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1st Author (Writer): Scott Burns

Instructional Component Used: Acceleration

Grade Level: Physics – 11th/12th Grade

Content (what is taught): 

· Acceleration

Context (how it is taught):

· Students will observe an object speeding up and slowing down
· Students will record data using and Android device and graph collected data to analyze motion of an object
Activity Description:

Students will investigate acceleration by collecting acceleration vs. time data using the accelerometer of a sliding Android device.  Students will use the data to create a velocity vs. time graph and approximate the maximum velocity of the device.

Standards: 

Math: MB3, ME1, ME2, ME3


Science: SB1
Technology: TA3, TC4, TF1



Engineering: EA1
Materials List: 

· Packaged Data Collecting App for Android – accelerometer.apk

· Textbooks

· Large rubber bands

· Computers with Excel and Geogebra (or similar software)

Asking Questions: (Android Acceleration)
Summary: Students will observe an object speeding up and slowing down and discuss acceleration.
Outline: 

· Students will observe an object speeding up and slowing down

· Students will answer questions about the motion of the object

Activity: Have students observe an Android device (cell phone or tablet) being accelerated and slid across a table, using textbooks to make a straight path and rubber bands to create acceleration. Discuss the meaning of the terms acceleration and deceleration.

	Questions
	Answers

	Describe the motion of the device.
	The device speeds up as it is first released and slows down before stopping.

	Is the acceleration of the device constant?
	The acceleration is not constant since the device speeds up then slows down.

	Is the velocity of the device ever negative?
	The device travels in one direction only, so the velocity is either always positive or always negative depending on which direction we call positive.

	Is the acceleration of the device ever negative?
	Yes.  Since the device both speeds up and slows down, it must have both positive and negative acceleration, no matter how we orient the directions.

	What would an acceleration vs. time graph look like for this demonstration?
	The graph should resemble a sinusoidal graph, with a maximum followed by a minimum (see below)








Exploring Concepts: (Accelerating Android)

Summary: Students will run an application created with MIT’s App Inventor that will monitor linear acceleration in one-dimension.

Outline:
· Students will load the attached Android application onto an Android device and then complete an activity that will demonstrate the acceleration of a sliding object.
· Students will use data collected by the android device to demonstrate the relationship among acceleration, velocity and speed.
Activity: Students will complete the following lab activity and transfer measurements from device to a table (example below).

1) Load attached application onto an Android device. See attached file: S150_RET_Android_Acceleration_E_Android_App.apk

2) Put a rubber band around the perimeter of the Android device

3) Make a path at least 5 feet long and as wide as the Android device using textbooks (see diagram below)

4) Make a string of rubber bands and secure one end between two textbooks at one end of the path, ensuring the string is tight when pulled to the opposite side of the path.

5) Using the rubber band around the device, attach the device to the loose end of the rubber band string.  

6) With the attached app open, pull the device back to the start of the path, 

7) Press the “Start” button on the app

8) Release the device, allowing the rubber band string to accelerate the device down the path.

9) After the device has come to a stop, press the “Stop” button.

10) Using the text boxes, enter time values in milliseconds (1,2,3,…) and hit submit to see the corresponding acceleration data.

11) Record the data in a table similar to the one shown below and plot a sketch of the points by hand:

	Time (s)
	 (m/s^2)

	
	

	
	


12) Present graphs to the class.
After comparing results, students should see the acceleration vs. time graph forms a sinusoidal graph and the area under this curve gives the velocity of the device.  In this case, the speed of the device is equivalent to the velocity since the device only moves in one direction. 


Attachments:

· S150_RET_Android_Acceleration_E_Android_App.apk

Instructing Concepts: (Speed It Up (Or Slow It Down))

Acceleration

Putting Acceleration in Recognizable Terms: In common words, acceleration is used to measure a change in speed of an object, either increasing (acceleration) or decreasing (deceleration).  This definition is not completely accurate because it disregards the direction component of the velocity vector.

Putting Acceleration in Conceptual Terms: Acceleration is a quantity in physics that is defined to be the rate of change in the velocity of an object over time.  Since velocity is a vector, acceleration describes the rate of change in the magnitude and direction of the velocity of an object.  When thinking in only one dimension, acceleration is the rate that something speeds up or slows down.

Putting Acceleration in Mathematical Terms: There are many different mathematical variations for acceleration.  Below is a partial listing:

· Newton’s second law of motion: For a body with constant mass, the acceleration is proportional to the net force acting on it.  Fnet = ma
· Rate of change in velocity with respect to time, slope of velocity vs. time graph (two forms):

· Average Acceleration – 
[image: image1.emf]
· Instantaneous Acceleration – 
[image: image2.emf]. Instantaneous acceleration is the second derivative of a position function for an object in motion.  The first derivative is the instantaneous velocity and the second derivative is instantaneous acceleration.

· Constant Acceleration is where the velocity of an object in motion changes by an equal amount in equal interval time periods.  Using algebra the following kinematic equations can be derived.
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· Circular Motion:
· Acceleration directed toward the center of the circle: 
[image: image6.emf], where a is acceleration, v is the velocity of the object, and r is the radius of the circle.

· Radial acceleration (uses angular velocity): 
[image: image7.emf], where a is acceleration, 
[image: image8.emf] is the angular velocity, and r is the radius vector for the circle that points from the center of the circle to the position of the object.
Putting Acceleration in Process terms: To compute acceleration of an object it is first essential to understand what type of motion is occurring.  When the type of motion is determined, there is a variety of mathematical formulas depending on the situation.  Unfortunately, the acceleration is only easy to find in situations where the object motion is predictable. 

Putting Acceleration in Applicable terms: Any application where an object is in motion results in the object having acceleration.  If the object is changing in velocity, the object will be accelerating or decelerating.  If the object has constant velocity, the acceleration of the object will be zero. If an object is moving at a constant speed following a circular path, the object will experience a constant acceleration that points toward the center of the circle.
Organizing Learning: (Android Acceleration)

Summary: Students will use an acceleration vs. time equation to construct an approximate velocity vs. time graph.

Outline: 

· Students will use an acceleration vs. time graph and numerical integration to approximate the maximum velocity of the device.
· Students will use acceleration vs. time graph to construct an approximate velocity vs. time graph.
Activity: Students will complete the following using Microsoft Excel, Geogebra, or large paper or white boards.

1) Plot the given or collected data using Microsoft Excel, Geogebra, or similar software.
2) Use a specific integration technique (trapezoidal, right endpoint, left endpoint, midpoint, etc) to approximate the area under the acceleration graph between equal time intervals.

3) The areas represent the change in the device’s velocity.  Since the device had an initial velocity of 0, these points will represent the approximate velocity of the device.  

4) Plot the velocity points using computer software.
5) Using velocity and acceleration graphs, attempt to find the time when the device attained its maximum velocity and the value of velocity at this time.
6) Present results to the class.

The area under acceleration gives the change in velocity from velocity’s initial value.  If the object starts at rest, the area under acceleration gives actual velocity and if the object travels only in one direction, velocity and speed are equal.  The maximum velocity will occur when acceleration changes from positive to negative.  To find the actual maximum velocity, students should approximate the time value of any change in sign (+ to – or – to +) of acceleration and then integrate the acceleration graph from zero to that value. After comparing results, students should realize that given only acceleration data, approximate velocity values can be obtained through integration.  It should be noted and discussed throughout that all of these values are approximations and their accuracy is dependent upon the precision and accuracy of the collected or given data.

Understanding Learning: (Accelerating Android)
Summary: Students will explain acceleration and use kinematic equations and MIT’s App Inventor to develop an app to model the linear motion of a sliding object.

Outline: 

· Formative Assessment of Acceleration
· Summative Assessment of Acceleration
Activity: Students will complete short answer questions and problems relating to acceleration.

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Are students able to define acceleration?

2) Are students able to distinguish between acceleration and velocity? 

3) Are students able to determine the general acceleration graph model for a sliding object?

Summative Assessment: Students will answer the following short-answer questions:
1) What is acceleration?

2) How can velocity be calculated using an acceleration vs. time graph?

3) How can the maximum velocity be found using an acceleration vs. time graph? 

Students will write answers and justifications for the following:
1) A particle moves in a straight line and acceleration modeled by the a(t) = 200 sin(π t/50) for 0 ≤ t ≤ 100.

a) Draw a sketch of a(t) and in a well-written paragraph, describe the linear motion of the object on the interval 0 ≤ t ≤ 100.

b) For what value of t does the particle attain its maximum velocity?  Justify your answer.

c) At approximately what velocity is the particle moving at the time found in part a?  Show the computations that lead to your answer.
2) In a well-written paragraph, describe the relationships that exist among acceleration, velocity and position of an object moving in a straight line.
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