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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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22.SEP Interpret Data Based on the data you collected, which metal conducts heat
the slowest?

Part III: Observing Radiation with Radiation Cans

Why do some materials heat up faster than others?

23.Fill each radiation can ¾-full with room temperature water.

24.Place a thermometer into the water in each can (see Figure 3). Measure the
initial temperature of the water in each can. Record the values in °C in Table 2.

Figure 3

25.Shine an infrared heat lamp on the sides of both cans, approximately 10 cm from
each can, so that it shines with equal intensity on both cans. Be sure the lamp is
equal distance from the outer surface of both cans (see Figure 4).

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Figure 4

26.Measure the temperature in both cans over the next 10 minutes. Record the
values in Table 2.

27.Pour the water out of both cans down the sink.

28.SEP Use Mathematics Use graphing software or the space to draw a
temperature versus the time graph for the data in Table 2. Use a different coded
line (or different color) for each can.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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29.SEP Identify Patterns How did the temperature vary in each can over time?
Describe the pattern you observe.

Table 2

Temperature of Radiation Cans (°C)

Time
(minutes) Silver Can Black Can

0

1

2

3

4

5

6

7

8

9

10
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part IV: Designing a Convection, Conduction, or Radiation Model

What is another way to model convection, conduction, or radiation in the lab?

30.SEP Develop Models Pick one of the concepts you already studied and develop
another model to demonstrate the process. Have your procedure approved by
your instructor, before proceeding.

31.SEP Make Observations Build your model and record your observations.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format.

249



250

NAME DATE CLASS

3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
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Analyze and Interpret Data

1. SEP Analyze Data Research one example of each process (convection,
conduction, and radiation) you observed in the lab that occurs on Earth. Describe
each example.

2. SEP Analyze Data In Part I, other than convection, what other method of heat
transfer was taking place in this activity? How do you know?

3. SEP Identify Patterns Name at least two other examples of convection found on
Earth.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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4. SEP Construct an Explanation Look at your observations from Part II. Why do
some metals conduct heat more slowly and others conduct heat more quickly?

5. SEP Construct an Explanation On a sunny summer day, what color
shirt—black or white—might be cooler? Use your observations from Part III to
explain your reasoning.

6. SEP Develop Models Draw a model of the convection currents in Earth’s
mantle. Use arrows to represent the warm and cool fluid movements.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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SCIENCE PERFORMANCE-BASED ASSESSMENT

Heating Curve of Water
When you heat an object, where does the energy go?

Phenomenon Energy transfer occurs around us all the time. In the absence of work,
the transfer of thermal energy or heat flow always occurs from a region of higher
temperature to a region of lower temperature until a new final equilibrium temperature is
reached. Temperature is the measure of the average kinetic energy of a substance (how
much the particles in the substance are moving).

In this activity, you will investigate the energy involved in turning ice water into boiling
water. It will be up to you and your partner(s) to determine the energy needed to change
the temperature of the water and to also calculate the energy needed to turn the solid
water into liquid water (ΔUfusion).

Focus on Science Practices

SEP 3 Plan and Carry Out Investigations
SEP 4 Analyze and Interpret Data
SEP 5 Use Mathematics and Computational Thinking
SEP 6 Construct Explanations

Materials Per Group
● Balance (0.01 g precision)
● Beaker, borosilicate, 250 mL
● Graduated cylinder, 100 mL
● Hot plate
● Stirring rod
● Support clamp and stand (optional)

● Thermometer or temperature
probe

● Timer
● Water, ice
● Water, room temperature

Safety

Wear safety goggles when performing this or any lab that uses chemicals, heat or
glassware. Use a stirring rod to stir the liquid; never stir with a thermometer. Use caution
with hot water. Use heat resistant gloves. Wash hands thoroughly with soap and water
before leaving the laboratory.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
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Procedure

1. SEP Plan and Carry Out Investigations Plan an investigation to collect data to
graph a heating curve of water. As plan your procedure keep the following in
mind:

● Your solution must start as an ice/water mixture.
● Record the initial mass of the ice and the initial mass of the liquid water.
● Take at least five temperature readings at the water’s boiling point.
● Use a data table to collect your data.
● When measuring the temperature of the water, hold or attach it to a ring

stand so the thermometer is in the middle of the liquid. Do not allow the
thermometer to touch the beaker as this can alter your results

Have your procedure approved by your instructor before proceeding.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Use Graphs Use graphing software or draw a plot using your time and
temperature data in the space provided.

2. SEP Analyze DataWhere on your graph was the ice completely melted?

3. SEP Analyze DataWhat trends do you notice on your graph?

4. SEP Interpret Data How would the graph appear if you continued to heat the
water beyond the time when it was all converted to steam?

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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5. SEP Construct an Explanation Discuss the significance of the plateaus on the
graph. What is occurring on the molecular level during the plateaus? What is
occurring on the molecular level during the sloped portion(s) of the graph?

6. SEP Use Mathematics
a. If the heat of fusion for water is 333.5 J/g, how much energy was needed

to melt your ice? Show work in the space provided.

b. If the heat of vaporization is 2.23 kJ/g, how much energy would be needed
to convert all of the water in the lab from the liquid state to the gas state?
Show work in the space provided.

7. SEP Apply Scientific Reasoning and Use Math Remembering that the specific
heat of water is 4.184 J/g°C, calculate how much energy would be needed for all
of the water in your beaker to be converted from the ice/water mixture to steam.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Build a Battery
How are batteries built, and how do they provide us with portable power?

Batteries provide electricity for nearly every small electrical device in a home—from
flashlights and watches to power tools. The composition of a battery depends on the
purpose for which it will be used. Some batteries, such as those in an artificial heart
pacemaker, need to operate for a very long time. Other batteries need to be reliable and
ready to supply electricity at any time, even after several years of storage. In this lab,
you will construct an aluminium-air battery and measure its power output under a variety
of conditions.

Focus on Science Practices

SEP 2 Developing and Using Models
SEP 5 Using Mathematics
SEP 6 Constructing Explanations

Materials Per Group
● Aluminum foil, 30 cm x 30 cm
● Charcoal, activated, 10–15 g
● Sodium chloride solution, NaCl,

saturated, 50 mL
● Balance
● Beaker, 100 mL
● Chromatography paper
● Connector cords with alligator clip
leads, 2

● Forceps
● Multimeter
● Paper clips, metal, 2
● Paper towel
● Pipet, disposable
● Scoop or spatula
● Weighing dish

Safety

Charcoal is a flammable solid. Keep away from flames. Wear chemical splash goggles,
chemical-resistant gloves, and a chemical-resistant apron. Be sure all circuit connectors
and work surfaces are dry before conducting the experiments. Do not touch any part of
the circuit with wet hands. Wash hands thoroughly with soap and water before leaving
the laboratory. Please follow all laboratory safety guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Battery Construction

How are batteries built?

1. Place the aluminum foil sheet flat on the tabletop. Place the chromatography
paper on top of the paper towel lying flat on the tabletop.

2. Use the disposable pipet to add the saturated sodium chloride solution to the
chromatography paper lying on the paper towel. Wet the entire chromatography
paper. The excess solution will be pulled through to the paper towel.

3. Using forceps, or a gloved hand, place the wet chromatography paper onto the
center of the aluminum foil sheet.

4. Slide the protective plastic sheath on one of the alligator clips back towards the
wire section of the connector cord to expose as much of the alligator clip as
possible.

5. Place the exposed alligator clip in the center of the wet chromatography paper.
Extend the connector cord along the centerline of the chromatography paper as
shown in Figure 1.

Figure 1
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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6. Measure 10–15 g of activated charcoal from the chemical dispensing station.
Place the activated charcoal into a weighing dish or 400-mL beaker. Note: Be
careful! Activated charcoal powder will easily leave a black residue on skin,
clothing, and the tabletop. Scoop and pour this material slowly and in small
quantities.

7. Use a scoop or spatula and carefully cover the exposed alligator clip in the center
of the chromatography paper with the activated charcoal as shown in Figure 1.
Make sure the metal of the alligator clip is completely covered with the charcoal.

8. Carefully fold the aluminum foil and blotting paper into thirds, then fold the ends
in (like a “burrito”) as shown in Figure 2. Note: Be sure the chromatography
paper stays between the aluminum foil and the activated charcoal.

Figure 2

9. Clip one end of the black connector cord to the aluminum foil.

10.The battery is now complete.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: Testing the Battery

How much power can the battery provide?

11. SEP Plan and Carry Out Your Investigation How can you measure the power
output of your battery? Develop a procedure that uses a multimeter to measure
the current and voltage of your battery. Use the following to help you plan:

a. You should measure your battery’s output both when sitting on the table
and when pressed.

b. Team up with another group to measure the current and voltage of two
batteries in series and parallel.

c. Calculate the power of your battery in each situation.

Record your detailed procedure and any materials to be used. Show your plan to
your teacher for approval before you begin.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 1

Battery Performance

Current (A) Voltage (V) Power (W)

Analyze and Interpret Data
1. SEP Use Data to Construct an Argument Based on the data you collected,

what effect does compressing the battery have? Make sure your answer
addresses the difference between current and voltage.

2. SEP Construct an Explanation How did the voltage and current change when
two batteries were connected in parallel? Explain.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Use Mathematics A portable radio contains four 1.5 V batteries connected
in series. What is the voltage that these batteries supply?

4. SEP Refine a Device If you were asked to manufacture a battery with maximum
power output, based on your experimental data, how would you go about it?

5. SEP Construct an Explanation Describe the flow of electrons through the
battery when probed by the multimeter. Where is the energy for this electron
transfer coming from?

6. SEP Use a Model to Evaluate In this activity you built an aluminum-air battery.
Commercial alkaline batteries use manganese(IV) oxide as their source of
oxygen. What are the advantages and disadvantages of using atmospheric
oxygen as opposed to manganese(IV) oxide?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Energy Transmission in Circuits
How do electrons transfer energy through a circuit?

When a battery is connected to a circuit, electrons flow from the negative terminal
toward the positive terminal. As the electrons travel, they will power various components
and may even encounter junctions, where there will be two wires that the electron could
travel down. In this lab, you will investigate how the arrangement of the components in a
circuit affects where the electrons travel and how they expend their energy.

Focus on Science Practices

SEP 5 Use Mathematics
SEP 6 Construct Explanations
SEP 8 Obtain, Evaluate, and Communicate Information

Materials Per Group
● Battery, 6 V, or equivalent
● Cord connectors, black and red,

5 each

● Multimeter
● Parallel circuit pins, 4
● Resistors, varying resistance, 4

Safety

If a resistor begins to darken or smoke, immediately disconnect the circuit and do not
touch the resistor—it will be hot. Allow it ample time to cool. Handle pins with caution,
as they are sharp. Be sure to follow all laboratory safety guidelines and all safety
procedures provided by your teacher.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Series Circuit

How do resistors behave when placed in series?

1. Assemble the circuit shown in Figure 1. You can use any of the supplied resistors
as R1 and R2.

Figure 1

2. SEP Obtain Technical Information In Table 1, record the color bands and
stated resistance of each resistor.

3. SEP Plan and Carry Out Your Investigation Develop a procedure to measure
the individual and combined characteristics of the resistors in your circuit. Record
your results in Table 1.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 1

Series Circuit

Number Color Code Stated
Resistance

(Ω)

R1

R2

R1,2

Part II: Parallel Circuit

How do resistors behave when placed in parallel?

4. Assemble the circuit shown in Figure 2. Use the remaining two resistors as R3
and R4.

Figure 2

5. SEP Obtain Technical Information Record the color bands on the resistors in
Table 2. Then determine the stated resistance of each resistor.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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6. SEP Plan and Carry Out Your Investigation Develop a procedure to measure
the individual and combined characteristics of the resistors in your circuit. Record
your results in Table 2.

Table 2

Parallel Circuit

Number Color Code Stated
Resistance

(Ω)

R3

R4

R3,4
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data
1. SEP Analyze Data According to the data you have collected, do these resistors

follow Ohm’s law (V = I·R)? Explain.

2. SEP Analyze Data According to the data you collected in part 1, how does the
total resistance of a series circuit relate to the resistance of each individual
resistor.

3. SEP Analyze Data According to the data you collected in part 2, how does the
total resistance of a parallel circuit relate to the resistance of each individual
resistor.

4. SEP Construct an Explanation Why is the current through two different
resistors the same when they are in series, but different when in parallel?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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5. SEP Use Mathematics A circuit is constructed with a 12.0 V battery and three
resistors, R1, R2, and R3. The resistors are connected in series. The resistance
values of R1 and R2 are the same. The current entering R3 is 158 mA, and R3 has
a resistance of 50.0 Ω. Based on what you have determined, calculate the
resistance of R1.

6. SEP Construct an Explanation Kirchhoff’s loop rule states that the sum of the
voltages around any closed loop is zero. With reference to the conservation of
energy, explain why this must be true.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Electric Motors and Generators
How does the conversion of electrical energy and mechanical energy take place
in electric motors and generators?

Electric motors are extremely useful devices that can be found in toys, kitchen
appliances, and various types of vehicles. In essence, electric motors transform
electricity (the flow of electric charges through a conductor) into motion, or mechanical
energy. The spinning of electric motors is utilized to move all sorts of objects, and the
rate at which the motor spins depends on the electric power at which it operates.
Electric power is the rate at which electrical energy is transferred by an electric circuit to
perform work, i.e. to move things. In this lab, you will build a fan powered by an electric
motor, and you will explore how the electrical energy generated by the motor is
transformed into the mechanical energy that makes the fan spin. In addition, you will
turn the fan into a generator, using the spinning motion of the fan blades to produce a
current inside the electric motor, in the absence of a battery, or power supply.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 6 Construct Explanations and Design Solutions

Materials Per Group
● Batteries (or variable DC power
supply), 1.5 V and 6 V

● Buret clamp with clamp holder
● Manila folder
● Cork, size 11
● DC motor (with attached plastic
cap), 1.5 V

● Fan, small and portable
● Glue

● Hot glue gun (optional)
● Masking tape, electrical
● Multimeter with leads, digital
● Pushpins, 2
● Ruler, metric
● Scissors
● Support stand
● Wires with alligator clips on each

end, 2

Safety

Wear eye protection as rotor components may separate during testing. Never touch any
bare wires in an electric circuit with a current. Please follow
all laboratory safety guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Make the Fan Blades

How can an electric motor transform electricity into mechanical energy?

1. Use Figure 1 to draw the template for a four-blade fan (square) on a manila
folder sheet.

Figure 1

2. Use scissors to cut out the square template. Afterwards, cut along the dotted
lines of the shapes. Do not cut along the solid lines.

3. Grab one of the corners of one of the square template with an asterisk (*) and
fold it into the center.

4. Hold the pieces in the center and continue folding all of the asterisk corners
towards the center.

5. Insert a pushpin through the center of the resulting four-blade fan. Note: If the
pieces do not stay in place with the addition of the pushpin, place one small drop
of hot glue underneath the first piece as it is folded toward the center. With the
pin through each of the four layers hold the fan together tightly until the glue
dries. Set the fan aside.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: Build a Fan Using a DC Motor

How can a DC motor be used to power a small fan prototype?

6. Hold the DC motor firmly by its metallic body and insert the motor shaft into the
larger-diameter face of the cork. The cork should fit tightly against the shaft and
inside the plastic cap.

7. Attach the fan to the center of the cork by pressing the pushpin against the cork.

8. Attach a buret clamp to the support stand. Then, use the clamp to hold the DC
motor in place by its metallic body. Do not apply excessive pressure to the
motor’s body with the clamp as this may damage the motor.

9. Plug the multimeter leads so that the black wire is connected to the ground port,
and the red wire is connected to the maxADC port, which in most multimeters is
the 10Amax or 20Amax port. Note: Have your instructor check out your
multimeter’s setup before proceeding.

10.Connect the black wire’s alligator clips hanging from the DC motor to the
negative terminal on the 1.5-V battery. Use masking tape to hold the alligator clip
in place, if necessary.

11.Connect the red wire’s alligator clip attached to the DC motor to the ground lead
of the multimeter.

12.Use the second multimeter lead to contact the positive terminal on the 1.5-V
battery. Observe whether the fan spins smoothly, and remove anything that could
come into contact with the fan blades.

13.Measure the current (I) in amps (A) shown on the multimeter’s display and record
the value in Table 1. Note: If the current reading is too low, switch the
multimeter’s knob to measure in the 200-mA range.

14.Unplug the alligator clips connecting the 6-V battery to the DC motor. Replace
the 1.5-V battery with a 6-V battery.

15.Repeat steps 9–14 for the fan powered by the 6-V battery. Record the current (I)
flowing through the assembly with the 6-V battery.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 1

Build a Fan Using a DC Motor

Battery Voltage (V) Current, I (A) Power, P = V × I (W)

1.5

6

Part III: Turn a Fan into a Generator

How can a fan be used to generate electricity?

16.SEP Plan Your Investigation Consider the experiment conducted in Part II. How
could you modify this experiment to generate electric power from the motion of
the fan instead of using a battery? Write a detailed experimental procedure to
explore this possibility. Use Table 2 to guide your measurements, and have your
instructor check your procedure before proceeding with the experiment.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 2

Turn a Fan into a Generator

Portable Fan Speed Voltage, V (V) Current, I (A) Power, P = V × I (W)

Analyze and Interpret Data

1. SEP Use Models Use your observations with the motor-fan-generator assembly,
and describe the types of energy involved in the investigation. Describe how
energy transforms from one type to another when the motor-generator is
connected to a battery and when it is not.

2. SEP Use Mathematics Calculate the power (P) in watts (W) generated by the
DC motor-fan assembly in Parts II and III using the formula for electric power
given in the corresponding data tables. Show a sample calculation, and fill out
the respective column in each data table. Note: Remember that 1 W = 1 V × 1 A,
where W, V, and A represent the units of watts, volts, and amperes, respectively.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Construct an Explanation How does the electric power (P) of the
DC-motor fan in Part II compare to that of the generator built in Part III? Explain
the possible cause(s) of this discrepancy.

4. SEP Construct an Explanation In your own words, describe why the same
setup used in Part II can work as a generator of electric current in Part III.

5. SEP Construct an Explanation Is there a relationship between the speed of
rotation of the paper fan in Part III and the magnitude of electric power
generated? Explain.

6. SEP Apply Scientific Reasoning Predict what would happen if the fan were to
spin in a counterclockwise direction in Part III of the experiment. How would this
affect, if at all, the readings of voltage and current? Would the power generated
be affected at all?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Natural Resource Management
How can citizens make informed decisions about how to allocate natural
resources?

Earth’s human population, which must be fed with crops harvested from arable land, is
increasing at the same time investment in renewable energy sources to reduce carbon
emissions is increasing. One source of renewable energy is the sun. For the same
reasons certain land areas are ideal for growing crops, those land areas are also ideal
locations for solar panels that convert sunlight into electricity. Thus, the goals of
supporting a growing population and reducing carbon emissions through solar energy
must be balanced. There are economic, environmental, and social questions to
consider. In this activity, you will explore the relationships between resource
management, human sustainability, and biodiversity as they pertain to the use of a finite
natural resource, arable land.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 5 Use Mathematics and Computational Thinking
SEP 6 Construct Explanations

Materials Per Group
● Spreadsheet program

Safety

This laboratory activity is considered non-hazardous.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

1. SEP Develop and Use a Model Region A is a hypothetical rural area that has
characteristics similar to those of a state in the American Midwest. Region A
encompasses 23,000,000 arable acres and 10,000,000 people. The citizens of
Region A have democratically decided to implement a land-allocation plan that
gradually, year over year, allocates some of the arable land to leases for solar
arrays that convert sunlight to electricity. Each acre of land leased to solar energy
providers yields 275,000 kWh/year, and the average household of four people
uses 10,649 kWh/year. Design a simulation in a spreadsheet program that
demonstrates how land allocation changes in Region A, when implemented over
a 50-year time period, impact the region’s ability to support food and energy
needs simultaneously.

2. SEP Develop and Use a Model The table provides crop revenue and lease
price data for the arable land in Region A. Assume you are a farmer with 10,000
acres. Design a simulation to explain which economic conditions favor crop
growth, which economic conditions favor solar leases, and which conditions allow
for flexibility and the consideration of non-economic factors in land allocation.
Describe how your simulation can be used to inform land allocation decisions.
Use the data in Table 1 in your spreadsheet.

Table 1

Year Yield Per
Acre,
Bushels

Price Per
Bushel, $

Lease Price Per
Acre, $

1 205 3.90 500

2 180 3.25 700

3 200 4.00 800
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Plan an Investigation Propose an experiment to measure the impact the
installation of a solar array on a 250-acre parcel of the 10,000-acre farm would
have on the local biodiversity. How could you incorporate your data into the
simulation(s) you designed?

Analyze and Interpret Data

1. SEP Use Mathematics How many acres in Region A must be allocated to solar
leases in order for Region A to achieve energy independence? Explain.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format.

277



278

NAME DATE CLASS

3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. SEP Use Mathematics Assuming that 1.5 acres of arable land per capita are
needed to support the population given its average per capita consumption, and
no more than 1,000 acres of new land can be allocated to solar leases each year,
can region A achieve energy and food independence at the same time? Explain.

3. SEP Obtain information Conduct online research to describe how a farm can
grow crops and accommodate solar panels on the same land.

4. SEP Evaluate a QuestionWhat motivations, in addition to economic ones,
might influence a hypothetical farmer’s thinking about how best to allocate her
10,000 acres of arable land? Consider that electricity from coal emits 820 kg
CO2eq/Mwh and electricity from photovoltaics (solar panels) emits 5 kg
CO2eq/Mwh.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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5. SEP Construct an Explanation It has been observed by some that, regardless
of whether arable land supports solar panels or crops, the land is harvesting
energy from the sun. Explain this idea.

6. SEP Obtain Information Conduct online research to determine what kind of
solutions can be pursued to increase the yield per acre of arable land and to
decrease the cost of electricity derived from solar panels.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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ENGINEERING PERFORMANCE-BASED ASSESSMENT

Design, Build, and Refine A Wind-Turbine Rotor
How does rotor design affect the amount of power derived from a wind turbine?

PhenomenonWind is a renewable resource that can be converted into electricity using
wind turbines, with energy conversion efficiency dependent in part on the design of the
rotors. The purpose of this engineering performance-based assessment is to design
and build a rotor that produces the greatest amount of power. The rotor includes the
windmill blades attached to a central hub and can only be made with provided materials.
The voltage and amperage of the spinning rotor will be measured with a multimeter to
determine the amount of generated power. Improvements will then be made to the rotor
to increase the amount of power produced.

Focus on Science Practices

SEP 4 Analyze and Interpret Data
SEP 5 Use Mathematics and Computational Thinking
SEP 6 Construct Explanations and Design Solutions
SEP 7 Engage in Argument from Evidence

Materials Per Group
● Bamboo skewers
● Blade material, choose from the
following
- Cardboard sheet
- Foam sheet
- Manila folder
- Polystyrene sheet

● Calculator

● Cork
● Glue or tape
● Ruler
● Sandpaper
● Scissors
● Testing station, shared
● Timer

Safety

Exercise caution when handling sharp bamboo skewers. Sandpaper may be used to
smooth rough edges. Wear eye protection as rotor components may separate during
testing. Never touch any bare wires in an electric circuit with a current. Please follow
all laboratory safety guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Designing and Building a Rotor
What variables should be considered when designing a wind turbine’s rotor?

1. Read through the entire procedure before beginning.

2. SEP Design a Solution Take 5–10 minutes to plan the rotor design using only
materials provided by the instructor. Consider how many blades the rotor will
have, how the blades will attach to the hub (cork), what material will form the
blades, what size and shape the blades will be, and the weight of the blades.
Note: The small end of the cork should face the fan that will be generating the
wind. Describe your rotor design.

3. Once the group has determined the rotor design, obtain the necessary materials
from your instructor.

4. Using the design plans from Step 2, assemble the rotor. Note: Do not glue the
blades to the hub so adjustments may be made if necessary.

5. SEP Test Your Solution Take the completed rotor assembly to the testing
station where your instructor will attach the rotor to the motor at a set distance
from the fan. Turn the fan on high speed.

6. Set the multimeter to measure volts.

7. With the fan on high speed, note the highest voltage displayed in 20 seconds. If
the voltage is a negative number, reverse the current by switching the
connections to the multimeter. Record the value in Table 1.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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8. With the fan still running, adjust the multimeter to register milliamps.

9. Note the highest amperage displayed in 20 seconds. Record the value in Table 1.

10.Observe other groups’ rotors as they are tested.

11.Once each group has tested its rotor, adjust the height of the motor on the
support stand so the rotor hub is halfway between the center and the top of the
fan. Repeat Steps 7–10 with the rotor in this new position.

12.Calculate the power output in milliwatts for each test.

Table 1

Rotor—Initial Design

Trial Voltage (V) Milliamps (mA) Power (mW)

Rotor Hub Facing
Center of Fan

Rotor Hub Above
Center
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: Refine Your Rotor Design
What adjustments should be made to your group’s rotor to increase the power output
from Part I?

13.SEP Evaluate Solutions Make a list of problems, if any, the rotor experienced
during testing and how modifications might be made to correct the problems.

14.SEP Test Your Solution Based on the results from Part I, choose where your
rotor will be positioned for the final test—either in line with the center of the fan or
raised up. Note the highest voltage displayed in 20 seconds and record the value
in Table 2.

Table 2

Rotor—Refined Design

Rotor Position Voltage (V) Milliamps (mA) Power (mW)
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Engage in Argument Is all of the mechanical energy you impart to the
spinning generator converted to electrical energy? If not, what do you think the
main sources of energy loss are?

2. SEP Analyze Data Compare the power output of the original rotor to the
modified rotor. Which modifications made a difference in the power output?
Explain.

3. Use Scientific Reasoning Traditionally a motor uses electric current to spin
objects. In this laboratory activity the constructed rotor is connected to a motor
but the motor is not attached to any source of electricity. As the shaft of the motor
turns, electric current runs through the wires. What must be inside the motor for
this to happen? What is the motor actually functioning as in this activity?

4. SEP Engage in ArgumentWind power provides less than 2% of the electricity in
the United States, but may provide as much as 20% in the future. What are some
reasons why wind is not being used as much as a resource to generate
electricity?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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5. SEP Construct Explanations A recent manuscript published in a
peer-reviewed scientific journal indicates that if only 1% of land ideal for wind
turbines is allocated to its use, enough energy could be produced to satisfy
global demand. However, the paper also indicates that the most significant
impediment to this is “local energy demand.” Explain.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Mechanical Waves
How can you model different waves and describe the characteristics of waves
traveling through a medium?

Ocean waves, seismic waves, sound waves, electromagnetic waves—waves are all
around us. The majority of information we receive on a daily basis from different
devices, such as cell phones, reaches our personal technology in the form of waves. All
waves transmit energy based on the characteristics of the wave, and mechanical waves
can only be propagated through a medium. Throughout this lab, you will use a spring
toy, the medium, to investigate the properties of two different types of mechanical
waves, traverse and longitudinal. While investigating each wave type, you will determine
the relationships, if any, that exist among different properties of mechanical waves.

Focus on Science Practices

SEP 2 Developing and Using Models
SEP 5 Use Mathematics
SEP 6 Constructing Explanations

Materials Per Group
● Meter stick
● Nylon string, 10 cm
● Wave motion rope, optional
● Recording device, optional

● Scientific calculator
● Spring toy
● Timer
● Masking tape

Safety

Please take care and do not suddenly release a stretched spring toy. Springs can snap
back rapidly, which may cause injury to yourself and others or cause damage to the
spring toy. Remember to wear safety glasses throughout the lab. Be sure to follow all
laboratory safety guidelines and all safety procedures provided by your teacher.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Transverse Waves—Amplitude

1. SEP Plan and Carry Out Your Investigation How can you show the relationship
between amplitude and wave speed in transverse waves? Develop a procedure
that shows this relationship in transverse waves. Use the following to help you
plan:

a. Use the data table as a guide as you develop your procedure.

b. Use masking tape and a meter stick to set up an x-y grid on the floor to
help you observe wave characteristics such as amplitude, wavelength,
and frequency.

c. If available, consider using a camera or smartphone to make better
observations of the waves.

Record your detailed procedure and any materials to be used. Caution: Do
not stretch the spring toy more than three meters. Show your plan to your
teacher for approval before you begin.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 1

Transverse Waves—Amplitude

Total Distance: 6 m Amplitude: 0.1 m Amplitude: 0.2 m

Trial Time (s)

1

2

3

4

5

6

7

8

9

10

Average Time (s)

Average Wave Speed
(m/s)

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format.289



290

NAME DATE CLASS

3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: Transverse Waves—Wavelength and Frequency

2. SEP Plan and Carry Out Your Investigation How can you show a relationship
between wave speed and wavelength/frequency in transverse waves? Develop a
procedure that shows this relationship in transverse waves. Use the following to
help you plan:

a. Use the data table as a guide as you develop your procedure.

b. Reuse the x-y grid you set up on the floor to help you observe wave
characteristics such as amplitude, wavelength, and frequency.

c. If available, consider using a camera or smartphone to make better
observations of the waves.

Record your detailed procedure and any materials to be used. Caution: Do
not stretch the spring toy more than three meters. Show your plan to your
teacher for approval before you begin.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 2

Transverse Waves—Wavelength and Frequency

Length of
Stretched
Spring, L
(m)

No. of
Crests

Wavelength
(m)

Time for 10 Cycle(s), Trial
1, Trial 2, Avg.

Period, T
(s)

Frequency
(Hz)

3 1

3 2

3 3

3 4
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part III: Longitudinal Waves

3. SEP Plan and Carry Out Your Investigation How do the characteristics of
longitudinal waves and its relationships compare to the characteristics of a
transverse waves and its relationships? Develop a procedure to generate a
longitudinal wave and to measure its speed. Use the following to help you plan:

a. Use the data table as a guide as you develop your procedure.

b. Reuse the x-y grid you set up on the floor to help you observe wave
characteristics such as amplitude, wavelength, and frequency.

c. If available, consider using a camera or smartphone to make better
observations of the waves.

Record your detailed procedure and any materials to be used. Caution: Do
not stretch the spring toy more than three meters. Show your plan to your
teacher for approval before you begin.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 3

Longitudinal Waves

Total Distance: 6 m Amplitude: 0.2 m

Trial Time (s)

1

2

3

4

5

6

7

8

9

10

Average Time (s)

Average Wave Speed (m/s)

Analyze and Interpret Data

1. SEP Use Data to Construct an Argument Based on the data you collected,
which of the following properties, amplitude, frequency, and wavelength, affect
the wave speed of the stretched spring? Explain.

2. SEP Analyze and Interpret Data In solid materials, the longitudinal wave is
typically faster than the transverse wave by a factor of about 1.7. Is that what you
found? If not, construct an explanation for why not.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Use Math A wave is propagated through a spring. A point on the spring
moves perpendicular to the motion of the wave for a total distance of 32 cm
during one complete wave cycle. What is the amplitude of the wave?

4. SEP Construct an Explanation One characteristic of the sound we hear is
pitch. Pitch is determined by the frequency of the sound wave. Explain how a
guitar player can produce so many different notes with only six strings. Note that
guitar strings tend to vibrate with a wavelength that is twice the length of the
vibrating part of the string.

5. SEP Construct an Explanation Discuss sources of error in your investigation
and ways you could reduce their impact. To what degree was this lab susceptible
to human error?

6. SEP Construct an ExplanationWhen investigating the relationship between
wavelength and wave speed in transverse waves, why is it not necessary to
attempt to keep the amplitude constant across trials?

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 294



295

NAME DATE CLASS

3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Interference of Sound Waves
How do sound waves interact with each other?

Send a sound wave along two paths of different lengths. What happens if one path is
blocked?

Focus on Science Practices

SEP 5 Use Math
SEP 6 Design a Solution
SEP 8 Communicate Technical Information

Materials Per Group
● Funnels, polypropylene, 2
● Markers (optional)
● Petroleum jelly
● Ruler or measuring tape
● Scissors
● Thermometer
● Tubing connectors, Y-shaped,

glass, 2

● Tubing, latex, 6 cm, 2
● Tubing, latex, 11 cm
● Tubing, latex, 60 cm
● Tuning fork, 256 Hz (optional)
● Tuning fork, 385 Hz
● Tuning fork, 512 Hz
● Tuning fork activator or rubber

mallet

Safety

Although latex is not considered hazardous, not all health related aspects of this
substance are known. Latex may be an allergen. Wear safety glasses and gloves when
working with glass tubing. Please follow all laboratory safety guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

How far must sound waves travel in order to interfere with each other?

1. SEP Develop A Model How can you show the relationship between how far a
wave must travel in order to interfere with itself, and the wave’s frequency?
Develop a model that shows this relationship. Use the following to help you
develop a model:

a. Carefully examine Figure 1. This diagram depicts Quincke’s tube, a device
used to demonstrate destructive interference of sound waves. By directing
the sound wave from a tuning fork down two paths of differing length, the
waves will be out of phase. These two paths are the 11 cm tube at the top,
and the longer tube of unknown length at the bottom. When the lengths of
these paths differ by one-half of the wavelength, the waves will cancel
each other out due to destructive interference.

Figure 1

2. Check the room temperature with the thermometer, and record this value in the
data table.

3. SEP Calculate Calculate the speed of sound in air using Equation 1 and record
this value in the data table.

Equation 1: 331.4 + 0.6Tc = νsound

Where Tc is the temperature of the air (in degrees Celsius), and νsound is the
speed of sound (in meters per second, m/s).
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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4. Obtain a tuning fork and record its frequency in the data table.

5. Using the calculated speed of sound and the frequency of the tuning fork,
calculate the wavelength of a sound wave produced by the tuning fork and record
this value in the data table.

6. Based on your results from steps 2–4, determine the path length difference
required for destructive interference of the sound wave produced by this tuning
fork. Record this value in the data table using the correct units.

7. With the help of your instructor and following the example of Figure 1, build a
Quincke’s tube using the materials available to you in the lab.

8. SEP Plan Your Investigation Using the information and calculations from steps
2–5, and the data tables, design a procedure in which Quincke’s tube is used to
demonstrate the destructive interference of sound waves produced by tuning
forks of different frequencies. Plan on using two tuning forks of different
frequency in your experiment. Have your procedure checked and approved by
your instructor before you begin.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 1

Sound Wave Interference

Room temperature (°C)

Speed of sound at room temperature (m/s)

Tuning fork 1 Tuning fork 2

Frequency (Hz)

Wavelength (m)

Half-wavelength (m)

Path length for destructive interference (m)

Table 2

Observations

Tuning fork 1 ( ______ Hz)

Tuning fork 2 ( ______ Hz)
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Construct an Explanation What happens with the sound wave when it
travels through both the shorter and longer tubes? What happens with the sound
wave when it travels through the shorter tube only? Explain.

2. SEP Construct an Explanation Why is it important to measure the temperature
of the air and take it into account when calculating the length of the longer tube?

3. SEP Design A Solution How would you modify the design of the tube used in
this activity to demonstrate interference using tuning forks of different
frequencies, under various conditions of temperature and air humidity?

4. SEP Communicate Technical Information Based on your results, describe a
possible process that could be used to reduce sound on a noise canceling
device.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LABS – OPEN

Reflection and Refraction
How can you model the behavior of light waves, and describe what they do when
they bounce off of objects or pass from one medium into another?

Visible light is a form of energy that is given off by natural or human-made objects such
as the Sun or a lightbulb. Other objects may reflect light, enabling them to be seen.
Light waves change direction as they are reflected by other objects, and may also
change speed and direction as they pass from one transparent medium into another.
Explore the principles of reflection and refraction as these properties of visible light are
investigated.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 7 Engage in an Argument from Evidence
SEP 8 Obtain, Evaluate and Communicate Information

Materials Per Group

● Cork
● Mirror, plane
● Mirror, support
● Protractor sheet

● Pin
● Semicircular lens, 1
● Water, 100 mL

Safety

Optics materials are considered safe. Do not look through lenses at bright light objects
especially the sun, as it can be harmful to the eyes. Follow all laboratory safety
guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Reflection

What is the relationship between the angle of incidence and the angle of reflection?

SEP Develop a Model Use the following procedure to explore the relationship between
the angle of incidence and the angle of reflection for visible light. The procedure
provides directions on how to set up the available equipment and supplies, but does not
stipulate how their use might yield pertinent data. Once you have set up the equipment
you will be directed to develop a procedure that can help you model the relationship
between the angle of incidence and the angle of reflection.

1. Insert the pin into the narrow end of one cork and set aside for step 7.

2. Place the mirror in the mirror support as shown in Figure 1. Note: Make
sure the bottom of the mirror support is flat against the work surface so the
mirror stands upright without leaning forward or back.

Figure 1

3. Place the mirror in the center of the protractor sheet as shown in Figure 2.
The mirror should be on the horizontal line (90°) on the protractor sheet.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Figure 2

4. Place the cork without the pin at the 40° mark in Quadrant 4 on the
protractor sheet as seen in Figure 2.

5. Close one eye and look at the reflection of the cork in the mirror from
Quadrant 3.

6. Adjust your line of sight so the image of the cork is in line with the center
of the protractor. Note the angle on the protractor corresponding to your
eye position (line of sight). Record the angle and Quadrant number in the
data table.

1. Develop a procedure to explore the relationship between the angle of
incidence and the angle of reflection, using the apparatus you have set up.
Record your detailed procedure; and identify the independent variable(s),
the dependent variable(s) and the control variable(s).
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 1

Reflection

Cork Position Eye Position Position of Cork
with Pin

Observations

Quadrant Angle Quadrant Angle Quadrant Angle

4 40°

4

3
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: Refraction

What happens to the direction of light as it moves from one medium into another, does it
change?

SEP Develop a Model Use the following procedure to explore whether and how light
changes direction when it travels from one medium into another. The procedure
provides directions on how to set up the available equipment and supplies, but does not
stipulate how their use might yield pertinent data. Once you have set up the equipment
you will be directed to develop a procedure that can help you understand what occurs
when light passes from one medium into another.

7. Fill the semicircular dish ¾ -full with water (approximately 100 mL.)

8. Place the protractor sheet on the work surface so Quadrants 1 and 2 are
toward the observer.

9. Carefully place the dish on the protractor sheet so the flat side faces
Quadrants 3 and 4, the midpoint line on the dish is centered at the
intersection of the quadrants, and the curved section is in Quadrants 1
and 2 as shown in Figure 3.

Figure 3

10. Insert the pin into the narrow end of the cork.

11.Place the cork at the 50° mark in Quadrant 4 on the protractor sheet.

12.Close or cover one eye and look through the water-filled dish from
Quadrant 1 so your line of sight is from the 50° mark to the center vertical
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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line on the dish. Note: For best results, keep your eye level at the same
height as the tabletop.

13.Are you able to see an image of the cork and pin in the water? Record
your observations for 50° in the data table.

14.Keeping one eye closed, move your head and line of sight along the
curved part of the dish until the cork-and-pin image appears in the water.
Which way did your line of sight move with respect to the normal line (0°)?
Add to your observations for 50° in the data table.

15.Continue to move your head and line of sight along the curved part of the
dish until the cork-and-pin image in the water lines up with the vertical line
on the flat side of the dish.

16.With the image of the pin and vertical line aligned, take the toothpick and
place it vertically along the outside of the curved part of the dish so it is
aligned with the vertical line and the image of the pin. This will mark your
line of sight.

17.Note the angle on the protractor where the toothpick is placed and record
the angle and Quadrant number in the data table.

18. Develop a procedure to further explore how light bends as it transitions
from air into water. Record your detailed procedure; and identify the
independent variable(s), the dependent variable(s) and the control
variable(s).
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 2

Refraction

Light
Transmission

Observations Pin Quadrant Pin Angle Toothpick
Quadrant

Toothpick
Angle

Air to Water 4 50°
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Air to Water 4 30°

Air to Water 4 70°

Analyze and Interpret Data

1. SEP Communicate Scientific Information The relationship between the angle
of incidence and the angle of reflection is known as the Law of Reflection. Based
on your observations, write the Law of Reflection.

2. SEP Evaluate Evidence Five students are seated at their desks, which are
spaced equally apart, in the front row of a classroom (see diagram). The
instructor places a large plane mirror on the board directly in front of the middle
student. When student 1 looks at the center of the mirror, which student’s image
will be seen? Use observations from the lab to support your explanation.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Evaluate Evidence The archer fish captures its prey by knocking insects off
a branch with a stream of water from its mouth. To compensate for the refraction
of light as it is transmitted from air into water, would the fish aim above or below
the image of the insect it sees? Use observations from the lab to support your
explanation.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 6

NAME DATE CLASS

SCIENCE PERFORMANCE-BASED ASSESSMENT

Discovering the Speed of Sound in Open Air
How can you determine the speed of a sound wave for a given sound wave?

PhenomenonWe experience sound in many ways, such as through talking, music, and
noise. However, we do not hear sound as soon as it happens. During a lightning storm,
we see the lightning before we hear the thunder from the lightning. Jets, when flying at a
certain speed, can cause a booming sound because sound travels at a finite speed.

In this lab, you will build a resonance tube and develop a method to determine the
speed of sound in air. You will have access to tools that produce sound waves at
different frequencies to compare the speed of sound each tool makes.

Focus on Science Practices

SEP 3 Plan and Carry Out Investigations
SEP 4 Analyze and Interpret Data
SEP 5 Use Mathematics and Computational Thinking
SEP 6 Construct Explanations

Materials Per Group
● Clamp holders, 2
● Clamps, universal extension, 2
● Graduated cylinder, 250-mL
● Petroleum jelly (optional)
● Plastic tube, clear, 1” diameter, 2 ft
● PVC tube, white, ½ ” diameter, 2 ft

● Rubber stopper, #5
● Ruler, metric
● Support stand
● Tuning forks, set of 8
● Tuning fork activator
● Water, 200-mL

Safety

This lab is considered to be nonhazardous. Please follow all laboratory safety
guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Build a Resonance Tube

How can you build a resonance tube to measure the speed of sound?

1. Set up a support stand and attach one universal extension clamp to the top of the
rod, and a second universal extension clamp to the bottom of the rod.

2. Place a rubber stopper in the bottom of the clear plastic tube.

3. Attach the clear plastic tube to the support stand using the universal extension
clamps as shown in Figure 1. The rubber stopper should be resting on the base
of the support stand.

Figure 1

4. Place the white PVC tube inside of the clear plastic tube.

5. Fill a large graduated cylinder with 200 mL of water.

6. Make sure the end of the clear plastic tube is completely sealed by pouring a
small amount of water into the tube and watching for any leaks. Petroleum jelly
may be put around the edge of the stopper if leaking does occur.

7. Pour the rest of the water from the graduated cylinder into the sealed plastic
tube. The water should be near the top of the tube but not overflowing.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: Use a Resonance Tube

How can you use a resonance tube to find the speed of sound?

8. SEP Plan an Investigation Plan a procedure to determine the speed of sound in
open air using the resonance tube you set up. How can the resonance tube help
you determine your dependent variable(s)? Use the provided materials in your
procedure. Use Table 1 as a guide.

Record your detailed procedure. Before you carry out your investigation, get your
teacher’s approval.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 1

Speed of Sound

Frequency
(Hz)

Tube Length
(cm)

Tube Length
“L” (m)

Wavelength
(m)

Speed of
Sound (m/s)

Average Speed of
Sound (m/s)

256

288

320

341
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Use Math Show the formula needed to calculate wavelength. Show the
calculations for one of the frequencies you tested. Remember to use the correct
units. Complete the Wavelength column of Table 1 for the other frequencies.

2. SEP Use Math Show the formula needed to calculate the speed of sound. Show
the calculations for one of the frequencies you tested. Label the answers with the
correct units. Complete the Speed of Sound column of Table 1 for the other
frequencies.

3. CCC Patterns Look at your data in the frequency and wavelength columns of
Table 1. As the frequency increases, what happens to the wavelength?

4. SEP Construct an Explanation Based on your data, what similarities and/or
differences do you notice between the different frequencies and the speed of
their respective sound waves? Use the equation from question 2 to explain how
the similarities and/or differences occur.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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5. SEP Use Math The expected average speed of sound for all those tuning forks
in air at STP, standard temperature (273 K) and pressure (1 atm), is 331 m/s.
How does your measured average speed of sound in air compare to the actual
accepted value? Calculate the percent error between your measured average
and the accepted average speed of sound.

6. SEP Use Math An easy way to estimate the speed of sound in air produced by a
256 Hz tuning fork is to calculate the following 331.5 m/s + 0.6(T) ; where T is the
temperature measured in Celsius. Measure the temperature in your lab or
classroom using a thermometer. Calculate the expected speed of sound
produced by a 256 Hz tuning fork at that temperature and compare it to the
expected speed in a very hot area, where the temperature is 38°C.

7. SEP Apply Scientific Reasoning In general, do you think the speed of sound
would increase or decrease if it travels through a liquid or solid? Explain the
reasoning for your answer.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Diffraction
How can you use properties of light to measure the width of an object?

A variety of methods are available for measuring objects, and using the appropriate
instrument is important. For example, a ruler may be used to determine the thickness of
a book, while a meter stick would be more reasonable for measuring the height of
a table. What if the object is less than a millimeter wide? Explore how the unique nature
of light can be used to measure the dimensions of very small objects such as the width
of a wire or a human hair.

Focus on Science Practices

SEP 4 Analyze and Interpret Data
SEP 6 Construct Explanations and Design Solutions
SEP 7 Engage in an Argument from Evidence
SEP 8 Obtain, Evaluate and Communicate Information

Materials Per Group
● Copper wire, 30-gauge, 6 cm
● Fishing line, monofilament, 6 cm
● Human hair, 6 cm
● Binder clips, small and medium, 1
each

● Book, 2–3 cm high

● Laser pointers, red and green
● Measurement frame, 2½″ × 3″
● Meter stick
● Metric ruler
● Paper, white
● Scissors
● Tape, masking

Safety

Do not aim the laser pointer directly into anyone’s eyes and never look directly into the
laser beam. The low-power, coherent light can cause damage to the sensitive retina and
may lead to permanent eye damage. Do not aim the laser at any reflective surfaces
such as mirrors or highly polished metal. Prevent stray laser light from projecting
beyond the classroom to eliminate any unintentional exposure to the laser light. When
refracting the laser light, it is best to do this on a low work surface to keep the refracted
laser light below “normal” eye level. For people with sensitive eyes, it is recommended
that dark, IR-protective safety glasses be worn. Follow all laboratory safety guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I

What happens when monochromatic laser light is shone on very thin objects, is there
evidence that light behaves as a wave?

1. Orient the measurement frame so the longer sides are at the top and bottom.
Stretch the 6-cm piece of fishing line vertically across the center of the frame
opening.

2. Tape the fishing line to the top and bottom of the frame, making sure the line is
vertical and taut as shown in Figure 1.

Figure 1

3. Tape the 6-cm piece of 30 gauge copper wire to the frame to the left of the fishing
line, leaving one centimeter of space between them.

4. Have one person in the group carefully pull or cut one strand of hair from his or
her own head. Measure 6 cm of hair. Tape the hair to the frame to the right of the
fishing line as shown in Figure 1, leaving one centimeter between them.

5. Attach a small binder clip to one bottom corner of the frame as shown in Figure 1
so the frame will stand up.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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6. Use the medium binder clip as a stand for the laser by placing the laser
pointer inside the medium clip with the power button on top and visible beyond
the edge of the clip as shown in Figure 2. The clip will help keep the laser steady
during use. Caution: Make sure you have read the Safety Precautions
regarding the use of lasers. Do not press the power button to turn on the
laser until the set-up is complete. Leaving the light on too long will affect
its wavelength, which in turn will affect the results.

Figure 2

7. Place the frame on a level surface 1.5–3 meters away from a wall. Note: The
farther away the laser is from the wall, the more spread out the diffraction pattern
will be. Measurements will be easier, but the diffraction pattern will be dimmer.

8. Place a piece of masking tape on the level surface to mark the position of the
measurement frame.

9. Place a 2- to 3-cm thick book directly behind the frame and place the laser on the
book. The lens of the laser should point at the fishing line across the opening of
the frame (see Figure 3).

Figure 3
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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10.Tape a piece of white paper to the wall as a screen where the laser beam will
shine when it is on.

11.Place the tip of the laser pointer within 1 cm of the fishing line.

12. Holding the back of the binder clip, press the power button and hold it down
to turn on the laser light. Caution: Never look directly into the beam of the
laser—serious eye injury may result!

13.Aim the laser beam directly at the fishing line. When the laser is positioned
correctly, a horizontal diffraction pattern of light and dark bands will be seen on
the screen, with a brighter red spot in the middle (see Figure 4). Measure
distance between the dark bands and record the value in table 1.

Figure 4

Table 1

Red Laser

Object Distance from
object to screen, L
(mm)

Distance between
dark bands, Δy
(mm)

Wavelength of
laser light, 𝛌𝛌
(mm)

Object width (mm)

Fishing line

Copper wire

Hair
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 6

NAME DATE CLASS

Part II
What is the relationship between the wavelength of monochromatic laser light and the
features of the diffraction patterns it forms?

1. SEP Make a ClaimWhat effect would you expect to observe if you carried out
the procedure outlined in Part I with light of a different color? Explain.

2. SEP Plan an Investigation Develop a procedure to test your prediction. Identify
independent, dependent and control variables. If you are not able to carry out
your procedure for lack of equipment your teacher will provide data for analysis.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 2

Green Laser

Object Distance from
object to screen, L
(mm)

Distance between
dark bands, Δy
(mm)

Wavelength of
laser light, 𝛌𝛌
(mm)

Object width (mm)

Fishing line

Copper wire

Hair

Analyze and Interpret Data

1. SEP Analyze Data Use the equation d = λL/𝚫𝚫y to determine the widths of the
copper wire, fishing line, and human hair. Complete Tables 1 and 2. How do the
widths of these objects compare?

2. SEP Engage in Argument from EvidenceWhat evidence does your lab provide
that indicates light can be described by a wave model?

3. SEP Construct Explanations Construct a conceptual explanation that explains
why the distance between the centers of dark bands on the interference pattern
created by a green laser (532 nm) are closer together than those of a red laser
(635 nm).
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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4. SEP Develop a ModelWhat other examples of things that behave like waves,
insofar as they diffract and create interference patterns, can you find, in the
everyday world and from a search of the internet?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Particle Nature of Light
What evidence can you use to make an argument about the particle-like behavior
of light?

Light’s ability to behave as both a wave and a particle is called particle-wave duality.
The previous experiment demonstrated light’s wave behavior, because a red laser
shone at a very thin object produced a diffraction pattern. In this experiment you will
explore the particle nature of light.

Focus on Science Practices

SEP 3 Planning and Carrying Out Investigations
SEP 6 Constructing Explanations
SEP 7 Engage in Argument from Evidence

Materials Per Group
● Cardboard box “shield” (optional)
● Photon Demonstrator Card
● Sunlight

● Ultraviolet lamp, short-wavelength
(optional)

● Ultraviolet lamp, long-wavelength
(optional)

Safety

Ultraviolet light may damage the eyes and cause cataracts. Wear safety glasses when
using an ultraviolet light source and do not look directly at the light. Wash hands
thoroughly with soap and water before leaving the laboratory.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

What happens when electromagnetic radiation interacts with non-living matter?

1. SEP Plan an Investigation You are an experimental physicist gathering
evidence to describe how electromagnetic radiation behaves as a particle. You
will be given a set of materials and an information set from which your
exploration can proceed. Based on these facts and ideas you must develop a
procedure to explore what happens electromagnetic radiation interacts with
matter. Your procedure must include a prediction and an explanation of how that
prediction, if confirmed, supports the hypothesis that light behaves as a particle.

a. The phosphorescent strip glows when excited electrons on its surface fall
back to their ground states and emit energy in the electromagnetic
spectrum.

b. The filter is composed of plastic films of different colors: black, red, yellow,
green, blue and violet. The blue filter transmits blue light but absorbs the
other wavelengths, the red filter transmits red light but absorbs the other
wavelengths, and so on.

Record your detailed procedure. Have your teacher approve your procedure
before beginning any experiment.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Engage in Argument from EvidenceWhat evidence do you have that
indicates light can behave as a particle?

2. SEP Construct and Explanation If one photon of incident light causes the
emission of one electron from sodium, how many electrons are emitted if the
intensity of the same light is doubled?

3. SEP Engage in Argument from EvidenceWhich of two light sources, a
short-wavelength ultraviolet light, or a long-wavelength ultraviolet light, is more
likely to cause the phosphorescent strip to glow? Explain.

4. SEP Engage in Argument from Evidence Summarize your understanding of
light’s particle-wave duality. Use evidence you collected.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Electromagnetic Radiation and Matter
How do different wavelengths of electromagnetic radiation affect how they
interact with living tissue?

Ionizing electromagnetic radiation is energetic enough to eject electrons from living and
nonliving materials. This can result in harmful side effects such as cancer when skin
cells are negatively impacted. The fact that electromagnetic radiation including visible
and ultraviolet light can transfer enough energy to the materials it interacts with, via
collisions, to affect them to such a degree, implies that electromagnetic energy behaves
as particles do. That is, electromagnetic radiation can concentrate its energy into
discrete units, including photons. In this lab you will observe how light interacts with
metals, and from your observations, infer how light can affect living tissues. You will use
your observations from the lab to evaluate a claim made in an article published in a
peer-reviewed, science journal on the relationship between exposure to electromagnetic
radiation and skin cancer.

Focus on Science Practices

SEP 6 Construct Explanations
SEP 7 Engage in Argument from Evidence
SEP 8 Obtain, Evaluate and Communicate Information

Materials Per Group
● Electroscope
● Flashlight or incandescent lamp
● Rubber rod
● Wool
● Zinc foil, 8-cm square

● Sandpaper
● Ultraviolet lamp, short-wavelength

(optional)
● Ultraviolet lamp, long-wavelength

(optional)

Safety

Ultraviolet light may damage the eyes and cause cataracts. Wear safety glasses when
using an ultraviolet light source and do not look directly at the light. Wash hands
thoroughly with soap and water before leaving the laboratory.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

How can electromagnetic radiation ionize a material, or jolt an electron(s) loose when it
hits the material?

1. Balance the zinc plate against the top of the electroscope so that the plate is
almost perpendicular to the ground. The plate should be touching the wire pole
and metal sphere and should face in a direction which will make it easy to
observe the deflection of the electroscope leaves. Use a piece of transparent
tape to hold the zinc plate in place, if needed. Also, polish the zinc plate with
sandpaper because the oxide coating on the zinc surface will prevent the
photoelectric effect. See Figure 1.

Figure 1

2. Charge the electroscope negatively by conduction: rub the rubber rod vigorously
with wool, then gently slide the rod against the metal sphere on top of the
electroscope. The rubber rod and the electroscope must be in direct contact.
Repeat this process until the foil leaves of the electroscope are fully deflected.
The foil leaves repel each other because each possesses electrons electrons,
which repel each other owing to their negative charges.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Plan and Carry Out Your Investigation If a light source is able to ionize
the metal plate the plate will become positively charged and attract the excess
electrons away from the foil leaves. When the foil leaves lose their excess
electrons they become neutral and do not repel each other. Plan a short
procedure to determine what effects, if any, wavelength or frequency has on
electromagnetic radiation’s ability to ionize matter. Record your procedure; and
identify the independent, dependent, and control variables. Carry out your
procedure after your teacher approves it. Record your observations.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Engage in Argument from Evidence Based on your data, is it likely that
electromagnetic radiation has more harmful effects on living tissue at shorter
wavelengths or longer wavelengths? Explain.

2. SEP Construct Explanations Construct an explanation, based on your data,
that supports the idea that electromagnetic radiation behaves in a particle-like
manner.

3. SEP Evaluate and Communicate Go online and find the article “The Role of
Optical Radiation in Skin Cancer” in the National Center for Biotechnology
Information (NCBI) Journal. Do your observations support or contradict the
claims made in the article? Explain.

.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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SCIENCE PERFORMANCE-BASED ASSESSMENT

Clothing and Sun Protection

How can different clothing materials protect us from the sun?

Phenomenon Exposure to ultraviolet (UV) radiation has been linked to a number of
human health problems, including sunburn, skin cancers, premature aging of the skin,
cataracts, and alteration of the immune system. UV radiation penetrates Earth’s ozone
layer in two wavelength bands, UVB (290–320 nm) and UVA (320–400 nm). UVB rays
are higher in energy and act directly on biological molecules causing skin cancer, aging,
and the delayed sunburn. In contrast, the lower energy UVA rays act more indirectly,
causing an “immediate” sunburn that diminishes within several hours after exposure.
Concern about the adverse effects of UV radiation exposure has led to the development
of sunscreens and clothing that block the UV radiation. These products work by
absorbing the UV radiation and dissipating the absorbed energy as heat before it can
damage biological molecules.

In this lab you will develop a procedure to observe how different fabrics protect us from
UV exposure over time.

Focus on Science Practices

SEP 3 Plan and Carry Out Investigations
SEP 4 Analyze and Interpret Data
SEP 7 Engage in Argument from Evidence
SEP 8 Obtain, Evaluate, and Communicate Information

Materials Per Group
● Sun print paper, 12 cm × 9 cm, 3
● Cotton fabric, 2.5 cm × 5 cm, 3
● Black construction paper strip,

2.5 cm × 5 cm, 3

● Multifiber test fabric strips, 2 cm, 3
● Foam board, 20 cm × 20 cm
● Water bowl with water
● Pins, 18
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Safety

Ultraviolet rays are damaging to the eyes. Never look directly into the UV light or the
sun. Wash hands thoroughly with soap and water before leaving the laboratory. Wear
goggles and gloves. Follow all laboratory safety precautions.

Procedure

How can you determine which fabric offers the most protection from UV rays?

1. Indoor daylight or incandescent light will not damage the sun print paper if the
exposure time is short. Read all of the directions for this laboratory. Become
familiar with the entire procedure so that work can proceed quickly once the
sunprint paper is removed from its storage container.

2. SEP Plan Your Investigation Develop a procedure that tests how different
fabrics can protect us from UV exposure over time. Use the materials provided to
record your detailed procedure. Be sure to add proper controls. Have your
teacher check your procedure before proceeding. As you plan your procedure
keep the following in mind:

a. The fabrics included in the strip, in order, are: wool (cream colored),
acrylic, polyester, nylon, cotton, and acetate.

b. For bright sunlight, exposure cannot exceed 2 minutes. If the sky is
overcast, exposure should not exceed 6 minutes.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Carry Out Your InvestigationWhen the preparation is complete, take the
entire setup outside and place it in the sunlight. Be careful not to overexpose the
paper.

4. When exposure is complete, immediately soak the sun print paper in the
container of water for about one minute. This will develop the sun print paper and
make the exposures permanent.

5. Remove the paper from the water. Let it drip dry for about one minute. Lay the
paper flat on the foam board and pin it into place and let it dry. The images will
sharpen during the drying time.

6. Allow the paper to dry completely (overnight drying time may be required). When
the paper is completely dry insert a picture(s) of the developed print.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Analyze Data Based on your results, rank the fabric materials in order of
their UV resistance from best to worst?

2. SEP Interpret Data What fabric property do you think most contributes to its UV
protection?

3. SEP Use Scientific ReasoningWhat role does color play in a fabric’s ability to
absorb or block UV radiation?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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4. CCC Cause and Effect How would wetting the fabric affect its performance
against UV radiation?

5. SEP Engage in Argument Rayleigh scattering is the scattering of light by
particles that are smaller than the wavelength of the light. The absorption of UV
light by sunscreen is specific to certain wavelengths. Do your observations in this
lab demonstrate electromagnetic radiation as fitting a wave model or a particle
model of light?

6. SEP Evaluate and Communicate Go online and find the article “The Role of
Optical Radiation in Skin Cancer” in the National Center for Biotechnology
Information (NCBI) Journal. Based on the research findings communicated in the
article, is it more important that young children or adults wear clothing during
prolonged sun exposure? Based on your observations, what type of clothing
should people wear to achieve maximum protection against harmful
electromagnetic radiation? Explain.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Binary Logic
How do computers store and process information?

Binary uses ones and zeros to represent information. Computers use binary to store
and process information. For a simple binary number, the rightmost column is the ones
column, the one to the left of it is the twos column, and to the left of that is the fours
column. For example the number five is written as 101. There is one four and one one.
Adding them together gives 5. Considering how simple binary sounds, and how
complicated the tasks that computers can perform are, it quickly becomes clear that
there is something more going on. The answer is logic gates.

Logic gates provide a predictable output depending on the input signals. These inputs
and corresponding outputs are summarized in truth tables. These can be as simple as if
light A is powered, then light B is unpowered; and if light A is unpowered, then light B is
powered. The truth table for this system is shown in Table 1.

Table 1

Gate

Input Output

0 1

1 0

In this activity you will use switches, in both series and parallel circuits, to assemble
simple logic gates and determine their corresponding truth tables.

Focus on Science Practices

SEP 4 Analyze and Interpret Data
SEP 5 Use Mathematics and Computational Thinking
SEP 6 Construct Explanations and Design Solutions
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Materials Per Group
● Breadboard
● Switches, 2
● LED
● 100 Ω Resistor
● Batteries or 3 V power source

● Battery holder
● Wire
● Wire cutter
● Wire stripper

Safety

Take care that the circuits are assembled correctly before connecting the power supply.
If too much power flows through electrical components, they can become very hot and
break. LEDs only work when wired with the correct polarity and can be damaged by
improper installation.

Procedure

Breadboards (Figure 1) provide a convenient way to construct prototypes and assemble
temporary circuits. The outermost columns, marked with + and − symbols, are the
power rails and the holes are vertically connected. The central rows are the terminal
strips and are horizontally connected. The large gap in the center is called the DIP
support and separates the board into two separate sections. Integrated circuits (DIP
chips) can be placed bridging the DIP support, allowing for more complicated circuits to
be prototyped on a breadboard.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Figure 1

Part I: NOT Gate

How does a NOT gate work?

1. Assemble the breadboard circuit shown in Figure 2 (do not attach the battery
yet). You may need to cut and strip appropriate lengths of wire. The switch in
Figure 2 is in the off position.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Figure 2

2. With the switch in the off position, connect the battery.

3. Record the state of the LED in the data table.

4. Move the switch to the on position and record the state of the LED in the data
table.

Table 2

NOT Gate

Switch Position LED Status
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: AND Gate

How does an AND gate work?

5. SEP Plan an Investigation An AND gate should only be on when both switches
are in the on position. Design a breadboard circuit with two switches that will
function as an AND gate.

6. After showing your design to your teacher, assemble your circuit. Then with
switch 1 and 2 in the off position connect the battery.

7. Record the state of the LED in the data table.

8. Move the switch 1 to the on position and record the state of the LED in the data
table.

9. Move the switch 2 to the on position and record the state of the LED in the data
table.

10.Move the switch 1 to the off position and record the state of the LED in the data
table.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 3

AND Gate

Switch 1
Position

Switch 2
Position LED Status

Part III: OR Gate

How does an OR gate work?

11. SEP Plan an Investigation An OR gate should be on when either or both
switches are in the on position. Design a breadboard circuit with two switches
that will function as an OR gate.

12.After showing your design to your teacher, assemble your circuit. Then with
switch 1 and 2 in the off position connect the battery.

13.Record the state of the LED in the data table.

14.Move the switch 1 to the on position and record the state of the LED in the data
table.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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15.Move the switch 2 to the on position and record the state of the LED in the data
table.

16.Move the switch 1 to the off position and record the state of the LED in the data
table.

Table 4

OR Gate

Switch 1
Position

Switch 2
Position LED Status

Analyze and Interpret Data

1. SEP Apply Scientific Reasoning A NAND gate combines an AND gate with a
NOT gate in a cascade (series). First, two inputs are fed into an AND gate.
Then,the output of this gate is put through a NOT gate. Use this information and
the results of your investigation to complete the truth table for a NAND gate.

Table 5

NAND Gate

Switch 1
Position

Switch 2
Position LED Status
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. SEP Apply Scientific Reasoning A NOR gate combines an OR gate with a
NOT gate in a cascade (series). First two inputs are fed into an OR gate. Then,
the output of this gate is put through a NOT gate. Use this information and the
results of your investigation to complete the truth table for a NOR gate.

Table 6

NOR Gate

Switch 1
Position

Switch 2
Position LED Status

3. SEP Calculate Computers store all of their information in base 2 (binary).
Convert the numbers 17 and 4 into base 2 and add them together.

4. SEP Construct an Explanation By combining logic gates, how are computers
able to perform complex calculations and tasks?

5. SEP Identify Limitations of a Model What are some of the possible limitations
associated with the way that computers digitally handle information?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Converting Electrical Signals to Sounds
How do speakers use magnets and wires to produce sound?

In a sound system, a tuner decodes various types of electrical signals and converts the
signals into oscillating electric current that is proportional to the frequency and
amplitude of sound waves. The signals get an electrical boost in the amplifier, which
then sends the electrical signal to the wire coils in the speakers. In this lab you will build
an audio speaker and discover how it converts electrical signals into sound.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 3 Plan and Carry Out Explanations
SEP 6 Construct Explanations and Design Solutions
SEP 8 Obtain, Evaluate, and Communicate Information

Materials Per Group
● Alligator clips, 2
● Cups, plastic, 2
● Headphone-jack plug
● Magnet wire, 50 cm
● Magnets, neodymium, 2
● Pencil or pen

● Radio (to be shared by class)
● Sandpaper strip, 5 cm x 7.5 cm
● Scissors
● Speaker wire, 30 cm
● Tape, transparent
● Wire cutters/strippers

Safety

Neodymium magnets have very strong magnetic fields, but are themselves very brittle.
Be careful not to pinch your fingers between them and do not bring them close to any
electronic equipment. Handle wire cutters carefully. Be cautious of the ends of the wire
as they may be sharp. Wear safety glasses. Wash your hands thoroughly with soap and
water before leaving the laboratory. Please follow all laboratory safety guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Building the Speaker

How can magnets be used to produce sound?

1. SEP Develop a Model Design and build a simple speaker using wire, magnets,
and cups. Record your detailed procedure. Have your teacher approve your
design before proceeding.

Part II: Connecting the Headphone-Jack Plug and Leads

What is the relationship between the amount of wire in contact with the plug and sound
quality?

2. Using scissors, carefully cut down the middle of the speaker wire between the
two sheathed wires and then separate them to make a Y shape (see Figure 1).
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Figure 1

3. Use wire cutters or wire strippers to remove about 3 cm of the plastic sheath off
the two split ends (see Figure 1). Several strands of wire will be exposed under
the plastic sheath. Use care not to cut the fine wires during the wire-stripping
process.

4. Repeat steps 2 and 3 for the other end of the speaker wire.

5. Thread the fine wire strands from one wire end into the hole at the end of the
alligator clip.

6. Tightly wrap the loose wires around the end of the alligator clip. Use tape to bind
the wire and alligator clip, if necessary. (If available, a soldering iron and solder
can be used to bind the wire to the alligator clip).

7. Repeat steps 5 and 6 using the separated wire adjacent to the wire that was just
attached to an alligator clip.

8. Unscrew the plastic covering off the metal plug. This will expose the binding
posts for the speaker wire (see Figure 2).

Figure 2

9. Carefully bend the two binding posts outward to allow room to thread the wire
(see Figure 3.)

Figure 3

10.Thread the wire strands from one of the free ends of the speaker wire into the
hole in one of the binding posts.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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11.Tightly wrap the loose wires around the binding post. Make sure extraneous wire
strands do not make contact with other metal parts of the headphone–jack plug.
Use scissors to cut off any extra wire, if necessary.

12.Repeat steps 10 and 11 for the other wire end and binding post. The completed
headphone–jack plug and leads should look like Figure 4.

Figure 4

Part III: Testing the Speaker

How does magnet position affect sound?

13.Attach one of the alligator clips to one of the sanded wires extending from the coil
at the bottom of the speaker. Attach the second alligator clip to the second
extended wire.

14.Plug the headphone–jack plug into the output port on the radio. Adjust the radio
volume to its maximum setting.

15.Turn the tuning knob until noise/music can be heard from the speaker. Try both
AM and FM stations. Hold the speaker near your ear, but do not touch the
speaker to your ear (this will prevent the speaker cone from vibrating). If no radio
stations tune in on the radio (due to interference), listen for “white noise” to
determine the functionality of the speaker. Best reception is usually obtained near
a window with the radio held high and upright.

16.Adjust or modify the speaker design, such as the position of the magnets, the
number of coils on the diameter of the coil, etc., to obtain the best audible sound,
if needed.

17.Compare the sound emitted by speakers built by different groups.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Make Observations Describe the volume and quality of the sound emitted
by the speaker. How did the sound from your speaker compare to that of your
classmates?

2. SEP Design a Solution What modifications or adjustments can be made to your
speaker to improve the sound quality?

3. SEP Evaluate and Communicate Based on your observations, explain how a
speaker works?

4. SEP Communicate Scientific Information Why does it not matter which pole
of the magnet is pointing up in a speaker?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 6

NAME DATE CLASS

INQUIRY LAB – OPEN

Converting Sunlight to Electricity
How is energy from the sun used to produce electricity?

Not only is the sun a source of heat and light, it is a source of electricity, too. Solar cells
are used to convert sunlight to electricity. Solar cells can provide electricity for all kinds
of equipment, from calculators and watches to roadside emergency phones and even
vehicles. In this lab you will use solar technology to make your own solar-powered car.

Focus on Science Practices

SEP 4 Analyze and Interpret Data
SEP 6 Construct Explanations and Design Solutions
SEP 8 Obtain, Evaluate, and Communicate Information

Materials Per Group
● Cardboard base, 10.5 cm x 14 cm
● DC motor
● Ruler
● Solar car accessory bag of wheels,
axles, and gears

● Solar mini panel, 1-V, 400 mA

● Scissors
● Straw
● Tape
● Timer or stopwatch
● Wire stripper

Safety

Although the current generated by the solar panel is small and not harmful, use caution
when connecting the wires. Do not touch bare wires that are part of a “live” circuit. Wear
sunscreen and sunglasses when working in bright sunlight. Never look directly at the
sun. Wash your hands thoroughly with soap and water before leaving the laboratory.
Please follow all laboratory safety guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Chassis Assembly

How does wheel placement affect car movement?

1. With a pencil, draw a line across the cardboard base 2 cm from one end. Repeat
at the other end (see Figure 1).

Figure 1

2. Cut the straw into four pieces, each 4 cm long. Tape one piece of straw along
one line on the base, with the end of the straw even with the edge of the base.
Repeat with a second straw on the opposite end of the line.

3. Repeat step 2 with the other two pieces of straw on the other line (see Figure 2).

Figure 2

4. Insert the end of one axle into one wheel hole. Insert the other end of the axle
through the straws on one end of the base.

5. Press a second wheel onto the free end of the axle. Note: If the fit is too tight, set
the axle vertically with one wheel resting on the work surface. Press down on the
top wheel, being careful to not bend the axle with too much pressure. It may be
necessary to gently tap the wheel with a hammer or rubber mallet.

6. Using the largest gear from the accessory bag, place the flat side of the gear on
the work surface.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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7. Insert a second axle into the gear (see Figure 3).

Figure 3

8. Lift the axle and gear and push the gear about 1 cm onto the axle.

9. Insert the end of the axle with the gear into a wheel hole.

10.Repeat steps 4–5 with the other end of the base.

11.Attach the tires to the wheels.

12.Using the smallest gear, insert the motor shaft through the hole in the gear with
the flat side of the gear facing the motor (Figure 4).

Figure 4

13.Mount the motor on top of the base with tape so the small outer gear attached to
the motor meshes with the large gear on the axle. Note: It may be necessary to
raise the motor up slightly by placing a small piece of folded paper under the
motor. Test for proper alignment by setting the car on the work surface and
moving it back and forth. When the motor is properly placed, the gear on the
motor should mesh with the gear on the axle and turn easily without slipping.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: Attaching the Solar Panel

What is the relationship between visible bare wire and solar panel performance?

14.Note the ends of the wires on the solar panel. If less than 1 cm of bare wire is
visible, use wire strippers to remove more of the insulation.

15.Repeat step 14 for the motor wires.

16.Make a loop of masking tape with the sticky side out and place it in the center of
the upper side of the chassis.

17.Gently press the solar panel on top of the tape to secure it near the center of the
chassis (see Figure 5).

FIgure 5

18.Bend the black wires of the solar panel and the motor so they are under the
chassis.

19.Turn the chassis over so the solar panel is covered.

20.Twist the bare ends together securely and tape the wires to the underside of the
chassis so they will not touch the work surface.

21.Repeat steps 18–20 with the red wires of the solar panel and motor. Make sure
the wires will not interfere with the motion of the car.

Part III: Testing the Car

How does the intensity of the sun affect solar panel performance?

22.Take the car outside to an area designated by the instructor, keeping the solar
panel covered with your hand or a piece of paper.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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23.Set the car on the ground and uncover the solar panel. The car should start
moving across the ground. If it does not, check the following.

a. If the motor does not turn, check the wire connections.

b. If the motor spins but the car does not move, check the gear alignment.
Make any necessary adjustments.

24.Note which direction the car moves. If the motor is in front, the car has
“front-wheel drive”. If the motor is in the back as the car moves, the car has
“rear-wheel drive”. Note: Switching the wire connections will reverse the current
and the motor will spin in the opposite direction.

25. If the car veers to the right or left, check the axle alignment and adjust as
needed.

26.Once the car is functioning well, go to the start of the prepared race track.

27.Set the car down at the start and time how long it takes to travel 3 meters.
Record the time and any observations in your data table.

28.Repeat step 27 for a total of 5 trials.

29.Calculate the car’s speed for each trial and average speed. Record the values in
the data table.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 6

NAME DATE CLASS

Table 1

Solar Car Performance

Trial Distance (m) Time (s) Speed (m/s) Observations

1

2

3

4

5

Average

Part IV: Design Challenge

Which variables are most important for solar car movement?

30. SEP Design a Solution Modify the solar car you previously built in order to
achieve a faster average speed on the same 3 meter track. The solar panel,
motor, motor gear, wheels and axles must remain the same. The cardboard base
must be used for the chassis, but it may be modified. Record the modifications to
your design. Conduct five trials on the track and record the time for each trial in
the data table.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 2

Modified Solar Car Performance

Trial Distance (m) Time (s) Speed (m/s)

1

2

3

4

5

Average

Analyze and Interpret Data

1. SEP Analyze Data How did the modified design compare to the original? Was
your group able to increase the speed of the car?

2. SEP Communicate Scientific Information Describe the types of energy
involved in this lab and how energy is transferred to cause a solar car to move?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Communicate Scientific Information Some solar panels can be adjusted
to different angles. Why would this be necessary?

4. SEP Evaluate and Communicate What are some disadvantages to using solar
energy to generate electricity?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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ENGINEERING PERFORMANCE-BASED ASSESSMENT

Send Messages with a Telegraph
How does a telegraph send messages?

Phenomenon The term telegraph is most often used when referring to the electrical
telegraph that was developed in the 19th century. A simple operator key and the famous
Morse code enabled operators to communicate using a series of “dots and dashes” and
later using the sound of clicks produced by an electromagnet-activated key. Telegraph
systems quickly spread through the United States and Europe. Circuitry advancements
allowed for the simultaneous transmittance of multiple messages on the same line. The
telegraph was a major factor in the rapid rate of industrialization in the second half of
the 19th century known as the Technological Revolution.

In this lab, you will develop a simple wired telegraph and demonstrate its effectiveness
by sending coded messages to other lab groups.

Focus on Science Practices

SEP 1 Ask Questions and Define Problems
SEP 2 Develop and Use Models
SEP 8 Obtain, Evaluate, and Communicate Information

Materials Per Group
● Alligator clip wire, black, 2
● Alligator clip wire, red, 2
● Batteries, D-cell, 1.5 V, 2
● Battery holders, 2
● Contact key, 1
● Iron nail, 2”, 1
● Iron strip, 1
● Magnet wire, 5 m

● Morse Code handout, 1
● Pink foam base, 1
● Pliers
● Ruler, metric
● Sandpaper strip, 1
● Tape
● Weight, 1 kg, 1
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Safety

While the batteries are not harmful, small shocks are still possible. Do not complete the
circuit with the battery for more than ten-second intervals. Since there is very little
resistance in the wires, the battery can discharge quickly and become very hot if it is
connected for a longer duration. Care should be taken when wrapping and unwrapping
the wire. The pointed ends of the wire may be sharp. Wear safety glasses. Please
follow normal laboratory safety guidelines.

Procedure

Part I: Assembling the Telegraph

How can wire and an iron nail create magnetic current?

1. Tightly wind the magnet wire up and down the length of the nail, leaving about 8
cm of free wire on each end. Make sure the wire is wound as tightly as possible
while taking care not to break the thin wire.

2. Sand off about an inch of insulation off the free ends of the wire. See Figure 1.

Figure 1

3. The nail should be placed about 5 cm from the short edge of the foam base as
shown in Figure 2. Push the pointed tip of the iron nail into the foam base so that
it protrudes about 3 cm from the surface.

4. Using pliers, bend the iron strip at a 90-degree angle at a point 2 cm from the
end. The strip will look like an “L”. Now, 3 cm from the first bend, bend the long
side of the “L” away from the short side at a 90-degree angle. See Figure 2.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Figure 2

5. Position the long end of the strip over the iron nail, as seen in Figure 2. Tape the
2-cm end of the iron strip to the surface of the foam base as tightly as possible so
that it stays in place.

6. Take a 1 kg weight and place it on top of the 2 cm end of the iron strip. This is to
ensure that the strip does not move underneath the tape.

Part II: Testing the Telegraph and Sending a Message

How can an electromagnet be used to send a message?

7. SEP Develop a Model Determine the method of connection for the contact key,
D-cell batteries, and battery holders to the telegraph. When the contact key is
pressed, the iron strip must respond by tapping the top of the iron nail. Verify
your telegraph is working properly by having another group observe a one word
Morse code transmission and decode it. Record your detailed procedure. Before
you carry out your investigation, get your teacher’s approval.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Use a Model to Evaluate Explain how electricity flows in the circuit and
why the iron strip is attracted to the nail.

2. SEP Define Problems Was it possible to transmit a message from your
telegraph to that of another group? If not, what prevents this from occurring?

3. SEP Evaluate and Communicate If a light bulb was added to the system
between the battery and the contact key, would it still work? If not, why do you
think that is?

4. SEP Identify Limitations of a Model What difficulties did you encounter when
transmitting a message with the telegraph? How could you improve your design?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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5. SEP Evaluate and Communicate What are the limitations of a telegraph
system? How have modes of communication improved today?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Subatomic Particles
How do the fundamental forces in the universe come together to form atoms?

Prior to the 1930s, the structure of matter was thought to be pretty well understood in
terms of protons, neutrons, and electrons. As scientists’ knowledge of nuclear structure
exploded with the discoveries of nuclear fission and cosmic rays, it became clear that
more fundamental particles were needed to explain the structure of matter. The list of
fundamental particles now includes quarks, gluons, positrons, muons, neutrinos, etc. In
this lab you will build a model of an atomic nucleus down to its quarks.

Focus on Science Practices

SEP 2 Developing and Using Models
SEP 5 Use Mathematics and Computational Thinking

Materials Per Group
● Foam counter, 10
● Marbles, magnetic, blue, 2

● Marbles, magnetic, red, 2

Safety

Always wash hands thoroughly with soap and water before leaving the laboratory.

Procedure

How do the parts of an atom influence its activity?

1. SEP Develop Models Use the materials provided to build a model of a neutron
and a proton. Decide on which material will represent which particle. Describe
your choices.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. SEP Use Models If you need to change your model of a proton into a model of a
neutron, what changes need to take place?

3. The nuclear fusion of deuterium and tritium produces a helium atom. How many
protons and neutrons does each atom contain?

4. SEP Use a Model to Evaluate Using your model from step 1, how would the
fusion reaction described in step 3 look? Are there any particles left over? Add an
image or drawing of your reaction.

5. Nuclear fission can take place when uranium-235 is bombarded with a neutron.
One of many results is barium-141, krypton-92, 3 neutrons, and a great amount
of energy. How many protons and neutrons does each atom contain?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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6. SEP Use a Model to Evaluate Using your model from step 1, how would the
fission reaction described in step 5 look? Are there any particles left over? Add
an image or drawing of your reaction.

Analyze and Interpret Data

1. SEP Use a Model to Evaluate What conclusions can you draw about the
number of atoms, protons, and neutrons from the fusion and fission reaction
equations?

2. SEP Identify Limitations of a Model What aspects of nuclear fusion and fission
is this model unable to demonstrate?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 6

NAME DATE CLASS

3. SEP Use Mathematics For the fusion of deuterium and tritium to form helium,
the total mass of the reactants is 8.35 × 10-27 kg. The total mass of the products
is 8.32 × 10-27 kg. Use E = mc2 to calculate the amount of energy released in
MeV (1 joule = 6.242 × 1012 MeV). For c, the speed of light, use the value
3.00 × 108 m/s.

4. SEP Use Mathematics For the fission of uranium–235 to barium-141 and
krypton-92, the total mass of the reactants is 236.053 amu. The total mass of the
products is 235.867 amu. Use E = mc2 to calculate the amount of energy
released in MeV.
(1 amu = 1.6605 × 10-27 kg).
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Forces and Atomic Nuclei
What holds the nucleus of an atom together?

Nuclear forces are the strong forces that bind nucleons into atomic nuclei. They are
stronger than the electronegative forces that repel protons, but have a limited range. As
a result, we don’t usually experience the effects of nuclear forces directly but, if those
forces are disrupted the potential energy stored in atomic nuclei can be released on a
catastrophic scale. Modeling is a safe way to study nuclear forces in the laboratory.

Focus on Science Practices

SEP 2 Developing and Using Models
SEP 4 Analyzing and Interpreting Data

Materials Per Group
● Marbles, glass, 16 mm, 2
● Pliers
● Rubber bands, 9 cm x 0.3 cm, 5

● Ruler, metric, 30 cm
● Spring, 7.6 cm x 1.3 cm

Safety

Wear safety goggles when performing this lab. Be careful not to pinch your fingers when
extending and compressing the spring. Use caution when bending the ends of the
spring with pliers. Always wash hands thoroughly with soap and water before leaving
the laboratory.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

What is the relationship between nuclear bonds and energy?

1. SEP Develop Models Using the materials provided develop a model to
demonstrate the attractive and repulsive forces in an atomic nuclei. Record your
detailed procedure in the space provided. Have your teacher check your
procedure before beginning any lab work.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Attraction versus Repulsion
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Use Models What do the marbles, rubber bands and spring represent in
this experiment?

2. SEP Analyze Data How did the addition of rubber bands affect the total force
exerted on the marbles and how does this apply to nuclear forces?

3. SEP Use a Model to Evaluate Large nuclei tend to have a higher
neutron-to-proton ratio. How can you use your model to explain this?

4. SEP Use a Model to Evaluate What conclusions can you draw about nuclear
forces from the model constructed in this lab?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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5. SEP Identify Limitations of a Model What aspects of nuclear forces is this
model unable to demonstrate?

6. SEP Develop a Model How could you modify this model to show the effects of
adding a proton?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Nuclear Reactions and Critical Mass
How does a nuclear reactor sustain fission to produce energy?

Uranium-235 is a fissionable isotope of uranium that when struck by a neutron can
produce a chain reaction resulting in the output of large amounts of energy. The chain
reaction will continue as long as there is enough fuel. Critical mass is the minimum
amount of fissionable material needed to sustain a chain reaction. In this lab you will
model a chain reaction with dice. The dice represent the fuel. As certain numbers are
rolled you either gain dice or lose them.

Focus on Science Practices

SEP 2 Developing and Using Models
SEP 4 Analyzing and Interpreting Data

Materials Per Group
● Dice, six-sided, 20

Safety

Always wash hands thoroughly with soap and water before leaving the laboratory.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 6

NAME DATE CLASS

Procedure

Part I: Below Critical Mass

How does low mass affect reactor output?

1. SEP Develop Models Using only ten dice, develop a model to demonstrate a
nuclear reactor that has fuel below the critical mass. You will need to run three
trials. Record your detailed procedure in the space provided. Have your teacher
check your procedure before beginning.

Nuclear Reactor Fuel–Below Critical Mass

Trial Number of Rolls Until Reaction Termination

1

2

3
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: Critical Mass

How does high mass affect reactor output?

2. SEP Develop Models Develop a model to demonstrate a nuclear reaction that
has fuel at critical mass. Record your detailed procedure in the space provided.
Have your teacher check your procedure before beginning.
a. Start with 10 dice, do not exceed 20.
b. Should be able to complete ten rolls.
c. Record number of dice used on each roll.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Nuclear Reactor Fuel–Critical Mass

Roll Total number of dice

1

2

3

4

5

6

7

8

9

10

Analyze and Interpret Data

1. SEP Analyze Data In part I, did each of your trials produce a similar number of
rolls before the reaction terminated? Explain any differences between the trials in
terms of probability.

2. SEP Use a Model How does the model in part I represent a nuclear reactor not
at critical mass?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Analyze Data In part II, it is possible that your group or another group in
your class did not reach 10 rolls. Using your model as a guide, what could be a
real-world explanation for the reaction terminating earlier than expected?

4. SEP Use a Model to Evaluate How did the number of dice in each roll
fluctuate? With an unlimited number of dice, do you think you could have kept
going another ten rolls?

5. SEP Use Model How does this model represent a nuclear reactor at critical
mass?

6. SEP Identify Limitations of a Model What aspects of nuclear fission was this
model not able to demonstrate?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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SCIENCE PERFORMANCE-BASED ASSESSMENT

Model Nuclear Forces
How do models help us understand what we cannot see?

Phenomenon Nuclear particles and forces are all around. We may not observe or feel
them directly, but they play an important role in how atoms interact. The forces that act
between nucleons are called strong nuclear forces. These forces bind the protons and
neutrons into atomic nuclei. Protons have +1 charge and experience an electric charge
that tries to push them apart, but the nuclear forces holding them in are stronger and
overcome the electromagnetic force. The energy required to hold protons together
against their electric repulsion is stored as the protons and neutrons are brought
together to form the nucleus. When the nuclear force holding them together is disrupted,
this potential energy is released. Nuclear forces are substantially stronger than the
chemical bonds that hold atoms together in molecules. In this lab, you will model how
nuclear stability changes as nucleons are added to the nucleus.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 6 Construct Explanations and Design Solutions

Materials Per Group
● Chips, green, 150
● Chips, red, 150

● Die, 6-sided, 10

Safety
Always wash hands thoroughly with soap and water before leaving the laboratory.
Please follow normal laboratory safety guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

What is the relationship between nucleus stability and the proton to neutron ratio?

1. Use Figure 1 to determine how stable your nucleus is after each proton or
neutron addition.

Figure 1
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. SEP Develop a Model Using the materials provided, develop a model to
demonstrate how nuclear stability changes as nucleons are added to the nucleus
of a helium atom. Your model must be able to show the different effects adding
protons versus neutrons has on the overall stability.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Nuclear Stability

Round Proton or
Neutron Added?

Number of
Protons

Number of
Neutrons

Stable or
Unstable?

1

2

3

4

5

6

7

8

9

10

Analyze and Interpret Data

1. SEP Use a Model to Evaluate In this activity you started with a light atom,
helium, and added nucleons to its nucleus. How would the trend of stability
change if you instead used a heavy element, such as lead-207?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. SEP Identify Limitations of a Model What are some weaknesses in your
model’s ability to demonstrate nuclear forces?

3. SEP Apply Scientific Reasoning Based on your results from this activity and
the trend shown in Figure 1, is there a limit to nuclei growth?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Half-Life Simulation
How can half-lives determine the age of Earth?

Radioactive decay is a spontaneous and completely random process. There is no way
to predict how long it will take a specific atom of a radioactive isotope to disintegrate
and produce a new atom. The probability, however, that a specific atom will decay after
a certain period of time can be simulated by studying other random processes, such as
a coin toss or a “roll of the dice.” These simulations have produced reliable models that
geologists can use to date rocks and look at the formation of Earth.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 4 Analyze and Interpret Data
SEP 6 Construct Explanations and Design Solutions
SEP 7 Engage in Arguments from Evidence

Materials Per Group
● Cardboard box (optional) ● Dice, multi-sided, 10

Safety

Always wash hands thoroughly with soap and water before leaving the laboratory.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

What is the probability an atom will decay?

1. SEP Develop Models Your teacher will assign you a set of multi-sided dice and
a “decay number”. Record the number of sides on the dice and the assigned
decay number in the data table. Develop a model that simulates radioactive
decay by the rolling of dice. You will start by rolling 100 dice (ten dice, ten times).
Record your detailed procedure and have your teacher check it before
proceeding.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Radioactivity Half-life Simulation

Number of sides on the dice

Assigned “decay number”
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Use Graphs Use graphing software or the space provided to graph the
results obtained for the “radioactive decay” of dice. Include a point on the graph
for “100” as the number of dice “remaining” after zero rolls of the dice.

2. SEP Analyze Data Determine the half-life by choosing two points on the y-axis,
where the first point is about twice as large as the second (e.g. 80 dice and 40
dice). How many rounds are needed for one-half of the dice to decay?

3. SEP Interpret Data Verify the half-life by choosing another set of two points on
the y-axis. Is the half-life constant for the decay of the dice?

4.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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4. SEP Use a Model to Evaluate What percentage of dice decayed after 100 dice
were rolled? Compare your decay with another group that had the same-sided
dice but a different decay number. Does the half-life depend on the “decay
number”?

5. SEP Develop Models How could the model be adjusted to simulate an isotope
that decays more quickly?

6. SEP Construct an Explanation Uranium-lead dating is a common method for
determining the age of rocks. Uranium-235 has a half-life of about 700 million
years and uranium-238 has a half-life of about 4.5 billion years. What is the
benefit of using both isotopes when describing the formation of Earth?

7. SEP Use Evidence How do the long half-lives of uranium-235 and uranium-238
help us examine the movement of tectonic plates and help determine the age of
Earth?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Radiometric Dating of Rocks
What can isotopes tell us about the past?

Radiometric dating is used to determine the ages of different materials using radioactive
isotopes. Some methods yield only relative dates, while others can provide absolute
ages. A geologist recently collected samples from five different layers of rock. Your job
is to determine the age of four samples.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 4 Analyze and Interpret Data
SEP 6 Construct Explanations and Design Solutions

Materials Per Group
● “Rock” samples, 4 ● Calculator (optional)

Safety

Always wash hands thoroughly with soap and water before leaving the laboratory.

Procedure

How does the half-life of a radioactive isotope determine the age of an object?

1. Table 1 shows information regarding the isotopes and half-life of the parent ion
that will be used to date your samples.

Table 1

Uranium-235 Isotope

Color of Radioactive
Parent Isotope

Color of Stable Daughter
Isotope

Half-life of Parent

Green Yellow 700 million years
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. SEP Use Graphs Using graphing software or the space provided, graph the
percentage of parent isotope (y-axis) remaining for each half-life transpired
(x-axis). Connect the data points with a smooth, curved line.

3. SEP Develop Models Using the samples provided by your teacher, develop a
procedure using the space provided to evaluate rock samples from four different
layers. You need to determine what the half-life of the samples are and use that
information to determine the age of each rock. Have your teacher approve your
procedure before beginning.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 2

Radiometric Dating of Rock Samples

Analyze and Interpret Data

1. SEP Use a Model to Evaluate Which excavated layer number contained the
oldest rock sample? Which one contained the most recent?

2. SEP Use Models Based on the results of this activity, estimate the possible age
range of the rock from the layer that was not dated by your group.

3. SEP Use a Model to Evaluate What do the red chips in the rock samples most
likely represent?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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4. SEP Use a Model to Evaluate It is possible that some of the daughter isotope is
already present at the formation of a particular rock. How would this affect the
accuracy of dating the rock?

5. SEP Construct an Explanation The limit to radiometric dating using a particular
radioisotope is usually 8–10 half-lives. Suggest a possible reason why this might
be true.

6. SEP Apply Scientific Reasoning How could radiometric dating be used to
study the formation of Earth?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Plate Tectonics and Seafloor Spreading
What can the density of rocks tell us about the age of Earth’s crust?

Seafloor spreading and plate tectonics shape our planet continuously, from the ancient
supercontinent Pangaea to the different continent arrangement we see today. This
activity will show you how the continental and oceanic plates shift and what types of
patterns result. The continental and oceanic crusts form through different processes and
the rocks at these locations have varying densities. Continental crust is generally less
dense than oceanic crust.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 7 Engage in Arguments from Evidence

Materials Per Group
● Graduated cylinder, 0.1 mL
graduations

● Balance, electronic, 0.1 g precision
● Basalt pieces, 3
● Calculator
● Granite pieces, 3
● Ocean Base, blue, laminated
● Pangaea Continental Plates
Worksheet, green, laminated

● Ocean Crust Worksheet, yellow,
laminated

● Ocean Crust Worksheet, red,
laminated

● Ocean Crust Worksheet, purple,
laminated

● Marker, dry-erase
● Paper towels
● Scissors
● Water
● Water displacement cup

Safety

This activity is considered non-hazardous. Follow all normal classroom guidelines.
Always wash hands thoroughly with soap and water before leaving the laboratory.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Density of Continental and Oceanic Rocks

What is the relationship between crust density and age?

1. SEP Develop Models Using the materials provided, develop a method to
evaluate the density of rock samples. Each rock type comes with three samples
to be measured and an average density calculated for all three. Record your
detailed procedure and have your teacher approve your procedure before
beginning any lab work.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Density of Continental and Oceanic Rocks

Sample Type Average Density

Granite

Basalt

Part II: The Current Ocean Floor to Pangaea

How can we observe seafloor spreading?

2. Cut out all of the continental plates on the green (G) Pangaea Continental Plate
Worksheet. Note that the continental plate cutouts show the smooth edges of the
continental plates and not the current day coastlines.

3. The continental plates are numbered as follows:
1. North America
2. Greenland
3. Eurasia
4. South America
5. Africa
6. Adriatic Promontory

7. Arabia
8. Antarctica
9. Madagascar
10. India
11.Australia

4. Use scissors to cut out all of the ocean crust pieces from the yellow (Y), red (R),
and purple (P) Ocean Crust Worksheets.

5. Assemble all of the Pangaea Continental and Oceanic Crust pieces on the blue
ocean base as shown in Figure 1. Note that not all of the pieces are interlocking.
This is a representation of Earth’s current ocean floor, not an exact map.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Figure 1

6. Use a dry-erase marker to draw lines down the center of the purple ocean crust
cutouts. These lines represent the mid-ocean ridges where magma poured out
onto the ocean basin and new ocean crust formed.

7. Use the dry-erase marker to label all of the purple ocean crust pieces “0 to 66
MY.” The purple ocean crust pieces represent the ocean crust from the present
day to 66 million years ago.

8. Use the dry-erase marker to label all of the red ocean crust pieces “66 to 144
MY.” The red ocean crust pieces represent the ocean crust from 66 to 144 million
years ago.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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9. Use the dry-erase marker to label all of the yellow ocean crust pieces “144 to 164
MY.” The yellow ocean crust pieces represent the ocean crust from 144 to 164
million years ago.

10.Remove all the purple ocean crust pieces from the blue ocean base. Push all of
the continents and remaining ocean crust pieces together until they are
connected.

11.Remove all the red ocean crust pieces from the blue ocean base. Push all of the
continents and remaining ocean crust pieces together until they are connected.

12.Remove all the yellow ocean crust pieces from the blue ocean base. Push all of
the continents together into one large land mass. This represents the
supercontinent Pangaea (Figure 2).

Figure 2

Part III: Evidence of Continental Drift

What evidence do we have that Pangaea existed?

13. Notice that a single large ocean surrounds the Pangaea land mass. Using a
dry-erase marker, label this ocean Panthalassa on the blue ocean base.

14. Notice the small sliver of water between Eurasia and the Adriatic Promontory.
This is the Thetys Sea. Label this sea on the blue ocean base.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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15. Evaporite (water-soluble mineral sediments) and calcium carbonate deposits
have been found in North America, Europe, and Africa. Using Figure 3 as a
guide, label these deposits with a dry-erase marker on the continental plates with
triangles.

Figure 3

16. Every continent consists of a stable core crust mass called a craton. Cratons are
classified into four groups based on their structure. Four different types of cratons
are shown—shield, extended, platform, and basin. They are identified as follows:
a. Shield—rocks crop out from the surface
b. Extended crust—area where crust is pulled apart or rifted
c. Platform—covered by sedimentary rock
d. Basin—a low sinking region

Analyze and Interpret Data

1. SEP Use Evidence Compare the densities of granite and basalt. Which of the
two rocks would make up most of the continental crust, and which would make
up most of the oceanic crust? Explain your reasoning.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. SEP Evaluate Evidence Oceanic crust is generally younger than continental
crust. Why is this the case?

3. SEP Cite Evidence A pattern of magnetic lines runs parallel to the mid-ocean
ridges and is symmetrical on either side of the ridge. How can the age of the
seafloor be determined from this information?

4. SEP Use a Model to Evaluate In this activity we used continental pieces that
had smoother edges that did not represent current coastlines. What is one
advantage and one disadvantage to this approach?

5. SEP Use a Model to Evaluate What are some of the key features of continental
and oceanic plate movements that this model was unable to convey?

6. SEP Use Evidence How can rock from different cratons be used to evaluate
continental plate movement and support the existence of Pangaea?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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SCIENCE PERFORMANCE-BASED ASSESSMENT

Uranium-Lead Dating
How can dating methods be combined for a more accurate result?

Phenomenon Radiometric dating is a common and useful approach to geologic dating
of rock samples. Various methods can be used depending on the matter that makes up
the rocks. Some dating methods are less precise and can only provide a relative age.
Other methods, like uranium-lead dating, can be used to determine the absolute age of
a rock. This method is quite precise since both uranium-235 and uranium-238 can be
used. In this lab, you will analyze a rock sample using both uranium isotopes and
determine its age. Uranium-235 has a half-life of 700 million years and uranium-238 has
a half-life of 4.5 billion years.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 4 Analyze and Interpret Data
SEP 6 Construct Explanations and Design Solutions
SEP 7 Engage in Arguments from Evidence

Materials Per Group
● “Rock” sample ● Weighing dish, large

Safety
Always wash hands thoroughly with soap and water before leaving the laboratory.
Please follow normal laboratory safety guidelines.

Procedure

How can different isotopes give the same age?

Your teacher will provide you with a rock sample. The sample includes both
uranium-235 and uranium-238 parent isotopes along with their lead daughter isotopes.
The uranium-235 isotopes are represented by marbles, the lead-207 isotopes are
represented by kidney beans, the uranium-238 isotopes are represented by red chips,
and the lead-206 isotopes are represented by corks.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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1. SEP Use Graphs Using graphing software or the space provided, graph the
percentage of parent isotope (y-axis) remaining for each half-life transpired
(x-axis). Connect the data points with a smooth, curved line.

2. SEP Use a Model Develop a procedure using the space provided to evaluate
your rock sample. You need to determine what the half-life of your sample is for
each isotope and use that information to determine the age according to
uranium-lead dating. Have your teacher approve your procedure before
beginning.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Radiometric Dating of Rock Sample

Analyze and Interpret Data

1. SEP Use a Model to Evaluate What do the pom poms and gravel in the rock
sample most likely represent?

2. SEP Identify Limitations of a Model Did both uranium isotopes reveal the
same age for the rock sample? What could have caused a discrepancy?

3. SEP Apply Scientific Reasoning Based on the half-lives for the uranium
isotopes, what are the dating limitations for the uranium-lead dating method?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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4. SEP Evaluate Evidence Some zircon samples contain zones with dramatically
different ages. What leads to these mixed ages and how can scientists determine
an accurate age?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

Sunlight Intensity and Solar Flares
How does energy from the sun reach Earth?

Sunspots and solar flares are two features that are relatively common on the surface of
the sun. Like Earth, the sun has a magnetic field. Sunspots form in areas where the
magnetic fields are stronger. These magnetic fields interact and can tangle together,
causing them to reorganize, which can cause a solar flare. A solar flare is the sudden
release of large amounts of energy in the form of both electromagnetic radiation and the
energetic ionized particles of solar wind. The radiation is emitted across the spectrum, from
gamma rays to radio waves, so most of the energy of the solar flare is not visible. Some
intense solar flares can interfere with radio communication here on Earth. In this lab,
you will use a solar panel and multimeter to model the increased energy produced by a
solar flare.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 5 Use Mathematics and Computational Thinking

Materials Per Group
● Box
● Flashlight, LED high intensity
● Flashlight, incandescent
● Multimeter, with probes

● Ruler, metric
● Solar panel, 1 V, 400 mA
● Ultraviolet pen light
● Wire strippers (optional)

Safety

Do not point any of the flashlights at anyone and do not look directly into the beam. The
LED high intensity and ultraviolet flashlights can cause serious damage to eyes. Follow
all laboratory safety guidelines. Wash hands thoroughly with soap and water after the
lab.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

How does sunlight intensity change with a solar flare?

1. SEP Develop a Model Use the materials provided to construct a model that
shows how sunlight intensity changes when solar flares are emitted from the
surface of the sun. Your model should include different types of energy emitted
from the sun. Use Table 1 to record your data. Record your detailed procedure
and have your instructor check it before proceeding.

Table 1

Solar Panel Voltage
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data

1. SEP Use a Model to Evaluate What do the different flashlights represent in this
model?

2. SEP Use Mathematics The average distance between the sun and Earth is
149,600,000 kilometers. Calculate the time it takes a photon to travel that
distance. The speed of light is 3 × 108 m/s.

3. SEP Identify Limitations of a Model What aspects of solar flares is this model
unable to show?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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4. SEP Use a Model to Evaluate Solar flares can short out satellites or cause
power surges. How can the model in this lab be used to describe the effect solar
flares have on radio communication equipment?

5. SEP Use a Model to Evaluate Why did the UV light show a lower voltage
output than the incandescent flashlight?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LABS – OPEN

Elemental Composition of Stars
How can we determine which elements are present inside a star?

In 1814, Joseph von Fraunhofer separated the light from the sun into its different colors.
By carefully observing this spectrum, Fraunhofer discovered dark lines at set positions.
He then examined the spectrum of other bright stars and found that they also contain
dark lines. However, the dark lines were often in different places. Almost half a century
later, Gustav Kirchoff and Robert Bunsen identified the origins of the lines when they
heated metallic salts and observed the emission of bright lines. These emitted spectral
lines corresponded to the dark lines previously observed by Fraunhofer, leading
scientists to correctly conclude that these elements were present in the sun. In this lab,
you will observe the emission spectra of several different elements. You will then draw
on this experience to think about stellar spectroscopy and the information it can provide
us about our place in the universe.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 3 Plan and Carry Out an Investigation
SEP 8 Obtain, Evaluate, and Communicatie Information

Materials Per Group
● Copper(II) chloride, CuCl2·2H2O,

1–2 g
● Lithium chloride, LiCl, 1–2 g
● Sodium chloride, NaCl, 1–2 g
● Strontium chloride, SrCl2·2H2O,

1–2 g
● Water, distilled or deionized,

125 mL

● Beakers, 250 mL, 2
● Laboratory burner
● Rainbow glasses
● Watch glasses, 4
● Wooden splints, 4
● Water, tap, 125 mL
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Safety

Copper(II) chloride is highly toxic by ingestion; avoid contact with eyes, skin, and
mucous membranes. Lithium chloride is moderately toxic by ingestion and is a body
tissue irritant. Fully extinguish the wooden splints by immersing them in a beaker of
water before discarding them in the trash to avoid trash can fires. Wear chemical splash
goggles, chemical-resistant gloves, and a chemical resistant apron. Follow all laboratory
safety guidelines. Wash hands thoroughly with soap and water after the lab.

Procedure

How can emitted light be used to identify an element?

1. Table 1 lists the wavelengths of some of the more prominent dark lines in the
solar spectrum. It lists the designation Fraunhofer assigned the line as well as its
wavelength.

Table 1
Designation Wavelength

B 686.7

C 656.3

D1 589.6

D2 589.0

E 527.0

F 486.8

G 430.8

H 396.8

K 393.4
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. SEP Communicate Scientific Information Draw a diagram representing the
visible light spectrum (380–700 nm) with each of the tabulated lines marked on it.

3. SEP Plan an Investigation Devise an experiment to observe the emission
spectra of four different metal salts. You should use a laboratory burner to excite
the metal atoms, and make observations with both rainbow glasses and your
unaided eye. Use Table 2 to help you develop your procedure and to record your
data. Record your procedure and have your teacher check it before proceeding
with any lab work.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Table 2

Flame Test Observations

Salt Flame Color Observations

CuCl2

LiCl

NaCl

SrCl2

4. Do any of the dark lines match with one of the elemental emission spectra you
observed? (If you’re not sure, go back and repeat the relevant flame test.)

Analyze and Interpret Data

1. SEP Communicate Scientific Information Explain the difference in the
spectral lines you observed in your investigation versus the spectral lines emitted
by the sun.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. SEP Make Observations How did the rainbow glasses make it easier to identify
certain salts?

3. SEP Develop Models How can spectral lines be used to determine the
elemental composition of a star?

4. SEP Form a Hypothesis Some of the dark lines observed by Fraunhofer have
since been attributed to molecular oxygen. Propose an explanation for the origin
of these lines, and describe an experiment that could be used to test your
hypothesis.

5. SEP Use a Model to Evaluate How can the mass, size, and elemental
composition of a star be used to provide information about how and when it might
have formed?

6. SEP Use a Model to Evaluate How can the elemental composition of a planet
be used to provide information about how and when it might have formed?
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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INQUIRY LAB – OPEN

The Expansion of the Universe
Is the rate of expansion the same across the entire universe?

The Big Bang theory asserts that the universe keeps expanding. In 1929, Edwin Hubble
presented evidence that almost all galaxies appear to be moving away from Earth. In
reality, Hubble’s work shows that all galaxies are moving apart from each other because
the entire universe is expanding. The speed at which the galaxies move away from our
planet is directly proportional to their distance from Earth. In this lab, you will explore the
expansion of the universe and the shifting of the galaxies using a simple model.

Focus on Science Practices

SEP 4 Analyze and Interpret Data
SEP 5 Use Mathematics and Computational Thinking
SEP 6 Construct Explanations

Materials Per Group
● Balloon, round, 2
● Balloon pump (optional)
● Clothespin, wooden, 1
● Labeling tape, various colors

● Scissors
● Stopwatch or timer
● Tape measure, metric, 1

Safety

Wash hands thoroughly with soap and water before leaving the laboratory. Please follow
normal laboratory safety guidelines.

Procedure

Part I: Expansion and Change in Distance

How far away can galaxies move as the universe expands?

1. Use tape of various colors to cut five shapes that are less than half a centimeter
(0.5 cm) across to represent different galaxies. Label each galaxy shape with a
number from 1 to 5.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 414



415

NAME DATE CLASS

3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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2. Put the small shapes aside on a clean surface, without letting them stick
completely onto the surface.

3. Blow air into one of the balloons so that it is round and taut but not fully inflated.
One lab partner should use their fingers or a clothespin to close the opening of
the balloon so that it does not deflate.

4. Stick the galaxy shapes randomly spaced out onto the balloon.

5. Choose one of the galaxies to be the Milky Way (the galaxy where our solar
system is located), and use a metric tape to measure the distance from the
center of the Milky Way to the center of each one of the other galaxies on the
balloon. Record these distances in the appropriate column of the data table.

6. Continue to inflate the balloon until its size has doubled or tripled. Be careful not
to over inflate the balloon. If the balloon pops, start over again from step 3.

7. Tie the balloon opening to prevent deflation.

8. Use a metric tape to measure the new distance from the center of the Milky Way
galaxy to the center of each one of the other galaxies on the balloon. Record
these final distances in the appropriate column of Table 1.

Table 1

Expansion and Change in Distance

Galaxy Initial Distance, d1

(cm)
Final Distance, d2

(cm)
Distance Change,
Δd = d2 − d1 (cm)

1

2

3

4

5
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: The Speed of Expansion

Is the universe expanding at a constant speed everywhere?

9. SEP Plan Your Investigation Use the procedure and results of Part I, to design
an experimental procedure to determine the speed at which each one of the
galaxies move apart from each other on the surface of an inflating balloon. Place
7 to 10 galaxy stickers on the surface of the balloon. Write a detailed procedure
and record all relevant data in Table 2. Note: Remember that speed (v) is equal
to the change in distance in a given time period.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
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Table 2

The Speed of Expansion

Expansion Time (s)

Galaxy Initial Distance,
d1 (cm)

Final Distance,
d2 (cm)

Distance
Change,

Δd = d2 − d1 (cm)

Speed of
Expansion, v

(cm/s)

1

Analyze and Interpret Data

1. SEP Use Mathematics Calculate the change in distance (Δd) between each
galaxy and the Milky Way galaxy in Part I. Fill out the corresponding column in
Table 1.

2. SEP Analyze Data Examine the change in distance values (Δd) between each
galaxy and the Milky Way galaxy in Part I. Are the Δd values constant for all the
galaxies? Explain.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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3. SEP Use Mathematics Calculate the change in distance (Δd) between each
galaxy and the Milky Way galaxy in Part II. Fill out the corresponding column in
Table 2.

4. SEP Use Mathematics Calculate the speed of expansion, v, for each galaxy in
Part II and show a sample calculation.

5. SEP Use Graphs Use graphing software or the space to plot the speed of
expansion (v in cm/s) versus the final distance (d2 in cm) for the galaxies in Part
II. Draw a trendline that crosses most of the points on your plot.

6. SEP Construct an Explanation Hubble demonstrated that distant galaxies are
moving away from Earth and apart from each other because of the expansion of
the universe. The speed at which a galaxy moves away from Earth (v) is directly
related to the distance between the galaxy and Earth (d). Do your results with the
balloon model agree with Hubble’s observations? Explain.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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7. SEP Obtain Information The speed of expansion for a galaxy with respect to
Earth is represented by Equation 1, where v is velocity of expansion, d is the
galaxy’s distance from Earth, and H is the Hubble constant. Go online or consult
a textbook to find the value of the Hubble constant. What is the meaning of this
constant? Explain.

Equation 1: 𝑣𝑣 𝑣 𝑣𝑣𝑣𝑣
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
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SCIENCE PERFORMANCE-BASED ASSESSMENT

Life Cycle of Stars
Why do stars not explode from the pressure generated by burning fuel?

Phenomenon Stars burn tremendous amounts of fuel without exploding from the
outward pressure generated because the outward pressure is balanced by the inward
force of gravity. This balancing of the two forces is called hydrostatic equilibrium. In this
activity you will model the hydrostatic equilibrium in stars to understand why they are
stable for billions of years, until one of the forces yields to the other.

Focus on Science Practices

SEP 2 Develop and Use Models
SEP 7 Engage in Argument from Evidence
SEP 8 Obtain, Evaluate and Communicate Information

Materials Per Group
● Syringe
● Syringe cap
● Syringe plunger

Safety

The materials in this lab are considered non hazardous. Wear safety glasses. Please
follow all normal laboratory safety guidelines.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Procedure

Part I: Researching Opposing Forces in Stars
How do opposing forces prevent stars from imploding and exploding?

1. SEP Obtain, Evaluate, and Communicate Information Go online and research
the life cycles of stars. Describe the two opposing forces that prevent stars from
imploding and exploding. Describe how the relationship between the forces
changes as stars age. Indicate the sources of information you used and why you
believe they are credible.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Part II: Modeling the Opposing Forces in a Star
How can you model the opposing forces in a star?

2. SEP Develop and Use a Model Develop a model that uses a syringe and
syringe cap to demonstrate the coexistence of the two opposing forces that allow
stars to persist without imploding or exploding. Explain how your syringe model
may be manipulated to demonstrate the coexistence of the opposing forces you
identified in Part I, at each of the following stages for a low-mass star: main
sequence, old age, and death.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.
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Analyze and Interpret Data: Sample Answers

1. SEP Use a Model How would you use your model to demonstrate the difference
between a low-mass star and a high-mass star, at the death stage in their life
cycles? You may propose modifications to the model.

2. SEP Engage in ArgumentWhat kind of stars would you expect to live longer
lives, low-mass stars or high-mass stars? Explain.

3. SEP Use a Model Describe how two magnets might be used to demonstrate the
coexistence of gravity and pressure in a star.

4. SEP Use a Model Identify some of the limitations associated with your model.
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3. Connect the motion detector to a computer interface. Select graph mode.

4. Stand in the path of the motion detector at the 1 m mark. Hold a book or other flat
surface steady in front of your body to serve as a uniform deflector for the
emitted sound waves. This will reduce noise in the motion graphs.

5. Begin collecting data.

6. Collect position vs. time (d–t) and speed vs. time (v–t) data for the following types
of motion.

a. Stand motionless at the 2 m mark for 10 seconds.

b. Quickly walk away from the motion detector at a constant speed for 4
seconds.

c. Quickly walk towards the motion detector at a constant speed for 2
seconds.

d. Slowly walk towards the motion detector at a constant speed for 10
seconds.

7. Construct position vs. time (d–t) and speed vs. time (v–t) plots for the motions
performed in step 6. Draw or insert a picture of all the plots.

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 6

NAME DATE CLASS

5. SEP Engage in ArgumentWhy do extremely large stars not “burn out” by
continuously fusing lighter elements into heavier ones? In other words, why does
the core of a massive star eventually become inert?

6. SEP Use Scientific Reasoning Apply what you know about stars to explain why
Earth’s atmosphere becomes less dense as the distance from sea level
increases.
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