Computing project Part lll

Assignment 6 — Symmetric Top

A coupleof thingshaveto changecomparedo the previousassignmentsvherewe usedthe Hamiltonianto determine
time—derivativesHerewe alreadyhavean explicit form for the equationf motion(i.e. anexpressiorior thetime—deriva
tives) andwe merelyhaveto numericallyintegratet with respecto time.

The equationof motionaregivenby:

In[1]:= wl[w2_, w3_]:
w2[wl_, w3_]:
w3[wl , w2_7:

((12-13)/11) w2 w3;
((13-11)/12) wl w3;
((11-12)/713) wl w2;

However, it turnsout to be far more convenientto definethe time-derivativeas a function that operateson a vector
{wlw2 w3} andreturnsavector:

Inf4]:= wdot [w 1:={((12-13)/11)w[[2]] w[[3]],
(13-11)/712) w[[1]] w[[3]1], ((11-12)/13) w[[1]]w[[2]1]};

We still usei asa counterwith maximumvalueimax:

In[5]:= imax = 1000;

Time startsattO andtimestepsizeis givenby dt. Valuesarestoredin anarrayT:
0

0. 01,
able[tO, {i, 1, imax}J;
Momentsof inertiall, 12, I3 arefixed:

In[9]:=

WN -
T
AN

Definearrayto storeenergyin:

In[12]:= EE=Table[O, {i, 1, i max}];

m]
Setinitial conditionsfor w anddefinearrayto storeits valuesin:

In[13]:= w0 = {0, 0, 3};
w=Tabl e[w0, {i, 1, i max}];

Now to do theactualcalculation,accordingto the predictor—correctomethod.Note how simplethis looks with w andwdot
definedas/onvectors.

In[15]:= Do[ T[[i]1]=TI[[i -1]] +dt;
wpred =w[[i -1]] +wdot [w[[i -1]] ] dt;
w[[i]1] =w[[i -1]] + (wdot [w[[i -1]] ] +wdot [wpred 1) dt /2;
, {i, 2, imax}]
Calculatetheenergy:
In[16]:= EE=11Transpose[w][[1]1]"2+]12 Transpose[w][[2]]1"2 +]13 Transpose[w][[3]1]"2;

Plotwl, w2 andw3 asfunctionof time. Plotenergyasfunctionof time.



In[17]:= ListPlot [Transpose[{T, Transpose[w][[1]]}], Frame -» True, AxesLabel -» {"t", "wl"}];
Li st Pl ot [Transpose[{T, Transpose[w][[2]]}], Frane -» True, AxeslLabel - {"t", "wl"}];
Li st Pl ot [Transpose[{T, Transpose[w][[3]]}], Frane -» True, AxeslLabel - {"t", "wl"}];
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In[18]:= ListPlot [Transpose[{T, EE}], Frane -» True, AxesLabel -» {"T", "Energy"}1;
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Mmmbh, it seemsasif nothinghappensBut wait, thatis exactlywhatwe would expectfor theseinitial conditions.The
vectorw precessearoundthe z axiswith zeroamplitudeji.e., it staysconstant.



2
Now for somedifferentinitial conditions wherewe would expectsmalloscillationsaroundthe z axis.

In[19]:= w0 = {0, 1, 3};
w=Tabl e[w0, {i, 1, imax}];

Calculatew, energyandplot wl, w2, w3 andenergy.

In[21]:= Do[T[[i 1] =T[[I -1]] +dt;

wpred =w[[i -1]] +wdot [w[[i -1]] ] dt;

w[[i]] =w[[i -1]] + (wdot [w[[i -1]] ] +wdot [wpred]) dt /2;

, {i, 2, imax}]
In[22]:= EE=I11Transpose[w][[1]1]1"2+]12Transpose[w][[2]1]1"2+ 13 Transpose[w] [[3]1]"2;
In[23]:= ListPlot [Transpose[{T, Transpose[w][[ Frame -» True, AxesLabel -» {"T", "wl"}];

11111,
Li st Pl ot [Transpose[{T, Transpose[w][[2]]}], Frane -» True, AxeslLabel -» {"T", "wl"}];
Li st Pl ot [Transpose[{T, Transpose[w][[3]]}], Frane » True, AxeslLabel -» {"T", "wl"}];
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In[24]:= ListPlot [Transpose[{T, EE}], Frane -» True, AxeslLabel -» {"T", "Energy"}1;
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Yes, indeedoscillationsaroundthe z axis; the energystays constantup to somevery small error dueto our numerical
approximation.



