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Total Number of Lessons: 2 (One for Oscillations and one for Circuits)
Total Time for Module: varies based on schedule

SECTION 1: MODULE OVERVIEW AND CURRICULAR CONNECTIONS

· Module overview: What are the challenges facing the computing industry and what are some potential solutions? This question has several inroads to the AP Physics 1 course as its scope includes energy, power, DC circuits and oscillations.
· The first inroad is in their understanding of energy. In this course, the energies examined are only mechanical, however, a strong understanding of energy transfer, power and “energy dissipated” mainly related to thermal contact is also within the scope of this course. Within this module, students will examine thermal energy and its connections to the overarching problem of faster devices needing more power.
· Students are also expected to understand the parameters of simple harmonic oscillation and design an experiment to test changes to factors that affect oscillation. Beyond understanding physical systems there is little relevance regarding simple harmonics to students’ lives. Why is it important to understand oscillatory motion? One current strand of emerging technologies in computer science is the use of oscillators (electronic and mechanical) as “materials that compute.” By introducing students to the ways that oscillators are already in use in their electronic devices and engaging them in an activity to understand why alternative technologies are needed (Moore’s law), the relevance of understanding oscillatory motion is established. 
· Finally, students are expected to have a solid understanding of DC circuits and the associated conservation laws (Kirchhoff’s laws). By examining power dissipation not only by simple resistor-battery circuits but also by a processor that is running actual programs they use, students will be able to see relevance in what they are studying.

· Module goals: Students will be able to demonstrate that they understand that…
· The interactions of an object with other objects can be described by forces (AP EU 3B)
· Changes that occur as a result of interactions are constrained by conservation laws (AP EU 5A, 5B, 5C)
· Computer simulations are built on mathematical models that incorporate underlying assumptions about the phenomena or systems being studied. (NGSS Practice 5)
· In physics, the term oscillation is applied to a regular variation in magnitude around a central point. Oscillators can be physical (like simple harmonic oscillators) or electronic (like a circuit) and there are recognizable patterns that can help us classify a system as an oscillator.


· Module scope and rationale: [Will this be a multi-day activity or a full module? Why should someone want to do this module?]

This module seeks to incorporate the ideas of the RET into two units of the AP Physics 1 course and thus are not sequential, they are incorporated where they fit with the story arc of the course. By incorporating the activities in this module, the AP Physics 1 course becomes a more relevant and robust learning experience for students.

· Connection to standards: 

AP Physics 1 Learning Objectives

Oscillation
· 3.B.3.1 The student is able to predict which properties determine the motion of a simple harmonic oscillator and what the dependence of the motion is on those properties [SP 6.4, 7.2]
· 3.B.3.2 The student is able to design a plan and collect data in order to ascertain the characteristics of the motion of a system undergoing oscillatory motion caused by a restoring force [SP 4.2]
· 3.B.3.3 The student can analyze data to identify qualitative or quantitative relationships between given values and variables (i.e. force, displacement, acceleration, velocity, period of motion, frequency, spring constant, string length, mass) associated with objects in oscillatory motion to use that data to determine the value of an unknown. [SP 2.2, 5.1]
· 5.B.2.1 The student is able to calculate the expected behavior of a system using the object model to analyze a situation. Then, when the model fails, the student can justify the use of conservation of energy principles to calculate the change in internal energy due to changes in the internal structure because the object is actually a system. [SP 1.4, 2.1]
· Use simple test cases of mathematical expressions, computer programs or simulations – that is, compare their outcomes with what is known about the real world – to see that they “make sense”  (NGSS Practice 5)
DC Circuits
· 1.B.1.1 The student is able to make claims about natural phenomena based on conservation of electric charge. [SP 6.4]
· 5.A.2.1 The student is able to define open and closed systems for everyday situations and apply conservation concepts for energy, charge, and linear momentum to those situations. [SP 6.4, 7.2]

· RET materials/ideas to be leveraged: 
· The approaching limits (scaling, Power dissipated) to traditional computer processing mechanisms (VonNeumann, CMOS) are pushing computer scientists to examine the potential for “materials that compute”
· Lab activity to measure current and voltage of computer as a way of benchmarking power usage by specific programs.
· Coupled oscillators (VCO, STNO, BZ-PZ, etc.) are one line of that research.
· Providing rationale for understanding oscillatory motion related to advances in CS related to the need for processing speed.

· Prior knowledge needed for module: 

Energy
· Qualitative understanding of energy transfer and storage.
Oscillations
· Qualitative understanding of Hooke’s law i.e. that the magnitude of the restoring force is dependent on the stiffness of the spring and how far the spring is stretched.
· Students will need to have prior instruction in Algodoo, a free physics modeling software for modeling physical systems.
DC Circuits
· Qualitative and Quantitative understanding of voltage, current and Ohm’s Law.


SECTION 2: OVERVIEW OF MODULE FRAMEWORK

· Real-world context: Traditionally it is difficult to find real-world connections that are authentic and interesting to students for some units in AP Physics 1. However, by bringing in the connection to computer science research, a connection is more easily made providing the students with more complex, contemporary examples of when these concepts are involved.
· Possible Lesson Ideas: 
· Oscillations – Where’s the oscillator? A paradigm lab introducing electrical and mechanical oscillators (electrical oscillator connected to oscilloscope, object moving in circle with x vs. t graph associated, pendulum, mass-spring system, “swings” coupled oscillator, vibrating string in front of microphone/Vernier LabPro.) 
· Short Text Rendering using introduction from research paper on oscillators in computers.
· Short Describe, Interpret, Evaluate on power problem in computer design using graphs of Moore’s Law.
· Power and Energy in circuits – measuring the power required by a Raspberry Pi running various programs.


· Background STEM content:  Oscillations – after defining the characteristics of oscillators and representations of oscillation students will use their questioning, investigating and analyzing skills to derive equations for the variables that affect the oscillation of simple harmonic oscillators. Power and DC-circuits – Prior to the power and computer activity students will derive the relationship between current and voltage in order to define power. 
· Possible Lesson Ideas: 
· Swings and Springs lab – model a pendulum in Algodoo, use the options in Algodoo simulation to allow for controlled experiment on each of the variables that affect the motion of a pendulum and/or mass on a spring. Compare Algodoo simulation data to real set up in lab and evaluate and explain all areas where model doesn’t match reality. Evaluate value of completing experiments in computing space vs. lab.
· The relationship between current, voltage and power– students complete a guided inquiry (CASTLE Modeling worksheet on Power) to determine the relationship between current and voltage and through post-lab discussion define power and relate it to earlier definitions from energy unit.


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

· Possible Project Ideas: [What is the goal of the project? What is the timeline for completing the project? At what point would students work in groups or individually?] 
· Following the AP Exam students will collaboratively create a multi-media, interactive “museum” display for the Roberts Hall of Science that answers the essential question.
· Timeline: 1 week (385 class minutes, block schedule)
· Goal: the goal of the project is for students to work collaboratively to share their understanding of the essential question and to practice communicating their learning to a broader audience.
· Choice: Students will have the choice to work in small groups (no more than 3 students) or alone.

· Possible Project Deliverables: 
· Will vary based on student interest but I imagine videos, posters, simulations.


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?]

The learning objectives listed in this particular model are specific to the College Board’s AP Physics 1 curriculum, save one objective related to computational thinking from the NGSS. The sequence of the activities is intended to spiral the learning objectives from unit to unit in order to allow for opportunities for students to show deeper understanding.

In the oscillation unit, students will begin by defining oscillation (3.B.3.1) which will lead them to planning and collecting data for oscillatory motion (3.B.3.2). Then after collecting data and analyzing it (3.B.3.3) in a computing space the students will compare that data to what happens with those systems in the real world (NGSS Practice 5) and find where the model fails or does better than the real world system (5.B.2.1)

In the DC Circuits unit students will again collect data, analyze it and then apply their understanding of power, voltage and current to make claims about the power required by various programs on the Raspberry Pi.


· 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?] 
Formative Assessment Type (Skill Assessed)
	Question of the Day (QOD) (CC, PS1, PS2) using Plickers or QOD FRQ
		Questioning, Investigating and Analyzing on Lab Report (Q,I,A) -
		Daily Homework assignments and corrections (Quality of Practice, Completion)
· Description of summative assessment approaches: 
Students’ proficiency with the Concepts and Content (CC), Problem Solving (PS1, and PS2) and Scientific Inquiry (Q,I,A) skills will be summatively assessed on the mid- and end-of-grading period exams. 

The final project will be evaluated on a student-developed rubric which will count for 50% of the final performance grade on the project. The student rubric will deal mainly with the presentation of information and quality of project.  The remaining 50% will be assessed on a teacher developed rubric covering the content knowledge (CC, PS1).

A summative process grade will also be assigned based on student reflection, teacher observations and student-teacher conference/consensus at the end of the project.


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.]

· Don’t be afraid of the research paper and graph – even if all the students pull from it is the world oscillator used in a scientific paper, they will have experienced the relevance. 

· Note the Moore’s law graph is non –linear because the dependent axis is logarithmic, students will see this as a linear graph and it is important to suss that out with them.

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

· Appendix A Text Rendering Protocol from the School Reform Initiative

· Appendix B Reading for Text Rendering activity

· Appendix C Describe, Interpret, Evaluate Protocol Modified from the SRI Protocol ATLAS: Looking at Data.

· Appendix D Graph for DIE Protocol: Graph for use in the DIE protocol looking at data.




Appendix A
Protocol: Text Rendering
[image: ]


Appendix B
Reading for Text Rendering Experience

Excerpt from: Enabling New Computation Paradigms with HyperFET – An Emerging Device

Introduction: For the last few decades, power has been a major constraint for very-large integrated circuits. In the past, increases in chip functionality were paid for through lowering the supply voltage and reducing transistor capacitance through the scaling of CMOS technologies. However, with the end of Dennard scaling [4], further reduction of the supply voltage to reduce the power in Boolean logic has become challenging because of increasing leakage power with the  subthreshold slope (SS) of CMOS devices. Consequences of this include high cooling cost in high-performance computation nodes, and limited operation time in portable battery-powered systems. Furthermore, the resultant shift in the economics of the virtuous cycle of investment in future process nodes holds back further reduction of cost per function. In response to these challenges, there has been rising interest in research on a collection of new devices with SS and new architectures with higher power efficiency, as shown in Fig. 1.
[image: ]
Fig. 1. Power challenge and new trends: new devices, new architectures (brain-inspired, let physics do the computation).
The goal of steep-slope devices is to further lower the power consumption by lowering the supply voltage for lower dynamic power while keeping low leakage current and sufficient ON-current for driving capability [5], [6], [7], [8]. Reported research on steep-slope devices include tunneling FETs (TFETs) [1], negative-capacitance FETs (NCFETs) [9], and also metal-insulator-transition (MIT) FETs such as the Hyper-FET [2]. The most direct application scenario for these steep-slope devices is similar to that of the conventional CMOS, in that they could be used as Boolean logic device with ON-OFF drain-source by the gate input control. Meanwhile, it is also noted that those devices may exhibit unidirectional conduction [10], [11], hysteresis [2], [9], non-volatility [12], [13], or other second-order considerations such as different device capacitance characteristics [14]. While the Hyper-FET can be used directly in this fashion as a MOSFET replacement, this is not the primary focus of this work, and, due to similarity to existing CMOS approaches, will be covered in limited detail.
On the emerging architecture, rather than device, front, one driving question is what forms computation can and should take going forward. In particular, there has been a renaissance in domain-specific processing, especially in graphics and computer vision, increasing acceptance of specialized accelerators as part of general purpose systems, and a willingness to embrace new models. One such architecture is “brain-inspired” computation, such as those used in neuromorphic [15] and other approximate computing platforms [16], [17], [18]. In this paper, we will show that the Hyper-FET based spiking neurons, compared with conventional integrate-and-fire (IAF) neurons, are much more efficient in the similar function with much lower area cost.
Another attractive feature of some non-Boolean architectures is the notion that they can “let the physics do the computing” [19], [20] and, in so doing, achieve significant efficiency gains so long as the problem can be specified in a manner that matches the physical phenomenon. One such class of non-Boolean architectures for computation is sets of weakly-coupled oscillators. When a number of oscillators are coupled together, they will synchronize if their initial states are sufficiently close. Such synchronized oscillation, namely an attractor basin function, is observed across mechanical (e.g., pendulum), electrical (e.g., electronic oscillators) and human neural systems (e.g., neural-oscillators). These synchronized oscillatory systems have been shown to possess associative computational capabilities [19], [21]. In this paper, we will show that the Hyper-FET based coupled oscillators are capable of forming area-efficient and power-efficient computation primitives for a range of applications, especially in image processing. Detailed device operating mechanism, circuit and architecture design, and performance evaluation will also be provided in this paper.
To ensure that investments in these new architectures and devices yield truly efficient systems, co-design of both devices and architecture is required. In this paper, we will focus on Hyper-FET based device modeling, circuit and architecture design, showing the potential of enabling new computation paradigms for higher power efficiency. The properties of circuits designed using these new devices are well-matched to the demands of existing algorithms in image processing and other domains. And device-circuits-algorithm co-design is expected to bring even more benefits to these applications in terms of functionality, power efficiency, etc., with more degree of optimizations.
The remainder of the paper proceeds as follows. Section 2 includes the background of the Hyper-FET devices. Section 3 describes how Hyper-FET-based spiking neurons and networks are constructed. Section 4 shows the Hyper-FET-based oscillators, and how oscillator networks’ synchronization behaviors can perform computations. Section 5 presents a case study in architecture and device co-design in the form of the implementation of a configurable oscillator network, and provides circuit-level validation that the tunable network effectively approximates a desirable family of mathematical functions. Section 6 presents the system-level approach to building a coprocessor fabric out of these tunable oscillator primitives, and how problems can be mapped to a single tile. Section 7 evaluates the computing efficiency on oscillator arrays compared to CMOS-based accelerators. Section 8 discusses related work and Section 9 concludes.

This paper appears in: IEEE Transactions on Multi-Scale Computing Systems, Issue Date: Jan.-March 1 2016, Written by: Wei-Yu Tsai; Xueqing Li; Matthew Jerry; Baihua Xie; Nikhil Shukla; Huichu Liu; Nandhini Chandramoorthy; Matthew Cotter; Arijit Raychowdhury; Donald M. Chiarulli; Steven P. Levitan; Suman Datta; John Sampson; Nagarajan Ranganathan; Vijaykrishnan Narayanan

Appendix C
Protocol: Describe, Interpret, Evaluate
Adapted from ATLAS: Looking at Data protocol from SRI for science classroom use when looking at data presented in a table or a graph.

1. Getting Started
· The facilitator reminds the group of the norms.
· The person providing the data gives a very brief statement and avoids explaining what she/he concludes about the data.
2. Describing the Data (10 minutes)
· The facilitator says, “What do you see?”
· During this period the group gathers as much information as possible from the data starting with “I see…” and giving observations without interpretation. “Just the facts, ma’am.” Eg. “the y-axis of the graph says temperature”
· Group members describe what they see in the data, avoiding judgements about quality or interpretations. It is helpful to identify where the observation is being made – eg. “On page 1 in the second column, third row…”
· If judgements or interpretations do arise the facilitator should ask the person to describe the evidence on which they are based.
· It may be useful to list the group’s observations on chart paper. If interpretations come up, they can be listed in another column for discussing later during step 3.

3. Interpreting the data and Evaluating(10 minutes)
· The facilitator asks –“What do the data suggest?” 
· During this period the group tries to make sense of what the data says and why. The group should try to find as many different interpretations as possible and evaluate them against the kind and quality of evidence.
· Think broadly and creatively. Assume that the data, no matter how confusing, makes sense to some people; your job is to see what they may see.
· As you listen to each other’s interpretations, ask questions that help you better understand each other’s perspectives.
4. Relevance and Summary (10 minutes)
· The facilitator guides the group in a discussion to summarize what they have learned from the data as well as how the data helps or furthers their understanding.


Appendix D Graphs for D.I.E. activity
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A COMMUNITY OF LEARNERS

Text Rendering Experience

Developed in the field by educators.

Purpose
To collaboratively construct meaning, clarify, and expand our thinking about a text or document

Roles
A facilitator to guide the process
A scribe to track the phrases and words that are shared

Introduction
Take a few moments to review the document and mark the sentence, the phrase, and the word(s) that you
think are particularly important for our work. It can be helpful to number the paragraphs or pages.

Process
It's okay if participants repeat the same sentence, phrase, or word.

1. First Round
Each person shares a sentence from the document that she/he thinks/feels is particularly significant.

2. Second Round
Each person shares a phrase that she/he thinks/feels is particularly significant. The scribe records each
phrase.

3. Third Round
Each person shares the word that she/he thinks/feels is particularly significant. The scribe records each
word.

4. Discuss
The group discusses what they heard and what it says about the document.
* What new insights have you gained about the text by looking at it in this way?
* What do you think this text is essentially about?

5. Debrief
The group debriefs the text rendering process.
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