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Modern Physics –Lecture 10 Notes   

A state vector contains all knowable information about a state: ℂ ∋ ψ 𝑥 ,   𝑥∈ℝ  

Vectors in a vector space ψ t  can be added → ψ! + ψ!   ψ x + φ x   
                superposition  

    can be multiplied with z∈ℂ: ψ! → z ψ!   (same state) 

    has a scalar product : ψ! , ψ! → 〈ψ!|ψ!〉       

Example: Function  ψ x   represents state vector for particle moving along x-axis. If state vector 
changes as time passes, we can write it as a function ψ x, t   . 

To compare to a prototypical wave:  𝑓 𝑥, 𝑡 = 𝑒!(!"!!"), 𝑣!!!"# =
!
!
, (𝑘 = !!

!
,𝜔 = 2𝜋𝑣) 

Prob x… x∆x =  i.    ψ∗ x ψ x dx
 ii.  [ψ∗ x + φ∗(x)] [ψ x φ(x)] =             

                               ψ∗ x ψ x +  φ∗ x φ x +  ψ∗ x φ x + φ∗ x ψ x =    
      | ψ x ! + φ x ! + 2𝑅𝑒 φ∗ x ψ x   INTERFERENCE!  

  𝑐 ∙ ψ  describes the same state as ψ  and so can be normalized ψ ! = 1.  

First calculate ψ !
, then define |ψ!"#〉=

!

!
!
|ψ〉. 

Example: Schr’s cat *) ψ ! = c!∗, c!∗
!!
!!

= |c!|! + |c!|!, |ψ!"#〉 =
!

|!!|!!|!!|!
 

Ex.) ψ! x   ψ!
! = ψ!∗ x ψ! x 𝑑𝑥

!
!!    < ∞ 

For probabilities    ψ!"# 𝑥 = !

!!∗ ! !! ! !"
!
!!

∙  ψ! x  

*) Ex. 2-D Hilbert space:) S.s.’s cat:  most general,  𝑐! ↑ +𝑐! ↓, 𝑐!, 𝑐! = ψ ,  
P ↑ = |c!|!,P ↓ = c! ! 

initial state: ↑ 𝑎𝑙𝑖𝑣𝑒     
!

 𝑎 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛 𝑆𝑐ℎ𝑟𝑜𝑑𝑖𝑛𝑔𝑒𝑟 𝐸𝑞𝑛: 𝑖ħ 𝑑
𝑑𝑡
ψ = Hψ         !

!
↑ + !

!
↓

(𝑡ℎ𝑒 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑛 𝑒𝑖𝑔𝑒𝑛𝑠𝑡𝑎𝑡𝑒 (𝑎𝑛 𝑒𝑞𝑢𝑎𝑙𝑙𝑦 𝑑𝑒𝑎𝑑 𝑎𝑛𝑑 𝑎𝑙𝑖𝑣𝑒 𝑐𝑎𝑡))  

Observables can be chosen to be measured.   A measurement instantaneously changes the state 
vector (either ↑ or ↓), causing a ‘collapse’ of the wave function into an eigenstate of the 
operator.   
 


