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ay'(z) + by'(z) + cy(z) = 0

Figures and images used in these lecture notes are adopted from
Differential Equations with Boundary-Value Problems, 9th Ed., D.G. Zill, 2018 (Metric Version)
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Linear Differential Equations: Basic Theory
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Solving Systems of Linear Equations by Elimination

Nonlinear Differential Equations
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e Auxiliary Equation:

e Consider a 2nd-order DE:

| | , |
e Try a solution L/(a ) = /E)_

y(z)= N €,

V(@)= e

< €>+L(m@ +C (@

Qrm((g\m -H,m+c) @RWé
E& -—3((7\m +hmte = )AZ\%
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e Case 1: Two distinct real roots, mi,m>» M, FTWM2x i

d»\x M. X \'\V\oaY\ ‘Md!?%lo@q[ :
| = jﬂmm sch of alucms

y(z) = c,e’ +0C e i

|
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4.3: Three Cases no_ i3 iaf :

e Case 2. Repeated real roots, m1 =mo = _b
X oM/]zmotvf
{’ QM }: l.h&flg
b
LD . ™, X B 20\9<
X = e

yo(z) = wé\‘k = ﬁ‘ 9|
_ eM/’( %
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e Case 3: Conjugate complex roots, mq,mo

wa P = R+ @j , Euler’s formula

m2 = @ éj 0

e =cosf+isind

y(z) = 0.(@“’02 A o
B @ CDH-(M )X @06/35))( eBet e~ = 2 cos 3
= 7)o h

el — 7B = 21sin

_ (o ﬁs(JrO—[ﬁx Ao
el 2d
S
Sy s
/3
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3 G- G- o

43 e’mx ]g - ot wy II: W\7em}(

2( g(mémX)_z(pWX):O

& (é@@@ §) = 4b0r
Py | aetnze D Mz, 3 LK

(b)i;” - 10y + 25y = 0 |
:2]: oM N ’%’_ mo™ ‘ﬂ'; w @
W e™_— (ume" Y a[e™ =
M (= tom >8] =0 S

= i;sa}
R L 1= C > J\'Cé\’x‘g



. | DE04.3-CCHLE - 8
4.3: Example 1 Feng-Li Lian © 2019

Dy +4y +7y =0

RN J'-

Py e +) e o

em)L & \(\7_\f dwmt ’ﬂ =0

My e dnt’) =0 "“(C (oS Y
B ..,> '_J'L-E , __3 V}:‘- Q '

= N2 = J Gy S
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_y” eﬂ == 0 yf/ [Q - O

_ =
—

7QY"7(+4&°€W—_—_D

70
2 —
(i £ ) =0 .
X 2 JLZT—O e f= 0
T D MHr e
m:i%j a/—ce)(-‘_e?é:
-c, "

T _ 3 —Z 2
- ¥ 0,40 2T .-
K}_C‘f\ff&( ?_/% ] elp(y_}é%(

= 2 cosh (£#x)

= 2 amh (£x)

{(ﬁ C %51'\(@)(\ + s é'ﬁ&\( lC)Q )




4.3: Higher-Order Equations EE,?JSES,T o 2019
an y(”’) + ap—1 y("’_l) + o+ ary +ay =

/ N
) ,3 _ QVY\)( LA _ YV'QM/ V\(A = W? e_\mX .ﬂ((m)~ ' em(
> Qm* K O W\n—\' Rn-1 W\H‘l’ - GIM+R:'>: 8

e Case 1: AIll distinct real roots

", “aX n
(z) = c;@“’@“ - O
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‘e Case 2: k (peﬁatew d)real roots D< n ‘m’/h{%m , M_&_, .

D

y@) = ¢, "% ¢, __"‘+Q9:|@+ Ozgg7 + Ca L

33
e Case 3: Complex roots in conjugate pair (b(“l' L )

y(z) = éﬂ X" cnspx Qg%( cﬁﬁ*—@yﬁ}
{mﬁ AL X sin

N Q"NC'B'/EX
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Summary - 4.3: Homogeneous Linear Equations w/ CC Feng-Li Lian © 2019
e Consider a 2nd-order DE:
., ’ a,b,c € R
ay (z) + by(z) + cy(z) = 0
a7+ 0
e [ry a solution
y(z) = em
J(z) = mems = (a, m? 4+ bm + c) e =0
y”(:n) — mQﬁ M
e Case 1. Two distinct real roots, m1,m»o
y(x) = c1 e 4+ cpe'2?
e Case 2. Repeated real roots, m1 = mo
y(z) = e1 €% 4+ co xe?

e Case 3: Conjugate complex roots, m1 o =axib

y(z) = e%* (cl cosbxr + cosin bm)



