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Introduction:

ay™+a y" P+ ray +ay+ay=0 @
where a; are constants, a, = 0.
Auxiliary Equation:
For n=2,
ay "+by'+cy =0 2)
Try y =™ then
e™ (am® +bm+c) =0

am’®+bm +c =0 (3)

Is called an auxiliary equation.
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From (3) the two roots are
m, = (-b+b? —4ac)/2a
m, = (~b—/b? —4ac)/2a

(1) & —4ac> 0: two distinct real numbers.

(2) ¥ —4dac=0: two equal real numbers.

(3) ¥ — 4ac < 0: two conjugate complex numbers.




~

Case 1. Distinct real roots
The general solution is

y=ce™ +c,e" (4)

Case 2: Repeated real roots

The general solution is

y=ce™ +c,xe™




Case 3. Conjugate complex roots
Wewrite m =a+16, m,=a—1 ,ageneral solution is

y = Cel@iPx 4 C pla-i)x
From Euler’s formula:
e'’ =cos@+isiné
e’ = cos Ax+isin fx and e =cos Sx—isin Bx

e +e™ =2cos X ang e —e ¥ = 2isin px
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Since  y=C,e "% 4+ Cel*"P* jsasolution then set
C,=C =1land C, =1, G, =-1, we have two solutions:

y, = e (e +e™) = 2™ cos S
y, = e (e —e™) = 2ie™sin px

So, e#*cos pxand e*¥sin pxare a fundamental set of solutions,
that Is, the general solution is

y =Cce“ cos fx +c.“ sin fX
=e” (c,cos Bx +c,sin fXx)

& v




/Solve the following DEs: \
(@) 2y"-5y'-3y=0
2m* —5m—-3=(2m+1)(m-3), m =-1/2, m, =3
y=ce* +c,e”
(b) y"-10y'+25y =0
m°—-10m+25=(m-5)*, m,=m, =5
y = c.e” +c,xe™

(c) y+4y+7y=0
m°+4m+7=0, m =-2+-3i, m,=-2—/3
a=-2, f=-3, y=e"*(c,cos/3x+C,sin~/3x) J




~

Solve 4y"+4y'+17y =0, y(0)=-1, y'(0) =2

Solution:

4m? +4m+17=0, M=-1/2+2
y =e *'?(c, cos 2x + ¢, Sin 2x)

y(0)=-1 ¢,=-1 and y'(0)=2,C, = 3/4

Hence the solution of the IVP is
y =e *?(~cos2X + 3/4sin 2x)

& v




/

Given

a,y ™ +a,,y"P+-+ay"+ay ' +ay =0
we have

am'+a m"t+...+am’+am+a, =0

as an auxiliary equation.
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/Solve y"+3y"—4y =0

Solution:

m® +3m* —4 = (m-21)(m* +4m+4) = (m-1)(m + 2)°
m=1m,=m,=-2

y = e + ¢, +cxe
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/Solve

Solution:

m*+2m° +1=(m*+1)° =0
m=my=1,m, =m, =—lI

IX —IX IX —IX
y=Ce" +Ce " +Cyxe” +C,xe

= G, COS X+ C,SIN X+ C3XCOS X+ C,XSIN X
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