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Learning Objectives

1) Foundation

2) Interfacing, Input, and Output

3) Processing and Computation

4) Troubleshooting
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COmputer Skills in the Physics LAboratorY

Foundations of Physics (Phys 105) University Physics I Lab (Phys 240L)

University Physics II Lab (Phys 250L)

Modern Physics Lab (Phys 270L)

Data Acquisition and Analysis (Phys 247)

Computers and Numerical Algorithms (Math 248) 

Advanced Lab I/II (Phys 344/345)

Advanced Lab III (Phys 346)
U

ndergraduate Research Projects*

Introduction 
(I)

Complementary
Instruction 

Freshman

Sophomore

Reinforcement 
(R)

Mastery
(M)

Level of Computer Skills

Level of 
Physics 
Skills

Computer Applications 
in Physics* (Phys 390)

Senior

Junior

*optional courses



Introduction 
(I)

Reinforcement 
(R)

Mastery
(M)

1. Foundation 

1.a Write a statement that produces a desired output (print, plot, make a sound)
1.b Demonstrate proper declaration and uses of variable types 
(integers, float, strings)
1.c Write a conditional statement (if-then-else) to solve a logical question 
(is variable > x) 
1.d Write a recursive loop (for-loop, while-loop) to solve basic equations 
(summations, factorials, etc.) 
1.e Create and manipulate data structures (arrays, lists, and math operations 
such as product, determinant, cross product, etc.) 
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Introduction 
(I)

Reinforcement 
(R)

Mastery
(M)

2.  Interfacing, Input,
and Output

2.a Write code to read or write a variety of computer files (CSV, numerical, 
plots, graphs, images, sound, text, binary, etc.) 

2.b Physically interface an instrument or sensor (Labview, Pasco sensors, 
oscilloscopes, etc.) with a data collecting device or computer 

2.c Write code to automate data reading from an instrument or sensor 
(Labview, Pasco sensors, oscilloscopes, etc.) 

2.d Write code to access or provide information through a human computer 
interface (keyboard, mouse, screen, print out, LED light, etc.) 

Learning Objectives



3. Processing and
Computation

3.a Design the investigation of a physical phenomenon in a way that enables the use of 
computers (and other tools) to help analyze them

3.b Logically organize and analyze data (sorting, averaging or smoothing, error analysis) 

3.c Represent data through abstractions (models and simulations) 

3.d Automate solutions through algorithmic thinking (a series of ordered steps or loops)*

3.e Identify, analyze, and implement possible solution methods with the goal of achieving the 
most efficient and effective combination of steps and resources (time, lines of code, fitting)* 

3.f Generalize and transfer this problem solving process to a wide variety of problems 
(universal algorithm of physics experiments, reusable scripts, feedback control systems) 

*Mastery may be achieved 
in Phys 390 or Research

Introduction 
(I)

Reinforcement 
(R)

Mastery
(M)

Learning Objectives



Introduction 
(I)

Reinforcement 
(R)

Mastery
(M)

Learning Objectives
4.  Troubleshooting

4.a Identify range then evaluate the reasonableness of experimental outcomes both 
with respect to (a) physics and/or (b) output of programming code.

4.b Identify test cases for programming code. Generate synthetic data/results at the 
modular level and complete code. Test code at edge cases (extreme conditions) 
4.c Isolate errors by following logical steps, printing statements at various points 

4.d Identify appropriate modifications to the physics or programming code as 
necessary: a) to adapt existing code to a new use, and b) correct non-working code 



COmputer Skills in the Physics LAboratorY

University Physics I Lab (Phys 240L)
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Self-Assessed Programming Skills

he him his

Dawson, Sebastian

He his him

Francisco, Cole

He Him His

Pope, Noah

him/he

Stavropoulos, Sophia

she her hers

Burton, Rebecca

She, Her, Hers

3.    What do you believe to be your skill in programming?

0/24 A Expert

3/24 B Proficient

12/24 C Beginner

9/24 D Do not have previous programming experience

4.    What programming languages have you used in the past? Out of these, which
language do you feel most comfortable with?

Hayes, Eric

None

Coe, Wade

Couldn't tell ya. Sorry.

Lyons, Phillip

Python, java, javascript, were from a while ago but java is most recent

Bejger, Gerald

None.

Seraj, Kiavash

java script

Elliott, Phil

Java script
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Programming Skills of Incoming Physics Majors (2019-2021)

Programming Languages Utilized 
Python: ~25% students

Java: ~30% students

C/C#/C++: ~15% students

0/75
6/75

38/75
31/75



• Introduces students to Python programming language, importing scientific and 
plotting libraries, iPython console, and interactive development environment (IDE).

• Fosters positive student attitudes and habits surrounding programming style, 
commenting, learning new syntax, troubleshooting errors, and debugging code. 

• Textbook(s): “A Student's Guide to Python for Physical Modeling: Updated Edition”, 
Kinder and Nelson, “Introduction to Python for Science”, Pine. 

• Topics Covered: 0. Installing and Launching Python, 1. Organizing Data,                          
2. Structure and Control, 3. File I/O and Plotting, 4. User-Defined Functions,                                        
5. Multidimensional Arrays and Image Processing, 6. Curve-Fitting and Error Analysis  

Phys 105: Foundations of Physics



How to Debug Code?

Comic from xkcd

Phys 105: Foundations of Physics
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Phys 247: Data Acquisition and Analysis

Exercise written by G. Niculescu

Air Drag, Part I

Task description:

Common Requirements for all Experiments.
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GN PHYS 346 Notes: L.E.M.U.R.

PHYS 346 Project:
Motion Data Logging and Analysis System

NOTES:

• For this class there a single, large project that all the learners will work on.

• As always in Laboratory projects the Lab. Safety need to be strictly observed.

• The same goes for Academic honesty! Abide by the JMU code of Conduct!

• Students are encouraged to self–organize and divide the whole project in logical
parts that will each be addressed by a subset of the learners.

• Cooperation between the various subgroups is expected.

• Each group will keep their own Logbook/Engineering book and will report
periodically to the Project Leader.

• The Project Leader will coordinate the activity of each group, aggregate various
Logbook into the overall Project Report, see below.

As this is the last part of the PHYS344-346 Physics Laboratory it is fitting that the
learners tackle a complex project, where many (and di↵erent) sub–tasks or challenges
need to be identified and addressed. The task chosen for Spring 2019 was inspired
by an ongoing study carried out in the JMU Biology Department.

It involves tracking the motion of lemurs, both in Madagascar and at the Duke
Lemur Center in North Carolina. One attaches a data logging device (DLD) capable
of recording several di↵erent sensor readings on the back a/o neck of the subject.
The data is recorded/transmitted and then it is subsequently analyzed in an attempt
to gauge what fraction of the time the subject spends doing various of its daily tasks
(sitting, jumping, climbing, etc.)1.

1
Lemur share the same type of hip as humans so studying them has direct bearing on our own

physiology. Lemurs are also one of the MOST endangered species.

1

Phys 346: Advanced Lab III

Exercise written by G. Niculescu

GN PHYS 346 Notes: L.E.M.U.R.

Verreaux’s Sifaka of Madagascar

Your task for this semester would be to design such a device2 and to develop the
software needed to analyze the data it produces. The main specs and deliverables
for this task are listed below:

Tasks/Deliverables (Hardware):

• Device acquires 3D accelerometer, gyro, magnetic field (pressure and temper-
ature as well) at 100 Hz.

• Device has enough power/memory/communication to record 10,000,000 sam-
ples (that works out to a little below 28 hours of data at 100 Hz)

• Device weighs less than 100 g (less than 50 g preferred), including box, harness,
etc.

• Device can be remotely started/stopped/synchronized.

2
While lemur studies were the inspiration for the project its findings can be easily adapted to

the study of other animals.

2
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GN PHYS 346 Notes: L.E.M.U.R.

Tasks/Deliverables (Software):

• Develop protocol for transferring of the data from DLD to a computer. Pay
attention to storage requirements and scaling capabilities.

• Develop/adapt software that allows visualization of the data.

• Develop/adapt software that allows the classification of the subject movement
using Machine Learning techniques (supervised learning is suggested).

At the end of the semester the learners will:

• Turn in the Project Report Book and a 1–2 page Executive Summary.

• Give a 30–45 minute presentation, in front an audience of their peers and JMU
Physics and Astronomy Faculty, on the project and its findings.

3



Thank you for your attention!
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Please contact the COSPLAY team if you are 
interested in being an early adopter/beta tester 
of our final assessment tool!

Email: cosplay@jmu.edu

Kendra Letchworth-Weaver:  letchwkl@jmu.edu
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