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COURSE NUMBER: PHYS 2301	COURSE TITLE: Dynamics of Particles and
Waves II

CREDITS:	4

CLASS HOURS PER WEEK: 4 hours lecture

PRE-REQUISITES: PHYS 2300, MATH 2153
CO-REQUISITES: None


COURSE DESCRIPTION:

This course covers rigid body motion; non inertial systems and fictitious forces, central force motion, the special theory of relativity, relativistic mechanics; and relativistic momentum and energy.

COURSE LEARNING OUTCOMES:

1. Angular momentum: Students will be able to analyze the form of general motion concerning rotation and apply it with Euler’s equation to study and solve problems related to free and heavy symmetric tops
2. Accelerating Frames of Reference: Students will be able to relate different coordinate frames and use them to derive centrifugal and Coriolis forces.
3. 4-Vectors: Students will be able to define 4-vectors and describe their properties in the context of energy, momentum, force, and acceleration
4. Relativity (Kinematics): Students will be able to describe the motivation behind the theory of relativity and apply Lorentz transformations and use velocity addition to solve problems related to the Doppler effect.
5. Relativity (Dynamics): Students will be able to apply the principle of relativity to energy and momentum and solve problems on collisions, decays and forces in one and two dimensions.
6. General Relativity: Students will be able to explain the equivalence principle, and time dilation, and use them to solve problems in the context of a uniformly accelerating frame.
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OTM LEARNING OUTCOMES:
Not applicable

TAG LEARNING OUTCOMES:
Not applicable


COURSE MATERIALS:
· Introduction to Classical Mechanics, D. Morin, Cambridge University Press
· Basic Training in Mathematics, R. Shankar, Springer
· Mathematica (Wolfram)
· STEM Fluency (website) https://cscc.student.stemfluency.org/


STANDARDS AND METHODS FOR EVALUATION:
12 problem sets, two midterms and one final exam.

10% participation, 20% homework, and 70% Exams.
The course grade cutoffs are A – 90%, B – 80%, C – 70%, D – 60%. Anything below 60% is an E or EN.


SPECIAL COURSE REQUIREMENTS:
Steady work is needed to keep up with and master the material, plan on at least 8 hours of work at home each week. Bring a laptop or tablet to class every day for using Mathematica, as well as pencil and scratch paper (or tablet) for individual and team exercises.

COLLEGE SYLLABUS STATEMENTS

Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at www.cscc.edu/syllabus or on the College website Quick Links “Syllabus Statements”.

UNITS OF INSTRUCTION, OUTCOMES AND ASSESSMENT ALIGNMENT

Week 1
· Unit of Instruction: Angular momentum
· Course Learning Outcomes: Students will be able to analyze the angular momentum of planar and nonplanar objects moving in a plane, calculate centers of mass and moments of inertia, as well as apply the parallel-axis theorem.
· Assessment Methods: Problem set 1 (Chapter 8)


Week 2
· Unit of Instruction: Angular momentum
· Course Learning Outcomes: Students will be able calculate torques about fixed and nonfixed origins, predict the outcomes of collisions involving rotation and determine angular impulses.
· Assessment Methods: Problem set 2 (Chapter 8)

Week 3
· Unit of Instruction: Inertia tensor
· Course Learning Outcomes: Students will be able to determine the velocity of a particle from its angular velocity, calculate inertia tensors and determine principal axes from them, and use these techniques and concepts to solve problems involving angular impulses and rotation frequencies.
· Assessment Methods: Problem Set 3 (Chapter 9)

Week 4
· Unit of Instruction: Euler's equations, tops
· Course Learning Outcomes: Students will be able to describe general rotations in terms of Euler’s angles and equations, applying them to solve problems related to free and heavy symmetric tops, including precession and nutation.
· Assessment Methods: Problem Set 4 (Chapter 9)

Week 5
· Unit of Instruction: Accelerating frames
· Course Learning Outcomes: Students will be able to relate different coordinate frames and use them to derive centrifugal and Coriolis forces.
· Assessment Methods: Midterm 1 (Chapters 8-9)

Week 6
· Unit of Instruction: Tides
· Course Learning Outcomes: Students will be able to explain the origin of tidal forces and their relation to the fictitious forces arising in rotation.
· Assessment Methods: Problem Set 5 (Chapter 10)

Week 7
· Unit of Instruction: Lorentz transform
· Course Learning Outcomes: Students will be able to explain the postulates of special relativity and calculate their consequences, including time dilation and length contraction, in terms of the Lorentz transform.
· Assessment Methods: Problem Set 6 (Chapter 11)

Week 8
· Unit of Instruction: Velocity and rapidity
· Course Learning Outcomes: Students will be able to add relativistic velocities; calculate the interval and demonstrate its invariance; create and interpret Minkowski spacetime diagrams; calculate relativistic frequency shifts due to the Doppler effect; calculate relativistic rapidity.
· Assessment Methods: Problem Set 7 (Chapter 11)

Week 9
· Unit of Instruction: Relativistic energy & momentum
· Course Learning Outcomes: Students will be able to analyze subatomic collisions and decays in terms of relativistic energy and momentum, in SI and particle units.
· Assessment Methods: Problem Set 8 (Chapter 12)

Week 10
· Unit of Instruction: Relativistic forces
· Course Learning Outcomes: Students will be able to solve problems and make predictions involving relativistic rocket motion and relativistic strings in terms of forces in one and two dimensions.
· Assessment Methods: Midterm 2 (Chapters 10-11)

Week 11
· Unit of Instruction: 4-vectors
· Course Learning Outcomes: Students will be able to define 4-vectors for velocity, energy, acceleration, and forces.
· Assessment Methods: Problem Set 9 (Chapters 12-13)

Week 12
· Unit of Instruction: 4-vectors
· Course Learning Outcomes: Student will be able to perform calculations with 4-vectors and demonstrate their fundamental properties.
· Assessment Methods: Problem Set 10 (Chapter 13)

Week 13
· Unit of Instruction: Equivalence principle
· Course Learning Outcomes: Students will be able to explain the equivalence principle and analyze time dilation in its light.
· Assessment Methods: Problem Set 11 (Chapter 14)

Week 14
· Unit of Instruction: Accelerating frames
· Course Learning Outcomes: Students will be able to apply relativistic principles to accelerating reference frames and the maximal-proper-time interval.
· Assessment Methods: Problem Set 12 (head start)

Week 15
· Unit of Instruction: Twin paradox
· Course Learning Outcomes: Students will be able to use the case of a uniformly accelerating reference frame to explain the twin paradox in more complete details.
· Assessment Methods: Problem Set 12 (Chapter 14)

Finals Week
· Assessment Methods: Final Exam
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