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Background and context (1) 

• One of Group of Eight 
• Research-intensive 
• Faculties and Research Schools (Department of Physics 

and RSPE) 
• Approx 150 physics academics 
• Approx 150 PhD students 
 
 



Background and context (2) 

• Three year BSc 
• Majors (and minors) 
• Honours year as pathway to PhD 
• Elite (UAI 82+) 
• Elite degrees: PhB and BSc (Advanced) 
 

Level 1 Level 2 Level 3 Level 4 

100 (+150) 60-70 30-40 15-20 

20 15 10 10 



Degree structure 
Advanced 
Physics 1 

Advanced 
Physics 2 

Quantum 
Mechanics 

Statistical 
Mechanics 

Electromagnetism 
 

Waves and Optics 
 

Nuclear Physics 
 

Theoretical 
Physics 

Condensed Matter 
Physics 

Fluid Physics 
 

Physics of the 
Earth 

Advanced 
Theoretical Physics 

Particle Physics 
Plasma Physics 

Research Projects 
 

Computational 
Physics 

Atomic Physics 
 

Optical Physics 
 

Photonics 
 

Research Projects 
 



Major and minor learning goals 
Students who complete the Physics major will be able to: 

• … 

• Use mathematical, computational and experimental skills to 
solve conceptual and quantitative problems in physics. 

• Demonstrate skills including: equipment familiarity, data 
gathering, record keeping, data analysis, dealing with 
uncertainty, experiment design, and comparison with theory. 

• … 

• Be both creative and rigorous in the design and construction 
of scientific investigations of physical systems. 

• … 



Process (1): articulating desired 
learning 

Level 1 
• Plot 1D/2D/3D graphs (functions) 

• Plot data with error bars 

• Basic statistical analysis of data: 
averaging, standard errors, lines of best 
fit 

• Solve systems of algebraic equations 
(analytically and numerically); root 
finding 

• Perform integrals (analytically and 
numerically) 

• Solve ordinary differential equations 
(analytically and numerically) 

 



Process (1): articulating desired 
learning 

Level 2 
• Calculate quantities using linear 

algebra 

• Iteration 

• Visualise high dimensional data 

• Write simple algorithms 

• Input/output of datasets 



Process (1): articulating desired 
learning 

Level 3 
• Solve partial differential equations 

• Confidence with new packages, 
unix 

• Produce (computational) models 
from physical problems 



Process (2): he who shouts loudest … 



Process (3): implementation 

Level 1 
• Labs 
• Homework 
Level 2 
• Labs 
• Homework, course extensions 
• Linux  
Level 3 
• Mini-projects 









Level 1 revised: excel in the lab 

• Dark energy lab 

– Manipulating and plotting data in excel 

– Basic modelling 

 



Level 1 revised: python in the lab 

• Quantum cryptography (real data) 

– Importing data 

– Plotting 

– Modifying templates 

• Higgs boson (fake data) 

– Importing data 

– Plotting 

– Handling arrays 

– Analysing data 

 



Level 1: coursework 
• Electrostics 

– Editing a 
template 

 

 

• Local magnetic 
fields 

– More 
importing, 
plotting and 
analysing 

– Editing a 
template 

 



Level 2: Chaos lab 



Level 2: Chaos lab 





Level 2: Racing robots with LabView 



Level 2: Coursework 
• Quantum Mechanics 

– Plotting electron probability density distributions (infinite 
cuboid well) 

– Animating time-dependent states (ISW, HO) 

– Wave packets and Fourier transforms 

• Electromagnetism 

– Calculating grads and curls 

– Plotting surfaces and field lines, e.g. 



Level 2: coursework extension 
activities 



Level 3: coursework 

• Theoretical physics computation project 

– Double pendulum or Duffing oscillator 

– Describe the system 

 

 

 

 

– Design ways to check numerical results 

– Identify key influencing parameters 


