
804 N. 2nd Ave. E.
Rock Rapids, IA 51246-1759

800-622-3070
www.aop.com

SCIENCE
STUDENT BOOK

8th Grade | Unit 10



SCIENCE 810 

LIFEPAC Test is located in the 
center of the booklet. Please 
remove before starting the unit.

Science And Technology
INTRODUCTION |3

1.  BASIC SCIENCE 5
SCIENCE SKILLS |6
CHARACTERISTICS OF MATTER |11
MATTER IN CHANGE |22
SELF TEST 1 |27

2.  PHYSICAL SCIENCE 29
FORMS OF ENERGY |30
MAGNETS AND ELECTRICITY |39
MACHINES AT WORK |50
SIMPLE MACHINES |53
SELF TEST 2 |56

3.  LIFE SCIENCE 59
NUTRITION |60
HEALTH |62
BALANCE IN NATURE |64
JOBS AVAILABLE IN HEALTH SERVICES |68
SELF TEST 3 |70

4.  VOCATIONS IN SCIENCE AND TECHNOLOGY 73
TECHNOLOGY TODAY AND TOMORROW |73
ASSETS AND LIABILITIES |76
FINDING A JOB |77
SELF TEST 4 |80

Unit 10 | Science And Technology

Section 1 |1



804 N. 2nd Ave. E. 
Rock Rapids, IA 51246-1759

© MCMXCVI by Alpha Omega Publications, Inc. All 
rights reserved. LIFEPAC is a registered trademark of 
Alpha Omega Publications, Inc.

All trademarks and/or service marks referenced in this material are the property of their respective 
owners. Alpha Omega Publications, Inc. makes no claim of ownership to any trademarks and/
or service marks other than their own and their affiliates, and makes no claim of affiliation to any 
companies whose trademarks may be listed in this material, other than their own.

Author:    
Hilda Bruno, M.A.

Editor-In-Chief: 
Richard W. Wheeler, M.A.Ed 
Editor: 
Mary L. Meyer 
Consulting Editor: 
Harold Wengert, Ed.D 
Revision Editor: 
Alan Christopherson, M.S

Westover Studios Design Team: 
Phillip Pettet, Creative Lead 
Teresa Davis, DTP Lead 
Nick Castro 
Andi Graham 
Jerry Wingo 
Don Lechner

Science And Technology | Unit 10

2| Section 1



Objectives
Read these objectives. The objectives tell you what you will be able to do when you have successfully com-
pleted this LIFEPAC. When you have finished this LIFEPAC, you should be able to:

1.  Compare science of the past to science of the 
present.

2.  Explain the scientific method.
3.  Calculate measurements in the metric system.
4.  Describe the characteristics of matter and  

matter in change.
5.  List examples of potential and kinetic energy 

and show work accomplished.
6.  Explain the forms of conversion of energy.
7.  Describe magnetism and its relation to electricity.
8.  List vocations available in science and technol-

ogy dependent on electricity.
9.  Explain the meaning of work scientifically and in 

view of Christian responsibility.

10.  List simple machines and explain each in terms 
of examples from daily life.

11.  Explain how the human body functions like a 
machine.

12.  Tell how we must care for our body as “the tem-
ple of God.”

13.  List job opportunities in the life sciences.
14.  Describe the balance and disruptions of nature 

and state your place in the universe.
15.  Describe vocational opportunities in science 

and technology.
16.  Develop techniques for working out a career 

plan.

We are blessed with a natural curiosity that may 
lead us into strange places. This curiosity stimulates 
questions and a search for answers. When the study 
of natural and physical things in the world is con-
ducted in an orderly fashion, we arrive at a scientific 
conclusion. When the conclusion is applied in a 
practical way, it is technology. In Science LIFEPACs 
801 through 809, you have studied science and 
technology. These two areas are the basis for many 
types of jobs and gratifying careers.

Even before God closed off the garden of Eden, God 
told Adam and Eve to keep the garden; He told them 
to work. The Bible becomes even more emphatic 
about this instruction in 2 Thessalonians 3:10. The 
apostle Paul wrote to God’s people, “…if any would 
not work, neither should he eat.” God expects us 
to work, but He provides a reward if we work well. 
Jesus said in Luke 10:7 that “…the labourer is worthy 
of his hire.”

You are old enough to think seriously about plans 
for your future. Ask God to open your eyes to all the 
possibilities and to guide you. In the next ten years, 
the number of people expected in the work force is 
greater than the number of jobs anticipated. Do you 
think you should quit school as soon as you can so 
you can jump into the competition for a job? Voca-
tional analysis in government, industry, and labor 
say a loud “No.” Employers are becoming more 
careful in their hiring practices. The better qualified 
applicant will get the job.

You have not had enough education or experience 
to decide on a vocation now. In this LIFEPAC®, we 
shall review the science you have studied, we shall 
consider technology, and we shall try to make per-
sonal career choices. Practical application of science 
principles will be made to help you. Ask God’s help 
each time you open this LIFEPAC. He will guide your 
thinking and planning.

Science And Technology

Introduction
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Survey the LIFEPAC. Ask yourself some questions about this study and write your questions here.

_________________________________________________________________________________________________________ 

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________ 

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________

_________________________________________________________________________________________________________
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1.  BASIC SCIENCE
Vocations in science today require certain 
general skills. You must work according to the 
scientific method, record findings carefully and 
in order, and develop skill in mathematics and 
measurements.

Proficiency in general scientific skills is excel-
lent, but it will not guarantee a job for you. You 
must develop two personal skills, adaptability 
and resiliency. If you are willing to accept cir-
cumstances and move along with good humor 

when things do not work out just as you desire, 
your chance for success is good. Putting road 
blocks in front of us is one way God directs us 
to do His will. He also wants us to be perse-
vering and to stick with the task if we are con-
vinced it is what God wants us to do.

The earth and all that is in it was created by 
God. To understand the world around us 
requires a basic understanding of the smallest 
particles of matter.

SECTION OBJECTIVES

Review these objectives. When you have completed this section, you should be able to:

1.  Compare science of the past to science of the present.

2.  Explain the scientific method.

3.  Calculate measurements in the metric system.

4.  Describe the characteristics of matter and matter in change.

VOCABULARY

Study these words to enhance your learning success of this section.

adaptability (u dap tu bil’ u tē). Power to change easily to fit different conditions.

anthracite (an’ thru sīt). A coal that burns with very little smoke or flame; hard coal.

bituminous (bu tü’ mu nus). Coal that burns with much smoke and yellow flame; hard coal.

chemical formula (kem’ u kul fôr’ myü lu). An expression showing by symbols and figures the 
composition of a compound.

electrolysis (I lek trol’ u sis). The decomposition of a chemical compound by the passage of an 
electrical current through a solution of the compound.

electroplate (I lek’ tru plāt). To cover with a coating of metal by means of electrolysis.

experiment (ek sper’ u munt). To try to find out; make trials, tests.

investigate (in ves’ tu gāt). To search into; examine closely.

ion (ī un). An electrically charged particle.

isotope (ī’ su top). Any of two or more forms of a chemical element having the same chemical 
properties and same atomic number but different atomic weights.

molecular structure (mu lek’ yu lur struk’ chur). Manner in which the atoms of a particular mole-
cule are attached to one another.

obsolete (ob’ su lāt). No longer in use; out-of-date.
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SCIENCE SKILLS
Aristotle is given credit for being the first to use 
an orderly system in his study of plants and 
animals. He did not investigate to see if his 
findings were true. Therefore, he is not thought 
of as a true scientist.

Meaning. Science comes from the Greek word 
meaning to know or to discern. Discern means 
to perceive and to separate things out mentally. 
Perceive means to recognize differences by the 
senses. With our minds and senses we must dis-
tinguish between facts. The meaning of science 
has changed through the years from its original 
Greek meaning of to know to a systematized 
knowledge derived from observation, study, and 
experimentation.

Method. Since we have added to our original 
meaning of science, we must practice ways of 
developing systematized knowledge, recording 
observations, and experimentation. To know 
what we are doing, we must develop personal 
study skills. The scientific method is a skill the 
prospective scientist must master.

In Science LIFEPAC 801, you learned the nine 
steps of the scientific method: (1) choose a 
problem, (2) state what you think is the proba-
ble solution to the problem, (3) research what 
other scientists have done to solve the prob-
lem, (4) experiment to prove or disprove your 

hypothesis, (5) state the hypothesis again as a 
theory, (6) if wrong, state a new hypothesis, (7) 
write a paper on what you did to prove your 
hypothesis, (8) change your hypothesis if it is 
proved wrong, and (9) state the theory as a law.

As a young scientist, you will not do all the 
steps of the scientific method, but you will have 
to practice how to observe, to investigate, and 
to experiment. A standard way of keeping 
records will help you to be accurate and com-
plete. You will use the Science Record. Be sure to 
distinguish between an observation, an investi-
gation, and an experiment.

proficiency (pru fish’ un sē). Knowledge; skill, expertness.

prospective (pru spek’ tiv). Looking forward to the future.

residue (rez’ u dü). What remains after a part is taken; remainder.

resiliency (ri zil’ e un sē). The power of springing back; buoyancy, cheerfulness.

structure (struk’ chur). In chemistry the manner in which atoms making up a particular molecule 
are attached to one another.

subscript (sub’ skript). Written underneath or low on the line.

Note: All vocabulary words in this LIFEPAC appear in boldface print the first time they are used. If you are not sure of the 
meaning when you are reading, study the definitions given.

Pronunciation Key: hat, āge, cãre, fär; let, ēqual, tėrm; it, īce; hot, ōpen, ôrder; oil; out; cup, pu·t, rüle; child; long; thin; 
/ŦH/ for then; /zh/ for measure; /u/ represents /a/ in about, /e/ in taken, /i/ in pencil, /o/ in lemon, and /u/ in circus.

�	observation: the practice of 
noting and recording facts and 
events

�	investigation: a careful system-
atic search to learn facts

�	experiment: a test to discover 
something not yet known or  
       demonstrate something 
          known

The Scientific Method
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 Complete this activity.

1.1 List the nine steps of the scientific method in order.

a.  _______________________________________ b.  ______________________________________________

c.  _______________________________________ d.  ______________________________________________

e.  _______________________________________ f.  ______________________________________________

g.  _______________________________________ h.  ______________________________________________

i.  _______________________________________

Match these items.

1.2  ________ heating ice to change to water and to steam a.  observation

1.3  ________ noticing that the building is tall  b.  investigation

1.4  ________ watching birds fly c.  experimentation

1.5  ________ listing colors of birds in your back yard

1.6  ________ using a thermometer to find temperature of boiling water

1.7  ________ counting the people walking through the hallway

1.8  ________ using a crowbar to open a wooden box
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SCIENCE RECORD

Observation #  __________________________ Name  _______________________________________

Investigation #  _________________________ Date  ________________________________________

Experiment #  ___________________________

 Problem:  _________________________________________________________________________________

 Materials:  ________________________________________________________________________________

 Method:  __________________________________________________________________________________

 Result:  ____________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________

 Conclusion:  _______________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________

b.  Place Statement 1 in the correct blank.

c.  Place Statement 2 in the correct blank.

d.  Place Statement 3 in the correct blank.

e.  Place Statement 4 in the correct blank.

f.  Write your own results based on the  
information given.

g.  Write your own conclusion based on the 
information given.

Statements
1.  Has science advanced since Aristotle? How?

2.  Science LIFEPAC 801, an encyclopedia, or 
online resource.

3.  Read A BRIEF HISTORY OF SCIENCE from 
Science LIFEPAC 801 or an article about the 
history of science in an encyclopedia  
or online resource.

4.  Many people contributed to the  
advancement of science.

 Complete this investigation.

1.9 Complete the following Science Record (SR) by writing your name and the date.
a.  Number the Science Record. Future ones will be numbered consecutively  

(2, 3, and so forth).

Science And Technology | Unit 10
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Measurement. The metric system is used by 
scientists all over the world. The modern metric 
system is known as the International System 
of Units. The name International System of 
Units with the international abbreviation SI 
was given to the system by the General Confer-
ence on Weights and Measures in 1960. Most 
countries except the United States, which still 
uses the English system, have converted all 
measurements to metric units. Great Britain, 
from whom we got the English system, uses 
the metric system. Canada put metric measure-
ments on the highway speed and distance signs 
in 1977. In some parts of the United States, 
you will find signs showing two measurements, 
English and metric.

Although President Ford signed the Metric 
Conversion Act in 1975 and in 1977 President 
Carter named the United States Metric Board 
to plan the voluntary conversion to metric, 
the United States has still not converted to the 
metric system. However, all foreign countries 
use the metric system. Therefore, all indus-
tries making engines and other equipment 
made to be sold in foreign countries will use 
metric. Farmers, housewives, and everyone 
using things produced in foreign countries 
and the United States will need to know met-
ric to use and repair these metric items. This 

international usage requires that everyone 
learns how to use the metric system. 

There are many reasons why the SI system has 
not been fully adopted in the U.S. Schools will 
have to provide special courses for teaching 
metrics. Metric tools for measuring will have 
to be bought; tools used to build things and to 
repair things will have to be changed to met-
rics. Everything will have to be relabeled. Key-
boards may have to be changed. Conversion 
will cost money and prices will go up. Because 
of this cost and inconvenience, the voluntary 
conversion to the metric system has not been 
successful.

The conversion to metrics has been slow in the 
United States. However, if you are interested 
in science or technology as a career, you must 
learn to work with metric. 

The metric system is a preferred form of mea-
surement because the units have a uniform 
scale of relationship–the decimal. The main 
units are the meter for length, liter for volume, 
and kilogram for mass. In metrics, temperature 
is measured in degrees Celsius. The thermome-
ter is divided into 100 degrees from freezing (0) 
to boiling (100). The units of the metric system 
are consistent with multiples of ten and have 
uniform names.

 Write the prefix to the word and the abbreviation in the blanks. You may review Science 
LIFEPAC 801 or consult an encyclopedia for this activity.

 Prefix Abbreviation

1.10  ____________   gram  =  1,000 grams  __________________

1.11  ____________   gram  =  100 grams  __________________

1.12  ____________   gram   =  10 grams  __________________

1.13  ____________   gram   =  1 gram  __________________

1.14  ____________   gram   =  0.1 gram  __________________

1.15  ____________   gram  =   0.01 gram  __________________

1.16  ____________   gram   =   0.001 gram  __________________
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 Complete this chart for the meter.

Name Number of Meters Abbreviation
1.17 =

1.18 =

1.19 =

meter = 1 meter m
1.20 =

1.21 =

1.22 =

Answer these questions.

1.23 In what practical ways will a conversion to metrics make a difference in our lives? Name five.

a.  _______________________________________ b.  ______________________________________________

c.  _______________________________________ d.  ______________________________________________

e.  _______________________________________ 

1.24 What is the maximum speed limit in metric and English units?

a.  _______________________________________ metric

b.  _______________________________________ English

TEACHER CHECK
initials dateMPH KM/H

88
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CHARACTERISTICS OF MATTER
John Dalton of England proposed his atomic 
theory in 1808. He thought the atom was like 
a saucer. Today, we know the electrons are 
whirling around the nucleus in different orbits 
at different levels. Understanding both the 
hugeness of the universe and the tiny details 
of the atom is a difficult task. God has written 
a mystery in the heavens and on earth that 
challenges our imagination and keeps us look-
ing for answers to our questions. The orderli-
ness of both the universe and the atom is an 
excellent example of pure science. Because of 
this orderliness, matter can be described and 
classified by its properties.

Properties of matter. Matter is a substance 
you can identify with your five senses. You test 
it for appearance, odor, touch, taste, mass, 
volume, and so forth. All materials have char-
acteristics and can be recognized by these 
characteristics.

Human beings are constantly testing for the 
properties of matter. A baby reaches for an 
object; later he touches it; and then he recog-
nizes color, shape, and form. Soon a child adds 
the use of other senses. Through his observa-
tions the child, and later the adult, learns that 
things have size, take up space, and have mass. 
The general characteristics of color, odor, taste, 
hardness, brittleness, luster, and form are 
observed. These characteristics are called the 
physical properties of matter.

Can you identify a rock by its physical charac-
teristics? Select a specific rock specimen. Exam-
ine it. You may find it is not as hard as most 
rocks. Perhaps the rock is very black. Small 
chips fall off and seem to have a definite struc-
ture. Rubbing the rock makes your hands black. 

The peculiar odor is familiar to you. You decide 
it is coal. If you have had any experience with 
coal, you know it must be bituminous, or soft 
coal.

Anthracite, or hard coal, usually does not rub 
off on your hands easily. You have decided it is 
a solid and have, therefore, eliminated liquid 
or gas as a form. The piece of coal is part of a 
truckload of coal delivered for your fireplace. 
The half ton your father ordered takes up space 
and must be stored. The pile of coal has mass 
and volume. By finding the density of the coal 
with the formula mass divided by volume, you 
can learn another property. Compare the piece 
of coal to another rock of equal size, and you 
might be able to compare the density. A review 
of Science LIFEPAC 802 will give some help with 
this problem. If both rocks have a volume of 40 
cm3, the coal weighs 120 g, and the other rock 
weighs 160 g, which has the greater density?

To find the density of an unknown object, find 
the mass of the object first. Place a beaker or 
cup in another dish that can catch the overflow 
water. Fill the beaker or cup with water to the 
top. Drop your unknown object into the water 
and catch the overflow. Measure the overflow 
with the graduated cylinder. Remember, the 
curved surface of the liquid in a graduated 
cylinder is read at the bottom. How many cm3 is 
it? Divide the mass in grams by the cm3 and you 
will know the density of your object.

When the density of an object is less than the 
fluid it is floating in, the fluid beneath the object 
exerts an upward push or force called buoy-
ancy. Density and buoyancy are special proper-
ties of matter.

Unit 10 | Science And Technology
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 Try this investigation.

These supplies are needed:

�	6 unidentified items in a 
box

�	beaker or cup
�	dish to catch water

�	graduated cylinder
�	magnet

Follow these directions. Put a check in the box when each step is completed.

�	1.  Select a partner to work with you. Partner’s name _________________

�	2.  Ask the teacher for the box of unknown items.

�	3.  Use the Science Record form.

�	4.  Number the SR form as Experiment #1.

�	5.  Write the problem: How can unknown objects be identified by their physical 
properties?

�	6.  Complete the SR form as you make tests on the unknown objects. 
Keep careful, accurate records. The six items in box should be tested 
by using the senses, finding the mass and density, observing mag-
netic properties, and so forth. A good attempt should be made 
to identify each object. Identification is good, but the manner 
of conducting the experiment and writing up the information is 
more important.

Physical Properties Experiment
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TEACHER CHECK
initials date

SCIENCE RECORD

Observation #  __________________________ Name  _______________________________________

Investigation #  _________________________ Date  ________________________________________

Experiment #  ___________________________

 Problem:  _________________________________________________________________________________

 Materials:  ________________________________________________________________________________

 Method:  __________________________________________________________________________________

 Result:  ____________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________

 Conclusion:  _______________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________
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 Complete these sentences.

1.25 Paper and cork float on water because they have low ___________________ .

1.26 The water underneath the floating object exerts a push or force called 

______________________ that holds it up.

1.27 The metric temperature scale is called ______________________ .

1.28 The curved surface of the liquid in a graduated cylinder is read at the _____________________ .

1.29 The characteristics of the properties of matter can be determined by  _______________________ 

 ______________________________________________________________________________________________  

 ______________________________________________________________________________________________  

 ______________________________________________________________________________________________

Organization of matter. Water is the most 
plentiful substance on earth. The sea covers 
three-fourths of the earth. More water is 
trapped in glaciers and the icecaps of the North 
Pole and South Pole. The cause of water short-
ages has been the increased use of water by 
people and industry. We need to find ways to 
get water to the place where it is needed when it 
is needed. 

Considering the amount of water on earth, 
a water shortage is difficult to understand. If 
you have a pail of water and pour it out until 
none is left in the pail you would say it is all 
gone. Although the pail seems to be empty, 
turn it upside down and a few more drops will 
run out. Now you are sure you have used the 
last particle of the water! Rub your finger over 
the inside surface of the pail and droplets of 
moisture cling to your finger. The pail will not 
be completely empty until the last molecule of 
water has been removed.

The molecule is the smallest particle of matter 
and its structure identifies the substance. We 
can split each molecule of water into separate 
elements, but then it is no longer water. By 
passing an electric current through water, two 
gases are formed. When the gases are collected 
and tested, they are found to be hydrogen and 

oxygen. This procedure verifies the chemical 
formula we use for water, H2O. The amount 
of hydrogen collected is twice the amount of 
oxygen, as shown in the formula. Two atoms of 
hydrogen and one atom of oxygen are found in 
every molecule of water. 

In future scientific studies, you will probably 
do an experiment passing electric current 
through water. The positive ions are attracted 

+ –
Oxygen Gas Hydrogen Gas

Figure 1 | Electrolysis of Water
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to the negative pole, and the negative ions are 
attracted to the positive pole. The water mol-
ecules split into hydrogen and oxygen gases. 
Bubbles of the gases will collect in the test 
tubes (see Figure 1). This process is known as 
electrolysis.

A practical use of electrolysis is electroplating. 
The object to be plated is attached to the pos-
itive (see Figure 2). The solution is made up of 
metal. The electric current separates the metal 
of the solution and coats it on the item to be 
plated.

+ –

Silver Cyanide Solution

Object
to be
Silver
Plated

Silver Bar

Figure 2 | Electroplating
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TEACHER CHECK
initials date

 Try this investigation.

These supplies are needed:

�	dish �	ammonia

Follow these directions and answer the questions. Put a check in the box when each step is 
completed.

�	1.  Record the time as you place a dish in a draft-free corner of the room. Pour 
enough ammonia in the dish to cover just the bottom. Close the bottle of ammo-
nia. Be sure no ammonia spills on your hands or clothes.

�	2.  Move ten feet away from the dish. Record the time you begin to smell the 
ammonia.

1.30 Do you smell ammonia? _____________

1.31 At what time did you smell the ammonia?  ________________________________________________  

 ___________________________________________________________________________________________

1.32 How long did it take to reach you?  _______________________________________________________

OPTIONAL. Try this investigation at home with other liquids that have a strong odor, such as 
cleaning solutions, fingernail polish, spoiled eggs, and so forth. Try to find the speed the odor 
travels at different distances. Record the different times at different distances. No other compu-
tation is necessary. Write up each trial on a Science Record. Make your own form as you write 
up the trials using the divisions as given in the Science form. From now on, you will make your 

own Science Record forms.

Diffusion Experiment
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 Match these items.

1.33  ________ keeps molecules together a.  atom

1.34  ________ small particle of matter b.  cubic centimeter

1.35  ________ unit of measure c.  electroplating

1.36  ________ break down water using d.  theory 

electricity e.  attraction

1.37  ________ measure amount of water f.  molecule

1.38  ________ practical use of electrolysis g.  graduated cylinder

1.39  ________ found in molecules h.  electrolysis

The traveling smell of the ammonia shows us 
that the molecules of the ammonia gas travel 
through the air and move between the air mol-
ecules that fill the room. Molecules of the air 
are different from the molecules of ammonia. 
They have different characteristics.

If you hit a nail with a hammer, the nail may 
bend or flatten, but it is still a nail. The flat-
tened nail has the same molecular structure 
that it had before you struck it. The molecules 
have an attraction for each other that holds 

them together. In such ways God provides the 
bonds that hold the universe in place. We have 
learned four basic facts about matter:

1.  Matter is made up of very small particles 
called molecules. 

2.  Each kind of matter has its own kind of 
molecules.

3.  Molecules are in quick and perpetual 
motion.

4.  Molecules attract each other.

The water molecule. During the process of 
water electrolysis, hydrogen and oxygen were 
obtained. The two gases separated. The individ-
ual gases are combustible if ignited and would 
explode. Water is a noncombustible substance 
used to put out fires. Therefore, we see that 
atoms have special characteristics that are not 
the same as the molecules in which they are 
found. After the explosion, we would find mois-
ture. The water had reappeared.

The close partnership of atoms to form mol-
ecules is known as molecular structure. This 
structure is demonstrated in drawings or by 
making models as shown in Figure 3.`

Figure 3 | Water Molecule

xx

8 p
8 n

1p 1p

hydrogen hydrogen

oxygen
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 Complete this activity. You will need styrofoam balls and pipe cleaners. Make models of 
water (H2O), sand (SiO2), and salt (NaCl) by connecting the styrofoam balls with pipe cleaners. 
Mark each ball with the symbol of the element it represents. The connection point of the ball 
and pipe cleaner represents the shared electrons. (Example: In CO2 each oxygen atom shares 
two of carbon’s electrons to complete the outer orbits.) After you have made the models, sketch 
them in the spaces.

1.40 water molecule 1.41 sand molecule

1.42 salt molecule

Molecular Structure Experiment
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Discovering the atom. Greeks in about 400 
B.C. identified what they thought was the small-
est particle of matter. They called it the atom, 
which means without a cutting. The discover-
ies of the twentieth century have made great 
changes. Lord Ernest Rutherford in 1911 built 
the first model of the interior of the atom. It 
had a nucleus with electrons whirling about it. 
In 1913 Niels Bohr, a Danish chemist working in 
Rutherford’s laboratory, found that the elec-
trons keep certain paths or orbits around the 
nucleus. For this discovery he won the Nobel 
Prize in 1922. We have found more elements 
in recent years and talk about other particles 
discovered in the atom. Positrons are important 
in the theory of nuclear reactions and changing 
one element into another. Mesons were first 
discovered in cosmic rays and have since been 
produced artificially. Neutrinos are believed to 
account for certain nuclear reactions. Deuteron 
is the nucleus of heavy hydrogen and is used 
for bombarding nuclei. The new discoveries are 
but a part of what has been learned in recent 
years about the atom and molecule. Investi-
gation continues. As you read this LIFEPAC, 
scientists are talking about atoms. New conclu-
sions are being made that will make this infor-
mation about atoms and molecules partially 
obsolete. Much of the push to accomplish this 
research has come from the study of nuclear 
energy. As scientists worked to release the 
energy from the atom, they discovered a great 
deal about the atom. These discoveries led 
to the first chain reaction in uranium and the 
release of energy that could be put to use. The 
program of research that led to this finding was 
designed to create an atomic bomb.

Discovering elements. The things about us 
are composed of elements in such a form that 
we can see them. Elements are substances 
that have only one kind of atom. Aristotle 
said matter was made of four elements, earth 

water, air, and fire. Today, we know that not 
one of the four is an element. They are com-
pounds or mixtures. Ninety-two different kinds 
of atoms occur naturally and scientists have 
made even more. Isotopes of some elements 
have been observed; therefore, today we know 
of at least 109 elements. Although Aristotle was 
not correct, he led the world in its search for all 
the basic elements.

Elements exist in the three forms of matter: 
solid, liquid, or gas. You have probably used 
many elements, such as gold, silver, copper, 
oxygen, helium, mercury, and iodine. When two 
or more elements are joined together, they are 
called compounds. Since they are chemically 
joined together, they are difficult to separate. 
An element may be compared to a digit. The 
number of possible compounds would com-
pare to the unbelievable number of possible 
combinations of the digits 0 to 9. The amount is 
beyond our understanding. More than 5 million 
compounds, formed from approximately one 
hundred elements, are now known to man.

If the study of matter were to continue, a brief 
method of identifying the elements had to be 
found. The Greeks began by assigning symbols 
from Greek mythology to the elements. This 
method became too awkward, and the scien-
tists had difficulty agreeing on what symbol to 
use. In 1814 a Swedish chemist named Ber-
zelius began the system we have today. Fre-
quently he used the first letter of the name of 
the element or the abbreviation from the Latin. 
Later, non-Latin words were used. To identify 
a compound, he combined the symbols of the 
atoms in the compounds. The subscript tells 
us how many atoms of that element are in the 
molecule of a compound. We call this notation 
a chemical formula. The use of symbols and 
chemical formulas has given science a special 
shorthand language of its own.
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 Complete these statements.

1.43 The Nobel Prize was won by a. _________________________ for finding that electrons in the 

atom stay in b. _________________________ .

1.44 Elements contain _________________________ of the same kind.

1.45 The shorthand of science is the use of _________________________ .

1.46 The new discoveries about the atom have been encouraged by the special study of 

_________________________ .

1.47 In the formula CaCO3 are a. ____________ atom(s) of oxygen, b. ____________ atom(s) of 

calcium, and c. ____________ atom(s) of carbon.

Complete this activity.

1.48 Learn the symbols of the elements before you go on in your science studies. Use the Peri-
odic Table of Elements. One is located in Science LIFEPAC 802. Have another student check 
your work. Explain the use of the Periodic Table to your teacher. Write here how many 
elements you have learned.

   ______________________________________________________________________________________________

TEACHER CHECK
initials date

Mixtures. Mixtures have been familiar to you 
all your life. Your dry baby food was mixed with 
water; later, you made mud pies, flour and 
water paste, and so on. Each mixture could be 
dried out and you were left with baby food, dirt, 
and flour. When you cannot separate the parts 
of a substance easily, you are less sure it is a 
mixture and not a compound. Salt dissolved in 
water looks like water. Taste identifies it as salt 

water. Heating the water until it has all disap-
peared as steam leaves a residue of salt that is 
a more reliable test.

A mixture has been formed when two or more 
elements or compounds are mixed together 
but no chemical change has taken place. The 
mixed elements or compounds do not lose 
their individual characteristics and can be sepa-
rated by a physical means.
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TEACHER CHECK
initials date

 Do this investigation.

These supplies are needed:

�	bottle containing a mate-
rial prepared by the 
teacher

�	toothpicks

Follow these instructions and answer the questions. Put a check in the box when each step 
is completed.

�	1.  Choose a partner to work with. Obtain a bottle of material from your teacher.

�	2.  Using a toothpick, separate the material in the bottle if you can.

1.49 Is this a compound, element, or mixture? ______________________ .

1.50 What was the physical means by which the contents were separated?  ___________________  

 ___________________________________________________________________________________________

1.51 What were the four items in the bottle? a. ____________________ , b. ____________________ ,

 c. ____________________ , and d. ____________________ .

1.52 Without using toothpicks, what other methods could you have used to separate this sub-

stance?  ___________________________________________________________________________________  

 ___________________________________________________________________________________________  

 ___________________________________________________________________________________________  

 _____________________________________________________________________________  

 _____________________________________________________________________________

Mixtures Experiment
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MATTER IN CHANGE
Natural factors and mankind cause changes. 
your body is growing and changing constantly. 
Sometimes you like what is happening and 
sometimes you do not. Weather conditions 
change from sunshine to rain and may bring 
floods that cause misery for many people. 
Humans can do nothing about weather condi-
tions, but they may be able either to prevent 
or to relieve some of the results. A dam built 
in the right place may prevent disaster. The 
physical, chemical, and nuclear changes of mat-
ter are frequently not controllable by human 
beings. God rules the world and He manages all 
change. The wonder of all creation is that God 
created men to be the caretakers of the energy 
and power found in nature. The responsibility 
is great, and we are all accountable to God for 
what we do with it. Our bodies and our lives 
are part of our responsibility. What we do with 
our lives is most important. Careful thought 
regarding a vocation should begin with asking 
God for guidance that we may become good 
caretakers of our lives and use God’s wonders 
for His glory.

Physical change. The changes most easily 
recognized are physical changes. A change in 
size, shape, color, or form does not change the 
chemical composition of matter, only the phys-
ical properties which are often obvious. Phys-
ical change is also more easily accomplished 
than chemical change. Heat applied to matter 
usually causes it to expand (except water, 
which expands as it freezes). When matter 
expands, it takes up more space. As heat is 
applied the molecules move faster, and bounce 

against each other harder, and the space 
between the molecules increases. Cooling will 
slow this process and will return the matter to 
its original form. No chemical change has taken 
place. The matter has not changed composi-
tion, just form.

Matter has many physical character  istics. 
Soluble substances can dissolve in liquids. The 
molecules separate from each other and scat-
ter among the liquid molecules. If a substance 
cannot dissolve, it is said to be insoluble.

Matter changes from one form to another. 
More heat changes a liquid to a gas. Changing 
from one form to another is called a phase. The 
change is made by heat. For every substance 
the amount of heat added or removed to make 
the change happen is different. Heat capacity is 
the amount needed for change by each sub-
stance and is also called specific heat. Specific 
heats are recorded in tables for easy referral so 
that the scientist can conduct his experiment 
with accuracy.

The pressure cooker is a good example of 
matter in change. Water boils at 100° Celsius 
at sea level in an open container. Under such 
conditions, however fast it boils, the tempera-
ture stays the same. Water can be made hotter 
than 100°C or boiling. A pressure cooker works 
on this principle. In the closed container, the 
water boils and changes to steam. As heat 
continues to be supplied, the temperature goes 
up to be approximately 107°C. The food cooks 
more quickly. If steam builds up too much pres-
sure, the safety valve will blow out, preventing 
damage.
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 Do this investigation.

These supplies are needed:

�	pressure cooker

Follow these directions and answer the questions. Put a check in the box when each step is 
completed.

�	1.  Examine a pressure cooker at home or in a store.

�	2.  Ask your mother to explain the principles of operation or refer to the book that 
came with it from the manufacturer.

1.53 Why does the cooker have a valve with a gauge on it?  ____________________________________  

 ___________________________________________________________________________________________

1.54 What is the purpose of the rubber gasket on the lid?  _____________________________________  

 ___________________________________________________________________________________________

1.55 What kind of changes occur in a pressure cooker?  _______________________________________  

 _____________________________________________________________________________

1.56 Read the high altitude directions for baking a cake mix. Why are 

they different from regular directions?  ____________________________

_____________________________________________________________________

Chemical change. Chemical change takes 
place when the appearance and composition of 
matter change. New substances are formed but 
atoms are neither made nor lost. Some form 
of energy is released to bring about a chemical 
change. Electrolysis is a good example. The 
chemical equation for this process is 

H2O → 2H + O. 

Read it this way: water (H2O) splits into (→ ) 
two atoms of hydrogen (2H) and one atom of 

oxygen (O). The short form is called a chemical 
equation.

Mother accidentally leaves a silver spoon in a 
dish of custard. Custard contains eggs and eggs 
contain sulfur. The spoon turns black (tar-
nishes). Read this equation of what happened:

2 Ag +S  → Ag2S. If you said two atoms of silver 
plus one atom of sulfur forms (→ ) silver sul-
fide, you were correct.

Physical Changes Experiment
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 Do this investigation.

These supplies are needed:

�	jar �	iron filings

Follow the directions and do the activity. Put a check in the box when each step is 
completed.

�	1.  Prepare your Science Record form so you can record your entries.

�	2.  Rinse the jar or glass with water and shake out as much moisture as you can with-
out drying it entirely. Caution: Do not hit the sink or any hard surface that could 
cause the jar to break in your hand.

�	3.  Sprinkle some iron filings into the jar carefully so that they will stick to the side of 
the jar in the moisture. Set aside and observe daily until you see the iron filings 
turn reddish-brown.

�	4.  Write your result on the SR form.

1.57 Four iron atoms joined the three oxygen molecules to form two molecules of iron oxide 

(Fe2O3) or rust. For your conclusion write this change in a chemical equation.  ____________

TEACHER CHECK
initials date

Chemical equations represent the chemical 
changes that take place constantly. Rusting and 
tarnishing are two examples. Fermentation 
(which aids in making yeast breads), digestion, 
souring of milk, spoiling of food, photosynthe-
sis, and the manufacture of many items, such 
as glass and plastics, are additional examples.

Water can be changed physically from solid to 
liquid to gas but the molecule is not changed. 
The water molecule is split by electrolysis into 
its atoms, hydrogen and oxygen, in a chemi-
cal change. Recently the nucleus of an atom 

was split into two fragments of approximately 
equal mass. The splitting of the atom produced 
energy. Although this feat was accomplished in 
the 1940s, we refer to it as recent compared to 
the more than two thousand years since Aristo-
tle made important contributions to the entire 
scheme of science study. Nuclear fission is the 
name of this process, considered the third way 
matter changes. This principle is the basis for 
the atomic bomb.

Acid and bases. Acids are very important 
to the chemist. Acids are very common and 

Chemical Changes Experiment
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very useful. Sometimes they seem destructive 
because strong acids are quite active. They 
taste sour. Vinegar is acetic acid (CH3COOH). 
Vinegar is used for its tart (sour) flavor in many 
foods, especially pickles. It also serves as a 
preservative. Hydrochloric acid made in your 
stomach aids digestion. Sulfuric acid is used 
as a dehydrating agent in storage batteries. 
Sulfuric acid can burn your clothes or your skin 
if splattered. All acids should be handled with 
care. Chemical formulas for acids, such as HCI 
(hydrochloric), H2SO4 (sulfuric), and CH3COOH 
(acetic) all have one atom in common. What is 
it? If you said hydrogen, you are correct.

Tests are made to determine whether solutions 
are acidic by using litmus paper or a liquid 
called phenolphthalein. Acid tests are very com-
mon in the laboratory where either one may 
be used easily. Acid tests are also used in the 
home, in industry, and for medical diagnosis. 
Litmus is sold at the drug store and even made 
up in kits so a person may make regular acid 
tests under the supervision of the doctor. Blue 
litmus turns red when the solution is acid. Blue 
litmus does not change color if the solution is 
a base. Red litmus paper turns blue for a base 
but does not change for an acid.

The pH scale shown in Science LIFEPAC 803, 
shows how acids and bases are evaluated 

for strength in terms of the hydronium (H3O) 
concentration. Acids and bases are on opposite 
ends of the scale. A base is a substance that 
tastes bitter and feels slippery like oil. All bases 
contain at least one metal plus hydrogen and 
oxygen combined as a hydroxide ion (OH). If we 
have two hydroxide ions, the OH is placed in 
parentheses (OH) and the 2 becomes a sub-
script of the OH ion (OH)2.

Warning: The sour taste for acid and the bitter 
taste for the base have been given as charac-
teristics of the two substances. Although this 
fact is true, it is not presented to tell you to test 
unknown substances by tasting. Do not taste any 
unknown substance at any time.

The midpoint of the pH scale is neutral. When 
acids and bases are combined, the properties 
of each are destroyed. The chemical compound 
formed is a salt, and the salt has its own char-
acteristics. Sodium chloride (table salt) is the 
one known best, but it is only one of many. Salt 
is used to season food to improve its flavor; but 
if salt touches an open sore, it will hurt. Bushes 
and grass die if the salt used to melt snow and 
ice on sidewalks and streets get on the plants. 
Acids and bases are helpful but must be han-
dled with respect because they can be equally 
harmful.
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 Review the material in this section in preparation for the Self Test. The Self Test will 
check your mastery of this particular section. The items missed on this Self Test will indicate spe-
cific areas where restudy is needed for mastery.

 Complete these statements.

1.58 Every acid has an atom of a. _____________________________ ; every base has a  

b. _____________________________ and c. _____________________________ ion.

1.59 An acid combined with a base forms a _____________________________ .

Write the letter of the correct choice on the line.

1.60  ________ NaOH a.  acid

1.61  ________ HCI b.  base

1.62  ________  Ca(OH)2 c.  salt

1.63  ________ H2SO4

1.64  ________ NaCl

1.65  ________  CuSO4

1.66  ________ CH3COOH

1.67  ________  Al (OH)2
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SELF TEST 1
Match these items (each answer, 2 points).

1.01  ________ nucleus and electrons in orbit a.  adaptability

1.02  ________ maximum speed limit b.  liter

1.03  ________ positive personal skill c.  Aristotle

1.04  ________ turns blue litmus red d.  technology

1.05  ________  scientific measurement e.  resiliency

1.06  ________ quart plus f.  110 km/h

1.07  ________  first to use an orderly system g.  atom 

of study h.  cubic centimeter

1.08  ________ turns red litmus blue I.  acid

1.09  ________ bounce back with good humor j.  base

1.010  ________ applied science k.  88 km/h

Write true or false (each answer, 1 point).

1.011  ____________  The word atom means to fuse.

1.012  ____________  An acid and base combine to form a salt.

1.013  ____________  The midpoint of the pH scale is neutral.

1.014  ____________  Baking a cake is the same at low or high altitude.

1.015  ____________  The smallest particle of matter is the atom.

1.016  ____________  God controls the bonds that hold a molecule together.

1.017  ____________  Sugar water is a mixture.
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SCORE TEACHER
initials date

77
96

Complete these sentences (each answer, 3 points).

1.018 Science is the systematized knowledge derived from a. ________________ , b. ________________ , 

and c. ________________ .

1.019 The main units in the metric system are length a. ______________ , volume  

b. ______________________________ , and mass c. ________________________________ .

1.020 During the process of electrolysis of water, a. ________________________ and 

b. ________________ are collected.

1.021 Matter changes in a. _______________________ , b. _________________________ , and 

c. _______________________ ways.

1.022 The Nobel Prize was won by a. ________________ for finding that electrons in atoms stay in  

b. ________________ .

1.023 The process by which an atom splits to produce energy is known as _____________________ .

1.024 Scientists estimate that ________________ compounds are known.

1.025 The upward force that make a cork float is called ______________________ .

1.026 The expression 2Ag + S  → Ag2S is called a(an) ____________________ .

1.027 The symbol for water (H2O) is called a (an) _____________________________ .

Answer these questions (each answer, 5 points).

1.028 Why is the metric system a preferred form of measurement?  _______________________________ 

 ______________________________________________________________________________________________  

 ______________________________________________________________________________________________  

 ______________________________________________________________________________________________

1.029 What are five properties of matter?  _________________________________________________________

 ______________________________________________________________________________________________  

 ______________________________________________________________________________________________

1.030 How does a pressure cooker cook food faster?  ______________________________________________  

 ______________________________________________________________________________________________  

 ______________________________________________________________________________________________
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