 Physical Science

Science

Module 

6.3

Interactions of Matter and Energy
Lessons
A & B

Instructional Progression: 
In the 6th grade students recognize that energy is the ability to do work (force exerted over a distance) (6-5.6), and also explain how the design of simple machines (including levers, pulleys, and inclined planes) helps reduce the amount of force required to do work.(6-5.7). In Physical Science the students will expand their concept of work by explaining the relationship among force, displacement, work, and energy.
Taxonomy level of indicator:

2.7-B Understand Conceptual Knowledge
Key Concepts:

Work: Force, Displacement

Energy, Joule

Content Overview:
It is essential for the student to understand that

 Work is the product of the force applied to an object and the distance the object is moved in the direction of the force (displacement).

 Force and displacement are quantities that have magnitude (an amount or size) and direction. In order to do work on an object these conditions must apply:

A force is applied to the object.

The object must move in the direction of the force.

 When work is done on an object, energy is transferred to that object.

Work is equal to change in energy.

When a net force is applied to an object and the object moves, the work is transformed to kinetic energy.

If a greater force is added, or

 If the force is applied over a greater distance, then the kinetic energy will be greater.

 If an object is lifted to some height, it gains gravitational potential energy equal to the work done against gravity in lifting the object.


 The work done against gravity is the same whether the object was lifted straight up or rolled up a ramp.

The greater the height, the more gravitational potential energy the object has.

 The unit of measure for work and energy is the joule.

Teaching Lesson A:

Watt's a Joule?

Introduction to the lesson:
The principle of ENERGY is one of the cornerstones of physics. It provides a way to link some very diverse phenomena or very different kinds of happenings. How is a baseball speeding toward home plate, like a candle flame? How can you compare either of those to a gallon of gasoline, or for that matter, to the sandwich you had for lunch? The KINETIC energy of the baseball, the THERMAL energy of the flame, the CHEMICAL POTENTIAL energy contained in the gasoline and the sandwich can all be measured in Joules and can all be transformed into WORK. If any of these forms of energy is transformed into another form, you'll have THE SAME AMOUNT OF ENERGY AS YOU DID BEFORE THE CHANGE. The concept of ENERGY - and the realization that energy cannot be CREATED OR DESTROYED has allowed physicists to recognize the relationships among things that seem, at first glance, to be unrelated, a step toward understanding the essential unity of nature.

Lesson time:

0.5 day
Materials Needed:

2-L bottles of water, preferably one for each student

Essential Question:
What is the relationship among the force applied to an object, the displacement of the object, the energy transferred to the object and the work done?
Procedure:

Raise one hand as high over your head as you can. Keep it there as I read this information to you or until I tell you put it down. 
Raising your hand will let you physically experience some of the ideas that physicists hold about energy, work and power. Virtually everything you do - whether physical, mental, by hand or by machine, active or sedentary Just sitting there-​ involves energy. To the physicist, life is really a complex series of energy transactions, in which energy can change from one form to another, or be transferred from one object to another.
.

Take an apple tree. You all know the green leaves absorb light energy from sunlight, change it to chemical energy, and use this energy to build leaves and branches as well as the apple. When the apple falls to the ground, its potential energy (gravitational positional energy) is converted to kinetic energy (energy of motion). This kinetic energy is converted to heat energy.

How’s your arm???????

To continue - you eat the apple and your body converts the chemical energy stored in the apple to the movement of your muscles. If you're too tired to walk, you get in your car, and the engine of your car converts the chemical bonds in the gasoline.(which got there long ago and was stored by plants) to heat, which it converts to motion.

We've used the word energy over and over - so what is energy? Unfortunately, it's not that easy to define.

Getting tired yet????

Let's go on - your arm weighs something. When you hold it over your head, you have to exert a force to support your arm in that position and you get tired. You might even say you did a lot of work holding your arm over your head. But a physicist would disagree with you - not that they're trying to be hard to get along with but because they are very specific when they talk about work. They call it mechanical work and define work (W) as the force (F) multiplied by the distance (d) over which the force is exerted. Thus W = FD, and work is measured in a unit called joules.

Put your arm down when you get tired!

Did you do any work? You didn't do any mechanical work but you did do what you might call "biological work." If you stand still long enough in one place, you will eventually have to eat another peanut butter sandwich to replace the energy you used up just standing there. You probably studied metabolism (how your body uses food for energy) in life science or in biology. There's that word energy again, but that's not how the physicist refers to energy. In physics, energy is defined as "the ability to do work." ·
Now you're going to do some work. Take the filled 2-L bottle at your desk, put it on the floor and pick it up a distance of one meter (about three feet) in one second (the length of time it takes you to say "one-thousand-one). Do it again. And again. And again. Note: You can also have each student pick up two bottles - one in each hand.

Since the bottle weighs the same every time, and you moved it the same distance every time, you did the same amount of work each time you lifted it. Remember: W = FD. It doesn't matter how fast you move it, you do the same amount of work each time. If you lift it more rapidly, you are doing work in a shorter period of time. That's what physicists call power. 
Power is equal to work divided by time. P = W/t. Doing work faster means your power is greater.

Energy and work are both measured in joules. Power is measured in joules per second, a unit we call a watt. If you repeatedly lifted two bottles that were alike one meter in one second, you experienced what it felt like to expend energy at the same rate as a 40-watt light bulb. The power of an average laborer's daily work has been calculated at 75 watts, so you should be able to raise and lower the bottle virtually all day long!!
Assessing the Lesson:

Formative Assessment 

Lesson A.

Questions

1. How did the work of the students compare with each other as they lifted the bottle 1 meter high?

2. What happened to the amount of work done when two bottles were raised 1 meter high?

3. What is the physicist’s definition of work?

4. What do physicists define as work measured over a period of time?
Answers
1. Approximately the same

2. Twice the work

3. Moving a force through a distance

4. Power

Lesson B

Arm and Leg Power
Introduction to the lesson:
Power is a measure of how fast work can be done on or by an object. During this lab, you will measure the amount of work required to do two different tasks and will time yourself as you do them. From this information, you can calculate the power you can provide using your arms or legs.

Lesson time:

1 day

Materials Needed:



1 kg mass (Use 1 liter bottle filled with water)


stairs


meter stick 


stopwatch
Essential Question:
How can work be calculated by measuring mass and displacement?
Procedure:

Part I: Power of Your Arms 
1. Stand while holding a 1 kg mass in your hand. Start with your arm held straight down by your side.

2.  Lift the mass up to your shoulder, and have your partner measure the distance it travels upward. List this in the table.

3.  Using the stopwatch, determine the time required to lift the 1 kg mass up (and back down) 25 times. Do this as fast as possible without hurting yourself. Be careful not to drop the mass. 

4. Using half of the total time, fill in the data table.

5.  How much work did your arm do? (Work = Force x Distance) Remember to use units! 

6. How powerful is your arm? (Power = Work / Time) Remember to use units!

7.  How much horsepower does your arm exert? (1 horsepower = 746 Watts)

Data Table: Power of Your Arms
	Mass (Kg)
	Force (N)
	Height (M)
	#of times
	Time (sec)
	Half of time
	Work = (F)(D)
	Power=Work/time

	
	
	
	
	
	
	
	


Part II: Your Power (Legs Lifting You)
1. Locate a staircase near the classroom (outdoors if the weather is nice). Count the number of steps in the staircase. Record in the table below. 

2. Measure the height of one step (in meters). Record in the table below. 

3. Convert your weight from pounds (lbs) into Newtons. 1 lb = 4.45 Newtons 

4. When your partner is ready with the stopwatch, run up the steps as quickly (and safely) as possible. Record the time in the data table. 

5. Walk up the stairs like you are trying to get to class on time.  Record the time in the data table.

6. Take a leisurely stroll up the stairs.  Record the time in the data table.

7. How much work did your legs do? (Work = Force x Distance) Remember to use units! 

8. How much power do you have in your legs? (Power = Work /Time) Remember to use units! 

9. How much horsepower do your legs have? (1 horsepower = 746 Watts)
Data Table: Legs Lifting You

	Trial
	Ht of step (m)
	# of steps
	Total height (m)
	Force (N) = lbs(4.45 N/lb)
	Time (s)
	Work (J)
	Power (watts)

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	average
	
	
	
	
	
	
	


Assessing Lesson B:

Formative Assessment 
Questions

1. Why didn't we include the distance your arm moved back down from your shoulder? (Weren't you doing work then also?) 

2. Why did we divide the time you lifted the weight in half? 

3. Compare your arm's power to 1 HP. Does the answer surprise you? 

4. Compare your (legs') power to 1 HP. Did you have 1 HP? Why or why not?( You have to figure all 3 trails.
5.  If a big person and a small person run up the stairs in the same time, which of them develops the most power?
6. If a big person and a small person run up the stairs in the same time, which of them does the most work?
7. Which person exerts the largest force on the stairs, the big person or the small person?
ANSWERS:
1. You were not moving your arm down. Gravity was doing the work.

2. The total time was for both up and down movement. We only wanted the up time.

3. The answers are very much less than 1 horsepower.

4. Answers will vary. Most will NOT be near 1 horsepower.

5. Larger person (most mass)

6. Larger person

7. Larger person
Summative Assessment
EOC Type Questions
1. The unit of work is
A. Newton

B. Kilogram

C. Second

D. Joule

2. Work depends on both the

A. mass and time

B. force and time

C. force and distance moved

D. mass and speed

3. Work and energy is expressed as
A. Joule

B. Newton

C. Kilogram

D. Slug

4. Work is done when

A. Reading

B. Sleeping

C. Walking

D. Riding

5. The formula for work is

A. W=1/2mv2

B. W=F.D

C. W=D/t

D. W=F.D

      T

Answers
1. D
2. C
3. A
4. C
5. B
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	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:1.5
	(one day equals 90 min)

	Standard(s) addressed:  PS–6  The student will demonstrate an understanding of the nature, conservation, and transformation of energy.

	

	Work and Energy

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–6.3

 Explain work in terms of the relationship among the force applied to an object, the displacement of the object, and the energy transferred to the 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)
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What’s a Joule? 
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Arm and Leg Power 

	Assessment 1
EOC Type Questions
The objective of this indicator is to explain work, therefore, the primary focus of assessment should be to construct a cause and effect model that shows how a force applied in terms of direction, and distance, and size affects work and energy transformation. Assessments should require that students understand the relationships among force, distance, and energy change for gravitational potential energy as well as kinetic energy. In addition to explain, assessments may require that students

Infer energy change when work is done on an object;

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	Summarize work and energy change;

Exemplify work done and resulting energy change;

Illustrate situations where work is or is not done;

Explain reasons why work is or is not done;

Recall the definition of work.


Standard PS–6


The student will demonstrate an understanding of the nature, conservation, and transformation of energy.





Indicator PS-6.3 


 Explain work in terms of the relationship among the force applied to an object, the displacement of the object, and the energy transferred to the object.





Other Indicators Addressed: PS-1.1, 1.2, 1.3, 1.5, 1.6, 1.9, 6.1, 6.2











