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I108 STITCHES: THE PHYS]CS INTRODUCTION

IN BASEBALL

INTRODUCTION
108 Stitches: The Physics in Baseball is a science-based curriculum focusing on students in
grades 6 through 10. The series uses the game of baseball to demonstrate basic principles
of physics as set forth by the National Science Education Standards and the Ohio Science
Academic Content Standards.

108 Stitches: The Physics in Baseball is centered on four videos: The Pitch, The Hit,
Running the Bases and The Flight. The series is designed to enrich the classroom with
powerful learning modules that are relevant and engaging to students. The hands-on, minds-
on activities will revolve around topic areas that have been selected because of their relevance
to the demonstration of physics and the sport of baseball.

In addition to the videos and Web site, 108 Stitches: The Physics in Baseball also has a teacher-
developed teachers guide available in a downloadable format.

THE GOAL
It is the goal of 108 Stitches: The Physics in Baseball to enhance classroom learning conditions
by:
» Using diverse instructional strategies and settings that offer students many ways to think
about and construct their knowledge.
¢ Analyzing information that students have gathered and presenting it in a new form.
* Providing multiple opportunities for students to demonstrate their knowledge and skills in
connecting science and mathematics to real-world applications as well as their own lives.

108 STITCHES: THE PHYSICS IN BASEBALL 7
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VIDEO OVERVIEWS

Baseball is a game played with beautiful simplicity. But
beneath that simplicity lay some rather complex physics.

THE PITCH
The first program in this series takes a look at the physics of the pitch. There’s a lot of exciting
physics to explore in the 60-feet-6-inch path from the pitching rubber -- 10 inches above the
playing field -- to the batter standing at home plate. The Pitch takes a look at gravity, air drag
and the Magnus force (three forces controlling trajectory once the pitcher releases the ball) and
how the pitcher can use these forces to manipulate the path of the ball.

THE HIT
The second video picks up where the first one left off; this one emphasizes the perspective of
energy. The Hit focuses on kinetic energy, the coefficient of restitution and Newton’s laws of
motion, as well as how the quantity of energy of speed and mass changes as a result of the batter
hitting the ball.

RUNNING THE BASES
What’s baseball without players running the bases? The third program looks at how ball players
apply Newton’s first and second laws when they are running the bases. While base running is
strictly between the runner and the clock and has nothing to do with the forces between the
bat and ball, there’s still plenty of physics to explore. Running the Bases takes a look at the
concepts of force, mass, inertia and acceleration.

THE FLIGHT
The final program is devoted to the ball’s flight after the batter’s hit. The Flight takes into
consideration perfect projectile motion, launch angle, air drag, turbulence, temperature, air
density and, of course, the Magnus force -- all the factors that go into sending a baseball from
home plate over the fence more than 350 feet away.
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CORRELATED OHIO
ACADEMIC CONTENT

STANDARDS CONTENT STANDARDS

The lesson plans in this teachers guide fulfill the following Ohio Academic Content Standards.

BENCHMARKS

GRADES 6-8
PHYSICAL SCIENCES

Benchmark B: In simple cases, describe the motion of objects and conceptually describe
the effects of forces on an object.

Benchmark D: Describe that energy takes many forms, including kinetic energy and
potential energy, and during energy transformations the total amount of energy remains
constant.

SCIENTIFIC INQUIRY
Benchmark B: Analyze and interpret data from scientific investigations using appropriate
mathematical skills in order to draw valid conclusions.

SCIENTIFIC WAYS OF KNOWING
Benchmark A: Use skills of scientific inquiry processes (e.g., hypothesis, record keeping,
description and explanation).

Benchmark C: Give examples of how thinking scientifically is helpful in daily life.

GRADES 9-10

PHYSICAL SCIENCES
Benchmark D: Explain the movement of objects by applying Newton’s three laws of motion.

Benchmark E: Demonstrate that energy can be considered to be either kinetic (motion) or
potential (stored).

Benchmark F: Explain how energy may change form or be redistributed, but the total quantity
of energy is conserved.

SCIENTIFIC INQUIRY
Benchmark A: Participate in and apply the processes of scientific investigation to create models
and to design, conduct, evaluate and communicate the results of these investigations.

SCIENTIFIC WAYS OF KNOWING
Benchmark A: Explain that scientific knowledge must be: based on evidence, predictive,
logical, subject to modification and limited to the natural world.

Benchmark B: Explain how scientific inquiry is guided by knowledge, observations, ideas and
questions.

108 STITCHES: THE PHYSICS IN BASEBALL 11
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A § A § s GRADE 6
; \5 \5 SCIENTIFIC INQUIRY
2 N N\, 1. Explain that there are not fixed procedures for guiding scientific investigations; however, the
N7 Ny nature of an investigation determines the procedures needed.
P 4 t/ NY4 3. Distinguish between observation and inference.
; \5 t; 4. Explain that a single example can never prove that something is always correct, but sometimes
t 7 t 7 t 7 a single example can disprove something.
\5 \5 \5 SCIENTIFIC WAYS OF KNOWING
\N/ Ny Ny 1. Identify that hypotheses are valuable even when they are not supported.
t; t; t; 2. Describe why it is important to keep clear, thorough and accurate records.
\N/ Ny Ny
\N/ Ny Ny
N A N AN A
N N N N\, PHYSICAL SCIENCES
t’ t t’ t’ 2. Describe how an object can have potential energy due to its position or chemical composition
\5 \ \5 \5 and can have kinetic energy due to its motion.
\ Y, \ \ Y, \ Y, 3. Identify different forms of energy (e.g., electrical, mechanical, chemical, thermal, nuclear,
\N/ \ \Y2\Y4 radiant and acoustic).
t; t ; t; 4. Explain how energy can change forms but the total amount of energy remains constant.
t/ t / t/ SCIENTIFIC INQUIRY
\5 N7 \5 1. Explain that variables and controls can affect the results of an investigation and that ideally
\ Y, \ Y, \ Y, one variable should be tested at a time; however, it is not always possible to control all
N Nz \N/ variables.
Ny Ny \N/ 2. Identify simple independent and dependent variables.
t/ t/ t/ 3. Formulate and identify questions to guide scientific investigations that connect to science
\5 \5 \5 concepts and that can be answered through scientific investigations.
\/ \/ \/ 7. Use graphs, tables and charts to study physical phenomena and infer mathematical
t Y4 t Y4 t Y4 relationships between variables (e.g., speed and density).
/7 /7 /7
NY A\ 4 \Y4 SCIENTIFIC WAYS OF KNOWING
t; t; 4 1. Show that the reproducibility of results is essential to reduce bias in scientific investigations.
N/ Y ; 2. Describe how repetition of an experiment may reduce bias.
N N/ 2 3. Describe how the work of science requires a variety of human abilities and qualities that are
N\ V4 N\ V4 helpful in daily life (e.g., reasoning, creativity, skepticism and openness).
Ny N\, b
N N
Ny Ny
N AN A
\? \7 GRADE 8
Ny Ny PHYSICAL SCIENCES
t/ t/ 1. Describe how the change in the position (motion) of an object is always judged and described
\/ \/ in comparison to a reference point.
\5 \5 \ 2. Explain that motion describes the change in the position of an object (characterized by speed
\N/ \/ \ and direction) as time changes.
t V4 t V4 t 3. Explain that an unbalanced force acting on an object changes that object’s speed and/or
/ / direction.
N Nos N\
Nz Nz N SCIENTIFIC IN
QUIRY
t; t; t e 3. Read, construct and interpret data in various forms produced by self and others in both written
and oral form (e.g., tables, charts, maps, graphs, diagrams and symbols).
N N7 Ny y
t V4 t V4 t V4 4. Apply appropriate math skills to interpret quantitative data (e.g., mean, median and mode).
/7 /7 /7
N AR AR A
N AN AR/
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SCIENTIFIC WAYS OF KNOWING
1. Identify the difference between description (e.g., observation and summary) and explanation
(e.g., inference, prediction, significance and importance).
2. Explain why it is important to examine data objectively and not let bias affect observations.

* Kk kK Kk k ok Kk Kk k Kk Kk k Kk
CONTENT STANDARDS

GRADE 9
PHYSICAL SCIENCES

12. Explain how an object’s kinetic energy depends on its mass and its speed (KE=",mv ?).

17. Demonstrate that thermal energy can be transferred by conduction, convection or radiation
(e.g., through materials by the collision of particles or moving air masses, or across empty
space by forms of electromagnetic radiation).

21. Demonstrate that motion is a measurable quantity that depends on the observer’s frame
of reference and describe the object’s motion in terms of position, velocity, acceleration
and time.

22. Demonstrate that any object does not accelerate (the object remains at rest or maintains a
constant speed and direction of motion) unless an unbalanced (net) force acts on it.

23. Explain the change in motion (acceleration) of an object. Demonstrate that the
acceleration is proportional to the net force acting on the object and inversely proportional
to the mass of the object. (F net=ma. Note that weight is the gravitational force on a mass.)

24. Demonstrate that whenever one object exerts a force on another, an equal amount of force is
exerted back on the first object.

25. Demonstrate the ways in which frictional forces constrain the motion of objects (e.g., a
car traveling around a curve, a block on an inclined plane, a person running, an airplane in
flight).

SCIENTIFIC INQUIRY
1. Distinguish between observations and inferences given a scientific situation.
3. Construct, interpret and apply physical and conceptual models that represent or explain
systems, objects, events or concepts.
5. Develop oral and written presentations using clear language; accurate data; appropriate
graphs, tables and maps; and available technology.
6. Draw logical conclusions based on scientific knowledge and evidence from investigations.

SCIENTIFIC WAYS OF KNOWING

1. Comprehend that many scientific investigations require the contributions of women and
men from different disciplines in and out of science. These people study different topics, use
different techniques and have different standards of evidence but share a common purpose — to
better understand a portion of our universe.

2. Illustrate that the methods and procedures used to obtain evidence must be clearly reported to
enhance opportunities for further investigations.

3. Demonstrate that reliable scientific evidence improves the ability of scientists to offer accurate
predictions.

4. Explain how support of ethical practices in science (e.g., individual observations and
confirmations, accurate reporting, peer review and publication) are required to reduce bias.

5. Justify that scientific theories are explanations of large bodies of information and/or
observations that withstand repeated testing.

108 STITCHES: THE PHYSICS IN BASEBALL 13
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GRADE 10

SCIENTIFIC INQUIRY

1. Research and apply appropriate safety precautions when designing and conducting scientific
investigations (e.g. OSHA, MSDS, eyewash, goggles and ventilation).

2. Present scientific findings using clear language; accurate data; appropriate graphs, tables and
maps; and available technology.

4. Draw conclusions from inquiries based on scientific knowledge and principles, the use of
logic, and evidence (data) from investigations.

5. Explain how new scientific data can cause any existing scientific explanation to be supported,
revised or rejected.

SCIENTIFIC WAYS OF KNOWING

2. Describe that scientists may disagree about explanations of phenomena, about interpretation
of data or about the value of rival theories, but they do agree that questioning, response to
criticism and open communication are integral to the process of science.

3. Recognize that science is a systematic method of continuing investigation, based on
observation, hypothesis testing, measurement, experimentation and theory building, which
leads to more adequate explanations of natural phenomena.

7. Investigate how the knowledge, skills and interests learned in science classes apply to the
careers students plan to pursue.

14
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DRAG SIMULATION ACTIVITY

OVERVIEW OF LESSON

The focus of this lesson is air drag. Students will role-play the part of an object (baseball)

fighting its way through the air molecules.

GOAL * Kk Kk Kk k k k k Kk k k k k k &
Students will get a feel for the mechanism responsible for air drag and for the variables that T H E P l TC H

factor n. * Kk Kk Kk k k k k Kk k k k k k &
OBJECTIVES

e The students will simulate the complex processes associated with air drag.

* The students will list the variables that contribute to the calculation of air drag.
e The students will predict the effect of changing variables within the simulation.
* The students will be able to discuss the limitations of simulations.

OHIO ACADEMIC CONTENT STANDARDS

BENCHMARKS
By the end of the Grades 6-8 program:
Physical Sciences: B & D
Scientific Inquiry: B

STANDARDS

Grade 6
Scientific Inquiry: Standards: 1,34
Scientific Ways of Knowing: 1,2

Scientific Ways of Knowing: A & C Grade 7
By the end of the Grades 9-10 program: Physical Sciences: 3.4
Physical Sciences: C,D,E & F Scientific Inquiry: 1,2,3,7
Scientific Inquiry: A Scientific Ways of Knowing: 1,2,3
Scientific Ways of Knowing: A & B Grade 8
Physical Sciences: 1,2,3
Scientific Inquiry: 3.4
Scientific Ways of Knowing: 1,2
Grade 9
Physical Sciences: 12,17,21,22,23 24 25
Scientific Inquiry: 1,3,5,6
Scientific Ways of Knowing: 1,2,3.4,5
Grade 10
Scientific Inquiry: 1,2,4,5
Scientific Ways of Knowing: 2,3,7

MATERIALS

A large, open area in a classroom or gymnasium.

PROCEDURE
1. Clear as large an area as possible in your classroom or, better yet, take the students to the
gymnasium or outside.

2. Explain to the students that they are going to be role-players in a simulation that will give
them a feel for the mechanism and variables associated with the phenomenon of air drag as it
relates to the flight of a baseball.

108 STITCHES: THE PHYSICS IN BASEBALL 17
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7. As a follow-up, the teacher can lead a discussion of the limitations of this simulation and t; t; t; t;
simulations in general. The obvious points to emphasize are the relative size and number \/ \/ \/ Y%

of the objects involved, and the simplification of the interactions. More accurate computer \N/ \N/ \/ \N/
simulations can be found online and viewed to add to the discussion. t/ t/ t/ t/

/ / / /

N AR AR AR/

EVALUATION N AR AR AN
. o . . N N7 Ny N

The evaluation for this activity is informal. The questions posed in the process by the teacher N7 N7 N7 N7

and fellow students will allow the teacher to gauge the level of understanding. The concepts
investigated here will be recalled and applied in the graphing lesson.
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Although a simulation such as this may seem grossly oversimplified and somewhat juvenile, the Y%
kinesthetic aspect provides a strong memory hook of the concepts, which makes the process very \/
worthwhile. \Y4
/7

/4
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N N7 Ny Ny
§/ §/ §/ §/
/7 /7 /7 /7
VIRVIRY, THE MAGNUS FORCE
7 N7 Ny
ARNARN ACTIVITY
7 N7 Ny
7 N N
7 N N
7 Ny Ny OVERVIEW OF LESSON
/7 t/ t/ This lesson will focus on the Magnus force. Students will create an apparatus and perform an
/ / / experiment to answer the central question: How does spin affect the trajectory of a thrown ball?
N A N AN A
\N/ Ny Ny
N A N AN A
\/ N/ \/ GOAL
t/ t/ t/ Students will investigate and develop an understanding of the Magnus force.
/7 /7 /7
N A N AN A
NA NN OBJECTIVES
\/ \/ \/ * The students will construct an apparatus to throw a ball with significant spin.
/7 /7 /7 : : .
\N/ \ N N\, * The students will conduct an experiment to answer the central question.
N N Ny Ny * The students will list the variables that contribute to the calculation of the Magnus force.
t; t t; t; * The students will predict the effect of changing variables within the investigation.
* The students will summarize the findings from their experimentation.
t; t t; t; * The students will discuss the limitations of their experiment.
AN AN /7 N/
AN AN /7 N/
§/ § V4 §/ OHIO ACADEMIC CONTENT STANDARDS
/ / BENCHMARKS STANDARDS
t’ t’ t’ By the end of the Grades 6-8 program: Grade 6
\5 \5 \5 Physical Sciences: B & D Scientific Inquiry: Standards: 1,34
\N/ \N/ \N/ Scientific Inquiry: B Scientific Ways of Knowing: 1,2
Ny N\, \N/ Scientific Ways of Knowing: A & C Grade 7
N Ny Ny By the end of the Grades 9-10 program: Physical Sciences: 3,4
t’ t’ t’ Physical Sciences: D, E & F Scientific Inquiry: 1,2,3,7
\; \; \; Scientific Inquiry: A Scientific Ways of Knowing: 1,2,3
\N/ \N/ \N/ Scientific Ways of Knowing: A & B Grade 8
Ny N\, \Y4 Physical Sciences: 1,2,3
t’ t’ / Scientific Inquiry: 3.4
\5 \5 ; Scientific Ways of Knowing: 1,2
N\ / N\ / / Grade 8
\N/ \N/ Physical Sciences: 12,17,21,22,23,24 25
Ny N\, Scientific Inquiry: 1,3,5,6
t’ t’ Scientific Ways of Knowing: 1,2,34.5
\5 \5 Grade 10
\ Y, \ Y, Scientific Inquiry: 1,2,4,5
\N/ \N/ Scientific Ways of Knowing: 2,3,7
Ny N\,
N N
N Ny MATERIALS
t/ t/ t * Assortment of lightweight balls: Styrofoam craft balls (1- to 2-inch diameter), ping-pong
\5 \5 \ balls, practice golf balls, Wiffle balls, etc.
N/ \N/ \ * Assortment of tubes: cardboard shipping tubes, paper towel tubes, wrapping paper tubes,
\N/ \N/ \ plastic golf club tubes, PVC pipe, etc.
t/ t/ t * Assortment of materials to add friction: sand paper, thin craft foam rubber, bicycle inner tube
/7 /7 scraps, etc
N Ny N T
* Glue
N AR AR A
\ / \ / \ / ° Tape
\N/ \N/ \N/ e Scissors
N N7 Ny e Markers
t; t; t; * 2-foot-square white boards and dry erase markers for use in the reporting-out phase (optional)
N AR AR AR
N AR AR AR A
N N7 Nz Ny 20
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PROCEDURE THE PITCH

1. Split your students into groups of two to four students and introduce them to the central
question that will guide them in their investigation: How does spin affect the trajectory of a
ball?

|

777/
NNNAN\N

N NA

2. Ask students to make a workable apparatus that allows the ball to spin. Show the groups the
assortment of materials they have to work with, mention the safety precautions of using
scissors and turn them loose.

A workable apparatus is simply a tube with a short sandpaper or rubber strip affixed
to the inside of one side of the tube, near one end. The tube may also be cut in half
lengthwise to form a throwing scoop.

3. As the activity progresses the teacher’s job is to give helpful hints and ask focusing L
questions only when groups seem to be sputtering. Resist the natural instinct to show them V4
how to construct a workable apparatus. \5

Examples of helpful hints and focusing questions: t/
e Can the tube be used somehow to throw the ball? \/ \N/ \5 \5

* How can you tell in which direction the ball is spinning? YA Ny YA N/

. N AR AR AR

e What could you do to get the ball to spin faster? \N/ \N/ \N/ \N/

* What is the relationship between spin direction and the curve of the ball? t; t; t; t;

* What is the relationship between spin speed and the amount of curve? § V4 § V4 § V4 § V4

o If a pitcher wants to throw a ball that breaks to the right, which way does the ball \5 \5 \5 \5
need to be spinning? \N/ \N/ \N/ \N/

e [s there a simple way to summarize your results? t; t; t; t;

4. When all groups have completed their investigation and summarized their findings (use A4 NY A4 YA YA
2-foot-square white boards or chart paper for this part of the process), bring the class back t’ t’ t’ t’
together and ask each group to report out what they discovered and how they discovered \/ \/ \/ \/
. . ; T - / / / /7
it. Most groups will have discovered the correct relationships, but it is good for them see N N7 N2 Ny
how various groups constructed their apparatus and performed their investigations. It is also \N/ \N/ \N/ \N/
important to discuss how the results can best be simplified into a simple set of relationships. N/ NY4 Nz NY4
(For example, the amount of break is proportional to the rate of spin, and the direction of the t’ t’ t’ t’
break is the same as the direction that the leading edge of the ball is turning. A more subtle \5 \5 \5 \5
relationship also exists between the linear speed at which the ball is thrown and the amount \N/ \N/ \N/ \N/
of break that occurs over a given distance, like the 60 feet 6 inches from the pitcher’s mound \N/ \N/ \N/ \/
to home plate. If the students did not think of this during their initial investigation it can be A4 NY A4 YA YA
posed and assigned as a follow-up investigation.) t; t; t; t;

5. As a follow-up to the ball and tube activity, the teacher may ask students to do some research N/ N/ N/ N/
on the topic of the Magnus force and/or give a short lecture introducing them to the concept of t’ t’ t’ t’
the Magnus force and the equation that physicists use to calculate it. Below is an outline of the \5 \5 \5 \5
basics: N N7 Ny N

e Historical Information: The effects of spin on a ball’s trajectory have been studied t; t; t; t;

since the time of Newton, who in 1671 wrote a paper concerning the spin effects \N/ \/ \N/ \/

on the flight of lawn tennis balls. In 1852 the German physicist Gustav Magnus N N7 Ny N

performed experiments confirming that a spinning ball experiences a “sideways” Ny Nz Ny Ny

force; this force is now known as the Magnus force and is the fundamental principle t’ t’ t/ t/

behind the curved flight of any spinning ball. \5 \5 \5 \5
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PITCH TRAJECTORY ACTIVITY

OVERVIEW OF LESSON
In this exercise students will construct a graph of the trajectory of a pitched ball using the
equations of kinematics. The graph will have multiple plots representing a ball thrown with
different initial conditions.

GOAL THE PITCH

Students will apply their understanding of two-dimensional kinematics, gravity, air drag and the Ak A A A KK KKK KK K K K
Magnus force to make a meaningful graphical representation of a real-world event.

OBJECTIVES

e The students will apply the equations of kinematics to a two-dimensional motion situation.

* The students will apply Newton’s laws of motion to an object subjected to multiple
forces.

* The students will calculate and plot a baseball’s trajectory for several different sets of
starting conditions.

e The students will predict the effect of changing variables.

* The students will discuss the limitations of their graphical representation.

OHIO ACADEMIC CONTENT STANDARDS

BENCHMARKS STANDARDS

By the end of the Grades 6-8 program: Grade 6
Physical Sciences: B & D Scientific Inquiry: Standards: 1,34
Scientific Inquiry: B Scientific Ways of Knowing: 1,2
Scientific Ways of Knowing: A & C Grade 7

By the end of the Grades 9-10 program: Physical Sciences: 3.4
Physical Sciences: D, E & F Scientific Inquiry: 1,2,3,7
Scientific Inquiry: A Scientific Ways of Knowing: 1,2,3
Scientific Ways of Knowing: A & B Grade 8

Physical Sciences: 1,2,3

Scientific Inquiry: 3.4

Scientific Ways of Knowing: 1,2
Grade 9

Physical Sciences: 12,17,21,22,23 24,25

Scientific Inquiry: 1,3,5,6

Scientific Ways of Knowing: 1,2,34.5
Grade 10

Scientific Inquiry: 1,2,4,5

Scientific Ways of Knowing: 2,3,7

MATERIALS
 Graph paper: use at least 11-by-17-inch or chart-sized paper if it can be found
* Assorted colored pens or pencils
e Calculators
* Rulers
* French curves (optional)

PROCEDURE
1. Give each student or small group of students a sheet of graph paper, and tell them that you
want the graph to represent the side view of a pitched baseball in a big league park. See
Appendix A for graph paper (page 65).
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7. Graph plot #5: (the rising fastball: gravity, air drag and back spin)
This plot is nearly identical to that of the curveball (plot #4) except that the Magnus force
acts in the upward direction. Therefore, the downward acceleration of the ball is reduced by a
factor of .5 g, making it 16ft/s>.

Method: Again the horizontal motion is not affected by the Magnus force so the elapsed-time
values from plot #3 may be used. Using the elapsed times from plot #3 and the zero gravity
reference line, determine how far the ball would have fallen from the reference line at each
5-foot interval. With a pen of yet another color, draw a smooth curve through the points you

have plotted. k% ok k Kk k Kk k Kk k k k k k &k
8. Follow Up: After completion of all five plots on the graph, have students add a legend with T H E P | TC H

a color code and any other labels needed. The graph can then be a reference when discussing * h ok k k ok k ok &k Kk k k k &k k
age-old baseball questions like:

Does a curveball really curve?
Does a rising fastball really rise?

Does a curveball break sharply in the last few feet before it reaches the plate?
(Players describe the ball as “falling off the table.”)

Another part of the follow-up discussion should be about the simplifications and
generalizations that were used in making the graph. Important things to point out are:

e The starting velocity of a real pitch is not likely to be purely horizontal. Most
pitches are thrown with a downward angle.

e The starting velocity of a breaking pitch like a curve ball is more likely to be in the
75-80 mi/hr range.

* Air drag will act on the vertical motion of the object as well, although its magnitude
is small in comparison to the horizontal drag.

e The values for both the air drag and Magnus forces are approximate and derived
using a drag coefficient that represents an average orientation of the seams on the
ball and average atmospheric conditions.

EVALUATION
The evaluation for this activity is the completion, accuracy and quality of the graph. See
Appendix B (page 66) to evaluate graph.

NOTE
* An old-fashioned paper-and-pencil approach to making this graph seems to be superior to
using graphing software or graphing calculators. There is something about the extra time
invested in making it from scratch that gives students more time to ponder the concepts.
Students seem to develop a sense of accomplishment when they can hang the final product on
the wall.
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VIRVIRYIRY
/ / / /
\? \7 \7 \7 ADVANCED ACTIVITY
N Nz N/
AR AR, G C
2R RAPHING CALCULATOR
7 \7 N/ ACTIVITY
7 N/ N
/ t/ t/
; \5 \5 CALCULATOR SKILL -- BASIC GRAPHING. YOU WOULDN’T TAKE YOUR
N/ N7 \/ CALCULATOR TO THE BALLPARK ...BUT YOU CAN BRING THE BALLPARK TO
\/ N/ \/ YOUR CALCULATOR!
\ \ \
t’ t’ t’ Directions are based on the use of a TIS3 graphing calculator.
\5 \5 \5 The distance from the mound to the plate is measured in feet, the ball’s speed is measured in miles
\N/ \N/ \N/ per hour and most measurements in science classes are expressed in meters! We need to have
\N/ \N/ \N/ one system of units to make sense of what we’re doing, so let’s decide to use meters for distance,
N4 N N meters per second (m/s) for speed, and meters per second per second (m/s*) for acceleration.
VR BV p
\5 \ \5 \5 Starting points: * Distance from mound to plate = 60 ft 6 in = 60.5 ft
\N/ \ N N\, ¢ One meter equals 3.28 ft, so 60.5 ft (1 m/3.28 ft) = 184 m
N N Ny Ny
t/ t t/ t/ * Speed of a good fastball = 95 mph
\5 \ ; \5 * One meter per second equals 2.24 mph, so
N/ \ 7 N7 * 95 mph (1 m/s / 2.24 mph) = 42.5 m/s
AN AN 7 N/
t/ t t/ * The acceleration due to gravity = - 9.8 m/s>
/ / /
t; t; t; * Suppose that the ball is moving exactly horizontally, not aimed up or
\ Y \ Y \ Y down, at the instant it leaves the pitcher’s hand, 2.0 meters above the
\N/ \N/ \N/ level of the field.
N Ny \N/
N/ NY 4 NY 4 Let’s graph the motion of the ball from the instant the pitcher releases it until it crosses the
N7z N7 N4 s gi .
\7 \7 \7 plate. The ball’s drop is given by d = 1/2 at?, where d is how far it drops from its starting height
\N/ \N/ \/ because of the acceleration due to gravity. (The initial velocity term often seen in this familiar
\N/ \N/ \Y4 equation is on vacation this time, because the vertical initial velocity is zero — remember, we’re
t; t; y 4 supposing that the ball moves horizontally in the beginning!)
/
t; t; ; Since one-half of -9.8 equals -4.9, enter -4.9t? in your calculator’s equation editor. The ball starts
\ Y, \ Y, 2.0 m above the field, so add 2 at the end.
Ny N\,
AN AN A
t; t/ To set the graphing window, remember that x stands for time and y stands for distance above the
\7 \5 field. Set x_. to zero, since we start watching just as the ball is released. The time to reach the
\ Y, \ Y, plate is x__, and since d = vt for the horizontal motion of the ball, t = d/v. From our assumptions
\N/ \N/ above, that means you’d enter 18.4/42.5 for x__ . The calculator will instantly figure the value for
\N/ \N/ you when you move to the next line. The x_, tells how often to make tick marks along the x axis.
t/ t/ \ You don’t need to set the scale, but a value of .1 will make a mark every tenth of a second of
\5 \5 \ the ball’s flight. The level of the field is our reference,soy . =0andy__=2.5 or so, so that we
\/ \/ \ can see the ball’s whole flight. For y_, enter .25 so we can check the ball’s position to the nearest
N Ny N quarter of a meter.
N Nz N\
t/ t/ t Here’s the pitch! Press [GRAPH] and watch the pitch come in. Your view is from the third base
\5 \5 \7 side of the field; the pitcher is at the left edge and the batter at the right. Press [TRACE], hold
\/ \/ \/ down the right arrow and the cursor will follow the pitch. The bottom of the screen will show the
Ny Ny N time (x) and the height off the field (y).
N AR AN
N AR AR A
Ny N/ N
N AR AN
N AR AR AN A
N AR AR AR/
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GOING FURTHER

1. So far we have the basic arc of the ball, ignoring the Magnus force from spin the pitcher puts
on the ball. The force can be as great as one quarter of the ball’s weight and can act up, down
or to either side.

Want to throw a curve ball that drops more than the batter expects? How about a rising fast
ball? Just add a second equation for the Magnus correction. The greatest acceleration that the
Magnus force can create is one-fourth of 9.8 m/s?, or 2.45 m/s*. Since the motion equation
requires you to take half of the acceleration, you could use any value from -1.225 for a sharply
biting curve to 1.225 for a fastball with the maximum “pop.” For an example, let’s use -1 for a T HE P ITCH
pretty good curve ball. Enter -x* for the second equation. Then for the third equation, add the
first and second equations:
Y3=Y1+Y2

De-select Y2; move the cursor to the equals sign after Y2 and press [ENTER]. That way the
calculator will graph Y1, the pitch with no spin, and Y3, the curve ball. Press [GRAPH] to
see both pitches.

How different are they? Doesn’t look like much, but it’s sure enough to matter! Press
[TRACE] and hold down the right arrow to follow the pitch. At any time, press the up or
down arrows to switch between the two graphs. Notice the numbers by the Y coordinate;
the curve ball drops nearly 20 centimeters below where the batter would expect the ball!
There’s a strike, or at least a grounder!

2. If you’d prefer a fast ball, change the value in equation Y2. Let’s go with the maximum
upward Magnus force — enter 1.225x* for Y2. (Remember to de-select it again by moving the
cursor to the equals sign and pressing [ENTER].) You can see that since the Magnus force is
no greater than one quarter of the ball’s weight, the fast ball can never really rise above where
it was released — but it does come in higher than the batter expects.

3. Draw a strike zone! For a medium-sized batter, the strike zone starts about 0.50 m above the
plate and reaches to about 1.35m. Enter these equations for Y4 and Y5 to graph that zone:

Y4 = 5 (x>4)
Y5 =135 (x>4)

To make the “greater than” sign, press [2nd][MATH]3. Set both of these graphs to dot mode;
to do that, move the cursor all the way over to the left margin in front of Y4 and then press
[ENTER] six times. Do the same for Y5. (What’s the .4? Remember, for the calculator, x
represents time, so the horizontal bars made by these graphs only appear after the ball has
traveled for 0.4 second, when it’s near the batter.)

Your calculator is probably set to plot the graphs one after the other, so you’ll see the first
graph of the ball with no spin, then the ball with spin, and then the strike zone. It is more fun
to plot all the graphs at once. To do that, press [MODE] then move the cursor down to Simul
and press [ENTER], then [2"][MODE] to quit. Then press [GRAPH] for a different kind of
show! The strike zone will appear just as the ball gets there.
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NOTES
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BAT TYPE ACTIVITY

OVERVIEW OF LESSON
This activity is designed to explore how different bat lengths affect the hitting distance of the
ball. Students will use various types of baseball bats to observe the effect they have on hitting
distances.

GOAL
Students will learn a relatively easy way to determine the effects different types of bats have on
hitting distances.

>k sk k ok k ok ok ok ok ok ok ok ok &k &k
OBJECTIVES THE HIT
* The students will determine the average hitting distance for each bat type. 1. 8.0.808.8808.0088.0.8.6.

* The students will plot bar graphs of average hitting distances versus bat type.

e The students will draw conclusions about the effectiveness of various bat types based on the
data collection and graphs they have made.

* The students will make inferences about the energy transformations that occur between a
ball and bat, and how these vary with different bat materials.

OHIO ACADEMIC CONTENT STANDARDS

BENCHMARKS STANDARDS

By the end of the Grades 6-8 program: Grade 6
Physical Sciences: B & D Scientific Inquiry: Standards: 1,34
Scientific Inquiry: B Scientific Ways of Knowing: 1,2
Scientific Ways of Knowing: A & C Grade 7

By the end of the Grades 9-10 program: Physical Sciences: 1,2,3 4
Physical Sciences: D, E & F Scientific Inquiry: 1,2,3,7
Scientific Inquiry: A Scientific Ways of Knowing: 1,2,3
Scientific Ways of Knowing: A & B Grade 8

Physical Sciences: 1,2,3.5

Scientific Inquiry: 3.4

Scientific Ways of Knowing: 1,2
Grade 9

Physical Sciences: 12,17,21,22,23,24 25

Scientific Inquiry: 1,3,5,6

Scientific Ways of Knowing: 1,2,3.4.5
Grade 10

Scientific Inquiry: 1,2,4.5

Scientific Ways of Knowing: 2,3,7

MATERIALS
* Wooden bats
* Aluminum bats
* Tape measure
* Batting tees
* Softballs

PROCEDURE
1. Divide students into groups of three. Assign each student one of the following specific tasks
to begin the activity: batter, ball spotter/retriever, tape measurer. These job assignments will
rotate after each student has hit the ball five times (one rotation for each bat type).
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2. One student begins by hitting the ball off of the tee a total of five times (batter). The ball
spotter marks the location where the ball lands, and the tape measurer records the distance in
the group’s data table.

/
N\
777/

NANNNNNANNNNNANN

3. Rotate students until each group member has hit the ball five times with each bat type.

4. Have each group determine the average hitting distance for each bat type, and plot a bar graph
of average hitting distance (y-axis) versus bat type (x-axis).

5. As an extension, each group can average its data with the entire class and plot a class graph.
Discuss any differences between the groups’ graphs and the class graph. Why do scientists
always take so many samples of data before drawing conclusions?

EVALUATION
This activity can be evaluated using informal observations as students work together to perform
the tasks. This is also an activity in which a formal evaluation can be registered by assessing
the students on their ability to accurately collect data, plot graphs and reach conclusions. See
Appendix B (page 66) to evaluate graphs.
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BAT LENGTH ACTIVITY

OVERVIEW OF LESSON
This activity is designed to explore how different bat lengths affect the hitting distance of the
ball. Students will use a baseball bat with tape markings (hitting lengths) to observe the effects
on hitting distances.

GOAL
Students will learn a relatively easy way to determine the effect bat length has on hitting
distance. k %k ok k Kk k ok kK ok k k k k &k
THE HIT
OBJECTIVES * K Kk kK k ok Kk Kk k Kk X k X

* The students will determine the average hitting distance for each bat length.

e The students will plot a graph of average hitting distances versus bat length.

* The students will draw conclusions about the effectiveness of various bat lengths based on
the data collection and graphs they have made.

* The students will make inferences about the energy transformations that occur between a
ball and bat, and how these vary with different batting lengths.

OHIO ACADEMIC CONTENT STANDARDS

BENCHMARKS STANDARDS

By the end of the Grades 6-8 program: Grade 6
Physical Sciences: B & D Scientific Inquiry: Standards: 1,34
Scientific Inquiry: B Scientific Ways of Knowing: 1,2
Scientific Ways of Knowing: A & C Grade 7

By the end of the Grades 9-10 program: Physical Sciences: 3.4
Physical Sciences: D, E & F Scientific Inquiry: 1,2,3,7
Scientific Inquiry: A Scientific Ways of Knowing: 1,2,3
Scientific Ways of Knowing: A & B Grade 8

Physical Sciences: 1,2,3

Scientific Inquiry: 3.4

Scientific Ways of Knowing: 1,2
Grade 9

Physical Sciences: 12,17,21,22,23,24 25

Scientific Inquiry: 1,3,5,6

Scientific Ways of Knowing: 1,2,3.4.5
Grade 10

Scientific Inquiry: 1,2,4.5

Scientific Ways of Knowing: 2,3,7

MATERIALS
* Wooden bats with tape markings every 3 inches beginning at the end of the barrel
* Tape measure
* Batting tees
* Softballs

PROCEDURE
1. Divide students into groups of three. Assign each student one of the following specific tasks
to begin the activity: batter, ball spotter/retriever, tape measurer. These job assignments will
rotate after each student has hit the ball five times (one rotation for each bat length).
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2. One student begins by hitting the ball off the tee a total of five times (batter). The ball spotter
marks the location where the ball lands, and the tape measurer records the distance into the
groups data table.
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3. Rotate students until each group member has hit the ball five times for each batting length.

4. Have each group determine the average hitting distance for each batting length, and plot a bar
graph of average hitting distance (y-axis) versus batting length (x-axis).

5. As an extension, each group can average its data with the entire class and plot a class graph.
Discuss any differences between the groups’ graphs and the class graph. Why do scientists
always take so many samples of data before drawing conclusions?

EVALUATION
This activity can be evaluated using informal observations as students work together to perform
the tasks. This is also an activity in which a formal evaluation can be registered by assessing
the students on their ability to accurately collect data, plot graphs and reach conclusions. See
Appendix B (page 66) to evaluate graph.
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COEFFICIENT OF
RESTITUTION (COR)
EXPLORATION

OVERVIEW OF LESSON/GOAL

This activity is designed to explore the different COR values for three different types of balls

(baseball, golf ball and Superball).

ENRICHMENT

Students will observe how temperature changes affect the COR of each ball.

OBJECTIVES

* The students will describe the concept of COR.
e The students will conduct an experiment by collecting data to determine COR values of

various types of balls.

e The students will plot graphs of COR values and determine which ball has the best elastic

properties.

OHIO ACADEMIC CONTENT STANDARDS

BENCHMARKS
By the end of the Grades 6-8 program:
Physical Sciences: B & D
Scientific Inquiry: B
Scientific Ways of Knowing: A & C

By the end of the Grades 9-10 program:

Physical Sciences: D, E & F
Scientific Inquiry: A
Scientific Ways of Knowing: A & B

MATERIALS
* Baseball, golf ball, Superball
* Meter stick

 Graphing paper (or graphing software)

e Calculator
e Ruler

PROCEDURE

STANDARDS

Grade 6

Scientific Inquiry: Standards: 1,34

Scientific Ways of Knowing: 1,2
Grade 7

Physical Sciences: 1,2,3.4

Scientific Inquiry: 1,2,3,7

Scientific Ways of Knowing: 1,2,3
Grade 8

Physical Sciences: 1,2,3.5

Scientific Inquiry: 3.4

Scientific Ways of Knowing: 1,2
Grade 9

Physical Sciences: 12,17,21,22,23,24 25

Scientific Inquiry: 1,3,5,6

Scientific Ways of Knowing: 1,2,3.4.5
Grade 10

Scientific Inquiry: 1,2,4.5

Scientific Ways of Knowing: 2,37

1. Keep each ball at room temperature for 24 hours prior to this lab.

2. Have students work in pairs and drop each ball from an initial height of 0.25 meters. Have one
student record this value in a data table. See Appendix D (page 68) for data sheet.
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ADVANCED ACTIVITY

GRAPHING CALCULATOR
ACTIVITY

CALCULATOR SKILLS — FINDING THE MAXIMUM OF A FUNCTION AND THE
AREA UNDER A CURVE

Directions are based on the use of a TIS3 graphing calculator.

Starting points: * Speed of a typical pitch = 90 mph
* One meter per second equals 2.24 mi/hr, so
* 90 mph (1 m/s /2.24 mph) = 40.2 m/s
THE HIT
* Speed of a hard line drive = 110 mph

* 110 mph (1 m/s / 2.24 mph) = 49.1 m/s

¢ Since the line drive is moving in the opposite direction of the pitch,
we’ll call its velocity negative, or -49.1 m/s

Momentum is a physicist’s best measure of motion — it’s the essence of motion because

it tells how much is moving, how fast it’s going and where it’s going, all in just two little
symbols, m and v. The product of the mass, m, and the velocity, v, is defined as momentum.
Isaac Newton (hero of fans of both physics and baseball) explained that force is the rate of
change of momentum, or the change in momentum over time.

F =change in (mv) /T
If we’re talking about baseball, the time, T, is the contact time between the bat and the ball,
which is typically about 0.7 millisecond (ms), or 0.0007 second. The mass of a baseball is 145
grams, or 0.145 kg. Using the speeds (above) of a typical pitch and a hard liner, the change in
velocity is 40.2 m/s - (-49.1 m/s) or 89.3 m/s. (Do you see why the change in velocity is not just
6.9 m/s?)

The change in momentum, then, is (0.145 kg)(89.3 m/s) = 12.95 kg-m/s. That doesn’t seem like
so much, but since the contact time is so small, the force is

F=12.95 kg-m/s /0.0007 s
= 18,500 N

Wow, more than 18,000 N! Since one pound is the same as 4.45 N, that’s a force of about two
tons! No wonder you hear such a loud CRACK! from the impact.

But wait, there’s more! That number is the average force during the contact time. The force
changes during the contact in a sort of bell-shaped curve given by this equation:

P o= 2 m ()v)[sin(Bt/T]?
Ol T

where F(t) means the force as it changes over time, T is the contact time between the bat and ball,
t is the elapsed time, and ()v) means the change in velocity.

To graph that equation, first be sure your calculator is in RADIAN mode. Don’t know how to
check that? Go to the mode button next to the 2nd key.

Enter this equation in your function editor to graph the example we’ve considered so far, where
the ball of mass 0.145 kg changes its velocity by 89.3 m/s in just 0.0007 second:
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§/ §/ §/ §/
/ / / / 1 =2%.145% #(sin(B 2
\7 t s § s § s y .145%89.3/.0007*(sin(Bx/.0007))
; \; \; Press [WINDOW] to set the viewing rectangle. Since x is time, setx . =0and x = .007. The
z \N/ \N/ variable y represents force, which will range from zero to about twice the average force, so let
/ t/ t/ y,. =0andy_=40000.Press [GRAPH] and have a look. Pretend you are watching the force
; \5 \5 between the bat and the ball in super slow motion. The actual impact moves along about ten
Y \/ \/ thousand times faster than we see it on the screen!
7 N7 Ny
ARVIRY,
N A N AN A GOING FURTHER
N A AN AN A
t; t; t; 1. Just how big is that maximum force? Use the CALC function — that’s [2"][TRACE] — and
\N/ N N\, choose item 4 from the menu. Use the left arrow key to move the cursor anywhere to the left
\N/ Ny Ny of the peak and press [ENTER]. Then move the cursor anywhere to the right of the peak and
\/ \/ \/ press [ENTER] again. Press [ENTER] once more, and the screen will show the coordinates of
t’ t’ t’ the maximum force. Remember that, in our example, x is time and y is force, so we see that
\5 \5 \5 the maximum force of about 37,000 N occurs about halfway through the swing. Remember,
N N\ N N/ too, to round severely the numbers that you see, because we know that the contact time is
t V4 t t V4 t / only accurate to one significant figure, but the calculator doesn’t know about that limitation in
V4 V4 V4 accuracy.
N N Ny Ny
t; t t; t; Note that the maximum force is just twice the average force we calculated earlier. That’s true
N N\ 7 N\v because the force varies with time through a sine-squared function. If it had been a quadratic
\N/ \ 7 N\os equation, for example, then the peak would not have been twice as high as the average. It
NYA \ 7 Nz seems that nature happens to use the sine-squared function for baseball! (See “Physics and
N A N N/ Acoustics of Baseball and Softball Bats” at www.gmi/edu/~drussell/bats-new/impulse.htm.)
VIRY/ V/
\5 \5 \5 2. Want to see about the coolest thing your calculator can do? The area under the force vs. time
\N/ \N/ \N/ curve is the product of the force multiplied by the time, which is called the impulse. It’s
Nz N/ N/ numerically equal to the change in momentum. It’s easy to calculate the area under a rectangle
t; t; t; or triangle, but how can you find the area under a funky curve like this one?
\ \ \
\; \; \; Your calculator can do it easily. Again, use the CALC function, but this time choose item
t/ t/ t/ 7 from the menu. The symbols you see there stand for the calculus function of integration,
/ / / which is the way to find the area under any curve. When the calculator asks for the lower limit
t; t; ; -- that means the starting time -- just press zero. For the upper limit (that is, the ending time),
\/ \N/ Y, enter .0007. Then watch what happens when you press [ENTER]! After an amazing display,
N\ V4 N\ V4 / the bottom of the screen shows the total area under the curve, which for us is the impulse
t/ t/ between the bat and the ball, which is also the change in momentum of the ball, about 12.95
/7 / kg-m/s.
N N
t; t; 3. Try some other combinations of pitches and swings. Estimate (that means, make up some
\N/ \N/ reasonable numbers for) the speed of the pitch and the speed of the ball after the hit.
\N/ \N/ Surprisingly, the contact time depends more on the elasticity of the ball than on how you
t/ t/ swing, so don’t change the contact time by more than a few ten-thousands. What do you find
\5 \5 for the maximum force in each case?
\ \ \
\; \; N\ 4. Calculate the acceleration of the ball. We used Newton’s second law earlier in the form where
\N/ \N/ \ force equals the rate of change of momentum. More commonly, the second law is written as
t; t; t force equals mass times acceleration, or
N No2 N\
\/ \N/ \ F=ma
N Ny N
N N7 Ny Divide the average force we found above (about 18,500 N) by the mass of the ball (0.145 kg)
t/ t/ t/ to find the acceleration. It’s an amazing value of nearly 128,000 m/s?, or about 12,800 times
\5 \5 \5 the acceleration due to gravity, or 12,800 g’s! That much acceleration applied to your body
\/ \N/ \N/ would squish you like a bug on a windshield.
N Ny N
N AR AR AR
N AR AR AR A
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ADVANCED ACTIVITY

GRAPHING CALCULATOR
ACTIVITY

CALCULATOR SKILLS — CURVE FITTING AND SIMULTANEOUS EQUATIONS

Directions are based on the use of a TIS3 graphing calculator.

Starting points: * Distance from home plate to first base = 90 ft
* 90 ft (1 m/3.28 ft) =274 m

* Time for a ground ball to reach third base = 1.2 second
* Time for the third baseman to field and throw = 1.0 second

e Distance from third to first = 127 ft =38.7 m 1.0 00000088 6.6.6.0.0.
e Speed of an infielder’s throw to first = 80 mph RUNNING THE BASES
* 80 mph (1 m/s / 2.24 mph) = 35.7 m/s e e e e e e ey

* Motion of a base runner to first base -- as shown
(From The Physics of Baseball, Robert Adair)

RUNNER’S POSITION VS. TIME
STARTING FROM REST
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A graphing calculator takes an equation and produces a graph. But here we have a graph from
an authoritative book on baseball, and we can use the calculator to go backwards and make an
equation from the graph. Then we can have some fun with it!

Any time you need to find an equation that fits some data, press the [STAT] key and [ENTER]
to edit your data lists. In list L1, enter the time values, from zero through 5, by steps of .5. In
list L2, enter your best guess of the distance the base runner has moved by that time. So, your
first value in L2 will be zero. How far has the runner moved in the first half second? Looks like
about 1 m, so enter that as the next item in list L2. After 1 second, it looks like the runner is now
3 m away. Enter that number and keep going, making your best estimate from the graph for the
distance reached at each time. Be sure that you have 11 items in each list.

The calculator can use about 10 different kinds of equations to compare with your data for the

best fit. To see how well any test curve fits, turn on Diagnostics. Go to CATALOG; that’s [2"]
[zero]. Cursor down to Diagnostics On and press [ENTER].
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Imagine the crack of the bat when you press [GRAPH]. You’ll see the runner hustling toward
the safety of the axis before the graph of the ball appears. Then suddenly, there’s the ball, too,
moving so fast, and it reaches the axis well before the batter’s graph hits the axis. It’s an easy
out! When does the ball arrive at the base? Again, use [2"][TRACE], menu option 2, to see.

You’ll need to press the cursor-down key once to switch to the second graph, the graph of the
ball. Press [ENTER] with the cursor on the ball’s graph but anywhere below the axis, then
cursor-right until the ball moves above the axis, and press [ENTER] twice more. Only about
3.25 seconds! You can see why routine ground balls turn into easy outs. But if anything happens
to cost the third baseman just one additional second -- chasing a slow roller, having to dive for
the ball and standing back up, losing the ball in the glove or bobbling the ball before the throw
-- then it’s a close call.

Change equation 2 to graph that new situation, where the third baseman takes one extra second
to field the ball. Your equation would read:

y,=35.7(x-3.2)-38.7

* ok ok Kk Kk k k k k k k k k k k
When you graph the motions this time -- it looks too close to call! Find the runner’s time to RUNNING THE BASES
reach first once again and now press cursor-down one time to switch to the ball’s graph. It still s s g

has over a meter to travel before it’s in the first baseman’s glove, and any umpire could see that
difference! Baseball is a game of inches, and that’s why you should run out every ground ball.

To get an ump’s-eye view, change the WINDOW. Try graphing x from 4 to 4.5 seconds, and
y from -5 to 1 meter or so. Now it’s easy to see that runner reaches the safety of the x axis
before the ball arrives. How much faster would the third baseman have to throw to still get
the runner out? Use a larger speed in equation 2 to see how a faster throw could compensate
for a slight bobble.
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TO BOUNCE OR
NOT TO BOUNCE

OVERVIEW OF LESSON
This activity is designed to explore the question of whether a centerfielder should throw the ball
to second base without allowing the ball to hit the ground, or if he should throw it to second base
on one bounce.

GOAL

Students will understand the vector components of a projectile.

OBJECTIVES
e The students will draw horizontal and vertical components to represent the speed of a
baseball thrown from the outfield to second base for each case.
* The students will describe why an outfielder is better off throwing a ball into second base

by bouncing it once rather than throwing it higher to make it to second base without ground * Kk k ok Kk k k k k k k k k k Kk

contact. THE FL[GHT

* The students will explain how the vertical and horizontal components of motion are

independent of each other. Kk ok Kk ok k k ok ok Kk k ok k k k

OHIO ACADEMIC CONTENT STANDARDS

BENCHMARKS STANDARDS

By the end of the Grades 6-8 program: Grade 6
Physical Sciences: B & D Scientific Inquiry: Standards: 1,34
Scientific Inquiry: B Scientific Ways of Knowing: 1,2
Scientific Ways of Knowing: A & C Grade 7

By the end of the Grades 9-10 program: Physical Sciences: 3.4
Physical Sciences: D, E & F Scientific Inquiry: 1,2,3,7
Scientific Inquiry: A Scientific Ways of Knowing: 1,2,3
Scientific Ways of Knowing: A & B Grade 8

Physical Sciences: 1,2,3

Scientific Inquiry: 3.4

Scientific Ways of Knowing: 1,2
Grade 9

Physical Sciences: 12,17,21,22,23,24 25

Scientific Inquiry: 1,3,5,6

Scientific Ways of Knowing: 1,2,3.4.5
Grade 10

Scientific Inquiry: 1,2,4.5

Scientific Ways of Knowing: 2,37

MATERIALS
* Baseballs
* Baseball gloves
* Stopwatches
* Tape measure

PROCEDURE
1. Working in groups of three, have each group spread out and stand 100 feet opposite of each
other. One partner will hold the stopwatch, and the other partners will throw and catch the
ball.

108 STITCHES: THE PHYSICS IN BASEBALL a7
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2. Each student will throw the ball five times through the air and five times bouncing it to the
catching partner. Rotate students until each person has thrown.

3. Each group should determine its average throw times for each type of throw.

4. Lead students in a discussion about vector components of motion using the analysis questions
to guide the process.

DATA TABLE
See Appendix E (page 69) for Student Sheet.

ANALYSIS
1. Based on your data, which ball would you expect to reach the second baseman first?
2. Develop a reasonable explanation as to why it would reach second base first.
3. What is a vector?
4. What factors affect the vertical component of an object’s motion?
5. What factors affect the horizontal component of an object’s motion?
6. Do the two components of motion depend on each other?

EVALUATION
This activity can be evaluated using informal observations as students work together to perform
the tasks. This is also an activity in which a formal evaluation can be registered by assessing
the students on their ability to accurately collect data, plot graphs and reach conclusions. See
Appendix B (page 66) for a rubric for the evaluation of the graph.
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PROJECTILE RANGE ACTIVITY

OVERVIEW OF LESSON

Students will use a mechanical pitching machine to test predictions about the range of a

projectile.

GOAL

Students will apply their understanding of two-dimensional kinematics, gravity, air drag and
the Magnus force to make meaningful predictions about the flight of a ball and then test those
predictions using a mechanical pitching machine.

OBJECTIVES

e The students will apply the equations of kinematics to a two-dimensional motion situation.
* The students will apply Newton’s laws of motion to an object subject to multiple forces.
* The students will be able to estimate a baseball’s range for several different sets of starting

conditions.

e The students will predict the effect of changing variables.
e The students will discuss the limitations of their predictions and experimentation.

OHIO ACADEMIC CONTENT STANDARDS

BENCHMARKS
By the end of the Grades 6-8 program:
Physical Sciences: B & D
Scientific Inquiry: B
Scientific Ways of Knowing: A & C

By the end of the Grades 9-10 program:

Physical Sciences: C,D,E & F
Scientific Inquiry: A
Scientific Ways of Knowing: A & B

MATERIALS
¢ Pitching machine

Note: Most schools should have access to a pitching machine through their PE or athletic
departments. The type needed has two spinning rubber wheels whose speed can be controlled
independently. They are commonly referred to as JUGS machines because many are made by

STANDARDS
Grade 6
Scientific Inquiry: Standards: 1,34
Scientific Ways of Knowing: 1,2
Grade 7
Physical Sciences: 3.4
Scientific Inquiry: 1,2,3,7
Scientific Ways of Knowing: 1,2,3
Grade 8
Physical Sciences: 1,2,3
Scientific Inquiry: 3.4
Scientific Ways of Knowing: 1,2
Grade 9

Physical Sciences: 12,17,21,22,23 24,25

Scientific Inquiry: 1,3,5,6

Scientific Ways of Knowing: 1,2,34.5

Grade 10
Scientific Inquiry: 1,2,4,5
Scientific Ways of Knowing: 2,3,7

the JUGS Company: http://www.thejugscompany.com.

* Several baseballs and an optional lacrosse or other smooth ball of a similar size and weight

¢ Extension cords

* A large outdoor field area

108 STITCHES: THE PHYSICS IN BASEBALL
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§/ §/ §/ §/
\5 \5 \5 \5 * Assorted bright colored flags or cones to mark landing spots
\5 t; t; * Protractor for measuring angles
Nz Ny * Long (50-100 m) measuring tape
7 N/ N
2 t Y, t Y, e Calculators
; \5 \5 * Sports radar gun to measure ball speeds (optional, but recommended)
7 N7 Ny
7 N7 Ny
z N/ Ny
\Y4 Ny Ny PROCED[.JRE L
\/ N7 \7 1. B'efore beginning the activity with the class, spend some time learning to safely use the
\N/ \N/ \N/ pitching machine. Make some practice “launches” to see how much space will be needed and
t; t; t; to get an idea of the velocity settings you will use.
§ / \N/ \N/ 2. Explain to students th.alt this activity will have them making predictions about the flight of a
N ; t; t; baseball and then testing them using a mechanical pitching machine.
\N/ N N\ 3. Orient the students to the workings of the pitching machine and discuss with them the safety
§ z Q § z § z precautions needed. (The machine should be operated only by a qualified adult and all
\5 N \5 \; manufacturers’ safety precautions should be observed.)
§ ; t t ; t ; 4. Before taking the class outside with the machine, have them make some predictions.
\/ \ N/ N/ a. With a given starting velocity (measured previously, about 70 mph) and a launch angle
t ; t '\ ; § ; of 45 degrees, how far should a ball fly? This is easily calculated using the following
kinematics equation:
AN AN /7 N/
AN AN /7 N
\? \7 V 2sin 20
N7 \7 N7 Range = i -
\7 \7 \7 ange =
N7 \7 \7 8
Ny Ny \N/
N AN A N A
t; t; t; b. If we add in the variable of air drag, how might this affect the range of the ball?
§ ; § ; § / c. If we add in the variables of air drag and topspin, how will the range of the ball be
V4 affected?
AN AN A N/
\N/ \N/ \Y4 d. If we add backspin rather than topspin, what will be the result?
\/ \/ 9 .
t Y, t Y, ; e. Will the optimum launch angle still be 45 degrees when the other variables are
/ / / introduced? How might it change?
\ \
\/ \/ A Predictions (b.) through (e.) are best done as educated estimates rather than
/ / .
\N/ \N/ numerical calculations. Have students do more than just guess at a number; ask
t/ t/ them to justify their predictions based on their understanding of air drag and the
/7 /7 Magnus force. Have students look back to the pitch trajectory graphs that the
\7? \7 : ry grap y
\7 \7 made previously (lesson plan on page 23) to help them make the predictions.
t; t; f. V\.’ha}t would happen to the range if the baseball were replaced by a smooth ball of
\7 \7 similar size and weight?
AN AN A
Ny No N
t /z t /z N\ 5. Once predictions have been made, it’s time to go outside and do some testing! Position
\; \; t students in a safe Yantage point. Begin by setting the wheels of the pitching machine to the
\7 \7 \ same speed, allowing for as little ball spin as possible, and set the launch angle to 45 degrees.
\/ \7/ \ La.unch a few balls, marking the spots where they land with cones or flags. Measure the range
\N/ \N/ \ using the tape measure. Compare to the value in prediction (b.). Remind students that there is
§ ; § ; § ; no v;ay to test their calculated prediction (a.) because the range equation they used neglects
N7 N7 s air drag.
N Ny N
N AR AR A
N AR AN/
N Ny N
N AR AR AR
N AR AR AR A
N N7 Ny Ny 50



6.

10.

Test out the effect of adding topspin and backspin by adjusting the rotational velocity of the
wheels of the pitching machine. If the top wheel moves faster, it will impart topspin on the
ball and the opposite is naturally true to get backspin. It is a good idea to use a sports radar
gun to make sure that the launch velocity is consistent each time. Making adjustments to
the rotational velocities of the wheels will affect the overall velocity of the ball as it leaves
the machine. If care is taken to keep the velocity constant, you should observe that the ball
launched with backspin will fly farther.

. Test prediction (e.) by leaving the rotational velocity of the wheels on the machine constant

and varying the launch angle until you find the angle that sends the ball the farthest.

. Test prediction (f.) by substituting a lacrosse ball in the machine.

. Finish the experiment by asking students to use the observations they have made to predict

what combination of variables would result in the longest home-run balls. If different
predictions are made, then test them out and see which is better. Studies have shown that a
ball hit as hard as possible, with a lot of backspin, at an angle of about 33 degrees has the
best chance to fly out of the park.

A follow-up discussion should include looking at the ways in which a ball hit by a batter
during a baseball game is different than one thrown by a mechanical pitching machine.

You can note that a batted ball has much higher velocity (well over 100 mph) and that other
variables such as wind direction and sideways spins can also play a major role.

EVALUATION

The evaluation for this activity is informal and based upon the written predictions the students

make. The relative accuracy of the predictions made, and the justifications supporting their

predictions, are used to gauge the students’ understanding of the concepts involved. The activity

may also be written up in a more traditional science lab format. See Appendix C (page 67)
for evaluation rubric.

NOTE

Tennis ball machines may work for this activity, as may a ball launcher made from some
kind of air cannon. The key idea is that you need a way to launch a ball with consistent
velocity, plus you must also be able to impart spin as well as change the launch angle.

108 STITCHES: THE PHYSICS IN BASEBALL
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t/ t/ t/ t/
/ / / /
N7 \7 \7 \ ADVANCED ACTIVITY
N Nz N/
AR IRY, G
2R RAPHING CALCULATOR
RN ACTIVITY
; t; t; CALCULATOR SKILLS — GRAPHING PARAMETRIC EQUATIONS
\7 / t; t; Directions are based on the use of a TI83 graphing calculator.
\/ \ \
\N/ \; \; Starting points: * Speed of a hard line drive = 110 mph
t/ t/ t/ * 110 mph (1 m/s / 2.24 mph) = 49.1 m/s
/ / /
t; t; t; * Angle of line drive above the field as it leaves the bat = 15°
N/ N AN A
§ / N N\ * Initial height of ball off the field as it leaves the bat = 3.28 ft=1.0 m
7 N/ \vz
t; t t; t; « Distance to the outfield wall = 350 ft
\7 \7? \7 350 ft (1 m/3.28 ft) = 106.7 m
NN N AN A .
N N\ N N\ * Height of the outfield fence = 10 ft
t/ t \/ t/ * 10 ft (1 m/3.28 ft) = 3.05 m
/ / /
t; t ; t; e Acceleration due to gravity, straight down = -9.8 m/s?
AY AR \Y4
\N/ \N/ \N/ In most graphs, the x axis (the domain) determines the value of the y axis (the range) through a
\N/ \N/ \N/ function of some kind. Or we can say, x tells y what to be. For example, if y = 2x, then whatever
t; t; t; X is, y is twice that much. If instead y = x +5, then whatever X is, y is that plus 5.
\
\5 t; t; In this lesson you’ll make a different kind of graph, where a third, hidden variable tells both x
\N/ \N/ \N/ and y what to be. (Think of a puppeteer above the stage controlling both the arms and legs of
Y4 Y4 Y4 a puppet. Or think of the wizard in The Wizard of Oz, running things from behind a curtain.)
t; t’ t’ There’s nothing sinister about these graphs, though -- time (t) is the variable that will be
N/ \5 \5 controlling x (the distance the ball moves across the field) and y (its distance above the field).
N/ \/ 2 When two equations depend on a third variable for their values, they are called parametric
N N / equations.
Y AY 7
t’ t’ V4 Let’s start from the simple case where we ignore air friction and the spin of the ball. After the
\5 \5 ball leaves the bat it has two separate motions: out across the field (the x direction) and up
\N/ \N/ and down above the field (the y direction). We call those separate motions the components
Ny Ny of the ball’s motion. Our first step is to break down the ball’s initial velocity (v ) into its two
t; t; components, v_and v, Their magnitudes or sizes are given by
t; t; vV _V cos?2
\N/ \N/ vV, sin 2
N AN A
t; t; t where 2 is the angle above the field at which the ball leaps off the bat.
t; t; t The key idea is that gravity always pulls straight down, so the y component is accelerated motion
N/ N7 N\ but the x component is constant, steady, uniform motion. The distance away from the plate (x)
t V4 t V4 t and the distance above the field (y) are found by
/ /
N AR AN 2
= t
\7 \7 \s X =V, cos i
N/ Y Y y=v, sin2t+_at
N AR AN
\N/ \N/ \N/ OK! So how do you make your calculator do that? First, be sure it’s set to degrees, parametric
t; t; t; mode and sequential graphing. Click the mode button next to the 2nd key.
N AR AR AN A
N AR AR AR A
N N7 Nz Ny 52



Next, let’s draw the outfield fence. Since the fence doesn’t move, for all values of t it’s 106.7 m
away in our example. So enter 106.7 for equation X .. To make a vertical line for the fence, enter
the height of the fence, 3.05 m, minus time.

Press [WINDOW] to set the graph viewing rectangle. SetT ., x . ,andy . tozero. T _ is

the total time the ball is in the air. Try about 3 seconds. T, ' determines the plotting speed and
resolution of the calculator. The smaller the number, the more precise your results, but the longer
it will take to plot. The calculator runs faster with a larger number but the graph will fail to
represent the actual path of the ball. A good time step for this example is about 0.05 second, so
set T, =.05.x_ is the total length of the field. Make it a little bigger than the distance to the

fence, or about 110 m. Finally, y _is the distance above the field that we wish to view. Let’s try
50 m for this example.

Press [GRAPH] and see if you have a little home run fence in the far corner of the screen.

Now let’s draw the hit and see how it goes! Enter these equations as the second set in your
equation editor:

X, =49.1 cos (15)T
Y, =49.1sin (15)T-49T*+ 1
* kK k Kk ok Kk ok ok k k k k k k&

Look back to the original numbers for this example. Do you see where they fit in these T HE F LIGH T
equations? Kk ok Kk ok k k ok ok Kk k ok k k k

Press [GRAPH], make a sound like the crack of a bat if you want to add some realism and watch
the ball fly! It’s outta there!!

Just how good a homer was that? Press [TRACE] and cursor down to choose equation set
2. Then cursor right to follow the ball’s path. When x is close to the distance of the outfield
fence (106.7 m), check the value of y and see how much bigger it is than the height of the
fence, 3.05 m. You can also check the value of T to see how long the ball was in the air
before it left the park.

GOING FURTHER
1. Try other values of initial speed and angle; just be sure to change the values in both the x and
y equations. It’s amazing how little you have to change either variable to make a homer into a
catchable ball, or vice versa. Baseball is a game of inches!

2. Add the drag force, the retarding force caused by air resistance. At line drive speeds, drag
approximately equals the weight of the ball, a force large enough to radically change the ball’s
motion. It’s convenient for us that the forces are about equal; all we should have to do is add a
-4 9T? term to the x equation. The trouble is, that would assume that the drag force is always
horizontal, but it’s not; it’s always pointing opposite the motion of the ball. It would be way
beyond the scope of these lessons to write equations that reflect the way air drag slows the
ball in both the horizontal and vertical directions. You can get an approximate solution by
changing your equations to look like these:

X, =49.1 cos (15)T - 2.6T*
Y, =49.1 sin (15)T - 7.5T? +1
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Changes are based on curves of ball trajectories in The Physics of Baseball by Robert Adair.

The x equation is fairly accurate, as air drag increasingly reduces the ball’s horizontal velocity
the longer the ball flies. The y equation is fairly accurate while the ball is rising because the air
drag effectively reduces the ball’s vertical velocity as if gravitation were stronger. However, after
the ball reaches its peak, air drag tends to oppose gravity and should reduce the value of -7.5 to
something smaller than -4.9.

/
N\
777/

NANNNNNANNNNNANN

Press [GRAPH] to run the play again. What a difference! The ball that was an easy home run,
without air friction, is now just a routine fly ball. How far does it travel? When does it hit the
ground, if no one happens to catch it? Use [TRACE] to find those answers.

Remember that the width of the window is 110 m, but the height is 50 m, so the graph is not
exactly to scale. More importantly, remember that air drag is quite complicated and is impossible
to represent accurately here.
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GLOSSARY

Acceleration: The rate of change of an object’s velocity with respect to time. Also, change in
velocity divided by the time interval over which it occurred.

Air Density: Density is defined in a qualitative manner as the measure of the relative
“heaviness” of objects with a constant volume. Ratio of an air sample’s mass to its volume.

Air Resistance (also Air Drag and Drag): A resistive (frictional) force, which is the result of a
moving object colliding with air molecules.

Boundary Layer: The stable layer of air on the leading surface of an object moving through the
air.

Center of Mass: 1. The point in a system of bodies or an extended body at which the mass of
the system may be considered to be concentrated and at which external forces may be considered
to be applied. 2. Point representing the mean position of the matter in a body.

Coefficient of Restitution (COR): The ratio of the velocity of an object rebounding from the
surface of a hard, immovable object to its incident velocity. The coefficient of restitution is used
to measure the elasticity of the collision between two objects (for example: a baseball and a bat).

Conservation of Energy: Principle stating that energy can be converted from one form into
another but it cannot be destroyed or created; the total amount of energy remains constant.

* &k &k Kk Kk k k k k k k k k k &
Drag Coefficient: A measure of the aerodynamic sleekness of an object. Drag coefficient is G LOSSARY
signified by (C,). The lower the number, the greater the aecrodynamic efficiency.

* & k k k k k k k k %k k &k k %k

Dynamics: The branch of physics concerned with the study of motion.

Elastic Collision: A collision in which objects rebound from each other with negligible loss of
kinetic energy.

Elastic Potential Energy: Energy that is due to compression or deformation of an elastic
material such as a spring.

Energy: The capacity for doing work or causing changes in matter.
Force: A physical quantity that results in accelerating or deforming an object.
Friction: A force that resists the relative motion of objects that are in contact with each other.

Gravitational Acceleration: At the earth’s surface all objects with mass accelerate downward at
the rate of g = 9.8 m/s? (32 ft. per sec per sec).

Heat Energy: A form of energy representing the kinetic energy of atoms and molecules in an
object.

Humidity: The measure of the amount of water vapor contained in a sample of air.
Inelastic Collision: A collision in which the colliding objects stick together after impact.

Inertia: The property of matter that causes it to resist any change in its motion. An object’s
inertia is directly proportional to its mass.

Kinematics: The part of dynamics that describes motion without regard to its causes.

Kinetic Energy: Energy possessed by an object because of its motion.

108 STITCHES: THE PHYSICS IN BASEBALL 57



N No2 N\
7 N
§$ §$ §$ §$ Magnus Eff
gnus Effect, The: The M i
N Y t, The: e Magnus effect is the na i i
; t ; t ; Whereby. an object’s rotation affects its path througnl:ilgslt:n t? - Phy.SICal ——
/ N/ARNA ?erpendlcular force associated with the change in path i e o
; t/ X crpe path is commonly referred to as the Magnus
7 N/
2 \7 \7 Mass: A measure of the i
. uantit i j its i
; tf t/ Miass: quantity of matter in an object; its inertia or resistance to change in
/7
; t; t / Momentum: The product of the i
t/ X/ \5 mass and velocity of a moving body.
Y \7 \ Net Force: The
t, t/ N ; vector sum of all forces acting upon an object.
t; N ; t ; Newt;;n’s Three Laws of Motion
NN/ * Newton’s First Law of Motion: A b
. . A bod . . Lo
t; \7 \7 remain at rest or in the same uniform mzt?;rfeljt 1Or S e
Y tf tf cNaued unestorn the s nless acted upon by an external force; also
N/ N * Newton’s Second Law of Motion: Th
: The accelerati is di
/RN N ; t ; the net force exerted on the body, is inversC C1e ropo 9f o e s ot e by ancl
X \ e net orge exe , ely proportional to the mass of
NN n as the net force; the bod o
X/ N X/ \5 e ame G ection & the 1\2 tf)rce, also called the law of acceleration o
otion: If .
N N NARY/ e budy exertea for : If one pody exerts a force on a second body, th
AR AR . ce equal in magnitude and opposite in directi et bod
t/ t RN ; so called the law of interaction. positeIn dhrection on the frstbody:
7/ N\
N p 4 p 4 Parabolic: Th jectile’
t; t ; t; e shape of a projectile’s trajectory, neglecting air resistance
2 N\ \ Pressure: F i |
NARY/ s : Force per unit area.
IR X7
N/ N/ \N/ Projectile Motion: Any obj i
: : ject moving fi ir wi
X N/ t/ o ision syetem A toient oxamn g freely through the air without the aid of any sort of
AR \5 ample would be a thrown object (javelin, shot put l})I b (l)l)
VY - , , baseball).
tant Vector: A si
N \7 sultz : A single vector that re
§$ t, t, donitis presents the sum total of several component vector
7 N \
N/ENA V4 Rotational Veloci i
ty: Time rate of j
N N N e i e of change of an object’s angul iti i
\5 \5 \7 rlelvei‘m§ of the nufnbt:r of revolutions the object mglkes inI;gu' e PQSltlon- I't P v
Y X7 ; CTutions por minue) given time period (i.e., RPM or
N AN A
NN / Smooth Air Flow: Airflow is pri
: that is primarily i irecti i
tf t/ A o primarily in one direction; sometimes called laminar flow.
t/ \5 peed: Rate of change of an object’s position.
YARY/ T
emperature: Th ineti
t; t; e average kinetic energy of atoms and molecules in an object
N\ N\ Trajectory: i |
y: The path of a i i
t/ N/ projectile or other moving body through space.
N ; t ; Turl?u.lent Air Flow: Airflow that is smooth, or lami i
t/ t/ N multidirectional airflow patterns. ’ s n natue, Evidenced by swirine.
/7 7 N
N7 \7 = Vector: A ity i i
: A quantity in which both the magnitud irecti
t; t; t gpd field strength are examples of Vectorgqli;tiiizdlt)l?etdlrecnon AR
. . Di
t/ NN isplacement and velocity are vector quantities. panee and speed e scalar quandtes but
7 N\
N/ARNARRN Velocity: Speed in a speci irecti
pecified direction
Ny Ny \/ |
Ny N\, \/
N Ny \/
Ny Ny \/
Ny N\, \/
N Ny \/
Ny Ny \/
Ny N\, \/ /A
Ny N, \/ NA
7 N/
58



NANNNANN

e L L L 8L
NANNNANN
sI7777774

SANNNANNNNNNANNNNYN

v 777/
SANNNNRNNRNNNRNCNSRARSRRNNN NN

’/////////////({////////////////////)
NSANNNANNNNNYN = 5

(Lt e s e e 44

108 STITCHES

The Physics w Basdholl

APPENDICES

WWW.PBS4549.0RG/BASEBALL







APPENDIX A: GRAPH PAPER




N N7 Ny Ny
§/ §/ N AN A
RN AN AN APPENDIX B: RUBRIC FOR GRAPH
\ \

; \; \; CATEGORY 20 15 10 5
7 N7 N7 ,
P4 \N/ \N/ ACCURACY All points are All points are All points are Points are not
/7 t/ t/ OF PLOT plotted correctly | plotted correctly | plotted correctly. | plotted correctly
; \5 \5 and are easy to and are easy to OR extra points
Y \/ \/ see. A ruler is see. were included.
Vs N N\ used to neatly

\N/ Ny Ny connect the

t/ t/ t/ points or make

\5 \5 \5 the bars if a

\/ N7 \7 computerized

t / t / t / graphing

P4 P4 P4 program has not

Y4 Y A\Y4 been used

N A N AN :

t; \ t; t; LABELING The X axis has a | The X axis has The X axis has a | The X axis is not

\ Y, \ \ Y, \ Y, OF X AXIS clear, neat label a clear label that | label. labeled.

\N/ \ N N\, that describes describes the

N N Ny Ny the units used for | units used for

N N\ Y A\Y4 the independent | the independent

Ny N \Y 2

\ s \ s \5 variable (e.g, variable.

\ Y \ Y \ Y days, months,

\N/ \ 7 N\v participants’

Ny N \N/ names).

N Ny \N/

t; t; t; LABELING The Y axis has a | The Y axis has The Y axis has a | The Y axis is not

\ 7 \ 7 \ 7 OF Y AXIS clear, neat label a clear label label. labeled.

N/ \N/ \N/ that describes that describes

\N/ \N/ \N/ the units and the units and

t/ t/ \N/ the dependent the dependent

\; \; Q; variable. variable.

Ny Ny \N/

Ny N\, \Y4

N N /

N N /

t/ t/ V4 TITLE Title is creative | Title clearly There is a title There is no title.

\5 \5 V4 and clearly relates to at the top of the

N/ \y relates to the problem graph.

\/ \/ the problem being graphed

Ny Ny being graphed (includes

t/ t/ (includes dependent and

\5 \5 dependent and independent

N7 \7 independent variables) and is

N N/ variables). It is printed at the top

Ny Ny printed at the top | of the graph.

t; t; t of the graph.

t/ t/ t NEATNESS Exc_eptionally well | Neat and Lines are neatly | Appears messy

\5 \5 \ AND designed, neat relatively drawn but the and “thrown

N7 N7 N\ ATTRACTIVENESS aCmi atm;lct“’e' I attractive. A ruler | graph appears together” in a

N/ N/ N\ olors that go well | 514 oraph paper | quite plain. hurry. Lines are

\ Y \ Y \ Y together are used (or graphin isibl Ked

\ Y \ Y \ Y to make the graph graphing VISIbly crooked.

\ Y, \ Y, \ Y, more readable. A computer

\ 2 \ 2 \ 2 ruler and graph program) are

N\ / N\ / N\ / paper (or graphing used to make

Ny Ny N computer program) | the graph more

N N7 Ny are used. readable.

NARNARARNY Made with Rubistar http://rubi o/index php

\ 7 \ 7 \ 7 \ 7 ade with Rubistar http://rubistar.4teachers.org/index.ph

N N7 Nz Ny 62



APPENDIX C: RUBRIC FOR REPORT
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APPENDIX D: DATA TABLE

COEFFICIENT OF RESTITUTION (COR) EXPLORATION ACTIVITY

/
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777/

BASEBALL DATA:

h’ Sqrt (h") h Sqrt (h)

NANNNNNANNNNNANN

0.25

0.50

0.75

1.00

GOLF BALL DATA:

h’ Sqrt (h") h Sqrt (h)

I 0 0777777777777 77777777777

0.25
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0.50

0.75

1.00

SUPERBALL DATA:

PII0 70770777777 /7777/

h’ Sqrt (h") h Sqrt (h)
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0.50

0.75

1.00

KEY:
h’ = The height to which the ball rebounds

Sqrt (h*) = The square root of the rebound height

h = The initial drop height
Sqrt (h) = The square root of the initial drop height
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N AR AR A4
N AR AR AN A
APPENDIX E: DATA TABLE NN AN A
N AR AR AN A
To BOUNCE OR NOT TO BOUNCE ACTIVITY \/ \/ \/ \/
N N7 Ny N
Distance = feet N Nz N N
N N7 Ny Ny
Person #1 Trials Air Throw Time(s) Bounce Throw Time(s) t/ t/ t/ t/
1 VIR IR IRY
N N7 Ny N
2 N AR AR AN A
N N7 Ny Ny
3 N Ny Ny Ny
N AR AR AN A
4 N/ Nz Nz N/
N N7 Ny N
5 N/ N7 Ny Ny
A ; N N\ N/ NV
verage Time \/ \/ \/ \/
Person #2 Trials Air Throw Time(s) Bounce Throw Time(s) t; t; t; t;
1 N AR AR A4
N Nz Ny N
2 N AR AR A4
N AR AR A4
3 N AR AR AN A
N N7 Ny Ny
4 N AR AR A4
N AR AR AN A
5 N N7 Nz Ny
N AR AR A4
Average Time t / t/ t / t/
Person #3 Trials Air Throw Time(s) Bounce Throw Time(s) \; \; \; \;
N AR AR AN A
1 N N7 Ny Ny
2 VIRVIRVIRY,
3 \g \g \g \g
4 APPENDICES
5 ek e ek
Average Time

ANALYSIS:

1. Based on your data, which ball would you expect to reach the second baseman first?

2. Develop a reasonable explanation as to why it would reach second base first.

3. What is a vector?

4. What factors affect the vertical component of an object’s motion?

7

N A

N/

N\ N\ §/

N7 N7 N N7

5. What factors affect the horizontal component of an object’s motion? t; t; t; t;
VIRVIRYVIRY,

6. Do the two components of motion depend on each other? \5 \5 \5 \5
N N7 Ny Ny

N N7 Ny N

N Nz Ny N

Ny Ny
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NOTES
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