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Question 1: Find the general solution of the following homogeneous system of
differential equations

di—7x +dl:3e'
dt dt

Solution:
The given nonhomogeneous systems of differential equations are

dx dy .

—=Tx +—=—=3e
dt dt
x —-Tx+y =3 —————— (1)
3dl—2x +dl=2e’
dt dt
3x —2x+y =2 ————— (2)

Now solve for x(t)



Equation (1)-Equation(2)
X—=Tx +y —3x +2x -y —3e' -2t

—2x —5x =¢'

t

2x +5x =—e

Now find the solution to homogeneous equation 2x —5x =0

Now write the auxiliary equation

2m+5-0

2m=-5
5

m=-——
2

Here root is real

If @ isthe root of the auxiliary equation then the solution of differential equation

is of the form of

x(t)=Ce™ ... eq(4)

Now find the particular solution to the homogenous equation

Explanation

Here by using the method of undetermined coefficients to find particular solution.
Here take particular solution

Substitute terms in equation (3)



x(@)=Ce" ... eq(4)
2x 'p +5xp = —e

=2(de')+5(de')=—€'

Comparing coefficients of ¢ terms in equation 6
7A=-1
A=-1/7

Substitute A in equation( 5)

Now we write solution of differential equation (3)

5
-t

X (t)zCe 2 —%et

Now solve for y(t)
Here take equation (1)

x'-7x+y'=3e

Differential equation(8) with respect to t
Explanation

Here using chain rule we get



d d
E(f(g(X))—f(X)E(g(X)

and

d d _
_ex :ex,_xn:nxnl
dx dx

5 -3 1 _3
y==Ce ? +=¢' +Ce * —e' +3e'
2 7

5 201
y ':(—+7jCe 2 +[—+2je’
2 7

Now integrate above equation

3
19 e | 15,
y(l‘)—?C _5 +7€ +C1

2

19 -2 15
1)=—Ce 2 +—¢' +C
y() > 5 1

The general solution to the given system of differential equation is



()=Ce ™ Lo
x(t)=Ce > ——e
7

19 -2 15
ty=—Ce 2 +—¢' +C
y() 5 > 1

Question No:02

Solve the third-order Cauchy-Euler differential equation.

d’ d? d
x° );+5x2 );+7xl+8y=0
dx dx dx
Solution:
"y d"y 2d"y dy
ax” +ax"" +ax" o a x"—+ay=F(x)—=>(A
0 dxn 1 dxn_l 2 dxn_z n-1 dx oy ( ) ( )

Is called Cauchy Euler Equation
Equation (A) can be reduced to linear differential equation by substitution

x =e¢' =1=Inx
a1

..E—x
dy _dv di_dy _dv 1
dx dt dx dx dt x

O 0
dx dt
xDy=Ay




Similarly

iy _dy diy o dy 3
&l i d )

x’D’y =(A’=2A% +2A)y

From the given Equation

(x’D’+5x’D*+7xD+8)y =0

(A’ =3A* +2A+5(A° —A)+TA+8)y =0
A =3A* +2A+5A* =5A)+7A+8=0

AN 2N +4A+8=0

A2 (A+2)+4(A+2)=0

(A’ +4)(A+2)

AN +4=0,A+2=0

A =—4 A=-2

A=+J—4 =+2i

Characteristic equation has complex roots 4 £ib then the general Solution is

y =C,e™ +C, cos(21Inx)+C, sin(2 Inx)

[as t=Inx=Inx = 2t=2Inx ]

THE END




