)dy - 2xdy = 0

y 4
(Gax+ [Iog(x - 2]dy= 0

4
dy (X
- = y
ax = 2-log (%)

Y v au
X TUD g T Ut X
dy u
U+ Xge = 2-10g (u)
dy  4-24+4logu
= — 27
ax 2 -logu
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_ —4+ ulogu

2 - logu
2-log u dx
4log u-adu= 7

2-logu 9

ullogu —1) YT x

logu= +

1

2du=dt
2-1 dx
g dt="¢
+-1-1

—adx
( 4-1 )dt= x

dx

1
IGat=1 -
4—ind-N)= - In()+c

X

logu = log(logu—-1)= —In(x)+ ¢

y y
log(}) —log(log(} =1 = —/n(x) + ¢

#459797
Topic: Homogeneous Differential Equation

ax X
A homogeneous differential equation of the from d_ = h(;) can be solved by making the substitution:
y

A y=wx
B V=yx
X=vy
D X=v
Solution

A homogeneous differential equation of the form

d_X = h()—() can be solved by substituting
dy y
X=vy
Then
ax dv
— =yt y—
dy yd
Hence
ax X
—=h-)
dy y
. dv .
-V — =
ydx
av v
- = -v
ydy
v ay
h-v vy
Let Av) = A(v) - v Then
av _dy
vy
Integrating both sides give us
dv dy
J ===
fiv) y
1&g+
— =1n c
fiv)
#459798

Topic: Homogeneous Differential Equation

Which of the following is a homogeneous differential equation?

A (4x+6y+5)dy+ (3y+ 2x+4)dx=0
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B (xdx+(x*+)3dy=0
c (x® +2)2)dx+ 2xydy = 0

IE' yPdx+ (x* + xy+ P)dy = 0
Solution

A) (4x + By + 5)dy+ 3y + 2x+ 4)dx =0
M(X) = 4x+6y+5

N = 3y+2x+4

Ifwe put x=2x, y=2y

M2x,2y) = Zl4x +6)) + 5

N2x, 2)) = 2By + 2X) + 4

M2x,2y) # 2"M(x, y)

N2x,2y) # 2"Nix, )

So, it is not a homogeneous.

B) (xy)dx+ (x? + 3)dy = 0

Mx, ) = X3+ 2

Nix, Y) = xy

M2x,2) = 223+ y3) = 2Mx, y)
N2x 2)) = Z2(x) = 22Nix, )

but degree is not same

So, it is not homogeneous equation.

C) (x® +2)2)dx + 2xydy = 0

Mix, y) = 2xy

M2x, 2y) = 222xy = 22M(x, )

N Y = 53 +2)2

2% 2) = 23 + 2222 % 73, 2"Nix, 1)

So, it is not a homogenous.

D) y2dx+ (x? + xy+ yAdy = 0

mix ) = X2+ xy+ 2

nx 1) = y?

m2x,2y) = 2203 + xy + ¥62) = Z2m(x, )
N2x+2y) = 22 = 22Nx, y)

So, it is a homogeneous equation.

#459802
Topic: Types of Solution of Differential Equation
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For each of the differential equations, find the general solution:

dy
1. —

ax T2y =sinx

dy
2. —

dx +3y= e*2x

ay y
3.— -

axtxTx
dy

4.—+ B ~lo<x<,
ax T (sec Xy = tanx

dy

— ~lo < x<
cos?x 4ty = tanx (O‘X 2)

dy
xd_X +2y = x2log x
dy 2

7. — -
xlog x4 +y =, logx

8. (1+ x2)dy + 2xydx = cotxdx —(x % 0)
dy

9 — (x# O
X Ty = x+xycotx=0 (x=0)

dx

10. —
(XY g =1

M. ydx+(x-Ady=0

dy
12. —_ ~(y>0)
X+3)) gy = ¥

#459803
Topic: Types of Solution of Differential Equation

For each of the differential equations given, find a particular solution satisfying the given condition.

dy m
.— when -
ax T 2ytanx=sinx:y=0 X=3
dy 1
2. 2 N when x =1
I+ XV g ¥ 2XV= 14 ,25¥=0
dy m
3. — when -
ax T 3ycotx=sin2x y =2 X=,
Solution

1) d_y+ 2ytanx = sinx; y = 0, when x = r
ax 3

43 =  2tanx. dx = 2In(x) = sec2x

sec?x(y! + 2tanxy) = sinx. sec2x

(sec?x! = sinx. sec?x

sec62x. y = [ x. sec?x. dx

[sinx. . dx
c

052X
cosx = +

sinx.dx= - d+

-dt 1 1
=[—=—= +c
+2 + cosx

y = cosx + ccot?x
m

}/(ng):o

0= cos(Z) + ccos?(2)
3) ¥ Ceos™(3
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-

o= C.

1
—tc—
2 4

c=2

X = cos(x) + cos?X

1

1+

2)(1+x2)%:+2xy= X2:J/(X=1)=0

d  2x 1
ax  1+x627 " (14532
2x

1+X24dx

40 =Je
=Ieﬂ = eln(1+1)
1+1
=0+
2x 1
S vy TES )

1
+x2n'= 2

1
2\
+3y I1+X2.dx

(1+ Py =tan(x) + ¢
tan(x) c
= +
AETTRET

m
- cC
Mn=N)=0=0= 2 +E
2
m
c= - —
4
tan(x) m

T2 a0

a) X
3) ad - 3ycotx = sinx; (Ux = =) =2
dx 2

1

4(x) =J - 3cotx. dx = - 3loglsinxl = —

sin~X
5 sin$2x
(y* — 3ycotx) =
sin?x v sin3x
1 sinx®x
sin~Z| =
sin3X
Y 2cosx
eV —. dx
sin®x sinx

sinx= + = cosx.dx=d+
2dt

I

-2 -2

+ sinx

3

y= - 2sin?x+ csin®x

m

Wx=35)=2

WX = = 2sin?x+ 4sin3x

#459806
Topic: Linear Differential Equation

ad)
The Integrating Factor of the differential equation XFy —y=2)2Is:
Ix
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Solution

For Liner equation 4 +Py=Q
dx
Integrating factor is given by /= o Pdx

So here, p= __1
X

-1
/1= eJde
/= oI (%)

1
1= en (%)

#459807
Topic: Linear Differential Equation

The Integrating factor of the differential equation

- 2)%+ X = ayis
y dy y y

A 1
V-1
B L
V-
c 1
-y
[r] =2
VT
Solution

. . ax
Given DEis (1- ,2)— + yx = a
( yz)dy yx=ay

:>der Yy Yy
—+——=x=a
dy 1’y2 1*y2

d
which is an exact DE of the form d_X +AYX= Q)
y

Integrating factor JF = of Ryidy = ef%dy
-y

Lett:17y2

= dt= - 2ydy

e JF= j71 S _i_ 1_

€ IF= o Z‘ﬂ’eﬁ'”“ w/_t7 ‘\/17}/2

#459809
Topic: Introduction

For each of the differential equation given below, indicate its order and degree (if defined).

&y d
Y 2

(U] d_x2 + SX(;) -6y =logx
dy 3 dy 5
(ii)(;) —4(;) +7y=sinx
dy oy

(i) s - sm(;) =0
Solution
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Differential equations are often classified with respect to order.

The order of a differential equation is the order of the highest order derivative present in the equation.
The degree of a differential equation is the power of the highest order derivative in the equation.
jorder is 2 and degree is 1.

jjy order is 1and degree is 3.

jijy order is 4 but degree is not defined because it is not polynomial.

#459812
Topic: Types of Solution of Differential Equation

Verify that the given function (implicit or explicit) is a solution of the corresponding differential equation.

Py dy
(i) y= & + bsil — —
y=eXacosx+ bsinx) dX272dX+2y:0
(i) y = x \,\sin 3x : \cfrac{d"2y}{dx"2}+9y-6\,\cos\,3x=0
(iii) xA2 = 2y"2 \\log\, y o (x*2+ y"2 ) \cfrac{dy)}{dx}-xy= 0
Solution

(i) y=e”x(a\cos x+b \sin x)

Differenttiating Both sides w.r.t.x

\dfrac{dy}dx} = \dfrac{d)}{dx\left{e"x(a\cos x+b\sin x)\right]

y' = \dfrac{d(e”x)}{dx}.[a\cos x+b\sin x]+e”x\dfrac{d}{dx}a\cos x+b\sin x]
y'=e”x[a\cos x+b\sin x]=e"x[-a\sin x+b\cos X]

y'=y+e”x[-a\sin x+b\cos x]  ..(1)

Again Differentiating both sides w.r.t.x

y"=y'+ \dfrac{d(e”x){dx}[-a\sin x+b\cos xJ+e x\dfrac{d}{dx]}[-a\sin x+b\cos x]
y"=y'+ex[-a\sin x+b \cos x]=e”x[-a\cos x+b(-\sin x)]
y"=y'+Hy'-y)+e”x[-a\cos x-b\sin x] (From (1)]

y'"=2y'"-y-e”x[a\cos x+b\sin x]

y'=2y"-y-y (Using y=e"x(a\cos x+b\sin x)]

y'=2y'-2y

y"-2y'+2y=0

Which is the required differential equation

(i) y=x\sin 3x ; \cfrac{d"2y}{dx"2}+9y-6\,\cos\,3x=0
\dfrac{dy}{dx} = \sin 3x+3x\cos 3x
\dfrac{d"2y}{dx"2}=3\cos 3x+3\cos 3x-9x\sin3x

or \dfrac{d"2y)}{dx} = 6 \cos 3x-9x\sin 3x

where x\sin 3x=y

\dfrac{d"2y}{dx"2}=9y-6\cos 3x=0

This is the proof that y=x\sin 3x is the solution of the given differential equation.

(iii) x*2=2y"2\log y; (x"2+ y"2 ) \cfrac{dy}{dx}-xy= O
Differentiating both the sides we get;

2x=4y\log y\dfrac{dy}dx} + \dfrac{2y"2){y} \dfrac{dy}dx}
2x=\dfrac{dy}{dx} (4y\log y + 2y)

\therefore x = \dfrac{dy}dx} (2y\log y+y)

Multiplying both the sides by y, we get,
xy=\dfrac{dy}dx} (2y*2\log y+y"2)

Therefore (x*2+y"2)\dfrac{dy}{dx]} - xy=0

Hence proved.
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#459813
Topic: Formation of Differential Equation

Form the differential equation representing the family of curves given by (x a)*2 + 2y"2 = a2, where a is an arbitrary constant

Solution

Given, (xa)"2+2y"2=a"2

Differentiating it once: 2x{a}*(2}+4y{y}"{'}=0
{ay(2R\dfrac(-2y{y})'{T}x}

Putting this in main equation:

-2xy{y(H+2{y)2)\dfrac{-2y{y)"{ T}ix}

#459818
Topic: Types of Solution of Differential Equation

Prove that xA2 y"2 = ¢ (x"2 + y*2)"2 is the general solution of differential equation (x*{ 3 13x\, y*{ 2 ))dx=(y"{ 3 }3x*{ 2 }Jy)dy where c is a parameter.

#459819
Topic: Formation of Differential Equation

Form the differential equation of the family of circles in the first quadrant, which touches the coordinate axes.

Solution

If a circle touches coordinate axis then the center will be at (a,a) and will have a radius of a
Equation of circle is {(x-a)}*{(2)+(y-a)}{2)={a}{2}

Differentiating this for one time, we get

2(x-a)+2(y-a)ffy}"{(=0

From here, we find a which is \dfrac{2x+2y{y}"{'I{2(1+{y}{'})}

This can be plugged in main equation and we can get required differential equation

Equation of circle is {(x-\dfrac{2x+2y{y)\ 2Ty M2)+(y-\dfrac{2x+2y{y ) N2y I dfrac{2x+ 2y {y N HE(HYNIIN2)

#459821
Topic: Homogeneous Differential Equation

Find the general solution of the differential equation \dfrac{dy}{dx}+\sqrt{\dfrac{1-y"2}{1-x*2}}=0.

Solution

Given, \cfrac {dy}{dx}+\sqrt {\cfrac {1-y"2}{1-x"2}}=0
\cfrac{dy}\sart{1-{y}{2})=\cfrac{-dx)}{\sqrt{1-{x}*{2}}}
Integrating both sides, we get

(\sinP{-1)y={\cosy{-1}x+c

#459822
Topic: Types of Solution of Differential Equation

Show that the general solution of the differential equation \dfrac{dy}{dx}+\dfrac{y"2+y+1}{x"2+x+1}=0 is given by (x+y+1)=A(1-x-y-2xy), where A is parameter.

Solution

https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=1&qid=459802%2C+459803%2C+4...

23/28



7/4/2018 https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=1&qid=459802%2C+4598...

x+y+1 = A(1-x-y-2xy)

Differentiate both sides w.rt. x
\Rightarrow 1+y' = A(-1-y'-2y-2xy')
\Rightarrow (1+A+2Ax)y" = -1+ A(-1-2y)

\Rightarrow y' = -\cfrac{T+A(1+2y){1+A(1+2x)} .....(1)

Now, from the given equation, A = \cfrac{x+y+1}{1-x-y-2xy}.

Substitute this value of x in equation (1)

\Rightarrow y' = -\cfrac{1+\dfrac{(x+y+1)(1+2y)}{1-x-y-2xyJ1H\dfrac{(x+y+1)(1+2x)}{1-x-y-2xy]\\=-\cfrac{1-x-y-2xy+x+y+1+2xy+2y 2+ 2y 1-X-y-2Xy+x+y+1+2x" 2+ 2xy+ 2 X \\=-

\cfrac(2y"2+2y+2){2x"2+2x+2)

\Rightarrow \dfrac{dy)}{dx} + \dfrac{y"2+y+1}{x"2+x+1} = O

Hence, x+y+1=A(1-x-y-2xy) is the general solution of the given differential equation as it satisfies the equation.

#459825
Topic: Formation of Differential Equation

Find the equation of the curve passing through the point (0, \cfrac{\pi}{4}) whose differential equation is \sin x \cos y .dx + \cos x \sin y .dy = 0.

Solution

\sin x\cos y dx +\cos x \siny dy =0

\Rightarrow \cos x \sin y dy = -\sin x\cos y dx

\Rightarrow \cfrac{\sin y}{\cos y} dy = \cfrac{-\sin x}{\cos x} dx
Integrate both sides,

\displaystyle \int \cfrac{\sin y}{\cos y}dy =\int \cfrac{-\sin x}{\cos x} dx
Let\cos y = u and\cos x = v. Then, -\sin y dy = du and -\sin x dx = dv
\Rightarrow \displaystyle \int\cfrac{-du}ju = \int\cfrac{dv}v
\Rightarrow -\Inu=\Inv+C

\Rightarrow \In u +\In v = ¢, where c is the constant of integration.
\Rightarrow \In (uv) = ¢

\Rightarrow uv = k, where k = e"c = constant.

Resubstitute the values for u and v,

\cos x\cos y = k

This is the general solution of the given differential equation.

This curve passes through \left(0,\dfrac{\pi}4\right)
\Rightarrow \cos 0 \cos \dfrac{\pi}4 = k
\Rightarrow k = \dfrac{1)}\sqrt2}

Hence, the equation of the curve is

\cos x\cos y = \cfracl{\sqrt2}

#459828
Topic: Types of Solution of Differential Equation

Find the particular solution of the differential equation

(1+eM2x))dy+(1+y"2)e xdx=0, given that y=1 when x=0.

Solution
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(H+en2x))dy+(1+y*2)e xdx=0\\ \dfrac{dy}(1+y"2)}=- \dfrac{e”x dx}{(1+e2x}))\\ \tan{-1}y=- \dfrac{e”x dx}{(1+e2x})}
Let t=e"x\;\; dt=e"xdx\\ \tan"{-1)y=- \dfrac{dt}{(1+t"2))\\ \tan{(-1}y=- \tan"{-1}t+c\\ \tan {(-1}y=- \tan"{-1}(e”x)+c

When x=0 and y=1,

\tan{(-1}1=- \tan"{-1}(e"0)+c\\ \dfrac{\pi}{4}=- \dfrac{\pi}{4}+c\\ c=\dfrac{\pi}2}

\tan{-1}y=- \tan”{(-1}(e”x)+ \dfrac{\pi}2}

#459833
Topic: Types of Solution of Differential Equation

Find a particular solution of the differential equation (x-y)(dx+dy)=dx-dy, given that y=-1 when x=0.

Solution

let t=(x-y)\\ dt=dx-dy

\Rightarrow dx+dy = dx-dy+2dy = dt+2dy

Put this in given equation

t(dt+2dy)=dt\\ dt+2dy=\dfrac{dt){t}\\ 2dy=\dfrac{dt}{t}-dt
Integrate both sides

2y=\In t-t+c\\ 2y=\In(x-y)-(X-y)+c

Now y=-1\;\; x=0

-2=\In(0+1)-(0+1)+c\\ \Rightarrow c=-1\\

Equation is 2y=\In(x-y)-(x-y)-1

#459844
Topic: Linear Differential Equation

Solve the differential equation y\,e*\frac{x){y})dx=\left(x\,e*(\frac{x}{y}}+y*2\right)dy(y\neq 0).

Solution

The differential equation is

ye"(Mrac{x}{y}} dx = (xe"{\Mrac{x}{yl}ty"(2]) dy

let's take p as p = e*\frac{x){y}}

so differential equation will become

ypdx = (xp+y*{(2})dy

differentiating p with respect to x
dp = eM\frac{x}{y}(\frac{dx}{y}-x\frac{dy}y*(2}})
\implies y*2)\frac{dp}dx} = p(y-x\frac{dy}dx})

\implies pydx= y*{2)}dp+pxdy

apply this on above differential equation
xpdy+y*{2}dp=xpdy+y*{2}dy
\implies dy=dp,

\implies y= p+C,

hence the solution is :

y= e \frac{x}{yJ}+C
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#459846
Topic: Linear Differential Equation

Solve the differential equation \left[\cfrac{e’{-2\sqrt{x)}}{\sart{x}}-\cfrac{y)\sqrt{x}\right]\cfrac{dx}{dy}=1  ...(x\neq O).

Solution

differential equation is
(\dfrac{e”{-2\sgrt{x})\sqrt{x}}-\frac{y)\sqrt{x})\dfrac{dx){dy}=1

\implies \dfrac{e"{-2\sqrt{x}}}{\sqrt{x}}=\dfrac{dy}{dx}H\dfrac{y}\sqrt{x}}

this first order equation of form

Y +P(x)y=Q(x)

integrating factor would be

I.F=e\int{P(x)dx}}

so integrating factor would be

I.F=e™\int{\frac{dx}{\sqrt{x}})}=e"{2\sqrt{x}}

so solution would be

y\times L.LF=\int{l.F\times Q(x)dx}

solving using above method
y\ eM2\sqrt{x}}R\int{e2\sqgrt{xN\frac{e"{-2\sqrt{x}}}{\sqrt{x}}dx}
\implies y\ eM2\sqrt{x}}=\int{\frac{dx}{\sqrt{x}}}

\implies y\ eM2\sqrt{x}}=2\sqrt{x}+C

hence the solution is

y=\dfrac{2\sqrt{x}+C}{e 2\sqrt{x}}}

#459852
Topic: Types of Solution of Differential Equation

Find a particular solution of the differential equation \dfrac{dy}{dx}+y\, \cot\,x=4x\, \text{cosec } x(x\neq 0), given that y = 0 when x=\dfrac{\pi}{2}

Solution

\dfrac{dy}{dx}+y\cot x = 4x\text{cosec }x

IF = e”{\int {\cot xdxJ}= \sin x

y\times \sin x = \displaystyle \int {4x\sin x.\text{cosec }xdx}
y\times \sin x = \displaystyle \int {4x}dx

(since \sin x.\text{cosec }x=1)

y\times \sin x = 2.x"2 +c

Now y=0\;\; x=\dfrac{\pi}{2}

0=2.\cfrac{\pi"2)}{4}+c

c=-\cfrac{\pi"2)}{2}

Particular solution is

y\times \sin x = 2x"2 -\dfrac{\pi*2}(2}

#459856
Topic: Types of Solution of Differential Equation

Find a particular solution of the differential equation (x+1)\cfrac{dy}{dx}=2\,e"{-y}-1, given that y=0 when x=0.
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Solution
(xtM\cfrac{dy}dx}=2e"-y}-I\\ \cfrac{dy}2e"{-y}-1}= \cfrac{dx}{x+1\\ \cfrac{dy}2e -y} 1}=\In(x+1)+c
Let t=2e"(-y}-
So, dt=-2e"{-y}dy
Putting these in obtained equation
\cfrac{-dt}t{t+1)R\INx+)+N \In@AINE)RAIN )+ INReM-y)AIn(2e-y)R\In(x+H)+c
Putting x=0,\;\;y=0
AIn(-AIN2=\In1+e\\ c=-\In2
Particular solution is

\IN2eA-y)AIneyh\In(x+)AIn2

#459858
Topic: Homogeneous Differential Equation

The general solution of the differential equation \dfrac{y\, dx-x\, dy}{y}=0 is:

A xy =C

B x =Cy"2
y=Cx

D y=Cx"2
Solution

\dfrac{ydx-xdy}y}=0\\ dx-\dfrac{x}{y}dy=0\\ dx=\dfrac{x}{y}dy\\ \dfrac{dx}{x}=\dfrac{dy}y\\ Inx=Iny+Inc\\ x=yc

#459863
Topic: Linear Differential Equation

The general solution of a differential equation of the type \dfrac{dx}{dy}+P_1x=Q_1is

A W\ et {P_1dy)} = \int{(Q_1e {\int (P_1dy})}dy+C
B y\ eM\int {P_1dx}} = \int{(Q_1epint {P_1dx}})}dx+C

X\, e(\int {P_1dy}} = \int{(Q_1e{int {P_1dy}}))dy+C
D X\ eint {P_1dx}} = \int{(Q_tepint (P_1dx})}dx+C

Solution

Given DE is \dfrac{dx}{dy}+P_1x=Q_1

which is an exact DE, whose integrating factor is given by
IF= e(\int{P_1\ dy}}

General solution of this DE is given by

x\ er\int{P_1dy}}=\displaystyle \int{(Q_{1\ e"{(\int{P_1dy}})dy}+C

#459866
Topic: Linear Differential Equation

The general solution of the differential equation e”x dy + (y\,e"x + 2x) dx = 0 is

A x\, ety+x"2=C
B X\, ety+y"2=C

C Y\, e’x-x"2=C

|E| Y\, e’x+x"2=C

Solution
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e xdy+(ye"x+2x)dx=0

\Rightarrow e”xdy=-(ye"x+2x)dx

\Rightarrow \dfrac{dy}{dx}+y=-2x.e{-x} which is an exact DE

\therefore IF = e"\displaystyle \int{1dx}}=e"x

General solution is given by

Y\ IFR\int IF\ . Q(x)\ dx+C

y e”x=\displaystyle \int{e"x(-2xe {-x}dx)}+C

yerx=-x"2+C

\Rightarrow ye"x+x"2=C
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