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1. Marion & Thornton , Classical Dynamics , 4th edition pages 440-441

The equations of a force free symmetric top (with I1 = I2 ≠ I3 ) are
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    (1)

The solutions are 

ω3 (t) = constant                                                                 (2)
ω2(t) = A cos ( Ωt )     ,     ω3(t)  = A sin (Ωt )                          (3)
where Ω  = ( I3  - I1 ) ω3 / I1  , τ  = 2 π/ Ω                                  (4)
We solve the set of equations (1) numerically fro the omegas and plot the results.

Data for the moment of inertia (~ kg-m2 )  and initial value of ω (~rad/s)

data I1,I2,I3 /8.E-5, 8.e-5 ,18.E-5   /

data w1i,w2i,w3i , psi0/1.0,1.0, 2.0,0./

omega, tau=  2.50000024  2.51327395
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FORTRAN CODE

c  froce free motion Euler's equation for a rigid body Marion p. 440

      real I1,I2,I3

      data I1,I2,I3 /8.E-5, 8.e-5 ,18.E-5   /

      data w1i,w2i,w3i , psi0/1.0,1.0, 2.0,0./

      aplha1(w2,w3)=(1./I1) *((I2-I3)*w2*w3)

      aplha2(w1,w3)=(1./I2) *((I3-I1)*w3*w1)

      aplha3(w1,w2)=(1./I3) *((I1-I2)*w1*w2)

      pi=2.*asin(1.)

      omega=(I3-I1)*w3i/I1

      tau=2.*Pi/omega

      print*,'omega, tau=', omega , tau

      print*,'    '

      tscale=amin1(1./w1i,1./w2i,1./w3i)

      tlarge=amax1(1./w1i,1./w2i,1./w3i)

      dt = tscale/50.

      nstep=int(2.8*tlarge/dt)

      kp=int(float(nstep)/60.)

      kount=kp

      w10=w1i

      w20=w2i

      w30=w3i

      wsq=w1i**2+w2i**2+w3i**2

      print 100, 0.,w10,w20,w30,wsq

      do 10 i =1,nstep

      t=dt*float(i)

      psi1=psi0+dt*w30+.5*dt**2*aplha3(w10,w20)

      w3=w30+dt*aplha3(w10,w20)

      w2=w20+dt*aplha2(w10,w30)

      w1=w10+dt*aplha1(w20,w30)

      wsq=w1**2+w2**2+w3**2

      if(i.eq.kount) then

      print 100, t,w1,w2,w3,wsq

      kount=kount+kp

      endif

      psi0=psi1

      w10=w1

      w20=w2

      w30=w3

10    continue

100   format('t,w1,w2,w3,wsq=',5(2x,e10.3))

      stop

      end

