
Electricity, Magnetism, and Optics with Biomedical Applications 
Catherine H. Crouch, Swarthmore College 
Physics topic sequence with biology contexts 

This chart shows the life science contexts used with each physics topic in my second semester course in 
introductory physics for the life sciences. Each serves to anchor that particular physics topic to the life 
sciences. When we begin each new topic, I introduce and motivate it in terms of the context. These 
contexts are used in class, on homework, and when possible, explored in the laboratory.  

Some are manifestations of the physics in living systems; others involve technology used widely by life 
scientists and/or physicians. I developed this list in consultation with colleagues in biology or medicine, 
and in most cases, I have learned about where each of these examples comes up in the chemistry, 
biochemistry, or biology curriculum at Swarthmore and try to make direct connection to it.  

Physics Topic  Biology Context 
Geometric optics Overarching context: vision and imaging 
Ray propagation Pinhole imaging (invertebrate vision) 
Total internal reflection Optical fibers, endoscopes 
Image formation with single lenses Human eye 
Image formation with lens combinations Vision correction, optical instruments 
  
  
Electrostatics  
Electric force and field Electrostatic clustering of molecules, electrophoresis, 

charged cell membranes,  
Electric nature of matter: conductors and 
insulators, electric dipoles, polarizability of 
insulators 

Molecular dipole moments, electrocardiography 

Conductors in electric fields Faraday cage shielding for sensitive 
electrophysiology measurements; screening in 
electrolyte solutions 

Electric potential energy and potential, 
energy storage, capacitance 

Charged cell membrane as capacitor, medical 
defibrillator 

Effect of dielectrics on electric field, 
potential difference, and energy 

Binding energy/solubility of salts in dielectric 
solvent; membrane dielectric constant affects amount 
of charge stored for given membrane potential 
difference 

  
Electric circuits with batteries Overarching context: Nerve signaling 
Current, resistance, and resistivity Resistivity of ionic solutions depends on ionic 

concentration; resistance of extracellular space is 
lower than resistance within nerve cell because of 
greater cross-sectional area 

Resistor circuits Gel electrophoresis 
RC circuits Factors affecting action potential propagation speed, 

role of nerve myelination 
  
Magnetism  
Magnetic forces on charged particles Mass spectrometry 
Magnetic forces on currents Issues for medical devices such as pacemakers in 



strong magnetic fields 
Sources of magnetic fields Electromagnets for MRI 
Current loops as magnetic dipoles, magnetic 
dipoles in magnetic fields 

NMR spectroscopy, magnetic navigation, 
magnetotactic bacteria 

  
  
Electromagnetic induction Pacemaker design issues 
 Semiclassical model of chemical shifts in NMR as an 

inductive (diamagnetic) phenomenon  
  
Electromagnetic waves and wave optics Overarching context: confocal microscopy 
Polarization polarization sensitive vision in marine invertebrates 

and some insects 
 circular dichroism spectroscopy as probe of 

helicity/handedness of molecules† 
Multiple source interference X-ray "diffraction" to determine crystal structure, 

basis for shape of DNA diffraction pattern* 
Thin film interference Morpho butterfly colors, antireflective and UV-

reflective coatings for lenses 
Diffraction (especially through circular 
apertures) and limits of resolution 

Diffraction-limited focusing and imaging 

Light-matter interactions Microscopic model for absorption and fluorescence 
 
*I haven't done this yet but intend to incorporate it into my next course, based on Lucas et al, J. Chem. 
Ed. 1999. 
† I usually have to omit this due to shortage of time. 
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PHYSICS 4L — SPRING 2014 
OPTICS, ELECTRICITY, AND MAGNETISM WITH BIOMEDICAL APPLICATIONS 

 
COURSE GOALS: Physics 4L is a one-semester introduction to the physics of light, electric charge and currents, 

and magnetism. We will focus on developing the basic tools needed to understand several critically important 
manifestations of this physics in biological and medical systems. We will lay the groundwork for these 
applications by beginning with simplified, idealized examples, in order to make the underlying ideas as clear 
as possible. We will then apply those ideas to much more complicated problems when considering biomedical 
applications.  

In this course, we’ll aim to develop a deep conceptual understanding of the core ideas as well as mastering the 
mathematical description. Consequently, you should place a high priority on developing and improving your 
skills in both rigorous qualitative reasoning and quantitative problem solving. These intellectual skills are 
useful in a broad variety of fields. I hope that everyone will leave this course able to explain the core ideas 
both in words and with mathematics. 

I will do all I can to see that each one of you in this course gains the knowledge and habits of mind that will serve 
you well in future courses and in your profession. I will always be available to answer questions after class as 
well as during office hours. If you would like to meet with me individually at another time, please don’t 
hesitate to make an appointment. 

 
 
CONTACT INFORMATION 
Instructor:   Catherine H. Crouch 
  Office: Science Center L39 (NOT L04 — that’s my research lab), x8386 
  Email: ccrouch1@swarthmore.edu 
 
Class hours and location:  10:30 – 11:20 a.m. MWF, Science Center 199 (possibly subject to change) 
 
Evening problem sessions: Thursday, Sunday, and Monday, 7:30 – 9 p.m. SC 128. The weekly homework will 

be due Tuesdays at 4:30 p.m. in the locked mailbox outside my office. 
 
 The problem sessions are run clinic-style; come having started the homework on your own, and if you have a 

usual study group we recommend coming with them. During the problem session, you will work with a few 
other students on the homework, and the SAs (Rebeka Gomez-Wick ’15, Henry Kietzman ’14, and Sara 
Lentricchia ’15) and I will be available to answer questions. we will do our best to help you figure out how to 
do the problems without telling you what to do.  

 
Office hours: MWF 11:30-12:15; Tuesdays 1:15-2:15, Friday 3-4:30, and by appointment. I will also often be at 

the Monday night problem session for at least part of the time. 
 
I do not generally work on Sundays, so if you post questions or send me email asking about individual matters 
on Sunday, I’ll reply as promptly as I can on Monday. If an emergency arises in the evening or on the 
weekend for which you need my input, you are welcome to call me at home (610/328-7089) before 9 p.m. 

If you feel that you regularly need help going over the material in detail after class, I recommend attending my 
Friday office hours or the Thursday night problem session, which usually has few students and gives you the 
chance to get lots of questions answered long before the homework is due. If you feel you need further 
tutoring to master the material, please see me to discuss this. Often I can provide advice about how to study 
effectively that enables students to improve their learning; otherwise I can recommend a tutor based on your 
particular strengths and needs. 

 
Lab instructors: Catherine Crouch (Mon) 
 Mary Ann Klassen (Tues, Weds), mklasse1@swarthmore.edu, SC L36, x8384 
 Please direct questions about lab sectioning to Mary Ann Klassen. 
 
Lab location: Science Center L03.  
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COURSE LOGISTICS AND POLICIES 
 
Textbook: Knight, Physics for Scientists and Engineers, 3rd edition.  
 
Reading: For most classes a short reading and one or two follow-up questions will be assigned via the course web 

site. You should read before class and answer the questions on the web site no later than 1 a.m. the night 
before class. A small fraction of your homework grade will be earned by answering at least 75% of these 
reading questions; if you answer fewer, the amount of credit will be reduced.  

 
Course web site: Moodle.  
 
Handouts: I provide a lot of handouts, and many are designd for taking notes on or working with a group to solve 

a problem. Having a three-ring binder and extra looseleaf paper for other notes works best for most students.  
 
Homework policies:  Working in groups is encouraged; you must write up your own solutions. Solutions that are 

copied from another student’s work or other source will not receive credit. More guidance on how to work 
effectively on the homework is provided on the “Problem set guidelines” document on the course web site. 

Every member of the class may take advantage of one “free late” problem set during the semester if arranged in 
advance — email me requesting permission to use your free late no later than 9:30 p.m. on Monday 
night. You must receive an acknowledgement from me confirming that you may do so. Then, your 
homework is due by Thursday at 4:30 p.m. (put it in the mailbox). The “free late” is intended to give you 
flexibility if you have an unusually busy week for any reason (you don’t have to explain why—it’s “free”!). 
You should aim to get caught up and back on the regular schedule the next week. 

Otherwise, late problem sets will be penalized 10% for up to 24 hours late, and thereafter not accepted 
except in very unusual circumstances. Please talk to me if you are seriously ill or have a family emergency.  

Laboratory policies: Lab attendance is required; missing a lab will earn a zero for that particular week. If you 
have a significant conflict and would like to attend a different section, you must arrange this at least a week 
ahead by email with both your normal lab instructor and the instructor of the section you will attend. If an 
emergency (serious illness or family crisis) arises that will prevent you from attending your normal lab, please 
get in touch with your lab instructor immediately and copy Prof. Crouch. The “Laboratory Introduction” 
posted in the top area of the web site provides details of how the labs are graded. 

 
Grading: Your grade will be determined by your performance on the homework (20%, including the online 

reading preparation questions), the labs (20%), the two midterms (15% each), and the final exam (30% with 
the option to make up lost credit from the midterms).  

 
Exams: There will be two evening exams during the semester, Thursday, February 20 and Tuesday, April 8, 

7:15 – 8:45 p.m, in SC 199. I can only offer alternate times for the most significant of conflicts; if you have a 
direct course conflict or other significant conflict, please speak to me at least two weeks before the exam. 
The final exam will be scheduled by the Registrar. 

 
 
 
 
STRATEGY FOR SUCCESS 
What counts in Physics 4L is understanding the underlying concepts and using these concepts to solve both 
qualitative and quantitative problems. Memorizing procedures will almost always harm rather than help you 
because there are always exceptions. 
 
The students who succeed in and enjoy Physics 4L the most are those who work steadily throughout the week to 
keep up with the reading and homework, ask questions, and are constantly connecting what they are learning to 
other things that they already know.  
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EDUCATIONAL STRATEGY 
 
Active learning with ongoing feedback 
Learning physics is not simply memorizing information; rather, it is developing rigorous ways of thinking, both 
qualitative and quantitative, that will serve you well whatever your chosen profession. Studying for this class 
should never involve rote memorization. (You will have a list of equations for reference during all exams.) What 
you are asked to do is much harder. but much more rewarding and intellectually stimulating — to master a way of 
thinking about the world that will allow you to make connections and analyze new situations. 
 
So that we can use class time to best help you develop these thinking skills, you should do the assigned reading 
before class. This allows us to spend most of our class time actually thinking about the material and discussing it 
together. I do not expect you to master the assigned reading before class; rather, I expect you to learn enough that 
you are familiar with the vocabulary and aware of the important issues, and ready to ask questions about what you 
don’t understand. With each reading I will assign a couple of questions for you to think about beforehand to help 
you dig into the reading. 
 
For class material that is covered in your reading, I will begin class with a brief summary, but generally I will 
explain it from a different perspective; I will almost never simply reiterate what is in your book. We will spend 
the balance of class time on qualitative examples that you will think about and discuss, and quantitative examples 
(which are less conducive to small group discussion) that I solve based on suggestions from the class.   
 
Most of the biological and medical examples are not included in your textbook at all, so to study those you will 
rely on your class notes and handouts. 
 
 
COMPONENTS OF PHYSICS 4L 
 
Reading 
Learning from reading is a very important skill for physicians and scientists of all kinds; you will probably find 
yourself needing to read differently than you do for humanities or social science classes. You must do a lot of 
thinking in addition to reading.  
 
As you read, if there are points that you find confusing, stop and try to write an explanation of the idea in your 
own words. Often new ideas seem confusing until you try to use them, when they begin to fall into place. 
However, don’t feel that you need to understand the reading completely the first time, especially before you come 
to class. It will probably take all semester for you to feel that you completely understand the material in the 
course!  So, if you find you can’t write an explanation, try to write down a question that, if answered, would help 
you understand it. 
 
To provide an entry point to the readings, as well as to give you some homework credit for reading, I will give 
reading follow-up questions via the course web site. These assignments are due the night before class so that I can 
go over them in the morning before class. If your answers show genuine effort, you will receive full credit for the 
assignment regardless of the correctness of your answers to the first question. All of the reading assignments for 
the entire semester contribute 4% of your grade (part of the 20% for homework). You can miss a few; you will 
receive full credit if you answer 75% or more of the reading follow-up assignments for the semester. (However, 
the amount of credit you receive will drop rapidly if you answer less than 75%; you will receive no credit at all if 
you answer only 50% or less of the reading follow-ups.) 
 
Finally, not everyone learns the same way. While most Physics 4L students find this reading strategy works well 
for them, if you find that the reading doesn’t make sense to you before class, come talk to me and we’ll discuss 
what might work best for you in this course. 
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Class meetings 
During class, we’ll focus on the key ideas from the reading. Sometimes we will not explicitly discuss everything 
from the reading; we will spend our time on the parts that are most important and difficult. In particular, I may not 
go through mathematical derivations in detail if they are done clearly in the textbook, as the pace at which 
students can effectively follow derivations varies widely, and I will rarely go through nitty-gritty details like unit 
conversions. If something is explained clearly and thoroughly in the textbook do not assume that I will go over 
it in class in detail. I will make it clear which parts of the reading are not required. 
 
To help you think about the material during class, and to help me find out what you understand, class will be 
interspersed with questions. After everyone is given time to think about these questions, sometimes we will 
discuss the answers all together and sometimes in small groups of three or four. The questions (with answers) will 
be posted as part of my class notes on the web site.  
 
Studying  
Probably you will need to go over the material after class to solidify your understanding of it. One way you might 
do this: Review your notes or the book quickly, and then see if you can put the book or your notes away and write 
down the main points in your own words in outline form. Then add the equations that express those important 
ideas mathematically to your outline. Finally, start on the homework, just using your outline as a reference, or see 
if you can make up a problem related to those ideas and solve it. (If you prepare these outlines regularly, you will 
not waste time hunting through your book for equations while you’re doing the problem set!) 
 
Learning equations 
Don’t spend your time memorizing equations; however, as you learn the material, you should find that if you 
understand the underlying principles, then you will remember that an equation exists relating certain quantities, 
and you will probably even remember the equation, with the possible exception of a proportionality constant! If 
you find yourself searching for an equation that relates quantities even after you have completed the homework 
assignment, you may not be studying and solving problems effectively; I encourage you to come talk to me about 
your study strategies. For the exams I will provide a sheet with all of the relevant equations. 
 
Homework 
Detailed guidance for doing the problem stet is provided in the “Problem set guidelines” document on the course 
web site. Problem set solutions will be available on the course web site 48 hours after the problem set is due. 
 
Problem sessions 
On Thursdays, Sundays, and Mondays, there will be help available from SAs. You are encouraged to come with 
your study partners. You should expect that most of the help we will provide is in the form of questions to help 
you focus your thinking, and ultimately figure out yourself how to approach the problems.  
 
“Self-test” problems 
Each week’s problem set will include a single “self-test” problem that is included to let you assess how well you 
have learned the material. After you have finished the rest of the problem set, solve this problem without 
discussion with others. Unlike the midterms, you may use the book (including the worked examples posted 
online) or your class notes; but I encourage you to try solving it first just using the equation sheets for the exams 
(posted on the web site). If you have solidly learned the material, you should be able to finish it in no more than 
30 minutes (and for some problems quite a bit less); if it takes you longer, this is just an indication that you have 
some more work to do to solidify the material.  
The first few of these problems will be scored, but the score is solely for feedback to you. You will receive full 
credit for a thorough answer to the problem that shows genuine effort. 
 
Laboratory 
The laboratory is intended to help you understand the physics you are studying more deeply as well as to give you 
experience with analyzing quantitative data and using certain types of lab equipment. More details are provided in 
the “Laboratory Introduction” handout in the top area of the web site. 
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WEEKLY SCHEDULE OF CLASSES & LABS 
 
This rough week-by-week schedule is intended to give you an overview for the semester as a whole. Topics do 
not always break out neatly by week so some topics will begin midway through the previous week. The daily 
breakdown of reading assignments will be announced in class and posted on the course web site. 
 

Week Topic Knight Lab 
Jan. 20 Reflection, refraction, and images Ch. 23 none 
Jan. 27 Forming images with multiple lenses Ch. 23 Reflection and refraction 
Feb. 3 Wave interference Chs. 20 and 21 Microscope optics  
Feb. 10 Diffraction and optical imaging Ch. 22 Interference problem solving 
Feb. 17 Electric properties of matter and fields Chs. 25 and 26 Interference and diffraction 
Feb. 24 Electric fields, energy and potential Chs. 26 and 28 Electric force and field workshop 
Mar. 3 More electric energy and potential Chs. 28 and 29 Equipotential mapping 
March 17 Microscopic model of current Ch. 30 Electrocardiography 
March 24 Electric circuits Ch. 31 Voltage, current, and resistance 
March 31  Capacitors and dielectrics Chs. 29 and 31 Discharging capacitors  
April 7 Dielectrics; electric fields in salt water — Neural circuits 
April 14 Magnetic forces on moving charges Ch. 32 Magnetic forces on moving charges 
April 21 Magnetic dipoles Ch. 32 Magnetism workshop 
April 28 Electromagnetic induction; photons Ch. 33 Electromagnetic induction 
 
EXAM 1: Thursday, Feb. 20, 7:15 – 8:45 p.m., SC 199, covers geometric and wave optics (Jan 20 through Feb 14 
plus the lab the week of Feb 17). Class will meet as usual during the week of Feb 17 (no classes are canceled). 
 
EXAM 2: Tuesday, April 8, 7:15 – 8:45 p.m., Science Center 199, covers electric interactions, fields, energy, and 
potential, microscopic model of current, and circuits. No class on Monday, April 7. 
 
FINAL EXAM: will be scheduled by the Registrar, equivalent to a midterm on the last five weeks of the semester 
plus a cumulative final exam (so the last third of the course will be weighted more heavily). 
 
 


