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Introduction:

This unit is comprised of a series of learning activities on Simple Harmonic Motion and Waves.  Using the SMD program, we have enhanced our current unit to strengthen student understanding in two particular areas:

· Damped Harmonic Oscillator.  Using the SMD program, students are able to collect accurate data of a spring-mass system – a task difficult to accomplish in a wet lab situation.  This lab provides a visual and conceptual link between simple harmonic oscillators and sound waves.

· Speed of Sound Lab:  The SMD program will allow us to change the temperature of the medium and the mass of the molecules, allowing students to study the effects of these variables on the speed of sound.  This is an experiment that would otherwise be difficult to perform in a lab situation.  In addition, this experiment enhances student visualization of the propagation of a compression wave in a gas, and allows the students to observe the displacement and kinetic energy of a single particle in the gas medium.

Intended Audience:  The intended audience is high school seniors, enrolled in Advanced Placement Physics B. These students have already passed the MCAS test, but this unit is an important part of the advanced placement curriculum and will be assessed in the AP examinations.

Placement in the Curriculum:  This project does not represent a newly designed unit.  It is an enhancement of an existing unit on Simple Harmonic Motion and Waves, which follows the study of mechanics.  We will use our former speed of sound lab as a brief demonstration and replace the lab with the simulab experiences.   

Adjustment/Adaptation:  The damped harmonic oscillator lab can be readily adapted for the AP Physics C curriculum by extending the investigation of the damping constant. Although this unit is designed at the AP level, a version of the speed of sound lab could be adapted for our college preparatory students.

Goals and Objectives:  See Attached

Time:  Approximately three weeks for the overall unit.  Each individual activity will be completed in one class period (approximately 55 minutes).  The new simulab pieces will require minimal set up time.  

Resources/ Electronic Equipment::  The resources for each activity in the overall unit are listed in the attached documentation.  The only resources students need to complete the simulab activities are their TI-83 calculators and one computer per two students.

Unit Goals and Objectives:  

Goal:  Students will demonstrate a broad qualitative and quantitative understanding of Simple Harmonic Oscillators, creation of waves and a variety of wave phenomenon.   
Objectives:  Simple Harmonic Motion:

1. Kinematics of Simple Harmonic Motion (SHM):  Given appropriate data or graph, state and solve the equations for displacement, velocity and acceleration of a simple harmonic oscillator as a function of time.  Define/identify/calculate the amplitude, period, frequency, or angular velocity of the Simple Harmonic Oscillator (SHO).

2. Energy of an SHO:  Graph or calculate the energy (PE, KE and Etotal) of an SHO as a function of time or displacement.  Apply conservation of energy to an SHO.

3. Natural frequency:  Calculate fnatural of a spring/mass system or a pendulum from its physical properties (length, mass, spring constant, etc.)

4. Resonance:  Define the conditions for resonance, and solve basic problems involving resonance.  (external forcing frequency = natural frequency).

5. Damped Harmonic Oscillator:  Identify the correct graphical representation of a damped harmonic oscillator (recognizing constant frequency, decreasing amplitude).  Construct accurate mathematical models of exponential decay.  Describe the differences and similarities between damped harmonic motion and ideal simple harmonic motion.
Objectives: Waves

6. Types of Waves:  Define a wave as a disturbance in a medium.  Identify transverse and longitudinal waves and give examples of both.  Describe the motion of particles in these two types of waves.

7. Wave Speed:  Define wavelength and calculate the speed of a wave given its wavelength and frequency.  

8. Wave Medium:  Describe the effect of the inertia and stiffness of a medium on wave speed for gases and stretched strings, and be able to extend this concept.

9. Reflection:  Sketch the reflection of a pulse from a fixed or open end.  

10. Interference:  Describe or sketch constructive and destructive interference.  Be able to apply the superposition principle quantitatively.  

11. Standing Waves:  Sketch the pattern of standing waves in stretched strings and pipes with open and closed ends.  Identify nodes and antinodes.  Given the wave speed, calculate the sound frequencies generated.  

12. Beats:  Given two nearly equal sound frequencies, calculate the beat frequency.

13. Doppler Effect:  Calculate the change in frequency as a sound source moves toward or away from the observer, or as the observer moves with respect to a stationery source.

14. Shock Waves:  Convert mach number to m/s.  Describe the formation of shock waves.  Calculate the half angle of the shock wave cone and apply understanding of shock wave formation to a variety of quantitative problems.

Unit Chronology:

General: This unit will come at the end of a study of mechanics. The students will have already completed their study of Newton’s laws, including circular motion, and have mastered the concepts of kinetic and potential energy, and energy conservation.
Lesson 1: SHM Displacement


Starting with a demonstration illustrating the equivalence of SHM and one-dimensional circular motion, the sinusoidal nature of SHM is developed. The equation for displacement of a SHO as function of time is derived, and angular velocity is defined. Students then work in pairs on a worksheet designed to give them practice achieving two objectives:  Given appropriate data or graph, state and solve the equation for displacement of a simple harmonic oscillator as a function of time. Identify and calculate the amplitude, period, frequency, or angular velocity of the SHO.

Lesson 2: SHM Kinematics and the spring force

The magnitude and direction of the spring force on the SHO are reviewed, and relationship between positions with maximum force and zero force are related to the positions for maximum and zero acceleration. The equations for velocity and acceleration of a SHO as a function of time are derived, and related to the displacement graph.

Lesson 3: Energy of a SHO

 Drawing on students’ prior knowledge of kinetic and potential energy, and energy conservation, the energy of a SHO is examined. Students graph the energy of a SHO as a function of displacement, and as a function of time, and solve conservation of energy problems.  The formula for determining the natural frequency of a spring/mass system is derived, applied, and demonstrated.
Lesson 4:  Simple Pendulum

  The displacement of a simple pendulum approximates SHM. Students draw on prior knowledge of forces and vectors to determine the restoring force on a pendulum, and derive the formula for the period of a pendulum as a function of its length.  The formula is applied in a whole-group experiment to determine g, the acceleration due to gravity.
Lesson 5: Damped Harmonic Oscillator with Simulab
 
Students perform a simulab experiment using the Simple Molecular Dynamics software. The experiment allows students to observe the exponential decay of a damped harmonic oscillator.
Lesson 6: Resonance


Students take a short homework quiz on SHM. 

The phenomenon of resonance is demonstrated in several ways, and the condition for resonance is defined. Students view a video on resonance, including footage from the spectacular Tacoma Narrows Bridge collapse. 
Lesson 7: Introduction to waves


An introduction to waves includes a discussion of waves verses particles, and the differences in their properties and behavior. Types of waves and basic wave descriptors are defined and illustrated. A wave machine is used to develop and demonstrate the equation for wave velocity: v = λ f 
Lesson 8:  Standing Waves


This lesson focuses on reflection of a pulse, constructive and destructive interference, and the superposition principle. These concepts are demonstrated with a slinky and a wave machine. Next, the formation of standing waves in strings and pipes is discussed and diagrammed, and a strobe light is used to illuminate standing waves in a stretched elastic cord attached to a function generator. 
Lesson 9: Sound and Standing Waves, continued


Properties of sound waves are described and demonstrated. Students determine their auditory frequency range, and experience the constructive and destructive interference of sound waves produced by two loudspeakers in phase.  Standing waves in strings and pipes and the production of musical overtones is reviewed. The pitch produced by a stretched string is demonstrated to depend on the mass and tension of the string.
Lesson 10: Properties of the wave medium


The formula for the velocity of a pulse in a stretched string is derived, based on student’s prior knowledge of centripetal force. Students work with a partner on a problem set to apply their understanding of velocity, wavelength, frequency, and properties of the medium to quantitative problems involving standing waves in strings and pipes.
Lesson 11: Properties of the wave medium with Simulab

Students perform a simulab experiment using the Simple Molecular Dynamics software. In this simulation, students examine the way in which the speed of a wave depends on the stiffness and inertial properties of the medium. 
Lesson 12: Beats and Doppler Effect


The beat phenomena is discussed and demonstrated, using a sine wave generator and a recorder. Students reproduce this phenomena using their TI-83 graphing calculators, and confirm the beat formula. The Doppler effect is then discussed and demonstrated, using a buzzer on a string, swinging in a horizontal circle. The connection to the Red Shift and Hubble’s constant is discussed, along with common applications. Students create a graph paper model of a moving source, stationary observer. Equations for the Doppler effect for this case are derived and applied. (Equations for the moving observer, stationary source are also derived, using relative velocity.)
Lesson 13: Shock waves

Shock waves are introduced. Students construct a model of a source moving at Mach 2 using graph paper and a compass, to illustrate the formation of the conical shock wave. Students work in pairs on a quantitative problem set on beats, Doppler effect, and shock waves.  
Lesson 14:
Final Review


A final review of the unit is conducted, including a review of unit objectives and group work on a practice test consisting of both conceptual questions and quantitative problem solving. A video on waves may be shown.
Lesson 15:
Unit Exam. 
Assessment:

Assessment of student understanding in this unit will be both formal and informal, conceptual and analytical, and will be self-directed as well as teacher-imposed.

Overview:
A variety of assessment instruments will be employed as described below.

Homework problems:  Students will self-assess through the completion of homework problems. Answers to these problems will be provided, and class time will be available for group discussion.

Homework Quizzes: Formal assessment of analytical mastery will be done via graded homework quizzes.

In-class problem sets:  Group work will provide informal assessment using a cognitive apprenticeship model and peer coaching.

Laboratory Reports: Lab reports include embedded questions designed to elicit both conceptual understanding and quantitative reasoning.  Answers to open-ended discussion questions will demonstrate holistic understanding. (See the attached Lab Handouts)

Practice exams:  Prior to the final unit exam, students will self-assess their mastery of unit objectives via a practice exam, consisting of conceptual and analytical questions and problems.

Final unit exam:  A formal, criterion referenced exam will be administered.  Exam items will be keyed to unit goals and objectives, as provided to students.   

Exam Retake:  Students whose performance on the unit exam is below the level of mastery expected in this course will have an opportunity to obtain extra help, and retake the exam to demonstrate improvement and raise test scores.

