
ODEAssignmenl.TT
present Tuesday , May Zt

1. p.GG#2j2.p.99*3j3.p.lk#4jt.p.111*-6;5.p.l15-t6Prob/em1-p.99#z

(a) Find and sketch the solution of
✗
"
+ ¥x'tX=o with 4/01--2,4%1=0

Characteristic equation is
72T t.it/--oz=-&-t-V--#

Solution is

✗It)=é%ᵗf,⇔wt+,⇔w -% a number

very slightly
less than 1

X'A)= -%é%ᵗfswt+⇔wt= -¥±iw
+ e-¥ᵗfGwsinwt+Gw⇔wt)w=◦•9#

X'to)=o⇒ -1-641-4--0
✗ to)=2⇒ 4--2 G= #£
Since u is so close to 1

,
and even when

going out to -1--50 wt is still
within 0.1 of 50! it seems reasonable
to do the sketch with w= /

.



Problems (cont 'D )

Taking w≈ /
,
our
solution is

xH1=é%ᵗ(zcosttosint )
"

=
.

A-

0.4-

.
- 0 . / -

÷¥÷÷i÷.it
(b) tangoing

#stick with
my

w≈1 approximation
27*7--4*4=+4+4--6.tt?EA--zV-E-'~~2q=tan-,f---3.60xHt-ze-thecos(YF-t-to )



Proble.vn#p.99
#
3

Put M=l 8--1 in mx "tNx'tkx=o
so you just have ×"tX'tkX=o .

Classify the behavior as the parameter
k is varied .

. To do this
,
we put in

ett and get the characteristic

equation
it+1+1<=0

t=-'É
Decay without oscillation if 1- tk > o
i.e. if 41cal or K -¥ .

Decay with oscillation if K >¥ .

Critically damped if k=¥ .
No decay only if 1--0 .

Amusingly , you can get that case
with 6--0

.
The no -decay

case has 1<=0 and 7--0 and
is the constant solution ✗ 11-1=7/0 .



Problems p.IN#t
Solve X

"
-3×1- tox __Zéᵗ with Ho/-0,21%1=1

First solve homogeneous ezuatiow
12-31-40=0 z=3±#É#

Now get a solution} = { ± {☒

= Eat { = 8 or -5

to the inhomogeneous
ezuat.in by themethd-fdetermined-e-fi.in/-s.Ae-lAt3A-doA--Zor-36A--2

or A-= -¥ .
So the general solution is

c. e•ᵗ+czé5 -t e-
t

✗101=0 ⇒ Citcz - 1-8--0
X'61--1 ⇒ 8C

, -5<21-84--1
Take 5× the first equation and add it to
the second.

139 - Est#=/ c,=%¥_ =#
TF cz=-q+¥= -¥> +¥=¥+

XH)=¥+(zze•ᵗ_qe→ᵗ- be - t)



Probkm-kp.in #6
Solve and plot for Ost≤ 30

✗
"

+ ZX = cos Fet with ✗101--0 andX'loft

carrying 2 's and TÉ 's around is awkward.

Let w = OF

✗
"
+WZX = cos wt ← Nice- to read

Homogenous solution is
✗= cicosuttczsincut

Inhomogeneous solution guess
At coswtt Btsinwt

(Atcoswtl-BtsinwtY-Acos.it/-Bsinwt-AwtsinwttBwtioswt
(Atcoswtttstsinwt "= -Awsinwt+Bwwswt

- Awsinwtttswcoswt
-Awzfcoswt-Bwzfsinwt

£
(Atcoswt + Btsinwt/

"

+wYAtcoswti-Bts.int/---ZA.wsinwttZBwcoswt--coswt--7Fg--=0z1-w



Posten (cont 'D)
✗A)= Gcoswttczsinwtttwtsinwt
✗101--0 ⇒ 4=0

✗%/=/⇒ Czw= 1 on G- £

✗A) = G- sinwttztwtsinwt

Putin w=Tz' andplot# ◦≤ 1-≤30

Felt goes from about 0 to Hit

¥1"_H_y
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Probkm-5p.us#6
✗
"

t 0.01 ✗
'

+ tx = cos 2£

Where the 2 and the t appear ,
I will put Woo and Woo

≥
•

To emphasize that H = 0.01 is small,
I will call it ZE . So we have

✗
" 1-ZEX't wait- cos woot (woot! /

Get particular solution of the form

Acoswo.tt Bsinwoot
For this solution ✗ " two ✗= 0 .

So we have

ZE (- A- Woo Sin woot 1- Bwoocoswoot)
= cos woot

⇒ A -_ 0 and ZEBWoo=/ or B=t_
⇐Woo

Now add general solution of
the homogeneous equation .

first we need

its characteristic equation :
7%+421-0.7--0 g- stuck
7-

← Now you
see

why fhezi
-

front of
C-



Probing (cont 'D)
Can we make an E small approximation ?
A- - c- ±

↑ real part
\ call this Wo

General solution of homogeneous equation
is

Xnlt )- e-
≤+

( acoswottczsinwot)
Meanwhile

,
we had

✗plt-z-w.gs in woot
If ✗ to)=o , then 4--0 .
If ×

'/01=0 , then

Czwot⇐ = o
or CÉz¥

This value is
so annoyingly small

✗A) =Xhlttxplt) for graphing .

Did5%8%5.ms/-ea-d---e--ctz#-wsiw-t1-sinwalZtWooNow let us put back in
2-0-0.51 and Woo__ 2 and graph it.



Plot Solution to Logan p. 115 #6 with ...

... the damping jacked up by a factor of 10 so that the approach to steady state occurs 10x faster.

In[38]:= xh[t_] := Exp[-ϵ t] Sin[ω0 t] / (2 ϵ ω0);
xp[t_] := -Sin[ω00 t] / (2 ϵ ω00);
x[t_] := xh[t] + xp[t]

In[42]:= Plot(xp[t] + xh[t]) /. ω0 → Sqrtω002 - ϵ2 /. {ω00 → 2, ϵ → 0.05}, {t, 0, 30 Pi}

Out[42]=
20 40 60 80
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