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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Jessica Dowell

Lecturer III
(505) 277-2616
jldowell@unm.edu
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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 1125L: Physics of Music Lab
Experiments to accompany PHYS 1125.
Student Learning Outcomes:
Upon completion of this course, the student will be able to:
1. Draw appropriate conclusions from quantitative scientific experiments.
2. Accurately and clearly communicate the results of scientific experiments.
3. Test ideas using modern laboratory equipment.
4. Use computer to analyze and report laboratory results.
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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.

Communicate and cooperate as a team to accomplish technical goals
Read and interpret procedural instructions
Gather and analyze data using computers interfaced to various probes
Interpret graphical data
Observe a variety of acoustical phenomena in a hands on environment
Relate musical terminology to physical phenomena and terminology
Apply lab techniques to a novel situation in an end of semester project
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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 1125L 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.
Physics 1125L is a laboratory course designed to help students learn about the physics of
sound and music. Students perform a series of hands-on experiments throughout the
course that require them to solve problems and implement the principles of scientific
reasoning to explore this topic. In order to successfully be able to perform these
experiments, critical thinking is a fundamental skill that students must be able to exercise.
Problem Setting: In order to obtain data that will be useful for completing the lab, students
must first be able to identify the purpose of the experiment and the quantity to be measured.
After reading the lab material and performing the experiments, students must answer a
series of questions. These include mathematical word problems that require students to be
able to identify what the problem is asking them to find as well as the appropriate
mathematical equation to use.
Evidence Acquisition: Students must regularly gather data and record observations in order
to complete the experiments in the course. To do this, they must understand how to use a
combination of real lab equipment and computer-based tools. Some example activities
include: producing and measuring audio signals using an oscilloscope computer program,
using a motion detector to determine the oscillation period of a pendulum, and observing
standing waves using a resonance tube.
Evidence Evaluation: The questions that accompany each lab activity require students to
interpret the data that they have recorded and information that they have read. Students are
asked to determine whether their answers make sense and are reasonable. They are also
required to discuss how the equipment and experimental procedure might influence their
final data. As an example, after students have completed an experiment to measure the
period of a pendulum using a stop watch, they are asked "Why is measuring 10 periods a
better method than trying to measure one period alone?" and "What might account for the
some of the small differences between measurements?" In these questions, the students
must consider the factors that influence experimental data and articulate how their method of
taking data might affect their results.
Reasoning/Conclusion: The natural outcomes of any lab experiment are conclusions about
Page
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the behavior
of the physical world. Accordingly, the questions
in Office
the lab
require
students to draw conclusions about the overarching physics concepts based on their
experiments. In the pendulum experiment described above, the students use their data to
determine whether the length of the string or mass of the pendulum bob affect the rate at

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.
Collaboration skills, teamwork and value systems: Students are required to work in groups
for all labs. This teaches collaboration and teamwork since students must work together to
set up the equipment, perform the experiment, and answer the lab report questions. There
is also limited equipment available for some experiments, which requires the entire class to
practice teamwork to share resources.
Ethical Reasoning: Science relies on the careful, transparent performance of experiments
and the honest, unbiased analysis of data. Students are expected to model this as they
perform experiments during lab. They are encouraged to repeat experiments when they use
an incorrect procedure, and to report their measurements accurately, even when they do not
line up with the "expected" result. Students are also expected to turn in their own lab report
that contains their own individual data analysis.
Intercultural reasoning and intercultural competence: Students are required to complete an
end of the semester project that consists of a short paper and a 10 minute in-class
presentation about a topic of their choice that is related to music or acoustics. Students are
encouraged to write about the properties of musical instruments or the characteristics of
musical sounds from cultures around the world.
Sustainability and the natural and human worlds, and Civic discourse, civic knowledge and
engagement -- local and global: The goal of physics as a science is to understand the
natural world. This lab teaches students the principles of one of the most fundamental
natural phenomena - sound. Civic discourse is achieved through the interactions of the
student with the instructor and in between students as they work together to complete the
labs. This physics lab draws students from many different backgrounds, so this discourse
exposes students to a variety of perspectives.
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Quantitative Reasoning: Communication/Representation of Quantitative Information; Analysis of
Quantitative Arguments; Application of Quantitative Models.

Since Physics as a science depends mathematical tools, quantitative reasoning is an
integral part of this course.
Analysis of Quantitative Arguments: In any laboratory course, students must be able to
analyze and interpret data in the form of tables or graphs in order to make sense of their
experiments. When working with a partner or in a group, students must also be able to
critique the data reported to them by their colleagues.
Application of Quantitative Models: Students in the lab are routinely presented with new
models in the form of graphs of wave shapes, scale-drawings of equipment setups, and
mathematical equations that they must be able to interpret to complete the experiment.
They must also be able to correctly translate between the properties of waves represented in
a two-dimensional diagram and the properties of real waves in a three-dimensional
experiment.
Communication/Representation of Quantitative Information: Throughout the lab, students are
asked to create and interpret graphs of their measurements of sound waves. In scientific
experiments, the number of digits provided in a numeric value for a measurement
communicates to scientists the precision of that measurement. Students are asked to
practice this by providing all measured values with the correct number of significant figures.
Students are also asked to explain or show their procedure for calculation problems. Finally,
students must be able to communicate quantitative information in written form using ratios
and proportionalities. For example: "If quantity x is doubled, then quantity y will also be
doubled".
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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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Physics 1125L Syllabus – Spring 2020
TA:
email:
Welcome to Physics 1125L! I am here to help you do your labs and learn some physics that may
help you in your lecture and future courses. Always feel free to ask questions or make suggestions.
Also, feel free to talk to the Lab Director in room RH 113, phone 277-2751.
Description
Physics 1125L is the laboratory associated with the 1125 Musical Acoustics lecture. In this lab
you will discover and explore the physical basis for sound. The experiments give you an
opportunity to learn by using your hands and by discussing phenomena with your lab partners.
You will also prepare a semester project that will give you the opportunity to apply the concepts
and techniques you have learned to an acoustical problem or phenomenon that interests you.
(Pre- or co-requisite: Physics 1125)
Objectives
This course gives students an opportunity to observe the physical characteristics of sound and
music. Students learn a variety of various experimental techniques.
Lab students will:
o Communicate and cooperate as a team to accomplish technical goals
o Read and interpret procedural instructions
o Gather and analyze data using computers interfaced to various probes
o Interpret graphical data
o Observe a variety of acoustical phenomena in a hands on environment
o Relate musical terminology to physical phenomena and terminology
o Apply lab techniques to a novel situation in an end of semester project
List of Experiments - schedule is posted http://regenerlab.unm.edu/
o Galileo and the Pendulum
o Speed of Sound
o Measuring What You Hear
o Interference of Sound Waves
o Standing Waves on Strings
o Standing Waves in Air
o Sound Spectrum
o Natural Frequencies and Tubes
o Wave Shapes
o Modes of Vibration
Semester Project
During the last three weeks of the lab, you will complete a semester project. You must get
approval for your project plan in advance. When your project is approved, you will carry out
your plan. In the last week of lab, you will turn in a project paper and give an in class oral
presentation. Your Semester Project will count the equivalent of three weeks of laboratory work.
Materials
Lab workbooks are available at the UNM Copy Center in Dane Smith Hall. Every student is
required to purchase one before the second week of lab. No copies will be provided.
Students with Disabilities
Qualified students with disabilities needing appropriate academic adjustments should contact
me as soon as possible to ensure your needs are met. Handouts are available in alternative
accessible formats upon request.

Physics 1125L Syllabus

Attendance
Lab attendance is mandatory. You are responsible to perform all experiments.
o Tardiness
You are expected to arrive on time to lab. If you are late, you will still be required to do the
entire lab but your grade may be diminished at my discretion.
o Excused absences
§ If you cannot make it to lab and know in advance, contact me and we will arrange a
time for you to do the lab.
§ If something comes up unexpectedly (sudden illness, accident, family emergency, etc.)
contact me as soon as possible. Unscheduled absences WITH A VAILD EXCUSE must
be made up. Contact me to arrange a mutually convenient time.
§ Missed labs must be made up promptly. If you do not make up a missed lab within one
week, your grade may be diminished at my discretion.
o Unexcused absences
One unexcused absence will reduce your final grade by one letter grade. Two unexcused
absences will cause you to fail the class.
Conduct:
UNM has strict guidelines for both student and TA conduct, which are outlined in the
University catalogue. Both the students and the instructor are expected to adhere to these
policies. In particular:
• Please do not answer cell phones, texts, or tweets in the lab room!! If urgent, Calls may be
taken in the hallway so long as classes are not disturbed.
• Drinks must be in a container with twist cap or other sealed top and kept on the floor or
at the front of the room. Food in the lab is not allowed without special permission from the
instructor.
Grading
Each week, you will receive a grade with two components: one for attendance/participation,
and one for the physics and other details in the lab report. Attendance and participation will
count for 1/3 of your semester grade. Lab report grades and quizzes which may be given at
announced times will count for 2/3 of your semester grade.
Attendance/Participation Guidelines
A

Active
Participation

Example behaviors: helps with set up, participates in data taking,
asks questions, participates in discussions, etc.

B

Passive
Participation

Example behaviors: is tardy to lab, merely records data, does not
help with set up, does not participate in discussions, copies partners,
etc.

C

Poor
Participation

Example behaviors: Reads newspaper, does homework, antagonizes
lab partners, etc.

0

No
Participation

Not present in your section. Attendance in another section not
verified by TA.

Lab Report Guidelines
A

Standard

A-

Good

The report is everything I would expect. All entries are complete, all
questions meaningfully answered, data record including graphs is
clear and correct, all calculations and units are correct. The report is
organized and legible.
Report has minor error(s).

B

Acceptable

Report is OK, but there are errors and/or missing entries.

C

Unacceptable

Report has significant errors, unanswered questions, missing data, etc.

0

No Report

No report is turned in. Authorship not verified by TA.
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UNM Academic Dishonesty Policy:
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.
Title IX
In an effort to meet obligations under Title IX, UNM faculty, Teaching Assistants, and Graduate
Assistants are considered “responsible employees” by the Department of Education (see pg 15 http://www2.ed.gov/about/offices/list/ocr/docs/qa-201404-title-ix.pdf). This designation
requires that any report of gender discrimination which includes sexual harassment, sexual
misconduct and sexual violence made to a faculty member, TA, or GA must be reported to the
Title IX Coordinator at the Office of Equal Opportunity (oeo.unm.edu). If you want to retain
anonymity, instead report the incident to other units on campus, namely Student Health and
Counseling (SHAC), Counseling and Resource Center (CARS), a licensed medical practitioner
on campus, or off campus to the Rape Crisis Center of Central New Mexico, or a sexual assault
nurse examiner. If you report the incident to the LoboRESPECT advocacy center, Women’s
Resource Center, or the LGBTQ Resource Center, you retain anonymity but an anonymous
record is made for statistical purposes. See more information at
https://policy.unm.edu/university-policies/2000/2740.html#_Toc414642678.

Name(s)
Class

S TANDING W AVES

IN

Date

A IR

Materials
Small Speaker
Function Generator (PASCO)
Sound Level Meter
Resonance Tube Apparatus (PASCO)

Introduction
In the experiment “Standing Waves in Strings” you observed the resonant modes
of a string under tension - transverse standing waves. In this experiment, you will
observe standing waves in air columns produced by the alternate compression and
rarefaction of the air in a column. Air column standing waves are longitudinal,
because the back and forth motion of the air molecules is parallel to the direction
of motion of the waves.

Applet Activity
To see the resonant modes as the air sloshes back and forth in a tube, open the file
Standing Waves in Air.html. Click the button for one side open. The upper
animation depicts the air moving back and forth. The lower waveform is a
schematic representation of the displacement of the air molecules. The closed end
corresponds to a displacement node. The open end is a displacement antinode.
Because there is a node at the closed end and an antinode at the open end the
number of wavelengths that fit in the tube is basically an odd number of quarter
wavelengths. As a result, the mode frequencies are odd multiples of the
fundamental.
Q1 Click higher and lower buttons to view resonant modes. Sketch the missing
waveforms in the following table. Write expressions for f3, f4 and fn using the
pattern for f2 as an example.
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Mode

Waveform

Wavelength

Frequency

Fundamental
(1st Harmonic)

λ1 = 4L

First Overtone
(2nd Harmonic)

λ2 = (4L)/3

f2 = 3(v/4L) = 3f1

Second Overtone
(3rd Harmonic)

λ3 = (4L)/5

f3 =

Third Overtone
(4th Harmonic)

λ4 = (4L)/7

f4 =

λn = (4L)/(2n-1)

fn =

(nth Harmonic)

(2n-1)( λn/4) = L

f1 = v/λ1 = v/4L

Resonance Tube
You will use a resonance tube to observe resonances for different frequencies.
The length of the column of air is adjusted by sliding the plunger inside the tube.
In Figure 1, the resonant modes for two different frequencies are shown. You will
be exciting the waves by means of a speaker near the end of the tube. When the
column length is just right, the waves coming from the speaker and those which
bounce off the closed end of the tube are in phase and the air column in the tube
resonates. Practically speaking, since the waves constructively interfere, you will
be able to detect the resonances by hearing a maximum in loudness.
The loudest resonance occurs when the plunger forms an air column of length L1
as in Figure 1. As the air column length is increased to L2, a second resonance is
heard. It turns out that the antinode at the open end occurs just outside the end of
the tube so that L1 is only approximately λ/4. However, in every case the distance
between nodes is λ/2.
L2 – L1 = λ/2
Likewise, if a third resonance can be found at L3, then
L3 – L2 = λ/2.
From this you can determine λ. Then using v = fλ you can calculate the speed of
sound in air.

UNM Physics & Astronomy

42

Copyright © 2019 B.M. Odom

Standing Waves in Air

Frequency A

Frequency B

L1 ≈ 14 λA
L1 ≈ 14 λB
L2 ≈ 43 λA
€

L2 ≈ 43 λB
€
€
€

Figure 1

Procedure
1. Slide the inner plunger so that the air column is about 5-10 cm.
2. Position the speaker at a 45º angle to the tube and about 2-4 cm from opening.
Hook up the speaker to the function generator.
3. Adjust the frequency to 500 Hz. Record the frequency in the data table.
4. Turn on the sound level meter. Remember that you may have to fiddle with the
sensitivity. Slowly lengthen the air column until you hear a marked increase in
loudness. This is the first resonance (n =1). Fine tune the length until you are sure
you have a maximum signal at the meter. Measure the length of the air column.
Record the distance in the L1 column of the data table.
5. Increase the length until you hear the second resonance, find the maximum, and
record the distance L2 as you did in step 4.
6. Find and record the third resonance distance L3 as you did in step 4.
7. Repeat for two other frequencies above 500Hz.
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1st Resonance
Position L1 (cm)

Frequency (Hz)

2nd Resonance
Position L2 (cm)

3rd Resonance
Position L3 (cm)

Calculations
1. Calculate the differences in resonance positions and record.
2. Calculate the average wavelength for each frequency and record.
3. Calculate the speed of sound for each frequency.
Frequency
(Hz)

L2 - L1
(cm)

L3 – L2
(cm)

λAverage
(cm)

v
(m/s)

v = λf
(cm/s)

4. Average your three values for the speed of sound.
vexp = ____________m/s.
The speed of sound in air depends on the springiness of the air and its density. It
is given by the formula,

ν air = B ρ
where B is the bulk modulus, and ρ is the density of the air. Since B and ρ depend
on temperature, it can be shown that
€

v air =

γRTKelvin
=
M

(1.40)(8.314 mol⋅J K )(TKelvin ) = 20.05
kg
28.95 ×10−3 mol

TKelvin

m
s

.

5. Record the Celsius temperature of the air and convert to Kelvin.
€
TCelsius = ____________
TKelvin = TCelsius + 273.15 = __________K
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6. Calculate the speed of sound.

vair = 20.05 TKelvin m

s
m

= 20.05

m

=

s

s

7. Calculate the percent difference between vair and vexp.
% Difference =

v air − v exp
"v + v %
exp
$$ air
''
2
#
&

×100%

=
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Questions
1. The speed of sound in air increases with temperature. Would the wavelength of
a sound wave increase or decrease as the temperature increases?

2. Draw the first three resonant modes of a pipe that is open at both ends. How do
the frequencies of these resonances compare with those for a pipe with one end
closed? Use this to explain why organs are constructed with closed end pipes.

3. Assume that you have found the first resonance point for a particular frequency
in this experiment, would this still be a resonance point if you tripled the
frequency?

UNM Physics & Astronomy
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Name(s)
Class

G ALILEO

AND THE

Date

P ENDULUM

Materials
Stopwatch
Meter Stick
Pendulum Clamp
Brass Ball with String
Wooden Ball with String
Aluminum Ball with String
Mass Balance
Table clamps and rods
Computer
Vernier Go! Motion Detector

Introduction
The famous scientist Galileo noticed one day that a
hanging lantern in the cathedral of Pisa swayed as the
wind would blow through a nearby open window. Being
very observant he also noticed that the period of its swing
was always the same.
Intrigued, he began his study of the pendulum. What
determined the period of a pendulum? Was it the
amplitude of the swing, the length of the pendulum or the
mass of the swinging object? What could it be?
This lab will explore the motion of a pendulum. Galileo
did not have access to the precision devices that we have
today but was able to make measurements accurate
enough to determine what affected the period of a pendulum.
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Period of a Pendulum
What do you think is the primary factor for the period of swing?
Consider the following definitions of terms.
Period The time required for the pendulum mass to return to its
starting position.
Amplitude Half the distance a pendulum swings from one
extreme to the other.
Mass The amount of material, in kilograms, in the pendulum.
Pivot

Length

Amplitude

Starting
Position

Rest Position
(Equilibrium)

Prediction: Will these affect the period? Circle Yes or No for each.
Mass

Yes | No

Length

Yes | No

Amplitude

Yes | No

1. Use table clamps and rods to construct a support that will allow for a 1-meter long
pendulum. Secure this to a table.
2. Determine the mass of each ball and string pendulum using a mass balance.. The
string mass can be ignored because it is a small fraction of the total mass. Record the
mass for each ball in the table below.
Mass of Ball (kg)
Wood
Aluminum
Brass
UNM Physics & Astronomy
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Galileo and the Pendulum

3. Using the data table below as a guide, record the measured time for each set of
parameters. To make the measurement more accurate:
• Measure the time for 10 periods of the pendulum; divide the total time by 10.
• Measure length from the pivot point of the string to the middle of the mass.
• Record measurements using 3 significant digits, i.e. 6.28 sec or 9.79 m/s2.
Length (m)

Material

Amplitude
(m)

1.000

Wood

0.200

1.000

Wood

0.100

0.500

Wood

0.200

0.500

Wood

0.100

1.000

Aluminum

0.200

1.000

Aluminum

0.100

0.500

Aluminum

0.200

0.500

Aluminum

0.100

1.000

Brass

0.200

1.000

Brass

0.100

0.500

Brass

0.200

0.500

Brass

0.100

Time for 10
Periods (s)

Period (s)

Q1 From this information what is the most important factor governing the period of a
pendulum swing?

Check your answer against your predictions.
Q2 Why is measuring 10 periods a better method than trying to measure one period
alone?

Q3 What might account for the some of the small differences between
measurements?
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Simple Harmonic Motion of the Pendulum
The smooth back and forth swinging of the pendulum is an example of simple
harmonic motion. With the aid of a computer and some interface equipment the
motion or position vs. time of a pendulum can be captured for further study.

Equipment for Monitoring the Motion
Computer
Vernier Go! Motion Detector
Brass pendulum
The Go! Motion Detector plugs directly into a free USB port on your computer. The
motion detector emits a sonic signal that is an audible click. After each click the
motion detector becomes a listening device and awaits a reflected signal from the
object of interest. The further away the object, the longer the time before a reflected
signal returns to the motion detector. The computer measures this time delay and
calculates position data which are represented on screen.

Distance

Make a prediction of what the motion graph of a pendulum will look like by drawing
on the X-Y axes below.

Time

UNM Physics & Astronomy
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Determining Information From a Motion Graph
Below is a typical graph of data from a swinging pendulum. By examining the graph,
we can determine the amplitude, period and frequency of the swing.

The amplitude (A) may be read directly from the graph. In the above example, we
can see that the amplitude is 0.06 m.
The period (T) may also be determined from the graph. In the above example, the
curve crosses the axis at t1 = 3.0 s. After one full swing of the pendulum back and
forth, the curve crosses the axis again at t2 = 4.8 s. We can calculate the period.

T = t 2 − t1
= 4.8 s − 3.0 s
= 1.8 s
The frequency (f) may then be calculated.

1
T
1
=
1.8 s
= 0.56 Hz

f=

€

€
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Procedure
1. Log in to the Musical Acoustics account. Open the file Pendulum.cmbl. The
motion detector has a minimum range of 0.15 meters.
2. Place the motion detector on a chair and adjust the 1-meter long brass pendulum
height to be centered on the round detector screen. After centering separate the
pendulum and detector by about 0.3 meter. Start the brass pendulum swinging with an
amplitude of about 0.1 meters.
3. Click Collect. Adjust detector position until a smooth curve is generated.
4. Record data for 10 seconds after adjustments have been made to ensure good data.
The data display can be optimized by changing the Position scale numbers.
5. From the graphic toolbar click Examine. This will generate a cursor used to
measure the position and period of the brass pendulum. Record two times and
calculate the period.
t1=__________

t2=__________

T=__________

Q4 Does the period measured by the computer for a 1-meter pendulum match that
obtained with a stopwatch? _________________
6. Use the Page Navigation tool to go to Page 2 that displays velocity and position
data or Page 3 that shows position, velocity and acceleration.
Using the Examine curser and diagram below answer the following questions.

Motion
Detector
E

A
B

D

C

Q5 At which position(s) A, B, C, D or E is the velocity the greatest? __________
Q6 At which position(s) A, B, C, D or E is the velocity zero? __________
Q7 At which position(s) A, B, C, D or E is the acceleration the greatest? _________
Q8 At which position(s) A, B, C, D or E is the acceleration zero? _________
7. Close the program and do not save any changes. Shut down your computer.

UNM Physics & Astronomy
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Galileo's Discoveries
From your data you can tell that the period depends on the length. But how does it
depend on it? What happens for example if you double the length? Does the
frequency also double?
Through many careful observations Galileo discovered the following:
• Pendulums nearly return to their release heights.
• All pendulums eventually come to rest with lighter ones coming to rest faster.
• The period is independent of the bob weight.
• The period is independent of the amplitude.
• The square of the period varies directly with the length.

A Simple Mathematical Model
By collecting data for many different lengths you could deduce a relation between l
and T. This relation can be expressed in a simple mathematical model.
l
Equation 1.
g
T = Period in seconds
l = Length of the pendulum in meters
g = Freefall acceleration due to gravity (9.79 m/s2 in Albuquerque)
T 2 = (2π )

2

€
It can be seen in the above model that the period for a pendulum depends on its length
and the local value for gravitational acceleration. The value for g varies only slightly
for most places on earth. Gravity is the force acting on the pendulum mass causing it
to return to the middle as it swings.

Test the Model With any of the data you measured, see if the model gives the right l
for any measured T and vice versa.
T (s)
T2 (s2)
g (m/s2)
l (m)

The beauty of a simple mathematical model is that it can be easily manipulated.
Rearranging Equation 1 to solve for the length yields the following.

[T(sec)]
l(meters) =

2

× g(meters/sec 2 )
(2π ) 2

Equation 2.

Use the Model to Find the Length of a Pendulum Hanging From the Ceiling
In the hall a long pendulum hangs from the ceiling. Determine the length by
measuring
the period.
€
T (s)
T2 (s2)
g (m/s2)
l (m)
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Periodic Motion in Other Places
The metronome is a compound or double weighted
pendulum that uses a spring to supply the energy required
to keep it running for a long period of time. The spring
power is not supposed to change the period, only keep it
running. Mechanical metronomes were invented in the
1800's and are still used today.
Q9 How tall would a metronome have to be in order to
produce a Larghetto tempo of 60 beats per minute if a
simple pendulum were used? Notice the metronome beats
twice for every complete period of the pendulum.

l=

Remember!!

T2 × g
2 Equation 2.
(2π )

€
Q10 Two people are in separate but identical swings. Ludwig’s mass is 100kg and
Wolfgang’s mass is 50kg. Which person has the longest swing period and why?

Q11 Two people have identical pendulum clocks. Sheryl is standing at the equator of
the Earth and Bono is standing on the Moon. The value for g on the moon is about 1/6
the value on earth. Whose clock will run faster and why?
Remember!!
T 2 = (2π )

2

l
g

Equation 1.

€
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PostLab
1. Below is a graph of the motion of a pendulum.

a. From the graph, determine the amplitude of the swing of the pendulum. Label the
graph to show the amplitude A.
A = __________
b. From the graph, determine the period T. Circle the points you use to determine the
period. Record the times which you will use to calculate the period.
t1 = __________

t2 = __________

T = __________
c. As shown on page 5, write the equation for frequency f then put in the value for T
from above and calculate f.

f = __________
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d. Determine the length of the pendulum. Show the equation you will use and show
your calculation.

L = __________

UNM Physics & Astronomy

10

Copyright © 2019 B. M. Odom

Galileo and the Pendulum

2. Below is a graph of the motion of a second pendulum.

a. From the graph, determine the amplitude of the swing of pendulum 2. Label the
graph to show the amplitude A.
A = __________
b. From the graph, determine the period T. Circle the points you use to determine the
period. Record the times which you will use to calculate the period.
t1 = __________

t2 = __________

T = __________
c. As shown on page 5, write the equation for frequency f then put in the value for T
from above and calculate f.

f = __________
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d. Determine the length of pendulum 2. Show the equation you will use and show
your calculation.

L = __________
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