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 Particle on a ring

 Define operators

(%i1) assume(h[bar]>0, r>0);
(%o1) [hbar>0,r>0]

(%i2) assume(equal(m[J],0));

(%o2) [equal( )mJ ,0 ]

(%i3) /* Norm of function */
N(f) := (integrate(conjugate(f)*f, phi, 0, 2*%pi));

(%o3) N( )f :=
⌠

⌡



0

2 π

conjugate( )f f dφ

(%i4) /* Hamilton operator */
H(f) := -h[bar]^2/(2*m*r^2)*diff(f,phi,2);

(%o4) H( )f :=
-hbar

2

2 m r2
diff( )f ,φ,2

 Define energy levels of harmonic oscillator

(%i5) EJ: m[J]^2*h[bar]^2/(2*m*r^2);

(%o5) 
hbar
2 mJ

2

2 m r2

 Define Eigenfunctions

(%i6) psi: sqrt(1/(2*%pi))*(exp(%i*m[J]*phi));

(%o6) 
%e

%i φ mJ

2 π

 Derivatives of Eigenfunctions

(%i7) dpsi: ratsimp(diff(psi,phi));

(%o7) 
%i %e

%i φ mJ mJ

2 π

 Normalization check

(%i8) print ("N(psi): ", N(psi), "    N(dpsi): ", N(dpsi))$

N(psi): 1     N(dpsi): mJ
2

 Force eigenvalues F, first method (with Hamiltonian)
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(%i9) Fpsi: H(dpsi)-EJ*dpsi$
Fpsi: ratsimp(Fpsi)$
F1: Fpsi/psi$
/*F1: ratsimp(F1),*/
print (" E: ", EJ, ", F1: ", F1)$

 E: 
hbar
2 mJ

2

2 m r2
, F1: 0


