
Physics
Lesson Plan



�How Physicists Develop Equations�

Subject:
• Physics: Investigation, experimentation, data analysis

Level:
• Grades 9-12

Abstract:
• In this unit, students will discover that equations used in science are not

mysteriously pulled from thin air, but instead are derived through a
logical process, which they can perform in their high school lab with some
basic lab equipment and the help of computers.  In short, the process of
science is simply one of developing mathematical equations that make
sense of the physical world. 

• The essence of this process is to select two variables and see if they are
related by graphing them and looking for a linear relationship using
Microsoft Excel. If a linear relationship is discovered, an equation can be
derived using the equation for a straight line: y=mx+b. 

• Students will defend their results in front of their peers as scientists
would at a conference.

• To complete this process, students will write-up their results in a lab
report using Microsoft Word just as scientists would submit their results
to a scientific journal. 

• This process will be repeated in two learning cycles. The first cycle (Circle
Lab) will use a simple scenario to establish the methodology. Students
will be asked to determine if there is a relationship between the
circumference and diameter of a circle. The second cycle (Constant
Velocity Lab) will challenge the students to determine if there is a
relationship between position and time for a constantly moving object. 

• This is an ideal unit to be used in the first few weeks of a physics class,
because it demonstrates to students how equations are determined and
shows their predictive power in an experimental context.  



Invitation:
Many people in the world think that the universe is a fairly random,
chaotic place. They don�t think things are predictable or if they are, it is
too hard to discover. A great example is the stock market�many people
think it is fairly unpredictable. 

Thousands of years ago some very observant people began to look for
regularities in nature and they found that such regularities existed. The
more they observed and thought about it, the better they became at
seeing regularities in nature. By discovering regularity and order in
nature, they were empowered to be able to make predictions about
things they could not yet see. These people are now known as scientists,
and the essence of being a scientist is to be able to find regularities in
nature so that one can make predictions. Today economists, who are
known as social scientists, are attempting to find regularities in the stock
market so they can predict the future. Those that do it well will be
empowered, and perhaps get rich too! 

In this unit, you will learn the basics of how to find regularities in nature
by developing equations that help you make predictions. You will learn
what scientists do and how they do it.

Situations:
• Where: This unit will occur in the physics classroom.

• When: The work will occur either in class, during class, or at home as
homework. 

• How Long: This unit can take as little as a week or as much as two
weeks. The primary variable is the amount of time students are given to
do their class presentations for the Constant Velocity Lab. 

Tasks:
• Task 1:

Begin Circle Lab: The teacher discusses with the students that the key
idea in this exercise is to see if there is a relationship between two
variables. The teacher draws a circle on the board and solicits from the
students a variety of measurements that can be made of a circle.
Students will suggest a variety of things: such as, area, radius,
circumference, diameter. 



• Task 2: 

The teacher acknowledges all the excellent student suggestions and
guides the discussion to isolate the two variables that will be examined:
circumference and diameter. 

• Task 3:
The teacher leads the students to realize that in order to see if there is a
relationship between the circumference and diameter of a circle, a
number of different sets of data must be taken. Generally, no less than
five sets of data should be taken; this will be the rule of thumb that will
used, however, more data is always better and students should be
encouraged to obtain more data if they have time. 

• Task 4:
The students are given the appropriate materials: circles of various sizes,
a meter stick, and string. Students are directed to collect data. 

• Task 5:
After the students have collected data, the teacher reconvenes the class
for a brief discussion of how they might determine if there is a
relationship between circumference and diameter. Various methods will
probably be suggested. The teacher should make the students aware of
the advantage of graphing the data. Students are instructed to make a
graph of circumference versus diameter using Microsoft Excel using the
�Step Sheet: Creating a Graph and Linear Regression.�   For an example
of how the final results should look, consult Graph and Linear Regression
for the Circle Lab.

• Task 6:
The teacher leads a discussion about the meaning of the graph and the
linear regression. The fact that the data shows a linear relationship
indicates that the two variables, circumference and diameter are related
to one another.  The relationship is specifically indicated by the equation
created by Excel. The general equation for a straight line, y=mx + b, can
be used as a guide in creating a specific equation relating the two
variables being examined in this lab.  Y represents the variable on the Y-
axis, which is circumference; m is the slope of the equation; X represents
the variable on the X-axis, which is diameter; b is the Y-intercept of the
line. The teacher guides the students in substituting the graphical
information into the equation. 

To see more clearly how this is done, see Creating an Equation from the
Data that Exhibits a Linear Relationship on a Graph for the Circle. 



• Task 7:
One final determination needs to be made regarding the equation�
whether the Y-intercept is meaningful or not. To do this we determine
whether it is less than 5% of the maximum Y-value obtained in the data
collecting.  If it is less than 5%, we consider the Y-intercept is simply
�noise� in the data and therefore meaningless. As a result, it is
considered to be zero. In our example, the highest Y value is 44.6 cm. If
we take 5% of 45cm, we find it to be 2.23cm. The Y-intercept, .0085cm,
is less than 2.23cm and therefore is considered to be zero. This will be
called the �5% Rule.�

• Task 8:
After applying the 5% Rule to the equation, the Y-intercept is eliminated
and the equation is further simplified to: C=3.14D. Students should be
asked if they recognize the meaning of the slope. Some will note that it is
very close to pi. Students should observe that a relationship between two
variables of a circle, circumference and diameter, has been established.
The slope of the equation is a constant number, pi, which relates the two
variables. Teachers may want to have their students calculate the slope
manually to prove that they can do it and see that it compares with the
value provided by Excel. Students can now use the equation to make
predictions about the circumference of a circle they have never seen if
given the diameter and vice versa. It is this power of prediction that is so
important to scientists and it is why they try to develop equations from
data. 

• Task 9:
Students will write up their lab using Microsoft Word. Appropriate step
sheets that will help the teacher and student: Graph and Linear
Regression for the Circle Lab, Step Sheet: Creating an Equation from
Data that Exhibits a Linear Relationship on a Graph for the Circle Lab,
Circle Lab Write-up, Step Sheet: Creating a Document: Step Sheet:
Adding Tables to Documents.

• Task 10:
Students will do a worksheet to practice the skill of developing equations
from data and graphs. Teachers should go over this in class before
proceeding to the next lab.

• Task 11:
The teacher begins the Constant Velocity Lab lesson by releasing the ball
from a position on the incline, allowing it to roll across the table. The
teacher then solicits from the class all the different variables that could be
measured. A long list of variables will be generated: such as, diameter of
ball, ball�s beginning height above the table, time ball rolls, and distance



ball rolls. All suggestions should be written on the board, because
students appreciate being part of the lab design. When a list has been
generated, a discussion should determine which two variables could be
reasonably measured in the lab if the desire is to study the motion of the
ball across a horizontal surface. The teacher should lead the discussion in
a way that ends up with two variables: distance and time. If this is done
well, students feel that their suggestions were validated yet the group
came up with two reasonable variables to compare. 

Pedagogically it is important to note that it is more precise to use the
variable �position� instead of �distance.� This allows the vector nature of
quantities to be discussed very early. The teacher may indicate that
�position� is a little more precise and have the students use the variables
position and time. A discussion about the distinction between distance
and position can be saved until after the lab is completed. 

• Task 12:

Teacher introduces Lab 2.  The students are told the purpose or goal of
this lab, like the Circle Lab, is to discover if there is a relationship
between two variables. In this case, the variables are position and time.
If it turns out there is a relationship between the variables, they are to
develop a mathematical model that relates them to one another. They
should be directed to use the same methodology as was used in the Circle
Lab. The teacher should have a discussion about considerations the
students need to make to obtain good lab results. To gather data, they
will need a small incline with tape to prevent the incline from moving, a
ball, a stopwatch, and a meter stick. Students should establish position
�0� on the flat, horizontal surface (perhaps by placing the meter stick�s
�0� at that position) and all measurements should be made from this
position. The ball should be released from the same position on the
incline each time to insure the velocity is the same for each trial. The
slope of the incline might need to be adjusted so the speed of the ball is
appropriate for obtaining data (not too slow, not too fast).   A minimum
of five different measurements of position and time should be made. It is
important to have a wide range of data so that a good linear regression
can be obtained. When students create their graphs, remind them that
position goes on the �Y� axis and time goes on the �X� axis.

• Task 13:
Students will begin their lab. Following the protocol established in the
Circle Lab, they should be expected to collect data, put the data in an
Excel spread sheet, create a graph of position vs time, determine the
linear regression, and make a mathematical model.



• Task 14:
Lab groups create a presentation of their lab results using Microsoft Word
or PowerPoint. Students should be expected to defend their results as any
scientist would when presenting their work at a seminar or conference.
The other students should be encouraged to ask questions for clarification
or to challenge their results. The ideal situation is for the presenting
students to have a dialogue between the students in the class and
themselves with minimal input from the teacher.

• Task 15:
Class discussion of presentations: Some important points that should
come out of the student presentations and/or teacher follow-up include
the following ideas. The slope of the line represents the constant velocity
of the ball. Since the ball is moving at a constant velocity, the slope is
constant. Teachers may want to have their students calculate the slope
manually to prove that they can do it and see that it compares with the
value provided by Excel. One of the clues that the slope represents the
velocity is to examine the units of the slope: cm/s. Some students will
see that this is a �distance� over a �time,� like miles/hour, and therefore
represents speed or velocity. Make sure students understand why they
drop the y-intercept; the �5% Rule� is worth reviewing. Students should
be encouraged to use their equation to make predictions of the ball�s
position at some time that was not measured and is beyond the value on
the graph. Similarly they should predict the time the ball would reach a
position that is beyond the value on the graph. This exercise will reinforce
the value of developing equations�they have amazing predictive power.  

• Task 16:
Students will write up their lab using Microsoft Word. Students should
refer to the Circle Lab step sheets and the protocol that was established
for that lab. A similar set of step sheets is available for the Constant
Velocity Lab. The teacher should decide how much of this material is
made available to the student. The appropriate step sheets include: 

• Graph and Linear Regression for the Constant Velocity Lab

•  Step Sheet: Creating an Equation from Data that Exhibits a Linear
Relationship on a Graph for the Constant Velocity Lab

•  Constant Velocity Lab Write-up

•  Step Sheet: Creating a Document: Step Sheet: Creating Tables in
Documents.



• Task 17:
Students are given a worksheet that reinforces the equation (x=v�t) and
how it is used. Teachers should go over this in class after students have
completed the work. 

• Task 18:
Students are given a quiz that evaluates the process of developing
equations in general and the specific equation for an object moving at a
constant velocity: x=v�t.

Standards:

• Content Area 1: Grades 9-12 Physics
• Students know how to solve problems involving constant speed and

average speed.

• Content Area 2: Grades 9-12 Investigation and Experimentation 
• Students will select and use appropriate tools and technology (such as

computer-linked probes, spread sheets, and graphing calculators) to
perform tests, collect data, analyze relationships, and display data.

• Students will identify and communicate sources of unavoidable
experimental error.

• Students will formulate explanations using logic and evidence.

Assessment:
• Assessment 1: �Worksheet: Developing Equations from Data�

• Assessment 2: �Worksheet: Using the Constant Velocity Equation�

• Assessment 3: �Quiz: Developing and Using Equations�

• Rubric 1: Evaluating Labs

• Rubric 2: Evaluating Student Presentations 

Tools:
• CIRCLE LAB:  Circles: Obtain a variety of circles of different diameters

from as small as a dime to as large as a round wastebasket. The wider
the range of sizes the better. Metric Ruler: Long enough to measure the
circumference and diameter of the circle. String: Long enough to
measure the largest diameter.



• CONSTANT VELOCITY LAB: Inclined plane and tape: Needed to give
the ball an initial horizontal velocity. The tape will help secure the inclined
plane to the table top so the results are consistent and reproducible. Ball:
A steel ball works best because of the large mass and low friction. Stop
Watch: Allows for accurate time keeping. Meter Stick: Long enough to
measure a wide variety of positions. 

Project Tips and Alternatives:
• Tip#1:

Students can be encouraged, after doing the Constant Velocity Lab, to
gather data from something moving at a constant outside of school. This
can then be graphed in Excel, a mathematical equation can be generated,
and predictions can be made about its motion. 

• Tip #2:
Rather than have students do their presentations using overhead
transparencies, they could use PowerPoint to do the presentations. A
wonderful low-tech way to do presentations is to have the kids use small
(2� by 3�) whiteboards. It provides for better group interaction, because
they can all stand around and work on the whiteboard together.

• Tip #3:
The y-intercept was always zero in these examples to keep things simple.
Do not be afraid to create graphs that have a y-intercept. Challenge kids
to explain the meaning of the y-intercept in whatever graph is being
produced. 



Attachments:
• "Graph and Linear Regression for the Circle Lab"
• "Creating an Equation from Data that Exhibits a Linear Relationship on a

Graph for the Circle Lab"
• "Circle Lab Write-up"
• "Graph and Linear Regression for the Constant Velocity Lab"
• "Creating an Equation for the Constant Velocity Lab"
• "Constant Velocity Lab Write-up"
• "Worksheet: Developing Equations from Data"
• "Worksheet: Using the Constant Velocity Equation"
• "Quiz: Developing and Using Equations"
• "Rubric 1: Evaluating Labs"
• "Rubric 2: Evaluating Student Presentations"
• "Answer Sheet for Worksheet: Developing Equations from Data�
• "Answer Sheet for Worksheet: Using the Constant Velocity Equation�
• "Answer Sheet for Quiz: Developing and Using Equations�
• "Step Sheet: Creating a Document"
• "Step Sheet: Creating Tables in Documents"
• "Step Sheet: Creating a Graph and Linear Regression"

Web Resources � Content:
• http://modeling.la.asu.edu/modeling.html
The Modeling Instruction Program has developed similar curricula and is a
wonderful resource for bringing technology and sound pedagogy into the
physics classroom. 

Web Resources � Excel:
• A list of linked web resources for Excel can be found on the Excel

Resources page.

Assistive Technology:
• Please refer to the Assistive Technology section for information on

methods and devices to help ensure that all students have access to the
curricula in the least restrictive environment.

http://modeling.la.asu.edu/modeling.html
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