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Math 224 Quiz 4 — E. Meckes

1. Consider the system of differential equations

de 1
dat y
dy 2
dt T

(a) Show that the system is Hamiltonian and find the Hamiltonian function.
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(b) Sketch the phase portrait of the system. Make sure to include directions on
solution curves and include curves starting in each of the four quadrants. You
will probably want to use the fact that alog(s) — log(t) = log ().

20 We shebdn (eved opwres 8, & ¢
add  arows o tdicate the  Ajrechions
5} ¢ dlutume cuvues ta e

hevd  aumcs  hawse \06(%\\) = C

@ X7 e

- b 2

So 4 levdd cuvwes oxc Paxedoelaj
%mgh O -

B
S\

COredding §ans: ‘i’_‘ >0 <O amd A >0 M xco
IR At 3

Tis lefs us add aPPws as skaum.



2. Consider the undamped harmonic oscillator 3" + 4y = 0.
(a) What is the natural period of this oscillator?
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(b) Find the solution of the initial value problem
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Y +ay=> 6m  y(0)=0,y(0)=1
n=1
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(c) Describe the long-term behavior of your solution in part (b). What is the con-
nection between the timing of the delta functions (i.e., the choice of 7n) and the
natural period of the oscillator?

|5

The  term \t %_? TP is ?Tecewf\se.
Wy

oonsraut ¢ adds | of cack ima,u— wiulhple

Ok T{) 30 ¢ Wavre o Siae  wawse oy
eadh Jwharad &/ﬂt,(@{rﬂ'ﬂ'} PRYCER o«,u&pﬁ’wéﬁ(&

S —

The osallater oscillates
i R it euer 'pwream‘%
m\:\ﬁw&z. This Ueppens be caus Gl S
Dovce. 35 apglisd a8 e Samo pouut f €och
Wil ?Uhoﬁ‘




3. Explain in words the idea behind the derivation of the improved Euler’s method. You
are welcome to include a picture as well. Your answer should be in complete, clear
l O English sentences.

Hint: Recall that we started from

Y(the1) = y(te) + /tthrl f(s,y(s))ds.
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Hamiltonian systems: A two-dimensional system of differential equations is Hamiltonian
if there is a function H(z,y) such that

dr OH
dt 9y
dy ~ OH
dt oz’

The function H(z,y) is called the Hamiltonian (function) of the system.

Laplace transforms:
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Numerical Methods

Euler: yx41 = yr + Atf(tk, yi)
Improved Euler:

® My = f(tlhyk)
o N1 = f(te+1, Yigr)

Yer1 = ye + (At) (L)



