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Preface

For over seventy-five years the Council for Elementary
Science International (CESI) has been dedicated to
improving the quality of preschool through middle school
science education. The association participates in a variety
of activities designed to stimulate, improve, and coordinate
science teaching. Since 1979, CESI Sourcebooks have
proved to be an ideal means of reaching classroom teachers
with creative ideas to utilize in their day to day
work with students. No other book published by
CESI has been as well received as Physical
Science Activities for Elementary and Middle
School,

This fifth Sourcebook continues the tradition of
quality science material presented in a quick
reference format, for use by classroom teachers. It
contains materials developed for teachers by
teachers who have tested them with their own
students. Practical and creative ideas are always
uppermost in CESI Sourcebooks, The association
has always kept with a simple philosophy that the
best ideas are those that involve “"hands-on"
activities with materials found locally and
inexpensively, In an attempt to keep costs within
reach of all classroom teachers, CESI offers its
publications only through direct sales rather than
through for profit publishers.

The quality of a Sourcebook is delermined by the
praject editor. Mark Malone has selected the
topics, contacted authors, edited, written activities,
created graphics, formatted, and worked to
produce this final product. This process has
spanned many years. The first edition, published
in 1987, required two years of work to produce.
Dr. Malone has worked nearly another two years to
produce the second and third editions of Physical
Science Activities for Elementary and Middle
School. The latest edition represents a major
revision and improvement of this popular work.

Mark Malone is a professor of science education at
the University of Colorado. He resides in Colorado
Springs with his wife Sue and his two children
Emmett and Cullen. He is a CESI board member
and past president of CESY. He has also produced CESI
File Sheets Volume 2, revised several other CESI
publications, and is currently the Editor of CESI Science™.
He is actively involved other research and teacher training
programs including the recent PAIRS Project for which he
was awarded the 1994 NSTA Star Award. CESI would
like to thank him for his dedication to this project and
improving science education through his many educational
activities.
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CHAPTER -

INTRODUCTION

"Science is a way of thinking much more than
it is a body of knowledge. Its goal is to find out
how the world works, to seek regularities
there may be, to penetrate tfo the connections
of things..."

Carl Sagan



AN OUNCE OF PREVENTION
by Mark R. Malone

Every effort has been made in compiling this sourcebook to
assure that all activities are academically sound, motivating
and interesting for students, and reasonably safe for
supervised student use. The ultimate responsibility for
assuring that all of these goals are successfully met is the
responsibility of the classroom teacher. As this book was
compiled, close attention was paid to the safety aspects of
the activities. Some activities were rejected due to safety
concerns. Safety tips were added to others, In the end,
however, it is the teacher's responsibility to assure that
students are kept safe in conducting these activities and
investigations.

Please pay careful attention to any safety tips included in
activities. Unfortunately, it is not possible to predict all of
the ways that these materials might be misused or
malfunction in the hands of students. Just the fact that your
students are doing some type of manipulative activity rather
than sitting and reading a science text puts them at
somewhat greater risk of injury.

All of these activities are designed to be done under adult
supervision. Students should be reminded of this if they
intend to repeat or extend any of these activities at home.

Precautions should be taken any time sharp objects,
glassware, flame, chemicals, or other potentially hazardous
materials are in use. When using chemicals (household or
commercial), label directions should be read and carefully
followed regarding safe use and poisoning. These label
directions for safe use take precedence over any instructions
stated or implied by this sourcebook. Properly store
chemicals only in their original containers so that these
directions are available in the event of an accident. It is
hoped that these words of caution will help in preventing
any unnecessary accidents.

WHAT IS THIS

SOURCEBOOK ABOUT?
by Mark R. Malone

In the Spring 1986 meeting of the CESI Board of Directors,
it was agreed that CESI should produce a fifth in a series of
practical sourccbooks for teachers. The board decided that
‘elementary science could presently benefit most from a
sourcebook focused on physical science activities. Since
that time this book has become the best selling CESI
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Sourcebook ever. In 1992 the board requested that this
Sourcebook be updated and revised. Hopefully this second
edition of the sourcebook will be as well received as the
first edition.

This sourccbook was developed mainly for use with
elementary and middle school students, although many
activities could be easily adapted for use with older
students. Like the previous sourcebooks, Physical Science
Activities for Elementary and Middle School emphasizes
teaching science through activities. Mounting research
¢vidence shows that an activity centered approach to
clementary and middle school science education is quite
effective. A synthesis study (Shymansky, Kyle, and Alport,

-1983) involving over 45,000 students showed that students

involved in activity oriented science programs performed
better than 62 percent of students in non-activity science
programs in general achievement, analytic skills, process
skills, and related skills (reading, mathematics, social
studies and communication). A related study (Bredderman,
1983) showed similar results with the activity approach in
1000 elementary classrooms on measures of science
processes, creativity, attitudes, perceptions, and logical
development. In addition, Bredderman found, through an
analysis of classroom observation, that activity oriented
classes resulted in decreased teacher talk and lecturing,
increased use of higher level questioning, and more active
engagement of students.

- Currently, most clementary science textbook series offer

“integrated” equipment and material kits. In every case the
manipulative materials are available as an option. Because
of limited budgets, many schools now purchase the
textbooks but cannot afford to buy the supplementary kits.
As a result many elementary and middle school students
still grow up thinking science is merely something else to
read (Thier, 1986).

Sourcebook V, like its predecessors, presents many activity
oriented science lessons that can be done in any elementary
or middle school classroom with minimal additional
expense. Nearly all lessons utilize materials that can be
casily found around the school and home or that can be
purchased inexpensively from local sources (grocery stores,
hardware stores, department stores, etc.). Like previous
sourcebooks, it should be a valuable resource for many
classroom teachers.

Physical Science Activities for Elementary and Middle
School is the fifth sourcebook of the Council for
Elementary Science International. The other five are

IntRoducrion



Outdoor Areas as Learning Laboratories, compiled and
edited by Alan J. McCormack, Fxpanding Childrens'
Thinking Through Science, compiled and edited by Michael
R. Cohen and Larry Flick; Understanding the Healthy
Body, compiled and edited by David R. Stronck; Science
Experiences for Preschoolers, compiled and edited by Leon
Ukens; and Water, Stones, & Fossil Bones, compiled and
edited by Karen Lind. All of these sourcebooks have a
similar format for the activities and emphasize inexpensive,
easily obtained materials and equipment.

The format for the activities is as follows:

Title of Activity: We have tried to invent titles that reflect
both the fun of the activity and its learning focus. In many
instances, our hope is that the title itself will pique young
students' natural curiosity.

Focus: This is a short description of the concepts and/or
skills developed by the activity. It also provides a quick
capsulation of the activity to assist readers in rapidly
understanding what the activity is all about.

Challenge: Using a challenge or problem-oriented
approach to activities is one good way to stimulate student
interest.

Materials and Equipment: A list of everything needed is
provided with each activity. Feel free to vary the amounts
of the materials to meet the needs of any class size.
Construction suggestions are often provided for homemade
apparatus. Hopefully, you will be able to find all materials
at little or no cost.

Procedure: These are suggestions for planning,
organizing, and actually implementing the activities with
students. These are teacher-tested methods that have
worked well for the contributing authors. But, feel free to
invent your own variations.

Further Challenges: One solved challenge always leads to
new challenges and those, in turn, lead to new learning
opportunities. This section includes a few ideas for related,
but different, learning activities. These challenges are
entirely open-ended, and solutions are left to the students
and teachers.

References: Articles and books are identified to give both
teachers and students useful information related to this
activity.

Chapier 1

References:

Bredderman, T. (1983). "Effects of Activity-Based
Elementary Science on Student Qutcomes: A Quantitative
Synthesis", Review of Educational Research, 53: 499-518.

Shymansky, J., W. Kyle, Jr. and J. Alport, (1983) "The
Effects of New Science Curricula on Student Performance®,
Journal of Research in Science Teaching, 20 387404,

Thier, H. D. (1986). "Hands on Elementar Science The
Challenge for the Nineties", Monograph and Occasional
Paper Series, Washington, DC.: Council for Elementary
Science International.

LEARNING CYCLE FOR

PHYSICAL SCIENCE
by Mark R. Malone

With any science activity, the materials used are not as
critical as the methods used in communicating ideas to
students. Physical science activities included in this
sourcebook lend themselves quite well to inquiry oriented
strategies. One of the advantages of physical science
activitics is that they generally can be conducted in a short
time frame. This characteristic of physical science
activities allows students to see many phenomena
associated with an apparatus or event in a short period of
time. This is in contrast to other areas of science study,
such as biological phenomena, that take several days,
weeks, or months to observe and are often difficult to repeat
if something goes wrong. The immediacy of results allows
students to gather data under controlled circumstances,
repeat observations, and correct immediately for procedural
problems resulting in faulty data.

Learning cycle is a method of daily classroom instruction
that allows students to explore in an inquiry fashion yet
retains enough structure in lesson so that a teacher can still
feel in control of the teaching situation. It represents a
significant compromise between the “free-form,"
"self-directed” inquiry methods promoted by some in the
1960's and “direct instruction” methods which were
promoted in the 1980's. The learning cycle can allow you
to take full advantage of the nature of physical science
activities presented in this sourcebook.

Learning cycle, as presented here, incorporates and builds

upon a general scheme of instruction developed by Karplus
and Thier (1967). It is also sometimes identified as the

IntrRoducrion -



SCIS Learning Cycle because its initial and most well
known use was with the Science Curriculum Improvement
Study (SCIS) developed by Karplus, Thier and others
working at the Lawrence Hall of Science under a federal
grant. The wide acceptance of this learning cycle is
attested to by the fact that it is cited and described in nearly
all college science methods textbooks for elementary
teachers and in many contemporary books dealing with
general elementary school curriculum. The learning cycle's
purpose is to develop learning situations through which
students can gain science concepts in such a way that they
can interpret information as if they had obtained it
themselves, Though this is a laboratory approach to
learning, students are not expected to discover all concepts
for themselves. The general scheme of instruction includes
a three-phase sequence of exploration, invention, and
expansion (originally referred to as discovery).

During the initial exploration phase, students are presented
with materials or arrangements of materials which are
unfamiliar to them. They must sort, identify, and label
properties and characteristics of these materials. Aspects of
the materials that are already familiar to them serve as a
catalyst for organizing the learners' ideas about the
materials. This phase is a period of free exploration or play
with the materials. It gives the children in a classroom
setting an opportunity to be "children." They can explore
freely and discover what they can on their own. It is a
process that is very respectful of children "as children”
rather than as "miniature adults." During this phase of
inquiry the teacher must refrain from telling students why
something has happened. They should concentrate on
questions that focus students on what is happening or how
a phenomenon occurs. This phase serves several purposes.
It gives children an opportunity to do what they would do
with the same materials in a non-school setting. They will
choose to learn about what is most interesting and
appropriate for them at the time. This exploration period
provides common experiences from which all students can
draw during the more directed phases that follow. This
phase of the learning cycle also tends to diminish discipline
problems for the teacher., Because playing, within
guidelines of safety, is allowed and encouraged, students
are more likely to be attentive and cooperative in the more
structured tasks that follow.

This is in contrast to what might occur in a very directive
laboratory approach. For example, picture an eight-year-
old child, given a magnifying glass and a twig, being told
to look at the buds on the twig and identify the parts. In
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this situation the magnifying glass itself is likely far more
interesting than the twig. The student is expected to ignore
all of the interesting characteristics of the glass, such as its
ability to turn the whole world upside-down, to enlarge
another student's eye, or to focus a concentrated circle of
light on the twig to sear its bark. In a very directed lab
situation the student is likely to get in trouble for any one of
the above other than looking at the bud on the twig. The
learning cycle assumes that the twig and the magnifying
glass may be equally interesting and educational depending
on the student's past ¢xperience. After the child has had an
opportunity to explore the magnifying glass, he is much
more likely to be able 1o focus later on a more structured
look at the twig.

Exploration has sct the stage for the next phase of inquiry,
Invention.  This phase helps students to organize
experiences from their exploration, With the teacher's
guidance, students group their experiences into
descriptions, explanations, classifications, or hypotheses.
This phase is the most teacher directed of the three phases.
It usually takes place in the context of a full group
discussion.  The teacher and students cooperatively
"invent" names for concepts or phenomena described by
students, based on their observations. The teacher also
prompts students to plan to conduct more systematic
investigation of the materials being explored. The teacher
and students cooperatively devise a plan for further, usually
systematic, study of the materials. During the Invention
phase procedures such as drill, reading, and passive
listening to teacher lecture are inappropriate. Appropriate
activities include further display or manipulation of the
materials, discussion, directive questioning techniques, and
organization of a plan for further study. Potential future
learning lies within the inventions themselves as a basis for
the Expansion phase which follows.

Expansion I is the testing of an invention's adequacy.
Does the invention account for various arrangements,
actions, or events with the materials, or for new objects
under similar conditions? This phase is generally
characterized by students conducting some type of
controlled investigation or systematic observation. This
process serves to strengthen, establish, modify, or destroy
inventions. The teacher's role during this phase is to guide
students 10 investigate the strengths, logic, and integrity of
inventions through manipulative experiences. By this
phase of learning cycle, various manipulative experiences
have provided the student with a cognitive structure for
understanding the concepts.

Introducrion



Further expansion of the concept can take place in
Expansion II, using more formal information presenting
lechniques such as assigned readings, writing, discussion,
and lecture. These activities are appiopriate at this time
becausc students have developed a meaningful cognitive
sttucture for dealing with material in a more abstract
manner. This sub-phase of expansion will be referred to as
Expansion II. This phasc was alluded to, though not
labeled as "Expansion 11" in the carly writings of Karplus
and Thier. It was not, however, included as a dominant
part of the SCIS program's applications of Icarning cycle
procedures. If one of your goals of instruction is to enable
students to read written matcrial related to physical science
concepts taught, Expansion II is the most appropriate
placement for this type of instruction. Any type of age
appropriate reading related to the concepts developed in the
Iessons will aid students in fully understanding these
concepis. You are encouraged to locate approprialc
readings from current journals, magazines, or textbooks
that enhance students’ understanding of these physical
science concepts. To be true to the learning cycle, these
readings must be placed in the sequence of the lesson after,
not before, the manipulative cxperience portion of a lesson.

The Expansion IT phase of the learning cycle allows you to
expand childrens' understanding of science concepts
through inclusion of other contemporary goals of science
instruction. Through formal tcaching strategies such as
reading, discussion, or bricf lecturcs, students can learn
how the science concepts or skills from carlier phases of the
learning cycle fit into a larger scheme of understanding.
Polential carcers in science related to a topic studied can be
explored. Real world examples of applications of a concept
become mere meaningful.  Students can engage in
meaningful discussions pertaining to how information
lcarned can assist them in becoming responsible citizens.
Personal utility of information or skills studied can be
explored. This new phase of the learning cycle can alse aid
students in seeing how academic information or skills
learned in the currcnt lesson may apply to future study. It
also provides teachers with a mechanism for bringing
closure to a lesson.

Many activities presented in this sourccbook can be greatly
enriched when implemented with learning cycle strategies.
It should be kept in mind, howevecr, that many other
teaching stralcgics can also be used -effectively for
presenting these activities to children. Learning cycle
should be viewed as one of many tools appropriate for
designing good instruction for elementary and middle
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school. Varying your approach fo instruction from time to
time will help to motivate and hold the interest of your
sludents.

Reference:

Karplus, R. & H.D. Thier. (1967) A New Look at
Elementary School Science - Science Curriculum
Improvement Study, Chicago, IL: Rand McNally &
Company.

SELECTING SCIENCE

PROCESS ACTIVITIES
by G. Wm. Foster

Process science requires a variety of teaching skills and
behaviors ranging from keeping track of materials to
asking appropriate questions. Not only does a teacher have
to contend with children using the materials correctly but
also with the fear that the activity may not go as planned.
That is, how will children react to the activity? Will they
be bored or interested? Will they hurry through it or will
they take their time? Developing a systematic analysis of
science actlivitics can allay fcars of the unknown. It also
helps to have a clear understanding of why process science
needs to be a part of the elementary curriculum. With this
understanding, many of the common problems associated
with hands-on activities will no longer be considered
problems but situations with positive outcomes.

First of all, the reader must keep in mind that the primary
reason for hands-on science activities in the classroom
rather than the traditional textbook centered approach, is
that science itself is an activity. The second reason is that
most science investigations require students to use mental
operations that arc important to iniclicctual development,
Data are collected by observing, classifying, analyzing,
predicting, hypothesizing, etc. How data are collected and
conclusions reached varies greatly from one individual to
another. Thus, science calls upon each individual to use a
variety of critical thinking skills. Elementary and middle
school children are at an age when critical thinking skills
are developing. It is important that they can have the
opportunity to abstract basic science concepts from concrete
hands-on experience.

Science activities that nurture critical thinking skills and
reflect the processes of science can be identified. The
characteristics of science activities that help develop critical
thinking skills are outlined below:

Inrroducrion



1. These activities include objects that have inherent
observable relationships.  Children can explore these
relationships by their physical actions upon the objects.
That is, children find these relationships without the aid of
an aduit or a list of procedures. For example, in "Pitch
Paradox" a student can observe a direct relationship
between the change of pitch and changes made on the pop
bottles.

2. These activitics include an assortment of objects to
explore natural phenomena with a variety of obscrvable
relationships.  For example, in "Electric Circles” students
can cxplorc circuits using a variety of types of batteries,
bulbs, and wires that will give them a wvariety of
rclationships between variables such as bulb intensity, short
circuits, parallel and series circuits.

3. Children can enter these activities at their own level of
understanding.  For example, "Closed Systems" allows a
child who has never had experience with density of liquids
to make a "diver" while on the other hand a child who has
had experience with a "diver" can explore the effects of
different liquids upon the "diver.

4. These activities have a variety of extensions to
compensate for different levels of critical thinking skills
and creativity. As you will notice, all of the activitics in
this book have extensions {usually labeled “"Further
Challenges"), which allow for different ability levels and
act as motivaters to keep the child interested in the activity.

5. These activitics dcal with scientific phenomena that
appeal to a child's curiosity. For example, magnetism is a
scientific phenomenon that children can easily explore and
find fascinating at the same time.

6. These activitics have relevancy to the child. Again
taking magnetism as an example, magnets are found in
toys, appliances, tools, etc. This scientific phenomenon is
an excellent example of illusirating the relationship of
science, technology, and their effects upon society.

Analyzing elementary scicnce activities according to these
criteria. would give evidence that more physical science
activities fit the criteria than do the biological science
activilics. In most biological science activities, a child
cannot act directly upon the living objects without doing
some harm to them. To properly explore living sysiems,
most experiments call upon the investigator to change the
cnvironment of the living organisms. The effects of the
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changes may be slow and hardly observable. Finally, the
complexity of the variables associated with living things
often makes it frustrating for children to sort out the
changes that occur or don't occur to the living organisms.
Thus, a student may lose interest before the changes occur
or may lose interest because the science concepts are too
abstract. By emphasizing physical science activitics, many
of the natural scientific phenomena found in living
organisms can be better understood by children, For
example, observing capillary action in straws, paper towels,
and capillary tubes can pave the way to understanding the
flow of sap in trees.

However, no matter whether the activity involves a
biclogical or a physical concept, a teacher can ask scveral
questions to determine whether the activity is appropriate to
the student:

1. Does the activity allow for different levels of critical
thinking skills?

2. Does the activity include objects so thai relationships are
clearly observable to the student?

3. How is the activity presenied? Does it allow freedom of
exploration, within the given classroom rules, or does it
contain numerous directions that stifle children's natural
curiosity?

4. As a tcacher, do I spend my time giving and explaining
dircctions or am 1 a facilitator of learning?

Most science activities can be adapled so that students find
them rewarding and tcachers find themselves facilitators of
learning rather than directors of procedures and
disciplinarians. In addition to adapting or finding activities
that nurture critical thinking skills, a teacher can also do
the following to help facilitate learning:

1. There is no such thing as a foolproof scicnee activity,
Crickets will die, bulbs burn out, chemicals will not react,
etc. When things do not go according to plan, use the
experience to find out what happened. It could lead to new
and cxciting understandings and discoveries for both
student and teacher. Most breakthrough discoverics in
science were made when things didn't proceed as expected.

2. Accept the variety of answers and questions you may

receive from children. Each child may have a different
understanding of the same scicnlific concept.  Processing
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information is than

formation.

more  important memorizing

3. Explore with the children. This helps model the type of
learning that is expected in hands-on science classrooms,

4. Accept inquiry as part of teaching. Ask questions to find
out what thc child is thinking rather than "fishing" for
parlicular answers. Use questions as an assessment tool.
What docs Johuny know about calorics? Why are the
clildren restless? How can T adapt the activity to their level
of understanding? Why didn't the activity work?

To make science {caching successful in your classroom, you
must become a facilitator through questioning, a motivater
through ideas, and an advocate through listening to
children. Science can be exciting and fun if both teacher
and students explore the frontiers of the mind.

MAKING GOOD SCIENCE

PROGRAMS EVEN BETTER
by Joan Tephly

If you are reading this book, vou are interested in extending
your scicnce curriculum. While this sourccbook is filled
with many excellent ideas you may want to incorporate,
there are also some broader guidelines to apply to science
programs.

Since 1982, the National Science Tcachers Association has
yearly drawn up criteria for cxcellence in different areas of
science education. National scarches have been conducted
to find programs best matching the crilcria (The Search for
Excellence in Science Education). Since that time there
have been several surveys of elementary, middle, and
secondary cducation as well as physical science cducation,

The criteria used in the NSTA scarch are worth considering
as yardsticks for your science program. They have been
carefully developed by comunittees of experts in the varicd
aspects of science education.  The following is a
condensation of the primary criteria.

O The criteria always stress the need for students 1o be
actively invoived in their learning. This ranges from
identification of sciencc problems or questions to
solution-secking techniques. formulation of conclusions
and interprctation of information. Programs should include
concrete, hands-on experiences, exposuwrc 1o inquiry and

Chapien 1

problem-solving skills, and the opportunity to actually do
somg rcscarch.

(O The science program should iniegrate with other areas of
the school curriculum and other science disciplines, thereby
aiding students in understanding and appreciating the
technological and everyday applications of science. In
striving to do this, the larger community must be part of the
science program as curriculum resources, as represcntations
of applied science, as sites for field trips, and as individuals
who can serve as role models of science and scicnee related
careers. Thesc role models provide early exploration of
possible career choices and as such they should represent a
range of scx, socioeconomic and ethnic exposures.

i Exemplary programs strive to move beyond the texibook
and identify and study rcal-world problems. In so doing,
students are exposed to topics of immediate and future
concern in the larger environment, Students will learn to
apply science knowledge as effective consumcrs, as
individuals striving for effeclive personal health practices,
as citizens making thoughtful decisions concerning their
counlry and their planet.

O Studcnts, even young students, should begin to develop
an understanding of the mcans by which scientific
knowlcdge is generated and scientific models and theories
developed. What science is and what it is not, what it can
do and what it cannot do are critical understandings about
the nature of science.

] The backgrounds, abilities and interests of students must
be considered in planning a science program. A variety of
instructional content, strategies, and resources creates an
interesting and individualized program.

O To teach science and do a good job, adequate time and
materials arc a necessity. They are nol always present in an
educational system's basic structure. They are goals worth
struggling for.

In case these condensed crilcria for really good programs
sound overwhelming, a look at some of the characteristics
of teachcrs who have created programs recognized as
exemplary may stimulate you further,

Programs always reflect their crcators.  Exemplary
programs were almost always developed because the
teachers perceived a nced among their students which was
not being met by the curriculum in use. Usually a team of
two or morc tcachers were the innovalors, although
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exceptional single teachers have been found. A leader
existed within the team and most often the efforts were
with administrative support. The new programs evolved
with carefully designed goals and were implemented over a
sustained time period. Linkages were established with
higher education through continued coursework on the part
of the innovators, and consultation and assessment support
from college or university personnel. These new programs
are never "in place”. Even programs receiving national
recognition as exemplary are constantly striving for
improvement.  Anyone striving to make curriculum
changes can learn some pointers from these teachers.

O There is greater strength and wisdom in numbers (teams
of two or more). Try to find others to build with.

L) Administrative support, even involvement, is so
important a teaming, trusting, respectful relationship.
Strive to nurture it. Don't give up easily. Teachers
dedicated to improvement do generate support.

O Consider networking with institutions of higher learning
for support and expanded expertise. Personnel at such
institutions can also provide the rationale you need to
Justify your desired changes.

0 Value sustained inservice opportunities (release time,
visiting, courses, workshops, professional meetings).
Avoid burnout through the stimulation of new ideas.
Appreciate that growth and change are slow and sustained.

U Think creatively, both to address your program needs
and to expand into your community. Community support
impresses administrators.

U Don't try to change your program too fast. You'll risk
burnout.

0O Never think your program has arrived. You'll risk
stagnation.

YOU CAN TEACH SCIENCE

ALL DAY LONG
by Joan Tephly

Ask any elementary teacher what curriculum area receives
the greatest time emphasis during the school day and you
will be told "Reading”. Ask next what curriculum area
most likely receives the least time in the daily schedule and
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you will be told "Science". And with rare exception, the
imbalance is greatest in the lower elementary grades. As
an educator, you probably know this. But have you
struggled with ways to do something about it?

Science can lend itself well to instruction all day long, It is
easily integrated with other curriculum areas. Start with
reading. Unfortunately, too many classrooms spend too
much time reading during the brief amount of time allotted
to science. But what about the large block of reading time?
Can you teach science there? And can you justify teaching
science during reading?

Reading and science build upon many of the same basic
skills. This alone establishes a strong case for science
during reading. Many of the skills used in the scientific
method of investigation are also necessary in reading, such
as observing, identifying and labeling, classifying and
sequencing, describing, asking questions, seeking and
recognizing relationships, gathering information, drawing
conclusions, and communicating or reporting. They share
much in common,

Topics and concepts under study in the regular science
curriculum can be incorporated imto reading time as
learning center activities, These can be explored by
children who finish reading assignments early and are not
working directly with the teacher. The vocabulary or
reading content associated with the science activity can also
have some reading skill assignments attached to it; for
example, find all the science vocabulary words with long
vowels, or find the compound sentences in the reading
materials. Vocabulary from the regular science curriculum
can also be used as reading vocabulary from which
language experience type activities can be built. If
appropriate, this same vocabulary can become meaningful
spelling words. Teachers will need to do this particular
match of reading skills and science content for their own
classroom of children.

Mathematics receives the second largest block of time in
the school day. How easy it is to integrate the science and
math time. Mathematical calculations need application to
real problems. Scientific exploration demands record
keeping, calculation, and problem solving,

Other language arts areas (listening, writing, oral
communication, literature) all effectively build on science
content. Oral speaking and expression as well as creative
writing can be based on a topic of choice, and why not a
science related topic? A science topic can be dealt with in
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an expository manner or as a basis for creative diversion
(create a new insect, plan a landing on Mars, write a poem
from the perspective of a bird, etc.). Children’s books are
full of fact as well as fantasy. Listening skills are always
focused on sounds in the physical world.

Social studies is such a natural for integration with science
that it's hard to believe that integration doesn't always
occur. Whether you are studying your students' families or
neighborhood or more gliobal studies, there are always
clements of the studied topic which deal with science.
These relationships can readily be seen when studying:
technology;, people; science related careers; industrics;
geography; or concerns, problems, and questions rooted in
scientific understandings and applications.

The very production of musical sound is science. How
sounds are produced; how varied instruments, bands, and
orchestras create their ranges of sound; and why a given
sound (or note) is the same yet different on different
instruments, even the human voice, are all science related
topics. Many colleges now have courses on the physics of
sound. The technological applications which have brought
about the fantastic music recording and reproduction
industries are ripe areas for study. Listening skills and
musical sounds are a natural match.

Literally any object a child chooses to draw, sculpt, or
create in any other art dimension is an object which can be
studied for its scientific value, The very act of reproducing
an object in an art form requires detailed reproducing
observation and examination of its various parts and their
relationships. Close attention to colors and to one's own
ability as an artist to create, combine, and reproduce those
colors is science and can be extended to many
understandings about light and color. Three dimensional
art forms demand experimentation with gravity, balance,
and sometimes motion.

Much of what happens in physical education which can
motivate children to learn more about what they are
experiencing in a particular activity. Students can begin
with their own personal bodies and ask how they manage to
move them around for the necessary range of motion for a
particular physical activity. The various apparatus used in
the many games that young people play lend themselves to
learning more about force, motion, and gravity.

What's really happening when tcachers start overlying
curriculum areas as discussed above? They are putting the
parts back into the whole. Teachers can become so
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+ (out of which arises

immersed in their teaching that they fail to notice the
compartmentalized climate which may result. In the world
outside the classroom, life does not split itself into separate
curriculum areas. Yet what goes on in the classroom is
primarily about the outside world. Educators sometimes
forget what it's all about.

It is not only science that suffers from this myopic vision.
Likewise, reading and mathematics need to be viewed as a
means to an end. They represent skills which are meant to
be applied to some exciting content. And science can be
pretty exciting.

Teachers who integrate curriculum areas are building very
important skills in young people which go far beyond
content knowledge. Asking questions, secking information
and answers, critically evaluating, and making choices and
decisions, are all skills for life!

GROUP INQUIRY
by Gerald Wm. Foster

"Hands-on, Minds-on" is often used to characterize a frame
of reference for teaching science in the elementary
classroom. The meaning refers to elementary students
expetiencing science through action on concrete objects for
understanding basic scientific phenomena. But I would
like to attach a slightly different meaning. Not only do
children need the concrete hands-on experience, but they
also need a minds-on experience through verbal
interactions with other students. In other words, children
also learn science by interacting with the ideas of others.
Piaget (1966) states, "As far as intelligence is concerned,
cooperation is thus an objectively conducted discussion
internalized discussion, e,
deliberation or reflection), collaboration in work,
exchange of ideas, mutual control (the origin of the need
for verification and demonstration), efc. It is therefore
clear that cooperation is the first of a series of forms of
behavior which are important for the constitution and
development of logic."

What Piaget is saying is especially true for upper
clementary grades and middle school students. Their
maturity, experience, and logical development allow them
to consider other possibilitics and points of view that are
different from their own internal sets of knowledge. This
makes them capable of coordinating different viewpoints
with their own viewpoints. In contrast, younger children
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are usually only capable of relating to their own set of
knowledge and not to that of others.

Belore students can coordinate differing points of view of
other students, they must have some understanding of the
concepts under consideration.  To gain this basic
understanding, they need to process the concept through
concrele experience prior to interacting with other students
on the same concept. Otherwise, students may feel lost and
incapable of participating in the group work. Possibly, this
is the reason why many teachers observe some students in
groups sitting back and letting other students do all of the
work. For example, a student needs to have a personal
cognitive structure for working with a group of students
who are working with complex electrical circuits. If a
student does not have a basic understanding of how to light
a bulb, that he will not understand what the other students
are doing or saying in relation to the circuits they are
building, Activities on building electrical circuits
appearing in this sourcebook are excellent examples of
science activities that allow students the opportunity to
develop and coordinate different points of view. There are
enough materials and ways to devise circuits that each
student can contribute to the development of circuits.

In most cases, a well functioning group will take on the
characteristics of a unit or act as one individual. To
achieve this, ground rules such as respecting the opinions
of others and assigning each student a responsibility must
be a priority in the formation of student groups. Thus, to
some cxtent, individualized classroom teaching strategies
can apply to individual groups. For example, groups work
at different paces and extensions are needed for those who
are getting bored or who have completed the initial stages
of the activity before any of the other groups. Groups may
have to be motivated in different ways to keep them on
task. For example, one group may need clarification of the
goals of the activity while another group needs to be
reminded of the classroom rules for working in groups.

Another consideration in the formation of groups is their
size and student mix. Groups of four to five students
appear to be the optimum size. If the group consists of
three people, often one feels left out of the group activities,
or, if the group consists of two people, then the diversity of
ideas is extremely limited. If the group is larger than five,
it 1s possible that the group will break down into subgroups
- or that students can sit back and remain anonymous. Also,
as the group gets larger, it becomes increasingly difficult to
assign different responsibilities to each group member.
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Groups should be heterogencous rather than consisting of
students of the same LQ., sex, or socioeconomic
background. In other words, certain student characteristics
should not determine the makeup of the group. Group work
ought to be fluid and dynamic, based upon cognitive needs
of students rather than just an alternative to individualized
work or whole group instruction. Working groups can be
formed spontaneously as those needs arise. They can be
readily dissolved when another form of instructional setting
is appropriate. For example, students can develop
classification schemes on their own. Those who finish
carly can share their schemes. They can discuss the
differences and similarities of their schemes, modify their
own, or work together to develop one main scheme from
the individual work.

In summary, group inquiry in the science classroom can be
very rewarding not only for the students but also for the
teacher. It can be rewarding to the teacher in terms of
seeing the diversity of opinions and creativity that can arise
from a group. It can also be rewarding to see students who
do not participate in large group activities share their ideas
with others. In other words, a whole new viewpoint of
individual students and their potential may emerge from
observing student in group activities. For students, this
may mean a stronger and more positive sclf-image than
that they had before, because they can share their ideas and
opinions to a small group of students and not feel
intimidated by the whole class.

Thus, not only does group work help in the development of
children both socially and intellectually, but it also puts
them in sityations similar to the everyday work of the
scientist. Ideas in science are rarely shaped by one person's
research but are shaped by the acceptance and rejection of
other scientists. The more students understand how science
works, the less alienation they will feel toward science.

Reference:

Piaget, Jean. (1966) The Psychology of Intelligence,
Totowa, NJ: Littlefield, Adams, & Co.,
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Tuning-In to Sounds

by Gwyneth E. Loud

Focus:

Most of the time we live in a noise filled world. We get so
used to the sounds and noises around us that we do not
even notice most of them and they blur into general
background noise. This is a sensory activity which
heightens awareness of the sounds around us.

Challenge:

When we close our eyes and focus attention on the sounds
around us, what do we hear?

Materials and Equipment:

Pencil Paper

Procedure:

This activity can be done with any size group, indoors
or outdoors. (if the group is outdoors and lying on
grass, leaves, pine needles, etc., this is a sensory
experience in itself and usually requires several
minutes for the group to feel comfortable, settle down,
and stop talking.} Sit or lie quietly with eyes closed
for a given length of time¢ (3-10 minutes, depending
on the age and interests of the children), OQlder
children make their own lists of all the sounds they
hear, manmade as well as sounds of nature. After the
time is up, gather together and share lists or make a
large group list of all the sounds heard.

Further Challenges:

0 Think of ways to classify the sounds heard, ¢.g.,
high/low pitch, duration, made by living ot non-living
objects, natural or manmade, etc.

Ll Discuss or do research about how well animals
other than humans hear. Dogs, bats, and insects, for
example, can hear pitches out of the human range,
Some children will know about echolocation used by
such animals as dolphins and bats.

U Discuss health and social effects of noise pollution
and high decibels.
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(J Have students use tape recorders to record sounds in the
environment.

U Play identifying "mystery sounds” games. Most librarics
have records of various animal and environmental sounds
which can be used for these games. Common household
and school sounds could also be tape recorded if
commercially produced materials are not available.

References:

Allison, Linda. (1976) Blood and Guts. Boston: Little,
Brown and Co.
Russell, Helen Ross.

(1973) Ten-Minute Field Trips

Chicago: J. G. Ferguson,
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The Paper Whistle

by Linda Froschauer

Focus:

This and related lessons teach children that sound is caused
by vibrations. Energy is necessary for sound to occur. The
source of energy varies. In the case of the activities that
follow, the energy source is the person conducting the
activity. (If an object vibrates 16 times per second or faster,
the sound can be heard by humans. If the object vibrates
faster than approximately 20,000 times per second, humans
cannot hear the sound.) Sound must have a conductor.
That conductor may be air, a solid, or a liquid. There is no
sound in space because there is no atmosphere to serve as a
conductor.

Challenge:

After constructing this instrument, students will look for
evidence of what causes sound.

Materials and Equipment:

Paper template
Scissors

Procedure:

Have students cut out the paper whistle found on this page.
The solid lines should be cut out, making sure to cut out the
diamond shape in the center. Next they should fold along
the dotted lines.

They should held the whistle to their lips, separate the
pieces of paper slightly, and blow sharply. Ask them to try
to explain how the sound is formed, based on their
observations. It may be helpful for them to place their
thumb and index fingers around a partner's whistle as it is
being blown.

Further Challenges:

U What can you do to change your whistle so that it makes
a different sound?

O What is the smallest or largest whistle you can make
that will still create sound? How does the sound of a larger
or smaller whistle differ from the sound of the original one
you made?
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The Soda Straw Whistle

by Linda Froschauer

Focus:

Reinforce concepts introduced in "The Paper Whistle."

Challenge:

With this new instrument it is not possible to see evidence
of what makes the sound. But, is it possible to feel
evidence of what makes sound?

Materials and Equipment:

2 soda straws
Scissors

Procedure:

Flatten about 2 ¢m (3/4 in) of one end of a soda straw.
Placing the straw between your teeth and biting down hard
while pulling it out of your mouth works quite well. Cut
away a small triangle on each side of the flattened end of
the straw to form a point as shown on this page.

Put the flattened end in your mouth and blow hard. It is
necessary to put the straw deep enough into your mouth so
that the tip is not touching the lips or tongue. The tecth
should be held slightly apart so they do not interfere with
the straw's vibration or air flow. If you do not hear a
sound, you may need to flatten the end of the straw a bit
more.

Ask students to describe what they feel when they blow into
the straw.

Further Challenges:

{J Try to make a soda straw whistle that is shorter than the
one just made. Compare the sounds it makes with the other
one.

(J Make a whistle that is higher in pitch than cither of the
straw whistles you have made thuys far.

O Get a group of friends together and create a band. Each

player should have a whistle with a different pitch. Can
vou play a simple song?
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1 Make a straw whistle that is narrower than the one first
made. How is the sound different?

1 Place a straw that is narrower into the bottom of the first
straw whistle. Slide it up and down as you are blowing.
What rnusical instrument works on a similar principle?

O Join several straws together to make a very long whistle.
Try blowing into it. 'What did you find out? Why does this
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The Cardboard Tube Kazoo

by Linda Froschauer

Focus:

Reinforce concepts introduced in "The Paper Whistle".

Challenge:

Don't be fooled. There are several things that vibrate when
using this instrament. Think about all of them as you work
on this project .

Materials and Equipment:

Toilet paper roll
Wax paper
Rubber band
Sharp pencil

Procedure:
Wrap a 10 cm by 10 ¢m square of wax paper around the

end of a cardboard tube. (Empty toilet paper roll tubes are
a particularly good size.) Secure the wax paper in place (as

small hole
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shown) with a rubber band. About 2 cm from the covered
end, make a small hole with a sharp pencil.

Instruct students to hold the open end of the instrument to
their mouths. They should open their mouths slightly and
hum a tune. Ask them to identify everything that vibrates
to make sound.

Further Challenges:
(] What causes the sound?

(] What changes the pitch?

{3 What changes the sound?

(J Would a longer tube sound different? Try using a tube
from a paper towel or gift wrapping.

L1 How would the sound be affected if something other
than wax paper were used to cover the end? They might
wish to try newspaper, aluminum foil, tissue paper, etc.

paper roll

WaX paper
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The Paper Cup Noise Maker

by Linda Froschauer
Focus:
(0 What is the source of the energy for sound in this
Reinforce concepts introduced in "The Paper Whistle." activity?
Challenge: [ What is the sound conductor? amplifier? receiver?

Vibrations in this instrument are not as obvious as with
previous instruments. Students should be instructed to
think about what must be vibrating (even though no
vibrations can be seen) as they are constructing this device.

Materials and Equipment:

Paper cup Fabric
String Paper towel
Toothpick Water
Procedure:

Use a toothpick to punch a hole in the center of the bottom
of a paper cup. See the diagram on this page. Thread a
piece of string approximately 60 cm (24 in) long through
the hole. Tie the toothpick to the string so that the
toothpick will be on the inside of the cup. Pull on the
string so that the toothpick lics flat on the bottom of the
cup. It may be necessary to break off one end of the
toothpick if it is too long.

Hold the cup in one hand and the end of the string in the
other. Have a partner hold a piece of fabric between their
thumb and index finger and rub it along the string. Have
them try to explain what produces the sound.

Further Challenges:

U Try several different materials on the string. Does the
sound change with different materials?

U Dampen the piece of fabric. Rub it along the string.
What is the type of sound made when the wet fabric is
rubbed along the string?

O Substitute a rubber band for the string. Pluck the rubber
band with your finger. Note the sound produced. How
does the sound change as the rubber band is stretched more

tightly?
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Visible Vibrations

by Gwen E. Loud

Focus:

The concept of sound waves, or vibrating air molecules, is
hard for some children to grasp because it is so abstract and
invisible. If “"seeing is believing” these activitics should
help children realize that when a sound is made, vibrations
are created.

Challenge:

What happens when a tuning fork is struck and then
touched to a movable object such as a ping pong ball or
water?

Materials and Equipment:

Ping-pong ball

Thread

Tape

Tuning fork

Shallow pan of water

Overhead projector

Shallow clear plastic container of water

Procedure:

The first two activities are best done in groups of eight to
ten to avoid a fot of waiting for each child to take a turn,

1. Ping-pong ball vibrations: Hang a ping-pong ball with
tape and thread from the edge of a desk or table. Make
sure the ball is hanging still. Strike the tuning fork and
quickly touch a tine lightly to the ping-pong ball. The ball
should start "dancing” back and forth, showing that the
tines of the tuning fork are vibrating as it is creating
sounds.

2. Vibrations in water: Set a pan of water on the floor or
table where a group can gather around it. Strike the tuning
fork and quickly touch the tings to the surface of the water.
The vibrations should create little splashes, and delight the
children.

3. Vibrations in water using the overhead projector:
This activity can be used with larger groups because it is a
demonstration by the teacher, visible on a screen. Set a
shallow clear plastic container of water on the overhead

Chapier 2

projector. Strike a tuning fork and quickly touch the tines
lightly to the water surface. The vibrations should be
clearly projected on the screen.

Further Challenges:

] Do these experiments mean that every time a tuning fork
is struck vibrations are caused? If so, why don't we see the
table or floor vibrating?

[0 Think of other ways to show that sound creates
vibrations (including the classic twanging of a rubber
band).

(J Every time we see something vibrating, docs that mean
there is sound also? If so, why is no sound heard when a
hand is waved back and forth? This leads to another
subject: the ability of the human ear to hear sounds only
within certain frequencies.

References:

Schmidt, Victor E. and Verne N. Rockcastle. (1968).
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Workman Publishing.
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The Pitch and the Pendulum

by Marilyn Donalson

Focus:

After completing other activities in this sound chapter, the
children will come to understand that pitch is determined
by how fast or slow an object vibrates. This pendulum
activity graphically demonstrates that long things usually
vibrate slower than do short things and thus have a lower
pitch.

Materials and Equipment:

String (varying lengths from 10 ¢m to a meter)
Masking tape

Timer or clock with second hand

Washer

Procedure:

Refer to the drawings below. Give each child a piece of
string, varying in length from 10 cm to a meter. Have
them tie their washer to one end of the string. Be sure that
everyone is spaced far enough apart to keep their strings
from getting tangled. Have them practice swinging the
pendulum while holding their arm still. Then have them
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take the end of the string in one hand (the arm should be
extended slightly), and hold the washer out level with the
other hand. When the teacher says "Go", they let the
washer go, and count one number for every forward and
backward motion. They must count silently as they will not
all be counting at the same speed. Practice doing this a few
times, and then time them for one minute, On the
blackboard, record (in ascending order by 5's) the number
of swings for each pendulum. Give each child a piece of
tape and have them place their pendulum below the correct
number. They should notice that the shorter pendulums
have a higher number of swings, and vice versa. You
might also have them make a graph by measuring the
length of the string plotted against the number of
vibrations. It won't be a perfect ascension, but it should
show a basic pattern. This would be a good time to talk
about variables, and why everything didn't come out
perfectly,

Further Challenges:

O From the data table compiled in class, can students
predict the number of swings per minute of a longer
pendulum? A shorter pendulum? The swing in the school
yard?

Number of Vibrdions @xings)
B0 55 4o 45 X0 55 60 &5
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Pitch Paradox

by Donna Gail Shaw

Focus:

The more there is of something vibrating, the lower the
sound. The less there is of something vibrating, the higher
the sound. The following activity presents an event that
appears to be discrepant until you think about what is doing
the vibrating to make the sound. When blowing, the air is
vibrating; a larger column of air (empty bottle) produces a
lower sound. When tapping the bottle, the bottle and its
contents are vibrating; a full bottle produces the lower
sound. In each case the larger mass produces the lowest
sound.

Challenge:

Observe what happens when you blow across the tops of
several soda bottles with varying water levels. Next,
observe what happens when you tap these same bottles with
apencil. Make inferences about the differences in pitch.

Materials and Equipment:

8 or more soda bottles
Water
Pencil

Procedure:

1. Many students have blown across the tops of soda
bottles and noticed the sound they make with varying levels
of liquid. Many have even tapped bottles to make musical
sounding tones. However, few have compared the sound
made when blowing and the sound made when tapping.
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2. Fill eight soda bottles with varying levels of water so
that a "musical” scale may be played when tapped. (See the
diagram below for a suggestion of how to arrange the soda
bottles.)

3. Have a student come to the front of the class and tap the
bottles using a pencil. You might even want to have the
student play a very simple¢ song on the bottles.

4. Next, have another student come to the front of the
room to play the same scale or song. However, this time
have the student blow on the bottles.

5. The class will soon notice that the scales or song don't
sound the same. The tones are reversed)

6. Lead the class in a discussion about how this might be
explained. What causes sound? Have the students use
their observing skills to notice the relationship between the
amount of water and the sound. Have them use their
inferring skills to determine why the sounds reverse when
you tap or blow,

Further Challenge:

[J Blow over a straw and notice the sound. Place one end
of the straw in a glass of water and blow. Raise and lower
the straw in the water and blow. You will notice as you
lower the straw into the water, the air column becomes
shorter and the pitch becomes higher.

Reference:

Friedl, Alfred E. (1986). Teaching Science to Children.
New York: Random House, Inc.
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Sound With A Pipe Xylophone

by Rose West
Focus: Scissors Ruler
Glue File
Children of all ages enjoy making sound. This activity will
focus on producing a pipe xylophone. The student will Procedure:

develop an understanding that different length pipes create
different tones. The shorter pipe compresses the sound
waves closer together thus producing a high pitch. The
longer pipe allows the sound waves to spread apart, thus
producing a lower pitch.

Refer to the diagram at the end of this activity. Cut the
conduit with a hack saw or pipe cutter into the following
lengths:

29.9 cm (11 3/4 inches) sol -G
Cha“enge: 27.7 cm (11 3/32 inches) la-A
26,0 ¢m (10 7/16 inches) 1i-B
What can you discover about sound from a pipe xylophone? 23.3 cm (10 1/8 inches) do-C
23.9 cm (9 9/16 inches) re-D
. . . 22.6 cm (9 1/16 inches) mi-E
Materials and Equipment: 21.8 cm (8 3/4 inches) fa-F
) . ) . ) 20.5 cm (8 7/32 inches) sol - G
13 mm (1/2 mclf) electrical metallic tubing (conduit), 19.5 cm (7 13/16 inches) la-A
approximately 3 meters ( /0 feet ) long 18.1 cm (7 1/4 inches) ti-B
Foam padding (approximately 2 cm thick) 17.6 cm (7 1/16 inchesy  do-C
One board (approx. 30 x 60 x 2 cm thick) 16.5 cm (6 5/8 inches) re-D
Two dowel rods _ 155cm (6 7/32 inches) mi-E
Two wooden drawer knobs or tinker toy wheels
Hack saw or pipe cutter
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Smooth the edges with a file. It is better to cut the pipe too
long and sand off the extra length rather than cut the pipe
too short!!

Cut the foam to make two long strips about 4 cm wide and
60 cm long. You will also need 28 small foam pieces for
spacing between the pipes. These should be cut
approximately 1.5 x 3 cm long. These can be cut in a
parallelogram shape so they will align with the slanted
supports.

Lay the strips of long foam on the board to form a V shape.
The wide point should be about 20 cm apart and the small
end about 1 cm apart. The pipes will then be supported at
the points that create the least interference with the music.

Attach the pieces of foam to the wood with plenty of white
glie. The spongy material tends to absorb the adhesive
quickly. Self sticking foam (weather stripping) is also
available. It may be somewhat easier to work with this
material. It is considerably quicker as no time is required
Jor glue to dry.

Glue the first pair of small foam strips flush with the ends
of the strips just to the left of the point where the longest
pipe will be located. Lay the longest pipe in place barely
touching the spacers. Glue on the next pair of small foam
strips and continue until all pipes and foam strip spacers
are in place. The pipes can then be removed while the glue
dries.

On the board below cach pipe, label the note value, The
longest pipe is G and the notes continue as listed above.

Mallets can be made from a dowel rod and wood drawer
knob or tinker toy wheel. Place the drawer knob or tinker
toy wheel on the end of the dowel rod. As an alternative
you may wish to purchase mallets.

Your pipe xylophone is now complete and ready to use.

Discussion Questions:

What causes sound?  Vibrations produce sound wavs.
These waves are series of compressions and refractions. A
compression squeezes air together. Refractions spread the
waves of air apart.

How does sound travel? Sound goes through air in all
directions. Sound must have matter to conduct it.

What is pitch? Pitch is the range a note can produce high
or low. The pitch is controlled by how slowly or rapidly the
sounds or sound waves vibrate. In high pitch the sound
waves are compressed closer together. In low pitch the
sound waves are further apart.

What happens to sound as it travels? Some objects absorb

sound, ie., furniture, carpets, curtains. Some objects
reflect sound, i.¢., bare floors, empty rooms.

Further Challenges:

3 Can you produce a different sound by changing the
mallets?

O Try to make a stringed instrument by using various types
of strings cut to different lengths.

(1 Try to produce a wind instrument.
[ Try to produce some percussion instruments.

) Do research on early instruments.

References:

Mother Earth News (1984). Simple Instruments to Make
and Play. Box 70, Hendersonville, NC, 28719.



A Race Between Sound and Light

by Gweneth E. Loud

Focus:

This activity is designed to show that there is a difference
between the speeds at which sound and light travel. Sound
travels af 1/5 mile per second and light travels at 186,000
miles per second.

Challenge:

Find out which travels faster: sound or light?

Materials and Equipment:

Flag (or easily visible piece of cloth or paper)
A loud noisemaker (such as a drum, horn, cymbals, or
pot lids)

Procedure:

This activity can be done with a group of any size. It must
be done in a large flat open area such as a playing field or
patk. There must be good visibility from one end of the
space to the other.

Two students go to one end of the field with the instrument
and the flag. The rest of the class lines up at the other end
of the field, watching the first two, in silence.

At exactly the same moment, one student makes a loud
noise with the instrument and the other raises the flag
overhead.

The rest of the class should see the flag go up before the
sound arrives, illustrating that light travels faster than
sound.

Further Challenges:

0 Do the same activity several times, but move the two
students closer to the group each time to discover at what
distance the group sees the flag and hears the sound at the
same time.

O Using the instrument and the same open space,
experiment to see at what volume the noise must be made
for the group to hear it at various distances. These

CHap1er 2

activities provide opportunities for students to practice
measuring distances and making charts and graphs.

[0 Observe and listen to jet planes as an example of the
differing travel speeds of sound and light The sound
always seems to travel behind the plane.

References:

Schmidt, V.E. and V.N. Rockcastle (1968). Teaching
Science with Everyday Things, New York: McGraw-Hill.

Stein, S. (1979). The Science Book. New York: Workman
Publishing,

Sound
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LIGHT AND COLOR
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Retinal Fatigue and Color

by Michael J. Demchick

Focus:

The retina of the eye becomes tired of
continuously attending to one specific color.
As a result, the cyc sces the complement of
that color. This condition is called retinal
fatigue.

Challenge:

What is the complement of cach primary
color? How does the cye perceive a color after
attending to it continuously for several
minutes?

Materials and Equipment:

American flag
Several white poster boards
Colored construction paper
Magic marker

Procedure:

Outline several pieces of colored construction
paper with a black magic marker. Use yellow,
cyan (bluc-green), and white construction
paper. Attach each to separate pieces of white
poster board. Ask the students to stare at one
of these colors for about one minute without

blinking. Then have them move their eyes
slightly to focus on the white poster area and
observe the results. The result is the
complement of the observed color.

Place an American flag across the front of the blackboard
and a piece of white poster board next 1o it. Stare at the
star in the inside corner of the flag for about one minute.
Shift the eyes slightly to the white poster board. Results?
How do you account for what you see?

Further Challenge:
O Use a different color poster board with the same colors

as used with the white poster board. See if you can account
for the results.

Chaprer 3

(0 Create pictures that are the opposite of their actual color
with construction paper. For example, creatc a black
snowman with white eyes, nose, mouth and buttons. Place
the snowman in front of a red pine trec with a orange sky
and purple sun in the background. Stare and look away to
a white sheet of posterboard as you did with the flag before.
You will see a white snowman in front of a green tree and a
yellow sun. Let students get creative in making positive
pictures from negative images.

Lighr & Color



The Thaumatrope

by Linda Froschauer

Focus:

Persistence of vision is the ability of the eye to retain an
image for at least 1/15 of a second. Therefore, if we sce
more than 15 images in a second, our brains perceive
motion or a blend of images and color. This phenomenon
is the basis for the production of movies, television, and
cartoon animation. Motion pictures at your hometown
theater project 16 frames per second. Your television set
flashes approximately 60 images per second on its screen.
Without the "persistence of vision" these flashes would be
just a series of pictures and would not be perceived as
movement.

Challenge:

After trying your thaumatrope several times, explain what
you think "Persistence of vision" means.

Materials and Equipment:
White oak tag

String

Marking pens

Scissors

Procedure:

Cut out a 75 mm (3 inch) circle of oak tag. Create a design
on each side of the oak tag circle. A different color should

be used for each side. Each side should be part of a total
drawing. For example a large fish bowl could be drawn on
one side of the circle and a small fish drawn on the other.
When the drawing is spun as explained below, the fish will
appear to be inside the fish bowl. Other possibilities
include: a cat and a basket, a spider and a web, a frog and a
lilly pad, flowers and a vase.

Use a sharp pencil to make two holes on opposite sides near
the edge of the disk. Thread a string (approx. 24 cm or 8
inches in length) through the two holes. A knot should be
tied at each end. (See the drawing on this page.)

Hold the end of each string loop and wind it up by
swinging it over. It should be consistently wound in one
direction. When it is wound tightly the ends of the string
should be pulled gently. This should cause the disk to
rotate. Students should observe carefully and describe their
findings,

Further Challenges:

(1 Can this be done using oak tag cut into shapes other
than a circle?

[ Can this be done using a larger or smaller disk? Try
making a large thaumatrope. What is the biggest problem
with getting a very large thaumatrope to work?

Chapier %
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The Chromotrope

By Linda Froschauer

Focus:

This activity reinforces the concept of persistence of vision.
It also demonstrates the additive effect of mixing colors of
reflected light. As two or more colors are spun on the
chromotrope at the same time, reflected light from the
multiple colors reaches the eye at nearly the same instant.
This has the effect of mixing the colors of light.

Challenge:

What effects do different color combinations have on what
you see? Can you determine which colors combine to
produce new apparent celors on a chromotrope?

Materials and Equipment:

White oak tag Marking pens
String Scissors
Procedure:

Make a 75 mm (3 inch) circle of cak tag, create a colorful
geometric design on each side. (See examples at the
bottom of this page) Use at least two different colors.
Make the design on each side different from the other by
using different color combinations.

Use a sharp pencil to make holes 20 mm (3/4 inch) apart
near the center of the disk. Thread a 100 cm (40 inches)
piece of string through the two holes as shown. Tie the
ends of the string in a knot.

Hold each end of the string loop and wind it up by
swinging it over in a consistent direction. When it is
wound tight, gently pull the ends of the string apart with
your hands and then relax your grip. With a little practice
of repeatedly pulling and relaxing your grip, the disk can
be kept spinning indefinitely.

Further Challenges:

U Try new color combinations and patterns to create new
effects.

[J What is the longest period of time you can keep your
chromotrope spinning? What variables effect how long it
will spin?

() Stare at something really hard for several seconds.
Close your eyes and describe what you see. How is this an
example of "persistence of vision."

(O Make black and white patterns as shown below. How
many colors can you create from spinning black and white
patterns?

._
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The Pinwheel

by Linda Froschauer

Focus:

This is a toy most children have played with at one time.
This activity will take a closer look at it to reinforce the
concept of persistence of vision. Tt also demonstraics the
additive effect of mixing colors of reflected light. As two
or more colors are spun on the pinwhezl at the same time,
reflected light from the multiple colors reaches the eye at
nearly the same instant. This has the effect of mixing the
colors of light.

Challenge:

Place two primary colors on your pinwheel (such as yellow
and blue). What happens to the colors when you get the
pinwheel spinning very fast?

Materials and Equipment:

White paper Marking pens
Pencil Scissors
Thumbtack

Procedure:

See the drawings on this page. Cut out a 25 by 25 cm (10 x
10 inch) square of white paper. Using a ruler, draw two
diagonal lines connecting opposite corners of the square.
The two lines should cross at the exact center of the paper.
Make patterns on each section drawn and color them. Use
at least two colors.

Draw a circle of about 35 ¢cm (172 inch) diameter in the
exact center of the paper. Cut along the lines drawn from
the corners up to the circle. Do not cut ali the way to the
center!

Bend one corner of each of the triangular areas toward the
center of the paper and secure them by pushing a
thumbtack through each corner and the center of the paper.
Push the thumbtacks into the eraser of the pencil.

If there is sufficient brecze, the pinwheel should spin freely
on its own. If there is no breeze, it will be necessary to
blow on it. Students should observe colors and patterns
created as the pinwheel spins.

Further Challenges:

0 Make a variety of pinwheels using colors or different
patterns in the designs. Which ones do your eyes tend to
blend together? Which designs can be clearly seen no
matter how fast the pinwheel spins?

L Which way does the pinwheel spin? How could it be
made to spin in the opposite direction?

) Can a pinwheel be made in shapes other than a square'
What about a triangle? A circle? A hexagon?

0 Experiment with other materials to try and make the
pinwheel spin faster, (Hint: Cut down on the friction

«created by the paper touching the eraser.)
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The Phantascope

by Linda Froschauer

Focus:

This activity explores a device once known as the "magic
disk" or Phantascope. This was a childrens' toy capable of
showing moving pictures created before the invention of
the motion picture projector,

Challenge:

Make a series of drawings on a phantascope that depict
some type of motion.

Materials and Equipment:

Marking pens Thumbtack

Pencil Phantascope template
Scissors

Procedure:

Copy the phantascope template on the following page. Cut
out the phantascope disk and the viewing slits. Draw an
action picture on each line above the viewing slits. These
eight pictures will need to be drawn in sequence. Students
may wish to make practice drawings on scrap paper before
beginning. The drawings may be colored if desired.

Push a thumbtack or straight pin in
through the center of the disk and
into the eraser of a pencil. The
pencil should be on the blank side of
the disk.

Stand in front of a mirror and hold
the phantascope at eye level such
that you can see through the viewing
slits.  Spin the disk and watch
through the slits. Students should
describe what they see occurring,

Further Challenges:

O Try making another phantascope
showing a series of pictures that are
continuous and nonstop motion.

Chaprer 3
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The pattern of motion should repeat over and over again.
Some possible topics include: a person peeking out of a
doorway, pulling back, and peeking again;, someone in a
rocking chair moving back and forth; a worm moving into
and out of an apple.

[J Instead of drawing a series of pictures on the
phantascope, try making designs using different colors.

(1 Make a flip book. Staple together several small pieces of
paper or index cards. Draw a figure on each piece of paper.
Each drawing should represent one phase of the moving
figure. Flip the pages with your thumb and watch the
figure move.

O The phantascope works on the principle of optical
illusion. Find other examples of optical illusions and share
them with the class.

() Design a much larger phantascope with more viewing
slits and a longer action sequence. How large a
phantascope can you make?

Reference:

Caney, Steve ( 1972). Toy Book. New York: Workman
Publishing.
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Phantascope Template
Reproduce copies for each group.

Vo u v




The Taleidoscope

by Linda Froschauer

Focus:

This instrument is actually more familiar to children when
its mechanism is covered. It is the inside workings of a
better known instrument called the kaleidoscope. Students
are able to use this device to explore the effects of multiple
reflections in plane mirrors.

Challenge:

Describe in your own words how a taleidoscope works.

Materials and Equipment:

Black tape
Microscope slides

Procedure:

Place three microscope slides next to one another on a flat
surface with their long edges almost touching. (See the fop
figure on this page.) Connect the slides to on¢ another
using black tape. Turn the slides over so that the taped side
is touching the table. Fold two of the slides up so that they
touch one another. You should have formed a triangle.
(See the bottom figure on this page.) Connect these two
slides to one another, Take a look at the triangle formed.
If any of the glass is still bare (nof covered with black tape)
cover it with small strips. Look at any objects around you
through the taleidoscope. It works best when there is a lot
of light on the object. Investigate various objects and
patterns with the device.

Further Challenges:

] Try making a four sided talcidoscope. How is the view
different from the three sided version?

0 Make a large taleidoscope. Use acetate sheets such as
overhead projector sheets or report covers instead of the
slides. Strips approximately 5 x 20 cm work quite well.
The acetate strip may be painted or covered with black tape
on one side. They should be connected like the
taleidoscope above.

Chapter 7

T} Hold a magnifying glass in front of the opening of the
taleidoscope. Have students describe the results of this
variation.

O Try writing your name while looking though the
taleidoscope.

Light & Color



The Kaleidoscope

by Linda Froschauer

Focus:

Exploration of multiple reflections in a plane
mirrot.

Challenge:

Describe in your own words how a

kaleidoscope works.

) )

Materials and Equipment:

Black tape Scissors

Microscope slides Glue

Clear acetate sheet Beads

Straight pin Ribbon

Marking pens Colored cellophane
Film canisters Tape
Procedure:

Construct the taleidoscope from the previous activity. Cut
the end off of one plastic film canister. Put a hole
approximately 1 cm in diameter in the end of another film
canister. Attach the two canisters with tape. The open
ends should be touching. Insert the taleidoscope into the
tube you have made.

Cut an 8 cm disk out of the acetate sheet. Glue beads,
scraps of paper, ribbon, cellophane, etcetera onto the disk.

Chaprer 7
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Push a pin through the center of the disk and the lip of the
canister. Be cautious with the pin when piercing the
canister.

Point the kaleidoscope tube toward a light and look through
the small hole. Have students spin the disk and describe
what they see. Ask them to describe why the various
patterns are formed.

Further Challenges:

0 Make a larger kaleidoscope using a tennis ball can
instead of film canisters and acetate sheets instead of
microscope slides.

U Make a variety of disks for the kaleidoscope.
Try using permanent markers on the acetate.
Use two pieces of acetate with bits of confetii
sandwiched between them.

U Kaleidoscopes are made of many types of
materials. Design your own kaleidoscope.
Determine what it would be made of and how it
would be constructed. Make drawings of this
instrument, label its parts, and tell how it
works. If possible, construct the instrument as
an independent project.
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Bouncing Light

by Patsy Ann Giese

Focus:

Light is reflected from plane shiny surfaces.
Light can be reflected by several surfaces
before reaching a person's eyes.

Challenge:

Observe images formed by multiple
reflections, Count how many images can be
seen in a pair of mirrors.

Materials and Equipment:

Mirror squares Milk cartons
Washers orcoins Tape or glue
Cardboard Ball

Paper Kaleidoscope
Pocket Mirrors

Procedure:

Have students count how many images of
themselves can be seen in two mirror squares
taped together along one edge. Images of
other objects can be counted, too. If coins are
used, have students add up the total value of
the coins they see. The number of images
seen can be increased by decreasing the size
of the angle between the mirror surfaces.

Have students hold a mirror square on their chests and then
look into a larger mirror. Have each student count how
many images of themselves they can see. Explain that
vision does not leave their eyes and vision does not bounce
off the mirrors, but instead light bounces off the mirrors
and then enters their eyes.

Ask students if they have seen the backs of their heads. For
each student who has not, use two mirrors (one in front
and one behind) to enable him/her to see the back of
his/her head.

A durable easy-to-use periscope can be made from plywood
pieces about 1 meter long and 15 cm wide. Instead,
students can make their own periscopes from quart milk
cartons. Into diagonal slots at 45 degrees with the top and
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mirror

mirror

bottom of the periscope, place the two mirrors parallel to
each other, reflecting sides inward. Tape or glue the
mirrors firmly in place. A viewing hole needs to be cut in
front of each mirror. After predicting what they will seg in
a periscope as it is placed in various horizontal and vertical
positions, have students check the accuracy of their
predictions by looking into the periscope. For example, set
the periscope horizontally with one end on a desk top so
one looks down at the desk to see the floor beyond the desk.
Explain to students that they see the various objects, not
because their vision goes through the periscope, but because
light travels through the periscope to their eyes.

Repeat this activity except use a periscope in which the
mirrors are not parallel to each other, but are still at 45
degrees at the bottom of the periscope. With this periscope,
one could look down at the desk and see the ceiling.

Light & Color



Further Challenges:

U Have two students play catch by throwing a ball against
a wall or bouncing a ball on a floor. The students should
stand in one position to play, not run after the ball. Then
they must throw or bounce the ball so it hits the wall or
floor midway beiween the two students. Have a third
student mark where the ball hits. Compare two angles - the
angle between the wall or floor and the path of the ball
from the first student with the angle between the wall or
floor and the path of the ball to the second student. The
two angles should be approximately equal.

0 Have students, using the law that the angle of incidence
equals the angle of reflection, predict if the reflected image
of an object will be seen by another student. For this
activity, the positions of the student, the mirror and the
object should be fixed. Repeat the activity changing the
relative positions of the mirrer, object, and observer.

U Have students draw pictures of the object, mirror, and
observer with the rays of light included. They should show
both the paths of the incoming light and the reflected light.

U Discuss how long a mirror a person needs to be able to
see their full height in a mirror.. Obtain a mirror and
check the answer. Cardboard can be taped over some of the
mirror to get a reflecting surface the exact length of one's
prediction.

Safety Tip: Warn students to not drop or knock over the
mirrors. If a mirror is broken. do not let the students pick
up the broken glass in their hands.



Reflections and More Reflections

by Michael J. Demchik

Focus:

Reflections in a plane mirror are virtual images that are
laterally reversed. When two plane mirrors are placed
together at an angle, multiple images are formed. The
number of images formed depends on the angle between the
MiITors.

Challenge:

How many images are formed when two plane mirrors are
placed at 90, 60 and 45 degrees?

Materials and Equipment:

Index card Two plane mirrors
Marker Protractor
Clay Tape

Chapier 7

Procedure:

Tape together two plane mirrors to create a moveable hinge
as shown. The mirrors should be able to stand freely on a
flat surface. Place a dark circle on a piece of index card.
Support the index card with clay in front of the mirror.
Observe the results. Place the same card in front of two
mirrors placed at an angle of 90 degrees, How many
images are formed? Try 60 and 45 degrees. Results? Count
the images formed in each case,

Further Challenge:

(O Repeat the above procedures with the mirrors arranged
at various angles. Have students graph the relationship
between the number of reflections and the angle of the
mirror.

fapa mirrors
for hinge

4
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Straight, Curved, or Crooked?

by Patsy Ann Giese

Focus:

In any one substance, such as air, light always travels in a
straight line.

Challenge:

Observe evidence and infer that light does not curve as it
travels through air.

Materials and Equipment:

Posterboard Matches

String Wire or cord

Blocks of wood High intensity lamp
Thumbtacks or glue Pieces garden hose
Candle or flashlight tape

Candie holder Miscellancous objects

Procedure:

Cut a hole in the center of five squares of posterboard.
Attach each cardboard square with thumbtacks or glue to a
block of wood large enough that the cardboard, when
attached to the wooden base, will stand upright as shown.
Darken the room. Have students stand the cards in front of
a candle or flashlight, checking which positions allow the
light to shine through all the holes. A taut string through
the holes can aid in aligning the holes and the light source.

Have students look through straight sections of garden
hose. Then have them bend their sections of hose as they
continue to look into the hose. Discuss the differences
between the two sets of observations.
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Further Challenges:

O Suspend objects, for example, a pencil, a washer, an
empty food can, or a ball, from a piece of heavy wire or
cord. Set up a piece of white posterboard vertically by
taping or tacking it to a wall. Show students how you will
hold the objects in various otientations between a light
source and the posterboard. Have students draw pictures
which predict how the shadow will look based on various
orientations of the object relative to the light source and
posterboard. Based on their pictures, have students predict
what shape shadow will be made on the posterboard.
Check their predictions by darkening the room, turning on
the light source, and observing the shape of the shadows.

) Repeat the above activity, except change the distances
between the light source. the objects. and the posterboard.

0 Take photographs of the shadows made by several
common objects. Ask students to speculate about the type
object that made the shadow. Have the actual objects or
pictures of the objects available for students to observe.

€] Have a student whisper into a straight section of garden
hose with another student listening at the other end of the
hose. Repeat the activity with the hose curved. Discuss
how sound is different from light,
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Do You Look Strange At Lunch Time?

by Patsy Ann Giese

Focus:

Reflecting plane and convex surfaces make all things look
right-side-up.  Reflecting concave surfaces make closc
things look right-side-up, but distant things upside-down.
A person cannot get close enough to see a right-side-up
image of him/herself in very curved concave surfaces such
as spoons. A person can sce their image right-side-up in a
less curved concave surfaces such as shaving mirrors.

Challenge:

Find which orientations of a knife and of a spoon give an
upright image of persons looking at their reflections. Find
at what distance individuals can see their image in a
shaving mirror changes from right-side-up to upside-down.

Materials and Equipment:

Knives
Spoons
Shaving mirrors

Procedure:

Each student should look at their image in the blade of a
shiny knife. Repeat the activity, but with each student
looking into the bowl of a shiny spoon with the handle
vertically down from the bowl. Then pose the challenge to
move the spoon in such a way that they see themselves
right-side-up. Most students will continue to look into the
bowl, rotating the spoon so the handle is horizontally to the
side of the bowl or vertically up from the bowl. They need
to look into the convex back of the spoon to meet the
challenge. Looking at the back of the spoon, again have
each student notice the changes in the shape of their image
as they rotate the spoon handle up, down, and sideways.

Have one student hold a concave shaving mirror so a
second student can see their own image. Have the first
student back away slowly, holding the mirror level. The
second student should give directions to the first in order
that the mirror is oriented so the second student can
continue to see the image. The second student should
notice how far away the first student is when the image
from the mirror inverts.
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Further Challenges:

{1 Have students think of other shiny curved surfaces in
which they can see an image of themselves. Possible
answers are convex rearview mirrors, chrome car bumpers,
silver goblets, steel thermos bottles, and reflectors from
flashlights or headlights,

U Have students draw pictures of the shiny objects with the
rays of light included, showing both the paths of the
incoming light and the reflected light.
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Simply Scientific Symmetry

by Patsy Ann Gicse

Focus:

Symmetry is an important property in scientific research
about things as diversec as nuclear particles and human
organs. Objects symmetrical about the horizontal axis are
unchanged by refraction through a test tube. Objects
symmetrical about the vertical axis are unchanged by
reflection from a plane mirror, Multiple reflections can
make the image appear the same as the object.

Challenge:

Look for symmetry in physical objects. Identify images
reflected from a plane mirror as reversed lefl to right, and
identify images refracted from a horizontal cylindrical
surface as upside-down.

Materials and Equipment:

Mirror squares Typing paper
Cardboard Ribbon or Clip
Test tubes or narrow jars Stoppers or lids
Water Index cards
Posterboard Paper

Magazine or pictures
Procedure:

Fill large test tubes with clear tap water. Insert cork or
rubber stoppers into the ends of the test tubes. As an
dlternative to the test tubcs, use small clear jars, for
example, ones in which green olives or spices are sold.
Jars with larger diameters will not work well.

Write on index cards so that most of the letters symmetrical
about the herizontal axis are one color and all other letters
are another color. You could write CHOICE MYSTERY
BOOK with the words CHOICE and BOOK in red and
the word MYSTERY in blue. You could write CHECK
THAT CODE with the words CHECK and CODE in
black and the word THAT in green. Have each student
place a test tube directly over the message on a card. Then
each student should raisc the test tube, watching the letters
become out of focus. Each student should stop raising the
test tube when the letters are again in focus. At this point,
each student should hypothesize whether color, symmetry,
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or other properties determine which letters look usual.
Each student should test their hypothesis by making new
cards to read.

Have students predict how they will look winking their
right eye or waving their right hand in front of one mirror.
Have them check which hand or eye appears to be moving
in the image formed by light reflected off a mirror. Puta
clip or a ribbon on a student's head. Have students check if
the image of the front of their heads is reversed left to right.
Using two mirrors, have them check if the image of the
back of their heads is reversed lefi to right.

Make a clock face on a paper plate. Have students look at
the image of the clock face reflected from one mirror. Ask

. in what ways the image is different from the actual clock

face. Repeat this activity, except reflect from a second
mirror the image from the first mirror.

Write a message on a piece of cardboard. Have students try
to read the image of the message reflected from one mirror.
Ask which letters are readable and which are not. Ask
what property is common to all the readable letters,

Have students compare the symmetry of letters about the
horizontal axis that were unchanged by refraction through
a test tube with the symmetry of letters about the vertical
axis that were unchanged by reflection from a plane mirror,
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Using the message and mirror from the
previous activity, reflect from a second
mirror the image from the first mirror,
Students should observe that all the
letters are readable this time,

Further Challenges:

[l Write a message on thin typing paper.
Turn the paper over and trace over the
letters to darken them as viewed from that
side of the paper. An alternative is to
write on paper over carbon paper,
carbon side up. Place the front side of
the paper against a piece of cardboard,
and tape the two together. Have students
try to read the message viewing the
backside of the paper. Then have the
students try to read the image of the
backside of the paper reflected from one
mirror. As above, try reading the image
from a double reflection of the message.

L] Put the two taped mirrors at right

angles to each other. An aliernate

approach is to cut away one corner and the top of a
cardboard box, and then glue two mirrors in the opposite
corner. Center the clock face in front of the taped edge.
Have students again look at the image of the clock face.
Have students wink or wave into the mirrors. Have them
look at themselves wearing a hair clip, a ribbon, or an
asymmetric hat. Ask if the reflections are reversed left to
right,

L1 Have students look around the classroom and identify
objects that are symmetrical about one or more axes.

O Discuss in what ways people are symmetrical and in
what ways asymmetrical,

U Have students set a magazine or other large picture
horizontally on a table or desk. Hold a mirror square
vertically on the picture. Look at the edge where the
reflecting surface touches the picture.
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(0 Have each student draw a picture. Keeping it
horizontal, the student should place a vertical mirror on
one border as in the previous activity. The student should
repeat this procedure, except place the mirror on another
border.

O Make triangles or other shapes from several colors of
posterboard or cardboard. Then have students create
symmetrical designs from the pieces. Have each student
challenge a second student to make the first student's
design using half as many pieces on a horizontal surface
next to a vertical mirror.

Safety: Warn students to not drop or knock over the
mirrors. If a mirror is broken, do not let the students pick
up the broken glass in their hands. It is advisable to keep a
dust pan and brush handy in case of accidents.

Light & Color



Can You Catch Fish?

by Patsy Ann Giese

Focus:

A ray of light bends as it travels from one substance to
another because the speed of light is different in different
substances. Because our eyes interpret any light received as
though it did not bend appearances can be deceiving from
light that has passed through a refracting surface.

Challenge:

Observe evidence and infer that the apparent position of
objects is different in water than in air.

Materials and Equipment:

Plastic container Water
Aquarinm Corks

String Washers
Metal rod or wooden dowel Narrow tube
Coins or washers Opaque bowls

Procedure:

See the sketch on this page. Cut a fish shape out of the
bottom of a discarded plastic container, for example
Flace the fish-shaped object on the

laundry soap bottle.

bottom of an aquarium filled with water. As an alternative,
glue a fish-shaped object to a cord, and then tie the cord to
a washer leaving a little string between them. Repeating
this procedure, but varying the length of strings, will make
the fish-shaped objects seem to be swimming at various
depths, Have a student sight down a narrow tube, for
example, a piece of water pipe, locating the fish-shaped
object. It is easier to hold the tube steady with one's arm
resting against the table. Then without moving the tube,
have another student pass a metal rod or a wooden dowel
through the tube. Have other students check if the rod
touches the fish-shaped object. The rod will not touch,
because the fish-shaped object, when sighted through the
tube, appears to be in line with the ray of light that reaches
the student's eyes. However, the ray of light bent as it
passed from water to air,

Repeat this activity, except have no water in the aquarium.
Finally students will be able to catch fish.

Further Challenges:

(0 Have each pair of students put a washer or ccin in a
small opaque bowl, the size of one serving of fruit. (A cup,
a flat pan, or the bottom of a cutoff milk carton can be used
instead of a bowl.) Have one student move away from the
bowl until the side of the bowl
blocks the washer or coin from
sight. This student should remain
there, being particularly careful to
not move his/her head at all
Have the second student pour
water into the cup slowly enough
that the washer or coin does not
move. The first student should be
able to see the washer or coin

again

(J Discuss why a pond may
appear shallower than it really is
to a person standing on its banks .
Ask why it is important to check
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the depth of water before diving
in?
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Look Who's Got Four Eyes!

by Patsy Ann Giese

Focus:

Light is bent as it passes through curved transparent
surfaces, changing the appearances of objects viewed
throngh the refracting surfaces.

Challenge:

Observe images formed by refracted light.

Materials and Equipment:

Clear beakers Jars

Test tubes with stoppers Drinking glasses
Magnifying glasses Glass marble
bowl or spherical flask Rulers
Aquariums or clear pans Water
Procedure:

activity, except use containers with very large diameters.
Containers with larger diameters do not magnify the width
of a vertical ruler as much as do containers with smaller
diameters. The length of a vertical ruler is not magnified.

Empty the water out of the containers used in the above
activity, and put a small washer or other weight in each.
Then stand these containers in one or more aquariums of
water, Clear flat-sided pans, such as bread pans, can be
substituted for the aquariums. The water in an aquarium
should be about 2 cm lower than the top of the shortest
container so that no water flows into those confainers.
Repeat the above activity with the rulers. Containers with
larger diameters do not reduce the width of a vertical ruler
as much as do containers with smaller diameters. The
length of a vertical ruler is not reduced.

Further Challenges:

Fill large test tubes with clear tap water.
Insert cork or rubber stoppers into the
ends of the test tubes. As an alternative,
use small clear jars, for example, ones in
which green olives or spices are sold.
Have some students look at the room with
a test tube in front of their eyes. They
should also lock at their classmates
through the test tube, The test tube will
make ong's eyes appear clongated
vertically or, at the proper distance from
one's face, will make each eye appear as
two eyes one above the other. Have
students also describe what they saw as
they looked at the room.

Have students look at rulers placed
vertically in clear beakers, jars, or glasses
of water. Ask if the width and/or the
length of the rulers looks unusual? Ask if
the rulers look straight? Then have
students tilt the rulers and answer the
above questions again. Have students
move the rulers to containers with smaller
diameters and then describe the change in
the appearance of the rulers. Repeat this
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{3 Have students look through a clear glass
marble, bowl, and/or spherical flask. Look
through a water drop on a window screen,
window glass, or a microscope slide.

J Discuss why straight objects look wavy
when seen through thick irregular glass as is
found in some old windows, Discuss why
the same type of objects look straight when
seen through thin uniform window glass.

0O Have stdents form images with
magnifying glasses or other lenses. Have
students draw pictures of the lenses with the
rays of light included, showing both the
paths of the incoming light and the refracted
light.

(O Have students think of manmade objects
which require lenses. Possible answers are
eyeglasses, binoculars, opera glasses,
cameras, movie projectors, telescopes, and
microscopes.

() Discuss lenses in the eyes of living
organisms.
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Liquid Lenses

by Meghan Mahoney Twiest

Focus:

The path of light waves can be controlled with two basic
types of lenses, concave and convex. A lens is a tool for
bending light and can be made of many different materials
such as plastic, glass, or living matter. A convex lens,
which is thickest in the middle, makes the beams of light
passing through it converge. A concave lens, which is
thickest around the edges sprecads the beams of light that
pass through it.

Challenge:

Make a convex and a concave lens and see what happens to
images when you look through them.

Materials and Equipment:

Microscope slide Eyedropper
Metal washer Petroleum jelly
Newspaper

Washer

thin pelroleum
Jelly smeas

4
/

/

Covicove lens ~
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wWater drop (8)
glass glide.

Procedure:

This intriguing activity fits well into a variety of lessons
such as anatomy of the eye, use of the senses, or refraction
of light through a lens. See the skelch on this page.

To assemble your own lenses, have the students spread a
very thin layer of petroleum jelly onto the microscope slide.
Next, place a washer (one that completely fits on the slide)
on top of the layer of jelly. Now the washer won't slide
around. After the washer is secure, have the student put
about a dozen drops of water into the center of the washer
and spread it around with the dropper until water is
touching all the sides of the washer. A concave lens is
formed when the layer of water is thickest around the edges
and thinnest in the middle. When the lens is held over a
newspaper, the print will appear much smaller than it
really is. This is because the light rays are spread out as
they pass through the water.

To make a convex lens, place a couple of dozen or so more

drops of water inside the washer until the water "heaps" up

in the center. The surface tension of the water forms this

heap as the water molecules adhere to each other. When

using this lens to look at the newspaper, the print will be
magnified.

Further Challenges:

(1] Shine a flashlight through the
lenses onto a piece of paper and see
what differences you will discover.

(0 Have an optometrist come into
the classroom and explain types of

“l'op view lenses and how they are used to
correct eye problems.
Reference:
Mallison, G.G., 1B. Mallison, D.
Brown, JW. Knapp, and W.L.
Smallwood. (1981)  Science:

Side views
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Understanding Your Environment,
Morristown, N.J.: Silver Burdett

Company.
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Demagnification

by Michael J. Demchik

Focus:

Demagnification is a topic often left out of the study of
light.

Challenge:

What kind of a lens produces demagnification? What
relationship exists between distance and demagnification?
Do compared distances provide measures of
demagnification?

Materials and Equipment:

Depression slide or concavity slide (3" x 1")
Newspaper print
Ruler

Procedure:

Select a newspaper that has a large headline. Find a letter
"C" which just fits into the depression. Use the letter "C"
for your investigation. Start with the concave surface

toward you and place the letter under the slide. Move the
concave surface away from the surface of the letter and
observe that the letter gets smaller. Select several points to
view the letter. At each of these points, measure the
distance from the slide 1o the letter. Then estimate and
record the apparent size of the letter as it appears in the
circle as viewed through the slide. Measure and record the
distance from the letter to the lens. Record the data in
chart form.  Plot the distance away against the
demagnification (apparent size). Determine the
relationship between the two variables.

Further Challenges:

) Put a penny into a graduated cylinder partially filled
with water. Look down the tube and place your finger
where you think that the penny is located. Vary the depth
of the water and then compare the data. See if you can
determine the relationship.
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section of shoreline f
‘bathing beach and w
i uos Lo al. Smaller ]m;,ﬁmug:dmf' :.
m messures to ban rubbg . :
eans._sayl.oul&e_ll through the woods and other
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How Lenses Turn Us Upside-Down

by David R. Stronck

Focus:
Light rays are bent as they travel through lenses. When

light travels through double convex lenses, the image
created beyond the focal point is inverted.

Challenge:

Discover what lenses do to light rays.

Materials and Equipment:

Discuss with the students how the rays of light pass
through the lens and sharply bend their direction when they
leave the lens. The result is an image that is inverted.
Students can draw a diagram showing a light ray from the

‘top of the flame entering the top of the lens but leaving at

such an angle that it is at the bottom of the image.
Similarly a light ray from the bottom of the flame enters the
bottom of the lens but leaves at such an angle that it is at
the top of the image.

A very dark room Birthday candles

Modeling clay Matches

Magnifying lenses White index cards ScCreen
Procedure: roy from object~ \7

Ask the children to predict what light rays do —_ . - -l/

when they pass through a magnifying lens. CG:VI‘I‘EI" LAk I : NN
Invite them to see what happens by doing the line *~ll 3 s

following:

Organize the students into teams of three
persons, The first student has responsibility
for the candle. The second student takes the
magnifying lens. The third student holds the
white index card. They should set up their
materials as shown on this page. Small pieces
of modeling clay may be used to hold the
candle, lens, and index card in place.

Light the candle. Darken the room. Hold the magnifying
lens between the candle and the white card. Move the
magnifying lens slowly back and forth between the candle
and the white card. Observe the image of the candle flame
on the white card.

Direct students to answer the following questions about the
image: Is the magnifying lens close to the flame when the
image of the flame appears to be upside down? Where do
you move the magnifying lens if you want a larger image of
the flame? Can the magnifying lens be placed to present
such a small image that there is no image at all? Can the
magnifying lens be placed to produce an image that is not
inverted?
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refrock cl>
™ by let?e»
reol image:

Further Challenges:

0 Use flashlights in place of candles. To mark the top of
the flashlight's ray of light, tape a small piece of cardboard
over the part of the flashlight's glass window. Do similar
activities as described above .

(1 Use a ruler to measure distances between the magnifying
lens and the image. Use these measurements to find the
focal point where all of the light rays will converge at one
spot. Measure the height of the image on the white
cardboard card. Describe how the height of the image
changes as the magnifying lens is moved. Have the
students compare their measurements of similar
observations,
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Where Do Flowers Get Their Colors?

by Mildred Moseman

Focus:

Chromatography can be used to show the different
components of pigments in plants. Chromatography is
used primarily in chemistry as a means of separating and
analyzing mixtures of chemical compounds by the use of an
absorbing material. It works because ¢ach chemical in a
mixture moves at a different rate in the upward flow of the
alcohol. Different compounds are absorbed and found in
separate sections of the paper.

Challenge:

Hold up a purple blossom from a petunia, What gives it its
color? How could we use chromatography to find out?

Materials and Equipment:

Red geranium Purple petunia blossoms
Rubbing alcohol Toothpicks
Paper towel (coffee filter) Drinking glass

Mortar and pestle (spoan & lid)

Procedure:

Have children crush torn bits of the
blossoms in a small amount of
alcohol with a mortar and pestle. Do
this with various blossoms in separate

pager

chromotography

With a toothpick, place a dot of the plant pigment on the
center of the line. Place the end of the paper in a drinking
glass in which a small amount of rubbing alcohol has been
placed.  (See the sketch on the jfollowing page.) The
alcohol must not touch the mark. The strips may be taped
to the outside of the glass.

Have children keep track of color sequence, band widths,
travel time, and distance traveled of each blossom.
Excitement mounts when colors begin to creep up the
paper. This can also be done with green leaves.

Further Challenges:

{1 What are some other possible uses for chromatography?
How are plant pigments formed?

(1 Why do some colors rise higher than others?

O Does chromatography work with various kinds of
markers, inks, or paints?

\

operations.
Cut several pieces of paper towel,
coffee filter paper, or chromatography
paper into 15 cm x 1 cm pieces.
Draw a horizontal line across a piece
of paper near the bottom of the paper :
with a pencil. X / (l'.'lOFI)OF% CYE:?
A S~ e
?»h! ;
f . "..F“ “‘\\ .
percil ine L TN dot of plant
obove GJCOM \ / . .
: pigment on
10 mm olcohol —] ' line
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Rainbow Physics

by Judith McKee
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Focus:

A rainbow is a portion of a complete circle which is
not visible because of the horizon. Occasionally, a
rainbow can be viewed in its entirety from an
airplane.

Challenge:

Demonstrate a complete rainbow using a horizon line
which obscures the total configuration.

Materials and Equipment:
Crayons or marking pens

Circle template
White construction paper

Procedure:
Use a template outling of a single circle as a starting

point for the rainbow. Then with the acronym
ROY-G-BIV (red orange, vellow, blue, indigo and
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violet} as a guide for ordering colors, have the
children make their own rainbows. Remember that
violet is the shortest band of the light in the spectrum
and red is the longest. Then make a horizon cover so
that the rainbow is viewed as we usually see it. This
is a good opportunity for creativity to flourish as each
scene will, hopefully, be unique.

Further Challenges:

J By looking at the completed rainbow circle, the
children can easily sec that the violet band in the
rainbow is shorter than the red one.

[l Experiment with light (sunlight or an artificial
light source) and various prisms to make rainbows.
Note the length of the band of color in the spectrum.

[1 Discuss why the rainbow curves into a circle
shape.
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Diffraction Slits

by Gerald Wm. Foster

Focus:

Producing a light spectrum by diffracting light.
Challenge:

Finding various ways to diffract light.

Materials and Equipment:

Microscope slides

Spray paint (flat black)
Single edged razor blade
Newspaper
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Procedure:

Cover a desk or table with newspaper. Spray onc
side of a microscope slide with black paint. Allow
to dry which takes approximately five minutes.

Take a razor blade and make a fine line through the
paint. Hold the slide with the line up to a light and
look for bands of light and dark.

Further Challenges:

(] Make several lines to see what happens. Try
making the lines at different distances from each
other to sce what happens.

(1 Try different kinds of light sources. For example:
light from a window, fluorescent light, incandescent
bulbs that have a vertical filament as well as those
that have a horizontal filament.

O Use colored cellophane to cover the slide to see if
certain colors will block out certain parts of the
spectrum,

U Try other ways to diffract light: hold two fingers
close together and look between them at a light
source. Try nylon stockings or some other finely
meshed materials that allow light through and look
at a light source. Use finely meshed window screen
to produce a spectrum.
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Polarized Light

by Gerald Wm. Foster

Focus:

Diffracting light using cellophane and polarized film.

Challenge:

Students will create different colored designs by making
slides using polarized film and cellophane.

Materials and Equipment:

Cardboard slide covers

Polarized film

An assortment of cellophane tape

An assortment of cellophane packaging
Slide projector and screen

Scissors

Procedure:

Cut a piece of polarized film to fit into a slide cover. Seal it
shut with a piece of tape.

Cover one side of the prepared slide with strips of
cellophane tape. Put the strips of cellophane at different
angles and overlap them. The way the strips are placed
will create the design. The type of cellophane will create
the intensity of the different colors.

Put the stide into a slide projector. With the projector light
on, rotate a larger piece of polarized film in front of the
projector lens. The rotation creates different patierns and
different colors of the spectrum.

Further Challenges:

{0 Use pieces of cellophane wrapping on top of an overhead
projector and rotate a piece of polarized film above the
cellophane as the image is projected on a screen.

[0 Make a slide that contains a drop of water or oil in the
center.

O Try different kinds of sunglasses on the overhead
projector.  As the piece of polarized film is rotated,
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determine which sunglasses contain polarized lenses and to
what degree they contain the polarizing element.

O Play music in the background and let students create

different moods with the colors projected on the screen as
they rotate the polarized film in front of the projector lens
with the beat of the music.

/
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ELECTRICITY FROM
STATIC TO CIRCUITS




Dancing Dolls

by Meghan and Mark Twicst

Focus:

This experiment demonstrates how oppositely charged
particles attract each other.

Challenge:

Make paper dolls dance through the use of static electricity.

Materials and Equipment:

glass, (apx. 12 x 25cm.) thick books
silk cloth tissue paper
Scissors

Procedure:

Abstract concepts such as electrical charges can be
explained more easily through the use of concrete examples
which the students can handle and explore.

See the sketch on this page. First, on a high counter,
visible to all students, place the two thick books about four
inches apart. Have each of the students cut paper dolls out
of the tissue paper. Allow them to put their names on their
dolls so that they can easily be identified. Then place the

dolls on the table between the books. Ask the children to
think of ways to make the dolls move, without touching
them. After the students shake the table and blow on the
dolls, tell them you know of another way to make the dolls
move. Place the glass over the dolls so that it is propped on
top of the two books. Next, rub it vigorously with the piece
of silk. The dolls will dance up and down between the
glass and the table top.

‘When the glass is rubbed with the silk, the silk takes some
of the electrons from the glass and becomes negatively
charged. The glass having lost the negative charge
subsequently becomes positively charged. The paper
receives an induced negative charge from the glass and is
attracted to it.

Further Challenges:

O A hair comb can pick up small pieces of paper after
running the comb through your hair, using this same
principle.

[ Does this activity work better on days with low or high
humidity? Why?
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Charge Your Classroom

by Yvonne A. Johnson

Focus:

Observation is the major emphasis in this series of
activities for electrostatics. Children should be encouraged
to experiment in finding other ways to produce electricity.

Challenge:

Through a series of related experiments children will
discover that static electricity is produced when you create
friction,

Materials and Equipment:
Comb

Stream of water
Electrician's tape

Inflated balloon
Cereal

Procedure:

A note to teachers before beginning work with
electrostatics: These experiments work best in winter when
it is cold and dry. If you comb your hair to charge the
comb, the hair should be clean, dry, and free of creme
rinse and hair spray.

Have students bring a comb near small
bits of paper. Note motion, if any, Next
have them run a comb through their hair
several times and bring it near small bits
of paper. Note if any pieces of paper are
picked up or moved. Again have students
run the comb longer and harder through
their hair and bring it near small bits of
paper. Discuss with students why static
electricity causes the movement seen.
Ask students if they can share any

examples of electrostatics in their
experience,
Further Challenges:

0 Run a comb many times through your
hair and bring it near a stream of water

coming from a faucet. How does the electrical charge in
the comb affect the water stream. (See the drawing below.)

O Bring an inflated balloon that has been rubbed near
small bits of paper.

[ Touch an inflated balloon that has been rubbed to a wall.

O Bring an inflated balloon that has been rubbed near to
somcone's hair,

CJ Rub a comb to charge it and bring it near cereal.
{J Flip and shake your blanket hard when you go to bed.

QO In a dark room, sharply pull electrician's tape away
from the roll.

0 Why was fabric softener developed to be used for doing
laundry?

0O Why do gas trucks have a chain that touches the ground?
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Let the Sparks Fly

by Richard Bollinger

Focus:

Static and current electric charges are essentially
the same. Electrical charges are found in
everything. Static electric charges can be casily
generated by friction.

Challenge:

How can you demonstrate the similarity between
static and current electricity?

How can static electricity be produced?

How can an object be tested for the presence of
clectrical charges?

Materials and Equipment:

Balloon Clay

Sharpened pencil Index card
Aluminum pie pan Rubber bands
Assorted items (ree Activity 3) Fluorescent bulb

Plastic sheet
Procedure:

Start the lesson by pointing out 2 balloon stuck to the wall.
Ask students to explain the cause of the balloon sticking.
You may remove the balloon at one point, rub it on your
hair, and stick it back on the wall.

After a student states the cause as static electricity, ask
students if they can see the electricity in the balloon. Many
students have seen this demonstrated but have little or no
understanding of static electricity. Ask the students if
electricity is dangerous to touch? How can we discover if
the balloon is charged with electricity?

Activity One: Constructing a tester.

Construct the tester as shown on this page. Place a
sharpened pencil, eraser first, into a ball of clay so that the
pencil is able to stand erect. Fold an index card in half the
long way and balance it upon the pencil point so that it is
able to pivot around. Bring the charged balloon(s) near
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rare-
.

the index card and watch how it attracts the card causing it
to spin around.

Activity Two: Is the Balloon charged?

Construct an electropherus by placing two rubber bands
across an aluminum pic pan in an "X" shape. Holding on
to the rubber bands as a handle, rub it across a sheet of
plastic. (See the drawing on the next page,) Experiment
using several types of plastic until you find the kind that
produces the strongest charge. Being careful not to touch
the pie pan with your hand. (The charge in the pie pan will
énter your body.) Bring it near the metal ends of the
fluorescent tube. (The tube may even be dead) The
fluorescent tube-will briefly glow demonstrating that you
are generating "real electricity." Bring the charged pie pan
near the electricity tester and see if the tester can indicate
the presence of an electric charge. Movement of the card
shows that the "index card electricity tester” is working,

Activity Three: Testing Other Materials,

Begin by asking students to describe the common factors
when the balloon and pie pan were charged. (Both were
rubbed ) Encourage students to experiment with a variety
of materials by rubbing them against each other or a soft
cloth. Such materials may include rubber or plastic combs,
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plastic pens, plastic rulers, wax candles, crayons, small
glass drinking glasses, soda straws, pieces of rubber hose,
small pieces of paper, plastic bags, scraps of wool, silk, fur,
and cotton cloth.

Have students test which materials will produce static
electricity, as indicated on the "index card static clectricity
tester”. Materials such as wood and metals, which do not
produce electrical charges, should also be included.

Further Challenges:

() Does the dircction in which you rub cause any change in
the charge?

L} Why do many pieces of clothing stick to each other
when they come out of the dryer?

[J What causes the spark to come out of your fingertip after
you walk on carpeting?

[J What would we have to do to keep the fluorescent tube
lit for a longer period of time? (Keep the charges coming.)
This is an excellent lead-in for the topic of current
clectricity.

D) Investigate the causes of lightning,



Electric Circles

by Stephen C. Blume

Focus:

Although children can define a circuit after studying a
textbook, they need concrete experiences with a battery,
bulb, and wire to really understand the concept of circuit.

Challenge:

How many ways can you get a bulb to light using a battery,
a bulb, and one wire? Where does the electric current flow
when the bulb lights? What are the special places on the
battery that must be touched to get the bulb to light? What
are the special places on the bulb that must be touched to
get the bulb to light?

Materials and Equipment:

D-cells (pattaries)

@ _flashlight
S bub
=
| _flashlight
ba.’rl'erg
(d-celld
.
insulated
‘\/ Copper Wire
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Procedure:

Each child is given a battery, a bulb, and one wire. Tell the
children to get the bulbs to light as many ways as they can.
By manipulating the materials in different ways, the
children wiil light the bulb. Eventually, one or two
children will get the bulb to light. The other children will
copy the arrangement to get their bulbs to light. Ask the
children what special places on the battery have to be
touched to get the bulb to light. Also, ask them what °
special places on the bulb must be touched to get the bulb to
light.

Note that the dry cell battery has two special places. The
top of the battery is the positive terminal, and the bottom of
the battery is the negative tcrminal. Electrons flow from
the negative pole to the positive pole of the battery when
connected in a circuit. The bulb has two special places that
must be connected to the dry cell to light the bulb. The
silver tip on the bottom of the bulb
and the gold threads on the side of
the bulb are the two special places |
that must touch or be connected by a
conductor to the two poles of the
battery.,

Tell the children to find other ways
to light the bulb. If necessary give
the children hints such as "I wonder
if the bulb will light if the battery is
upside down," "Try to light the bulb
with the bulb lying down on the
battery,” or "Are you touching all the
special places on the battery and
bulb?"

Have the children describe how the
electricity flows through their
circuit. Then, have the children
draw the arrangements that lit the
bulb.

Next, give the children another wire

so that they have a battery, two
wires, and a bulb. Tell them to get
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the bulb to light with their materials, but the bulb cannot
touch the battery this time. Again, give them hints as
necessary, have them describe how electricity flows through
their circuit, and have them draw the arrangement that
lighted the bulb.

Further Challenges:

O How many bulbs can you light with one battery and one
wire? What happens to the brightness of the bulbs when
more than one bulb lights up? How can you explain what
happens to the brightness?

O How many bulbs can you light with one battery and two
wires? Get a partner and try to light as many bulbs as you
can without any of the bulbs touching the battery. What
happens to the brightness of the bulbs when more than one
bulb lights up? How can you explain what happens to the
brightness?

0O What do you think will happen if you connect two
batteries to one bulb? Try it with your partner. What
happens to the brightness of the bulb? How can you
explain what happens to the brightness of the bulb?

References:
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Build A Heavy-Duty Circuit Board

by Charles Nease

Focus:

Students need hands-on experience in setting up and
manipulating series and parallel circuits. They need
materials which facilitate systematic comparisons and
explorations. The common practice of using a loose
assortment of sockets, bulbs, wires, and batterics, however,
may promote confusion rather than understanding. Using
a circuit board may provides beginners with an
unambiguous arrangement of these items.

Although commercial circuit boards are available, they tend
to be both costly and fragile. Fortunately, teachers can
make less expensive and far more durable ones with parts
obtained from hardware stores or supply catalogs.

Challenge:

Complete the series and parallel circuits by adding the
missing wires. Then make as many comparisons as
possible between the two types of circuits .

Materials and Equipment:

1 masonite board (30x 30x 0.7em )

2 batteries

4 D -cclls

2 knife switches

6 lamp sockets (miniature, scraw base)

6 3-volt dry cell lamps (screw base)

1 roll bell wire (/8 gauge anmunciator wire)
20 machine screws (632x 3/4")

20 washers

20 lock washers

20 nuts

5 rubber bumpers

1 drill with bit

1 wire stripper | screwdriver

1 illustration of series and parallel circuits (optional)

Procedure:

Build circuit boards as illustrated below for each group of
students.

All components (battery holders, sockets,
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switches) may be fastened to the masonite board with
screws. Holes drilled slightly smaller than the diameter of
the screws will make this part of the construction easier.
To protect the working surface from the machine screws
protruding from the bottom of the circuit board, mount five
rubber bumpers underneath the board. Place one in each
corner and one in the center.

Have students work in groups of two or three to add the
wires as shown by dashed lines in the illustration, They
will need instruction in using the wire stripper, and a clear
illustration of the two types of circuits may be helpful.
Since they may inadvertently set up short circuits, instruct
them to turn off the switches and ask for help if any wires
start to heat up .  When the circuits are complete, ask these
questions:

* What differences do you see with the switches off? With
them on?

» What do you think is causing this difference?

* Have the students unscrew one bulb in each circuit. Now
what differences do you see? What is causing this?

» Show me the paths the current is taking now.

* Which circuit is like those in your house or apartment?
How can you tell?

* How do you know that the batteries are not causing the
differences in brightness? How can you prove whether they
are or not?

Have the students draw and label the two circuits in their
notebooks. After the hands-on experience, these drawings
will be meaningful for review purposes.

Further Challenges:

D Have students use two U-shaped pieces of wire to bypass
one bulb in each circuit, but this time do not have them
fasten the wires down. Have them make comparisons and
trace the paths of the current. (The short circuit on the
parallel side will cause the wires to heat up, so remind
them to remove the new wires when this occurs.)
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[} Let them connect the batteries and bulbs in any
configuration they wish. Again, have them trace the
current paths to explain what is happening. (Repeat the
warning about short circuits,)

[ After they have become proficient at tracing current
paths, give them a socket with a bulb, two single pole,
double throw switches, a battery box and wire or alligator
clips. Have them set up a circuit with two-way switches.
(The clips will save time and wire. This activity may
require dozens of trials.)

Safety Tip:

If you are using Alkaline batteries, be careful that students
do not allow short circuits to stay connected for extended
periods of time. Alkaline batteries may overheat, leak
potentially harmful chemicals, or explode. Regular carbon
batteries will not last as long, but may provide a safer
substitute for students who may misuse them.
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Electric Sparklers

by Stephen C. Blume

Focus:

Children can better understand how a light bulb works by
being given the opportunity to create a working model of a
light bulb, Then, by performing investigations with their
light bulb, they can better understand electrical resistance,

Challenge:

How can you make a model of a light bulb using batteries,
two wires, a lump of clay, and your special wire? What do
you observe happening to the filament of the model light
bulb just before it glows? How can you explain why the
wire glows? How many batteries does it take to get your
"bulb” to light? What happens if you use too many
batteries with your model light bulb? How do the number
of batteries affect the brightness of the model light bulb?
How does the length of the filament wire affect the
brightness of the model light bulb? What do you observe
when you use steel wool as the filament of your light bulb?
How can you explain what happens to the steel wool?

Materials and Equipment:

D-Cell batteries

Copper wire

Stranded galvanized steel picture hanging wire
for #32 nickel chromium wire)

Steel wool

Clay

Masking tape

Metric ruler

Procedure:

The children are assigned to groups of 4 or 5 students.
Each group is given 4 fresh D-dry cells, two 40 cm lengths
of copper wire, a small lump of clay, masking tape (to hold
batteries together), a metric ruler, and 10 cm of stranded
picture hanging wire, If the children are using nichrome
wire, give each group three batteries. Tell the children to
make a3 model of a light bulb using the materials. Direct
them to use only one strand of the galvanized wire. Also,
tell them that the length of the filament between the copper
wires should be 1 ¢m in length. If the children have
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trouble getting started, it may be helpful if you pass around
an unfrosted bulb for them to look at and discuss how it is
constructed. See the sketch at the end of the activity.

Eventually, a group will get the bulb to light. Other groups
will observe the arrangement and also get their bulbs to
light. Ask the children to describe what they observed
when the circuit was completed. Also, ask the children
how they can explain why the special wire glowed.

Next, tell the children that they are going to determine how
the number of batterics affects the brightness of the
filament. Have each group make ceriain that the length of
their filament is 1 c¢m. Then, tell the children to try
lighting the bulb with different numbers of batteries
starting with one battery and continuing until they use six
batteries. When the activity is completed, ask the children
how many batteries it took to get their "bulb® to light and
what happened if too many batteries were used.

Now ask the children how they would determine the effects
of the length of the filament wire on the brightness of the
bulb. Ask questions until the children decide that they will
need to use different lengths of filament wire and keep the
number of batteries constant throughout the experiment.
After completing the activity, ask the children questions
such as "What happened to the brightness of the bulb as the
length of the filament wire was increased?" "What was the
longest length of filament used and the bulb still Jit?" and
"How can you explain how the length of filament affects
the brightness of the bulb?"

To culminate this series of activitics, have the children use
a small ball of steel wool as the filament of their model
light bulb, This activily is especially effective in a
darkened room. The children will observe "sparklers” as
the steel wool burns. Ask the children what they observe
and how they can explain why the steel wool sparkles.

Further Challenges:

0 What happens to one strand of steel wool if it is placed
between the copper wires? What do you think will happen
to two strands of steel wool twisted together? How many
strands of steel wool will it take before you can make a
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model light bulb using steel wool as the filament? Try it
with your group.

O Can you think of any other kind of wire that might be
used to make a model light bulb? Do you think that a very
thin copper wire would make a good light bulb filament?
Do you think that a thin piece of aluminum foil from a gum
wrapper would work as a light bulb filament? Try them
with your group. If these metals do not work as a light bulb
filament, can you think of another electrical use for them?

J Ask students "What is a fuse? Using what you have
learned, how would you make a fuse? What material could
be used for a fuse? Try using a thin strip of aluminum foil
from a gum wrapper as a fuse in a circuit with your group.

References:

Education Development Center, EDC. (1966) Baiteries and
Bulbs. St. Louis, MO: McGraw-Hill.

Liem, Tik L. (1981) Invitations to Science Inquiry.
Lexington, MA: Ginn Press

Lowery, Lawrence F. (1985) The Everyday Science
Sourcebook. Palo Alto, CA: Dale Seymour Publications.

Safety Tip:

The wires used as filaments or fuses will become quite hot,
Students should be warned not to touch them or let them
come in contact with combustible materials.

d- cell batteries
(tope together)

lwmp of
modeling clay
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Breaking the Electric Connection

by Carole Kuchinsky

Focus:

A fuse will cause a break in an electric circuit when the
amount of current flowing through it exceeds a certain
limnit.

Challenge:

What happens to the fuse when placed in the series circuit?
How does steel wool act like a fuse? Is it possible to
construct the series circuit so the "fuse" does not cause an
open circuit?

Materials and Equipment:

batterics and holders
switches
Fine steel wool

plastic coated wire
light bulbs and holders

Procedure:

The electrical system in any building can cause a fire if not
constructed properly or used safely, A fuse is a safety
device used to protect an electric circuit against
overloading. Wires within a circuit that become overheated
can cause a fire. The fuse prevents this by melting and
therefore breaking the circuit when an unsafe amount of
current is flowing.

Set up a series circuit using three batteries, a switch and a
bulb. (See the drawing on this page.) Test the circuit to
make sure it works. Remove the end of one wire from the
end of the battery holder.
Aftach another wire to the end
of the battery holder. Connect
the two free ends of wire
together with several strands of
stecel wool as shown in the
diagram, The steel wool is the
fuse. Alligator clips fastened to
the end of these wires will make
fastening the stecl wool easier.

Close the switch. Observe the

steel wool closely. Describe
what happened to the “fuse"
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when it was placed in the circuit. The electric current will

be conducted by the steel wool. The heat energy generated |
will cause the steel wool to reach its “combustion" :
temperature: it will burn briefly, the circuit will be broken, |
the current will no longer have a continuous path to foliow, :
and the bulb will no longer light. :

In many houses today, fuses have been replaced by circuit
breakers. A circuit breaker serves the same function as a
fuse; it breaks an electric circuit. The difference is in the
method. The circuit breaker contains a bimetalic strip
which will bend when overheating occurs and, in bending
acts like a switch. It opens the circuit.

Further Challenges:

(O How is a circuit breaker a safety device in an electtic
circuit?

O Repeat this experiment using a parallel circuit.

(1 Make a list of electrical hazards in your home and make
sotne suggestions for eliminating them,

(3 This activity is taken from The Franklin Institute's
Museum-To-Go Electric Circuits activity kit,

Safety:

This device should be constructed on a noncombustible
surface.
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The Electrical Penny Pitcher

by Ginny Petrie

Focus:

Certain materials will conduct electricity. However, no
matter how well 3 material conducts electricity, a complete
circuit must be in evidence to allow electrons to flow and
produce an effect.

Challenge:

Children will build a maze from aluminum foil that is
connected on only one end of each parallel path to a dry
cell, See the drawing below. When a penny is tossed in
such a way as to complete the circuit on the maze, a bulb
that is wired into the circuit will light. This "toy"
demonstrates the principle of completed circuits to
youngsters who have made the game for themselves.

Materials and Equipment:

Stiff cardboard brass brads
Aluminum foil Rubber cement
light bulb and bulb holder plastic coated wire
D-Cell and holder pennies or steel washers
QM7
S
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Procedure:

Construct a penny pitcher yourself to demonstrate fo the
class before challenging them to comstruct one. Have
students make a pattern out of paper first to try out. Strips
should be about 1/4" wide. Once the pattern is acceptable,
then transfer to foil. This can be done by putting the
pattern on top of a large piece of foil and tracing it out. As
an aliernative, the pattern could be traced onto the
cardboard with pieces of foil placed onto the pattern
marked cardboard. (Younger children find this second
method to be easier} If you transfer the pattern to the
cardboard, you next glue the foil 1o the cardboard wiping
away any excess glue,

At one end of the maze, where the paralle!l patterns come to
the edge, stick in two brass brads. Connect wires, battery
and bulb as shown in the diagram. Take a penny and move
it along the maze to make sure that proper contact is made.
Students are now ready to play with the game and test their
skill at throwing pennies.

Further Challenges:

U Try making the maze with

A\\\\\\\\\‘ ‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\l\\\‘
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Circuit Puzzles

by Rosc West

Focus:

Students will construct and use Circuit Puzzles from easily
obtained materials. Circuit puzzles can be used to learn or
study content in science or tied into other subject areas.

Challenge:

To build a circuit puzzle using information from various
sources.

Materials and Equipment:

File folders Brass fasteners

Plastic coated wire Bell wire

bulbs Battery

bulb holder (optionat) battery holder opfional)
Procedure:

The students do research to select a topic for their circuit
puzzle. They might select countrics and their capitals,
authors and their books, elements and their symbols, math
problems and solutions, etc. Using the front of the file

folder, the student will list, for example, the countries of
Europe on the left side. On the right side they would list
the capitals of the countries in jumbled order.

Beside each name the students insert a brass fastener. On
the back of the cover a wire is attached to the brass fastener
by a country. The other end is attached to the capital of
that country,

A circuit tester can be made by attaching a wire to one end
of a battery and the other end to the side of a bulb. Attach
a second wire to the opposite end of the battery. A third
wire is attached to the end of the bulb. When wires two
and three touch the circuit is closed and the bulb will light.
(See diagram on this page.)

If the circuit puzzle is constructed correctly, the light bulb
will light when wires two and three are touched to the brass
fasteners of a country and its capital.

By using this method, students do research for social
studies, language arts, math, science, or foreign language.
In this way they are able to learn about circuits and increase
their knowledge of other areas of science or other subject.

Cireuit Board New Eigland States fCupvtols
(Wired correctly OMaine.  Ofuston
in back) Qlse HumphieOMongoedier Further Challenge:
Otisahusetto Oflartéont
Wires - 0 Vemdqf 0 ﬂyﬂﬂ‘a ) Show the circuit.puzzle to
Z?u;iw heads 0 /a:,: ODoridence. ;::3 classes and get input from
fastepers {) Do circuit puzzles for each
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class.

(3 Help others do circuit puzzles.

Cireurt Tester-
light® when correct
Selection i9 made
(Comglele. cirauit)
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CHAPTER-5

ELECTRICITY FROM
MAGNETISM TO GENERATORS




Household Attractions

by Sandra K. Abell

Focus:

Discovering real life applications of classroom concepts is
an essential step in the learning process. In this activity
students have an opportunily to connect school with home
as they look for uses of magnets in their world.

Challenge:

How many different ways can you find magnets being put
to use at your home?

Materials and Equipment:

Data sheet (as shown below)

Procedure:

Have your studcnts guess the number of magnets they think
they will find in use around their homes. They should also
predict which room (e.g. kitchen, bedroom, garage) will be
richest in magnets. After they collect their data at home,
summarize class findings on a chart like the one shown
below.

Further Challenges:

O The time will now be ripe to explore magnet
applications in other settings. Field trips and phone calls to
various work places (police station, TV studio, garage,
power plant) combined with personal interviews and tours
should give your students a better idea of the many
practical uses of magnets.

Uie

Room

Kitchen
Kitchen
Gamilsy Room
Badement
Battroom
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Numdber of Mogmets

Can opener /
Cabinet lalches
Stenes speakers
Wall stud finder /
Medicine Cabinet

70
2

2

Be sure that students compare their results to their predictions.
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Magnet Magic

by Sandra K. Abell

Focus: Reference:

Children enjoy sharing their discoveries with others. A Freeman, M. (1967) The Book of Magnets. New York:
magic show is a delightful vehicle for applying and  Four Winds Press.
communicating findings from magnet investigations,

Challenge:

Can you create a "magic" act that uses magnets to do the
magic?

Materials and Equipment:

Assorted magnets

Cloth to use as a magic scarf)
Paper clips

Classroom junk box

Procedure:

After your students have had plenty of time to discover
which items are attracted by magnets, tell them they are
going to use magnets to perform some "magic." Share with
them your own magnet magic trick: start with a pile of

* paper clips on the table. Cover them with your magic scarf
and say some magic words. Raise the scarf and "What do
you know!", the paper clips have disappeared! (0Of course,
you were palming a magnet that attracted the paper clips
when you lifted the scarf.)

Challenge your students to figure out your "magic” and
then allow them, individually or in pairs, to design original
magnet magic acts. All of the tricks can be put together
into a traveling magic show to be performed for other
classes in your school.

Further Challenges:

0 Try to figure out the "magic" involved in a particular
magician's tricks. Then attempt to do the trick yourself.

(J How can you use magnets to create a treasure hunt in
your classroom?

O Design puppets that operate magnetically and use them
to perform a puppet show for some friends.
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Strength Detector and Other Inventions

by Sandra K. Abell

Focus:

Inventive thinking is one way to encourage creativity in
your room. In this activity and its extensions students will

start to look at magnets in new ways and put them to new
uses,

Challenge:

Can you design an invention that will determine the
relative strength of different magnets?

Materials and Equipment:

Assorted magnets
Classroom junk box

Procedure:

Throughout earlier magnet investigations no doubt your

students have noticed that not all of the magnets in the

¢class collection are equal in strength. Take 24 class votg on
which magnet they think is weakest and strongest. Then
present the invention challenge to small groups who will
work cooperatively to solve it. (They will probably need
several class periods to perfect their products) The
solutions can be named and then presented and tested
during a class Invention Convention.

Further Challenges:

T Tovent 3 game in which magnels are an essential part.

U Inventa Rube Goldberg contraption to do a simple task
{for example, stapling your papers) in which magnets are
used for one or more steps. The invention can be drawn or
actually built, depending on time and materials available.

References:

Keller, C. (1944) The Best of Rube Goldberg. Englewood
Cliffs, NJ: Prentice Hall Inc.

McCormack, A.J. (1981) Inventors Workshop. Belmont,
CA: David S. Lake Publishers.
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Making A Paper Clip Float

by Meghan Mahonecy Twicst

Focus:

Forces of magnetism travel through the air and through
other matter,

Challenge:

Make a paper clip float in mid air with the magic of
magnetism.

Materials and Equipment:

Paper clip Magnet
Wire coat hanger Heavy books
Thread Tape
Procedure:

Either as an introduction or a follow up activity, this
demonstration captures the students' attention. Begin by
designing support apparatus as shown on this page. Bend
the coat hanger as shown and use a book to hold it in an
upright position, With your support now in place hang the
magnet from the top. Next tie the thread to the paper clip
and tape the other end of the thread to the top of the book
so that there is at least a one inch space between
the magnet and the paper clip. Prestol The
paperclip "floats" in mid air!

Ask the students to use what they have learned
about magnetism to explain why the magnet
appears to be floating in the air. They should be
able to tell you that there is actually a force that
is present between the magnet and the paper
¢lip that is drawing them together. Ask the
students what might happen if the string were
cut? You may want to try it and find out.

How strong is the magnetic force that is
drawing the paper clip toward the magnet? The
force passes through the air without any
problem. What other matter will the magnetic
force pass through? Try other materials such as
paper, foil, wax paper, wood (a pencil perhaps),
cellophane, etc. Have students predict what
materials will be able to break the force between
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the magnet and the paper clip. Then have them experiment
and record the results.

Further Challenges:

O See if the force of various magnets is equal by measuring
the maximum distance between the paper clip and each
magnet.

[J How many magnets does it take to support a chain of
paper clips?

[ Reviews on magnetism can be made even more fun by
letting them "fish" for review questions. This can be done
by putting paper clips on review questions and using a pole
with a magnet hung on it to fish for the questions. This
can be a challenging way to reinforce the concept of
magnetism!

Reference:

Baker, T. (1961) Baker Physical Science Packet for
Elementary and Junior High School. Holland, Michigan:
Baker Science Packets.
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Magnetic Patterns

by Judith McKee

Iron filing
cardor pager

@ Stde View
any magnet ——-

Focus:

Magnetic lines of force are lines in which the magnetic
force reaches out from a magnet. A magnetic field is the
space around the magnet in which its magnetic force will
work. Though magnetic fields and lines of force are
invisible, they can be felt. They can be seen as well when
we utilize iron filings. Pictures of these patterns can be
saved for display and study.

Challenge:
Experiment with iron filings and magnets to find magnetic

fields and lines of force. Compare and contrast examples
from various magnets.

Materials and Equipment:

Procedure:

Have the children place cardboard or paper plates over
various shaped magnets as shown on the drawing above.
Sprinkle the iron filings over the cardboard and tap gently
so that the filings are evenly distributed along the lines of
force of each magnet. The magnetic field will also be
shown. Preserve the patterns by spraying them with clear
acrylic.

Further Challenges:

U Repeat the experiment to see if the patterns remain the
same.

0 Try the experiments with weak magnets versus strong
ones.

Cardboard or paper plates iron filings
Bar magnets Horseshoe magnets
Circular magnets
pedgech | miis0 N
cond - iron AT AN
Filing N g e A .
gy ‘2;?“" L L BER | Top view
Magn s e | g
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Generating Homemade Electricity

by Mark R. Malone

Focus:

An electrical generator is a device that converts mechanical
encrgy into electrical energy by moving a wire through the
magnetic lines of force of a magnet The amount of
electrical current produced can be affected by using more or
stronger magnets, by using more coils of wire, or by
increasing the spinning speed of the generator.

Challenge:

What factors affect how much electricity is gencrated by a
simple generator,

Once the students have scen that current can be generated
in this manner, a systematic investigation may be carried
out. Students should be instructed to explore the factors
that affect how much current is generated. The most
obvious factor is how rapidly the bar magnet is spun. The
strength of magnets could also be tested. Another variable
that can be explored is the number of turns of wire around
the cup. The number of turns of wire can be increased and
the amount of current produced can be inferred from the
compass. Students could wrap 10, 20, 40, 80, 160, and 320
turns of wire around the cup and compare results,

&

Materials & Equipment: £

Strong rectangular magnets s ” ) ™,
Enamel coated bell wire " "
Alligator clips ' PR Pt
Papet or foam cup (apx. 6 0z.) S innamanni b
Sharpened pencils e N S

Magnetic compasses e d ) “‘-\’:

Procedure: R

To construct the system, wrap the magnetic compass with a
length of enamel wire as shown at the bottom of page.
Bare the ends of this wire. Coil the enameled wire around
a paper cup as shown in the drawing. It may be helpful to
place tape over the coils of wire to hold them in place.
There is no set number of turns though increasing the
number of turns of wire will increase the effect.  Attach
alligator clips to the bare ends of the wire. Connect the
alligator clips to the bare ends of the compass coil wire,
Tape ten small magnets to a pencil as shown in the
drawing. Position them on the pencil such that they will be
at the same height as the coil of wire when spun in the cup.
The pencil holding the magnets can be spun more easily if
a small hole is poked in the bottom center of the cup. This
helps to hold it in place and to spin more freely.

Spin the magnets inside the cup. The current generated is
indicated by movement of the compass needle. Because the
electricity generated is alternating current, the needle
moves back and forth in rhythm with the spinning of the
magnets. The degree to which the needle moves back and
forth indicates much electrical current is being produced.

Chaprer 7

Unfortunately, the nature of the homemade meter does not
lend itself very well to data which are readily recorded and
analyzed. Because the system produces alternating current
rather than direct current, the change in direction makes
readings of strength difficult to measure. Students will
have to judge, based on the movement of the compass

needle, which system seems to produce the strongest effect.

Further Challenges:

(1 Can students design a system that would produce
enough electricity 1o light a flashlight bulb?

O Ask students to describe in their own words how a
generator works.

O Ask students to find out how alternating and direct
current differ. .

) Use a commercial volt or amp meter to measure the
strength of the electricity produced with variations of
magnet strength, spin speed, and number of wire winds.

69 ElecTricity: Magnerism 1o Generators



Powering the Motor/Generator System

by Mark R. Malone

Focus:

Most commercial generators are simply variations of
materials used in the previous activity (Generating
Homemade Electricity). The main difference between
commercial generators and the one constructed for that
activity is that the commercial generators use a spinning
coil of wire inside a magnetic field rather than spinning
magnets inside a coil. Most commercial motors and
gencrators are constructed in this manner, A motor and a
generator are nearly identical in terms of their internal
components, Therefore, any motor that contains permanent
magnets can also serve as a generator simply by spinning

+T27'+F'£'T

Tape

its shaft. The faster the shaft is spun, the greater the
amount of electrical current generated.

Challenge:

Ask students to determine various factors that might cause
the simple generator to produce more electrical current.

Ask students why it is possible for a motor to be used as a
generator.

Determine what happens when more dry cells are added 1o
the motor/generator system.

———>

Motor powered by battery -»Generator powered by motor

Chaprer 7

70 Electricity: Magnerism 1o Generators



‘ Materials and Equipment: by bending back small clips that hold it together. Those
5 that are built a little better may require prying with a small

Electric motors (1.5 -3 velts DC) screwdriver and pliers. Students should identify and label
Light bulbs (1.5-3 volt) the internal parts and try to determine how they function as
Light bulb holders a generator and/or motor,
Plastic coated bell wire
Alligator clips 0 Will a bulb powered by the motor/generator system stay
Dry cells (a4) lit as long as one powered directly by the battery? Why or
Dry cell holders why not? Can you determine the efficiency of the motor
Small wooden base (apx. 1 x 4 inches) generator system? This can be done by timing how long a
Clear carton tape bulb lights when fastened to the motor generator system
(Time 1) and timing how long a bulb lights when fastened
Procedure: directly to the battery (Time 2). Using this method, the

system is generally determined to be approximately 60
When constructing the motor/gencrator system, two motors percent efficient.

must be joined shaft to shaft. The two shafts can be easily

joined by wrapping them with a piece of carton tape which

has been cut to size. The motors could be fastened to a Percent Efficiency =
mounting board by a number of means, but using clear

carton tape makes all of the parts of the system easily

visible while being used. Connections of alligator clips to

wires should be soldered as shown.

Time 1 x 100
Time 2

Assemble the motor/generator system as shown on the
previpus page. Fasten the electrical leads from one motor
to the bulb holder. Fasten the leads from the other motor to
the battery holder. Note that although there is no direct
clectrical connection between the battery pack and the
second motor, the light bulb attached to the second motor
lights. This is caused because the second motor is serving
as a generator, When the number of dry cells is increased
(2, 3, or 4 cells) the motor/generator system speeds up and
the light bulb burns brighter. Students should discuss why
this is possible.

Small electric motors such as those found in most battery
powered toys consist of several easily recognizable parts:
two small magnets glued to the inside of its case, a shaft
that holds small coils of wire, coils of wire that are often
wrapped around iron cores that increase the power of the
motor, and brushes that conduct electricity to the coils of
wire. If the shaft of the motor is spun rapidly, such as
when connected to another motor, the system converts the
spinning energy into electrical energy that can be seen
when the light bulb glows.

Further Challenges:
O As a follow-up to this activity, have students disassembie

the third motor to determing its internal components. Most
small motors can be easily disassembled with a pocket knife
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I Didn't Know the Generator Was Loaded

by Mark R. Malone

Focus:

All electrical systems have a maximum amount of force
that they can exert in a given period of time. If the amount
of work required by an electrical system is increased, one of
three things will likely happen: 1) the work will be done
slower and require more total ¢nergy, 2) the work will be
only partially done if no additional energy is available, 3)
the system may be so overloaded that no work is done. Ifa
system is overloaded to a point where it is undesirably slow
or no work can be done, addition of more force by adding a
new power subsystem may enable the system to continue to
function or to function faster.

Challenge:

Predict the likely effects of increasing the load on a system.

Materials and Equipment:

Electric motors (1.5-3 voits DC)
Wooden base (apx. 7 x 4%
Light bulbs (1.5-3 volg}

Light bulb holders

Plastic coated bell wire
Alligator clips

Dry cells (AA)

Dry cell holders

Clear carton tape
Aluminum foil

Procedure:

Assemble a motor/generator system
as described in the previous lesson
(Powering the Motor/Generator To the Battery
System). Have students start the 1
system running. One by one,
connect light bulbs to the generator
end of the system as shown below.
Bulbs should be added to the system
in parallel circuits. Students should
observe changes in both the speed
of the motor generator system and

may also explore the effects of adding bulbs to the system
in series versus parallel, A series arrangement draws less
power, but fewer bulbs can be lit,

Further Challenges:

0O Describe how the concepts of load with the
motor/generator system are related to load on a municipal
electrical generating  station. (A municipal power
generating station must be prepared for the largest
expected load of a community or area. When the base load
generators are working at near full capacity and more
power demands are expected, more expensive generators
that often sit idle must be put into service. If a community
as a whole could cut the amount of power required through
conservation, the overall cost of power to the area would
be reduced because no new power generators would have
to be built and existing reserve generators could be used
less often.)

(I
\

Aluminum Foll strip

Tape

———

the brightness of the light bulbs as
more bulbs are added. Students
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CHAPTER6

FORCES AND MOTION




Don't Tag Along

by Patsy Ann Giese

Focus:

Any stationary object tends to stay stationary unless acted
on by an unbalanced force. Any moving object tends to
stay moving, following a straight line path at constant
speed unless acted on by an unbalanced force. This
property of matter is called inertia. An unbalanced force
changes an object's motion towards the direction of the
force.

Challenge:
Observe the effects of inertia.

Materials and Equipment:

Index cards
String
‘Washers or coins

Paper punch
Glasses or cups

Procedure:

Have each student place a card with a string tied to it over
an empty glass or cup. They should place a coin or washer
on the card and jerk the string. If the jerk is hard enough,
the washer or coin will fall into the container. (4 steady
gentle pull will not overcome friction hetween the washer
or coin and the card )

Have each student stack several wooden blocks on top of a
block with an eyelet and string. Jerk the string. If the jerk
is hard ¢nough, the lowest block will slide forward without
the upper blocks.

Further Challenges:

3 Put a ball in the back of a wagon. Pull the wagon for
awhile, and then stop suddenly, Have students observe the
motion of the ball rolling forward after the wagon has
stopped. Explain that the motion is due to the ball's inertia.

0O Have each student place a coin in a cup held with the
open end vertical. They should walk fast for a few seconds
with the open end of the cup forward, and then stop
suddenly. The coin will continue to move forward.
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O Have a student grasp a ball using only their fingertips
and hold the ball with their arms and hand extended
downward. Have another student standing about 25 meters
away grasp another ball similarly. Have the first student
run past the second. At the moment they are together, a
third student should yell, "drop.” Compare the paths of the

two dropped balls.

{1 Discuss why a person falls forward in a car or an
airplane that stops suddenly. Discuss why a one feels
pushed back into a seat in a car or airplane that starts
suddenly,

U Ask students to imagine they are standing in front of
someone on a bus. Ask if it is likely that the other person
will fall against them if the bus starts suddenly or stops
suddenly.

O Discuss why a person can coast on a bike even if they
are not going downhill,

———————
'
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Inertia

by Nadinc Halligan

Focus:

Most states have now have laws requiring the driver and
passengers in a car to wear seat belts, Investigate Newton's

First Law of Motion (the Law of Inertia) and why this
physical law has caused the enactment of seat belt laws.
{Inertia is the tendency for an object at rest to main at rest
or to remain in motion unless affected by an outside force.)

Challenge:

Perform a series of activities and observe carefully,. What
do the activities have in common? Look especially at
where force is being applied and what is moving in
response to that force.

Materials and Equipment:

Backgammon or checker pieces  Pennies

Coffee cups fsturdy) Index cards

Small toy cars Modeling clay (plasticine}
Plastic eggs re.g. L'eges) Saucers (sturdy)

Nylon cloth (apx. | meter) Water

Wood blocks fapx. 5x5x25cm) Liter soda bottles

Sand Paper (legal size)
Procedure:

Snap the checkers: Set up eight checkers in a straight
stack. All checkers should be the same color except the one
second from the bottom. A single checker is placed on end.
It is shot toward the stack by placing an index finger on top
of it and pressing down so that the checker rolls forward as
the finger moves backward. When aimed correctly, the
second to the bottom checker in the tower shoots out from
under the stack and the rest of the checkers remain
standing in a stack. It may be helpful to erect barricades
around the checkers 5o that they do not go flying all over
the room if someone should miss.
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Penny drop: Place a penny on top of an index card on top
of a coffee cup. By tapping the edge of the card only, the
penny drops directly into the cup as the card flies out from
under it. What would you expect would happen if this were
done while in outer space? (Hint: there is no gravity.)

Snatch the paper: Place a piece of legal size paper on a
desk, then place the wood block on end on it toward the
edge of the paper. The end of the block should be sanded
smoothly. Remove the paper without lifting the block or
knocking it over. If the edge of the paper farthest from the
block is pulled smartly, the block should remain standing.

Spinning egps: This activity can be done with real eggs,
but that may cause a major mess. Place 50 grams of
plasticine clay inside one L'eggs egg and 50 ml of water
inside another. The eggs should have the same mass. Be
sure that the egg containing the water does not leak. Place
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each egg on a saucer and have a pair of students spin them
at exactly the same time. Which stops first? A liquid has
more inertial drag than a solid, so the liquid filled egg will
stop first. How can this be used to tell hard boiled from
raw eggs?

Man in the car: This activity is directly related to seat
belts. Form a standing clay figure big enough to fit in a
small toy car and start the car rolling with a push. Stop the
car suddenly by sticking a finger in front of it or crashing it
into a wall. What happens to the man?

Further Challenges:

(J Ask students to explain how a table cloth can be
snaiched from beneath a set of cups and saucers containing
water without spilling a drop. Do this demonstration by
purchasing heavy, glazed cups and saucers from a
restaurant supply house. Be sure that the bottom of the
saucer is completely glazed. Place the unhemmed nylon
cloth on a clean and smooth desk so that one edge is even
with the desk edge. Show the students the cups and saucers
as you alternately stack a cup on a saucer to prove there is
nothing strange about the cups. With each cup, be sure to
fill it half full with water. Do not spill any water on the
cloth as you build the tower. Ask the students to predict
whether the cups or saucers will fall and why. To
successfully snatch the tablecloth, hold the end of the
tablecloth which is opposite the cups and place your hands
so that they are just on either side of the cups and saucers.
When you feel confident, pull the cloth straight down
toward the floor very gquickly to counteract any friction
which can knock the cups over. In this case friction is the
outside unbalanced force that can cause the saucers to fall.
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] Discuss which brakes you should put on first when
coming to a stop on bike with hand brakes.

U Discuss past experiences where students may have
noticed inertia.
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Finding the Velocity

by Michael J. Demchik

Focus:

Uniform velocity of an object is defined as one which has
the same displacement during cach second of motion.
Distanceftime = velocity is the simple equation by which
this uniform velocity is defined.

Challenge:

Predict the velocity of the rolling ball by observing its
motion along a rail,

Materials and Equipment:

Half round molding strips (two 3 meter strips and two 50 cm strips)
Several small scrap pieces of wood

Small nails (prady)

Small rubber ball

Stop watch

Procedure:

Prepare a three meter track by putting together two three
meter sections of half round molding strips with small cross
pieces nailed underneath. Prepare another 50 ¢m rail to act
as a ramp for a ball, (See the drawing below.) The width
of the rail and ramp depends on the size of the ball, One
width that could accommodate several sized balls would be
appropriate. The ramp may be supported by books in order
to get the desired velocity.

Allow the ball to roll down the ramp and start the timer as
it strikes the rail, then stop the timer when the ball reaches
the end of the rail. The velocity can be determined by
dividing the distance (three meters) by the time in seconds.
The ramp may be raised 2 number of times to get the
velocity arrived at different ramp heights above the ground.
The ramp height versus the velocity can be plotted on a

graph.
Further Challenge:

{0 Convert each value arrived at for the velocity at various
heights to values in kilometers per hour (kph). The
following formula gives a good estimate of kph:

3.6 X

distance in meters =
seconds

kph

{0 What is the optimum angle to get the fastest speed?
Slowest speed?
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Meter Beater

by Sue Dale Tunnicliffe

Focus:

This work focuses on the relationship between the speed of
a vehicle, the distance it travels, and the time it takes.
Through doing this activity students usually come to
understand the formula in their math work:

d (distance)

S d) =
(specd) t (time)

Challenge:

What is the fastest you can get a given toy car to travel?
How are you going to produce the speed of the test car?
How can you increase this speed? How will you measure
speed? Is there a relationship between speed, distance and
time?

Materials and Equipment:

Toy car (should roll freely) Ruler

Stop watch Smooth rolling surface
Ramp support (books) Ramp (poard)

Chalk Recording sheet

Procedure:

Students need to have had previous experience of running
toy cars down slopes of various heights to see that the
higher the slope, the further the car will run. They also
need to be able to use a stopwatch and use a ruler for
measuring distance. You may wish to assign various roles
to students, e.g., a time keeper, a distance measurer, a data
keeper, a starter, a retriever.

Encourage the groups to discuss what they already know
that is relevant to the challenge. What do they think will
happen in light of their previous knowledge and
experience? How will they record their results?

Provide students with a data recording shect (as shown
below).

Further Challenges:

[J What is the effect of altering the height from which the
run starts?

(] What effect is produced by altering the surface on which
the car runs? ‘

(] What happens if you change the car being tested?

Test Run
Number

Distance
Traveled
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Out of Gas

by Sue Dale Tunnicliffe

Focus:

This investigation focuses on the rate of movement of a toy
gar.

Challenge:

Does the weight of a moving object such as a toy car have
any cffect on the distance it will travel before stopping?
What do you already need to know? How can you ensure
that it is a fair test? Should you use the same car for all the
tests?

Materials and Equipment:

Toy cars Modeling clay
Balance Meter stick

Floor Ramp and support
Procedure:

This activity works best in small groups of three to four
students. Get the groups to organize their roles such as

director of operations, data collector, chief measurer.
director of communications.

Each group needs to discuss the task, brainstorm some
solutions, and then choose one for experimentation. They
should design their experiments and predict the outcome
before collecting equipment and assembling it.

Encourage the students to draw up a table to fill in their
cxperimental results. Each test should be repeated at least
three times to obtain an average reading,

A line graph showing the distance traveled against weight
of vehicle should be drawn.

Evaluation of the experimental method should occur and
the results and evaluation presented to the class.

Further Challenges:

( If the same car and load traveled over different surfaces,
what would you expect to happen?

Chapter 6
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Marble Momentum

by Mark R. Malone

Focus:

Several concepts related to energy transfer can be
demonstrated with this simple apparatus. Students can
design and conduct investigations that show various aspects
of encrgy transfer: (1) As the mass of an object is
increased, more energy is required to move it. This activity
demonstrates the effects of an increase in inertia as the
number of washers on the slider is increased. (2) They can
also determine that if the energy in a system is increased
and a mass to be moved remains the same, the mass will
move farther, In this demonstration, increasing the number
of marbles increases the total energy available for transfer
to the slider, This demonstrates a key attribute of
momentum. (3) They can also study the optimum
efficiency of a system when the angle of a ramp is changed.
As the angle of the ruler is increased, the marble's position
becomes higher, While more total energy is available, at
very steep angles much of the energy is lost due to impact
with the rolling surface. (4) Effects of friction on the
system can be studied by placing the slider on various
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surfaces. In addition, students gain practice in conducting
a controlled investigation, gathering data, and interpreting
those data.

Challenge:

In the ramp and slider picture shown below, how will the
distance the slider slides be affected by the number of
washers added to the slider?

Materials and Equipment;

Plastic ruler 12 inch or 30.5 cm) grooved down the center
Paper cup (approx. 250 my

Metric ruler

Small glass marbles

Large glass marble

Maching screw with nut (approx. 35 mm long)

Flat washers (approx. 25 mm in diameter)

Masking tape

Q@Q
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To construct the slider, as shown, cut a paper cup in half
vertically. Punch a small hold approximately 2 c¢m from
the bottom of the cup and midway between the edges.
From the inside of the cup, insert a screw through the hole
and attach it with a nut on the outside. The screw will hold
the washers that will be used to increase the mass of the
slider.

Procedure:

Students may begin this activity by rolling marbles down
the ramp (ruler) and measuring how far the slider (cup)
moves. You may wish to let them freely explore how
various arrangements of the materials affect the distance
the slider moves.

After a period of free exploration, students can proceed to
systematically add one, two, three, four, or more washers at
a time to the slider and compare how these additions affect
the movement of the slider. Measurements of the slidet's
movement should be taken and recorded. You may also
wish to have students graph the data for various trials,
Students should see clearly that as the number of washers
on the slider increases, the distance the slider moves
decreases, You may wish to formally label this activity in
terms of inertia and energy.

Further Challenges:

O Ask students to give examples of
inertia  from  their  personal
experience.

0 Challenge students to determine
the effect of increasing the number
or size of marbles released from the
ruler.  This demonstrates a key
momentum concept that as the mass
of 2 moving body is increased, it
can impart more energy to a
stationary body. Ask students to
give examples of momentum from
their personal experience.

U Challenge students to explore the
effects of changing the angle of the
tuler on the movement of the slider.
{A means of setting various angles

{J_,—m

energy into the slider. Can students explain why initially
increasing the angle increases the energy imparted, while
further increases in angle decreases the energy imparted?
Can students give other examples of optimum operating
range from their personal experience?

O Challenge students to determine the effects of placing
the slider on various surfaces (sandpaper, waxpaper,
newspaper, wood, concrete, linoleum, etc.). Ask them to
give other examples of friction from their personal
experience.

Reference:

Malone, M. R. (1986} "Investigating Ramps and Sliders,"
Science and Children. February, pp. 11-14, 1986,
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is shown in the drawing below.)
Ask students to determine the
optimum angle to impart the most
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Soup Can Races

by Gerald W. Foster

Focus:

To observe the influence of different densities of liquids
upon rolling motion.

Challenge:

Students will attempt to figure out why some soup cans roll
farther and faster than others.

Materials and Equipment:

Plywood sheet (approx. 250 cmx 60cmx 2 cm- & x 24"x 3/4%
Books

Meter stick

Hollow and solid cylinders (approx. 6 emx 1.5 em)

Plastic bottles (apx. 500 ml)

Liquids (such as oil, water, soap, alcohol, etc.)

Soup cans (should have the same weight and diameter)

Meter stick

Stop watches

Metric measuring cups

Procedure:

Prior to rolling the soup cans,
students may need help visualizing
what is happening in the soup
cans. This can be accomplished by
using the cylinders to see the
behavior of rolling solid and
hollow objects, The liquids in the
soup cans behave like hollow and
solid rolling objects. The clear
plastic containers of liquids allow
students to see what is happening
inside a soup can.

Students may start with the
cylinders, then the clear plastic
bottles, and, finally, the soup cans.
The soup cans should contain
materials that range from almost
solid to completely liquid. In each
case students can time how long it
takes the objects to reach the
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bottom of the inclined plane and measure the distance they
roll before stopping. When using the cylinders, students
can compare hollow versus solid of the same material,
They may also compare materials identical i size but made
of different materials. Objects made of the same material
but of different sizes can also be tried.

Finally, students can organize their data in charts for each-
of the three sets of materials.

Further Challenges:
(J Change the height of the inclined plane.

L Try other types of canned food such as spaghetti and
tuna.

0 Try other types of canned food and liquids but in
different sizes.
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The Amount of Matter Doesn't Matter

by Patsy Ann Giese

Focus:

If air caused no friction, light and heavy objects dropped
from the same height would take the same amount of time
to hit the ground.

Background:

With little or no friction, all objects accelerate (gain speed)
as they fall. The amount of this acceleration, called "g." is
the same for all objects.

Air friction noticeably slows falling objects that are not
streamlined.  Air friction increases as an object gains
speed. When friction gets large enough to balance an
object’s weight, the object stops accelerating and starts
falling at a constant speed.

Challenge:

Predict which objects will fall faster than others.

Materials and Equipment:

Ball Feather
Paper Metal dowel
Wooden dowel

Procedure:

From the same height and at the same time, drop a ball and
afeather. Have students form hypotheses as to why the ball
hit the floor before the feather. Ask students to design
experiments to test their hypotheses about the ball and
feather. Remind students not to throw objects downward
because that would not be a fair test of which variables
affect free fall.

Students could drop a metal ‘and a wooden dowel of the
same size and shape to test if mass affects the time of fall.
Students could drop a crumpled and a flat piece of the same
type of paper to test if shape affects the time of fall. Other
objects can be substituted for these if pairs of objects. Try
to find objects in which only one property is different. If
variables are not controlled, as in the ball and feather test,
hypotheses cannot be tested.
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Further Challenges:

(] Discuss what would happen if the ball and the feather
were dropped on the moon.

O Discuss why a parachute slows a person's fall.

O Discuss why a heavy person will fall faster than a light
person when both have identical parachutes.
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STICKING POWER

by Michael J. Demchik

Focus:

The adhesive force between various materials varies
depending on the type of material and its composition. The
force of attraction can be measured and compared for
various materials.

Challenge:

What are the criteria for good adhesive power? How can
adhesive power be measured?

Materials and Equipment:

Various flat surfaces (i.e., glass*, wood vinyl)

Various types of tape (i.e., masking, cellophane, adhesive)
Books (or other materials to support flat surfaces)

Many heavy masses (i.e., large steel washers)

Large paperclip

Procedure:

Cut one piecce of masking tape
approximately 4 cm in length. Cut a
small piece of paper to cover 2 cm of
the length of the tape. Use a hole
punch to make a small hole near the
end of the picce of tape covered with
paper. Stick the other end of the tape
to a flat surface such as a sheet of
glass. Suspend the piece of glass, tape
side down, over a support such as
stacks of books as shown below. Bend
a paperclip to form a hook on each
end. Place one end of the paperclip
through the hole punched in the tape.
One by one, add washers or similar
masses to the paperclip hook until the
tape falls free of the glass, Follow the
same procedure with various lengths
of tape. Graph the length of tape
versus the amount of mass required to
remave it. Draw conclusions about the
relationship of length of tape to the
amount of mass required to pull it free

of the glass.
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Further Challenges:

1] Have students repeat the investigation using various
types or brands of tape.

() Have students explore how well tape adheres to various
surfaces by replacing the glass with other materials.

Safety Tip:

*Glass works well for this investigation, however, it
presents potential safety hazards. Caution students to be
careful when handling glass. Have safety procedures for
cleanup for broken glass. It may be advisable to cover the

edges of the glass with tape.
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Center Of Gravity

by Michael J. Demchik

Focus:

The center of gravity is the point in a body around which
its weight is evenly balanced. The center of gravity will
determine the point or points where an object will balance.

Challenge:

Whete is the center of gravity of an object? What factors, if
any, affect the center of gravity?

Materials and Equipment:

Pencils String
Supports Tape
Washers Stiff wire
Procedure:

Start by sharpening several pencils to various lengths. Cut
a plece of wire somewhat longer than each pencil. Bend
the ends of each wire and shape the remainder into a curve
as shown. Insert one end into the eraser portion of the
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pencil. Tie a string between the two supports. Place the tip
of one of the pencils on the string and balance the washers
on the free end. Do the same with the remaining pencils.
Line them up from largest to smallest. Have the students
account for all the variables that are involved in this
atrangement,

Further Challenges:

L1 Have students locate readings about "Center of Gravity."

(] Have students experiment with methods of determining
the center of gravity for various objects.

U] Have students experiment with balancing pencils of the
same length with differing numbers of washers

/
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I'm Inclined

by Sue Dale Tunnicliffe

Focus:

This activity is concerned with making work easier by
using a ramp or incline as a simple machine.

Challenge:

Can you move a mass through a given vertical height by
means other than a straight vertical lifi? The method
employed must use less effort than the effort needed for a
straight vertical lift. Effort is measured on a spring
balance. How could you meet this challenge?

Materials and Equipment:

Spring balance

Brick or wooden block
String

Support

Several boards

Ay,
RS

Q,/e

Procedures:

Ask students a few questions related to ramps and inclines
such as: Which way would you choose to push a shopping
cart full of groceries up a very tall hill? A very steep path
going directly to the top or a gently sloping path that
zigzags up the side? Why?

The task of this investigation is to lift a block from the floor
to a given height (such as the seat of a chair or the top of a
desk). Ask students how they could complete this task and
what equipment they might choose to use. Also ask them
to speculate how they could use a spring balance to
calculate the effort involved.

In our experience with this activity, most children do not
choose the incline as an obvious way to raise the blocks.
Many of them attempt to use a lever. While this does solve
the problem, the pivot must be very high and the lever must
be very long. A few students have even attempted to make
a screw out of paper wrapped around a pencil while toying

weight of opject ?
A of inclive ?

) ,
J friction 2
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with solutions, While a screw could also solve the problem,
it would have to be very long to lift the load any substantial
distance.

The method of choice for this investigation is the ramp, as
shown in the drawing below. Explain to students that
lifting the block straight up might be the simplest method,
but it can be done with less effort. Effort can be measured
by tying one end of a string to the block and the other to the
spring balance with a leop. The cffort is read from the
spring balance as grams (dyncs). Students will have to
practice pulling the spring balance with a smooth even
motion to be able to take a reading on the scale when the
block is moved. As longer ramps are used, the amount of
force meeded to move the block decreases. Be sure in
taking measurements of ramp length that students measure
from the end of the ramp touching the floor to the point
where the ramp makes contact with the chair or table. The
length of the board is of no consequence unless it is at the
height being measured. The table on the next page could
be used as a guide for collecting data. The measurements
shown are based on ideal measurements for lifting a 500
gram block. Actual measurements of force and therefore
total work will be somewhat higher due to friction.

Students should discover that, as the slope of the ramp gets
steeper, more effort is required to lift the load. As the slope
of the ramp nears vertical, the amount of effort required to
lift the load approaches the effort required to lift the load
straight up. As the ramp becomes longer and less steep,
less effort is required to raise the load to the same height.
Students may notice, however, that the total work done is
nearly the same for all arrangements. While effort
decreases with a longer ramp, the total effort expended may
actually seem to increase due to friction between the board
and the load. In an ideal sens¢ which disregards friction,
the total work done is the same for all arrangements, In a

practical sense, more effort is really expended. Students
measurements reflect effort expended rather than an ideal
measurement of work as defined in physics.

While measurements made with this system are interesting,
be sure that children have a chance to experience the feel of
pulling a weight up ramps of differing length. A real
understanding of how force changes as the slope increases
may be better understood by how it feels than by
interpreting a chart. The experience may actually give
more meaning to such a chart.

Further Challenges:

[ While less force is required to lift a load with a long
ramp, what is the expense of this gain? (The longer
distance it must travel.)

) Could you design an arrangement for raising the load
that would further decrease the force required?

[ Could other simple machines be added to this system to
make a compound maching?

(1 Is it possible to create a system that requirgs less total
work than the vertical 1ifti? (No. Such a machine would
produce perpetual motion.)

Height of Length of
ramp ramp
(cm) {cm)
100 cm 100 cm
100 cm 150 cm
100 cm 200 cm
100 cm 250 cm
100 cm 300 cm
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Force required
to move load
dynes (grams)

Total work done
length x force =
work (ergs or

dyne-cm)
500 dynes 50000 ergs
333 dynes 50000 ergs
250 dynes 50000 ergs
200 dynes 50000 ergs
166 dynes 50000 ergs
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Move It!

by Sue Dale Tunnicliffe
Focus:
ocu Surface Effort required Comments
The less friction there is, the easier it | Separator in dynes (grams)

is (less effort required) to move a

given load. This activity will hel

children experience this

phenomenon.

Challenge:

How can you move an object more easily across a level
surface without tipping the surface? What do you already
know that will make it easier to move an object across a
level surface? Is there any way you could separate the
surfaces which would make it easier to move an object
without lifting the object out of contact with the surface?

Materials and Equipment:

Various work surfaces
String

Books or Bricks
Spring balance
Masking tape

Procedures:

Students will select a load to pull that measures within the
range of calibration of the spring balance, They should
determine this with a few test trials of the surface of a table
or the floor. They will tie the string around the load and

attach the other end of the string to the spring balance with
a loop. They can now tape other materials (such as the
sandpaper, cloth, polished wood, corrugated cardboard,
pencils, or rods to use as rollers) to the working surface of
the load to determine their effect on the force excrted by the
spring balance. They may wish to record measurements
and repeat the procedure several times for each surface
tested. This will improve the accuracy of the results. The
table above should aid in recording and interpreting data.

Students should discover that the smoother the sliding
surface, the easier it is to move a load. This is due to the
presence of less friction. If the load and the surface are
scparated by something such as a lubricant or rollers, the
effort required to move the same load is less.

Further Challenges:

[ Are there some methods of moving the load with less
effort other than altering the surface?

brick - Wrag

boaird

With gandpaper

AN

SPriNg scale /\\,

pull

- /@
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When Slowest Is Best

by Thomas E. Thompson

Focus:

This activity gives students the opportunity to practice two
science process skills  space-fime relations and
hypothesizing. Students gain experience in space-time
relations when they are challenged to get a marble to roll
from one end of a table to another in the longest period of
time. Simple calculations are then performed in order to
introduce the concept of rate of motion, for example
centimeters per second. After having some time for
independent exploration of the materials, students will
hypothesize how selected variables will affect the rate of
the marble's motion.

Challenge:

What are the variables that will affect how fast a marble
will roll across a given distance? What types of materials
might you select to change the speed of a marble.? What is
the maximum time it takes for a marble to roll from one
end of a table to another?

Materials and Equipment:

Marbles Stopwatches
Long classroom tables Paper

Rulers Pieces of fabric
Tape

Procedures:

This activity works best with groups of students around a
table. Small cooperative groups work well. Students can be
assigned various roles. Potential roles include the marble
releaser, timer, recorder, and manipulating objects to slow
the marble down.

Begin by explaining the task to be performed.  Simply
stated, a marble must roll from one end of a table to the
other. A force may be imparted only once at the beginning
when the marble is released. After the initial force is
applied, the group must stand back away from the table and

not interfere with the marble until it reaches the other end.

of the table. The length of time is measured for the marble
to traverse the length of the table.
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Students will likely try many approaches to solving this
problem. Some examples that we have seen include:
propping the table; placing paper, cloth, or water in the
path of the marble, altering the marble itself, and
positioning barriers similar to those found in a pinball
machine. Students are also likely to try other unexpected
and creative solutions to this problem. The important
condition which must be maintained is that once the machle
is placed in motion, everyone must stand back and not
intervene until the marble drops off the opposite end of the
table.

Friendly competition is inevitable, However, the nice part
of this activity is that the focus is on the slowest marble
rather than the fastest. Potential discipline problems are
held to a minimum,

When groups begin to test their hypatheses, modifications
of their original ideas become frequent occurrences. Be
prepared for this activity to take at least an hour or more of
class time.

Further Challenges:

1 A natural extension for this activity is to have the
children compute the time it would take their marble
rolling at "X" centimeters per minute or hour to roll
different distances. For example, how long would it take to
go from one end of the school te the other? How long
would it take to traverse the length of the playground?
How long would it take to travel from their home to the
school building?

{3 Similar comparisons could also be made between groups
whose marbles rolled different speeds.

(J Other comparisons
could be made with
various animals found
in the classroom or
outdoors (i.e., turtles,
mealworms, goldfish,
sowbugs, ants, etc.).
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All Geared Up

by Janet Frekko

Focus:

Gears were probably used in Egypt and Babylon in clocks
and lifting equipment 3,000 years ago. The Chinese may
have used gears even as long ago as 5,000 years. At any
rate, this modification of the simple wheel has been around
for a very long time. Gears are used in almost all of our
machines transferring motion from one part to another.
Gears can speed up or slow down a machine as well as
change the direction of the motion. The following
activities use simple, inexpensive materials to show how
gears work.

Challenges:

What happens to the direction of the rotation of each gear
when two gears are meshed together? What happens when
two gears are separated and turned as a unit by a band or a
chain as with a bicycle? How does the size of each gear
affect the number of rotations?

Materials and Equipment:

White glue Pencils
Scissors Rubber bands
Paper clips Plastic straws
Corrugated paper (apx. 3 omx 150 cm) Tape

Styrofoam meat tray fape 12x 18cm)

Procedures:

The children will construct two gears each mounted on a
straw shaft. One gear will be twice the diameter of the
other, The gears are made from light weight corrugated
paper. It is available in 2.25" x 50 ft. rolls generally used
for trimming bulletin boards. It is also availablein 4 ft. x §
ft. rolls. The cuts must be made across the grooves as

shown in the illustration at the bottom of the page. Use the
cutting guide on the back of the paper.

Give each child a 30 cm by 3 cm piece of corrugated paper
cut across the grooves. Older students may be able to do
their own cutting. Cut a 20 ¢m straw in half Make a mark
on the straw one cm from the end. Tape the end of the
corrugated paper (grooved side ouf) to the straw af the
mark so that the end of the straw is sticking out 1 cm past
the paper. Roll the 30 cm length of paper around the straw
{felly roll fashion) to make a gear. Glue the last 2 cm.
Secure the roll with a rubber band 1o hold in place until the
glue dries.

Make a second gear as above using a 1.5 meterby 3 cm

piece of corrugated paper and the other half of the plastic
straw,

H

D

Measure the diameter of each gear. The smaller gear
should be approximately 3 cm in diameter and the larger
gear should be approximately 6 cm in diameter. Adjust
the tightness of the roll as necessary. When the glue is dry,
remove the rubber bands. Hold the gears next to each other
as shown above with the gears of one meshed to the other.

[YUL

Chaprer 7

92

Simple Machines



Turn the straw shaft of the larger gear while in contact with
the smaller gear. In which direction does each turn? (The
opposite direction from each other.)

Give each child a meat tray. Place the meat tray upside
down on the table. Using a pencil, poke a hole 3 ¢cm from
each end of the meat tray as shown below. The hole needs
to be large enough to fit a straw into snugly. Fit the gears
onto the meat tray with the 1 c¢m piece of straw going
through the meat tray toward the table. There will be 8-12
cm of space between the two gears.

With another 3 ¢m wide strip of corrugated paper (again
cut across the grooves) the children will simulate a bicycle
chain. With the corrugated side next to the gears, place the
paper around the two gears. Attach with a paper clip so
that the chain may be adjusted. Turn the larger gear by
rotating the straw shaft. (This would be the pedal end of a
bike} What happens? The chain causes the other gear to
turn. Notice that the gears are turning the same direction.
The chain causes the direction of both gears to be the same,

With the chain still in place, make a mark on gach of the
gears and a corresponding spot on the tray. Rotate the
larger gear 1/2 turn. Where did the second gear stop?
Now try one full turn. (If our corrugated paper rolls were
accurate one full turn of the large gear would equal two
turns of the small gear.) Old fashioned bicycles, like the
ones with the giant wheel in front, got speed by using a big
wheel. Peddles would go around once and the wheels
would go around once. Modern bicycles get the same speed
using smaller wheels by using a gear to make the wheels
turn more often.

—
t ol |
N —
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Further Challenges:

O Examine a bicycle. Compare a 3 speed to a 10 speed
bike. What happens as you change gears?

O Bring in several simple kitchen or shop tools or
children's toys which use gears. Examine closely the ways
in which gears are used.

L) Explore gear ratios and have the children do some
calculations.

(] Take a look at various types of gears. When are spur
gears, helical gears, bevel gears, worm gears, planetary
gears and rack and pinion gears used?

97 Simple Machines



USING SIMPLE MACHINES

by Thomas E. Thompson

Focus:

This activity serves a dual purpose in the area of simple
machines. The primary focus is as a culminating activity
which provides young children with the opportunity to
apply previously learned concepts about selected types of
simple machines. It also could be used as a mechanism for
evaluating students understanding about simple machines
and selected process skill acquisition.

Challenge:
Select the most appropriate simple machine from a large

group of simple machines in order to successfully complete
a prescribed task in the shortest amount of time,

Materials and Equipment:

Paper punch Tweezers
Scissors Screwdriver
Pliers Wire cutters

Six foot wooden plank Staple remover
Wooden dowels (2 cm) Tongs

Hammer and nails Stapler

Wooden dowels (5 mm) Long nose pliers
Other assorted items Pencil sharpener
Procedures:

This activity works best if you divide the class into small
cooperative groups. Each group will be able to select from
the same set of simple machines. You may wish to ask
students to bring items from home for the collection.

Define a specific task to be performed each group. Initial
task might be using a simple machine to remove four
paperclips from a baby food jar. While one student actually
performs the task, the group will help to plan the strategy
for solving the problem. The person actually carrying out
the task should change for each challenge. Each group will
attempt to complete the task in the shortest possible time.

A point system might be used to keep a running total score
for each group. For example, a group may receive a point
if the most appropriate simple machine is selected. A
second point might be awarded for successfully completing
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the task. A third point may be awarded for completing at
task in under than a minimum amount of time.

When the activity is completed, discussion should focus on
which simple machine was best for a particular task. This
activity could also be used to evaluate students' grasp of
information previously presented on simple machines.
Further Challenges:

U Make an eight cm diameter hole in a piece of paper.

Ul Make a one cm diameter hole in a sheet of paper.

() Fasten four sheets of paper to form a square.

£ Remove a staple from a set of stapled papers without
tearing the papers.

(J Make a triangle from three tongue depressors which will
stay intact when picked up.

(] Remove four marbles from a wide mouth canning jar.
(] Separate a paperclip into three equal sections.

{1 Lift a heavy box of books up to the seat of a chair,

(] Move box of books from one side of a room to the other.
] Sharpen a five mm wooden dowel.

(J Ask the children to design additional tasks.

Simple Machines
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TAKING THE HEAT

by David R. Stronck

Focus: of various foods. Dry foods such as nuts, snack foods,

toast, etc. work best for conducting these calorie tests,
A caloric is the amount of heat nceded to raisc the  While this device is not as accurate as a commercial
temperature of one gram of water by one degree Celsius.
Foods give off calories when we digest them or when we
burn them,

Challenge:

Which kind of food is the richest source of calories?

Materials and Equipment:

Aluminym window screen Wire coat hangers
Pliers Pocket knife

Small "tin" cans Corks

Needles Celsius Thermometers
Balances Matches

Tape Cheese curls

Small marshmallows Water
Procedure:

Before the lesson begins, prepare the coat hangers to serve
as platforms for holding the can with water. Use pliers to
bend the coat hangers. Wire coat hangers have two parts:
(1) the top hook that fits over a rod and (2) the bottom
loop that fits into the shoulder area of clothes. Start by
cutting off the top hook. Bend the loop into a shape like
the one shown on this page. Now the bottom loop can be
placed on a table top and will stand upright. Use a piece of R o e —
tape to connect the ends of the loop. Next cut a piece of : 1»- -T
aluminum window screen to fit the top section of the Admbimlsalmiasisl
platform. Cut a small hole in the middle of the screen. B R A S e
Later this hole will allow the flame to touch the can
directly. Bend the ends of the window screen around the
top of the clothes hangar as shown. Adjust the shape of the
holder until it will support a small can full of water.

Ask the students what they know about calories. If
necessary, explain to them that a calorie is a measurement
of the heat energy that is contained in foods, fuels, etc. We
can measure the amount of calories available in a

variety of foods and can test which foods give the richest
source of calories. The following procedures will allow
students to conduct investigations into the calorie content
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calorimeter, it does give good relative comparisons among
foods tested.

- Begin by weighing an empty can. Record this weight. Add
100 grams (100 ml) of water to the can. Place the can with

“water on the coat hangar platform. Directly below the can
place the upright cork with a needle stuck in it. Weigh
¢ach food item before using it and record this weight, At
the top end of the needle stick the selected food, e.2., a
cheese curl.

Place the thermometer in the water in the can. Record the
starting temperature. Strike a match and use the flame to
begin burning the food at the top of the needle. Allow the
food to burn as completely as possible. Gently stir the
water with the thermometer while the food is burning,
Record the final temperature.  Subtract the starting
temperature from the final temperature to calculate the
temperature change. The 100 grams of water has changed
by this number of degrees. Since a calorie is the amount of
heat that changes one gram of water by one degree Celsius,
the number of degrees of temperature change is multiplied
by 100 to give the number of calories that were generated.

Use this simple formula to calculate calories.

Change "C x 100 g of H,0 x calories = calories from
the food

Chaprer 8

The data recorded above allows us to calculate the calories
from burning each piece of food. The samples of food
probably have different weights. Now we need to divide
the total number of calories given off by each food sample
by the weight of the food sample. This calculation will give
the calories per gram of the food. Finally, we can compare
these calories per gram of each food to recognize which
food is the richest source of calories.

Further Challenges:

(] Invite the students to test many other foods for their
caloric content.

[L] Note that the "food calorie” described in books equals
1000 scientific calories (as we calculated in this activity.)
Consult with various books on nutrition about the calories
in various foods. Compare the answers in books with
results done by the students’ measurements. Why are there
differences?
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Investigating Color And Heat

by Tom Graika

Focus:

Stepping barefooted from a lawn in the summertime onto a
blacktop road can be a painful experience. The road feels
hotter than the lawn felt. The color of objects is one of the
factors that seems to determine how much heat is absorbed.
A black car in the sun seems hotter to the touch than a
white car,

Challenge:

How does the color of a liquid effect how much heat is
absorbed?

Materials and Equipment:

Several containers
Thermometers
Sunny Window Ledge (or heat tamp)

Food coloring
Water

Procedure:

Place the same amount of water in several containers of the
same size. Place 10 drops of food coloring in one of the
containers and stir until the color is evenly distributed in
the water. Prepare the other containers in the same manner
using different colors of food dye.

Place the containers on a sunny window ledge or an equal
distance from a heat lamp. Place a thermometer in each of

the containers and record the temperature. Allow the
containers to stand in the heat for 30 minutes. Record the
temperature in each container at the end of the 30 minutes.
Determine which color absorbed the most heat. Determine
which color stayed the coolest. Try to determine a pattern,
if any, between color and heat absorption,

Further Challenges:

[J Find out how much heat plain water absorbs compared
to colored water.

(1 Find out how much heat is absorbed by different colored
liquids such as grape juice, orange juice, cherry pop, or
tomato juice.

[ Find out if keeping liquids in a heat source for twice as
long will double the amount of heat that is absorbed.

(0 Keep track of heating liquids by taking temperatures
every five minutes and preparing graphs of the heating
rates.

L] Use colored construction paper and thermometers to find
out if colored solids absorb heat the same way colored
liquids do.
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HOW MUCH TIME?

by Patsy Ann Giese

Focus:

Particles of matter (afoms and molecules) move further
apart when heated. Therefore, water becomes less dense
when heated. More dense cold water, pulled down by
gravity, pushes up the less dense hot water. This motion is
called a convection current. When two sections of water
are the same temperature, and therefore the same density,
there are no convection currents. Mixing occurs only by
diffusion, which is considerably slower than mixing by
convection,

Challenge:

Predict how long convection and diffusion take. Check
predictions with observations.

Materials and Equipment:

Bottles with flat rims Water

Food coloring Hot pads or gloves
Plastic playing card

Procedure:

Fill two bottles to the same level. One will be filled with
hot water, the other with cold. So that the two bottles can
be distinguished later, label the bottles "hot" and "cold" or
add two different colors of food coloring to the bottles.
Mark the water level on each bottle with tape or a marker.
Cover the bottles with plastic wrap to prevent evaporation.
Let the bottles cool to room iemperature, perhaps
overnight. Have students check the water levels and
discuss the observed changes. As hot water cools, particles
move closer together causing the water level to drop. As
cold water warms, particles move farther apart causing the
water level to rise. (See the exception discussed below in
the last part of "Further Challenges.”)

Color a pot of hot water yellow and a pitcher of cold water
blue then fill two bottles with hot water and two bottles
with cold water. Have students predict what will happen
when you invert a hot bottle over a cold and a cold bottle
over a hot. Have them include in their prediction an
estimate of the time required for changes to occur. Perform
the experiment, but before inverting a bottle cover it up
with a card to prevent spilling water. After that bottle is in
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_expands when cooled from

place on top of another bottle, gently pull the card out.
Discuss any discrepancies between students' predictions
and the experimental results.

In a few minutes, the water will be green in the bottles
where cold water was placed over hot water, Many
students will predict that the water in the other pair of
bottles will be green when the bottles reach room
temperature. However, at room temperature, only diffusion
is occurring; mixing completely by diffusion may take more
than a month.

Further Challenges:

O Discuss which bottles have more water molecules in
them when completely full. Will it be the bottles with cold
water or the bottles with hot water?

[ Float an ice cube of colored water in a larger container
of hot, clear water. Have students observe the movement of
the cold water formed from the melting ice.

(] Ask students if they have ever felt the water get colder as
they dived deeper in water. Discuss the decrease of
temperature with increasing depth in a lake or an ocean.

(] Discuss the movement of warm and cold ocean currents.

) Explain that, although
most substances contract
when  cooled, water

four degrees Celsius to its
freezing point at zero
degrees Celsius. Discuss
how this fact is related to
the formation of ice on the
tops of lakes as very cold
water rises instead of
sinks. Discuss why life
might not exist in lakes if
ice formed on the lake
bottoms.
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Measuring the Heat

by Mark R. Malone

Focus:
A thermometer is a simple device for measuring
temperature. This activity concretely demonstrates how

expansion and contraction of a liquid are applied in this
device,

Challenge:

Describe how expansion and contraction are responsible for
the working of a thermometer.

Materials and Equipment:

Water or rubbing alcohol Food coloring
Hot pads or gloves Flask

Glass tube (upx. 30 cm long) One hole stopper
Tape

Procedure:

Discuss why the liquid in a thermometer takes up more
space on a hot day compared to a cold day. This could be
related to the previous activity Make a thermometer by
inserting a glass tube about 30 cm long into a one hole
rubber stopper. Fill a flask with colored water or rubbing
alcohol, and seal the flask with the rubber stopper. Add
enough liquid so that part of the glass tube is filled. Place a
piece of tape on the tube to mark the height of the liquid.
Heat or cool the flask and observe the change in the height
of the liquid in the tube.

Further Challenges:

£] What would happen if the tube were heated and the
water was not allowed to expand up the tube? (The flask
might eventually explode.)

0 Observe the water in the tube just as it is placed in hot
water or cold water. Note that the liquid initially drops and
then rises when heated. It also rises and then falls when
cooled. Why does this happen? (The flask expands with
heat and cools with cold before the liquid inside of it
expands or contracts. This discrepant event can also be
seen when a commercial thermometer is placed in hot or
very cold water.)
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U Why are liquids such as alcohol or mercury used rather
than water in thermometers?

Safety:

Before inserting the glass tube into the rubber stopper, wet
the glass tube with water or lubricate it with petroleum
Jelly. Hold a paper towel around the glass tube to protect
your hands in case the glass tube might break. Twist the
glass tube as you insert it, not applying excessive force. It
is advisable to use safety goggles anytime when glass is
heated or cooled.
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Rising Heat

Mark R. Malone

Focus:

Hot water when placed into a body of cooler water will rise
through the cold water, This flow of hot water through
cold is called a current.

Challenge:

Observe what occurs when warm water is released into a
container of cold water.

Materials and Equipment:

Water Food coloring
Hot pads or gloves Clear pill vials
Flask Two hole stopper
(Glass tubes (apx. 5em long) string

Tall clear container

Procedure:

Select a two hole stopper that will fit snugly into a plastic
pill vial, Place short pieces of glass tubing into the stopper
as shown. Pour colored hot waier into a pill vial. Tie a
string around the top of the vial. The string is used to
lower the vial at the bottom of a large container of clear
cold water. It also helps 1o keep the vial from tipping over
when it reaches the bottom.

Have students observe the movement of the hot colored

water. Repeat this activity, except put cold colored water in
the vial and put hot clear water in the larger container.

Note: A two or three liter bottle with the top cut off
might serve as the large container.

Further Challenges:

0O Why does the hot water rise to the top of the large
container of cold water?

O Why doesn't the cold water rise to the top of the large
container of hot water?
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O How does this activity relate to air's behavior in the
environment? (Hot air from a smokestack rises in a plume
on a calm cold day.)

(] How does this activity relate to weather phenomena?
(Warm air rises through cold in many weather situations. It
is a factor in many weather events such as in warm fronts,
regional wind, global circulation patterns, low pressure
systems, eic.)

Safety:

Before inserting the glass tube into the rubber stopper, wet
the glass tube with water or lubricate it with petroleum
jelly. Hold a paper towel around the glass tube to protect
your hands in case the glass tube might break. Twist the
glass tube as you insert it, not applying excessive force. It
is advisable to usc safety goggles anytime when glass is
heated or cooled.
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Supercooling

by Michael J. Demchik

Focus:

Supercooling or dropping the temperature to various
positions below the normat freezing temperature of liquids
or solutions can take place in special freezing mixtures,

Challenge:

Can you explain why samples of liquids or solutions fall
below their normal freezing temperature, yet don't freeze?
How low can you get temperatures of liquids or solutions by
conventional methods without having them freeze? What
are some methods used to drop the temperature that do not
involve the use of chemicals?

Materials and Equipment:

Ice Water
Salt Acetone
Various salt water solutions Alcohol
Thermometers Test tubes
Beakers

Procedure:

Prepare four test tubes of distilled water. Put a clean
thermometer into each test tube. Place each test tube in the
following four beakers containing the listed mixtures.

1. Beaker - ice
2. Beaker - ice and salt
3. Beaker - ice, salt and alcohol

4, Beaker - ice, salt, alcohol and acetone

Allow to stand for several minutes. Allow students to
observe and record initial results. The observation and
recording should continue until the temperatures fall below
the normal freezing point of water. Have students remove
the test tube and shake slightly. At this point the
supercooled solutions will freeze rapidly.

Further Challenges:

U1 Prepare various strength solutions of salt and ice in the
test tubes. Repeat the same procedure.
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(1 Collect temperature data every 30 seconds and plot the
results,

0 What effect does the presence of salt in the water have
on the freezing temperature of the water?

U Try other materials such as calcium chloride.

Safely: Whenever chemicals are being used, be sure to
consult container labeling for safety precautions.
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Soda Cans That Blow Bubbles

by Lawrence D. Calhoun

Focus:

When a gas is heated in a closed systems, it results in
increased pressure. The opposite is true for gases that are
cooled.

Challenge:

How can you make a soda can blow bubbles?

Materials and Equipment:

Aluminum soda cans Soap bubble solution
Aluminum pie pans Rubbing alcohol
Cotton balls

Procedure:

Divide the class into small groups. Give each group an
empty soda can container of soap solution, some cotton
balls, and a paper cup filled with rubbing alcohol. Ask
students to respond to the following questions and
statements.

Is the soda can an open or closed system?

If we dip the open end of the can into the soap solution, a
soap film will cover the soda can hole. Is it still an open
system?

What do you thing will happen now if we heat the air
inside the closed system can?

What would happen if we cooled the air instead?

Using just your hands and the materials in front of you,
how could you heat and cool the air inside the soda can?

Students should discover that rubbing their hands briskly
together creates heat from friction. They should discover
that a cotton ball dipped in alcohol and spread on their
hands results in cooling. Blowing or fanning creates even
mote cooling as a result of the evaporation process. Now
ask students to apply their heating and cooling techniques
gently to the soda can. Students should observe results
similar to those seen below.
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The concepts developed here apply to CLOSED
SYSTEMS. When air is heated in a closed system, the air
expands and an increase in air pressure results. When air
is cooled in the closed system, the air contracts, takes up
less space. As a result, the air pressure becomes less than
that of the outside surrounding air. The bubble being
blown larger by the can being warmed by the rubbed hands
shows this well. The bubble being pressed in on the cooled
can also shows cleatly the contraction of a cooled gas.

Further Challenges:

T} Encourage students to study the effects of different
degrees of heating. (e.g., number of times the hands are
rubbed together)

1 Encourage students to study the effects of different
degrees of cooling. (e.g., fanning and no fanning of
alcohol)

{J Everyday events to help support the concept include:
bicycle tires or basketballs "swelling" on a hot day, a
helium party balloon "shrinking” when taken outside on a

winter day; and aerosol cans exploding in an incinerator,
etc.
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Balancing the Heat

by Lawrence D. Calhoun

Focus:

When gases are heated they expand and become lighter in
open systems, When gases arc cooled, they contract and
become heavier in open systems.

Challenge:

How can two identical empty paper bags have different
weights?

Materials and Equipment:

Paper lunch bags String

Scissors Tape

Meter stick Balance rod
Clay or wax candle Matches

Plant mister Fire extinguisher

Bucket of water

Procedure:

Balance two identical paper lunch sacks as shown below.
Since an open flame is used, teachers should probably do
this activity as a demonstration. Spray paper bags with a
plant mister before balancing them. Some balancing tips
include: letting some wax from a small birthday candle drip
on the "lighter" bag after you've tried to rough balance the
two bags, moving the string loops closer or farther from the
center of the suspended meter stick as seen in the drawing

below, and adding a pinch of modeling clay to the lighter
side of the meter stick.

After the class decides the bags are perfectly balanced (the
soda straw indicator should align with a perpendicular
chalk mark on the board), ask what the class thinks: Do
both bags contain the same amount of air? Could we call
these open systems? Why? What do you predict will
happen if we carefully hold a small burning candle under
one of the bags? Why?

Next the candle is lit and placed under one of the bags.
The class observes as the heated bag rises and the unheated
bag drops. Students should be asked to speculate as to why
this occurred.

Further Challenges:

[J Ask students to name other examples of this
phenomenon. (e.g., hot air balloons, smoke rising,
chimney drafts, etc.)

0 Students should be led to a formal summary of related
phenomena such as: when air is heated in an open system,
the air expands and some escapes causing it to weight less.
An identically sized container system which is not heated
contains more air and is therefore heavier.

Movie screen hOOk or oflher /% Safety: Stress safety by
e I
o+ string 1 beom 1o align With Vertcal handy while conducting
“H’Ie‘l'a"‘“ Ik lM? drawn this demonstration. Be
beam belind aprarxtus
careful not to let the
5’rv‘ing on chalkboard candle come too close to
the paper bag.
"‘-NV\'—J' by A
candle ——— “’g vertical line droan
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Balloon In the Bottle

by Mark R. Malone

Focus:

When a gas is heated or cooled it will expand and contract
respectively.

Challenge:

How can a water balloon be moved into a wine carafe?

Materials and Equipment:

Wine carafe Balloons
Water Paper towel
Procedure:

Most teachers are familiar with the "egg in the bottle"
demonstration. In this old "Mr. Wizard" activity a
hard-boiled egg is put in an old fashioned milk boitle
without pushing it through and smashing the egg. The
trick is to quickly drop a burning piece of wound up paper
towel into the milk bottle and quickly setting a shelied,
hard-boiled egg on the bottle opening. The effect is almost
instantancous and (quite dramatic with a loud
accompanying plunk. The greater outside air pressure
pushes the egg into the bottle where the burning paper has
rapidly expanded the air with some air escaping around the
edge of the egg. This is followed by a quick drop in
pressure as the air inside the bottle quickly cools and
contracts as the flame is extinguished by the egg cover.

Since "old fashioned" milk bottles are being sold at high
prices as antiques, the wine carafe and water balloon are a
more convenient substitute. Begin by filling a balloon with
water. The balloon should be slightly larger than the
opening of the wine carafe. Next wind up a small piece of
paper towel, light the end, and drop it into the wine carafe.
Quickly place the water balloon on top of the carafe's
opening,

Ask students to observe what happens and speculate as to
why it occurs. Initial responses are typically related to the
flame burning up oxygen and decreasing air pressure. This
"of course” is not true. While oxygen is used for
combustion it is merely changed in form, not consumed. In
a burning reaction, matter is neither created nor destroyed.
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It is merely changed in form. Student's attention can be
drawn to the correct conclusion by having them focus on
the sequence of events as they occur. Particular attention
might be called to the water balloon as it bounces up and
down before being pushed into the carafe. It acts as a one
way valve allowing expanding air to escape but preventing
it from reentering the bottle.

Further Challenges:

O Ask students to observe and describe the entire series of
events which occur before and after the balloon enters the
boitle,

0 Ask students to suggest other types of containets that
might work for this demonstration.

(] Ask students to infer how this activity is similar to the
previous activity, Soda Cans That Blow Bubbles.

water balloon
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Hot And Cold And Up And Down

by Patsy Ann Giese

Focus:

Particles of matter (afoms and molecules) move further
apart when heated. Therefore, air becomes less dense when
heated. More dense cold air, pulled down by gravity,
pushes up the Iess dense hot air. This motion is called a
convection current,

Challenge:

Observe evidence and infer that hot air rises while cold air
sinks.

Materials and Equipment:

Shoe box Aluminum foil
Plastic wrap Packaging tape
Two glass lamp chimneys Candle
Modeling clay Matches
Cotton rope Ruler

Cotton thread Hot plate
Paper streamers Shallow pan
Water

Procedure:

Take off the top of the shoe box and cut a large window in
it as shown below. Cover the opening with plastic wrap
and tape it in place. Next cut two holes in the one side of
the shoe box as shown. The holes should be the same
diameter as the bottoms of two glass chimneys. The entire
interior surface of the box should be lined with aluminum
foil as a safety precaution,

Place a lighted birthday candle directly beneath one of the
holes. A piece of modeling clay could be used to help stand
the candle. Gently replace the lid of the box. Place two
lamp chimneys in the top over the holes, Use a match to
light the end of a short piece of cotton rope. After it has
burned for a few seconds, blow out the flame. Hold the
smoking rope over first one chimney and then the other.
Have the students observe motion of the smoke. Discuss

why smoke moves up over the candle and down in the other
chimney.
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Repeat this activity immediately after extinguishing the
candle. Repeat it again after all the air in the box has
cooled.

Further Challenges:

0 Separate a piece of cotton thread (seven or eight cm
long} into the fine strands that make up the thread. Tape
one end of these threads to the end of a ruler. Hold the
threads over a hot plate, below and above an open
refrigerator door, below and above an oven door.

0 Ask students where the coldest part of a refrigerator is.

0 Ask students why cold air stays in open chest freezers at
grocery stores,

{0 Ask students where the hottest part of an oven s,

U Ask students why candles are placed below, not above,
food in chafing dishes and fondue pots.

0 Threads or thin paper streamers can be used to detect
movement of air in and out of windows. When the
temperature is hotter outdoors than in the room, check the
direction of motion in front of the highest window opening
in the room and in front of the lowest window opening. All
other windows in the room should be closed. Repeat this

activity when the temperature is colder outdoors than in the
room.,

‘L] Have each student hold one hand above a shallow pan of

hot water and one hand below. The two hands should be
equal distance from the water. Have students state which
hands feels warmer,

L) Bring to class a decoration in which a pinwheel turns
above lighted candles. Discuss how the decoration works.
Have students make pinwheels and hold the pinwheels over
hot radiators. (They can cut a square of aluminum foil 7.5
cm on a side and then cut along each diagonal to within 1
cm of the center. They should fold back every other point
to the center and insert a straight pin through these corners,
the center of the foil, and finally into a pencil eraser.)

Hear



O Discuss the distribution of heat throughout a room by
convection currents. At home, have students check the
locations of radiators and the locations of gratings for hot
air ducts and cold air returns. Discuss which rooms are
usually hotter, those on an upper story or those on a lower
story. Have each student explain any other places
consistently warmer or colder than the rest of his/her home.,
Possible reasons are distance from the furnace, number of
radiators, mamber of windows, and amount of insulation.

U Discuss the reason why operating ceiling fans can
reduce heating costs in home. The fans can make a room,
particularly one with high ceilings, feel warmer to a person
sitting in the room because the fans force warm air
downward.

-

J Discuss why smoke from a campfire rises instead of
sinks. Discuss why firemen sometimes crawl out of rooms
containing smoke,

O Discuss weather phenomena, such as major air currents,
cold / warm fronts, and sea / land breezes, in which cold air
sinks beneath warm rising air.

Safety: Stress safety by having a fire extinguisher and a
bucket of water handy while conducting this demonstration,
Be sure the threads are well above the hot plate so they do
not burn. Be sure no child is burned by a candle flame, hot
plates, or by hot wax dripping from a candle.
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Fizzbubblepop (Fast Getaways)

by Terri G. Switzer

Focus:

Soda pop gets its fizz from carbon dioxide gas. Carbon
dioxide is added to the soda before the bottle is sealed. As

soon as you open a carbonated soda, the gas starts to

escape. Tiny bubbles filled with carbon dioxide gas pop
and tickle your face when you drink the soda. But, carbon
dioxide is odorless and colorless. Students must use other
senses to detect evidence of this gas. They can feel and
measure carbon dioxide when it is trapped in a container
such as balloon.

Challenge:

What do you think causes a soda to lose all its gas and go
flat? Try this experiment to find out whether temperature
affects the speed at which carbon dioxide gas escapes from
soda pop.

Materials and Equipment:

Bottles of soda Balloons
Plastic bowls Ice

Water String or ribbon
Metric ruler

Procedure:

Have students predict whether warm soda will lose its
carbon dioxide gas faster, slower, or at the same speed as
cold soda. Open the three identical bottles of soda.
Quickly cover each bottle with a balloon. Set the ballcon
covered bottles in the bowls of ice water, tepid water, and
hot tap water. Wait five minutes. Wrap a string around
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Bottle In: Size of balloon
after 5 minutes
lce Water cm,
Room Temp . cm.
Hot Tap cm.

the widest part of each balloon. Measure the length of the
string with a metric ruler. Record the measurements in a

data table. Compare the size of each balloon. Which
temperature caused the carbon dioxide gas to have the
fastest getaway from the soda?

Further Challenges:

[ Which of these sodas would lose its gas (go flat) the
quickest? (An open soda in the refrigerator, a sealed soda

on the counter, or an apen soda left on a picnic table in the
sun.) Why?

O If you left the soda bottles covered for a longer period of
time, would you collect more gas?

3 Compare different brands of sodas. Do they all have the
same amount of carbonation?

{1 Why is it not safe to put carbonated drinks inside a glass
lined thermos?

Reference:

Adapted from Wonder Science,
March, 1987 - American Chemical
Society. Included in  this
Sourcebook by permission of the
copyright holder.
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Backdraft

by Mark R. Malone

Focus:

A backdraft situation in a building fire can be potentially
very dangerous. A backdraft occurs when a fire is
contained in an area where fresh air cannot enter. In this
situation fire smolders and vaporizes combustible materials.
Plastics often contribute greatly to this type of event. If air
is suddenly allowed to enter into the room, much of the
vaporized material combusts instantaneously. This entry of
oxygen to fuel the explosion may occur in a number of
ways. This could include: someone opening a door, fire
burning through to the ontside, firemen cutting a hole into
aroom with a fire ax, etc.

With this apparatus the backdraft occurs in a paper cup.
First the match is placed in the center of the cup. It acts
like a wick for the wax coating on the cup. The wax melts
in a circular pattern. The paper of the cup chars. As this
occurs the wax inside the cup begins to vaporize, Affer the
demonstration is over you will find that the vaporized wax
has left a thin coating on the table. A small hole is burnt
in the top of the cup. After a moment the flame is drawn
into the cup. This is followed by a small explosion. The
cup may lift slightly off the table. In a darkened room a
brief explosive flame may be seen. This is a miniature
backdraft in a paper cup.

Challenge:

Observe the backdraft demonstration and describe the
sequence of events that occurs. Attempt to explain why it
OCCUTs,

Material and Equipment:

Paper Cup Smooth Surface
Matches A draft free room
Procedure:

Invert a paper cup on a smooth surface. Be sure that there
are no strong drafis present in the room. Place a lighted
match on the top center off the cup as shown in the
drawing, Observe the match and cup as it begins to burn.
After a short time the cup will lift of the table with a dim
flame and a puff of smoke. With larger cups the effect can
be quite dramatic. Ask students to explain the sequence of
events as they occurred. Ask them to try to explain what
occurred and why. You may wish to repeat this activity
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several times as students watch. You may wish to couple
this demonstration with other combustion demonstrations.

Safety: Because this activity involves the use of fire in a
creative way, several precautions should be taken, A
bucket of water and/or a fire extinguisher should be kept
handy during the demonstration. This activity may not be
appropriate as a "hands-on" group activity depending on
the maturity level of students. Students should be
cautioned against trying this activity at home unless
supervised by an adult and unless appropriate safety
precautions have been taken.

Further Challenges:

O Experiment with differcnt sizes of cups. Is there an
optimum size or type of cup that yields the best result?

[ How does this activity pertain to fire safety in the home?
J If a fire breaks out in your home, why is it important to

feel your bedroom door with your hand before opening it
into a hallway?

N—
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Medicine Dropper Submarine

by Donna Gail Shaw

Focus:

In preparation for submergence, the main ballast tanks of a
submarine are filled with water to decrease the vessel's
positive buoyancy, One way to make the submarine float
again is by using compressed air to force the water out of
the tanks. The following experiment can be used to help
illustrate this process.

Challenge:

How do submarines sink and then float again?

Materials and Equipment:

Soda bottle (2 fiter) Medicine dropper

Water Paper towels
Procedure::

Gather enough materials prior to conducting the

experiment. You should have one set of materials for
demonstration purposes and one set of materials for each
small group.

Begin the activity with a teacher demonstration and explain
to the students that they will discover how it is possible for
a subrnarine to sink and float again.

Students should carefully observe the following
demonstration because they will perform the activity in
their small groups. You may want the students to record
the steps on paper. You may wish to refrain from
discussing the demonstration at this time.

Demonstrate the following to your class. Fill a soda bottle
full of water. Fill a medicine dropper with enough water
so that it will barely float in the bottle of water. Place the
cap on the bottle. Squeeze the botile gently. The dropper
should sink. Release pressure. The dropper should rise.

Make sure that all students know how to perform the
activity. Pass out sets of materials to each group and have
them repeat the experiment, record the results and record
why they think the dropper sinks and floats.
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After the groups have had a chance to perform the activity
a few times allow students to discuss the their explanation.
Help students relate the activities results to the real world
application of how submarines operate. Submarines take
on water in order to sink and compressed air is used to
force out water to make them float again.

The medicine dropper submarine works because of the
ability to expand and contract air. When you apply pressure
to the soda bottle with your hand, notice that water is
pushed into the dropper. The air inside the dropper is
forced upward into the dropper's bulb. With this extra
water, the dropper becomes heavier and sinks. When you
release the pressure, the air that was forced into the bulb of
the medicine dropper expands and forces water out of the

dropper. As a result, it becomes light enough to float
again.
Further Challenges:

O Instead of using a plastic soda bottle, use a piece of
rubber from a balloon and attach it to the top of a glass
soda bottle with a rubber band. Press and release the
rubber,

O Try to blow hard enough on the top of the glass or
plastic bottle to make the dropper sink.

O Try this experiment with a plastic medicine dropper. Is
it possible to fill the plastic dropper with enough water to
make it heavy enough to sink? (Hint If the plastic dropper
will not sink, wrap a little copper wire around its base.)

References:

Fried!, Alfred E. (1586)
Teaching Science to
Children. New York:
Random House.

UNESCO. (1986) 700
Experiments Jor
Everyone. New York:
Doubleday Company.

Forces in Liguids & Gases



Closed Systems

by Gerald Wm. Foster

Focus:

To observe the effects of various variables upon the density
of liqujd&s.

Challenge:

Students will attempt to make a floating test tube or some
other cbjects sink,

Materials and Equipment:

Large test tubes Small test tubes
Small vials Rubber balloon
Rubber bands Scissors
Newspapers or drop cloths Wash tubs

A variety of plastic container A variety of liquids

Procedure:

Fill a large test tube with water and invert a small test tube
into large the test tube, The small test tube needs to have
enough water in it to make the bottom of it float evenly
with the water level of the large test tube. Stretch a piece of
balloon over the opening of the large test tube and secure it
with a rubber band as shown. Have one closed system
made so that students can refer to it as they make their
own. When the stretched balloon is depressed, the small
test tube should sink to the bottom of the large test tube and
remain there until released. Have students depress the
stretched balloon with their thumb,

Once they have successfully operated the closed system,
have students write down an explanation of how it works.
They also need to identify the variables that affect the
closed system. After that, they can start changing the
variables. For example, students can use different liquids
in the large test tube as well as the small test tube. Each
time they use a different liquid, they should compare the
level of the liquid in the small test tube to the level of water
in the original closed system. Some suggested liquids
might include: oil, vinegar, alcohol, salt water, glycerin,
hydrogen peroxide, clear shampoo, etc.

Students can also try various plastic containers filled with
various liquids using the small test tube as the diver. A lid
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is put on the container rather than a stretched balloon. The
sides are squeczed to make the test tube sink. Some
suggested containers might include: plastic soda pop
bottles, shampoo bottles, dishwashing liquid bottles, etc.
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Further Challenges:

(J Rather than using a plastic bottle or large test tube, use a
narrow glass bottle such as a salad dressing bottle for the
closed system. Make sure the water level is completely to
the top of the glass bottle and screw on the cap as tightly as
possible. The smail test tube will sink when the glass bottle
is squeezed if the amount of water in the small test tube is
at the critical point of sinking or floating.

[ Use a clear golf club spacer tube as a closed system.
You will need a large rubber stopper in one end of the tube.
Several small test tubes can be put in the large tube or even
larger test tubes. Students can have test tube races to see
which ones will reach the bottom first.

0 Students can try water at different temperatures to see
the effect on the rate at which the small test tubes will sink.
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Heard It Through The Grapevine

by Edward L. Shaw, Jr.

Focus:

Carbon dioxide is a gas made up of one atom of carbon and
two of oxygen. It is a gas with a variety of uses ranging
from the powering of fire extinguishers to providing the
fizz and bubbles in carbonated beverages.

An easy way to demonstrate CO, gas to students is to show
how the bubbles rise to the top of the bottle when a
carbonated beverage container is shaken and the top
removed. Another method is to have students mix vinegar
and baking soda in a container and show how the bubbles
produced are carbon dioxide. An additional proof of the
presence of CO, is that a lighted match will be extinguished
if it is placed into the container,

Challenge:
Observation of carbon dioxide gas within a liquid.

Materials and Equipment:

Club Soda
Clear glass

Raisins

Procedure:

Ask students if they know how to make a raisin go up and
down in a liquid without touching either the raisin or the
liquid? Solicit answers and place them on the board.
Distribute the raisins informing students not to disturb
them because they have a lot of traveling ahead of them.
Now distribute small glasses of the carbonated beverage,
telling the students not to touch, smell, or taste it.

Tell them to carefully place the raisins in the liguid.
Observe what happens. The CO, will accumulate on the
raisins and they will rise to the top. Once the CO, bubbles
pop, the raisins sink to the boitom only to repeat the
process.

Ask students to describe the liquid and speculate about
what it is. After they have guessed that it is a carbonated
beverage, allow them to drink it and cat the raisins. Lead
students through a discussion about what the bubbles are
and why they rise and fall in the liquid.

Chaprer 9

114

Further Challenges:

0 Have students determine if any characteristic of raisins
(c.g., size, color, dryness, etc.) affect how well they travel.

(3 Have students determine if there are other fruits,
vegetables, food or other items that will duplicate the
process.

0 Have students test to see if temperature of the beverage
affects the movement of the raisins.

) Have students determine the length of time the raisins
will float. Have them graph the number of round trips per
five minutes,
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Heaping High Water!

by Donna Gail Shaw

Focus:

Surface tension is caused by cohesion, a force that causes
molecules of a substance to be attracted to one another,
Surface tension causes a liquid to behave as if a thin, elastic
film covers its surface. In actuality, no such film is present.

Challenge:

How many drops of water will it take to overflow a
medicine cup "full" of water?

Materials and Equipment:

Medicine cups Medicine droppers
Water Paper towels
Procedure:

Ask the students how many drops of water they think it will
take for the water to spill over the edges of the full cup.
Demonstrate how to hold the medicine dropper an inch
from the surface and explain that you will carefully drop
one drop at a time. Have the students record their guesses
on paper. Ask for volunteers to give you their guesses and
record these on the board.

After you are sure the students know what to do, pass out
the materials to each group. Each group should receive two
medicine cups (one full of water; the other half full to be
used as a source of water for the experiment), one medicine
dropper and paper towels.

Students will use the medicine dropper to take water from
the half full cup and carefully drop it into the full cup. One
member of the group should be in charge of dropping the
water into the cup, one should be in charge of counting the
drops and one should watch for the point of overflow.
Students should record the actual number of drops it took to
overflow their cups of water and record why they think it
* took so many drops.

When all groups are finished, record the actual results on
the board along with earlier guesses. Discuss the students'
reasons why they think it took so many drops to overflow
the cup. Why did it take one group more drops than
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another? Discuss variables such as drop size, original
amount of water in cup, height from which water was
dropped, table or desk movement, air movement, etc.

Further Challenges:

LI Will other liquids heap as high as water?

L] Will soapy water heap as high as plain water? (No, soap
breaks down the cohesive force in water. This is why soap

and detergent are used for cleaning.)

(J How many drops of water will a penny hold? Will the
face or back of the penny hold more water?

Reference:

Kitchen Physics, Elementary Science Study.
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Vanishing Ice Cube Trick

by Mildred Moseman

Focus:

The fact that ice floats is very important to us. Most liguids
become heavier (more dense) as thcy turn into a solid.
Because ice is less dense than water, it floats.

Challenge:

Floating ice traps the water of a pond undemeath it, thus
protecting the water from freezing. If ice sank, entire
rivers and lakes could freeze solid from top to bottom,
What would happen to fish in such a lake? How do bodies
of water affect climate? How could the earth be affected if
ice were heavier than water? Would climates change?
How would people and wildlife be affected?

Materials and Equipment:

Glass
Iee cubes

Water

Procedure:

Fill a glass with water almost full.
Add one large ice cube that will float
freely in the glass as shown below,
Now very carefully add more water.
If you do it slowly, you can add
enough water so the level rises above
the top of the glass without spilling
over. (This is due to the surface
tension. See the previous activity for
mare details) At this point, the ice
cube will be floating above the top of
the glass. Ask students to predict
what will happen when the ice cube
melts. (As the ice cube mells, its
Therefore the
glass will not overflow.)

woter

volume decreases.

Further Challenges:
O What happens when water is

frozen in a paper or plastic cup? (Tt
expands and is therefore less dense.)
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How does it illustrate the principle of the floating ice cube?
(Anything less dense than water will float on water.)

(0 Ask students to speculatc how life on earth would be
different of ice sank when it froze,

[ Observe solid shortening as it is melted over low heat.
Does the solid (frozen) shortening float or sink to the
bottom?
(Note:
liquid shortening. Some solid shortening is whipped with
air. It may be necessary fo melt and re-freeze it before
doing this demonstration with students. )

Solid shortening will generally sink in warmer

Safety: Be sure to take adequate precautions when
heating shortening to avoid burns or fire.

ice cube -
Floats on Waler

top of g[ms

"

PUTETON SR

Whad Will happen

1o Water level
a2 ice cube
melts ?
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Vanishing Ice Cube Trick

by Mildred Moseman

Focus:

The fact that ice floats is very important to us. Most liquids
become heavier (more dense) as they turn into a solid.
Because ice is less dense than water, it floats.

Challenge:

Floating ice traps the water of a pond undemeath it, thus
protecting the water from freezing. If ice sank, entire
rivers and lakes could freeze solid from top to bottom.
What would happen to fish in such a lake? How do bodies
of water affect climate? How could the earth be affected if
ice were heavier than water? Would climates change?
How would people and wildlife be affected?

-
*

Materials and Equipment

Glass Water

Ice cubes

Procedure:

Fill a glass with water almost full.
Add one large ice cube that will float
freely in the glass as shown below.

How does it illustrate the principle of the floating ice cube?
{Anything less dense than water will float on water.)

0 Ask students to speculate how life on earth would be
different of ice sank when it froze,

00 Observe solid shortening as it is melted over low heat,
Does the solid (frozen) shortening float or sink to the
bottom?

{Note: Solid shortening will generally sink in warmer
liquid shortening. Some solid shortening is whipped with
air. It may be necessary fo melit and re-freeze it before
doing this demonstration with students.)

Safety: Be sure to take adequate precautions when
heating shortening to avoid burns or fire.

Now very carefully add more water. surface fension ice ¢ U.be _
If you do it slowly, you can add of wWater ollows o

enough water so the level rises above 9'0-55 {o be. %‘ floats o Wader
the top of the glass without spilling U verfille i D e

over. (This is due to the surface overfill 4 1'OP of ‘3(“-55

tension. See the previous activity for
more details.) At this point, the ice
cube will be floating above the top of
the glass. Ask students to predict
what will happen when the ice cube
melts. (As the ice cube mells, its
volume decreases. Therefore the
glass will not overflow.)

wWoter

Further Challenges:
00 What happens when water is

frozen in a paper or plastic cup? (7t
expands and is therefore less dense.)
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Soda Pop Sink Or Float?

by Gerald Wm. Foster

- Focus:

Exploring the concept of density through observing that
some unopened soda pop cans float while others sink when
completely submerged in water.

Challenge:

Have students try to determine why some unopened soda
pop cans will float in water while others will not.

Materials and Equipment:

An assortment of soda Tubs
Newspaper Paper towels
Drop cloths Hot plates
Yeast Plastic bags.
Scales

Procedure:

Place a wide variety of types of soda pop cans in tub of
water, Ten or more varieties would be helpful. Be sure
to include both regular and diet sodas. Record which
ones sink and which ones float.

This activity allows students using a familiar material to
do a fairly simplified scientific experiment of sorting and
controlling variables. For example, they may want to try
all of the colas first. They should also be aware of the
volume and shape of each can and whether or not they
are filled to the top. Students will have to check for air
bubbles trapped underneath the cans to see if that might
be the reason why they are floating. Students need to
record their data to keep track of emerging patterns of
those that sink and those that float.

Further Challenges:

O Check the contents of the can to see if that is making
the difference in whether a soda pop can sinks or floats.
How much of the content is water, sugar, carbonation,
and other fypes of ingredients?

O Checking for sugar: put 50 ml of soda pop in a plastic
lock top baggie with a package of dry yeast. Allow the
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mixture to set for approximately 15 minutes in a warm
(45°C) water bath. Students can approximate the amount
of gas given off by how big the sealed bag becomes, The
more gas given off the more sugar is in the mixture. Make
one bag as control by placing one level spoonful (5 ml) of
sugar and 50 ml of water. It would also be a good idea to
allow the soda pop to stand to allow the contents to go
"flat” prior to producing gas with the yeast. Otherwise, the
carbon dioxide gas in the soda will become a confounding
variable.

) Students may want to weigh each unopened can to see if
there are differences in weight of the cans even though the
volume may be the same.

{(J They may also want to heat the contents of the can to
evaporate the liguid to sce what kind of residue is left. This
may also be affecting the ability of the can to sink or float.

U Students could also try floating the cans in other liquids
such as salt water to see what happens.
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The Mystery Of The Rising Water

by Donna Gail Shaw

Focus:

When the air inside the container is heated, the molecules
of air speed up their movement and rush out of the
container causing bubbles to form around the jar's mouth.
The candle ceases to burn due to insufficient (not complete
lack of) oxygen. As soon as the flame goes out, the air
molecules in the container slow down their movement.
This creates a low pressure area inside the jar, The
relatively higher air pressure outside the container presses
down on the surface of the water forcing it to go into the
jar,

Challenge:

Make observations and inferences about reducing the air
inside a container that is placed in water.

Materials and Equipment:

Wide mouthed jar Pie tin
Matches Candle

Water Food coloring
Coin

Procedure:

Prior to conducting the activity, students should understand
that air takes up space, air is everywhere, and air exerts
pressure.  An adult helper would be a good safety
precaution for this activity.

Gather enough materials prior to conducting the
experiment. You should have one set of materials for
demonstration purposes and one set of materials for every

group.

Begin the activity with a teacher demonstration. Ask the
students to watch each step carefuily, because they will be
asked to repeat the same steps in their groups. You may
even want the students to record the steps on paper.

Fill a pie tin or similar container about half full of water.
The activity may be somewhat easier to observe if you first
color the water. Attach your candle to a coin by dripping
hot wax from the candle on the surface of the coin. Insert
the candle into the wax on the coin. Place the candle, with
the coin attached, into the middle of the pan of water.
Light the candle. Place the jar over the candle. Do this
quickly so that all reactions can be observed. Ask students

widemoudhed

Jor—
candle~_
Colored Water

Water rises
in Jor When
condle stops
buming...

pie 1in
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why?
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to observe the resnlts, You may wish to limit discussion at
this point until students have a chance to repeat the
activity,

Make sure that all students know how to perform the
experiment. Pass out sets of materials to each group and
have them repeat the experiment, record the results and
record inferences about what they think happened.

After the groups have had a chance to perform the
experiment a few times, you may wish to summarize the
students' observations on the board.

Some expected observations include:

a, Bubbles appeared around the mouth of the jar
when it was placed over the candle.

b. Candle stops burning,
Water rises in jar.
Water rises about one-fifth of jar's height.

Next, write student inferences about the results on the
board. Some expected inferences include:

a. The bubbles are caused by hot air rushing out of
the jar,
b. The candle went out because of lack of oxygen.
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c. Since air is about one-fifth oxygen and the water
tises about one-fifth the height of the jar students
oxygen was occupying. (Please note that this
inference is incorrect, see the Don't Suffocate
That Mouse activity.)

d. The water replaced the space the air was
occupying before it rushed out of the jar.

Discuss observations and inferences as they are recorded on
the board.

Further Challenges:

O Use clear plastic containers in place of jars. Put a hole
in one or two of the groups' clear plastic containers. One of
two things will happen; the water will not rise in the
container or it will rise and then quickly fall again. This is
because air is allowed back in the container.

[ Experiment with larger or smaller candles, Will this
affect the results?

) Experiment with different container sizes. Will this

affect the resuits?

Reference:

Nelson, L. W. (1984) Science Activities for Elementary
Children. Wm. C. Brown Publishers, Iowa.
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Don't Suffocate That Mouse!

Donna Gail Shaw

Focus:

The manipulation of the flow of air or the amount of air
inside or outside a container can cause the interesting
results as seen in "The Mystery of the Rising Water"
activity. However, sometimes just doing one experiment
can cause one to develop incorrect hypotheses. This could
casily happen in the previously mentioned experiment.

Though a candle ceases to burn in an enclosed container,
all of the oxygen is not burned up. There is simply not
enough oxygen remaining to support a candle flame,
Because not all the oxygen is consumed, the mouse remains
alive and active. Mammals like mice require a
significantly lower proportion of oxygen in the air than is
require to suppotrt a candle flame,

Challenge:

Will a mouse suffocate if placed inside an enclosed jar with
a burning candle?

Materials & Equipment:

White mouse Candle with holder
Matches Glass container with lid
Procedure;

This activity is a teacher demonstration,
1t is highly recommended that the activity
entitted "The Mystery of the Rising
Water" be conducted prior to this lesson.
Refer back to the rising water activity.
Review the observation and inferences.
Particularly focus on the fact that the
candle ceases to burn and why. If the
students have concluded that all the
oxygen is burned up, don't correct them.
Tell them the purpose of this activity is to
determine if the candle's flame did burn
off all the oxygen in the container. You
may want the students to record their
observations and inferences as you
demonstrate,

condle

Why ?
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Place the mouse in the jar. Put the candle in the jar. Light’
the candle. Be sure that the candle is tall enough that the
mouse cannot touch the flame.  Put the lid on the jar,
Students should carefully observe what occurs inside the
jar.

They will quickly see that the candle goes out but the
mouse remains alive and active. Afier students are sure
that the mouse is breathing normally, remove the mouse
from the jar. A lively discussion should follow.

Further Challenge:

O This activity could be related to how candles were used
on early submarines. Candles were used as a safety device
to sense when oxygen was getting low. When the candle
went out, it was time to surface and take in some fresh air;

() Students may wish to do some library research on early
submarines,
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Making Your Own Bernoulli Blower

Mark and Meghan Twiest

Focus:

Investigate the principle that gives airplanes their lift.

Challenge:

Suspend a ball in the air through the application of
Bernoulli's Law.

Materials and Equipment:

Shop vacuum (capable of blowing air through its hose)
Plastic ball (3-6 in. diameter)

Procedure:

This simple demonstration illustrates a very important
concept. Bernoulli's Law states that fast moving air creates
low pressure. You can verify this fact by conducting this
simple and interesting investigation.

To begin, attach the hose to the vacuum cleaner so that the
air blows out of the hose rather than being sucked in as it
usually does. When you first turn the
vacuum on after doing this, be sure to
point the nozzle of the hose towards the
ground. This will prevent any objects in
the hose from striking you or your
students, Once the hose is free of any
loose particles, point the nozzle straight

up.

You now have a column of air moving
vertically at high speed. Take the plastic
ball and place it in this column of air. You
may find that if you place the ball too low
in the column it will shoot up and out of
the column. Conversely, if you place the
ball too high in the air stream, it will fall
out of the stream's grip. In only a few
tries, you and your students should be able
to place the ball so that it will remain
suspended in midair after you release it.

Now that you have successfully floated the
ball, ask one of your students to very
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gently pull the ball perpendicularly out of the air stream.
You should be able to feel the ball resisting your efforts to
move it. This is because when the ball is half in and half
out of the column of air, the fast moving air on one side of
the ball creates low pressure. The resulting higher pressure
on the other side of the ball tends to force the ball back into
the column of air,

Further Challenges:

O Can you make the ball float when the column of air is
not vertical?

[J Can you design another shape that will float in the air
stream?

[ How does this principle relate to the shape of an air foil? -
U This activity can also be done on a larger scale using a
box fan. The fan will need to be propped up so that it

blows up and has sufficient air space under it. Challenge
students to float a beach ball over it.

ball is
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