General Education Course
NMHED Recertification Form
This form has been designed to guide you through the recertification process for the UNM General
Education course in question. Please fill out your contact information below, and then review the
information about the course provided to us by the New Mexico Department of Higher Education
(NMHED). After this, you will be instructed to fill out three separate narratives concerning the course
and its relevance to NMHED’s area and skills associated with the course.
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NMHED’s Description and Outcomes for the Common
Course
The description and student learning outcomes below come from NMHED’s Common Course Catalog,
which can be found here, and is meant to designate standard descriptions and outcomes of courses
registered as a NMHED Common Course.

PHYS 1125: Physics of Music
Introduction for non-science majors to basic concepts, laws, and skills in physics, in the context of a
study of sound, acoustics, and music.
Student Learning Outcomes:
Upon completion of this course, the student will be able to:
1. Demonstrate converting units and other aspects of dimensional analysis in the working of numerical
problems.
2. Apply basic classical mechanics to static and dynamic fluids, including Archimedes' principle and
Bernoulli's principle.
3. Apply the general properties of waves to simple models of musical instruments.
4. Demonstrate knowledge of basic operating principles of wind, string, and percussion instruments.
5. Demonstrate knowledge of how objectively measurable properties of sound waves correspond to the
perceptions of pitch, loudness, and timbre.
6. Demonstrate understanding of the description of vibrations and waves in terms of Fourier's Theorem
and normal modes.
7. Demonstrate understanding of vocalization in terms of physical principles such as resonance and
fluid dynamics.
8. Demonstrate understanding of how the ear works.
Optional Topics:
1. basics of music theory, modes, temperaments, consonance and dissonance
2. building acoustics
3. connections to other physical topics such as but not limited to: cosmology, microwave background
radiation, quantum theory, Bohr model, entropy, electromagnetic waves and special relativity, string
theory...
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Institution-specific Student Learning Outcomes
Please add additional SLOs of the general education course to the ones provided by NMHED, or if no
SLOs are provided by NMHED, input the SLOs used in assessment for the course.

Outcome 1: Students will demonstrate understanding of the basic properties of waves,
including wavelength, frequency, and velocity. They will answer qualitative questions on the
relationship between frequency, wavelength, and velocity, and quantitative problems
involving simple calculations and interpreting graphs regarding waves. NM HED Area III
competencies 2, 4 and 5
Outcome 2: Students will demonstrate understanding of wave reflection, diffraction, and
interference, through graphical representation, and quantitative problems. NM HED Area III
competencies 2, 4 and 5
Outcome 3: Students will demonstrate understanding of the relationship between intensity of
sound, and the human perception of loudness. This is shown through qualitative,
quantitative, and graphical questions. They will understand the relationship between
frequency and pitch. NM HED Area III competencies 2, 4 and 5
Outcome 4: Students will demonstrate recognition of vibrational modes in a variety of
instruments, and the relationship to frequencies produced, and how humans can control
these modes and thus the timbre of sound. NM HED Area III competencies 2, 4 and 5
Outcome 5: Students will demonstrate understanding, from a basic physical standpoint, of
how sound energy is translated to perceived sound by the human ear/brain system. NM
HED Area III competencies 2, 4 and 5
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Area and Essential Skills
Below gives information concerning the area and associated skills of the course to be re-certified. The
area here matches the General Education Area of UNM; the “Essential Skills” and their respective
Component Skills are characterizations of the area determined by NMHED. You will use this
information to fill out the narratives below.

Area in which PHYS 1125 resides: Science
Essential Skills in the Area:
Critical Thinking
Problem Setting: Delineate a problem or question. Students state problem/question appropriate to the
context.
Evidence Acquisition: Identify and gather the information/data necessary to address the problem or
question.
Evidence Evaluation: Evaluate evidence/data for credibility (e.g. bias, reliability, and validity),
probable truth, and relevance to a situation.
Reasoning/Conclusion: Develop conclusions, solutions, and outcomes that reflect an informed, wellreasoned evaluation.

Personal and Social Responsibility
Intercultural reasoning and intercultural competence
Sustainability and the natural and human worlds
Ethical Reasoning
Collaboration skills, teamwork and value systems
Civic discourse, civic knowledge and engagement -- local and global

Quantitative Reasoning
Communication/Representation of Quantitative Information: Express quantitative information
symbolically, graphically, and in written or oral language.
Analysis of Quantitative Arguments: Interpret, analyze and critique information or a line of
reasoning presented by others.
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Application of Quantitative Models: Apply appropriate quantitative models to real world or other
contextual problems.
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Narrative Input
In the boxes provided, write a short (~300 words) narrative explaining how the course weaves the
essential skills associated with the content area throughout the course. Explain what students are going
to do to develop the essential skills and how you will assess their learning. The narrative should be
written with a general audience in mind and avoid discipline specific jargon as much as possible.
Be sure to address the component skills listed next to each essential skills. The number of component
skills that must be addressed by your narrative is listed.
Critical Thinking: Problem Setting; Evidence Acquisition; Evidence Evaluation;
Reasoning/Conclusion.
Practice at Critical Thinking is integral to the course activities. Problem Setting skills are
advanced through LEARN quizzes that require “translation" into appropriate mathematical
formulations. For example, a sample question asks “By what factor does the frequency of a
mass and spring oscillation change if the mass is tripled?” To address this question, the
students must recognize the appropriate physical quantities and mathematical formulation,
setting the problem in a mathematical context. Evidence Acquisition, Evidence Evaluation,
and Reasoning/Conclusion are most enhanced through worksheet activities. For example,
using online simulations from The University of Colorado, students explore the behavior of
coupled oscillators. They observe complex motions (Evidence Acquisition), as well as simple
("normal”) modes of motion, and demonstrate that complex motions may be represented as
combinations of simple motions (Reasoning/ Conclusion.) In other worksheet activities, they
use an online 2-dimensional wave simulation to study the behavior of sound waves in pipes.
In this exercise, the students themselves sketch the wave they wish to study, and must
Evaluate their observed results in comparison to an idealized theory. In this case, theory
does not provide an exact match (Evidence Evaluation; initial sketched waves all differ
slightly) and students must understand the distinction between real and ideal. There are
numerous other worksheets and similar quiz questions.

Page 6

UNM Office of Academic Affairs 2019

Personal and Social Responsibility: Intercultural reasoning and intercultural competence;
Sustainability and the natural and human worlds; Ethical Reasoning; Collaboration skills, teamwork
and value systems; Civic discourse, civic knowledge and engagement -- local and global.
The course design promotes 3 components of “Personal and Social Responsibility.”
“Collaboration skills, teamwork, and value systems" is supported by a requirement that
students work in teams to complete worksheets on musical acoustics concepts and
applications. The worksheets require students to work together to solve difficult and
challenging problems, and students gain important group skills by thoughtful discussions
with groupmates. “Intercultural reasoning and intercultural competence" are incorporated by
the discussion of musical instruments (and musical styles) from around the world, and the
development of musical instruments throughout history. Finally, although not included as a
component of Personal Responsibility above, Personal Responsibility certainly includes the
ability for self-discipline and the ability to meet deadlines. The course is integrated into UNM
LEARN, with weekly quizzes. Students are responsible for their own progress through the
quizzes. The system of worksheets also promotes self-discipline. Rather than requiring
worksheets be turning in every week, students are simply required to complete 8 during the
semester (for A-level work). They are permitted to turn in at most one per week, so they
must choose which worksheets they wish to do, and make sure they do them in a timely
fashion. (Postponing until the end of semester won't work, since only 1 can be turned in each
week.) Furthermore, poorly-done work is returned to be re-done. This approach (as opposed
to simply awarding a low score) is likely to be more effective at encouraging students to be
aware of their own competencies and weaknesses, and to encourage them to seek help (in
class or in extensive office hours) for material they do not understand well.

Page 7

UNM Office of Academic Affairs 2019

Quantitative Reasoning: Communication/Representation of Quantitative Information; Analysis of
Quantitative Arguments; Application of Quantitative Models.

Communication/Representation of Quantitative Information is central to this course. Students
begin the semester learning how to graph motions of objects and waves. This study includes
a non-calculus-based discussion of the meaning of the slope of graphs. Graphical
communication is also taught with representations of standing waves in pipes and on strings.
Students must correctly interpret such diagrams to find wavelengths and frequencies of
modes. Analysis of Quantitative Arguments: a substantial effort is made early in the course
to develop students' abilities to reason about mathematical relationships and about
proportions. Students learn how to "read" mathematical equations to understand
relationships between "inputs” and "outputs" (for example, whether doubling an input
doubles and output, or quadruples it.) They also learn to carefully distinguish different
physical quantities that are easily confused, such as particle motion vs. wave motion.
Quantitative Models are applied throughout the term to explain the behavior of string
instruments, woodwind instruments, brass instruments. In the latter case, an in-depth study
of the trumpet demonstrates how ideas about wave reflection at the bell and small
resonators (“Helmholtz resonators") that the students have already studied come into play in
shaping the modes and overtones of the instrument.
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Additional Information
Course Materials
NMHED requires that both a syllabus and a sample course assignment (project, paper, exam,etc.) from
the course in question to be attached to the recertification form. Be sure and pick an assignment that
correlates with the descriptions provided in the narratives above.

Assessment Plan
When it is submitted to NMHED, each general education course will also have attached the assessment
plan that is used for General Education Assessment at UNM. For more information on this process,
please visit this page from UNM’s Office of Assessment.
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Course Title: Musical Acoustics
Course Number: PHYS 1125
Course Credits: 3
Instructor: JL Thomas
“Office Hours” will be held in Regener 111.
Office Hours: TBD

email: jthomas@unm.edu
Office phone: none

Class Meeting Days: TTh
Class Location: Regener Hall 103

Class time: 11:00 – 12:15
Term: Spring, 2020

Course Description:
Designed to introduce non-science majors to basic concepts, laws and skills in physics, in the context of a study
of sound, acoustics and music. Energy and force involved with the physical nature of sound waves; application to
harmonics, tone quality, pitch. Sound production, propagation, detection and perception are demonstrated and
illustrated by many different musical instruments, building acoustics and the behavior of the voice and the ear.

Course Goals:
1. Students will recognize and be able to describe wave and vibrational phenomena, understanding that waves
and vibrations are all around them in the physical world.
2. Students will relate human perception of sound to its production, and propagation through space.
3. Students will gain competency in interpreting graphs, and basic quantitative problem solving skills.
4. Students will develop a general understanding of the logical and quantitative analyses that scientists use to
study phenomena and processes.

Student Learning Outcomes:
Outcome 1: Students will demonstrate understanding of the basic properties of waves, including wavelength,
frequency, and velocity. They will answer qualitative questions on the relationship between frequency,
wavelength, and velocity, and quantitative problems involving simple calculations and interpreting graphs
regarding waves.
NM HED Area III competencies 2, 4 and 5: Solve problems scientifically, Apply quantitative analysis to
scientific problems, and Apply scientific thinking to real world problems.
Outcome 2: Students will demonstrate understanding of wave reflection, diffraction, and interference, through
graphical representation, and quantitative problems.
NM HED Area III competencies 2, 4 and 5: Solve problems scientifically, Apply quantitative analysis to
scientific problems, and Apply scientific thinking to real world problems.
Outcome 3: Students will demonstrate understanding of the relationship between intensity of sound, and the
human perception of loudness. This is shown through qualitative, quantitative, and graphical questions. They
will understand the relationship between frequency and pitch.
NM HED Area III competencies 2, 4 and 5: Solve problems scientifically, Apply quantitative analysis to
scientific problems, and Apply scientific thinking to real world problems.
Outcome 4: Students will demonstrate recognition of vibrational modes in a variety of instruments, and the
relationship to frequencies produced, and how humans can control these modes and thus the timbre of sound.
NM HED Area III competencies 2, 4 and 5: Solve problems scientifically, Apply quantitative analysis to
scientific problems, and Apply scientific thinking to real world problems.

Outcome 5: Students will demonstrate understanding, from a basic physical standpoint, of how sound energy is
translated to perceived sound by the human ear/brain system.
NM HED Area III competencies 2, 4 and 5: Solve problems scientifically, Apply quantitative analysis to
scientific problems, and Apply scientific thinking to real world problems.

Optional Textbook: Why You Hear What You Hear, Eric Heller. ISBN: 978-0-14859-5
Also required: iClicker, access to internet.
Course Requirements:
Participation in class, effort at passing online quizlets, effort at weekly projects, taking final exam.
Mastery is not required. If you try, you will learn a lot.
There are 4 components to the class; each counts equally.
• iClicker & possible in class quizzes
• LEARN weekly quizlets
• Worksheets
• Final Exam
Course Grading:
Each component above is worth 1000 pts. You will earn
A if you get ≥ 85%, with no component <60%
A80%, with no component <55%
B+
75%, with no component <50%
B
65%, with no component <40%
B60%, with no component <35%
C+
55%, with no component <25%
C
40%, with no component <20%
D
20%
A sub-standard performance in one component will lower your grade by one step, e.g. from a B+ to a B.
Online quizlets will be due Fridays at 5 pm. (A “late” version of the quizlet will be accessible
throughout the semester, but only counts for 60% credit.)
I strongly recommend you attempt the quizlet before Thursday’s class.
You can re-take the quizlet as often as you like: only the highest score counts.
I am happy to help you with questions on quizlets. But I will only answer questions on completed
quizlets, not on open ones. So: take a quizlet, and see me afterwards if there are parts you don’t
understand.
Worksheets
You should attempt a worksheet every week – they should be turned in on Thursday. You must
absolutely turn a worksheet every four weeks… if you do not, I will drop you from the class roster. (I will
notify you and give you a one-week grace period first.)

Worksheets can be quite difficult and confusing. That’s why I have office hours. If a worksheet shows
that you have a substantial misconception, it will be returned ungraded, so that you can re-do it. It
could take you two or three tries to do a worksheet well enough to get a grade.
You should do worksheets as a group of 2. You can put both names on the same sheet.
You can only turn in one worksheet per week. It pays to get help while doing a worksheet, so you don’t
have to re-do it. Both partners should come to get help together.
iClickers
You will get 2 pts for any answer and 4 pts for a correct answer. You get 8 pts for participating for the
whole class. Sometimes I will encourage you to chat with your neighbors about the question, but please
do not unless I ask you to. (On difficult questions, we often poll – discuss – poll. So, if you don’t know
the answer you’ll end up with 5/6 points… the extra point is not worth cheating for.)
I will upload iClicker scores to LEARN after each class. You need to make sure your iClicker is
working and your scores are being recorded!
Dates, etc.
Spring break: March 15-22.
Field Trip(s) (Cathedral of St. John Organ, UNM Violin Making Workshop) TBD

“In accordance with University Policy 2310 and the Americans with Disabilities Act (ADA), academic accommodations may be made for
any student who notifies the instructor of the need for an accommodation. It is imperative that you take the initiative to bring such needs
to the instructor’s attention, as he/she are not legally permitted to inquire. Students who may require assistance in emergency evacuations
should contact the instructor as to the most appropriate procedures to follow. Contact Accessibility Resource Center at 277-3506 for
additional information.”

Each student is expected to maintain the highest standards of honesty and integrity in academic and professional
matters. The University reserves the right to take disciplinary action, up to and including dismissal, against any
student who is found guilty of academic dishonesty or otherwise fails to meet the standards. Any student judged
to have engaged in academic dishonesty in course work may receive a reduced or failing grade for the work in
question and/or for the course.
Academic dishonesty includes, but is not limited to, dishonesty in quizzes, tests, or assignments; claiming credit
for work not done or done by others; hindering the academic work of other students; misrepresenting academic
or professional qualifications within or without the University; and nondisclosure or misrepresentation in filling
out applications or other University records.

Normal Mode Worksheet

Name_______________________________________

In this worksheet, you will undertake a thorough study of normal modes.
A normal mode is a motion of an object (or system) in which all parts of the object move sinusoidally at the same frequency. A mass on a spring is the
simplest possible example: it has one normal mode.
If we connect two masses with three springs, we can get a system with two normal modes. We will be using a simulation of this system from
phet.colorado.edu.
You can click on “Play with Simulations”, “Physics”, and then scroll down to find “Normal Modes.” If you can’t get it to run on your machine, you can use
computers in Regener 111.
Adjust the slider under “Number of Masses” to get 2 masses and 3 springs. I recommend playing with the simulation a little to see how it works. You can
grab each mass with mouse to move it up or down. (Make sure the “Polarization Control” has the up & down arrow clicked. Otherwise the masses move
side-to-side.)
You can also adjust the sliders to see what each normal mode vibration looks like.
Describe in words what normal mode 1 looks like:

Describe in words what normal mode 2 looks like:

Which normal mode has a higher frequency? _____________________
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These curves show the motion of the left mass (left curves) and the right mass (right curves), in the two normal modes.
Run each mode in the PhET simulation and observe the motion of the masses.
Which pair of these curves represents “Normal Mode 1”? (Top pair or bottom pair?)_______________
Which pair of these curves is the “Antisymmetric Mode” ”? (Top pair or bottom pair?)_______________
What does “antisymmetric” mean, in terms of the motion of the masses?_____________________________________________________________________________________
What does “antisymmetric” mean, in terms of the graphs?_____________________________________________________________________________________________________
“Any free motion of the 2 masses is a sum of normal mode motions.” This means that the graphs of any free motion of the masses will be some
number P × the top graphs + some number Q × the bottom graphs.* It turns out that P and Q are uniquely determined by the initial positions of
the left and right mass. (Later, you can do an extra credit section of this worksheet to see how to do that mathematically for the 2 mass system.)

I’ve added different amounts of the normal modes to get the pairs of curves below. By looking carefully at the graphs, you should figure out how
much of each mode I added to get them.
The graphs show 1 × S + 1 × A, 1 × S − 1 × A, 1 ½ × S + ½ × A, where S and A refer to the symmetric and the antisymmetric mode. You need to
figure out which graph is which.
(You might be able to figure this out by checking a few key points on the curves. Or you can draw the added waves yourself and pick the pair that
matches your sketch.)
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Suppose I were to start the masses in the positions shown at right.
Which pair of graphs above (1, 2, or 3) shows these starting (t=0) positions? ____________
The pair of graphs with these starting positions is actually a prediction of the future
motion. Let the PhET simulation run (slow motion, perhaps ¼ full speed, will help).
Does the PhET simulation match the prediction graphs? Explain what features you
looked for and found or didn’t find, to reach your conclusion.

Suppose you wanted the masses to undergo the motion shown in graph pair 1. Where should you start the left mass?____________
Where should you start the right mass?_______________ Position the masses, run the simulation, and see if you succeeded.
Does every pair of complex motion graphs have a unique starting position for the left mass? ________
If not, which complex motion graphs have the left mass starting in the same position? _______________

4

5

Among the pairs 1,2,3 : are there any two pairs for which both masses start in the same positions? ____________
Suppose there were two different pairs of graphs for which both masses started in the same position. Is that physically reasonable? (Recall that the
graphs are predictions of the future motions of the masses. Is it physically reasonable to have two different predictions of what happens if the masses
are started in the same places?) Explain.

Summary:
This worksheet has reinforced key concepts about the free vibrations of complex objects:
• Complex objects have normal modes, in which each part of the object moves sinusoidally at the same frequency.
• Any free vibration is a sum of normal modes.
• The amount of each normal mode that contributes to a complex motion is determined by matching the initial positions to a sum of normal modes.
The amount of each mode (P and Q on p. 2) is uniquely related to the initial positions of both masses.
“Anharmonic Overtones”
The lowest frequency normal mode is called the “fundamental” mode; higher frequencies are “overtones.” For this system, there is only one overtone.
From the graphs at the beginning of this worksheet (or by another method), find the frequencies of the symmetric and antisymmetric modes.
(If you use the graph to find the period, count several cycles and divide to get a more accurate measurement.)
fsym = ____________ Hz.

fasym = _____________ Hz.

Explain how you found these frequencies. _________________________________________________________________________________________________________________________

All the complex motion graphs above consist of a sum of mode motions, i.e a sum of two sinusoidal curves.
You know how to calculate the frequency of a sum of sinusoids:
it’s the largest number that goes into both frequencies an integer number of times. What is the frequency of the combined wave?___________Hz
(Don’t be surprised if it’s a very low frequency!)
Suppose, instead, that the antisymmetric mode had a frequency exactly twice that of the fundamental.
What would be the frequency of the combined wave then? ____________Hz.
When overtones have frequencies that are exact small multiples of the fundamental, they are called “harmonic”. The two mass system has an
anharmonic overtone. That gives the complex waveform a very long period (and low frequency.)

Acoustically, anharmonic overtones can be unpleasant and jarring to the ear. They can make it difficult to sense pitch. Much of musical instrument
design is based on the search for objects (or air columns) with harmonic overtones.
Extra Credit:
You found the correct prediction graph by selecting (from among 3 graphs) the one that gave the right initial positions. There’s a relatively simple
mathematical way to find P and Q directly. In the symmetric mode, the initial positions of the masses are 1,1 (in cm; left mass, right mass.) In the
antisymmetric mode, the positions are 1, -1.
We want to find P and Q such that

yL = P ×1+ Q ×1 = P + Q
yR = P ×1+ Q × −1 = P − Q

where yL and yR are the starting positions of the left and right masses. Solve these equations to find P in terms of yL and yR and Q in terms of yL and yR.
Then find the amount of symmetric mode (P) and amount of antisymmetric mode (Q) for the following starting positions:

yL = 1

yL = 2

yL = −2

yR = 1

yR = 1

yR = +2

Comment on whether your Ps and Qs make sense.

*If you are trained in Fourier expansions as an engineer or physicists, you will note that our graphical approach omits the fact that P and Q may be “complex numbers”.
Complex numbers are used to represent “phase shifts” – the normal mode graphs may be shifted in time. We won’t have to worry about that now, because our “initial
condition” always has the masses at rest. So we can use unshifted normal modes (which also have the masses stationary at t=0.)

Musical Acoustics 2018
Final Exam
I tried to make all the numbers easy to work with. If you really don’t want to do some arithmetic,
you can borrow a calculator (but it won’t work for the logs & dBs)
Do your best, but don’t worry…
No one will get every question right. The course grades are curved – there will be at least 1 A+ in
this course.
Here are some equations that you might find useful:
Speed of sound at 20°C in air = 343 m/s.
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Short answer questions. Answer these in a Blue Book.
Please be brief!!
1. “Waves measure the universe using their own wavelength”. Give a specific example of a behavior of
waves that shows this.
2. Describe what “normal mode of vibration” means. (If someone reads your definition, and then looks
at a vibrating system, he should be able to determine whether it is vibrating in a normal mode.)
3. Describe the acoustic differences between a clarinet, an oboe, and a flute. All these instruments
have about the same length. Do they all have the same lowest note?
4. Discuss how the piano hammer affects the overtones that are excited. Specifically:
How does the location of the hammer along the string matter? How does the duration of time the
hammer is in contact with the string matter? How does the hardness of the felt matter, and why?
5. Why does inhaling helium make your voice sound funny?
6. Explain why a vibrating string makes almost no sound.
7. Give one example of an instrument whose shape is designed to bring its partials into better
harmonic alignment? (We discussed two such instruments.) What are partials? What does “harmonic
alignment” mean?
8. Why does a vibrating string (by itself) make almost no sound?
9. If I pluck a string at a point 1/3 of the way from the end, are any overtones absent? If so, which
ones? If I bow a string at a point 1/3 of the way from the end, is the answer different? If so, why?
10. What three changes could you make to a string to raise its fundamental frequency? Using f λ = c,
explain why each change raises the fundamental frequency.
11. What does a “register” hole (or key) do? How does it do it?
12. Sketch pressure standing waves for the 3 lowest modes of a pipe closed at one end, and for a pipe
open at both ends. Both pipes have a length of 1 m. What are the frequencies of these modes?

Multiple Choice / Short Answer / Answer ON THIS TEST.
1. Sound waves in air are
a) longitudinal
b) transverse
c) a combination of longitudinal and transverse
d) none of the above

Name______________________________________

2. The speed of sound in air
a) is faster when it’s cold
b) is faster when it’s warm
c) doesn’t vary with temperature
3. The speed of sound in air
a) is slower for longer wavelengths
b) is slower for shorter wavelengths
c) doesn’t vary with wavelength
4. When a sound wave goes by, each air molecule moves back and forth a distance equal to the
wavelength. TRUE / FALSE

A snapshot of the Normal Modes worksheet is shown above. The system has two identical masses
and 3 massless springs.
5. What is true about the normal modes of this system?
a) All parts of the system move sinusoidally with the same frequency
b) There are two normal modes: one in which the left mass doesn’t move at all, and one in which
the right doesn’t move at all.
c) This system has 3 normal modes because it has 3 springs
6. The speed of waves on this string is 200 m/s. The string is 50 cm long. What is the frequency of the
fundamental mode, in Hz?
____________Hz
7. What is the frequency of the first overtone?
_____________Hz

You measure the amplitude (in mm) of the oscillation of a mass & spring as you change the frequency
of the drive. The results for 2 different mass & spring systems are shown. Both springs are the same.

8. Which mass is larger? (a) Left mass

(b) Right mass

9. Which system has more friction (damping)? (a) Left

(c) They are the same
(b) Right

(c) Both have same friction

10. If you turn off the drive on the right system, very roughly how many times does it oscillate before
(essentially) coming to rest?
a) it stops immediately (in less than one complete oscillation)
b) it oscillates a few times, less than a dozen
c) it oscillates about 60 times (between 50 and 70 times)
d) it oscillates at least a thousand times

The graph above shows the pressure change (from ambient) in a sound wave. This sound wave is
perfectly repetitive.

1
2

11. What is the wavelength of the sound wave ________________
12. This complex wave is a sum of Fourier component waves. Which of the following sine waves
could be a Fourier component of the wave above? (Circle all correct.)
a) a sine wave with wavelength = 2/3 m
b) a sine wave with wavelength = 1 m
c) a sine wave with wavelength = 2 m
d) a sine wave with wavelength = 4 m
e) a sine wave with wavelength = 6 m
13. The sound wave above has a fundamental frequency of 171.5 Hz. What other frequencies might it
contain? (Circle all correct)
a) 17.15 Hz
b) 85.75 Hz
c) 343 Hz
d) 514.5 Hz
e) 1715 Hz
14. A note containing frequencies 200 Hz, 250 Hz,
300 Hz, 350 Hz, etc. (as shown at right) was
played. What pitch did we hear?
a) 50 Hz

b) 200 Hz

c) 400 Hz

15. Blowing on a wine bottle excites the Helmholtz resonance.
How does making the neck longer change the frequency?
a) it lowers the frequency
b) it raises the frequency
c) it has no effect on the frequency
16. Treating the resonator as a mass & spring, what is the
explanation for 15? Choose the best answer.
a) it increases the effective mass
b) it decreases the effective mass
c) it increases the spring stiffness
d) it decreases the spring stiffness
e) it affects both effective mass and stiffness in opposite ways

17. If you double the size of the bottle, keeping all proportions the same, how do you change the
pitch? (In other words, a 20 cm tall bottle is made 40 cm tall, and proportionately wider.)
a) it goes down an octave
b) it goes down a fifth
c) it is unchanged
d) it goes up a fifth
e) it goes up an octave
18. Approximately how many deciBels is the quietest 1 kHz sound you can hear? ______________dB
19. How many deciBels is a sound with raw intensity 10-5 W/m2? ________________dB

20. Approximately how many deciBels is a sound with raw intensity 3.8 x 10-5 W/m2? __________dB

21. If you double the raw intensity (W/m2) of a sound, how do you change the dB? (in other words,
do you add/multiply/divide/subtract some number of dB, and if so, how many?)

22. A trumpet bell widens more and more rapidly as you move “downstream.” Suppose a 1200 Hz
wave reflects just well enough at point a to establish a resonance in the instrument. What can you say
about how other waves behave?

a) Frequencies lower than 1200 Hz will need to go farther downstream to find their reflection point.
b) Frequencies higher than 1200 Hz will need to go farther downstream to find their reflection point.
c) Both higher and lower frequencies will reflect well much farther upstream.
d) Waves with half the wavelength (of the 1200 Hz wave) will reflect halfway between the
mouthpiece and a.

For each of the instruments below, specify whether it is driven with a fipple, with a soft reed
(resonance frequency mostly determined by the tube to which it is attached) or a hard reed
(resonance frequency NOT determined by the tube to which it is attached).
23. Flute _____________________________

27. Human Voice ______________________

24. Clarinet _________________________

28. Human Whistling _________________

25. Trumpet ________________________

29. Oboe ____________________________

26. Harmonica _____________________

30. Recorder _______________________

31. Acoustically, a reed is well approximated as
a) a closed tube end
b) an open tube end

c) neither

32. Acoustically, a fipple is well approximated as
a) a closed tube end
b) an open tube end

c) neither

33. A singing child has a vocal tract with a resonant frequency of 857 Hz. What may we conclude?
a) The child is singing a note with f = 857 Hz
b) The child is singing a subharmonic of 857 Hz (428 Hz, or 286 Hz &c.)
c) The child is singing an overtone of 857 Hz
d) The child could be singing any note at all, but the overtones near 857 Hz will be relatively strong
For Q34-37, the definition of a wave phenomenon is given. Indicate which phenomenon; choose from
INTERFERENCE, DIFFRACTION, REFRACTION, or BEATS.
34. A temporal variation (warbling) caused by two
sources emitting at slightly different frequencies.___________________________________
35. Bending of waves around obstacles, or
spreading after passing through an aperture.______________________________________
36. Bending of waves caused by having different speeds in
different media or in different layers of the same medium __________________________
37. Spatial variation in intensity arising from two
sources emitting at the same frequency_____________________________________________

Point P in the figure is equally far away from two sound sources of equal power and frequency, emitting in
phase.
One of the sources is then turned off.
38. What happens to the amplitude of the
pressure wave at P?
a) it won’t change
b) it becomes half as large
c) it becomes ¼ as large
d) no way to know
39. What happens to the raw intensity at P?
a) it won’t change
b) it becomes half as large
c) it becomes ¼ as large
d) no way to know

40. The bore (hole down the middle) of the oboe is conical, with a cone angle of about 1.4°, while a
clarinet is cylindrical. Consequently:
a) the oboe is louder than the clarinet
b) the oboe is about an an octave higher than the clarinet
c) the oboe (and all conical bore instruments) require a double reed
d) the oboe needs more keys than a clarinet
e) the cone angle is too small to make an acoustic difference – it’s for looks
The figure shows a kink wave on a bowed violin string. The kink is moving
leftward.
41. Is the bow sticking or slipping at the instant shown? _____________
42. Is the bow moving up or down? ________________
43. Use arrows to match the part of the human ear with its function.
Inner Ear
Impedance Transformer
Middle Ear

Directional sensitivity

Outer Ear

Tonotopic frequency detection

44. A rod connects two pistons, shown at right.
The rod is not moving. The piston on the left has 8
times the area of the piston on the right.
What is the relationship between P1 and P2?
a) P1 = P2
b) P1 = 8P2
c) P2 = 8P1

45. A dog weighs 4 kg and a cat
weighs 1 kg. They are balanced on a
massless teeter-totter (a lever.)
If the dog is 1/2 meter from the
fulcrum, how far is the cat from the
fulcrum?
___________________________

46. Use the Fletcher-Munson diagram to
order the three tones from quietest to
loudest. (1 kHz = 1000 Hz.)
40 dB @ 3.5 kHz
60 dB @ 8.5 kHz
80 dB @ 25 Hz
47. For a human to report that a sound has
“doubled in loudness”, the dB level must
typically increase by how many dB? ________
48. “JND” stands for ___________________________
49. About how long does it take a student in
the UNM violin making workshop to
complete a single violin?
a) One semester

b) A year

c) Five semesters

d) Four years

50. What kind of wood(s) are used to make the violin front (top) plate and back plate?
a) Both are made from hardwood (e.g. maple)
b) Both are made form softwood (e.g. spruce)
c) The front plate is made from softwood and the back plate from hardwood
d) The violin maker can choose any combination- it just changes the looks
51. How many ranks of pipes (i.e. different instrument sounds) does the organ at the Cathedral of St.
John have?
a) 4
b) 8
c) 17
d) 68
52. What are the organ pipes at St. John’s made of? Circle all correct answers:
a) metal
b) wood
c) plastic
d) glass

