Some Useful Facts for Physics 115A

Probabilities: Prob(a < z < b at time t) = ff U*(z,t)¥(z, t)dx

Probability current: & (U*0)=-2-J, with J(z ) o (\I’* ‘118&;1;*)

Expectation values: (O(z,p)) = I U* (2, 1) O, 2 )\If(x t)dx

Uncertainties: Az = ((z?) — <I>2)1/2’ Ap = ((p? )1/2
t)

Schrédinger Equation: ih%\ﬂ(x, t) = HU(x,
Hamiltonian: H = % +V(x)= —%V2 +V(x)
Time-independent Schrodinger Equation: Hi(x) = E(x);  (x,t) = e Et/My(x,0)

Momentum operator: p = ?gT

Orthonormality and completeness: For energy eigenstates,
J i (@) (x)de = 6, Y(z) =30, cnthn(z), with ¢, = [k (2)Y(z)dx
and Prob(E =E,) =|ca|?

Solving the Time-Dependent Schrodinger Equation:
Given ¥(z,0), write ¥(z,0) = >, chthn(x) (where 1, are energy eigenstates)

Then ¥(z,t) =", cpthn(z)e Ent/h

2

Free particle: H= 2%
Plane wave: 1h(z) = Ae'h*—wt =P = v2ZmB =, — &
Superposition: ¥(x,t) = ﬁf@ t)er=/hdp

with Prob(a < p < b at time t) = fa ®*(p,t)®(p, t)dp
Group velocity: vgroyp = dw/dk = dE /dp

0 0<zx<a
oo elsewhere

Infinite square well: H= % +V, V= {
. 2 252
Yn(@) = /Zsin (2a), B, = 52
Harmonic oscillator: H = g% + %mwsz, E, = (n + %) hw
i = e (Fip +mwz), & =\/gns(as +a-), p=iy/ " (ar —a-)

H=hw(aza_+3) =hw(a_a; — })

&—¢0 =0, d+¢n =vn+ lwn-f—la a_tp, = \/’Ewn—l

'(/)n(x) =anH, ( %x) 6_%'%2



