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Electromagnetism and Quantum Mechanics
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/éé’f/’Job: Mc?tivate why E_ ¢ (phi)/dx and B = curl A produce
” Schrodinger's equation for the electron (<< o)
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Plan: Show that this equation generates the Lorentz force
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Problem: x is an operator. Schrodinger says wave functions
evolve, not operators!
Solution: Heisenberg representation.
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Now we need some commutators. Remember
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Define kinematica [ momentum T = ?—%A
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Classical Lorentz force:
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Quantum operator evolution:
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What does this mean? Electrons don't move with classical
trajectories?

* Heisenberg picture operators evolve by Lorentz force

* Ehrenfest's theorem: expectation value of x in state Ipsi>
evolves with Lorentz force. (Remember Heisenberg state |
psi(t)> = Ipsi(0)> independent of time...)

o= | x(fly"“ﬂix | HDS,,
miR = € & (4205 d2
mlad= Qéd-/%-[@ /

\"‘“*-H- ..... e ' w <
Wm7 C%E'AIFQZ/ e
o <‘—sz <& > .
~— £ 4



GZren }CCS[L{S 7%60»’8% /G/Oéugf/),’

Wx‘{z

o C
Tz Sx> = ——&> = mE s

net — 7 /(<e>) ¢

/1406%“&'—4 of ()(> 5(6/0644_/3 A1

g;:a/‘cc., Smeared ove— wa e

Pq&té#‘
A‘%ﬂ(ofdtﬁs/ |
mi—g<><>" €<C_>f'e(< x2> —CB* 4 >)
N> W
|, /Ua#
ot €& (<xy) | i?& <R

& even ( >}C_@



