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Topics

2

Summary

Monday: Special relativity II
- Length contraction
- Lorentz transformations
- Relativistic momentum and energy

Today: Quantum Mechanics
- Heisenberg uncertainty equation
- Particles and waves
- Schrödinger equation

Announcements Wednesday December 6: Problem Set 9 due
Tuesday December 13: Final exam 9 am to 12 midday

See  https://openstax.org/books/college-physics-2e/ chapter 29 and 
https://openstax.org/details/books/university-physics-volume-3 chapters 6 & 7

https://openstax.org/books/college-physics-2e/
https://openstax.org/details/books/university-physics-volume-3


Scales
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Particle-wave duality
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The properties of quantum systems depend on how we observe them
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Example: Calculate your de Broglie wavelength, assuming a speed of 1 m/s.



Wave-particle duality
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The properties of quantum systems depend on how we observe them



Heisenberg Uncertainty Principle
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Wave nature of particles leads to inherent and irreducible uncertainties

Particle trajectories and destinations cannot be predicted precisely, even though 
each particle goes to a definite place

With repeated measurements, we can build up a probability distribution

Trying to measure a particle’s position can change its momentum!



Schrödinger equation
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Describes how the wavefunction of a system evolves in time

Wavefunction interpreted as 

probability of finding a particle at a specific position at a specific time

Can only be solved exactly for a limited number of systems

- Wikipedia lists 29 
https://en.wikipedia.org/wiki/List_of_quantum-mechanical_systems_with_analytical_solutions

https://en.wikipedia.org/wiki/List_of_quantum-mechanical_systems_with_analytical_solutions


Summary
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Measurement affects the system being observed

Wave-particle duality occurs for quantum systems

- electrons & photons sometimes behave as waves and sometimes as particles

Energy is quantised

Simultaneous measurements of different quantities is not always possible

Wavefunctions (squared) give probability of finding a particle at a specific position

- obtained by solving the Schrödinger equation



Quick quiz
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Instructions: This quiz is for your own learning. There are three questions and each 
question has two columns. Write your own solution, without reference to your 
notes, the textbook, or your neighbour, in the first column. Once you have tried to 
answer all the questions, discuss the questions with a neighbour and fill in any 
incomplete answers in the second column. Keep your sheet for future reference.



Topics
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Summary

Today: Quantum mechanics
- Heisenberg uncertainty equation
- Particles and waves
- Schrödinger equation

Tomorrow and Friday: Review

Announcements Wednesday December 6: Problem Set 9 due
Tuesday December 13: Final exam 9 am to 12 midday










