
Honing Experimental Physicists at UW-River Falls
Lowell McCann and Earl Blodgett

Physics Department, University of Wisconsin – River Falls

Intermediate and Advanced Labs at UWRF
Like many physics programs, we have several courses that integrate 

lecture and lab components.  The focus of this poster is the two 

semester stand-alone Advanced Lab sequence, required for all 

students pursuing liberal arts physics, applied physics or secondary 

education physics majors, but elective for dual degree engineering 

students.  These are intensive courses:  two 3 hour scheduled 

sessions per week, with most students putting in an additional 12 

hours per week.

Required

Intermediate Lab      1 cr

Electronic Circuits 4 cr

(3 lecture +1 lab)

Advanced Lab I   3 cr

Advanced Lab II  3 cr

Senior Seminar          1 cr

Electives

Linear Integrated Circuits         4 cr

(3 lecture + 1 lab) 

Digital Electronics 4 cr

(3 lecture + 1 lab)

Astrophysics (2 lecture + 1 lab)   3 cr

Optics (3 lecture + 1 lab)          4 cr

Undergraduate Research             variable

Progression of Learning

The various tools of the experimental physicist are introduced early 

in the program and then reinforced and amplified as students increase 

in confidence and competence.  Advanced Lab is designed to tie 

together concepts and skills introduced in a variety of courses.  Communication Skills and Assessment

• We require the students to keep extremely detailed lab journals, as if 

they worked in an extremely demanding old-school industrial lab.  The 

journals are regularly inspected and the students are given intensive 

feedback on the quality of their record-keeping, as well as detailed 

feedback about their techniques, results and analysis.

• Students are required to write three lab formal reports in the first 

semester, adhering to AIP format.  One report is a literature review for 

a potential independent project.  After a detailed review of a complete 

first draft, a re-written version is required.  Two more formal reports 

are required in the second semester.

• Students completing an extended independent project in the second 

semester must also present a poster at an on-campus undergraduate 

research day, in addition to discussing their progress with the entire 

class during regular group meetings, much like weekly meetings in 

graduate school or industry.

Fall Semester: Revving up

Six experiments spread over 14 weeks. Many of the experiments are 

mechanical systems, both for cost-effectiveness and for the benefit of the 

many Applied Physics students in the course.  The first three experiments 

renew and reinforce earlier training in statistics, error analysis and 

communication skills.  Students are given increasing freedom to 

adjust/tweak/redesign their equipment, there are no „black box‟ 

experiments.  The later experiments give the students broad latitude in how 

they choose to implement the experiment.

Example:  Coupled Oscillators Lab.  The coupled oscillators are two small 

masses hung from a single string.  The students are given the elements of 

the theoretical model and must come up with experimental verification of 

the model.  Over the years we have seen an incredible array of creative 

approaches to this simple problem!  This experiment gives them the 

opportunity to wrestle with the issues of experimental design:  equipment 

limitations, creative fiddling with equipment, time management, error 

analysis DURING the process, and more.

Spring Semester: Taking Off!

A few students choose to do five „regular‟ experiments selected from a list, 

with more autonomy expected of them than in the previous semester. 

However, most students choose the option to do only two of those short (3 

week) experiments, so that they can focus on an 8 week extended research 

project.  To take this option, students are required to submit a short 

proposal, backed by a literature review, and a budget.  The proposal must be 

approved in order for students to proceed, otherwise they must do five 

„regular‟ experiments.

Summary
For 40 years the Advanced Lab sequence has been 

honing the skills of our physics majors.

It is consistently cited by alumni as one of the most 

significant positive influences on their careers.

The authors gratefully acknowledge the work of Dr. 

John Shepherd, who designed the Advanced Lab 

sequence and guided it for nearly 30 years before 

handing it off to two of his former students.

Advanced Lab as the Cornerstone
Our two-semester sequence of Advanced Lab represent the 

culmination of the experimental side of our program. We 

regard physics as an experimental science, and the Advanced 

Labs are thus vital to the success of our program.  Successful 

completers of Advanced Lab are ready to step into a research 

setting in either industry or academia and make immediate 

contributions.

The importance of Advanced Lab has been singled out in 

reviews by our alumni for at least the past 40 years.
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Advanced Lab

Primary Goals
• Develop independent and creative experimentalists (allow 

students to take „risks‟ without fear of destroying 

irreplaceable equipment)

• Link theory, experiment, and computation to illustrate the 

scope of physics as an experimental science

Skills Students Should Learn
Technical Communication:  

Documentation, written reports, oral reports

Statistical treatment of data

Error analysis

Modeling and fitting data to functions

Fundamentals of literature searching

Experimental design considerations

Time management

Creativity and improvisation in the lab (the MacGyver instinct)

Background of the UWRF Physics Program
Approximately 130 students pursue physics majors, with many of 

them in our Applied Physics option or our 3-2 “Dual Degree” 

physics/engineering agreements with UW-Madison and the 

University of Minnesota.  The program averages over 10 graduates 

per year, many of whom pursue jobs in engineering and applied 

physics.  For over 40 years we have placed a strong emphasis on 

physics as an experimental science, devoting a significant fraction of 

our resources and curriculum to cultivating good experimentalists.

“Advanced Lab means developing advanced experimentalists, not merely using sophisticated equipment.”  


