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We need coast coef equation system
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Explanation Multiplied the term underlined

with blue in by t to avoid duplication

but then also included the lower
order term underlined with red As

before we only multiplied the problematic
terms i.e those whose derivatives
appear in the compt Solin by t
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I eigenn corresponding to w

complex entries

2 a y t
z x Ews t X Z sin CH

X T cosCH

y I cos x Isin G

so x'y t
xy t x f y

It x cosG t x

I os ki x hs.ir 7
x fcosCx I sCx O

b Set JEUyl



x U y 12dg tug
c x ng t nyi of It o

a y yHx
x 2 x'u'yi txu y

t xu'y o

u Ry t U 2x2y t xy o

Fei
2 2

454
plugin y x tacos

u 2 x I x Icoscx x Isin x txt cosc
312 cos x

2x si

XYZ cos x

2 Sin x



leful 2 but cos tc
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Take u tank for simplicityso
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The method of undetermined coefficientsis not appropriate bee the gidney'u is
not a coast coef coin

3 y y 4g 4g O

a

Chew Eoin r3 r 4 r 4 0
L is a root

w long division
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So roots r I r 2e
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Setting 0 we find the same eqir
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So eigenvalues X I D I 2i

Find eigenvectors X I
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using Mathematica
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b General solis
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coin of the dif coin givers so

f L z repeated

f Ca H I If4xfirst
add to third
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is an eigenvector and
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ca ah f e III If f
Vz 24
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so works

So can't find 2 Lin indep eigenvectors
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4 4 I

toooo L
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take Vz l V I vz

Then
I I

k Mittal
iz u

So liu indep sees

etf I f f et it

General solis
C I t Cz 2 t S

g et ea c t eZt

M 1 3 et zeet i 2T e

et Gert 4 eat
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a fundamental
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The 1st row is

X Ct 12et t 13e2t tote 2T

which agrees w as it should

5 x'e ax y Rt

y 2xty D2
write in pol dip op'tor notation
D 4 x y 12 t L D 4 I

2 X T D i ly 0 3 2 Le D I

Apply method of elimination
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24T
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Compel Solin
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Guess for part solin
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So
2 I 4 43
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LI 3
II

If 2 real roots distinct
The is always 0

If Tita I x 3

there are 2 roots of opposite
sign

I we here one 0

one positive e v

fat Cl 4 a L 3

two positive distinct
roots

If 4 repeated root 1 1
Find defect

H 4111 1 I
II III It

Vz D
so defect 1 eigenvalue



if 4 2 distinct conjugate
optic roots w positive
real part

Look figure 5.3.16 in book

a For Proper nodal source we want repeate

positive eigenvalue of defect 0 so

no a gives that
b Improper nodal source either 2

distinct positive roots or positive
repealed of defeat 1
So

4 E a d 3

c Spiral sink needs ceplx conj w neg
real pt so no x works

d Spiral source c pix conj w pos
real pt so L L 4 works

e Center needs purely imaginary roots
so no L

f Saddle need 2 distinct real e v

of opposite sign so a 3

g
Parallel lines occur when either
one 0 one posting e v

defective e u O So 2 3



7 Chew egin
r 2 Rtl r2 art 8

2
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2

l lift each repeated twice
So

ugly c e t ye cos ft x e e Yin Ttx

Cgxe Eos Ft x 1 Csx e sin fix

Cg cost t G sin x

To ensure that y
x so as x soo

it suffices to take cc c Ca O

Any choice of the other constants works
eg take yCx x e cos Fx



8 Stretch 15cm by force of 9N
g k 0.15 k 60 Nan

a VP m 0.15kg k 60µg
Recall IN 1kg451
So

Mx Kx o 15 4 60 0

X o O I

x'co 4
Units for x are in M

X t 400 0 3 r't 400 0

r I i20
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Nfl A cos Got t Bsin 20 4
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x'co 4 2013 4 13 0.2

so ATTIE 0.1 55

Ee I m
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So
Xlt 0.155 cos Rot ti arctanC 21
Period T If Fos

b 1UP
0.15 X t box 6 Siu wt

we had resonance when W Wo
where Wo was found to be

20rad Is in part a It is the
natural frequency of the system

C 0.15 x t x't 60 x O

is O

If it passes through equilibrium 3 times

then it must be critically dumped
otherwise it would pass through equil
position at most once

Solve IVP
0.15 r't Cr 60 0

re Ct Tg
0.3

Underdamped so it 9
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So

cH e
Est cost f B sin t

Xco A A 0.1

x 6 I3A T B
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XII e Est fo.icoso t o.lfgsiu T tD
d 0.15 x c cx't 60 6 cos wt

X o O I

Im Emplitude is given by
6

w
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when c 2

practical
resonance

when 5

No practical
resonance

To find the frequency that gives
practical resonance when c 2
take derivative of CCW and see

when it vanis z

C w G f f TEs.w5t4w

2460 0.15W to 3w t8w



2 60 0.155 C 0.3 w t 8W O
O 6 60 0.155 8 0

w n 17 6

e The IVP's in park c old have
the same initial conditions If
the statement was true then

yet C cos wt x would have
to satisfy yo y'Coto
and this can't happen unless
G 0

What is true is that the solis
to p d for 2 is a sum

of a periodic function
yCH Ceos wt x

and a Solh of the dial
equation in p c but w different
initial conditions


