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PREFACE

The teaching of science in the elementary school is a responsiblilty of major
significance. Through our éfforts, pupils should be helped to gain an understanding
of science in the development of our culture. Likewise, we should emphasize the
development of the ability to write and recognize social uses of science in daily
life. In developing the ability to understand their natural environemnt, the pupils
must also have a complete understanding of the process involved.

There is a need to continuously improve teaching and learning in science. New
materials of instruction, new teaching approaches, and the continuing responsibility
to meet the individual needs of students place great demands on all professional
staff members to appraise the quality of teaching and learning in science. This
publication represents an effort on the part of staff members within our school
system to assist all staff members in improving the teaching and learning in science.

It is hoped that all staff members who use this publication will find it to be of

value.

ofman R. Turchan ~
General Elementary Supervisor
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COMPOSITION OF MATTER

Initiatory Activities

Have the children:

Read life stories of some of the great scientists and discuss their
contributions to our way of living.

Bring some objects to class such as a piece of iron or some other object
and discuss their characteristics.

Make an exhibit of pictures showing the importance of chemical change.
These might show the making of pottery, glass, cement, or paper.

Bring newspaper or magazine clippings of stories of newly developed materials.
Examine the appearance, feel, smell, and taste of selected forms of matter.

Developmental Activities

CONCEPT - Matter occuples space and has weight.

Problem
Does air occupy space?
Materials

Drinking glass or Jjar, deep bowl (preferably transparent), water.

Procedure

Ask a pupil to place the inverted glass into the bowl of water.

Point out to the children that the water rises only a little way into
the glass. Why? Is the upper portion of the glass empty? Tip

the glass to a horizontal position and observe that water now fills
the glass, as bubbles come out.

Results

The space taken up by the air will be filled with water only when the
glass is tilted to let the air escape, as shown by the bubbles.

Conclusion
Air occupies space.

Demonstration

Have pupils collect several small objects in the classroom, such as a
book, a chalk board eraser, a box of crayons, etc. Discuss whether
these objects are solids, liquids or gases. Do they take up space?

3
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Try to put two of them in the same place. Is this possible? Arrange and
list these objects according to size. Have each child handle each object
to get the feel of its weight. Arrange and list in order of weights.
Discuss with pupils the idea that these are examples of solid matter. They
have weight and occupy space.

CONCEPT ~ Every kind of material has its own characteristics.
1. Observe

Have the children observe and list the differences noted between pairs of
various materials, such asa piece of wood and a piece of iron, a sheet of
paper and a sheet of tin, a small bottle of mercury and the same size
bottle of water, an orange and a rubber ball. Discuss the characteristics
of various materials.

2. Ask children to collect examples of different types of common substances
such as sand, concrete, wax, wood, steel, glass, rubber, plastic or sugar.
Discuss how each is used. Ask the children to write nonsense stories in
which they substitute one material and try to use it as another material is
used, for example: using concrete for windows or glass for sidewalks; or
using sand on their breakfast ceresl. Discuss the idea that each material
is used in ways best suited to its characteristics.

CONCEPT ~ All matter is composed of tiny moving particles called molecules, which
can be broken down into atoms.

1. Problem

Since molecules cannot be seen, what evidence do we have that they actually
exist?

Materials

Perfume, saucer.

Procedure

Ask one pupil to pour the perfume in the saucer while other members of

the class raise their hands when they detect the odor. Lead a discussion
of observations with such questions as: Did the people nearest the source

of the odor or farthest from it smell it first? Did they see anything
move from the source to their noses?

Results \

While nothing was seen moving through the air, it is evident that molecules \
moved from the source and slowly spread out over the room. '

Conclusion

The sense of smell gives evidence that molecules exist.
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Prokblem

Since molecules canzot te seen, what eviderce do we have that they actually
exist?

Materials

Medicire dropper, irnk, ginss of water,

Procedure

Ask one child to put a2 drop of ink irto the water. Does the ink stay in
one place or doés it spread throughout the water? Now, place the whole
dropper of ink gently on the tostom of the glass, without squirting out
the ink. Observe what happer.s to the irk.

Results

Molecules of ink were tarried twrough the water by the movement of water
molezules,

Cor:clusion

Our ser.se of sight gives evidence of the presence of molecules, even though
we car't see them as individuals.

Demonstration

To elp :hiidre: visualize the spaces between molecules, using three jars

of ejual size, mark the halfwsy poirt on each. Fill one jar halfway with
martles and ask -hildren to "pretend" thay they are molecules in a substance.
To snow that there 1s spsre be‘ween the marbles (moiecules) pour a second
Jar ralf full of wsand irto the fisst jar., Disuss the idea that in this
case, two halves do noh make ore whnlz, for tke sand has filled much of the
space betweer the msrvles, 7o show thal there is still space between the
grzins of sand, pour *re talrd jer half full of water, into the first jar.

To snow there iz space betweer the moleziles of a 1
of water with four ounnes of rubbing al:chol., Dise
volume is less tharn eight ounces. A vwariatior of t
be doze bty usirg water and szit.

iguid, mix four ounces
uas why the resultant
his demonstration may

Make Models

To show that different siome make up molecules of a substance, have children
conzbruct models of mole:xules of zommon substunces from pith balls (or styro-
foam balls) and stiff wire. “hey ran paint the atoms different colors to
show the different elemerts present and label the model with its common name
and chemical formula., Water {H:0) can be two green balls and one red ball.
Glucose, a Lype of sugar {Téleﬁé}, can ve six black balls, twelve green
balls and six red talls. Fiovures showing molecular structure may be found
in referenze tooks to help guide the pupils.



Demonstration

To help children visualize an atom, use a short piece of copper wire; cut
it in half. Using only one of the halves each time s repeat the process
until only a speck remains., Ask the children to keep dividing copper wire
in their imagination. Finally a particle would be arrived at that would
limit the cutting process, for it could be divided no more and still be the
element copper. This particle is an atom of copper,

Help the children visualize the size of
that a drop of water is magnified to th
wonld then be the size of baseballs.
take to fill the earth.

molecules by asking them to imagine
size of the earth. The molecules
gine how many baseballs it would

CONCEPT - An atom is made of small particles. Thq basic particles are the protons,

1.

neutrons,; and electrons.

Draw

Have the children make drawings of atoms of the first five elements
(hydrogen, helium, lithium, beryllium, and|boron) using different colors
to show the various types of particles. U ing the drawings, have them
construct a chart similar to this one.

Number of | Number of | Number of Atomic

MODEL | ELEMENT SYMBOL Flectrons Pilotons Neutrons Mass
1 y HYDROGEN H 1 1 0 1
2 HELIUM He 2 2 2 L
3 :@f LITHIUM i 3 3 L 7
4 Q@? BERYLLIUM Be 4 A 5 9

T

OAY e .
5 :@z BORON B 5 5 6 11

Q L
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Bulletin Boards (Exhibits and Displays)

Using small paper disks of three colors (to represent the protons,.
neutrons and electrons) and yarn (to show the orbits of the elecirons)
guide children to construct & bulletin board on the structure of an atom
such as carbon. The particles should be labeled with their names and

the type of electrical charge they possess, In the fifth and sixth
grades, additional figures may be constructued showing the isotopes of the
main figure,

Make Models

Beginning with the simple hydrogen atom, have pupils construct models from
balls of clay and wire.

CONCEPT -~ Matter is found in three basic states; solid, liquid, and gaseous.

Charts

Have pupils construct a chart that classifies pictures of familiar solids,
liquids and gases under the proper headings,

Have pupils construct a chart with the headings: "Solids," "Liquids," and
"Gases". On the left side, list characteristics such as; takes up space,
has weight, has shape of its own, has no shape of its own, has definite
size, has no definite size. Have children complete the chart by placing
X!'s in the appropriate spaces to show characteristics of solids, liquids,
and gases.

Solid } Liquid Gas
-|Takes up space X X X
Has weight X X X
Jﬁ;s shape of its own X
Has no shape of its own X X
Has definite size X X
Has no definite size : | x

10



Draw

Ask children to draw molecules as they appear in a solid, a liquid, a gas,
and to illustrate the distance between molecules and the motion of the
molecules.

Demonstration

Play a test game. Display matter, or pictures of various materials, in
different states, Ask children to identify the states, Discuss ways in
which we can distinguish between solids, liquids and gases.

Bulletin Boards (Exhibits and Displays)

Let children arrange a display of different objects and substances that
illustrate the three states of matter. Let the children tell what each
substance shows and what the characteristics of each state are.

CONCEPT - Solids have a shape of their own and occupy a definite space. Molecules

1.

of a solid are very close together.
Problem

Do solids have a definite shape?
Materials

Block of wood.

Procedure

Ask pupils to try and change the shape of the block of wood with their
hands.

Results
The shape of the block cannot easily be changed.
Conclusions

This shows that molecules of a solid are held firmly together; a solid
has a definite shape and a size of its own.

Demonstration

We can feel the shape of some things (solids). Ask children to collect
solid objects, Set up a display table where all children may examine
and feel the objects. Place different objects in a glass, or a box. Does
their shape change? What do we now know about solid things? Discuss

the fact that solids will keep their shape unless something is done to
change it.

11
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J CONCEPT ~ Liquids have no definite shape but take the shape of that part of the
container which they occupy; molecules of a liquid are close together,
but free to mowve about.

1. Problem

Do liquids have a shape of their own?

Materials

Water, containers of various shapes, such as a test tube, a saucer, a
milk bottle, a medicine bottle.

Procedure
Ask children to observe a test tube of water, What shape does the water

have? Pour the water into another container. Has the shape of the water
changed? Repeat this procedure with all the containers.

)' Results

Children should notice that while the same amount of liquid was used, its
shape changes according to its container..

Conclusions

Liquids change their shape to conform to their containers. They can do
this because their molecules are iree to slide around each other.

2. Demonstration

We can feel that some things are wet (liquids). Ask children to bring

in various liquids. Let the children feel some of the liquids with their
fingers., Pour some water into a small bottle., Pour the same water into

a shallow dish., Pour the same water into other containers. What do we
now know about wet things (liquids).{Discuss the characteristics of liquids
that will allow them to change their shape to fit their container.)

Ask a child to try to pour the water from a full quart jar into a pint
Jar (over a sink), Have children observe what happens and discuss the idea
that liquids have a size of their own,

12




CONCEPT -~ Gases have no definiteshape and occupy all available space -- molecules
of a gas are far apart and move rapidly.

1. Research
Ask a committee of pupils to do library research, and report to the class
on some of the ways in which gases are used in everyday life, such as in

balloons, tires, stoves, carbonated water, yeast, breads, and dirigibles.

2. Demonstrations

Some things (gases) do not have any certain shape. Using a basketball and
an air pump, demonstrate that you can force a large amount of gas into a
small space, Discuss whether this would be possible with a liquid. Let
the air out of the basketball and ask the pupils if they can grab it and
mold it into some definite shape. Why not? Discuss the ideas that gases
have no shape of their own (they will take the shape of their container);
they have no definite size (molecules will spread farther apart to fit the
size of the container, or come closer together when forced into a smaller
container).

CONCEPT - The state of matter may be changed by the addition or removal of heat. The
degree of motion of the molecules in a substance determines whether the
substance is a solid, a liquid, or a gas.

1. Problem
How can we show the three states of matter?
Materials
Ice cubes, beaker, tripod stand, alcohol or gas burner.
Procedure

Ask children to fill the beaker with the ice cubes. In what state is the
ice? How do you think the molecules are moving? Place the beaker on the
tripod and apply heat. What change takes place? Are the molecules moving
faster or slower than they were in the solid state? Apply heat until the
water is boiling. What change is taking place now? How are molecules of
water vapor moving compared to the solid and liquid states?

Results

As heat is applied, the molecules will move faster, until a change of
state occurs.

Conclusions
Heat may cause a substance to change states. (This is.a. physical change )

Molecules move faster as thsy progress from the solid state through the
liguid state to the gaseous state.

10
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CONCEPT

1.

2.

Observe

Light a candle and let it burn., Ask the children to write down what they
observe. Is a change of state taking place? 4 drawing of the candle can
be made with the solid, liquid, and gaseous states labeled.

Draw

Ask children to make drawings illustrating the distance between the molecules
in the solids, liquids, and gases.

Ask children to draw, in three stages, what happens to molecules of ice when
heat is applied.

-~ Different kinds of molecules require different amounts of heat energy to

change their state.
Problem
Is the same amount of heat energy required to melt all solids?
Materials

Pat of butter, small wax candle, piece of lead, an iron nail, alcohol or
propane gas burner, heat resistant pan.

Procedure

Have children place the different solids in the pan. Apply heat.
Do they all melt at the same time? Do they all melt?

Results

The different solids will melt at various times, depending on the amount
of heat energy used. The heat, produced by a classroom burner, should melt
the sample of lead, but will not be high enough to melt the nail.

Conclusions

Melting is the changing of a solid to a liquid., Some solids require more
heat energy to melt than others.

Charts, Maps, or Graphs

Obtain a Fahrenheit thermometer and a Celsius.(centigrade) thermometer.
Compare the markings. Have children make a chart indicating the differences
between the two thermometers.

14
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CONCEPT. ~ Air pressure is the push of air molecules in all directions.

1.

2.

Problem

How can we show air pressure? Is there air pressure on us right now?
Materials

Hard-boiled egg, milk bottle, newspaper, matches.

Procedure

Peel the shell from the hard-boiled egg. Crush a& small piece of newspaper,
light it and put it in the milk bottle. Place the egg on the mouth of the
milk bottle. The paper will soon burn up and the egg will then enter the
bottle.

Results

The burning paper causes the air in the bottle to expand and some of it is
forced out, making the egg bounce a little. The fire goes out when the
oxygen in the air in the bottle is depleted. Then the air in tne bottle
cools and contracts. Since the air on the inside exerts less pressure than
the air on the outside, the outside air forces the egg into the bottle.

Conclusions

Air has weight, the weight of our atmosphere causes air pressure on all
things on earth.

Demonstrations Showihg Air Pressure

Fill a glass with water. Place a flat cardboard on top of the glass. Hold
the glass with one hand, and the cardboard firmly with the other. Invert

the glass over a sink or pan. Remove the hand holding the cardboard. Observe
how the cardboard is held to the glass by air pressing against it.

Showigg How Ai; Pressure Affects Pouring

Punch a hole in a tin can containing a liquid. Ask a pupil to try to pour
the liquid. Punch another hole across from the first. Try pouring again.
Why does the liquid flow better when two holes have been cut? Point out
to the class that air pressing on the liquids trying to come through one
hole holds the liquid back. When two Holes are punched, air presses on the
liquid through the second hole forcing it out through the other hole.

Showing Alr Pressure

12
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CONCEPT - The atoms of the molecules in a compound are held together by the force
of chemical bonds.

~~ Make Models

Using clay and wooden sticks, have children construct molecular models;
clay balls representing the individual atoms and sticks representing the
idea of the bonds holding the atoms together. Discuss what would happen
if there were no bonds to hold the atoms together.

CONCEPT - Materials having only one kind of atoms are elements,

! 1. Gharts, Maps, or Graphs

Using a map of the United States, have children locate places where common
) elements are found in nature, such as gold, iron, lead, silver, sulfur, and

nickel. Information of this type can easily be found in geography books
and encyclopedias.

2. Research
Ask children to read about some common elements. Suggest that individuals
S : report on one element. Reports could answer such questions as: Where is
it found? How was it discovered? What are its:characteristics? Is it"
, abundant or scarce? In what ways is it used?

3. Bulletin Boards (Exhibits and Displays)

) Ask pupils to make a collection of articles, or pictures of articles made

up primarily of a common element, such as coal, silver jewelry, gold
Jewelry, copper wire, lead solder, aluminum foil and an iron nail. Display
these articles with the element's name and symbol.

CONCEPT - Scientists around the world have agreed to certain symbols to represent all
. elements.

, 1. Charts, Maps, or Graphs

| Display a chart of the periodic table in which all the elements and their
) chemical symbols are shown. Tet the children discuss why the elements are
grouped in families as they are. Discuss some of the elements with which
the children are familiar,

2. Research

Have a committee of children make up a notebook describing many of the ele-
ments. After finding the basic characteristics of the elements, let
children make "flash cards" on 3 x 5 index cards, with the element's name
on one side and symbol and characteristics of the glement on the other side,

8 These cards can be used in a test game or in practicing to identify the
elements.
Q 13




Ask children to do library research on the figures used by ancient chemist
to represent the chemicals with which they worked. Another group of
children may do research on John Dalton and the symbols he devised. A
third group could to their resea~ch on Jons Jakob Berzelins, the man who
developed our present system of symbols. After all research is finished,
have children construct a chart comparing the symbols of the three methods
for some of the common elements.

3. Bulletin Boards (Exhibits and Displays) "What Are My Elements?"

Arrange pictures or drawings of common substances on one side of a bulletin
boards and in the other side mount symbols of elements’in random order. Lét
children use colored yarn to connect the substances with the elements of
which they are made. For example: Water would be connected to H and O,
Sand would be connected to S and 0. Salt would be connected to Na and Cl.

CONCEPT - Each of the elements gives off its own color (or mixture of colors) of
light when heated sufficiently. '

1. Problem
How can chemists test substances by burning?
Materials
Pliers, alcohol or gas burner, pan of water, a dime, salt, borax.
Procedure

Hold the dime with the pliers; wet the dime and dip it in the salt. Hold
it in the flame. What color flame is noticed? Wash the dime and repeat
the procedure with the borax. Do we have the same color flame?

Results

The salt will burn with a yellow flame, while burning borax will produce
a green flame. ~This is an identification of the sodium in the salt and
boron in the borax.

Conclusions
Different elements give off different colors of light when heated sufficiently.
2. Draw
After research on the spectrum of visible light and the spectroscope, ask
children to make drawings of special lines of a few of the elements, as
shown in reference books. Compare these to a drawing of the spectrum of
sunlight.
3. Research
Ask a group of children todo library research onh the spectroscope. ..They should

try to find out how it works and how it is used, especially in the field of
astronomy.

1
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CONCEPT

~y

- Elements can be chemically combined to form compounds.

Problem

Do elements combine chemically to form a compound?

Materials

Iron fillings, powdered sulphur, test tube, magnet, alcohol burner.
Procedure

Mix iron filings and sulphur together and place the mixture in a test tube.
Heat the mixture until it glows. Allow to cool and examine it. Remove the

contents of the tube by breaking it. Touch the substance with a magnet.

Iron and sulfur mixture

Results

The iron filings and the sulphur can no longer be distinguished from each
other. The substance does not cling to the magnet,

Conclusions
A new substance, the compoind iron sulfide, has been formed. A compound
is composed of two or more elements combined chemically. The two elements

have lost their individual characteristics and the compound has formed new
characteristics of its own.

18
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CONCEPT -~ A chemical change takes place if there is a change in the structure of the

1.

molecules and a new substance is formed.

Problem
What 1s a chemical change?
Materials

Two large nails, paint, glass jar.

Procedure

Paint one nail and let it dry. Do not painrt the other nail."Pour a little
water into a jar. Stand both nails in the jar of water. Cover the jar and
allow it to stand for several days.
Results

The unpainted nail will be rusted; not the painted ore.

Conclusions
A new substance has been formed -~ oxygen from the air unites with the iron
in the unpainted nail to form the compound iron rust. The painted nail
did not rust because the paint prevented the oxygen from uniting with the
iron. The rusting of iron is a chemical change.

Problem
What causes a nail to rust?
Materials

Three test tubes, three stoppers, three nails.
Procedure
Puc the first nail in a test tube with only air and stopper it. Place the
second nail in a test tube with tap water and stopper it. Place the third
nail in a test tube with water that has just been boiled and stopper the
test tube. Allow test tubes to stand for a few days. Compare how the three
nails rust in each case,
Results

The nail in the second tube should have more rust than the other two.
Conclusions
Rust appears quickest when water is near. Water speeds up the uniting of

the iron in the nail with the oxygen in the air. In the case of the
boiled water, quite a bit of the oxygen has been expelled by the burning.

16 ¢
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3.

Problem

Is it possible to slow down chemical change?

Materials

Two glass tumblers, and milk,

Procedure

Place a small amount of milk in each of the glasses., Place one glass of
milk in a refrigerator, Place the other glass of milk in a warm place
and allow both glasses to stand for several days.

Results

The milk in the warm place will sour. The milk in the refrigerator will
not.

Conclusions

- The souring of milk is a chemical change. This chemical change and similar

chemical changes are slowed down by keeping substances cool.

Demonstrations Showing a Chemical Change - A Crystal Garden’

Have children gather these materials: <coke or small piece of brick, saucer,
salt, laundry bluing, Mercurochrome, household ammonia. Pupils should
notice and list the characteristics of each of these materials. Pupils
then mix together in a bowl 4 tbsp. salt, 4 tbsp. water, 4 tbsp. bluing,

1 tbsp. ammonia, and a few drops of Mercurochrome. Pour this mixture over
the pieces of coke or brick which are in the saucer. Place the saucer where
it will not be disturbed. Crystals will start to form within one-half hour
and will continue to grow for several days. Discuss with the class the
characteristics of this new substance formed by this chemical change.
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CONCEPT ~ Compounds can be taken apart as well as put together.
1., Problem
How can we clean silverware by the use of chemistry?
Materials

Tarnished silverware, aluminum pan, water, salt, baking sSoda, alcohol
or gas burner.

Procedure

Ask children to measure two quarts of water, two teaspoons of baking soda,
and two teaspoons of salt and mix together in the pan. - Bring this
solution to a boil and then remove from the flame. Place the

tarnished silverware in the hot solution. After a few minutes, remove
silverware, rinse and dry.

Results

The compound, silver sulfide, has been taken apart. The sulfur in the
tarnish has been attracted to the aluminum pan, leaving the silver clean.

Conclusions
Compounds can be taken apart., This is a chemical change.
2, Problem
Can wood, a compound, be taken apart chemically?
Materials
' Wood splint, alcohol or gas burner.
Procedure
After asking children to do research on the compound cellulose in
wood and discussing that it is made of carbon, hydrogen and oxygen,
burn the wood splint. Is this a chemical change? What is left of
the wood splint? What happened to the hydrogen and oxygen?
Results

After burning, the carbon of the cellulose in wood is left, the
the hydrogen and oxygen is forced out into the air.

Conclusions

Burning wood is a chemical change that causes compounds to be taken
apart.
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3. Problem
Is mercuric oxide an element, a compound, or a mixture?
Materials

Mercuric oxide powder, test tube, test tube holder, towel paper, alcohol
or gas burner.

Procedure

Pour not more than 1/8 teaspoon of mercuric oxide powder into the test
tube. Roll the paper towel into a plug and place it in the mouth of
the tube. Then support the test tube just
over the blue part of the burner flame.
after a minute or two, look at the side

of the tube about halfway up. What do you
see? lLight a wood splinter and let it burn
a little. Then blow out the flame. Quickly ’

remove the paper plug and plunge the glowing
splinter into the test tube. What happens? //

Put the paper plug back in and heat the test
tube until all of the mercuric oxide powder
is gone. Now use a splinter to scrape to-
gether some of the silvery material in the

test tube. Pour it into a small dish. What
is the material? Do you think mercuric oxide
is an element, compound, or a mixture?

Results

That oxygen is released from the mercuric oxide is shown by insertion

of the glowing splint into the test tube; it will burst into flame. The
material remaining is mercury.

Conclusions

HMercuric oxide is a compound. This is an example of breaking a compound
apart into its elements.

L4, Problem
Can water, a compound, be taken apart chemically? (Electrolysis of water)
Materials
Water, large glass beaker or large-mouthed jar, six volt battery, two lengths
of insulated wire (approximately one foot longs, two carbon rods from flash-

light batteries, sodium sulfate (or washing soda), adhesive tape, matches,
wood splint.
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Procedure

Attach a carbon rod to an end of each wire, with the other ends attached

to the terminals of the battery. Stir one spoonful of sodium sulfate into

a beaker 3/4 full of water. (Explain that the purpose of the sodium is

to help the electric current to flow easily through the water.) Place

the carbon rods on the bottom of the beaker and cover each with a test tube
full of water. Bubbles should begin to collect in each of the test tubes,
about twice as fast in one as in the other. (Why not at the same rate?)
With your thumb, close the mouth of the test tube first filled with the
gas. Lift the tube out of the water, mouth down. Bring a 1it match to the
mouth of the tube and remove thumb. What happens? Way? When the second
tube is full of gas, close its mouth with your thumb and remove from water
with mouth up. -Light a wood splint, let it burn briefly and blow out the
flame. Remove your thumb and plunge the glowing splint into the test tube.
What happens? Why is this reaction different from that of the first test

tube? rf~w
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Results

In this experiment, hydrogen and oxygen will collect in the two test tubes.
The hydrogen will collect faster because there is twice as much hydrogen
as oxygen in water., When a match is applied to the first tube the contents
will burn with a soft "pop!" (This is the test for hydrogen.) When a
glowing splint is plunged into the second tube of gas, the splint will
burst into flame. (This is the test for oxygen)

Conclusions

The compound water can be broken apart into separate elements of oxygen and
hydrogen.

Research

Ask some pupils to do research and prepare a report on the progress of
changing iron ore to iron.

CONCEPT - In a mixture, each element keeps its own characteristics.,

Problem

Will a mixture of sulphur and iron filings form a new substance?
Materials

Powdered sulphur, iron filings, magnet,

Procedure

Place iron filings and sulphur, side by side, on a sheet of paper.

Have pupils examine both substances and list most noticeable characteris-
tics of both.(Sulpher is yellow and does not cling to the magnet, iron
filings are black and cling to the magnet.) Mix the two elements together
and examine the mixture. Place the magnet in the mixture.

Results

While the mixture looks a bit different from the two separate elements,
they can still be distinguished. The filings will cling to the magnet,
but the sulphur will not.

Conclusions

A mixture is simply a combiration of two or more elements which are not
chemically united. The elements in it may be mixed in any proporticn
without losing their identity. No chemical change has taken place and
no new substance has been formed.



« CONCEPT - Group tests may be used to analyze unknown substances.

1.

Problem
How can we test for acids, bases and neutrals?
Materials

Red and blue litmus paper, small cups, various liquids such as: lemon juice,
vinegar, salt water, sugar water, tap water, ammonia, boric acid, fresh
milk, and sour milk.,

Procedure

Have children place the substances to be tested in paper cups. Touch each
substance with both blue and red litmus paper. Is there a change in either
piece of paper?

Results

If the red litmus paper turns blue, the substance is a member of a group
of materials called bases {or alkalis). If the blue litmus paper turns
red, it is an acid., If there is no color change on either paper, the
substance is neutral. OSubstances may be tested with litmus paper to group
them as acids, bases or neutrals.

Firoblem
How can we test for acids, bases, and neutrals?

Material

Two red cabbage leaves, boiling water, wooden spoon, heat resistant bowl,
beaker, vinegar, ammonia,

Procedure

Cut the red cabbage leaves into small pileces and place them in the bowl.
Add one cup of boiling water. Use the wooden spoon to squeeze out as much
of the cabbage julce as possible. Allow the julce to stand for an hour

or more, or until the cabbage liquid is purple in color. Pour some of

the 1liquid into a beaker. Ask a child to add several drops of vinegar to
the cabbage juice. Why does the liquid turn red? Now add ammonia, drop
by drop, while stirring. Notice the color change back to purple and then
to greenish-blue as more drops of ammonia are added. Why?

Results

The cabbage juice is used as an indicator. When the vinegar is added, the
color change to red indicates the presence of acid in the vinegar. Adding
ammonia will neutralize the substance and then the greenish-blue color
will indicate the presence of a base in the ammonia.

Conclusions

Cabbage juice may be used to test liquids and group them as acids, bases
and neutrals.
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Problem
How can we test for starch?
Materials

Eye dropper, iodine, small portions of several types of food, such as bread,
sugar, cooked macarconi, and cornflakes.

Procedure

Ask a pubil to place drops of iodine on each of the food samples, Does any-
one notice any reaction?

Results

The reddish-brown color of iodine changes to dark blue or blue-black when
it comes in contact with starch. (It should be noticed that the potato
and grain products contain starch.)

Conclusions

Iodine can be used to test substances for the presence of starch.

Problem

How can we test for carbon dioxide?

Materials

Straw, test tube, limewater.

Procedure

Fill the test tube halfway with limewater. Ask a pupil to blow through the
straw into the limewater. Is there a change in the limewater?

Results

The change in the appearancé of the limewater from clear to milky is an
indication that carbon dioxide is present in the breath.

Conclusions

Limewater can be used to test for the presence of carbon dioxide.
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Demonstration - Paper Chromatography

Have children place drops of green, red and blue ink on strips of newsprint.
The strips should be about one inch wide and six inches long. The drops

of ink should be placed about one inch from the end of the strip. Colors
should be combined on strips. Place the strlps, with the ink drops at the
lower end in a drinking glass containing 4 3 inch of water. (Strips should
be creased town the middle so they will stand in the glass.) Let the
strips stand for fifteen to thirty minutes. Ask children to observe and
discuss what has happened. As the water soaks up through the paper, it
carries each of the different colored inks up at a different rate, Chemists
use this same method for separating a mixture into its parts, so that each
part can be analyzed separately.

CONCEPT - When a material burns, a chemical change takes place.

1.

Problem
Is matter changed by burning?
Materials

Sugar, test tube, alcohol or gas burner, test tube holder, paper towel.

Procedure

Place one teaspoon of sugar in the test tube. Ask children to note the
characteristics of the sugar. Heat slowly and observe the change taking
place. Where is the moisture on the sides of the test tube coming from?
Place paper towel over the mouth of the test tube. Notice the dampness.
Continue heating until the material is black. When the material has cooled,
have the children compare its characteristics to those of the sugar. Is
this a new substance.

Results

The sugar has been changed into a new substance, carbon. Hydrogen and
oxygen have been released in the form of water vapor.

Conclusions

Burning produces a chemical change. A new substance has been formed.

Compounds differ in their properties from the elements they are composed
of.

Observe
Burn a wood splint completely and lead children to discuss their observations
of what takes place. Are the characteristics of the ashes the same as the

characteristics of the wood splint? How are they different?

Have a pupil bring in an unused charcoal briquet and the ashes of a burnt
one. Examine both and observe the difference burning has made.
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CONCEPT ~ Chemical changes are involved in everything we do.

1.

Problem

How can we show chemical changes take place in the digestive process?
Materials

Unsalted crackers.

Procedure

Give an unsalted cracker to each pupil. Ask them to take a bite of the
cracker and notice its taste. Dves the taste change while the cracker
is being slowly chewed?

Results

The cracker at first tastes starchy, but after mixing with the water in
saliva, the starch is changed to sugar.

Conclusions

This is an example of the many chemical changes continually taking place
in our bodies.

Observe

Ask children to observe their mothers at work in the kitchen during one week.
Have them compile a 1list of all chemical changes they noticed taking place.

Field Trip

Visit a local manufacturing plant to discover how chemical changes are used
in the production of goods.

Visit a fire station to find out some chemical ways of putting out fires.
Research

Pupils may do indivudual or group reports on various topics such as the
manufacturing of plastics, steel, glass, petroleum products, and how they
are used; the spoiling of food; rotting of food; fading of fabrics; and
the burning of fuel.

Ask the class to choose a chemical change they feel is important and learn
as much about it as they can: raw materials used, energy involved, waste
products left, and how the characteristics of the furnished product differ
from those of the raw materials used.

Ask pupils to find out what elements and compounds are found in air. Reports

may be given on how some of these elements are used or what happens to the
air that is taken into our bodies.

25



Bulletin Boards (Exhibits and Displays)

Have children collect pictures showing various chemical changes. Arrange
them on a bulletin board under such headings as "Chemical Changes In Our
Home," or "Chemical Changes In Industry."

Make Models

Construct a working model of a chemical fire extinguisher.

Making a Fire Extinguisher Model

Push a short glass tube with

a jet tip into a rubber stopper.
Wrap bicarbonate of soda in a sheet
of toilet tissue. Attach soda
package to tube with a rubber band.

Fill bottle half full of mixture of
one part vinegar and one part water.
Put in the stopper.

Hold stopper firmly in place with
two fingers. Turn bottle upside
down. The CO, formed by mixing
vinegar and soda drives water out
in powerful jets.

26
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CONCEPT - Research in chemistry has helped to make life better for all of us.
1. Research

Discuss with children how different life is for us now compared to the

way of life in various periods of the past. Suggest that individual reports
may be based on the contributions of famous scientists. Possible subjects
in the field of chemistry are: Dalton, Curie, Einstein, lavoisier, Priestly,
Davy, Boyle, and Democritus.

| 2. Collect
Ask children to collect labels from food cans, bottles and packages. Have

j them look for the names of chemicals used for preserving the food. Reports
can be done on how some of these chemicals work.

' Ask a group of children to prepare a report on synthetic materials for

! clothing. Have them try to find out ways cloth is made from wood, milk,
coal, sand, straw and beans. To receive information about this topic,
have the class write letters to textile manufacturers for materials.,

3. Bulletin Boards (Exhibits and Displays)

! Have children compile information and collect pictures of various things

derived from coal. Mount a picture of coal and connect it to pictures of

such things as drugs, dyes, and perfumes.

] CONCEPT - Some materials may dissolve in liquids to make solutions. Other materials
do not dissolve and may form a suspension.

i 1. Problem
Do materials "disappear" when dissolved in a liguid?
Materials

| A tablespoon of salt, a glass, warm water,
Procedure
Put the salt into the glass. Pour in the water and stir until the salt
"disappears." Discuss whether the salt has actually disappeared or is
still present. How can we find out? Taste the water. Discuss that
while the salt can no longer be seen it is still present -~ the grains
of salt separate into molecules which move in between the molecules of
water. Let the glass stand for a few days.
Results
The salt present in the solution is left unchanged after the water evaporates.

{ Conclusions

Although some materials may dissolve in liquid to form a solution, they
are still present.
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2,

Problem

What happens when oil is mixed with water?

Materials

Test tube or small jar, oil, water.

Procedure

Fill a test tube half full of water. Add about 3 inch of oil, Does the
0il mix with the water? GCover the mouth of the test tube with your thumb
and shake it as strongly as you can. What happens? Is this a mixture

or a compound? Let the mixture stand awhiie. Now what has happened to the
mixture?

Results

The o0il will not be dissolved in the water. When left standing, the oil
will rise to form a layer on top of the water. '

Conclusions
Adding oil to water will not form a compound; it is simply a mixture in

a suspension., Small particles of a material are suspended in another
material, but not dissolved in it.

CONCEPT - Atoms can be divided. Some atoms split spontaneously; they possess natural

1.

radiocactivity.
Problem
How can be observe natural radioactivity?
Materials
Magnifying glass, clock or watch with a luminous dial.
Procedure
Darken the room., Have children observe the lumirnous dial with a magrifying
glass., What do they notice? Point out that the dial is painted with phosphorous
in which a tiny amount of radium is mixed. What could be causing this reaction?

Results

Tiny "sparks" of light are noticed. This is caused by the radicactive decay
of the radium causing the phosphorous to shine,

Conclusions

Radium possesses natural radiocactivity. Atomic energy may be changed to
light energy.

28

31

Y



i
\
r

Charts, Maps, or Gré.ghé

Point out to children that the understanding of the atom that led to
atomic energy has taken over two thousand years. Have them construct
a time line showing the history and development of atomic energy.

4h85 B.C.

384 B.C.
1592 A.D.
1661

1670

1772
1808

1811

1827

1895
1896

1898

1903
1905

1911

1912

not be divided atoms.

Aristotle said the atom did not exist.

Pierre Gassendi advanced the theory that atoms
must have some type of magnetic attraction to
hold them together.

Robert Boyle called basic substances elements.

Anton van Leuwenhoek used the microscope for studying
crystalline structures.

Antoine lavoisier discovered that elements combine.

John Dalton stated that matter consists of atoms
held together by an unknown force.

Amedeo Avogadro developed the theory of molecules.

Robert Brown actually saw the movement of atoms.
The "Brownian Movement!" was named in his honor.

Wilhelm Konrad Roentgen discovered the X-Ray.

Henri Becquerel found that uranium salts were
radioactive,

Pierre and Marie Curie discovered that radium was
also highly radioactive.

., Sir Ernest Rutherford and Frederick Soddy found that

some atoms split themselves to pieces through their
action.

Albert Einstein set forth his famous E = MC? equation.
This theory of relativity explains that matter and
energy are both the same but in different forms.

Sir Ernest Rutherford discovered and named the core
of the atom the nucleus.

Frederick Soddy developed the theory of isotopes.

29
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1913

Niels Bohr depicted the atom similar to a small
solar system. He showed that the electron whirls
around the nucleus. His diagram is used as the
symbol of the atom.

splitting uranium atoms could release enormous amounts

Earico Fermi and Arthur Compton built the first atomic

Electricity produced by an experimental atomic laboratory

1926 Han Geiger invented the Geiger radiation counter.

1931 E.O. Lawrence built the first cyclotron.

1932 John Cockcroft proved that destruction of the

. atom released energy. =

1934 Irene and Frederic Joliot-Curie found that

‘ exposure to radiation made other substances
radioactive.

1938 Otto Hahn and Fritz Strassmann split the uranium
atom.

1938 Liss Meitner escaped from Germany. She proved that
of energy. She called this process fission.

1942
reactor at Stagg Stadium in Chicago.

1945 Hiroshima and Nagasaki, Japan were devastated by the
atomic bomb.

1951
at ARCO, Idaho, lighted an incandescent lamp.

1955 Nuclear powered submarine, Nautilus, was sucessfully
launched.

1958-1959 Experiments were made with atomic powered engines for

interplanetary travel.

1959 More radioisotopes were used in medicine,

Resource Person

Ask a civil defense worker or someone who can obtain a Geiger counter to
explain its use and how it works to the class.

Research

Ask children to do research on uranium ard radium to find out more about

"their natural radioactivity.
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5.

Demonstration Showing,Radioactive Rays

(Constructing a Cloud Chamber)
Materials

One pound jar (clear glass -- peanut butter or fruit jar), thumbtack,
black velvet, dull black paint, strip of weather stripping or heavy felt,
one pound coffee can, slab of dry ice or tray of ice cubes and salt,
rubbing alcohol, speck of radium from clock dial, strong flashlight or
slide projector, model airplane glue or rubber cement.

Procedure

You can construct a cloud chamber by
following the diagram. First glue in
the weather stripping and black velvet.
Paint the inside cover black; glue a
thumbtack in the center of the jar cover.
Paint the empty coffee can and thumbtack
black to eliminate reflections, and put

«——Velvet

p‘-‘
T/ —Weather

in a false bottom as shown. Crush enough Thumbtac stripping
& Radium

dry ice to cover the top of the false
bottom to a thickness of one inch.
(Cau%ion: Use gloves when handling dry
ice.

Soak the weather stripping in rubbing
alcohol. Glue a speck of radium to

the thumbtack point, and cover the bottom
of the cover with alcohol. Screw cover
tightly on jar, and place on ice as
illustrated. Set a slide projector or

strong beam flashlight tc She side of the False Bottom
jar. Place hand on top of jar, and observe

from top of jar. @ Alpha-Ray Trail

It may take from five to fifteen minutes : ]

for the clouds to condense. Then, cobweb- Beta-Ray Trail
like trails will appear near the bottom

of the chamber. These are the radiation Ga.mma-Ray
rays. Can you identify the kinds of rays Trail

being given off?



CONCEPT - Nuclear energy can be released in two ways: fission and fusion.
1. Problem
How can we show a chain reaction?
terials

Box of wooden matches, metal tray or asbestos sheet, pail of sand or
water,

Procedure

Break about 20 matches about +" from the head and arrange on the pan
similar to diagram 1. Light the first match head and ask children

to notice the speed at which the flame travels. Repeat the experiment

with additional matchsticks laid crosswise as in diagram 2. Is the
reaction different?

2.
Sy
el

Results u

These are both examples of chain reactions; the first is uncontrolled
while the second is contrclled.

Conclusions
Control rods slow down a chain reaction.

2. Charts, Maps, or Graphs

Assist children in drawing their own interpretation of what happens
in fission and fusion on two charts for comparison.

3. Teaching Resources

Teachers may write to Atomic Energy Commission, Educational Services
Branch, Washington, D.C. for teachlng materials related to nuclear
energy.

L, Research

Have the class do research on the destrictive power of the atomic bomb.
Let this lead to a serious discussion of the responsibilities involved

in the possession of the knowledge of atomic energy and the importance of
international cooperation.
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CONCEPT - Nuclear energy is now being used for marny peaceful purposes.

1.

Drams,

Let children try to foretell the future by writing a short play which
illustrates how life might be one hundred years from now, including
many uses of atomic energy.

Research

Have children find out how atomic energy is being used in electric generators
and to propel ships., See if they can find out why it has not becn used to
run automobiles and airplanes.

Bulletins Boards (Exhibit and Displays)

Have children bring in clippings from newspapers and magazines dealing
with nuclear energy. These should be reported to the class and placed on
a current news bulletin board or a scrapbook.



Included here are samples of evaluation items which could be used in developing
your own informal testing program, These suggested types of items cover the particular
science area that has been developed in this section of the handbook. This also means
they could be used to help develop informal testing to cover large areas of infor-~
mation (monthly, mid-year, end of year testing). These are by no means complete
tests as such. You will have to adapt and develop items to meet your particular
class's own individual needs and differences.

? Write the number of the word groups, in column A, in the space before the
i item, in column B, that it best matches:

: Column A Colum B
i 1. Has a definite shape (5) a. Evaporate
: 2. Always in motion b. Heat
3, Causes change from solid to liquid c. Cold
; 4, Molecules roll and slide around each other %EE d. Molecules
i 5. Liquid to a gas €, Solid
L) F. Tiquid

g. Condense

Complete the sentences:

1. The smallest single particle of a substance is called a (molecule)

2. When a solid is heated, the speed at which its molecules vibrate
(increases) .

i 3. When a gas is cooled sufficiently, the state of matter formed is
(1iquid)

( 4. When sugar dissolves, it separates into its (molecules)

Answer the following:

l 1. What are the states of matter? Give an example of each state.

(The states of matter are gas, liquid, and solid. Air is a gas;
water is a liquid; ice is a solid. EMany other answers possible.l)

2, Describe the motion of molecules in each of the states of matter.
(In solids the vibrating molecules don't move from place to place.
They vibrate in place as though locked together. In liquids, the
molecules are not locked together and slide and roll over one

another. In gases, the molecules are farther apart and move faster.
They have less attraction for one another than in solids and liquids.)
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Here are some different forms of energy.

In the blank after the form of energy,

tell whether the energy is kinetic, potential or a combination of the two:

l.
2.
3.

steam (Foc=atial) L 4. wind (FEin=tic)
falling water  [(Kinetic) 5. falling bomb (linetis-Potential
food (Pobenbial)

Complete each of these sehténééé;py drawing a line under the correct word or

phrase that belongs in the blank space:

1. The number of elements is about
a. 50 b. 100 c. 150 d. 200
2, The energy we get from the atom is called
a. molecular energy b. solar energy ¢, electronic energy
d. nuclear energy
3. The burning of wood is classified as
a. slow nitrification b. solar energy c. slow oxidation
d. rapid oxidation
4. Rust forms when oxygen combines with
a. tin b. iron c. wzinc d. aluminum
5. The nucleus of the common hydrogen atom consists of
a. one neutron b. one proton c. one electron
d. one neutron and one proton

A list of terms is given below, Select the term from the list that goes with
each statement. Write the term in the space before the statement.

Contraction
Calorie

Flectric motor
Expansion

Temperature
B.T.U.

Gasoline engine

1. (Expansion) __due to more rapid vibration of molecules.

2. (Temperature) a measure of the ¥ribration of molecules.
3. (B.T.U.) heats one pound of water to 1° Fahrenheit.
4. (Contraction) heated bar cooled.

5. (Gasoline engine) converts heat energy to mechanical energy.

Identify the following:

1. Along with her husband, she succeeded in separating a new element from
pitchblende. She called it polonium. (Hariz Covried

2. This Swedish chemist is famous as the inventor of dynamite.
(Alfred hNobel)

3. This French scientist discovered the radio-activity of uranium.

Jilsrri Becquenel)




Draw a line under the word in the parentheses that should be used to make a
correct sentence:

1. A (solid, liquid, ggé) has no size of its own.
2, A (solid, liquid, gas) has a definite shape.

? 3. The changing of a liquid or a gas to a solid is called
: (condensation, evaporation, freezing).

% 4. A (physical, chemical) change produces a new material.

5. The rusting of iron is a (physical, chemical) change,

On the blank after each material listed below, tell whether the material is
a so0lid, a liguid, or a gas.

| 1. rock (Selig) 6. ice (Solid)

2. hydrogen__ (Gas) 7. baking soda (Solid)
. 3. mercury (Tiauid) 8. syrup__ (Liquid)
; b, air (Gas) 9. mirror (Solid)
‘ 5. oil (Tiquid) 10. water vapor ___(Gas)

1 Answer the following:

1, Explain what is meant by a chemical change.

i (In a chemical change new kinds oi ' uuter are formed. Atoms are rearranged to
: form different molecules with differ.uat chemical and physical properties.)

2. Of what chief particles are atoms made? Where are these particles located
in the atom?

i (Protons - in the nucleus: Neutrons - in the nucleus: Electrons ~ Whirl
] about the nucleus.)

Underline the correct answer in each of the following sentences:

1. Molecules always

} a. stand still b. move in circles c. move in a straight line
5 d. move in every direction

2. Odors can be smelled at a distance because

a. We have keen noses b. particles are bumped about
c. air particles do not vibrate d. we like pleasant odors

3. When a molecule at the top of a ligquid gets bumped up into the air, the
process is called

[ 4
a. condensation b, precipitation c. evaporation d. conduction

ERIC 3
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Voéébularx

One of the strongest keystones of scientific’ efficiency lies in its vocabulary.

‘The scientist says things precisely, accurately, and briefly., Probably one of the

greatest quarrels the science teacher may have with the elementary level teu ing

today is vocabulary. The science teacher can have no use for vocabulary that is not

precise and accurate. Precision on vocabulary is necessary for understanding and

meaning of the concept or process being learned.

The words listed below are the basic vocabulary for the indicazted area of study.

After each word has been introduced, its meaning is to be maintained and extended

at each succeeding level of study.

acid

analysis

atom

attract

base

binding force
chemical bond
chemical change
chemical energy
chromatography
condensation

compound

conservation of mass-energy
diffuse

element

electron

energy

energy transfer
fission

fusion

gas
high~-energy-substance
imput energy

isotope

kindling temperature
law of conservation of energy
liquid

40
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low-energy-substance
mass~energy
matter
molecule
mixture
neutron
nuclear energy
nucleus
neutral

output energy
oxidation
physical change
proton

repel

solid

solution
spectroscope
states of matter
suspension
U-235

vibrate



Children's Books

Books are a very essentisl nart of the instructional materials in elementary
schools which provide superior learnirg experiernces for children. The selection of

these books poses a difficult protlem for librarians, teachers, and administrators
because the science field is broad and increasing in scope and elementary sthool
science programs are varied in nature. Some of the more common specific difficulties
in choosing books are: (1} finding materials which deal with the varied interests of
children; (2) locating material which gives information correlated with the local
school district's instructional guide; (3) finding books of appropriate reading
difficulty; and (4) selecting the best books from the many available.

The following list gives help related to the first three difficulties presented.
Indirectly, it also heips with the fourth difficulty, for the best books cannot be

selecied until they are located. Further, the brief arnotations should be of help
in determining whizh books msy be best for a given class. Finally, time should be
saved in the selection *re Ttaa? 1list if some information shbeoub tne reading difficulty

of available books is provided. It is hoped that this list will suggest ior elemer--
tary teachers books thai are supplementary to basic text series, and that these books
will have value either as sour "es of lﬂformatlon or for reureatlonal reading.

It is always hazardous to specify an exact grade placement for a book because
of variatioas in pupil reading ability in any class group, and because of different
uses made of books. Consejuently, the lowest grade level for pupil use is indicated.
At lower levels these same tooks may be useful if the teacner reads to children.
been adapied {vom the publication of Chiidren's Catzalog (1966},

This list s

p—t
[
]

teeler, Nelsor, F, Fxperimen‘s ir Cnemistry (by) Nelson F. Reeler (and) Frarklyn
M. Brasley; 1llus. ©ty A.W. Revell, Trowell 1952 152p illus $3.50 "Chemistry
as & part of our everydsy life illustrated by experiments with fiour, milk,
paists, salt, ard other materials avallable in the kitcher, Expiizit instruc-
tlors, ma’y dliagrame and illustratioas.

Ero-owski, .j, Eiography of an L%c., Py Millicent E. Selsam; illus. with pictures ty
Weimer Fursell asd wit® proiograpns. Harper 1965 43p illus. $2.95 (4-6)
"Ihis is the kiography of » single ztom -- what it is like, where it came from
and its place in the world. There are about one hundred different kinds of
aroms, tut this story will te atout ar atom of carbon because tarbon is found
ir: every living cell, and itz atoms therefore enter into your life and mine."

Faraday, Mi:hael Tre cheml-al History of a fandle; illus. by Jeanyee Wong. Foreword
by E. N, da’. Andrade; biographi~al introduction by Sir J. Arthur Thomsorn .
Trowell 1957 158p iilus $2.75 "A reprint of lectures on the physical phenomens
of a candle which serve as an introduction to the laws governing rnatural
phiiosophy. Crigirally delivered at the Royal Institute of Londor in 18¢0.7
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Freeman, Ira M., All About the Atom; illus. by George Wilde. Random House 1955 1l46p
illus (Allabout bks) $1.95 (4-7) ' The author "gives a fairly simple and under-
standable explanation of the atom, its structure; nuclear fission, and the uses
to which atomic energy is and may be put, and traces the history of the concept
of the atom and the scientific discoveries that brought us to the Atomic Age."

Freeman, Ira M. All About the Wonder of Chemistry; ilius by George Wilde. Random
House 1954 148 illus (Allabout bks) $1.95 "A clearly written introduction to
the field of chemistry. A well-illustrated explanation of the molecular
composition of compounds adds to the value of the book. There is a description
of the making of steel and the processing of other metals, and one chapter is
devoted to fibers and plastics, including textiles made from synthetic fibers.
There is also brief information about careers in the field of chemistry,"

Freeman, Mae Fun With Chemistry, by Mae and Ira Freeman. Random House 1944 58p
illus $1.95 (4~7) "Dr. and Mrs. Freemar present twenty-five interesting
experiments which can be dore at home with materials found in the kitchen or
medicine cabiret. None of them is dangerous or messy; all of them provide an
easy and entertaining method of learning the basic principles of chemistry."

Freeman, Mae The Story of Chemistry, by Mae and Ira Freeman; Random House 1962
82p illus (The Random House Easy-to-Read science 1ib) $1.95 (3-6) This
"book explains briefly the principles and something of the historical development
of chemistry and discusses the part it plays in industry and in the everyday
life of man."

Freeman, Mae The Story of the Atom, by Mae and Ira Freeman; illus. by Rene Martin.
Random House 1960 &p illus $1.95 (3~é) "The authors explain simply and clearly
molecular ard atomic siructure, natural and synthetic 'splitting' of atoms, and
modern nuclear research and progress. Well-placed emphasis on peacetime uses
of the atom."

Haber, Heinz Thz Walt Tisney Story of Our Friend The Atom. Golden Press 1956
165p illus  $4.95 (5-7) ‘'iThis 1s a fascinating, well-written, scientifically
accurate explanation of a difficult subject. Immediate interest is aroused
through the teclmigue of comparing the atom and man to the fisherman and the
genie in TAladdin's Lamp.! FHistorical development of man's growing awareness
of the presence of the atom and its significance is excellent,"

Irwin, Keith Gordon Chemistry: First S—t-e-p-s; illus. by Julio Granda. Watts. F.
1963 49p illus $2.59 (5-7) "The essential facts about chemistry and chemical
elements are presented in non-technical language with experiments.”  "A

table of 40 importart elements, a list of materials and supplies for use in
the experiments, and contents well indexed make this a useful boock for teachers
as well as young chemist,"

Kohn, Bernice The Peaceful Atom; illus. by Zenowij Onyshkewych. Prentice-Hall 1963
72 p illus $3.50 (3-5) "A description of atoms, their structure, size, and
composition, and a discussion of atomic power, reactors, and the many beneficial
uses of radioisotopes and atomic energy in medicine, transportation and industry."
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Lewellen, JohiiB:" The Mighty Atom; Knopf 1955 58 illus $2.59 (3-5) "Describes

the structure of the atom with its powerful nucleus and its ever-changing outer
shell. The two methods of releasing the powerful energy contained within the
atom are described and the destructive and constructive pcssibilities that

may result are discussed.”

Meyer, Jerome S. Picture Book of Chemiétny; illus. by Richard Floethe, Lothrop 1950

4Op illus $2.75 (5-7) "In simple, but not written-down. text, the author gives
children an idea of the importance of chemistry; and introductdry information

about atoms, solids, liquids, gases, etc... The many illustrations add to the

attractiveness of the book.,"

Roberson, Paul Chemistrz.bifExperiment; illus by Eric Thomas. Day 1965 48p illus

(Finding out about science) $2.52 (3-5) An "introduction to the science of

chemistry. In simple language with numkrous apt illustrations, the author
outlines experiments to demonstrate the fundamental importance of chemistry

to plant and animal life. Directions are given for assembling simple pieces of
equipment and obtaining supplies necessary to performing the various experiments."
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Films

These films are available from the Central Audio-Visual Department. Contact
your building A~V Coordinator to arrange for the use of these films.

All films should be previewed to determine suitability for use with your
particular class.

Atomic Fnergy - Inside the Atom 1/, min. Col. Grades 5 & 6

This film shows evidence of atoms breaking up as scen in cloud chambers and a Geiger
counter, used to detect radioactive substances. All atoms are not radioactive.
Non-radioactive substances can be made radicactive. It shows the many ways radio-
active substances can be used as a medicine, and how to produce heat, power and light.

Chemi.cal Change 12 min, Col.. Int.

i, »uioprstanding terms and cimple experiments, the film explains some of the

chemd -al changes that are taking place all around us. It illustrates the difference
between physical and chemical change and demonstrates some of the tests used by
chemists in which chemical changes play a part.

Controlling Atomic Energy 133 min. Col. Grades 5 & 6

.is film briefly reviews subject matter concarned with structure and behavior of
atoms. It then proceeds with details on radiation, fission, a portrayal of
controlled fission, and potential peacetime uses of nuclear energy.

Flectrons at Work 14 min. Col. Grades 5 & 6

An electron carries an electric charge. They are far too small to be seen but we
can observe things they do. Electrons have mass and can move objects by colliding
with them. All objects are made of atoms and all atoms contain electrons. Objects
with like charges repel each other -~ those with unlike charges attract each other.
The fact that electrons can be controlled makes them useful in many ways.

Fvidence for Molecules and Atoms 19 min. Col. Grades 5 & 6

Scientists often use circumstantial evidence to prove the existence of unseen
things. Circumstantial evidence indicates that air and water are made up of small
particles ~ these small particles that are called molecules. The structure and
properties of crystals suggest that they are made of tiny building blocks. Atoms
are the building blocks from which molecules are made.

Fallout 14 min. Col. Int.
This film explains what fallout is (dust particles of a nuclear 9xplosipn). What

tc do about radioactive matter~-how to know if there is a fallout--and what you
can do about it aire explained,
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Force of Gravity 10 min, B& W Int.

The ways in which gravity pulls all objects downward toward the center of the earth
are depicted by such examples as water flowing from a high level “hrough a pipe and
the pull of gravity on a human being when his welght is measured or a scale. Questlors
at the end test children's absorption and point out essential facts of gravity.

Gravity the Mighty Pull 132 min.  Col. Pri. % &

This film shows how gravity affects our lives and explains what it is. It portrays
the relationship of earth and moon; and the effect of gravity on tides. It ireclraes
experiments and tests on weightlessness that will be encountered by astronauts.

How Materials Are Alike and Different 11 min, Col. b,
All materials occupy spac: and have weight, but differ in their properties. tiser-
ations and simple test coqua’nt us with come of these properties -~ Juusity,

lexibility, elasticity, solubility and tensile strength. Laboratory methods of
testing properties are showr. and we leari: how the properties of a material debermine
ite use,

How Materials Are Changed 13% min. Col. .

The fiim considers import.ant characteristics and properties of substarces: irtroduses
corcernts relating to structure of matter, elements and compounds, ~hemical changes.

How teo “hange a Chemical Reaction 28 min. & W Int.

Usirg two chemicals, potassium iodate and sodium bisulfite, Mr, Wizard demonstrates
how zwaction takes place in solubion. He shows that chemical charnges can be timed
and predicted and that they are affected 'y such variables as temperature, proportion
of ctiemicals, amount of acidity. An ele-tronic thermometer, mag-etic mixer and photo
cell ave used and explained to test and predict chemical change.

How it et Our Power 10 min. R& W Int.

Thisz £ilm explains how all our power comes from rature, wind, water, fuels, explosives,
and the atom,

Nature of Fnergy, The 10 min. B2W Int.

This ¢irture clarifies the scientific concept of energy simply and interestingliy;
shows the relationships of atomic energy to other forms of energy, by bringing to
your -:lassroom the bold ou*lires basic to u.iderstanding the scientific studies
and more specialized units of electricity, sound, light,and heat.

Qur Friend the Atom 50 min. Col. Int. Parts I & I1

‘The fable of Aladdin's lamp introduces a history of development of atomic theory.

It rovers contributions of Democritus and other early scientists, Einstein's equation,
and current concept of atomic and nuclear structure. The experiment demonstrates

the process of atomic fission. Deaceful uses of atomic energy in power plants,
medicine, etc., are discussed by Heinz Haber.

Q
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Particles of Matter 133 min. Col, Int.

An interesting and informative discussion between an author of juvenile science
books and one of his young readers, provides the subject matter of this film
concerning essential theories and understandings relating to mass and energy.
Properties of matter are treated. The size, structure, properties, and behavior
of atoms which compose matter are illustrated by use of models, animation, and
live photography.

Simple Changes in Matter 10 min. B&W Int.

On a hot summer day a young boy observes many changes in the world around him. The
same observations are then demonstrated in laboratory situatipns depicting how
matter changes in response to heat and light. Tiquids, solids, and gases are covered.

Wonders of Chemisty 11 min. B&W Int.

Nylon hose and two inquisitive children introduce a discussion of elementary chemistry.
The fact that all substances are made of approximately 100 basic elements is stressed with
concrete examples. It is explained that elements cannodt be broken down into more

defined parts and yet by uniting elements into compounds everything in the universe

has been created. Contributions of chemistry to life are indicated.

You Can Beat the A-Bomb 20 min. B&W Int.

The film describes the various "scopes' of the effect of the atomic bomb blast, and
the protective measures to be taken by civilians before, during, and after explosion.

KX
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LIGHT

Initiatory Activities

Have the children:
1. Display a group of books about light in the science center,

2. Prepare a bulletin board illustrating historically interesting sources
of illumination.

3. Examine flat and curved mirrors. Note the distortion observed when an
image is viewed in a curved mirror.

j L. Prepare a bulletin board of pictures in which large expanses of blue

sky are visible. The title of the bulletin board display might read
"What Causes the Sky to Appear Blue?"

! 5. Discuss the importance of good lighting in taking good photographs.

6. Place as many of the following as are available on the science table:
magnifying glass, microscope, inexpensive telectope, opera glasses,
binoculars. Have the children look through these instruments. After
they all have had an opportunity to look, discuss what could be seen

| with the instrument that could not be seen with the naknd eye.

Developmental Activities

CONCEPT -~ Images are formed when ligh® rays, from an object, are brought io focus
by a lens. )

' 1. Problem
How can we project a picture on a screen?
Materials

' Cardboard box, four inch hand len=s. tape, lamp cord, bulb, two pieces of
wire, candy box, lamp guard, light - -:ket, asbestos sheet.

] Procedure

. Cut round holes in the carton and the candy box. FEach hole should be a
little smaller than the lens. Place the holes of the carton and candy
box so that they coincide with one another. Hold the candy box in place
with the wire. Now cut a small hole on the side of the carton and pull
the lamp cord through the hole. Screw the lamp bulb with the lamp guard
over the bulb into the socket. Cut off the cover of the carton and tape
the bottom edges so that light will not escape. Place the lens over the
hole and hold it in place with wire. Use a piece of cardboard for a cover

: and place it over the open end of the carton, bending the cardboard in

! half. Tape half of the cover close to the lens side of the carton. Plug
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in the lamp &2 place it beneath the ¢andy hox. Hold a picture in the box
and move it back and forth.

Results

A picture will show on the wall whcn the light rays from the object are
brought into focus.

Conclusions
The lamp throws light on a picture on the far end of the box. The picture
in turn gives off light through the lens and it is projected on the screen.
The projector is focused by moving the picture back and forth inside the box.
Caution
The lamp bulb used may be 100-150 watts. These light bulbs produce much heat
and an asbestos sheet must be used under the lamp. The candy box is used
to shield the lens from the direct rays of the lamp.
Problem
How do cameras take pictures?
Materials
Carton, four inch hand lens, wire, sheet of paper.
Procedure
Cut a round hole in an end of the carton. Be sure it is smaller than the
hand lens. Fasten a lens over the hole. Point the lens towards a window.
Move a sheet of paper back and forth inside the carton.
Results
When the lens is focused, you will see a picture of a window.
Conclusions
A camera lens makes a picture on a film in the back of a camera the same
as the one made above. The light or picture focused on the film changes
because of chemicals sensitive to light. The film has a piéture on it.
Problem
How can we see over an object which obstructs our view?
Materials
A long carton with a tube, two mirrors, scissors, tape, toy periscope.
50
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Procedure

Cut two holes in the carton and tube, about four inches long and two inches
wide. Set in the tube the two mirrors at a forty-five degree angle and hold
them in place by means of the tape. (Be sure the reflecting surfaces of the
mirrors are facing each other.) Now hold the tub= up vertically and look
into the lower hole.

Results
Objects that were obstructed can how be seen.
€onclusions

The angle of incidence is equal to the angle of objection., The light comes
from the object and strikes the top mirror and is reflected t.y the second
mirror to our eyes.

Problem

What does the image, formed by a hand lens on a white sheet of cardboard,
look like if it is held in a position close to a candle or {:.rther away.
from a candle?

Materials

Set the cardboard upright on the table by laying the cardboard against a
few books. light the candle and darken the room; move the candle about two
feet away from the cardboard. Place the hand lens between the cardboard and
the candle. Move the hand lens back and forth in front of the cardboard.

Results

A picture of the candle is formed on the cardboard. [f an image is not
formed perhaps the candle is too close. Now move the hand lens close to

the candle unitil an image forms on the cardboard. Have the children observe
that the image of the candle is smaller and inverted when the hand lens is
close to the cardboard. When the hand lens is closer to the candle the image
is larger and again inverted. The children may now move the candle and
cardboard further.apart., Again move the hand lens in front of the cardboard
and the image becomes smaller. Move the hand lens near the candle and focus.
The image becomes much larger.

Conclusions

A hand lens forms &an inverted image and when it is closer to the image on the
screen, the image is smaller than when the hand lens is close to the object.

o B
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CONCEPT - Light energy may be changed to other forms of energy.

~~ Problem
Why can you burn a piece of paper with the aid of a hand lens?

:', Materials
Four inch lens (hand), sand, dish, paper.
Procedure
Fill the dish with sand and place a small piece of paper on this sand.
Place the dish uear the window and direct the sun's rays on the paper by
means of a hand lens. Have the sun's rays come to a point on the paper.
Results
In a few minutes the paper will burn.

Conclusions

A hand lens car. bend sunlight toward one point. The energy of the sun is
concentrated or this point and causes much heat.

CONCEPT ~ We see the color of things when light shines on them. (The color of an
opaque objecw is determined by the vortion of the colors of the spectrum
that it reflects,)

1. Problem
Why is a red object red?
Materials

Circle of red paper, pins or paste, green cellophane-covered flasﬁiight,
sheet of gree: paper.

Green paper

Procedure

Pl 1 0 — . .. - \z////
Paste or pin :1e circle of red .- :é‘ = .

paper on a sh-et of green paper. e tL R Red circle
Take the test sheet into a very o & éijrﬁ'—

dark room. S .

Ask a child to shine the green cellophane-

covered flashl:ght on the test sheet,

Is the red cir:ie still red?




Results

The shining of the green cellophane-covered flashlight on the test sheet
in the dark room produces a black circle on a green background.

Conclusions

A pure red object is one which reflects only red light. When white light
strikes it, red is reflected. White light contains red and many cther
colors, too. - When red light strikes it, it still looks red. If green light
shines on it, there is no red light for it to reflectj therefore, it will not
produce’a red color., Since a red object absorbs green light, no light is
reflected from the red circle and it produces the illusion of a black object.
Problem

How do we see the color of objects?

Materials

Flashlight, one sheet each of paper: white, green, red, and blue.

Procedure

Have a child hold the white paper perpendicular to a table and place the
green sheét on the table. Ask another child to hold the flashlight at about
a 45° angle so the light is reflected on the white paper. What color is the
spot on the white paper? Do the same thing with the other papers. Point
out to the children that the light of all colors of the spectrum is coming
from the flashlight, yet only one color is reflected. What happened to the
other colors?

Results

411 colors but the one reflected are absorbed.

Conclusions

The color of colored objects is due to the light rays {that they reflect; all
other colors are absorbed.

Problem
How can we make different colors?
Materials

Cotton swabs, water, paper cups, cups of paint, paper towel, scrap paper.

AN
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Orange Purple

Procedure
Place cups of different colors of ”%%ﬁ%
paint (primary colors) on the table. T
Divide the class into groups (of
. o

from four to six children). Have

the children try mixing different
primary colors to see what the
secondary colors would be. Give each

group an opportunity to mix the paints. ¢/
Instruct them to try mixing green, orange,
etc. Show them the color wheel for the

G

S—
primary colors. They might make one for
themselves.
~gen

Results i
The student sees for himself that by mixing two of the primary colors, a
third color (secondary color) is obtained. Yellow and blue make green.
Yellow and red will meke orange. Red and blue will make purple.
Conclusions
Two primary colors when mixed will produce secondary colors.
L. Observation
Have children compare lightness and darkness by turning the light in the
room and closing the shades. Ask the children if they observe any difference
in colors of things around them when the room is dark.
5. Research
a. Ask some students to read about the psychology of color and report
to the class which colors seem to be restful, fatiguing, hot, cold,
and etc.

b. Ask students to prepare a report on color vision and color blindness.

c. Ask some students to read about spectroscopes, how they operate, and
how they are used. Have them report their findings to the class.

6. Demonstration - Showing the Meaning of Color
Materials

Triangular glass prism, pieces of different colored glass.
Procedure

Hold the prism in the direct sunlight. Rotate the prism until a band of
colors show on the wall. Hold a piece of red colored glass close to your

ic o4
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eye and look through it at the band of colors. (Red is the only color that
can be seen through the glass.) Hold the other pieces of glass up to your
eye one at a time. (Only one color can be seen through each piece of glass.)
] The color of a transparent object depends upon the color it transmits, the
i color that passes through it. All the other colors are absorbed by the object.
Red glass transmits only red light and makes an object look red. Blue glass
transmits only blue light and makes objects look blue.
CONCEPT -~ Light is very important to plants.
1. Problem
Do plants need light for growth?
Materials
Two (2) pots, soil, seeds.
Procedure
? Ask children to plant the seeds in pots containing identical soils. Place
one pot in a sunny place and the other in a dark closet. Make sure children
water both pots equally. Observe pots daily to watch for sprouting seeds.
| In which pot do seeds sprout best? Do the same experiment with two small
! plants which have equally good starts, Which plant grows more healthfully?
! Results

Children should observe that while seeds sprout at about the same time, the
plant in the dark closet will not grow well without sunlight.

! Conclusions

i Light is not necessary for the sprouting of seeds, but is necessary to the
’ growth of plants after they have sprouted.

l 2. Problem

How does sunlight affect the leaf
of a plant?

Materials

i Paper, scissors, paper clip, potted plant
with large leaves.

i Procedure

Cut out a mask and attach it with a paper

, clip to the leaf of a npotted plant. A

) plant having large leaves is best. After
several days, remove the mask and examine
the leaf. What changes have occured. Why?

)




Results

Pupils will find the leaf changed from green to a brownish color under
the mask. They may assume that sunlight helps to keep the leaf green.

Conclusions
Plants will not stay green without light.

Observe

Have children observe that plants grow toward the sunlight,as they do
these activities.

a. Wet a sponge in water and place it in a shallow bowl. Sprinkle the
sponge with bird seed or grass seed and keep the sponge moist. After
seeds germinate, observe how the seedlings grow toward the light. Turn
the dish several times to prove the seedlings are attracted to the light.

b. Mark one side of a potted plant growing in the room. Keep the plant
placed in exactly the same position for several days. Observe the direc-
tion of the leaves of the plant after several days. Does the plant turn
toward the sunlight?

¢, Cut a hole in one side of a cardboard box. Place a potted plant under
the box and leave it there for several days. Remove the box and examine
the plant, Did the plant grow toward the light?

/ ]

(Note: See also the booklet on living things - plants.)

’
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CONCEPT ~ Shadows form when things block the light.

l.

2

Problems
What causes a shadow?
Materials

White sheet, extension cord with reflector and large light bulb (or powerful
flashlight), thumbtacks.

Procedure

Tack the sheet on a convenient place on the wall. Shine the. light on the
sheet and ask children to notice there is no shadow. Place a child between
the source and the sheet. What is noticed? Have the child hold various
opaque objects between the light and the sheet.

Results ,

Any opaque object placed between the light source and sheet will cast a shadow
Conclusions

Light rays do not pass through opaque objects; therefore they will cast a
shadow.

Drama

Ask a group of children to give their ideas for a shadow play, in which the
performers are between a sheet hung in the classroom and a strong light. See
if the audience (on the other side of the sheet) can guess the activities
going on Just Ly observing the shadows. :

Qbserve

In the morning of a sunny day, have the children stand outside with their
backs to the sun, so that they may notice the length of their shadows. They
might take turns measuring and recording these lengths. Do the same thing
at noon. What have the children observed about their shadows? What caused
this change? Through discussion, lead children to the understanding that
the length of the shadow is determined by the angle of the light rays. This
same thing may be demonstrated by sticking a pencil in a piece of clay and
casting different shadows by changing the position of a flashlight in a
dark room.

Draw

Ask children to draw illustrations showing exactly what happens diuring a solar
or lunar eclipse.
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5. Research

Ask a committee to do research on the topic of eclipses and report to the
the class the role that shadows play.

6. Demonstration

In a dark room stand as far from the wall as you can in order to light as
much of it as possible with a flashlight. Ask a child to place his hand

a few inches from the light source. The class should notice the large
shadow it casts. Ask the pupil to move slowly away from the light while
holding his hand in the beam. The class should notice that the shadow gets
smaller and smaller. Through discussion, lead the class to understand that
this is because fewer and fewer light rays are being cutoff.

CONCEPT - The sun gives us light.
1l. Problem
How can we tell time by the sun? How can we find directions by usiné the sun?
Materials

Compass, wristwatch, broom handle. (This must be done outside on a sunny
day.)

Procedure

Ask children to follow these directions to set up their sundial:

a., Time.

(1) Draw a circle about four or five feet in diameter in the open
sunlight.

(2) Number clock hours as shown on sundial beginning with 6 to the
west, 12 to the north, and 6 to the east (2 hrs. from 1 hr. on
watch).

(3) Place broom handle in center of circle.

(4) Note shadow cast by sun and approximate time.

b. Direction,
(1) Look at wrist watch to determine time.
(2) Note where shadow is cast by sun and draw dial of clock with
shadow pointing to approximate time. '
(3) Determine direction from shadow with 12 N, 6 E, and 6 W.

Results
a. The sun casts a shadow which can be interpreted as time on a sundial.

b. When the hour hand points toward the sun, North is ih'a direction half-
way between the hour hand and 12 o'clock.
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Conclusions

a. We can tell time by compass shadow and drawing dial without using a
watch,

b. We can find directions by use of a watth and sunlight.

2. Problem
What is daylight?
Materials
A globe, a flashlight.
Procedure
Darken the classroom and ask a child to shine the light on the globe. Then
have someone turn the globe., Ask leading questions so that children gain
the following understandings,
This experiment will show that the earth is a solid ball that blocks the
light rays; the part of the earth that faces the sun has daytime, while
the part of the earth in the shadow has night.
Results

The turning of the globe will show children how day follows night as the
world turns.

Conclusions

Daylight is caused by light rays that come here from the sun.
3. Problem

Why is it dark on cloudy days?

Materials

Globe, flashlight, four (4) pieces of waxed paper.
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Procedure

Perform the preceding experiment and then ask a child to place a piece of
waxed paper in front of the flashlight. Ixplain that the waxed paper is
illustrating the interfersnce of clouds. Then place a second, third and
fourth piece in front of the flashlight. What happens if the clouds are
more dense?

Results

The globe will grow darker as each piece of paper is placed in front of the
light.

Conclusions

Clouds. interfere with light rays coming from the sun. It is dark on a
cloudy day because much of the light has been stopped by the clouds.

Drama

Pose the question to children - What would be different for you if you woke

up one morning to discover the sun had disappeared? Have each of the chil-

dren contribute his ideas to be worked into a short skit to be presented

to another class.

Research

a. Have children do research on food chains with light causing photosynthesis
in plants as the first step. Have them trace the food they ate this
morning back to energy in sunlight.

b. Ask the children to find out what they can about solar cells, which
transform light energy into electrical energy.

Demonstration- Why are Our Summers Hot and Winters Cold?

To show we are receiving less light in

one place in winter than in summer, you
will need a flashlight and chalk., Hold
flashlight about six inches away from the
blackboard with the rays falling straight
on the board. Trace around the edge of the
light.

Compare tne area of the two drawings on the
board. Answer such questions as: Does the
same amount of heat and light leave the flashlight over each area? Does

the same amount of heat fall on each area? Does the same of heat and light
fall on any one point in each area? In which area is most concentrated?

In which area would a given point receive the most heat and light? When must
the sun's rays fall most directly on us, summer or winter?

Since we receive more light and heat in the summer than in winter, the sun's
rays must fall more directly on us in summer than in winter, making our
summers hot and our winters cold.
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CONCEPT - Sunlight is a mixture of many colors.
1. Problem
What color is sunlight?
Materials
Prisms, strong sunlight, flat surface, such as white cardboard.
Procedure
Ask a child to hold the prism in such a way that sunlight may pass through

it and form a rainbow on the flat surfact.
Sunlight ~.

Flat Surface

Results Prism \\\\

Sunlight is broken down into the following sequence of colors: Red, orange,
yellow, green, blue, indigo, and violet.

Conclusions

White light (such as sunlight) is composed of many colors. This arrangement
of colors is known as the visible .spectrum.

2. DProblem
What color is sunlight?
1 Materials
Square-sided tray o. caV pan, pocket mirror, water.
{ Procedure
Set the tray near a window through which bright sunlight is streaming. Fill
2’ the tray with water to a depth of one inch. Lean a pocket mirror in the

water on the far side of the tray, so the sunlight falls on it after passing
through the water.

j Results
When the mirror is adjusted properly, a spectrum will appear on the upper
) part of the wail of the room, or upon the ceiling.

Conclusions

Sunlight is composed of many colors..
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CONCEPT

1.

Qbserve

Ask children to observe, or recall their observations of a rainbow after a
summer shower. How does it compare to a picture of the visible spectrum?
What causes the rainbow? ’

Ask children to recall other instances in which they have noticed a spectrum,

such as in a lawn spray or in a puddle that happens to contain a thin film
of oil. What causes light to break into the spectrum in these cases?.

Demonstrations- Making a Rainbow

a. Fill a spray gun with water. Go outdoors on a sunhy day and spray a
thick mist; a rainbow will appear.

Mixing Different Colors 1o (et White

b. Have children cut three inch circles from the cardboard and divide them
into four equal sections. Color one quarter purple, one blue, one green,
and one orangz., Have a toothpick placed through the center and spin
the circle very fast. The cardboard circle will appear white.

B P
0 G
- Light changes the color of some things, L.

Problem

How can light change the color of something?

Materials

Scissors, one piece each of black and red art paper, tape.

Procedure

Cut a design in the black paper and tape the blac: paper to the red paper.
Tape it to a window that is in the sunlight for a few days. Have children
remove the black paper and examine the red paper. What caused the change
that is noticed? Experiment with other colors of paper to see if they
change.

Results

The design that was cut in the black paper will be seen as a pink design on
the red paper.

Conclusions

The energy of sunlight caused the exposed red paper to fade.
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2. Problem
llow are bluspri:ts made?
Materials

Biueprirt paper, cardboard, a piece of window glass, a leaf, a basin, cold
water.

Procedure
: Cut a piece of blueprint paper larger than the leaf and place it on the
| cardbcard, llave childre: place the leaf on the paper, cover it with the
: glass and expose to suulight for four minutes. The paper should then be
dipped in a basir of cold water and laid on a flat surface to dry.

J Results

\ The blueprint paper will show a white print of the leaf against a blue back-
i ground, .
foniclusions -

Sunlight changed the cclor of the paper from white to blue. The light caused
v a chemical change, for the paper contains chemicals which are sensitive to
} light.,

3. Ubserve

Have the childre: examine color “egatives and positive prints of these
negatives. How did the light affect the film in the camera?
\ iw the warm weather, ask children to put a piece of adhesive tape, Ln
by i" on the back of ore hand a:d leave it for a few days. Remove the
patches in class a::d let them discover the difference blocking out the
light made.

L. Research
Ask children to do research on early pioneers of photography, such as

Dagherre, to find out Lheir use of the idea that sunlight may cause a
chemical change.
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CONCEPT -~ Llight travels in a straight line.
1. Problem
How dees light travel?
Drirking straws or snort lengtns of rubber hose.
Provedure
Give each child a drinking straw. Ask them to look through the straw, with

one eye, ai varicus things 27 lhe ooom. Ask them to put a bend in the straw
and lcook zgain., What is “roticed?

Results/Conclusiorns

Things are visible through the straw ovuly when it is straight. Light travels
in a straight linre.

R. Froblenm
How does 1light travel?
Materials
Cardtozrd strips, candle, watch, modeiing :lay.

Procsdure

Mzke small, equal-sized=-acles in the center of four strips of cardboard.
Arrange the strips so zhet they are standing in the modeling clay with the
holes in a straight lire. Put 3 lighted candle behind the last cardboard
and ask a cnild to look “tnrough the holes, C(Can the candle be seen? Move
the cardboard so that the soles are ro ionger in a straight line and ask
the child <o 1ook 2gain. Can the ~andie be seen now?

Results/Cenalusions

If the hcles are in a straight line the candle can be seen. When the card-
boards are moved out of line, the candle cannot be seen. Light iravels
in a straight line.

3. JOicserve

Ask the children to recall their observations of lightning during a storm.
Point out that while the source of light might have been very crooked, the
light itself still traveled in a straight line to our eres. Which came first,
the lightn 1ng or the thunder? Poinl out that since they both happened at

the same time and the 1lightring appeared first, light travels faster than sound.

Demonstration

To demorstirate the straight path that light travels, have a child clap two
chalk board erasers together in the beam of light from a filmstrip projector.
. The tiny Paftltl 5 of chalk dust will make it possible for the children to
E T(:« observe the path of light.
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CONCELT ~ We are able to see things because they either give off or reflect light to
our eyes.

1. Problenm

What is the difference between source light and reflected light? (Direct or
indirect light)

Materials

Lamp, mirror, cardboard 12" x 12".

Procedure

Turn on the lamp and ask children to observe that they can all see the bulb.
Place a piece of cardboard betwesn the children and the bulb and place a
mirror on the other side of *he bulb. Ask children if it would be possible
to see the bulb now. Let them move to a position where the bulb is seen in

the mirror and point out that the bulb is still hidden from direct view.

Results

} The light from the bulb is direct light. The light from the mirror is re-
* flected light from the bulb,

J Conclusions

We receive light by two means: direct and reflected (indirect).
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l 2. Charts
i Have children counstruct a chart showirng all the examples of indirect light-
i ing they have noticed.




3., Observe

a., Have clilldren recall riding in a car at night. Why could trees, other
cars, bridges, etc, be seen? On a very dark night, could you look out
the side window and see things far away? Lead the children to realize
that only those things that reflected back the headlights or other
sources of light could be seen.

b, Children sometimes have opportunities to observe the sky at night. Point
out to them that with the help of an astronomy book, they might be able
to locate some planets., Ask them to find out if there is any difference
in the way planets shine as compared tostars.

4. Research
Give heavenly objects such as the sun, the moon, planets and stars as research
topics and let children find out if the light coming from them is directed or
reflected,

5. Demonstration- To Show How Astronomers Estimate the
Temperature of Stars

With pliers, hold a nail in the flame. Children will notice the color
changes as the temperature changes, The color of light given off Ly the
nail depends upon the temperature to which it is heated. As you point this
out to children, algo point out that stars give off their own light, too.
Scientists believe the color of light given off is a clue to its temperature,
as was the color of the nail. Have children do research *to find out what
stars in the sky are the hottest and coolest, Where does our sun rank in
comparison to the temperatures of other stars.

6, Bulletin Boards

Display pictures of things that give ¢ff their own light with pictures of
things that only reflect light. See if the children can pick out all the
pictures of one type.

CONCEPT ~ In every light source, there is soie form of energy transformed to light
energy.

1. Problenm
How can light energy be produced by mechanical energy?
Materials
Roll of electrician's tape (friction tape).
Procedure
Darken the room. Ask a child to hold the tape in one hand so it will unroll
easily and pull the end of the tape with a quick motion. Have this repeated
a few times while children watch the tape carefully. What do they notice?
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Results

A faint glow appears at the point where the tape leaves the roll.
Conclusions

Mechanical energy can produce light energy.

Charts, Bulletin Board

Have the children make a list of {the different sources of light such as: the
sun, stars, fire, electric lightg, on a chart. They might put down the kind
of energy that was changed to light energy in each case. This might be

placed on a bulletin board with fictures drawn or collectéed by the students
illustrating each example.

Observe

Let children observe light energy|being changed to mechanical energy by
placing a radiometer in the sun aid watching the blades spin. Compare the
speeds when it is placed in varioiys parts of the room.

Research

a. Children may like to do reseaich to find out what causes the spectacular
light displays in our northerr] and southern skies, known as the Borealis
and Aurora Sustralis.

b. Ask groups of children to prejjare reports on the contributions of Edison,
Swan, Starr, and Davy to the {evelopment of the electric light.

¢, Ask children to find out what {they can about the emission of energy by
the laser.

d. Some children may like to repopt on electrolumin-science, the process by
which electric current can be phanged directly to light without any heat
being released.

Demonstration Showing Ligl\t Is Energy

If a radiometer is available, use this to demonstrate that light is a form
of energy. Sunlight or light will pause the blades of the radiometer to
rotate. Try to list other examplesjwhere light does work such as electric
eye cameras, light meters, and othens.
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JONCEPT - Light is bent or refracted when it passes from a medium of one density

to another.
Problem
How can we show refraction of 1light?
Materials
A round jar, water, piece of chalk, ball, various small objects.
Procedure
Have children fill the jar almost full with water. Put the objects behind
the jar and look at them through the jar. What do the children notice about
the objects?
Results

Objects are magnified.

/

.
Conclusions [
el 3

|
Light rays are bent or refracted when they pass from a medium of one density
to another.

Problem

How can we show refraction of light?
Materials

Spoon, glass of water.

Procedure

Fill a glass two thirds full of water. Ask a child to place a spoon in the
glass and look at it carefully. What is noticed? Is the spoon really bent?

Results

The spoon appears to be bent br broken because the light is passing mediums
of different densities, the water and the air.

Conclusions

Refraction is the bending of light when it passes from a medium of one den-
sity to a medium of a different density.



be

Problem

How can we show refraction of light?

Materials

Pitcher of water, pan, coin.

Procedure

Ask a child to sit in a chair with the empty pan in front of him. Place
the coin in the pan so that the child can just sce the edge of it. Slowly
pour the water in the pan. What does the child notice?

Results

More and more of the coin becomes visible as the water is poured into the
pan, because of the refraction of light.

Conclusions

Refraction is the bending of light when it passes from a medium of one den-
sity to a medium of a different density.

Observe

Have children observe objects in an squarium and notice how they appear
closer to the top than they are because of the refraction of light.

Research
Students may use a reference book on astronomy to do research on the refrac-
tion of light from objects outside of the earth's atmosphere (.tarlight,

the sun at sunset, etc.)

Demonstration Showing Light Refraction With Glass

Materials

A square or rectangular piece of glass at least 1/8 inch thick; a large
sheet of unruled paperj a ruler; a colored crayon.

Procedure

Draw a straight line across the paper with the crayon. Place the paper
under the piece of glass. ILocok straight down on the glass and paper from
directly overhead. Notice that the line appears the same without the glass.
Then, look at the line from an angle. Notice that the line under the glass
appears to be higher then the part of the line that extends on the paper.

Results

The glass causes the light to be refracted. The glass bends the light rays
from the line that is under the glass.
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CONCEPT - Light behaves in some respects like waves and in others like particles.,

1. Problem
Is light made up of particles?
Materials
Marbles, film strip projector with film, two (2) large pieces of white paper.
Procedure
Draw an X on the floor and give two children each a handful of marbles. At -
a given signal, let them roll the marbles all at once, along the two lines
of the X so that their paths intersect. Do all the marbles go in a straight
line? Why not? Point out that if light is made of particles, they should
act in a similar manner. Set up the two filmstrip projectors, with film in
them, so that their beams of light will cross. Focus each projector on the
two pieces of white paper held by children or taped on the wall. Examine the
picture from one projector and then turn on the other projector. Has the
first picture changed? What should have happened if light consisted of particles?
Results

By rolling the marbles, children will see that some will scatter. No change
is seen in the first picture when the second projector is turned on. .

Conclusions
This proves light does not consist of particles as we know them.
2. Research
Have children do research on Sir Isaac Newton and Christian Huygens to find
out what is meant by a vacuum. Would the vacuum of space provide a medium
for light waves as air does for sound waves or water does for water waves? {
3. Bulletin Boards
Let children collect and display pictures of as many different types of {
waves as they can find in old magazines. What similarities can they find

among the pictures?

L. Make Models Construct a Ripple. Tank to Study Waves

a. Fill a glass baking dish with water.

b. Cut a small hole in the center of a piece of waxed paper and wrap it ¢
around the top of the dish.

c¢. Place two ends of the dish on two stacks of books, allowing room under=-
neath for a flashlight to stand on end.

d. Darken the room and tap the water through the hole with the point of a pencil.

e. Children may use a clock or a watch with a second hand to make and record
measurements of the water waves. Ask them to try their own ideas on ways
to study waves with the ripple tank and report on their discoveries.
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GONCEPT - Some light is of too low a frequency (infrared) or of too high a frequency
(ultraviolet) for the human eye to see.

1. Charts

Have children make a chart of the electromagnetic spectrum, which would include
the long electirical radio waves, infrared heat waves, visible light waves,
ultraviolet waves, and x-rays and gamma rays. An encyclopedia or other
reference books can provide a picture the children may use as a guide.

Ask children to recall if they had ever had a sunburn and how it felt.
Explain that it was caused by the wltraviolet light that got through our
atmosphere, which screens most of it out. Ask their reactions to what would
happen if the atmosphere did not act as a screen for this ultraviolet lizht.
Point out that many people use sun lamps for tanning and health purposes.
Have children find out about the benefits and dangers of such lamps.

2. Research

Ask some children to do research on ultraviolet light and report to the
class on ways it can be helpful and dangerous.

Children interested in photography may like to do research on infrared
rays and how they are used in photography without visible light.

Ask some children to do research on the upper atmosphere and report to the
class what they find out about the absorbing of harmful ultraviolet radiation.

Have children find out how a snake uses infrared rays for finding food.

3. Demonstration Infrared Rays
Burn & wood splint and explain that the only light seen is from the visible
spectrum. OQur eyes may see the infrared rays, which may be thought of as

heat rays. Blow the fire out and have a child hold his hand near it. Infra-
red rays are still being emitted, but they are invisible to our eyes.
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CONCEPT - Light waves, like sound waves, possess the properties of amplitude,
frequency and speed.

1. Observe
Have children measure the amplitude (brightness) of light with a photographer's
exposure meter. They could compare the brightness of various parts of the
classroom on a sunny day and on a cloudy day. Have them measure the bright-
ness of a flame from various distances and compare their findings.

2. Research

Ask children to find out what they can about the frequencies of the different
colors of light. They could display their findings on a color chart.

Children may use reference books to find out about the work of Albert Michelson
and Olans Roemer and how they measured the speed of light.

3. Demonstration Showing The Speed of Light

Materials

Flashiight.

Procedure

Darken the room as much as possible and stand in front of the room and
direct the flashlight toward the farthest-wall. Snap the light on and have
the children notice how quickly the light seems to reach the wall. Turn the
light on and off several times. Iisten to the click of the button on the

light and consider this the instant that the light leaves the lamp. Discuss
the difference between the speed of sound and the speed of light.
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CONCEPT -~ The eye resembles a camera in many ways.

Problem

How is the image of an object formed?

Materials

Construction paper.

Procedure

Cut the top from a box and cut a small opening in the bottom. Make a pin-
hole in a square of aluminum foil and tape it over the opening. Cover the
open top of the box with tissue paper. Shade the tissue screen by extending
black construction paper over the top and sides of the screen. Place the
pinhole camera so it faces out the window or at a well-lighted object. Have
children observe the image on the screen. How does it differ from the real
object?

Results

The image is inverted. (In discussion of this activity, it should be men-
tioned that images are also formed in this manner on the back of the eyes.)

Conclusions

Light forms images. The image we see in a camera is actually up-side-down,
because light travels in straight lines.

Observe

Have children examine with care, an unloaded camera. Ask them to try to
figure out what each part does in taking a picture. How is this like the eye?

Bulletin Boards Comparison of the Eye to a Camera

Have children draw two charts and display them side by side on a bulletin
board. One should be a cross section diagram of a simple box camera, with
each part labeled as to its use. An unloaded camera may also be displayed
on a small table, for children to study.

Make Models Another Way To Construct A4 Pinhole Camera

Punch a small hole in the bottom of a
Dixie cup. Cover the open end with a
piece of translucent paper. Cut the
bottom out of a second Dixie cup and
place the large end next to the trans-
lucent paper. Point the tiny hole end
of the first cup at a well-lighted
chject and look at the translucent

(Note: See also the booklet - The Human Body.)
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paper, using the second cup as a shade for the paper. An image of the object
will show on the translucent paper. The image will be upside down.

This illustrates the principle of the camera. The light is reflected from
the object, through the hole, and onto the translucent paper. The light rays
are stopped by the paper and the image becomes visible.

CONCEPT - A1l optical instruments are extensions and modifications of the sense of
sight. Lenses and mirrors can be used to control the size of an image to
focus light.

1. Problem
How can we show that a lens will focus light?
Materials
Magnifying glass, piece of paper, a pan of water.

Procedure

Catch sunlight with the magnifying glass and make spots of different sigzes
on the paper. Focus the rays of light on a small spot.

NS asTes

Focal Point

7 A\ e AN
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Results Light Rays

Lens

The paper will start to burn. (Caution: Place the paper in the pan of water
when it starts to burn.)

Conclusions

A lens can be used to focus light. Ljight energy may be chanéed to heat energy.
2. Problem

How can wé focus an image with a convex lens?

Materials

Magnifyiﬂg glass, white cardboard (10" by 10"),candle, several books.

Procedure

Have the children place some books on ﬁhe end of a long table and prop the

cardboard against them. Place the lighted candle at the other end of the

table and have the shades drawn to darken the room. Have a child move the
magnifying glass back and forth in front of the cardboard until an image
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appears, What is noticed about this image? Now, have the lens moved back
and forth in front of the candle until its image again appears on the card-
board. How is this image different from the first one?

Results

The first image will be upside down. The second will be inverted also s but
it will be larger than the first one.

Gonclusions

A convex lens can control the size of image and focus light.

Problem

How do eyeglasses correct defects of the eye?
Materials

Shee’. of white paper, two convex lenses.
Procedure

On a sunny day, darken the room completely except for a space of about
four (4) inches at the bottom of one window. Have one child hold the paper
while another child focuses an image of something outside on the paper.
After getting a clear picture, just as a normal eye would, move the lens a
little closer to the paper so that the image is blurry. Ask a third child
to hold a second lens in front of the first and adjust it so the image
becomes clear again.

Results

The first lens represents the lens in the human eye. The second lens,
illustrates what the corrective eye glass can do.

Conclusions

Eyeglasses help the eyes to focus images clearly.

Charts, Maps, or Graphs

a. Have the children examine a telescope and a microscope and make
charts comparing likenesses gnd differences of' these two instruments.
\
b. Ask children to make a time line illustrating the important discoveries
made with the help of the telescope since its invention. (An almanac
is an excellent source for this type of material.)
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Qbserve

a. Guide children in an examination of a filmstrip projector and an opaque
projector to see how they control and use light. Ask them to construct
a chart listing the similarities and differences of the two projectors.

b, Ask children to place a drop of water on clear waxed paper or cellophane
and observe how it acts as a magnifying lens when placed on a newspaper.

Resource Person

Ask a local optician to inform the children on the purposes of wearing eye-
glasses and how they are made.

Draw

Have children draw diagrams of the reflecting and refracting telescopes,
using a reference book as a guide. Have them compare the two types of
telescopes and tell about the differences found., They might also do library
research to find out about the advantages and disadvantages of each type.

Audio~Visual

Obtain a microprojector from the audio-visual department and demonstrate
how it extends our vision so that we can study very tiny objects.

Research

Ask children to do research on the development of the microscope and the
telescope. How have these optical instruments been great helps to science?

Demonstration How to Use a Microscope

Have a glass slide and cover slip washed and dried carefully. Ask a child
to get a drop of water from an aquarium with a medicine dropper and place
it on the slide. Cover this with a cover slip. Place the slide on the
little table (the stage) under the tube of the microscope and fasten down
with the metal clips. Screw the tube down slowly until the lower lens
almost touches the cover slip., Be careful not to touch the lens as it is
easily scratched. Adjust the mirror to throw light on the hole in the
stage and through the water drop. Look through the eyepiece with one eye
only, but keep both eyes open. While you are looking through the micro-
scope, slowly raise the tube until the image is clear. Never lower the
tube while you are looking through the eyepiece.. You will see tiny living
things move around in the drop of water. Other interesting slides of
various materials may easily be made and viewed in the same manner.

Make Models Making: a Periscope

Materials

Five pieces of heavy cardboard about 12 to 15 inches long and three or four
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inches wide; two small mirrors; adhesive tape. A two pound cheese box of
telescopic type may be substituted for the cardboard strips.

Procedure

Fasten three of the pieces of cardboard together with tape to make an
elongated box with a hole low on one side and at the top of the opposite
side. Attach the ends and attach the mirrors with tape or glue parallel
to each other at a 45° angle. C(lose the box by attaching the fourth side.
Results

Have children prepare slides for use with the microscope, such as a human
hair and an animal hair, a feather, a drop of sugar water, etc.

CONCEPT ~ Light that is not reflected or does not pass through objects is absorbed
by them.

1. Problem
Is light absorbed by all substances?
Materials
Flashlight, squares of colored crepe paper and wax paper (4" x 4").
Procedure
Darken the room and ask a student to shine the flashlight on the wall. Place
sheets of crepe paper over the light one by one. What is happening? Have
a child do the same thing with the wax paper.
Results
In each case, the light reaching the wall is leSs and less until no light
gets through. It should be pointed out that most light rays pass through
transparent objects, but there are still a few that are absorbed.

Conclusions

Some light is absorbed by all substances.
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CONCEPT - Different materials obstruct light in varying degrees.

1.

Problem

What kinds of substances will light rays pass through?

Materials

Flashlight, articles such és: glass, plastic, paper, cloth, wood, and brick.
Procedure

Heve the children shine the light on each article, while they judge if the
light is: (a) coming through unchanged, (b) coming through but scatuered, or
(¢) not coming through at all.

Results

Children will be able to classify the objects in three categories; transparent,
translucent, and opaque.

Conclusions

Light rays will pass through some substances, but not through others.
Problem

Do transparent things absork the heat from light rays?

Materials

Sheet of black paper.

Procedure

Place the black paper near a window on which the sun is shining. Have the.
children feel the paper and the windeow and repeat in fifteen (15) minutes.
What difference is noted?

Results

The black paper will feel warm, while the glass of the window through which
the sun is shining remains cool.

Conclusions

Light rayswarm up only those things that absorb them. Transparent objects
are not warmed, for most of the light rays pass right through them.

Collect and Preserve

Have the children make a collection or display of materials that are transparent
translucent, and opaque. Label each type to show why they are so classified.
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i CONCEPT ~ Light can be reflected in various ways from various types of surfaces; some

scatter the light while others do not.
Problem
What kinds of things reflect the most light.
Materials

Flashlight, pieces of paper of various colors, flat objects with various
types of surfaces {such as a sponge),a book, and a dish.

Procedure

Darken the classroom and place obJjects on a table by a wall. Have children
test each article by shining the flashlight on it at a 45° angle so the light
will reflect ontc the wall. Have them notice the amount of light on the wall
in each case.

Results

The white paper reflects the most 1ighttof the paper samples. Objects with
smooth surfaces reflect light better than those with rough surfaces.

Conclusions

Smooth, light-colored things reflect morg light than rough, dark ones.
Rough surfaces scatter light.

Problem

How is light reflected from a mirror?
Materials’

Mirror ( at least 6" x 6"), string, tape}

Procedure

Mount the mirror on the wall and ask one] student to name an obJect he sees

in the mirror. Stretch a string from tlat person's position to the image on
the mirror and from the mirror to the olfject he sees. Tape the string on the
mirror and have the class examine the aljgles at which the string comes to and
goes away from the mirror. If the clas§ is acquainted with the use of
protractors, have the angles measured.

Results
The angles are equal.
Conclusions

Light travels in straight lines. Iighﬁ is reflected from a mirror in exactly
the same angle in which it comes to the| mirror.
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3. Problem
Can light be reflected more than once?
Materials
Several mirrors, filmstrip projector.
Procedure
Pass out the mirrors to several children. Have the first child to catch the
beam of light with a mirror and reflect it to the second child, who will
reflect it to the third child and so on.
Results
The beam of light is reflected more than once.
Conclusions
Light may be reflected over and over again, until it is finally absorbed.

L. Charts

Ask children to observe their surroundings and construct a chart listing
things as good reflectors and poor reflectors of light.

5. Observe

Give each child a polished teaspoon. Let them experiment with the concave
and convex surfaces to observe the reflection of light rays.

In order to see around a corner, have one of the pupils hold the mirror at
rye level near the classroom door and show the pupil how to adjust the
mirror to be able to see somsthing around the corner. Explain that light
com.s from the object to the mirror and then to the eye. In the upper
grades you might discuss the idea of the angle of incidence equaling the
angle of reflection.

Ask children to observe how drivers see traffic behind the car. Have them
experimert with holding mirrors at eye level and then moving them to one
side to see what is behind them.

6. Resource Person

Ask a dealer in glass goods to inform the children how different types of
mirrors are made.

7. Research
Perhaps some children have had experiences in amusement parks or other places

with distortion mirrors. If so, ask them to describe their experiences to
the class and do research to find the cause of the distortion.
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8. Demonstration Showing Multiple Reflections

a. Stick a pin into a pad of paper. Fasten two pocket mirrors together
with transparent tape and stand them so the pin is near the place
where they are joined. Now move the outer edges of the mirrors slowly
forward. Children should notice that there is more than one reflection
of the pin; these are actually reflections reflections.

Showing Regular and Diffuse Reflections

b. Ask a child to stand about six feet from you. Have a piece of paper on
the floor midway between the two of you. Try to throw two rubber balls
so that they move parallel to each other, hit the paper and bounce the
ball to the child. This demonstrates regular reflection from a smooth’

. surface. Replace the paper with a pile of pencils, erasers and other

i items. Throw the balls in the same way as before. This shows diffuse

: reflection; the way light is scattered when reflected from a rough

surface.

9. Drama

Ask a group of children to pretend that they are beams of light and write
about their travels. They should include encounters with transparent,
translucent, and opague objects, reflections and refractions, etc. Help
them to work their ideas into a short skit.

10. Demonstration

In a darkened room, shine a flashlight on a piece of smooth metal and on

a piece of steel wool. Have children observe that while both objects are
metal, only the shiny metal reflects light to any great degree. Roughen

the surface of the smooth metal with the steel wool and have children observe
that it now reflects less than before.

Measure the candlepower of the classroom with a photometer., Explain to the

l children how the photometer works and how the needle moves in bright light.
Measure the candlepower of various objects in the room and discuss which
ones reflect the most light.

i' 11. Make Models

three small mirrors together with adhesive tape to form a triangle. Put
bits of colored paper on a piece of window glass. Place the glass on top
of the mirrors. Interesting six-sided figures can be seen, which will
change their shape and color combination when the glass is tapped.

} Children may make a kaleidoscope to show the reflection of light. Fasten
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Evaluation

Included here are samples of evaluation items which could be used in developing
your own informal testing program. These suggested types of items cover the partic-
ular science area that has been developed in this section of the handbook. This also
means that they could be used to help develop informal testing to cover large areas
of information (monthly, mid-year, end of year testing). These are by no means
complete tests as such. You will have to adapt and develop items to meet your par~
ticular class's own individual uneeds and differences.

Underline the correct answer in each of the following sentences:

1. If light can pass through a substance and we can also see through it,
we say that the substance is

a. translucent b. opaque ¢. transparent d. clear
2. A substance that does not permit light to pass through it is called
a. translucent b. opague c. transparent d. none
3. The color having the highest frequency is
a. red b. green c. yellow d. blue
4. The bending of light as it passes from one substance into another is called
a. refraction b. reflection ¢. re-entry d. redirection
5. Warm objects give off

a. infrared light b. ultraviolet light c. blue light
d. red light

Write the number of the word group in Column A in the space before the item in
Column B that it best matches:

Column A Column B
l. Wave theory 3) a. Newton
2. Amplitude of light b. Mercury vapor
3. Particle theory ¢. Archimedes
4. Usually travels in a straight line d. Light
5. Fluorescent lamp %%;_e. Huygens

f. Spectrum
(2) g. Exposure meter
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Complete the following sentences:

The material through which a wave passes is called the __ (medium)
The colors into which sunlight can be separatéd make up 2 _Lﬁglﬁ:_éggﬂtﬁiza-
When something burns, chemical energy is transferred into_ (heat
(Light) energy.
When light waves differ in frequency, we see different (colors)

Tn a light bulb, electrical energy is transferred into  (Light)
(heat) energy.

:JY-P' w -

Write a brief but complete answer to each of the following:

1. TIn what ways are light waves similar to sound waves? How do they differ?

(They are similar in that both kinds of waves have amplitude, frequency,
and speed. They differ in that sound waves require a medium to conduct
them; light waves apparently do not need a medium. Light travels much
faster than sound.)

2. What are some proofs that sunlight is composed of the spectrum colors?
(By means of a prism [or a drop of water] sunlight can be separated into
the spectrum colors. Also, the separated_spectrum colors can be re-
combined to produce sunlight [white light])

A list of terms is given below. Select the term from the list that goes with
each statement. Write the term in the space before the statement.

Infrared Ultraviolet Green White Red Violet Yellow

1. (Violet) high frequency, visible.

2. (Infrared) low frequency, invisible.

3. (White) a mixture of all visible frequencies.
4. (Red) low frequency, visible.

5. (Ultraviolet) high frequency, invisible.
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Vocabulary

One of the strongest keystones of scientific efficiency lies in its vocabulary.
The scientist says things precisely, accurately, and briefly. Probably one of the
greatest quarrels the science teacher may have with the elementary level teaching
is vocabulary. The science teacher can have no use for vocabulary that is not
precise and accurate. Precision in vocabulary is necessary for understanding and-
meaning of the concept or process being learned.

The words listed below are the basic vocabulary for the indicated area of
study. After each word has been introduced, its meaning is to be maintained and
extended at each succeeding level of study.

amplitude

concave lens

convex lens

direct relationship
exposure meter
focal length

focus

frequency

image

image distance
infrared

inverse relationship
inverted

light energy
medium

object distance
objective lens
ocular

opagque

optical

prism

projector

radio telescope

raw data

reflecting telescope
reflection

refract

refracting telescope
spectrum
translucent
transparent
ultraviolet

|ERIC o
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Children's Books

Books are a very essential part of the instructional materials in elementary
schools which provide superior learning experiences for children. The selection of
these books poses a difficult problem for librarians, teachers, and administrators
because the science field is broad and increasing in scope, and elementary school
science prngrams are varied in nature. Some of the more common specific difficulties
in choosing books are (1) finding materials which deal with the varied interests
children; {2) locating material which gives information correlated with the local
school district's instructional guides: (3) finding books of appropriate reading
difficulty; and (4) selecting the best books from the many available.

The follewing list gives help related to the first three difficulties presented.
Indirectly, it also helps with the fourth difficulty, for the best books cannot be
selected until they are located. Further, the brief annotations should be of help
in determining which books may be best for a given class. ¥inally, time should be
saved in the selection of a "best" list if some information about the reading
difficulty of available books is provided. It is hoped that *this list will suggest
for elementary teachers books that are supplementary to basic text series, and that
these books will have value either as sources of information or for recreational
reading.

It is always hazardous to specify an exact grade placement for a book because
of variations in pupil-reading ability in any class group, and because of different
uses made of books. Consequently, the lowest grade levels for pupil-use are indicated.
At lower levels these same books may be useful if the teacher reads to the children.

This list has been adapted from the publication, Children's Catalog (1966).

Adler, Irving Shadows, by Irving and Ruth Adler. Day 1961 48p illus (The Reason why
ser) $2.39 (3-5) "Some of the aspects discussed are shadows of the earth and
of the moon...sundials, and some of the uses of shadows in measuring distance.
Also described are uses in photography and X-ray procedures, playing with
shadows (finger pictures and shadow plays); and the effect of shade on plants
and animals."

Beeler, Nelson F. Experiment in Optical I1lusion (by) Nelson F. Beeler and Franklyn
M. Branley illus. by Fred H. Lyon. Crowell 1951 1lkp illus $3.50 (5-7)
"Numerous diagrams and drawing here prove that seeing is not always believing.
The autlors explain 'why' our eyes deceive us and show how optical illusions
and psychological patterns in sight play a part in everyday experience. Includes
plans for home projects.”

Bulla, Clyde Robert What Makes A Shadow? illus. by Adrienne Adams. Crowell 1962
(Let's-read-and-find-out bks) $2.95 (K-2) "The young reader learns how shadows
are made by different objects, how their sige and darkness may be changed, and
how shadow pictures, may be projected onto a wall. More interest appeal than
scientific content."

Feravolo, Rocco V. Junior Science Book of Light; illus. by George Wilde. Garrard 1961
62p illus (Junior science bks) $1.98 (2-4) "Basic information on light--how
it travels, how it is reflected, how shadows are made, how light rays are bent.
A few basic experiments are included which aid in understanding the camera, sub-
marine periscope, the changing of shadows on a summer day, and moonlight."
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Harrison, George Russell The First Book of Light; illus. with photographs and diagrams;
diagrams by Robert Winsor. Watts. F. 1962 85p illus $2.65 (5-7) The author
"discusses the importance of light, it sources and manifestations, photosynthesis,
energy, human sight, instruments for measuring, magnifying, and recording light,
and many phenomena such as mirages, the aurora borealis, the moiré effect et cetera

Healey, Frederick Light and Color; illus. by Patricia Hamilton. Day 1962 48p illus
(Finding out about science) $2.50 (3-5) "The basic physical properti s of light
are revealed in this discussion of visible light. Helpful experiments and
instructive illustrations give insights into reflection, refraction, color blend-
ing, and other light phenomena. A greater appreciation of the sun as man's
ultimate source of energy is gained."

Kettelkamp, Larry Shadows; written and illus. by Larry Kettelkamp. Morrow 1957 63p
illus $2.94 (3-65 The book "deals with shadows, from the viewpoints of both
amusement and usefulness. Suggestions are given for shadow animals made with
the hands, cardboard figures for Chinese shadow plays, a shadow stage, and human
shauow plays. The second half of the book discusses, and illustrates with
experiments, their uses to science, such as in measuring time, in astronomy,

X ray, and aerial photography."

Meyer, Jerome S, Prism and Lenses; illus. by Jchn Polgreen. World Pub. 1959 63p illus
$2.75 (5-7) The author "explains the principles of light as well as the practical
applications of prisms and lenses. Using examples the reader can test and observe
for himself, he demonstrates refraction and dispersion of light. Beginning with
the historical theories of light, he traces the changing concept of just what
light is.

Paschel, Herbert P. The First Book of Color; drawings by Caru Studios. Watts, F.
1959 45p illus $1.95 (5~7) This book "explains the nature of light and tells
why we see things in color. Uses of color in printing, and the sign and signal
'language' of color are other phases discussed. Instructions are given for
many easy-to-do experiments with color."

Pine, Tillie S. Light All Around, by Tillie S. Pine and Joseph Levine; illus. by
Bernice Myers. McGraw 1961 46p illus (Whittlesey House Publications) $2.50-
(2-4) "Nighttime and daytime light is all around, and the authors show where
it can be found and how it can be used. Moonlight, sunlight, and electric
light are discussed. Reflected light is explained, and there are instructions
for many easy experiments."

Munch, Theodore W. What is Light; pictures (by) Gregory Orloff. Benefic Press 1960
L7p illus (What is it ser) $1.80 (2-4) "This book defines light, and its sources
and tells how light rays act and are bent. It tells about lenses, the eye,
color and light energy."
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Films

These films are available from the Central Audio-Visual Department. Contact
your building A~V Coordinator to arrange for the use of these films.

A1l films should be previewed to determine suitability for use with your
particular class. )

How to Bend Light 11 min. Col.. Gds. 5& 6

This film shows that light travels in straight lines and that light can be bent; it
can be reflected from objects. Iight that is bent continues to travel in straight
lines after it is bent. Light bends when it passes from one material to another -
for example, from air to glass. Prisms can bend light in this way. lenses can bend
light to magnify objects or to focus images.

Light and Color 14 min. Col. Gds. 5 & 6

The film shows that light and color are related. White light is made up of many
different colors of light. ObJjects appear bright if they reflect a lot of light

to our eyes. White objects reflect a lot of light. Dark objects absorb a lot of
light. Color depends on the ability of an object to absorb certain colors and reflect
other colors back to our eyes. Color also depends on the kind of light that is
illuminating the objects we look at. Each element, when heated, displays a
characteristic set of colors. Scientist use these sets of colors as "fingerprints"

to identify elements.

Light and Dark 6 min. Col. Pri., Int,

This film is one of the Art in Action Series. Striking camera studies in light,
shadow and graduations of color illustrations, the meaning of "values in art. Chil-
dren are encouraged to find out, by experimentation with lights and dark objects,
what value is, what it does, and how it makes them feel.

Light and Its Story ) 134min. Col. Gds. 3 & 4

Simple, graphic demonstrations, dramatically supplied by a science profecsor to a
scientifically curious boy, explain the sources, characteristics and usefulness of
light. Through the use of live photography and animation your pupils learn how the
sun, directly and indirectly, provides practically all of the earth's light. It also
describes man's development of new sources of light and new methods of controlling
and utilizing the natural sources.

Prove It with a Magnifying Glass 11 min, Col. Pri., Int.

This film is designed as an introduction to the scientific method. It was made
for the young child. It uses a child's first science experiences with a simple
instrument (magnifying glass) to illustrate the concept: prove it yourself.

Science of Light 11 min, Col. Pri., Int.

This film explains the basic principles of light and sight, and demonstrates them
through experiments. It explores how we see, speed of light, absorption, reflection,
and refraction.
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HEAT

Initiatory Activities

Have the children:

1.

Display books about heat or fire on the science table. Encourage the chil~
dren to examine and read them during appropriate times.

Prepare a bulletin board display of pictures showing various sources of
heat utilized by man.

Display a variety of types of thermometers on the science table.

- Prepare a tulletin board illustrating the destructiveness of fire.

Fdlloy the natural leads provided by a previous science or social studies
unit in-which concepts related to heat were developed.

Developmental Activities

CONCEPT ~ Fuels must be heaﬁédmtg the kindling temperature before they will burn.

Problem

Before an object will burn, whatxié”needed?
Materials

Candle, spoon, cloth.

Procedure

Strike a match and hold the match close to the wick. Have the children
observe the wick closely and see that the candle does not burn until the
wax on the wick melts. The wax had to be heated before it would burn.
After the candle has burned for a time, blow out the flame and place a
lighted match in the smoke.

Results

Observe that the candle will light again even though the match is not
near the wick.

Conclusion

An object must be heated before it will burn. The white condensed wax will
burn if it is heated.
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Problem

What is spontaneous combustion?
Thermometer

Materials

2 1lb. coffee can.

Small can (top 1lid removed).
Thermometer.

Cotton rags.

Linseed oil.

Newspaper .

‘t: ;
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Procedure
Guide children in conducting this experiment by following these steps:

a. Scak rags in linseed oil.

b. Stuff small can about 3/4 full of soaked rags and insert the thermometer.
Fill the rest of the can with rags.

c. Crumble newspaper into the bottom of the large can, and then place
the small can in'the center of the large one.

d. Continue putting newspaper around the small can until it is completely
insulated on side and bottom.

e. Put newspaper around the top of the can, but allow the top of the
thermometer to be seen.

f. Write down the thermometer's reading at the beginning of the experiment
and observe the change of temperature during the day.

Results
There will be a steady rise in temperature during the day.
Conclusions

The chemical reaction of the oil with the air causes heat. This heat,
because of the insulation, is unable to escape rapidly and raises the
temperature of the materials; this hastens the chemical reaction and in
turn produces more heat. This entire reaction starts slow but speeds
up as time passes, until the kindling point (temperature) is reached.
Then materials will burst into flames. (Caution: If this is left for
any length of time, it must be in a place where damage will not result
if it bursts into flames.)

Research
Some children may do research on the subject of the common match. They

can report to the class when and how it was invented, what it is composed
of and how it works.

,EK‘[C %




4. Demonstration

Show children the relationship between friction and heat by demonstrating
and discussing the lighting of a "kitchen! match. First, rub the head
very slowly across a striking surface and lead children to see that there
must be a certain minimum of friction attained before combustion takes
place. Also, compare striking a match on glass and on sandpaper with
various speeds. K

5. Charts, Maps, or Graphs

Chart ideas: Make a list of engines that require heat to operate. Collect
pictures of heat engines.

CONCEPT - Temperature changes are involved in evaporation, condensation, melting,
and freezing.

1. Problem
How can evaporation affect temperature?
Materials
Two (2) beakers or drinking glasses, alcohol, water

Procedure

Pour equal amounts of water and alcohol into the two beakers. Mark the
level of the liquids and allow it to stand overnight. What do the
children notice by comparison the next mortiing? Have the children place
a few drops of alcohol on one hand and a few drops of water on the other
hand. Ask if there is a difference in how each hand feels. Ask the
children if they think there is any relationship between this experiment
and the reason we perspire on hot days.

Results

Alcohol will evaporate much faster than water. The hand with alcohol on
it will feel cooler than the other hand because it evaporates faster.

Conclusions

As a liquid evaporates, heat is taken from the body. This cooling effect
of evaporation is the reason for perspiration on hot days; it is our
bodies! way of cooling itself. The faster liquids evaporate, the more
they cool things.




Problem

Does wind affect the speed of evaporation?

Materials

Fan, water.

Procedure

Have a few children wet their hands and hold one hand in front of a fan,
while the other hand remains still and away from the breeze. Ask them
to report their reactions to the class.,

Results

The wet hand in the path of the moving air becomes cooler than the other
hand and drys rapidly. The other hand remains moist for a much longer
period of time.

Conclusions

Moving air produces faster evaporation than still air. (This is why
clothes dry out on the line faster on a windy day than on a calm day.)

The faster a liquid evaporates, the more it will cool things.

Charts, Maps, or Graphs

Help children construct a chart of the water cycle. * Discuss how heat
may be involved in the changes shown.

Observe

Perhaps some children may have observed the accumulation of moisture on
the inside of windows on a cold day, or on basement walls on a warm day.
Lead a discussion to find out the children's ideas as to the reason for
this. Some children may then do research on condensation and report to
the class, while others make a list of other examples of condensation
they have noticed.
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CONCEPT - Heat energy may be transferred by conduction, radiation, or convection.

Problem

Why does heated air rise?

Materials

Candles, convection box, matches, tapers.

Procedure

Place the candles on the convection box and light the candles. Place
a smoking taper over one of the candles. Have the children observe the
smoke as it rises and falls.

Results

The air around the candle expands as it is heated. This air weighs less
than cool air.

Conclusion

The heated air around the candle is actually being pushed up. This gives
us convection air currents.

Problem f
Is warm water lighter tharn cold water?
Materials

Aquarium, or battery jar, small bottle, rubber stopper, cork, beaker,
hot plate, water.

Procedure

Fill the aquarium with water. Place some ink, diluted with water, in
the bezker and heat. The small bottle is now filled with warm diluted
ink and the stopper is placed in the bottle. This is then inverted

into the aquarium or battery jar of cold water. Have the children observe
the action of the warm diluted ink water.

Results

Warm water is lighter than cold water. Warm water rises because it is pushed
by the cold water. The concept is used in the hot water heating system.

Conclusion
This shows the principle of heat transfer by convection.
SJd
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3. Problem
Is warm air lighter than cooled air?
Materials

Large box, Saran Wrap (large enough to cover the front of the box), tape,
light socket with cord, bulb for socket, joss stick, sand.

Procedure

Cut a hole in the side of the box. Place the lamp socket with the bulb
inverted in the box and push sand through the opening on the side of the
box. Cover the front of the box with Saran wrap and plug in the cord.
After the lamp has been on a few minutes, light the joss stick so it will
smoke. Place the smoking Jjoss stick at the bottom of the box. Have the
children observe that smoke rises and falls in the box.

Results

The smoke is carried up by the warm air, and when it cools, it falls
again to the bottom of the box.

Conclusions

Warm air is lighter than cooler air. The relationship here can be made
to a hot air furnace. The principle of convection is shown here; the
principlg of heat refers to moving heat by currents of air or water.

4. Problem
Can heat be transferred by light rays?
Materials

Piece of clean glass pane, black piece of cloth, electric light, bulb,
socket .

Procedure

On a sunny day place a piece of clean glass in a window, it may be held
up by books. Hang the black cloth so that it is a few inches behind the
glass; after a few minutes, have the children feel the black cloth and
also the glass. Now connect the plug for the electric light and have a
child hold his hands beneath the bulb. Unplug the light and have the
child observe that the cloth is heated but not the glass pane, also, the
light gives off heat but the heat stops as soon as the light is out.

Results

Heat can be transterred by rays (infrared rays). These rays (part of

light) will go through plate glass but when they are absorbed will cause
heat.
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Conclusion

Application of this is radiant heat coming from a hot water radiator.
However, very little of the air in a room is heated by direct radiation.
These rays first heat the substance that will absorb them and then by
conduction and convection the air is heated.

Problem

How does heat travel in solids?

Materials

Metal rod, clamp and stand, beeswax or candle wax, gas or alcohol burner.

Procedure

Ask children to set up the experiment by following these steps:

a. Use a metal rod about the diameter of a pencil and from 6 to 12
inches long.

b. Support the rod in the position shown in diagram.

c. DMake several balls of beeswax or candle wax about the size of
marbles and stick to the rod on the underneath side at equal intervals.

d. Apply a flame to the unsupported end of the rod.
e. Lead children to discuss their ideas on why the results occured as

they did.
Tron Rod Clamp
(——— —7a
j T |Fé
-~ Beeswax Balls
Heat o
Results ° LT

As the heat is conducted along the rod, the beeswax or candle wax melts
and drop off. Time of drops will become greater as the wax balls become
farther away from the source of heat.

Conclusions

This is an illustration of heat transfer by both conduction and radiation.
Heat is conducted more rapidly near the flame but more slowly as it is
carried farther and farther away, because of heat loss due to radiation.
If a rod is along enough a point will be reached where no balls will fall
off because the heat of radiation is faster than the heat of conduction.
If the melting point of the wax is known, it is possible to calculate

the speed of conduction from point to point.
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Problem
Does heat travel at the same speed in all solids?
Materials

Rods of glass and of metal, clamp and stand, beeswax or candle wax, gas
or alecohol burner,

Procedure

Repeat the preceding experiment using the different types of rods. With
a stop watch, or a wrist watch, time and record the results for comparison.

Results
The wax balls fall from the metal rod more quickly than from the glass rod.

Conclusions

Heat travels at different speeds in different solids. Metal is a better
conductor of heat than glass is.

Demonstration

Fill a glass with hot water. Ask children to feel a metal spoon before
placing it in the glass and again after it has been in the glass for a
while. What do they notice? Is the portion of the spoon protruding
from the water warmer than it was before? Through discussion, lead chil-
dren to the understanding that this is an example of heat transfer by
conduction.

Observe

Have children observe the heating systems of their homes. They can list
examples they find of conduction, convection, and radiation of heat.

CONCEPT -~ Different materials absorb heat at different rates.

1.

Problem

Do land and water heat and cool at the same rate?

Materials

Two (2) thermometers, a cup of sand, and a cup of water.

Procedure

Ask a pupil to place one thermometer in the cup of sand and another in

the cup of water, Leave both cups in the sun for sore time. Read the
temperatures,
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Do the temperatures differ? How? Why?

1 Place warmed cups in a cool place for an hour. Read the thermometers.
Do the temperatures differ? How? Why?

Results

The thermometer in the sand shows higher temperature and then a lower
temperature than the thermometer in the water.

Conclusions

2. Problem

Do all materials heat at the same speed?

Materials

Two (2) small fruit jars, black paint, thermometer, and water.

! Procedure

Paint one jar black. Fill both jars with water, being sure both jars have
the same temperature. Set jars in the sunlight. After half an hour, take
the temperature of the water in each jar. In which jar is the water warmer?
Why didn!t the water in the clear jar heat as fast as the water in the

dark jar? Do all materials heat at the same speec? Would air above all
surfaces heat as the same speed?

Thermometers

Results

| Sun's rays passed through or were reflected by the

' transparent materials of the jar and water. Sun's
; rays were absorbed by the darker surface and heat
' stored in the water.

| T ————

Conclusions

{ Different materials absorb and store heat at dif-
ferent rates. Dark colored materials absorb more
{ heat than transparent or light colored materials.

Clear jar Black jar
of water of water




CONCEPT - A thermometer measures the coldness or hotness of a substance.
1. Problem
What does a thermometer do?
Materials
A large thermometer, several small ones, alcohol.
Procedure
Pass out the several small thermometers to the class -~ one to groups of
four or five children. Select a chairman for each group. Take the
thermometer to different parts of the building and outdoors. Havzs the
chairman record the different readings at the different places visited.

Results

The thermometer measures the intensity of heat in an object, NOT the
amount of heat in an object.

Conclusions
The thermometer measures how hot something is and not the amount of heat
in the object. A small kettle of boiling water will have a temperature
of 212° F and a water tank of boiling water will alsoc have the same
temperature.

2. Problem
How can we make a thermometer?
Materials
Glass tubing, one hole stopper for bottle, red ink, stiaw, clay.
Procedure
Fill the bottle with red ink and place the straw in the bottle. Stopper
the mouth of the bottle with clay placed aroun the straw. Another way

of doing this demonstration is by placing the glass tube in the rubber
stopper and fitting the stopper in the bottle mouth.
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Results

The liquid goes up the glass tube or straw when the temperature rises and
goes down into the bottle when it becomes cooler.

Conclusion

The liquid in the thermometer expands when heated and contracts when cooled.
Problem

What is the temperature of freezing water and boiling water?

Materials

Ice, water, beaker, hot plate.

Procedure

Place the ice in the water and take the temperature of the ice water.
Boil the water in the beaker, and take the temperature of it.

Result

Temperature of freezing water is 32° F,and 212° F is the temperature of
boiling water.
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CONCEPT - Fires give off heat and light and need oxygen to burn.

1.

Problem
How can we show that oxygen is important to fire?

Materials

Three (3) candles, three (3) jars of different sizes (pint, quart, gallon),
matches.

Procedure

Have candles placed so that the jars may be placed over them. Light the
candles -and cover each with a jar. Ask the children to observe what
happens to the flames. Does this happen to all three candles at the same
time?

Results

When the jars are placed over the candles, the flames become weaker and
finally go out. The larger the jar, the more time it will take for the
flame to be extinguished.

Conclusions

Fires need the oxygen present in the air in order to burn. You can put
out a fire by depleting ite supply of oxygen.

Problem
Does carbon dioxide support combustion?

Materials

Two (2) jars, small "birthday" candles, wire, vinegar, baking soda.

Procedure

Ask children to place one spoonful of baking soda in one jar and a few
spoonfuls of vinegar in the other jar. Fasten a small candle to an end

of the wire and light it. Lower this candle into both jars, showing that
the fire is not extinguished. Have a child pour the vinegar into the

Jar containing the baking soda and let the class observe the reaction. Lower
the lighted candle into this jar., What happens to the flame and why?

Results

The candle flame will go out when lowered into the jar containing the mix-
ture of baking soda and vinegar.

Conclusions

Fire cammot burn without sufficient oxygen. The acid in the vinegar causes
the sodium kicarbonate to give off carbon dioxide gas. Carbon dioxide is
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effective as a fire extinguisher because it is heavier than air and
settles around the flame, shutting off the oxygen supply.

Problem

Does carbon dioxide support combustion?

Materials

Piece of dry ice, paper bag, prongs for handling dry ice, candle, matches.

Procedure

Place the dry ice in a paper bag and keep the bag closed for several minutes.
Light the cardle. Open the paper bag and slowly pour the vapor from the
bag over the cardle.

Results
The vapor will extinguish the candle flame.

Conclusions

A candle will not burn if its supply of oxygen is cut off, Dry ice is
solid carbon dioxide. When the paper bag was allowed to stand, some of
this solid vaporized, filling the paper bag with some carbon dioxide.
Carbon dioxide 1s a colorless, odorless and tasteless gas. It is heavier
than air, and therefore it can be poured onto a
flame. Carbon dioxide does not support burning.
It is used in fire extinguishers for this
reason.

Problem

What causes a candle to burn?
Materials

Candle, matches.

Procedure

Light the candle, let it burn and then snuff it out. Immediately after
snuffing out the candle, hold a lighted match about an inch or less
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over the extinguished candle. Discuss with the children the observed

results.
9 Z
Results

After holding the lighted match an inch or less above the extinguished
candle, immediately after it has been put out, the candle will again become
lighted.

Conclusions

There is still a supply of inflammable gas immediately after you snuff

a candle, either by blowing it out or pinching it with your fingers. The
heated candle material is burnahle regardless of whether or not the candle
itself happens to be lighted. This is proved when the candle again becomes
ignited. Actually it is the gaseous material that burns, not the solid
candle., The flame (heat) changes the solid candle to a gas.

Problem

What is smoke?

Materials

Candle, metal spoon.

Procedure

Light a candle and ask children to observe it closely as it burns. Hold
the metal spoon in the flame for a few seconds. What do the children

notice about the spoon?

Results

A black material (carbon) will collect on the spoon.
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6.

8.

Conclusions

Smoke is actually small solid particles of unburned carbon. The main

part of the flame is bright yellow, and is due to actual particles of black
carbon or soot which become nearly white in the flame before they finally
burn. The black material which collects on the spoon is carbon which was
removed from the flame before it had a chance to burn.

Research

Research may be done on the history of fire, from its early uses to its
present uses. This may be done by committees set up according to certain
periods of time, the stone age, medieval times, the industrial revolution,

or according to the use of fire in preparation of food, to do man's work, etc.

Demonstration

Show that fire gives off heat which diminishes with the distance from the
fire by hanging a thermometer one inch, two inches and four inches from
the flame of an alcohol burner. Show also that the light given off is
also proportionate to the distance by taking readings from a light meter
at various distances from the flame.

Draw

Children may draw, in color, a diagram of the parts of a flame, similar to
the one shown here. The different temperatures in the different areas of
the flame slould be noted.

Black (F)
Red (E)

Yellow (D)

White (c)
Orange (B)

f/ Violet-
Blue (1)

Coolest part of the flame, at the wick.
Ignition commences.

Hottest area; white heat.

Flame cooling.

Very little heat.

Sooty particles of unburnt carbon carried
up by convection currents

HEhoQwm >

After doing research on how early civilizations were dependent upon fire
as a source of heat and light, let children draw pictures showing these
uses of fire such as torches, campfires, oil lamps, étc.
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9.

10.

11.

12.

13.

Field Trips

Take a trip to a local fire station to see the equipment used to fight
destructive fires and how the fire alarm system works.

Drama

Ask a committee of pupils to write a short skit showing the discovery of
fire by prehistoric man and how he used it. Another committec might
dramatize how life would be today if people had never learned to use heat.

Resource Person

A local fireman might be very helpful in informing the children on how
to prevent fires and what to do if a fire occurs. A demonstration of the
different types of fire extinguishers and their use might also be possible.

Bulletin Boards FIRE: Helpful and Harmful

Display pictures, either drawn by the students or collected from old
magazines, of fire as used in helpful. ways (furncces, stoves, campfires,
etc.) and compare with pictures showing the harm fire can cause (home
fires, forest fires, etc.)

Make Models - Making a Model of a Fire Extinguisher

Push a short glass tube with a jet tip into a one-hole-rubber stopper.
Wrap bicarbonate of soda in a sheet of toilet tissue. Attach soda

. package to the tube with a rubber band. Fill the bottle half full of a

mixture of one (1) part vinegar and one (1) part water. Put in the
stopper. Hold stopper firmly in place and turn bottle upside down. The
carbon dioxide formed drives water out in a powerful jet.

1C4
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CONCEPT -~ Heat is a form of energy that can be obtained in many different ways.

1. Problem
How can we show that heat energy can be obtained from light energy?
Materials
Small pieces of black cloth and white cloth (same type of material).
Procedure
On a sunny day, when there is snow or ice on the ground, place both cloths
on the surface of the ice or snow. After a few hours, have the children
check to see under which cloth there has been the most melting.
Results
The snow or ice will melt faster under the black cloth.

Conclusions

Light energy may be changed to hcat energy. Dark objects absorb more light
energy and heat energy than light objects.

2., Problem
How can we show heat produced by friction?

Materials

A bow - any curved stick - with a bow-string of rope or hide.
A fire drill of cedar or hardwood.
Pivot for fire <rill, made of bone, horn, or rock.

Drill a socket in it for fire drill to fit into it.
Fireboard or soft wood with & socket notched to edge of board.
Tinder - shredded bark,

Bow Fi
Fireboard and Tinder

Procedure
Place tinder under notch in fireboard. Put your left foot on the fire-

board to hold it steady and kneel on your right knee. Loop loose bow-
string around fire drill with the bow .on your right~hand side and drill
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point down. Your bowstring should be taut when the drill is looped on
it. Hold the drill in place in the string. Place pivot over head of
fire drill and hold down with left hand. Put end of drill in the socket
of fireboard and push bow straight out and back twirling the drill
rapidly. The pressure of the pivot on the drill cannot be too heavy or
too light., Within 30 seconds, the board will begin to smoke. Watch
closely to make sure that a hot powder is drifting through the notch
onto the tinder. When you think there is suffici~nt powder smoking,
1ift tinder quickly, cupping your hands around it and blow
gently until flame appears.
o
~ s_ 17

Results
Friction produces enough heat to produce a fire.

Conclusions

It is possible to create fire by raising wood to its burning point through
friction. (Boy Scouts are taught this method of fire preparation. Most
American Indians used this method of starting fires.)

Problem

How can we show heat produced by an electric current?

Materials

One (1) "hot dog," two (2) large nails. block of wood (1" x 4" x 10"),
two small pieces of wood, electric cord.*

Procedure

Nail the two small pieces of wood to the large block, so that the bottom
of the block will not rest on the table. Drive the nails through the block
(about three (3) inches apart), leaving about % of the head of each nail

Safety Note* Be sure the electric cord is well insulated and that it is

not plugged into the outlet before the wires are attached
to the nails.
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8. Bulletin Boards

Ask children to gather pictures from old magazines showing various sources
of heat energy to display on the bulletin board.

CONCEPT ~ Clothing keeps us warm because it prevents the body from losing heat too
rapidly.

1. Problem
Why do we wear heavy clothing in winter time or when it is cold?
Materials

Two (2) pint bottles, hot water, thermometer, length of woolen or other
heavy cloth.

Procedure

Wrap one bottle with the cloth and ask children to f£ill both bottles from
a pitcher of hot water. They should take the temperature of the water

so that it will not be forgotter. Cork each of the bottles and set them
where they may cool. After about one-half hour, take the temperature of
the water in each bottle. How do they compare with each other and with
previous temperature?

Results

The bottle with the covering of woolen cloth will keep its water warmer
for a longer time than the other bottle.

Conclusions

Since wool is a poor conductir of heat, not as much heat escaped from the
covered bottle. We wear heavy clothing during cold weather so that the
heat from our bodies will not escape so easily.

2. Problem

Why is light colored clothing better to wear during warm weather
than dark colored clothing?

Materials

Two (2) test tubes, white paper, black paper, thermometer, beaker or
drinking glass, rubber bands.




Procedure

Ask children to take the temperature of a beaker of cold water and record

it. Then have them wrap one test tube with white paper and one with black
paper. Fill both with the cold water and place side by side in the sunshine,
After about thirty minutes, take the temperature of the water in each of the
test tubes. Are they the same temperature? Compare these temperatures to
the first temperatures recorded?

Results

While both test tubes of water will have absorbed heat from the sun, the
black test tube will have absorbed more and will be warmer; and the white
paper will reflect more of the heat than the black paper does; it will also
be cooler.

Conclusion

Light-colored clothing will reflect heat better than dark-colored clothing.
We will be cooler in the summer time if we wear light-colored clothing.

Bulletin Boards

Compare, by collecting and displaying pictures from magazines, the clothing
worn by an eskimo and a south sea islander. Lead a discussion to emphasize
the idea that temperature has a great deal to do with the type (and amownt)
of clothes we wear.
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CONCEPT -~ Cooling is the removal of heat.

1.

Problem

Why do we keep many foods cool in the refrigerator?

Materisls

Milk, lettuce, four small jars.

Procedure

Ask children to put lettuce in two jars and milk in the other two jars.
(These are examples of foods that usually need refrigeration.) Cover the
Jjars and place one jar of milk and one Jjar of lettuce in the school
refrigerator. Leave the other Jars in the classroom where they are handy
for observation. Compare all the jars once a day for one week.

Hesults

The milk and the lettuce at room temperature soon begin to spoil. (This
process is caused by certain bacteria.), The refrigerated foods will stay
fresh for a longer period and then spoil at a slower rate.

Conclusions

Refrigeration retards spollage. It controls or slows down the action of
decay-~-causing bacteria.

Research

Ask children to find out how oxygen is condensed to a liquid. They _
should also try to find out about important uses of liquid oxygen, such
as how it is being used in our space program. (N.A.S.A. will send infor-
mation on this for the asking.)

Ask children to do research on air conditioners to find out how they work.

Demonstration Cooling -~ The Removal of Heat

Place boiling water into two tin cups. Leave one standing and place the
other in a coffee can partially filled with ice. Test each with a ther-
mometer to see which cools faster.

Field Trip

A trip through a steel mill, oil refinery, automobile plant, or other
large factory might be organized to see how heating and cooling are used
in the production of many things we use every day.

v

Observe

Compare what happens to an ice cube and a piece of "dry ice" (solid carbon
dioxide) at room temperature. Ask children to find out more about the
differences of "dry ice" and regular ice, such as how each is made and

the uses of each. :
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CONCEPT -~ Almost all substances expand when heated and contract when cooled.

1.

2.

Problem
How do heating and cooling affect solids?
Materials

Metal ball and ring apparatus, source of heat.

Ask children to perform each of the following steps and note the results
in each instance:

Procedure

a. Without heating either the ball or ring, try to pass the ball through
the ring.

b. Heat the ball and try to pass it through the ring.

c. Dip the ball in cold water, then try to pass it through the ring.

d. Heat the ring and try to pass the ball through it. Ask the children
to formulate theories that will explain the results.

Results

a. Without heat, the ball will be snug with the ring.

b. The heated ball will not go through the ring.

c¢. When the ball and ring are the same temperature, they will fit snuglx,
d. When the ring is heated, the ball will easily pass through.

Conclusions

Solids expand when heated and contract when cooled.
Problem

How do heating and cooling change the volume of air?
Materials

Test tube, test tube holder, one (1) hole stopper, glass tubing, beaker,
colored water, alcohol or gas burner.
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Procedure

Ask pupils to set up this experiment by inverting the empty test tube,
with stopper and glass tubing and place it in the test tube holder so that
the end of the glass tubing is immersed in the colored water. Is the
test tube really empty? Apply heat to the test tube. What is noticed

at the end of the glass tubing? Why does this happen? Remove heat and
allow test tube to cool. What is now noticed? Why?

Thex

~--Colored Water

Results

When heated, the air in the test tube expands and some of it escapes, as
evidenced by the bubbles coming from the submerged end of the glass tubing.
When allowed to cool the volume of air in the tube will be less than the
original amount, so the colored water will travel up the glass tubing.

Conclusions

This is an example of a gas expanding when heated and contracting when cooled.

Froblem
How do heating and cooling change the volume of water?

Materials

Test tube, test tube holder, one (1) hole stopper, glass tubing, string,
alcohol or gas burner, colored water.

Procedure

Have children fill test tube with colored water String
and insert stopper with glass tubing. Children
should tie a string around the glass tubing at Jory
the water level. Place test tube in the holder
and gently apply heat. What happens? What does __ Colored
this show? Remove test tube from heat. What is Water

now noticed? Why?
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Results

When heated, the water in the test tube will expand and force the water
level in the tubing to rise. When allowed to cool, the water level will
fall back to the string marker.

Conclusion

This is an example of a liquid expanding when heated and contracting when
cooled.

Problem
How do heating and cooling change the length of a wire?
Materials

A two ft. length of wire, two (2) rods mounted on bases, a ruler, a small
weight, alcohol or gas burner.

Procedure

Tie the ends of the wire to the rods and attach the weight in the middle.

Ask a pupil to measure and record the distance from the weight, to the

table. Use the burner to heat the wire bty moving the flame back and forth
along the length of the wire. Ask a child to measure and record the distance
from weight to table now. What has happened? Allow wire to cool., Measure
again,

Results

The wire is pulled down by the weight when heated, showing that its length
is increased. When allowed to cool it will resume its previous length,

Conclusions

This is an example of a solid that expands when heated and contracts when
cooled,
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Demonstration - Does Water Contract When Cooled?

Fill glass jar with water, place it in a box (to catch broken glass) and
set outside overnight in freezing weather, or in a freezer. Have chil-
dren observe the result and discuss the cause. This shows that water.
is unique in that it expands Just before it freezes. This also explains
why ice is lighter than water.

Observe

Have children be on the lookout for examples of expansion and contraction
caused by the rising or falling temperatures, such as tar in cracks in

a road being squeezed out on a hot day or expansion points found in some
bridges.



CONCEPT ~ Different materials vary in their ability to conduct heat; materials
that conduct heat slowly are called insulators.

1. Problem

; Do some substances conduct heat faster than others?

Materials

A square of metal, pad of asbestos, alcohol or gas burner.

Procedure

Heat the edge of the inetal square for a few seconds and remove it from
: heat. Let a child touch the opposite edge.(Be sure the metal is not hot
{ enough to cause a burn.) Heat the edge of the asbestos pad and test the

: same way. What difference is noted?

Results

The metal feels warm, while the asbestos does not.

Conclusions

Metal is a good conductor of heat; asbestos is an insulator.

2. Demonstrations Showing Conduction of Heat by Varidus Substances

i Put boiling water in metal, china, and wooden cups and have children feel
’ the difference in the warmth of the water after about 15-20 minutes. Test
the same cups by putting ice in them, covering and timing how long it
takes the ice to melt in each cup.

Showing Heat Characteristics of Materials

; Demonstrate the difference in heat characteristics between a kettle or
pot with a wocden handle and one with a metal handle. Which handle
gets hotter?

3. Observe

Obtain various types of house insulation. Let children compare them and
l list similarities and differences.




CONCEPT - Heat is the energy of moving molecules; as a substance gets warmer, its
molecules move more rapidly; as 1t cools, less rapidly.

~- Problem
How do changes in temperature affect air?
Materials
Test tube, test tube holder, balloon, alcohol or gas burner.
Procedure

Attach deflated balloon to the mouth

of the test tube, Attach clamp to

tube and hold over heat. Ask children
to watch to see what happens to the
balloon as the air inside the test tube
heats. Why does this happen? Place
test tube and balloon away from heat.
Ask children what happens to the balloon
as the test tube cools? Why does this
happen?

Results

As the air in the test tube was heated,
it expanded, and inflatéd the balloon.
As the air cooled, it contracted, and
allowed the balloon to deflate.

fonclusions

The greater the amount of heat,
the faster the molecules will
move, causing expansion,
Cooling will cause a

decrease in the speed of the
moving molecules resulting \
in a contraction of the

material.
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CONCEPT -~ A change of state may result from the addition or removal of heat from
a substance.

' l. Problem

What happens when water boils?

A

Materials
Two (2) test tubes, test tube holder, water, alcohol or gas burner.
Procedure

Have children fill the two containers with equal amounts of water and
mark the level with a grease pencil. Place one tube over the burner
and bring the water to a boil., After a short time, remove it from the
the heat and let it cool. Have children compare the heated tube to the
unheated tube.

Results

The test tube which had been heated now contains less water thon the
unheated test tube,

Conclusions

Heating the water caused a change of state; some of the water has changed
to water vapor (liquid to a gas).

; 2. Problem
What makes water vapor in the air condense?

} Materials

Metal cup, glass of cold water, .crushed ice.

Procedure

I Get a shiny metal cup (or can). Be sure that the outside of the cup
¢ is dry. Pour cold water into the cup

until it is about half full. Be careful \
{' not to wet the outside of the cup. Why? \\\

Does a thin layer of moisture form on the -
: outside? If not, add some crusiied ice to
} the water and stir the mixture. Keep
adding cruched ice until you see a layer
. of moisture form on the outside. You may
‘ have to add some salt to make the ice
melt faster.

’ Where does the moisture on the outside of the cup come from?
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’ Results

The moisture on the outside of the cup is the condensation of water
vapor in the air.

Conclusions

Cooling water vapor in the air causes it to condense. Condensation
, is the changing of a gas or vapor to a liquid.

3. Problem
Do all materials have a definite melting point?
Materials
Pat of butter, ice cube, two plates.
Butter Ice
Procedure
Place a piece of ice in a dish in a warm room.
Does it stay hard or does it get soft?
Does it change immediately or gradually

from a solid to a liquid?

Place a piece of cold butter in a dish in a warm room. Answer the same
questions for the butter that you did for the ice.

Results

The ice begins to change immediately to a liquid, while the butter
changes more gradually.

4
Conclusions

The melting point is the temperature at which a solid changes to a
liguid. Melting points vary according to the type of material.

4. Research

Assign some common materials to a group of children and ask them to find
the melting points of these materials. When the research is completed,
they can construct a chart comparing the melting points of these substances.
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Wi

MELTING POINTS OF SOME COMMON MATERTALS

Material °F, °C.
Alcohol, ethyl =179% ~117
Mercury - 38 -39
Carbon tetrachloride - 9 - 23
Wood's Metal 158 70
Camphor 352 178
Tin L49 232
Lead 621 327
Aluminum 1219 660
Salt, common 147 801
Silver 1761 961
Gold 1945 1063
Copper 1981 1083
Iron 2795 1535
Quartz (Sand) 2912-3092 1600-1700
Platinum 3224 1774
Tungsten 6098 3370
% A minus sign (-) beforc a temperature

means below zero.

Draw

Let children make and display drawings of familiar changes of state
caused by changes in temperature.

Observe
Ask children to observe and make a 1list of the changes of state that

they notice in naturej the falling and melting of snow; the falling
rain and its evaporation when the sun comes out; etc.
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CONCEPT ~ The temperature (heat intensity) of a body is measured in degrees.
1. Problem

Why do we usually use a thermometer to determine the temperature of a
place or thing?

Materials
Three (3) glasses of water, thermometer.
Procedure

Ask children to feel the water in each of the glasses and write down their
estimates of the temperatures of each. Now use a thermometer and find
out the actual temperatures. Lead a discussion to see if the children
think their sense of touch can be used as a reliable thermometer.

Results

While the sense of touch can tell you there is a difference between temper-
atures, a thermometer measures the temperatures much more accurately.

Conclusions
Exact temperatures can best be found by the use of a thermometer.

2. Research
Ask a group of children to do library research on the absolute (Kelvin),
Fahrenheit and centigrade scales of measuring temperatures. Have them
report to the class on their findings and explain the differences.
If the temperature in your classroom is regulated by a thermostat, ask
the class how it might work. Ask a group of interested pupils to find
out what they can on the thermostat through research and present treir
findings to the class.

3. Observe
Have children compare a medical thermometer to an outdoor thermometer
and observe the differences in the way they are made and the way they

work.

4. Charis, Maps, or Graphs

e Ask children to prepare a bar graph or a pictograph comparing the normal
~e body temperature of man to that of other animals.

~—

Eﬁﬁﬁﬂ>¢a§§§§2her thermometer on an outside window frame. Ask a group of
pupils tokeep a day-to-day record of the temperature changes on a line

or bar graph.
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Make Models ' Construct A Simple Thermometer

Materials

A jar or flask, cork or stopper, glass tubing (1 or 13 feet), and red
ink.

Procedure

Fill flask with water colored with red ink to make it easily seen. Heat
and close one end of tubing. Fit tubing into stopper and place stopper
firmly into the flask. Some of the water will extend into the tube.
Mark the distance daily. Compare the changes of height of water in the
tube with daily readings on a regular thermometer.

Results

When temperature rises, the water in the tube will rise. When temper-
ature lowers, the water in the tube lowers.

Conclusions

The rise and fall of the water in the tube occurs because of the expansion
and contraction of the water in the flask as the water changes temperature.
Mercury in a regular thermometer rises and falls for exactly the same

reason.

Make Model Construct A Ribbon Thermometer

Materials
One foot of % inch red ribbon, one foot of % % inch white ribbon, one

piece of cardboard Aq inches by 12 inches, one chemical thermometer
which is marked with both the centigrade and the Fahrenheit scales.
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Procedure

Draw a strip of thermometer tubing + inch wide and 10 inches long down
the center of the cardboard. Start the strip an inch from one end of
the piece of cardboard. The outer end of the strip will then be an
inch from the other end. Draw a bulb at one end of the tube. Round
off the other end.

Color the bulb red. Cut a slit for the ribbon across the tube just above
the bulb, Cut another slit for the ribbon half an inch or so below the
top of the tube. -

Put the Fahrenheit scale on the thermometer first. One inch above the
top of the bulb, put a mark for 0°., Put marks every + inch above this
up the tube until you have made 25 marks in tens from 10 to 250.

Put four marks + inch apart below the zero mark. These will stand for
below-zero readings. Number them in tens, going down from zero to forty.

Across the tube from the 140° mark, put a mark. This will be 60°
centigrade. By looking at the thermometer marked with both the Fahrenheit
and centigrade scales, find out where to put the other centigrade marks.

Sew one end of the white ribbon and one end of the red ribbon together.

Put the other end of the red ribbon through the slit above the bulb. Fut
the other end of the white ribbon through*the slit near the top. Sew

the ends together at the back of the thermometer.” The red ribbon represents
the mercury. It can be set by pulling the ribbon' up or down. This card-
board th-rmometer furnishes a good way of.showing the changes in daily
tempera- - -e. A real thermometer can be uébg to set it.
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Evaluation

Included here are samples of evaluation items which could be used in developing
your own informal testing prcgram. These suggested types of items cover the par-
ticular science area that has been developed in this section of the handbook. This
also means they could be used to help develop informal testing to cover large areas
of information (monthly, mid-year, end of year testing). These are by no means
complete tests as such. You will have to adapt and develop items to meet your
particular class's own individual needs and differences.

Answer the following:

What are three things that are needed in order to have a fire?
(A substance that will burn, oxygen [air), heat)

What are three methods of putting out a fire?,

(Remove fuel, exclude oxygen [air], cool burning substaﬁges) :
What are some fuels that we use to producedpeat? ' £
(0il, gas, coal, wood) - 4;‘T

Name several materials that are poor conductors of heat?

(air, wood, cloth, fur)

Underline the correct answer in each of the following sentences:

1. The boiling point of water on the centigrade scale is
a., 100° b. 150° c. 180° d. 212°

2. The number of degrees between the freezing and boiling points of water
or. the Fahrenheit scale is

a. 100 b. 150 c. 180 d. 200

3. The melting point of ice on the Keivin scale is

a. 32° b. 173° c. 273° d. 373°
.. Heat energy is the energy a substance possesses beé&hse of the movement
of its )
Q a., atoms b. molecules ;. temperature ’ d. centigrade
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A list of terms is given below. Select the term from the 1lis’ thai goes wi
each statement. Write the term in the space before the statement:

Electric meter Temperature Contraction Gaouwling engine
Expansion B.T.U. Calorie

1. (Expansion) is due to more rapid vibration of molecules.
2. { Temperature) 15 a measure of the vibration of molecules.
3. (B.T.U.) heats one pound of water 1° Fahrenheit.

L. (Contraction) occurs when heat bar is cooled.

5. (Gasoline engine) converts heat energy to mechanical energy.

Complete the following sentences:

1. If a metal reod is heated, the speed at which its molecules move is

{increased) .
2, If a metal rod is heated, it length (increases) )
3. If a liquid is caoled, the volume usually (decreases) .

Write a brief but complete answer to each of the following:

1. Why do most substances expand when heated and. contract when cooled?

(When heated, the molecules of the substances hive more energy and move
faster and farther apart, causing expansion. When cooled, the molecules
have less energy, move more slowly, and come closer together, causing
contraction. ) oo

.
2. What are two units for measuring the amount of heat energy? What can
one unit of each kind accomplish so far as heating of water is concerned.

(British Thermal Unit [B.T,U,] Ore B.T.U. will heat orne point of water
one degree Fahrenheit. Calorie ~ one calorie will heat one liter of
water one degree centigrade.

Write the number of each word group in Column A in the space before the item
in Column B that it btest matches:

Column A Column B
1. Measures temperature (2) a. Calibration
2. Correct scale of numbers b. 32° centigrade
3. No molecular motion 1l) ¢. Thermometer
L. TFreezing point of water 4) d. 0° centigrade
5. Boiling point of water e. 373°

(3) f. 0° Kelvin

__8. Barometer

e
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Vocabulary

One of the strongest keystones of scientific efficiency lies in its vocabulary.
The scientist says things precisely, accurately, and briefly. Probably one of the
greatest quarrels the science teacher may have with the elementary level teaching
today is vocabulary. The science teacher can have no use for vocabulary that is
not precise and accurate. Precision in vocabulary is necessary for widerstanding
and meaning of concept or process being learned.

The words listed below are the basic vocabulary for the indicated area of

e

study. After each word has been introduced, its meaning is to be maintained and
extended at each succeeding level of study.

absolute zero
calibrate
centigrade
conductor
contraction
expansion
Fahrenheit
fuel

furnace
heat energy
insulate
insulation
insulator
Kelvin
radiator
reflected
refrigerator
steanm

shiny
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C(rildrernts Books

Books are a very essextial par: of t4e instructioral materisls in elementary
schools which provide superior learning experiences for children. The selection
of these books poses a difficult problem for likrariats, teachers, and adminis-
trators because the science field is broad and increasing in gcope, and elemsntary
science programs are varied in nature. Some of the more common specific diffi-
culties in choosing books are: (1) finding material which deals with the varied
interest of children; (2) locating material which gives information correlated
with the local school district's instructional guides; (3) finding books of appro-
priate reading and difficulty; and (4) sele:ting the best books from the many
available,

The following list gives help related to the first thre: difficulties presente
Indirectly, it also helps with the fowrth difficulty, for the best books carmot
be selected until they are located. Further, the brief annotations should be of
help in determining which books may be best for a given tiass, Finally, time
should be saved in the selection of a "besi! list if some information sbour the
reading difficulty of availatle booiks is provided. It is hoped that this list
will suggest for elementary teaschers books that are supplementary to basic text
series, and that thnese books will have value either as sources of information or
for recreational reading.

It is always hazardous to specify ar exact grade placemert for a book because
of variations in pupil reading ability in anv class group,. and because of different
uses made of books. Consequently, the lowest grads levels for pupll-use are indi-
cated. At lower levels these same books may be useful if the teacher reads to the
children,

The following 1list was taken from the publircation, (rildren's Jatalog (1966).

| Adler, Irving [Iire I Your i3 illus. by Huth Adier, Day 1955 128p illus

> $3.50 (4-7) "Begirning witn some of the mytrology what grew out of man's

early attempts to understond and explain fire, {(ihe avtnor) treces man's

use and control of fire for produution and fer impreved 1living; what fire

; has meant in the development of <iwilization, and what 1ts potential future

! uses are. A disproportionate amourt of space nas beer given to the develop-
mert of the steel ingdustry, onliy cre of th~ many modern uses of fire,"

5 -----Heat (by) Irving and Ruth Adler, Day 1964 48p illus (The "Reason Why" Bks)
$2.29 {(L-6) "The authors explsi- vtnermodynamiza} the b rds and uses of
eat, what it is, what it does, the heat oi the sun, of the stars, and what

} is the hottest thing on earth."

—----Hot_And Cold; illus Ly Feggy Adier. Day 1959 128 p illus $3.50 (5-7)
2 "The author explaiis the puzzle of heat and cold and describes the experiments,
devices, theories, and pheromena associated with temperature: Why smoke rises:
Why a pond freezes from the top: Why an electric current makes heat: How
: we produce temperature less than ore hundred thousandth of a degree above
} absolute zero: How men put heat to work."

O
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Feravolo, Rocco V. Junior Science Book of Heat; illus. by Ernest Kurt Barth.
Garrard 1964 64 p illus (Junior Science Bks) $1.98 (3-5) "The book tells
what heat is, where it comes from, how it travels, how it is measured,

and what it can do. Many experiments, using easily available materials, help
to explain these things,

Holden, Raymond All About Fire; illus. with drawings by Clifford Stead, Jr. and
with photographs. Random House 1964 141p illus map (Allabout Bks) $1.95 (5-7)
"This book.explains how fire is essential to man for cooking, heating, trans-
portation, industry and ever space exploration. Through . . . accounts of

famous fires, the author shows the advances that have been made in fire-fighting
techniques."

Munch, Theodore W. What is Heat; pictures (by) Gregory Orloff. Benefic Press
1960 46 illus (What is it Ser) $1.80 (2-4) The book deals "with natural and

artificial sources of heat, heat and motion, measurement techniques, and the
importance of heat to man."
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Films

These films are available from the Central Audio-Visual Department. Contact
your building A-V Coordinator to arrange for the use of these films.

A1l films should be previewed to determine suitability for use with your
particular class.

Fire Called Jeremiah, A Parts I & II 35 min. Col. Gds. 5& 6

Nature took 80 years to raise a stand of full grown trees - the fire required only
10 days to level 130,000 acres of valuable timber. The factual story of a raging
forest fire and the technical advances and equipment used by the ground and
airberne fire fighters to bring it under control.

Fire Safety Is Your Problem 10 min. B&W Pri., Int.

 This film is designed to help students understand and appreciate some of the impor-
tant rules of fire safety in the home and in other situations, Stress is placed
upon fire prevention.

Fire Science 15 min. Col. Int.

This £ilm introduces the nature of rapid oxidation, such as fire, through a variety
of examples and experiments. It begins by tracing fire's history; cites and
demonstrates the three essentiils for fire-~fuel, kindling temperature, and oxygen,
Differences in the kindling temperature of various materials are demonstrated.

The highly combustitle nature of gasoline vapor and the danger of spontaneous
combustion in oil soaked cloths is presented.

Fireman 10 min. Col. Pri., Int.

The film portrays the duties and activities of a company of firemen and demonstrates
how firemen prepare for emergencies by caring for the fire-fighting equipment;

by testing trucks, hose, ladders, and life-saving methods. It describes the work
of the firemen as they answer an alarm, speed to the actual fire, and extinguish
the blaze with efficient fire-fighting apparatus.

Fire: What Makes It Burn 11 min. Col. Pri.

Simple laboratory demonstrations are used to show what is needed to make a fire,
what a flame is, how combustion takes place, and how a fire can be extinguished.

The fact that fire can be dangerous and safety measures for its control are stressed
and illustrated.

Heat and Its Behavior 11 min. Col.: Int.

This film clarifies basic concepts of the nature of heat ~ its sources, measurement
and utilization. Simplified animation illustrates that heat is molecular motion -
a form of energy, and that an increase in heat produces expansion of matter
because of increased molecular activity. We see that heat travels by conduction,
convection, and radiation.
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I'm Not A Fool With Fire 11 min. Col., Int.

The history of fire and its proper use is depicted with animation and explained
by Jiminy Criclket. Discovery of steam power and its uses is also explained.

Measuring Temperature 11 min. B& W Int.

Using the thermomcter as its example, this film introduces the principle of
contraction and expansion. It also shows how liquid and metal thermometer work.

Story of Heat, The 133 min.  Col. Int.

This film provides a first-hand introduction to the basic sources and properties
of heat. On a camping trip, they see the use of the fire-bow illustrating how
friction can produce heat. FElsewhere they learn how man has harnessed heat to
supply energy. Heat is graphically presented in terms of the motion of molecules.
Through vivid live dramatic and animated sequences this unusual film takes us from
basic scientific principles to the latest application of these principles in an
atomic power plant and nuclear submarine.

Thermometers and How They VWork 11 min. fol. Pri.

The film explores the three basic types of thermometers -- those made with liquids,
gases, and solids -- showing by means of simple demonstrations, how each type works.
An understanding of the often-difficult concept of materials expanding when heated,
and contracting when cooled is provided. It reveals many different uses of
thermometers in various occupations, and emphasizes the importance of temperature
and how it is measured.

Things Expand When Heated 10 min. B& W Int.

This film demonstrates by animation and simple photography, the movements of
molecules before and after heat is applied, showing that their accelerated
movement requirss more space, and therefore, causes expansion; uses many concrete
examples of expansion and contraction from everyday life.
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SOUND

Initiatory Activities

Have the children:

1.

CONCEPT

1.

P

Prepare a bulletin board showing various animals. The title might ask
the question, "How do these animals make sounds?"

Discuss any problem an audience might have had in hearing a program held
in the school auditorium.

Play a phonograph record and try to distinguish the various musical
instruments.

Read a story in which echoes are an essential element of the plot.

Record a class discussion with the tape recorder. As it is played back,
have the children listen to see whether they can identify the speakers
voices. Note differences in pitch, intensity, and quality of voices.

Sit as quietly as possible for one minute. Listen to the many sounds
heard in a "quiet room." Make a list of the sounds heard on the chalk-
board. Discuss the causes of these sounds. Why are many of these sounds
not heard during the course of normal classroom actiwvities?

Developmental Activities

~ There are many different kinds of sounds.

Problem
How are different sounds made by musical instruments?
Materials
Various musical instruments.
Procedure
Ask the music teacher to let children experiment with the instruments
to see how each makes sound. Ask them to find the part of the instrument
that is making the sound in each case. Let them look inside the .piano
to see the strings vibrating. Let them try to classify the instruments
according to the way sound was made, by plucking, blowing, etc.
Results
Children will become acquainted with the types of sounds made by the
variop instruments.

i

i .
Caniclusions

Many different sounds may be made by musical instruments.
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Charts

a. Have children construct a chart listing pictures of animals from a
coloring book. Have children identify the sounds the animals make.

b. Ask children to suggest sounds they hear at home. These could be
compiled on charts under such headings as "Sounds We Hear in the
Kitchen," "Sounds We Hear at Night," etc.

Drama

Play a game in which the children identify sounds made by a hidden student
such as a bell ringing, a balloon popping, wood being sawed, etc. They
might also put their heads down on their desks and identify sounds made by
a student running and walking, a light switch being turned on, someone
writing on a chalk bcard, and so on.

Observe

a. Let children observe the sounds of different things in the room when
they are tapped with a pencil.

b. Take a short walk with the class to listen for different sounds,
such as the wind rustling leaves, car horns tooting, etc. '

Audio~Visual

Play a sound effects record and have children guess what is making each
sound . ' :

Field Trip

Have children listen carefully to sounds made by animals observed on a
trip to a zoo or a farm. Back in school, ask the children to name
an animal they saw and imitate its sound.

Bulletin Boards

Ask children to gather pictures for a bulletin board about people working.
Have them describe the different sounds. These may also be placed in a
"Sound of Workers! booklet the children may construct,

Make Models
Help children to make simple rhythm instruments.

a. Drum: Remove top and bottom from a coffee can. Cover one end with
rubber from a large balloon or inner tube, pulled tight. Bind with
string. Make a drum stick by padding one end of a pencil with
aksorbent cotton covered with a square of cloth and tied on with a
string.
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1.

b. Guitar: Cut an opening in the side of a milk carton, leaving a 1"
border. Select three identical rubber bands. Make notches to keep
them in place. Tune by tightening the part of the rubber bands over
the opening. Pluck them to play.

¢, Chime: Suspend a tin can that has one end removed with a large knotted
string through the other end. Strike with a large nail. Try cans of
various sizes. Also, a length of thin plumbing pipe makes a pleasant
musical chime.

d. Cymbals: A pair of old pot covers can serve as cymbals.

e. Rhythm blocks: Cut two wooden blocks about 3" square, %" thick.
Wrap them with thumbtacks.

CONCEPT ~ All sounds are caused by vibrations.,

Problem
How can we show sound is caused by vibration?
Materials

Blade of grass, piece of paper, tissue paper over comb, rubber band, toy
r,u:L’oar, or other musical instrument (string).

Blade of ~
Procedure Class ) A Z
. -~ }/"\ f"\\
Have pupils hold a blade of grass \N /’
or piece of paper between their
thumbs and blow (Figure A). Have ‘
pupils place tissue paper over a comb U” ”[W” ‘

to it, Stop the vibrations and listen

again., Ask the class if they know

of any sound which is not caused by Papew
some vibrating object.

and hum. (Figure B) Have pupils /
stretch a rubber-band; pluck it; listen // ‘§j>
Tissue

Results

These tests produced vibrations which caused sound. When vibrations ceased
sound stopped.

Conclusions

Sound is caused by vibrations. o



Problem

How can we show és&nd is made by vibrations?
Materials

Tuning fork.

Procedure

Set a tuning fork in motion. Place a vibrating tuning fork upright with
handle on the desk.

Have children touch the desk lightly with the tips of their fingers. Have
them observe the tuning fork vibrating and let them touch their fingers to
it. -
Results

When an object vibrates, sound is produced. Vibrations of sound can be felt.
Air vibrating around an object and near our hands can be felt. We can see
the fork vibrate.

Conclusions

When a tuning fork is vibrated, it makes the molecules of air move back and
forth. Sound transmission can be thought of as wave ripples from the source
of any vibrating object.

Problem

How can we see and feel sound vibrations?

‘Materials

Steel knitting needle.

Procedure

Ask a student to lay one end of the knitting needle on the edge of a table
and hold it down with one hand. Snap the other end with the other hand.
Ask other students to feel the air Jjust above the needle without touching
it.

Results

Students can see the needle vibrating. Pupils can feel the air above the
needle moving.

Conclusions

Sound vibrations can be felt and heard;‘ (Define the word "vibration"
for the children before the activity is started.)

142
134



4. Problem
How can sound be produced by friction?
Materisls
Tin can, string, ice pick, button, rosin.
Procedure
Punch a small hole through the center of the bottom of the can. Run a
piece of string two or three feet long through the hole. Tie a button
on the end of the string that is inside the can. Apply rosin to the
string. Ask a pupil to hold the can in one hand and the string in the
other. Have him pull on the string, letting it slip through his fingers.
Results

Sound is produced in the can because the string causes the bottom of the
can to vibrate according to the varying tensions.

Conclusions
Sound is caused by vibrations. Sound may be produced by friction.
y P y

Observe Feeling Sound Vibrations

Ask children to feel vocal chords at different sound levels: a shout, a
hum, a whisper.

Seeing Sound Vibrations
a. DMaterials: A tin can or round cereal box; grains of sand.

b. Procedure: Turn the can or box upside down and place the sand on top
of it. Strike the top of the box or can with a pencil to make a sound.

¢. HResults: The grains of sand will bounce up and down as the bottom of
the can vibrates. Sound is caused when an object vibrates,

Field Trip

Visit the Museum of Science and Industry's display related to sound and
communication.

j Demonstration

Turn on a radio and have children feel the vibrations through the speaker,
Take an old radio apart so that children may find and =xamine the vibrating
I source of sound. .-




CONCEPT -~ Sound vibrations travel in a wave motion in all directions from their

1.

source.

Problem

Does sound travel in a straight line as light does?
Materials

None.

Procedure

Ask a pupil to call tc another pupil, hidden from sight around a corner of
the building.

Results

The second pupil will easily hear the first pupil calling.

Conclusions

Sound does not travel in a straizht line but spreads out in all directions.
Problem

How can we show sound vibrations travel in waves?

Materials

Tuning fork, pan of water.

Procedure

Have a child strike the tuning fork against the heel of his shoe and
lower the prongs into the water.

Tuning Fork
Pan of Water [
HE
M=
N Wi




Thé vibrations of the tuning fork set up @aves in the water.
Conclusions
Sound vibrations travel in a wave motion.

Observe Seeing Sound Waves

The Central Audio-Visual Department has aj oscilloscope and microphone

that teachers may use to demonstrate wave| pictures with tuning forks and
the voice. This will clearly show differfnce in wave length and rate of
vibration.

Demonstration Showing A Vibrating Objel:t Sets Molecules in Motion

Start a tuning fork vibrating. Hold it njext to a cork suspended on a thread.
This cork will represent a molecule of aifr. The vibrating prongs of the fork
will cause the cork to swing away. Explalin to the class that in a like
manrer, molecules are set in motion whiclf strike against more molecules and
so or. When the fork moves in the opposifte direction, it leaves an almost
empty space into which the air can expanc]. The fork then springs back,
crowding the molecules again. This procelss sets up waves that produce the
sensation of sound when they reach our egrs.

CONCEPT ~ Sound vibrations travel through solids, Jliquids and gases.

1.

Problem
How can we show that sound travels throufh solids, liquids, and gases.

Two spoons, aguarium, water,

Procedure i

Ask a pupil to hold two spoons under water and hit them together while
another pupil listens with his ear near the side of the aguarium.

Results

The sound travels through the water, the glass and the air,to reach the
pupil's ear.

(onclusions

Sounds can travel through solids, liquids, and gases.
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Problem

DPoes sound travel in a vacuum?

Materials

Florence flask or large milk bottle, round stick through a one-~hole rubber

stopper, miniature sleighbell, rubber band and a half cup of water, source
of heat.

- Procedure

' Secure sleighbell to the bottom of rod, place rod through the one-hole

rubber stopper. Fit the stopper snugly
into the Florence flask or milk bottle.

Shake the jar and listen. Stopper

Put one-third cup of water in the bottom of

flask, Boil water in the bottle for several Jar
minutes without stopper. Steam drives the

air out leavirg only a little liquid water Bell
and steam. Remove bottle from the source

of heat and immediately plug it with the Watee
prepared stopper, making sure the sleighbell

is in the wide part of the bottle.

After cooling, shake the bottle and listen.
Heat
Results ©

Sound will be heard when there is air in the flask. Sound will not be heard
(or faintly heard) when flask contains a partial vacuum.

Conclusions

Sourid is a vibration of molecules and travels through solid, liquid, or
gaseous materials. When a vacuum is established, sound cannot travel for
lack of medium.

Problem

How can we show that sounds travel through solids?

Materials

Two empty cans, string, wax, two buttons, ice pick or can opener.

(.

Stri .
Tin Can ring Tin Can
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Procedure

Punch a small hole in the center of the bottom of each can. Run wax up
and down the string. Push the string through the holes and tie a button
on each end. Keeping the string taut, have one student talk into one can
and another student listen into¢ the other can.

Results

When a student talks into the can, the vibrations from his vocal chords
make the bottom of the can vibrate. These vibrations are carried along
the waxed string. When they reach the other can, the bottom of the can
vibrates causing the adjacent air to vibrate. When the vibrations reach
a person’s ear drum at the other end of the string, they produce the sound
of the voice.

Conclusions

Sound vibrations travel through solids.

Qbserve

Ask children to sing the same tone with their mouths open and closed.
Point out that while we are making sounds with our larynx, the vibrations
travel through our bones directly to the ear.

Demonstration

a, Transmitting sound - Tie a string around the handle of a spoon.
Have a rhild wrap the ends of the string around his forefinger and
place his fingers to his ears. He then swings the spoon so that it
strikes some solid object. He will clearly hear the ch me note which
is transmitted through the string.

b. Demonstrate hew sound can travel through solids by having a pupil tap
on the wall while in the next room. Iightly scratch on the end of a
table so that the sound is not audible. Ask a pupil to plaéce his ear
on the opposite end of the table and repeat.

CONCEPT - Sounds vary in their volume, pitch, quality, and speed.

Problem

What is pitch?

Materials

{Bicyble, stiff cardboard.
Procedure

Set the bicycle so that the back wheel is free to turn. Hold the stiff
cardboard firmly so that the spokes of the wheel will hit it. Have one
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of the pupils turn the pedals so that the wheel will tura. Ask children
to notice the pitch as the wheel turns faster and faster.

Results

The sound is of a higher pitch when the wheel is turned faster and the
spokes are hitting thé cardboard more times per second.

Conclusions

Pitch depends wupon how rapidly an object vibr;tes.

Problem

Why is it better to have two ears than to have only one?

Materials

None.

Procedure

Ask a volunteer to be blindfolded and sit in the middle of the room. Ask
other students each to make a noise, one at a time, while the blindfolded

person points to the source of the sound. Try this again with one ear
covered.

Results:

The student will lack accuracy in telling the direction of the sound source.
with one ear covered.

Conclusions

The use of both ears helps us to tell from which direction a sound is coming.

Charts

Have children construct a chart diagramming the human ear. ILabel all parts
and tell their function.

Observe

Ask children to recall the way a dog moves its ears when it is whistled at
or spoken to. How are human ears different in this respect?

Resource Person

Ask a dedler in hearing aids to explain how these help a person with poor
hearing and to demonstrate the different types of hearing aids.
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Field Trip

Visit the Museum of Science and Industry to study the displays on the
ear and hearing.

Research

Ask children to do research in health books to find out safe and unsafe
practices regarding the ears.

Problem

How can we show sounds of different pitch?

Materials

Eight bottles of the same size, water.

Procedure

Have children fill the bottles to eight different levels. Try to get
the eight tones of the scales by blowing across the tops of the bottles
and increasing and decreasing the amount of water, until each bottle
has correct pitch. OSimple tunes might be played by students.

Results

The pitch and tone produced from blowing over the pop bottles is due
to the sige of the resonating chamber within the bottle. The tone

and pitch can also be affected by the shape of the chamber, as well
as by material from which the bnattle is made.

Conclusions

Sounds vary in loudness, pitch, and quality.
Problem

What makes sound different pitches?
Materials

Cigar box open at the top, rubber bands of varied lengths and thicknesses,
string, wire. 149
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Procedure

Place various rubber bands around the box; tie the string and wire around
the box. Have children pluck each of the different materials and notice
the differences in sounds.

Results
Sounds of various pitches are produced.
Conclusions

By observing closely, students will
observe that high pitches result
from many vibrations and low pitches
result from few vibrations. Box
Short bands will have a higher pitch
than long bands.

Tight bands will have a higher pitch
than loose bands.

Thin bands will have a higher pitch

than thick bands. Band

Light materials will have a higher Wire Rgzggr
pitch than heavy materials. ‘

Problem

How can we see which is faster; the speed of sound or the speed of light?
Materials

Metal bucket, stick, track coach's blank pistol.

Procedure .

Stand on the school playground with the bucket and hit it while the
students observe from about 500 feet away. Shoot off the pistol.

Results

Children will notice the sound of the bucket being struck after they have
seen it. A flash of smoke can be seen coming from the gun before the
report is heard.

Conclusions

The speed of light is faster than the speed of sound.

150

142 |



1. problem
How do vibrating strings make different sounds?
Materials
Four wires of the same length:
a. Two steel wires, same thickness (A & B).
b. One steel wire, thinner than above two (C).
c¢. One copper wire, same thickness as single steel wire.
(Frame as illustrated), two-pound weight and three pound weights.
Procedure

Arrange the four wires on a frame like the one in the sketch. A and B
are made of steel of the same length

copper wire which is. lighter than \
steel wire.

. ) Y
Pluck the various strings and note % é éj

the difference in pitch produced.

and thickness. A has a two pound C\’ﬁ_ 2
weight on it, B has a three pound :E_,_ = 6;7
weight. When the wire is stretched s L
we say it has tension. C is also 1 ,
made of steel wire but is not as
thick as A or B. D is made of f

' l

Pluck any one string and remember
the pitch.

Press the same string firmly to the table with your finger and pluck
it again. Repeat with the other strings. Tisten carefully.

Results

Different pitches are produced.
Conclusions

We know now that:

a. The tension - the higher the tension the higher the pitch.
(Same thickness and length and materials)

b. The thickness - the thinner the string the higher the pitch.
(Same material, same length and tension)
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12.

13.

14.

c. The material - the lighter the material the higher the pitch.
(Same length, tension, and thickness)

d. The length - the shorter the string the higher the pitch.
(Same material, thickness, and uension)

Charts

Ask children to make a chart in which they classify sounds under headings
as "Soft Sounds - Loud Sounds'" and "Low Sounds - High Sounds."

Observe

Let children listen to a record of music. Then play a sound effects record
of noises. Have the children discuss the difference between music and noise.

Research

a. Have children refer to their dictionaries for the definitions of pitch
(highness or lowness of sound) and volume (loudness or softness of a
sound) and compare to the definitions of frequency (number of vibrations
per second of a vibrating object) and amplitude (the distance a vibrating
objects moves from its position of rest). In sound waves, amplitude
refers to volume and frequency refers to pitch.

b. Have children find out the sSpeed of sound in air, water, and other gases,
liquids, and solids. In what medium deoes sound travel fastest? Why is
this so?

c. Have children try to work out how long it would take a sound (if it were
strong enough) to travel from Gary to Los Angeles; to New York.

Demonstration

Demonstrate a pitch pope. Discuss when it is used and how it helps singers.
Make Models

Let children make a pin harp by placing pins to various depths in a soft
wood board. Pluck them and have the children notice the sounds produced.
Have them try to make a musical scale by arranging the pins in proper order,
To raise the pitch, drive the pin in farther; to lower the pitch, pull the
pin up. :
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CONCEPT ~ Sound waves can be directed and reflected.

Problem
How can we show the use of a stethoscope?
Materials

Three pieces of rubber tubing eath 8" long, three medium size plastic or
rubber funnels, "Y" joint of glass or plastic tubing, thin wire.

Procedure
Have students place a funnel in one end of each piece of rubber tubing; join
the three pieces together with the "Y" joint. Tie all connections with the

wire. Have students listen to vibrating objects. Try the stethoscope on a
clock or try to hear another person's heartbeat.

Results

The funnels and tubes intensify vibrations by channeling sound waves through

tubes di tly to th .
the tubes directly to e ears Funnels (Earpiece)

<7

Rubber tubing

Children can get a better concept of
how sound can be channeled and
intensified. Through experiments
with the stethoscope, they learn
about sound, about their own bodily
functions such as their heartbeat
before and after exercise and
overcome fear of the doctor.

N

Glass tubing

Conclusions

Sound waves can be channeled and
directed by a stethoscope.

Problem

How can we make an echo?

Materials

None.

Procedure

Have the pupils stand about 100 feet from the side of the school building

and make a loud noise, such as clapping their hands together in unison.
Try the same thing in the school gym.
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Results

An echo may be heard because the hard walls reflect sound. The echo
will not be heard if pupils stand closer than 55 feet to the wall.
Even though the sound is still reflected, the echo will appear to be
part of the original sound.

Conclusion

An echo is a reflected sound. An echo will not be heard if the reflecting
surface is too close.

Draw
Let children draw their conception of how an echo takes place.
Field Trip

Visit the Museum of Science and Industry to experience their "Whispering
Gallery."

Drama

Sing "Little Sir Echo!' to help dramatize the effect of reflected sound
vibrations.

QObserve
Experiment with echoes on the play ground. If no echo occurs, why not?
If an echo occurs, time it from different spots on the playground with a

stop watch. Find out the speed of sound in air.

Resource Person

Ask a doctor or the school nurse to explain the purpose of the stethoscope.

Demonstration

a. Have a child turn his back to the class and read a few sentences from
a book. Let the class discuss why they can still hear his voice.

b. Place a watch on the table and ask children to come near to hear the
ticking. Now let a student place a rcll from paper toweling over
the watch and listen at the other end. lLead the class in discussing
why the ticking could be heard better through the tube.

Make Model

Let children construct megaphones from tagboard to see how sound is
directed. Have them use the megaphones for both speaking and listening.
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CONCEPT - Some materials are good sound absorbers.

ll

Problem

How can we see if materials are good sound absorbers?

Materials

Cardboard box, sheet of cotton,

Procedure

Ask a pupil to speak a sentence with a cardboard box over his head. Line
the box with cotton and repeat. Let children make suggestions for other
materials to test.

Results

The cotton absorbs much of the sound.

Conclusions

Some materials absorb more sound than they reflect; cotton is a good sound
absorber.

Observe
Ask children to look around at school and at home to notice places where
acoustical tile is used. Have them test various types of floor covering

to see which absorbs sound best.

Resource Person

Ask a dealer of acoustical tile to explain how his product works. Where
are good places for it to be used?
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CONCEPT - The various parts of our ears each have a function to help us hear sounds.
— Problem
What purpose does the outer ear serve?
Materials
Radio.
Procedure
Tune the dial of the radio so that it is not directly on any station;
try to get a steady tone or hum. Have pupils listen to it for a
moment and then cup their hands behind their ears. Next have them
hold their ears back flat against their heads.

Results

Hearing is better when hands are cupped behind the ears; poorer when ears
are held back.

Conclusion

The outer ear helps to direct sound waves into the ear canal,

CONCEPT - Sound waves are only one kind of the many invisible waves which surround
us and possess thg properties of amplitude, frequency and speed.

l. Charts

Ask children to list and illustrate with pictures all examples of waves they
can find.

2. Research

a. Ask children to find out why light waves are not considered true
waves.

b. Ask children to read books on electricity and magnetisin to find out
how radio and television waves are made.

3. Demonstration

Drop a rock in a pan of water to show the resulting waves. Lead the
children in a discussion to find the similarities and differences of
sound waves as compared to water waves.
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CONGEPT - Our larynx functions to produce sounds which we use as a means of

1.

communiciation.

\
Problem }
What happens when we speak or sing? }
Materials

Rubber band, drinking straw.

Procedure

Ask a pupil to stretch a rubber band tight. Ask another pupil to blow at
the middle of the rubber band through a straw., Have the rubber band
slackened and try again. Point out that the rubber band in this case

is acting in the same manner as the humanivocal cords.

Results
The rubber band vibrated and buzzed, a litftle deeper when it was slackened.
Conclusions
When we speak or sing, air is pushed throygh the vocal cords in our larynx.

These vocal cords vibrate and produce sourjd. High sounds are prnduced by
tight vocal cords; low sounds are produceq by slackening the vocal cords.

Charts

Ask children to construct a chart showing|the path the air takes from the
lungs to the lips when sound is produced.] Each part should be labeled
and its function told.

Resource Ferson

Ask the school nurse to explain to the class what happens when a person
becomes hoarse and "loses his voice.!

Draw

Have children make drawings of the voice|box (larynx) comparing the way the

_ vocal cords look while singing a high note and a low note.

Demonstration '

Have children feel their "Adam's Apple" to notice the vibrations involved
in whispering, shouting, talking, and singing.
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CONCEPT -~ There are some sounds too high and some sounds too low for the human ear
to hear.

1. Resource Person

Ask the school audiometrist to inform the children how and why hearing tests
are given and to discuss the normal range of hearing for humans.

2. Research

a. Ask children to find out about animals that hear sounds too low or
too high for us to hear.

b. Have children find out what radar is and have them compare it to the
bat's way of finding food.

3. Demonstration

Show the children how a "silent" dog whistle works and discuss why we can-
not hear it.

CONCEPT -~ To fill the need for improved communication, a wide variety of instruments
have been developed for the reproduction of sound waves.

1. Problem
How is speech transmitted by the telephone?
Materials

Two carbon rods (from flashllght batterles), copper wire, flashlight bulb
and socket, dry cell.

Procedure

Cut three pieces of copper wire, about two feet each. Fasten a wire
tightly to each of the carbon rods. Fasten the free end of the wire from
the other carbon rod to the dry cell. Connect the socket and the other
post of the dry cell with the third piece of wire. Touch the free ends
of the carbon rods lightly togetherj; then press them together as firmly
as possible.

Results

The light bulb will burn with varying brightness depending upon the firmness
of the contact. Point out to children that this is why carbon granules
are used in the mouth piece of a telephone.

Conclusions

In the telephone, sound vibrations are changed to electric impulses which
flow along a wire and are changed back to sound vibrations.
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Charts

a. Ask children to construct a chart showing what is involved in a
telephone call.

b. Have children make a chart listing the types of sound communications.
Drama,

Ask children to enact important developments in the field of communications,
from the time of the cave man to the present.

Observe

Let children examine an old record with a magnifying glass. Play it and
let the children place a pin in the groove to determine if the variations
in the groove can be felt. Push the pin through a cone of paper and ask
children to discuss the resulting amplification of sound.

Resource Person

Ask a representative of the World Tapes for Education Programs of Anselm
Forum to speak to the class about the use of tape recording for communication.
This program has members in Gary communicating by tape with people all over
the world.

Field Trip

a, Visit the telephone company to see what happens to our calls. Observe’
a switchboard operator at work.

b. Visit the Museum of Science and Industry to study the displays relating
to modern communications.

Research

a. Ask children to find out how phonograph records are made and mass
produced.

b. Ask children to read about and discuss the inventions of Bell, Morse,
Field, Marconi, Edison and DeForest.

Demonstration

Make a tape recording of the children's voices. Discuss how the sound
can be recorded and what produced the sound on the machines.

Bulletin Boards

Construct a bulletin board illustrating the various ways sound may be
recorded and stored.

Make Models

Make a model of a telegraph. (See Electricity and Magnetism. )
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Evaluation

Included here are samples of evaluation items which could be used in developing
your own informal testing program. These suggested types of items cover the particular
science area that has been developed in this section of the handbook. This also
means they could be used to help develop informal testing to cover large areas of
infomatién (monthly, mid-year, end of year testing). These are by no means complete
tests as such., You will have to adapt and develop items to meet your particular class's
own individual needs and differences.

Underline the correct answer in each of the following sentences:

1. The vocal chords Vibrate in the

a. pharynx b. Dbronchial tubes ¢c. epiglottis d. larynx
2. The v. p. s. tell us the ~ = =~ = = ~ = of a sound. .
a. volume b. frequency c. amplitude d. speed

3. The wave length of a sound wave with a frequency of 1000 is about
a. 1100 feet b. 110 feet c. 100 feet d., 11 feet
4. The lowest number of vibrations per second that most people can hear is about

a. 11 b, 16 c. 55 d. 110

Write the number of the word group in Column A in the space before the item
in Column B that it best matches:

Column A Column B

Loudness of a sound 4) (1)a. Amplitude
Tightness of a string b. Volume
Reflected sound waves c. TForce
Size of a vibration %E; d. Pitch
Depends on frequency . Echo
f. Velocity
g. Tension

wmEwo

Complete the following sentences:

1. The speed of sound waves in the air is about__ (1,100) feet per second.

2. The highest frequency that most people can hear is about 415,0002 V.p.S.
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3. If a string is lengthened, its frequency of vibration is _(lowered) .

L, If a little force is used in making a sound, the volume of the sound will
be (low) (soft) (weak) .

5. If a string is tightened, its frequency of vibration is (raised) .

Write a brief but complete answer to eaéh 6fvthé‘following:

1. What is the relationship between frequency and the weight of a vibrating
object?

(Heavy objects vibrate more slowly than lighter objects of equal length and
tension. The heavier strings on a violin or guitar vibrate more slowly
than the lighter strings. They have a lower frequency and a lower pitch.)

2., What is the relationship between the amount of energy used in producing
sound and the volume of the sound? '

(If little energy is used to produce a sound, a soft sound of small amplitude
is produced. If more energy is used, the amplitude of the vibrations is
greater and the sound has greater volume or loudness.)

A list of terms is given below. Select the term from the list that goes with
each statement. Wnite the term in the space before the statement:

Vacuum Low amplitude High-pitched sound Frequency
Sound waves High amplitude Low=-pitched sound

1. (Low amplitude) -soft sound.

2. (High-pitched-sound) -tight vocal chords.

3. (Frequency) -number of vibrations per second.
4., _(Sound waves) ~caused by vibrations.

5 (High amplitude) ~loud sound.
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Vocabulary

One of the strongest keystones of scientific efficiency lies in its vocabulary.
The scientist says things precisely, accurately, and briefly. Frobably one of the
greatest quarrels the science teacher may have with the elementary level teaching
today is vocabulary. The science teacher can have no use for -vocabulary that is not
precise and accurate. Precision in vocabulary is necessary for understanding and
meaning of the concept of process being learned.

The words listed below are the basic vocabulary for the indicated area of study.
After each word has been introduced, its meaning is to be maintained and extended
at each succeeding level of study.

amplifier

amplitude

brain

conduct

conductor

ear

eardrum

earphone

echo

electric vibrations

electricity

electromagnet

exhale

frequency

hearing aid

inhale

International Code

inner ear

jet

larynx

lungs

machine switching

manual switching

microphone

middle ear

outer ear

pitch

pluck

sound vibrations

sound waves

stethoscope

tension

transmitter

telegraph key

telegraph sounder
Q vibrations

-RIC wave length
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Children's Books

Books are a very essential part of the instructional materials in elementary
schools which provide superior learning experiences for children., The selection of
these books poses a difficult problem for librarians, teachers, and administrators,
because the science field is broad and increasing in scope, and elementary school
programs are varied in nature, Some of the more common specific difficulties in
choosing books are (1) finding material which deals with the varied interests of
children; (2) locating material which gives information correlated with the local
school district!'s instructional guides; (3) finding books of appropriate reading
difficulty; and (4) selecting the best books from the many available.

The following list gives help related to the first three difficulties presented.
Indirectly, it also helps with the fourth, for the best boocks cannot be selected until
they are located., Further, the brief annotations should be of help in determining
which books may be best for a given class.. Finally, time shbuld be saved in the
selection of a best 1list if some information about the reading difficulty of avail-
able books that are provided. It is hoped that this list will suggest for elementary
teachers books that are supplementary to basic text series; and that these books
will have value either as sources of information or for recreational reading.

It is always hazardous to specify an exact grade placement for a bock because
of variations in pupil-reading ability in any class group, and because of different
~uses made of books. Consequently, the lowest grade levels for pupil-use are indicated.
At lower levels these same books may be useful if the teacher reads to the children,

The following list was adapted from the publication, Children's Catalog (1966).

Anderson, Dorothy S. Junior Science Book of Sound; illus. by Ernest Kurt Bartn
Garrard 1962 63p illus (Junior Science Dks) $l 98 (K-2) "A simple introduction
to sound--how it is produced, transmitted, and heard., Echoes, vibration, and
resonarnce are explained and it is shown how sound is received in the human ear.
The reader is encouraged to carry out for himself the simple experiments
illustrated by the text, This book is aimed at a lower age level than most of
the elementary books on sound. The facts are accurate, well presented, and
attractively illustrated.”

Baer, Marian E. Sound: An Experiment Book; drawings by Jean Martinez. Holiday
1952 127 illus $2.75 (4-7) "A well-organized book of simple and clearly illus—
trated experiments explaining the phenomenon of sound--sound vibration,
conduction velocity, reverberation, frequency, pitch, tone. Equipment needed
is, for the most part, readily obtainable in the home. The chapters on music
are particularly interesting and include directions for two simple instruments
that children can make themselves as well as suggestions for many amusing things
they will enjoy doing."

Beeler, Nelson F. Experiments in Sound: illus. by George Giusti. Crowell 1961 130p
illus music $3.50 (5-7) A "book about acoustics; included in the text are many
suggestions for home demonstrations and simple experiments. Chapters deal
with such topics as the way sound travels, the Doppler effect, musical instruments
sound absorption, musical chord and mathematics. Tllustrations are adequate,
the index is very good, and a brief list of suggestions for further reading is
included. The experiments, some of which call for special equipment, lock as
if they would be relatively easy and a lot of fun to do."
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Feravolo, Rocco Wonders of Sound; illus. by Christie McFall. Dodd 1962 64p illus
(Dodd, Mead Wonder Bks) $3 (3-6) Sound--what it is and what it does--is
explained in easily-read text. The book covers:the subject from simple
vibrations to ultrasonics. The experiments offered are easily performed with
materials readily at hand. A sound test with which youngsters can test their
friends' recognition of sounds is also included.

Freeman, Ira M. All About Sound And Ultrasonics; illus with drawings and diagrams
by Irving Geis and with photographs. Random House 1961 141p illus (Allabout
Bks) boards $1.95 (5-~7) Partial contents: Waves carry sound; The speed of
sound; The Waves spread out; How you hear; The sounds of music; How strings make
music; How pipes make music; The shape of sounds; Sounds you cannot hear; The
sounds of voices; Through the sound barrier; Some scientific words used in this
book. "Comprehensive coverage of the science of sound, in clear arid accurate
language, and in an attractive format. Explores the same material as Irving's
'Sound and Ultrasonics'(entered below) but includes a few experiments and is
better illustrated."

Irving, Robert Sounds and Ultrasonics; illus. by Leonard Everett Fisher. Knopf 1959
illus 1lib. bdg. $3.09 !"Interesting information that is presented in clear,
crisp writing and in implemented by many... diagrams. The nature of sound is
discussed and such phenomena as the Doppler effect and sound intensity described.
Sound makers, including the musical instruments; the musical scale; the way in
which sound travels; and the topics of animal sounds and the human hearing
mechanism are discussed in separate chapters. Some of the inventions of modern
science and investigations now in progress are discussed in the final chapters
on recording and transmitting sound and on ultrasonics."

Kettelkamp, Larry The Magic of Sound; written and illus. by Larry Kettelkamp, Morrow
1956 62p illus lib. bdg. $2.94 (4-6) "By numerous black-and-white drawings
closely following the simple, direct text, the author-illustrator explains many
aspects of the phenomenon of sound in our daily life. Detailed descriptions
of procedures for performing basic experiments in sound. A section on "Artificial
Sound Effects' as practiced to-day in radio, TV, and the movies (is included).

The text is not quite as easy as the large type would seem to indicate."

Knight, David C. The First Book Of Sound; A Basic Guide To The Science Of Acoustics
illus. with drawings and photographs. Watts, F. 1960 93p illus $1.95 (5-7)
"This book tells what sound waves are, how fast they go, and why we hear.
Ultrasonics, supersonics, resonance, and modern sound apparatus for experiment
and discovery are also discussed. TIncluded is a section on experiments that
can be performed with simple equipment."

Pine, Tillie S. Sounds All Around, by Tillie S. Pine (and) Joseph Levine; illus.
by Bernice Myers. McGraw 1958 49p illus (Whittlesey House Publications) $2.50
(3-5) TMActivities designed to make children aware of sound around them...
Coverage: what sounds can be heard, what really happens when sounds are made,
how sound travels, is put to use, can be heard better, can be stopped, can
be a source of fun. Scientific concepts resulting from suggested activities
are spelled out,"
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Films

These films are available from the Central Audio-Visual Department. Contact
your building A-V Coordinator to arrange for the use of these films.

All films should be previewed to determine suitability for use with your
particular class.

Communiications Theory 28 min, B& W Int.

Mr. Wizard demonstrates how variations of the dot produce written language, sound

and pictures. He shows how a dot becomes a code and, in Braille, how dots blend

into lines and form letters. By combining dots and lines he demonstrated the language
of music and how notes can be duplicated on a piano roll. A series of dots can be
punched on a card and a homemade computer can translate them, Dots that form rictures
in printing are shown.

Hear Better: Healthy Fars 11 min. B&W Pri., Int.

This film stresses the pleasure that comes from hearing well. In clear animations
sequence, the structure of the ear is detailed and the progress of receiving air
vibrations and transmitting them into sounds. General information on the care of
the ear is presented.

Sounds In The Sea 15 min. Col. Int.

The development of the hydrophone revealed a new world of sound in the so-called
"silent" deep. A variety of underwater creatures are identified by their own peculiar
sounds. The film is a challange to further marine life research.

Sound Of Music 10 min, B&W Int,

The film presents the characteristics of different types of musical sounds. Two young-
sters meet the genial proprietor of their local store who demonstrates the principles
of amplitude and frequency with the sounds and grooves of a phonograph record. On

a tour of the shop, they see and hear string, bass, wood wind, reed, and percussion.
instruments, and derive a greater appreciation of their melodies.

Vibrations 14 min, Col. Gds. 5-6

A vibration occurs whenever an action is repeated with a more or less regular rhythm.
Sound is the result of something vibrating. Two things are needed to produce a
vibration; a force that pulls the vibrating objects toward a center position, and
the natural tendency for a moving object to keep moving.

Waves And Energy 11 min, Col, Gds. 5-6

This film shows it takes energy from one_place to another and can also be reflected.
In a train of waves, the distance between two successive parts that are alike is
called one wave length. The slower the frequency of a wave, the longer its wave
length.
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PART V - ELECTRICITY AND MAGNETTISM

; Tnitiatory Activities............. ceeeean et e Cetierens ceees 171
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ELECTRICITY AND MAGNETISM

Initiatory Activities

Have the children:

1.

2,

Discuss experiences they have had which are related to electricity and
magnetism.

Display a group of books about electricity or magnetism on the science
table.

Perpare a "do-~you-know-why'" bulletin board, including pictures of such
devices as a doorbell, a door which opens automatically as an individual
approaches, a telephone, etc, Captions under the pictures complete the
question begun in the title of the bulletin board.

Select stories to be read aloud during the story hour, which may provide
leads into the unit. A story telling of Franklin's work with lightning
might be appropriate,

Display news clipping about a new power plant or dam that is to be completed
in the near future, Discuss the effect the dam will have upon the community.

Discuss the number of ways that electricity or magnetism serve us at home
and at school.

Capitalize upon experiences of the class which may lead into the unit. .
Appropriate experiences may be: a power failure during a storm; a fire in the

community, the cause of which was attributed to faulty electrical wiring;
the desire to. light the Christmas tree; or the tardiness of a child

because the battery failed in the family car.

Developmental Activities

CONCEPT - Objects made of certain materials are attracted by a magnet.

1.

Problem
What will a magnet pick up?
Materials

Various kinds of objects, such as buttons, paper clips, bits of paper,
wood, rubber, plastic, nails, coins, brass and iron keys, and a magnet.

Procedure
Have the children try to pick these objects up with a magnet plus any
additional objects they wish to try. They may divide these into two piles

labeled YES and NO after testing. What do the objects in the YES pile
have in common? '
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Results

While the children may at first notice that all items in the YES group
are metals, it would be a good time for them to learn to differentiate
between types of metals and through experimentation find out that all
metals are not attracted to the magnet.

Conclusions

A magnet attracts some things but not others. The things a magnet picks
up contain iron or steel.

Problem

Can magnets be used to separate things?

Materials

Paper clips, buttons, sawdust, shoe box, magnet.

Procedure

Ask children to place the paper clips, buttons, and sawdust together-in the
shoe box and mix them thoroughly by shaklng it while covered. Have a child
dip the magnet in thls mixture.

Results

The magnet will retrieve the paper clips, but not the other items.
Conclusions

A magnet may be used to remove iron or steel objects from a mixture.
Problem

Do magnets of different shapes do the same thing?

Materials

Various types and sizes of magnets, various objects to test, such as paper
clips, buttons, coins, bits of metal, wood, plastic, paper, etc.

Procedure

Ask any children who may happen to have magnets at home to bring them to
school. Test these along with the magnets at school to see if they attract
the same things.

Results

The shapes of the different types of magnets do not change the way they work.

Conclusions

Magnets come in different sizes, shapes, and strengths. All magnets attract
the same types of materials.
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Problem
Do magnets attract through various substances?
Materials

Thumbtacks, paper clips, shoe box cover, drinking glass, water, corks,
string, plastic, paper, etc.

Procedure

Divide the class into four groups. Have each group set up one of the
following experiments and have every child try it. Each group may then
rotate to the next experiment and so on, until every child has had
experience with each experiment.

a. Put some tacks or paper clips on a shoe box cover and move a magnet
under the cover.

b. Put some paper clips in an empty drinking glass and move the magnet
around the glass.

c. Put some paper clips in a tumbler of water. Tie a string to a magnet
and lower it into the water near the clips.

d. Float several corks bearing thumb tacks on the lower surface in about
one inch of water. Move a magnet near the sides of the plastic pan.

Results

In each case, the magnet's attraction is not stopped by the various
substances. ,

Conclusions %

Magnets can attract through such substances as ca%dboard,.glass, water,
and plastic. Magnetism passes through most substances except iron.

Problem '

How can we make a boat move with a magnet?

Materials

Large corks, hairpins, paper, shallow pan, water, magnet, toothpick.
Procedure

Cut the corks in half length-wise. Have the children cut paper sails which
they affix to the corks with hairpins. A#Ask the children to make the toy
boats move by holding a magnet near them after they have been placed in a
pan of water. Children might have races between boats. Try the same thing
with a boat that has its sail attached with a toothpick. Why doesn't this
boat move?
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10.

Conclusions
A magnet can move a toy boat if the boat contains iron or steel.
Drama

Assist the children in writing a play, in which, the characters move by the
use of magnetism. ' Each figure could be cut from heavy paper and glued to

.2 bottle cap which will serve as a base, For a stage, place a cardboard

box on a table. Students can manipulate the figures by moving magnets
under the figures from inside the box.

Research

Ask children to find out how a magnetometer works and why it is an aid to
scientists in locating meteorites.

Demonstration

Make a thumbtack float in the air. Place a shoe box vertically on a table.
Press a thumbtack into a block of wood in front of the shoe box. Put a
strong horeshoe magnet on the top of the box with the ends of the magnet
projecting over the edge of the box. Tie one end of a piece of thread

to a thumbtack and the other end of the thread to the thumbtack on the
wood block. Be sure that the thread is Jjust a little shorter than would
be needed for the thumbtack to touch the magnet. Lift the tack near the
magnet and let it go. The tack will float in the air at the end of the
thread.

Let the children give their ideas about the reason for this. Lead them to
see that the steel thumbtack is attracted by the magnet, and the attrac-
tion is stronger than the pull of gravity on the thumbtack.

Bulletin Boards j

A bulletin board display of pictures of various kinds of magnets may be
set up. Along with this, a science table display of various kinds of
magnets for the children to play with, may be organized.

Make Models Making a Magnetometer

Materials

A strong horseshoe magnet, a bar magnet, silk thread, a tall wide-mouthed
jar, a cork to fit the opening of the jar, a piece of wire, a pail of sand.

Push the wire through the center of the cork, and make a hook on one end
of the wire. Tie one end of the thread to the hook and the other end

to the horseshoe magnet. Put the cork into the bottle so that the magnet
swings freely. This is your magnetometer. Bury the bar magnet in the
sand and hold the magnetometer over it. Hold the magnetometer near a piece

Procedure I
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of iron. In each case, the magnet of the magnetometer will move towards
the other object.

CONCEPT - Magnets have a north pole and a south pole. DMagnets are strongest at their

1.

two poles,
Problem
What part of a magnhet is strongest?
Materials
Paper clips, bar magnet.
Procedure

Let children experiment with picking up the paper clips, using various parts
of the magnet.

Cunclusions

L mwagnet is strongesv at its ends.

Problem

Arve some magnets stronger than others?

Materiais

Paper clips, various types of magnets (var, horeshoe, rod) of various sizes.
Procedure

Ask children to test the strength of each magiet by dipping it into a pile
of paper clips. Children may determine the relative strength of the magnets
by the size of the cluster, by counting or by matching the paper clipe one-
for-one, Ask them to compare strengths by seeing which magnet attracts

most paper clipe.

Liesults

Some magnets pick ﬁp more clips than others.

Coneclusions

Som:: magnets are stronger than others.

Draw

Have children sketch illustrations of both magnetized and demagietized steel.
Research

Ask children to find out what a lodestone (natural magnet) is and when they
first were discovered?
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5. Demonstration The Molecular Theory of Magnetism

Obtain a small thin magnet from a dime store. Test the magnet with a

compass and mark the N and S Eoles. With pliers, break the magnet into two
parts. Let children test the pieces with the compass to find that each
has a N and a S pole. Break each of the pieces in two. Test these pieces.
The fact that each piece of the broken magnet contains a N and a S pole
strengthens the theory that each molecule of magnetized steel has a N and
a S pole.

CONCEPT - Like charges repel; unlike charges attract. Iike poles of magnets repel;
unlike poles attract each other.

1. Problem
Do substances with like charges repel or attract each other?
Materials

Pith balls, silk thread, glue, tubing, hard rubber rod.

String -

Pith

”‘\~,//”*‘ Rod Balls

Procedure

Ask children to fasten a pith ball to each end of a siik thread about twelve
inches long, sewing them with a needle or using a little giue.

Hang them from a support made of wood, bent glass tubing, or wire. Bring

the balls near to a rubber rod which haS been rubbed with fur or wool.
Such a rod is charged negatively.

Ask children to give their ideas as to the cause for the action of the pith
balls.

Results

The balls are first attracted to the rod, and then after a little while
they are repelled. Sometimes it is necessary to a2llow the balls to roll
along the rod and to rub the rod several times. Soon both the balls
secure the same charge as the rod, and they are repelled by the rod and
by each other.

Conclusions

Substances charged in the same way repel each other. On the other hand
substances with unlike charges attract each other.
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Problem
How do magnets attract each other?
Materials

Two bar magnets, string.

II

Procedure

Label the magnets 1 and 2, Have children suspend magnet 1 so that it swings
freely. Ask a child to bring the N pole of magnet 2 near the N pole of
magnet 1. Repeat with the S poles of the magnets. Then have the children
try bringing the opposite poles near each other.

Results

When N poles are brought together they repel each other. When S poles are
brought together, they repel each other. When a S pole and a N pole are
brought together, they attract each other.

This proves one of the laws of magnetism; unlike magnetic poles attract;
like magnetic poles repel.

Demonstration

Materials

Two bar magnets; iron filings.

Procedure

Dip the north pole of one of the magnets and the south pole of the other
magnet into the filings. Bring the poles, with filing attached, toward
each other. Dip the north poles of each magnet in the filings and bring
them toward each other. Dip the south poles of each magnet in the filings
and bring them toward each other.

Results

The filings on the unlike poles will attract each other. The filings on the
like poles will repel each other.
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Demonstration The Poles of An Electromégheﬁlcén'Bé Reversed

Make an electromagnet {See "Various Ways of Making Magnets.") Suspend a

bar magnet from its middle so that it swings freely. Have children observe
that one end of the electromagnet attracts the north pole of the bar
magnet while the other end repels the north pole. Reverse the wiring
connections on the dry cell and repeat the above test. Help children gain
the understandirg that the poles of an electromagnet act in the same manner
as poles of a permanent magnet, except that the poles may be reversed by
reversing the direction of the electrical current,

CONCEPT - Magnets have a field of force. The earth has such a magnetic field.

10

Problem
How car we show a magnet has a field of force?
Materials

Bar magnet, large flat-bottomed glass dish, thin wood strips or books,
thin piece of cork, steel pin.

Procedure

Support the glass dish with . .
the wood strips or the books. Pin in Cork
Place the bar magnet so that
the N poles lies directly under
the center of the dish. Have
children magnetize the steel
pin (See: '"Various Ways of
Meking a Magnet") with the head — '
as a north pole and thrust it /T

vertically through a thin slice c::::::zgfy
of cork. Put enough water in Bar Magne
the dish so that the head of

the pin will float clear of the

bottom., Ask children to place the cork and pin at various places near
the N pole of the magnet and observe the line of motion of the pin.

Results

The vertical needle with the north pole down moves along a line of force
from north to south.

Conclusion

The paths the pin tock in moving from north to south are known as lines of
force. Like magnetic charges repel each other.
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2. Problem
How can we illustrate a magnetic field?
Materials
Bar magnet, sheet of paper, iron filings.
Procedure
Ask children to lay a bar magnet flat on the table and cover with a sheet
of paper. Sprinkle iron filings evenly over the cardboard. Tap the paper
lightly. Discuss liow the iron filings are affected at different distances
from the magnet.

Results

The iron filings will arrange themselves along the magnetic lines of force.
The filings far away from the magnet are not effected by it.

Conclusions

Magnets have a field of force. The field of force grows weaker as the dis-
tance from the magnet increases.

3, Charts, Maps, or Graphs

a. Help children to draw a map of the world showing the magnetic lines of
force surrounding it.

b. Make individual maps locating the geographic poles and magnetic poles.
4. Research

Lead children to read and discuss theories of "How the Earth Became a Magnet."

CONCEPT - A compass is a magnetic needle that can turn to determine directions.

1. Problem
How can we make a compass?
Materials

Bar magnet, iron filings, needle, cork, dish of water, square of paper
(larger than the dish).

Procedure

Have children magnetize the needle (See: "Various Ways of Making a Magnet.")
and test it on the iron filings.
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Trim slice of a bottle cork
and float it in the dish of
water.,

Place the needle across the , )
cork. Magnetized Needle

Mark one corner of the paper
N for north, the opposite
south, the corner on your
right east and the one on your
left west.

Set the saucer on the paper
and allow the needle to come
to rest.

Lift the saucer without disturbing the needle and move the paper around
until the N for north and the point of the needle are in line. Move the
cork and the needle so that they point to various directions; release

so the cork and needle swing freely.

Results

The needle and cork swing around in a north-south line. (This can be
tested by having other compasses in ‘the classroom.)

Conclusions

The floating magnetized needle is a compass. It acts as a compass in that
it continues pointing north as the dish is moved.

2, Problem
How is a compass helpful in finding directions?
Materials
Compass, city map of your surrounding area.
Procedure
After children have discovered the way a compass works, have them participate
in various activities using the compass. Have them guess where north is in
the classroom and check their accuracy with the compass. Have them guess
which way the street in front of the school runs or the direction they
take when going home. Check with compasses and a city map.
Results
Usually the children find their guesses are not really accurate.

Conclusions

We can be more certain of our directions if we use a compass.
180
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Problem

How can a bar magnet be used as a compass?

Materials
Bar magnet, thread. [\N/\. RN
Procedure l: \J V j:]

Have children tie thread to the bar magnet so that it swings freely. Be
sure that no iron or another magnet is near by. Allow the suspended magnet
to stop turning. What happens? Try this again with another bar magnet to
see if the results are the same.

Results

The magnet will come to rest in a north-south direction.

Conclusion

A bar magnet which hands so that it can turm easily comes to rest in a
north-~south position as a compass.

Problem

Why should a compass be used away from iron or odther magnets?

Materials

Compass, iron or steel objects, magnet.

Procedure

After learning how to use a compass, the children may carry one around the
room and hold it close to a radiator, filing cabinet, steel chair frame,
etc., to see what happens. Bring it close to a magnet or another compass.

Results

Since the compass needle is a magnet, it is turned from its north-south
position when it is near iron, steel, or another magnet.

Conclusions

A compass needle is a magnet. A compass needle may not act correctly
when iron or steel is close to it.
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CONCEPT = There are various ways to make a magnet.

l'

Demonstration How Do We Use A Compass?

Ask children to bring in compasses they have at home. Compare these and
have the children note the many different varieties. Demonstrate how a
compass is used. Hold one so that the needle swings freely. Make sure that
there is no iron or a magnet nearby. One end of the needle will point in
northerly direction. Turn the compass case so that the N on the face is
under the correct point of the needle. The other directions may now be read
on the face of the compass.

Observe
a. How can we find the name of the wind that is blowing now?

Have children observe a wind vane, chimney smoke or a flag and use a
compass to determine the wind direction. We know the name of the wind
if we find the direction from which it is blowing. For example, a
north wind comes from the north.

b. How is a compass built?

Obtain an old or cheap compass and let the children take it apart. Have
them examine the needle and the point it turns on to see how it is
balanced so it may swing easily. Have them test the magnetism of the
needle by touching it to iron filings or small tacks.

Problem Iron Filings

How can iron filings be magnetized?
Materials

Test tube, iron filings, compass, bar magnet.
Procedure

Fill the test tube nearly full with iron filings.

Move the end of the test tube around the compass.

Being careful not to jar the test tube, stroke it with one pole of the
permanent magnet being careful to stroke in one direction only.

Move the test tube around the edges of the compass.
Notice any differences between the first and second tests.
Shake the test tube.

Retest with compass.
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Results

In most cases when iron filings are roured into a test tube and tested for
magnetism by checking with a compass by noting its deflection, there is little
or no change.

When the iron filings are magnetized by stroking with a permanent magaet,
} the compass needle will strongly follow the test tube.

When the filings are Jjarred, the needle of the compass will not follow as
strongly, if at all.

Conclusions

A tube of iron filings may be made into a magnet. When jarred, however,
the iron filings are shuffled, and the effect of the magnetism disappears.

2. Problem

How can we use one magret to make another?

Materials

Bar magnet, steel knife, iron filings.

I’v e =D -y o P e - o
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Have children test the knife to be sure it is not already magnetized by
touching it to the iron filings. (If it is magnetized, hit it sharply

against a solid object to demagnetize it.) Rub the knife with one end

of the bar magnet in one direction only. Test the knife by touching it
to the iron filings.

Procedure

‘ Results

The knife will be magnetized and will pick up the iron filings,

e

Conclusions

’ A new magnet may be made by stroking steel with a magnet; the metal must
be stroked in one direction toward one end.
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3.

Problem

How can we make an electromagnet?

Materials

Large nail (or bolt), about 2 feet of insulated copper wire, dry cell battery,
pins or paper clips,

Procedure

Have children wind about 30 turns of wire around the nail. Have them fasten
one end of the wire to a terminal on the dry cell. Touch the free end to

the other terminal while touching the nail to a pile of paper clips. Have
children experiment to see if the strength varies by using a different thick-
ness of wire or by changing the number of turns around the nail.

Results

The nail will pick up the paper clips only when there is a complete circuit.
Conclusions

Electricity can produce magnetism. An electromagnet is a temporary magnet.
Problem

How can we use the earth's magnetic force to make a magnet?

Materials

Long piece of soft iron or steel, such as an iron curtain rod; hammerj compass.
Procedure

Have children find north with the compass.

Hold the long piece of iron or steel in a north-south direction, with the
north end pointing down somewhat more than 45 degrees from the horizontal.

Rap the rod sharply with the hammer.
Test the rod with the magnetic compass.
To reverse the magnetism, reverse the rod end to end, and rap it soundly

again. To eliminate the magnetism, hold it in a east-west direction, and
rap it sharply once more.
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Results

When the rod is held in a north-south direction and struck with the hammer,
the needle of the compass is attracted by one end and repelled by the other.

When the rod is reversed and struck as before, the ends are changed; that
which repelled now attracts, and that which attracted now repels. When
the rod is held in an east-west direction and struck with the hammer, the
ends have no effect on the compass,

fonclusions

By aligning the rod with the earth's magnetic force, we can establish
magnetism in the rod.

Charts, Maps, or Graphs Testing Magnetic Holding Power

Compare the ability of different materials to hold their magnetism as
temporary magnets for a period of time. Make a chart to represent the
findings. Hardened iron or steel will hold its magnetism for a long time.
A nail or other object, made from soft iron, will not hold its magnetism
long.

j
CONCEPT - A moving magnetic field can produce electricity.

ll

Problem ;

How can we produce an eleciric current withja magnet?

Materials ;

Bar magret, compass, 4 feet of insulated copper wire, small drinking glass.
Procedure

Have children wrap 5 or 6 turns of wire around the glass and make a coil
of wire. Remove the glass from the coil. The insulation should then be
removed from both ends of the wire; fasten them together. Ask children to

then lay the wire across the face of the compass, Pass the end of the
magnet quickly through the coil as children observe the compass. Repeat,

 passing the magnet through the coil in the opposite direction.

Results

The compass needle moves in a direction dependent upon the direction of the
magnet's movement through the coil.

Conclusions

An electric current can be produced by magnetism.
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2. Research

a. Ask children to find out what they can about Michael Farrady and
electromagnetic.induction .- the production of electric current by magnetic
fields. :

b, Ask children to do research on alternating and direct current electrici
ity and find how they are different.

c. Ask children to read about generators and how they provide electric
power for all of us.

CONCEPT ~ A flow of electric current creates a magnetic field.
1. Problem
How will an electric current produce a magnetic field?
Materials

Heavy copper wire about 10 inches long, iron filings, dry cell battery,
a three-foot piece of number twenty-two insulsted wire, a small magnetic
compass.

Procedure

Have children connect the piece

of heavy copper wire to the
terminals of the dry cell and
quickly dip a loop of wire into

iron filings, and note how they
cling., Note that when the current
is turned off, the filings fall.

(Do not permit the wire to complete
the circuit for prolonged periods

of time, as this will damage the dry
cell by reducing its electrical p
potential.)

Then have the children connect a three-foot piece of #22 insulated wirse
across the terminals of a dry cell and arrange the wire so that one length
of it is vertical.

Let them use a small magnetic compass to explore the region around this
vertical wire. Note that the field surrounds the wire.

Results

In the first experiment the iron filings are attracted because of a magnetic
field around the current. In the second experiment, the magnetic compass
shows that the region around an electric current contains a magnetic field.

Conclusions

[ERJ!:‘ Every electric current produces a magnetic field around the flow of electricity.
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Problem

How may we show magnetic lines of force created by electricity?
Materials

ﬁire, small hollow tube of cardboard or glass, finishing nail (with small
head) about as long as the tube, dry cell or transformer, switch.

Procedure

Children may construct apparatus and perform this experiment by following
these steps:

-~

Wind the wire around the hollow Y -

Insert Come s
tube of cardboard or glass. Switch ,,f—\ Finishing

g Nail
Place the hollow tube over the \\\v{gz’"
finishing nail. Attach one of
the wires to the dry cell and che Glass
other wire to the switch (see or

drawing).
FPaper Tute
Complete circuit by adding a wire
from the push button or knife switch
to the remaining terminal of the
battery.

Close the switch and observe the action of the nail.

Results

When the coil is connected to a dry cell or toy transformer, tre nail will
first be pulled upward. Then it will return tc a resting position with the
center of the nail nearly at the center of the coil.

Conclusions

Magnetic lines of force created by electric current pull the nail with such
force that it jumps. We can make an electric chime by placing a bell so
that the nail will strike it as it 1s pulled up by the sucking coil.
Problem

Lrob_cm

How can magnetism be created with electricity?

Materials

Two dry cell batteries, one iron bolt (about 2 inches long), 12 feet of

insulated copper wire (No. 24), assortment of nails, nuts, bolts, pins,
tacks, etc.
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Procedure

Show that the 2 inch bclt is not magnetized by attemptifig to pick up some
of the assorted nuts, pins, etc.

Comnect the two batteries as shown in the diagram. Remove the insulation
from both ends of the wire and connect the center terminal of one battery
to the outside terminal of the other battery.

Wind the remaining wire around the 2 inch bolt, leaving about one foot of
free wire at both ends of wire.

After removing the insulation from both ends of the wire, connect one end
to the center terminal of one battery and the other end of the wire to the
outside terminal of the other battery.

Let children touch the bolt to the metal objects. Have them change the
number of turns on the bolt and touch it to the objects again.

Results

The wire wound bolt will attract the iron objects as does a permanent magnet.
This magnet can be strengthened by increasing the number of turns on the bolt cr
by adding additional dry cells,

Conclusions

Electricity can be used to create a temporary magnet.

4. Research @ < }?7

Ask two children to read about Hans Christian Oersted to find out how his
work contributed to our knowledge of electricity and magnetism.
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CONCEPT -~ Radic and television beth use invisible radio (electro—magnetic) waves that
can pass through many substances.

1. DProbiem
How can we show that radio waves pass through many substances?
Materizais

Srmall trensistor radio, large jar with 1lid, boxes made of cardboard and wood,
paper bag, coffee can with 1lid, aluminum foil.

Procedure
Have childrer turn on the radio and tuue in a station. The radio shouvld

then bs surrounded oy each of the other objects in turn. Have the children
keep records of the experiment. Do radio waves pass tnrough all maberials?

oo

Results

Radio waves paze easily through most materials to the radio, except metallic
substanzes.

Invisible radio waves pase through many substances.
2. Drama

Guide children in writinrg and producing a short dramatization of historical
sceres depieting the progross of radio and television.

Take the back off a1 old model radic to see the tubes and other various parts,
Compare this to a modern transistor radio.

I

Resource Ferson

Irvite a television dezler or repairman to point out bagic differences between
reguiar and color telsvision.

5. Draw

| ' Ask children to draw diagrams illustrating the process that takes place when

we hear news on a radio or television. Start with the announcer at the
station and end with the pupils hearing the news,

6. Field Trip

Arrange a c¢lass visit to a radio or television station to observe programs
being broadcastad.
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7. Research

a. Ask research groups to prepare reports on Marconi and Hertz.

)

b, Have = group of children present a report on the workings of an early
crystal set and some ways it is different from today's radios.

Have some children use reference books to find out what effect the
stratosphere and the ionosphere have on the transmission of radio waves.

(9]
-

d. Have children find out the difference betweer VHF and UHF television
charnels; the difference between AM and FM radio.

e, Ask children to find out why television signals need relay stations and
radic staticns and radio signals do not need them.

CONCEPT — Electricity for most uses comes from a powerhouse. The electric current
flows from a generator through wires to many places.

1. Charts, Maps, or Graphs

a. Help children maxe a chart of the electric circuit which brings lights
to the classroon.

b. Help children locate electrical power plants on a city map.

2. Resource Person

a. Ask the school custodian to show the class where the electric cables
from the powerhouse enter the building, the distribution board and
fuse boxes. If possible, trace wires to electrical fixtures.

b. Ask an electrical lir.:man to speak to the class ahd explain his work
in keeping electric service intact.

(VN]

Resear:ch

Ask children to find out how a generator works. How did Michael Faraday
contribute to the development of the generator?

CONCEPT ~ FElectric energy can be changed to other kinds of energy.
1. Problem
How does electric current produce heat?

Dry cell, one length of copper wire and one length of (iron) picture wire
(about 6 inches long).
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gggbedure

AsK children to twist an end of the copper wire to the end of the picture
wirre. Connect one end to the dry cell and briefly touch the other end to
the opposite terminal of the dry cell. Touch each wire to find which is
warmer. (Teacher should be sure the wire does not become too hot to touch.)
Results

The picture wire becomes much hotter than the copper wire.

Conclusion

Iron wire heats easily when electricity
passes through it.

2: Observe
Break a light bulb in a paper sack and let children observe the filament.
Obtain a clear bulb that has a burned-out filament to compare. Let children
explain why a bulb will not give off light when the filament is not intact.

3. Field Trip

Visit an electric power plant or a factory and observe the different trans-
formations of energy that are taking place.

L. Research

a. Have children find out what type of wire is used in toasters. Why is
one kind of wire better than others for this purpose?

b. Ask children to read about Thomas Edison‘s life and work. They might
prepare reports about his contributions to the field of science.

¢. Ask children to find out how spurts of electricity are changed to
sounds waves in the speaker of a radio. Observe this by taking the
outside shell off an old radio.

5. Demonstration What Makes Light Bulbs Give Off Light?

Make a loop (about as big around as a lead pencil) in a piece of iron
picture wire. Heat this loop in a flame. What do the children notice? The
loop beoomes bright red and gives off light. Discuss the similarity between this
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ard the wire in an electric light bulb. The wire in the bulb becomes hot
and gives off light tecause electricity is going through it. However, it
does not burn up because there is no oxygen in the bulb and fire needs
oxygen in order to burn. There is either a vacuum in the bulb or a gas
that will not support fire.

Make Model An Flectric Motor

Materials

Wire coat hanger, 60 ft. very fine insulated wire, large cork, metal contact
points {may be cut from a food can), three - 10/perny nails, one - 12/penny
nail, board for base, two katteries or six volt transformer.

Procedure

Make the armature. The 10/penny nail is pushed through the center of the
cork and will act as bearings on which the armature will turn. The 12/
penny nail is inserted through the cork in the opposite direction. It
must be balanced and mounted in such

a manner that it will allow the cork
to rotate freely. This nail is
wrapped with 20 feet of small gauge
insulated wire. Wrapping must be in
same direction (clockwise) on both
sides of cork. Eare ends of wire are
attached to contact points {A) on
opposite side of the cork. Armature
contact points should be made of metal
and attached firmly to cork. (See end
view of armature.) The mourts for the
armature are made by bending 2 pieces
of metal coat hanger in such a manner
that they will support the armature.

The "field" is made by driving two nails into the block so that when the
armature turns, the ends of the wrapped rnail on the armature will just miss
the heads of the nails driven into the block. These nails are then wound
with 15 feet of small gauge, insulated wire on each nail, clockwise from
bottom to top of nail. The ends of the wire are bent to make contact on
opposite sides of the armature. (Insulation is scraped off ends to make
contract points.)

Set the armature on the mounts and balance it so it will rotatec freely.

Adjust the ends of the field wires so that they contact armature "contact
points.,"

Turn on the current.
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Explanation

The electric current flowing through the wire which is wrapped around the
nail sets up a magnetic field. The metal points on the armature coming

in contact with the bare wire points on the field allow the current to

flow through the armature also. This in turn sets up a magnetic field
around the nail which is the part of the armature. As this armature rotates,
the poles of the magretic field are reversed. This causes the like poles

to be adjacent to each other. ILike poles repel each other and the motor
runs,

The wiring of the field ard armature is done in a manner which makes it
impossible for unlike (north and south) poles to come near to each other.
In other words, when the end of the armature is adjacent to the top of
the field nail which has a north pole charge, the current is flowing in a
direction which causes this end of the armature to be a north pole also.
Like poles repel each other therefore the motor rotates.

The important items in making this motor work are:

a. The armature must rotate very ireely.

b. The contact voints on the armature must be adjusted so the wire brush
points contact them at exactly the time they are opposite the nail
head.

CONCEPT -~ There must be a complete circuit to allow a flow of electricity.
1. Problem

How can we show a complete circuit?

Materials

Dry cell; elecuric bell; 2 pieces of insulated wire,

Procedure

Be sure the children make all these connections cerrectly. Connect the end

of one wire to the center (positive) post of the battery. Connect the other

end of the wire to one of the bell posts or terminals. Connect the end of

the wire to the other bell post. Touch the free end of the wire to the outer
(negative) post of the battery. .

Results

The bell will ring only when there is a complete circuit.

Conclusions

To have a complete circuit, the electricity must flow from the battery

{source) to the place where it will be put to work {the bell), and then
return through another wire to the battery {source).
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2. Problem
How does a fuse work?

Materials

Two dry cells, approximately 4 feet of insulated wire, small strips of tin
£6il (or Christmas tinsel), two paper clips, four thumbtacks, block of wood
4" by 4", push button switch.

Procedure

Have children construct the apparatus in this manner; connect the dry cells

in series. Fasten paper clips to the edge of the block in an upright position
with thumbtacks. Complete wiring as shown in the diagram. Place a small

strip of tin foil between paper clips {points A & B). Press the button switch
and observe,

Results
The foil "fuse" will burn through if if is thin enough.
Conclusions

Our homes are protected from possible fires by fuses. For they will not
allow wires to get too hot. When a fuse burns, there is not a complete
circuit and therefore no flow of electricity.

3. Problem
What is a short circuit?
Materials
Dry cell, flashlight bulb and socket, two pieces. of insulated wire, pencil.
Procedure

Have the children scrape insulation off the middle of each wire. Connect
the wires to the dry cell and the socket so that there is a complete circuit.
Discuss the idea that the electric current flows from the dry cell to the
bulb and from the bulb back to the dry cell. Trace the path the current
takes. Ask a child to make the bare parts of the wires touch by pushing
them together with the eraser end of the pencil. Tet children discuss the
results. Let them touch the bare wires after the experiment. What is
noticed?

Results

A spark will flash where the bare wires touch and the light will go out.
The wires will become hot if left touching.
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Conclusion
When bare wires touch, an electric current will follow the shortest path.
This is known as a short circuit. Short circuits are dengerous in that the
wires become hot and may start a fire.
QObserve
a. Ask children to look around their homes and list the many places switches
are used to open and close an electric ¢ircuit., How many different
kinds of switches can they 1ist? '

Checking g Flashlight Switch

b. Show your class how a flashlight switch opens and closes the circuit
through which electricity flows.

Draw

Examine with pupils an electric plug used to connect a flexible cord to a
wall outlet. Find the conductors and the insulators. Take an old lamp apart
to find out how the current gets to a light bulb. Let children make drawings
to show the path the current takes.

Research

Ask a group of children to do research and report to the class on how a
complete circuit is made in a neon sign.

Demonstration A Series Circuit

Obtain a set of Christmas tree lights that are wired in a series. Plug
them in so that all bulbs are burning and take one bulb out. Discuss

why all the other bulbs went out. ILead children to the understanding

that in a series circuit only one wire connects with each *ight, so if any
one light is taken out the circuit cannot be completed and all the lights
will go out.

A Parallel Circuit

Obtain a set of Christmas tree lights that do not go out when one bulb is
taken out. Compare the wiring to the set used in the previous demonstration.
Make your own parallel circuit by wiring flashlight bulbs and sockets to dry
cells as shown. Lead children to understand that in this type of circuit
the current is able to by-pass a bulb that has burned out and the circuit
continues to operate for the other lights.




CONCEPT - Electricity is not carried or conducted by all materials.

1.

Problem
What materials will conduct electricity?
Materials

Dry cell battery, several feet of #20 wire, pieces of cloth, wood, glass
rubber, nails, pins, water, paper, flashlight bulb anc socket, knife switch.

Procedure

Connect the dry cell to the light, the light to the switch and the switch
back to the dry cell. Close the switch so that the bulb lights up. Remove
the switch and in its place test the various bits of material. Let children
discuss why the bulb was 1it when jou tested some materials and did not
light when others were tected.

Results

Closing the switch made the bulb light because a complete circuit was formed.
The bulb 1lit when the nail and the pin were tested, for they are conductors
completed the circuit. The bulb did not light when the other materials were
tested because they are not conductors.

Conclusions

All materials are not conductors of electricity. Metals will conduct elec-
trical current while non-metals do not conduct electrical current.

Problem
Is mercury a conductor?
Materials

Small amount of mercury, small glass dish, dry cell battery, lamp and bulb,
wires to connect lamp and dry cell battery.

Procedure

Discuss with children the fact that in some of the new houses and schools,
switches do not make a clicking noise when you turn them on. Thes=z
switches have mercury inside. You can find out how a mercury switch works,
if you can get some mercury. Pour a small amount of mercury in a small
glass dish. Now connect the dry cell and the lamp. In place of a switch,
hold the ends of the wires on opposite sides of the dish. Now dip the ends
of both wires into the mercury. What happens? Tip the dish back and forth
so that the end of one of the wires no longer touches the mercury. Now
what happens? .
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Results

The bulb lights only when both wires are touching the mercury.
Conclusion

The mercury completes the circuit because it is a good conductor.

Charts, Maps, or Graphs

%

Make a list or chart of those items which wifll conduct electricity and

those items which will not conduct electricity. Consider the characteristics
of those that will conduct electricity.

Research

Have children find out what materials are used as insulators on power lines.
Why are they needed?

CONCEPT - When two different substances are rubbed together, static electricity may

2.

be produced.

Problem

How may we produce static electricity?
Materials

Two rubber balloons, thread (two feet long),a piece of wool cloth.

Procedure
Have children tie the inflated balloons to the ends of the thread. Space
them so that they can swing and touch each other freely. Have children _
rub each balloon with wool. Ask a child to raise his hand necr the balloons.
Results
The balloons follow the child's arm.
This is due to the fact that electricity
has been produced.

Conclusions /\

Flectricity can be produced by friction.
This electricity is called static electricity.

Problem

How may we produce static electricity?
Materials

Sheets of 8 x 10 paper.
197

185



Procedure

Have children place sheets of paper on the chalk board and rub them
vigorously. Use a wateh to time and record the amount of time the paper
clings to the board. Compare with an unrubbed piece of paper. Try this
on a humid day and on a dry day.

Results

The rubbed sheets cling to the board but finally fall off.

Conclusions

Rubbing paper gives it a charge of static electricity., Objects charged
with statiz electricity may be attracted to other objects. This attraction
gradually weakens. Static electricity experiments do not work as well
in moist weather as in dry weather.

Problem

How may we produce static electricity?

Materials

Two thin boocks, piece of window glass (about 10" x 6") small bits of tissue
paper, piece of silk cloth.

Procedure

Have children place the books on a table, leaving a space between them of
about 4 inches. Have the bits of tissue paper placed in this space, Place
the glass on top of the books. Ask a child to rub the glass briskly with
a silk cloth.

Results

The pieces of paper dance or attach themselves to the glass.

n .
vonclusions

Static electricity can be produced by rubbing silk on glass., Objects
charged with static electricity may attract other objects.

Main Concept

When two different substances are rubbed together, static electricity may
be produced.

198
185



L. Charts, Maps, or Graphs Showing Static Electricity

a, Hold a sheet of paper and rub it briskly with the palm of the hand.
Then: place the paper on a wall., The paper will stick to the wnll,
held there by the charge produced. Next, pull the paper away. There
will be a crackling noise which is really a small-sized electrical
storm.

b. Ask children to okserve lightning during a storm. If such a storm occurs
during scheol hours, it affords an opportunity for the study of light-
ning and thunder and the safety rules to follow during such storms.
Children may compare lightning with the tiny sparks given off when
they scuff their feet on a rug and then touch something. Understandings
derived from a study of lightning should include; lightning is a huge
elsctric spark; lightning results from jumps of static electricity;
lightning is attracted to the tallest objects; lightning is carried
easily by metals and wet substances.

Ask children to comb their hair rapidly with a rubber comb. Then,
brirg the comb rear a fine, smooth stream of water. Observe the
stream bend toward the comb. Static electricity is a force.

(@]

5. Research

a. Have children find out about the electrical experiments of the Greek
philo=opher, Thales.

b. Form a resear:h group to report to the class on the topics "What
Causes Lightning?" '"How Are Tall Buildings Protzcted From Lightning?"

¢, Ask children to read about Benjamin Franklin's work and report on
his kite experiment and what it proved.

6. Demorstratiorn Showing Static Electricity

Materials

A sheet of thin paper, a piece of fur or woolen cloth.
Procedure

Cut a fringe along one side of the sheet of paper. Make the strips of the
fringe about 3 inch wide and three inches deep. Hold the paper, fringe
down, against the blackb.ard. Stroke the fringe downward with the fur
or cloth a rumber of times. Then hnld the paper in the upper corners and

pull it away from the wall.

Results

The separate strips of fringe will stand out away from one another. The
strips of paper all have the same kind of charge, and like charges repel

one another. This helps explain -why our hair will sometimes "stand on
end" when we comb it on a clear, cold day.
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Have children experiment with demonstrating static electricity by combing
their hair briskly and picking up bits of tissue paper with their combs.

Try this on a damp day and on a dry day and compare the results. Darken

the room to see the sparks generated by the combing action.

Ask a pupil to rub a blown-up balloon on his hair or a woolen garment. Put
it on the wall. Try this with a balloon that has not been rubbed and compare
the results. The balloon that has been rubbed sticks to the wall because
the rubbing gave it a charge of static electricity. Objects charged with
staBig electricity may be attracted to other objects.

The Nature of Static Electricity

Materials

Hard rubter rod or stick of sealing wax, a piece of fur or wool, glass rod,
a pilece of silk and two balls of pith from a cornstalk. (Watchmakers use
pith in cleaning watches, so you might secure pith from them.)

Procedure

Suspend pith balls by a silk thread from a wood or glass frame so that they -
swing freely.

Rub rubber rod or sealing wax with fur or wool and bring it near pith balls.
Observe pith balls are attracted towards the rod. Charged substances (rod
or wax) attract uncharged substances (pith balls).

Now roll the balls about the rod allowing them to pick up charge from the
rod. Observe the balls presently fly away from the rod. ILike charges
repel each other.

Grasp balls with hard to remove the charges and repeat experience using
glass rod rubbed with silk, Note that when balls carry no charge they
are attracted toward glass rod. When they are allowed to pick up a charge
from the rod and therefore carry the same charge, they are repelled by the
rod,

Charge pith balls with a rubber or sealing wax rod which has been rubbed
with wool or fur. Rub a glass rod with a piece of silk and bring it near
the pith balls. Notice pith balls charged from rubber rods are attracted
by the glass rod. The pith balls charged from the rubber rod carry a
charge unlike the glass rod and are attracted by it.

Substitute for pith balls any of \
the following materials and repeat /
the experiment: puffed wheat, small ,~/4“~\\\\

featner, small scrap of paper, charcoal (:) O
from a burned match, a small piece of tin- &)

foil or aluminum foil.
1 J/)
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CONCEPT - Electricity can be produced by chemical reactions.

1.

Problem

How can we produce electricity through chemistry?

Materials

Lemon, copper strip or a penny, zinc strip, galvanometer, thin wire,
Procedure

Cut a lemon in half and have the:metal strips inserted in one half. Run
a wire from each strip to the galvanometer,

Results

The galvanometer will show electricity is being
produced by the reaction of the citric acid in
the lemon with the metal strips.

A ZQopper
§ k(Zinc

Conclusions

Electricity may be produced by chemical means.
Froblem

How can we produce electricity through chemistry?
Materials

Perny, iron washer, paper toweling, vihegar,. thin wire (#28 magnet wire
is best), tape, compass.

Procedure

Have the wire wrapped around the compass about fifty times, leaving about

8 inches free at each end. The wrapped wire may be taped to the compass to
hold it in place, but do not cover the face of the compass. Wet the towel-~
ing with the vinegar and hav child hold it between the washer and the
penny. Touch one wire end on i.te penny and the other wire end on the washer
as children observe the compass dial,

Results

A weak current of electricity is produced by chemical reaction which is
strong enough to produce a magnetic field that attracts the compass needle.

Conclusions

Electricity may be produced by chemical means.
A flow of electricity produces a magnetic field.

Iron Washer
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3. Charts, Maps, or Graphs

Draw cut-away charts of an automobile battery and a dry cell battery.
Iist ways in which they are alike and unlike,

L. Observe

lLet children take a flashlight battery apart to see the basic parts that
make it work.

5. Resource Person

Ask a dealer in automobile batteries to explain to the class the various
types and grades of batteries and how they work.

6. Research

Ask a group of children to find out what makes up an automobile battery
and how it works. They might write to manufacturers for information of this

type.

Denonstration

~3

Producing electricity through chemical change.
Materials

A pint jar, sandpapery alcohol or gas burner, insulated copper wire, zinc
strip, carbon rod, electric doorbell, ammonium chloride is dissolved.
Stir in slowly 1 tablespoon of potassium permanganate. Clean the strip of
zinc with sandpaper and fasten a length of wire to it. Bend that end of
the strip to hand over the mouth of the jar. Fasten another wire to the
carbon rod. Connect the two wires to the doorbell and ask children to
observe that it is not yet ringing. Place the zinc strip into the jar.
Heat the carbon rod for several minutes to drive out impurities. Place
the carbon rod into the mixture and the bell will ring. Discuss the idea
that the chemicals in the jar acted on the zinc strip and the carbon rod
to produce an electric current,

CONCEPT - Electricity and magnetism are around us every day in many ways.
1. Problem
How does an electric doorbell work?
Materials

Dry cell, electric door bell, push button switch.




Procedure

Remove the cover of the doorbell so that the working part can be otserved
by pupils. Conrect the dry cell to the doorbell and the swittch, (The
push buttom switch can be placed anywhere in the circuit.) Push the button
and hold for several seconds while children observe the action.

Results

When the current is cornected and is
flowing through the wires of the
electromagnets (a) they become magretized
and attract the iron bar (b). The armature
is pulled toward the electromagnets and

the clapper hits the beil. This causes the
first ring of the bell. As the armature is
pulled over, the contact point (c) which is
fastened to it is also pulled away from the’
fixed contact point. The circuit is brokern.
Since there isn't a current flowing through the electromagnets, they no
longer attract the armature and it flies back, When the armature goes back
the contact points again touch, the circuit is completed, and current flows
again through the electromagnets. This attracts the armature to the electro-
magnets again and the whole cycle of operations is repeated. This continues
rapidly as long as the button is pushed.

Conclusions

An electromagnet is an important part of a doorbell. Without an electro-
magnet to attract the armature, we couldn’t have doorbells.

2. Problem
How can we make a model telegraph set?
Materials

A small flat board, a small block of wood, a thin T strip of tin cut from
a coffee can, two iron nails, two thumbtacks, a short strip of copper or
krass, some light insulated copper wire, dry cell battery.

Procedure

Have children construct this model by
following these directions carefully.
Nail the small wood block on the flat
board. Nail the tin T on the block.
Drive two nails into the flat board so
their heads are just below the tin T
strip. Wrap one wire from the dry :ell
around the two nails and conrect to the
O opper strip (the key), which is nailed
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5.

to the board at one end. Connect the second wire to a thumbta.k under the
loose end of the key. Press and release the key.
t

Results

When the key is depressed, the current flows through the strip of metal.

It flows through the wire wrapped around the two nails and an electromagnet
is made. The T strip of iron clicks against the nails, as soon as the key
is released, the T springs from the nails.

fonclusions

The telegraph uses electricity and magnetism to send messages. When the
key which is a conductor is pressed, the current flows in a complete civcuit
and the nails are magnetized,

Charts

a. Have children make a list of the uses of electricity. Use old catalogs
or magazines and have the children select pictures of electrical
equipment commonly used. Using these pictures, make posters showing
the various uses of electricity.

b. Collect pictures or make a list of all the toys that require electrical
energy in their operation.

¢, Make a list or collect pictures of uses for magnets or electromagnets.
They are used locally for unloading ore and scrap iron. ~Explain that
they are also l.sed in radios, telephones, telegraph sets, electric
motors, and generators.

d. Have the children make lists of the electrical appliances used ty the
members of their families. After the more obvious ones have been
recorded, they may think of sich things as self-starters on cars, blowers
in furnaces electric shavers, and many others. Farm children may ke
able to list more electrical devives than city or suburban children.

The class might check those electrical appliances which they use
themselves, such as vacuum cleaners, elestric refrigerators, and electric
trains. They could ask their parents to help them with their lists.

Observe

Ask the children to think of all the possessions they and their families own
which were made by hand tools. They will be surprised to find out how few
things they can think of which were made without the aid of power-driven
machinery. They might discuss why they thirnk we have changed from making
most things by hand, as was done in colonial days, ‘o machine-made articles.,

A

Resource Person

Ask a representative from the telephone compary to come to discuss the use
of electromagnets in the telephone receiver.



6. Field Trip

If possible, take the children on a field trip to a farm. Have them make

a list of the different machines that are run by electrical energy. After

each machine listed have them write what kind of work it does. Have them find out
how this work was done before electricity was used.

7. Research

a. Have the children list all the things in their homes that are run by an
electric motor. What does each do? Find out how the work was done
before electricity was used.

b. Have a discussion and illustrate the ways in which the lives of the
children would be different if we did not have electrical power.
Gonsider all facets of 1life. Include light for illumination, heat for
our homes, appliarces to do our everyday tasks in a better way, power
to start our cars, power to run our factories, and other everyday uses
of electricity.

c. Ask children to find out what they can abomc Samuel F. B. Morse's life
and work to help them apprecis.e his contribution to our civilization.

d. Have children use reference books t¢ find out about the electrical
discoveries of Luigi Galvani, Allessandro Volta, Adren Ampere, Michael
Faraday, Joseph Henry, and George Ohm.

8. Bulletin Boards

Gather and show pictures of various means for developing electrical power.
Include pictures of hydroelectric dams, power stations run by coal or
other fuel, and also mention atomic fuel as a source of electricai power.

9. Make Models A Working Model of A Magnetic Crane

Ask if any children recall seeing magnetic cranes at work in junk yards
or seeing pictures of them used in industry. Ask how they think these
machines work and how a simple working model can be cbnstructed. An easy
model to make would reguire a fishing rod and reel, knifs switch, large
nail, dry cell, paper clips, and a length of insulated wire about 3 ft.
long. Have the children construct an electromagnet (as described sarlier
under "Various Ways to Make a Magnet") and tie the end of the fishing
line to the nail. With this device a pile of paper clips or washers may
be moved from one place tc¢ another.




CONCEPT ~ Electricity should be tieated with respect, for it can be very dangerous.

1.

Charts, Maps, or Graphs What Dangers Are Involved in Using Electricity

Make a 1list of rules that children should follow in handling items that are
powered by electricity,

a. Never touch an electric cord or switch with wet hands or when standing
in a bathtub.

b, Never get electric wires wet.
c. Always replace worn out fuses with new fuses.

d. Never use any device in the fuse box in an attempt to reduce the electric
bill. (The house might be reduced tc ashes.)

e. Never touch a broken wire without disconnecting it or throwing a master
switch,

f. Repair all broken insulation.

g. If a broken live wire is found after a storm, warn everyone to keep
away. (Notify the electric company.)

h, Never touch a person in contact with a live wire. (Use a stick or
© rubber hose to pull him away.)

Ask children to bring in discarded appliance cords. They may take theu
apart in class to find what materials are used for insulation. Why are
these materials used?

Resource Person

a, Invite a resource person from Northern Indiana Public Service Comnany
to discuss safety measures related to electricity.

b. Ask the school nurse to inform the class what to do in the treatment
for electric shock.

Draw

Have children make safety posters illustrating common safety rules related
to electricity.

Research

Ask children to find out why a short circuit may be very dangerous or why
it is very unwise to replace a fuse with a penny.

Demonstration

Use some discarded electric wire to show the class how to splice broken
wires and rewrap with friction tape.
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Evaluation

Included here are samples of evaluation items which zould be used in developing
your own informal testing program. These suggested types of items cover the particular
science area that has been developed in this section of the handbook, This also means
they could be used to help develop informal testing to cover large areas of information
(monthly, mid-year, end of year testing). These are by no means complete tests as
such. You will have to adap® and develop items to meet your particular class‘'s own
individual needs ard differences.

Read the incomplete sentences and the three endings below earh zeatence. Draw
.& line under the ending that finishes eazh senterce correcily.

1. An electric current is

a battery of electricity.

g flow of electricity.
static electricity.

2. Good conductors of electricity are such materials as
rubber ard plastics.
metals of all kinds.
glass and paper.
3. Materials througii which eleztricity does not flow/easily are calied
poor conductors.

good conductors.
chemicals,

Fill each blark with a word faker from the following list. {You may not need
to use all the words in the list, +7ou may reed to use some words more than once.)

north south magret poles middle ends

field stronger east west weaker closer

1. Every magnet has a (n57tR) magnetic pole and a (sozth) __magnetic
pole.

A magnet free to move will iine up in a (north) and (south) direction.

The needle of a compass is a _ (magnet) .

A magnet has a greater pull at the _(ends)  than at the_ (middle)

The magnetic_ (field} is the space around tne msgnet in which the magnet’s
force is acting. :
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Vocabulary

One of the strongest keystones of scientific efficiency lies in its vocabulary.

H

The scientist says things precisely, accurately, and briefly. Probably one of the
; greatest guarrels the science teacher may have with the elementary level teaching today
is vocabulary. The science teacher can have no use for vocabulary that is not precise
and accurate. Precision in vocabulary is necessary for understanding and meaning of
the concept or process being learned.
The words listed below are the basic vocabulary for the indicated area of study.

After each word has been introduced, 'its meaning is to be maintained and extended at

each succeeding level of study.

alternating current
ampere

attract

bulb

cable

circuit

circuit breaker
compound bar
complete circuit
conductor

current

current electricity
direct current
discharge

dry cell
electrical energy
electricity
electromagnet
electromagnetic waves
electron

feed back

filament
fluorescent

fuse

galvanometer
generator
hydroelectric system
incomplete circuit
insulator
insulation

magnet

magnuetic field
magnetism

meter

repel

short circuit
socket

solar battery
static electricity
strand

switch

terminal
thermostat

tu. bine

vibrate

volt

watt




(Children's Books

Books are & very escsential part of the instructional materials in elementary
schools which provide superior learning experiences for children. The selection of
these books poses a difficult problem for librarians, teachers, and administrators
because the science field is broad and increasing in scope, and elementary school
programs are varied in nature., Some of the more common spscific diffizulties in
choosing books are (1) finding material which deals with the varied interest of chil-
dren; (2) locating material which gives information correlated with ths local school

j district!s instructional guides; (3) finding books of appropriate reading difficulty;
1 and (4) selecting the best books from the many available.

The following list gives help related to the first three difficulties presented.
Indirectly, it also helps with the fourth, for the best books cannot be selected
until they are located. Further, the brief annotations should be of help in determining
which books mzy be best for a given class. [~.nally, time should be saved in the
selection of the best list if some informatiorn about the readiag difficulty of avail-
able books is provided. It is hoped that this list will suggest for elemertary
teachers books that are supplementary to basic text series, ana that these books will
have wvalue either as sources of information or for recreational reading.

It is always hazardous to specify an exact grade placement for a book because
of variations in pupil-reading ability in any class group, and because ¢f different
uses made of books. Consequently, the lowest grade levels for pupii-use are irdivated.
t lower levels these same books may be useful if the teacher reads to the children.

This list was &dapted from the publication Caildren's Catalog (1965).

1 Adler, Trving FElectricity In Your Life; illus. by Ruth Adier. Day 1965 128p illus
L $3.95 (5-7) 'Explains the basics of electricity iz a clear and concise manner
giving electricity’s nature, history, and many essential uses in the modern world.!

| Beeler, Nelson F. Ixperiments With Blectricity (by) Nelson F. Heeler {and) Franklyn
M: Branlgy; 1llgsf by A, Wn'Rev?ll. Crowell 1949 145p illus $3.50 {4-7) "Twenty-
five prc iects with electricity including an elechric buzzer, signaler, a searet
? dogr }9c5, a qan?lng doll, and an electric mo%or. Explanations of uvnderlying
| scientific prirciples accompany explicit directions; a list of the simple eguip-
ment needed precedes each experiment."

; Branley, Franklym M, Mickeyis Magrel, by Franklya M. Branley and Eleanor K. Vaughan;

: drawings by Crockett Johnson. Crowell 1956 illus 32,50 (1-3) "Mickey!s
fgther.gave him 2 magnet to pick up the pins that had spilled all over the floor.
Then nis...adventures inr magnetism begarn. He found out how a magnet really

i works, He found out how to make a magnet out of another magnet. And he learned
by himself."

Y

J Epstein, §am The Tirst Rook of Ziectricity, by Sam and Beryl Epstein: pictures by
Robin Klng, Watie, F. 1953 63p illus $1.95 (4-7) A "prese:tation, with many

‘ helpful diagrams, of the ways in which electricity works, particulariy in our

homes., Children are cautioned ReVer to experiment with electric current, but
several safe and informative experiments with inexpensive batteries are suggested.
Included also are a list of books for further reading: and perhaps most fun of
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all, directioc.s for making, with very little equipment a telegraph set om which
children can tap ou® messages in Morse code, Simple and safe home experiments
and red and black illustrations by Robin King simplify scientific theory.™"

Feravolo, Rocco V. Junior Science Boox of Electricity; illus by Evelyn Urbanowich,
Garrard 1960 61lp illus iJurior Science Bks) $1.98 (3-5) This book "explains eiec-
ricity through simgle experiments that you can do yourself, the easy step by step
directions and the beautifully clear pictures point out the difference between
static and current electricity, how a battery works, what we mean by conductors
and insulators, how the electric switch works, what a fuse does, and what we
mean by a short circuit.”

—————— Junior Sciernce Bogks of Magnets; illus. by Eveiyn Urbanowich. Garrard 1960 64p
illus map {Junicr Suience Bks) $2.25 (2-5) "The properties and uses of magnets
and electromagnetis are described clearly and accurately, with the aid of easy
experimente, "

Freeman, Ira M. All About Electricity; illus. by Evelyn Urbarowich. Rancdom House
1957 141p illus rap (Alizbout Bks) $1.95 (5-7) "This is the story ol how
elsctricity has been sucessfully harnessed by mz»n to supply power heat and light
in order to make moderrn living safer, more comfortadble and more interesting.

It is also the sztory of those men who made this possible-~-FEdiscn, Bell, Msrconi
and others. The principles behind their discoveries and inventions are discussed
and explained. Simple diagrams help to clarify the text."

Freeman, Mae The Story of Flectricity, by Mae and Ira Freeman; illus. by René Martin.
Random house 1961 79 ilius (Basy-to-Read Science Bks) $1.95 (3-5) Partial contents:
Electriciiy pushes and pulle; Charges move along; Electricity from the sky;
Batteries; Experiments with a current tester; Magnets; Electric motors; Power
stations; Sounds from far away; Radio and television: The eisctric eye; Some words
of scienze used in this book. In simple terms with many diagrams and drawings
these experienced authors explain the role of electricity in modern life. The
contributions of Frauklin ard Edison are described."

Irving, Robert Electro-Magnetic Waves; illus. by Leonard Everett Fisher. Knopf 1960
141p illus $3 (5-7,; Seven kinds of rays "are the subject of this book. . . .
One of these rays is visible to us--light. The other members of the family
are invisible and they include radio waves, infrared rays, uliraviclev rays,
X rays, micro waves, and gamma rays.

Pine, Tillie S, [Electricity and tHow We Use It (by) Tillie S. Pine (and) Joseph Levine;
illus. by Bernice Myers. McGraw 1962 48p ilius (Whittlesey House Publications)
$2.75 (2-4) "In easy-to-read text, animated drawings, and simple experiments
utilizing inexpensive materials, this introductory account explains the nature
of electricity, the operation of electric circuits, and the dangers and uses of

electricity."
----- Magnets and How to Use Them (by) Tillie S. Pine (and) Joseph Levine; illus., by

Anne Marie Jauss. NMcGraw 1958 47p illus (Whittlesey House Publications) $2.75
(1-3) "All kinds of iagnets are described in this book. The authors tell
what kinds of things will stick to magnets, and how magnets can work through
things. They explain how to make your own magnet and how to make an electro-
magnet with a dry cell."
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Reuben, Gabriel .. MWnab is A Magnet, by Gabriel H. Reubern and Gloria Archer;
pictures--Gregory Orloff. Benefic Press 1959 44p illus {The What Is It Ser)
$1.60 (3-5) {Conterts: Trisz 1s a magnet; Magnetic poles and fields; Natural and
artificial magnets; Temporary and permanent magnets; Electromsgnets; Uses of
magrets; Whal causes magrebtism; Magrets can make electricity "This useful
introductory book is more difficult than its forma*t. indicates."

Syrocki, B. John Wiab.is Electricity; pictures (by) A, X. Bilder. Benefic Press
1960 45p ilius t(What is it ser) $1.80 (2-4) "A general introduction to electri-
city, the reactions by which cells produce current, the wagneti- principle
behind generators, insulators, switches, fuses and the uses of e ectricity.!

Vaiers, E. G. Magner: photographs by Berenice Abbot World Pub., 1964 unp illus $3
{5-7) 1Ia tnis book, illustrated with "photographs of actual experiments,
the reader caxn explore for himself, step by step the basic principles of
attraction and repulsion, magnetic poles and magnetic lines of force, electro-
magnetism, and finally evern unanswered guestions about the great magnetic fields
of the earth and space."

Van de Water, Marjorie Edison Experiments You Can Do; based on the original notebook
of Thomas Alwa Edison, prepared under the direction of International Edison
Birthday Celebratior. Committee of the Thomas Alva Edison Foundation. Photographs
Fremont Davis. Harper 1960 129 illus $2.95 (5-7) The experiments "are grouped
by subjects, e.g. insulation, carbon on button, etc, Each zategory is intro-
duced by a statemert aktout Edison's thinking and work in the area. Biographical
sketch points up circumstances relating to his inventions. Directions on how
tc conduct the experiments are clear, u.nd the materials are easily available."

Waller, lLeslie A Book To Eegin On Electricity; illus. by laslo Roth. Helt 19€1 unp
illus (A Book To Begin Ony $2.75 (2-4) Title on spine: Electricity
"A mixture of tasic phenomena, applied science, hkistory, and safety rules,
Explarations constain little scientific detail. FPFook serves best as an historical
discussion of the experiments with electricity done by the ansient Creeks, Watson,
Franklin, Volta, Galvani, Faraday, Bell, Edison, and others."

Yates, Raymond F. The Eoys'! Eook Of Magnetism. Rev. ed. Illus. with photographs.
Harper 1959 161p illus $3.50 First, published 1941 Contents: We live on a
magnet; Magrets that float in the airy; Toys that move with magnetism; Make these
games with magrets; Magic with magnets; Electricity and magnetism; We build
a big electromagnet; New miracles of magnetism A bock which "will fascinate
most boys and macy girls. Both simple tricks and more complicated ones are
cleariy expiained. Itlustrdted with excellent photographs."
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Films

These films are available from the Central Audio~Visual Department. Contact
your building A~V Coordinator to arrange for the use of these films.

A1l films should be previewed to determine suitability for use with your
particular class. '

Flectricity And How It Is Made 11 min. Col. Int.

This film presents concepts necessary for basic understanding of electricity at the
primary grade level. It is designed to create a visual awareness of electricity -
how it is produced, what it does, and how it is used to give us light, heat, sound,
and power. Both static and current electricity are illustrated through a series of
simple demonstrations.

Flectromagnets 11 min. B&W Int.

This film explains the theory of electromagnetism by building from a simple bar magnet
to a completud electromagnet made from simple home materials; shows how the electro-
magnet is used in the doorbell, telegraph set and many other everyday applications.

Flow Of Flectricity 10 min. B&W Int.

Two children learn about the factors which affect the flow of electricity through a
simple electrical circuit. The film introduces the electron theory, and shows the
application of a simple circuit in a home situation.

Forces 1, min. Col. Gds. 5& 6

A force is a push or a pull -- when forces acting on an object are balanced, the object
remains motionless; when the forces are unbalanced, the object moves. Pairs of forces
can change the shape of an object -~ machine makes it possible to change the direction
or size of a force. Three kinds of forces that act between objects not touching

each other are magnetism, electricity and gravity.

How To Produce FElectric Current With Magnets 11 min. Col. Gds. 5& 6

This film shows electricity and magnetism are closely related. An electric current
can produce a magnetic effect. If an iron core is placed inside a coil of wire and
electric charges flow through the wire, a magnetic effect is produced. The device
is called an electro-magnet. Electromagnets can attract iron and steel. Magnets
can be made to produce electric currents. Also explains that machines that move
magnets and coils to produce electric current are called generators.

Magnets And Their Uses 9% min. Col. Pri., Int.

This film is designed to help students learn what magnets do, and how they are used.
Magnets attract some, but not all, materials. Demonstrations, through the use of
animation, show the uses, properties and characteristics of magnets.
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Magnetic, Electric, And Gravitational Fields 11 min, Col. Gds. 5 & 6

The film shows a region of space where at every point a force can be felt, is a field;
and ekxplairs a magnetic field and an electric field. Although fields cannot be seen,

we can observe the effects they have on objects. Fields extend out in all directions

from their source. There is a gravitational field around all objects-~a gravitational
field extends out from the earth in all directions.

Story of Magnetism 13% min.,  Col. Int.

This film dramatically presents the story of the gradual development of manfs knowl-
edge of the nature of magnetism. From the early unrecorded discovery of the lodestone
through the discoveries and experiments of Gilbert, Oersted and Faraday, we trace the
story in authentic historical settings, down to the latest theovries of scientists today.
This film vividly presents and explains kinds of magnets, materials from which magnets
are made, magnetic fields, electro-magnets and magnetism as source of electricity.

Thunder and Lightning 10 min. B& W Int.

The film explains the phenomena of thunder and lightning in simple terms, using this
as a springboard for understanding static electricity; shows that by rubbing

certain objects together we cause them to become charged with electricity; that all
charges repel and unlike charges attract; that in a similar manner clouds become
charged, and that lightning results when they dischargej and also discusses protective
measures against electrical charges.

What Is Electric Current? 14 min. B&W Gds. 5-6

This film shows the many uses electric current has., The "stuff" in wires that can
flow is called electric charge. When something pushes. electric charges and makes
them flow there is an electric current. The film also shows how batteries and
generators act like pumps that make the electric charges flow.
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FRICTION AND MACHINES

Initiatory Activities

Have the Children:

l.

2‘

Place a number of tools and toys that are simple machines on the science
table.

Prepare a buliletin board display of pictures showing various types of simple
machines. Include some pictures of complex machines that obviously include
one or more of the simple machines,

Take a field trip to a nearby construction project to observe various machines
in use.

Discusg the importance of machines in modern life. Have the children tell
how their lives would be different if they were suddenly deprived of all
machines. Discuss the accomplishments of the ancient Egyptians who had

only simple machines to help them do work.

Display books about machines on the science table and encourage the ch;ldren
to examine and read them during free reading periods.

Prepare a display of pictures that show a contrast in ways of doing the sawe
type of work with different types of machines.

Developmental Activities

.

- Six simple types of machines include the lever, the pulley, the wheel and

axle, the inclined plane, the wedge, and the screw.

Charts

a. Children could construct an illustrated vocabulary chart as they come
across sciernce words in the study of simple machines.

b. Collect pictures of people working. What tools do they use? From a
hardware or tool catalogue, cut out pictures of interesting tools for
a bulletin board.

Drama, Remembering Safety Rules

You could discuss safety with tools. (Scissors ehould be handed to some-
one else by the handle. When using a hammer, watch that no one is near.

On a seesaw, watch your feet and hands.)

a. This could be dramatized by letting one group of students illustrate
unsafe practices while the rest of the class guesses what they are
doing wrong. Children could illustrate rules such as the following

and add many more of their own.
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(1) Always cut away from the body when using a knife.

(2) Always hold the materials you are cutting behind the path of the
blade.

(3) Never place fingers near the blades of a lawn mower.

(4) When riding a ticycle use guards to prevent clothing from being
tangled in the wheel.

b. They could also discuss clippings from newspapers relating to accidents
which occur because of improper use of tools.

¢. Ask children to dramatize how they think the different types of simple
machines were first used by early man.

3. Resource Person

Ask the custodian to show the class the various tools and machines he uses.
Ask the children to classify these as simple or compound machines.

i
1

b. Draw |

Children might like to mike a mural depicting some of the ways they have

noticed that work is made easier for us.
!

5. Field Trip

Go to a factory to see the different kinds of machines and tools that are
used. |
i

6. Research
a. Ask children to do reisearch to find out what tools and weapons early
man used. Why are things such as the club, spear, and axe, forms of

machinery?

b. Have the children lool in the dictionary to find out about the different
meanings of the word {work."

7. Collect
Ask children to make a collection of toys or tools which are simple machines
(or pictures of these objects). Have each classed as to what type of simple

machine it is or if it is a combination of simple machines.

8. Bulletin Board

a. Let children prepare a bulletin board of pictures showing how machines
make work easier,

b. Let children make drawings illustrating examples of the six types of

220
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CONCEPT - An inclined plane helps us to move things more easily.

1.

simple machines. Under these the children nmijlist examples of these
machines thay have noticed at home. C

2 SIX SIMFLE MACHINES

po— PULLEY
al \
[/
W\ J /7
SCREW WEDGE WHEEL AND AXLE

Problem
Does an inclined plane make work easier?
Materials

A medium thick rubber band, a skate, a wooden ruler, a thumbtack, a foot
of twine, several books, a short length of board.

Procedure

With the thumbtack, attach the rubber band to the 'zero!" end of the ruler.
Tie the twine to the other end of the rubber band and to the skate. The
amount of stretch of the rubber band can now be measured on the ruler. The
stretch indicates the amount of force you are using. Lift the skate with
the ruler. How much does the rubber band stretch? Does the skate feel
heavy? Now make an inclined plane with the board and the bhooks. Pull

the skate up the inclined plane. How much does the rubber band stretch?
Does the skete feel as heavy as it did before? With an inclined plane, do
you need to use more or less force than when lifting straight up?

Results
The skate 1s easier to move using an inclined plane.
Conclusions

Inclined planes are a great help in many lifting jobs. The ramps in garages
and the sloping ends of soms railroad platforms are really inclined planes.
221
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2. Problem
How are inclined planes useful to man?
Materials

Boards ..!" 4 fferent lengths,
toy wagon, spring scale, cord.

Procedur
Hiave ob.. luren record and compare the

force reded "o move the 1 -aded wagen
in eact luause,

a. Make an inclined plane with boards ABC (Fig. A).
b. Put books in the tu:r wagon for weighl and secure it with cord, (Fig. B).

c. Weigh the wagon and hooks (Fig. B). The weight represents the
amomnt of force required to 1ift the wagon. '

d. Haul wagon up ircline as shown in figure A.

e. ilake another (linge.r) inclined plane (Fig, O).

f. Haul loaded wagon up inclined plane CB.

g. Reccrd force required.

h. Make a third inclined plane using longest board. (Fig. D).

i, Haul lcaded wagon up CB. Record force required.

Results

Less force is required to pull the wagon up the longer inclined plane.
Conclusions

The inclined plane helps by requiring less force., It lets us trade
one factor (distance) for another (force). The longer the inclined
plane, the more gentle the slant. Consequently much less force is
required to ascend., Because of the greater distance traveled, the
same total amournt of work is required.

3. Observe

Let clildr«n compare pictures of ramps and stailrways and discuss why
both are inclined planes.




k.

CONCEPT - The screw is an inclined plane.

l‘

Demonstration Showing Advantage of Sliding

Place a number of blocks of wood or similar objects on top of a desk
or table. Have children 1lift the blocks t% move them to the other side
of the desk or table. Then, have them mov the blocks by sliding or
pushing them. Compare the amount of efforft or force used in each case.

Showing Uses of Famps

Consider the answers to the following quesiions:

a. How are cars put on the top of auto trjiler carriers?

b. How is a heavy bulldozer put on top of [its trailer?

After the idea of ramps has been discoverefl, arrange a demonstration within
the classroom. Show how we can move a healry object up to a table (use a
low table) with the assistance of a ramp.| Then, make a list or chart of
pictures of all the places where children have seen ramps which make work
easier. Arrange de..onstrations, such as tfie above, using ramps and wheels
in combination.

Bulletin Boards

Have children gather and display pictures pf various examples of inclined
planes.

Problem

How is a screw useful to us?
Materials

Two pieces of wood, wood screws, screw driver.

Procedure

Have a child hold the two pieces of wood tightly together with his hands
while another child tries to move the pieces. Fasten the two pieces of
wood together with wood screws, Have the children try to move them apart.

Results

The force of your hand cannot hold two pieces of wood tightly together.
Yet the same force can turn a screw that holds the two pieces very tightly.

Conclusions

Screws are useful because they increase force.
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Qbserve

Obtain a Jackscrew used to 1lift heavy weights and let the pupils observe
how it works. Point out that the force of their arms cannot 1ift a car,
but the same force can turn the handle of a jackscrew that lifts the

car quite easily.

Research

Have children find out why screws are better than nails for some purposes.
What advantages do nails have over screws?

Cut a piece of paper into

the shape of an inclined plane.
Shade edge as shown. Wrap the
paper around the pencil by start-
ing at the wide end of the paper.
The demonstration shows that a
screw is an inclined plane wrapped
around a shaft.

/

Demonstrate a food grinder in class.
Take it apart so the children may
find the screw.

Bulletin Boards

Ask children to collect and display various types of screws and tell the
purpose for each.

Make Models Making A Model Screw Conveyer
Materials

A 3/k inch wood bit, a piece of cardboard about six inches long, a marble.
Procedure

Bend the cardboard so that it makes a litile trough. The trough shouid
be just wide enough for the bit to fit in snugly. Place the trough near
the edge of a table. Put the bit in the trough, and then place the marble
on the bit. Now turn the bit with your fingers, from right to left, and
watch the marble. What happens?

Results

In the same way, large screw conveyers are used for pushing coal, ashes, and
other solid materials.

Making Propellers

Have children make models of elﬂp;ane and tecat propellers and explain why
they are screws. ;

‘224
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CONCEPT -~ A wedge is a combination of two inclined planes.

1. Problem
; How does the wedge make work easier?
Materials
2 nails (large), board, hammer.
Procedure

File down or cut off the point of one nail. Have a child pound both nails
into the board. Which required less energy to pound?

Results
The pointed nail entered the board much easier than the nail with no point.
Conclusion

Wedges help to make work easier for us. The point of a nail is an example
of a wedge.

2. Charts
Have children compile a list of wedges that are used in everyday life.
3. Observe

Let children compare a knife and an sxe and discuss their uses. Ask the
children to locate the double inclined planes in these machines.

4. Bulletin Boards

{ a. Ask children to bring in pictures of knives, axes, nails, garden stakes,
the prow of a ship, a wedge being used by lumber men, etc. Display these
to show the various uses of the wedge.

b. Make a display of all types of wedges that the children can gather, from
the smallest pin on up. Have them write a short story to explain how
each is used.

5. Research

Ask children to find examples of how plants and animals use wedges, such
as the plant roots and the woodpecker's beak.

6. Demonstration

Demonstrate with an apple to show how a knife acts as a wedge in cutting
1 away the skin.
209
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CONCEPT - Wheels and axles are used for making work easier by reducing friction.

1.

Problem
What shape rolls best?
Materials

Objects of various shapes, such as: top, ball, pencils (round & hexagonal),
spring spool, tin can, wood blocks.

Procedure

Set up a plank or a sturdy piece of cardboard at a slant. Have children
test each object to see if it will roll down the slant and continue rolling
on the floor. Compare the distances rolled by the different objects.
Conduct a '"race" between a round pencil and a hexagonal pencil to see which
shape rolls best.

Results

A1l the round objects rolled much better than objects of other shapes.
Conclusions

Round things roll best.

Problem

How do the wheels and axles help us té6 work?

Materials f,———”"//

@H
Two boxes of the same size ,,/—’;//,/f"//
(one with wheels and one : —
without), some heavy materials , -
such as sand, books, etc., -
spring scale. \A\\§>~:S\ ///’

© /

Procedure — 0

a. Place the sand or heavy material in the box without wheels.

'b. Attach the scale to one end of the box.

c. Holding the other end of the scale, drag the box a distance of one
vard,

d. Make a note of the number of pounds indicated by the pointer on the
spring scele while the dragging was in progress.
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e. Transfer the load to the box with wheels.

f. By the same process move this box one yard and record the pounds
indicated on the spring scale.

Results

box without wheels was exposed to friction, whereas the wheels of the
other box rolled over the surface to which they were exposed.

The wheel and the axle are very important in reducing friction.

Problem

How do wheels reduce friction?

Materials

Toy car, block of wood the same size as the car, small board, books.
Procedure

Stack several books and place one end of the board on the top book to form a
ramp. Ask children to place the toy car and the wood block at the top of
the ramp and release them.

Results

The car rolls down the ramp, while the wood block stays stationary or moves
very slowly down the ramp.

Conclusions

Friction may be reduced by the use of wheels. Rolling friction is less than
sliding friction. .

Drama,

i

Have a group of children dramatize the historical high points in the
development of the wheel and axle.

Observe
&. Have children observe a doorknob, pencil sharpener, egg beater and

bicycle wheels, What do they have in common? Help children recognize
other everyday uses of the wheel and axle.
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b. Conduct a "wheel hunt" in which children look for things, inside and
outside school, that move on wheels. Complile a list which can be added
to when new discoveries are made.

c. Have children examire a bicycle. Point out that the large gear on the
pedals turns the small gear on the back wheel. Turn the pedals so the
pupils can see the large gear move slowly but causes the small gear to
move faster. Point out that if the small gear of a machine drives the
large gear, the machine will move slower but will have more power.

Draw

Ask a group to prepare a frieze, diorama, or time line on the development
of wheel and axle.

Research

Have children find out how steel train wheels and axles are made.

Demonstration Advantage of an Axle

Try to move a number of blocks with one finger. Then, put two pieces of
chalk or other axle type rods under the blocks and try tc move them. Compare
the amount of effort required. Rolling makes things move more easily than
sliding. ’

Advantage of Wheels
Materials

A roller skate or toy wagon, a moderately heavy and bulky object.
Procedure <

Have a child try to slide the object across the floor. Then, place the
object on the toy wagon or roller skate and move it across the room.
Compare the amount of effort needed. Wheels make work easier.

Using an Axle and Gear

Materials

A milk carton, a pencil, a spool (that fits a pencil), some twine, a book.

Procedure

Near the top of the milk carton, make two holes that a pencil can pass
through. Wiggle the pencil a bit until it can turn freely in the holes.
After fastening the twine to the book, tie the other end tightly to the
pencil. Try to 1lift the weight by turning the pencil with your fingers.
Now push the spool onto the pencil. Be sure it fits tightly. Turn the
spool and again 1ift the weight. Is it easier now?
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CONCEPT - Levers help us to lift things more easily. There are three classes of
levers. Each has a fulcrum, a force arm,'and a load -arm.

P . ;

1. Problem

What is a first class lever?

bt L

Materials
A three-sided block of wood (fulcrum), ruler, weight.
Procedure

Have children place the middle of the ruler on the wood block. Place a
weight on one end and push down on the other end.

Push
Here. . Weifht
P

b

"M Tvlcrum
Is this less work than picking up the weight?

Results
Less force is needed to move the weight with the lever.
Conclusions
Levers help us do work more easily. When the fulcrum is between the weight
and the force, the lever is called a first class lever. Examples: Seesaw,
crow bar, pump handle, scissors.
2. Problem
What is a second class lever?
Materials
A three-sided block of wood, ruler, weight.
Lift
%ere Weight

d

a

Procedure Fulcrum

Have children place one end of the ruler on the wood block (fulcrum)
while one student holds the other end in his hand. Place the weight
between the fulcrum and the student's hand. Ask the student to 1lift
the weight. Have other children try this and decide if this is less
work than is involved in picking up the weight without the lever.




Results

Less force is needed to move the weight with the lever.

Levers help us to do work more easily. When the weight is placed between
the fulcrum and the force, the lever is called a second class lever.
Examples: wheel barrow, nutcracker, paper cutter.

Problem

What is a third class lever?

4 three-sided block of wood, ruler, weight;

Weight Lift
Here

P N

Procedure Falerun

Have a child place a weight on one end of the ruler and hold the other

end down on the wood block with one hand. With the other hand, 1ift up

on the ruler between the fulcrum and the weight. Discuss the amount of work

needed to move the weight with and without the lever.

Results

less force is reeded to move the weight with the lever.

Conciusions

Levers help us to do work more sasily. When the force is applied between

the fulerum and the weight, the lever is a third class lever. Exauples:

shovel, fishing pole.

Gharts

a. Have children construct a chart showing examples of the three classes
of levers. The force arm, the weight arm, and the fulcrum should be

labeled in the examples.

b, Have the children find pictures or make a 1list of all the different
places we use levers to make our work easier.
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L.

Demonstration
a. Materials

Ruler, blackboard eraser, a number of books.
Procedure

First have a child try to 1lift the books with one finger. Then arrange
the ruler, as a lever, with the eraser as the fulcrum. Compare the
amount of effort or energy required to 1ift the books in each case.

Results
Levers make our work easier.

Drive a nail half-way into a board. Have children try to pull it out
with their fingers. Let them then pull it out with a claw hammer.
Discuss how the lever works in this case. Try pulling out a nail while
holding the hammer handle close to the claw and compare how much easier
it is while holding the handle farther away.

Have pupils rise and stand on their toes. What are they 1lifting? What
helps to 1ift themselves up? What are they balancing themselves on?
Explain that this is an example of a third class lever.

Bulletin Boards

Have children arrange a bulletin board display depicting the uses of levers.
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CONCEPT - A pulley is a simple machine that can be used in two ways: to change the
direction of the force; and to reduce the amount of force required to do work.

1. Problem
How do pulleys help man in lifting weight?
Materials
Two or more pulleys, weighted pail,
light rope {(or strong cord), a set
of draw scales.

Procedure

Have children try all four activities
and compare the results.

a.

h.

v

q:

Lift up weighted pail by cord and draw scales.

Put small rope over the pulley. Be sure the ropre is long enough to touch
the floor. Tie one end of the rope securely to the handle of the pail
and pull down on the end of the rope. Keep on pulling until the weight
is lifted above your head.

Fasten a piece ¢ heavy cord to a hook or nail high up on the wall.
Attach a weight to a pulley and put the cord through the pulley. A4s
you pull up on the cord, the pulley moves up, carrying the weight with.
it. This pulley is called a movable pulley because it moves along the
cord. Fill a pall with stones. Weigh the pail of stones on a pair

of draw scales.

Fasten the pail to the pulley and the end of the cord to the draw scales.
By pulling on the scales, you can 1lift the pail. How much force did

it take to 1lift the pail without the pulley? How much muscle force

did it take when the movable pulley was used?

Results

a.

<

(0]

In the first set-up, the actual weight is determined.

In the second set-up with one fixed pulley, the force rsquired is the
same if the friction is omitted. This merely changes the direction of
pull. ,

In the third part with one movable pulley, the force is halved but the
distance is doubled.

In the fourth experiment, the force is again reduced - this time by one~

half. The force can be determined by counting the number of movable
strands and dividing this into the weight.
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CONCEFT

1.

Conclusions

Fixed pulleys and movable pulleys help us in many ways. They help us
raise our windows, get the flag to the top of the pole, and help farmers
to get their hay up to the hayloft. A movable pulley 1lifts half the

load. The more pulley wheels there are, the easier it is to 1ift the load.
Pulley blocks are used in cranes and derricks to 1ift heavy loads such as
big pieces of steel, etc.

e a 1list of all the places where we use pulleys to make work easier.
Include the flag pole, draw drape rods, winches, and others.

Have the class observe the raising or lowering of the flag. Where is the
fixed pulley?

Research

Have children find out how pulleys are used in heavy industrial machinery,
such as crarnes.

Make Models

Iastruct childrer in making models of different types of pulleys; single—
fixed, single-movable, double movable. Discuss how they are different
ard how they might be used., Ask them to trace the directlion of movement
in each case. Simple models could be made from spools,coat hangers and
strirg,

-
-

rintion opposes all motion. Friction results when two surfaces rub
agairst each other.

How can we show friction opposes motion?

Materials \

Rourd pen:ils, circles of cardboard (6 inches diameter).

Procedure

4sk the children to put their pencils through the center of the cardboard.
5;22§S?uz that they now have a wheel on an axle. Ask them to spin their

Resuits

The wheels will spin for a very short time and will stop, since the card-
board is rubbing against the surface of the pencil.
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Conclusions

Friction will stop a moving wheel. Friction results when two objects
rub against each other.

Problem
What types:of -surfaces cause the most ‘friction?
Materials

Small block of wood, a screw eye, stiing, a rough wooden board, a-.small
pane of glass, a heavy stone.

Procedure

Fasten the string to the screw eye and screw this into the small block of
wood. Place the stone on the block. Have children pull this block, first
over the rough board and then over the glass.

Results

The block with the stone will be much harder to move over the rough board
than over the glass, "

Conclusion

Friction is always present when two surfaces rub against each other. The
rougher che surfac: the stromger the frictionis.

Problem

Can friction be useful?

Materials

Rope.

Procedure

Have a boy wearing gym shoes to pull a rope opposilte a boy wearing leather
soled shoes. ( Be sure the btoys are abouf’fﬁg same size and weight.)
Resulits

The boy with the gym shoes will be able to pull the other boy, for there
is less friction with the leather soled shoes.

Conclusions

Friction can be useful and special equipment is made so as to increase
friction, such as gym shoes.
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h.

Problem

What are the effects of friction?

Materials

Matches, block of wood, sandpaper.

Procedure

Ask children to rub the palms of their hands together briskly and notice

the results. Strike a match and let the children discuss why it lights.
Have the children rub a block of wood with sandprer and notice the results.

e

Results

These are all examples of friction. The children}s hands grow warm and

the match lights because friction produces heat. |Particles of wood are

worn away by the sandpaper.

€onclusions

Friction produces heat and causes wear.

Observe

a. Ask children to recall walking on ice during wjinter. What did they
notice about the difficulty of walking on ice hompared to walking on

dry pavement? Lead them to understand thet friction is helpful in
many ways.

b. Have children observe the shapes of the fish ih the aquarium and comment
on why they are shaped that way. How do the h%rd smooth scales help
the fish?

Research

a., Ask a research group to prepare a report and demonstration on the way
early man started fires by rubbing pieces of iood together or by striking
sparks.

b. Ask some children to find out how automobiles] stop when the brake pedal
is depressed.

¢, Have children report on why airplanes and submarines are "streamlined."
What is fluid friction?
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8.

Demonstration

a. Place a smooth board and a rough board at a similar angle and place a
weight on each. Increase the angle until one of the weights slides to
the bottom. Which one slid first? Why did it slide before the second
one?

©. Rub a piece of cotton over a rnugh wood board and over a pane of glass.

Cotton will adhere to the board because it is held back by the rough
surface. Rough surfaces produce more friction than smooth surfaces.

Bulletir Boards

Ask children to prepare a bulletin board illustrating the good and bad
effects of friction. For example, 1t makes it possible for us to walk from
one place to another, but it also causes shoe soles to wear out.

CONCEPT ~ Things move because forces act upon them.

1.

Problem

How can we start something moving?

Materials

& brick, thin cotton string.

Procedure

Tie the string tightly around the brick. Have a child try to move the
brick by pulling the string slowly. Then have the child try to move
the brick by quickly pulling the string.

Results

The string will break when the child attempts to move the brick by pulling
the string quickly.

Conclusions

4 force must be applied to start an object in motion, since an object at
rest resists change. The faster an object must be put into motion, the
greater the force needed. Once an object is moving only friction has to
be overcome. A much smaller force is needed to keep an object moving than
is needed to start it moving.

Problem

How can we use stored energy?

Materials

Mechanical alarm cleck, mouse trap, spring, wind-up toy.
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Procedure
Set the alarm so that it will ring in a few minutes. Set the moust trap
and allow one of the children to release it by touching the plate with a
ruler. Have the children stretch or compress the spring to feel it try-
ing to force its way back to its original position. "Wind up the toy and
let children observe how the stored up energy makes it move.
Results
These are all examples of energy stored in springs.
Conclusions
Energy may be stored and then released to force things to move.

3. Problem
Why do things move?
Materials
Roller skates, basketball.
Procedure
Ask a child to put on the roller skates and stand with his feet parallel.
Give him the basketball and ask him to pass it to someone by thrusting it
away directly in front of him,
Results
As the ball is pushed away, the child rolls backward on his roller skates.

Conclusions

Objects move because force acts upon them. For every action, there is an
equal and opposife reaction.

L. Problem
What is inertia?
Materials
Drinking glass, a marble.
Procedure
Lay the empty glass on the table with its open end pointing forward. Ask

a child to place the marble near the bottom of the glass and push the glass
forward and then quickly stop the glass.
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Results

The marble will remain in the glass until the glass &tops moving; the
marble will continue moving forward.

Conclusions

Every moving object has a force that resists its stopping. This force is
called inertia of motion. (Example: the forward motion of your body when
your car stops suddenly.) '

Problem

What is inertia?

Materials

A drinking glass, a penny, a thin cardboard (a little larger than the top
of the glass).

Procedure

Fill the glass halfway with water. Cover the glass with cardboard and
place the penny in the middle of the cardboard. Ask a child to flick the
cardboard off the glass (using the same kind of motion as in shooting
marbles). What happened to the penny?

Results

The cardboard will slide off the glass, but the penny stayed in position
and fell into the glass.

Conclusions
Every resting object has a force that resists its starting to move, This
force is called inertia of rest. (Example: the backward motion of your

body when your car or bus starts suddenly.)

Charts or Graphs

Have children construct charts showing how machines move things in such
ways as: pushing, pulling, forcing, and lifting.

Have the children draw charts of simple machines that change the direction

of force. For example, in a single fixed pulley, a pull downward will
result in a lift upward.

Resource Person

Ask a representative from the traffic bureau of the Police Department to
inform the children on safe following distances for automobiles and why
these differ with the speed of the automobile.
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g Resulte

2. The spoolmobile rolls along under its own power when wound up and wnen
released.

b. Spoolmobiles do not create their own energy. The operator puts in
energy when he winds Up the spoolmobile. This energy is used
for self-propulsion of the spoolmobile.

CONCEPT - Friction can be reduced to make work easier by using wheels, rollers,
bearings or lubricants.

1. Problem
How will bearings make work easier?
Materials
Wood board books, marbles.
Procedure
Lay the board down on the floor and place 5 - 10 books on it. Have the
children push or pull the board to see how much effort is needed to move
it. Place the murbles under the board and let the children move the board
again. Explain that the marbles are acting as bearings.

Results

It is easier to move the loaded board when the marbles (bearings) are
under it.

. Conclusions

Bearings reduce friction and make work easier. Rolling friction is less
thah sliding friction.

2., Problem
How will lubrication make work easier?
Material
Two blocks of wood, soap.
Procedure
Have the children rub the two blocks of wood together. Let them apply

soap to the surfaces of the blocks and rub them together again. What
do they notice?
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9.

10.

11.

12.

Research

a. Ask the children to find out how plant leaves slowly move to
catch' a greater amount of sunlight. Have a group of children
prepare a report on the rorce of gravity and its effect on
motion. They might report on the experiments of Galileo per-
taining to gravity.

b. Have the children read about Isaac Newton and tell about the laws
of motion and gravitation.

Demonstration

Release an inflated balloon and discuss with the children why the bal-
loon is propelled forward - the principle of action - reaction. How
does this compare to the rocket launchings the children have seen?
Have the children collect pictures to display other examples of the
action - reaction principle, such as a man rowing a boat, an airplane
flying, etc.

Bulletin Boards

Let the children construct a bulletin board illustrating examples of
Newton's Laws of Métion.

Make Models A Spoolmobile

Materials

Spool, two match sticks (one long and one short), rubber band, piece

of soap.
Procedure

a. Put rubber band through the hole
in the spool, and put the small
match stick through one of the
loops made by the rubber band.

oap
Washer
b. Cut the soap into a circle with

its diameter about half that of
the spool end.

c. Cut a small hole in the center of the soap. _ Long Match

d. Place the other loop of the rubber band through the socap ard put
the long match stick through this lo6p. Rubber band should be
about twice as long as the spool. (Soap provides moderate
lubrication, but soft floating soap will stall spoolmobile).

e. It may be necessary to notch end of spool to prevent the small match
stick from slipping.

f. Notches on raised wheel ends of the spool may be made to correspond
with treads on tires to provide better traction.
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Research

Have the children find out how various lubricants such as graphite, oil, and
etc.,, are produced. Develop a chart to show the steps in production from
raw material to finished product.

Demonstration  Showing The Value of Lubrication

Arrange to have a child bring a bicycle that is in need of oil to school,
Visit the playground with the class and turn the bicycle upside down. Start
the front wheel spinning and observe how long it continues to spin. Then
apply oil or another libricant to the axle and then spin the wheel. Compare
the length of time it continues to spin. The same thing could be done with

a wagon or roller skates. Lubrication reduces friction and makes work easier.

CONCEPT - The energy of the wind, ialllng water, burning fuel, the sun and the atom

are all being put to use in machines invented by man. //7

f:‘-'
Problem C;E::::I

How does a steam turbine work?

Materials

Three inch cork disc, eight strips >
of tin (4" by 13"), flat board .
(4" squar@),xong nail, test tube,

gas burner, glass tube bent at right
angle, rubber cork, pyrex flask, tripod.

Procedure —
_— —

Assemble the materials as shown. Space the tin vanes evenly. Adjust the
glass tube so the end is as close to the vanes as possible. Fill pyrex
botile half full of water. Heat the water.

Results

As the steam escapes from the end of the glass tube, it forces the cork disc
around to the next vane. The process is repeated each time the vanes come
close enough to the end of the glass tube. The more steam pressure developed,
the faster the cork disc will turn.

Conclusions
Steam pressure can be used to do work. Some of our newest jet planes use

this principle in their turbine engines. The steam turbine is capable of
developing a great amount of power.
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Results

It is easier to rub the blocks together after soap has been applied.
Conclusions

Lubrication reduces friction and makes work easier.

Problem

How can we reduce friction?

Materials

Two blocks of wood, oil, spring scale, two or three round pencils, thumbtacks,
small weight.

Procedure
Have children do each activity and record and compare the results.

2. Place a small block with string attached to tack and scale on top of
large block.

Put weight on small block.

Pull scale and register reading when block begins to move.
b. Seme as (a) except that pencils are now inserted between the two blocks.
c. Same as (a) except that a film of oil is spread between the two blocks.
Results
The scale noted three different readings to move the same weight.
Conclusions

More friction is evident when there are large rough surfaces. Friction
between rough surfaces can be reduced by lubrication or the use of rollers.

QObserve

a. Let children take the wheels off an old roller skate to observe the
bearings. Have children notice how they fit between the wheel and the
axle.

b. Put a drop of oil on a pane of glass. Ask the children to rub a finger
on the unoiled part of the pane and then on the oiled part. Ask them
to explain the difference they noticed.

| S— [ —
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2.

Problem
How can we illustrate the force of steam?
Materials

Piece of iron pipe six inches long, threaded on at least one end; rubber
stopper to fit the other end; alcohol or gas burner; water; ring stand;
and clamp.

Procedure

a tablespoon of water in the pipe and
place the stopper in the openihg. Be
sure not to point the pipe at people,
windows, etc. Secure the pipe to ring
stard at 45° angle and heat the capped
end. Let the children give their ideas
about what caused the results. 6 x 3/L4" Diameter
Tablespoon of wat

Tighten the cap on the pipe. Place (/

Iron Pipe

Results

v

When the pipe has been heated, it generates steam which forces the stopper
out with a loud "pop" and a moderately high velocity.

Conclusions

Steam exerts tremendous force. Many machines are powered by steam.
Charts

Ask children to prepare an illustrated chart that tells how various kinds
of forces help us, such as: wind - windmill; water - paddlewheel on boat;

steam - steam engine; gasoline - cars; electricity -~ vacuum cleaner.

Observe

Place a radiometer in bright sunlight. This will show one form of energy
changing to another. Ask children to find out more about solar energy and
how it may be used.

Research

a. Have children do research on how coal, electricity and gasoline have
increased the usefulness of the machine.

b. Have children find out how atomic energy is now being used as a source

of power for various machines. Have them look for newspaper articles
on the latest developments in this field.

c¢. Have children find out what a foot-pound is and how it is used in
measurement. 22 {7
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d. Have children do research to find out how huge dams like the Hoover
and Grand Coulee use the energy of falling water to produce elec-~
tricity.

Bulletin Boards

Ask children to do research and exhibit their findings as drawings,
pictures, etc., about scientists such as Archimedes, Samuel 'Colt,

Henry Ford, Robert Fulton, Johann Gutenberg. James Watt, and Eli Whitney.

Make Models

Make a simple water-wheel to show how waterpower can be used to move
things.
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Evaluation

Included here are samples of evaluation items which could be used in developing

your informal testing program. These suggested types of items cover the particular

[ ]

science area that has been developed in this section of the handbook. This also means
they could be used to help develop informal testing to cover large areas of infor-
mation (monthly, mid-year, end-of .year testing). These are by no means complete

tests as such. You will have to adapt and develop items to meet your particular

claes's own individual needs and differences.

Answer the following:

1. What are the three parts of & lever?
(force arm, fulcrum, load arm)
2. What machines can be used to increase speed?

(lever, gear)

3. What machines can be used to increase force?
(lever, wedge)
L. What are some examples of wedges that we see in nature?
(bills of birds, plant roots, plant shoots, snouts of some animals)

Underline the correct answer in each of the following sentences:

1. PFriction is caused by

a. gravity b. things rubbing together ¢, lubricaticn d. wusing
bearings

2. In an automobile, the force to turn the wheels is produced by

a. engine b. spark plugs c. distributor d. clutch
3. The force that opposes 1ift in a flying airplane is

a. thrust b. drag ¢, gravity ¢. push

) 4. The opposite to thrust is called

a. gravity b. puwll c. drag d. 1lift
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Complete the following sentences:

1. A force cannot move an object unless it exceeds the (resistance) of
the object. T

2. Wheels turn around on the (axle)

3. Friction between a wheel and axle can be made less by lubrication and by
using (bearings [ball or roller} )

4. To move a boat forward, the propeller must push the water (backward) .

Write a brief but complete answer to each of the following:

1. Explain how a liquid (such as oil) can lubricate and reduce friction.

(Molecules in solids cling to each other. Therefore, there is much friction
when dry solids rub against each other. The molecules in liquids roll and

slide around each other readily.)

2. Friction can often be useful. Give some examples of such cases.

(Without friction we could neither stand nor walk. We could neither start

nor stop. Automobiles would slide off roads. Without friction brakes
could not work. [Many other answers possible] )

A list of terms is given below. Select the term from the list that goes with

each statement. Write the term in the space before the statement.

Steam Internal-combustion-engine Gas turbine engine

Waterwheel Carburetor Electromagnet Force

1. (Carburetor) supplies the engine with gasoline and air.
2. (Force) 4 push or a pull.

3._ (Internal-combustion-engine) burns fuel inside.

4, (Steam water in the gaseous state.

5. (Electromagnet) needs electric current to work.

Write the number of the word group in Column A in the space before the item
in column B that it best matches.

Column A Column B
1. A push or pull. (4) a. dJet
2. Higher pressure under airplane wing. b. Drag
3. Rough surface. Z:i ¢, Friction
4. Stream of hot gases. d. Inertia
5. A forward fcrce, 1 e. Force
f. Thrust
g, Lift
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Vocabulary

One of the strongest keystones of scientific efficiency lies in its vocabulary.
The scientist says things precisely, accurately, and briefly. Probably one of“the
greatest quarrels the science teacher may have with the elementary level teaching
today is vocabulary. The science teacher can have no use for vocabulary that is
not precise and accurate. Precision in vocabulary is necessary for understanding
and meaning of the concept or process b&ing learned.

The words listed belcw are the basic vocabulary for the indicated area of study.

After each word has been introduced, its meaning is t6 be maintained and ‘extended

at each succeeding level of study.

axle Lift

ball bearing load

beater load arm

blade lubrication

chain machine

crank mechanical energy
cylinder Newton's Law of Motion
diesel engine Newton’s Third Law
drag nuclear energy
drill nuclear fuel

drum brake piston

energy pliers
external-combustion-engine pry

force reel

force arm resistance
friction rod

fulcrum roller bearing
gasoline engine sSeesaw

gear speed

generator steam engine
gravity teeth

grip : thrust
internal-combustion-engine turbine

Jet wedge

lever weights
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Children's Books

Books are a very essential part of the instructional materials in elementary
schools which provide superior learning experiences for children. The selection
of these books poses a difficult problem for librarians, teachers, and administrators
because the science field is broad and increasing in scope, and elementary school
science programs are varied in nature. Some of the more common specific difficulties
in choosing books are (1) finding materials which deal with the varied interests

: of children; (2) locating material which gives information correlated with the local

school district's instructional guides;(j) finding books of appropriate reading
difficulty; and (4) selecting the best books from the many available.

The. following list gives help related to the first three difficulties presented.
Indirectly, it also helps with the fourth difficulty, for the best books cannot be
selected until they are located. Further, the brief annotations should be of help
in determining which books may be best for a given tlass. Finally, time should
be saved in the selection of a "best" 1list if some information about the reading
difficulty of available books is provided. It is hoped that this list will suggest
for elementary teachers boocks that are supplementary to basic text series, and that
these books will have value either as sources of information or for recreational

reading.

It is always hazardous to specify an exact grade placement for a book because
of variations in pupil-reading ability in any class group, and because of different
uses made of books. Consequently, the lowest grade levels for pupil-use are indicated.
At lower levels these same books may be useful if the teacher reads to the children.

This list was adapted from the publication Children's Catalog (1966).

Adler, Irving Things that Spin: From Tops to Atoms, by Irving and Ruth Adler.
Day 1960 48 p. illus - $2.39 (2-5) '"Orienting the discussion in six basic
facts about spinning tops, this book handles difficult concepts with clarity.

By comparison with the top, the phenomena of centiifugal force, precession,
and orbital motion are explained in the earth, moon, sun, stars and atoms."

Barrow, George Your World in Motion; The Story of Energy; illus. by Mildred Waltrip
Harcourt 1956 18lp illus $2.95 'Sources of energy and the ways in which it is
used are graphically described and illustrated with diagrams and a few experiments.,
Also includes a clear explanation of the principlés and future possibilities
of atomic energy.’

Darby, Gene What Is A Simple Machine; pictures (by) Robert W. Friedl. Benefic
Press 1961 480 illus (The What Is It Ser) $1.80 (1-2) Contents: This is a
simple machine: Levers: Wheels; Pulleys: Inclined plane; Screws; Wedge; Big -
machines "Written for early elementary school readers, the book depends
largely on illustrations and unanswered questions to cénvey its ideas."

Feravolo, Rocco Wonders Of Gravity; illus. by Robert Bartram. Dodd 1965 64p illus
(Dodd Mead Wonder Bks) $3 (4-6) !"The author explains gravity in relation to
matters familiar to youngsters. Included are activities to try at home, such
as Iinding the center of gravity and producing artificial gravity."
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Froman, Robert TFaster and Faster; A Book About Speed; illus. by Arnold Spilka
Viking 1965 42p illus $3 (2-4) Scientific explanations of how "snails outrun
glaciers; hydroplanes outwing birds; sound travels faster than tornadoes;
light, faster than sattelites."

Harrison, George Russell The First Book of Energy; illus. with line drawings and
photographs. Watts, F. 1965 8lp illus $2.65 (5-7) The author "writes of
what energy is; what it does; why it is important to us. Covers sound, heat
electric, magnets, the sun, and the atom. Although not as exciting as a picture
book or rocket launchings, it is a great dezl more basic to a real understanding
of rockets or almost any of the many components of our complex technology.

Pine, Tillie S. Friction All Around, by Tillie S. Pine (and) Joseph Levine; illus
Bernice Myers. McGraw 1960 46p illus (Whittlesey House Publications) $2.50
(2-4) "Many examples from everyday activities are used to describe and explain
to children the meaning of friction and its importance in the physical universe.
Easily read text, animated drawings, and simple demonstrations and experiments
which make use of commonplace articles and phenomena."

----- Gravity All Around (by) Tillie S. Pine (and) Joseph Levine; illus. by Bernice
Myers. McGraw 1963 48p illus (Whittlesey House Publications $2.50 (2-4) A1l
about gravity (what it is) and how it keeps the planets in orbit, how it helps
man, and how space ships will be able to escape its force. Provides numerous
experiments suitable for class or home use which will benefit every child. The
authors have made an unseen physical force very specific.

Ruchlis, Hy Orbit; A Picture of Force and Motion; drawings by Alice Hirsh. Harper
1958 147 illus map $3.50 M"A provocative and informative book about some of the
basic physical laws. To explain some of the pherniomena of the space zge, the
author goes back to Newton's Laws., Discussing force and inertia, zcceleration
and momentum, action and reaction, gravity and resistance, the author clarifies,
with very clear examples, the application of these principles in daily life.
Photographs and diagrams are well chosen to illustrate the effect being discussed."

Schneider, Herman Now Try This; by Herman and Ni.na Schnieider; pictures by Bill
Ballantine. Scott, W. R. 1947 L4Op illus $3 (3-5) A "picture-science book,
dealing with the different ways of moving a load. Directions are given for simple
experiments that show the basic principles of friction, leverage and inclined
plane."

Sharp, Flizabeth N. Simple Machines and How They Work; illus. by Ida Scheib. Random
House 1959 83p illus $1.95 (2-4) This easy-to-read book explains the wheel,
the pulley, the screw, the lever, the wedge, and the inclined plane. The author
shows how they make work easier in egg beaters and pencil sharpeners, rowkoats
and bicycles. Deals with the oldest devices known to man and has the added
attraction of describing simple and dramatic experimert that can be performed
with books, marbles and rubber bands.
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Syrocki, B. John What Is A Machine; pictures (by) Gregory Orloff. Benefic Press
1940 45p ilius (The What Is It Ser) $1.60 (2-4) "Explains the principles
behind and many uses of the wheel, the lever, the pulley, the inclined plane,
the wedge and screw, and several larger more complex machines,"

Ubell, Earl The World of Push and Pull; photographs by Arline Strong. Atheneum Pubs.

1964 58p illus $3.25 (2-5) "This science concept book on force and motion
expalins in clear...language the rules of push and pull: pendulums, gravity
friction, buoyancy of matter, principles of the lever, centrifugal force and
kinetic energy. Excellent photographs."

Wyler, Rose What Makes It Go? By Rose Wyler and Gerald Ames; illus. by Bernice
Myers. McGraw 1958 64p illus (Whittlesey House Publications) $2.75 (3-6)
This book tells about the machines we ride and what makes them go, with "an
explanation of virtually every mode of transportation from roller skates to
rockets., Simple experiments are included to demonstrate the principles upon
which inventions work.  Diagrams are clear, print is large, and glossary of
scientific terms, list of experimental material, and index enhance the book's

usefulness."
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Films

These films are avialable from the Central Audio-Visual Department. Contact
your building A-V Coordinator to arrange for the use of these films.

All films should be previewed to determine suitability for use with your
particular class.

Building A Jet Plane 11 min. Col. Int.

This film stresses the cooperative effort of the many skilled men and women who work
together to build a Jet plane. We follow a Jjet plane from original plamning through
parts manufacture, sub-assembly, final assembly, ground testing, and flight testing.
Finally, it i8 sold to an ajrline company.

Energy and Work ' 11 min. Col. Gds. 5& 6

Works means using energy to make an object move or to make it stop moving. Energy
that can be stored is called potential energy. There is potential energy stored

in many things - gasoline and other fuel, hanging sandbag, a wound up rubber band,
etc. The energy in moving objects is called kinetic energy. All energy can do work.

Engines and How They Work 11 min. B& W Int.

Animation and live photography are used to illustrate the principles of the common
types of heat engines. Explains typical applications of the reciprocating, rotary
and reaction types. Includes the automobile engine, the diesel, turbine, and turbo-
jet. It provides explanation of types of engines required for use beyond earth's
atmosphere.

Friction 11 min. B&W Int.

This film intrcduces the student to the nature of friction as a restraining force
with which he must contenti in everyday life. It explains the ways in which we try
to increase it when it is helpful.

Friction and Its Effects 11 min. B& W .Int.

Friction can help us or hinder us depending on how it is used and controlled. We
are shown that when objects rub together, friction is produced - a resistance to
movement, which causes heat and wear. Illustrated are the effects, use€ and
disadvantages of friction, and methods of controlling it.

Friction, How It Helps and Hinders 133min. . Col. Int.

Problems relating to the effects of friction and how it modifies many of our
activities and devices are treated in this film. One of the Living Science Series.

Let's Look At Levers 10 min. Col. Pri. Int.

The student is shown how levers help perform work beyond the strength of man and
the principles of the lever is explained with examples of machinery and games.
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Machines That Move The Earth 15 min. Col. Pri., Int.

The film describes various types of construction machinery needed to make modern
highways, excavations of foundations for large buildings, making of sea walls, and

the building of reservoir and dam foundations. Equipmerit shown included drag bucket,
power shovel, clam bucket, dump truck, bulldozer, motor scraper, motor grader, sheeps-
foot tamper, and orange-peel bucket.

Operation Jetliner 17 min. Col. Int.

This film shows man's history of flight from the theories of Da Vinci, the historic
flights of the Wright brothers, and others to the present day jet engines. Film
shows behind the scenes activity of preparing the plane for a flight with its load-
ing and unloading of baggage, mail, air-freight, and also disembarking of passengers.

Simple Machines At Sea 15 min. Col. Int.

Through the vehicle of a beautiful ship at sea, the student very quickly becomes

aware of the fact that it takes only a few men, with the aid of simple machines,

to sail a ship weighing a hundred tons. The lever, the inclined plane, the wedge,

the screw, the wheel and axle, and the pulley are all introduced and many applications
aboard ship and land are presented. The student is presented with examples of

simple machines, in keeping with his everyday environment, which trade DISTANCE for
FORCE and FORCE for DISTANCE.

Simple Machines: Inclined Planes 6 min. B& W Int.

A skillful combination of stop-motion photography and animation with familiar
examples helps pupils recognize forms of the inclined planes, including screw and
wedge plane, and to understand their function as simple machines.

Simple Machines: Levers 6 min. B.& W Int.

This film introduces the concept that the lever is a simple machine which can change
the amount of force or its direction. The interrelation of force and distance is
clearly presented. This film shows such familiar forms of the lever as a seesaw,
nutcracker, broom and examples of more complex machines that utilize the principle
of the lever.

Simple Machines: Pulleys : 6 min. B& W Int.

Both the fixed pulley which changes direction and the movable pulley are examined
in detail, including the block and tackle system. Effective display of motion
picture techniques are used to bring out the function of different kinds of pulleys
as they are seen in everyday life.

Simple Machines: Wheels and Axles 6 min. B& W Int.

This film illustrates the force and distance relationships which exist in machines
utilizing the principles of the wheel and axle. The way in which working wheels

of a bicycle increase force or distance is analyzed and visually demonstrated. The
f£ilm examines such applications of the wheel and axle as the gear drive, belt drive
~and crank.
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Steam Age 16 min. Col. Int.

P RN e

The film describes the development of transportation in the U.S. from the time of
the Indians to the coming of the automobile. It utilizes historical re-enactments
and unusual prints of the period] brings to 1ife man's struggle to conquer the vast
distance on the North American continent.

You and Machines 13% min. Col. Int.

Two basic machines, the lever and inclined plane, are illustrated, and their use
in complex machines is portrayed.

PN ez Limsins

What's So Important About A Wheel? 10 min. Col. Pri. Int.

The Zilm traces the history of the wheel and its subsequent development from a simple
wooden cart to the modern automobile. By playing a guessing game, students are
asked to identify warious kinds of wheels, and are led directly into a discussion
situation at the end of the film by being asked to think of other kinds of wheels
and cther uses for wheels.

[P Ly

Wheels, Belts, and Gears 12 min. Col. Int.

| W

Ar. engine, a motor, or any source of power is of no use to us unless we can put
its power to work. Devices we use to transfer power are wheels belts and gears.
K Various examples of uses of each of these are illustrated.
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