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Postulates of 
Quantum Mechanics

1) state of a QM system is represented by      
a wavefunction         or a ket      (p. 1, 118)

2) observables are represented by Hermitian 
operators, A, that act on kets        (p. 97)

3) the only possible result of a measurement  
is an eigenvalue of the operator      (p. 99)

|ψ�

A|ψn� = an|ψn�

ψ(x, t)



Postulates of 
Quantum Mechanics

4) the probability of measuring     is 

                                        (p. 107)                              

5) after a measurement yielding    the new 
state is a normalized projection   (p. 99, 123)

6) the time evolution of the state is given by 
the Schroedinger eq.                (p. 1)

an

P(an) = |�ψn|ψ�|2

an

|ψ�� =
Pn|ψ��
�ψ|Pn|ψ�

i� d

dt
|ψ(t)� = H(t)|ψ(t)�
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neutral silver atoms
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H = −�µ · �B

magnetic dipole moment

Fz =
∂

∂z

�
�µ · �B

�
= µz

∂Bz

∂z

current loop

µ =
IA

c

µ =
qv πr2

c2πr
=

qrv

2c
=

q

2mc
L
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suppose electron has intrinsic
angular momentum

�µ = γ�S

Sz = ±�
2

Fz = γSz
∂Bz

∂z



Stern-Gerlach



Stern-Gerlach

|+�, |�/2�, |Sz = �/2�, | + ẑ�, | ↑�

1) state of a QM system is represented by a    
wavefunction or a ket    

|+�

|−�
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|+�

|−�

 2) observables are Hermitian operators, they act on states

Sz
|+�
|−�
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3) the only possible result of a measurement  is an 
eigenvalue of the operator      

Sz|+� = +
�
2

|+�

Sz|−� = −�
2

|−�

|+� |+�

|−� |−�



Eigenbasis: Normalization, 
Orthogonality, Completeness

�+|+� = 1
�−|−� = 1
�+|−� = 0
�−|+� = 0

|ψ� = a|+�+ b|−�
�ψ| = a∗�+| + b∗�−|

�ψ|ψ� = (a∗�+| + b∗�−|)(a|+� + b|−�)
= |a|2 + |b|2 = 1
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4) the probability of measuring + or - is 

|�+|ψ�|2

|�−|ψ�|2

|ψ� = |+�



Stern-Gerlach

5)  after a measurement yielding + the new 
state is a normalized projection

|ψ� = |+�

P+(a|+�+ b|−�) = a|+ >

|ψ�� =
P+|ψ��
�ψ|P+|ψ�

=
a|+��
�ψ|a|+�

= |+�

|+�

|−� |−�
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|+�x = a|+�+ b|−�



Analysis
P1(+) = |x�+|+�|2 = 1/2

P1(−) = |x�−|+�|2 = 1/2

P2(+) = |x�+|−�|2 = 1/2

P2(−) = |x�−|−�|2 = 1/2

|x�+|+�|2 = |(a∗�+| + b∗�−|) |+�|2

= |a|2 = 1/2

|a| = |b| = |c| = |d| =
1√
2

|+�x = a|+�+ b|−�
|−�x = c|+�+ d|−�
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b = −d

|−�x = c|+�+ d|−�

|+�x = a|+�+ b|−�

destructive interference



Superposition

not the same as a mixture

|+�x =
1√
2

(|+�+ |−�)

Sx|+�x = +
�
2

|+�x

always measure + for this state



Matrix Notation

|+� →
�

1
0

�

|−� →
�

0
1

�

|ψ� →
�
�+|ψ�
�−|ψ�

�

|ψ� = a|+�+ b|−� →
�

a
b

�



Matrix Notation

|ψ� = a|+�+ b|−� →
�

a
b

�

�ψ|ψ� → (a∗ b∗)
�

a
b

�
= |a|2 + |b|2

Sz →
�

�/2 0
0 −�/2

�

�ψ|Sz|ψ� → (a∗ b∗)
�

�/2 0
0 −�/2

� �
a
b

�

= |a|2 (�/2) + |b|2 (−�/2)



σ1 =
�

0 1
1 0

�
, σ2 =

�
0 −i
i 0

�
, σ3 =

�
1 0
0 −1

�

Sx =
�
2
σ1, Sy =

�
2
σ2, Sz =

�
2
σ3,

Pauli Matrix Notation

Sx |+�x =
�
2

�
0 1
1 0

� �
1√
2

1√
2

�
=

�
2

|+�x

Sx |−�x =
�
2

�
0 1
1 0

� �
1√
2

− 1√
2

�
= −�

2
|+�x



Matrix Notation

Aij = �ψi|A|ψj�

A→





A11 A12 A13 . . .
A21 A22 A23 . . .
A31 A32 A33 . . .
...

...
...

. . .







Matrix Projection

P+ →
�

1 0
0 0

�

P− →
�

0 0
0 1

�

|ψ�� =
P+|ψ��
�ψ|P+|ψ�

= |+�

P+P+ = P+



Time Evolution

6) the time evolution of the state is given by the 
Schroedinger eq. 

H = ω Sz =
ω�
2

�
1 0
0 −1

�

i� ∂

∂t
ψ(t) = Hψ(t)

ψ(0) =
�

cos(α/2)
sin(α/2)

�

ψ(t) =
�

cos(α/2)e−iωt/2

sin(α/2)e+iωt/2

�

�ψ|Sz|ψ� = cos
�α

2

�2 �
2
− sin

�α

2

�2 �
2

=
�
2

cos(α)


