
ABSTRACT 

The advanced laboratory program in the physics department at Case 
Western Reserve University has evolved over the past three decades to 
meet the diverse interests and needs of physics majors enrolled in six 
different degree programs.  Although the faculty and various department 
committees have spent a great deal of time discussing the purpose of our 
advanced labs and what we should be offering in an ideal world, most of 
the changes we have implemented were due to external forces, including 
input from our majors about their experience in our labs, plus their needs 
and preferences.  

 
DEGREE PROGRAMS 

 
Physics majors in different degree programs take different elements from a 
set of four advanced labs (described on the next panel). 
 
 BS & Biophysics Concentration 
 ~ 40% or our majors take the complete set 
 
 ENGINEERING PHYSICS  
 ~ 30% of our majors take the complete set but substitute a circuits 

course taught by our School of Engineering  
 
 Mathematical Physics Concentration 
 ~ 10% of our majors take PHYS 203 + PHYS 301  
 
 Mathematics and Physics (a joint degree supervised by both 

departments) 
 ~ 10% of our majors take PHYS 472, Graduate Laboratory, which is 

similar to a combined PHYS 204 + PHYS 302 
 
 BA students 
 ~ 10% of our majors take only PHYS 301 

 
RESOURCES 

(space, faculty, funds, equipment) 

 Space for sophomore labs ~ 800 square feet 
     Space for junior labs ~ 2500 square feet 
  including 7 small rooms for individual experiments. 
 
 1 faculty member each semester for sophomore labs, enrollment 20 – 

25 students (out of about 30 majors per class). 
 - A graduate TA is generally available but is normally not useful. 
 
 1 faculty member for PHYS 301/317 for about 22 students 
 - A more useful graduate TA may be available. 
 
 1 or 2 faculty for PHYS 302/308 for about 17 students 
 - A TA, sometimes from the instructor’s research group, is available. 
 
 Staffing the labs is somewhat challenging because half the department 

(theorists) are poorly suited for this duty.  The labs entail 8 – 10 contact 
hours/week, plus preparation, maintenance and significant grading 
duties.  They can require twice the time as a typical lecture course. 

 A few faculty members volunteer to teach the sophomore labs so they 
can identify and hire the best physics majors. 

 ~ $25,000 per year is available from a dedicated endowment fund for 
supplies, repairs, upgrades and new experiments. 

 Each lab station in the sophomore labs is valued at ~ $8000. 
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EVOLUTION  
The laboratory courses and the lab requirements for our degree programs 
have evolved significantly over the past three decades. Several degree 
programs, with distinctive lab requirements, were created or modified. 

 PHYS 204/208 was created, mostly due to the efforts (and fund-raising 
abilities) of one faculty member. 

 A seminar was created out of 1 hour of PHYS 301/317 to satisfy a new 
university seminar requirement. 

 A second semester of PHYS 302, which had previously been taken in 
the fall of the senior year by most students, was eliminated in favor of a 
year-long senior research project required of all physics majors. 

 Engineering Physics replaced a weak Applied Physics program and is 
now our second most popular major. It requires a different elec. lab. 

 The BA was made considerably more flexible, with fewer required labs. 
 The biophysics  concentration and the Mathematics and Physics 

degree were created; the former has a full set of labs while the latter 
has only one, a Grad Lab which is based on the undergrad labs. 

 The labs for the Math Concentration were shifted from the spring to the 
fall semester courses, not because those labs were better suited, but 
because this change preserves the option for students to switch out of 
this program if the math requirements become too difficult. 

The reduced lab requirements for certain degree programs appeals to 
students who have less interest in taking labs. Majors within these 
programs are advised to consider taking extra labs, but seldom do.  This 
can hurt them when they seek jobs in the department or senior project 
opportunities. 
On the positive side, students in the advanced labs are more likely to 
enjoy them since they are in the labs largely by choice.  Many of our 
graduates describe the labs as the best part of their undergraduate 
education. 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
Our department curriculum committee has spent many hours debating 
changes we could make in our laboratory program, but most of these ‘first 
principle’ (pedagogical) discussions led nowhere.  The majority of the 
changes we’ve instituted were in response to pressures such as the 
institution of universally-required department seminars & senior projects, 
the creation of new degree programs with their own constraints, the efforts 
of individual faculty members, and suggestions from our majors. 
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See http://www.phys.cwru.edu/undergrad/programs/ for more information  
about our degree programs. 

Introductory Labs: All students enrolled in our introductory (freshmen) mechanics 
and E&M courses  take associated labs, which meet 7 times a semester and are 
similar to labs at most US institutions.  

 

PHYS 203: Analog and Digital Electronics: Taken in the fall of the sophomore 
year, PHYS 203 includes 2 hours of lecture and 4 hours of lab each week (for 
students; the instructor teaches two 4-hour lab sessions). By the end of the 
semester, students are able to design and construct a circuit like the music 
synthesizer shown below, which let’s them play a song while recording it on a 
memory chip for playback on demand. 

 

 

 

 

 

 

 

 

 

 

PHYS 204/208: Advanced Instrumentation Laboratory: (PHYS 208, 317, 318 & 
353 are variations  of  our labs for Engineering Physics majors.) Taken in the spring 
of the sophomore year, PHYS 204/208  includes 2 hours of lecture and 4 hours of 
lab each week.  

Students use research quality equipment, shown in the figure below, learning to 
interface their setup to a computer with GPIB/Igor/MatLab. They study a variety of 
techniques to extract information from a signal, including filtering, signal averaging 
and phase sensitive detection.  Emphasis is placed on Fourier Transform and 
convolution concepts, including the use of an Instrument Response Function in the 
time domain to explain the effect of any arbitrary device or circuit.  

 

 

 

 

 

 

 

 

 

 

By the end of their sophomore year, students are comfortable switching back and 
forth between time and frequency domain descriptions of a signal or instrument.  
They are experienced users of digital scopes, arbitrary waveform generators, lab 
power supplies, digital meters and lock-in amplifiers.  

Our sophomores are generally more adept than our first year grad students with 
electronics and lab instrumentation.  This makes them quite useful in the research 
programs in our departments, and we even get requests for student help from other 
departments where their undergraduate and graduate students don’t commonly 
receive such training. 

This is possibly the most important aspect of incorporating an instrumentation lab 
into our program; it facilitates students’ involvement in meaningful research at a 
much earlier stage.  In fact, our Graduate Laboratory was created about 15 years 
ago because too many of our graduate students lacked these skills. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 

PHYS 301/317 + 303: Advanced Laboratory Physics I + Seminar:   Taken in 
the fall of the junior year, with 7 hours of lab plus a 1 hour seminar each week.  
Students have not yet have had courses in condensed matter and particle 
physics that would help them understand the theory behind these experiments.  
They are therefore provided with detailed information about each experiment 
and are given clear goals.  
Four experiments are selected from 9 classic and modern physics: 
 Cavendish, Chaos, Electrical Resistance & Superconductivity,  
 Franck-Hertz, Interferometry, Millikan, Nuclear Magnetic Resonance, 
 Photon Attenuation, Spectroscopy, & Electric Fields 
Skills emphasized include: 
 Computer-based data acquisition and control, data analysis, important 
 experimental methods such as precision measurements, counting 
 electronics, and cryogenics, professionally writing and speaking, research 
 ethics and lab safety. 
 

 

 

 

 

 

 

 

   

 

 

 

PHYS 302/318: Advanced Laboratory Physics II:  Taken in the spring of the 
junior year for 8 hours each week. Research quality equipment is used to 
perform experiments (3 from a list of 9 options), several of which grew out of the 
research interests of faculty in the department.  Minimal instructions are 
provided up front. 

• Ferroelectric phase transition 
• Sliding charge-density waves 
• Quantum Hall Effect 
• Specific heat of Gd 
• Band gap in Si and Ge 
• Compton scattering 
• Muon lifetime 
• Photorefractive Nonlinear Optics 
• Electron Spectroscopy of Solid Surfaces 
 

 Carry out complex experiments independently with minimal instruction 
 Learn physics in a realistic laboratory setting 
 Improve laboratory skills in planning, trouble-shooting, documenting and 

carrying out measurements 
 Improve ability to communicate laboratory work orally and in writing 

 

PHYS 351/353 + 352: Senior Physics Project + Seminar:  year-long  senior 
project; see http://www.phys.cwru.edu/undergrad/Senior%20Projects/ for 
detailed information and list of past projects 
 

 

LABORATORY COURSE SEQUENCE 

Sophomore Laboratory Room 

Lab Station for Sophomore Courses 

Music synthesizer designed and constructed by a PHYS 203 student 

Muon lifetime experiment 

Optical atom trap built by students for a senior project 

UHV electron energy spectrometer for PHYS 302 

PHYS 302 experiments in Si resistivity and Hall Effect, 
plus 2D Quantum Hall Effect – the instructions for each 

are the yellow flyers on the wall. 

http://www.phys.cwru.edu/undergrad/programs/
http://www.phys.cwru.edu/undergrad/Senior Projects/
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