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neutral particle
silver atom non uniform off

B field

What do we expect classically

Energy of neutralparticle in B field is
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q charge of particle e.g q e for é
m a mass I

C speed of light

5 angular momentum of particle
a k a spin

We divide angular momentum into

spin orbital pants
5 I spin any mom of particle coming from

spinning on an axis through its center
E orbital ang mom of particle coming from

its motion relative to theorigin
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Z component of é spin
w computable coefficient

Stern Gerlach experiment should
see a distribution of displacements
of the silver atoms proportional to St
which is random
So expect to see on screen
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This makes no sense even though
the é spins were prepared
comely randomly their z component

takes just 2 specific values

Sz
412 50 of time

412 50 of time

h Energy Time Mass Length Time Cangmom

Will try to model this
with vectors that add to
mimic wave interference
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to describe spin states by analogy with
olarization of waves

Intensity of wave a vector component

Eg
intensity of partof wave I polarized in

a direction is II IF
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Polariz I Stern Gerlach outcomes III
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Tf and particles in spin state 147
through a stern Gerlach magnet
oriented in the a direction
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with fractions a.k.a probabilities

Prob 14 Had 1441471

measurement rule measurementshave
limitedsetofpossible outcomes

Born rule
ate L

Use these rules together with assumption that
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to model our S G experiments
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any state 147 can be written
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Also want probabilities I
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Nevertheless if measure 147 using a

stern Gerlach magnet in the E direction

get only 1 of 2 possible answers
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There rules model other SG experiments
consistently if
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81.4 G r axiomfQI
States are vectors 14 EV in a

complex Hilbert space V

States are normalized 24147 1

The outcomes of a measurement M
is an orthonormal basis of V

Im Md milmj Sig

Will call the 1mi an orthonormal

eigenbasis of M

If an outcome 1mi is observedupon

measuring M then the state changes to

147 IM 14 mis

The probability of observing an outcome 1mi

of a measurement M is

Prob 14 1mi Kmily F



Blue physical concerts
Purple math concepts

Axioms essentially define a dictionary
between physics and a math model

We will refine these axioms over the next
few weeks to get to a more complete form

The above axioms are missing any mention

of time evolution we have not given get
the quantum analog of the equations ofmotion

Éitiffenceganeries is

that the overall phase of a state is
physically unobservable I.e no predictions

of quantum mechanics depends on the
overall phase

Predictions are the probabilities computed by
the Born rule BO
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Say we have another state

14 e 147 ER

i.e differing by an overall phase factor
Then
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So there is no way of telling the
difference between 14 and 147
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Expectationvalveanduncertaint
When we do a measurement M on a

system we get a potability distribution
of outcomes

P 14 Imo Kmily F

I Pi
shorthand
notation

This just means that Pa Pa Pa
are a set of d real numbers

satisfying

O E Pi E 1 E P 1

Say mi is the value of M for the
i th outcome

E g if M Sz then on a spin iz
system we have

M 42 ME 12



E g if M E energy then on a

hydrogen atom we have
in electron no17

Mn Biff n 1 2,3 X

The numerical value of an outcome
of a measurement Mi and
the probability of observing that
outcome Pi are completely
different things

mi property of the system
usually diasionful quantities

Pi property of the state of the system
always a dimensionless number
between 0 1

Can visualize a probability distribution
by plotting Pi vs mi
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If the mi are closely spaced and Pi

vary in small increments ie IE Pit K1

can visualize as a continuous function
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Given a probability distribution
two common questions are

C What is the average value of M
eked value mean value

m My
what is the uncertainty of M
standard deviation width Ivariance

I AM

Intuitively

Mathfinitios
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