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Module Planning Template 
[bookmark: _GoBack]Building a Better Computer
Total Number of Lessons: [6]
Total Time for Module: Full Semester (August – December)

SECTION 1: MODULE OVERVIEW AND CURRICULAR CONNECTIONS

· Module overview: In 2018 we are reaching a point where Moore’s Law has come to a stop because of increasing demands for smaller and faster computing hardware. Starting from the basics of how information is stored and processed, up to some high demand computing applications being used today. We will focus on energy use, speed, and time and look at different ways we can manipulate these things through hardware and software manipulations to make a computer that can handle the increased data processing tasks that are dealt with every day.
 
· Module goal: At the end of this unit students will be able to see the large scale and small-scale connections between the concepts of charge, current, resistance, and voltage as they relate to computing performance. Students will also be able to harness ideas of machine learning and Python coding to give explanations for the need of better more energy efficient and faster computing paradigms. 

· Module scope and rationale: This module will take the span of an entire semester to complete. It will be focused around 6 main lessons with a final project at the end of the module. Each lesson should take approximately 2 weeks to complete.

· Connection to standards: 
Indiana Department of Education Physics II standards 3 & 4
	PII.4.1 Describe the methods of charging an object (i.e. contact, induction, and polarization) and apply the principle of conservation of charge to determine the charges on each object after charge is transferred between two objects by contact.

	PII.4.2 For a single isolated charge, develop and apply graphical and mathematical representations that describe the relationship between the amount of charge, the distance from the charge and the strength of the electric field created by the charge and apply those representations to qualitatively and quantitatively describe how changing either the amount of charge or distance from the charge affects the strength of the electric field.

	PII.4.3 Using Coulomb's law, pictorially and mathematically describe the force on a stationary charge due to other stationary charges.  Understand that these forces are equal and opposite as described by Newton’s third law and compare and contrast the strength of this force to the force due to gravity.

	PII.4.4  For a single isolated charge, develop graphical and mathematical representations that describe the relationship between the amount of charge, the distance from the charge and the electric potential created by the charge and apply those representations to qualitatively and quantitatively describe how changing either the amount of charge or distance from the charge affects the electric potential.

	PII.4.5 Map electric fields and equipotential lines, showing the electric field lines are perpendicular to the equipotential lines, and draw conclusions about the motion of a charged particle either between or along equipotential lines due the electric field.

	PII.4.6 Distinguish between electric potential energy and electric potential (i.e. voltage).

	PII.4.7 Apply conservation of energy to determine changes in the electric potential energy, translational kinetic energy, and speed of a single charged object (i.e. a point particle) placed in a uniform electric field.

	PII.5.1 Relate the idea of electric potential energy to electric potential (i.e. voltage) in the context of electric circuits.

	PII.5.2 Develop graphical and mathematical representations that describe the relationship between the between the amount of current passing through an ohmic device and the amount of voltage (i.e. EMF) applied across the device according to Ohm’s Law.  Apply those representations to qualitatively and quantitatively describe how changing the current affects the voltage and vice versa for an ohmic device of known resistance.

	PII.5.3 Describe the slope of the graphical representation of current vs. voltage or voltage vs. current in terms of the resistance of the device.

	PII.5.4  Define and describe a device as ohmic or non-ohmic based on the relationship between the current passing through the device and the voltage across the device based on the shape of the curve of a current vs. voltage or voltage vs. current graphical representation.

	PII.5.5  Explain and analyze simple arrangements of electrical components in series and parallel DC circuits in terms of current, resistance, voltage and power.  Use Ohm’s and Kirchhoff’s laws to analyze DC circuits.




· RET materials/ideas to be leveraged: 

· Machine Learning
· Artificial Intelligence
· Python Programming

· Prior knowledge needed for module: Since this is a module to be used at the start of an electricity and magnetism class, the physics knowledge required is minimal, if any. However the student should have a strong command of algebra and trigonometry for many of the activities.


SECTION 2: OVERVIEW OF MODULE FRAMEWORK

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

· Possible Lesson Ideas:
Lesson 3 – Coding Intro
· Intro to Python
· On Chromebooks (vPython)
· Python Bootcamp
Labs/Activities
· Ohm’s Law and Kirchhoff’s, Rule calculator in Python
Lesson 5 – Energy Use in Computing
· Intro to computing lecture (Moore’s Law, Transistors, Transistor Scaling)
· Transistor Leakage Lab and Investigation
· Transistors
· Semiconductor Tester
Lesson 6 – Machine Learning and the Future of Computing
· Demonstration of high performance computing needs – image classification, NLP
· Train and infer on a data set
· Lecture on Machine Learning
· Python and Tensorflow – training a CNN, using a CNN for image classification
· GPU vs CPU computing


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

· Possible Lesson Ideas: 
Lesson 1 – Introduction to Electricity
· Charge Lecture and Demonstration
· Induced Charges – Triboelectric Series
Assessments:
· Coulomb’s Law Quiz
Labs/Activities:
· Induced Charges Lab
· Coulomb Balance Lab (or Electroscope Lab)
· Van deGraff Demonstration
Lesson 2 – Moving Charge
· Behavior of moving charges, electric potential, current lecture
· Current in circuits
· Kirchoff’s Rules
· Ohm’s Law
Assessments:
· Circuit drawing assessment
· Kirchhoff’s Rules assessment
Labs/Activities:
· Breadboarding Activity
· Capacitor Activity
· AED Lab
· House Wiring Lab


Lesson 4 – Resistance, Resistivity, Superconductivity
· Lecture on resistance, and energy loss
· Demonstration with computer
· GPU heat loss demonstration
· Energy loss / consumption demonstration
· Superconductivity and resistivity lab
· Resistivity of copper, nickel, use LN to cool measure resistance as a function of temperature
· Superconducting materials




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

· Possible Project Ideas:
· Design and test a method that can be used to limit the power loss on a raspberry pi when completing the training and inferencing processes of a neural network. This may be a software or hardware manipulation.
· Goal: Students should attempt to create a network with the greatest inference accuracy but with minimal energy loss
· Training Steps
 

· Possible Project Deliverables: [What would students produce at the end of the project? Would it be shared in some way? How?]
· Students will present their methods and results in a class presentation format. They would complete a written lab report


SECTION 3: MODULE SEQUENCING AND ASSESSMENT

· Description of formative assessment approaches: Formative assessment will be used throughout all class periods. The type of formative will be chosen to best suit the material and the teaching methods being used in class on those specific days. 

· Description of summative assessment approaches: The summative project will be graded using my lab report rubric since it is a lab based final project. Additionally I will ask students to collectively develop their own rubric that will be used for assessment. 


SECTION 4: FINAL COMMENTS AND ATTACHED FILES

· Recommendations for implementation: Implementation directions will be given specifically on each lesson plan

· 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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