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SCI PHYS 301 Advanced Physics 

 

spring 2020 

 

 

Classroom no:  tba 

Class times:   Tuesday 8:45–10:45 & Friday 13:45 – 15:45 

 

Instructor: (title, name)  Dr. L. de Wit 

Email:    l.dewit@ucr.nl 

Tel:  

Office no. & location: Eleanor 2.08 

Office hours:   by appointment 

 

 
 

I. Track information 

a) Prerequisites for this course:  

SCI 221 Electromagnetism OR SCI 222 Physical Chemistry 

b) This course serves as prerequisite for:  

None 

c) Other courses which are relevant to this course – e.g. as part of a minor: 

Courses in the mathematics and computer science track 

 

For further information about the track, please see the track document available on the UCR 

intranet. 

 

 

II. Course description 

 

This course builds on the concepts of earlier physics courses. At the 100- and 200-level the 

subjects of electromagnetism, thermodynamics and quantum physics have been covered in 

some detail. This course will cover some principles and methods at a higher abstraction level 

which will demonstrate some relations between these fields. As a result, the treatment will be 

fairly mathematical. 

 

The starting point of the course is a rigorous treatment of classical mechanics. Among the 

applications will be central forces, oscillating systems and rotating bodies. Also the Lagrangian 

formalism – including the principle of least action – will be emphasized. 

As in any physics course, students will spend much time working through homework problems. 

But in this course there will be an added emphasis on independent study. Throughout the 

semester students will study articles from various physics journals. They will research topics 

not covered in class, and report their findings in a written paper and presentation in class.  
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III.  Study Load  

This course earns students four credits (equivalent to 7.5 ECTS). The class meets twice a week 

for two hours. Preparation time is approximately 10 hours per week.   

 

 

IV. Course materials 

a) Required books and literature: 

The textbook for the course is Introduction to Classical Mechanics, by David 

Morin 

b) Recommended books and literature: 

Depending on the nature of the individual project, students will be required to 

search out appropriate literature themselves. The instructor may point out some 

specific literature for individual students to use. 

c) Other materials: 

The lecture notes “Classical Mechanics derived from the Principle of Least 
Action” by L. de Wit will be published on Moodle 

 

 

V. Course organization and requirements 

 

Each week there will be two classroom meetings. During these sessions we will: 

- review the essential parts of theory 

- work on problems to build understanding 

- focus on some technical details that turn out the most difficult for the participants 

- discuss feedback on assignments to give students a feel for how well they understand 

the material. 

- Work on student’s paper project. In addition to feedback from the instructor, 

students will use peer review each other’s work several times. 

 

Class attendance is mandatory. If you can’t make it, email the instructor in advance. Repeated 

absences may lead to the deduction of grades (section 6.2 of the academic rules and 

procedures). It will always be possible to make appointments outside regular class hours for 

extra help on whatever subject. 

 

For any announcements of the instructor, the Moodle course environment functions as the 

official channel of communication. Please check the Moodle regularly so you don’t miss 

important information. 

 

This course is subject to UCR academic rules and procedures. Both students and instructors 

are required to know and follow these rules and procedures. 
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VI. Assessment 

 

In this course, the following assessments contribute to your final grade: 

 30%  Homework 

Three sets, each counting for 10% 

30%  Exams  

Two exams, each counting for 15% 

40%  Paper Project 
   5% Starter Assignment 

5% Peer review 

20% Final paper (with a Mathematica notebook as appendix) 

10% Paper presentation  

 

For each assignment you receive a score between 0–100. The final grade for the course is the 

weighted average of all your scores. This weighed average will then be converted into a letter 

grade using the table in section 3.1.1 of the student handbook. 

 

The nature of the assessments is as follows: 

 

Homework  

During the semester you will receive three sets of homework problems. Each set needs to be 

handed in on during the Friday-class in the weeks indicated on the course schedule. Every 

homework problem will be graded by the instructor. In cases where you can’t completely solve 

a problem – please indicate where and why you got stuck. This enables the instructor to award 

you points for incomplete solutions! 

 

Exams 

Two sit-down exams will be scheduled, the first before the mid-term break, the second one 

near the end of the semester. Each exam focuses on the material that is covered in the 

proceeding period (though of course all material that has been covered prior to the exam will 

have to be understood). The type and difficulty of the exam questions is similar to the 

homework assignments. 

 

Paper Project 

In this course, you will write a paper for the American Journal of Physics. At the very beginning 

of the semester, every student receives a paper from the journal. After proper ‘digestion’ of 

this paper, every student writes a paper him/herself along the lines of the original paper, but 

with some added content. The paper should be in the student’s own words, correct in content 

and format, but need not be (and probably won’t be!) original enough for actual publication.  

 

The first step will be to read the paper in detail, and demonstrate understanding of the material 

by completing the Starter Assignment. You will first hand in a draft, on which you will receive 

feedback from the instructor After you hand in the final version of the Starter Assignment, you 

will again receive feedback from the instructor. The next step is to write a draft paper that will 

again be peer reviewed by your fellow students – using the regular Reviewer Forms used by the 

American Journal of Physics. You finally will create your final paper using (Overleaf) LateX. 
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After you have handed in the final version of your paper, you will be asked to present the work 

in the class room (approx. 15 minutes presentation, 10 minutes Q&A). 

 

Criteria for the assessment of the paper project are: 

 

Starter Assignment 
• Write down unfamiliar technical terms, abbreviations, graphs and symbols used in the paper, and 

make a list of definitions 

• Study all mathematical formulas, and make sure you understand their origin. Explicitly show how 

subsequent formulas are derived from previous ones. 

• Find a textbook or journal article that covers similar material 

• Suggest some changes and/or additions you can make to the paper, and provide evidence that 

you understand this new material. 

 

Peer Review 

• Fill in the complete AJP Reviewer Report Form for the papers assigned to you 

• Upon request, give further (oral) explanations of your comments 

• Give the feedback in a professional manner and certainly ON TIME 

 
Final Paper 

• Format is conform guidelines from AIP (American Institute of Physics) style manual 

• Physics content, including formulas and graphs, is correct 

• Suggested changes as planned in Starter Assignment are correctly implemented 

• Paper is written in clear and correct English, arguments are presented in a logical and 

methodological way 

• Originality and level of paper 

 

Mathematica appendix 
• Reproduce the key calculations from your paper 

• Include clear graphs or tables to communicate your results 

• At all stages, include text to identify and describe your calculations 

• Ensure the notebook can be read independently from the paper 

 

Paper Presentation 

• Correct explanation of key concepts 

• Include at least one visual which clarifies methodology and/or shows relationship 
between result(s) 

• Interaction with audience during presentation 

• Answering of questions from the audience 
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VII. Course schedule  

 

Week nr) 

and dates 
Topics to be discussed Course material 

used 
Assignments and 
assessment 

1)  Jan 28 & 

31 

Statics: cancelling forces and 

computational techniques 

Morin chapters 1 & 

2 

 

2)  Feb 4 & 

7 

Dynamics: F=ma, using 

Mathematica 

Morin chapter 3   

3)  Feb 11 & 

14 

Energy and momentum Morin chapter 5 * Hand in draft Starter 

Assignment 

4)  Feb 18 & 

21 

Central forces Morin chapter 7  

5)  Feb 25 & 

28 

Angular momentum, part I Morin chapter 8 * Hand in final Starter 

Assignment 

6)  Mar 3 & 

6 

Angular momentum, part II Morin chapter 9 * Hand in Homework 

Set 1 

7)  Mar 10 

& 13 

Review  * Sit Exam 1 

8)  Mar 17 

& 20 

Angular momentum, part II & 

Accelerating frame of reference 

Morin chapter 9 & 

10 

* Hand in Draft Paper 

Spring break    

9)  Mar 31 

& Apr 3 

Accelerating frame of reference Morin chapter 10  

10)  Apr 7 

(only) 

Principles of least action Handout 

 

* Submit Peer Review 

Report 

11)  Apr 14 

& 17 

Lagrangian method 

 

Handout &  

Morin chapter 6 

* Hand in Homework 

Set 2 

12)  Apr 21 

& 24 

Harmonic motion, coupled 

harmonic oscillators 

(Langrangian method) 

Morin chapter 4 * Hand in Final Paper 

13)  Apr 28 

& May 1 

Rotational mechanics 

(Lagrangian method) 

Morin chapters 8 & 

9 

* Hand in Homework 

Set 3 

14)  May 8 

(only) 

Final topics, Review 

Student presentations 

 * Present paper  

 

15)  May 15 

& 17 

Review, 

Student presentations 

 * Present paper  

* Sit Exam 2 
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VIII. Student learning outcomes 
 
Teaching activities week 1 

- Show principles of dimensional analysis 

- Demonstrate that for non-moving (static) situations, the constraint ∑F=0 allows you to 
compute unknown parameters 

Student Learning Outcomes 

- Apply dimensional analysis to determine exponentials in formulas 

- Determine strength of a force, and determine its components. 

- Solve various problems  
 
Teaching activities week 2 

- Apply Newton’s second law F=ma to derive equations of motions. 

- Demonstrate solution of (differential) equations of motion, in particular separation of 
variables 

- Define static and kinetic friction 

- Discuss examples of velocity-dependent friction forces 
Student Learning outcomes 

- Derive equation of motion for standard situations 

- Solve differential equations of motion for various situations; especially cases where the 
equations can be expressed in terms of velocity and time only. 

 
Teaching activities week 3 

- Explain concept of work and potential (for a conservative force!) 

- Show that time derivative of T+V=E yields F-ma=0 

- Show that for one-dimensional motion, conservation of energy leads to differential 
equation of motion. 

- Discuss conservation of momentum in isolated systems, in particular for collisions. 

- Consider collisions in different coordinate systems 
Student Learning outcomes 

- Construct expressions for T and V for various mechanical system. 

- Using the conservation of energy law, solve for unknown parameter 

- Energy is not always conserved in collisions, only in elastic ones 

- Solve for unknown parameters in collisions using conservation of momentum and 
(sometimes) energy 

 
Teaching activities week 4 

- Derive the equation for an ellipse in polar coordinates 

- Find the equations of motion for central force problems, and demonstrate that the 
solution represent an ellipse, a parabola or a hyperbola. Derive Kepler’s laws. 
Demonstrate that the total energy of the orbiting object determines the shape of the 
orbit. 

Student Learning Outcomes 

- Given a specific orbit (in polar coordinates) in a central force field, derive the r-
dependence of the fore law. 
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- Given initial conditions like position and velocity, determine the parameters of the 
resulting orbit (or the other way around) 

 
Teaching activities week 5 

- Introduce concepts of angular velocity, angular momentum and torque 

- Show that an origin (or pivot point) must be chosen to compute angular momentum and 
torque. 

- Demonstrate how to compute a moment of inertia by integrating over the area of the 
object 

- Find equation of motion of rolling objects by using the Newtonian method 
Student Learning Outcomes 

- Compute moment of inertia of a one-dimensional object 

- Use torque = inertia x alpha to determine equation of motions 
 
Teaching activities week 6 

- Show that for the general motion of a rigid body, the energy and angular momentum can 
be decomposed in two parts: motion of the center of mass, and a rotation of the body 
around its own center of mass. 

- Discuss example of falling yoyo  

- Derive the concept of an inertia tensor 

- Show that for a symmetric object the inertia tensor is diagonal, introduce the concept of 
principal axes. 

Student Learning Outcomes 

- Find equations of motion for simple rotating motions 

- Realize that an inertia tensor depends on the choice of coordinate system 

- Computer the inertia system for a simple object (in particular for objects constructed out 
of point masses) 

 
Teaching activities week 7 

- Review material  
Student Learning Outcomes 

- apply concepts learned so far  
 
Teaching activities week 8 

- How to determine what quantities (p, L, E) are conserved in a particular collision 
between rotating objects 

- Using conservation laws in collision between rotating objects, solve for some unknown 
parameter(s) 

- Comparing time-derivatives of vectors in a stationary and a rotating coordinate system: 

A
dt

Ad

dt

Ad
+= 

'
 

- How does a rigid object move immediately following a sudden blow 
Student Learning Outcomes 

- Solve for parameters in collisions 

- Determine velocities of different points in an object following a blow. 
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SPRING BREAK 
 
 
Teaching activities week 9 

- Explain origin of fictitious forces 

- Derive formulas for centrifugal force, Coriolis force, azimuthal force 

- Discuss examples of projectile motion etc on a rotating earth. 
Student Learning Outcomes 

- In a given situation, identify what fictitious forces are at work. 

- Solve equations of motion for simple (homework) problems. 
 
Teaching activities week 10 

- Define Lagrangian and action integral, and compute these for simple cases 

- Use Mathematica to compute action integrals for slightly more difficult cases 

- Introduce concept of a variation, and see that ‘correct’ position functions plus a ε-
variation leads to an action proportional to ε2. 

- Using the calculus of variation, show how the Euler-Langrange equations can be derived. 
Student Learning Outcomes 

- During class (in a computer room) students do Mathematica examples from handout 

- Determine Lagrangian and compute action integral (using Mathematica) for simple cases. 

- Given a position function that includes some parameters, determine what values of these 
parameters minimize the action 

 
Teaching activities week 11 

- Show how for some simple systems Lagrange´s equations of motion are derived and 
how they are solved 

- Explain use of generalized coordinates 

- Examples include (combinations of) Atwood’s machines, inclined planes, springs and 
pendulums. 

Student Learning Outcomes 

- Derive equations of motions for various mechanical systems 
 
Teaching activities week 12 

- Derive differential equations using Hook’s law and linear velocity friction force. 

- Show general solution of damped and forced harmonic oscillator (illustrate with a live 
Mathematica notebook) 

- Show simple example of coupled linear oscillators, in which normal modes can be found 
by sampling adding and subtracting the two differential equations.  

- Finding the Lagrangians for various sets of coupled oscillators. Solve for the equations 
of motions and determine the normal frequencies of the nodes (‘using the determinant-
method’) 

Learning outcomes 

- Regain familiarity with solving second order differential equations with constant 
coefficients. 

- Construct Lagrangians for coupled oscillators 
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- Compute positions, velocities, periods etcetera for specific oscillators in specific 
situations 

- Recognize that a differential equation x’’=-c2x represents a harmonic oscillation with 
angular frequency c 

 
Teaching activities week 13 

- Derive Kinetic Energy terms for rotational motion by combining translational and 
rotational terms 

- Construct Lagrangians for various systems, and solve for equations of motion 

- Derive equations of motions for some systems using both Newtonian and Lagrangian 
methods - compare 

Student Learning Outcomes 

- Construct Lagrangians for simple (homework) problems, and solve for equations of 
motion 

 
Teaching activities week 14 

- Review material  
Student Learning Outcomes 

- Apply concepts learned so far  
 
Teaching activities week 15 

- Review material 
Student Learning Outcomes 

- apply concepts learned so far 
 

 

 

IX. Appendices 

 

All additional documents will be placed on the course´s Moodle. 


