
PHYS-344: QUANTUM MECHANICS FOR NON-PHYSICISTS

Instructor: Prof. Vladimir Manucharyan (EPFL - SB - SQIL)

Prerequisites: working knowledge of complex numbers, linear algebra, calculus & differential equations. 
Knowing a little physics helps but not required.



Classical vs quantum

ElectromagnetismMechanics/Thermodynamics



Classical vs quantum

Nuclear energy Electronics Lasers MRI GPS

Big Bang theory Periodic table



Newton’s laws of classical mechanics
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vix =
dxi

dt

viy =
dyi
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viz =
dzi
dt
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ωr(t = 0), ω̇r(t = 0)

)
→

(
ωr(t), ω̇r(t)

)

Initial conditions define evolution 
in the future AND in the past

Summary of classical mechanics

6N non-linear 
first-order 

differential equations
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ωr3 = (x3, y3, z3)

Example: N-body motion under gravity force



Summary of electromagnetism

Similar to mechanics, 
but now particles have charge, 

charge interacts with E & B fields.

+ a bit of relativity magic



Rules are different in the microworld

“-” electrons spin around “+” nucleus



Atoms are classically unstable

Accelerated charges radiate EM waves“-” electrons spin around “+” nucleus

Classically, electron will loose most of its 
energy and fall onto the nucleus in  

about 10-11 seconds

Quantum mechanics makes matter possible



Accelerated charges radiate EM waves“-” electrons spin around “+” nucleus

acceleration

Radiated power
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E = m(ωx0)
2/2Electron energy

Electron acceleration
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mω2x0 =
e2

4εϑ0x2
0
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t → |E|/P → (4ωε0)
2m2x3

0c
3/e4
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P =
e2(ω2x0)2

12εϑ0c3
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t → 10→11 sec
atom collapse  

time scale

electron charge
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e → 1.6↑ 10→19

c → 3↑ 108

ω0 → 10→11

m → 10→30

x0 → 10→10

speed of light
vacuum permittivity
electron mass
typical size of atoms

S.I. units

Atoms are classically impossible: version for nerds only



Particle-wave duality

light/sound waves 
interference like that

Classical intuition

Electrons

Same energy 
for each particle



light/sound waves 
interference like that

Classical intuition

Electrons

Same energy 
for each particle

Particle-wave duality



light/sound waves 
behave like that

Classical intuition

Electrons

Same energy 
for each particle

Two options to get somewhere interfere  
constructively or destructively!



Measurement always perturbs the system in the microworld

Electron passed through slit 1 —> False 
Electron passed through slit 2 —> False

Try to see which path electron took 
—> no interference

In order to see where electron is, the scattered light must alter electron’s future



Classical randomness is pure ignorance.  
Quantum randomness is real!

Classical particle appears moving randomly 
because we can’t keep track of every other particle around it

Quantum particle honestly can’t know…



Quantum 2.0
A more efficient way to process  

information?

Atom

Schrodinger’s Cat



Quantum 2.0
A more efficient way to process  

information?

Atom

Schrodinger’s Cat

Trapping and seeing (in a microscope) 
1, 2, 3, 6, and 12 individual  

magnesium ions







PHYS-344: QUANTUM MECHANICS FOR NON-PHYSICISTS

- understand quantum mechanics 
- operate quantum computers safely 
- pursue regular quantum courses 
- engage in quantum projects

1.Intro (HW0) 
2.Mathematics of quantum bits (HW1) 
3.Quantum harmonic oscillator (HW2) 
4.Basic quantum systems (HW2) 
5.Two-qubit systems and entanglement (HW3) 
6.Special topics: cavity QED/decoherence/quantum 

measurement (HW4)

Syllabus

Time  
&  

sweat

Quantum intuition

Teaching philosophy

You are able to:



PHYS-344: QUANTUM MECHANICS FOR NON-PHYSICISTS

- Quantum computing 
- Quantum information 
- Quantum technology 
- Quantum communication

PHYS344 is NOT a course on 



PHYS-344: QUANTUM MECHANICS FOR NON-PHYSICISTS

A) 5 homework sets 
- each exercise is graded 0 or 1 
- many are Python-based 
- about 1/2 are explained during lectures/seminars 

B) Oral exam - course project 
- learn a new topic and teach it to your peers 
- each student presents/Q&A 
- project choice finalised by ~ Oct 15 (TBD) 

C) Extra credit opportunities 
- report meaningful typos [use Forum] 
- respond to questions of your peers [use Forum]

Simple scoring system

Up to 50% of your final score

Up to 50% of your final score

Up to +5% of your final score



PHYS-344: QUANTUM MECHANICS FOR NON-PHYSICISTS

Slow modern intro for absolute beginners

Sold for 10-20 CHF
comes with free video lectures 
https://theoreticalminimum.com/courses/quantum-mechanics/2012/winter

Reading



PHYS-344: QUANTUM MECHANICS FOR NON-PHYSICISTS

Concise intro of quantum formalism

selected chapters

Reading



PHYS-344: QUANTUM MECHANICS FOR NON-PHYSICISTS

Modern physics-inclined text

selected chapters

Reading



PHYS-344: QUANTUM MECHANICS FOR NON-PHYSICISTS

Quick reference on anything Physics

Free online version @ https://www.feynmanlectures.caltech.edu

Reading



PHYS-344: QUANTUM MECHANICS FOR NON-PHYSICISTS

Exercises based on QuTiP in Python

https://qutip.org

Evolution of qubit’s state 
on Bloch sphere Taketo Imaizumi

Don’t miss 
seminars on 
Thursdays!


