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Module Planning Template 
Simple Harmonic Motion and Coupled Oscillations in Circuits
Total Number of Lessons: [4]
Total Time for Module: [6 Hours]

SECTION 1: MODULE OVERVIEW AND CURRICULAR CONNECTIONS

· [bookmark: _GoBack]Module overview: This module will introduce some simple simulations of simple harmonic motion using MATLAB and Simulink. These simulations will be used to classify types of oscillators and understand the governing parameters of an oscillating system. The module will then move focus to a more realistic look at how oscillators would function in a circuit. From this study of RLC circuits oscillating we will be able to expand upon it to be able to determine if and how the oscillators in a circuit may be influencing each other. We will find that the circuits are inductively coupled to each other through electromagnetic induction. We will then classify and record some input and output data for the circuits and be able to decode a simple unknown set of data.
 
· Module goal: By the end of this module students will be able to leverage the idea of coupled oscillating systems to decode data sets and solve some simple arithmetic functions using a network of coupled oscillators. Students will also be able to explain the coupling conditions for a inductively coupled RLC circuit network

· Module scope and rationale: This module will cover a full unit of information on simple harmonic oscillations, waves, and wave coupling. Additionally, we will introduce the idea of electrical oscillations in RLC circuits and ways that mutually inductive coupling may occur in a circuit.

· Connection to standards:

· PI.6.1  Develop graphical and mathematical representations that describe the relationship between the amount of stretch of a spring and the restoring force and apply those representations to qualitatively and quantitatively describe how changing the stretch or compression will affect the restoring force and vice versa, specifically for an ideal spring.
· PI.6.2 Describe the slope of the graphical representation of restoring force vs. change in length of an elastic material in terms of the elastic constant of the material, specifically for an ideal spring.
· PI.6.3 Develop graphical and mathematical representations which describe the relationship between the mass, elastic constant, and period of a simple horizontal mass-spring system and apply those representations to qualitatively and quantitatively describe how changing the mass or elastic constant will affect the period of the system for an ideal spring.
· PI.6.4  Develop graphical and mathematical representations which describe the relationship between the strength of gravity, length of string, and period of a simple mass-string (i.e. pendulum) system apply the those representations to qualitatively and quantitatively describe how changing the length of string or strength of gravity will affect the period of the system in the limit of small amplitudes.
· PI.6.5 Explain the limit in which the amplitude does not affect the period of a simple mass-spring (i.e. permanent deformation) or mass-string (i.e. pendulum, small angles) harmonic oscillating system.
· PI.7.2 Understand that a mechanical wave requires a medium to transfer energy, unlike an electromagnetic wave, and that only the energy is transferred by the mechanical wave, not the mass of the medium.
· PI.7.3 Develop graphical and mathematical representations that describe the relationship between the frequency of a mechanical wave and the wavelength of the wave and apply those representations to qualitatively and quantitatively describe how changing the frequency of a mechanical wave affects the wavelength and vice versa.
· PI.7.4 Describe the slope of the graphical representation of wavelength vs. the inverse of the frequency in terms of the speed of the mechanical wave.
· PI.7.6 Qualitatively and quantitatively apply the principle of superposition to describe the interaction of two mechanical waves or pulses.
· PI.7.7 Qualitatively describe the phenomena of both resonance frequencies and beat frequencies that arise from the interference of sound waves of slightly different frequency and define the beat frequency as the difference between the frequencies of two individual sound wave sources.
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· RET materials/ideas to be leveraged: Very often simple harmonic oscillation is taught in a physics class because it is a natural phenomena rather that a principle of physics that is being regularly applied to real world situations. Computing using coupled oscillator systems is a newer venture in computer science and will be a great example and building ground for teaching SHO while also relating mechanical SHO to electrical SHO in a LRC/LC circuit.

· Prior knowledge needed for module: Students will need a basic understanding of the functionality of an Arduino microprocessor prior to this unit. Additionally they should be familiar with the idea of SHO and how to build simple circuits when given a circuit diagram.


SECTION 2: OVERVIEW OF MODULE FRAMEWORK

· Real-world context: [Describe in 1-2 paragraphs]

· Following the lessons on the background information, we will use the couple circuits that we built in an actual data analysis/processing task. Currently coupled circuits are being studied and developed so that they can be used in some extremely sophisticated computing applications. What we will do is analyze a couple simple data sets and try to pattern match different sets of data that we process using the coupled circuits.
· Additionally we will spend some time looking at some complex simulations of coupled oscillating systems and how they are being used to do actual image and pattern analysis.


· Background STEM content: [Describe in 1-2 paragraphs]

· To introduce the class to oscillations we will develop a few different models of an oscillation using MATLAB. Through this development process we will learn about the different variables that effect oscillatory behaviors including the period and frequency.
· As an extended task we may try to model a very simple system where two SHO’s are coupled to each other
· Double pendulum
· Mass with multiple springs
· As an introduction to induction we will talk about mutual coupling between circuits. A transformer is a great example of this inductive coupling that occurs so we will start by learning about transformers. We will then apply this idea of inductive coupling to the RLC circuits that we have already discussed. 
· Implement two inductively c
· oupled RLC circuits on a bread board
· Program an Arduino to act as an oscilloscope and frequency measurement tool
· Measure and record input into the primary circuit and record and measure the output from the coupled secondary circuit.


Questions
· How to formatively assess if this is beyond the scope of the curriculum




· Final Project: [Describe in 1-2 paragraphs]

· Possible Project Ideas:
· Data Analysis using coupled RLC Circuits
· Inductively Coupled RLC Circuits
· Measuring Energy Transfer in an inductively coupled RLC Circuit

· Possible Project Deliverables:
· Data Tables
· Presentation on accuracy and methods (unique presentations)
· Lab Notebooks
· Documented Procedures


SECTION 3: MODULE SEQUENCING AND ASSESSMENT

· Description of sequenced learning objectives: [How do learning objectives build from lesson to lesson to meet the module goal?]

· Description of formative assessment approaches: [When/what techniques will you use to assess student progress towards objectives during, and at the end of, each class period?] 

· Description of summative assessment approaches: [How will you assess the final project and/or performance assessment? If you are using a rubric, what criteria will you examine?] 


SECTION 4: FINAL COMMENTS AND ATTACHED FILES

· Recommendations for implementation: [Describe any “safety tips” or advice you have for other educators who might implement this module.]

· List of attached files: [should include any lesson plans and handouts relevant to the Module, if you have them ready]

· [File name 1 and one line description] 

· [File name 2 and one line description]

· [File name 3 and one line description]

· [File name 4 and one line description]

· [File name 5 and one line description]
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2. Inductance (including LR and LC circuits)

a)

b)

Students should understand the concept of inductance, so they can:

1) Calculate the magnitude and sense of the emf in an inductor through
which a specified changing current is flowing.

2) Derive and apply the expression for the self-inductance of a
long solenoid.

Students should understand the transient and steady state behavior of DC

circuits containing resistors and inductors, so they can:

1) Apply Kirchhoff’s rules to a simple LR series circuit to obtain a
differential equation for the current as a function of time.

2) Solve the differential equation obtained in (1) for the current as a
function of time through the battery, using separation of variables.

3) Calculate the initial transient currents and final steady state currents
through any part of a simple series and parallel circuit containing an
inductor and one or more resistors.

4) Sketch graphs of the current through or voltage across the resistors or
inductor in a simple series and parallel circuit.

5) Calculate the rate of change of current in the inductor as a function
of time.

6) Calculate the energy stored in an inductor that has a steady current
flowing through it.
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