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Course syllabus

e Weeks 1-6 (Basics) give everyone a common vocabulary by adapting the clear, bite-sized notebooks from
the Virtual Python Programming site.

e Weeks 7-12 (Advanced) numerical and software-engineering tools that modern research physicists
actually use. Optional topics: object-oriented, debuggable, data-driven codebases.

Week 1 — Introduction: Python + Jupyter Basics

e what a programming language is, how source code becomes machine code, and why Python is
popular for scientists.

e Installing Python (Anaconda 3.11) and setting up Jupyter Lab / PyCharm.

e Fundamental data-types: int, float, bool, str; arithmetic, floor-division //, modulo %, exponent **,

e Variables & assignment, memory model, using Python Tutor to visualise state.

e Comparisons and Boolean operators (and / or / not).

e Strings: concatenation, indexing & slicing, immutability, key string methods (upper, find, replace ...).

Week 2 — Functions & Conditionals

e Functions (A): why we encapsulate code; syntax of def, parameters vs. return; built-in helpers (len,
print).

e \Writing reusable helpers (e.g. circumference, max2).

e Conditionals: if, if-else, chained elif, nested decisions; logical operators inside tests.

e Practical flow-charts and small decision-making exercises (hat / coat / umbrella, triangle classifier,
etc.).

Week 3 — Lists, Ranges & Loops

e Creating and manipulating lists; indexing, slicing, built-in fns (len, sum, sorted).
e  Mutability, list methods (append, remove, pop, sort), nested lists.

e range objects and numeric sequences.

e Loops: for over iterables and range; while; loop control (break, continue).

e Nested loops, factorial example, quick intro to algorithmic complexity & timing.

Week 4 — Names, Scope & Functions (B)

e References vs. values: how assignment behaves for mutable and immutable objects.

e More on tuples vs. lists, and pointer aliasing pitfalls.

e Scope rules: formal vs. actual parameters, local vs. global variables.

e Returning information: return, mutating a passed-in mutable, or (discouraged) globals.
e Functions calling other functions; code modularity.

e Default and keyword arguments; higher-order functions & lambda expressions.

Week 5 — Data-Structures Deep-Dive

e Tuples —fixed-length, immutable sequences.

e Dictionaries (dict): key—value access, requirements on keys, common methods (get, keys, items,
update), dynamic dictionary views.

e Worked example: character-frequency counter with sorted output.

e Lists, part B: list comprehensions (optional filter + conditional expression) for concise list creation.



Week 6 — Working with Text Files

e Review of modern string-formatting (str.format, f-strings) and numeric precision specifiers.

e Files vs. folders; absolute vs. relative paths; Windows back-slash caveats.

e open(path, mode) with 'r', 'W', 'a’; reading: read, readline, readlines, iteration; writing with write.
e Cleaning text: split, strip, rstrip, Istrip.

e The with ... as context-manager for automatic close().

e End-to-end examples: word-frequency printer, writing a list of squares to a file.

Week 7 — NumPy I: Arrays & Vectorization

e Creating ndarrays from lists, generators, or files; dtypes and type coercion
e Elementwise arithmetic, slicing, views vs. copies, broadcasting rules
e Timing vectorized operations versus pure-Python loops

Week 8 — NumPy IlI: Linear Algebra & Random Numbers

e Matrix and vector operations with numpy.linalg (solve, eig, SVD)
e Structured arrays and memory layout tips (order, strides)
e  Modern random-number APl (numpy.random.Generator), reproducible streams, statistical sampling

Week 9 — SciPy & Matplotlib

e ODE solving (solve_ivp), root-finding, optimization, FFT fundamentals
e Basic and advanced figure layout, annotations, exporting to high-resolution formats
e Best practices for reproducible plotting scripts (style cyclers, tight-layout, labels)

Week 10 — Pandas for Data Analysis

e Series vs. DataFrame anatomy, indexing, Boolean masking
e groupby aggregation, joins/merge for heterogeneous datasets
e Time-series resampling and rolling statistics; efficient |0 (CSV, Parquet, HDF5)

Week 11 — Object-Oriented Programming for Simulations

e Classes, __init__, encapsulation, properties, dunder methods for operator overloading
e Inheritance vs. composition; designing Particle, ForceField, Integrator hierarchies
e Packaging a small library (directory structure, __init__.py, setup.cfg) for reuse or publication

Week 12 — Unit Testing & Quality Assurance

e Test-Driven Development workflow and the value of small, isolated tests
e pytest syntax: test discovery, assertions, parametrization, fixtures
e Measuring coverage, mocking expensive dependencies, basic Cl concepts (GitHub Actions exemplar)
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