Physical Science
Science

Module 
PS-5.4
Forces and Motion
Lessons A-C

Instructional Progression: 
In 8th grade, students analyze the effects of forces (including gravity and friction) on the speed and direction of an object (8-5.3) and predict how varying the amount of force or mass will affect the motion of an object (8-5.4). In Physical Science students are introduced to the concept of acceleration (PS5.3). In Physics students will derive equations to analyze circular motion, trajectory motion, and complex vector problems, all of which begin with a fundamental understanding of the equation introduced here: a = (vf - vi)/t

The purpose of this indicator is to introduce Physical Science students to the mathematical aspects of acceleration. By calculating, using dimensional analysis in the calculation of acceleration, students will see that the final units for acceleration are m/s/s or m/sec2.

Taxonomy level of indicator:  
3.2-C Apply Procedural Knowledge

Key Concepts:

Acceleration

Initial velocity

Final velocity

Elapsed time

Content Overview:

It is essential for students to

· Interpret a word problem, or laboratory data, involving the motion of an object that is accelerating in one direction and determine the “given” information:

· Differentiate velocity from speed if the direction is given. If velocity is given, students should record the direction.

· Differentiate initial velocity (speed) from final velocity (speed) from the context of the problem.

Teacher note: As this is an introduction to the mathematical application of the concept of acceleration, the units given to students should be consistent. (The units for initial and final velocity should be the same.)

Students need to list the given variables using the correct units:
[image: image1.png]Variable Symbol Examples of units for
velocity
(or speed)

Initial velocity vi= 5.0 m/s east | 5.0 km/h east

(or speed) distance/time | (5.0 m/s) | (5.0 km/h)
Final velocity Ve= 2.0 m/s east | 2.0 km/s east
(or speed) distance/time | 2.0m/s) | (2.0 m/s)
Elapsed time t 155 155





It is essential for students to

Use the equation a = (vf-vi)/t to solve for acceleration only, not for vf or vi .

· Substitute the correct values into the equation, including the correct units.

· Mathematically solve the problem, using dimensional analysis to derive the units of the answer. (see dimensional analysis PS-1.5)

· Check to make sure that the units calculated from the dimensional analysis match the appropriate units for the acceleration (distance/time divided by time or distance divided by time-squared).

· Understand that negative acceleration means that velocity is decreasing.
Teacher note: In Physical Science, we will restrict negative acceleration to the case of an object that

is slowing down. There are other scenarios that are considered negative acceleration, but they will be addressed in physics.

Teaching Lesson A:

Solving Problems Related to Acceleration
Introduction to the lesson:
This lesson uses the formula a = (vf-vi)/t to determine the acceleration of an object.

 Lesson time:
1.0 day
Materials Needed:
None
Essential Question:
How can the formula a=(vf-vi)/t  be used to determine the acceleration of an object?
Procedure:
Example 1

Two cars accelerate as a traffic light turns green.  In 5 seconds, Car 1 goes 0-40km/hr and Car 2 goes 0-50 km/hr. Which car accelerates the fastest? 

	Given

Car 1                      Car 2
vi = 0 km/hr            vi = 0 km/hr

vf = 40 km/hr          vf = 50 km/hr
	Useful Equations
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	Unknown

Car 1 a = ?

Car 2 a = ?
	Substitute

Car 1
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Car 1 a = 8 km/hr/s

Car 2
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Car 2 a = 10 km/hr/s


	Evaluate Answer

This says that Car 1 is increasing its velocity at a rate of 8 km/hr every second. Car 2 is accelerating at 10 km/hr every second. 

Car 2 is accelerating faster than Car 1.



Assessing the Lesson:

Formative Assessment

Reflecting Questions

1.
Two cars accelerate as a traffic light turns green.  Both cars accelerate from 0 to 40km/hr. Car 1 reaches a final speed of 40 km/hr in 10 seconds. Car 2 reaches a final speed of 40 km/hr in 8 seconds.  Which car accelerates the fastest? 

	Given


	Useful Equations
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	Unknown


	Substitute



	Evaluate Answer




2. 
An object is dropped from a high spot. It was found that in the 1st second it was traveling at a speed of 10m/s. In the 2nd second, it was found that the speed was 
     20 m/s. What was the acceleration of the object as it fell? What is the rate at 
     which it is accelerating? How fast will it be falling at 3 seconds?
	Given


	Useful Equations
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	Unknown


	Substitute



	Evaluate Answer




SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction:  1 
	(one day equals 90 min)

	Standard(s) addressed:  PS–5 The student will demonstrate an understanding of the nature of forces and motion.


	

	Forces and Motion

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–5.4
Use the formula a = (vf-vi)/t to determine the acceleration of an object.

	SC Science Standards Support Guide

https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Adopted Physical Science Textbook (see appendix for correlations)
http://www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L1e.html 

http://www.ddart.net/science/physics/physics_tutorial/Class/1DKin/U1L1e.html
Suggested Data Streaming Video

Science Investigations Physical Science: Investigating Motion, Forces and Energy

2004 Discovery Channel School

Several segments focus on the ways different forces affect motion.

Speed and Acceleration 9:05 
	Module 5-4
Lesson A
Solving Problems Related to Acceleration


	Assessment Guidelines:
The objective of this indicator is to use the acceleration formula to determine acceleration of an

object, therefore, the primary focus of assessment should be to apply the acceleration formula to a novel word problem or set of experimental data, not just problems that are familiar.

In addition to use, assessments may require that students:

· Recognize when the formula should be applied;

· Identify the appropriate units for the solution to the problem;

· Compare data using the formula.


Standard: The student will demonstrate an understanding of the nature of forces and motion.








Indicator: Use the formula a = (vf-vi)/t to determine the acceleration of an object.








Other Indicators Addressed: PS- 5.1, 5.2, 5.3, 5.4
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