
http://physics.illinois.edu/

Conference on Women in Physics

9-Jun-12 1

 January 18-20, 2013
 Sites:

– Cornell
– University of Central Florida
– University of Illinois
– Colorado School of Mines
– Texas 
– Caltech

 Careers, networking, 
research, grad school

 Participation fully 
subsidized.  Please send 
your students!!
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Introduction/Disclaimer
 Our curriculum modifications have happened over the 

course of a decade.

 I’m presenting this as a “single story”, but we 
implemented these changes piecemeal and never 
attempted to address all issues at once. 
– It took us many years to even recognize the issues.

 This effort was carried out by many people with 
different goals and interests.  It was never a single 
strategy carried out by a single person or group.

 Things I won’t discuss
– Our curricula in two different colleges (LAS/Engineering)
– Our high school teacher prep program (with College of Education)
– Progress in Intro Physics (iClickers, SmartPhysics)
– Development of courses for non-scientists
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2002 Demographics
 Graduating class ≈ ½ incoming class

– Losing about ½ of students to engineering and 
other disciplines

– Some change interests, others say, “physics 
isn’t what I thought it was”

 About 70% of degree recipients going to 
graduate school.
– Didn’t know much about the other 30%.

 Diversity quite low.  About 85-90% male. 
Few female and almost no Hispanic or 
African American students.  International 
fraction also low (5%)
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Our 2002 Physics Program
Physics:
 3 semesters introductory physics
 2 semesters mechanics (includes SR)
 2 semesters E&M
 2 semesters quantum mechanics
 1 semester thermo/stat mech
 1 semester classical lab
 1 semester modern lab (or elect lab)
 Other undergrad courses available (not required)

– Condensed matter, subatomic, optics

Supporting Courses:
 Math:  3 semesters of calculus + diffeq + linear algebra
 1 semester of CS, Chemistry
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Questions/Concerns
 How can we “ease” the transition from 

introductory to advanced physics?
 Can we improve our retention rate?
 Can we make our program more relevant 

to students who don’t want graduate 
school?

 How can we better prepare students for 
graduate school?

 How can we improve diversity?
 Can we improve the success rate of 

transfer students?
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Improvements
 Elective option curriculum

 New courses
– “Bridge” course
– Physics relevance
– Senior Thesis sequence
– Other new courses
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Broadening the appeal
 Introduce flexibility in curriculum, allow 

students to tailor program to their 
interest.

 Format
– All students take same base physics courses 

(fixed core)
– Students must choose from additional physics 

courses (flexible core) including a lab class
– Student must choose an “elective option”

 Option course might not be in physics, but 
they count as part of the physics major.
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Elective options
 Students who want to pursue grad school 

and a research career choose the 
“Professional Option” which is basically 
our old curriculum.

 Students who want to do something else 
choose a different option.
– They are basically “trading” 4-5 advanced 

physics courses for courses in another area. 
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New Curriculum “Cores” 
 Fixed core:

– 3 sem intro 
– 1 sem mechanics
– 1 sem E&M
– 1 sem quantum

 Flexible core choose 3 from:
– 2nd sem mechanics
– 2nd sem E&M
– 2nd sem quantum
– Stat/thermo
– Must choose at least one lab course 
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This forced us to move material 
around in 2-semester courses.  Could 
no longer assume all students get 
both semesters.  All “must know” 
material goes into 1st semester.
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Elective Options
 Allows students to tailor curriculum to their needs 

and interests.
 Examples:

– Professional Physics (this is the grad school track)
– Astrophysics
– Biophysics
– Bioengineering
– Computational Physics
– Materials Science
– Physical Electronics
– Earth Science
– Science Writing
– Pre-law
– Pre-med
– User defined
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New options coming:
•Nuclear physics
•Energy/sustainability
•Management
•Atmospheric science
•…
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Recent user defined options
– Electrical Engineering Technical Option
– Geology/Geophysics 
– Pre-Optometry 
– Mathematical Physics 
– Prep for Grad School in Library Science
– Economics 
– Acoustic Engineering 
– Atmospheric Sciences
– Acoustics 
– Biomedical Engineering 
– Nuclear Physics 
– Sustainable Technology Commercialization

12
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Example options
 Physical Electronics

– ECE 110  Intro to Electrical & Computer Engineering
– ECE 210  Analog Signal Processing
– PHYS 404  Electronic Circuits Lab
– ECE 4xx or PHYS 460  Condensed Matter Physics  

 Computational Physics
– CS 225 Data Structures and Software Principles
– CS 357  Numerical Methods
– MATH 415   Linear Algebra
– Choose two other 400 level CS courses
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Class of 2011

 50% grad school in physics
 20% grad school in other fields 

– CS, Nucl Eng, MatSE, EE, Math
 20% industry 

– Software engineer (CISCO Systems), manufacturing 
systems (Intel), information technology (Simplex 
Investments, Accenture Consulting), finance (Belvedere 
Trading Company), public policy.

 5% teaching
 few% military
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Class of 2012

 40% grad school in physics
 17% grad school in other fields 

– Economics, law, neuroscience, biomedical engineering, 
architectural acoustics, materials science

 17% industry 
– Software engineer (eKta, HRL Labs, Google), process 

integration (IBM), information technology (DOD)
 6% teaching
 13% looking for jobs 
 few% military
 few% other
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Comments on new curriculum
 60-70% in “professional” option.

– Want to go to grad school
– Or have enough room in schedule to do the full 

physics program and still get benefits of 
subject matter courses.

 Other 30% are students we would have 
(mostly) lost.
– Students reporting that option courses are 

helping them get jobs.  

 I didn’t expect the number of students 
going to grad school in other fields.
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Operational Experience
 Students like the flexibility.

– But they tend to put off decisions.

 This system requires more proactive 
academic advising
– For course selection
– To help tie course selection to career path or 

graduate school
– For custom option construction.

 Also requires oversight and updating.
– Including non-physics courses in physics major.
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Improvements
 Elective option curriculum

 New courses
– “Bridge” course
– Physics relevance
– Senior Thesis sequence
– Other new courses
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Easing the transition 
from introductory to 
advanced courses.
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Introductory Courses
 Introductory sequence (3 semesters)

– PHYS 211 -- Mechanics
– PHYS 212 -- Electricity and Magnetism
– PHYS 213/14 -- Thermal Physics /Waves and Quantum 

 Course format:
– Lecture, discussion (interactive problem-solving), labs
– Lectures are highly interactive using iClickers
– Physics majors in with Engineers.  These are BIG classes

 Tried honors sections for physics majors.  This 
didn’t work so well.  

 Recent improvement: 
Physics major-only discussion sections
– Help to build a sense of community with our majors
– Cover additional material when appropriate
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Take Intermediate Mechanics 
concurrently with 3rd semester.
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PHYS 225: Easing the transition
 We introduced a “bridge” course:

– PHYS 225 Relativity and Math Applications
– 2 credit hours, take concurrently with 2nd

semester of intro sequence (E&M) and Calc III

 Syllabus:
– Spend 7 weeks on special relativity.

 It’s fun, interesting and connects students 
to “modern” physics sooner.

– Spend 7 weeks on math methods.
 Vector calculus and Diff EQ as applied to 

physics problems in mechanics and E&M.
 Serves as a warm up and transition into 

advanced courses.

9-Jun-12 20



http://physics.illinois.edu/

Relativity and Math Applications
 One hour lecture per week.
 Learning mostly through “guided 

discovery” done in group work in a 2 hour 
discussion session.
http://online.physics.uiuc.edu/courses/phys225/spring12/

 Course now an integral part of program.
– This is now an “imprint” course
– Important to have the right instructor

 Removed SR from intermediate 
mechanics, freed up time for fluids, stress 
tensors and in some cases GR.
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Improvements
 Elective option curriculum

 New courses
– “Bridge” course
– Physics relevance
– Senior Thesis sequence
– Other new courses
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Allowing students to 
learn about 
applications early.

Also helping them 
learn to communicate.
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PHYS 199REL The Relevance of Physics
 New course spring 2012
 For Physics majors only
 Discuss the societal relevance of physics…

– Energy, space travel, nuclear power, weapons, 
electricity, light, radiation, climate

…and the relevance to physics majors
– Careers, funding, education

 Project-based
– Career project, poster project,      

position papers, videos.
 In class discussion & debate

9-Jun-12 23



http://physics.illinois.edu/

PHYS 199REL The Relevance of Physics
Projects
 Careers in physics (not research, faculty)

– In class presentation
 Team poster project 
 Position paper on some alternative energy 

technology
 Interview a faculty member and report on 

research in physics (team)
– In class presentation 

 Video (team)
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Example video from PHYS 199REL
http://online.physics.uiuc.edu/courses/phys199rel/spring12/project5team1final2.wmv
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Improvements
 Elective option curriculum

 New courses
– “Bridge” course
– Physics relevance
– Senior Thesis sequence
– Other new courses
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Preparing students 
for research, teaching 
them to communicate.
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Did you learn this in a class?

 In what class did you learn the following?
– How to write a research paper.
– How to document your research.
– How to “approach” research.
– How to put together a good talk.
– How to make and present a poster.
– How to write a grant proposal.
– How to apply to grad school.

 And how much practice did you get??
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PHYS 496/499 “Senior Thesis”

Emphasis on research and communication (speaking/writing)
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 For 
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Undergrad Poster Session (Nov ’11)
Undergrad Research Symposium (Jan ’12)
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Senior Thesis Sequence
 Feedback from students is incredibly 

positive.
– Most cite it as their best course.
– They report back from grad school that they 

are far ahead of their peers when it comes to 
doing and reporting research

 Challenges/limitations
– Finding research spots (and funding) for all 

students in the class.
– Course limited to ~20 students per cycle.
– We are fortunate to have a writing guru.
– Course is aimed at grad school bound students.
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REU
 We’ve propagated aspects of Senior 

Thesis to our REU program

 Seminars on:
– Doing research
– Ethics
– Poster presentations
– Giving talks
– Science Writing
– Grad school 

 Students make lots of presentations.
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Other new/improved courses
 PHYS 100 pre-intro sequence  

– Followed by enrichment supplemental courses
 Significant upgrade of our modern 

physics laboratory course
 Physics of music laboratory course
 Senior level Biophysics course
 Senior level Atomic Scale Simulations 

course
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What’s missing?
 We still haven’t gotten numerical 

methods integrated into our curriculum
 Broadening participation in our senior 

thesis sequence.
– Students not going to grad school could benefit 

from some aspects of the course.
 Increasing undergrad research 

opportunities.
– 100 students doing undergrad research this 

summer does not growing meet demand.
 Increasing corporate internship 

opportunities.
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Summary
 We’ve made some significant course and 

programmatic improvements
– Not every experiment worked.

 Enrollments are up and retention 
improving.

 We still have lots to do.  
– More curriculum development, student support, 

internships, research opportunities.

 Must make young people aware of the 
potential that physics offers.
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Career Awareness
 Challenge to communicate the diversity of 

career opportunities to students.

 We’re trying multiple approaches:
– Send them to career fairs
– Blog
– Town Hall meetings
– “What can you do with a physics degree” talks 
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 More about 

http://physics.illinois.edu/undergrad/posts.asp


