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Instructional Component Used: Acceleration
Grade Level: 11-12
Content (what is taught): 

· Acceleration
· Relationships between position, velocity, and acceleration
Context (how it is taught):

· Students will observe moving objects.
· Students will collect and graph data for walking gaits.
· Students will generate and graph additional data.

Activity Description:

Students will observe moving objects and discuss position, velocity, and acceleration to describe motion. Students will use sensors to collect and graph position and acceleration data to analyze walking gaits. Students will use slopes of secant lines and Riemann sums to generate and graph additional data.

Standards:

Math 








Science

MA3, MD2, ME1






SB1, SE1
Technology







Engineering

TC4, TD4, TF1






EA1, EA4
Computer Science
CT:L3:CP:2, CT:L3:CP:5, CCP:L3:CP:7
Materials List: 

· 2 Toy Cars (one faster than the other)

· Ball/Incline

· Dynamics Cart

· Motion Detectors

· Accelerometers

· Computers with Microsoft Excel (or similar program)

Asking Questions (Gaitway to Acceleration)

Summary: Students will observe moving objects and discuss position, velocity, and acceleration to describe motion.
Outline: 

· Students will observe moving objects and describe their motion.
· Students will discuss the relationship between position and velocity, including graphical representations.

· Students will consider the meaning of acceleration.

Activity: 
Have students observe the following series of moving objects and sketch predicted position vs. time and velocity vs. time graphs for each:

1) Two toy cars that move across a table or floor with constant speeds (one faster than the other)

2) A ball that speeds up at a uniform rate as it rolls down an incline
3) A dynamics cart that slows down at a uniform rate as it rolls across a table or floor

4) A person walking across the room with a speed that changes irregularly

	Questions
	Answers

	How would you describe the motion of each object?
	Students are likely to generally describe motion with words such as “faster” and “slower” and possibly “acceleration” and “deceleration” but are unlikely to have a precise definition in mind for those terms.

	What is position?
	Position is an object’s location relative to a reference point.

	What is velocity?
	Velocity is the rate of change in an object’s position with respect to time.

	How is velocity represented on a position vs. time graph?
	An object’s velocity is the slope of a position vs. time graph.

	How is position represented on a velocity vs. time graph?
	An object’s change in position is the area under the curve of a velocity vs. time graph.

	What is acceleration?
	Students are likely to describe acceleration as speeding up and deceleration as slowing down. By the end of the lesson, they should respond that an object’s acceleration is the rate of change in an object’s velocity with respect to time.


If a motion detector, interface, and software are available, have students observe each moving object again while collecting data to generate position vs. time and velocity vs. time graphs while the objects are moving. Ask the students to compare their predicted graphs to the graphs produced using the motion detector and discuss any differences.

Exploring Concepts (Gaitway to Acceleration)
Summary: Students will use sensors to collect and graph position and acceleration data to analyze walking gaits.
Outline: 

· Students will use motion detectors to collect and graph position vs. time data.
· Students will use accelerometers to collect and graph acceleration vs. time data.
Activity: 
The procedure below can be completed using a Vernier Motion Detector (or Go!Motion) and LabQuest 2, which has an internal accelerometer. With the motion detector connected and the internal accelerometer enabled, the LabQuest 2 can collect data and generate graphs of position vs. time and acceleration vs. time. Students can either use the graphs displayed by the LabQuest 2 for their analysis or transfer the data to Microsoft Excel (or another capable program) to construct the graphs. Alternative sensor/interface/software systems can be used to collect data and create graphs, including applications that record measurements from internal accelerometers found in many phones, tablets, and other devices.

Have students complete the following procedure:

1) Attach a motion detector to the front of a student and an accelerometer to the back of the student using a belt or strap.
a) The motion detector should be directed horizontally toward a wall that is perpendicular to the direction the student will be walking.

b) The accelerometer should be oriented with its axis horizontal and parallel to the direction the student will be walking.
2) Collect position vs. time and acceleration vs. time data from the two sensors simultaneously while the student walks forward toward the wall.
a) Data should be collected with a sample rate of at least 20 Hz.

b) The sensors should interpret the direction from the student toward the wall as the positive direction.

3) Write a description of the student’s motion.

4) Use the collected data to produce a position vs. time graph for the motion detector data and an acceleration vs. time graph for the accelerometer data.

5) Identify features of the graphs that correspond to the characteristics of the student’s motion.
6) Present results to the class.

Instructing Concepts (Gaitway to Acceleration)
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 – 
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· Instantaneous Acceleration – 
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. 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: 
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, where a is acceleration, v is the velocity of the object, and r is the radius of the circle.

· Radial acceleration (uses angular velocity): 
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, where a is acceleration, 
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 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 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 (Gaitway to Acceleration)
Summary: Students will use position data to generate velocity and acceleration data and will use acceleration data to generate velocity and position data.
Outline: 

· Students will use slopes of secant lines to approximate velocity vs. time and acceleration vs. time data from given position vs. time data.
· Students will use Riemann sums to approximate velocity vs. time and position vs. time data from given acceleration vs. time data.

Activity: 
The procedure below can be completed using Microsoft Excel. Alternative programs can be used to perform calculations and create graphs, including code written by students using Python, Java, or another programming language. Data to be imported can be collected by students using a sensor/interface/software system or provided to them by the teacher.
Have students complete the following procedure:

Part 1:

1) Import position vs. time data.

2) Construct a graph of position vs. time.

3) Use slopes of secant lines for small time intervals on the position vs. time graph to calculate approximate values of the instantaneous velocity for each time value.

4) Construct a graph of velocity vs. time.

5) Use slopes of secant lines for small time intervals on the velocity vs. time graph to calculate approximate values of the instantaneous acceleration for each time value.

6) Construct a graph of acceleration vs. time.
7) Write a description of the motion represented by the graphs.

Part 2:

1) Import acceleration vs. time data.

2) Construct a graph of acceleration vs. time.

3) Use Riemann sums for small time intervals on the acceleration vs. time graph to calculate approximate values of the instantaneous velocity for each time value. (Initial velocity must be given or assumed.)
4) Construct a graph of velocity vs. time.

5) Use Riemann sums for small time intervals on the velocity vs. time graph to calculate approximate values of the instantaneous position for each time value. (Initial position must be given or assumed.)
6) Construct a graph of position vs. time.

7) Write a description of the motion represented by the graphs.
Part 3:

1) Compare the two sets of graphs and discuss similarities and differences.

2) Present results to the class.

Understanding Learning (Gaitway to Acceleration)

Summary: Students will demonstrate their understanding of acceleration and the relationships between position, velocity, and acceleration.
Outline: 

· Formative assessment of acceleration
· Summative assessment of acceleration
Activity: 

Students will be observed throughout the lesson and will apply their understanding of acceleration to answer questions and solve problems.
Formative Assessment

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

1) Can students describe the relationships between position, velocity, and acceleration graphically using slopes and areas?

2) Can students describe the relationships between position, velocity, and acceleration mathematically as rates of change?

3) Do students understand the difference between average and instantaneous quantities?

4) Can students apply secant slopes and Riemann sums to obtain approximate instantaneous values for position, velocity, and acceleration?
Summative Assessment

Students will answer the following questions:
1) What is acceleration?

2) How can acceleration be calculated using position vs. time data?

3) How can position be calculated using acceleration vs. time data?

Students will solve the following problem:

The velocity of a moving person measured at different times is shown in the following table:

	time

t (s)
	0.0
	0.2
	0.4
	0.6
	0.8
	1.0

	velocity

v (m/s)
	0.0
	0.6
	1.0
	0.0
	-0.2
	-0.8


a) Calculate an approximate value for the acceleration of the person at t = 0.6 s. Show your work and justify your methodology.
b) Calculate an approximate value for the change in position of the person during the time interval from t = 0.0 s to t = 1.0 s. Show your work and justify your methodology.
© 2014 Board of Regents University of Nebraska

_1476420677.unknown

_1476420679.unknown

_1476420753.unknown

_1476420680.unknown

_1476420678.unknown

_1476420674.unknown

_1476420675.unknown

_1476420673.unknown

