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Activity 1
Modeling Acceleration
Topic Area: Parabolic Paths

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of their activities in grades 9-12, all students should develop an under-
standing of motions and forces:

• Objects change their motion only when a net force is applied. Laws of 
motion are used to calculate precisely the effects of forces on the motion 
of objects. The magnitude of the change in motion can be calculated 
using the relationship F = ma, which is independent of the nature of the 
force. Whenever one object exerts force on another, a force equal in 
magnitude and opposite in direction is exerted on the first object. 

• Gravitation is a universal force that each mass exerts on any other mass. 
The strength of the gravitational attractive force between two masses is 
proportional to the masses and inversely proportional to the square of 
the distance between them. 

Objective 

The student will be able to choose the correct mathematical model for a physical
situation as well as analyze the function and define appropriate values.

Introduction

This activity presents the students with a situation where a cart is traveling first
toward a motion sensor and then away from the sensor on a ramp. This creates
an upside down parabola where the students will get a quadratic equation with a
negative coefficient of x2. It gives them a situation where a parabola defines a
physical event. 

The students should be familiar with the following vocabulary:
Parabola
Statistics
Mathematical model
Function
Quadratic formula

Teaching Notes
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Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
EASY200 program. They will also need the EA-200 data analyzer, a link cable,
motion sensor (Pasco, Vernier, or other manufacturer should work fine), a ramp,
and a cart. Make sure there are fresh batteries or use the AC adaptor with the EA-
200; low batteries may cause the motion sensor to malfunction. 

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 1: Modeling Acceleration Teaching Notes (continued)
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Introduction

Acceleration is the rate at which velocity increases. It is calculated by the equation: 

In this experiment you will explore the relationship between position and time for a
cart that travels down a ramp starting with an initial velocity. You will analyze the
graph of position and time and create a mathematical model of acceleration with ini-
tial velocity.

Gathering Data

• Turn on the EA-200 and the Casio fx-9750G Plus 

calculator. Make sure the motion sensor is plugged into 

the SONIC port and the link cable between the calculator 

and EA-200 is firmly secured.

• From the main menu, select the PRGM function and run 

the EASY200 program by highlighting it. Press EXE.

• Choose F1(new experiment). Follow the directions on the 

screen.

• Choose F4 (Sonic) for channel configuration.

• Type 100 for number of samples

• Type 0.05 for time between samples. You are ready to 

begin sample.

• (You may want to practice this step before pressing EXE). 

Place the cart about 70 cm away from the motion sensor 

at the bottom of a ramp. As you press EXE to start the 

sampling, push the cart up the ramp and let it come back 

down as the motion sensor takes data. Make sure the cart 

does not come too close (< 10 cm) to the motion sensor.

• After collection is complete, press EXE to receive the 

data.

• If for some reason your data is incomplete or incorrect, 

you can repeat the experiment. Follow these procedures:

Name _____________________________________________ Class ________ Date ________________

Activity 1 • Modeling Acceleration
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• Press EXE after viewing the data.

• Press EXE to continue.

• Press F3(repeat the experiment).

• Press EXE to start the sampling—repeat the procedures above 

for pushing the cart.

• If your data are fine, press EXE after viewing the data.

• Press MENU to end the program.

Analyzing Data

1. Press the MENU button and select the STAT function. 

The data will appear in List 1 (Time) and List 2 

(Distance).

2. Press F1(GRPH) and F1(GPH1).

3. If you need to get rid of data at the beginning or end 

of the run, press EXIT EXIT to return to the lists. 

Highlight the value you want to eliminate and press 

F6 F3(DEL) that data point. You must repeat the 

F3(DEL) for List 1 and List 2 for each point you want 

to eliminate. Then press F6 F1 and F1 to view the 

graph again.

4. Select the appropriate function key to show the equation 

of best-fit.  If the function you want does not appear on 

the bottom of the screen, press F6 to show more options.

5. Once you have selected the appropriate function key, the 

equation for the curve is shown on the screen. Press F5

then EXE to save the function to the graph screen. Press 

F6 to draw that function on your plot.

Name _____________________________________________ Class ________ Date ________________

Activity 1 • Modeling Acceleration



Copyright © Casio, Inc. Activity 1 • Data Collection and the Casio fx-9750G Plus 5

Problems and Questions

1. What is the curve of best fit for your data?

______________________________________________________________________________

______________________________________________________________________________

2. If you were to create a velocity versus time graph for the same situation, what would it 

look like? (Remember how acceleration is defined). Sketch it in the box below.

3. What is the acceleration of the cart? What is the sign of this number? Explain.

______________________________________________________________________________

______________________________________________________________________________

4. What would this graph look like if you were to place the motion detector at the 

bottom of the ramp instead of the top? How would the equation change?

______________________________________________________________________________

______________________________________________________________________________

5. Why does the graph not start at the origin?

______________________________________________________________________________

______________________________________________________________________________

6. What is the initial velocity of the cart? How do you know?

______________________________________________________________________________

______________________________________________________________________________

7. What is the position of the cart half-way through the data collection?

______________________________________________________________________________

______________________________________________________________________________

8. What is the velocity of the cart at the top of the path?

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 1 • Modeling Acceleration
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Solutions and Screen Shots for Activity 1

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The EASY200 program will show a graph of the 
data, but you cannot extrapolate or find the curve 
of best fit from this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 (Time) and 
List 2 (Distance)

• Press F1(GRPH) and F1(GPH1).

• Since most students get the affect of flat lines at 
the beginning and the end of the data, they will 
need to get rid of data at the beginning and end of 
the run, they will press EXIT EXIT to return to 
the lists. 

They need to highlight the values they want to 
eliminate and press F6 F3(DEL) for that data 
point. They must repeat the F3(DEL) for List 1 and 
List 2 for each point they want to eliminate. 
Counting the number of times they press F3 is a 
good way to determine how many times they need 
to press it in the second list. Then press F6 F1
and F1 to view the graph again.

• They will select the appropriate function key to 
show the equation of best-fit. The correct 
function for this graph is a quadratic or F3(x2).

• Once they have selected the appropriate function 
key, the equation for the curve is shown on the 
screen. They will press F5 then EXE to save the 
function to the graph screen. Press F6 to draw that 
function on your plot.
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Possible Answers to Problems and Questions

1. The curve of best fit for the data should be a quadratic: ax2 + bx + c
where a is half the acceleration value, b is the initial velocity value, and c is 
the original position on the x-axis.

2. The velocity versus time graph would be a straight line starting at some 
point on the y-axis, continuing through the x-axis to below the x-axis. The 
velocity is constantly decreasing until it stops, then increases in a negative 
direction.

3. The acceleration should be two times the "a" value 
in your general equation.  In the example at right 
the acceleration is approximately 0.60 m/s2.

4. It would be a top opening parabola.

5. The cart is at a positive distance from the motion 
sensor when it begins to measure it.

6. The initial velocity of the cart is equal to the "b" 
value of the general equation. In the example 
above, the initial velocity is 1.4 m/s.

7. To find the position of the cart at the half-way 
point, the students can either trace the graph of do 
a graph solve from the GRAPH function of the 
calculator. 

• To trace: From the graph, press SHIFT
F1(Trace) and press the right arrow key until 
the x-value reads 2.5 seconds: 0.25 m

• To solve using the Graph Solver:

•    Press MENU and select 5(GRAPH).

•    Press F6(DRAW).

•    Press SHIFT F5(G-Solv).

•    Press F6 F1(Y-Cal).

•    Type 2.5 EXE.

The solution will appear on the screen: 0.265 m

8. The velocity at the top of the path (which is 
actually at the minimum of the parabola) is zero. 
The slope of the graph at that point gives you the 
velocity. Since the slope at that point is zero, the 
velocity is zero.

Solutions and Screen Shots for Activity 1
(continued)



8 Data Collection and the Casio fx-9750G Plus • Activity 2 Copyright © Casio, Inc.

Activity 2
Bouncing Balls and Energy
Topic Area: Exponential Decay

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of their activities in grades 9-12, all students should develop:

• Abilities necessary to do scientific inquiry; 

• Understandings about scientific inquiry;

• Use technology and mathematics to improve investigations and 
communications.

• Recognize and analyze alternative explanations and models.

As a result of their activities in grades 9-12, all students should develop an under-
standing of conservation of energy and the increase in disorder:

• The total energy of the universe is constant. Energy can be transferred 
by collisions in chemical and nuclear reactions, by light waves and other 
radiations, and in many other ways. However, it can never be destroyed. 
As transfers occur, the matter involved becomes steadily less ordered. 

• Everything tends to become less organized and less orderly over time. 
Thus, in all energy transfers, the overall effect is that the energy is 
spread out uniformly. 

Objective 

The student will be able to choose the correct mathematical model for a physical
situation as well as analyze the function and define appropriate values.

Introduction

This activity presents the students with a situation where a ball bounces beneath
a motion sensor. They use the graphing calculator to find the peaks of each suc-
cessive bounce. This presents a model of exponential decay. They must use their
understanding of exponential models to answer questions based on the data
through extrapolation and interpolation. As an extension to this activity, have the
students compare the decay rate of several different types of bouncy balls (i.e.
four-square ball, basketball, and racquetball; or new vs. used racquetball).

Teaching Notes
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The students should be familiar with the following vocabulary:
Exponential Function
Statistics Mathematical model
Decay rate Work
Energy

Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
EASY200 program. They will also need the EA-200 data analyzer, a link cable,
motion sensor (Pasco, Vernier, or other manufacturer should work fine), and a
rubber ball (at least 3" in diameter). Make sure there are fresh batteries or use the
AC adaptor with the EA-200; low batteries may cause the motion sensor to mal-
function.

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 2: Bouncing Balls and Energy Teaching Notes (continued)
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Name _____________________________________________ Class ________ Date ________________

Introduction

Energy is an object’s ability to do work.  As a ball bounces, it transfers energy into its
surroundings.  This is demonstrated by the decrease in the ball’s bounce height with each
subsequent bounce.  In this experiment, you will explore a ball’s ability to do work as it
bounces and analyze the energy involved in the situation using a graph of the results.

Gathering Data

• Turn on the EA-200 and the Casio fx-9750G Plus 

calculator. Make sure the motion sensor is plugged into 

the SONIC port and the link cable between the calculator 

and EA-200 is firmly secured.

• From the main menu, select the PRGM function and run 

the EASY200 program by highlighting it. Press EXE.

• Choose F1(new experiment). Follow the directions on 

the screen.

• Choose F4(Sonic) for channel configuration.

• Type 100 for number of samples

• Type 0.05 for time between samples. You are ready to 

begin sample.

• (You may want to practice this step before pressing EXE).

Place the motion sensor about 1.5 meters from the 

ground facing down. As you press EXE to start the 

sampling, release a rubber ball about 20 cm below the 

motion sensor and let it bounce until the motion sensor 

stops taking data.

• After collection is complete, press EXE to receive the data.

• If for some reason your data is incomplete or incorrect, 

you can repeat the experiment. Follow these procedures:

• Press EXE after viewing the data.

• Press EXE to continue.

• Press F3(repeat the experiment).

• Press EXE to start the sampling—repeat the procedures above for dropping the ball.

• If your data are fine, press EXE after viewing the data.

• Press MENU to end the program.

Activity 2 • Bouncing Balls and Energy 
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Analyzing Data

1. Press the MENU button and select the STAT function. 

The data will appear in List 1 (Time) and List 2 

(Distance)

2. Press F1(GRPH) and F1(GPH1).

3. Trace the data to find the height of each bounce. Press 

SHIFT F1(Trace) and use the left and right arrow keys to move 

around the graph. Record each height in the chart below.

4. Enter these data in the third and fourth lists of your calculator and create a graph 

and find a curve of best fit. Answer the questions below.

Problems and Questions

1. Sketch your graph below. 

What is the relationship between number of bounces and bounce height?

_______________________________________________________________________________

2. What is the curve of best fit for your data? What do the numerical and variable 

values mean?

_______________________________________________________________________________

_______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 2 • Bouncing Balls and Energy 

Bounce Number

1

2

3

4

5

6

Height (m)
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3. If the ball were to bounce five more times, what would the bounce height be?

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

4. According to your equation, when will the ball stop bouncing? How do you know?

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

5. Explain the limits of the mathematical model you found?

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

6. Discuss what happens to the ball’s ability to do work as it bounces.

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

7. How do you think your mathematical model will fit another type of ball? 

How would the model need to change if you were to examine an extremely elastic 

rubber ball?

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 2 • Bouncing Balls and Energy 
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Solutions and Screen Shots for Activity 2

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The EASY200 program will show a graph of the 
data, but you cannot extrapolate or find the curve 
of best fit from this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 (Time) and 
List 2 (Distance).

• They will press F1(GRPH) and F1(GPH1) to view 
the graph.

• From the graph, they will press SHIFT F1(Trace)
and press the right arrow key until they reach the 
first peak (which is really near the bottom of the 
graph. Have the students trace the highest point on 
the graph and each bounce. Subtract each bounce 
from the highest point on the graph to get the 
actual bounce height. A possible data chart is 
shown below:

To find the mathematical model to represent the data:

1. Enter the bounce number data into List 3 and bounce height data in List 4.

2. Enter data for bounce number into the first cell of List 3 and press EXE.

• Repeat until all data are entered into List 1.

• Repeat for bounce height in List 4.

Bounce Number

1

2

3

4

5

6

Height (m)

0.81

0.48

0.29

0.19

0.12

0.08
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3. Press F6 F1(GRPH) F6 for SET. Make sure GraphType is Scatter by 
pressing F1(SCAT), make sure XList is set to List 3 by pressing F3(List3)
and make sure that YList is set to List 4 by pressing F4(List4).

4. Press EXE.

5. Press F1(GPH1).

6. Press F6 F2(Exp).

The regression equation should appear on the screen: y = 1.22e-0.462x

7. To save the regression equation for later data analysis, press F5(COPY)
EXE.

8. To see the regression equation drawn on the graph, press F6(DRAW).

Solutions and Screen Shots for Activity 2
(continued)
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To find bounce height after another 5 bounces:

1. Press EXIT EXIT.

2. Press MENU.

3. Scroll over to GRAPH and press EXE, or press 5.

The equation is stored in the graph function Y1.

4. Press F6(DRAW).

5. Set up the viewing window by pressing  SHIFT F3(V-Window). Make sure 
the Xmax is set by typing 12 EXE.

6. Press EXIT.

7. Press F6(DRAW).

8. Press SHIFT F5(G-Solv)

9. Press F6 F1(Y-Cal) 10 EXE.

The solution should appear on the bottom of the screen: 7.61 ✕ 10-3 m

Solutions and Screen Shots for Activity 2
(continued)
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Possible Answers to Problems and Questions

1. The graph should look like the picture below. The bounce height is inversely 
proportional to the number of bounces.

2. The curve of best fit for the graph is an exponential regression in the form of 
y = aebx, where y is the bounce height, a is the initial bounce height, b is the 
decay rate, and x is the number of bounces. In the example above, the initial 
bounce height is 1.22 meters and the decay rate is 46% each bounce. It is 
negative because it is getting less rather than more each bounce.

3. If the ball were to bounce five more times, the height of the ball in the 
example above is 0.007 meters which is unlikely since the ball will stop 
bouncing before this.

4. According to your equation, the ball will not stop bouncing because the 
curve never crosses the x-axis.

5. The mathematical model only represents the ball until it stops bouncing 
(usually the fifth or sixth bounce depending on the ball). The ball will not 
continually bounce as indicated by the regression model.

6. The ball’s ability to do work is decreased by 46% each subsequent bounce. 
This energy is lost to the surroundings as well as internal movement within 
the molecules of the ball.

7. Another ball would require the repeating of the experiment to find a new 
regression. A super ball would probably have a smaller decay rate since 
someone might say they bounce better.

Solutions and Screen Shots for Activity 2
(continued)
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Activity 3
Rate of Evaporation 
Topic Area: Evaporation Rates

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of activities in grades 5-8, all students should develop abilities 
necessary to do scientific inquiry:

• Develop descriptions, explanations, predictions, and models using 
evidence; 

• Think critically and logically to make the relationships between 
evidence and explanations. 

As a result of their activities in grades 9-12, all students should develop an under-
standing of the structure and properties of matter:

• Solids, liquids, and gases differ in the distances and angles between 
molecules or atoms and therefore the energy that binds them together. 
In solids the structure is nearly rigid; in liquids molecules or atoms 
move around each other but do not move apart; and in gases molecules 
or atoms move almost independently of each other and are mostly far 
apart. 

Objective 

The student will be able to compare the evaporation rate of water and rubbing
alcohol.

Introduction

This activity gives students instruction in comparing the evaporation rates of
water and rubbing alcohol. They are asked to analyze the data they collect and
draw conclusions based on that data about the differences between water and
rubbing alcohol. They are also asked about how the body uses these concepts

The students should be familiar with the following vocabulary:
Evaporation Rate
Perspiration Temperature
Heat transfer

Teaching Notes
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Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
EASY200 program. They will also need the EA-200 data analyzer, a link cable,
three temperature probes, a container of water, and a container of rubbing 
alcohol.

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 3: Rate of Evaporation     Teaching Notes (continued)
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Name _____________________________________________ Class ________ Date ________________

Introduction

Evaporation rate is defined as the rate that a liquid changes to a gas. It depends on
several factors including surface area, temperature, and pressure. In this activity you
will explore the difference in evaporation rates of water and rubbing alcohol when
surface area, temperature, and pressure are constant.

Gathering Data

• Place the container of water and the container of rubbing 

alcohol on the table. Let them sit there for a few minutes 

reaching room temperature.

• Turn on the EA-200 and the Casio fx-9750G Plus 

calculator. Make sure the temperature probes plugged 

into the Channel 1, Channel 2, and Channel 3 ports and 

the link cable between the calculator and EA-200 is 

firmly secured.

• Place the Channel 1 temperature probe on the table; do 

not place it in either container. This will be your room 

temperature measurement.

• Place the Channel 2 temperature probe in the container 

of water making sure the container does not tip over.

• Place the Channel 3 temperature probe in the container 

of rubbing alcohol making sure the container does not 

tip over.

• From the main menu, select the PRGM function and run 

the EASY200 program by highlighting it. Press EXE.

• Choose F1(new experiment). Follow the directions on 

the screen.

• Choose F3(1,2,3) for channel configuration.

• Type 250 for number of samples

• Type 1.0 for time between samples. You are ready to begin sample.

• As you press EXE to start the sampling, remove both temperature probes from 

their subsequent containers. Wave them back and forth in the air for the duration 

of the 250 second data collection.

Activity 3 • Rate of Evaporation
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• After collection is complete (the EA-200 will beep), press EXE to receive the 

data.

• If for some reason your data is incomplete or incorrect, you can repeat the 

experiment. Follow these procedures:

• Press EXE after viewing the data.

• Press EXE to continue.

• Press F3(repeat the experiment).

• Press EXE to start the sampling—repeat the above procedures for the 

temperature probes.

• If your data are fine, press EXE after viewing the data.

• Press MENU to end the program.

Analyzing Data

1. Press the MENU button and select the STAT function. 

The data will appear in List 1 (Time), List 2 (room 

temperature), List 3 (water temperature), and List 4 

(rubbing alcohol temperature).

2. Press F1(GRPH) F4(SEL) and  F6(DRAW).

3. Press SHIFT F1(Trace) to find the answers to 

questions below.

Problems and Questions

1. What is the temperature of the room? 

______________________________________________________________________________

2. What does your graph look like? Sketch it in the box below.

3. What is the difference in the highest and lowest temperature of the water?

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 3 • Rate of Evaporation
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4. What is the difference in the highest and lowest temperature of the rubbing 

alcohol?

______________________________________________________________________________

5. Why did the temperature of rubbing alcohol drop lower than the

temperature of water?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

6. What caused the temperature to decrease in each case?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

7. What conclusion can you draw about the rate of evaporation of water compared 

to that of alcohol?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

8. How does your body use evaporation to cool itself?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 3 • Rate of Evaporation
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Solutions and Screen Shots for Activity 3

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The EASY200 program will show a graph of the 
data, but you cannot extrapolate information from 
this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 (Time), 
List 2 (room temperature), List 3 (water
temperature), and List 4 (rubbing alcohol 
temperature).

• They are instructed to press F1(GRPH) F4(SEL)
and F6(DRAW) to see the graph.

• From the graph, they will press SHIFT F1(Trace)
and press the right arrow key to scroll along the 
first graph. They will press the up and down arrow keys to switch between 
the graphs. Have the students trace each graph for the highest point and the 
lowest point. 

Possible Answers to Problems and Questions

1. Room temperature is somewhere around 24ºC. See the graph below.

2. The graph looks like the picture in number one.

3. The difference between the highest and lowest temperature of water is 1.5ºC. 
See pictures of the traced graphs below.
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4. The difference between the highest and lowest temperature of rubbing 
alcohol is 7.5 ºC. See the pictures of the traced graphs below.

5. The temperature of the rubbing alcohol dropped lower than the temperature 
of water because the rubbing alcohol evaporated faster.

6. The temperature decreased in each case because the evaporation caused a 
transfer of heat from the outside air into the substance when changing from 
a liquid to a gas.

7. The rate of evaporation of alcohol is much greater than that of water since 
the temperature dropped 6ºC more for alcohol than for water.

8. The body uses evaporation of the water within your body to keep itself cool 
using the same concepts: perspiration. As the liquid on the skin evaporates, 
it takes heat from the body and transfers it into the water changing it from a 
liquid to a gas.

Solutions and Screen Shots for Activity 3
(continued)
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Activity 4
Temperature vs. Depth
Topic Area: Exponential Regression

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of activities in grades 5-8, all students should develop abilities neces-
sary to do scientific inquiry:

• Develop descriptions, explanations, predictions, and models using 
evidence; 

• Think critically and logically to make the relationships between evidence 
and explanations. 

As a result of their activities in grades 9-12, all students should develop an under-
standing of energy in the earth system:

• Earth systems have internal and external sources of energy, both of 
which create heat. The sun is the major external source of energy. Two 
primary sources of internal energy are the decay of radioactive isotopes 
and the gravitational energy from the earth's original formation. 

• Heating of earth's surface and atmosphere by the sun drives convection 
within the atmosphere and oceans, producing winds and ocean currents.

Objective 

The student will be able to draw conclusions regarding the relationship between
temperature and depth in a nearby lake or pond.

Introduction

This activity gives students instruction in determining the relationship between
temperature and depth in a lake or a pond. They are asked to analyze the data
they collect and draw conclusions based on that data. 

The students should be familiar with the following vocabulary:
Temperature
Depth
Light
Exponential regression
Heat energy 

Teaching Notes
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Getting Started

The students will need a Casio fx-9750G Plus graphing calculator with the
EASY200 program. They will also need the EA-200 data analyzer, a link cable, an
extra-long temperature probe, and access to a nearby lake or pond that is at least
10 meters in depth.

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 4: Temperature vs. Depth Teaching Notes (continued)
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Name _____________________________________________ Class ________ Date ________________

Introduction

This is a great activity to do at a nearby lake or pond. You will test the tempera-
ture of a lake as the depth increases using an extra-long temperature probe and
the EA-200.

Gathering Data

• Mark an extra-long temperature probe from the tip 

every 10 cm for 10 meters. This will ease the lowering of 

the temperature probe into the water at a steady rate.

• Turn on the EA-200 and the Casio fx-9750G Plus calculator. 

Make sure the extra-long temperature probe is plugged 

into the Channel 1 and the link cable between the 

calculator and EA-200 is firmly secured.

• From the main menu, select the PRGM function and run

the EASY200 program by highlighting it. Press EXE.

• Choose F1(new experiment). Follow the directions on the 

screen.

• Choose F1(1) for channel configuration.

• Type 100 for number of samples

• Type 5 for time between samples. You are ready to 

begin sample.

• Lower the tip of the temperature probe in the water and 

let it sit for approximately 45 seconds. Press EXE. Be 

careful to watch the EA-200—the Sampling light will blink 

when it is taking a reading. After each blink, lower the 

temperature probe another 10 cm until the EA-200 beeps 

to signify it is finished taking data.

• Press EXE to receive the data.

• If for some reason your data is incomplete or incorrect, you can repeat the 

experiment. Follow these procedures:

• Press EXE after viewing the data.

• Press EXE to continue.

• Press F3(repeat the experiment).

Activity 4 • Temperature vs. Depth
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• Press EXE to start the sampling—repeat for lowering the temperature

probe.

• If your data are fine, press EXE after viewing the data.

• Press MENU to end the program.

Analyzing Data

1. Press the MENU button and select the STAT

function. The data will appear in List 1 (Time) and 

List 2 (Temperature). (Time measurement is half the 

measure of the depth).

2. Press F1(GRPH) F4(SEL) and F6(DRAW).

3. Press SHIFT F1(Trace) to trace the graph for 

solutions.

4. To find a mathematical model, select the appropriate function key 

to show the equation of best-fit. If the function you want 

does not appear on the bottom of the screen, press F6 to show more 

options.

5. Once you have selected the appropriate function key, the equation 

is shown on the screen. Press F5 then EXE to save the function to

the graph screen. Press F6 to draw that function on your 

plot.

Problems and Questions

1. What does your graph look like? Sketch it in the box below.

2. What is the difference in the highest and lowest temperature of the water?

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 4 • Temperature vs. Depth
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3. At what depth does the highest temperature occur? The lowest? 

Does this surprise you? Why or why not?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

4. Is there a mathematical model that represents the relationship between 

temperature and depth of the lake?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

5. What caused the temperature to change as depth increased?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

6. What conclusion can you draw about the relationship between temperature 

and depth of the lake?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

7. What other physical properties would have a similar relationship with depth?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

8. Application: Why does the surface of the lake freeze before the bottom of 

the lake? (You may have to do a little research).

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 4 • Temperature vs. Depth
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Solutions and Screen Shots for Activity 4

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The EASY200 program will show a graph of the 
data, but you cannot extrapolate or find the curve 
of best fit from this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 (Time) and 
List 2 (Temperature). The time measurement is 
half of the actual depth.

• Press F1(GRPH) and F1(GPH1).

To find the mathematical model to represent the data:

1. Press F6 F2(Pwr).

The regression equation should appear on the screen: 28.5e-0.0023x

2. To save the regression equation for later data analysis, press F5(COPY) EXE

3. To see the regression equation drawn on the graph, press F6(DRAW).

Possible Answers to Problems and Questions

1. The graph looks like the picture below.
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2. To find the temperature at the highest and lowest points, they will need to 
trace the graph. To trace: From the graph, press SHIFT F1(Trace) and press 
the right arrow key until they find the highest and lowest temperatures. 
They need to record the temperature and the correct depth. The highest 
temperature is 29ºC and the lowest temperature is 10.8ºC.

3. As shown from the trace above, the depth of the highest temperature is at 
0 meters and the depth of the lowest temperature is at 9.90 meters 
(495 sec x 2 ÷ 100). Answers will vary to the question about surprise.

4. The mathematical model that represents the relationship between 
temperature and depth is most likely a power function. It is in the form of 
y = aebx, where a is the original temperature and b is the rate of decrease in 
the temperature, y is the calculated temperature, and x is the time (which in 
this experiment represents depth). 

5. Answers will vary for this question. The most likely cause in the change in 
temperature as depth increases is the lack of light reaching the greater 
depths. Since light energy changes into heat energy, the more light the 
higher the temperature.

6. The temperature of the lake decreases as the depth decreases in an 
exponential decay function.

7. Light also has a similar relationship with depth. 

8. The surface of a lake freezes first because the density of water is greatest at 
4ºC. Once the water cools to that temperature, it sinks to the bottom of the 
lake. Only when the entire lake reaches 4ºC will the surface of the lake begin 
to freeze.

Solutions and Screen Shots for Activity 4
(continued)
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Activity 5
Light Intensity
Topic Area: Inverse Square Law

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of activities in grades 5-8, all students should develop abilities neces-
sary to do scientific inquiry:

• Develop descriptions, explanations, predictions, and models using 
evidence; 

• Think critically and logically to make the relationships between 
evidence and explanations. 

As a result of their activities in grades 9-12, all students should develop an under-
standing of interactions of energy and matter:

• Waves, including sound and seismic waves, waves on water, and light 
waves, have energy and can transfer energy when they interact with 
matter.

Objective 

The students will be able to draw conclusions on the relationship between light
intensity and distance from a light source.

Introduction

Light is energy that travels in the form of a wave. As you increase the distance
from a light source the amount of light seen decreases by the square of the dis-
tance from the source. This activity gives students instruction in determining this
relationship between light intensity and distance from a light source. They are
asked to analyze the data they collect and draw conclusions based on that data. 

The students should be familiar with the following vocabulary:
Distance
Inverse-Square law
Waves
Intensity
Light
Power regression

Teaching Notes
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Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
EASY200 program. They will also need the EA-200 data analyzer, a link cable, a
light probe, and meter stick or other measuring device at least one meter long.

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 5: Light Intensity Teaching Notes (continued)
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Name _____________________________________________ Class ________ Date ________________

Introduction

Light is energy that travels in the form of a wave. If you increase the distance from a
light source the amount of light seen decreases as well. In this activity you will
explore the relationship between the distance from a light source and the amount of
light or intensity of light seen from that source.

Gathering Data

• Turn on the EA-200 and the Casio fx-9750G Plus 

calculator. Make sure the light probe is plugged into the 

Channel 1 and the link cable between the calculator and 

EA-200 is firmly secured.

• From the main menu, select the PRGM function and run 

the EASY200 program by highlighting it. Press EXE.

• Choose F1(new experiment). Follow the directions on the screen.

• Choose F1(1) for channel configuration.

• Type 10 for number of samples

• Type 10 for time between samples. You are ready to begin sample.

• Setup a flashlight on the 0 cm mark of a meter stick or 

measuring tape. Set the light probe on the glass of the 

flashlight. Press EXE. Be careful to watch the EA-200—

the Sampling light will blink when it is taking a reading. 

After each blink, increase the distance the light probe is 

from the flashlight another 10 cm until the EA-200 beeps 

to signify it is finished taking data. You should end 90 

centimeters away.

• Press EXE to receive the data.

• If for some reason your data is incomplete or incorrect, 

you can repeat the experiment. Follow these procedures:

• Press EXE after viewing the data.

• Press EXE to continue.

• Press F3(repeat the experiment).

• Press EXE to start the sampling—repeat the procedures above for moving 

the light probe.

Activity 5 • Light Intensity
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• If your data are fine, press EXE after viewing the data.

• Press MENU to end the program.

Analyzing Data

1. Press the MENU button and select the STAT function. 

The data will appear in List 1 (Time), List 2 (Light 

Intensity). 

2. Press F1(GRPH) and F1(GPH1).

3. Press SHIFT F1(Trace) to trace the graph for 

solutions. Press EXIT to quit tracing.

4. To find a mathematical model, select the appropriate function key to show the 

equation of best-fit. If the function you want does not appear on the 

bottom of the screen, press F6 to show more options.

5. Once you have selected the appropriate function key, the equation for the curve 

is shown on the screen. Press F5 then EXE to save the function to the graph 

screen. Press F6 to draw that function on your plot.

Problems and Questions

1. What does your graph look like? Sketch it in the box below.

2. What is the curve of best fit for this graph? Describe the relationship between distance 

and light intensity.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 5 • Light Intensity
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3. Using your definition of the relationship, would the intensity ever be zero? 

Why or why not?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

4. What would the light intensity be at 1.5 meters from the flashlight?

______________________________________________________________________________

5. Would this happen with any light source?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

6. Where there flaws in your data? Explain what may have caused these flaws.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 5 • Light Intensity
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Solutions and Screen Shots for Activity 5

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The EASY200 program will show a graph of the 
data, but you cannot extrapolate or find the curve 
of best fit from this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 (Time) and 
List 2 (Light intensity). 

• In order to do a power regression equation, the 
calculator will not allow a y-intercept. The students 
will need to delete the first row of data from their 
chart:

• Press F6 F3(Del). Scroll over to the first data 
point in List 2 and press F3(Del). Press F6 to 
return to the other options.

• They will press F1(GRPH) and F1(GPH1) to view 
the graph.

To find the mathematical model to represent the 
data:

1. Press F6 F3(Pwr).

The regression equation should appear on the screen: 258,246x-1.8

2. To save the regression equation for later data analysis, press F5(COPY) EXE

3. To see the regression equation drawn on the graph, press F6(DRAW)
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To find light intensity at 1.5 meters:

1. Press EXIT EXIT.

2. Press MENU.

3. Scroll over to GRAPH and press EXE, or press 5.

The equation is stored in the graph function Y1.

4. Press F6(DRAW).

5. Set up the viewing window by pressing SHIFT F3(V-Window). Make sure 
the Xmax is set by typing 160 EXE.

6. Press EXIT.

7. Press F6(DRAW).

8. Press SHIFT F5(G-Solv).

9. Press F6 F1(Y-Cal) 150 EXE.

The solution should appear on the bottom of the screen: 34.5

Solutions and Screen Shots for Activity 5
(continued)



38 Data Collection and the Casio fx-9750G Plus • Activity 5 Copyright © Casio, Inc.

Possible Answers to Problems and Questions

1. The graph looks like the picture below.

2. The curve of best fit for this data is in the form of y = axb, where a is the 
light intensity at zero distance and b is the power of x. In the example above, 
the light intensity at zero distance is 258,246 and the power of x is -1.8. This 
is within reason to an inverse-square relationship.

3. The light intensity would never reach zero. Since the x is raised to a negative 
power that means the x is in the denominator of a fraction. A fraction with 
zero in the denominator is undefined.

4. The light intensity at 1.5 meters in the example above is 34.5.

5. Yes, this holds true for any light source.

6. There are always flaws in data usually attributed to human error. In this 
exercise, it is very easy to mess up the distances as well as the height the 
light probe is held at. Since a flashlight is usually angled slightly up, the 
intensity at each point may or may not be accurate.

Solutions and Screen Shots for Activity 5
(continued)
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Activity 6
Polarization
Topic Area: Transmission of Light

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of activities in grades 5-8, all students should develop abilities neces-
sary to do scientific inquiry:

• Develop descriptions, explanations, predictions, and models using 
evidence; 

• Think critically and logically to make the relationships between 
evidence and explanations. 

As a result of their activities in grades 9-12, all students should develop an under-
standing of interactions of energy and matter:

• Waves, including sound and seismic waves, waves on water, and light 
waves, have energy and can transfer energy when they interact with 
matter.

Objective 

The students will be able to determine how light polarization works and deter-
mine the relationship between transmission and angle between polarized lenses.

Introduction

Polarized light are waves that vibrate in one plane. There are several types of
polarization and in this activity the students will concentrate on polarization by
transmission. They will investigate how Polaroid filters block one plane of light
and when they align two filters correctly, they can completely block the transmis-
sion of light. In this activity the students will determine the relationship between
the angle between two Polaroid filters and the amount of light transmitted
through them.

The students should be familiar with the following vocabulary:
Polarization Light waves
Intensity Polaroid filter
Vibrations Plane
Function Polarized axis

Teaching Notes
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Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
EASY200 program. They will also need the EA-200 data analyzer, a link cable, a
light probe, and two polarized lenses marked with 10º angle increments.

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 6: Polarization Teaching Notes (continued)
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Name _____________________________________________ Class ________ Date ________________

Introduction

Polarized light are waves that vibrate in one plane. There are several types of polar-
ization and in this activity you will concentrate on polarization by transmission. You
will determine the relationship between the angle between two Polaroid filters and
the amount of light transmitted through them.

Gathering Data

• Turn on the EA-200 and the Casio fx-9750G Plus 

calculator. Make sure the light probe is plugged into the 

Channel 1 and the link cable between the calculator and 

EA-200 is firmly secured.

• From the main menu, select the PRGM function and run 

the EASY200 program by highlighting it. Press EXE.

• Choose F1(new experiment). Follow the directions on 

the screen.

• Choose F1(1) for channel configuration.

• Type 10 for number of samples

• Type 10 for time between samples. You are ready to begin 

sample.

• Setup a flashlight about 10 cm away from the Polaroid 

filters (or lenses). Set the light probe 10 cm away from 

the lenses on the opposite side of the filters. Make sure 

the angle between the two lenses is 0º or such that the 

maximum amount of light is passing through them. 

Press EXE. Be careful to watch the EA-200—the Sampling 

light will blink when it is taking a reading. After each 

blink, increase the angle between the two lenses by 10º until the EA-200 beeps 

to signify it is finished taking data. You should end with 90º between the two 

filters.

• Press EXE to receive the data.

• If for some reason your data is incomplete or incorrect, you can repeat the 

experiment. Follow these procedures:

• Press EXE after viewing the data.

Activity 6 • Polarization
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• Press EXE to continue.

• Press F3(repeat the experiment).

• Press EXE to start the sampling—repeat the procedures above for moving 

the Polaroid filters.

• If your data are fine, press EXE after viewing the data.

• Press MENU to end the program.

Analyzing Data

1. Press the MENU button and select the STAT function. 

The data will appear in List 1 (Time), List 2 (Light 

Intensity). In this activity we will use the Time 

measurements as our angle measurements—they 

were both in increments of 10. 

2. Press F1(GRPH) and F1(GPH1).

3. To find a mathematical model, select the appropriate function key to 

show the equation of best-fit. If the function you want does 

not appear on the bottom of the screen, press F6 to show more options.

4. Once you have selected the appropriate function key, the equation is 

shown on the screen. Press F5 then EXE to save the function to the graph 

screen. Press F6 to draw that function on your plot.

Problems and Questions

1. What does your graph look like? Sketch it in the box below.

2. What is the line of best fit for this graph? Describe the relationship between angle 

and light intensity.

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________
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3. Did your light intensity reach zero? Why did this happen?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

4. What do you think the light intensity would be if the angle between the two 

Polaroid filters was 110º? Why?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

5. What would the graph look like if you continued to take measurements 

from 90º to 180º? Sketch it in the box below.

Why do you think this is so?  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

6. Where there flaws in your data? Explain what may have caused these flaws.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________
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Solutions and Screen Shots for Activity 6

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The EASY200 program will show a graph of the 
data, but you cannot extrapolate or find the line of 
best fit from this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 (Time) 
and List 2 (Light intensity). In this activity we will 
use the Time measurements as our angle 
measurements—they were both in increments 
of 10. 

• They will press F1(GRPH) and F1(GPH1) to view 
the graph.

To find the mathematical model to represent the
data:

1. Press F1(X).

The regression equation should appear on the screen:
y =-7.73x + 637.84

2. To save the regression equation for later data 
analysis, press F5(COPY) EXE

3. To see the regression equation drawn on the graph, 
press F6(DRAW).

To find angle when light intensity is 0:

1. Press EXIT EXIT.

2. Press MENU.

3. Scroll over to GRAPH and press EXE, or press 5.

The equation is stored in the graph function Y1.
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4. Press F6(DRAW).

5. Press SHIFT F5(G-Solv).

6. Press F1(Root) EXE.

The solution should appear on the bottom of the
screen: 82.5º

Possible Answers to Problems and Questions

1. The graph looks like this picture:

2. The line of best fit for this data is in the form 
of y = mx + b, where y is the light intensity, m is the 
amount the light intensity changes with angle, 
x is the angle, and b is the angle when light
intensity is zero. As the angle increases the light 
intensity decreases. The equation from the example 
above is y =-7.73x + 637.84.

3. The light intensity reached zero when the filters were at 90º to one another. 
All the light was blocked at the point where both planes were blocked. 
According to the line of best fit; however, the angle which the light intensity 
is zero is at an angle of 82.5º. The error in the value is 8%, within a 10% 
error is a reasonable solution and can be assumed to be 90º.

4. The light intensity would be the same as the 70º measurement since the 
above 90º begins to allow light through again.

5. The graph would look like a straight increasing linear graph. This would be 
the opposite of what is shown in the graph in number one. Since the angle 
would increase and allow more light in the light intensity would increase as 
the angle went beyond 90º. 90º is the angle where the least amount of light 
passes through the filters.

6. There are always flaws in data usually attributed to human error. In this 
exercise, it is very easy to mess up the angles of the lenses. If the lenses were 
not originally labeled, someone had to determine where the 0º mark was—it 
is quite likely that these measurements were off by a couple degrees.

Solutions and Screen Shots for Activity 6
(continued)



46 Data Collection and the Casio fx-9750G Plus • Activity 7 Copyright © Casio, Inc.

Activity 7
Charging Capacitors
Topic Area: Capacitance

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of activities in grades 5-8, all students should develop abilities neces-
sary to do scientific inquiry:

• Develop descriptions, explanations, predictions, and models using 
evidence; 

• Think critically and logically to make the relationships between 
evidence and explanations. 

As a result of their activities in grades 9-12, all students should develop an under-
standing of motions and forces:

• Electricity and magnetism are two aspects of a single electromagnetic 
force. Moving electric charges produce magnetic forces, and moving 
magnets produce electric forces. These effects help students to 
understand electric motors and generators.

Objective 

The students will determine the relationship between voltage and time as a
capacitor discharges.

Introduction

A capacitor is like a small battery in that it stores electric energy. They perform
similar functions in an electric circuit. When a charged capacitor is connected to
a circuit, it provides the potential difference needed for electrons to move
through the circuit. However, when all of the electric energy is discharged
through the circuit, the movement of electrons will stop.  A capacitor is general-
ly made of two metal plates with a dielectric between them. The dielectric could
be air or some other insulator. When connected to a battery, the capacitor will
store charge so that its voltage is equal to the battery. When connected to a cir-
cuit without the battery, the capacitor will discharge. The amount of time that the
capacitor can light a light bulb connected to the circuit depends on the capaci-
tor’s capacity to store charge. The size of the capacitor is directly related to the
area of the metal plates.

Teaching Notes
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The students should be familiar with the following vocabulary:
Capacitor Capacitance
Voltage Potential Difference
Dielectric Circuit

Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
EASY200 program. They will also need the EA-200 data analyzer, a link cable, 
a voltage probe, 10 lead wires, a battery, a small light bulb, and a 0.5-1 Farad
capacitor.

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 7: Charging Capacitors Teaching Notes (continued)
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Name _____________________________________________ Class ________ Date ________________

Introduction

A capacitor is like a small battery in that it stores electric energy. They work in very
different ways, but they perform similar functions in an electric circuit. When a
charged capacitor is connected to a circuit, it provides the potential difference need-
ed for electrons to move through the circuit. 

However, when all of the electric energy is discharged through the circuit, the move-
ment of electrons will stop. In this activity, you will determine the relationship
between voltage and time as a capacitor discharges.

Gathering Data

• Turn on the EA-200 and the 9750G Plus calculator. 

Make sure the voltage probe is plugged into the 

Channel 1 and the link cable between the calculator and 

EA-200 is firmly secured.

• From the main menu, select the PRGM function and run 

the EASY200 program by highlighting it. Press EXE.

• Choose F1(new experiment). Follow the directions on 

the screen.

• Choose F1(1) for channel configuration.

• Type 250 for number of samples

• Type 0.25 for time between samples. 

• Connect the capacitor and the battery in series with a 

small light bulb. Once the light bulb fades, disconnect the 

circuit and remove the battery from the circuit. You are 

ready to begin sample.

• Place the voltage probe parallel to the capacitor 

(make sure the red lead is on the positive side of the 

capacitor), reconnect the circuit and press EXE. 

The EA-200 will beep when the 62.5 second data 

collection is complete.

• Press EXE to receive the data.

• If for some reason your data is incomplete or incorrect, 

you can repeat the experiment. Follow these procedures:

Activity 7 • Charging Capacitors
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• Press EXE after viewing the data.

• Press EXE to continue.

• Press F3(repeat the experiment).

• Press EXE to start the sampling—repeat the procedures above charging the 

capacitor before taking the measurements.

• If your data are fine, press EXE after viewing the data.

• Press MENU to end the program.

Analyzing Data

1. Press the MENU button and select the STAT function. 

The data will appear in List 1 (Time), List 2 (Voltage). 

2. Press F1(GRPH) and F1(GPH1).

3. Press SHIFT F1(Trace) to find the solutions to the 

questions below. Press EXIT to return to the graph.

4. To find a mathematical model, select the appropriate 

function key to show the equation of best-fit. If the function you want 

does not appear on the bottom of the screen, press F6 to show more options.

5. Once you have selected the appropriate function key, the equation  

is shown on the screen. Press F5 then EXE to save the function to the graph 

screen. Press F6 to draw that function on your plot.

Problems and Questions

1. What does your graph look like? Sketch it in the box below.

2. What is the curve of best fit for this graph? Describe the relationship between time 

and voltage as a capacitor discharges.

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 7 • Charging Capacitors
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3. Did the voltage reach zero? When?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

4. If the capacitor was replaced by a larger capacitor, how would the graph 

change?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

5. How long did it take for the capacitor to discharge totally?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

6. How long did it take for the light bulb to go out?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

7. What was the maximum voltage of the capacitor? What was the voltage of the 

battery that was originally connected to the circuit? What is the relationship 

between these two numbers? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

8. What would the graph look like if a larger battery were used to charge the 

capacitor? Sketch it in the box below.

Name _____________________________________________ Class ________ Date ________________

Activity 7 • Charging Capacitors
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Solutions and Screen Shots for Activity 7

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The EASY200 program will show a graph of the 
data, but you cannot extrapolate or find the line of 
best fit from this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 (Time) and 
List 2 (Voltage). 

• They will press F1(GRPH) and F1(GPH1) to view 
the graph.

• From the graph, they will press SHIFT F1(Trace)
and press the right arrow key to scroll along the 
graph.

To find the mathematical model to represent the
data:

1. Press F6 F2(Exp).

The regression equation should appear on the screen: 

y = 6.92e-.0.05x

2. To save the regression equation for later data 
analysis, press F5(COPY) EXE.

3. To see the regression equation drawn on the graph, 
press F6(DRAW).
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To find time when voltage is 0:

1. Press EXIT EXIT.

2. Press MENU.

3. Scroll over to GRAPH and press EXE, or press 5.

The equation is stored in the graph function Y1.

4. Press F6(DRAW).

5. Press SHIFT  F5(G-Solv).

6. Press F6 F2(X-Cal) 0 EXE.

The solution should appear on the bottom of the screen: 
Not Found

Possible Answers to Problems and Questions

1. The graph looks like the picture below.

2. The curve of best fit for this data is in the form of y = aebx, where y is the 
voltage, a is the original voltage, b is the rate of decay of the voltage per 
second, and x is the amount of time passed. In the example above, the 
equation is: y =-6.93e-0.05x.

Solutions and Screen Shots for Activity 7
(continued)
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3. The voltage never reached zero in this example. The students can use the 
graph solve function of the calculator as shown above or trace the graph for 
this solution. The lowest voltage is 1.17 V. See the traced graph below: 

4. If the capacitor was replaced, the graph would change by having a longer 
discharge. The shape of the graph would not change. The x-axis data would 
change.

5. The capacitor did not fully discharge. According to the mathematical model 
for the graph, it would never completely discharge because an exponential 
function never crosses the x-axis.

6. The light bulb went out in a little less than one minute. There were still 
charges moving in the circuit because the voltage never reached zero, but 
there was not enough current to light the bulb after a certain amount of 
time.

7. The maximum voltage of the capacitor according to the graph is 5.56 V. (See 
the traced graph below.) According to the mathematical model, the 
maximum voltage was higher at 6.93 V. The original voltage of the battery 
pack connected to the capacitor was 6.0 V, which may be a little less due to 
the age of the batteries in the pack. It can be assumed that these numbers 
are the same.

8. The graph would remain the same shape but the original voltage would be 
higher. The y-axis data would change.

Solutions and Screen Shots for Activity 7
(continued)
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Activity 8
Boyle’s Law
Topic Area: Boyle’s Law

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of activities in grades 5-8, all students should develop abilities neces-
sary to do scientific inquiry:

• Develop descriptions, explanations, predictions, and models using 
evidence; 

• Think critically and logically to make the relationships between 
evidence and explanations. 

As a result of their activities in grades 9-12, all students should develop an under-
standing of structure and properties of matter:

• Solids, liquids, and gases differ in the distances and angles between 
molecules or atoms and therefore the energy that binds them together. 
In solids the structure is nearly rigid; in liquids molecules or atoms 
move around each other but do not move apart; and in gases molecules 
or atoms move almost independently of each other and are mostly far 
apart.

Objective 

The students will determine the relationship between pressure and volume of a
gas.

Introduction

Robert Boyle studied the relationship between pressure and volume of a gas at
constant temperature in the mid 1600s. Boyle’s Law is the defined relationship
between pressure and volume of a gas. It states that the product of the pressure
and the volume of a gas is a constant number at constant temperature. If a gas
obeys Boyle’s Law it is said to be an ideal gas.  

The students should be familiar with the following vocabulary:
Boyle’s Law
Volume
Pressure

Teaching Notes
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Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
BLAW200 program. They will also need the EA-200 data analyzer, a link cable,
and a gas pressure sensor.

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 8: Boyle’s Law Teaching Notes (continued)
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Name _____________________________________________ Class ________ Date ________________

Introduction

Boyle’s Law defines the relationship between pressure and volume of a gas at con-
stant temperature. In this activity, you will define Boyle’s Law.

Gathering Data

• Turn on the EA-200 and the Casio fx-9750G Plus 

calculator. Make sure the pressure sensor is plugged into 

the Channel 1 and the link cable between the calculator 

and EA-200 is firmly secured.

• From the main menu, select the PRGM function and run 

the BLAW200 program by highlighting it. Press EXE.

• Fill the syringe of the pressure sensor to 20 cc and 

connect it to the sensor.

• Follow the directions on the calculator screen. At the end 

of each prompt and after you have completed the

instructions, press EXE.

• When prompted, type 13 EXE for number of samples.

• First volume will be 20 cc, type 20 EXE.

• When you hear the EA-200 beep once, press the 

START/STOP button. It should beep again. Then return to the calculator 

screen and press EXE.

• When the graph of the data shows up (there may not 

be data showing on the graph due to an error in 

programming), press EXE again.

• Move the syringe to 19 cc, type 19 EXE and proceed 

in this fashion until all data is complete.

• If for some reason your data is incomplete or incorrect, 

you can repeat the experiment. Follow these procedures:

• Press EXE after viewing the data.

• Press 1(REPEAT THE EXPERIMENT) EXE.

• Follow the directions above to repeat the data collection.

• If your data are fine, press EXE after viewing the data. Press 2(DO ANALYSIS), 

EXE. Then press MENU to end the program.

Activity 8 • Boyle’s Law
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Name _____________________________________________ Class ________ Date ________________

Analyzing Data

1. Press the MENU button and select the STAT function. 

The data will appear in List 1 (Volume-CC), List 2 

(Pressure-kPa). 

2. Make sure the graph window is set to automatic and 

the axes are turned on:

• Press SHIFT MENU(SETUP).

• Press F1(Auto).

• Scroll down to Axes and press F1(On).

• Press EXIT.

3. Press F1(GRPH) and F1(GPH1).

4. To find a mathematical model, select the appropriate 

function key to show the equation of best-fit. 

If the function you want does not appear on the 

bottom of the screen, press F6 to show more options.

5. Once you have selected the appropriate function key, 

the equation is shown on the screen. Press 

F5 then EXE to save the function to the graph screen. 

Press F6 to draw that function on your plot

Problems and Questions

1. What does your graph look like? Sketch it in the box below.

2. What is the curve of best fit for this graph? Describe the relationship between pressure 

and volume.

______________________________________________________________________________

______________________________________________________________________________

Activity 8 • Boyle’s Law
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3. What would the product of volume and pressure be when the volume was 

at a maximum?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

4. What would the product of volume and pressure be when the volume 

was at a minimum?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

5. Is there a relationship between the products in the last two questions?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

6. Does this relationship hold true for any pressure? How do you know?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

7. What do you think Boyle’s Law states? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

8. Where there flaws in your data? Explain what may have caused 

these flaws.  

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________
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Solutions and Screen Shots for Activity 8

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The BLAW200 program will show a graph of the 
data, but you cannot extrapolate or find the curve 
of best fit from this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 (Time) and 
List 2 (Voltage). 

• They must make sure the graph window is set to 
automatic and the axes are turned on:

• Press SHIFT MENU(SETUP).

• Press F1(Auto).

• Scroll down to Axes and press F1(On).

• Press EXIT.

• They will press F1(GRPH) and F1(GPH1) to view 
the graph.

To find the mathematical model to represent the
data:

1. Press F6 F3(Pwr).

The regression equation should appear on the screen: 
y = 7765.3x-0.92

2. To save the regression equation for later data 
analysis, press F5(COPY) EXE.

3. To see the regression equation drawn on the graph, 
press F6(DRAW).



60 Data Collection and the Casio fx-9750G Plus • Activity 8 Copyright © Casio, Inc.

To find the product of the volume and the pressure 
values:

1. Press EXIT EXIT.

2. Arrow over to highlight the top of List 3.

3. Press OPTN  F1(LIST) F1(List) 1 ✕ F1(List) 2
EXE.

The products should show up in List 3.

Possible Answers to Problems/Questions:

1. The graph looks like the picture below.

2. The line of best fit for this data is in the form of y = axb, where y is the 
pressure, a is the maximum pressure at a minimum volume, b is the 
exponent of x, and x is the volume. The mathematical model representing 
the example above is y = 7765.3x-0.92 which simplifies to y = 7765.3/x.

3. The product when the volume is at a maximum is 20  ✕ 486.21 = 9724.2.

4. The product when the volume is at a minimum is 8  ✕ 1125.4 = 9003.4.

5. The relationship between these products is that they are almost the same 
number.

6. This relationship does hold true, though there is some error in the results. 
Look at the numbers in List 3 and they are all around the same number.

7. Boyle’s Law states that the product of volume and pressure when a gas is at 
a constant temperature is a constant number; or that volume and pressure 
are inversely related.

8. There were flaws in taking data because the syringe is difficult to keep 
steady while taking measurements. Also, moving the syringe back and forth 
during the taking of data may causes slight variances in the amount of air in 
the syringe. The heat of the hand can also create a change in temperature 
during the data collection period. This makes the measurements less 
accurate as well.

Solutions and Screen Shots for Activity 8
(continued)
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Activity 9
Behavior of a Gas
Topic Area: Temperature, Pressure, and Volume

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of activities in grades 5-8, all students should develop abilities neces-
sary to do scientific inquiry:

• Develop descriptions, explanations, predictions, and models using 
evidence; 

• Think critically and logically to make the relationships between 
evidence and explanations. 

As a result of their activities in grades 9-12, all students should develop an under-
standing of structure and properties of matter:

• Solids, liquids, and gases differ in the distances and angles between 
molecules or atoms and therefore the energy that binds them together. 
In solids the structure is nearly rigid; in liquids molecules or atoms move 
around each other but do not move apart; and in gases molecules or 
atoms move almost independently of each other and are mostly far apart.

Objective 

The students will determine the relationship between pressure, volume, and tem-
perature of a gas.

Introduction

The Ideal Gas Laws define the behavior of a gas in terms of pressure, volume, and
temperature. Boyle’s Law, discussed in the last activity, states that at constant
temperature, the product of the pressure and the volume of a gas is a constant
number. There are other things that cause changes in the temperature, pressure,
and volume of a gas. In this activity the students will determine first the relation-
ship between pressure and temperature of a gas and then make conjectures from
prior understanding of how temperature affects volume. Charles’ Law, the law
the students will draw from the analysis, states that there is a direct relationship
between temperature and pressure of an ideal gas.

Teaching Notes
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The students should be familiar with the following vocabulary:
Pressure
Volume
Boyle’s Law
Temperature
Charles’ Law

Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
CLAW200 program. They will also need the EA-200 data analyzer, a link cable, a
gas pressure sensor, a temperature probe, and a beaker of water over a flame or
hot plate.

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 9: Behavior of a Gas Teaching Notes (continued)
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Introduction

The Ideal Gas Laws define the behavior of a gas in terms of pressure, volume, and
temperature. In this activity you will determine first the relationship between pres-
sure and temperature of a gas and then make conjectures from prior understanding
of how temperature affects volume.

Gathering Data

• Turn on the EA-200 and the Casio fx-9750G Plus 

calculator. Make sure the temperature probe is plugged 

into the Channel 1, the pressure sensor is plugged into 

Channel 2, and the link cable between the calculator and 

EA-200 is firmly secured.

• From the main menu, select the PRGM function and run 

the CLAW200 program by highlighting it.  Press EXE.

• Place the stopper on top of the Erlenmeyer flask. Connect the two-way valve to one 

of the valve connectors on the stopper and close it so no air can escape through the 

valve from the flask. Connect the plastic tubing to the other valve on the stopper 

and connect the other end of the tube to the gas pressure sensor.

• Follow the directions on the calculator screen. At the end of each prompt and after 

you have completed the instructions, press EXE.

• When prompted, type 10 EXE for time between samples.

• Type 30 EXE for the number of samples.

• For the minimum temperature type 20 EXE.

• For the maximum temperature type 100 EXE.

• For the temperature scale type 10 EXE.

• For the minimum pressure type 75 EXE.

• For the maximum pressure type 175 EXE.

• For the pressure scale type 25 EXE.

• Once directed to press EXE to begin the sampling, place the flask in a hot bath 

over a flame or on a hot plate. Press EXE to begin the readings.

• Once the EA-200 beeps to signify the collection is finished, press EXE.

• If for some reason your data is incomplete or incorrect, you can repeat the 

experiment. 

Name _____________________________________________ Class ________ Date ________________

Activity 9 • Behavior of a Gas
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Follow these procedures:

• Press EXE after viewing the data.

• Press 1(REPEAT THE EXPERIMENT) EXE.

• Follow the directions above to repeat the data 

collection.

• If your data are fine, press EXE after viewing the data. 

Press 2(DO ANALYSIS) EXE.

• Press MENU to end the program.

Analyzing Data

1. Press the MENU button and select the STAT function. 

The data will appear in List 1 (Temperature- ºC), 

List 2 (Pressure-kPa). 

2. Make sure the graph window is set to automatic and 

the axes are turned on:

• Press SHIFT MENU(SETUP).

• Press F1(Auto).

• Scroll down to Axes and press F1(On).

• Press EXIT.

3. Press F1(GRPH) and F1(GPH1).

4. Press SHIFT F1(TRACE) to find the solutions to 

the questions below.

5. To find a mathematical model, select the appropriate function key to show the 

equation of best-fit. If the function you want does not appear on the 

bottom of the screen, press F6 to show more options.

6. Once you have selected the appropriate function key, the equation is 

shown on the screen. Press F5 then EXE to save the function to the graph 

screen. Press F6 to draw that function on your plot.

Name _____________________________________________ Class ________ Date ________________

Activity 9 • Behavior of a Gas
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Problems and Questions

1. What does your graph look like? Sketch it in the box below.

2. What is the line of best fit for this graph? Describe the relationship between 

temperature and pressure.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

3. What does the slope represent in the line of best fit equation?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

4. What does the y-intercept of the graph represent?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

5. How does pressure relate to volume according to Boyle’s Law?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

6. What do you think Charles’ Law adds to the statement about the relationship 

between pressure and volume? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________
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Solutions and Screen Shots for Activity 9

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The CLAW200 program will show a graph of the 
data, but you cannot extrapolate or find the line of 
best fit from this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 
(Temperature- ºC) and List 2 (Pressure- kPa). 

• They must make sure the graph window is set to 
automatic and the axes are turned on:

• Press SHIFT MENU(SETUP).

• Press F1(Auto).

• Scroll down to Axes and press F1(On).

• Press EXIT.

• They will press F1(GRPH) and F1(GPH1) to view 
the graph.

To find the mathematical model to represent the 
data:

1. Press F1(X).

The regression equation should appear on the 
screen: y = 0.06x + 107.52

2. To save the regression equation for later data 
analysis, press F5(COPY) EXE.

3. To see the regression equation drawn on the graph, 
press F6(DRAW).
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Possible Answers to Problems and Questions

1. The graph looks like the picture below.

2. The line of best fit for this data is in the form of y = ax + b, where y is the 
pressure, a is the rate at which the pressure changes with each degree of 
temperature change, b is the amount of pressure at zero temperature, and 
x is the temperature. The mathematical model representing the example 
above is y = 0.06x + 107.52.

3. The slope of the line represents the amount of pressure change per degree 
Celsius change. In this example above it is 0.06 kPa per degree.

4. The y-intercept of the graph represents the pressure when the temperature 
is zero degrees Celsius. In the example above it is 107.52 kPa.

5. The pressure is inversely proportional to the volume of a gas at 
constant pressure.

6. Charles’ Law states that there is a direct relationship between temperature 
and volume. As the temperature of an ideal gas increases the volume also 
increases at a steady rate if the gas is at a constant pressure. The students’ 
answers may vary. 

Solutions and Screen Shots for Activity 9
(continued)
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Activity 10
pH of Common Household Substances
Topic Area: pH

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of activities in grades 5-8, all students should develop abilities neces-
sary to do scientific inquiry:

• Develop descriptions, explanations, predictions, and models using 
evidence; 

• Think critically and logically to make the relationships between 
evidence and explanations. 

As a result of their activities in grades 9-12, all students should develop an under-
standing of structure and properties of matter:

• The physical properties of compounds reflect the nature of the 
interactions among its molecules. These interactions are determined 
by the structure of the molecule, including the constituent atoms 
and the distances and angles between them.

Objective 

The students will determine the pH of at least ten common household substances.

Introduction

The pH scale was established to show the concentration H3O+ in a substance
which is formed in the ionization of water. A neutral solution has a pH of seven
and it has a hydronium ion concentration of 1 • 10-7 mole per cubic decimeter.
The pH of a substance can be calculated using the following equation: pH =
–log(H3O+). The hydronium ion concentration is always given in powers of ten
from 10–14 to 100, thus the pH is in a range from 0 to 14. 

Also, the pOH can also be indicated by the pH by the following relationship: 
[H3O+][OH–] = 1 • 10–14. The product of the hydronium ion and the hydroxide
ion is always a constant. This is the base for the pH scale where a low pH indi-
cates an acid and a high pH indicates a base. Seven is a neutral substance on this
scale and as the distance from seven increases the strength of the acid or base
also increases.

Teaching Notes



Copyright © Casio, Inc. Activity 10 • Data Collection and the Casio fx-9750G Plus 69

The students should be familiar with the following vocabulary:
Acid     
pH     
Logarithmic scale     
Base     
Neutral

Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
EA2PH program. They will also need the EA-200 data analyzer, a link cable, a pH
probe, and at least ten common household substances (suggested substances list-
ed in solutions).

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 10: pH of Common Household Substances    Teaching Notes (continued)
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Name _____________________________________________ Class ________ Date ________________

Introduction

The pH scale was established to show the concentration H3O+ in a substance which
is formed in the ionization of water. A neutral solution has a pH of seven and it has a
hydronium ion concentration of 1 • 10-7 mole per cubic decimeter. The pH of a sub-
stance can be calculated using the following equation: pH = –log(H3O+). The hydro-
nium ion concentration is always given in powers of ten from 10–14 to 100, thus the
pH is in a range from 0 to 14. In this activity you will determine the pH factor for
common household substances. 

Gathering Data

• Turn on the EA-200 and the Casio fx-9750G Plus 

calculator. Make sure the pH probe is plugged into the 

Channel 1 and the link cable between the calculator and 

EA-200 is firmly secured.

• From the main menu, select the PRGM function and run 

the EA2PH program by highlighting it.  Press EXE.

• You will see the default settings on the program on the 

screen with a series of functions across the bottom of the 

screen.

• Press F4(Set) to setup the following:

•    Press F2(Smpl) and type 10 EXE.

•    Press F3(Intv) and type 20 EXE.

•    Press F6(Done).

• Label the samples from 1-10 and create a data table 

for the results. Place the pH probe in the first sample and press 

F1(Go) to begin the sampling. Once the measurement has leveled 

off (after about a minute), press F1(Start). The EA-200 will beep to 

signify the first reading, then you will have 20 seconds to rinse the 

bulb with distilled water and place it in another sample. Watch the 

EA-200. After the Sampling light flashes once, remove, rinse and 

replace the probe in another sample.

• Once the EA-200 beeps to signify the collection is finished, press 

EXE on the calculator.

Activity 10 • pH of Common Household Substances 
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• If for some reason your data is incomplete or incorrect, 

you can repeat the experiment. Follow these procedures:

• Press EXE after viewing the data.

• Press F1(Go) F1(Start).

• Follow the directions above to repeat the data 

collection.

• If your data are fine, press EXE after viewing the data. 

Press  F6(Exit) then  F6(OK).

Analyzing Data

1. Press the MENU button and select the STAT function. 

The data will appear in List 1 (Time), List 2 (pH values). 

2. Fill in the chart below with your data.

Problems and Questions

1. Which household solution is the most basic?

______________________________________________________________________________

2. What is the H3O+ concentration of this substance?

______________________________________________________________________________

3. Which household solution is the most acidic?

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 10 • pH of Common Household Substances 

Substance pH



72 Data Collection and the Casio fx-9750G Plus • Activity 10 Copyright © Casio, Inc.

4. What is the H3O+ concentration of this substance?

______________________________________________________________________________

5. Do any of the pH levels of the substances surprise you? 

Why or why not?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

6. What type of substance (acid/base) is a good household cleanser? 

______________________________________________________________________________

7. What type of substance (acid/base) is a good lubricant? 

______________________________________________________________________________

8. What type of substance (acid/base) is safe to eat or drink?  

Why?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

9. What type of substance would you take to soothe an upset stomach due to acid 

indigestion? Why?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 10 • pH of Common Household Substances 
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Solutions and Screen Shots for Activity 10

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The EA2PH program will show a graph of the 
data, but you cannot extrapolate from this screen.

• Press the MENU button and select the STAT
function. The data will appear in List 1 
(Time-seconds) and List 2 (pH values). 

• The students filled in a data table with their ten 
household substances. 

Here is an example chart (note all solutions are 
aqueous): 

Finding logarithmic calculations

• Press MENU and select 1(RUN).

• Type SHIFT log ( (–) 10.228 ) EXE.

The answer should appear on the screen: 5.92 E–11

Tap Water

Lemon Juice

Mouthwash

Glass Cleaner

Laundry Detergent

Soda

Bleach

Dish Detergent

Baby Oil

WD40

Substance pH

6.956

2.6295

4.2467

10.228

8.1949

3.2679

9.864

7.5849

6.8378

5.6841
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Possible Answers to Problems and Questions

1. The most basic household solution is glass cleaner: 10.228

2. The H3O+ concentration of glass cleaner is 5.92 E–11.

3. The most acidic household solution is lemon juice: 2.6295

4. The H3O+ concentration of lemon juice is 0.00235.

5. Answers may vary. Some students may be surprised at how acidic lemon 
juice is. Also they may have thought that cleaners would be acidic rather 
than basic.

6. A base is the best household cleanser.

7. A slightly acidic substance in a good lubricant based on the two oils found in 
the example list.

8. Tap water is almost exactly neutral, but the other two edible household 
solutions were both more acidic. 

9. You would take a neutral or a slightly basic product to reduce the acid levels 
in the stomach. 

Solutions and Screen Shots for Activity 10
(continued)
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Activity 11
Frequency of Sound and the 
Mathematics of Music
Topic Area: Frequency of Sound

NCTM Standards:
Use mathematical models to represent and understand quantitative relationships.

• Identify essential quantitative relationships in a situation and determine 
the class or classes of functions that might model the relationships;

• Use symbolic expressions, including iterative and recursive functions, to 
represent relationships arising for various contexts;

• Draw reasonable conclusions about a situation being modeled.

NSES Standards:
As a result of activities in grades 5-8, all students should develop abilities neces-
sary to do scientific inquiry:

• Develop descriptions, explanations, predictions, and models using 
evidence; 

• Think critically and logically to make the relationships between 
evidence and explanations. 

As a result of their activities in grades 9-12, all students should develop an under-
standing of interactions of energy and matter:

• Waves, including sound and seismic waves, waves on water, and light 
waves, have energy and can transfer energy when they interact with 
matter.

Objective 

The students will determine the relationship between the frequencies of different
notes in a scale.

Introduction

The sound waves produced in musical instruments are related to each other by
very specific ratios. An octave on the keyboard consists of the eight steps between
the same two notes on a keyboard, excluding any "in-between" notes called sharps
and flats. There are a total of 12 notes in the full chromatic scale which includes
the white and black keys on a piano keyboard. 

In this activity, the students will be viewing a graph of the waveform as well as a
FFT (Fourier analysis) of the graph which shows the most dominant frequencies
detected in that note. The students will find that the ratio between any two con-
secutive notes on the chromatic scale will give a ratio between 1.06 and 1.08 and
that the ratio between the two peaks on the FFT graph is generally two. 

Teaching Notes
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They will also discover that the ratio between two of the same notes an octave
apart on the scale will have a ratio of two as well.

The students should be familiar with the following vocabulary:

Frequency Fourier function
Waves Sound
Hertz Ratio

Getting Started 

The students will need a Casio fx-9750G Plus graphing calculator with the
SOUND program (listed in the back of this book). They will also need the EA-200
data analyzer, a link cable, and a piano or electric keyboard.

If more than one student has a Casio fx-9750G Plus calculator and wants the data
from the experiment on their calculator, instruct the students to plug one calcu-
lator into the EA-200 in the "Master" and any secondary calculators into the
"Subs" (up to 8 subs). On the "Sub" calculators, go to MENU and select LINK.
Then they should select F2(Receive). On the "Master" calculator, go to the MENU
and select LINK. They should select F1(Transmit), select List 1 and List 2 by
highlighting and press F1 and then press F6(TRAN). After the calculators say
"Complete" each should have the data sets. 

Activity 11: Frequency of Sound and the 
Mathematics of Music   Teaching Notes (continued)
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Introduction

The sound waves produced in musical instruments are related to each other by very
specific ratios. An octave on the keyboard consists of the eight steps between the
same two notes on a keyboard, excluding any "in-between" notes called sharps and
flats. 

There are a total of 12 notes in the full chromatic scale which includes the white and
black keys on a piano keyboard. In this activity you will determine the relationship
between different notes on a piano keyboard.

Gathering Data

• Turn on the EA-200 and the Casio fx-9750G Plus 

calculator. 

• From the main menu, select the PRGM function and run 

the SOUND program by highlighting it.  Press EXE. 

• Once the program is executed, place the microphone of 

the EA-200 close to the speaker of the electric piano or

close to the piano soundboard. Hold down middle C to 

sound it and simultaneously press START on the EA-200. 

The EA-200 will beep to signify the collection is finished 

(almost immediately after pressing START), and then 

press EXE.

• Repeat the experiment for each of the twelve notes on the 

chromatic scale between middle C and one octave above 

middle C. Fill in the data table below as you collect data.

• Press EXE after viewing the graphs.

• When the program says END press EXE again. 

The program will restart.

• Follow the directions above to repeat the data 

collection.

• Press AC/On to end the program once all data is 

complete.

Name _____________________________________________ Class ________ Date ________________

Activity 11 • Frequency of Sound and the 
Mathematics of Music
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Problems and Questions

1. How do the graphs of the waveforms change as you go up the scale? 

______________________________________________________________________________

______________________________________________________________________________

2. What is the ratio between the first peak frequency of middle C and the first peak 

frequency of the C one octave higher?

______________________________________________________________________________

______________________________________________________________________________

3. Does this hold true for all octaves? Describe a test that could prove your 

hypothesis and complete it. Did it hold true?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 11 • Frequency of Sound and the 
Mathematics of Music

Ratio
between
Peak 1 and
previous
note Peak 1

Difference
between
Peak 1 and
previous
note Peak 1

Ratio
between
Peak 1 and
Peak 2

Frequency-
Hz (Peak 2)

Frequency-
Hz (Peak 1)Note

Middle C 

C sharp

D

E flat

E

F

F sharp

G

A flat

A

B flat

B

C
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4. Is there a relationship or pattern between the differences between the Peak 1 

frequencies of one note from the previous note? Describe the relationship or pattern.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

5. Is there a relationship or pattern between the Peak 1 frequencies and the Peak 2 

frequencies? Describe the relationship or pattern.

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

6. Why do you think that musicians refer to the Peak 2 frequency as an overtone?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

7. What would the frequency be of the note E one octave higher than the one tested? 

How do you know? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

8. Middle C frequency is known as 261.6 Hz. What percent difference did you have 

between this accepted value and your experimental value? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Name _____________________________________________ Class ________ Date ________________

Activity 11 • Frequency of Sound and the 
Mathematics of Music
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Solutions and Screen Shots for Activity 11

The students are given the instructions for doing some of the data analysis. Here
are further details and instructions with screen shots to accompany them.

Analysis of Data

• The SOUND program will show a graph of the data, and pressing SHIFT
F1(Trace) will allow them to trace the graph to fill in their chart. The 
students should read the X-values for the frequencies. See Middle C 
example below.

• The students filled in a data table with the values according to their data. 
Here is an example chart: 

Ratio
between
Peak 1 and
previous
note Peak 1

Difference
between
Peak 1 and
previous
note Peak 1

Ratio
between
Peak 1 and
Peak 2

Frequency-
Hz (Peak 2)

Frequency-
Hz (Peak 1)Note

Middle C 

C sharp

D

E flat

E

F

F sharp

G

A flat

A

B flat

B

C

253.9

273.4

293.0

312.5

332.0

351.6

371.1

390.6

410.2

429.7

468.8

488.3

527.3

527.3

546.9

585.9

625.0

664.1

703.1

742.2

781.3

820.3

878.9

937.5

976.6

1035.2 

2.08

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.05

2.00

2.00

1.96

19.5

19.6

19.5

19.5

19.6

19.5

19.5

19.6

19.5

39.0

19.5

39

1.08

1.07

1.07

1.06

1.06

1.06

1.05

1.05

1.05

1.09

1.04

1.08
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Finding the differences and the ratios

• Press the MENU key and select 1(RUN).

• Type 527.3 ÷ 253.9 EXE.

The answer should appear on the screen: 2.0768

• Type 273.4 – 253.9 EXE.

The answer should appear on the screen: 19.5

• Type 273.4 ÷ 253.9 EXE.

The answer should appear on the screen: 1.0768

Possible Answers to Problems and Questions

1. The graphs of the waveforms peaks get closer together for each subsequent 
note on the chromatic scale. Some graphs are smoother than others as well 
depending on how many large peaks there are on the Fourier analysis graph. 
See examples below.

Middle C

Above Middle C

Solutions and Screen Shots for Activity 11
(continued)
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2. The ratio between the first peak frequency of middle C and an octave higher 
is 2.08.

3. It does hold true for all octaves. Repeating the procedures for collecting the 
data, press D that is an octave higher than originally tests. The first peak 
frequency is 585.9 Hz, which is a ratio of 2.00 exactly. The ratio is two 
between any two notes an octave apart.

4. The difference between the peak one frequency and the previous note is 
generally between 19.5 and 19.6. Two times this did not hold true, but this is 
probably due to experimental error or issues with the programming of the 
keyboard.

5. The relationship between the Peak 1 and the Peak 2 frequencies is that 
Peak 2 is double that of Peak 1. 

6. It is a tone that is higher than the intended frequency thus why they use 
the term "over." It is a tone that the normal human ear does not detect easily. 

7. E one octave higher would be 664.1 because this is the Peak 2 frequency 
which represents one octave higher than the original frequency.

8. The percent difference is (261.6-253.9) ÷ 261.6 ÷ 100 = 2.94%. This is well 
within experimental error expectations.

Solutions and Screen Shots for Activity 11
(continued)
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Appendix A
Loading Programs using FA-123 Link Software

FA-123

The FA-123 is a program that allows the transfer of data and programs between
the calculator and a computer in both directions. You must have the program
installed on the computer and a link cable from the serial port on the computer
to the calculator. This is packaged together and can be purchased from :

http://www.casio.com/index.cfm?fuseaction=products.detail&product=FA-123 

or a Casio distributor. 

Connecting the Cable

• Make sure to plug the serial cable into the COM port of your computer and 
attach it firmly. The other end of the cable should be easily accessed to attach 
to the calculator.

• Once the cable is plugged in, launch the FA-123 software from your program 
menu on the computer. 

Set the Image Set Mode

• From the Main Menu, select LINK.
• Press F6(Image Set Mode).

• Press F2(On). This allows you to send screen captures to the computer, but 
disables the F D key on the calculator. This is the key you will use to 
send the screen capture to the computer.

��
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Screen Capture

• Follow the Connecting the cable instructions from above.
• Open the FA-123 software on the computer.
• Press the icon on the top row that has a tiny camera. The computer will say 

"Screen Capturing…"

• Get to the screen you would like to capture and press the F D key to 
capture that screen.

• Select the File menu on the computer.
• Select Save As and name the picture as appropriate and press OK.

The file is saved as a .bmp file that can be inserted into a word processed docu-
ment.

Sending a Program or Data to the Computer

If you have data that you have entered or a program that you have written on the
calculator and want to store it on the computer, follow these procedures.

• Follow the Connecting the cable instructions from above.
• Open the FA-123 software on the computer.
• Press the icon on the top row that has a blue arrow pointing to the right. The 

computer will say "Receiving…"

• Press the AC/On on the calculator and select LINK.

��
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• Press F1(Transmit).

• Press F1(Select).

• Highlight the program or the lists where the data is stored and press 
F1(SEL). (You can select as many as you like; a triangle will appear beside 
those that are selected).

• Press F6(TRAN) to send the programs or data to the computer.
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Sending a Program to the Calculator

If you have a program that you have downloaded on the computer and want to
send it to the calculator, follow these procedures.

• Follow the Connecting the cable instructions from above.
• Open the FA-123 software on the computer.
• From the File menu on the computer select Open.
• Select the catalogue file you downloaded or saved from a disk.

• Press the plus beside the title in the dialogue box and highlight the program 
you want to send to the calculator.

• Press the AC/On on the calculator and select LINK.
• Press F2(Receive).

• Press the icon on the top row on the computer that has a blue arrow 
pointing to the left. The computer send the selected file to the calculator.
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• Press the AC/On button when the computer is finished. 
• Press the MENU button and select PRGM.
The program should be found in the list of programs on this screen. Press the
down arrow to move down the list.

Resetting the Image Set Mode

• From the Main Menu on the calculator, select LINK.
• Press F6(Image Set Mode).

• Press F1(Off). This resets the Image Set Mode to off so that the F D will 
work to change fractions to decimals.

��
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Appendix B
Programming with the 9750G Plus Graphing
Calculator

This part of the book will give you a quick introduction to programming the
9750G Plus Graphing Calculator to expand its functionality.

SOUND Program

This program is used in activity eleven. 

The following table shows the line entered and the logic behind that particular
command. The entry of the program will be demonstrated in the following pages.

Line

{0}�List 6 

Send(List 6)  

{1,10,1,10,10}�List 6

Send(List 6)  

{3,5E–5,1024,1,1}�List 6 

Send(List 6) 

"SAMPLE START?" 

" PRESS [START]" 

"WHEN SAMPLING IS DONE" 

" PRESS [EXE]"    

Receive(List 1) 

Receive(List 2) 

Seq(X÷5E–5÷1024,X,0,99,1)�List 3

{5,10,10,1,100}�List 6

Send(List 6) 

Receive(List 5) 

{5,10,11,1,100}�List 6

Logic

Sends the number in brackets to List 6
of the statistics function.

Sends List 6 to the EA-200.

Sends the numbers in brackets to List 6
of the statistics function.

Sends List 6 to the EA-200.

Sends the numbers in brackets to List 6
of the statistics function.

Sends List 6 to the EA-200.

Displays the words on the screen.

Displays the words on the screen.

Displays the words on the screen.

Displays the words on the screen and
waits for user input.

Receives List 1 from the EA-200.

Receives List 2 from the EA-200.

Enters a sequence into List 3 on the 
calculator.

Sends the number in brackets to List 6
of the statistics function.

Sends List 6 to the EA-200.

Receives List 5 from the EA-200.

Sends the numbers in brackets to List 6
of the statistics function.

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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For a list of the most common programming commands, visit "Language
Summary 9850" at http://members.lycos.co.uk/rfam/subhtml/lang9850.html. This
website is dedicated to the 9850G Plus Graphing Calculator, but the 9750G Plus
Graphing Calculator is exactly the same except you cannot reference color in the
programming for the 9750G Plus Graphing Calculator.

Send(List 6) 

Receive(List 6) 

√(List 52+List 62)�List 4 

0�List 4[1] 

S-WindAuto 

S-Grph2 DrawOff 

S-Grph3 DrawOff 

S-Grph1 Draw on,xyLine,List 1,List
2,1,Dot

Cls

"SOUND WAVE" 

DrawStat    

S-Grph1 DrawOn,xyLine,List 3,List
4,1,Dot 

Cls 

"FFT" 

DrawStat    

"END"

Sends List 6 to the EA-200.

Receives List 6 from the EA-200.

Computes the value of List 4 according
to List 5 and List 6.

Saves 0 as the first cell in List 4.

Sets the statistics window to automati-
cally calculate scales according to the
data.

Turns off statistical graph 2.

Turns off statistical graph 3.

Turns on the statistical graph 1 and sets
it as a xyLine, plots List 1 on the hori-
zontal axis and List 2 on the vertical
axis, with a scale of 1.

Clears the screen.

Displays the words on the screen.

Draws the statistical plot and waits for
user input.

Turns on the statistical graph 1 and sets
it as a xyLine, plots List 3 on the hori-
zontal axis and List 4 on the vertical
axis, with a scale of 1.

Clears the screen.

Displays the words on the screen.

Draws the statistical plot and waits for
user input.

Displays the words on the screen.

�

�

�

�

�

�

�

�

�

�

�

�

�
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Entering the SOUND Program

*Bold letters are on the keypad. For example, S  O  U  N  D means to type the 
letters S  O  U  N  D into the calculator.
*Those words in parenthesis are the functions associated with the previous key-
stroke or keystrokes.

• From the Main Menu, select PRGM.
• Press  F3(NEW).
• Type   S  O  U  N  D   EXE. (The letters are in alphabetical order in red lettering on 

the keypad).
• Type  SHIFT  {  0  SHIFT  } �  OPTN  F1  F1  6  EXE.
• Type  SHIFT  PRGM  F6  F4(I/O)  F3(SEND)  (  OPTN  F1(LIST)  F1(List)  6  )  EXE.
• Type  SHIFT  {  1  ,  10  ,  1  ,  10  ,  10  SHIFT  }  �  OPTN  F1(LIST)  F1(List) 

6  EXE.
• Type  SHIFT  PRGM  F6  F4(I/O)  F3(SEND)  (  OPTN  F1(LIST)  F1(List) 

6  )  EXE.
• Type  SHIFT  {  3 , 5  EXP  (–)  5  ,  1024  ,  1  ,  1  SHIFT  }  �  OPTN F1(LIST) 

F1(List)  6  EXE.
• Type  SHIFT  PRGM  F6  F4(I/O)  F3(SEND)  (  OPTN  F1(LIST)  F1(List)  6  )  EXE.
• Press  EXIT  EXIT  F6  F2(")  SHIFT  A-LOCK.
• Type S  A  M  P  L  I  N  G   SPACE   S  T  A  R  T.
• Type  SHIFT  PRGM  F4  SHIFT  ALPHA  F2(")  EXE.
• Type  F2(")  SPACE   P  R  E  S  S   SPACE  ALPHA SHIFT  [  SHIFT A-LOCK  

S  T  A  R  T   SHIFT  ]  SHIFT  ALPHA  F2(")  EXE.
• F2(")   W  H  E  N   SPACE   S  A  M  P  L  I  N  G   SPACE   I  S   SPACE   

D  O  N  E   F2(")  EXE.
• Type  F2(")  SPACE   P  R  E  S  S   SPACE   ALPHA SHIFT  [  SHIFT 

(A-LOCK)   E  X  E   SHIFT  ]  SHIFT  ALPHA  F2(")  SHIFT  PRGM F5(    ).
• Type  F6  F4(I/O)  F4(Recv)  OPTN  F1(LIST)  F1(List)  1  )  EXE.
• Type  F6  F4(I/O)  F4(Recv)  OPTN  F1(LIST)  F1(List)  2  )  EXE.
• Type  F5(Seq)  X,�,T  ÷ 5  EXP  (–)  5  ÷ 1024  ,  X,�,T ,  0  ,  99  ,  1  ) 

�  F1(List)  3  EXE.
• Type  SHIFT {  5  , 10 , 10 , 1 , 100  SHIFT  }  F1(List)  6  EXE.
• Type  SHIFT  PRGM  F6  F4(I/O)  F3(Send)  (  OPTN  F1(LIST)  F1(List)  6  )  EXE.
• Type  SHIFT  PRGM  F6  F4(I/O)  F4(Recv)  OPTN  F1(LIST)  F1(List)  5  )  EXE.
• Type  SHIFT  {  5  ,  10  ,  11  ,  1 ,  100  SHIFT  }  �  F1(List)  6  EXE.
• Type  SHIFT  PRGM  F6  F4(I/O)  F3(Send)  (  OPTN  F1(LIST)  F1(List)  6  )  EXE.
• Type  SHIFT  PRGM  F6  F4(I/O)  F4(Recv)  OPTN  F1(LIST)  F1(List)  5  )  EXE.
• Type  SHIFT  PRGM  F6  F4(I/O)  F4(Recv)  OPTN  F1(LIST)  F1(List)  6  )  EXE.
• Type  SHIFT  √ (  F1(List)  5  X2 +  F1(List)  6  X2 )  �  F1(List)  4  EXE.
• Type  0  �  F1(List)  4 SHIFT  [  1 SHIFT  ]  EXE.
• Press  EXIT  EXIT.
• Type  SHIFT  SETUP  F6  F6  F3(S-Win)  F1(Auto)  EXE.
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• Press  EXIT  EXIT.
• Type  F4(MENU)  F1(STAT)  F2(GRPH)  F2(GPH2)  EXIT  F1(DRAW)  F2(Off)  EXE.
• Press  EXIT  EXIT.
• Type  F1(STAT)  F2(GRPH)  F3(GPH3)  EXIT  F1(DRAW)  F2(Off)  EXE.
• Press  EXIT.
• Type  F2(GRPH)  F1(GPH1)  EXIT  F1(DRAW)  F1  ,  EXIT  F2(GRPH)  F5(xy)  , 

EXIT  F3(LIST)  F1(List1)  ,  F2(List2)  ,  1  ,  EXIT  F4(MARK)  F3(DOT)  EXE.
• Type  SHIFT  F4(Sketch)  F1(Cls)  EXE.
• Type  SHIFT  A-LOCK  F2(")   S  O  U  N  D   W  A  V  E   F2(")  EXE.
• Type SHIFT  PRGM  F6  F2(DISP)  F1(Stat)  EXIT  F6  F5(   ).
• Press  EXIT  F4(MENU)  F1(STAT)  F2(GRPH)  F1(GPH1).
• Type  EXIT.
• Press  F1(DRAW)  F1(On)  ,  EXIT  F2(GRPH)  F5(xy)  ,  EXIT F3(LIST) 

F3(List3)  ,  F4(List4)  ,  1  ,  EXIT  F4(MARK)  F3(DOT)  EXE. 
• Type  SHIFT  F4(Sketch)  F1(Cls)  EXE.
• Type  SHIFT  A-LOCK  F2(")  F  F  T  F2(")  EXE.
• Type  SHIFT  PRGM  F6  F2(DISP)  F2(Stat)  EXIT  F6  F5(   ).
• Type  SHIFT  A-LOCK  F2(")  E  N  D  F2(").
• Press  EXIT  EXIT.

Editing the Program

• From the Main Menu, select PRGM. 

• Highlight SOUND and press F2(EDIT).

• To type over: highlight the letter or symbol you want to replace and type 
new letter or symbol.

• To insert: press SHIFT INS. The calculator will insert to the left of the 
flashing cursor.

• When finished, press  EXIT.

Renaming the Program

• From the Main Menu, select PRGM.

• Highlight program you want to change and press F6 F2(REN).

• Type new name (it will write over what is there) or press SHIFT INS to insert 
characters.

• When finished, press  EXIT.

Deleting a Program

• From the Main Menu, select PRGM.

• Highlight program you want to delete and press F4(DEL).

• Press F1(YES). (The program cannot be recovered once F1 is pressed).
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Appendix C
Resources of Interest 

Use the following links to find the programs used in this activity manual:

Casio EA-200 Information
http://www.casio.edu.shriro.com.au/learnmaterials/datalogging/datalogging.htm
This links to the Casio Education Australia website where the programs are locat-
ed. Follow the instructions in the back of this book for downloading programs
from the internet onto your calculator.

Casio Education
www.casioeducation.com
An education based website sponsored by Casio, Inc. From this site you will find
links to purchasing calculators, free downloads of programs and curriculum, and
Casio Rewards program and monthly student contests.

Charlie Watson Site
http://www.charliewatson.com/casio/casprog.html
This is a rather large database of calculator programs on the Casio. Along the
right-hand side of the screen is a list of categories for the programs that may be
of interest. You can download the programs and link them to the calculator.


