28

DIFFERENTIAL EQUATIONS

Having studied the concept of differentiation and integration, weare now faced with the question
where do they find an application.

In fact these are the tools which help us to determine the exact takeoff gpeed, angle of launch,
amount of thrust to be provided and other related technicalities in space launches.

Not only thisbut aso in some problemsin Physics and Bio-Sciences, we come across relations
which involve derivatives

ds ds
One such rdation could be Py = 4.9 t2 where sis distance and t is time Therefore, &

represents velocity (rate of change of distance) at timet.

Equationswhich involve derivatives asther terms are called differential equations. In thislesson,
we are going to learn how to find the solutions and applications of such equations.

After sudying this lesson, you will be dbleto :
define adifferentid equation, its order and degree;
determine the order and degree of a differentia equation;
form differentid equation from a given Stuation;

illugtrate the terms "generd solution” and "particular solution” of a differentid equation
through examples,
solve differentid equations of the following types:

DLt )L =T0g0)
_dy _ T(X) - dy _ d?y _
(i) g a(y) (iv) ™ +P(x)y =Q(x) (v) o f(X)

find the particular solution of a given differential equation for given conditions.
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EXPECTED BACKGROUND KNOWLEDGE

Integration of agebraic functions, rationd functions and trigonometric functions

28.1 DIFFERENTIAL EQUATIONS

Asdtated in theintroduction, many important problemsin Physics, Biology and Socid Sciences,
when formulated in mathemetica terms, lead to equations that involve derivatives. Equations

dy d?
which involve one or more differentid coefficients such as d_:(/ d—g (or differentias) etc. and
X
independent and dependent variables are called differentid equations.
For example,
. dy d?y
—— = COSX ——+y=0 =
()] Ix (i) 02 y (i) xdx +ydy =0
2y 5 oatly o d , ad
—5+ X 2 9 =0 i -, 1+ y 0
W) 9 Edx o W ¥= dx Edx 7

28.2 ORDER AND DEGREE OF A DIFFERENTIAL EQUATION

Order : Itisthe order of the highest derivative occurring in the differentia equation.

Degree: It isthe degree of the highest order derivative in the differentid equation after the
equation is free from negative and fractional powers of the derivatives. For example,

Differential Equation Order Degree
d .

0] % = sinx One One

2

(i) gej—zg +3y? = 5x One Two
a?s 6 s

(iii) gdt—2+ tzgﬂt; =0 Two Two
e

_ ddv 2dv

(IV) ? + ?a =0 Three One
sedty 0 aed3y .

V) C—7 x3 9_ -~ =sinx Four Two
edX g e dx 1]
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Find the order and degree of the differentia equation :
. 3
Spegdf
Solution : The given differentid equetion is
3 ] , 3
5 §

Theterm el + gedi % E hasfractiond index. Therefore, wefirgt square both sdesto remove
fractiond mdex.
Squaring both sdes, we have

aed?y & _ ? y & ¢ i

T T

Hence each of theorder of thediferentia equationis 2 and the degree of the differential equation
isaso 2.

Note: Beforefinding thedegree of adifferentia equation, it should befreefrom radicasand
fractions as far as derivatives are concerned.

28.3 LINEAR AND NON-LINEAR DIFFERENTIAL EQUATIONS

A differentid equation in which the dependent variable and dl of itsderivatives occur only inthe
first degreeand are not multiplied together iscalled alinear differential equation. A differentia
equation whichisnat linear iscaled non-linear differential equation . For example, the differentia
equations

d?y 2 ddy  ady

— 2 +v=0 COS“X—=+Xx°—+y =0 linear.

o2 y and o3 I y arelinear

+Y = : . dy .
; =109 X isnon-linear as degree of —istwo.

aed
The differentid equation g ™ dx

2
Further the differentia equetion y :—32/ - 4 = x isnon-linear because the dependent variable
X

d2
y and its derivative d_)zl are multiplied together.
X
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28.4 FORMATION OF A DIFFERENTIAL EQUATION

Condder the family of al straight lines passing through the origin (see Fig. 28.1).

This family of lines can be represented by Y
y=mx .. Q)
Differentiating both sdes, we get
dy
—_= m
vl L )
From (1) and (2), we get X X
dy
= X—
yExo- 3)
_ dy :
Soy =nmx andy =X& represent the same famiily.

Clearly equation (3) isadifferentid equation. y Fig. 28.1
Working Rule : To form the differentid equation corresponding to an eguation involving
two variables, say x and y and some arbitrary constants, say, a, b, c, etc.

(i) Differentiate the equation as many times as the number of arbitrary condants in the
equation.

(i) Eliminate the arbitrary congtants from these equations.

=

If an equation contains n arbitrary congtants then we will obtain adifferentid equation of n
order.

SCnldlp vl Form the differentid equation representing the family of curves.

y=a?+bx. .. )
Differentiating both sdes, we get

dy

—=2a+b

o LR 2
Differentiating again, we get

d?y

W =2a (3)

1 d%y
a=——=

p > 32 (4)

(The equation (1) contains two arbitrary congtants. Therefore, we differentiate this equation
two times and eliminate 'a and 'b).
On putting the value of 'd in equation (2), we get
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_dy  d%y
») ry oz e )
Subdtituting the values of 'd and 'b' given in (4) and (5) above in equation (1), we get
&l dy 0 2y 8
yoe BBy | iy
2 dx 1] edX dx
2 42 2
_xtdfy dy o dy
or y—zx2 dexdx
__dy x*d%
o y=x dx 2 dx
2 R
Xcdy _dy
—_—— - X—=—+4+v =0
or 2 dx? X dx y
which isthe required differential equation.
el RE Form the differentia equation representing the family of curves
y =acos(x +b).
Solution : y=acos(x+o) . Q)
Differentiating both sdes, we get
Y_. asin(x + b) (2
X
Differentiating again, we get
d?y
—5 =-acos(x+b) 3
=5 = -acos(x +b) @
From (1) and (3), we get
d2y d?
— = - or —=+y=0
dx? Y dx Y

which isthe required differentid equation.

Find the cifferential equation of all cirdles which pess through the origin and
whose centres are on the x-axis.

Solution : Asthe centre lies on the x-axis, its coordinates will be (a, 0).

Since each circle passes through the origin, itsradiusis a

Then the equation of any circdle will be

(x-a)* +y? =2

(1)
To find the corresponding differential equation, we differentiate equation (1) and get
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dy
2(x-a)+2y—=
(x-a)+2y—
or x-a+yﬂ 0
dx
dx

Subdtituting the vaue of 'a in equation (1), we get

2 2
B .y W0 +y2=§eyg+xg
7} d 7}

8 dx X
&, 2. dy & , oy Y
= X2 + = +2xy—=
or Vg Y Vs "o
or y22x2+2xy%

which isthe required differential eguation.

=0

If an equation contains one arbitrary congtant then the corresponding differentia equation is
of thefirst order and if an equation contains two arbitrary constants then the corresponding
differential equation is of the second order and so on.

STl Al A ssuming that a spherical rain drop evaporates a a rate proportiond to its
surface area, form a differentid equation involving the rate of change of the radius of the rain
drop.

Solution : Let r(t) denote the radius (in mm) of the rain drop after t minutes. Sncetheradiusis
decreasing ast increases, the rate of change of r must be negative.

If V denotes the volume of the rain drop and Siits surface area, we have

4
V==p3*
3 Y (@)
and S= 4pr2 ..... 2
It isdso given that
dv
—puS
dt H
dv
— = kS
or ”
dv dr
— =%
or protm 3

Usng (1), (2) and (3) we have

4pr2.% = -4k p?
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ar
= =k
or dt

which isthe required differentia equation.

Q
A\ Y@ CHECK YOUR PROGRESS 28.1

-

1.  Findtheorder and degree of the differentid equation

y:xﬂ+i
dx dy
dx

2. Writethe order and degree of each of the following differentid equations.

ads &' + d’s dy aedys
— = IS—=0 b = 2X = X, 1 ==
@ &t o dt2 S dx %X o

2¢ 2 3
ad<s 0 +3&d80 +4=0

(© 1- x2dx ++/1- y2dy = 0 (d) gdt—zg Sz

3.  Satewhether the following differentid equations are linear or non-lineer.
€) (xyz-x)dx+(y-x2y)dy=0 (b) dx+dy=0

d d .
© %zcosx (d) %+sm2y:0
4.  Formthe differentid equation corresponding to
(x-a)?+(y- b)>=r2 bydiminaing'dand'b.
5 (@ Form the differential equation corresponding to
y2=m (az ) Xz)
(b) Form the differentia equation corresponding to

y2 - 2ay + x2 = a2, whereais an arbitrary constan.

(c) Findthedifferentid equetion of thefamily of curves y = Ae?* + Be™ 3 where A

and B are arbitrary congtants.

(d) Findthedifferentid equation of dl straight lines passing through the point (3,2).
() Findthedifferential equation of dl the circleswhich pass through origin and whose

centres lie on y-axis.

28.5 GENERAL AND PARTICULAR SOLUTIONS

Finding solution of a differentia equation is a reverse process. Here we try to find an
equation which gives rise to the given differential equation through the process of
differentiations and elimination of constants. The equation so found is called the primitive or

the solution of the differential equation.
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(1) If we differentiate the primitive, we get the differentid equation and if we integrate the
differential equation, we get the primitive.

(2) Solution of adifferentid equation is one which stisfies the differentid equation.

SCvlpLAl Show that y=C, sin x +C, cos x, where C, and C, areahbitrary

condtants, is a solution of the differentid equation :

d2y

— 4 = O

dx? Y
Solution : We are given that

y =C;sinx+Cycosx .. D
Differentiating both sides of (1), we get

dy .

— =Cycosx - C,9nX

ol 29N L (2
Differentiating again, we get

d?y .

—= = -C;sinx - C, cosx

dx? @ 2

d2
Subdtituting the values of d—g and y in the given differentiad equation, we get
X

2
3_32/4. y = C anx +C,cosx + (-Cysinx - C,cosx)
X

d?y

wz V7O

or

In integration, the arbitrary constants play important role. For different values of the congtants
we get the different solutions of the differentia equation.

A solution which contains as many asarbitrary congtants asthe order of the differential equation
is cdled the General Solution or complete primitive.

If we give the particular values to the arbitrary constants in the general solution of differentia
equation, the resulting solution is called a Particular Solution.

Generd Solution containsas many arbitrary condantsasisthe order of the differentid equation.

a
SEl Nl Show that Y = CX + E(Wherecisaconstant) isasolution of the differentid

equation.
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__dy dx
y=X—+a—
dx dy
a
Solution : Wehave Yy = CX + PG Q)
Differentiating (1), we get
d 1
ﬂ =cC b = =—
dx dy ¢
- dy  dx . . .
On subdtituting the values of ™~ and d_y in RH.S of the differentid equation, we have
x(c)+aael9= ox + 2 =y
(o] c
P RH.S. =L.H.S.

a
Hence Yy = CX + = isasolution of the given differentia equation.

SElpXE |f y = 3x2 + C is the general solution of the differential equation

d
% - 6x = 0, then find the particular solution wheny = 3, x = 2.

Solution : The generd solution of the given differentid equation is given as
y = 3)(2 +C (1)
Now on subgtituting y = 3, x = 2 in the above equation , we get

3=12+C or =-9
By subgtituting the vdue of C in the generd solution (1), we get

y =3x%-9
which isthe required particular solution.

28.6 TECHNIQUES OF SOLVING A DIFFERENTIAL EQUATION

28.6.1 When Variables are Separable
d
(i) Differential equation of the type d—z = f(x)

d
Consider the differential equation of the type d—i’ = £(x)

or dy =f (x) dx
On integrating both Sdes, we get

Oy = ¢y (x)dx
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y=¢f (x)dx +c
where c is an arbitrary congtant. Thisisthe generd solution.

| Differential Equations

Note : Itisnecessary to write ¢ in the genera solution, otherwiseit will become aparticular

olution.

Example 28.9 ESoVE

(x+2)d—y:x2+4x- 5

dx
d

Solution : The gjven differential equation is (X + Z)d—i =x2+4x- 5

dy x2+4x-5 dy x2+4x+4-4-5
or === or = =

dx X +2 X X +2

2
9

or ﬂ:(X'FZ) _ 9 or ﬂ:x+2_

dx X +2 X+ 2 dx X+ 2

dy = & +2- Oqix
or y < X+25

On integrating both sides of (1), we have

9 9 2

Yy = oEx +2 -
oV Oé X+2g

where c is an arbitrary congtant, isthe required generd solution.

Example 28.10 EelE

Y _ o3 x
dx
giventhay =1whenx=0
Solution : The given differential equation is d—z = 2x3- x
or dy=(2x3-x)dx
On integrating both sides of (1), we get
4 2
My =  2x3 - x )dx or :2.X—-X—+C
o=z jathog
x4 x2
or =— -— +C
y 2 2

where C isan arbitrary congtant.
Sincey = 1 when x = 0, therefore, if we subdtitute these valuesin (2) we will get
1=0- 0+ C = C=1

= dx or yzx?+ 2x- 9 log|x + 2| +c,

(1)
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Differential Equations

Now, on putting the value of C in (2), we get
_1li,4 2 _1oo(e
Y—E(X -X)+1or y—Ex(x-1)+1
which isthe required particular solution.
- . : dy _
(i) Differential equations of the type i f(x) 9(y)

Congder the differentia equetion of the type

ﬂ = X
i f (x) xg(y)
dy d
or o) o (1)

In equation (1), x's and y's have been separated from one another. Therefore, this equation is
aso known differentid equation with variables separable.

To solve such differentid equations, we integrate both sides and add an arbitrary congtant on
onesde.

To illugtrate this method, let us take few examples.
(1+ xz)dy = (1+ yz)dx
Solution : The given differentia equation
(1+ xz)dy = (1+ yz)dx
dy dx

1+y2 1+ x

can be written as 2 (Here variables have been seperated)

On integrating both sides of (1), we get

L dy L odx
O1+y2 O1+x2
or tanly=tanlx+C

where C isan arbitrary congtant.
Thisis the required solution.

Example 28.12 Se\VE]

(Xz_ yxz)%+y2+xy2 _0o

Solution : The given differentid equetion
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MODULE - V 4
2 2\ 9y 2 2 _
Calculus (X2 yx )&J’y txym =0

d
can be written as X2(1-y)d—i+y2(l+x):0

Notes | or (1-2y)dy:—- (1-'2-X)dx
Yy X
(Variables separated) (1)

If we integrate both sdes of (1), we get

& 'O .
FL. By el By

S %7 Xo
where C isan arbitrary congtant.

1 1
or - —-log|ly| ==- log|x| +C
y X
or |Og§ :1+E+C
yr x.y

Which is the required generd solution.

Senf[cp2eME Fnd the particular solution of

dy 2X

wheny (0) =3 (i.e. whenx =0,y = 3).
Solution : The given differentid equetion is

dy  2x
X el (3y2 + 1) dy = 2xdx (Variables separated) (1)

If we integrate both sdes of (1), we get
d3y2 +1)dy =opxdx
where C isan arbitrary congtant.
y3+y=x2+C (2
Itisgiventhat, y (0) = 3.
\ onsubgtitutingy =3 and x =0in (2), we get

27+3=C

\ C=30
Thus, the required particular solution is
y>+y =x2 430
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Differential Equations

28.6.2 Homogeneous Differential Equations
Consder the fallowing differentid equations:

d d

0O  yi+x? % = xyd—i @)  (x®+y®)ox - 3xy%dy =0
) 3+ xy?

(iii) dx y2x

d
In equation (i) above, we see that each term except % isof degree 2

[asdegree of y2 is2, degreeof x? is2 and degree of xy is 1+ 1=2]

d
In equation (ii) each term except ﬁ isof degree 3.
o dy . : ,
In equation (iii) each term except ™~ isof degree 3, asit can be rewritten as

2, Ay _ 3

x—2 = x3+xy?
y ix y

Such equations are called homogeneous equations.

Homogeneous equations do not have constant terms.

For example, differential equation
(x2 +3yx)dx- (x3 +x)dy =0

d
IS not a homogeneous equation as the degree of the function except % in each termisnot the

same. [degreeof x2 is2, that of 3yxis2, of x3 is3, and of x is1]

28.6.3 Solution of Homogeneous Differential Equation :
To solve such equations, we proceed in the following manner :
(0] write one variable = v. (the other variable).

(i.e @thery=vxorx=vy)
(D) reduce the equation to separable form
(i) solve the equation as we had done earlier.

Example 28.14 ES\VE]

(x2 + 3xy + yz)dx - x2dy =0
Solution : The given differentid equetion is

(x2+3xy+ yz)dx- x2dy = 0
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o dy _ X*+3xy+y?
dx x2

It is a homogeneous equation of degree two. (Why?)
Let y = vX. Then

dy _ dv
— =VvV+X—
dx dx
\ From (1), we have
2 2 d é1+3v+Vv2iU
V+Xﬂ=x + 3x.vx + (VX ) or V+X—V=X2é#u
dx %2 dx é X 0
or v+xﬂ=1+3v+v2 or xﬂ=1+3v+v2
dx dx
dv _ - dv dx
X—=Vvs +2v # —_— =
o dx C i+l x
dv___
or (V+1)2 X
Further on integrating both sides of (2), we get
v+1+C: log| x|, where C is an arbitrary constant.
On subdtituting the vaue of v, we get
X — - - - .
VX +log|x| =C which is the required solution.

28.6.4 Differential Equation
Consider the equation

d
_y +Py =Q
dx
where P and Q are functions of x. Thisislinear equation of order one.

To solve equation (1), we first multiply both sides of equation (1) by g
(cdled integrating factor) and get

e(‘)de % + Py e(‘)de - Qe(‘3F>dx
X

d N N
or —(yeopdx) = Qed™
dx

< d (yeopdx) _ O dy . Py.eépdx@

¢
€ dx dx

Differential Equations

H
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On integrating, we get

yedPdX = (‘pef’Ddde < (3)

where C isan arbitrary congtant,

— A" OPAIX é xAL0PdX u
=e 0™ €30e0 dx +CY
or y g0 g

Note: g0Pdx isceled theintegrating factor of the equation and is written as |.F in short.

() We observe that the left hand side of the linear differentid equation (1) has become

d <
™ ( ye O ) after the equation has been multiplied by the factor ooPdx .

(i) Thesolution of the linear differentid equation
d
_y + Py :Q
dx
P and Q being functions of x only is given by
yed’X = (‘)Q(eC"DdX) dx +C

d
(i) The coefficient of % if not unity, must be made unity by dividing the equation by it

throughout.
(iv) Some differentid equations become linear differentid equations if y is treated as the
independent variable and x is treated as the dependent variable.

For example, ax + Px =Q, where Pand Q are functions of y only, is adso alinear
d

differentid equation of the first order.
In this case IE. = e(‘)de
and the solution is given by

x(1F) =R (I.F. )y +C
Example 28.15 gSelVE

ﬂ.;l —e X
dx X

Solution : Here p = 1 ,Q = e *(Notethat both P an Q are functions of x)
X

1dx

| F. (Integrating Factor) eP® =% =elogx (x >0)

On multiplying both Sdes of the equation by I.F., we get
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dy - X d - X
X X— +Vy = X Xe —_— XX xe
ax y or ix (yxxF
Integrating both sdes, we have

yx = ¢xe Xdx +C
where C is an arbitrary constant
or Xy = -xe X + g Xdx + C
or Xxy=-xe*- eX+C
or xy = - X(x +1) +C

or y:-g Qe X +

X @ X
Note: Inthe solution x > 0.

Example 28.16 Se\VEE

si nxﬂ +yCcoSX = 2sin? x cosx
dx
Solution : The given differentid equation is
simx Y+ yCcosx = 2sin? x cosx
dx
or & + ycotx = 2sinxcosx
dx
Here P = cotx,Q =2sinxcosx

|, = g™ —gfroxdx logsinx  gjpny
On multiplying both sides of equation (1) by I.F., we get (3n x >0)

a ysinx) = 2sin? xcosx
d
X

Further on integrating both sdes, we have
ysinx = ¢psin?x cosxdx + C

where C is an arbitrary constant (sin x >0)

. Differential Equations

. 2
or ysinx = gsm3 x+C,  whichisthe required solution.

d
Example 28.17 N VRS yz)d—§ =tan'ly

Solution : The given differentid eqution is
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Differential Equations
dx

2 —tan-ly -

(1+y )dy tan"ty -x

dx _tan'ly  x

dy_ 1+y2 ) 1+y2

or

-1
d_x+ X tan" "ty

dy l+y2 - 1+y2

which is of the form ‘;_X + Px =Q, wherePand Q are the functions of y only.
y

or

L1 dy
IF.= W zg 1+y? gty
Multiplying both sdes of equation (1) by I.F., we get

d gexeta“'lyg _ tm'ly(etan-ly)

@ 2 1+ y2
On integrating both sdes, we get
or (et ty)x = Oeltdt +C,
where Cisan arbitrary constant and  t = tan™ L yanddt = o dy
ty
or (ew”'ly)x =te! -¢¢ +C
or (et ly)x = tet ¢ +C
or (etan'ly)x - tan-ly etan'ly _ etan'ly +C (On Fljtnng t = tan-l y)
or x =tan'ly -1 +Ce tan” 1y
e\
Leﬁ CHECK YOUR PROGRESS 28.2
. . . d?y
1. () Isy=sn x a solution of d—2+y=0?
X
. —_u3 . dy _
(i) Isy =x° a solution of x Pl 4y = 07?
X

d
2. Given beow are some solutions of the differentid equation % = 3x,

State which are particular solutions and which are genera solutions.

(1)
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MODULE -V

i _3
Calculus 0 2y =3 @ y= EXZ +2
) : _3.2
(i) 2y=3x?+C v) ¥y=3x +3
3.  Sate whether the following differentia equations are homogeneous or not ?
Notes dy X2
— = - 2 2 —
0 & Try? (i) 3¢y +y?)dx + (x?+xy)dy =0
dy _ » i , 3 2 3 143
(iii) (X+2)d—X—X +4x- 9 (iv) (x - yX )dy+(y +X )dx =0
d?y
4, (@ Showthaty=asn2xisasolution of d_2 +4y =0
X
. 3 2 . . d3y
(b) Veifytha y =X~ +ax“ + c is a solution of e =6
X

5.  Thegened solution of the differentid equation

Y _ 2xisy = tanx + C,
dx
Find the particular solution when
_b - _2p  _
XxX==,y=1 x=—,y=0
@ ) y (b) 3 y

6. Solvethefollowing differentid equations:

dy _ 5. _1(.3 dy _ .3 2 X
— = X7 tan X —— = SIN° X COS~ X + Xe
@ (=) Gl

d d ,
(©) (1+X2)d_)>::X (d)d—))(/:x2+sm3x

d
7. Findtheparticular solution of theequation € d—i =4 giventhay=3,whenx=0
8.  Solvethefollowing differentid equations:

dy dy
x2 - yx? )=+ y? +xy? =0 — =xy+x+y +1
@ (¥ y®) vy B o =Xy
2 2 ﬂ— X-Y 4+ a Yy2
() sec?xtanydx +sec? ytanxdy =0  (d) o C e ’X
9.  Find the particular solution of the differentia equation
ady o
log c=— == 3x + 4y, gi = =
ggdxg X +4Y, giventhaty =0whenx =0
10. Solvethefollowing differentid equations:
2
@) (x2+y2)dx-2xydy:0 (b) xﬂ+y_:y
dx x
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dy _ \x2-y? +y dy _y L .30
© == (d) =~ #sing==
dx X dx x X @

dy

11. Solve: — +ysecx = tanx
dx

12. Solvethefallowing differentid equations:

dy . dy
1+x2)=L +y=tan 1x cos? x—= +y =tanx
@ (1+x®)2 +y (b) =ty

dy

(© xlogxd—+ y=2logx,x>1
X
13. Solvethefadllowing differentid equations:

d
@ (x+y+1)Z=

dx dx dx
[Hint —— =X*Yy +1lor — - X=Yy +1 whichisof theform —— * PX = Q]
dy dy dy

d dx dx x
() (’”Zyz)d_i:y’y>O [Hint:y@=x+2yzord—y-;:2y]

28.7 DIFFERENTIAL EQUATIONS OF HIGHER ORDER

Till now we were deding with the differentia equations of first order. In this section, Smple
differentia equations of second order and third order will be discussed.

d2
28.7.1 Differential Equations of the Type d_g =f(x)
X

Congder the differentia equation

d2y

— = f(x

e, (X)
It may be noted thet it is a differential equation of second order. So its generd solution will
contain two arbitrary congtants.

d2y
Now we have, —5 = f(x) (D)
dx
d ady
— === f
or dx &dX o ()

Integrating both sides of (1) , we get

—= = (x)dx +Cy, where C, isan arbitrary constant

Let o (x)dx = f(x)
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dy
— = f(x) +C
Then » (x)+«¢, L. 2)

Agan on integrating both sdes of (2), we get
y=¢ (x)dx+Cyx +Cy,
whereC, is another arbitrary constant. Therefore in order to find the particular solution we

need two conditions. [See Example 28.19]
2

d?y _
Example 28.18 gSelvE o2 Xe

X

Solution : The given differentid eqution is

d2y X

—= = Xer 1

02 1)
Now integrating both sdes of (1), we have

dy _ . x

— = xe*dx +

dx o) <1,
where C, isan arbitrary constant

dy

— = xe&* - fpldx +
or ™ (03 G

dy

—=xe-e+ L
or ” G )
Again on integrating both sides of (2), we get

y:dxex- ex+q)dx+C2,
where C, isanother arbitrary constant.
or y =xet - cp’dx- e+ Cix + C;
or y=xe- 2e* +Cx +C,
which is the required generd solution.
SYEglopzemie]  Find the particular solution of the differentia equation

2
d_;/ = x? +dn3x
dx
. _ dy _ _
for which y(0) = Oandd— =0when x =0
X

Solution : The given differentid equetion is

d2y 2 .

— =x“+sn3x . 1

o2 )
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