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The differential equation for the harmonic oscillator can be written in the form

y = Ay,
y(0) = vy,

(o).

Solve the harmonic oscillator with initial data

=0

on the interval ¢ € [0,100] with each of the following methods. Plot each of the solutions in
the y1-y> phase plane.

where y: [0,7] — R? and

1. The explicit Euler method (i.e. the explicit Taylor method of order 1),

yn+1 =Y, + h’f(yn) ’
where, for the harmonic oscillator, f(y) = Ay.

2. The implicit Fuler method
Ynt1 = Yp + hf('!/m—l) .

3. The implicit midpoint method

Yt Yy

Y1 = Yn T hf(%) ~

4. The symplectic Euler method, which uses explicit Euler for the y; equation, and im-
plicit Euler for the y, equation.



