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Measurement Unit Symbol Equivalents

Length 1 millimeter mm 1,000 micrometers (µm)
1 centimeter cm 10 millimeters (mm)
1 meter m 100 centimeters (cm)
1 kilometer km 1,000 meters (m)

Area 1 square meter m2 10,000 square centimeters (cm2)
1 square kilometer km2 1,000,000 square meters m2)

Volume 1 milliliter mL 1 cubic centimeter (cm3 or cc)
1 liter L 1,000 milliliters (mL)

Mass 1 gram g 1,000 milligrams (mg)
1 kilogram kg 1,000 grams (g)
1 ton t 1,000 kilograms (kg) 5 1 metric ton

Time 1 second s

Temperature 1 Kelvin K 1 degree Celsius (°C)

When You Know Multiply by To Find

When You Know Multiply by To Find

inches 2.54 centimeters 0.394 inches
feet 0.3048 meters 3.281 feet
yards 0.914 meters 1.0936 yards
miles 1.609 kilometers 0.62 miles

square inches 6.45 square centimeters 0.155 square inches
square feet 0.093 square meters 10.76 square feet
square yards 0.836 square meters 1.196 square yards
acres 0.405 hectares 2.471 acres
square miles 2.59 square kilometers 0.386 square miles

cubic inches 16.387 cubic centimeters 0.061 cubic inches
cubic feet 0.028 cubic meters 35.315 cubic feet
cubic yards 0.765 cubic meters 1.31 cubic yards

fluid ounces 29.57 milliliters 0.0338 fluid ounces
quarts 0.946 liters 1.057 quarts
gallons 3.785 liters 0.264 gallons

ounces 28.35 grams 0.0353 ounces
pounds 0.4536 kilograms 2.2046 pounds
tons 0.907 metric tons 1.102 tons

Common SI Units

Metric Conversion Tables

When You Know

Fahrenheit subtract 32; then divide by 1.8 to find Celsius

Celsius multiply by 1.8; then add 32 to find Fahrenheit
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To prepare yourself to work safely in the labora-
tory, read over the following safety rules. Then
read them a second time. Make sure you under-
stand and follow each rule. Ask your teacher to
explain any rules you do not understand.

Dress Code
1. To protect yourself from injuring your eyes,

wear safety goggles whenever you work
with chemicals, flames, glassware, or any
substance that might get into your eyes. If
you wear contact lenses, notify your teacher.

2. Wear an apron or coat whenever you work
with corrosive chemicals or substances that
can stain.

3. Tie back long hair to keep it away from any
chemicals, flames, or equipment.

4. Remove or tie back any article of clothing
or jewelry that can hang down and touch
chemicals, flames, or equipment. Roll up
or secure long sleeves.

5. Never wear open shoes or sandals.

General Precautions
6. Read all directions for an experiment several

times before beginning the activity. Carefully
follow all written and oral instructions. If
you are in doubt about any part of the
experiment, ask your teacher for assistance.

7. Never perform activities that are not
assigned or authorized by your teacher.
Obtain permission before “experimenting”
on your own. Never handle any equipment
unless you have specific permission.

8. Never perform lab activities without
direct supervision.

9. Never eat or drink in the laboratory.
10. Keep work areas clean and tidy at all times.

Bring only notebooks and lab manuals or
written lab procedures to the work area. All
other items, such as purses and backpacks,
should be left in a designated area.

11. Do not engage in horseplay.

First Aid
12. Always report all accidents or injuries to

your teacher, no matter how minor. Notify
your teacher immediately about any fires.

13. Learn what to do in case of specific acci-
dents, such as getting acid in your eyes or

on your skin. (Rinse acids from your body
with plenty of water.)

14. Be aware of the location of the first-aid kit,
but do not use it unless instructed by your
teacher. In case of injury, your teacher
should administer first aid. Your teacher
may also send you to the school nurse or
call a physician.

15. Know the location of the emergency equip-
ment such as fire extinguisher and fire blanket.

16. Know the location of the nearest telephone
and whom to contact in an emergency.

Heating and Fire Safety
17. Never use a heat source, such as a candle,

burner, or hot plate, without wearing safety
goggles.

18. Never heat anything unless instructed to do
so. A chemical that is harmless when cool
may be dangerous when heated.

19. Keep all combustible materials away from
flames. Never use a flame or spark near a
combustible chemical.

20. Never reach across a flame.
21. Before using a laboratory burner, make sure

you know proper procedures for lighting 
and adjusting the burner, as demonstrated 
by your teacher. Do not touch the burner.
It may be hot. Never leave a lighted burner
unattended. Turn off the burner when not 
in use.

22. Chemicals can splash or boil out of a heated
test tube. When heating a substance in a test
tube, make sure that the mouth of the tube
is not pointed at you or anyone else.

23. Never heat a liquid in a closed container.
The expanding gases produced may shatter
the container.

24. Before picking up a container that has been
heated, first hold the back of your hand near
it. If you can feel heat on the back of your
hand, the container is too hot to handle.
Use an oven mitt to pick up a container
that has been heated.

Using Chemicals Safely
25. Never mix chemicals “for the fun of it.”

You might produce a dangerous, possibly
explosive substance.

S C I E N C E  S A F E T Y  R U L E S
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26. Never put your face near the mouth of a
container that holds chemicals. Many 
chemicals are poisonous. Never touch,
taste, or smell a chemical unless you are
instructed by your teacher to do so.

27. Use only those chemicals needed in the activ-
ity. Read and double-check labels on supply
bottles before removing any chemicals. Take
only as much as you need. Keep all containers
closed when chemicals are not being used.

28. Dispose of all chemicals as instructed by
your teacher. To avoid contamination, never
return chemicals to their original containers.
Never pour untreated chemicals or other
substances into the sink or trash containers.

29. Be extra careful when working with acids or
bases. Pour all chemicals over the sink or a
container, not over your work surface.

30. If you are instructed to test for odors, use a
wafting motion to direct the odors to your
nose. Do not inhale the fumes directly from
the container.

31. When mixing an acid and water, always pour
the water into the container first then add
the acid to the water. Never pour water into
an acid.

32. Take extreme care not to spill any material
in the laboratory. Wash chemical spills and
splashes immediately with plenty of water.
Immediately begin rinsing with water any
acids that get on your skin or clothing, and
notify your teacher of any acid spill at the
same time.

Using Glassware Safely
33. Never force glass tubing or a thermometer

into a rubber stopper or rubber tubing. Have
your teacher insert the glass tubing or ther-
mometer if required for an activity.

34. If you are using a laboratory burner, use a
wire screen to protect glassware from any
flame. Never heat glassware that is not thor-
oughly dry on the outside.

35. Keep in mind that hot glassware looks cool.
Never pick up glassware without first checking
to see if it is hot. Use an oven mitt. See rule 24.

36. Never use broken or chipped glassware.
If glassware breaks, notify your teacher
and dispose of the glassware in the proper
broken-glassware container.

37. Never eat or drink from glassware.
38. Thoroughly clean glassware before putting

it away.

Using Sharp Instruments
39. Handle scalpels or other sharp instruments

with extreme care. Never cut material toward
you; cut away from you.

40. Immediately notify your teacher if you cut
your skin when working in the laboratory.

Animal and Plant Safety
41. Never perform experiments that cause pain,

discomfort, or harm to animals. This rule
applies at home as well as in the classroom.

42. Animals should be handled only if absolutely
necessary. Your teacher will instruct you as
to how to handle each animal species
brought into the classroom.

43. If you know that you are allergic to certain
plants, molds, or animals, tell your teacher
before doing an activity in which these are
used.

44. During field work, protect your skin by
wearing long pants, long sleeves, socks, and
closed shoes. Know how to recognize the
poisonous plants and fungi in your area,
as well as plants with thorns, and avoid
contact with them. Never eat any part of a
plant or fungus.

45. Wash your hands thoroughly after handling
animals or a cage containing animals. Wash
your hands when you are finished with any
activity involving animal parts, plants,
or soil.

End-of-Experiment Rules
46. After an experiment has been completed,

turn off all burners or hot plates. If you 
used a gas burner, check that the gas-line
valve to the burner is off. Unplug hot plates.

47. Turn off and unplug any other electrical
equipment that you used.

48. Clean up your work area and return all
equipment to its proper place.

49. Dispose of waste materials as instructed by
your teacher.

50. Wash your hands after every experiment.

vi Laboratory Manual Science Explorer Grade 8
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These symbols alert you to possible dangers in the
laboratory and remind you to work carefully.

Safety Goggles Always wear safety
goggles to protect your eyes in any activity

involving chemicals, flames or heating, or the
possibility of broken glassware.

Lab Apron Wear a laboratory apron to
protect your skin and clothing from damage.

Breakage You are working with 
materials that may be breakable, such as

glass containers, glass tubing, thermometers, or
funnels. Handle breakable materials with care.
Do not touch broken glassware.

Heat-Resistant Gloves Use an oven
mitt or other hand protection when

handling hot materials. Hot plates, hot glass-
ware, or hot water can cause burns. Do not
touch hot objects with your bare hands.

Heating Use a clamp or tongs to pick up
hot glassware. Do not touch hot objects

with your bare hands.

Sharp Object Pointed-tip scissors,
scalpels, knives, needles, pins, or tacks are

sharp. They can cut or puncture your skin.
Always direct a sharp edge or point away from
yourself and others. Use sharp instruments only
as instructed.

Electric Shock Avoid the possibility of
electric shock. Never use electrical equip-

ment around water, or when the equipment is
wet or your hands are wet. Be sure cords are
untangled and cannot trip anyone. Disconnect
the equipment when it is not in use.

Corrosive Chemical You are working
with an acid or another corrosive chemical.

Avoid getting it on your skin or clothing, or in
your eyes. Do not inhale the vapors. Wash your
hands when you are finished with the activity.

Poison Do not let any poisonous chemi-
cal come in contact with your skin, and do

not inhale its vapors. Wash your hands when
you are finished with the activity.

Physical Safety When an experiment
involves physical activity, take precautions 

to avoid injuring yourself or others. Follow

instructions from the teacher. Alert the teacher if
there is any reason you should not participate in
the activity.

Animal Safety Treat live animals with
care to avoid harming the animals or your-

self. Working with animal parts or preserved
animals also requires caution. Wash your hands
when you are finished with the activity.

Plant Safety Handle plants in the labo-
ratory or during field work only as directed

by the teacher. If you are allergic to certain
plants, tell the teacher before doing an activity in
which those plants are used. Avoid touching
harmful plants such as poison ivy, poison oak, or
poison sumac, or plants with thorns. Wash your
hands when you are finished with the activity.

Flames You may be working with flames
from a lab burner, candle, or matches. Tie

back loose hair and clothing. Follow instructions
from the teacher about lighting and extinguish-
ing flames.

No Flames Flammable materials may be
present. Make sure there are no flames,

sparks, or other exposed heat sources present.

Fumes When poisonous or unpleasant
vapors may be involved, work in a venti-

lated area. Avoid inhaling vapors directly. Only
test an odor when directed to do so by the
teacher, and use a wafting motion to direct the
vapor toward your nose.

Disposal Chemicals and other labora-
tory materials used in the activity must be

disposed of safely. Follow the instructions from
the teacher.

Hand Washing Wash your hands thor-
oughly when finished with the activity. Use

antibacterial soap and warm water. Lather both
sides of your hands and between your fingers.
Rinse well.

General Safety Awareness You may
see this symbol when none of the symbols

described earlier appears. In this case, follow the
specific instructions provided. You may also see
this symbol when you are asked to develop your
own procedure in a lab. Have the teacher
approve your plan before you go further.

S A F E T Y  S Y M B O L S
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I, , have read 

the Science Safety Rules and Safety Symbols
sections on pages v–vii of this manual,
understand their contents completely, and agree
to demonstrate compliance with all safety rules
and guidelines that have been established in each
of the following categories:

(please check)

Dress Code

General Precautions

First Aid

Heating and Fire Safety

Using Chemicals Safely

Using Glassware Safely

Using Sharp Instruments

Animal and Plant Safety

End-of-Experiment Rules

Date

(signature)

(please print full name)
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L A B O R A T O R Y  S A F E T Y  C O N T R A C T
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Name ____________________________________ Date __________ Class ___________________

Recognizing Laboratory Safety

◆ Pre-Lab Discussion

An important part of your study of science will be working in a laboratory. In the
laboratory, you and your classmates will learn about the natural world by
conducting experiments. Working directly with household objects, laboratory
equipment, and even living things will help you to better understand the concepts
you read about in your textbook or in class.

Most of the laboratory work you will do is quite safe. However, some laboratory
equipment, chemicals, and specimens can be dangerous if handled improperly.
Laboratory accidents do not just happen. They are caused by carelessness,
improper handling of equipment, or inappropriate behavior.

In this investigation, you will learn how to prevent accidents and thus work safely in
a laboratory. You will review some safety guidelines and become acquainted with
the location and proper use of safety equipment in your classroom laboratory.

◆ Problem

What are the proper practices for working safely in a science laboratory?

◆ Materials (per group)

science textbook
laboratory safety equipment (for demonstration)

◆ Procedure 

Part A. Reviewing Laboratory Safety Rules and Symbols

1. Carefully read the list of laboratory safety rules listed on pages v and vi of this
lab manual.

2. Special symbols are used throughout this lab book to call attention to investi-
gations that require extra caution. Use page vii as a reference to describe what
each symbol means in numbers l through 8 of Observations.

Part B. Location of Safety Equipment in Your Science Laboratory

1. The teacher will point out the location of the safety equipment in your class-
room laboratory. Pay special attention to instructions for using such
equipment as fire extinguishers, eyewash fountains, fire blankets, safety show-
ers, and items in first-aid kits. Use the space provided in Part B under
Observations to list the location of all safety equipment in your laboratory.

S T U D E N T  S A F E T Y  T E S T

Be sure to show the location of all safety
equipment in your laboratory. Also give
instructions on its proper use. Guidelines
pertaining to the use of special equipment,
fire-drill procedures, or penalties for
misbehavior in the lab might also be
discussed at this time. 

Time Required:
40 minutes
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◆ Observations

Part A
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Name ____________________________________ Date __________ Class ___________________

RECOGNIZING LABORATORY SAFETY (continued)

1. Student is working with materials that can easily be broken, such as glass 

containers or thermometers. They should be handled carefully, and broken 

glassware should not be touched.

2. Student is working with a flame and should tie back loose hair and clothing.

3. Student should use oven mitts or other hand protection to avoid burning hands.

4. Student is working with poisonous chemicals and should not let the chemical 

touch the skin or inhale its vapors. Student should wash hands after the lab.

5. Student is performing an experiment in which the eyes and face should be 

protected by safety goggles.

6. Student is working with a sharp instrument and should direct the sharp edge or 

point away from himself or herself and others.

7. Student is using electricity in the laboratory and should avoid the possibility of 

electric shock. Electrical equipment should not be used around water, cords 

should not be tangled, and equipment should be disconnected when not in use.

8. Student is working with plants and should handle them according to the teacher’s

instructions. Student should tell the teacher if he or she is allergic to certain 

plants. Students should wash hands after the lab.
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Part B

Student responses will depend on the specific safety features of your classroom laboratory. 

Locations might include such directions as above the sink, to the right of the goggles case, near the 

door, and so on.

◆ Analyze and Conclude

Look at each of the following drawings and explain why the laboratory activities
pictured are unsafe.

Science Explorer Grade 8 Laboratory Manual xi
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RECOGNIZING LABORATORY SAFETY (continued)

1. Safety goggles should always be worn whenever a person is 

working with chemicals, lab burners, or any substance that 

might get into the eyes.

2. When diluting an acid, pour the acid into water. Never 

pour water into the acid. Also, safety goggles and a lab

apron should be worn when working with chemicals.

3. Never heat a liquid in a closed container. The expanding 

gases produced may shatter the container.
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◆ Critical Thinking and Applications

In each of the following situations, write yes if the proper safety procedures are
being followed and no if they are not. Then give a reason for your answer.

1. Gina is thirsty. She rinses a beaker with water, refills it with water, and takes 
a drink.

No; you should never drink from laboratory glassware. The last substance in it may have been 

poisonous and traces of the poison may remain.

2. Bram notices that the electrical cord on his microscope is frayed near the plug.
He takes the microscope to his teacher and asks for permission to use another
one.

Yes; electrical appliances with frayed cords or broken insulation may present a hazard and 

should not be used.

3. The printed directions in the lab book tell a student to pour a small amount of
hydrochloric acid into a beaker. Jamal puts on safety goggles before pouring the
acid into the beaker.

Yes; safety goggles should always be worn when working with dangerous chemicals.

4. It is rather warm in the laboratory during a late spring day. Anna slips off her
shoes and walks barefoot to the sink to clean her glassware.

No; shoes should always be kept on while working in the laboratory in case glassware breaks 

or chemicals are spilled onto the floor.

5. While washing glassware, Mike splashes some water on Evon. To get even, Evon
splashes him back.

No; misbehaving is never acceptable in a laboratory.

6. During an experiment, Lindsey decides to mix two chemicals that the lab
procedure does not say to mix, because she is curious about what will happen.

No; never mix chemicals unless directed to do so. The mixing might produce an explosive 

substance.

xii Laboratory Manual Science Explorer Grade 8
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RECOGNIZING LABORATORY SAFETY (continued)
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Defining Elements of a
Scientific Method
Laboratory activities and experiments involve the use of the scientific method.
Listed in the left column are the names of parts of this method. The right column
contains definitions. Next to each word in the left column, write the letter of the
definition that best matches that word.

1. Hypothesis A. Prediction about the outcome of an experiment

2. Manipulated Variable B. What you measure or observe to obtain your results

3. Responding Variable C. Measurements and other observations

4. Controlling Variables D. Statement that sums up what you learn from 
an experiment

5. Observation E. Factor that is changed in an experiment

6. Data F. What the person performing the activity sees, hears,
feels, smells, or tastes

7. Conclusion G. Keeping all variables the same except the 
manipulated variable

D

C

F

G

B

E

A

L A B O R A T O R Y  S K I L L S  C H E C K U P  1
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Analyzing Elements of a
Scientific Method
Read the following statements and then answer the questions.

1. You and your friend are walking along a beach in Maine on January 15, at 
8:00 AM.

2. You notice a thermometer on a nearby building that reads 21°C.

3. You also notice that there is snow on the roof of the building and icicles 
hanging from the roof.

4. You further notice a pool of sea water in the sand near the ocean.

5. Your friend looks at the icicles and the pool and says, “How come the water
on the roof is frozen and the sea water is not?”

6. You answer, “I think that the salt in the sea water keeps it from freezing at
21°C.”

7. You go on to say, “And I think under the same conditions, the same thing will
happen tomorrow.”

8. Your friend asks, “How can you be sure?” You answer, “I’m going to get some
fresh water and some salt water and expose them to a temperature of 21°C
and see what happens.”

◆ Questions

A. In which statement is a prediction made?

B. Which statement states a problem?

C. In which statement is an experiment described?

D. Which statement contains a hypothesis?

E. Which statements contain data?

F. Which statements describe observations? 2, 3, 4

1, 2, 3, 4

6

8

5

7
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Performing an Experiment
Read the following statements and then answer the questions.

1. A scientist wants to find out why sea water freezes at a lower temperature than
fresh water.

2. The scientist goes to the library and reads a number of articles about the
physical properties of solutions.

3. The scientist also reads about the composition of sea water.

4. The scientist travels to a nearby beach and observes the conditions there. The
scientist notes the taste of the sea water and other factors such as waves, wind,
air pressure, temperature, and humidity.

5. After considering all this information, the scientist sits at a desk and writes, “If
sea water has salt in it, it will freeze at a lower temperature than fresh water.”

6. The scientist goes back to the laboratory and does the following:

a. Fills each of two beakers with 1 liter of fresh water.

b. Dissolves 35 grams of table salt in one of the beakers.

c. Places both beakers in a freezer at a temperature of 21°C.

d. Leaves the beakers in the freezer for 24 hours.

7. After 24 hours, the scientist examines both beakers and finds the fresh water
to be frozen. The salt water is still liquid.

8. The scientist writes in a notebook, “It appears that salt water freezes at a lower
temperature than fresh water does.”

9. The scientist continues, “I suggest that the reason sea water freezes at a lower
temperature is that sea water contains dissolved salts, while fresh water does not.”

◆ Questions

A. Which statements contain conclusions?

B. Which statement contains a hypothesis?

C. Which statements contain observations?

D. Which statements describe an experiment?

E. In which statement is the problem described?

F. Which statements contain data?

G. What is the manipulated variable in the experiment?

H. What is the responding variable in the experiment? the temperature at which water freezes

the amount of salt in water

4, 6 a–d, 7

1

6 a–d

4, 7

5

8, 9
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Identifying Errors
Read the following paragraph and then answer the questions.

Andrew arrived at school and went directly to his earth science class. He took off
his cap and coat and sat down at his desk. His teacher gave him a large rock and
asked him to find its density. Realizing that the rock was too large to work with,
Andrew got a hammer from the supply cabinet and hit the rock several times
until he broke off a chip small enough to work with. He partly filled a graduated
cylinder with water and suspended the rock in the water. The water level rose 
2 cm. Andrew committed this measurement to memory. He next weighed the
rock on a balance. The rock weighed 4 oz. Andrew then calculated the density of
the rock as follows: He divided 2 cm by 4 oz. He then reported to his teacher that
the density of the rock was .5 cm/oz.

◆ Questions

1. What safety rule(s) did Andrew break?

He didn’t put on his safety goggles. Also, he didn’t obtain permission from his teacher before 

obtaining the hammer and breaking the rock.

2. What mistake did Andrew make using measurement units?

He used linear units (centimeters) instead of volumetric units (milliliters).

3. What should Andrew have done with his data rather than commit them to
memory?

He should have kept a written record.

4. What is wrong with the statement “He next weighed the rock on a balance”?

A balance is used to determine mass, not weight.

5. Why is “4 oz.” an inappropriate measurement in a science experiment?

Metric units (grams) should be used.

6. What mistake did Andrew make in calculating density?

Density is expressed in mass per unit volume (g/mL), not length per unit weight.

L A B O R A T O R Y  S K I L L S  C H E C K U P  4
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Investigating Water

◆ Pre-Lab Discussion

Skills used by scientists include posing questions, making observations 
and inferences, developing hypotheses, and conducting experiments.
You will use these same skills as you make discoveries about Earth 
Science. In this lab you will learn more about the process of scientific 
inquiry as you investigate water, an important part of our Earth.

1. Describe the difference between an observation and an inference.

An observation uses one or more of your five senses. An inference is a logical interpretation 

based on your observations or prior knowledge.

2. When you ask a question about Earth, you are already beginning your work as a scientist. Did
you know that over two thirds of Earth is covered with water? Although we use water every-
day, we don’t often think about the water we use. What do you already know about water?
What would you like to find out? Write down two questions you have about water and share
them with a classmate.

Students’ questions will vary, but they should be focused on the characteristics of water. 

◆ Problem

What are some of the unique properties of water?

◆ Materials (per group)

plastic cup hot plate
tap water thermometer
3-cm square of metal metal spoon

window screening salt
250-mL beaker hot pad or beaker tongs
distilled water penny

◆ Safety Review the safety guidelines in your lab book.

Handle the thermometer carefully. If it breaks, do not touch it, and immediately
tell your teacher. Use tongs or a hot pad when handling hot objects. Always wear
safety goggles when heating objects.

I N T R O D U C T I O N L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concept: Students will use the process of
scientific inquiry to investigate water.

Skills Focus: Observing, inferring, predicting,
developing a hypothesis

Time Required: 40 minutes

Advance Preparation: You may want
to form the screening containers for
Part A ahead of time. Consider setting
up separate stations for Parts A and B. 

Alternative Materials: If possible, use
alcohol thermometers instead of
mercury thermometers.

Teaching Tip: Write
students’ questions about
water on the board. Ask
students how they could
begin to find answers to
their questions.
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◆ Procedure

Part A

1. Fill a plastic cup three-fourths full with tap water.

2. Bend up the sides of the window screening to form the
shape shown in Figure 1. Be careful of any sharp edges on the screen.

3. Predict what will happen if you place the screening on the water’s surface.
Explain your reasoning.

Unless students have prior knowledge of surface tension, they may predict the screening will sink.

4. Carefully set the bottom of the screening flat on the surface of the water in the
cup. Do not touch the water with your hand. Observe whether the screening
sinks or floats. Record your observations under Observations.

Part B

1. CAUTION: Put on your safety goggles and apron. Fill a 250-mL beaker 
two-thirds full of distilled water. Place the beaker on a hot plate.

2. Heat the water until it boils. Measure the temperature of the boiling water.
CAUTION: Handle the thermometer carefully; it is breakable. Do not let the 
thermometer rest on the bottom of the beaker.

3. Let the water cool slightly. Add a spoonful of salt to the water. Use the spoon to
stir until the salt has dissolved. Predict how you think adding salt will affect the
water’s boiling point. Explain your reasoning.

Students will probably think adding salt will affect the water’s boiling point by raising 

or lowering it.

4. Heat the water until it boils again and record the temperature of the boiling
water in the Data Table under Observations.

5. Repeat Steps 3 and 4 three more times. CAUTION: Use a hot pad or beaker
tongs to handle the beaker.

◆ Observations

Part A

1. What did you observe when you placed the screening on the water’s surface?

If the screening is set carefully on the water, with the flat bottom touching the surface of the 

water, it will float.
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INVESTIGATING WATER (continued)

SX99LMH1C001

Figure 1
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Part B

Data Table

◆ Analyze and Conclude

1. Make an inference to explain your observations in Part A, based on what you
know about water.

The screening floated because it is light enough to stay on the surface of the water. (The 

surface tension of the water supports the screening.)

2. Interpret your data from Part B. What is the temperature difference between
the boiling points of only distilled water and distilled water with four spoons 
of salt?

Answers will vary.

3. Draw a conclusion. How does dissolving salt in water affect the temperature at
which the water boils?

The more salt that is dissolved in the water, the higher the boiling point of the solution. 

◆ Critical Thinking and Applications

1. What do you think would happen if you put a penny on the screening? Write
your answer as a hypothesis.

If you place the penny on the screening, both will sink.
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INVESTIGATING WATER (continued)

Boiling-Point Temperature

Distilled water

Distilled water 1 1 spoon of salt

Distilled water 1 2 spoons of salt

Distilled water 1 3 spoons of salt

Distilled water 1 4 spoons of salt

Boiling-point
temperatures
may vary,
depending on
the accuracy of
the laboratory
thermometers
and altitude,
but in general,
the more salt
that is
dissolved in 
the water, the
higher its 
boiling point.

1008C
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2. Test your hypothesis in Question 1 by performing the experiment. Were you
correct? Try to explain the outcome using your knowledge of water.

The screening would sink because the penny made it heavy enough to break the surface 

tension of the water.

3. Some people believe that if you add salt to cooking water, then vegetables will
cook faster. Do you think this is correct? How would you design an experiment
that would test this hypothesis?

Adding salt to water makes water boil at a higher temperature, and a higher temperature will 

cook the vegetables a little faster. Students will design a variety of experiments.

◆ More to Explore

New Problem Does dissolving salt in water change the freezing point of the water? 

Possible Materials Consider what materials you will need to use. Write a list of
your materials.

Safety Handle thermometers carefully. Wear your safety goggles 
and apron.

Procedure Write a procedure you could follow to find the answer to 
the problem. Have the teacher approve your procedure before you 
carry out the investigation. (Hint: You do not necessarily need to
make salt water freeze to answer this question.)

Observations Make a data table and record your observations.

Analyze and Conclude

1. How does dissolving salt in water affect its freezing point?

The more salt that is dissolved in the water, the lower the freezing point of the water will be.

2. Why do some communities spread salt on icy roads in winter?

Salt lowers the freezing point of water, so the ice will change to water even when the air 

temperature is below 08C.
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INVESTIGATING WATER (continued)

Students will need
access to a freezer for
this investigation. It will
probably take several
hours for the salt water
to freeze, depending on
the concentration. If a
freezer isn’t available or
to save class time,
have students do the
project at home.
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The Law of Definite
Proportions

◆ Pre-Lab Discussion

Many compounds made of exactly the same elements have different physical and
chemical properties. For example, carbon dioxide (CO2) and carbon monoxide
(CO) are both gases made of carbon and oxygen. Yet CO2 is a virtually harmless
gas found in the body and in the atmosphere, while CO is deadly when inhaled in
sufficient amounts.

The law of definite proportions explains the differences between these two
carbon-oxygen compounds. This law states that the elements in a compound
always occur in the same ratio by mass. In other words, a CO molecule consists of
only one carbon atom and one oxygen atom. A CO2 molecule consists of one
carbon atom and two oxygen atoms. The different numbers of oxygen atoms
make these two compounds different from each other.

In this investigation, you will compare the physical and chemical properties of
water and hydrogen peroxide, both of which consist of hydrogen and oxygen.

1. What is a ratio?

A ratio is a comparison of two numbers expressed as a fraction, usually in lowest terms.

2. What are some signs of a chemical reaction?

Answers may include gas production, precipitates, energy change, color change, and changes in 

other physical properties.

3. How does a catalyst affect a chemical reaction?

A catalyst speeds up a chemical reaction.

4. What happens during a decomposition reaction?

A compound breaks into simpler compounds or its component elements.

L A B  1 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concepts: The law of definite proportions states
that the elements in a compound always occur in
the same ratio by mass. Compounds containing the
same elements will differ in properties, depending
on the ratios of the elements involved.

Skills Focus: Observing, inferring, measuring, 
developing hypotheses

Time Required: 40 minutes
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◆ Pre-Lab Discussion

◆ Problem

How can two compounds consist of the same
elements yet have 
different properties?

◆ Materials (per group)

2 test tubes
test-tube rack
glass marker
graduated cylinder, 10 mL
hydrogen peroxide, 3% solution
manganese dioxide
2 wood splints
matches
tongs

◆ Safety Review the safety guidelines in the front of your lab
book.

Hydrogen peroxide and manganese dioxide are both poisonous. Keep them away
from your face, and wash your hands thoroughly after using these compounds.
Wear safety goggles and lab aprons throughout the activity.

◆ Procedure

1. CAUTION: Put on your safety goggles and lab apron. Hydrogen peroxide is a
poison. Keep it away from your face. Label one test tube H2O (water) and the
other H2O2 (hydrogen peroxide). Measure 5 mL of each liquid and pour it into
the appropriate test tube.

2. Observe the physical properties of each compound and record your observa-
tions in the Data Table provided on the next page.

3. CAUTION: Tie back long hair and loose clothing, in case you need to use a flame.
Manganese dioxide is a poison. Put a small amount of manganese dioxide on
the tip of a wood splint and add a little of this chemical to each test tube. If
you see evidence of a chemical reaction, light the unused wood splint with a
match. Blow out the flame, so that the wood is glowing at the edges. Using
tongs, insert the glowing splint into the test tube(s) in which a chemical reac-
tion is occurring. Record your observations in the Data Table.

4. Wash your hands when you’re finished with the lab.
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THE LAW OF DEFINITE PROPORTIONS (continued)

Teaching Tips: If graduated cylinders are not
available, have students fill the test tubes to
equal levels. The quantity used is not critical
as long as the amounts are the same.

Caution students not to taste either liquid.

Point out that manganese dioxide is a catalyst,
not a reactant. 
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◆ Observations

Data Table

◆ Analyze and Conclude

1. Compare the physical properties of water and the hydrogen peroxide solution.

All the physical properties observed in this lab are the same. Both are clear, odorless 

liquids.

2. Compare and contrast the molecular formulas for the two compounds.

Both compounds consist of hydrogen and oxygen; the numbers of atoms of each differ.

3. State a hypothesis to explain why water and hydrogen peroxide have different
chemical properties.

Answers should include that different compositions result in different properties.

◆ Critical Thinking and Applications

1. Hydrogen gas burns. Oxygen gas does not burn but supports the burning of
other materials. What seemed to burn in the splint test? What gas did the
chemical reaction in this activity produce? How do you know?

The splint starts to flame. Oxygen is the gas produced.

2. In this activity, manganese dioxide is a catalyst and is not permanently changed
by any chemical reaction in which it is involved. Consider your observations
and the role that manganese dioxide plays in a reaction. State a hypothesis
about what happened during any chemical reaction that took place.

Hydrogen peroxide broke down into water and oxygen gas.
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THE LAW OF DEFINITE PROPORTIONS (continued)

Evidence of Chemical Reaction
Compound Physical Properties to Manganese Dioxide

Water (H2O) Colorless, clear, liquid None
at room temperature

Hydrogen peroxide (H2O2) Colorless, clear, liquid Bubbles that support combustion
at room temperature

SX02_TXGR8lm01-08.X  4/25/01  2:16 PM  Page 7



3. The atomic mass number of hydrogen is 1.0. The atomic mass number of
oxygen is 16.0. What is the ratio by mass of hydrogen to oxygen in water? In
hydrogen peroxide?

2:16 or 1:8; 2:32 or 1:16

4. How does the law of definite proportions explain why water and hydrogen
peroxide have different properties, although they consist of the same elements?

The elements are not in the same ratio in the two compounds, resulting in different chemical 

properties.

◆ More to Explore

New Problem Do hydrogen peroxide and water react differently in bleach?

Materials You will need hydrogen peroxide, water, bleach, 2 test tubes, a test tube
holder, and a medicine dropper.

Safety  Wear safety goggles and aprons. Bleach can damage your clothes. It is also
a poison, so keep it away from your face. Wash up after the experiment is done.

Procedure  Put a test tube in a holder. Put a few drops of bleach in the test tube.
Hold the test tube away from you and add a few drops of hydrogen peroxide.
Make sure the tube is not pointed at anyone. Record your observations below.
Predict what will happen if you repeat this investigation using water instead of
hydrogen peroxide. Test your prediction.

Observations

Hydrogen peroxide and bleach:

Water and bleach:

Analyze and Conclude

1. Why do you think hydrogen peroxide and bleach reacted as they did?

Bleach is a catalyst that permits very rapid oxidation of hydrogen peroxide. 

2. How could you find out if bleach is used up in the reaction with hydrogen
peroxide or if it is a catalyst?

You can tell bleach is a catalyst because adding more hydrogen peroxide always gets the same 

reaction, which calms down rapidly when the peroxide has virtually all been oxidized.
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THE LAW OF DEFINITE PROPORTIONS (continued)

Students should see a lot of fizzing when they
combine bleach and hydrogen peroxide, and
no reaction for bleach and water.

SX02_TXGR8lm01-08.X  4/25/01  2:16 PM  Page 8



Science Explorer Grade 8 Laboratory Manual 9

©
Pr

en
tic

e-
H

al
l, 

In
c.

Name ____________________________________ Date __________ Class ___________________

Separating Plastics

◆ Pre-Lab Discussion

Schools, stores, and sports arenas make special containers available for disposal of
aluminum cans. Trash collectors pick up recyclable materials separated from the
rest of the trash.

More and more, people are recycling resources so they can be used again. Along
with metals, glass, and paper, a variety of plastics can be recycled. If you look at a
soft-drink bottle, plastic wrap, a cottage-cheese container, and a plastic pipe, you
can see some of the different properties plastics can have. Because of these differ-
ences, plastics must be separated by type before recycling. Often a number in a
triangle on the bottom of the item indicates the type of plastic, as shown in Data
Table 1 below.

Data Table 1: Recyclable Plastics

L A B  2 L A B O R A T O R Y  I N V E S T I G A T I O N

Recycling Products Made from 
Plastic Some Uses Code Recycled Plastic

Polyethylene terephthalate Soft-drink bottles, detergent Carpets, skis, paintbrushes,
(PETE) containers fiberfill

High-density polyethylene Milk jugs, some grocery Piping, toys, fencing, garden 
(HDPE) bags, crates furniture

Polyvinyl chloride (PVC) Shampoo bottles, credit Fencing, flooring, piping, wiring 
cards, shrink wrap insulation

Low-density polyethylene Food wrap, trash bags, some Trash bags, insulation
(LDPE) grocery bags

Polypropylene (PP) Drinking straws, caps, lids Batteries, industrial parts

Polystyrene (PS) Fast-food containers, Office equipment, insulation
disposable cups and plates,
egg cartons, meat trays,
packing material

1

2 

3

4

5

6

1

2 

3

4

5

6

1

2 

3

4

5

6

1

2 

3

4

5

6

1

2 

3

4

5

6

1

2 

3

4

5

6

Key Concepts: Plastics must be separated before
they can be recycled and made into useful products.
Their varying densities allow them to be separated
by floating in different-density liquids.

Skills Focus: Observing, communicating, measuring,
controlling variables

Time Required: 40 minutes
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Plastic containers can take up a lot of space, so waste-handling facilities prefer to
shred them as they arrive. Unfortunately, shredding makes separating the plastic
more difficult because identifying codes get lost. In this investigation, you will
find a way to separate these pieces of different types of plastic by comparing their
densities. Remember that less dense materials float in more dense materials, and
more dense materials sink in less dense materials.

1. Plastic is a type of polymer. What is a polymer?

A polymer is a large, complex molecule made by joining smaller molecules, called monomers.

2. Explain the difference between a natural polymer and a synthetic polymer.

A natural polymer occurs in nature: it is not human-made. A synthetic polymer does not occur in 

nature but is made in a laboratory or factory.

◆ Problem

How can different types of shredded plastic be separated?

◆ Materials (per group)

sheet of paper
2 or 3 pieces of polystyrene
2 or 3 pieces of PETE (polyethylene terephthalate)
2 or 3 pieces of HDPE (high-density polyethylene)
2 or 3 pieces of polypropylene
2 plastic or paper cups, 8-oz
water
100-mL graduated cylinder
forceps
isopropyl (rubbing) alcohol 91%
tablespoon
plastic spoon

◆ Safety Review the safety guidelines in your lab book.
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SEPARATING PLASTICS (continued)

Advance Preparation: Collect
samples of polystyrene (Styrofoam),
PETE (soft-drink bottles), HDPE
(plastic milk containers), and
polypropylene (shampoo bottles).
You can check for additional exam-
ples of each type by finding plastic
with the indicated recycling code on
it. (See Data Table 1.) Avoid having
students work with cutting tools by
precutting the samples into pieces
about 1 cm 3 1 cm.

Alternative Materials: If polypropylene is not readily
available, students will get the same results with LDPE
(cottage-cheese containers). Provide metric measuring
cups instead of graduated cylinders. You could substi-
tute laboratory-grade alcohol for rubbing alcohol, but
rubbing alcohol is adequate and less expensive. You’ll
need about a quart of rubbing alcohol for a class, or
less laboratory-grade alcohol.
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◆ Procedure

1. Fold a sheet of paper in fourths. Unfold the paper. Write the name
of a different type of plastic from the materials list in each of the
four sections.

2. Get two or three pieces of each type of plastic. When you are not
using them, keep the plastic pieces on their section of the paper to
help you keep track of their identity.

3. Write a description of each plastic in Data Table 2.

4. Predict which plastic is the most dense and which is the least
dense. Give reasons for your predictions.

Answers will vary. The relative densities probably won’t be obvious from the small pieces used 

in the lab, but students may be able to make accurate predictions based on their experiences 

with larger items.

5. Add 100 mL of water to one cup. Put two or three pieces of
polystyrene in the water. Use a spoon to gently stir the water. Push
the pieces underwater as you stir. Record in Data Table 2 whether
the polystyrene floats in water.

6. Use forceps to remove the plastic from the water. One type at a
time, test the other plastic samples to see whether they float in
water. Record your results in Data Table 2.

7. Add 100 mL of rubbing alcohol to the other cup. CAUTION: Do
not get alcohol near your mouth or eyes. Be sure no open flame is
anywhere in the room when you are using alcohol.

8. Repeat Steps 5 and 6, using the alcohol instead of water to test any
samples that floated in the water.

9. Return to the cup containing the water. Add one piece of each type
of plastic that floated on the water but sank in the alcohol.

10. Add one tablespoonful of the alcohol from Step 7 to the water,
then stir.

11. Keep adding alcohol, one tablespoon at a time, to the cup until 
one of the samples sinks. Keep track of how many tablespoons of
alcohol were added. Record this information in Observations 
Question 1 and your results in Data Table 2.

12. Rinse the plastic pieces in water and give them to the teacher 
to recycle. Pour the alcohol-water mixture down the drain,
accompanied by plenty of water. Return any unused alcohol to 
the teacher.
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SEPARATING PLASTICS (continued)

Teaching Tips: Before
starting the procedure,
review the concept of
density. At this point, a
qualitative understanding
is adequate. Demonstrate
simple examples of
objects floating or sinking
due to differences in
density, such as oil float-
ing on water, wood
floating in water, a helium
balloon rising in air, or a
rock sinking in water.
Students must under-
stand that a less dense
material floats in a more
dense fluid and a more
dense material sinks in a
less dense fluid.

Samples from colored
soft-drink and shampoo
bottles make observation
easier.

Students can see the
plastics better if they use
colorless, transparent
plastic cups.

Use the alcohol in a well-
ventilated area.
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◆ Observations

Data Table 2

1. How many tablespoons of alcohol did you add in Steps 10 and 11 before one
piece of plastic sank? What type was it?

Sample data: 9 tablespoons for the polypropylene

◆ Analyze and Conclude

1. Why wasn’t it necessary to test all the plastics with the alcohol (in Step 8) and
the alcohol-water mixture (in Steps 9–11)?

A plastic’s unique ability to float in water and/or alcohol allows it to be separated from other 

materials. Once a plastic’s unique ability to float is established, no further testing is needed.

2. Rank the following from least dense to most dense: water, alcohol, water-
alcohol mixture. Give a reason for your answer.

Alcohol, water-alcohol mixture, water; some plastics floated in water but sank in alcohol. The 

plastics’ behavior in the mixture was between their behavior in water and that in alcohol.
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SEPARATING PLASTICS (continued)

Floated or not, if tested

Plastic Description of Plastic In Water In Alcohol In Mixture

Polystyrene Lightweight, white, seems to contain air Yes Yes Not tested

PETE Clear, thin No Not tested Not tested

HDPE White, somewhat thin, translucent Yes No Yes

Polypropylene Opaque, may be colored Yes No No
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3. Rank the plastics you tested from least dense to most dense. Give reasons for
your answer.

Polystyrene, HDPE, polypropylene, PETE. Explanations should reflect students’ data. The 

plastics most likely to float are least dense; those least likely to float are most dense.

◆ Critical Thinking and Applications

1. Were your predictions in Step 4 correct? What difficulties did you face in
making a prediction?

Answers will vary. The small size of the samples makes it difficult to determine relative densities. 

Students may not have had enough experience with all the types of plastic to judge densities.

2. Describe a procedure that a recycling center could use to separate small pieces
of different types of plastic.

A recycling center could separate the pieces by floating or sinking them using liquids of different 

densities.

3. Think about the densities of gold, water, and soil. Explain how panning for
gold uses differences in density.

Gold is the most dense. It sinks to the bottom of the pan, while other materials wash off the top.

4. Metals are extracted from ores that are mined. A limited amount of ore is avail-
able, so it’s important to recycle metals and conserve ore. Plastics, on the other
hand, are human-made. Why is it important that they be recycled?

Even though plastics are human-made, they are made from natural raw materials such as 

petroleum. These resources are limited and need to be conserved. Also, most plastics do not 

biodegrade rapidly and can accumulate in the environment.
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SEPARATING PLASTICS (continued)
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◆ More to Explore

Look at the plastic coding system in Data Table 1. Examine plastic items around
your home. Which types of plastic do you dispose of most often? Contact a local
recycling operation and find out which of these plastics it collects and recycles. If
your community doesn’t recycle all types of plastics, find out why not.

Students will discover that many recycling centers recycle only categories 1 and 2. Not recycling the
others is a result of economics, not conservation. The high cost of sorting and processing limits the
market for many recycled plastics.

14 Laboratory Manual Science Explorer Grade 8

©
Prentice-H

all, Inc.

Name ____________________________________ Date __________ Class ___________________

SEPARATING PLASTICS (continued)
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Combustion Heat of 
a Candle

◆ Pre-Lab Discussion

During combustion, fuel burns, which produces heat and light. The combustion
heat of a candle is the heat released when a candle burns. You can measure the
amount of heat released by using a calorimeter. The calorimeter holds water and
measures changes in the water’s temperature. You heat the water with a candle
and can calculate the combustion heat of the candle by using the mass and the
temperature change of the water.

In this investigation, you will find out how much heat it takes to raise the 
temperature of a certain amount of water and what the combustion heat of
candle wax is.

1. Why do you think that water is used in the calorimeter?

Water has a high heat capacity and can absorb a large amount of heat without changing 

physical state.

2. Do all candles have the same combustion heat? Give a reason for your answer.

As long as all the candles are made of the same material, their combustion heat will be the same.

If the candles are made of different materials, they will likely have different combustion heats. 

◆ Problem

What is the combustion heat of a candle?

◆ Materials (per group)

bottle and can opener large can, open at both ends
small can, open at one end matches
thin wooden dowel metric ruler
ring stand and ring balance
candle water
can lid graduated cylinder, 100-mL
Celsius thermometer ice cubes

L A B  3 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concept: A calorimeter is a tool for
determining the heat capacity of materials
and the energy content of foods.

Skills Focus: Measuring, calculating,
controlling variables

Time Required: 40 minutes

Advance Preparation: 
Ten-ounce soup cans and
46-ounce fruit-juice cans
work well for this lab.
Collect enough of these
cans for the whole class.
Remove one end of the
small cans and both ends
of the large cans. Use a
hammer, large nail, and
wooden block to make two
holes in opposite sides of
the small can near its open
end. Fill a bucket with
water and let it come to
room temperature.You may want to create the vent holes in the large cans before

the lab. An unsharpened pencil may be used in place of the
wooden dowel.
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◆ Safety Review the safety guidelines in the front of your lab book.

Handle the thermometer carefully. If it breaks, tell the teacher. Use tongs or an
oven mitt when handling hot objects. Always wear safety goggles when heating
objects. Be careful of raw, sharp edges on the cans and can lid.

◆ Procedure

1. Insert the wooden dowel through the two holes in opposite sides of the
small can. Hang the small can by the dowel on a support ring, as shown 
in Figure 1.

2. Attach the unlit candle to a small can lid or tray with a few drops of
melted wax. Record the combined mass of the candle and the can lid
to the nearest 0.1 g. Record this value in the Data Table on the next page.

3. Set the unlit candle under the hanging can. Adjust the ring so that the bottom
of the can is 5 cm above the top of the candle. Remove the small can from the
ring stand and take the wooden dowel out.

4. Using the can opener, make several air vents near one end of the large can. See
Figure 1. Set the large can around the candle, with the air vents at the bottom.

5. Use the graduated cylinder to fill the small can approximately half full of
water. In the Data Table, record the volume of water you use.

6. Measure the temperature of the water in the small can. Cool the water with
some ice enclosed in a plastic bag until the temperature drops 10° to 15°C
below its initial temperature. Remove the bag of ice. In the Data Table, record
the temperature of the water after cooling to the nearest 1°C.

7. CAUTION: Be extremely careful when lighting and working with an open flame.
Put on goggles and tie back long hair and any loose clothing. Insert the wooden
dowel through the holes in the small can. Light the candle. Immediately hang
the can of water on the ring.

8. Stir the water gently with the thermometer and observe the temperature change.

9. When the water temperature is about the same number of degrees above its
initial temperature as it was below when the ice was added, blow out the candle.

10. Continue observing the water temperature. In the Data Table, record the high-
est temperature reached by the water. Calculate the change in water
temperature (the difference between the cooled water and the heated water).

11. Find the mass of the candle and the lid after burning and record it in the Data
Table. Calculate the mass of candle that burned.

12. Repeat Steps 5–11. Compare your two sets of results. Note that the mass of the
candle and lid before burning in Trial 2 is the same as the mass of the candle
and lid after burning in Trial 1.

16 Laboratory Manual Science Explorer Grade 8

©
Prentice-H

all, Inc.

Name ____________________________________ Date __________ Class ___________________

COMBUSTION HEAT OF A CANDLE (continued)

Figure 1
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◆ Observations

Data Table Sample Data
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COMBUSTION HEAT OF A CANDLE (continued)

Trial 1 Trial 2

Mass of candle and lid before burning 45.3 g

Mass of candle and lid after burning 44.2 g

Mass of candle burned 1.1 g

Volume of water in can 320 mL

Temperature of water after cooling 16°C

Temperature of water after heating 37°C

Change in temperature 21°C

◆ Analyze and Conclude

1. Use the specific heat of water to calculate the amount of heat absorbed by the
can of water. Use the following formula:

Heat (in joules) 5 Volume of water (mL) 3 Temperature change (°C) 3
4.18 J/g°C 3 1 g/mL water

Heat 5 320 mL 3 21°C 3 4.18 J/g°C 3 1g/mL water 5 28,090 J

2. Calculate the combustion heat by dividing the heat that the can of water
absorbed by the mass of the candle burned.

Combustion heat (in joules) 5 28,090 J/1.1 g 5 25,536 J/g

3. Do you think the water absorbed all of the heat released by the candle? Give a
reason for your answer.

No. The metal of the can absorbed some of the heat. 

◆ Critical Thinking and Applications

1. A candle has a mass of 30 grams. How much heat will be released when the
candle burns to one-third its original height? Use the combustion heat of wax
from Question 2 in Analyze and Conclude. Show your calculation. (Hint: How
many grams of wax burned?)

Heat 5 20 g 3 25,536 J/g 5 510,720 J
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2. How many joules would it take to heat 1,000 mL of water at 25°C to a temper-
ature of 30°C? Show your calculation.

Joules needed 5 1,000 mL 3 5°C 3 4.18 J/g°C 3 1g/mL water 5 21,000 J

3. How many grams of candle wax would be needed to heat the water in the
previous question? Show your calculation. (Hint: Use the combustion heat of
wax from Question 2 in Analyze and Conclude.)

Mass of candle wax burned 5 21,000 J/26,000 J/g 5 0.81 g wax

4. Based upon this investigation, describe how you could determine the energy
content of foods.

Burn the food to transfer energy to the water in a calorimeter. Determine the amount of heat 

released and divide that value by the mass of food burned.

◆ More to Explore

New Problem  If the small can contained a different liquid, such as a soft drink,
would the heat required to raise the temperature be the same?

Possible Materials Decide which liquid you will use. Use materials as in the
previous lab.

Safety  Handle the thermometer carefully. If it breaks, tell the teacher. Use tongs
or an oven mitt when handling hot objects. Always wear safety goggles when 
heating objects.

Procedure  Develop a procedure to measure the combustion heat of the candle,
using the new liquid. Write the steps on a separate sheet of paper. Have the
teacher approve your procedure before you carry out the investigation.

Observations  On a separate sheet of paper, make a data table like the one in the
lab, in which you record your observations.

Analyze and Conclude

1. Compare the heat required to raise the temperature of the new liquid to the
heat required to raise the temperature of water. Would you expect the two
values to be the same?

Students may think incorrectly that, because the candle is used to heat both liquids, the amount 

of heat would be the same.

2. If the new liquid is not water, would you use the value 4.18 J/g °C as the
specific heat?

The value 4.18 J/g°C is the specific heat of water. All materials have different specific heats. You 

would use a different value for the specific heat of the new liquid in your calculations. You can 

find the specific heat of many common liquids in a chemistry handbook.

18 Laboratory Manual Science Explorer Grade 8

©
Prentice-H

all, Inc.

Name ____________________________________ Date __________ Class ___________________

COMBUSTION HEAT OF A CANDLE (continued)
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Making Waves

◆ Pre-Lab Discussion

The speed of a wave is how far the wave travels in one unit of time. The speed
also equals the wavelength multiplied by the wave’s frequency. If you know any
two of the quantities in the speed formula—wavelength, frequency, or speed—
you can calculate the third.

In this experiment, you will model waves and investigate the relationship of the
frequency and length of the wave to its speed.

1. Write the equation for the speed of a wave.

Speed 5 Wavelength 3 Frequency

2. Define wavelength.

Wavelength is the distance between two corresponding parts of successive waves such as 

between two crests or two troughs.

3. If a wave travels 6 m in 2 s, what is its speed? 

Speed 5 6 m/2 s 5 3 m/s

If the same wave has a frequency of 10 Hz, what is its wavelength?

Wavelength 5 (3 m/s)/(10/s) 5 0.3 m

◆ Problem

How does a wave’s speed relate to its frequency and wavelength?

◆ Materials (per group)

meter stick string
metric ruler graduated cylinder, 100-mL
masking tape water
plain brown paper stopwatch or clock with a second hand
paper cup marker
pencil

◆ Safety Review the safety guidelines in the front of your lab book.

To prevent slips or falls, immediately wipe up any water spilled on the floor.

L A B  4 L A B O R A T O R Y  I N V E S T I G A T I O N
Key Concept: The speed of a wave is defined by the wave-
length and the frequency of the wave.

Skill Focus: Observing, predicting, making models,
measuring, calculating, controlling variables

Time Required: 40 minutes

Alternative Materials: You can use 2 or 3 layers of
newspaper instead of brown paper.
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◆ Procedure

1. Work with two other students. Measure off 4 m on the floor. Mark the start-
ing and end points with masking tape. Lay the brown paper on the floor
between the two marked points.

2. Poke a tiny hole in the bottom of a cup with a pencil point. Poke two larger
holes near the top of the cup on opposite sides.

3. Thread a string through the holes near the top of the
cup and attach the string to the pencil. See Figure 1. The
pencil acts as a handle that lets the cup swing freely.

4. Read Steps 5–9 before continuing with the investigation.

5. Have a classmate stand at the end point with a stop-
watch or a clock with a second hand. That student will
time how long it takes the second student to walk the
measured distance.

6. Stand behind the starting point and hold the pencil ends
so the cup can swing freely.

7. Have a second classmate hold the cup while plugging
the bottom hole with one finger. That student should fill
the cup with 100 mL of water and hold the cup 5 cm to
one side, so that the cup will swing from side to side when it is released.

8. When the first student gives a signal, he or she should start the stopwatch, and
the second student should let go of the cup. At the same time, walk at a steady
pace along the marked distance, holding the pencil away from your body. As
you walk, the cup will swing from side to side, and the water will drain
through the hole. The water will trace a wave on the paper.

9. When you reach the end point, the first student should stop the stopwatch.
In the Data Table provided on the next page, record the time it took to walk
the 4 m. Properly dispose of any water remaining in the cup.

10. If necessary, use the marker to retrace the wave on the paper. Measure the
wavelength and count the number of crests in 4 m. Record these values in 
the table.

11. Calculate the frequency of the wave—the number of complete waves per
second. Round off your number to the nearest complete wave. Record this
value in the table.

12. Predict whether you would have more or fewer crests if you repeated the
experiment while walking faster. Give a reason for your prediction.

Accept any prediction with a supporting reason. In fact, there would be fewer crests because 

there’s less time for the cup to swing.
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MAKING WAVES (continued)

Keep the
bottom hole
small, or the
water will come
out too fast. 

Have
students
add a drop
of food
coloring to
the water to
make the
water more
visible as it
drips on the
paper. Have
a container
at the end of
the course
to collect
the leaking
cups.

Figure 1
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13. Check your prediction by repeating Steps 5–11, but at a faster pace than in the
first trial. Record your results in the Data Table.

14. Predict whether you would have more or fewer crests if you repeated 
the experiment while walking slower than at first. Give a reason for your
prediction.

Accept any predictions with a supporting reason. In fact, there would be more crests because 

there’s more time for the cup to swing.

15. Check your prediction. Record your results in the Data Table.

◆ Observations

Data Table Sample Data

◆ Analyze and Conclude

1. Calculate the speed of each wave from the distance traveled and the time.

Trial 1: speed 5 distance/time 5 4 m/4 s 5 1.00 m/s

Trial 2: speed 5 distance/time 5 4 m/2 s 5 2.00 m/s

Trial 3: speed 5 distance/time 5 4 m/8 s 5 0.50 m/s

2. Calculate the speed of each wave from the frequency and the wavelength.

Trial 1: speed 5 wavelength 3 frequency 5 0.90 m 3 1 Hz 5 0.90 m 3 1/s 5 0.90 m/s

Trial 2: speed 5 wavelength 3 frequency 5 1.90 m 3 1 Hz 5 1.90 m 3 1/s 5 1.90 m/s

Trial 3: speed 5 wavelength 3 frequency 5 0.50 m 3 1 Hz 5 0.50 m 3 1/s 5 0.50 m/s

3. Compare the speeds you calculated for Questions 1 and 2.

The values for the speeds should be about the same.

4. Compare the frequencies and the wavelengths of each wave. What would
happen if the frequency increased?

If the frequency increased, the wavelength would decrease.
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MAKING WAVES (continued)

Trial Time (s) Wavelength (m) Waves in 4 m Frequency (Hz)

1 4 0.90 4 1

2 2 1.90 2 1

3 8 0.50 8 1

Answers will vary. Answers given apply to the
sample data in the Data Table.

Remind students
to release the cup
from the same
side as before.
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◆ Critical Thinking and Applications

1. Was your first prediction in the Procedure correct? Explain why the number of
crests changed.

The cup swings at a constant rate, and you cover the distance in less time. The result is that 

when you walked faster, the cup made fewer swings and therefore fewer waves.

2. If you made more crests over a given distance by walking at a different speed,
did the wavelength increase? Why or why not?

No, the wavelength decreased because there are more crests in the same distance. This occurs 

when you walk more slowly.

3. Blue light has a higher frequency than red light. Does blue light travel faster
than red light in the same medium? Give a reason for your answer.

No, the speed of blue light is the same as the speed of red light. Blue light has a higher 

frequency and a shorter wavelength. Red light has a lower frequency and a longer wavelength. 

When you multiple the frequency by the wavelength for both types of light, you will get the same 

speed.

◆ More to Explore

New Problem What would happen to the speed of the wave if you repeated the
experiment with waves that have a greater amplitude?

Possible Materials Use the materials from this lab.

Safety To prevent slips or falls, immediately wipe up any water spilled on the floor.

Procedure Develop a procedure to solve the problem. Think about how you
could increase the amplitude of the waves. Write your procedure on a separate
sheet of paper. Have the teacher approve your procedure before you carry out the
investigation.

Observations On a separate sheet of paper, make a data table similar to the one
in this lab to record your observations.

Analyze and Conclude What effect did changing the wave’s amplitude have on
its speed?

Students can double the amplitude by starting the cup 10 cm to one side and their wave traces
won’t go off the newspaper. Wave speed depends only on the frequency and the wavelength.
Amplitude affects the energy of the wave and the power that the wave carries but not the speed.
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MAKING WAVES (continued)
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Tuning Forks

◆ Pre-Lab Discussion

If you could live in outer space, you’d have a very quiet life. Why is that?

The energy of a sound wave disturbs the molecules in a medium, making them
rock back and forth in time with the wave frequency. When the disturbance
reaches your ears, you hear sound. When the vibrations are very fast, you hear a
high-pitched sound. When the vibrations are slow, the pitch is low. Sound can
also travel through solids and liquids. The speed of the sound depends on the
temperature, the elasticity, and the density of the medium. If there’s no medium,
as in the vacuum of outer space, there’s no sound.

In this investigation, you will use two tuning forks that vibrate at the same
frequency. You will test how sound affects and is affected by different media,
different speeds, and interference.

1. What does sound do to the surrounding medium?

Sound waves cause the molecules in the medium to vibrate at the same frequency as the wave. 

This sets off a series of vibrations, creating a longitudinal wave.

2. What property of a sound wave changes as it gets louder?

The amplitude gets larger.

◆ Problem

How does sound interact with a medium?

◆ Materials (per group)

2 tuning forks, 320 Hz
beaker, 400-mL
water
rubber band
resonance box

L A B  5 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concept: Sound is a disturbance that travels
through a medium as a longitudinal wave.

Skills Focus: Observing, inferring, predicting

Time Required: 40 minutes

Alternative Materials: To prevent accidental
breakage, use plastic beakers. The 320-Hz forks
provide a good mid-range frequency. Forks of
other frequencies will work also.

Teaching Tips: You could have several students
listen from different distances from the activity to
note any changes in sound. These students
would record their observations and compare
them with the other participants. Have them
discuss what they heard and speculate on why
they heard what they did.
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◆ Safety Review the safety guidelines in the front of your lab book.

Be careful when you strike the tuning forks against an object. Strike them against
unbreakable objects (such as the heel of your shoe) and with just enough force to
start them vibrating.

◆ Procedure

Work with a partner. Take turns performing each of the six tests below and note
any differences between your observations. Read through all six tests before you
perform them. Always strike the tuning fork against the heel of your shoe.

1. Vibration in a medium: Strike a tuning fork and insert the prongs into a
beaker of water. Observe what happens. In the Data Table provided on the next
page, record your observations.

2. Similar vibration: Strike a tuning fork and bring it within a few centimeters of
a second tuning fork with the same frequency. Bring the second tuning fork to
within a few centimeters of your ear. Observe what happens. Record your
observations.

3. Resonance: Strike a tuning fork and note the loudness of the sound. Strike the
tuning fork again and touch the base of its stem to the top of the resonance
box. Note the loudness of the sound. Record your observations.

4. Interference: Strike a tuning fork and bring one of the prongs to within 2 or 
3 cm of your ear. Slowly rotate the tuning fork completely. Carefully note any
change in the loudness of the sound. Record your observations.

5. Beats: Fasten a rubber band securely on
the middle of one prong of a tuning fork.
See Figure 1. Using a second tuning fork of
the same frequency, strike both forks.
Touch the bases of the stems of the forks
on the resonance box. If the sound is
constant, reposition the rubber band and
try again. Carefully note the sound emitted
by the forks. Record your observations.

6. Moving source: Make sure you have plenty
of room to swing your arm to the side.
Strike a tuning fork extra hard. Rapidly
move the tuning fork in a wide arc from
your side to over your head. Note and
record what you hear. Repeat this experiment with your partner standing
several meters away. Does your partner observe any difference in sound at a
greater distance? Record your observations and those of your partner.
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TUNING FORKS (continued)

Figure 1
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◆ Observations

Data Table Sample Data

◆ Analyze and Conclude

1. Did the loudness of the sound change in some tests? If so, give examples and
explain why the loudness changed.

Sample answer: Yes, in the resonance test, the loudness increased when constructive 

interference increased the amplitude of the sound wave. In the vibration in a medium test, the 

loudness decreased when the water decreased the amplitude of vibration of the tuning fork.

2. How did the pitch change in the moving-source test? Explain this observation.

The movement of the tuning fork toward the listener decreases the distance between the 

listener and the fork, which increases the frequency of the waves. This results in a higher pitch. 

When the fork moves away, the frequency decreases. This results in a lower pitch.

3. Why did you experiment with two tuning forks that vibrate at the same frequency?

All objects vibrate naturally. If the frequency of a sound wave exactly matches the frequency of 

an object, the object will vibrate, or resonate. The vibration of the first tuning fork causes the 

second to vibrate.
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TUNING FORKS (continued)

Loudness Pitch
Test Change Change Effect

Vibration in a medium Yes No Interference patterns in water.
Volume is dampened by water.

Similar vibrations Yes No The second tuning fork starts vibrating slightly.

Resonance Yes No The sound gets louder with the resonance box.

Interference Yes No As the fork turns, the volume rises and falls.

Beats Yes No A series of volume changes, louder and softer.

Moving sound Yes Yes As the fork comes closer, pitch rises. As it
goes away, pitch falls.
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◆ Critical Thinking and Applications

1. How does one vibrating object make another object vibrate, when they’re not
touching? What is true of both objects’ vibrations when this happens?

The sound wave transmits vibration from an object to a medium, which can transmit vibration to 

a second object. The two objects must vibrate at the same frequency.

2. Why does sound get louder with the use of the resonance box?

The sound wave makes the resonance box vibrate at the frequency of the sound wave. The 

resonance box enhances the sound wave by creating constructive interference. The amplitude of 

the resulting wave is much greater that that of the single wave and so it sounds louder.

3. How are beats produced by two similar tuning forks?

When two sounds are close in frequency, they combine and constructively interfere with each 

other at regular intervals to make beats. The resulting sound gets louder and softer at regular 

intervals. The rubber band changes the frequency of one of the tuning forks just slightly to 

generate this effect.

4. Bats bounce sound waves off objects to get information about prey and obstacles.
If a bat makes a constant-frequency sound and the sound bounces back with a
different frequency, what does that change tell the bat about an object?

If the frequency is higher, the bat knows the object is getting closer. If the frequency is lower, the 

bat knows the object is going away.

◆ More to Explore

How might a change in the resonance box affect the sound that you heard from
the resonance test? For example, what would happen to its resonance if the box
were a different size or shape? What if it were filled with a gas other than air or a
liquid medium? Choose one of the following variables:

• size of resonance box

• shape of resonance box

• substance within resonance box

Write a procedure you would follow to test that variable. Include a hypothesis
about how that variable affects the sound from the box. Have the teacher approve
your procedure before you carry out the investigation.
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TUNING FORKS (continued)

Changes to the resonance box could affect the frequency
or pitch. Consider the size of a violin versus a string bass.
The violin has high notes, while the bass has low notes.
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In the Heat of the Light

◆ Pre-Lab Discussion

Fluorescent and incandescent lights use 
electricity to produce light in two different 
ways. However, the two types of light bulbs have some common characteristics
that let you make comparisons between them. They each give off a specific
amount of light, called luminosity, or light output, which is measured in lumens.
They each use energy at a certain rate, a characteristic called power, which is
measured in watts. They each last for about a certain amount of time, often called
the average life of the bulb, which is measured in hours of use. This kind of infor-
mation, plus the costs of power and of the light bulb, can help you determine
which type of bulbs you should buy.

In this investigation, you will compare the light given off and the power used by
incandescent and fluorescent light bulbs.

1. Compare the way that incandescent and fluorescent light bulbs work.

Incandescent lights give off all colors of the visible spectrum along with infrared radiation 

(heat) when an electric current flows through the bulb’s filament. Fluorescent lights contain a gas

that emits mostly ultraviolet light when an electric current passes through it; when the ultraviolet

light hits the coating inside the bulb, visible light is given off.

◆ Problem

How do fluorescent and incandescent bulbs that produce 
the same amount of light compare in their use of energy?

◆ Materials (per group)

cardboard carton (approximately aluminum foil
25 cm 3 25 cm 3 30 cm) graph paper

masking tape 15- and 25-watt fluorescent bulbs
15- and 60-watt incandescent bulbs bulb packaging for 15-watt fluorescent 
light socket and 60-watt incandescent bulbs
black electrical tape scissors
thermometer watch or clock with second hand

L A B  6 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concept: Fluorescent and incandescent lights work
in different ways.

Skills Focus: Observing, measuring, interpreting data

Time Required: 45 minutes

Important Note: Part A is written as a demonstration that you perform. If you
wish to have students perform this activity, you will need to modify the
Procedure accordingly. Be sure to provide guidance on safety procedures.

Alternative Materials: For Part B, students can compare any incandescent and fluorescent bulbs
that produce approximately the same number of lumens. Also, you can provide the information
about lumens, watts, and bulb lifetime in place of the bulb packaging.

Advance Preparations: Prepare each
carton by cutting a large hole (diame-
ter about 4 cm) for the socket and a
small hole (diameter about 8 mm) for
the thermometer, as shown in Figure 1.

only 1 25-watt bulb per class

only 1 15-watt bulb per class
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◆ Safety Review the safety guidelines in the 
front of your lab book.

Use caution in handling scissors. Handle the thermometer carefully. If it breaks,
tell the teacher. Be careful not to touch a light bulb while it is on or shortly after
turning it off. In Part A, look at the lighted bulbs for only a few seconds at a time.

◆ Procedure

Part A: Investigating the Brightness of Light Bulbs

1. If you compare a 15-watt fluorescent bulb and a 15-watt 
incandescent bulb, do you think one would be brighter, or 
would they look about the same? How would the brightness 
of a 25-watt fluorescent bulb compare with that of a 
60-watt incandescent bulb? On a separate sheet of paper,
write a prediction about the brightness of each of these four 
light bulbs, ranking them in order from brightest to least bright.

2. In a darkened room, compare the brightness of a lighted 
15-watt fluorescent bulb and of a 15-watt incandescent bulb.
Which bulb is brighter?

the fluorescent bulb

3. In a darkened room, compare the brightness of a 25-watt fluorescent bulb and
of a 60-watt incandescent bulb. Which bulb is brighter?

the fluorescent bulb

4. Observe any other combinations needed to test your prediction.

Usual order of brightness: 25-watt fluorescent, 15-watt fluorescent, 60-watt incandescent, 

15-watt incandescent
For Part B, if the bulbs have been used by a previous class, be sure they have cooled down before
the next student group uses the materials. In this part of the lab, one student can be the timekeeper,
a second can take the thermometer readings, and a third can record the temperatures.

Part B: Comparing Energy Use by Bulbs of the Same Brightness

1. Prepare a Data Table like the one shown on the next page. Then your teacher
will give you a carton with two holes cut out. One hole will be large enough for
a light socket. The other hole will be large enough for a thermometer.

2. Use aluminum foil to line the inside of the carton, including the two long flaps
on top. Use masking tape to hold the foil in place. Use scissors to create two
holes in the foil to match the holes in the carton.

3. Fasten a sheet of foil across part of the carton as a divider. It will shade the
thermometer from direct light while still allowing air to circulate in the carton.
See Figure 1 on the next page.
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IN THE HEAT OF THE LIGHT (continued)

Do Part A together as a
class. You need to set up
two lamps without shades 
at the front of the classroom.
Dim the overhead lights in
the room. For Step 2, turn on
a 15-watt fluorescent and a
15-watt incandescent bulb.
Let the students compare
the brightness of each bulb,
and record their observa-
tions. For Step 3, use a
25-watt fluorescent and a
60-watt incandescent bulb.
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Incandescent Bulb Fluorescent Bulb
_____  Watts _____  Watts
_____  Lumens _____  Lumens
_____  Hours of Life _____  Hours of Life

Time  (min) Temperature (°C) Temperature (°C)

0

0.5

4. Insert a light socket through the large
hole, and seal it in place with black elec-
trical tape. If necessary, support the
socket outside the carton so it is stable.

5. Examine the labels on a 60-watt incan-
descent bulb and its packaging. In the
Data Table, record the number of watts,
lumens, and predicted hours of life.

6. Insert the incandescent bulb into the
socket. Make sure the light bulb does not
touch any part of the cardboard or
aluminum foil. Test the bulb to make
sure it works, and then turn it off.

7. Insert a thermometer through the other hole in the carton. Wait about one
minute, and then observe the temperature inside the carton. Record that tempera-
ture for Time 0 in the first column in the Data Table.

8. On a separate sheet of paper, write a prediction about the amount of temperature
change you expect when the light is turned on.

9. Close the carton so that the foil-covered lids are on the inside. Turn on the light, and
for 10 minutes, record the temperature in the Data Table every half minute.

10. Turn off the light, and open the carton. CAUTION: Do not touch the hot light
bulb or its base. Allow the bulb and its base to cool down for at least two minutes.
When the light is cool, and the temperature of the carton reaches the original
temperature, carefully remove the light bulb.

11. Repeat Steps 5 through 10 using a 15-watt fluorescent light bulb.

◆ Observations

Using the Data Table below as a model, on a separate sheet of paper create a
complete Data Table. Include rows for 21 entries, one every half minute, for a
total of 10 minutes.

Data Table

Continue for 21 rows.
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IN THE HEAT OF THE LIGHT (continued)
Foil lining on 
inner surfaces

Tape

Hole for thermometer

Bulb of 
thermometer

Light bulb 
positioned so that glass 
does not touch carton

Hole for light 
socket

Carton

Foil divider shielding
thermometer from light

60 15
840 900

1,250 10,000

Sample Data: 
In 10 minutes, the 
incandescent bulb
increased the tempera-
ture from 22°C to 78°C;
the fluorescent bulb
increased the 
temperature from 
22°C to 34°C.
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◆ Analyze and Conclude

1. Make a graph of your data, placing time on the horizontal axis and temperature on
the vertical axis. Which light bulb heated up the inside of the box more? Explain.

The incandescent bulb; for the sample data, the temperature in the carton increased by about 

50 degrees Celsius compared with only about 10 degrees Celsius for the fluorescent bulb.

2. Which bulb gave off more light for the amount of energy used? How do you know?

For the sample data, the fluorescent bulb gave off more than four times as much light per watt 

as the incandescent bulb. The fluorescent bulb gave off (900 lumens) ÷ (15 watts), or

60 lumens/watt, while the incandescent bulb gave off (840 lumens) ÷ (60 watts), or 14 lumens/watt.

◆ Critical Thinking and Applications

1. Which gives off more visible light, a 15-watt fluorescent bulb or a 15-watt incan-
descent bulb? What happens to the energy that is not given off as visible light?

A 15-watt fluorescent bulb; fluorescent lights change more of the energy from electricity into 

light than incandescent bulbs do. Incandescent bulbs convert more energy into heat.

2. In people’s homes, incandescent bulbs commonly use 60 to 100 watts.
Fluorescent bulbs only use between 15 and 25 watts. Why do you think this is so?

Compared to incandescent bulbs, fluorescent bulbs use less energy to produce the typical 

amount of light that people want.

More to Explore

You can use the information from this lab along with information about costs to determine
which light bulbs to buy. For example, the cost to operate a light bulb is about 10 cents per
kilowatt hour. That equals $0.0001 for each watt for one hour. Assume that a 15-watt fluo-
rescent bulb costs $15.00, and the 60-watt incandescent bulb costs 50¢. Assume that you
will use each type of light bulb about 4 hours per day.

1. Determine the average cost of operating a 15-watt fluorescent bulb for one year.

15 watts X $0.0001/watt per hour X 4 hr/day X 365 days = $2.19

2. Determine the average cost of operating a 60-watt incandescent bulb for one year.

60 watts X $0.0001/watt per hour X 4 hr/day X 365 days = $8.76

3. If you consider the initial cost of the bulbs, the cost of operating them, and their average
lifetimes, which bulb is less expensive to use? Explain your reasoning and show your work.

Students may use different strategies, including estimation, to solve this problem. Sample:  4 hr/day
X 365 days/yr = 1,460 hr of use per year; thus, a typical incandescent bulb will last for 1,250 hours,
or for most of one year. One fluorescent bulb will typically last (10,000 hr) ÷ (1,460 hr/year), or about
7 years; thus the $15 cost of the fluorescent bulb averages out to about $2 per year.

The total annual cost of the incandescent bulb is about $.50 for the bulb + $8.76, or about $9 per year.
The total annual cost of the fluorescent bulb is about $2.00 for the bulb + $2.19, or about $4 per year.
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IN THE HEAT OF THE LIGHT (continued)
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Plane Mirror Images

◆ Pre-Lab Discussion

When light strikes an object, the light can be reflected, absorbed, or transmitted.
When the reflected light from an object strikes a mirror, the light reflects off the
coating, and an image forms in the mirror. The image formed by a plane, or flat,
mirror seems to be exactly like the object. But is the image really an exact copy of
the object? And how does a mirror produce an image?

In this investigation, you will see how a plane mirror forms an image and how
that image compares with the object.

1. What is an image?

An image is a copy of an object formed from reflected or refracted rays of light.

2. When you look in a plane mirror, what size image do you see? How far away
does the image appear to be?

You see an image of yourself that is the same size as you are and that appears to be the same 

distance behind the mirror as you are in front of the mirror.

◆ Problem

How is an image produced by a plane mirror?

◆ Materials (per group)

cardboard (approximately 30 cm 3 30 cm)
unlined paper
small mirror and support
metric ruler
3 straight pins
protractor

◆ Safety Review the safety guidelines in the front of your lab book.

Handle the mirror carefully. If it breaks, tell the teacher. Do not pick up 
broken glass.

L A B  7 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concept: Images in a plane mirror
are virtual images.

Skills Focus: Observing, measuring,
making models

Time Required: 40 minutes

Teaching Tips: Have students refer to
the text on plane mirrors and how
images are formed (page 240).
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◆ Procedure

1. Lay the paper on the cardboard. Stand the mirror in
the center of the paper and draw a line along the
edge of the mirror. Stick a pin in the paper and card-
board about 4 cm in front of the mirror. Draw a
small circle around the pin position and label it
“Object.” See Figure 1.

2. Bend down so that your head is near the lower right
corner of the paper. Look at the mirror with one eye
closed and observe the image of the pin. Do not look
at the real pin. Stick a pin in the paper so that it
hides the image of the pin in the mirror. Draw a
small circle around the pin position and label it “1.”

3. From the same position on the right-hand side of the paper, stick a second pin
in the paper so that it hides the real pin at position 1 and the image of the
object pin. Draw a small circle around the pin position and label it “2.”

4. Remove the pins from positions 1 and 2. Use them to repeat steps 2 and 3 from
the lower left corner of the paper. Draw circles around these pin positions and
label them “3” and “4.”

5. Remove the mirror and all of the pins. Using the
ruler, draw a solid line through pin positions 1
and 2 and extend it as far as the mirror line.
This line represents a reflected ray. Draw a line
from the object position to the point where the
reflected ray leaves the mirror. This line repre-
sents the incident ray. Label each ray and draw
an arrow on the ray to show its direction.

6. Repeat Step 5 for positions 3 and 4.

7. Draw a line perpendicular to the mirror line at
each of the two points where the incident rays
and the reflected rays touch. These lines are the
normals. See Figure 2. Label and measure the
angle of incidence and the angle of reflection
for the rays coming from the left and right corners of the paper. Record your
measurements in the Data Table.

8. Using the ruler, draw two dashed lines extending the two reflected rays beyond
the mirror line. Continue your dashed lines just beyond the point where they
cross. This point is the position of the image of the pin in the mirror. Label this
point “Image.”

Include your completed drawing when you hand in this lab to the teacher.
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PLANE MIRROR IMAGES (continued)

Incident ray

Reflected ray

Mirror line

1

Object
2

Incident ray Reflected ray
Mirror line

Image

Angle of
reflection Angle of

reflection
Angle of
incidence

Angle of
incidence

Normal Normal

4

3 1

2

Object

Figure 1

Figure 2

SX02_TXGR8lm19-34.X  4/25/01  2:19 PM  Page 32



◆ Observations

Data Table

◆ Analyze and Conclude

1. At what distance is the object from the mirror line?

about 4 cm

2. At what distance is the image from the mirror line?

about 4 cm

3. Compare the distance of the object and of the image from the mirror.

They should be the same.

4. Compare the measures of the angle of incidence and the angle of reflection for
the rays from the left side of the paper.

The angle measures should be the same.

5. Compare the measures of the angle of incidence and the angle of reflection for
the rays from the right side of the paper.

The angle measures should be the same.

◆ Critical Thinking and Applications

1. Follow the path of an incident ray and its reflected ray. If the incident ray
enters from the left, toward what direction does the reflected ray leave? If the
incident ray enters from the right, toward what direction does the reflected 
ray leave?

right; left

2. Based on your answer to Question 1, how does the image compare with the
object?

The image and the object appear to be the same. However, the image is reversed.
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PLANE MIRROR IMAGES (continued)

Angle of Incidence Angle of reflection

Left-side rays 30° 30°

Right-side rays 30° 30°
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3. If the angle of incidence were not equal to the angle of reflection, would that
affect the image’s appearance? Give a reason for your answer.

The image would be shifted or skewed and would not appear to be the same as the object.

4. Why does the image seem to be inside or behind the mirror?

Light rays reflected by the mirror are picked up by the human eye. The human brain assumes the 

light is traveling in a straight line even though the light rays are reflected. The brain is fooled into 

seeing the image as if it were an object behind the mirror.

◆ More to Explore

New Problem How do convex and concave mirrors form images?

Possible Materials Consider which materials you can use from the 
previous part of this lab. What else will you need?

Safety  Handle the mirrors carefully. If they break, tell the teacher. Do not
pick up broken glass.

Procedure  Develop a procedure to solve the problem. Write your proce-
dure on a separate sheet of paper. Have the teacher approve your
procedure before you carry out the investigation.

Observations  On a separate sheet of paper, make a data table like the one
in the previous part of this lab in which to record your data.

Analyze and Conclude

1. How do the images formed by these curved mirrors compare to the actual
objects?

For a concave mirror, if the object is farther from the mirror than the focal point, the image is 

real and inverted. If the object is between the focal point and the mirror, a magnified 

virtual image forms. For a convex mirror, the image is always virtual and appears to be smaller 

than the object. 

2. Suggest some practical applications for these mirrors.

Concave mirrors can focus lights and are used in car headlights. Because they produce 

magnified images, they are used in makeup mirrors. Convex mirrors are used as passenger-side 

rearview mirrors.
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PLANE MIRROR IMAGES (continued)

Have students refer
to the text on
concave and convex
mirrors, which
discusses focal
points and how they
affect the formation
of an image. Have
several convex and
concave mirrors
available for
students to use, as
well as clay, which
can be used to hold
up the mirrors.
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Chemical Composition
and the Spectrum

◆ Pre-Lab Discussion

Some elements—such as sodium, calcium, strontium, and potassium—are classi-
fied as metals because they conduct heat and electricity and have certain other
properties in common. Metals often combine with nonmetals to form
compounds. For example, the metal sodium will combine with the nonmetal
chlorine to form the compound sodium chloride, which is common table salt.

When compounds of certain metals are heated, the metals give off wavelengths of
visible light. Each metal gives off wavelengths that are different from the wave-
lengths produced by other elements.

This light is divided when you use a spectroscope—an instrument that breaks
light into its component colors. By using a spectroscope to examine the light from
a flame, you can tell whether certain metals are present in the flame. Scientists can
learn about stars and other bodies in space by studying the spectrum of the elec-
tromagnetic waves each of these objects give off.

In this investigation, you will observe the colors produced by compounds of
certain metals when they are heated. You will use a spectroscope to examine the
spectrums of several different metals. Then you will design a way to determine
what metals are in two unknown solutions.

1. What is a spectrum? How are spectrums useful in studying stars?

A spectrum is a range of electromagnetic waves of different wavelengths. Each element gives off 

energy at a different wavelength and produces a unique set of lines on a spectrum. By studying 

a star’s spectrum, astronomers can infer which elements are found in that star and what the 

star’s surface temperature is.

2. Can humans see all types of electromagnetic waves? Give a reason for 
your answer.

No; many types of electromagnetic waves have wavelengths that cannot be detected by the 

human eye.

◆ Problem

How can astronomers use spectrums to learn about distant stars?

L A B  8 L A B O R A T O R Y  I N V E S T I G A T I O N
Key Concepts: When compounds of certain
metals are heated, the metals in them give off
wavelengths of visible light. The wavelengths
are different from the wavelengths produced by
other elements and can be used to identify the
metals.

Skills Focus: Observing, inferring, classifying,
designing experiments, controlling variables

Time Required: 40 minutes
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◆ Possible Materials (per group)

paper towels
Bunsen burner
matches or igniter
hand-held spectroscope
nichrome wire loops with handles,

one per solution, dipped in 
solutions of calcium chloride,
strontium chloride, potassium chloride,
and sodium chloride

colored pencils
nichrome wire loops with handles,

one per solution, dipped in unknown 
solutions

◆ Safety Review the safety guidelines in the front of your lab book.

Wear lab aprons and safety goggles. Use caution when lighting and working
around an open flame. Tie back long hair and loose clothing and remove dangling
jewelry. Do not touch the nichrome wire loop. Wash your hands after testing each
solution, and use paper towels to immediately clean up any spills.

◆ Procedure

Part A: Known Solutions

1. Read through the entire lab before carrying out the procedure.

2. CAUTION: Put on your safety goggles and lab aprons. Light the burner and
adjust it to give a hot, blue flame.

3. Look at the flame through the spectroscope. The slit of the spectroscope should
be vertical. Rotate the eyepiece to make a sharp spectrum on the side wall of
the spectroscope. Each group member should observe this spectrum.
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CHEMICAL COMPOSITION AND THE SPECTRUM (continued)

Advance Preparation: Prepare saturated solutions of
the listed compounds by dissolving about 30 g of
each in 100 mL of distilled water. Add small amounts
until no more of the compound will dissolve. Make
an additional 100 mL of one of the four solutions to
serve as the first unknown solution, then prepare the
second unknown by mixing an additional 50 mL each
of two solutions. Adjust the amount of solution
according to class size. You must use distilled water
and clean lab equipment to prepare the solutions.
Sodium is a common contaminant. Its bright yellow
flame will mask any other flame color. 

Clean nichrome wire loops by dipping them in a
dilute (5 percent) solution of hydrochloric acid.
Consider setting up a single station for each solution
to minimize the number of nichrome wire loops
required. 

Alternative Materials: Other salts of these metals can
be used. Chlorides were chosen because they are
relatively safe and soluble. 

Do not use potassium nitrate as the potassium salt. Table salt may be
used for sodium chloride. Gas discharge tubes may be used to produce
visible spectrums in place of salt solutions. If premade spectroscopes
are not available, students can make their own, using inexpensive mate-
rials such as cardboard tubes and diffraction gratings.

Teaching Tips: If the burner flame is yellow, increase the air supply until the flame is blue. Remind
students of safety precautions near an open flame.

If students have studied the structure of the atom, inform them that when an atom is supplied with
enough energy, some of its electrons jump to a higher energy level. The electrons then drop back to
a lower energy level, losing energy by giving off electromagnetic waves that have wavelengths
unique to that substance.

The room must be dark for students to see distinct spectral lines. As students develop their plans
for Part B, be sure they identify the responding variable and manipulated variable.
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4. CAUTION: Do not touch the nichrome wire loop. Hold it by the wooden or cork
handle at all times. The metal will continue to be hot after it is removed from the
flame. While you are looking at the flame through the spectroscope, have a
classmate carefully hold in the top of the burner flame a nichrome wire loop
that has been dipped in a calcium chloride solution. See Figure 1. Be sure to
look at the flame from the wire loop, not from the burner. In Observations,
draw what you see through the spectroscope as the sample burns. Use colored
pencils or label the colors that you see. Each group member should observe
this calcium spectrum.

5. Repeat Step 4 with nichrome wire loops dipped in solutions of strontium 
chloride, potassium chloride, and sodium chloride. To avoid contamination, be
sure to use a different nichrome wire loop for each solution. In Observations,
draw the spectrum for each metal.

Part B: Unknown Solutions

1. Plan how you will find out what metal is in an unknown solution. Will you 
use the spectroscope? What factors must remain constant? Write down your
procedure on a separate sheet of paper.

2. After the teacher has approved your plan, obtain a new nichrome wire loop
that has been dipped in a solution of an unknown substance. Use your proce-
dure to find out what metal is in the solution. Draw its spectrum and identify
the metal in Observations.

3. Develop a plan to find out what metals are in a second unknown that is a
mixture of two of the solutions you tested earlier. Write down your procedure
on a separate sheet of paper.

4. Make sure you get the teacher’s approval before carrying out your plan. Then
repeat Step 2 for the mixture of solutions.
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CHEMICAL COMPOSITION AND THE SPECTRUM (continued)

Figure 1
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◆ Observations

Part A

Part B

Spectrum of Unknown Solution

Identity of Metal

Spectrum of Mixture of Unknown Solutions

Identity of Metals

Spectrums

Spectrum of calcium
Orange (l) and yellow (r) bands

Spectrum of sodium
Strong yellow bands

Spectrum of potassium
Bands in the violet end

Spectrum of strontium
Bands in the red end
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CHEMICAL COMPOSITION AND THE SPECTRUM (continued)

Sample Data

Unknown solution: Answers
should match the spectrum of the
metal in the solution you supplied.

Mixture: Answers should be a
combination of the spectrums of
the metals in both solutions used
to make the mixture.
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◆ Analyze and Conclude

1. Why must you use a different nichrome wire loop for each substance?

You must avoid contamination to get the characteristic spectrum of the particular metal being 

tested and no other metal.

2. How did the spectrums of the samples differ? 

They differ in brightness, location, and color of the lines.

3. If all the bands you observed were drawn on one band, what would it look like? 

It would show many spectral lines, from red at one end of the visible spectrum to violet at the 

other end.

4. What might the unknown solution contain? How do you know?

Answers will vary. The unknown sample can be identified by comparing its spectrum with the 

spectrums of the samples.

5. When you heated the unknown mixture of solutions, were you able to see the
colors of each metal in the flame? Explain your answer.

Flames will combine the flame colors of the metals present. Stronger colors will mask less 

prominent colors, so the latter may not be visible.

◆ Critical Thinking and Applications

1. How do the samples resemble stars? How can scientists tell what elements are
in a distant star? 

Both the stars and the samples emit light. Scientists can compare the spectrums from the stars 

to the known spectrums of elements to determine what stars are made of.
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CHEMICAL COMPOSITION AND THE SPECTRUM (continued)
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2. Spectral lines are often called the fingerprints of the elements. Why? 

Each person has a unique set of fingerprints. Similarly, each element has a unique set of 

spectral lines.

3. When you are heating the nichrome wire loops, what is the responding vari-
able? What is the manipulated variable? 

The responding variable is flame color, and the manipulated variable is the metal present.

◆ More to Explore

Do different types of light bulbs (incandescent, halogen, fluorescent, high inten-
sity, and so forth) have different spectrums? Write a procedure you could follow
to answer this question. Your teacher must approve your procedure before you
carry out the investigation.

Provide a variety of light sources (incandescent, fluorescent, halogen bulbs) and suggest other 
feasible sources (sodium or mercury street lights, headlights). Spectrums should vary depending on
the type of light bulb.
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Mapping a Future World

◆ Pre-Lab Discussion

You can’t feel the land underneath you moving every day, but it is! The surface of
Earth is divided into continents and oceans. These landmasses and water bodies
are slowly but surely changing their positions and shapes. Scientists have
measured these movements of a few centimeters a year.

What will Earth look like in the future? No one can be sure where the continents
will end up. In this investigation, you will predict what Earth will look like as you
map the movement of the continents.

1. What are plates in the Earth’s crust?

Plates are separate sections of the lithosphere that fit closely together along cracks in the crust.

2. What does plate tectonics mean?

Plate tectonics is the theory that the movement of convection currents in the mantle slowly shifts 

pieces of Earth’s lithosphere.

◆ Problem 

Where will the continents be in the distant future, and how will their position
affect mountains and oceans around the world?

◆ Materials (per group)

2 outline maps of the world showing 
latitude and longitude lines

scissors
colored pencils or markers
envelope
pencil or pen
clear tape
world map or globe

◆ Safety Review the safety guidelines in the front of your lab book.

Use caution in handling sharp scissors.

L A B  9 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concept: Earth’s continents and
oceans ride on plates that are moving at
a slow rate and affect many of Earth’s
features, such as mountains and ocean
basins.

Skills Focus: Model the continents’ move-
ment and use the model to predict future
locations and features on Earth.

Time Required: 40 minutes

Advance Preparation: Make a second copy of the
map for each student.

Teaching Tips: Encourage students to choose differ-
ent cities on each continent so that differences in
location can be compared.

Review proportions for the calculations. Have
students set up the scale value on one side of the
proportion and use 100 million as the time factor in
the other part, e.g.: x/100 000 000 yr 5 2.6 cm/1 yr.
Remind students that 1 km 5 100 000 cm.

Have slabs of modeling clay available to help
students visualize what happens when plates move
apart or are pushed together.
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◆ Procedure

1. You will ignore the movement of Antarctica in this activity. Label the other
continents and the oceans on the two outline maps.

2. You will need reference points when you start moving continents. Use a world
map or globe to locate and label one city on each continent on both of the
maps. In Data Table 2 in Observations, record the current latitude and longi-
tude of each reference-point city.

3. From one map, carefully cut out the continents. Keep these pieces in an enve-
lope when you are not using them.

4. Assemble a complete world map—the base map—by cutting out the map 
on one page and overlapping it with the map on the other page. The 20° W
longitude lines should line up with each other. Carefully tape the map
together along the 20° W longitude line.

5. Lay the cutout continents on the base map in their current positions. You
should be able to slide your cutouts easily over your base map.

6. Predict where the continents will be in 100 million years. Slowly move the
continents to where you predict they will be. Trace their outlines lightly in
pencil. Assume that the Indo-Australian Plate splits in a few million years,
and India and Australia continue to move at the same rate.

7. Now, check your predictions. Use the plate speeds
in Data Table 1 and the map in your textbook 
(p. 341) to find the direction and rate of move-
ment for each plate that carries a continent.
Calculate how far each continent will drift in 100
million years. Record these figures in Data Table 2
in Observations.

8. Use the scale on the base map to help you decide
where the continents will be in 100 million years.
Slowly move the cutout continents to their new
locations. Trace their outlines on your base map,
using a different color for each continent. Some
continents may overlap in their new positions. Trace the outlines overlapping.

9. Mark and record the new location of each reference point.

10. Compare your completed map to your predictions. Then compare it to those
of your classmates and discuss any differences.

Assuming constant motion, in 100 million years the African plate will move 660 km, the Eurasian
plate will move 950 km, the Indo-Australian plate will move 8500 km, the North American plate will
move 2310 km, and the South American plate will move 3550 km. Student maps should show these
relative amounts of motion in the directions in the textbook map (p. 341).
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MAPPING A FUTURE WORLD (continued)

Plate Speed (cm/yr)

African 0.66

Eurasian 0.95

Indo-Australian 8.50

North American 2.31

South American 3.55

Data Table 1
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◆ Observations

Data Table 2

◆ Analyze and Conclude

1. How did your predicted locations of continents compare with the locations in
Step 8?

Predicted directions were more likely to be correct than the predicted distances.

2. What will happen to the location of North and South America as sea-floor
spreading widens the Atlantic Ocean?

North and South America will move farther west.

3. What will happen to the size of the Pacific Ocean as North America moves
west?

The Pacific Ocean will get smaller.

4. How did the latitude and longitude of your reference point in South America
change? 

The latitude remains the same, and the longitude is farther west.

5. What might happen to the Himalayas over the next several million years? Give
a reason for your answer.

Answers will vary. Sample answer: The height of the Himalayas will increase because the Eurasian 

and Indo-Australian plates are colliding, crumpling the crust and pushing the mountains higher.
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MAPPING A FUTURE WORLD (continued)

Location Now Distance Traveled Location in 100 Million
(Latitude and in 100 Million Years (Latitude

Continent Reference Point Longitude) Years and Longitude)

Africa Tangier, Morocco 368N, 68W 660 km 408N, 38W

Asia Beijing, China 408N, 1168E 950 km 358N, 1258E

Australia Melbourne 398S, 1458E 8500 km 258N, 1458E

Europe Lisbon, Portugal 398N, 98W 950 km 358N, 0°

North America New York City 418N, 748W 2310 km 508N, 958W

South America Brasilia, Brazil 168S, 488W 3550 km 168S, 758W

These locations are 
Sample Data approximations.
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MAPPING A FUTURE WORLD (continued)
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MAPPING A FUTURE WORLD (continued)
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◆ Critical Thinking and Applications

1. Why did many scientists not accept the early theories of continental drift?

There was no satisfactory explanation for the force that pushes or pulls the continents, and the 

movement is so slow that it is not obvious.

2. Based on your movements of the continents, where do you predict new moun-
tain ranges will be forming in 100 million years? Explain your reasoning.

New mountain ranges will likely form in northern Africa or southern Europe as those two 

continents collide. Mountains might also form in northern Australia as that continent collides with 

Asia. Collisions will be evidenced on students’ maps by overlapping outlines of the continents.

3. Why do continents move at different rates?

Answers will vary. Sample answer: Speed of movement depends on the fluidity of the underlying 

matter and whether the plates are colliding with or pulling apart from surrounding plates.

4. Which is more important in determining the future location of a city—what
continent it is on or what plate it is on? Give a reason for your answer.

Movement of a plate determines movement of any continent on it, so location on the plate is 

more important. The size and shape of a continent may change over millions of years.

◆ More to Explore

New Problem Near what city’s location will Los Angeles, California, be in about
17 million years? (Hint: The rate of plate movement along the San Andreas Fault
is about 3.4 cm/yr.)

Possible Materials Use the same map and continent shapes as before. You may
also need scissors again.

Safety Use caution in handling sharp scissors.

Procedure Predict where Los Angeles will be. Then develop a procedure to test
your prediction. Get the teacher’s approval before carrying out your investigation.

Observations Record your prediction. Also record any appropriate observations
on your base map.

Analyze and Conclude  Where do you think Los Angeles will be located in about
17 million years?

near San Francisco

Students could best model the movement of Los Angeles by cutting their North America continent
shape along the San Andreas Fault and moving the Pacific Plate northwestward. The rate of 
3.4 cm/yr equals 578 km in 17 million years, which would put Los Angeles near San Francisco.
Students can estimate this distance by comparing 3.4 cm/yr to their calculations for Step 6. This
comparison gives a distance of 3,400 km in 100 million years. Since 17 million is about }

1
6

} of 100
million, students should move the plate }

1
6

} 3 3,400 5 about 566 km, which is still near San Francisco.
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MAPPING A FUTURE WORLD (continued)

SX02_TXGR8lm35-54.X  4/25/01  2:20 PM  Page 46



Science Explorer Grade 8 Laboratory Manual 47

©
Pr

en
tic

e-
H

al
l, 

In
c.

Name ____________________________________ Date __________ Class ___________________

How Tessellating!

◆ Pre-Lab Discussion

A floor covered with tiles may be made of repeated squares. A honeycomb is made
of repeated hexagons. Crystal shapes within a mineral have definite repeating
patterns, too. A pattern tessellates if it repeats and covers a plane (such as a sheet of
paper, a floor, or a wall) with no gaps or overlaps. See Figure 1. In this investiga-
tion, you will model crystal shapes by creating patterns that tessellate.

1. Think about what makes up a mineral. Why isn’t coal a mineral? 

Coal is naturally occurring and a solid, but it is not inorganic because it is made from plant 

matter. There are several types of coal, so it does not have a definite composition. Students 

may not be aware that coal has no crystal shape.

2. How many sides does a hexagonal figure have? 

Six

◆ Problem

What patterns tessellate?

◆ Materials (per group)

index cards
tape
scissors
plain white paper
colored pencils
metric ruler

Sample Tessellation

Figure 1

L A B  1 0 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concept: Repeating patterns, or tessellations, of
atoms that have no gaps or overlaps form crystals. 

Skills Focus: Observing, classifying, making models,
forming operational definitions

Time Required: 50 minutes

Advance Preparation:
Gather several small
mirrors for More to
Explore. Mirrors
should be unframed
and have edges that
aren’t sharp.

Teaching Tips: Be sure that students don’t choose final patterns
that are too simple. Encourage students to use rectangles and
triangles only until they understand how to tessellate patterns.

When students tape smaller pieces of paper together to make a
shape, the tape should not extend over the edge of the pieces
and affect the tessellation by causing overlap of the patterns.

Have more index cards available for students if they need them.

Tessellation models are not complete models of three-dimensional
crystal shapes. After the activity, have students use identical three-
dimensional shapes to model actual crystal structure. Another
option is to show students pieces of rock salt, which are cubic
crystals. Carefully break the rock salt into smaller pieces. Have
students examine the pieces of salt with a hand lens and observe
that the salt crystals remain cubic.
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◆ Safety Review the safety guidelines in the front of your lab book.

Use caution in handling sharp scissors.

◆ Procedure

1. Use a ruler and scissors to carefully cut simple geometric shapes with straight
edges from an index card. Begin with squares, rectangles, or hexagons. The
simpler the shape, the easier it will be to get it to tessellate.

2. Tape the pieces of the card together to form an interesting new shape that you
think will tessellate. Remember, if you make your shape very complicated, you
will have trouble getting it to repeat.

3. Trace your new shape repeatedly onto a piece of paper. Does the shape tessellate?
Sketch it in the appropriate space in the Observations section below. If it doesn’t
tessellate, try taping the pieces in a different arrangement or make a different 
pattern. Sketch shapes that do not tessellate in the appropriate space below.

4. Once you get a shape to tessellate, cover the entire area in the Observations
section on the next page with your design.

5. Look for other patterns that tessellate in your design. Can you find any? Use
colored pencils to outline several different shapes that tessellate.

◆ Observations
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HOW TESSELLATING! (continued)

Patterns That Tessellate Patterns That Don’t Tessellate
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◆ Analyze and Conclude

1. Did your first pattern tessellate? With what basic geometric shape did you begin? 

Answers will vary. Students might begin with rectangles and diamonds.

2. Could you use a circle or an oval to tessellate? Give a reason for your answer.

Circles and ovals won’t tessellate. To tessellate, sides must line up. Because circles and ovals 

have an infinite number of sides, they can’t tessellate.

3. A mineral has a definite crystal shape, as shown in your textbook (p. 366).
Which crystal shapes tessellate? Are any of the shapes the same as the ones that
tessellated for you?

Any of the six crystal shapes will tessellate. Many of the shapes will likely be ones that 

tessellated for students.

Science Explorer Grade 8 Laboratory Manual 49

©
Pr

en
tic

e-
H

al
l, 

In
c.

Name ____________________________________ Date __________ Class ___________________

HOW TESSELLATING! (continued)

Tessellation Sample Tessellation
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◆ Critical Thinking and Applications

1. How is your tessellating pattern like a crystal’s shape? 

The pattern repeats without overlaps or gaps. The atoms forming the crystal shape add on in 

a pattern without overlaps or gaps.

2. List examples of tessellating patterns in your everyday life.

Answers will vary. Examples might include tile on a floor or bricks on a building. 

3. How does your model of tessellating patterns differ from actual crystal shapes?

Answers will vary. Sample answer: The patterns are two-dimensional and the crystal shapes 

are three-dimensional.

◆ More to Explore

The crystals found within all minerals form tessellating patterns. Almost all of these
patterns have another interesting property—symmetry. A pattern has symmetry if it
looks exactly the same on either side of a center line through the pattern.

New Problem How can you determine whether your pattern has symmetry? 

Possible Materials Use your tessellating pattern from the previous activity.
Think of how you could use a mirror to find out if your pattern tessellates.

Safety Use caution in handling any sharp items or items that could break.

Procedure Write a procedure you would follow to answer the question. Have the
teacher approve your procedure before you carry out the investigation.

Observations Make a drawing of your shape that shows how the pattern does or
does not have symmetry.

Analyze and Conclude

1. Does your shape have symmetry? How do you know?

Most likely the shape will have symmetry because it looks the same on either side of a center line.

2. What are some examples of symmetry in nature?

Students may say mineral crystals and the bodies of most animals.

Symmetry can be checked with a mirror in the center of the pattern. If the mirror image of the
pattern makes it look complete, the pattern has symmetry. Caution students to handle mirrors care-
fully and to report any breakage to you instead of trying to clean it up. 

50 Laboratory Manual Science Explorer Grade 8

©
Prentice-H

all, Inc.

Name ____________________________________ Date __________ Class ___________________

HOW TESSELLATING! (continued)
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History From Rocks

◆ Pre-Lab Discussion

Geologists can discover much about the geologic history of an area by examining
the rocks found there. Often, geologists examine a geologic cross section, which
displays the layers of rock that extend into the ground beneath a certain spot. By
studying the sedimentary rocks in an area, scientists learn about the environment
that existed when the rock was deposited. This is called the environment of depo-
sition. For example, if there is a layer of limestone in a cross section of rock, a
warm ocean probably existed over that section of land at the time the limestone
was deposited. Or, if a layer of sandstone is found, it may be that the sea level
dropped and the same area was a beach environment when that layer was
deposited. Sea level can rise and fall in an area, changing the types of rock
deposited along the coast.

By analyzing rock layers, geologists can determine the relative ages of rocks
that make up the layers in a geologic cross section. The law of superposition
provides the guidelines to do this. The law of superposition states that when sedi-
mentary rocks are arranged in horizontal layers, the oldest layer is at the bottom.
Each higher layer is younger than the layer below it.

1. How is the process that forms a chemical sedimentary rock different from the
formation of a clastic sedimentary rock?

Chemical sedimentary rocks are formed when minerals are crystallized from

a solution. Clastic sedimentary rocks are formed by the compaction and

cementing of sediment.

2. What is deposition?  

Deposition is the process by which sediment settles out of the water or

wind that is carrying it.

◆ Problem

How can you use relative dating of rock layers to understand the history of the
area shown below?

L A B  1 1 L A B O R A T O R Y  I N V E S T I G A T I O N

SX02_TXGR8lm35-54.X  4/25/01  2:20 PM  Page 51



◆ Materials 
pencil

◆ Procedure

1. Examine the cross section of rock in Figure 1.

2. Use the law of superposition and your knowledge about sedimentary environ-
ments of deposition, igneous rocks, and metamorphic rocks to answer the
questions that follow.

◆ Observations

1. Which sedimentary rock layer is the youngest? Which one is the oldest?

Rock salt layer M is the youngest. Sandstone layer O is the oldest.

2. Which sedimentary rock layer formed when a swamp was in the area?

Layer X, the coal layer, formed when a swamp was present.
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HISTORY FROM ROCKS (continued)
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3. What types of rocks are B and E?  What can you infer about Z based on layers
B and E?

Rocks B and E are metamorphic rocks. Rock Z is granite. It must have metamorphosed

the existing sedimentary rock layers, forming B and E.

4. Which layers are clastic sedimentary rocks?  Which can be considered to be
organic?

Layers O, A, and Q are clastic sedimentary rocks. Layers N, X, and P can be

organic sedimentary rocks, although limestone can also be chemical.

◆ Analyze and Conclude

1. Look at layers Q, P, and M. Describe what happened to the ocean that was in
this area as these three layers were deposited.

The ocean in this area was a little offshore when the sandstone in layer Q was 

deposited. This area may have been a beach. The ocean then got deeper and warm,

depositing the limestone in layer P. Finally, a warm shallow sea began to evaporate

leaving behind the rock salt in layer M.

2. Describe how the environment of deposition is different for the sediment that
formed layer N than for the sediment that formed layer A.

Layer N was deposited in a warm, quiet ocean. The sediment that formed layer A

may have been deposited at the edge of the ocean, such as at a beach.

3. There are fossils of plant remains in layer X and fossilized shell remains in layer
P. Which fossils are younger? How do you know?

The fossils in layer P are younger because they are found in the younger rock layer.

4. If sea level in this area dramatically rose again, what rock would you expect to
find deposited on top of layer M? Explain your reasoning.

Another layer of limestone could be deposited on top of layer M. If sea level rose from the

shallow sea that the rock salt was deposited in, limestone may be the deposited in that

environment. Limestone is deposited in a deeper water environment that rock salt.

Science Explorer Grade 8 Laboratory Manual 53

©
Pr

en
tic

e-
H

al
l, 

In
c.

Name ____________________________________ Date __________ Class ___________________

HISTORY FROM ROCKS (continued)
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◆ Critical Thinking and Applications

1. Rock Z is not a sedimentary rock. What type of rock is it? Judging from the fact
that rock Z intrudes into layers O and N, place rocks Z, O, and N in order from
oldest to youngest.

Rock Z is an igneous rock. Rock layer O is the oldest, N is the next youngest,

and Z is the youngest of the three rocks.

2. Which rock is older, limestone N or marble D? Explain how you know.

Limestone N is older. Marble D is the metamorphic form of limestone.

Therefore, the limestone had to have existed first.

3. Look at the top few layers of rocks in Figure 1. Using what you know about
those rocks and their environments of deposition, would you predict that this
area is in a warm climate or a cold climate? Explain your answer.

This area must have been in a warm climate when the top few layers were formed.

Limestone, such as that found in coral reefs, is often formed in warm climates.

Also, in order for the rock salt to have been deposited, a shallow sea had to have

evaporated. This will occur more readily in a warm climate.

◆ More to Explore

Create your own cross section of rock for an imaginary area. Use the same types
of rocks shown in Figure 1. You may want to add sedimentary rocks such as 
breccia or conglomerate. These two clastic sedimentary rocks are often deposited
in running water. Then write the history of the area based on your diagram
mentioning the specific environments of deposition. Exchange your drawing 
with that of another student and see if you can interpret each other's diagrams
correctly.
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Choosing Packing
Materials

◆ Pre-Lab Discussion

You’ve just opened a box containing the new
CD player you bought. You pull out
packing material, more packing material,
and more packing material. It’s obvious
why the shippers used all that packing
material—dropping the box could
damage your CD player. It has to be
cushioned against a jolt.

Packing materials are certainly helpful, but
there are some problems with them, too.
They are among the many materials
dumped daily in landfills. If the packing
materials do not break down, they accumulate in the landfill. Biodegradable pack-
ing materials are becoming more and more important in reducing the amount of
material in landfills. In this investigation, you will compare biodegradable and
nonbiodegradable packing materials.

1. What makes a material biodegradable?

A biodegradable material breaks down when exposed to certain environmental factors.

2. How do biodegradable materials break down in a landfill?

They are acted upon by bacteria or by other factors such as water.

◆ Problem

How do biodegradable packing materials compare to nonbiodegradable 
packing materials?

L A B  1 2 L A B O R A T O R Y  I N V E S T I G A T I O N
Key Concepts: Biodegradable packing materials break
down when exposed to environmental factors such as
water or bacteria. These materials protect package
contents as effectively as nonbiodegradable packing
materials and reduce the amount of solid waste in landfills.

Skills Focus: Observing, inferring, predicting, posing ques-
tions, designing experiments, controlling variables

Time Required: 40 minutes; longer if you discuss results
for each part after it is completed

Advance Preparation: Obtain nonbiodegradable (polystyrene) packing “peanuts” from shipping
departments. Biodegradable packing material can be obtained from Clean Green, 720 Florida
Avenue South, Golden Valley, MN 55426, (612) 545-5400. Hard boil eggs for students to use in Part C. 

Teaching Tips: To minimize the materials needed, set up four stations, one for each part, and have
students rotate through the stations.

Students may see more air pockets if they break or cut the materials before observing them in Part A.
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◆ Possible Materials (per group)

biodegradable packing material,
enough to fill a 1-L plastic bag

nonbiodegradable packing material,
enough to fill a 1-L plastic bag

2 hard-boiled eggs
2 reclosable plastic bags, 1-L size
2 transparent plastic cups
water
hand lens
metric ruler
several heavy books
balance
100-mL graduated cylinder
2 stirring rods

◆ Safety Review the safety guidelines in the front of your lab book.

Do not eat or taste any materials in the lab. Wash your hands after the lab.

◆ Procedure

Part A: Appearance
1. Do biodegradable and nonbiodegradable packing materials differ in what they

look like when viewed through a hand lens? Predict whether their structures
will look the same or different. Explain your prediction.

Students may predict the structures are different because the overall shape, color, or visible 

appearance of the two materials are different.

2. Look at both types of packing materials through a hand lens. Record what you
observe in the Data Table in the row for Part A.

Part B: Change in Shape
1. To be effective, a packing material must not change much in size or shape while

it is being used. Predict which material, if either, will change less in size or
shape. Explain your prediction.

Predictions may be based on how flexible and resilient the material looks.

2. Design an experiment that compares how well the packing materials withstand
forces of compression. Write your procedure on a separate sheet of paper.

3. Have the teacher approve your procedure before you carry out the experiment.
Record your results in the Data Table in the row for Part B.
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CHOOSING PACKING MATERIALS (continued)

Teaching Tips (continued): A compression experiment
for Part B might include measuring the thickness of
each type of material before and after compression.
The amount of force should be held constant, such as
stacking the same books on the materials for the
same amount of time.

An effectiveness experiment for Part C might include
packing a hard-boiled egg in a reclosable bag and
dropping it from a certain height. All factors other
than the type of packing material should be
constant. Avoid using raw eggs because of potential
health problems. Students must wash their hands
thoroughly after handling eggs.

An experiment for Part D might include putting equal
masses of packing materials in equal volumes of
water and stirring them. 

Explain to students that the biodegradable material
is made of starch, and the nonbiodegradable mater-
ial is made of a plastic called polystyrene.
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Part C: Effectiveness
1. Is one type of packing material more effective than the other type? Predict which

type will better protect a fragile object. Explain your prediction.

Predictions should be based, at least partly, on students’ observations in Part A and Part B.

2. On a separate sheet of paper, design an experiment that compares how well
both types of packing materials protect a fragile object such as an egg.

3. Have the teacher approve your procedure before you carry out the experiment.
Record your results in the Data Table in the row for Part C.

Part D: Biodegradability
1. What do you think will happen to each type of packing material when you put

it into water? Explain your prediction.

Students may infer that the biodegradeable material will dissolve in water. They may indicate that 

it will dissolve slowly or quickly.

2. Design an experiment that compares what happens to each type of packing
material in water. Write your procedure on a separate sheet of paper.

3. Have the teacher approve your procedure before you carry out the experiment.
Record your results in the Data Table in the row for Part D.

◆ Observations
Data Table

◆ Analyze and Conclude
1. How do your predictions compare with your observations? For each prediction

that differs from the observations, explain why it differs.

Answers will vary. Predictions may reflect the belief that, to get a benefit (biodegradability), you 

have to sacrifice some usefulness.
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CHOOSING PACKING MATERIALS (continued)

Part Observations

A Materials look similar. Both contain air pockets that vary in size and are visible using a 
hand lens.

B Both materials change size and shape about equally under compression.

C The materials are about equally effective. When the eggs were surrounded by the packing 
material, they didn’t break.

D The biodegradeable material dissolved. The other material didn’t.
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2. How do air pockets make a packing material useful?

The air pockets compress enough to cushion an impact and then return to their original size and 

shape. Air pockets also make the packing material lightweight, so the material does not add 

much weight to the package.

3. What factors did you keep constant in Part B?

Student answers might include the force applied, the amount of material used, and the method 

used to measure the differences in thickness.

◆ Critical Thinking and Applications

1. Do you think that breaking apart in water is a good way for a packing material
to degrade? Give a reason for your answer.

Answers will vary, but may include that it is good because water is plentiful, found in nature, and 

will cause the material to break down in a landfill; or that it is not good because packages have 

to be protected from any exposure to water.

2. What other uses can you think of for a material that breaks down in water?

Answers might include pills that can be time-released as their outer coating dissolves, or foods 

released from packaging when placed in water.

3. What are some disadvantages of using biodegradable materials as packing materials?

If the package gets wet, the water may seep into the packaging material and begin dissolving it. 

Even if the package dried, the packing material would lose its effectiveness and become messy.

4. If you were shipping a fragile gift to a friend, which of the two packing materi-
als from this lab would you use? Why?

If both materials were equally effective at protecting the contents of a package, students might 

choose the biodegradable material because it will break down quickly in a landfill.

◆ More to Explore

Think about other materials that would make good packing materials and are
biodegradable. Examine several of these materials. For each, explain why it would
or would not be a practical packing material. Predict its effectiveness at protecting
a package’s contents. On a separate sheet of paper, write a procedure you could
use to test your predictions. Have the teacher approve your procedure before you
carry out your investigation.

Have some potential packing materials on hand for students to explore. These might include
popcorn, shredded paper, peanut shells, and sawdust. Students might base suitability on whether
the material attracts water or insects, settles too much, or is expensive.
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CHOOSING PACKING MATERIALS (continued)
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Pollution Prevention 
With Rocks

◆ Pre-Lab Discussion

Pollution that increases the acidity of lakes and streams is not a new problem. For
millions of years, natural sources of air pollution, such as volcanoes, have released
materials that react with rainwater to produce acids. However, the problem has
increased as more pollutants enter the air from industry and motor vehicles. Acid
rain pollutes land and water, harming the life found there. Because wind can carry
these pollutants a long way, the problem is not limited to areas with extensive
industry and lots of traffic.

Another source of acid pollution is water that drains from coal-mining sites.
Acids form when water flows through the coal layers and rocks. The polluted
water then flows into nearby streams.

To monitor acid content in a stream or lake, scientists test the pH of water. pH
indicates how acidic or basic the water is. The pH scale ranges from 0 to 14. Pure
water is neutral and has a pH of 7. A solution with a pH less than 7 is an acid, and
one with a pH greater than 7 is a base.

In this investigation, you will see how rocks can be used naturally to help solve
the problem of acidic lakes and streams.

1. What are two sources of acid pollution?

Sources of acid pollution include motor vehicles and power plants and factories that burn coal 

and oil.

2. If acid pollution killed most of the plants in a pond, what would happen to the
fish population? Give a reason for your answer.

The fish population would decrease because the food and oxygen supply for the fish has 

decreased.

◆ Problem

How can acid pollution from mines be prevented?

L A B  1 3 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concepts: Environmental pollution by acids
harms organisms in streams and lakes and on
land. Limestone can neutralize acidity.

Skills Focus: Observing, making models,
communicating, measuring

Time Required: 40 minutes

Advance Preparation: Cut an appropriate
number of pieces of gutter and blocks of
wood. Scrap wood may be available from a
local lumberyard or an industrial arts class.

Alternative Materials: Use graduated cylinders or metric measuring cups instead of beakers. Any
nonmetallic container that fits under the lower end of the gutter can be used instead of the plastic
bowl. In place of the gutter, you can use folded oak tag or cardboard lined with plastic wrap. Any
noncarbonate rock can be used instead of granite. Any objects that provide a stable, gradual slope
for the gutter can replace the wood blocks; provide objects that will not be damaged by spilled vine-
gar. If you use books, be sure they are covered.
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◆ Materials (per group)

granite chips
limestone chips
vinyl rain gutter, 30–40 cm long
block of wood, about 7 cm high
block of wood, about 10 cm high
plastic bowl or cup
white vinegar, 100 mL
beaker, 250-mL
pH test paper and chart

◆ Safety Review the safety guidelines in the front of your lab book. Be 
careful not to spill any of the materials.

◆ Procedure

1. Use granite chips to line the bottom of a piece of rain gutter.

2. Set each end of the gutter on a block of wood so that the gutter has a gentle
slope. The slope should be gentle enough so that the rocks do not slide.

3. Place a plastic bowl under the
lower end of the gutter to catch
any liquid that drains through.

4. Pour about 50 mL of vinegar
into the beaker.

5. Dip the end of a strip of pH
test paper into the vinegar.
Match the color of the pH
paper to the number on the pH
indicator chart. Record the pH
in the Data Table.

6. Slowly pour the vinegar into the upper end of the gutter, allowing it to flow
through the granite to the lower end. Observe what, if anything, happens as
the vinegar touches the rocks.

7. Dip the end of a strip of pH test paper into the vinegar that has flowed
through the granite and collected in the bowl. Match the color to the chart
and record the pH in the Data Table.

8. Remove the rocks from the gutter. Rinse the rocks and the gutter with water.

9. Repeat the experiment, using limestone chips instead of granite.

10. Answer Question 1 in Observations.
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POLLUTION PREVENTION WITH ROCKS (continued)

Teaching Tips: If the gutters do not seem stable, set up
other blocks of wood to support the sides.

Do not use any acid with noticeable color, such as cider
vinegar, as this may affect the color observed on the pH
paper. The amount of vinegar poured into the gutter is
not critical. However, the same amount should be used
for each trial.

If the vinegar has little difference in pH after traveling
through the limestone, decrease the slope of the gutter.
A lower slope will increase the time that the vinegar is in
contact with the rocks.

The rocks can be reused. Rinse and dry them before
storing.

Figure 1
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◆ Observations

Data Table Sample Data

1. What did you observe as you watched the vinegar flow through the rocks in the
two trials?

The vinegar and limestone produced bubbles, indicating a reaction. No bubbles appeared with 

the granite and the vinegar.

◆ Analyze and Conclude

1. Is vinegar an acid, a base, or neither? Give a reason for your answer.

Vinegar is an acid because its pH is less than 7.

2. Compare the acidity of vinegar before and after it flowed through the granite
and before and after it flowed through the limestone.

The pH of vinegar was the same after flowing through the granite and higher after flowing 

through the limestone.

3. Use your observations and data to state which rock could be used to help
prevent pollution from acid mine drainage. Explain your answer.

Limestone chips could be used because they will react with the acid, reducing the acidity of any 

water passing through them.

◆ Critical Thinking and Applications

1. Some streams flow over limestone. How do you think the limestone affects the
pH of the stream?

The limestone keeps the pH neutral if it was initially neutral, raises the pH of acidic water 

(because the limestone reacts with the acid), and has no effect on water that is basic.
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POLLUTION PREVENTION WITH ROCKS (continued)

pH of Vinegar Before pH of Vinegar After
Type of Rock Flowing Through Rocks Flowing Through Rocks

Granite 3 3

Limestone 3 6

SX02_TXGR8lm55-72.X  4/25/01  2:21 PM  Page 61



2. Ditches that are lined with limestone are often seen in coal-mining areas.
Would these ditches help prevent pollution of groundwater? Give a reason for
your answer.

Yes, acidic drainage water passing through these ditches would become less acidic as the acid 

reacts with the limestone.

3. Farmers often spread lime, made from powdered limestone, on their fields.
Why do you think they use lime?

Some soils are naturally acidic or become acidic from acid rain. Some crops require neutral or 

basic soil. The lime lessens acidity of the soil so the crops can grow.

4. Powdered limestone is often dumped into lakes that have become highly acidic.
Why do you think powdered limestone is used instead of limestone chips?

Limestone chips would produce the same effect but would take longer because the surface area 

of limestone chips is much less than that of powdered limestone. The powdered limestone 

reduces the acidity much more quickly.

5. Why wouldn’t powered limestone be used in a stream or drainage ditch?

Limestone chips stay in place. Powdered limestone would wash away and not be available to 

neutralize additional acid that flows downstream.

More to Explore

New Problem What other materials could help prevent acid pollution from mines?

Possible Materials Consider which materials you can use from the previous part
of this lab. Consider what materials you would like to test.

Safety Wear lab aprons and safety goggles.

Procedure Develop a procedure to solve the problem. Write your procedure on a
separate sheet of paper. Have the teacher approve your procedure before you carry
out the investigation.

Observations On a separate sheet of paper, make a data table in which to record
your data.

Students may choose to test other rocks including roadside gravel. Limestone and dolomite are
common rocks that will react with acids. Sandstone, shale, and granite will not. Another material
that will react with acids is chalk. When approving student plans, be sure they include necessary
precautions for using acidic material.
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POLLUTION PREVENTION WITH ROCKS (continued)
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Density and Salinity

◆ Pre-Lab Discussion

The average salinity of ocean water is 35 parts of salt per thousand parts of water.
Ocean salt comes from minerals on land, which dissolve into water that flows over
them. Dissolved salts affect water density, and density affects the way ocean waters
move and form layers. By studying the salinity of water, oceanographers learn
about ocean layers and currents.

In this investigation, you will model ocean water of different salinity and use the
models to determine how ocean waters form layers.

1. Define salinity.

Salinity is the total amount of dissolved salts in water.

2. What causes differences in the salinity of ocean water in different areas?

Rain, snow, melting ice, and fresh water from rivers lower the salinity of ocean water. Evaporation 

and the freezing of surface water increase the salinity.

◆ Problem

How do differences in salinity create layers in ocean water?

◆ Materials (per group)

salt red food coloring
spoon blue food coloring
balance 3 small plastic foam cups
4 1,000-mL beakers metric ruler
100-mL graduated cylinder tape
water at room temperature toothpick
250-mL beaker

◆ Safety Review the safety guidelines in the front of your lab book.

To prevent slips and falls, immediately wipe up any water spilled on the floor.
Handle glass objects carefully. If they break, tell your teacher. Do not pick up
broken glass.

L A B  1 4 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concept: Water of different densities, caused
by different salinity, forms layers.

Skills Focus: Observing, inferring, predicting,
measuring

Time Required: 90 minutes

Advance Preparation: Fill a large
container with tap water several
hours before the lab and let it
reach room temperature. Each
group will need about 4 L of this
water.

Alternative Materials: You can
use large jars instead of beakers,
and measuring cups instead of
graduated cylinders.

Teaching Tips: Remind students
not to bump the beakers and
plastic foam cups while the
colored water is leaving the cup.

To save time, prepare 5% and
10% salt solutions ahead of
time.
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◆ Procedure

1. Make a 5% salt solution: Measure 50 g of salt and pour it into a 1,000-mL
beaker. Add 950 mL of water to the beaker. Stir until all the salt dissolves.

2. Make a 10% salt solution: Measure 10 g of salt and pour it into the 250-mL
beaker. Add 90 mL of water to the beaker. Stir until all the salt dissolves. Add
enough blue food coloring to make the water deep blue.

3. Fill a second 1,000-mL beaker with 400 mL of water.

4. Pour 10 mL of the 5% salt solution into a plastic foam cup. Add enough red
food coloring to make the water deep red. Tape the cup inside the beaker of
water, so that the bottom of the cup is just below the water level. See Figure 1.

5. Holding the plastic foam cup steady, use a toothpick to poke a small hole near
the bottom of the cup.

6. Be careful not to bump the beaker. Observe what happens to the colored
water. Record your observations in the Data Table. Sketch and color what you
observe.

7. Fill the third 1,000-mL beaker with 5% salt solution to within 10 cm of the top.

8. Pour 10 mL of the blue 10% salt solution into the second plastic foam cup. As
before, tape the cup inside the beaker so that the bottom of the cup is just
below the water level.

9. Repeat Steps 5 and 6.

10. As a control, fill the fourth 1,000-mL beaker with 5% salt solution to within 
10 cm of the top. Pour 10 mL of tap water into the third plastic foam cup.
Add blue food coloring to the tap water until the tap water is the same color
as the 10% salt solution in Step 2. Tape the cup to the inside of the beaker as
before. Repeat Steps 5 and 6.

Figure 1
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DENSITY AND SALINITY (continued)
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◆ Observations

Data Table

◆ Analyze and Conclude

1. Which water was the least dense? The most dense? Explain your reasoning.

The plain tap water was the least dense, and the blue 10% salt solution was the most dense.

2. How does the amount of salt dissolved in water affect its density? Give the
evidence that supports your answer.

The more salt that is dissolved in the water, the denser the water is. Evidence for this conclusion 

is that the water with the greatest concentration of salt always sank beneath the water with the 

least concentration of salt.
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DENSITY AND SALINITY (continued)

Observations Sketch

5% red salt solution 
in tap water

10% blue salt 
solution in 
5% salt solution

Blue tap water in 
5% salt solution

Drawings should show a layer
of red water at the bottom of
the beaker.

The red water sank to the
bottom of the clear water and
formed a separate layer.

The blue water sank to the
bottom of the clear water and
formed a separate layer.

The blue water floated on the
clear water and formed a sepa-
rate layer.

Drawings should show a layer
of blue water at the bottom of
the beaker.

Drawings should show a layer
of blue water on top of the
clear water in the beaker.
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3. In the ocean, where would you expect to find water with the greatest salinity?
Give a reason for your answer.

Water with the greatest salinity is at the bottom of the ocean because it has the greatest density 

and will sink.

◆ Critical Thinking and Applications

1. Predict how the following kinds of water would form layers: (1) warm, slightly
salty water; (2) cold, slightly salty water; (3) cold, very salty water; (4) warm
rainwater. List them in order, starting with the deepest layer. Give a reason for
your answer.

From bottom to top: 3, 2, 1, 4. As water’s temperature decreases and its salinity increases, it 

becomes more dense and sinks. Rainwater is fresh water and, therefore, would form the top 

layer.

2. Why was it important that all the water in the experiment was the same
temperature?

If the water had been different temperatures, the temperature, not just the salinity, might also 

have affected how the water formed layers.

3. Would you expect the salinity to be high or low in the ocean off the coast of a
hot, dry area? Give a reason for your answer.

The salinity would be high because as warm water evaporates, salts are left behind. Also, in a dry 

area, little rain falls to dilute the salinity of the ocean in that area.

◆ More to Explore

What would happen if you added red 5% salt solution and blue 10% salt solution
from two cups at the same time to a container of tap water? Develop a hypothesis
for this problem. Then write a procedure you would follow to test your hypothesis.
Have the teacher approve your procedure before you carry it out. Remember to
wear your safety goggles and apron.

If the water is not disturbed, three separate layers should form, with the blue 10% salt solution on
the bottom, the red 5% solution above that, and the clear tap water on top.
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DENSITY AND SALINITY (continued)
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Investigating Differences
in Climate

◆ Pre-Lab Discussion

Many factors are responsible for the different types of climates. However, each
factor falls into one of two major categories: those that affect the average yearly
temperature of an area and those that affect the average yearly precipitation. The
amount of available energy helps to determine the temperature of a region.

One measure of energy is evapotranspiration—the total water loss from the land
through evaporation and transpiration. In transpiration, the surface of leaves and
other plant parts gives off moisture. In this investigation, you will use the ratio of
average yearly precipitation (P) to average yearly potential evapotranspiration
(Ep ). This climate ratio, written as P/Ep, represents the average yearly moisture
supply divided by the moisture demand, or need, at a certain location. Four
different climates, based on P/Ep, are arid, semiarid, subhumid, and humid. The
table below lists each climate and its ratio.

Climate Ratios

In this investigation, you will study how the relationship between available energy
and moisture affects climate.

1. What conditions produce a “dry” climate?

A climate is dry if there is less precipitation than potential evaporation.

2. Why might a cool place with low rainfall be less dry than a hotter place that
gets the same amount of rain?

Because water evaporates more slowly in cool weather, the cool place would not lose as much 

moisture to evaporation.

L A B  1 5 L A B O R A T O R Y  I N V E S T I G A T I O N

P/Ep Climate

less than 0.4 arid

0.4–0.8 semiarid

0.8–1.2 subhumid

greater than 1.2 humid

Key Concept: Four climate types
(arid, semiarid, subhumid, and humid)
can be determined from P/Ep values.

Skills Focus: Inferring, making
models, communicating

Time Required: 40 minutes
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◆ Problem

How can you use the ratio between precipitation and potential evapotranspira-
tion to map different climates?

◆ Materials (per group)

soft graphite pencil
colored pencils or crayons, four colors

◆ Procedure

1. Carefully examine the map of Ert, an imaginary continent. The numbers at
various locations are the climate ratios for those areas. Notice that Ert is very
large, extending toward the poles beyond latitudes 60° N and 60° S. Notice also
the extensive mountain range along the west coast, as well as two mountain
ranges along the east coast.

2. Remember the following information when you are working on your map:

• Climate ratios greater than 1.2 are usually in regions at or near the equator.
These regions are generally humid.

• Regions at or near latitudes 30° N and 30° S are generally arid, unless influ-
enced by mountain ranges or other factors. Climate ratios of 0.4 or less are
usually found in these regions.

• Areas at or near latitudes 60° N and 60° S are generally moist but often have
climate ratios that vary a lot because of the influence of global wind systems,
large bodies of water, and mountain ranges.

• The lines of two climate types cannot cross. They tend to run parallel to
each other and do not form sharp edges or acute angles. Also, these lines
must be continuous; that is, they must form closed loops or run off the
edges of the continent.

3. Locate the regions on Ert that are most arid and most humid. Find the moun-
tain ranges and lines of latitude.

4. Using a soft graphite pencil, lightly connect points with a 0.4 climate ratio.
Notice that two regions have this climate ratio, one in each hemisphere. The 0.4
line in the Southern Hemisphere has been correctly drawn for you.

5. Lightly draw lines connecting points that have a 0.8 climate ratio. Then draw
lines connecting points that have 0.0, 1.2, and 1.6 climate ratios.

6. Darken the contour lines and identify the areas as arid, semiarid, humid, or
subhumid. For example, regions between lines 0.4 and 0.8 are semiarid. Color
each type of region on your map a different color. Add a color key that identi-
fies the climate.
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INVESTIGATING DIFFERENCES IN CLIMATE (continued)

Advance Preparation: Each group needs four
pencils of different colors. 

Alternative Materials: Transparent markers can be
substituted for colored pencils or crayons.

Teaching Tips: Point out that pages 526–527 in the
textbook have a review of climate regions.

Remind students to put a color key on their maps.

Review with students how to measure latitude
prior to starting the lab.
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INVESTIGATING DIFFERENCES IN CLIMATE (continued)
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Ert: A Continent
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◆ Observations

1. Describe the general locations of the regions of Ert that are most humid.

Northwestern regions about latitude 60° N and along the equator east of the western mountain 

range

2. Describe the general locations of the regions of Ert that are most arid.

Central region about 30° N and between 30° S and 60° S along the east coast, which is the 

southernmost region of Ert

◆ Analyze and Conclude

1. How can two regions with the same total yearly precipitation have different
climate ratios?

These regions must have different evapotranspiration values. They probably have different 

average yearly temperatures.

2. How can two regions with the same average yearly temperature have different
climate ratios?

These regions must have different amounts of precipitation.

3. What relationship exists between latitude and temperature patterns?

There is an inverse relationship. For example, the higher the latitude, the lower the yearly 

temperature is likely to be.

◆ Critical Thinking and Applications

1. Suppose the mountains on the west coast of Ert between 0° and 30° S did not
exist. How would you expect the climate in those latitudes to be different, if
at all?

Students should recognize that the mountains do affect climate. In their absence, the humid 

climate likely would extend from coast to coast.
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INVESTIGATING DIFFERENCES IN CLIMATE (continued)
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2. What areas on Ert would you expect to be the most heavily populated? Give a
reason for your answer.

The humid and subhumid climates would most likely have the most people. The lack of water 

and vegetation in the arid and semiarid areas would make them less able to support large 

populations.

3. In which of the four climatic regions would you prefer to live? Give reasons for
your answer.

Answers will vary. Reasons should refer to temperature and/or precipitation.

4. How does the climate of your area in Question 2 affect the type of clothing
people wear? 

Answers will vary according to geographic location. Sample answers for the upper Midwest: 

People wear heavy clothing and boots in winter because of cold weather and snow and 

lightweight clothing in summer because of heat and humidity. 

The types of plants or animals that are raised for food?

Adequate rainfall supports many food crops and animals. 

The recreational activities?

Recreational activities include ice-skating and snowmobiling in winter and boating in summer. 

The amount of energy consumed?

Energy consumption is fairly high to provide heat in winter and air-conditioning in summer.
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INVESTIGATING DIFFERENCES IN CLIMATE (continued)
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◆ More to Explore

Imagine that the continent of Ert is located on Earth. Draw on your map the direc-
tions of the global winds from above 60° N to 60° S. Also label each latitude line on
your map as an area of generally high or low air pressure and wet or dry condi-
tions. Remember that winds flow from high-pressure areas to low-pressure areas.
Give reasons for the locations of the most humid and most arid regions of Ert.

Since winds flow from high- to low-pressure areas, humid climates are associated with (1) proximity
to bodies of water that supply moisture brought inland by global winds; (2) low-pressure systems, 
as winds tend to flow toward these regions; and (3) wet weather. Arid climates are associated with
(1) distance from large bodies of water; (2) high-pressure systems, as winds tend to flow away from
these regions; (3) moisture loss as air moves over barriers such as mountain ranges; and (4) dry
weather.
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Chromosomes and
Inheritance

◆ Pre-Lab Discussion

How are traits inherited? You can investigate this question by considering an
imaginary animal called the unimonster. Suppose this animal has only one pair of
chromosomes. Chromosomes carry genes, which control different genetic traits,
such as hair color, height, and other physical characteristics. Different forms of a
gene are called alleles. The presence of different alleles on the chromosomes of
unimonsters determines whether they have one horn or two horns. During repro-
duction, parent unimonsters pass on alleles to their offspring.

In this investigation, you will determine the different allele combinations for the
offspring of two unimonsters and figure out the number of horns the young
unimonsters will have.

1. What are dominant and recessive alleles?

A dominant allele is one whose trait shows up in the organism when that allele is present. A 

recessive allele is masked whenever the dominant allele is present.

2. Define genotype and phenotype.

An organism’s genotype is its genetic makeup, meaning all the alleles on its chromosomes. An 

organism’s phenotype is its physical appearance.

3. What does it mean to say that an organism is homozygous for a trait?
Heterozygous for a trait?

An organism is homozygous for a trait if it has two identical alleles for that trait; an organism is 

heterozygous for a trait if it has two different alleles for a trait.

4. How does the number of chromosomes in sex cells compare with the number
of chromosomes in body cells? During reproduction, what fraction of chromo-
somes does each parent contribute to its offspring?

There are half as many chromosomes in a sex cell as in a body cell. Each parent contributes half 

the normal number of chromosomes to its offspring.

◆ Problem

How can you determine the traits of a unimonster’s offspring?

L A B  1 6 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concept: The traits of offspring are
determined by the alleles of the parents.

Skills Focus: Observing, making models

Time Required: 40 minutes

Alternate Materials: If craft sticks are unavailable, strips of cardboard or acetate could be used.
Using clear, colorless acetate strips for recessive alleles and colored strips for dominant alleles can
be helpful.

Advance Preparation: Get enough craft sticks so that you have 4 for each group
of students (8 if students do the More to Explore).
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◆ Materials (per group)

marker
craft sticks

◆ Procedure

1. Figure 1 shows a mother and a father
unimonster, each with different genetic
traits. The allele for two horns is domi-
nant over the allele for one horn. Look
at the drawing and answer Question 1 in
Observations.

2. The mother unimonster is heterozygous.
This means that she has one allele for
two horns and one allele for one horn.
Each of her sex cells will have either a
chromosome with the two-horn allele or a chromosome with the
one-horn allele. Follow Figure 2 and Steps 3 and 4 to make a model of
the mother unimonster’s sex chromosomes.

3. One of the mother unimonster’s chromosomes will carry the two-
horn allele. Write “M1” (for mother) at one end of a craft stick. At the
other end of the stick, write H for the dominant two-horn allele.

4. The mother unimonster’s other chromosome will carry the one-horn
allele. Write “M2” at the end of a second stick. At the other end, write
h for the recessive one-horn allele.

5. The father unimonster is homozygous (hh). Follow Figure 2 to make
models of the father’s chromosomes: F1 and F2.

6. During reproduction, the sex cells produced by the mother and father unimon-
sters combine to form a fertilized egg. The fertilized egg will grow into a young
unimonster. Whether the young unimonster has one or two horns depends on
the alleles on the chromosome contributed by each parent during reproduc-
tion. In Observations, use your chromosome models to answer Questions 2–5.
Remember that the allele for two horns is dominant. Anytime the dominant
allele (H) is present, the unimonster will have two horns.

◆ Observations

1. Which unimonster parent has the dominant allele for number of horns? How
do you know?

The mother unimonster has the dominant allele because she has two horns.
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CHROMOSOMES AND INHERITANCE (continued)

Mother Unimonster Father Unimonster

Teaching Tips: 

[Step 2] Remind students that scientists generally represent a
dominant allele with a capital letter, often the initial of the word
that best describes the trait, and the recessive allele with the
corresponding lowercase letter.

Figure 1

Figure 2
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2. During reproduction, the sex cells containing the chromosomes M1 and F1
combine to form a fertilized egg.

a. Which alleles are on each of the chromosomes?

H is on M1, and h is on F1.

b. Will the young unimonster have one horn or two horns? Draw the appropri-
ate number of horns on Young Unimonster 1 in Figure 3.

3. During reproduction, the sex cells containing the chromosomes M1 and F2
combine to form a fertilized egg.

a. Which alleles are on each of the chromosomes? 

H is on M1, and h is on F2.

b. Will the young unimonster have one horn or two horns? Draw the appropri-
ate number of horns on Young Unimonster 2 in Figure 3.

4. During reproduction, the sex cells containing the chromosomes M2 and F1
combine to form a fertilized egg.

a. Which alleles are on each of the chromosomes? 

h is on M2, and h is on F1.

b. Will the Young Unimonster have one horn or two horns? Draw the appro-
priate number of horns on Young Unimonster 3 in Figure 3.

5. During reproduction, the sex cells containing the chromosomes M2 and F2
combine to form a fertilized egg.

a. Which alleles are on each of the chromosomes?

h is on M2, and h is on F2.

b. Will the Young Unimonster have one horn or two horns? Draw the appro-
priate number of horns on Young Unimonster 4 in Figure 3.

◆ Analyze and Conclude

1. Which Young Unimonsters are homozygous and have one horn?

Young Unimonsters 3 and 4 are homozygous and have one horn.
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CHROMOSOMES AND INHERITANCE (continued)

Young Unimonster 1 Young Unimonster 2 Young Unimonster 3 Young Unimonster 4

Figure 3
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2. Which young unimonster(s) are heterozygous?

Young Unimonsters 1 and 2 are heterozygous.

3. Are any young unimonster(s) homozygous with two horns? Explain.

No, because the only possible allele combination in which the alleles are identical would be hh, 

which would produce only a one-horned unimonster.

◆ Critical Thinking and Applications

1. If a mother unimonster is homozygous and has two horns, and a father
unimonster is homozygous and has one horn, what are the phenotypes and
genotypes of the possible offspring? Remember that the two-horn allele is
dominant.

All young unimonsters would have two horns, because all would be heterozygous (Hh).

2. Predict the phenotypes and genotypes of the offspring of a mother unimonster
and a father unimonster that are both heterozygous.

Based on the principles of probability, three fourths of the young unimonsters would have two 

horns: one fourth would be homozygous (HH) and two fourths would be heterozygous (Hh). 

The remaining fourth of the young unimonsters would have one horn, being homozygous (hh).

◆ More to Explore

Repeat the lab for the traits of curly hair versus straight hair. Assume that the
curly-hair allele is dominant and the straight-hair allele is recessive. The mother is
homozygous and has straight hair, while the father is heterozygous. Get four more
craft sticks. Make all the combinations of different alleles. Determine all of the
possible genotypes and the resulting phenotypes of the offspring. You may wish to
use the Punnett square below to record the genotypes.

Based on the principles of probability, two of four, or 50%, of the young unimonsters would have
curly hair (Cc), and two of four, or 50%, of the young unimonsters would have straight hair (cc).

Father’s Alleles
for Curly Hair

M
ot

he
r’s

 A
lle

le
s 

fo
r

C
ur

ly
 H

ai
r c

c

C c

Cc cc

Cc cc
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CHROMOSOMES AND INHERITANCE (continued)

Remind students that Punnett square
results show only probabilities. The traits
of offspring from actual matings may not
match the predictions.
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How Are Genes on Sex
Chromosomes Inherited?

◆ Pre-Lab Discussion

Sex-linked genes are genes on the X and Y chromosomes. Traits controlled by
these genes are called sex-linked traits. Two sex-linked traits include hemophilia
and colorblindness. Hemophilia is a genetic disorder in which a person’s blood
clots slowly or not at all. If a person has the dominant allele X H, he or she will
have normal blood. If a person has only the recessive allele X h, he or she will 
have hemophilia.

Red-green colorblindness is also a genetic disorder. In this disorder, the person
does not see red and green properly. This person will see green as gray and red as
yellow. If a person has at least one dominant allele X C, he or she will not have
colorblindness. If a person has only the recessive allele X c, he or she will have
colorblindness.

In this investigation, you will see how hemophilia and colorblindness are inherited.

1. How are the alleles for sex-linked genes passed from parent to child?

They are passed from parent to child on the sex chromosomes, which are in the egg and the 

sperm along with the other chromosomes.

2. How many X and Y chromosomes do males have? How many of each do
females have?

Males have one X chromosome and one Y chromosome. Females have two X chromosomes.

3. Define the carrier of a trait in terms of alleles.

A carrier is someone who has a recessive allele and a dominant allele for a specific trait.

◆ Problem

How are hemophilia and red-green colorblindness inherited?

◆ Materials (per group)

8 pennies
tape
pen 
cloth to cover desktop

L A B  1 7 L A B O R A T O R Y  I N V E S T I G A T I O N

Key Concepts: Some genetic disor-
ders, such as hemophilia and
colorblindness, are sex-linked traits.

Skills Focus: inferring, making
models, creating data tables

Time Required: 90 minutes 

Teaching Tips: If students have a hard
time understanding why sex-linked
genes are distributed as they are,
refer them to their answer to question
2 in the Pre-Lab Discussion.
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◆ Procedure

Part A: Hemophilia

Use the following information and procedures for families 1 and 2
to model the inheritance of hemophilia. Keep in mind that only the
X chromosome can carry the allele for hemophilia. A female can be
X HX H, X HX h, or X hX h. A male can be X HY or X hY.

Family 1. Parents do not have hemophilia; mother is a carrier of
hemophilia (X HX h).

1. Place tape on two coins and mark them as shown in Figure 1.
These coins represent the alleles of the parents. The coin with the
Y chromosome on the back is the father. The coin with an X on
each side is the mother.

2. Spread out a piece of cloth on your desk or tabletop. Shake the
coins in your hands and drop them onto the cloth.

3. Read the combination of letters that appears. This combination
represents the result that might appear in a child of these parents.

4. Use a tally mark in the correct row to record this combination of
alleles in Data Table 1 in the column marked “Children Observed.”

5. Repeat shaking, dropping, reading, and tallying the coins a total
of 40 times. Record the totals of tally marks for each combination
in Data Table 1.

Family 2. Father has hemophilia; mother is a carrier of hemophilia.

6. Place tape on two coins and mark them as shown in Figure 2.

7. Repeat Steps 2–5 and tally the combinations in Data Table 2.

Part B: Colorblindness

The allele for red-green colorblindness is also located on the X chro-
mosome. A female can be X CX C, X CX c, or X cX c. A male can be
either X CY or X c Y.

Family 3. Father is colorblind; mother has two dominant 
alleles (X CX C).

1. Place tape on two coins and mark them as shown in Figure 3.

2. Repeat Steps 2–5 of Part A and tally the combinations in Data
Table 3.

Family 4. Parents are not colorblind; mother is heterozygous.

3. Place tape on two coins and mark them as shown in Figure 4.

4. Repeat Steps 2–5 of Part A and tally the combinations in Data
Table 4.
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HOW ARE GENES ON SEX CHROMOSOMES INHERITED? (continued)

Coin 1
Male

Front Back

Coin 2
Female

Front Back

Figure 1

Coin 3
Male

Front Back

Coin 4
Female

Front Back

Figure 2

Coin 5
Male

Front Back

Coin 6
Female

Front Back

Figure 3

Coin 7
Male

Front Back

Coin 8
Female

Front Back

Figure 4
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◆ Observations

Data Table 1 Sample Data

Data Table 2 Sample Data

Data Table 3 Sample Data
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HOW ARE GENES ON SEX CHROMOSOMES INHERITED? (continued)

Children of X HY Father and X HX h Mother

Allele Combination Children Observed Total

X HX H 9

X HX h 12

X hX h

X HY 8

X hY 11

Children of X hY Father and X HX h Mother

Allele Combination Children Observed Total

X HX H

X HX h 8

X hX h 10

X HY 14

X hY 8

Children of X cY Father and X CX C Mother

Allele Combination Children Observed Total

X CX C

X CX c 22

X cX c

X CY 18

X cY

Data from a single student’s coin tosses may not match the probabilities
that would be obtained from a Punnett square. You may want to
combine all the students’ results and then compare them with results
from a Punnett square.
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Data Table 4 Sample Data

◆ Analyze and Conclude

1. a. How many alleles for hemophilia do females have?

two

b. How many alleles for red-green colorblindness do females have?

two

c. How many alleles for hemophilia do males have?

one

d. How many alleles for red-green colorblindness do males have?

one

2. Why is there a difference in the number of alleles for hemophilia and 
red-green colorblindness between males and females?

The male has a Y chromosome, and there are no genes for hemophilia and red-green 

colorblindness on the Y chromosome.

3. Why are only females carriers for hemophilia? For red-green colorblindness?

Only females can be carriers for both because they carry two alleles for the traits.

4. Which of the parents can pass the allele for hemophilia to a son? Explain.

Only a mother can pass the allele to a son because a father gives a son only a Y chromosome, 

which does not include the allele.
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HOW ARE GENES ON SEX CHROMOSOMES INHERITED? (continued)

Children of X CY Father and X CX c Mother

Allele Combination Children Observed Total

X CX C 8

X CX c 11

X cX c

X CY 10

X cY 11
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5. Which of the parents can pass the allele for hemophilia to a daughter? Explain.

Both a mother and father can pass an allele for hemophilia to a daughter because both parents 

give an X chromosome, which does include the allele. 

6. In Family 3, why are there no colorblind children even though one of the
parents is colorblind?

The mother has 2 dominant alleles for normal vision. Any child who inherits the recessive allele 

for colorblindness will also inherit a dominant allele for normal color vision. The dominant allele 

will mask the recessive allele.

◆ Critical Thinking and Applications

1. The brother of a woman’s father has hemophilia. Her father does not have
hemophilia, but she is concerned that her son might. Could she have passed
the allele for hemophilia to her son? Explain.

If the woman’s father had the allele on his X chromosome, he would have had hemophilia, but he 

does not. Thus, the X chromosome she received from him does not have the allele. It is possible 

that she received from her mother an X chromosome that carries the allele. In that case, she 

could pass the allele to her son.

2. A woman’s father is colorblind. She marries a colorblind man. Might their son
be colorblind? Might their daughter be colorblind? Explain.

The son and the daughter could be colorblind. The woman has at least one allele for 

colorblindness. The father also has the allele.

3. What is the probability that a carrier and a person who has a sex-linked genetic
disorder will have a son with the disorder? A daughter? Use your data and a
Punnett square to answer these questions.

The probability is approximately 50 percent for both sons and daughters.

4. What is the probability that a carrier and a person who does not have a sex-
linked genetic disorder will have a son with the disorder? A daughter? 

There is an approximately 50-percent probability of having a son with the disorder and no chance 

of having a daughter with the disorder.
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HOW ARE GENES ON SEX CHROMOSOMES INHERITED? (continued)
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◆ More to Explore

Use the Punnett squares to solve the following problems.

1. Two parents have the following alleles for
hemophilia: X HX h and X HY. What is the
probability that a son will have hemophilia?
That a daughter will have hemophilia?

A son would have a 50-percent probability of having hemophilia. A daughter would have no 

chance of having hemophilia.

2. Two parents have the following alleles for
colorblindness: X CX C and X cY. What is the
probability that a son will be colorblind? 
A daughter?

None of the children would have colorblindness. The probability is zero.

3. Two parents have the following alleles for
colorblindness: X CX c and X C Y. What is the
probability that a son will be colorblind? 
A daughter?

A son would have a 50-percent probability of having colorblindness. A daughter would have no 

chance of being colorblind.

4. Do your data from the lab support the results from the Punnett squares above?
Explain.

For the sons considered in questions 1 and 3, the data from Data Tables 1 and 4 will probably 

be close to the 50-percent probabilities. For the daughters considered in these questions, the 

data will show a probability of zero for hemophilia or colorblindness.The data from Data Table 3 

should confirm that none of the children considered in question 2 would have colorblindness. 
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HOW ARE GENES ON SEX CHROMOSOMES INHERITED? (continued)

XH XHXH XHY

Xh XHXh XhY

X H Y

X C XCXc XCY

X C XCXc XCY

X c Y

XC XCXC XCY

Xc XCXc XcY

XC Y
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Variation in a Population

◆ Pre-Lab Discussion

Are you and your friends all exactly alike? Of course not. Although you are all
members of one species, you are different in many ways. These differences are
called variations and exist in all species.

Some variations are inherited by the offspring of an organism. Most inherited
variations are neutral, that is, they do not affect the organism’s survival. Helpful
inherited variations are called adaptations. Harmful inherited variations make the
organism less well-suited to its environment. Better-adapted organisms are more
likely to reproduce and pass beneficial traits to their offspring. This process is
called natural selection.

In this investigation, you will observe variations in two types of plants and in
your class population.

1. What does variations mean?

differences displayed by organisms of the same species

2. What variations exist among members of your class?

Answers will vary but may include eye color, skin color, height, hair color and texture, nose 

shape, and ear shape.

◆ Problem

How can you measure the variations in plant and animal populations?

◆ Materials (per group)

10 large lima beans
10 leaves of the same species
metric ruler
graph paper
3 colored pencils

◆ Safety Review the safety guidelines in the front of your lab book.

Do not eat the lima beans.

L A B  1 8 L A B O R A T O R Y  I N V E S T I G A T I O N
Key Concepts: Variations occur in
all species.

Skills Focus: Observing, inferring,
measuring, graphing

Time Required: 40 minutes

Advance Preparation: Have students collect leaves
before the experiment.

Alternative Materials: Other large seeds, such as
kidney beans, pumpkin seeds, and pinto beans, may
be used instead of the lima beans. Leaves can be
from a variety of trees or house plants.
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◆ Procedure

Part A: Variation in Plant Species

1. Obtain 10 large lima beans and 10 leaves of the same species of tree.

2. Measure the length of each lima bean and leaf blade in
millimeters. See Figure 1. Record your measurements,
rounded to the nearest millimeter, in Data Table 1.

3. Notice in Figure 1 the petiole of the leaf. Measure the
length of the petiole of each leaf. Record your measure-
ments, rounded to the nearest millimeter, in Data Table 1.

4. Record on the chalkboard your measurements for each of
the plants so that all groups’ data can be seen.

5. Using data from the entire class, record the range in
lengths for the lima beans, leaf blades, and petioles.
Record the class findings in Data Tables 2, 3, and 4. Fill in
the first row of each table with the lengths, from shortest
to longest, using increments of one millimeter. Add more columns to the data
tables if necessary.

6. Record the class’s total number of each size of lima bean, leaf blade, and petiole
in the second row of Data Tables 2, 3, and 4.

7. Using the data in Data Table 2, construct a line graph for the lima-bean lengths
on a sheet of graph paper. Label the x-axis “Lima bean length (mm)” and the 
y-axis “Number of beans.”

8. Using the data in Data Tables 3 and 4, construct line graphs for the leaf-blade
lengths and the petiole lengths on your graph paper. Label the x-axis “Leaf
blade and petiole length (mm)” and the y-axis “Number of leaves.” Use a differ-
ent colored pencil to graph each set of data and include a key for each graph.

Part B: Variation in Hand Spans

1. Measure your hand span. The measurement should be
made from the top of the thumb to the tip of the little
finger, as shown in Figure 2. Round off the measurement
to the nearest centimeter. Record your hand span in a
class chart on the chalkboard.

2. After all your classmates have recorded their hand spans
in the class chart, transfer the results to Data Table 5. Your
results will show the total number of hands having the
same hand span.

3. Construct a line graph of the results on a sheet of graph
paper. Label the x-axis “Hand-span length (cm)” and the
y-axis “Number of students.”
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VARIATION IN A POPULATION (continued)

Blade length

Petiole length

Hand span

Figure 1

Figure 2
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◆ Observations
Data Table 1 Sample Data

Data Table 2

Data Table 3

Data Table 4

Data Table 5

◆ Analyze and Conclude

1. In what length range are most of the lima beans? Most of the leaf blades? Most
of the petioles?

Most samples should fall close to the middle of the length range.
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VARIATION IN A POPULATION (continued)

Length (mm) (Group Data)

1 2 3 4 5 6 7 8 9 10

Lima beans 21 20 20 21 22 23 16 22 18 19

Leaf blades 90 85 90 86 91 87 94 88 92 88

Petioles 78 64 71 80 66 74 95 68 74 71

Class Data for Lima Bean Lengths

Length of lima bean (mm) 15 16 17 18 19 20 21 22 23 24 25

Total number of beans of this size

Class Data for Leaf Blade Lengths

Length of leaf blade (mm) 84 85 86 87 88 89 90 91 92 93 94

Total number of leaf blades 
of this size

Class Data for Petiole Lengths

Length of petiole (mm) 64 66 68 71 74 78 80 85 89 92 95

Total number of petioles of this size

Class Data for Hand-Span Lengths

Length of hand span (cm) 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Total number of hand 1 0 1 1 2 4 8 6 5 3 2 1 0 0
spans of this size
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2. In what length range are the fewest beans? The fewest blades? The fewest petioles?

The fewest samples should be at the extremes of the length range.

3. What is the general shape of the graphs of the lengths of the lima beans, leaf
blades, and petioles? What does the shape of the graphs indicate about these
lengths?

Each graph should be shaped like a bell or an upside-down U. Most of the lengths are near the 

average, with fewer lengths at both extremes.

4. Which hand-span length occurs most often? Least often?

Answers will vary but should be based on Data Table 5 and the class graph.

5. What is the general shape of the graph of hand spans? What does the shape of
the graph indicate about the hand spans of students in your class?

The shape of the graph should look like the graphs for beans and leaves, indicating that most 

measurements are near the average, with fewer measurements at both extremes.

◆ Critical Thinking and Applications

1. List two ways in which a large hand span might be a useful human adaptation.

Answers will vary but might include prehistoric needs to grasp large tools and weapons such as 

big sticks, carry large loads, and fight off predators with bare hands.

2. Do you think having many seeds in a pod would be a more useful adaptation
for a bean plant than having only a few seeds? Give a reason for your answer.

Answers may vary. In general, the more seeds a pod has, the better is the chance that some of 

them will land in suitable growing places.

3. Why might having large leaves be a harmful characteristic for a desert plant?

Answers may vary. Desert plants need to conserve water, and leaf surfaces lose a lot of water in 

very hot conditions.

◆ More to Explore

Investigate variations that occur in the lengths of peanut shells. Make your
measurements and graph the results as you did in the previous part of this lab.
Do you think that all organisms of the same species show variation in all of their
traits? Give a reason for your answer. CAUTION: Do not eat the peanuts.

The results for peanuts should be similar to the variations found in the lima bean, leaf, and hand
studies. Sample size will influence results. All organisms of the same species show variations in
different traits. Heredity and environment both affect how traits vary.
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VARIATION IN A POPULATION (continued)

Students with severe allergies to peanuts should not participate in
this activity.
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Adaptations of Birds

◆ Pre-Lab Discussion

Whether you are in an open meadow, a city park, or your own backyard, you are
likely to hear the sounds of birds. There are many different bird species, and each
has special adaptations to its environment. For example, birds can have different
types of feathers. These feathers, which are actually modified scales, provide insu-
lation and balance. Birds also have bills or beaks of various shapes and sizes. The
shapes of bills are adaptations to the different kind of foods found in the birds’
environment.

The feet of birds are also adapted to specific environments. In addition to walking
and running, birds’ feet are used for gripping and tearing food, climbing, and
swimming. The shape and size of the feet determine how well a bird can perform
these tasks within its specific environment.

In this investigation, you will examine how birds’ bills and feet help them survive
in their environment.

1. What are some types of food that birds eat? 

Birds eat seeds, fruit, plants, worms, small animals and fish, nectar, insects, and so forth.

2. In addition to eating, what are other functions of birds’ bills?

Bills are also used for protection, building nests, and preening feathers.

◆ Problem

How have birds adapted to living in different environments?

◆ Materials (per class)

30 petri dishes
4 bags of different seeds or seedlike materials, such as 

sunflower seeds, popcorn, lima beans, or couscous
6 different hand tools
clock or watch with a second hand

◆ Safety Review the safety guidelines in the front of your lab book.

Use caution in handling pointed or sharp tools. Keep seeds in containers at all times
to prevent spills and accidents. Do not eat seeds. Wash hands after handling seeds.

L A B  1 9 L A B O R A T O R Y  I N V E S T I G A T I O N
Key Concept: Bills and feet of birds are adapted
to different environments.

Skills Focus: Modeling, observing, inferring,
predicting, classifying

Time Required: Part A: 40 minutes; Part B and
Part C: 40 minutes

Advance Preparation: Have students
bring in tools for modeling bills. Tools
could include a variety of pliers,
spring-type clothespins, cable clips,
handheld vises, wire clips, tweezers,
kitchen tongs, chopsticks, spoons,
and craft sticks.

Alternate Materials: Use jar lids
instead of petri dishes.
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◆ Procedure

Part A: Modeling Bills

1. CAUTION: Handle pointed or sharp tools carefully. There are several stations
around your classroom. At each station you will find the following: a tool; four
petri dishes, each filled with a different type of seed; and an empty petri dish.
The tools will be used to model the effectiveness of different bill shapes in
picking up seeds. Each station has a different tool-bill. Visit each station briefly
and examine the different tool-bills and seeds.

2. Predict which tool-bill will work best to pick up each type of seed. Give a
reason for your prediction.

Seed 1  Answers will vary. Reasons for predictions may include the tool-bill being easy to 

Seed 2  manipulate; broad tool-bills that come to a point may make picking up

Seed 3  individual seeds easier; and serrated edges aid in holding on to the seeds.

Seed 4  

Predict which tool-bill will be the worst at picking up each type of seed. Give a
reason for your prediction.

Seed 1  Answers will vary. Reasons for predictions may include the tool-bill being awkward to

Seed 2  manipulate; broad, blunt tool-bills may not be able to pick up individual seeds effectively;

Seed 3  and narrow, pointed, smooth tool-bills may lead to dropping the seeds.

Seed 4  

3. Go to one station and practice using the tool-bill to pick up the
different seeds. Pick up one seed at a time. Each petri dish contains
only one type of seed. Be sure not to mix the seeds in the petri
dishes. Use either one or both hands to hold the tool-bill. Everyone
in the group should practice using the tool-bill.

4. While a classmate times you, use the tool-bill to pick up as many
seeds from the Seed 1 dish as you can within 30 seconds. Pick up only one seed
at a time and place it into the empty petri dish. Count how many seeds you
pick up within 30 seconds and record this number in Data Table 1 on the next
page. When your time is up, return the seeds to the Seed 1 dish. Everyone in
the group should take a turn at picking up as many seeds as possible from the 
Seed 1 dish.

5. Repeat Step 4 for the other three types of seeds at the station. Calculate the
average number of seeds picked up by your group within 30 seconds for each
type of seed. Record the averages in your data table.

6. Repeat Steps 3–5 at each station. Record your data in Date Table 1.

[Part A; Step 3] Students could time each other or you could have all students pick up as many
seeds with their tool-bills as they can during 30 seconds, while you time them.
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ADAPTATIONS OF BIRDS (continued)
Teaching Tips: [Part A; Step 1] Set up and
number 6 stations in the classroom, with a differ-
ent tool at each station. Each station should
have 5 dishes: 4 dishes, each of which contains
25 seeds of one type; the fifth dish is empty. 

Remind students to
control variables by using
the same physical proce-
dures each time, for
example, always using
the dominant hand.
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◆ Observations

Part A

Data Table 1: Number of Seeds Picked up in 30 Seconds

Station Number Tool

Station Number Tool

Station Number Tool
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ADAPTATIONS OF BIRDS (continued)

Student Name Seed 1 Seed 2 Seed 3 Seed 4

1.

2.

3.

4.

Average Number of Seeds

Student Name Seed 1 Seed 2 Seed 3 Seed 4

1.

2.

3.

4.

Average Number of Seeds

Student Name Seed 1 Seed 2 Seed 3 Seed 4

1.

2.

3.

4.

Average Number of Seeds
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Station Number Tool

Station Number Tool

Station Number Tool
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ADAPTATIONS OF BIRDS (continued)

Student Name Seed 1 Seed 2 Seed 3 Seed 4

1.

2.

3.

4.

Average Number of Seeds

Student Name Seed 1 Seed 2 Seed 3 Seed 4

1.

2.

3.

4.

Average Number of Seeds

Student Name Seed 1 Seed 2 Seed 3 Seed 4

1.

2.

3.

4.

Average Number of Seeds
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1. List the tool-bills in order of effectiveness at picking up each type of seed.
Begin with the most effective tool and end with the least effective.

Seed 1  Answers may vary. Accept all reasonable answers. Tools that were compact enough to 

Seed 2  easily handle and in which the tips come together to a point may seem to be the

Seed 3  best at picking up individual seeds.

Seed 4  

2. Were some tool-bills more effective at picking up a certain type of seed than other
tool-bills? Name the tool-bills and which seeds they picked up more effectively.

Answers may vary, depending on the tools and seeds chosen. If seeds vary significantly in size 

and shape, students will notice a greater difference in the effectiveness of certain tools among 

the types of seeds. Accept all reasonable answers.

3. Were some tool-bills effective at picking up a variety of seeds? If so, name them.

Some tool-bills will probably be effective at picking up a variety of seeds; others will be more 

specialized.

Part B: Examining Bird Beaks and Feet
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ADAPTATIONS OF BIRDS (continued)

1. House finch

2. Hummingbird

4. Osprey
5. Rhea

6. Woodpecker

3. Mallard duck

Figure 1

To reduce class time, assign either Part B or Part C
for homework.
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◆ Procedure

Part B: Examining Bird Beaks and Feet

1. Examine and compare the shape and size of each bird’s bill in Figure 1. Use the
following list to infer the likely structure and function of the bill for each bird.
Record this information in Data Table 2.

• Straight and pointed: used as a chisel to drill trees 

• Flat and broad: used to strain algae and small organisms from water

• Massive and hooked: used to tear flesh

• Short and stout: multipurpose; used to eat insects, seeds, and small crustaceans 

• Long, fine, pipelike tube: used to obtain nectar from flowers

2. Examine and compare the feet of the birds in Figure 1. Use the following list 
to determine the number and position (front or back of the foot) of the toes
and to infer the function of the feet for each bird. Record this information in
Data Table 3 on the following page.

• Climbing foot: four toes; two toes in front and two toes in back for support
when climbing upward to prevent falling backward 

• Grasping foot: four toes; two in front and two in back; large, sharp 
curved claws 

• Perching foot: four toes; three front toes and one back toe that can hold on to
a perch tightly

• Running foot: two to three toes rather than four

• Swimming foot: four toes; three in front and one in back; webbed feet that
act as paddles

◆ Observations

Part B

Data Table 2
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ADAPTATIONS OF BIRDS (continued)

Bird Structure of Bill Function of Bill

1. House finch short and stout cracking seeds

2. Hummingbird fine, pipelike obtain nectar from flowers

3. Mallard duck flat and broad strain food from water

4. Osprey massive and hooked tear flesh

5. Rhea short and stout multipurpose

6. Woodpecker long, straight, and pointed chisel trees
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Data Table 3

◆ Analyze and Conclude

1. How do your results for the tool-bills compare with your predictions? Give
possible reasons for differences.

Accept all reasonable answers. Students may be surprised that a bill that easily picked up one 

type of seed was ineffective with other seed types.

2. Based on the information you have gathered, describe what a bill that can
effectively pick up and crack small seeds might look like.

Answers should reflect the data collected in Part A. The bill might come to a point and be 

broad. It would most likely be compact to increase control.

3. If a bird has grasping feet and a large hooked bill, what might the bird eat?
Explain your answer.

This bird would probably eat animals, such as fish, small rodents, snakes, and small mammals. 

The feet are adapted to holding prey, and the bill is adapted to tearing flesh.

◆ Critical Thinking and Applications

1. Why would a woodpecker probably be unsuccessful at depending on small
mammals for food?

The relatively thin toes of the woodpecker might make it difficult to hold and kill its prey. The 

straight, narrow beak would not be very useful for tearing the prey’s flesh.

2. What advantage might a bird that is able to eat a variety of seeds have over a
bird that can eat only one type of seed?

During times when seeds are scarce, the bird that can eat a variety of seeds can switch to 

alternatives while the other bird may not be able to obtain enough food to survive.
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ADAPTATIONS OF BIRDS (continued)

Bird Number of Toes Toe Positions Function

1. House finch 4 3 in front; 1 in back perching

2. Hummingbird 4 3 in front; 1 in back perching

3. Mallard duck 4 webbed 3 in front; 1 in back swimming

4. Osprey 4 3 in front; 1 in back grasping

5. Rhea 3 3 in front running

6. Woodpecker 4 2 in front; 2 in back climbing
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3. A bird has been sighted in a mountainous area, where it lives at high altitudes and
low temperatures. There are few, if any, trees and food sources are limited. Only
sagebrush and some grass grow up through the mostly snow-covered land. Most
likely, the bird would spend a lot of time on the ground, as does the ptarmigan,
with three toes in front and a large toe in back for balance. What might a bird in
this environment eat? What might its beak and feet look like? Explain your answer.

A bird in a mountainous area would most likely have a multipurpose bill, which is short and 

stout for eating anything that is available, such as insects, seeds, and young vegetation growing 

out of the snow-covered ground. The bird might also have feathers on its feet for insulation from 

the cold. 

◆ More to Explore

Using the information below and the previous activity, draw the beaks and feet of
the following birds in the spaces provided. If you like, use your imagination to
draw the whole bird as well. To the left of each illustration, explain your drawing.
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ADAPTATIONS OF BIRDS (continued)

Bird A lives in a South American tropical forest and eats
nuts, seeds, and fruit. This bird makes nests in holes in
trees and has been seen gathering on a cliff of salty clay
to lick minerals.

Bird B is a songbird that sits in the trees of India and
Malaysia. This bird eats flower nectar as well as insects.
Sometimes it hovers before tube-shaped flowers and
reaches into them with its long tongue. But when it
feeds from large blooms, it pierces the petals to reach
the nectar at the base.

Bird A describes a macaw, the largest of the parrots.
Based on the information given, students should have
drawn a bird with a short, stout beak. The top beak over-
hangs the lower beak somewhat. The feet are used for
climbing—both trees and cliffs. This bird has four toes—
two toes in front and two toes in back for support when
climbing. Students may have also given this bird colorful
plumage because many tropical birds are colorful.
Macaws are brilliant red, blue, yellow, or green.

Bird B describes a yellow-backed sunbird. It has a long,
pipelike, curved beak for reaching into flowers. The bill is
pointed at the end for piercing hibiscus and other large
blooms. Sunbirds have four toes—three in front and one in
back—for perching on tree branches. Once again, this
bird is colorful. The male is green, yellow, and red.
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