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Name                                                  

Lab Section (8:00; 9:30; 1:00) 



SCIENCE 101 Prelab

LABORATORY #5



Freely-Falling Objects

Please circle your lab time in the upper right hand corner of this sheet.

Prelab Questions


Carefully read the laboratory handout before coming to lab, and answer the following questions.  Put this sheet in the box on the instructor’s table at the front of the lab room when you enter.

Q1) How is Energy defined in the lab write-up?

Q2) What is the Law of Conservation of Energy?

Q3) What does the abbreviation KE stand for?  Write out the formula.

Q4) What does the abbreviation GPE stand for? Write out the formula.

Q5) What is "GPE+KE” called?

Q6) What is the KE of the racquetball if it’s velocity is 3.0 m/s? (Mass can be found on page 9.)

Q7) What is the GPE of a racquetball when it is 0.60 meters above the floor?  (Mass can be found on page 9.)                      



SCIENCE 101    LABORATORY #5



Energy of a Freely-Falling Object
INTRODUCTION

Galileo’s understanding of how freely-falling objects move was a critical milestone in the development of science.  The understanding of why freely-falling objects moved as they did had to await Isaac Newton’s theory of gravity and his laws of motion.  Newton’s and Galileo’s achievements were profound: they had to reject the commonsense Greek ideas about motion and it causes, and replace those ideas with new insights, insights that had eluded the human race for nearly 2000 years.  


In this lab you will explore the motion of a freely-falling object from the perspective of energy.  You will focus on the conservation of energy and the transfer of energy from one type of energy to another.  

Laboratory Goals
•  To understand the idea of gravitational potential energy 

•  To understand the idea of kinetic energy 

•  To check the concept of energy conservation during free-fall motion

•  To explore the energy transformations between gravitational and kinetic energy

The Idea of Energy

Newton’s second law (Fnet = ma) will tell us the acceleration of an object if we know the object’s mass and the forces acting on it.  Once we know an object’s acceleration, we can calculate it’s velocity and position provided we know the initial velocity and initial position of the object.  This is solved in your text for the case of motion with unchanging acceleration.  (Students in upper level Physics classes learn to use calculus to do the more general case when acceleration varies with time.)


Sometimes we can’t use Newton’s second law (Fnet = ma) because we don’t know an object’s acceleration at every instant.  Often this is because the forces are too complex either to measure or to calculate.  For example, the acceleration of a roller coaster usually changes each instant due to the changing orientation of the tracks.   To determine the speed of a roller coaster at a specific location (perhaps near the bottom or the top of a hill), we would need to know the exact orientation of the track at every position so that we could calculate the acceleration (using Newton’s second law), and only then could we use the calculated acceleration to determine the velocity.  


Sometimes we can’t use Newton’s laws because we don’t know about or don’t understand the relevant forces.  For example: an inventor tells us that he has invented a new rocket engine that uses conventional rocket fuel (say liquid hydrogen burning with liquid oxygen) but that will accelerate a rocket to 10 times the velocity of a conventional rocket engine.  You may think that his claim is impossible, but without detailed knowledge of how the engine works so that the force output (thrust) could be calculated, Newton’s second law (F=ma) would be useless for determining the acceleration and thus the velocity of the rocket.


It turns out that the concept of energy can help us understand some aspects of a physical situation when it is not possible or practical to use Newton’s law.  The word energy is widely used in the English language, and most people have some intuitive understanding of what it means.  However, to physicists energy is a subtle concept.  Chapter 6 in your textbook presents the energy concept, and it is defined as 

Energy:  the ability to do work.


There are many types of energy (energy of motion, chemical energy, thermal energy, electrical energy, gravitational energy, nuclear energy, etc.), and one type of energy can usually be converted into other types.  

In the SI system (sometimes referred to as the MKS system for meter, kilogram, second) the unit of energy is the Joule:

Unit of energy:  Joule (J)

1 Joule = 1 kg m2/sec2.  


The great usefulness of the energy concept comes about because it has been repeatedly observed that:

Law of Conservation of Energy:

For an isolated system, the total energy formed by adding together all the types of energy that exist in the system, stays constant in time!  

This observation has turned out to be so helpful in understanding the operation of the universe that it has been elevated to the status of a fundamental law of nature called the law of conservation of energy.  

Relevant energies for a freely-falling body

It is easy to understand the motion of a freely falling body using the energy concept.  Only two different types of energy are relevant: the energy of motion (called kinetic energy), and the energy of gravity (called gravitational potential energy).  

Kinetic Energy

Kinetic energy is the energy possessed by an object due to its motion.  The formula for kinetic energy is:

Kinetic energy (KE):
KE = ½ mass x speed2 
(1)


or in shorthand notation:
KE = ½ m v2
In order to get the answer in Joules, the mass should be measured in kilograms (kg) and the speed in meters/sec (m/s).  To increase the speed of an object, energy must be supplied to the object.  When an object’s speed decreases, kinetic energy is being transferred from the object to something else.

Gravitational Potential Energy

Gravitational potential energy is the energy associated with the force of gravity.  When an object is pulled away from another object, the gravitational potential energy between the two objects increases.  Think of this energy as a sort of “energy bank” that saves the energy for later use.  When the objects are allowed to move back towards each other, the energy is returned from the “energy bank.”  For example, if you climb a set of stairs, you increase the gravitational potential energy between you and the Earth.  If you then jump off the landing at the top of the stairs and fall back towards the Earth, the gravitational potential energy is converted into kinetic energy as you fall.   The formula for gravitational potential energy of a mass located a height above the floor is:

gravitational potential energy (GPE):
GPE = weight x height
(2)

Weight is related to the mass by:
weight = mass x 9.8 (m/s)/s.
(3) 

Therefore:
GPE = mass x 9.8 (m/s2) x height
(4)


or in shorthand notation:
GPE = m g h
Here mass must be measured in kilograms (kg) and height in meters (m) in order to express the answer in the proper unit of Joules.

Experiment Overview

You will study the motion of a bouncing ball using the ultrasonic motion detector.  When the ball is in the air we say it is in free-fall motion.  Free-fall simply means that the only force acting on the ball is gravity.  The first part of the lab will quantitatively examine the ideas of gravitational potential energy, kinetic energy and conservation of energy for a freely-falling ball.  In the second part of the lab you will examine the energy of the ball as it bounces and explore the ideas of energy transformations between the ball and the rest of the surroundings when it hits the floor.

PART 1.  Motion Graphs of a Freely-Falling Racquetball


The equipment needed for this lab is very simple: an ultrasonic motion detector and a racquetball.  The motion detector should be located 1.50 meters above the floor, and positioned above a level spot where the racquetball will bounce at least 4 consecutive times without wandering out of the range of detector.  

Procedure

Locate a spot on the floor where the racquetball will bounce nearly straight up and down.  The floor is quite uneven; so a little searching may be necessary to locate a good spot.  People who have done the lab earlier may have left a small ‘X’ on the floor to mark a good spot, or may have placed a square outline of masking tape around a good spot.  The motion detector should be pointing straight down towards the good spot at a height of 1.50 meters.   The ball will be held about 25 cm below the motion detector and released from rest.


Open the file Falling Ball from the program LoggerPro.  After the file has opened your screen should contain 2 blank graphs.  The bottom one is distance (from the floor) versus time.  The one directly above it is velocity versus time.  The axis should already be adjusted to give reasonable limits.  The time axis covers the range from 0 to 6 seconds, long enough for about 4 or 5 bounces of the ball.  The distance ranges from –0.1 to 1.5 meters.  The velocity is –5 m/s to +5 m/s.  Keep in mind that for this lab upward is considered positive (+) and downward is negative (-).

Do Not Take Any Data Yet!

As in previous labs, you will make predictions of what the motion graphs should look like before you see how the data actually looks.  This is a good way to learn since the act of prediction personally commits you to the experiment, and later comparison of your prediction with the data helps you discover misconceptions you may have about how the world works.  However, if you see the data graphs before you have thought about your predictions, the learning potential of the lab is greatly reduced!  So please do not look at the data until you have thought about the situation and made your prediction!  


You will only need to take bouncing ball data once, but during the lab you will study this data in several different graphs derived from this data.  The first graph you will consider is distance (from the floor) versus time.  Make your prediction for this graph before you take any data.  For the other five graphs, select their display on the computer only after you have finished making your prediction!

Predictions for the Bouncing Ball: Distance vs. Time


Think about how the distance of the ball from the floor changes with time over 5 bounces, and make a prediction for the plot of distance versus time on the figure below.  You probably will want to actually watch the ball’s motion a few times before you make your prediction.  Listed here are some issues you should consider while making your prediction.

•  The motion detector is 1.50 meters above the floor, and the ball will be released from rest approximately 25 cm directly below the detector or 1.25 meters above the floor.  The position will be measured a few times before the ball is released.

•  The maximum height the ball reaches during each bounce will decrease on each successive bounce.

•  The ball is at zero distance when it hits the floor, and at a maximum distance from the floor at its highest point.  [The sonic ranger data has been processed to give distance from the floor instead of distance from the ranger.]

•  Freely-falling objects have constant acceleration so their velocity is always changing at a constant rate.

1)  Before taking data, sketch your prediction of Distance vs. Time (using a dashed line) on the following diagram (the bottom panel).  

Figure 1-1: Dashed Line = Prediction   Solid Line = Real Data
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2)  Take data!  

Hold the ball ~25 cm directly below the motion detector, and have your lab partner start the data collection.  Wait about a second after you hear the detector begin to click and then release the ball and smoothly move your hand out of the ultrasonic beam.  Repeat the data collection process until you are satisfied with your data.  You should have at least four consecutive bounces that have been completely and accurately measured by the motion detector. 

3)  Carefully sketch the actual distance versus time data on the figure above.  Use a solid line (or different color). Ignore any “spikes” that go off scale.  These are either times when the detector “loses sight” of the racquetball or when things happen so quickly even the computer has trouble “keeping up”.  

a) Indicate on the distance graph where the floor is. 

b) Indicate on both graphs (distance and velocity) the highest points of each bounce with well-marked large dots.  
c) Indicate on both graphs (with arrows) the points when the ball actually hits the floor.
4)  The Velocity versus Time Graph for the Bouncing Ball

While the motion detector was collecting data on the distance vs. time for the ball, it was simultaneously able to calculate the velocity vs. time.  This data should be visible on your screen.  Sketch the velocity vs. time graph on the figure above.  Answer the following questions.  Do not use the actual values of your data.  Imagine the curve that goes through the data and idealize the result.

Q1-1) What is the ball’s velocity the instant it is furthest from the floor?      

Q1-2) What happens to the velocity (magnitude and/or direction) when it hits the floor?

When the ball makes contact with the floor, the direction of the velocity changes suddenly because the floor exerts a large force on the ball.  (In fact things happen so suddenly that sometimes LoggerPro even has trouble keeping up.)  

Q1-3) What is the direction of the force the floor exerts on the ball during the contact?  (Upwards or downwards)                                                         

PART 2: Energy during a single Free-Fall “Trip”

In order to simplify the following analysis we will concentrate our attention on what I will refer to as a single “trip”.  A trip is the period of time from when the ball leaves the floor moving upward until just before it hits the floor on the way back down.  One trip can be identified by a single “hump” or upside down letter U.

1)  Zoom in on one trip.  You can do this by looking at the times of the two bottom "points" of the upside down “U”.  Move the mouse pointer so that it is on the “x” axis numbers.  Click the leftmost number (the number is highlighted) and set it to the lower time you want.  Click on the rightmost number and type in the upper limit you want.  Round your times to the nearest 0.5 second that includes all the data.  The current graph has times 0.5 to 2.0 seconds.  You will need to adjust this for your particular case, for example 1.0-2.5, 1.5-3.0, etc.  Just cross the numbers our and write in the appropriate values.   Sketch the Distance vs. time graph for your single “trip” below (the bottom graph).

2)  We will now use the “Examine” command to record the position and velocity at 5 different points during the ball's free-fall.  Two will be on the left side of the “hump”, the third will be as near to the top of the hump as you can get, and the last two will be on the right side of the “hump”.   Keep all points within the same "hump".  Try to distribute them evenly, but avoid getting too close to the downward “spikes” when the ball hits the floor.   Things change so quickly that the data is not reliable here.

Tip:  The Examine command can be selected by clicking on the box in the top row with the “x = ?” in it.

For each of the 5 points record the time, distance and velocity.  Also mark them clearly on your graphs.  You will do some calculations using these numbers.

Figure 2-1: Dashed Line = Prediction  Solid Line = Real Data 
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Table 2-1

	
	Time
 (s)
	Distance (m)
	Velocity (m/s)
	GPE
(J)
	KE
(J)
	GPE+KE
(J)

	#1
	
	
	
	
	
	

	#2
	
	
	
	
	
	

	#3
Middle
	
	
	
	
	
	

	#4
	
	
	
	
	
	

	#5
	
	
	
	
	
	


3)  The racquetball you are using has a mass of 0.0412 kg.  Use this information and equations (1) and (4) to calculate the GPE and KE at the five points.  Put this information in the above table.  Fill in the last column which is the sum “GPE + KE”.

4)  Answer the following questions for your "trip":

Q2-1) What is the Maximum GPE?  What is the KE when GPE is a Maximum?

Max. GPE: ____________ J     KE when GPE is max.: ________________J

Q2-2) What is the Maximum KE?  What is the GPE when KE is a Maximum?

Max. KE: ____________ J     GPE when KE is max.: ________________J

Q2-3) Is the sum “GPE + KE” approximately constant for the 5 points?

Q2-4) Does the sign (+ or -) of the velocity have any effect on the sign of the KE? Put another way; is KE negative for negative velocity?

5)  You should have observed that sum “GPE + KE” is approximately constant for the 5 points.  (If this does not appear to be the case, consult your instructor.)  Therefore the average of these 5 numbers is our “best” value for the total energy during the trip.  Calculate the average and record it below.

Q2-5) Average Total Energy: ____________________ J

6)  Predict what the GPE will look like as a function of time for your ball’s free-fall “trip”. Sketch this on the GPE vs. time graph (the bottom one) below with a dashed line.  I have set the scales to be appropriate for this case.  Does the shape of this look like one of the previous graphs?  Which one (Distance vs. time or Velocity vs. time)?

7)  Predict what the KE will look like as a function of time for your ball’s free-fall “trip”.  Sketch this on the KE vs. time graph (the middle one) below with a dashed line.  

8)  Predict what the sum “GPE + KE” will look like.  Sketch it below (the top one) with a dashed line.
9)  LoggerPro can display GPE, KE and “GPE+KE” vs. time.  To do this:

a) Select View -> Graph Layout… -> 3 Panes

b) Now you will have 3 graphs.  Adjust the vertical axis of each so that the minimum is –0.1 and the maximum is 0.5.

c) On the bottom graph, click on the word “Mixed Labels” along the vertical axis.  A box will appear with check marks.  Click each box so that only the box for “GPE” is checked.  You will need to scroll through the selections.

d) For the middle graph, perform steps similar to step c) but check “KE”

e) For the top graph, perform steps similar to c) but check “GPE+KE”

10)  Sketch the 3 resulting graphs with a solid line on the figure below.

Figure 2-2: Dashed Line = Prediction   Solid Line = Real Data
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PART 3:  Energy Transformation in a Bouncing Ball

You should have noticed that the ball did not bounce up as high each time.  Often people will say that the ball looses energy with each bounce.  But energy is not lost, energy is just transformed.  As you saw in Part 2, the sum GPE + KE (often called the total mechanical energy) of the ball is a constant while it is in the air.  Something happens to some of this energy when the ball hits the floor.  The energy does not disappear.  

Q3-1) Where do you suppose the energy goes?  Into what forms of energy is it transformed?  Answer this below.

In this part of the lab, you will look to see what fraction of the energy is “lost” or transformed on each bounce.  You will let LoggerPro do much of the work for you.  

1)  Using your 3-Pane graph above, change the time scale to show all your bounces.   Displaying the entire 0 to 6 seconds will be OK.  You can also "zoom" in on the bounces of interest (say 0.5 to 4.5 seconds) if you prefer.

2)  For each trip there should be a well-defined “flat-top” on the GPE+KE graph.  Using the “Examine” command determine the value of this flat-top.  If the graph varies a bit, make an estimate of the average. Do this for at least 4 flat-tops and record the results below.  

The total mechanical energy (GPE+KE) is conserved while the ball is in the air.  This is the reason for the "flat-top".  Note that when the ball hits the floor GPE+KE does not stay constant.  This is the reason for the "spikes".  During the ball's contact with the floor, the gravitational plus kinetic energy is transformed into different forms as the ball compresses.  The ball then "springs" back up and returns some of the energy back as kinetic energy.

Table 3-1

	“Flat-top”
	GPE+KE
	% Transformed or "Lost"

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	


3)  Calculate the Percentage Transformed for each bounce.  Record it in the table above.  For example if:

Flat-top #1: GPE+KE = 0.5 J

Flat-top #2: GPE+KE = 0.4 J
Fraction Transformed = 
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4) Time Permitting:  Repeat Part 3 for a different type of ball.

Table 3-2 

	“Flat-top”
	GPE+KE
	% Transformed or "Lost"

	1
	
	

	2
	
	

	3
	
	

	4
	
	


Q3-2) Describe in words the difference between the bouncing racquetball and the steel ball.  Which one is better (more efficient) at keeping the total mechanical energy (GPE+KE) constant between bounces?

PART 4:  Clean Up

Please leave your lab station in an orderly fashion.  At a minimum

1.  Pick up any loose racquetballs and return them to the table top.

2.  Close the file.  Choose “No” when asked to save the changes.

3.  Reopen the file Falling Ball.  Make sure the screen looks like the blank screen on page 5.

4.  Have a nice day!
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