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Abstract

In this course, we will learn a variety of techniques for solving problems in physics. The idea
will be to learn to solve problems by first developing concrete strategies and then putting these
strategies into use by working through a variety of problems. The nature of these problems will
range from basic problems in tabletop physics to the deepest conceptual problems of science.
We will aim to provide you with some of the basic tools you will need to get through the more
focused courses later in the year using a variety of creative and engaging classroom techniques.

The course will start by outlining basic problem solving strategies that we will apply to
standard textbook problems in Newtonian mechanics. We will then develop critical thinking
and argumentation skills by studying the conceptual foundations of space and time. Towards
this end, we will have a debate on the foundational principles that defined the Newtonian
revolution. Finally, we will study and critically assess the basic ingredients of relativity theory
combining the technical and conceptual toolkits developed in the first two sections of the course.
The evaluation for the course will consistent of regular worksheets performed in class with the
help of the lecturer and the tutors, individual assignments, contributions to the debate, and a
final exam. The main goal of this course is to get you to think and to work together to solve
hard problems that require innovative and creative solutions. Remember: it’s the process, not
the answer, that is important!

1 Professor Info

Name: Sean Gryb
Background: Theoretical Physics: Quantum Gravity
Institute: Radboud University, The Netherlands
email: sean.gryb@gmail.com

2 Course Website

For the most up-to-date information regarding this course including links to PDFs for all the
Worksheets and Assignments, please visit regularly the course website:

http://hef.ru.nl/~sgryb/teaching/PPS_2016/PPS_2016.html

3 Evaluation (Tentative)

• Worksheets (∼ 12) – 40%

• Assignments (2) – 20%

• Debate – 15%

• Exam – 25%
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4 Worksheets (40%)

There will be regular worksheets to be handed in the following day in class. Please note:

• Worksheets will be evaluated as PASS/FAIL. (This means that you will receive 100% if
you hand in the assignment and 0% if you don’t.)

• There will be time to work on the worksheets during class.

• We will give a brief solution in class.

• You can work in groups, but...

• You must submit your own solution (in your own words).

5 Assignments (20%)

There will be two Assignments worth 10% each.

1. Classical Mechanics, and

2. Relativity.

These assignments will be handed out in class and must be submitted by the assigned due date.
Like the worksheets, you may work in groups but you must submit your own assignment written
in your own words.

6 Debate (15%)

Each student will be required to participate in a debate on the foundations of classical mechan-
ics. There will be a debate in French and English. More details will be provided shortly.

7 Exam (25%)

The exam will be in class and written and will be worth 25%. See course website for further
details.

8 Outline (Tentative)

NOTE: This outline is tentative and subject to change.

• Week 1: Basic Problem Solving in Classical Mechanics
The objective is to develop problem solving techniques that are both general and powerful.
We will apply these techniques to problems in Classical Mechanics.

– Lecture 1: General intro, guide to problem solving, Newton’s Laws and Free Body
Diagrams (FBDs).
Handout: Course Outline, Guide to Problem Solving
Worksheet 1.1: Simple Force Problem

– Lecture 2: Pulley Problems and Centre Of Mass (COM)
Handout: Free Body Diagrams
Worksheet 1.2: Pulley Problems and COM

– Lecture 3: Conservation Laws
Worksheet 1.3: Conservation of linear momentum and energy

– Lecture 4: Conservation of angular momentum
Worksheet 1.4: Ladder and rotation problems
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– Lecture 5: Lagrangians and generalized momenta
Worksheet 1.5 The Euler–Lagrange equations

• Week 2: Foundations of Classical Mechanics
We will develop abstract thinking through studying the key foundational principles behind
classical physics.

– Lecture 1: Leibnitz, Newton’s bucket and Mach
Handout: List of Principles
Worksheet 2.1: Reading

– Lecture 2: Change and Symmetry: Quantifying Mach
Worksheet 2.2: How much has changed?

– Lecture 3: Best Matching: Linear Constraints (and Newton’s bucket)
Worksheet 2.3: Momentum Constraints and Newton’s Bucket

– Lecture 4: Newton’s Law and Mach’s 2nd Principle, prep for debate

– Lecture 5: Debate: Newton versus Leibnitz

• Week 3: Relativity
The objective is to push our ability to think abstractly by questioning the very notion of
what it means for two events to happen at the “same time.”

– Lecture 1: Michelson–Morley Experiment and Lorentz Contraction
Handout: Poincaré
Worksheet 3.1: Lorentz Contraction

– Lecture 2: Einstein’s Principles, Time dilatation, Lorentz Transformations
Worksheet 3.2: Light clock
Assignment: Watch movie

– Lecture 3: Lorentz Transformations (continued), length contraction (recap)
Worksheet 3.3: Length Contraction
Worksheet 3.4: Reading of Einstein

– Lecture 4: Snake Problem, Twin’s Paradox
Worksheet 3.5: Snake Problem
Worksheet 3.6: (tentative) Twin’s Paradox

– Lecture 5: Exam (Details to come)
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