Physical Science

Science

Module 

PS-5.8
Forces and Motion
Lesson A

Instructional Progression:

8th grade students analyzed the effects of forces (including gravity and friction) on the speed and direction of an object (8-5.3). They also predicted how varying the force or mass will affect the motion of an object. (8-5.4) This indicator for Physical Science addresses the mathematical dimension of force by solving problems related to force, mass, and acceleration.
Taxonomy level of indicator:
3.2-C Apply Procedural Knowledge
Key Concepts:

Applied force

Frictional force

Net force
Content Overview:
It is essential for students to

Understand the correct context for the variables in a word problem.

Understand that a newton is defined as the amount of force necessary to accelerate a 1.0 kg object at a rate of 1 meter/second/second. force = (mass)(acceleration)

The newton is a derived unit, so when you multiply mass times acceleration, if To use the formula F = ma to solve problems related to force and to understand the units associated with force.

mass is in kilograms and acceleration is in m/s/s, you have the proper units for newtons (kgm/s/s or kg m/s2).

Mathematically solve problems for force, mass, or acceleration, using dimensional analysis to identify the units of the answer. (See dimensional analysis PS-1.5)

Determine the “given” information using the correct units,

Mass should be given in kilograms (kg),

Acceleration in (m/s/s, or m/s2), and

Force in newtons. (N)

Solve problems for any of the variable in the formula, F = ma. For example, the problem may give net force and mass and the student must find the acceleration (a = F/m).
Teaching Lesson A:
Solving Problems Related to Force, Mass, and Acceleration
Introduction to the lesson:

Use the formula F = ma to solve problems related to force and to understand the units associated with force.
Lesson time:

1 day

Materials Needed:

None

Essential Question:
How can the equation F = ma be used to understand the relationship between force and mass and to understand the units associated with force?
Procedure:

There are three useful equations that relate the net force (Fnet), mass (m), and acceleration (a) of an object. They are

	
Fnet = ma


	This says that the net force (fnet) on an object is equal to the mass (m) of the object times its acceleration (a).

	
m = Fnet /a


	This says that the mass (m) of an object is equal to the net force (fnet) on an object divided by the acceleration (a). It may also look like this:
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a = Fnet /m


	This means that the acceleration (a) of an object is equal to the net force (fnet) on an object divided by the mass (m) of the object. It may also look like this:
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Example 1

William Perry was a football player from South Carolina who played football at Aiken High School, Clemson University, and then the Chicago Bears. His was nicknamed “The Fridge” because he had a mass of 170 kg (that’s 375 pounds). When he tackled another player, he had an acceleration of 6 m/s2. What was the force on the tackled player and what are the units of this force?

	Given

m = 170 kg

a  =  6 m/s2
	Useful Equations
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	Unknown

F = ?
	Substitute

Fnet = ma

Fnet = (170 kg)(6 m/s2)


Fnet = 1020 kg m/s2


	Evaluate Answer and Units

The Fridge produced a large amount of force when he hit a football player. The units for force are kg m/s2. Instead of always saying that a force has so many kilograms times meters per square second, we simply say that it is a newton (N). One newton of force on a 1 kg object will accelerate the object 1 m/s in one second.

So, The Fridge tackled with a force of 1020 N.



Assessing the Lesson:
Formative Assessment
Reflecting Questions

1. A car with a mass of 1400 kg accelerates at a rate of 2.0 m/s2. What is the force required to accelerate the car?

	Given


	Useful Equations
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	Unknown


	Substitute



	Evaluate Answer and Units




2. A ball with a mass of 0.5 kg is kicked with a force of 100 N. What is the acceleration of the ball?

	Given


	Useful Equations
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	Unknown


	Substitute



	Evaluate Answer and Units




3. A runner with a mass of 65 kg accelerates with a force of 80 N. What is the acceleration?

	Given


	Useful Equations
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	Unknown


	Substitute


	Evaluate Answer and Units




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–5.8    

Use the formula F = ma to solve problems related to force.


	SC Science Standards Support Guide

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

Adopted Physical Science Textbook (see appendix for correlations)

	Module 5-8
Lesson A
Solving Problems Related to Force, Mass, and Acceleration.

	Assessment Guidelines:

The objective of this indicator is to use the formula, F=ma, to solve problems related to force,

therefore, the primary focus of assessment should be to apply the mathematical formula, F = ma to

novel word problems or new sets of data, not just problems that are familiar.

In addition to use, assessment may require that students:

Apply procedures for manipulating the formula for Newton’s Second Law to solve for any of the

variables when given the other two;

Recognize each of the

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	variables;

Summarize the interrelationships among the variables.


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








Indicator: Use the formula F = ma to solve problems related to force.
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