Finding the phase of a simple harmonic oscillator
x=Acos|ot+¢|:v=—mAsin(ot+¢|:a=-w’Acos|(ot+9

Suppose at t=0, you know x and v. How do you determine the phase?
Xo,=AC0S(9|:Vo=—wASin|(¢)

Vo: o Sln((]))

X, cos(¢)

Vo

=—wmtan(¢p|=¢=arctan

However since tan(¢)=tan(n+¢| , we will have two possible values for ®.
The possibilities are these

—Tt 7T
assume —r<¢ <=
2 =h=3

Then:
Xo=0;vy=0=¢=09,
Xo<0;Vvy=0=0=0¢,+mn
%Xo=0;vy=0=¢=09,
Xo=<0;Vvy=<0=0¢=0¢,+mn

For example; suppose

Xo=1;v,=2 ;oo=3:«¢p=arctan{;—2}:_33°z¢:_33°

Xo=—1;Vy=2;0=3=¢,=arctan

3 =33%:¢9=¢,+180=213"°

2 =33%:¢=¢,=33°

Xo=1;Vy=—2;0=3=¢,=arctan 3

_3—2 =—33%¢=¢,+180=147°
You can check your results by checking the sin and cosine:
it Xo<0is cos¢<07?and x,>0is cos¢>07

V,<0 is —sin¢<07? and v,>0 is —sing>07?

Xo=—1;Vv,=—2;w=3=¢,=arctan

Finally: suppose
TT

X,=0=¢p="(v,>0) or ¢=2-=0(v,<0):v,=0=¢=0(x,<0) or ¢=—m(x,>0)
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