Matrices

and

Quantum
Mechanics



Why quantum mechanics?

e Snooker ball picture breaks

down

e Inexplicable observations

e Experiment of Stern and Ger-
lach (1921)



Stern Gerlach Apparatus

<> Experimental result After Belser
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Two by Two Matrices

Matrices provide a quick and
systematic way of encoding op-
erations one often does on a
pair of numbers to get a new

pair of numbers,eg

3r+ 5y = 13
dr + 6y = 16
IS written

FHIREES



multiplication









Quantum Mechanics

State Column vector
Observable Matrix
Result Eigenvalue, Eigenvector

Example: an electron

a
State
5)
Observable Up/down spin
1 O
V —
02

1 0
Result 1 or —1 O
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T he sequel

Top beam through

forward /backward Stern Gerlach

State

Observable

Result

o)=33)+3

—orward /backward spin
7 — 01
1 0

+1 or —1

(1))




...and more

Forward beam through

up/down Stern Gerlach

sote (1) =(o)+(3)

Observable Up/down spin

v=(o %)

Result +1 or —1, (1> or (C))
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Mathematical Aside
Can we find a function y(z) such
that
dy
el ?
dx J

Try

y = 14+x- %azz—l—%x?’—l—iazﬁ'—l—. ..
Writing this as

_ 1 2 1 3
Yy = 14121 13527 + 1537

| 1 4
FIx2x3x4%d T

suggests how we can keep build-
INg this up
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We need to generalise this a
bit, and find a function ¥ (t) such

that
dip

= 3t
dt

This time try

p = 143t+3t°+ 25+ 55+

Again, writing this as

Y = 143t + 115(31)?

1 3
1><2>1<3(3t) A
1><2><3><4(3t) T

suggests how we can keep build-
INg this up
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Towards waves

State ¢ varying with time,

¢<0>=(é).

Equation of motion

d N
—szzpvvithA: 0 -1
dt 1 0

Solution

¢=6XD(A75)((1))
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What is exp(At)?

exp (At) = 1+ At +3(AD? + ...

> —t2 0
=73 %),

3 0 3
(At) _(—t3 O),...
exp (At) =

£

1 — 1t2etc —t + %t3etc
t —ztdetc 1- %tzetc

exp (AL) — (cost —smt)

Sint COSt
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Finally we get

P(t) =

(cost —sint) (1) B (cost)
Sint Cost O Sint
Check

dyp (—sint)

dt | cost

and
Ay = 0O —1 cgst _ —Sint
1 O Sint COSt

as required.

Also, when t =0, ¢ = (Cl))
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