Project SHINE Lesson: 

Speed It Up (Or Slow It Down)
==========================Lesson Header ==========================

Lesson Title: Speed It Up (Or Slow It Down)

Draft Date: July 28, 2011
1st Author (Writer): Jeremy Scheffler

Associated Business: Kawasaki

Instructional Component Used: Acceleration

Grade Level: Physics – 11th/12th Grade

Content (what is taught): 

· Acceleration

· Kinematic Equations
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Context (how it is taught):

· Students will observe objects speeding up and slowing down
· Students will record and graph data to generate equations
Activity Description:

Students will investigate acceleration by collecting position vs. time data for an object uniformly accelerating.  Students will use the data to create a velocity vs. time graph and then develop kinematic equations.

Standards: 

Math: MB1, MB2




Science: SB1
Technology: TC4




Engineering: EA1
Materials List: 

· Balls

· Inclined Rails

· Wheels

· Metronome

· Markers

· Meter Sticks

· Graph Paper

· Graphing Calculators

Asking Questions: (Speed It Up (Or Slow It Down))

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 a ball rolling down and up a straight inclined rail and describe the motion of the ball. Discuss the meaning of the terms acceleration and deceleration.

	Questions
	Answers

	Describe the motion of the ball.
	The ball speeds up as it rolls down the incline and slows down as it rolls up the incline.

	What causes the ball to speed up or slow down?
	The incline of the rail, with the angle of incline determining how the ball speeds up and slows down.

	Is the motion constant?
	The velocity is not constant since the speed changes, but if the angle of incline does not change, the way in which the ball speeds up or slows down remains constant.

	What term is used to describe an object that is speeding up?
	Acceleration.

	What term is used to describe an object that is slowing down?
	Students will likely use the term deceleration, although slowing down can also be described as acceleration, with the vector direction of the acceleration determining whether an object speeds up or slows down.




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

Summary: Students will record data for an object rolling down an incline and explore the relationship between the position of the object and time.
Outline: 

· Students will measure and record the position of a wheel rolling down an incline at different times

· Students will determine the relationship between the wheel’s position and time

Activity: Students will complete the following lab activity and record all measurements in a table (example below):

1) Set a metronome to produce one beat per second.

2) Place a wheel at the top of an incline, mark its starting point, and release it from rest on a beat.

3) Mark the position of the wheel at equal time intervals as it rolls down the incline.

4) Return the wheel to its starting point and release it from rest on a beat.

5) Confirm the position of the wheel at the same time intervals used in step 3 and update marks if necessary.

6) Repeat step 5 until all marks are confirmed.

7) Use the marks and a meter stick to measure the position of the wheel relative to its starting point, and record the time and position for each mark.

8) Record the time and position for each mark.

9) Graph the wheel’s position (y-axis) vs. time (x-axis) and determine the equation of the best-fit curve.

10) Present results to the class.

	Time (s)
	Position (cm)

	
	

	…
	…


After comparing results, students should recognize that the position vs. time graph is not a straight line but a top-opening parabola where the slope, which represents the wheel’s velocity, gets steeper as time passes. The equation for this curve should be in the form 
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, where k is a coefficient that can be calculated from their data. Since this coefficient is a constant, it cannot represent the wheel’s speed. It is instead related to the wheel’s acceleration, which is constant, and will be explored in more detail later in the lesson.

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 – 
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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.




[image: image4.wmf]at

v

v

+

=

0





[image: image5.wmf]2

0

0

2

1

at

t

v

x

x

+

+

=





[image: image6.wmf])

(

2

0

2

0

2

x

x

a

v

v

-

+

=


· Circular Motion:
· Acceleration directed toward the center of the circle: 
[image: image7.wmf]a

=

v

2

r

, 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 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: (Speed It Up (Or Slow It Down))

Summary: Students will use a position vs. time equation to construct a velocity vs. time graph and generate kinematic equations.

Outline: 

· Students will use a position vs. time equation to construct a velocity vs. time graph

· Students will use a velocity vs. time graph to generate kinematic equations for constant acceleration

Activity: Students will perform the following activity and record all measurements in a table (example below):

1) On a graphing calculator, graph the position vs. time equation for the wheel found earlier in the lesson, or graph an alternate equation of the form 
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2) Calculate the tangent slope to determine the velocity at equal time intervals and record each time and velocity.

3) Graph the wheel’s velocity (y-axis) vs. time (x-axis) and determine the equation of the best-fit line.

4) Compare the slope of the velocity vs. time equation to the coefficient of the position vs. time equation.

5) Present results to the class.

	Time (s)
	Velocity (cm/s)

	
	

	…
	…


The slope of the velocity vs. time graph is the rate at which the velocity changes with respect to time, which is the definition of acceleration. Since the graph is a straight line, the acceleration is constant. After comparing results, students should recognize that the slope of the velocity vs. time graph is two times the coefficient of the position vs. time graph, so this coefficient is one-half the acceleration. Students can now write two general equations, 
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, which are reductions of the kinematic equations 
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 if the starting position and starting velocity are both zero. Students can be led to generate the additional terms by using a straight-line velocity vs. time graph with a non-zero y-intercept, where the slope is the acceleration and the area under the line is the displacement (change in position). The equation 
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 can be generated by algebraic manipulation. It should be emphasized that these kinematic equations depend on a straight-line velocity vs. time graph, so they are only valid if the acceleration is constant.

Understanding Learning: (Speed It Up (Or Slow It Down))

Summary: Students will explain acceleration and solve problems using kinematic equations for constant acceleration.

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 solve constant acceleration problems using kinematic equations?

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

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

3) What condition must be satisfied for kinematic equations to apply to a problem?

Students will solve the following problems:
1) The M-8 rail cars manufactured by Kawasaki have a maximum speed of 160 km/h and can accelerate at 0.89 m/s2 and decelerate at 1.11 m/s2 under normal conditions. In the event of an emergency, the rail car can decelerate at 1.24 m/s2.

a) What is the minimum time required for a rail car to accelerate from rest to its maximum speed?

b) What minimum distance does the rail car travel while it accelerates from rest to its maximum speed?

c) What is the minimum stopping time required under normal conditions for a rail car traveling at maximum speed?

d) What is the minimum stopping distance for a rail car traveling at maximum speed in the event of an emergency?
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