MUS3930/PSC 3930 – The Science of Music
Fall 2006
Syllabus

	Instructor
	Dr. Keith Koons

Professor of Music
	Dr. Jeffrey Bindell

Lecturer, Physics

	Office
	CNH 113
	MAP 418

	Phone
	407-823-5116
	407-823-4194

	e-mail
	kkoons@pegasus.cc.ucf.edu
	bindell@physics.ucf.edu

	website
	
	www.physics.ucf.edu/~bindell

	office hours
	
	MWF  7:30-9:00 AM

MWF 11:30-12:00 PM


(Additional course information including all PowerPoint lectures will be posted on Dr. Bindell’s site.)

This course is an Honors College seminar course in the Science of Music and is limited to 20 students.  

Science and Music have many overlaps, which reminds one that music used to be one of the required disciplines of the medieval quadrivium (Arithmetic, Geometry, Astronomy and Music). In addition to experience in science courses, many honors students have a talent and interest in music; almost everyone listens to music for enjoyment. 

When this course is taught to Honors students, much of the basic concepts can be done with reading, leaving more class time for experiential learning. The small class size will allow ample opportunity for hands-on experiences. Students will be able to manipulate and learn from the scientific and musical equipment. Student discussion will be encouraged and incorporated into the course.

The topics cover a wide range of material with a great deal of latitude available to follow class interests. Each student will choose one course related topic, investigate it to a deep level and write their findings in a term paper.  The paper will be submitted in writing and will also be presented to the class during the last two weeks of the course.
Grades will be based upon the following proportions.  Only full letter grades of A-F will be assigned.
	Component of Grade
	% of Grade

	Examination 1 – First Half of Course material.
	30%

	Examination 2 – Second Half of Course Material
	30%

	Term Paper
	30%

	Term Paper Presentation
	10%


Reading Material: So that discussion and exploration in class can be maximized, much material will be learned outside of class via assigned readings and suggested homework problems.  The following reading list is not all-inclusive and many other sources are also available.
TEXTBOOK
· Measured Tones, The Interplay of Physics and Music by Ian Johnston.  Second Edition (2002) Institute of Physics Publishing (Textbook has been ordered from the bookstore.  Also available from Amazon.com.)
-------------------------------------------------------

REFERENCES
· PHYSICS BACKGROUND
· Physics, A Window on our World by Hay Bolemon, Sixth Edition.  Ink Press (2004).  This is the PHY-1121 Physical Science Textbook at UCF.

· Most High School or College Level Physics books will suffice for this course.
· HISTORICAL STUDY

· On the Sensations of Tone, Hermann Helmholtz, Dover Press (1954).  This is a classic text and the first monograph on the physics of music.  Although very difficult to read in total, many sections are quite readable and fascinating.  This book is always cited in Physics of Music publications.
· RECOMMENDED

· The Physics and Psychophysics of Music (An Introduction) by Juan G. Roederer.  Third Edition (1995).  Springer-Verlag  This was a required textbook for the last delivery of this course but was eliminated because many of the students found the text a bit too dense.
· The Music of the Spheres by Jamie James. Copernicus, An Imprint of Springer Verlag (1993).  A very learned and interesting history of music and science together.  A Philosophical approach but nevertheless an interesting study if how the ancients to modern scientists approached music.
· Temperament: How Music became a Battleground for the Great Minds of Western Civilization by Stuart Isacoff. Vintage Press (2003).  A very readable history of the equal temperament movement and the conflicts that it had amongst musicians, scientists and the clergy.  An enjoyable “read”.
· Science and Music by Sir. James Jeans.  Dover Press.  Originally written in 1937, this is a very readable, though somewhat dated book on the science of music.  Some difficult topics are reduced to the obvious by the author’s eloquence.
· How We Hear Music: The Relationship Between Music and the Hearing Mechanism.  By Hames Beament, The Boydell Press (2001).  Although Beament sometimes gets carried away with his discussions of how early music developed, this is a very readable and insightful book.  The sections on how the ear works are excellent.   No math!
· Musical Acoustics by Donald E. Hall.  Third Edition (2002) – Brooks-Cole/Thompson Learning Publishers. This is a more traditional and mathematical approach to the material but only uses College Physics as a background.
Approximate List of Topics and Schedule
The following is only an expectation of what topics will be covered.  As we progress through the course, these topics may change because of class interest or other factors that cannot be predicted at the time of this writing.  Most of the topics below will take about a week to cover and two weeks will be left at the end of the course for student presentations.
· Topic 1

· It is assumed that the students have had at least high school physics training.  Since this was probably a long time ago, it is important to have them recall the major results of those studies.  In this first, introductory week we will review some mathematical issues and then briefly discuss fundamentals of mass, distance, time and force.  The topic of Newton’s laws will be reviewed as well as the concepts of momentum and energy.  The topics will be discussed only in so far as they impact the understanding of music and “how it works”

· Topic 2

· A very brief description of the early history and origins of music leading up to the Greek contributions to our understanding of tonality.  We will discuss “what is music”, what is its relationship to language and to human development.  The week will conclude with some of the social aspects of proper tunings and this will be related to similar social developments in the history of science culminating with the important impact of early Renaissance thinking.

· Topic 3

· The nature of sound will be discussed and the concepts of frequency will be introduced via a discussion of the contribution of Helmholtz’s  siren and resonators. A discussion of the nature of pressure will lead to a description of wave motion which will be so important for the rest of the course.

· Based upon the results above, oscillatory motion will be described and the concepts of frequency, period and wavelength will be presented. 

· The concept of standing waves will be introduced.

· The important topic of resonance will be demonstrated with both a forced motion experiment and with the use of sound to blow up a crystal glass.

· Topic 5

· The previous material leads directly into a discussion of stringed instruments, how they work and how energy is transformed from the work done by the performer into a wave that travels to the listener.  Bowing of a  violin is a particularly interesting topic that will be discussed.

· Topic 6

· Wind instruments will be discussed.  Again, how the standing waves are created and determine the tones that the instrument is capable of.  A discussion of individual musical instruments adds depth to this topic.  We will include demonstrations of the clarinet (Koons) as well as the trumpet 

· Topic 7

· The discussion of musical instruments will conclude with percussion instruments, including the piano.

· Topic 8

· Having discussed how musical instruments actually work,  the concept of Fourier analysis will lead to an understanding why certain tones would be expected to sound well with other sounds  Fourier analysis also allows a simplified discussion of how music is recorded in digital format and how the sound of various instruments can be synthesized by adding the proper mixture of Fourier components to a generated sound.

· Topic 9

· Clearly music would not be as popular as it is if we didn’t have ears.  The physics and physiology of the ear will be discussed in terms of how a pressure wave is processed by the ear and transmitted to the brain as electrical signals (pulses) to be interpreted as musical sound.  

· A brief discussion will be added concerning the hairs on the cochlea and how they can be permanently damaged by exposure to loud sounds.  This leads to hearing loss and potential deafness.

· Topic 10

· Having an understanding of what music is and how the ear receives it, it is natural to enter the realm of psychophysics and discuss all the tricks that the mind plays on the listener.  The meaning of consonance, beats and similar effects will lead to a discussion of combination tones and aural harmonics.

· Topic 11

· The phenomenon of fundamental tracking, pitch extraction and what the brain does and does not perceive,

· Subjective Pitch and the central nervous system. 

· An  important topic will be the perception of loudness and the definition and measurement of this quantity in decibels.  The frequency dependence of our hearing will be discussed over a range of intensities (to be defined as well.)

· Topic  12-13 (~2 weeks)
· The basic concepts of electricity will be discussed allowing a basic understanding of how simple electronic circuits operate.  A brief discussion of amplifiers allows a transition into the next week’s topics.

· Topic 14

· Microphones and Speakers

· Topic 15

· The course will conclude with a discussion of Room Acoustics, reverberation, speaker placement, and the design aspects of a performance hall. 

Dr. Keith Koons

Dr. Koons has been a member of the UCF Music Department faculty since 1990. His teaching areas include clarinet, music appreciation, woodwind chamber music, and direction of the Early Music Ensemble.A native of Maryland, he received his training at the University of North Carolina, Chapel Hill (BME), the Manhattan School of Music (MM in clarinet performance), and the University of Southern California (DMA in clarinet performance). He has studied with such notables as Mitchell Lurie, Leon Russianoff, Robert Genovese and Donald Oehler. 

Dr. Koons is an experienced performer in orchestra, opera, band, and chamber music, as well as a veteran clinician and recitalist. He has performed as a member of the Arkansas Symphony Orchestra, the opera companies of Orlando, Arkansas, Annapolis, the Aspen Festival Orchestra, and many others. He has performed at clarinet festivals and academic conferences throughout the United States and Europe. As former Music Director and performer with the UCF-Orlando Shakespeare Festival, he composed and arranged music for the plays in a wide variety of styles. Currently Principal Clarinet in the Brevard Symphony Orchestra in Melbourne, FL, he also performs with the Orlando Philharmonic Orchestra and the Winter Park Bach Festival.
Dr. Jeffrey Bindell

Dr. Bindell began his professional career with Bell Laboratories doing research on some of the early integrated circuit memory “chips”.  His specialty was metal-semiconductor contacts and materials characterization and the laboratory that he managed gained an international reputation for excellence.  Most of his technical work involved scanning electron microscopy.  He retired from Bell Labs (currently, Agere Systems) after 32 years.
Dr. Bindell would have been a concert pianist but he never learned to play the instrument.  But he did develop a lifelong interest (actually passion) for classical music of almost every genre’.  A parallel interest has been both the science/physics of music as well as a desire to understand why we like music (psychophysics).  This course fits well with both of his technical interests.  He also teaches both College and Engineering Physics and has, in the past, taught a graduate course at UCF in Scanning Electron Microscopy. 

An additional component of Dr. Bindell’s career is the chairmanship of techPATH, an arm of the Florida High Tech Corridor Council that is dedicated to providing science and technology programs to K-12 teachers so they might, in turn, interest their students in science or technology careers.  techPATH serves 23 Florida counties.  Dr. Bindell also chairs a sub-panel for the National Academy of Sciences that evaluates technical programs at the National Institute of Science and Technology (NIST).

Policy Statement:  Make-up examinations will not be offered unless there is a very compelling personal reason for doing so.  Included among excused absences is death or illness in the family, family emergencies and excused absence due to participation in sporting events or other sanctioned UCF activities.  Students with special needs can be accommodated as necessary.  Cheating will neither be expected nor tolerated in this course.
Enjoy the Course
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