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SUMMARY:
The experience of teaching PHYS 216 / SIS 216 is described. The two novel concepts in this course  were to provide an Honors-like experience to the “regular” students, and to create a truly transdiciplinary mix of science-and non-science students, from freshmen to seniors, all in the same classroom, to represent a microcosm of the wide participation necessary to deal with the challenging problems our society faces. 
Motivation
     Modern science is an awesome, exciting adventure. Quite inexplicably, we seem able to investigate Nature, from detailed aspects of the Big Bang, through the machinery of our own genome, all the way to the Quantum Mechanics of quarks and neutrinos. The range of potential benefits is mind-boggling. Progress in Physics, Molecular biology, Computer science and other disciplines has already transformed the material conditions of human existence, and the implications for the future are truly astonishing. It may be possible to eliminate many if not most diseases, extend human life, solve the energy problem, solve the poverty problem, perhaps even achieve the lofty goals of Human Security….

     At the same time, many thinkers have pointed out the ever-increasing gap between the cumulative, exponential progress in science and technology on the one hand, and on the other hand, the lack of comparable progress in our ability to use our new technological tools thoughtfully and responsibly. This gap cannot keep increasing forever. Albert Einstein expressed his concern when he said: “The release of atom power has changed everything except our way of thinking”. Some people think that we might be in the process of acquiring powers that we should not have, and that catastrophic consequences are not only possible, but probable or even inevitable. The key, and novel, aspect of this is the possibility of global harm being produced by individuals or small groups – up to now, this was the domain of large entities such as nation-states. Details and examples are discussed elsewhere
 -  for now it should suffice to imagine an accidental release of the newly reconstructed 1918 Spanish Flu virus, or an intentional release of a strain of smallpox engineered to be resistant to the existing vaccine.

      The implication of the above considerations was that there was a need for a new course on Science and Society, with the premise that an informed, educated citizen ought to know enough about science to be able to appreciate the enormous potential benefits, as well as the possible dangers, which science represents.

The course
     This is a report on a highly interdisciplinary course on "Science and Society" offered jointly by the Physics Department and the Jackson School as PHYS216/SIS216 (informally abbreviated as PHIS216). The enrollment is not limited to the two sponsoring units - the goal is to achieve a truly transdisciplinary mix of students with diverse backgrounds. The idea is that students will learn not just from the Instructor, but from each other as well, and that the course will represent a microcosm of the wide participation necessary to deal with the difficult problems our society faces.  The course explores the current status and developments in Physics, Nanotechnology, Biotechnology and Computer Science, and we discuss the implications for society at the local, national and international (global) level. Nuclear physics and Molecular Biology serve as concrete examples of fields with significant impact on society. First we learn, from scratch (i.e. without any pre-requisites) but in considerable detail, about the fundamental concepts of Nuclear Physics and Molecular Biology. Then, in the discussion part of the course, we learn how NASA plans to listen to the gravitational symphony of the Universe, we inquire how do astrophysicists know what happened fifteen billion years ago (and exactly what happened in the first three minutes), we learn about Schrodinger’s cat and Heisenberg Uncertainty Principle, and we contemplate the marvelous interplay of DNA, RNA and proteins. And we spend equal time on discussing methods of risk assessment, we try to find out if the Brookhaven National Laboratory could accidentally produce a black hole which will eat the Planet, or if a biological accident could wipe out Civilization. Particular emphasis is put on the fundamental impact which science and technology have, and will have in the future, on the international relations. We also discuss the ideas of Evolution and Intelligent Design, and the issues of science and religion in general. There is both exuberance and humility in our treatment of the issues, and both feelings are often illustrated using the playground of Music. 
The Course Structure
      This is a 5-credit course; students can choose to take it towards their NW (Natural World) or towards the I&S (Ideas and Society) graduation requirement. In addition, A&S Honors students can take it (with additional effort required) as their Ad Hoc Honors Core Science or Core Western Civilization course, and the SIS students can undertake their Qualifying Project (SIS494) in conjunction with this course.
      The class meets for a 2-hour lecture twice per week, and in sections taught by a TA on Fridays. The course website
 can be consulted for details on grading, schedule, syllabus, readings etc. 
        The first two weeks are spent on Nuclear Physics, with emphasis on the binding energy concept (and E=mc2, of course). The result is that on the Final Exam the students, many of whom did not even have high school physics, can calculate, from first principles, problems such as how much energy (in kilotons of TNT) is released from fusion of one ounce of Deuterium into Helium (ignoring other possible reactions).  In addition to these particular, concrete skills, we talk about the physics of nuclear reactors, safety issues, proliferation, nuclear waste disposal, etc. 
     The next two weeks are devoted to Molecular Biology, emphasizing the genetic code. And again, the result is that students with no biology background can, in the final exam, take a segment of DNA, find a simple “gene” somewhere in one of the two strands, and determine the aminoacid sequence this “gene” codes for. And the students are quite pleased with themselves when I tell them that “this, in much more difficult cases, is what molecular biologists do the whole day, every day”. And again, in addition to this skill, we talk about application of molecular biology (polymerase chain reaction, genetic engineering, etc.).

     It may seem that such a beginning will be dreadfully boring for the physics and biology majors enrolled in the course. However, it is only two weeks for either of these, and in addition, I never cease to be surprised by the benefit which many physics majors derive from really understanding E=mc2; similarly for biology majors really understanding the structure of the genome. Even more importantly, I use the students who already understand the concepts, as a resource, so that the class learns not just from the Instructor but from each other as well. This seems to be very well received by everyone.

    Following this first part of the course is a segment for discussions. Students are encouraged to prepare informal presentations about the issues of science and society, with myself always ready to bring up something interesting in case the discussion turns stale. Considering that one of my own conclusions is that a necessary part of the solution will be finding an acceptable way to restrict the concept of national sovereignty, the discussions are always lively, to say the least. 
     During all this, the students are expected to work on their term papers on subjects of their choice. In the last part of the course, we have a mini-symposium, with students presenting their topics to the class, and soliciting comments and criticism from me as well as from their fellow students, to be implemented in the final paper. We also organized two “formal” debates (on Intelligent Design vs. Evolution, and on the Basic Problem.) The course ends with a “grand finale” – a pair of concluding lectures in which I ‘pull out all the stops’ (sometimes quite literally, at the pipe organ) and by the Final Exam covering the physics and biology skills acquired in the first part.
The difficulties
 Obviously, instruction is easier in a class with a homogeneous enrollment. When the goal is a transmission of existing knowledge in a well defined, specific field (e.g. Quantum Mechanics), it is in fact essential to be able to rely on common set of previous skills, work attitudes and expectations. However, I see education, rather than instruction, as the main focus of this course, and the difficulties appear minor as compared to the benefits of the diverse enrollment.
Providing affordable course materials is also difficult. Requiring textbooks on Physics, Biology and Science and Society (not to mention Computer Science, Nanotechnology, Music etc. ) would be prohibitively expensive. Instead, a detailed Coursepak (typeset in LaTeX) is provided (see the website above for the Coursepaks, as well as to inspect the Powerpoint presentations.)
Another difficulty to be overcome is in controversy which inevitably arises when dealing with the issues of science and policy: the line between policy and politics is ill defined and easy to cross. This happens most often when discussing global warming and environment, the responsibility of scientists, the impact on international affairs, etc. Even more sensitive are discussions of the relationship of science and religion, Intelligent Design, etc. It has been quite gratifying that the student response to my treatment of these issues has been most appreciative (see below).
How to deal with the difficulties
    The present course, offered for the second time this Spring Quarter, is an outgrowth of similar courses taught by VC in the A&S Honors Core Science series, under the title “Natural Science for an Informed Citizen”,  for a number of years. In addition, the enrollment for my course PHYS207: “Physics of Music” has been very similar in its wide diversity and scope. Therefore, I believe I have acquired considerable experience in dealing with the difficulties. 
     The first condition is that the science selected to be taught must be truly and widely interdisciplinary. It probably would not work to teach just physics to a mix of physics and non-science majors. The duration of each subject matter should be long enough for a thorough, substantial treatment, but short enough not to cause a loss of interest in the “expert subgroup”. Next, topics must be selected which are accessible to the whole group, yet which are not entirely obvious to the “expert group” (rather unfortunately, this last requirement is not all that difficult to satisfy … ) 
     The key to non-confrontational discussion of the “sensitive” issues has been to “academize” them. I encourage students (and I do it myself) to present and consider arguments for and against, without necessarily revealing their/my own conviction; sometimes even playing a “devil’s advocate”. This takes away much of the emotional edge, and produces much more productive discussions.
The results
     The enrollment goal has been achieved rather beautifully – it ranged quite uniformly from Freshmen to Seniors, with many science and non-science majors represented – see the EXCEL spreadsheet.
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Problem 1: Assume that our Sun produces 10%® neutrinos each second. Es-
timate the number of neutrinos passing through your head each sec-
ond (consider your head as a sphere of radius r = 10 cm; the Sun-
Earth distance is 1.5 x 10*! meters, surface of the sphere of radius r is
Ssphere = 4mr?, and surface of a disk of radius r is Sgisrx = 772

Problem 2: Consider the isotope of Radon 23°Rn:

a) how many
nucleons:
protons:
neutrons:
quarks:
electrons:
are there in one atom ?
b) how many atoms are in 16 kg of this stuff (for the purposes of this
rough calculations it is sufficient to assume that mass(proton) =

m(neutron) = 1.7 x 10727 kg, and ignore the binding energy as
well as the mass of the electrons).

¢) how much (in kg) of the original 16 kg Radon sample is left after
19.1 days (note that the lifetime given in Table is the ”half-life”
12 )

d) What happens to the rest of the original 16 kg of Radon by the end
of the 19.1 days? (For this you have to use the Table of isotopes
and trace the decays until you arrive at an isotope which is either
stable or has a half-life much larger than 19 days. Recall that the
alpha-decay means a loss of 2 protons and 2 neutrons (i.e. loss
of 4 nucleons), while the beta-decay changes one of the neutrons
into a proton, leaving the total number of nucleons unchanged.)

Problem 3: a) Use the rest energies of nuclei in Table to determine the
energy (in kilotons of TNT) released in fusion of 8 kg of Deuterium
into Helium:

242 H — %He



    The overall student performance has been very good. The Final Exam was rather demanding and the average class final grade was very high: 3.4/4.0. What is more, the results were statistically compatible between the science- and non-science majors
! (see the Final Exam in Appendix A to fully appreciate this).
Student Response

The student response to the course has been very positive – here are some notes before quoting examples:

     It should be expected that a course like this will not satisfy everyone, and indeed: there were several critical or downright negative response such as:

“… I had great expectations for this course, and unfortunately was extremely disappointed…”                                                            
In this particular case, there was not much to be learned from the suggested improvements (the student complained that “most of the lectures were spent on material that will not show up on the math-based final exam”. But of course – the final exam only counts for 25% of the grade, the rest comes from response papers and a term paper – i.e. from the “other” lectures). Several other “negative” responses did contain useful suggestions: e.g. another student wrote “The course as a whole was a bit of a disappointment for me. I was looking forward to a more student-focused class.” But she also made a very useful suggestion to include “a lecture or two” on international affairs: United Nations, Atomic Energy Agency, … which I erroneously assumed to be familiar to everyone.

      I should note that during the course I emphasized my desire for students to include the critical or negative reflections in their response papers – I did it mostly by including the excerpts from the negative papers in my weekly review in class, and explaining how much I learned from them. The fact that there was a small but steady stream of critical comments is a testimony of the success of my exhortations. Of course, the anonymity of the final Course Evaluations removes all inhibitions, so I did get 6 fairly negative evaluations (out of total of 75) including this one: “Overall, this class was VERY disappointing. I felt it was a waste of my time. I had hoped for a fair view of science and society but instead got one stupid liberal’s point of view supplemented by people with similar views.”
      Occasionally, a student will complain about being required to actually do some science (not just talk about it). However, the retention rate has been quite reasonable, and at the end, most of the students appreciated getting the feeling for what the “real physicists” and “real biologists” actually do.
     Many students mention a “BS detector”. This refers to a detector of claims which sound too good to be true (or too bad to be true), or in general the ability to question authority. I put great emphasis on an improvement of this most useful mental device from the first day of classes, using many specific examples as puzzles to be resolved by the students in class, or as homework.
    The “Walker Ames” demonstration refers to a field trip to the UW pipe organ, where I attempted to share with the students the beauty and wisdom of Bach’s Art of Fugue. Bach’s music was used throughout the course as an example of “emergent complexity” in science and society.  
      The main reason why the compilation which follows concentrates on the “positive” responses is not just that there were so many of them
, but rather that they show – in students’ own words – the goals of the course, in many cases better than I would be able to do myself:                                                                 

When first being introduced to what this class would be like, and how it would have so many topics for discussion and to study, I was intimidated. I thought: “How can we possibly go through all of these subjects in one quarter? Surely I will be confused by the end of it!” Strangely, the exact opposite happened to me; pieces of life began to fit together in ways that they never had before.   …  It is amazing, the amount of learning and growing that one student can do in one quarter.
I never thought the deepest philosophical question I would ponder would come from a class titled PHYS216: It is okay to doubt.
This class, Science and Society, has avidly reinvigorated my hunger for learning, my hunger for studying, and my hunger for knowledge and culture, and this hunger has grown over the quarter almost to insatiability. The concepts visited by Vladi (to name a few: complexity, emergence of life, quantum theory, the Big Bang out of nothing, science and religion, science and culture, science and history, science and the future, science and current society, as well as correlations of science with music, art, and life) have been concepts that have boggled my mind since I was eight years old (seriously - maybe not to such deep levels when I was eight, but definitely since then). To have the fortune to see and study all these amazing parts of life and civilization is something I will take with me as long as I live. 
I have taken from this class not only the information on biology and physics, but a more open mind and a new understanding of the world. … My BS detector is tuned, I am ready to question and contemplate, and I am ready for the world. This was one of the most important classes I will ever take because it will help my understanding of all others. 
                                                                                                                                                        I have told as many people as I can about this class, how important it is and how everyone should take it. I have told professors about it and I have told other students about it. Yet it was not until the last day that I fully understood how powerful this class really is, it empowers an individual to think and act for themselves: to not blindly believe what is told to them, question everything including the advice itself, it gives them knowledge with which to make informed decisions about how to live. Most importantly, it showed me how huge and limitless the universe is and how humans are insignificant and at the same time it is up to humans to make their own future. We are in exciting times when humans are at the doorstep of greatness or disaster depending on what we decide to do and the power to make those decisions are not in the hands of countries but in the hands of individuals. You are nothing … you are everything.
There is nothing like watching an English major and a Physics major bashing heads with each other to prove a point during a debate …  Through it all, I feel like I’m a college student now.
I  know that to most this seems backwards, but for me realizing and understanding the complexities of life is one of the highest forms of feeling holiness – it is a brush with a higher being. …. All in all, what I have learned from this section of the class, in conjunction with the physics section, is that every bit of life is amazing. From quarks, to molecules, to cells, to bodies, to worlds, to everything in existence … Life is simple and complex, and, above all, needs to be protected. How to go about protecting life is a hard question, though. How do we protect humans from humans, nature from humans, and humans from the universe at large?
When we were immersed in physics, it made me feel small compared to the world. With microbiology, I feel enormous. Just inside my body, billions of tiny cells work in complex, magnificent ways to allow me to live and function. I feel like the universe.”
The information laid out in this class has been of paramount importance and fundamental to becoming an informed and engaged person, and to understanding what our purpose in this universe, as human beings, should be. I am delighted to have been taught and to have learned from this class, not just facts and ideas (as is the case in many classes) but purposeful information that has taught me how to think, how to approach things in life, and how to be a better person and global citizen …
The idea of a BS detector benefited me most out of this class. I have little need to know how DNA replicates or how much energy the sun radiates, but the concept of not always believing the news has been revolutionary for me. 
A course like this one should be mandatory not only for everyone at UW, but it should be mandatory for everyone in the whole world to take; it is absolutely essential that everybody learn and know about the topics Professor Chaloupka taught in this class.
SIS216 was completely unlike any other science class I’ve taken at the University of Washington. It was the first time I truly felt the focus of the class was not to impart a set of facts about a topic, but rather to change the very way we thought about those topics.
                                                                                                                                                        I have learned more this quarter that I ever imagined possible. The whole time it was like putting together a giant jigsaw puzzle. You can fit together groups of pieces [and] all of these are admirable and in isolation respectable achievements. But when you finally finish the entire puzzle [then] the masterful beauty takes your breath away. .. It is a rare glimpse into the true workings of nature, one that I have thoroughly enjoyed discovering, if only for a brief moment of exuberance and humility. This has truly been a grand tour of universe.
I  feel that my BS detector has grown greatly from this class. … I feel that my confidence in my ability to understand science will be much greater. I won’t be afraid to take that last science class to complete my NW credit requirement. I won’t be afraid to discuss scientific terms with other people, and ask questions if I’m not positive about something.
[the course] was challenging without being demanding. It was compelling but not forceful. It raised issues that I had never considered before. It probed standards of mine that I had never contemplated questioning. It has pushed me that much more into being a full functioning, informed, humble, inquiring, passionate member of society.
I invited my Mom to come to the Grand Finale lecture, and afterwards discussed the issues …
I invited my mother to the presentation in the Walker Ames room in order to see the professor show us the fugues 
I am extremely excited about this class. In fact, on two occasions after lecture I phoned my dad (a scholar of philosophy with no scientific background) to explain some of the ideas presented. I had no idea that physics had such tremendous philosophical implications! We are both eager to see what the rest of the quarter has in score. [that was after the students learned, in about 15 minutes and from first principles, that an increased strength of the binding between constituents results into a smaller mass of the system. Application on the whole Universe then suggests that its total mass could in fact be zero. The old question “why is there something rather than nothing” suddenly gets a whole new meaning …].
Alas the quarter comes to a close. On the first day of lecture I was more that a little leery about Chaloupka’s vision of his course. Nuclear physics and Art of Fugue? Molecular Biology and the end of the world? This guy must be nuts! But, when I think back about the class as a whole, I cannot say when one section ended and the other began. We’ve covered everything from the smallest particle known to man, the quark, to the largest thing we know of, our ever expanding universe. I cannot think of a single specific aspect of my life or my undergraduate education that this class will directly apply to, but rather I feel that it is applicable to ALL parts of my life. Even after I’ve forgotten minute details such as verb conjugation or Taylor series, I’ll still have my BS detector …
For the first time I’ve sat in a class discussion and thought not just about the science of a subject, but also the politics, morality, theological or even societal ramifications and effects. … Students should take a class like this simply because it pertains to something perhaps more important than organic chemistry, more pressing than European history, or more modern than Digital art.                                                                                                                                                                                          …                                                                                                                                               Participating in this class was a unique experience that made me feel as though I was finally in college. My two quarters and even my other classes this quarter, feel as though I am still in high school, except with ten times the people and half the hours. I am still being talked at and not talked to. This was the first experience I’ve had in which I felt like I was learning for learning’s sake and not simply to get the grade. 
… This class made the process of learning interesting because we were all teaching as well as learning. The students contributed to the class, with outside knowledge and personal experience, something that is unique and not common in most classes. I learned things that I most likely forget the second my pencil leaves the exam page, bit I also learned things that will stay with me the rest of my life.
I feel that not only this class should be requisite because of the sheer importance of the Basic Problem, but also that it should be used as a gateway class, a portal into other classes that go further in depth on each of the fascinating topics addresses. I really envy those freshmen in the class that got to take this class at the beginning of their College experience
    As a science major the Physics portion of the class came quite naturally to me. Almost all the ideas were a review for me. Strangely enough I did not ever find myself bored with it
… Perhaps the most valuable thing I have gained from this course is a new perspective on my relationship with art and music. … I have often questioned my value as a writer [but now] I have renewed faith that my contribution to society will be on a par with those of my friends who are studying nanotechnology and computer programming.
     Finally, I must include a slightly more personal note about the professor’s inclusion of music and musical ideas, specifically the music o Bach, as a metaphor for emergent complexity. … Over the last year, I very nearly gave up studying music entirely, thinking that it was too time-consuming or trivial when compared with the demands of my studies in physics. But I realize now that for me, music holds a wisdom that is inextricably entwined with my way of thinking, and I believe it will serve me well in my future as a scientist.
Having grown up with a music background, I had never thought of Bach’s fugues in the way Chaloupka explained them comparing them to the Mandelbrot set, with each variation of the basic theme representing a filament of the Mandelbrot beetle. Because of this, when Chaloupka performed, I felt as though I was hearing these pieces for the first time and in a completely different way.
[the instructor] from the beginning of the course, accentuated the ideas of awe and humility, and up until this point (while I did experience curiosity and interest) I didn’t fully experience the emotions that these topics can inspire. But when I was sitting in an acoustically dry room, with the unexpectedly intense, loud, vibrating sound of the organ permeating every crevice of the expansive space, with the two girls in front of me grasping each others hands in response to the intensity of sound and emotion, I fully experienced awe and humility. And this emotion-filled performance made me think about the science we’ve been learning in a new context, an emotional context.    …                                                                                                                   
I found this class and the grand finale to be absolutely beautiful and gave me inner peace. My freshman year has been a very life changing experience mainly in my faith. My entire life I was told that there was a God who created everything and when you die you go to heaven and hell and until my freshman year of college I for the most part bought it. I took several science classes and realized quickly that everything I was ever taught was only one side of the story. … I became severely depressed believing that all there was in my life was birth and death. This class changed my perspective on life giving me hope and inner peace. … For now I will live my life in spiritual awe because this class showed me that there is more spiritual beauty in physics, molecular biology and universe than any manmade religion can ever offer for me.
After the Brief Tour of the Universe a have realized a lot about God. He is much bigger than I have [been] led to believe – much, much bigger.   … [the last lecture] sent me on a journey (which I am still on) to discover my own thought limitations and readjust my views …[this from the most outspoken evangelical Christian student in the whole class …]
The great journey I made in this course is only the beginning, and it will provide me food for thought and spiritual development for the rest of my life.

 Even if I hadn’t enjoyed the rest of class (which I did) having my fear of death allayed to some degree would have been worth taking it.
Conclusions
     Teaching PHYS216/SIS216 has been rather demanding, but also extremely rewarding.  It is not every day that a Physics professor has a chance to allay someone’s fear of death, or provide an “inner peace”. 

      Overall, the experience reinforced my view of achieving the proper balance between exuberance and humility. We need to educate our students about the benefits science and technology can bring. We also need to improve the general scientific literacy and general ethics, to enable students to deal with the issues ranging from Intelligent Design to the ethics of cloning. And we also need to address the Basic Problem: the possibility of Knowledge-Enabled Mass Destruction, be it intentional or accidental. Only if we succeed in this critical task, then – perhaps – we will deserve the name Homo sapiens which we so expectantly gave to ourselves. We have to succeed to teach our students, and ourselves, the new way of thinking which was so important to Albert Einstein.
[image: image8.jpg]First letter

Second letter

U © A G
Ll Phenyl- Ucuy UAUl porosine o Cystei .
t
UUC SRR U C I U C - pey - | -
UUA [ ggé (97 WY Stop codon |[I[eFN Stop codon | A
UuG (8):X€] Stop codon |[UGG Tryptophan |G
U
Gl @el (C;/ZICJ Histidine  ||CGU
CUC (. CCC . CGC [ C
CUA eucine CCA roline CAA - CGA rglmne "\ g
tami -
CUG CCG CAG | Glutamine ||CGG G|%
e
AUU AAU . AGU [ U .5
AUC| Isoleucine igg AAC [/ GC [ @ 'ﬁ
Threonine
ki M ACA AAA NS AGA . A
INofe] Methionine; || ACG AAG/| Lysine AGG | Arginine G
start codon
GUU GCU GAU| Aspartic  ||GGU .
cle Valine & e Alanine CAC Jasid e Glycine <
GUA GCA GAA [[EE. GGA n
GG CEE GAG ad“dtam“? EEE -

2001 Sinauer Associates, Inc.




[image: image2.png]Notes: the rest energies in Table are given in "atomic units” which are
equal to 931.5 MeV (so e.g. rest energy of a tritium nucleus $H =
931.5 x 3.016049 MeV).

For the conversion from single reaction to fusion of 8 kg you can use
m(nucleon) = 1.7 x 1077 kg, and you will need to know that 1 MeV =
1.6 x 10713 J, and 1 kg of TNT = 4.3 x 10° J. Note: it does not concern
us here that reaction studied in case a) is in practice outcompeted
by reactions such as ?H +% H —3 H +} H and ?H +? H —3 He +
neutron - you would calculate the energy released in these reactions in
a completely similar way ....

b) What is the TOTAL energy (in kilotons of TNT) contained in 8
kg of heavy water (or, in fact, in 8 kg of ANYTHING)? (to release
that energy you would need to annihilate that with the corresponding
amount of anti-matter, which is hard, to say the least ....). Recall that
if you use the speed of light as 3 x 10® m/s and mass in kg, the result
will come in Joules (J).

c¢) So what fraction of the theoretically available energy is released in
nuclear fusion?

Problem 4: a) Imagine that some truly powerful designer made the mutual
binding of nucleons stronger (without changing the masses of the nu-
cleons). Would this make the mass of the nucleus larger or smaller?
Explain your reasoning briefly (in space provided) but completely - as
you would to a friend interested in the Physics did you learn in this
class. The key ingredient here is Einstein’s E=mc2 as well as the law
of conservation of energy (which is exactly what you used in Problem
2).

b) Now: can you use this reasoning to tell your friend about a very
interesting possibility for the total mass of the Universe?

Now you can say you know something non-trivial about Nu-
clear Physics.




[image: image3.png]Problem 5: a) Select four from the following:
genome, atom, gene, intron, base (or nucleotide), amino-acid, pro-
tein, codon (base triplet i.e. nucleotide triplet), exon
to construct the genetic analog of the hierarchy:
letter / word / sentence / book

b) Use 4 arrows to associate the following 4 processes (first line) with
their products (a subset of the second line):

translation transcription mitosis meiosis
haploid cell DNA mitochondrion diploid cell mRNA protein

Problem 6 a) List the ingredients necessary for the Polymerase Chain Re-
action

b) Explain briefly (in the space provided) how does the PCR process
work.

c) Explain briefly (in the space provided) what is PCR used for.

Problem 7: You are given a fragment of a single DNA strand:
CCATGCATCTAATCGGAGCATTTCATTTACGTAACGCACTATTATC

The corresponding double-stranded DNA contains a very short but
complete gene I made up (starting as usual with a code for Methionine,
and ending with a stop codon.) Construct the complementary strand
and then the sequence of amino-acids in the protein coded for by this
gene.

Problem 8: Here is a pre-RNA of another toy gene I made up, followed
by the clean sequence from the mature RNA where every triplet cor-
responds to an aminoacid, from the beginning to the end. Find, in
the pre-RNA, the initial part of the gene (which in a real gene would
contain the gene promoter etc.), the trailing part, the exon(s) and the
intron(s). Note: both segments are in the DNA alphabet.

AAACAGACACCATGGTGCACCTGACGTATTTTCCCACCCTTAGTCTGCTGGTGGTCTAAGCTCGCTTTCTT

ATGGTGCACCTGACTCTGCTGGTGGTCTAA

Now you can say you know something non-trivial about Molec-
ular Biology.
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The Tables students were provided for the Exam.
Appendix B : Examples of Term Paper topics (PHYS/SIS216, H A&S220)
 Race-specific medication

What  to Eat and the Choice We Can’t Choose

Science and Ethics of Immortality

To Be or Not to Be: An Examination of Free Will

Lessons from the Physics of Music

Semblance of Sentience: 

The Future of Artificial Intelligence

Israel and Nuclear Weapons in the Middle East

Invisible Dialogue on the ‘Basic Problem’: 

An Egghead and a Renaissance Man 

Is Life Purposeless?

Some brief suggestions into the nature of God

Modern Environmentalism: 

Science, Politics, Urgency, and Solutions

Evolution in Human Society: 

Are we evolving as a species?

Survey of Time in Science and Religion

Antimicrobial Resistance: 

A Preliminary Economic Analysis

A Possibility for Harmony between Science and Society

Nuclear Renaissance: 
An argument for the revival of nuclear power as a solution to global warming
Fractals in Music

A brief Glimpse into Multiple Universe Theory

North Korea’s Military and Civil Nuclear Programs
A Nation worth Defending: The Symbiotic Relationship between Science and Peace

Tradition and Modernity: Islam’s compatibility with modern science

Gene Patents and their Social Ramifications

Literature and Science: A Poetic Analysis

Note: the last term paper on this list was from a Creative writing major, and included five poems “reflecting the shifts of view [the author has] undergone since taking SIS 216”. This prompted my Physics TA to add to her paper a mini-poem of his own:

This is the way SIS 216 ends

This is the way SIS 216 ends

Not with a bang

But with a poem

The student obtained a score of 91/100 on the rather difficult Final Exam (see Appendix A) and the final grade of 4.0/4.0 (see footnote 3 about the grades of the other English majors).

Appendix C: Art of Fugue

Lecture Notes for a J.S.Bach/pipe organ lecture-demonstration for Phys216 / SIS216.
Vladimir Chaloupka, University of Washington, May 2007
(www.phys.washington.edu/users/vladi )
General notes on pipe organs
Pipe organ is the most “mechanical” of all instruments – any given pipe is either closed or open, and loudness/dynamics (as well as change of tone color) is achieved by “pulling stops” which enables air supply to “ranks” of pipes. The pipes you see are just the façade – even modest-size organs have thousands of pipes, closely compacted inside the case. A “rank” is a set of pipes of given timbre with one (or more) pipes for each key on the keyboard. In addition to one or more Manuals, there is also a “pedalboard” – a real “keyboard for the feet” on which complex melodies can be played. Ranks are named by the length of the longest pipe in the set, and by the timbre – e.g.  “4’ flute ” or  “8’ trumpet ”. The highest pitch is usually a 1’ rank; the lowest tones come from 16’ or – on larger organs – from a 32’ rank.

The Littlefield pipe organ at Walker Ames

This is a small instrument, with “only” about 980 pipes, built by the well known Pacific Northwest organ builder Paul Fritts. All action is mechanical (it is a “tracker” organ) which gives the organist more control (relative to an electro-pneumatic action, tracker organ is as rack-and-pinion vs. power steering.) As the Walker Ames room was designed for speech intelligibility, the acoustics are much too dry for most organ music.

General notes on counterpoint

Counterpoint (originally: “punctus contra punctum” i.e. “note-against-note”) is a compositional technique utilizing multiple voices both horizontally (i.e. melodies) as well as vertically (i.e. harmonies). Classical examples are canons, with most rigid rules, and fugues, which are more flexible. A fugue typically starts with a single voice singing a “Theme” which is then picked up by a second, third, … voice, and the previous voices become “free” for a while. A fugue can have more than one Theme, so e.g. you can have a “triple fugue for four voices” etc. 

The “Art of Fugue” by J.S.Bach

Johann Sebastian Bach’s Kunst der fuge (Art of Fugue) is a huge collection of fugal variations on a single, simple Theme, all in the same key of D. In a certain sense, it is a fugue of fugues, or a “superfugue”. The Theme undergoes many modifications (inversions, syncopation, tempo changes etc) but it stays recognizable through the whole piece, reminding me of the various distorted versions of the Mandelbrot “beetle” (with free voices playing the role of the Mandelbrot “filaments”). 

It is my goal to convince you that the Art of Fugue is not a dry, boring exercise in counterpoint, but rather it is beautiful, glorious Music. I will try to do that with an interpretation which attempts to treat the Art of Fugue not as a baroque period composition, but as a work which is timeless and abstract, yet so human. I will play the first six fugues (for about 30 minutes); the complete performance (14 Fugues, 30,000 notes) takes about 2 hours.

Summary of the evening Art of Fugue Lectures, April 30 - May 14, 2004

(see www.phys.washington.edu/users/vladi/bach/lectures.html )

[  ] The Art of Fugue (Kunst der Fuge - from now on abbreviated as KdF) is in fact a triple art: 

1)  art of composing a fugue  2)  art of playing a fugue  3) art of listening to a fugue.

The main task of the art of listening to a fugue is to achieve the right balance between the perception of the melodies, and the perception of the harmony. It is a serious mistake to attempt to clearly identify each time the Theme comes up – and some misguided performers even try to “help” the listener to do just that, by excessive differences in the registration of the individual voices, thus damaging the fusion of the countrepoint into Music.

[  ] The ideal instrument for the performance of KdF is the pipe organ. The arguments include the frequent and essential use of the “pedal point”, necessity for voice fusion as well as voice separation, clarity and simplicity of sound needed for the proper treatment of dissonances, and the intensely personal, meditative nature of many  of the fugues. However, the registration must be chosen so that the organ does not sound “organy” – with the exception of Fugues 6 and 9, KdF is not well served by the “majestic” organ sound. 

[  ] At the lectures, I presented a new theory/hypothesis/explanation why the last fugue is unfinished. This will not fit in these Notes - see the www page above for details.

[  ] At the conclusion of the lecture series, I discussed the connection of Bach’s music to our troubled times. Again, see the www page above.

KdF Discography:

From the large number of organ recording, I note:
[  ] Herbert Tachezi. Apart from some minor complaints, I find this to be a very nice, clean recording. Tachezi ends the KdF proper - as I do - by Fugue #12 Inversus. But he does not play the Unfinished fugue at all - he does not like its Theme! (he cannot get over the first few bars …).

[  ] Michael Ferguson. This is a must-have, for his “completion” if for nothing else. Ferguson plays the Unfinished fugue with the full organ, and his Bach shouts his name (in the German musical notation B.A.C.H. is playable as Bb.A.C.B. ) for everyone to hear. The completion is correspondingly bombastic. It is so bad that it is good - it should be a sensation at any musico-logical party. The rest of the CD is actually quite good. Somewhat unexpectedly, Fugue #9 is very subdued.

[  ] Glenn Gould. The “Art of Fugue” CD contains Fugues 1 - 9 played on pipe organ [sic] - in a very Gouldian, detached, staccato way, followed by several fugues played on the piano. I play many of the Fugues (especially #3, 5 and 7) much slower and softer, but this CD is an ear-opener as to how a pipe organ can sound. And the video of Gould’s interview with Bruno Monsaingeon (number XV [”An Art of Fugue”] of the Sony VHS “The Glenn Gould Collection”) is a true jewel and a true must-have for anyone interested in KdF. You will probably disagree with Gould’s harsh words about Beethoven, but his discussions and demonstrations of Bach Fugues are brilliant, and his account of the Unfinished Fugue is unforgettable. It is also a rare treat to actually see Gould’s fingers at work, and you will get to hear him sing as he would on his CDs if his recording engineers let him ….
Program Notes

Fugue 1:  This is the simplest of KdF; it is often included in collections “best of Bach”. Yet, simplest does not mean simple – there are no simple, pedagogical fugues in KdF. Many connoisseurs consider the #1 as one of the most beautiful fugues, in KdF and out. The technical tricks of counterpoint-writing, waiting to be exploited in subsequent fugues, are not used at all here (there is just a hint or two of a stretto). This means that the essence of the piece is a free composition. Listen to how much is going on in addition to the Theme, which is presented in its fundamental form at the beginning. The characteristic feature of this fugue is the ubiquitous two-note motif which keeps popping in and out, below or above the legato voices – if I had to illustrate the phenomenon of particle-antiparticle pairs popping in and out of the vacuum to a Music major, this is what I would use as a metaphor.  Note also the dramatic semi-close just before the end, apparently calling for a reverberation provided by church acoustics, and the subsequent pedal point against which the last quote of the Theme plays. Overall, this is a magnificent portal to KdF.
Fugue 2: The treatment of the Theme is still quite simple here. It is enlivened by syncopating the last bar - and Bach gets an idea: why not make the persistent syncopation in the free voices the defining feature of this fugue? And so he does. This compositional process, seemingly originating in a random idea, is used in many of the fugues, and gives them a fresh, improvisational character. One can distinctly see the moment when an idea first occurred, and then developed naturally, like a plant sprouts from a seed. You would almost believe that Bach just sat down and played the fugue, and somebody listened and wrote it down. I should note that Bach was indeed quite capable of such a feat – there is this  famous story with King Frederick giving Bach a difficult chromatic Theme, with Bach improvising a fugue on this Theme, on the spot. Incidentally, the King wrote the Theme himself - imagine the chance of something like this happening today! But anyway: Art of Fugue only seems to be improvisational - every single note is worked out to absolute perfection. So going back to fugue #2: pure joy emanates from this fugue, and at the same time, one must be in awe of the perfection with which this piece is crafted. Note how a pipe organ is able to render the staccato of the accompaniment, as well as the legato, sustained tones of the Theme.

Fugue 3: This is one of only two fugues where the Theme appears in two different forms (not counting simple inversions or augmentations/diminutions). [The other fugue with two versions of the Theme is the mirror Fugue #12.] The countersubject beneath the (inverted) Theme makes this Fugue very chromatic, and quite melancholy. Listen how the voices in the Manuals play against the pedal point at the end, with a flow of transitions between consonance and dissonance, until all is resolved. 

Fugue 4: The last of the “simple” fugues, this is a pure joy again, but much more complex than #2. This time, the persistent pattern is derived from the last four notes of the Theme (again inverted) and becomes interwoven with a two-note “cuckoo” motif. The same comment on the seemingly improvisational nature of Bach’s work we made on Fugue #2 applies here, too - first one cuckoo is heard, and soon the forest is full of them …. Quite literally a “moveable feast”. And once again – the pedal point at the end clearly requires an instrument with sustained tones.

Fugue 5: The “stretto” fugue (a ‘stretto’ occurs when the next voice starts to sing the Theme even before the previous voice is quite finished with it) . The syncopated version of the Theme, and its inversion, combine in a series of strettos of varying overlap (the Theme takes 4 bars, and the overlaps used here are 3 bars, then ½ bar, 1 bar and 1 ½ bars). At the end, the overlap reduces to zero – the upright and inverted versions of the Theme are played at the same time, “in anti-parallel”. At a key point of the piece, the usually “minor” nature of the Theme changes to “Major”, with subtle but profound effect. In the middle, the fugue comes twice to a tentative close, followed in each case by a quadruple [sic] stretto-like episode. Over and above these technical details, for me this is a prayer in a form of a fugue.

Fugue 6: For all other KdF fugues, the use of pipe organ is arguable; for this one it seems imperative. The syncopated Theme and its inversion play against each other at two different tempi at the same time, accompanied by frequent tirades in “Stile francese”. Here I do use 16’ reeds in the pedal – but I also use 16’ stops in the Manuals, so that the balance of the voices is not distorted. Very powerful and optimistic piece; one of the few KdF fugues when the full “organy” sound is needed. 

For me, the Art of Fugue is the culmination of Bach’s work, if not of Music in general. Indeed, in this work Bach went much beyond Music – he reflected and meditated, and makes us reflect and meditate, on the inner wisdom of the Heavens and Earth.
Lecture Notes © 2007 by Vladimir Chaloupka

� An online version of this document, with clickable links, is at � HYPERLINK "http://www.phys.washington.edu/users/vladi/2007phis216.doc" ��www.phys.washington.edu/users/vladi/2007phis216.doc�. See also � HYPERLINK "http://www.phys.washington.edu/users/vladi/STS_UW.doc" ��Notes on research and teaching of critical issues in Science, Technology and Society.�


� � HYPERLINK "http://www.phys.washington.edu/users/vladi/bp.doc" ��www.phys.washington.edu/users/vladi/bp.doc�








� � HYPERLINK "http://www.phys.washington.edu/users/vladi/phys216" ��www.phys.washington.edu/users/vladi/phys216�


� For example, the 17 English/Creative writing majors who completed the course obtained final grades of 1.4, 2.0, - and 3.0 or higher for the other 15 students, with an average of 3.46!


� The entire collection of 500+ response papers and students course evaluation comments is available on request
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4 m J  %ort,;(mode)
n Neutron
1 1.008 665 172 10.2m(f-)
H 1.008 Hydrogen
1 1.007 825 112 99.985%
2 2.014 102 1 0.015%
3 3.016 049 172 12.3y(8-)
z Symbol m Name
A m J % or t,;(mode)
82 Pb 2072 Lead (Plumbum)
204 203.973 020 0 1.4%
=1.4E+17y
205 204.974 458 5/2 15My(ec)
206 205.974 440 0 24.1%
207 206.975 871 1/2 22.1%
208 207.976 627 0 52.4%
209 208.981 065 9/2 3.25h(g-)
210 209.984 163 0 22.3y(—)
211 210.988 735 9/2  36.1m(8—)
212 211.991 871 0 10.6h(f—)
214 213.999 798 0 26.8m(p-)
83 Bi  208.980 Bismuth
207 206.978 446 9/2  322y(p+)
208 207.979 717 5 368ky(p+)
209 208.980 374 9/2  100%
210 209.984 096 1 5.01d(f—)
211 210.987 255 9/2 2.14m(a)
212 211.991 255 1 60.6m(f—,a)
213 212.994 360 9/2 45.6m(f—.,a)
214 213.998 691 1 19.9m(f—)
84 Po Polonium
192 191.991 443 0 34ms(a)
194 193.988 180 0 0.7s(a)
196 195.985 539 0 5.5s(ax)
207 206.981 570 5/2  5.80h(g+)
208 207.981 222 0 2.90y(x)
209 208.982 404 172 102y(a)
210 209.982 848 0 138d(a)
211 210.986 627 9/2 S16ms(a)
212 211.988 842 0 0.298us(a)
213 212.992 833 9/2. 42us(a)
214 213.995 176 0 164us(ax)
215 214.999 418 9/2 1.78ms(a)
216 216.001 888 0 0.15s(a)
218 218.008 966 0 3.11m(a)
85 At Astatine
207 206.985 733 9/2 1.80h(8+,a)
210 209.987 126 5 8.1h(B+)
211 210.987 470 9/2  7.21h(ec,a)
213 212992 911 9/2  0.1lus(a)
215 214.998 638 9/2  0.10ms(a)
217 217.004 695 9/2  32.3ms(a)

He 4.003 Helium
3 3.016 029 172  0.0001%
4 4.002 603 0 99.9999%
6 6.018 886 0 807ms(f—)
8 8.033 922 0 119ms(g—)
Li 6.941 Lithium
6 6.015 121 1 7.5%
7 7.016 003 32 92.5%
8 8.022 486 2 838ms(f—)
9 9.026 789 32 178ms(g-)
-H 11.043 908 172 8.7ms(f-)
86 Rn Radon
210 209.989 669 0 2.4h(o, B+)
211 210.990 575 1/2  14.6h(f+,0)
212 211.990 680 0 24m(a)
213 212.993 856 9/2  25.0ms(a)
214 213.995 339 0 0.27us(c)
219 219.009 478 5/2  3.96s(e)
220 220.011 368 0 55.6s(cx)
222 222.017 571 0 3.82d(w)
87 Fr Francium
220 220.012 293 1 27.4s(cx)
221 221.014 230 5/2 49m(a)
222 222.017 563 2 14.4m(f~)
223 223.019 733 3/2 21.8m(8-)
88 Ra Radium
206 206.003 800 0 0.4s(cx)
216 216.003 509 0 182ns(ax)
218 218.007 118 0 14us(a)
220 220.011 004 0 23ms(cx)
222 222.015 353 0 38.0s(ax)
223 223.018 501 1/2  11.4d(a)
224 224.020 186 0 3.66d(x)
225 225.023 604 3/2  14.84(8—)
226 226.025 403 0 1600y(a)
228 228.031 064 0 5.75y(B—)
89 Ac Actinium
225 225.023 204 32 10.0d(a)
227 227.027 750 32 21.8y(f—.,a)
228 228.031 04 3 6.13h(8—)
231 231.038 551 1/2  7.5m(B-)
90 Th 232.038 Thorium
227 227.027 703 32 18.7d(a)
228 228.028 715 0 1.91y(ax)
229 229.031 755 5/2  7340y(a)
230 230.033 128 0 75.4ky(a)
231 231.036 298 5/2  25.5n(p-)
232 232.038 051 0 100%
14.0Gy(a)
234 234.043 593 0 24.1d(f-)
91 Pa Protactinium
228 228.030 974 3 22h(f+,a)
231 231.035 880 372 32.7ky(a)
233 233,040 242 3/2  27.0d4(8-)
234 234.043 303 4 6.70h(f—)



