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Adam Becker is returning to Chapman:

 Book event and signing at 1888 center: Monday April 16.  RSVP 
required https://bit.ly/AdamBecker

Assignments 

 First Draft due on Blackboard April 11.  

 Peer review until April 16.  

 Discussion in class April 16.

 Final Version due May 2.

Homework 3 due April 11.

 I like lunch invitations

https://bit.ly/AdamBecker


AKA Everything I taught you in PHYS451 is wrong

i. The Two Churches of Quantum Theory

ii. The Hilbert Space of Hermitian Matrices

iii. Density Operators

iv. Completely Positive Maps

v. Positive Operator Valued Measures

vi. Quantum Instruments

vii. The Lindblad Equation



 In undergraduate quantum mechanics, we normally assume:
 The system does not interact with its environment unless it is being measured.

 Measurements are of the most ideal kind possible.

 We have perfect knowledge of what our experimental devices are doing.

 These assumptions are never true in practice.  When they do not 
hold, we have to generalize the formalism.

 We have already seen part of this in the GPT section: density 
matrices and POVMs.  We will review them again, but there is much 
more.

 Supplementary reading for this section:
 Teiko Heinosaari and Mario Ziman, “The Mathematical Language of Quantum Theory”, Cambridge University 

Press (2012)

 Benjamin Schumacher and Michael Westmoreland, “Quantum Processes, Systems, and Information”, 
Cambridge University Press (2010) 

 Michael Nielsen and Isaac Chuang, “Quantum Computation and Quantum Information”, Cambridge University 
Press (2000)



 The Church of The Larger Hilbert Space:
 Quantum theory is a dynamical theory, akin to a classical field theory, 

but with a weirder object called the wavefunction in place of a 
classical field.

 All is to be derived from a quantum state (of the universe in principle) 
evolving unitarily according to the Schrödinger equation.

 Today, we will allow projective measurements as well, but see lecture 
on Everett/many-worlds for how to derive them.

 The Church of The Smaller Hilbert Space:
 Something strange has happened to our physical variables: they have 

become noncommutative.

 Quantum theory is the only consistent probability theory for such 
variables.

 In this section, we will give both churches views on each 
construction.


















































