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Lecture 6

In Higher-Order Homogeneous Linear, we give methods for obtaining a
particular solution yp once yc is known

Higher-Order Homogeneous Linear Llall 45 )l &l duilatiall dpladll ci¥alaall 4 LS
equation
EX1:
y'"" +y" — 2y' = cosx

1 — Find Homogeneous solution

r3+r?2 —2r =0

r(rP+r—2)=r(r+2)(r—1)=0

r1=0
r2=-2
r3i=1

UYp — Cl } 026_22: { C;;E::U

2 — Find particular solution

yp = Acosx + Bsinx

y, = —Asinz + Bcosz
y, = —Acosz — Bsinz

1, .
y, = Asinz — Bcosz




nr

yp'"' +yp" — 2yp’ = cosx

(Asinx — Bcosx) + (—Asinx — Bcosx) — 2(—Asinx + Bcosx) = COSX
Asinx — Bcosx — Acosx — Bsin + 2Asinx — 2Bcosx = COSX
(=—B—A—-2B)Cosx=1Cosx

(FA—=3B)=1 wcoooccv e eee.. (D)

(A—B+24)Sinx =0

(34—B)=0....... (2)

From the second equation: B = 34

Substitute into the first;

1

“A-3(3A)=1 > —10A=1 > As——

Then:
B =34 = 3
ST 10
' General Solution:
= Cy + Coe %* 4+ Cqe” i(303:.*: is,in:t:
y=H 2 3 10 10




EX2:

y®) — 3y 4 2y = ¥

1 — Find Homogeneous solution
m*—3m?+2=0
(m?—-1)(m?-2)=0
m>—1=0>m?=1 = m=+1
or

m2—2=0>=>m?2=2 = m= +v2

ml =1
m2 = —1
m3=+\/§

m4=—\/i

yn = C1e® + Coe ™ + C3eV® + Cre V=

2 — Find particular solution

y, = Ae**
Y, = 2Ae?*
y', = 4Ae?*
y" = 8Ae

y®, = 16Ae**




Substitute into the equation:
16Ae™ — 3(4Ae™) + 2(Ae*) = &**

164 124 1 24 =1 — 6A =1 —> A:%

15,
ypZEEQm

General solution of the complete equation

i X _ 1,
y = Cre’ + Care * CseV?* | Cpe V2 | 6629‘

Home work:
For each of the following problem find the general solution of the
differential equation:

1-y" =3y"+3y —y=x?+2x +1

2-y® — 2y" +y = cos(2x)




High-order linear differential equations appear in engineering systems that
contain multiple energy storage elements, such as:

1. Electrical Circuits

In a series or parallel RLC circuit, the sum of voltages equals the applied
voltage E(t) (Kirchhoff's Voltage Law):

4

d%i(t) | Rdi(t)

F e 54
dt? dt

- i) = B
i(t) :Electric current (A)

L :Inductance (H)

R :Resistance (Q2)

C :Capacitance (F)

E(t) :Applied voltage (V)

2. Mechanical Vibrations

For a mass-spring-damper system, the external force F(t) equals the sum
of forces from the mass, damper, and spring:

d’x(t) { dz(t)
a2 S dt

- kz(t) = F(t)

X(t) :Displacement (m)

m : Mass (kg)

¢ : Damping coefficient (N-s/m)
k : Spring constant (N/m)

F(t) : Applied force (N)
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