Physics 518: FINAL EXAM
Results you may find useful

Commutation relations:
[z, pr] = ihdjp, .

Angular momentum:

[Jj, Ju] = ihejrede, [T, Ju] = 0.

Joljom) = )b, Jelj,m) = (Jo % idy)lj,m) = [j,m £ 1) /5 +1) = m(m £1).

Orbital angular momentum L=%xgp
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F|LaJa) = —ih (|0}, (F|Lela) = —iheti (ﬂﬁ ot 93) (7o) .

0¢ 00 0¢

Rotations. Rg is the rotation matrix for a rotation about the axis # with angle 6:

R} = exp(—ifi-T) = D(R)) = exp(—ibn - J/h).

If V is a vector operator then D(R)TVZ-D(R) =Ri;V;, & [Jj,Vil=1i€Vi.
Spherical tensor operator defined by

D(R)TMD(R ZT(k

or equivalently

T T = hgT® | [T, T = hyJk(k + 1) — qlg = DT
Relation between vector operator in Cartesian and spherical tensor bases:
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Clebsch-Gordon coefficients. Let J = jl + jg, with [Ji;, Joj] = 0. Then
ljrdas gm) = Y |jije; mama) (jija; mimaljm) .
mimse
Wigner-Eckart theorem
107 (k) ;
(s ' [T jm) = (s 'ty @ L L0) - o).
Reduced mass:
1/mpeq = 1/m1 + 1/mo.
Radial Schrodinger equation
—h% d2 RE(+1)
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Hydrogen atom:

Parity operator II:

070 =%, 0p0'=—p, 0J0 ' =—J, 6>=+1
0 is anti-unitary:
O(c1la) + c2|0)) = cif|a) + c3010) ,
If @) = 6]a) and |B) = 6|8) then (@|5) = (a|B)*.

Non-degenerate perturbation theory
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Schrédinger time evolution operator:

Ultaty) = T{exp<% t2dtH(t)>}

2 t1
Interaction representation (for constant Hy):
o, ) = Moo 1) |, to)r = Ur(ta, t1)|ev 1)1,
V[(t) — eiHot/hv(t)e—iHot/h ,
1 [t
Ur(ta,t1) =T S exp (— dtVI(t)>} .
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Dyson series:

1 [t
Ur(ts,t1) =1+ — | dtVi(t) + O(V{)
t1

Fermi’s Golden rule (due to part of interaction with form V exp(—iwt)). Transition rate from an
eigenstate of Hy, |i), having energy E;, to a continuum of final states is

2 .
where Ey = E; + hw, and it is assumed that the final states all have the same matrix element of V
(otherwise an average will be needed).



