PHY 195 — The Tools of Physics
Fall 2025
MW 3:00-4:15 pm, LL 511

Instructor:

Prof. Ginny McSwain

Office: LL 405

phone: 610-758-5322

email: mvm207@lehigh.edu

office hours: drop in or by appointment

Course Objectives:

1. To build strong programming and data visualization skills with Python;

2. To understand and quantify sources of error in physical data;

3. To learn mathematical and numerical techniques for modeling various types of physical
data;

4. To develop other skills necessary to participate in scientific research; and

5. To improve your scientific literacy and communication skills.

Required Materials:

o A Student’s Guide to Python for Physical Modeling by Jesse M. Kinder & Philip Nelson

o A Student’s Guide to Data and Error Analysis by Herman J. C. Berendsen

e A Python programming tool with visualization capabilities (Anaconda with Jupyter-
Lab or Google CoLab are the recommended tools. Both are free to use.)

Grading:

Homework — 50%
Projects — 50%

Attendance is strongly recommended but not required. Late homework will be penalized
by 5% per day late (up to 30% maximum penalty), and makeup exams are not allowed,
without a valid excuse. If you have a valid excuse, I will work with you to set a reasonable
deadline to complete the work.



Academic Integrity:

Academic dishonesty will not be tolerated on any assignment. Copying work from other stu-
dents or outside sources is considered plagiarism. Outside references (other than the class
textbook) must be properly cited if used on any assignment. If T have evidence of copying,
cheating, plagiarism, or any other dishonest behavior, I will not hesitate to report my sus-
picions to the Office of Student Conduct. Their penalties may range from assigning a zero
for that assignment, assigning an F for the final course grade, and even expulsion from the
university. Please consider this your final warning.

For every assignment, please ensure that the work that you turn in is your own work. When
you collaborate on homework assignments with your classmates, you may discuss the prob-
lem solving strategy together. Working together is encouraged when it is used as a learning
tool. But, at no time should you share your paper or your answers with anyone else. Allow-
ing someone to copy your answers makes you just as guilty as the copier. If someone asks
you something like, “What did you get for Problem 27” you should not provide the final an-
swer. You may, however, tell them what equation you used or refer to the textbook or notes
together and discuss the general topic. When you write your solutions, all mathematical
calculations and written explanations must reflect your own work. Showing all of the steps
of your calculations and explaining your reasoning throughout a problem is an excellent way
to guard your independent work and remove suspicions of academic dishonesty.

Accommodations for Students With Disabilities:

Lehigh University is committed to maintaining an equitable and inclusive community and
welcomes students with disabilities into all of the University’s educational programs. In
order to receive consideration for reasonable accommodations, a student with a disability
must contact Disability Support Services (DSS), provide documentation, and participate
in an interactive review process. If the documentation supports a request for reasonable
accommodations, DSS will provide students with a Letter of Accommodations. Students
who are approved for accommodations at Lehigh should share this letter and discuss their
accommodations and learning needs with instructors as early in the semester as possible. For
more information or to request services, please contact Disability Support Services in person
in Williams Hall, Suite 301, via phone at 610-758-4152, via email at indss@lehigh.edu, or
online at https://studentaffairs.lehigh.edu/disabilities.



The Principles of Our Equitable Community:

e We affirm the inherent dignity in all of us, and we maintain an inclusive and equitable
community.

e We recognize and celebrate the richness contributed to our lives by our diverse com-
munity.

o We promote mutual understanding among the members of our community:.

e We confront and reject discrimination in all its forms, including that based on age,
color, disability, gender identity, genetic information, marital status, national or ethnic
origin, political beliefs, race, religion, sex, sexual orientation, socio-economics, veteran
status, or any differences that have been excuses for misunderstanding, dissension, or
hatred.

e We affirm academic freedom within our community and uphold our commitment to the
highest standards of respect, civility, courtesy, and sensitivity toward every individual.

e We recognize each person’s right to think and speak as dictated by personal belief and
to respectfully disagree with or counter another’s point of view.

e We promote open expression of our individuality and our differences within the bounds
of University policies.

o We acknowledge each person’s obligation to the community of which we have chosen
to be a part. We take pride in building and maintaining a culture that is founded on
these principles of unity and respect.

We expect each member of this class to acknowledge and practice these Principles. Respect
for each other and for differing viewpoints is a vital component of the learning environment
inside and outside the classroom.

Policy on Harassment and Non-Discrimination:

Lehigh University upholds the Principles of Our Equitable Community and is committed
to an educational, working, co-curricular, social, and living environment for faculty, staff,
and students. The University does not discriminate in its admissions practices, employment
practices, or educational programs or activities on the basis of age, color, disability, ethnic-
ity, familial status, gender expression, gender identity, genetic information, marital status,
national origin (including shared ancestry), pregnancy or related conditions, race, religion,
sex, sexual orientation, and veteran or military status. Harassment or discrimination is un-
acceptable behavior and will not be tolerated. The University strongly encourages (and,
depending upon the circumstances, may require) students, faculty, or staff who experience
or witness harassment or discrimination, or have information about harassment or discrimi-
nation in University programs or activities, to immediately report such conduct.

If you have questions about Lehigh’s Policy on Harassment and Non-Discrimination or need
to report harassment or discrimination, contact the Equal Opportunity Compliance Coordi-
nator (Alumni Memorial Building / 610-758-3535 / eocc@lehigh.edu).



Tentative Schedule:

Week 1: (Aug. 25, 27) Intro to Python and Jupyter Notebooks

e Using Jupyter Notebooks and markdown cells
e Python data types and numpy arrays
e Units and physical constants with Python

Week 2: (Sept. 1, 3) More Python

e Plotting and visualizing data
e for loops, if-else statements, and other code blocks
e Writing your own functions

Week 3: (Sept. 8, 10) Using Python to Visualize Datasets
Reading & writing large data files

Viewing images

Metadata and header files

Histograms and cumulative distribution plots

Cross-matching catalogs: inner join, outer join

Week 4:

~—~

Sept. 15, 17) Understanding sources of error and uncertainty

Systematic vs. random errors
Mean and standard deviation
Accuracy vs. precision

Error propagation

Interpolating to predict new values

Week 5: (Sept. 22, 24) Probability & Statistics

~—

Binomial distribution

Poisson distribution

Gaussian (normal) distribution

Project 1 due Sept. 24 (Dynamics of Cells)

Sept. 29, Oct. 1) Modeling Data with a Function

Week 6:

~—~

Curve fitting with linear and polynomial functions

Investigating the residuals

Error bars on fitting parameters

Fitting other distribution functions (eg. Gaussian curves, sinusoids)

Predicting new values from a model fit

Week 7: (Oct. 6, 8) Chi-Square Analysis

~—~

Definition of x?
The error ellipse and parabolic approximation
Using 3 or more fitting parameters

Avoid overfitting with too many parameters



Week 8: (Oct. 13, 15) Intro to Time Series

e Pacing break Oct. 13
Systems of time keeping in astronomy

Folding cyclical data
Precision of a measured period
Project 2 due Oct. 15 (topic TBD)

Week 9: (Oct. 20, 22) Advanced Time Series: Complex Numbers and Functions

e Properties of complex numbers
e Harmonic functions

Week 10: (Oct. 27, 29) Advanced Time Series: Finding an Unknown Period

e Fourier transforms and Lomb-Scargle Analysis
e Cross-correlation and autocorrelation

Week 11: (Nov. 3, 5) Cleaning Messy Data

e Improving the signal-to-noise ratio
Removing outlier points

Detrending data

Binning and smoothing data

Project 3 due Nov. 5 (Stellar Flares)

Week 12: (Nov. 10, 12) Using Peer-Reviewed Scientific Literature

e Visit from Tricia Martone (LTS)
e How to read scientific articles

e Managing your personal library with Zotero
e Using latex and OverLeaf

Week 13: (Nov. 17, 19) Ethics & Safety in Research

e Responsible conduct in research
e Proper citation and avoiding plagiarism
e Ethical considerations in data reporting

Week 14: (Nov. 24, 26) Advanced topics in Data Analysis

e Generating random numbers for simulations
e Monte Carlo models
e Thanksgiving break Nov. 2628

Week 15: Student Presentations
e Project 4 due Dec. 1 (topic of student’s choice)

This syllabus is only a tentative outline of the course. The grading policy, dates of exams,
or the topics covered in class may change as needed.



