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Energy ? 
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First law of thermodynamics 

Energy now = energy before + energy input – energy output 

Properly speaking, energy is never created or consumed – only exchanged 

Energy can be exchanged through heat or work 

Energy Work Heat 

Heat and work are two ways to exchange energy. A system does not contains heat or work, it contains energy. 

H. Callen, Thermodynamics and an introduction to thermostatistics 
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Second law of thermodynamics 

 If some heat gets in, some heat must get out 

 To produce work, it is not sufficient to have heat. Cold is also needed 

Entropy can not be destroyed 

(Entropy measures the disorder of a system, but we don’t care here) 

Engine Heat pump Fridge 

Over a cycle : 
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A brief history of thermodynamics 
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From thermodynamics to statistical physics 
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PHY555 Energy and environment 

PHY558B Photovoltaïcs Solar Energy 

PHY563 Material science for energy 

PHY589 Laboratory course in photovoltaic 

Mass d Tc 

Air 10-25 kg  10-8 m 10-3 K 

Material 10-30 kg 10-10 m 105 K 

Nucleus 10-27 kg 10-15 m 1012 K 

From statistical physics to quantum mechanics 

https://synapses.polytechnique.fr/catalogue/2018-2019/ue/597/PHY555-energy-and-environment
https://synapses.polytechnique.fr/catalogue/2018-2019/ue/766/PHY558B-photovoltaics-solar-energy
https://synapses.polytechnique.fr/catalogue/2018-2019/ue/805/PHY563-material-science-for-energy-conversion-and-storage
https://synapses.polytechnique.fr/catalogue/2018-2019/ue/622/PHY589-laboratory-course-in-photovoltaic
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1. Wavefunction 

Classical mechanics Quantum mechanics 

𝜓 𝒓, 𝑡 2𝑑3𝒓 = probability to find the particle  
 in a volume 𝑑3𝒓 around position r at time t. 

Position at all times r(t) Wavefunction 𝜓 𝒓, 𝑡 ∈ ℂ 

(not obvious at all !) 
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2. Operators 

Momentum 𝒑 𝑡 =
𝑑𝒓

𝑑𝑡
 

Energy E =
𝑝2

2𝑚
+ 𝑉(𝑟) 

Momentum  𝒑 = −𝑖ℏ𝜵 

Hamiltonian 

Classical mechanics Quantum mechanics 

Position at all times r(t) Wavefunction 𝜓 𝒓, 𝑡 ∈ ℂ 

Quantities Operators 
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2. Operators – spectral theorem 

Operators have eigenfunctions 

Eigenfunctions form a basis for wavefunctions 
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3. Measurements 

Classical mechanics Quantum mechanics 

Position at all times r(t) Wavefunction 𝜓 𝒓, 𝑡 ∈ ℂ 

Quantities Operators 

Value of the  
corresponding quantity 

Single measurement -> one eigen value 
Several measurements -> weighted average 

Single measurement: 

Average value: 



15 

4. Time evolution  

Classical mechanics Quantum mechanics 

Position at all times r(t) Wavefunction 𝜓 𝒓, 𝑡 ∈ ℂ 

Quantities Operators 

Value of the  
corresponding quantity 

Single measurement → one eigen value 
Several measurements → weighted average 

Newton’s 2nd law Schrodinger equation 
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4. Time evolution – putting it all together 

Schrodinger equation 

Spectral theorem 

Calculus 101 

Time evolution = dephasing 

Initial state 

Final state 
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1. Eigen-elements 
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It’s a trap ! 

Flat well Harmonic trap Coulomb potential 

Confinement → discrete energy levels 
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Application to energy issues 

Nucleus 

Atom 

Quantum dot 

n=1 

n=2 

n=3 

n=1 

n=2 
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2. Quantum rules (1) 
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2. Quantum rules (1) 



2. Quantum rules (2) 



2. Quantum rules (2) 

L 

0 t 

<x> 
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2. Quantum rules (3) 



2. Quantum rules (3) 
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STEEM Refresher 1 

Confinement → discrete energy levels 

Coupling → lift degeneracy 


