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PREFACE

The teaching of science in 1 2 elementary school is a responsibility
of major significance. Through our efforts 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 under-
stand their natural enviromment, the pupils must also have a complete
understanding of the process involved.

There is a need to improve teaching and learning in science contin-
uously. New materials of instructinn, 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 gll 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.

I

orman R. Turchan
eneral Elementary Supervisor
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THE SUN, EARTH AND MOON

Initiatory Activities

Have the children:

1. Discuss life on earth without the sun. Talk about plants, animale,
temperature, light and the atmosphere.

2. Do research on sundials to answer such questions as: Who used them? What
do sundials do?

3. Tell about their personal experiences with the heat of the sun: walking
barefoot in the hot sand; being sunburned; being in the hot sun on a
hot summer day. Draw a picture to go with each story.

L. Heport on the spectroscope, an instrument that enables astronomers to
analyze the composition of the sun and the stars; the spectrograph, a
spectroscope that takes photographs; and the thermocouple, an instrument
used to measure the temperature of a star.

Report on the work of Joseph Von Fraunhoter.

vt

6. Report on work being done to more fully utilize the sun's radiant energy
(solar cells, solar furnaces for homesg.

7. HKeport on the beliefs of the early people who were sun worshippers; such as,
the Komans, Greeks, Egyptians, Japanese, and American Indians.

8. Discuss and examine pictures of telling time by the sun.

Developmental Activities

CONCEPT - All objects occupy space.
1. Problem
What is space?
Materials

Water, tubs, tanks or basins, widemouth jar, marbles, sand, alcohol or
sugar, chart paper or butcher paper, string, crayons.

- Procedure

Have a child fill a jar with water and put his fist in the jar. Llet him
discover that the water overflows because his hand takes up space. Point
é out that water was pushed out of space where his hand is now.

Invert an "empt:" jar in a tank of water. Does the water rise inside the
jar? (No.) What occupies the space in the "empty" jar? (Air occupies
the space.)




Fill a large, widemouth Jjar with marbles. 4sk the children, '"Does the jar
look full? Can you see some space left in it?" Have the children add
some clean sand and shake the jar, then add more sand. Then ask the chil-
dren, "Is it full now?" or '"Is there any space left?" Have a child add
water to the jar. Ask the children if they notice anything coming out of
the jar. (They should.) Ask them what they think it is. (Air bubbles)
Try adding some alcohol or sugar to the full jar. Bring out that each
time they add something, they are filling up space. (Actually, empty
space is that dimension or condition in which there is an absence of any~
thing.) Between the grains of sand there was space. ¥%ven between the
water molecules there was space.

Results

There is space all around us. Help the children generalize that we take
up space. Our bodies take up space. The earth occupies space.

Conclusions

All objects occupy space. Space is all around us.

Stratosphere

Lonosphere

lixosphere

CONCEPT - The sun is a nearby star that is the center of a large system of
heavenly bodies that revolve around it.

1. Demonstration

Cut out a large sun from yellow paper. Put a flashlight in the center of
it. Darken the room and have it "shine" on the earth (globe). Turn the
globe. Can the sun shine on all sides at one time? Turn off the flash-
light. Keep turning the globe from west to east. Without its own (earth)
light and without light from the sun, what happens? Have the child observe
that the globe or earth is turning to cause night and day. Reflect light
from a mirror to show pupils;how the moon reflects light.

9




CONCEPT -~ We seldom see the sun on rainy and cloudy days. Shadows form when things

1.

block the light.

Problem
What makes shadows?
Materials

Slide projector, black construction paper, white construction paper.
Procedure

Project light from slide projector onto the chalk board. Have each child
in turh stand near the board so his shadow will fall on the board. Place
black construction paper on the chalk board so child's shadow will fall
on it. Next, outline the child's silhouette. As the next child is getting
his silhouette drawn have the finished silhouette cut out by previous
children and pasted on white construction paper.

Results

As children are watching the silhouettes being drawn guide them to believe
that shadows form when things block the light.

Charts, Maps, Graphs

Make experience chart after the children make sundials.

Our Sundial

We made a sundial,
We put a pencil in some clay.
We put the clay on paper.

We put our sundial in the sun.
/ Lé

pencil clay paper sundial

Observe

Take the children outside to notice the position of the sun. Do this in
the morning and again in the afternoon. Notice the difference in shadows.
Travel through the school and notice those rooms that are bright with sun-
light in the morning and then in the afternoon. Encourage them to make a
number of observations. They should be led to observe the sun's direction
across the sky. As they are ready, introduce the East to West concept.

10



1.

CONCEPT - The sun is always shining. It is day when our part of the earth faces the

sun. It is night when our part of the earth is turned away from the sun.

Problem

Do shadows change?
Materials

Butcher's paper, black crayon.

Procedure

Lay the butcher's paper on the ground and have a pupil stand next to the
paper so vhat his shadow falls on the paper. Now have another pupil outline
his shadow with the black crayon. Repeat the experiment several hours
later.

Conclusgions

Shadows during the day get longer.
Observe

Have the pupils observe that the evening shadows become longer and longer
by watching the shadows of trees, houses, etc.

Demonstration

a. Have the children record the night temperature at home with the aid of
their parents. On the next day, record the temperature taken from a
thermometer that has been placed in the sunshine. Note the difference
in temperature. Discuss the difference in temperature betwe:n day and
night.

b. In a darkened room, use a flashlight to represent the sun and direct
the light of the flashlight onto a large ball or globe in order to
illustrate night and day. Have the child observe that the globe or
earth is turning to cause night and day. Reflect light from a mirror
to show pupils how the moon reflects light.

Call attention to the fact that sunlight cannot pass through some

solid objects; for example, boys and girls, trunks of trees, flags,

and walls of buildings. Any object through which light cannot pass will
make a shadow. When a cloud crosses the sun, everything becomes dark-
ened. The cloud casts a shadow.

Discuss why we darken the room for movies and filmstrips.

Appoint & committee to make a daily observation of the school's flag-
pole. Some questions to be answered are: Where is its shadow in the
morning? Can it help us to tell in what direction is West, East, North,
South? Where is the shadow at noontime? In the afternoon when we go
home? Where will it be at 5:00 p.m. on a summer day? Why?

b
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Have the children generalize that when a cloud crosses the sun, everything
becomes darkened. Thus, it's difficult to see the sun on a cloudy day.
Ask the children why we seldom see the sun on rainy days. They should be
able to generalize that the clouds are formed before it can rain. Thus,
when it rains there are clouds in the sky that block the sun.

L. Field Trip

Take the children for a walk on an overcast day to observe if the sun can
be seen.

CCNCEPT ~ Shadows are made by the sun changing during the day. The relationship be-
tween shadows and the sun is of great importance in the study of time,
seasons, and directions,

1. Demonstration

Hammer a long pole or stakes into the ground. Have the children observe
the positions of the shadows and the sun in the morning and again in the
afternoon. Have some of the children examine the rooms in the school that
are sunny in the morning and in the afternoon. Have them observe the change
of position of the sun during the day and the change of the shadows.

2. Demonstration ~ Make a Shadow Stick

' Place stick in the sun and mark

: the point of shadow for hours of
t

|

the day or for noon of succeeding
days.
Which way does the shadow point?
(Direction opposite tc the sun.)
When is the shadow longest?
(When the sun is low in the sky.)
When is the shadow shortest?
_* . (When sun is high in the sky.)

// 12" x 12" card

h"

folg

2"
cut

4

3. Observe

Take children outside on a sunny day and have them observe their shadows.
Have them notice how much taller their shadows look in the morning than at
noon. Use a light to represent ‘the sun. Move it from east to west, from
high to low, so that the children will see the changing lengths of their
shadows. This works best in a darkened room.

CONCEPT ~ The sun gives us warmth and light; helps make rain which supplies water to
plants and animals.

1. Demonstration

Place some metal objects in the sun and some in the shade. After 20 to 30

5
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minutes have them feel the objects and explain the difference in their
temperatures,

Results

Metal objects in the sun get warm.
Metal objects in the shade stay cool.

Conclusions

The sun gives us warmth.

Demonstration

Take two thermometers; place one in the sunlight and place one in the shade.
After a few minutes, note the difference in the temperature readings.

Results
The thermometer in the sunlight will have a higher temperature reading.

Conclusions

The sun gives us warmth.

Problem

How does the angle of the sun affect the weather?
Materials

Light bulb, extension cord, globe, piece of tape.

Procedure

Draw an orbit on the floor, elliptical in shape. Place a light in the center,
Prop up a light bulb on an extension cord to represent the sun. Place a

piece of tape where Gary would be on the globe. Place the globe on the circle
and have the slant pointing to an imaginary North Star. Do not change this
position as the globe is moved around the orbit. As the globe moves around
the circie notice that different parts of the globe are lighted up since the
axis is tilted. At one point the North Pole is lighted. Half way around the
circle, the North Pole receives no light at all, but the South Pole is
lighted. The angles of light which strike the tape are different as the

globe revolves.

Results
Slanting rays bring winter weather; vertical rays bring summer weather.

Demongtration - Showing Cause of Seagons

Materials

A large ball, black paper.

13



Procedure

Wrap a large ball in black paper. (Black will become warm quicker than

white.) Place the ball in the sunlight. Which part gets warmer? Why?

The part receiving the direct rays is warmer than the part receiving the
slanted rays.

Results

Slanting rays bring winter weather; vertical rays bring summer weather. The
change in seasons is caused ky the change in the way the sun's rays sirike
the earth as it moves around the sun.

CAUSE OF THE JEAZONS

Spring
N

The direction of the sun's rays changes frcm 23-1/2 degrees north of the equator
(summer in northern hemisphere) to 23-1/2 degrees south of the equator (winter in
northern hemisphere) and the length of time the sun shines per day in a given locality
changes because of the inclination of the earth's axis.

o 7
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l.

Demonstration

Place at one end of a large blackboard a small arc of a great circle to

‘represent the sun. Place at the opposite end a small circle, not over

an inch in diameter, to represent the earth. From the arc that represents
the sun trace some rays out across the blackboard in different directions;
make clear that the sun is not a circle but a huge ball giving out heat
in all directions. Only a minute part of the total heat reaches earth;
the rest goes out into space in all directions.

The emphasis at this point need not be on the relative sizes of earth
and sun, but on demonstrating that a small body, such as earth, at a
great distance from another body which gives off heat, actually receives
but a minute part of the total heat.

Demonstration

Place a small ball in one corner of the room and a light, such as an
electric light, in the opposite corner. Show how the light gives off
light and heat in all directions but only a small part of the light and
heat is received by the ball. This again shows that the earth (the
ball) receives only a very small portion of the light and heat given
off by the sun (the electric light).

CONCEPT ~ The amount of energy received by a section of the earth depends upon the

angle at which the sun's rays strike the ground.

Problem

What is the effect of slanting rays?

Materials
Black construction paper, two thermometers, books.

Procedure

Do this on a warm, sunny day. Take a large piece of construction paper and
fold it in half so that each half is 12" x 9", OStaple a paper pocket on
each half with strips of paper about 4" x 10". Place a thermometer in each
pocket. Prop it up in the sunlight. Place one book under one half, and
several books to hold the other half in a vertical position. The sun will
strike the upper half of the paper straight down, or in vertical rays. The
lower half is receiving slanting rays. After a few minutes, remove the
thermometers and read the temperatures. Which part was warmer? The
vertical light was warmer than the slanted light. Why?

Results

Slanting rays bring winter weather; vertical fays bring summer weather.
10
8



2.

Demonstration

Use a piece of black paper. Hold a strong flashlight directly over it about
ten inches from the paper. With white chalk outline the area illuminated.
Repeat the action keeping the light at the same distance from the paper, but
this time tip the flashlight so that the rays are slanted. Outline the area
illuminated with white chalk.

The following answers to the questions should result in the comprehension
of correlation between angle of sun ray and intensity of heat.

a. Which area is larger?

b. Which area seems brighter?

CONCEPT ~ All satellites, natural or artificial, travel around the sun in fixed orbit.

1.

Problem

How do satellites stay up?

Materials

Ping-Pong ball, scotch tape, rubber bands.
Procedure

Drop the Ping-Pong ball on a table top. Scotch tape the rubber bands (inter-
locked to the Ping~-Pong ball. Slowly swing rubber bands, with ball attached
in a circular motion. Note the distance from your hand. Increase the speed
of circular swing. Note the distance in this case. Discuss why the Ping-
Pong ball falls to the table top and why the distance from the hand increases
as the ball revolves at a greater speed.

Results

There are two forces acting on the Ping~Pong ball. One is the force of
gravity which tends to pull the ball to the center of the earth. The
second is the centrifugal force which forces the ball away from the center
of the earth (or hand, in this case). When these two forces are balanced,
they will stay at a given distance.

The Ping-Pong ball will fall to the table top. As the ball moves slowly,
it revolves a certain distance from the hand. As the speed is increased
the ball moves farther from the hand.

CONCEPT -~ The earth is a natural satellite of the sun. The earth's circumference is

l.

25,000 miles.
Problem

Is the earth round?

Materials
World globe, toy ship. :



Procedure

Place globe where children can see that it is round. Hold globe steady with
one hand, Take the toy ship with the other hand and move it on the globe
away from the children until it moves out of sight.

Results

The toy disappears from the children's view.

Conclusions

When objects disappear over the horizon it is an indication that the earth
is curved.

Observe - Solar Position Change

Take the children outside the school in the morning and the afternoon.

Notice the difference in shadows. Travel through the school and notice those
rooms that are bright with sunlight in the morning and then in the afternoon.
Discuss the sun's direction across the sky. Introduce the east to west
concept.

Draw

Have children draw the earth and sun. Use arrows to show the movement.

\
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Demonstration

Have one child stand to represent the sun and have another child represent the
earth showing how the earth is spinning and moving around the sun at the same
time. Discuss the time it takes for the earth to turn (rotate) one full

time (24 hours).

Explain that the earth is also going around (revolving) the sun while it is
rotating on its axis.

Make Models

Have children set a stick in a mound of clay. Place in an area exposed to
sunlight. Have children mark the direction and lengths of the shadows at
various times.

Draw (Explain to the children)

The Puco Pendulum

One evidence that our earth is a rotating sphere is the Puco Pendulum Experi-
ment which is performed by attaching a long wire cable holding a swinging
pendulum from a high dome. The path of the swinging pendulum is recorded

on a device placed directly below the pendulum. From the recordings the
following observations can be made:

1. The path of the swinging pendulum moves, and it moves an equal
distance in the same direction each hour.

2. It can be concluded that, since there is no force to change the path
of the pendulum, the turning of the earth causes the path to change.

A




1.

CONCEPT - The rotation of the earth causes day and nirht.

Problem

What causes alternating periods of daylight and darkness on the earth?
Materials

Modeling clay, pipe cleaner or short stick, flashlight, world globe.
Procedure

With a lump of modeling clay, secure a stick figure or flag to a world globe.
(If a globe is unavailable, a white volleyball will do.) Place the lump of
clay at the spot on the globe where you are located. Darken the classroom.
Use a flashlight, projector lamp, or unshaded electric lamp to simulate the
sun. Rotate the globe slowly.

Results

As the light falls on the globe, help the children see that not all the
globe is illuminated at the same time. Have them observe what happens
when the stick figure comes into 'daylight." Ask the children, '"Does the
figure cast a shadow?" (Yes.) '"How does the shadow change as the earth
turns?" (It seems to move.) '"What causes day and night?" (The rotation
of the earth.) "Which way should the globe be turned to make the sun
'rise! in the east and 'set' in the west?" (From west to east.) 'Does
the sun really rise, or does it only appear to rise while the earth is
turning?" (It appears to rise.)

Conclusions

Day and night are caused by the rotation of the earth.

CONCEPT - The tilting of the earth's axis causes sunlight to strike the earth at

different angles as the earth revolves around the sun.
Problem
What is the effect of the earth's tilted axis?

Materials

Flagpole or other permanent pole, paint, large piece of paper.
Procedure

Have the children keep track of the shadow cast by a pole over a long period
of time. If it is possible, paint markings of the shadow's position directly
on the surface of the playground. If not, recording them on a large piece

of paper will do. The children should note the exact location of the pole's
shadow at the same times each day, marking the length and position of the
shadow on the paper. Have them compare the length of the shadow at various
times during the day. Also, have them compare the positions and lengths

12
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of the shadows at the beginning of the school year, during the winter,
during the spring, and at the end of the school year.

Results

How do these lengths change? (The shadows grow longer until the first day
of winter, December 22, and then grow shorter until the first day of sum~
mer, June 21.)

Conclusion

The earth's axis must be tilted in order for the shadow to change its length.
If the axis were not tilted, the shadow cast by the flagpole would always be
the same length.

Problem
What is the effect of the earth's tilted axis?

Materials

World globe, modeling clay, lamp, pipe cleaner or short stick, yardstick.
Procedure

Place an unshaded lamp in the c=nter of a darkened room. Have the children
attach a small stick or a figui< made of pipe cleaners to a world globe.

(If the globe's axis is not tilted, it will be necessary to tilt it for the
first part of the activity.) Ask the children to place the globe so that

its axis is tilted toward the ''sun" and to measure the shadow cast by the
stick. Then have them move the globe to the other side of the unshaded bulb,
placing it exactly the same distance from the lamp as it was before. Suggest
that they tilt the axis of the globe away from the "sun" and measure the
length of the shadow. Was the shadow longer when the axis was tilted toward
or away from the "sun?" (When it was tilted away from the "sun.")

Now have the children repeat the activity, measuring the length of the
shadows cast on both sides of the "sun,'" without tilting the axis - that is,
the axis of the '"earth" should now be parallel to the axis of the '"sun."

Do the lengths of the shadows differ? (No.) How do the shadows' lengths
compare when the globe is tilted and untilted?

Results

The shadows are longest when the globe is tilted away from the "sun'" and
shortest when it is tilted toward the '"sun."

Conclusions

The earth's axis must be tilted, just as the globe's was, in order for the
shadow to change its length. If the axis were not tilted, the shadow cast
by the flagpole would always be the same length.

(See illustration on the following page.)
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CONCEPT - Different weather conditions and different plant and animal habits come

ll

with the changing of the seasons.
Problem

Why do seasonal changes occur on the earth?
Materials

Unshaded lamp to represent the sun, four world globes (one will do if no
more are available), modeling clay or masking tape.

Procedure

Set the unshaded lamp on a table in the middle of the room. Darken the
classroom. If four world globes are available, set them on the north, east,
south, and west sides of the lamp and about eight feet away. If four globes
are not available, let the children stand and hold the globe consecutively
in each position. Keep the earth's axis pointed north at all times. A
corner of the ceiling can serve as the North Star. Spin the globes in the
correct direction and help the children notice how the "sun's" light strikes
the "earth" differently at each position. Locate your position on the globe
with a lump of clay or piece of masking tape. -As each globe spins, help
the children notice how much night strikes your location.

Results

Agk the children, "In which position of the earth's journey around the sun
does our city get the most sun? The least sun? In which position do we
have winter? Summer? Autumn? Spring?"

1L
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Conclusions

The tilting of the earth's axis affects the amount of sunlight striking the
earth as it travels around the sun. This is partially responsible for the
changing of the seasons.

Problem

Why are our summers hot and winters cold?

Materials

Flashlight, chalk.

Procedure

Hold flashlight about six inches away from the blackboard with the rays
falling straight on the board. Trace around the edge of the light.

Hold flashlight the same distance from the board, but with the rays falling
at a slant. Trace around the edge of the light.

Compare the 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 and light fall on each area?

Does the same amount of heat and light fall on any one point in
each area?

In which area are the heat and light most concentrated?
In which area would a given point receive the most light and heat?

When must the sun's rays fall most directly on us, summer or winter?

Conclusions %

Since we receive more light and heat
in the summer than in wincer, the 9
sun's rays must fall more directly

on us in summer than in winter,

making our summers hot and our winters S
cold,

Problem

What causes the changes in season?
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Materials
Lamp, extension cord, chalk June
Procedure

Draw a circle on the floor with chalk

(about 3 ft. in radius). Put a lamp

in the middle of the circle. Mark the

four seasons on the floor. Have children

walk counter-clockwise around. Sept.

\\\\-~_—‘;”Dec. 31
Results/Conclusions

Jan. l,

We pretend that it takes about 365 days for children to walk all the way
around the sun. Have four children wearing signs for fall, winter, spring,
and summer, stand on the season' marks oh the ¢irclé. The child walking
around the sun will pass each season. The earth will experience all
seasons in one revolution around the sun.

Problem

Will a seed grow if it is frozen?

Materials

Bean or corn seed, small container, dirt.

Procedure

Have children plant seed in a container. Put in freezer. Check to see if
it grows.

Mention that light will also affect results.
Have a control plant that is not frozen.

Results/Conclusions

The seed put in the freezer does not grow.
Many plants will not grow in frozen ground.
New plants do not start growing in the winter.

Charts, Maps, or Graphs

Make a chart of birds that children see in September, December, and April.
Which birds stay in Gary all winter?

Observe

Have children observe broad-leaved trees in the school area. What changes
do the trees make when the seasons change?

&9



7. Charts

Have children bring in or make pictures of the fall season for a classroom
chart. Add more pictures as the seasons change. Greeting cards are a
good source for these pictures (Christmas, Faster, Mother's Day, Father's
Day).

8., Observe

Starting in September, have children observe the fall season and the changes
that are taking place. Do this with each change of season during the
school year.

CONCEPT ~ The sun shines on the moon!

1. Problem
Does the moon reflect the light it receives from the sun?
Materials
Small ball, aluminum foil, a lamp,

Procedure

Cover a small ball with aluminum foil. Have a child hold the ball up with
one hand. The ball represents the moon and the child, the earth. Have
another child turn on a lamp behind the boy holding the ball. The lamp
represents the sun. Turn out all other lights.

Results

The lamp's light will shine on the ball and the ball will reflect light.

Conclusions .

The sun shines on the moon; the moon reflects some of the light it re-
ceives from the sun.

2. Maps, Charts, or Graphs

Have the children list under the headings - Light Giving Objects and Light
Reflecting Objects ~ the following or similar objects under their appro-
priate titles: moon, Mars, sun, Venus, shooting stars (meteors entering
atmosphere), earth, stars.

3. Research

Have the children note a commercial calendar on which the phases of the
moon have been marked. Arrange colored cutout disks on a blue background
to show the position of the earth and the moon in relation to the sun.
Have children read legends about the moon. Have them check each night
for a month to see whether the calendar was correct in its predictions.
Have them report their findings to the class.

17
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6.

Demonstration

You can demonstrate how the moon shines by reflected light as follows:
have a child hold a flashlight to represent the sunj; have another child
hold a mirror, to represent the moon, which reflects light to still
another child representing the earth.

Bulletin Board

Cut the weather clipping from the daily newspaper showing the moonrise
and moonset each day. On a board chart place the time of the moonrise
daily. Have the children notice the time difference at the end of a
two week period. Encourage the children to notice patterns of time
changes.

Demonstration

Paint half of a tennis ball yellow and the other half black. Run a pencil
through it to demonstrate how the moon makes the change from new to full
to dark as it rotates on its axis in the course of the month.

The Fhases of the Moon

D

oy
—

The light represents the sun illuminating the moon. The boy's head repre-
sents the earth and its position. As the ball (the moon) moves around

the boy's head, various amounts of it appear to be lighted. In position A
as the ball is moved, only a thin slice of light appears and we see the
new moon begin to appear. As the ball moves to position B, the amount of
lighted portion increases to first quarter. In position C the moon is full.
As the ball is moved to position D, the lighted area grows smaller to the
third quarter.

18



CONCEPT ~ The moon is a natural satellite of the earth. One revolution of the moon

1.

2.

around the earth takes a month.
Problem
How does the moon travel?
Materials

Globe, flashlight, chalkboard, three cards (one with earth, one with moon,
one with sun).

Procedure

Discuss with the class concepts of rotation (spinning on its axis), revolution
(moving around another body), day and night, and how the lengths of a day,
month and a year are determined. Use the flashlight and the globe to ex-
plain day and night. Have three children come to the front of the room and
explain the relative movements of the earth, moon, and sun. Let one be the
sun, one the moon, and the other the earth. Have each child go through

the motions of his celestial body.

Results

Children will become more aware of the effect the sun and moon have upon
the earth.

Conclusions

[

The moon travels from west to east around the earth. It travels completely
around the earth from one full moon to another. This takes approximately
27 days.

Demonstration

Cut two large circles from construction paper, one yellow and one green.
Demonstrate the appearance of the moon on earth by placing the green circle
(earth) over the yellow circle (moon). When the two circles are together,
the moon is not visible. This step can be used to demonstrate the 'new
moon" stage. ©Soon a very small portion appears; it is crescent shaped.
Show the phases up to the full moon. This movement is called 'waxing"

of the moon. After the full moon appears the moon begins the movement

of "waning" or getting smaller.
O Last Quarter

Q "Waning" Moon
[ ‘ >\ < Sunlight
i) ’ Full Moon
T &

O "Waxing" Moon
First Quarter‘)
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3. Drama

Have children demonstrate a lunar eclipse with three pupils who will
represent the sun, the earth, and the moon. The child (sun) will hold
a lamp or flashlight and direct the light on the earth. Fasten a 12
inch circle of white paper to a ruler to represent the earth, and a

3 inch circle of black paper to represent the moon. The pupil (moon)
always faces the earth as he walks around. Have the pupils explain
what happens.

L. Bulletin Boards

Have a display of the different phases of the moon in the correct
positions around the earth. Label the phases.

5. Make Models

Have a committee make a papier—ﬁ%ché reiief replica of the moon.

Observe lights falling on it and notice how the rough areas cast shadows.
Have some children make clay models of the moon to help show the dif-
ferent kinds of mountains and craters. Use a flashlight to show the
kinds of shadows produced by the surface irregularities. Have a commit-
tee make a model of the moon phases. This may be done with either Ping-
Pong balls or plastic foam. From a sheet of plastic foam (% or % inch
thick) cut out several circles with a cookie cutter. Insert light but
rigid wire into each disk and arrange them in an arc. Black tempera
paint may be used to paint out the unilluminated part of the moon. If
Ping-Pong balls are used they may be painted similarly to represent the
phases of the waxing and waning moon. A heavy block of plastic foam
makes a good stand for this model and is a material into which wires
may be inserted easily.

CONCEPT ~ Much is already known about the moon.
1. Problem

What are some of the facts that we know about the moon?

Procedure

Make a list of the children's questions aboutthe moon. Have them do re-
search to find not only the answers but also how we know what we know.
Help them look in books and other reference sources, seek answers from
others who know, watch motion pictures and television, write to sources,
and conduct experiments and demonstrations. Have the children develop

a chart, such as the one shown, to show questions that can be answered
through reading, experimenting, measuring, etc. Which questions have

no answers as yet? For which questions must more data be gathered?

Results/Conclusions

Many facts are already known about the moon, but many others remain to
be discovered.

27

20




QUESTIONS AND ANSWERS ABOUT THE MOON
—=

How Does Man Know?
Questions About the Moon | Some Possible Answers |Some ways to find out, using
(Hypotheses) tools, experiments, knowledge,
resources, etc,

How far is it to the moon? | About 240,000 miles Radar: sending light signals to
the moon and recording time for

the light to make a round trip.

What is the diameter of the | About 2,106 miles Use triangulation. Hold a coin
moon? between the eye and the moon.

Find how far away it must be

held to eclipse the moon com~-

pletely. Measure the diameter

of the coin and the distance from

the eye. Can these proportions

nelp determine the moon's

diameter”
Loes the moon have s ? Magnetometer must be sent aboard
magnetic field? h spacerraft to vicinity of the
moon.
Is there life on the moon? [ ?
. Does the moon have gravity? Yes 1/6 that of the earth, All

bodies have a gravitational pull
at the surface, according to

; their mass and size. (Mass of
moon is about 1/80 mass of earth.)

r Is there atmosphere on the ? ?
moon?

Is there water? ? ¥4?

What is the moon made of? ? ?

CONCEPT ~ The moon's surface contains craters of unknown origin.

1., Problem

What is known about the moon's craters?

Materials

Pictures of craters on the moen and the earth.

Procedure

Have the children collect pictures of various volcanoes on the earth.
Suggest Paricutin, Vesuvius, and Mauna Loa to start as a beginning. Ask
them to collect pictures of places on earth where there has been con-
siderable volcanic activity, such as Hawaii, Craters of the Moon National
Park, and the Azores, Have them compare these pictures with pictures of
the moon's surface. Do the children notice any similarities or differ-
ences? Ask if they think the moon's craters were caused by volcanoes.
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Have the children collect pictures of craters that were caused by giant
meteors impacting the earth, such as those in Arizona and South Africa.
Ask them to compare these with the pictures of the moon's surface. Do
the children think meteors caused the moon's craters?

Results/Conclusions

The moon's surface is covered with craters. The origin of the craters is
unknown.

Problem

What is known' about the moon's craters?

Materials

Ruler, compass for drawing circles, paper, pencil.

Procedure

Help the children draw circles to scale, showing the size of the moon's
craters. Using the same scale, have them draw circles showing the size
of several of the earth's volcanoes. How do they compare in size? (The
moon's craters are larger.) What is the size of some of the meteor
craters on the earth? (Very large.) Suggest that the children draw

them, using the same scale, and compare them with the moon's craters.

Results/Conclusions

The moon's surface is covered with craters. The origin of the craters is
unknown.

CONCEPT ~ The motions of the earth and the moon can align them in such a way that

their position relative to the sun will cause an eclipse.
Problem
What is an eclipse?
Materials
Lamp, tennis ball, string.
Procedure

With an unshaded electric lamp in the center of the classroom to rep-
resent the sun, have several children sit in a ring around the light.
Tie a tennis ball to a string to represent the moon. Tell the class
that each child's head represents the earth. Have one child suspend
the "moon" in front of each child's eyes and move it around his head.
Can the children determine which way the moon should revolve? (The
moon revolves in a counterclockwise direction.) As the ball comes
between the child's eyes and the electric lamp, part of the "sun's"
light is blocked, causing an "eclipse of the sun." This is called a
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solar eclipse. Call the children's attention to the shape of the ball
against the "sun's" light. Have the child holding the "sun" bring the
ball behind the seated child's head. Now the "moon" should be in the
shadow of the "earth." Since there is no sunlight reflected to the
"earth," this is an "eclipse of the moon." This is called a lunar
eclipse.

Results/Conclusions

A solar eclipse occurs when the moon passes between the sun and the
earth, preventing some of the sunlight from reaching the earth. A
lunar eclipse occurs when the earth passes between the sun and the moon,
preventing some of the sunlight from reaching the moon.

Area of Sun Total
e . un's rays ota
f the eclipse -~ .
'Sun 5 _rays Pl —F .-""--<_ eclipse

., of the

:" Yo -~
Moon's orbit Moon's orbit
SOLAR ECLIPSE LUNAR ECLIPSE

Demonstration - Eclipses

Materials

Two pencils or fine knitting needles, modeling clay, a flashlight.
Procedure

From the modeling clay make models of the earth and the moon (1 inch in
diameter for the earth; % inch in diameter for the moon). Put one of the
models on each needle. Use a flashlight to represent the sun.

Hawve the room darkened and have one child turn on the flashlight. Have
another child hold the model of the earth in the light of the flashlight.
Hold the moon model between the earth model and the flashlight so that
it throws a shadow on the earth. We have an eclipse of the sun when

the real moon is between the earth and the sun and throws a shadow on
the earth.

Move the moon model until it is in the shadow of the earth model. When
the real moon, in its Journey around the earth, comes into the earth's
shadow, there is an eclipse of the moon.

Lift the moon model upward a little way. Before you move it upward very
far, it is no longer in the earth's shadow. Put it in the earth's
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shadow again. Then move it downward. Before you move it downward very
far, it is no longer in the earth's shadow. Moving the moon model in this
way will help you undertand why we do not have an eclipse of the moon
every time the moon travels around the earth. Sometincc the moon is too
high and sometimes it is too low, to be in the earth's shadow when it is
on the opposite side of the earth from the sun.

In the same way you can show with the models why there is not always an
eclipse of the sun when the moon is between the earth and the sun. It

is sometimes too low to throw a shadow on the earth, and sometimes too
high.

CAUSES OF ECLIPSES

~~— .

S represents the sun. A and B represent the moon. E represents
the earth.

When the moon is at position B, it is in the shadow of the earth and is
consequently eclipsed (an eclipse of the moon). When it is in position
A, it hides the sun (an eclipse of the sun).

HOW TO MAKE A SIMPLE PLANISPHERE

You will need an old floor or table lamp, a

wire coat-hanger, 3 hairpins, a rubber ball

about 3 or 4 inches in diameter, and a
rubber ball about 1 inch in diameter.

Assemble materials as they are shown in the
drawinq.

Use the planetarium for showing the class:

The causes of seasons (revolution of the
earth around the sun)

The cause of night and day (rotation of
the earth on its axis)

The cause of moon phases and eclipses
(revolution of the moon around the earth)
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CONCEPT -~ The earth's rotation makes the sun appear to move across the sky.

1. Problem
How can the movement of the earth be used to tell time?
Materials

Knitting needle or strong wire, cardboard or soft wood (1 foot square),

l, quarter-circle edging blocks from a nursery or building supply store (the
kind used to line flower beds and separate them from lawns), piece of red-
wood or cedar about 1 foot wide and as long as the radius of the circle of
edging blocks, nails, small pieces of scrap redwood or cedar.

Procedure

Have the children place the four curved edging blocks in a circle in a
protected but open spot on the schoolyard. The center of a garden plot is
excellent. For the center of the sundial you will need a gnomon. To make
this, cut the piece of wood at the same angle as the number of degrees of
latitude that your school is north or south of the equator (about 33° in
Los Angeles, about 40° in New York City). Children can do research in an
atlas or almanac to find the location of your town. Help them use a pro-
tractor to draw this angle. Nail some stakes to the wood so it will stand
firmly in the center of the sundial. Place the gnomon in position so that
the point of the angle of the wood at the center of the circle points
directly south. When the shadow cast on the circle is at its thinnest,
the time is exactly noon, sun time. Each time the shadow widens by 15
degrees, an additional hour has passed. Mark each hour on the sun dial.
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A more simplified sundial can be made by inserting
a knitting needle or similar strong wire into a
heavy, l-foot-square piece of cardboard or soft
wood. If desired, the knitting needle may be
bent to the angle corresponding to your latitude.

Take the sundial out of doors or to a window
sill. Follow the procedure of marking the card-
board where the needle casts its shadow, pre-
cisely at each hour of the day.
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Results

Have children list scme reascns why the sundial is not a suitable time-
keeper. Some children may wish to read further about other time-keeping
devices. Early civilizations had methods for keeping track of time.

Can the children firnda what they were?

Discuss with the children how a sundial would differ if it were south of
the equator or on the eguator. What effect does bending the gnomon to
the angle of your location on the earth have on the sundial? Could you
make & sundial out of your school's flagpole? Some children may wish to
do research in an encyclopedia or other book to explain other types of
time: sidereal time, Earth time, and real time.

Conclusions

The rotation of the earth makes the sun appear to move.

CONCEPT ~ Certain words have meaning only in relation to other words--discovering

relativity in temperature.
Problem
How can the idea of relativity be introduced?
Materials
Three bowls, heated water, tap water, ice water.

Procedure

Place powls containing heated water, tap water, and ice water on your desk.

Have a child put his hand in the tap water. Ask the child, "Is it warm
or cold?" If he says, "warm," have him put his other hand in the heated
water. Does he still think the tap water is warm? If he says, "cold,"
have him compare the tempericure with that of the ice water. Help the
children see that the temperature terms we use are relative. Such words
as warm, cold, tall, heavy, far, and near are all relative depending
upon your point of reference. Ask the children if they can think of
other words that have meanirg only when they are related to a given

location, time, or degree,

Results/Conclusions

Some words have meanings ornly in relation to other words.

CONCEPT - The appearance of objects is relative.

1.

Problem

Why is the appearance of objects relative?

Materials

Thread or string, paper, ladder, pins or tacks.
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Procedure

To form the shape of the Big Dipper constellation, suspend round pieces
of paper representing stars by strings or thread from the classroom
ceiling. The strings should he of different lengths. Try to make the
constellation cover about a four-foot radius. Have children look up to
the ceiling from their chairs or desks. They will see the familiar
constellation, the Big Dipper, which will look something like the one
shown in the illustration. Have each child draw exactly what he sees.
The children will find that each picture differs slightly, depending
upon where the artist was sitting in the room. To some the dipper will
appear to "hold water," to others it will look as if it is pouring
water out, and to others it will appear to be standing on one end. Now
nave several children go out "into space” by standing on a ladder, a
chair, or a desk. Have them view the constellation from various points
in the room. Again, ask them to draw what they see. Their drawings
may look something like the illustration.

Ceiling 3 3 1 ERRRS N
ug g .'% / A \
) S
W[.//]’A/ v\
\ﬁ-—“"' RN
N
//JThread ‘\‘

A1

N 5
2$ A}\~Stars

Results

Have the children compare their second drawings with what thley originally
saw from "the earth" {the floor). Ask the children, "Which is the top of
the dipper? Which is the bottom?" (There is none. It all depends on
where you are on the earth or in space.)

Conclusions

The appearance of stars and constellations viewed from space will be
different from the way we are used o seeing them from the earth.

CONCEPT ~ Motion is a relative phenomenon.

1l. Problem

How can relativity in motion be shown?
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Materials
Chalkboard eraser, ball, chair.
Procedure

Ask a child to stand on a table, ladder, or chair and drop a chalkboard
eraser to the floor. Have three children act as observers. One should
stand on the table with the child who drops the eraser. Another should
stand or squat on the floor. The third should lie on his back on the
floor close to where the eraser falls. Fach of the observers should
describe the path of the eraser as seen from his vantage point.

Ask three other observers to trace the path of a ball as. it is rolled
across the room or playground in a '"straight!" line. Spin the ball in
an attempt to make it curve as it rolls along its path.

Results

Compare what each observer sees.

Conclusions

The moti-~ of an object can be described only in terms that are relative
to the p 7t from which the motion is observed.

CONCEPT -~ Distances to stars can be determined by studying their light. The
farther away a light is, the fainter it seems. Therefore, distances can
be calculated by the relative brightness of stars.

1. Problem

Does the brightness of a light source decrease with its distance from an
observer?

Materials

Two identical flashlights, slide or filmstrip projector, yardstick, chalk,
photographer's light meter.

Procedure

Have one child draw on a chalkboard a horizontal line one yard long and
mark off thirty-six l-inch intervals on it. Place the projector exactly
1 foot from the chalkboard and turn it on. Ask another child to focus

the light on the horizontal line. How many inches of the line are lighted?
Move the projector back 1 foot. Now how many inches does the light cover?
Can the class find the area of the square of light? Move the projector
back another foot and measure the distance covered by the light again.

Has the amount of light hitting the chalkboard changed? (No. It has Jjust
spread out and therefore seems dimmer.) Have the children make a table

of distances and areas of the rectangles of light on the chalkboard. The
area of the rectangle of light is found by multiplying the width of the
rectangle by its height. This amount will vary for each projector and
lens.

28
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Next place a slide or filmstrip in the projector. ©Shine the picture on the
wall from a distance of 2 feet. Move the projector back to 6 feet. Now
move it as far away as possible. When is the picture the brightest? (When
the projector is closest.) When is it the dimmest? (When the projector

is farthest from the wall.; Fas there teen a change in the amount of

light produced? (No.) Why does the light become dimmer when the projector
is moved back? (it is spread over a greater area.)

Results

Obtain a light meter. [ake readings of the light falling on the chalkboard
when the projector is various distances away. Have the children make a
table of the readings and the distances at which they were measured.

Conclusion

Although the brightrniess of a light source may not change, it appears brighter
or dimmer according to its distance away from an observer. Thus, distances
to stars may be measured by comparing taneir light intensities.

CONCEPT - The apparent path of the sun is called the ecliptic.
1. Problem

How can it be showrn that the earth revolves about the sun, and the sun
appears to follow a path in the skyv

Materials
Protractor, paper, pencil, ruler.
Procedure

The children may do the following o show the plane of the ecliptic. Have
them draw a verical line on a shzet of paper and then, using a protractor,
draw arn angle of 251 degrees sz, ask them to center a large coin,

such as a halr-dollar, over ithe zngle and draw a circle. Have them extend
the lines of the angle, draw a diagram of the earth and the angle at which
the axis is tilted, ard draw i1 the squator. PFinally, ask them to measure
the angle between the equator and & line drawn parallel to it,
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After the children have completed their drawing, ask such questions as:
"What is the argle at which the equator is tilted?" (23%°.) "If the

line of the axis were extended into space, what star would it intercept?”
(The North Star.) If the horizontal line were continued into space around
the sun, it would trace the path of the sun around the earth.

Plane of the ecliptic

Results

This is called the ecliptic anc the plane in which it lies is called the
plane of the ecliptic.

Conclusion

The apparent path of ihe sun about the earth is called the ecliptic.

CONCEPT — The path of the earth arcund the sun is an ellipse.

ld

Problem

What is the shape of the earth's orbit?

Materials

Large sheets of paper, pins, pinning board, large drawing board or heavy
tag board, string, pencils. '

Procedure

The orbits of the earth, the moon, and the other planets and their moons
are ellipses. To help the children find out more about ellipses and how
they differ from circles, have them pin a large piece of paper, about

18 inches by 24 inches, on the bulletin board or on a piece of heavy
cardboard, with two pins near the middie of the paper, about 4 inches
apart. Then have them tie string about 1 foot long into a loop, place
the loop over the pins, and pull tke string taut with a pencil. Ask
them to draw a line, using the string to guide the pencil.

30



Result

The result will be a true ellipse. Each pin represents a focugs of the
ellipse. Have the children draw several ellipses, varying the distances

between the pins. What kind of figure is produced when the pins (foci)
are right next to each other? (A circle.)

Conclusion

The path of the earth around the sun is an ellipse.
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Have the
1,

2'

10.

CONCEPT

1,

STARS & PLANETS

Initiatory Activities

children:

Observe the night sky and try to locate some constellations, the
North Star. Use the Big Dipper in locating the North Star.

Arrange gummed stars on a piece of dark blue paper in the form of
some of the constellations.

Form committees to work on the various planets in conjunction with
the model of the Solar System. Each group is to do research on a
particular planet, using sources for research materials; library,
magazines, children's private books, etc.

Bring in pictures, charts, and clippings from magazines, of the
Solar System for display.

Read some of the legends about some of the constellations,

Discuss ancient people's beliefs about the Milky Way and other
stars.

Estimate the time it would take to count the 40,000 million stars
which some scientists believe are in the Milky Way.

Report on the recent work of Karl Jansky with the radiotelescope.
How does this type of telescope work?

Read stories by Jules Verne and other writers for enjoyable ex-
ploration into the area of space.

Contrast the conditions necessary to sustain life found on earth
with those of other planets. Find out what is being done by space
programs in this area today.

Developmental Activities

~ Scientists differ in their theories about the origin of the Solar
System.,

Research

Have various committees each do research on a different origin of
the planet theory. Then at a given time each committee will defend
its theory using charts, drawings, and scientific knowledge that

it has researched. Displays may be made of the work of the various
committees.
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2. Information Ior iegirers

Molecules of gas around a pianct are held by the gravity of the
planet, If the planet is unable to maintain an avmosphere, life
would not ke eaccuragrd., “ome of the rmain known characteristics

of planets are listed below,

a. Mercury: Ine sids fauting tnhe sun is estimated to be very hot,
as high as 770°F., Oince the same side of this planet always
faces the s, thm s.de awsy from the sun has an estimated
tempsraure of 400¢ dercury has 1ittle or no detectable
azmosphere, uurcur3 rotdtcs oiily once each revolution.

b, Yerus: The a'mospnere of ihis planet contains large amounts of
cartcor dioxxde, with recent observations revealing water vapor.
lio traces of Ire: oxygss have keen found, however, It is dif-
L1eult fo determing ths swriace tempera+ure of it because
of the dzise clowde wnat anterlere with telescopic and photo-~
grapuic metncds of coservabion,

c, rars: Tuygen Is Pape sars.  lts shallow atmosphere contains
mostly rateogen. ine average temperature of this rotating
planct is aboub A GUY,  "an zeasonal formation and melting of
poler ioe <ape idileats tne uresence of water, The diameter

of Mars is about hall trat of ihe earth.

d, llentunc: Inz
-—-—4---—-:——:
ammonia gaszs.
ortit period

aaet has a. atmosphere composed of methane and
zyalage vemperature is -330°F. Neptune's
“ears and it rotates every 16 hours.

Pluto. lelnner warfane details, eimospheric gases (if any),
nor sauelliten naje edr obsevved. Because of its distarce
from LhC S, ko vempezalwre 15 probably never above -348°F,
The custanes of Lhle plavet Lrom the earth has deterred man's
learning mucn apews i,

&

CONCEPT - .Ll‘le L)ld 1wets i‘J se Jl.!" € a ubey,
1. Problem

What is tue ralative size of ta+ planet karth as compared to the
other eight piavets in ths lolar Jystem?

Materials

i

9 balls of various sizes
Procedure

If the sun were about the size of an average classroom, the rest of
the '‘planets would be about theze sizes:

Mercury - marbie Venus ~ tennis ball
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Farth - tennis ball Mars - ping-pong ball
Jupiter -~ basketball Saturn -~ volleyball
Uranus -~ baseball Neptune -~ baseball
Pluto -~ marble

Have the children set these various balls and marbles into the po~
sitions they occupy in the solar system and label each. Discuss
with the class which member of our Solar System is largest. What
other planet is about tlie same size as the planet Venus? Why do
such huge objects as the Sun appear small from far away? (The
farther away an object is, the smaller it appears.)

Result/Conclusion

The Earth is a relatively small planet.

THE 30LAR SYSTEM
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CONCEPT -~ Our Solar System is part of the Milky Way Galaxy, a tremendous
grouping of stars, which is only one of many galaxies.

l. Research

a. Have the children report on the contribution of Galileo, Kepler,
Lowell and Newton to man's knowledge of the universe.

b. The Egyptians believed that the Milky Way was a river used by
the spirits of the dead Pharoahs to sail their boats. ILater,
before the advent of high power telescopes, people thought of
the Milky Way as a mass o gas and dust.

c. Scattered among the stars in the galaxy are huge clouds of gas
and dust called nubulae. In some areas where there is a nearby
star, the atoms of gas and dust may be excited into giving off
light, thereby becoming a bright nebula (the radiation, heat,
from a near-by star causes increased electron activity and glow-
ing; reflection also accounts for some illumination).

2. Maps, Graphs, and Charts

Obtain a picture of a star map of the Milky Way Galaxy and locate
the Solar System. Use the opaque projector,

5. Demonstration

a. OStress the fact that man is a very, very small part of the uni-
verse; characterize his position in the universe;
Scheol City of Gary, County of Lake, State of Indiana, Continent
of North America ; Western Hemisphere, Planet Earth; Solar System;
Galaxy, Milky Way; Universe.

b. Dermornstrate men's position in the universe by taking one grain
of sand from a large container, Note that there may be thousands
or rillions of grains of sand in the container. In like manner,
otvr planet earth is but one of an infinite number of celestial
bodies in the universe just as is the grain of sand compared to
all the sand in the jar.

c. Teke a small ballooxn and mark dots all over with a pen. Inflate
the balloon and observe the positions of the dots as the balloon
expar.ds to demonstrate the concept of the vastness of space and .
expanding universe.

d. Suggest that some pupils carry on research about the theories
relating to the origin of the universe. This may be a good
science fair project.

e. Place many marbles on a table in a cluster arrangement so that no
marble is less than an inch away from another marble. Slowly move




away from the cluster of inarbles. The farther back, the closer
the marbles of "stars' appear to be. When looking at the Milky
Way the stars seem to be very small and almost next to one
another. They seem close together because they are so far away.
This will show that although the stars appear close together,
they are separated by great distances.

L. Resource Person

You will probably be able to find an amateur or a professional
astronomer in the community who will be willing to share has
knowledge of the night sky with the children.

CONCEPT - The universe is made up of many star systems of galaxies.

1. Maps, Graphs, Charts

An enlarged chart placed on the bulletin board may enable the
children to understand the vastness of space.

Discussion about the chart should emerge, answering such questions
as:

a. What is the Milky Way? Our galaxy.
b. What is a galaxy?” A system made up of billions of stars.

c. Where is our Solar System located? Note the circle on the
Milky Way.

2. Research

Have the children look up: signs of the zodiacj; reports on
planetoids, comets, meteors and meteorites; where some of the
largest telescopes are, such as Mt. Wilson, Palomar Observatory;
constellations, such as Cepheus, Draco, Taurus, Auriga, Cetus,
Aries, Pisces, Andromeda, Perseus, and Pegasus.

Do research on astrology and astronomy, Aristarchus, Ptolemy,
Copernicus, Kepler, Galileo, Newton, and reflecting telescope.

3. Draw

Have the children draw pictures of the zodiac signs and place in
order (circle) on the floor around an unshaded lamp. Let a tennis
ball represent the earth. The children will quickly see why at
different seasons we see different constellations.
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L. Make Models Umbrella Planetarium

Use an old umbrella. Let the tip of the umbrella where the ribs con-
verge be the North Star. This is also the end of the handle of the
Little Dipper. On the inside make the outline of the Little Dipper
with squares of masking tape or adhesive disks., Then place the Big
Dipper with the pointer stars in its bowl pointing toward the North
Star. Opposite this design place Cassio.pia and add Cepheus and Draco
in the appropriate positions. Let the children work under the raised
umbrella. When: the umbre.la is held overhead the star groups should
look much as they do outdoors.

Demonstration To Show the Relationship between the Constellation
and the Rotating Earth

Take an old globe and after making holes at the North & South Poles,
slip it over the rod of the umbrella. Take a piece of modeling clay
or other marker and put it on the globe to indicate where you are.

Ask the children to pretend that they are standing on the globe, look-
ing up at the sky, that is, at the inside of the umbrella (open).

Now turn the globe to demonstrate why the constellations each night
appear to move about Polaris,

CONCEPT - Planets, planetoids (asteroids), moons, comets, and meteors are all

1.

part of the sun's family, the Solar System.
Draw

Place a diagram of Ptolemy's theory of the universe on the chalk
board. Contrast this diagram with one of the Solar System.
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2. Discuss

Discuss and account for the difference in the number of planets con
the two diagrams.

How did the work of Copernicus affect the Ptolemaic Theory?
How have recent discoveries affected present understanding?

3, Demonstration

Stress the fact that the orbits of the planets are ellipticel. Have
pupils drew ellipses by using two pins or thumbtacks and a loop of
striang, Stick two pins through a piece of paper that rests on a wooden
surface, Place the loop of string over the pins and, keeping the
string stretched with the point of a peicil, describe the curve around
them. The orbit of the earth and that of every other planet is a

curve of this kind,

HOw TO DRAW AN EILIPSE
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L, Make Models - Construct a Simple Telescope
P
lens
|
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two tubes

Use two cardboard tubes, one sliding closely into the other, Attach
a small thick convex lens near the opening of the small tube. Attach
a large, thin convex léns near the opening of the Zarge tube. Look
at a distant object through the smaller eyepiece lens. Slide the tube
in and out until the object comes into clear, sharp focus. Assemble
so the lenses are at opposite ends of the tube.

CONCEPT - Stars shine during the day, but we don't see them because their
light is obscured by the brightness of the sun.
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Why can't the stars he seen during the daylight hcours?

"imp . /'d byals)
S i s Pt g et

‘ot g pright electric lamp repr<sent the sur, Have the children
coppare the cright-esg of Uhw lanp in a darkered room and iz a well~
Ligs=od reom. gke Tre lamp oul of ‘doors during a sunny day. Does
iv Joeck gz rripvt oas it 44 v the classroom? (IJo.) Fave one thild
Vi s lamp fvem ecross che schoolyard. Does it look as bright

from s erest diztanaest ) Trer hold the Jiczhlight nost to the

eraght demp, LIs the flashliight beam clearly distinguishable next to
n - £ - .

Lo hraght lemg o)

vhat rhappens to the stars during the day? Yo they still shine?

Ty o bl owe Tes taemt  (lheir Lignt is obscured by the brighter
iy \
Liga® of 2hs sas, )
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- Ve ogartk Le the thicd plaret from the sun.,

rosition in the Solar System?
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“1er~ are alle koown glanets in the lolar System. Have the children

Look i Yook or. planets and the Solar Jystem to find the distance

of cach plavet from the sun, Discuss with them what would make a

1o0gival ana usable scale of miles so that proportionate distances
ceuld be measured on the scheoolyard. In the following table of dis-
taries, T L.eM eguals 1 million miles,

Meagure thes> dizuances away from a ceatral, open spot and mark the
position where eaclh ‘L:?9+ would be. Heve a child stand on the point
desigroting earh platet to get an idea of the planet'!s location., Cau
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the childrern align themsesives in their proper order from the sun?
Let another child serve as the suz. Have the children walk around
the "sun,!" keeping in their orbits. How long does it take for
"Mercury! to go around the "sun"? For the 'earth"? For "Neptune'?
For "Pluto!"? I!sing a stopwatch one child can record the time it
takes for each 'planet" to revolve around the "sun.”

Hesuls

she children should fiad out that the farther the planet is from the
sun, the longer it takes to make a complete revolution.

onclislons

Iher are nine known planets revolving around the sun. Eartr is the

Planet Lpproximete distance  Distance on the
(arranged in order feom the sun schoolyard

from the sun) (miliions of miles) (feet)

srcury 36 3
Veras 67 6
Frar:h 93 8
Mars 141 12
Jupd.ber L83 41
Cature 885 7L
Uoas.s 1743 149
Lepiune 2792 232
Tiuto 2666 309

Problem

Materials

e visible light a form of radient energy?

Clear electric lamp bulb

Procedure

Have the children examine a ~lear glass electric

that is lighted.

LO
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light waves need no carrier; they travel across a vacuum.

light bulb
Point out that this is similar to a star



l.

burning in space. What forms of energy does the electric light give
off? (Light and heat.) Can the children see the light it produces?
(Yes.) Have a child place his hand close to the bulb, Does he feel
another form of energy? (Yes,) What is it? (Heat energy.) What

is inside an electric light bulb? (A filament, which is in a vacuum.)
Why is it in a vacuum? (If the bulb is to burn for prolonged periods,
the filament must be in a vacuum so that no oxygen from the air can
oxidize it.)

Results

What carries the heat and light from the filament through the vacuum
and the glass? (Nothifig. Radiant energy needs no carrier.)

Conclusions

Light needs o carrier, It travels in a vacuum. It js detected only
when something is placed in its path to absorb and/or reflect the
radignt energy. In this case, the child's hand absorbs some of the
radiant energy.

CONCEPT - Heat energy can travel through a vacuum, such as space.

Problem

Is heat energy another of the forms of radiant energy?

Materials

Electric iron, world globe, thermometer, chart paper

Have the children place a thermometer in the direct sunlight and take
a reading. Then place the thermometer in a shady spot and again take
a reading. Keep a record of the readings and compare them.

Results

What does the thermometer record in each place? (The amount of heat
energy.) What energy comes to the earth from space?

Conclusion

Heat energy can travel through space.

CONCEPT - A light year is a convenient unit to measure distances in space; it

is the distance light travels in one year.

Teacher Information Measuring Light-Year Distances

If you want to find out how many miles there are in a light-year, you

L1
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can do it this way:

a. Multiply the distance light travels in one second (186,000 miles)
by 60. This tells you how far light travels in a minute.
11,160,000 miles.

b. Multiply your answer by 60 again. This tells how far light trav-
els in an hour, 669,600,000 miles.

c. Multiply that answer by 24. This tells you how far light travels
in one day. 16,070,400,000 miles,

d. Now multiply that answer by the number of the days in a year (365).
This answer tells you how many miles there are in a light year.
5,865,696,000,000 -~ about A trillion miles.

This can be a good zctivity of correlation between math and science,
Have the children discover each step before doing it. Thus, it will
be more meaningful to the children,

Draw

Have the children draw observations of night sky. Have each child to
draw a circle and divide it into four parts. Place a star in the center
of the circle. This is the North Star. In each of the four parts

have the children draw the Big Dipper. They are to be sure the pointer
stars are in line with the North Star. Number ydur dippers, one, two,
three, four. Have the children observe the night sky. They are to

hold the paper so that the dipper 1 is in the same position as the Big
Dipper in the sky. Merk the time. Have the children mark the time

for the position of each Big Dipper. This may not necessarily be done
in one night.

Field Trip

If possible, have the children visit a planetarium or observatory.

Bulletin Fuar-iz

Have the children cover a bulletin board with black construction paper
to represent onter space or the night sky. Have them cut out the num-
ber of white circles needed to represent the stars in theilr particular
constellation from the drawings they made previously. It would be
best if the children work in pairs. Each group is to place and label
a constellation on the bulletin board.

12
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5. Make Models - Construct a Constellation

Cut a rectangular opening in one end of a shoe box and a circle in the
center of the opposite end through which a flashlight can be inserted.
Cut rectangles of black paper slightly larger than the opening in the
shoe box. Using a pencil or sharp object, punch holes in the black
paper to represent stars of a specific constellation. View the cards
of the constellations. Remind the pupils that stars in the same con-
stellation are at different distances from the earth.

—r -
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| flashlight
i

. rectangular opening
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Construct a larger constellation viewer by using a dress or suit box.
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Solar System

Materials

Yellow modeling clay, a piece of heavy wire'long enough to reach
across the room, several feet of fine wire, a large sheet of tagboard,
paper clips.

Procedure

To represent the earth use a ball of clay i inch in diameter. Then
from the chart find out how large the other planets should be made.
Example: Mars 1/8", Jupiter 11 times 1/4" or 2 and 3/4 inches in
diameter.

Saturn diifers from all the other planets in having a ring around it.
Make the ring from tagboard about an inch wide. The diameter of

the inner circle of the ring should be greater than that of the model
of Saturn. Push 3 paste sticks into the model of Saturn to make a
support for the ring. Place the ring on them.

As soon as you have made the models of the planets, run pieces of fine
wire about a foot long through them so that they can be hung up. In
each of the larger models, fastena paper clip to the end of the wire
to keep the model from falling off. Bury the clip so that it doesn't
show.
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The sun, if made of clay on the same scale as the planets, would be
too big and heavy. Cut a circle out of tagboard to stand for the sun.
It will be 108 times % z or 27 inches in diameter.

Fasten the heavy wire across as high above the floor as possible.

Fasten the sun circle to the wall at one end of the wire. Use tr:
chart to find out where to hang the earth and other planets.

Make tiny balls of clay, for moons of planets, Fasten them to planets
with short pieces of fine wire.

Makp a lackboard Planetarium

}]) \ ’

Number & Name

Distance from 3un Distance to be Measured

of Planet in Millions of Miles from left side of
Blackboard

1. Mercury 35 1 3/4 in.
2. Venus 67 31/, "
3. Earth 93 Y/
L, Mars 141 7N
5. Jupiter L83 2 Tt.
6. Saturn 886 3 ft. 7 in.
7. Uranus 1783 7w o5 o
8. Neptune 2791 i1 " 6
9

Pluto 3671 5 * 3

(Scale: 1 inch = 20 million miles)
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EXPLORING SPACE

Initiatory Activities

Have the children:

1.

2.

10.

11,

ll-l-o

Read a poem about airplanes, the stars, or the moonj listen for and
discuss sound words, rhyming words, and words which tell pictures.

Invite a speaker to discuss modern communications; illustrate at least
three kinds of communications used in their homes, industry, transpor-
tation, and space projects.

Listen to a series of weather reports and note how they are presented.

itead a book or story about space; have each child give an oral book
report to the class,

Listen to a guest speaker; take a field trip to a planetarium; form
committees with each committee reporting on three facts that were learned.

Plan and present an assembly program on space exploration.

Itead chart stories about the work at an airport, project Gemini, or
weather and meteorological satellites.

Do indeperdent reading and report on legends and myths connected
with flight, '

Select a topic such as comm.nications satellites and read a news story,
feature article, and an interview connected with the subject and discuss
them with the class.

D."" »rntiate between fact and fiction by reading science fiction books,
comparing them with factual materials from authentic scientific sources.

Prepare word lists using the names of planets or space projects and
using each word ir a sentearce.

Write captions for scrapbooks on the earth, solar system, moon, con-
stellations or satellites,

Plan a class book on space studies. Let one committee prepare an outline
for each chapter; another write the material; another prepare the captions;
another the table of contents and indexes.

Read an article about a satellite to the class; have the children take
notes, organize the information into an outline, and then write a brief
summary.
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15. Write newspaper .rricles 4 story sbovt a recent launching, an interview
with a civic persorality -boul space exploration, 2 review of a scien-
tific pook, or .~ fexf ire article or tne benefits of space research.

16, BEring newspapers to «lazs and show how many different kinds of information
on space can be four?

17. Make a class ctlim?ir for - parvicular month and record facts about the
moon's shape, color, ard waen it can be seen in the daytime.

18, look at photograps~ of ihe moon taken vhrough a telescope and discuss
the patterns.

19. “bserve and rerord the weather each day for a two month period; have the
chlldren rote avd Aiscu-z ~loud formations on cloudy and sunny days.

20, Tell about the l:v-~t laurch at Cape Xennedy and form committees to report
on ths vario;ﬂ pr:. 5 ¢.f£., the spacecraft, its use, the launch vehicle,
the countdown, tne per‘oran, recovery or landing, etc.

21, Keep Inurormed abor. curruat evenis by reading articles on space explora-~
f1or 1n magazine~ .- well as cewspapers, Have them bring articles and
pletires about tie irtedy Tusunching to class for a bulletin board display.

22. ‘fnllect materisls skiout the practical benefits of space exploration and
then discuss the poite 0F view expressed by various sources.

23, Devote ni entire L .us of the school newspaper to "space.!

serzloprental Activities
' SOLLEPT - Letrouomsr. wae & <pec poscope 1o determine the chemical compogition of the

stars avd of 1ae atmosphicre of other planets.
1. Problemr
How is a spe.troscope 7-.ed-
Materials

omall mirror, mail.:ng ..te, e«dhesive or masking tape, light source, dif-
fraction grating, priwm, plvc, alumirum foil, razor blade, rubber band.

Procedure

Have the children make @ fire scratzh L inch long on the silvered side of

a small mirror. The line aznould have clean, sharp edges. Have them fasten
the mirror to one ernd of a mailing tube and then cut a hole in the tube so
a prism may be inserted. Let them hold the end of the tube with the slit
in front of a light source, look through the open end of the tube, and
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adjust the prism to give a broad spectrum. (This can be determined only by
maneuvering it until the desired clarity is reached.) Then tape the prism

in position.
/\ » Mirror
olit in mirror ﬁ/
/

Jow suggest to the children that another way to build a spectroscope is with
a diffraction grating. A diffracllion grating is a transparent piece of
glass or plastic on which thousands of parallel lines have been etched.
These lines serve to break up the light into a spectrum as does a prism.
(Diffraction gratings may be obtained very inexpensively from scientific
supply companies,

Have the children glue a diffraction grating to the end of a mailing tube or
other round cardboard tube and then place some aluminum foil over the other
end. Make a narrow slit in the aluminum foil with a razor blade. Have a
child hold the diffractlon-grating end of the tube up to his eye and look
through the slit at a light source, rotating the aluminum foil until a
spectrum is seen. Fasten the aluminum foil in place with a rubber band.

Hesults

Light from an incandescent lamp will give a continuous spectrum, that is,
the colors will blend from red to violet without interruption. However,
under conditions of low pressure, each element when in its incandescent
gaseous state will produce a spectrum with a unique pattern of bright lines.
For each element, there will be a bright line spectrum, and each bright
line will be in a definite position in the spectrum.

If the light from an incandescent substance under high pressure is permitted
to pass through a cooler gas at low pressure, the spectrum will be marked

by dark lines. Each dark line will occupy the same position as a bright
line in the spectrum as above. Uither the dark line spectrum or the bright
line spectrum may be used to identify the elsments in the gas.

Conclusion

By taking pictures of the spectrum produced by a star, and comparing them
with spectrographs produced by known elements, we can determine what a
star is made of.

K7
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CONCEPT -~ The Doppler effect is the name given to the shift of the position of
spectral lines when the light source is either receding from or approach-
ing the spectroscope.

1. Problem

What is another type of information that can be obtained through the use
of the spectroscope?

Materials
Bicycle, transistor radio, block of wood, pan of water.

Procedure

The children can experience hearing the Doppler effect by lining up along
the edge of a sidewalk. One child, riding a bicycle, should move swiftly
past the row of students as he sings, yells, or plays a transistor radio
loudly. Have the children listen for the change in pitch as the rider
passes.

Another example of tue Doppler effect can be seen with ripples in a tub

of water. Have a child float a small block of wood in the center of a

pan of water. Let another press lightly on the block and watch the pattern
of the ripples emanate in rings from the center. Now have the child give
the block a slight forward motion. Do the children see how the ripples

are closer together in the direction of movement?

As the block
Block of wood Ripples moves forward,
it compresses
the ripples in
front of it
and expands

Block of wood those behind it.

Result

Now make the point that light energy also comes to us in waves. These
waves tend to bunch up in the direction of movement, just as the ripples
do. Ixplain that, by comparing the bands in a light spectrum of a star
with a known spectrum, we can see a slight shift in the bands to one
side or another. This shift indicates that the light is moving toward
or away from the slit in the spectroscope. Light from a source moving
toward us will cause a slight shift to the shorter violet end of the
spectrum, while light from a source moving away will cause a shift to-
ward the red end.

Conclusion

The Doppler effect is the shift of waves so that they are either close
together or farther apart, depending upon the relative movement of the
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source and receiver of the waves. Astronomers use the shift in the spectrum
to determine whether a light source is moving toward or away from the earth.

CONCEFT -~ Some space probes carry instruments such as the magnetometer, to detect
the magnetic fields around other planets.

* .. FProblem
WMhat, are the types of equipment carried by space probes?
Materials
Two bar magnets, string, compass.
rocedure

I.e children can make a magnetic field detector simply by constructing a
free-moving magnet, (This, incidentally, is also the principle of the
compass.) There are many ways to do this. One way is to suspend a bar
magnet by a string and allow it to rotate freely. When it stops, have
the children note the direction in which it points, then tap it gently
to cause it to swing again. When it stops, ask them to note the direc-
tion in which it is aligned. Is it the same as before? (Yes.) Why?
(The magnet has aligned itself with the earth's magnetic field.) Have
the children bring a second magnet close to the first magnet. What
happens? (The first magnet moves.) Why? (The magnetic fields of the
two magnets interact.) Ask the children, "Do you think the same thing
would happen if the magnetometer were placed near Mars? Venus? Near
the moon?"

1

Some children might try to detect o
maguetic fields of objects on r‘f
earth. Sometimes a piece of steel
or iron equipment that has been
left undisturbed for a long period
of time will become magnétic. The
metal legs of a table or chair may C:r
hecome magnetized. HEstablish that
a compass will move when brought
near a magnetic field by bringing
one near a magnet. Move the compass
around the magnet and have the
children ohserve the movement of the
compass needle. Why does it move? ///w J/)
(The needle is a small magnet, and k,_______._J/
its magnetic field interacts with
that of the magnet.)

Results ;

Have the children bring a compass close to the top of a steel table leg
or steel cabinet. Note the direction in which the compass needle points.
Let them move the compass to the bottom of the leg. What happens to the
compass needle? (If the legs of the table are magnetized, the compass

l L9 .
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1.

needle will swing around to point in the opposite direction as it is

moved from the top to the bottom.) Let the children test the other table
legs. Do they observe the same thing happening to the compass needle?
(They should.) Have them test various metal objects.

Conclusion

A magnetometer is used to detect the magnetic fields around the other
planets in the solar system.

CONCEPT ~ There may be life on other planets.

Problem
What are ways to explore whether there is life on other planets?
Materials

Pyrex Petri dishes, plastic refrigerator boxes, or other clear containers
that can be sterilized and sealed.

Procedure

Have the children sterilize several of the containers by boiling or
steaming them (as is done with nursing bottles) for about 20 minutes.
Into each container, let a child pour enough agar or liquid gelatin

to cover the bottom to 1/8 inch. Cover the containers and allow them
to cool. Have another child take several 8-inch pieces of damp string
that also have been sterilized and drag them over the lawn, across the
soil, or over the classroom floor. Ask the child to place them in the
dishes of agar or gelatin. Save one container of nutrient to use as a
control. Cover each dish and allow them to remain in a warm place for
several days. Do not open them, but have three children observe each
dish every day, keeping a record of their observations. Do they notice
any life appearing on or around the string on the gelatin? (Bacteria,
molds, or yeasts may begin to grow on the nutrient.) Do any forms of
life grow on the control nutrient? (No.) Would this experiment prove
that all living things that are on the nutrient have been detected?
(No. There may be organisms that live on other nutrients and organisms
that live at other temperatures.)

Results

Develop with the class such questions as: What do living things need to
grow? What do they take from their environment to grow? What do they
give back to the environment? What do animals need for growth? What

do plants need? (Develop the concept of the exchange of carbon dioxide
and oxygen between plants and animals in the processes of respiration
and photosynthesis.)

Conclusion

Life may exist on other planets. Space probes can carry instruments to
detect this life if it exists.
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CONCEPT - The earth pulls things down toward it. This is called the earth's

NY

gravity.

Problem
What is gravity? L\
llaterials h\\\\\\\*)
Ball, string, chair, tape.

"rocedure

illustration). Hold the ball to your

nose. Let the ball go. Sit still.
"hat, makes the ball go away from your nose? (Gravity.)

Harg the ball in a doorway (see the j —

Hew far will it go? Will it come back?

hesults/Conclusions

The tall will swing back and forth,
Gravity is constantly exerting a pull on the ball.
tesearch

lake a report on fir Isaac llewton, an Inglish scientist who discovered
some ilmportant facts about gravitation.

Problem

How much does gravity pull on you?

aterials

‘mall cardboard box, larse rubber band, ruler, thread, marbles.

Procedure

Place the ruler on a table so that about 3 inches extend beyond the
table. Place a pile of books on the rest of the ruler so that it will
not topple over during the experiment. Insert one end of the rubber
band into a paper clip and loop the other end of the rubber band over
the protruding end of the ruler. Then insert into the lower end of the
paper clip a loop of thread attached to the sides of the cardboard box.
Make a pointer by bending one end of the paper clip into a horizontal
nosition. Now add marbles, one by one, and notice how the rubber band
stretches. You may make your own scale by putting a narrow strip of
white cardboard underneath the ruler and let the rest hang down with
the box empty, marking with black crayon the point where the pointer
touches zero. As marbles are added to the box the rubber band stretches.
Label each mark to denote how many marbles are in the box. You now
have a balance with marbles as a unit of weight.
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Conclusions

The stretch of the rubber band clearly shows the pull of gravity on the
marble.

3. Demonstration

Have a child hook a ball to a string. Hold the string out as far
as your arm goes.

Make the ball go in a circle.

(The earth's gravity is still pulling down, but the ball has
moved up a little.)

Make the ball go faster and faster. The earth's gravity never
stops pulling it down. But the ball stays up if it keeps moving (:t>

fast. Now let it go slower and slower. What does the earth's
gravity do to the ball?

IOTE
A satellite is not attached to string but receives its initial speed from
a launch vehicle.,
CONCEPT ~ "Down'" is toward the earth. "Up" is away from the earth.
1. Problem
Is it easier to move a ball "down" or '"up"?
Procedure
Have a child simply drop a ball. Then have the child try to get the ball
to go up. He will have to work to make the ball go "up." Does he have

to work to make the vall come down?

kesults/Conclusions

The ball goes '"down" with only the force of gravity working on it. It
takes "work'" to make the ball go "up."

Gravity is pulling on all objects. It is easier for an object to go to
the earth than for it to go away from the earth.

2. Prcblem

Why does water go downhill instead of uphill? —. Clay
Materials

Pan, water, clay or dirt.

i r—
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LOTE

Procedure

Make a hill in v with tiey or dirt, Upread it out so that there

is a pradual clope. .inkc a4 path for the water to go down. First, put
water at the lew par: ~f ke pan. Hoes it go up? (No.) Then pour water
on the high part (h:21!. [loes the water go downhill? (Yes.)

Results/Conzlusin.g

Water poes dewirhill,

water flows downhill becavse of whe earth's gravity.

£
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I'roblem \\\\; vand
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Tioeg the mazz of .

object {cize ard welrar . ™
affect its pravitation!
pulls

Vaterials

LY
Five =vea] Lalle -7 o tteswry glioor, box of sand.
Pronedure
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4 st
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lab

e the childrzn drop tie siee nalls into the sand., Have each ball
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hemove 'nhe balll aund obzure: whizn bill made the biggest hole. (Measure
ard record,’

Yake gure all bt:a ary dropped frow tie same heighl.,

Lesults/lonalusiore

The biggest ball wil: weke Ltec iargest hole. The bigger the mass, the

more gravitabtioi.i puil ie caerted on it.

hecord Facte
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CONCEPT -~ Bwerythlng has sra~it4tin.. (0 more Mis? Lo a sir Ld..ce the stronger
its pravioat Lon P preater bne SlLUitan LETEC s Lhings Lne wed. o
the pravitation bDelw-en LRen.

1. Problem
T similar ot jerto, P ollive fen rae iwe relpnt, il the floor av th
same 1 ime -

Haterials
Two le dnon oralers, cwo opevoLie,

Proced.ire

Place a4 1. inct r..er 2ilinaely at ove corner of a table top. Let one

erd of tne r.rr progect nver the edge of the table and have the other
end akmit one 174~ fvom tne edge  Place a penny on top of tne projent'n&
gr.d of the riler., !lace a sec d peury on the table between the otiher

end of rre poiler avd 'we edpe HT the Laple. With the flat part of another,
strike Lre praogectlapg »v. of the first ruler sharply, using a horizontal
mo* Lov., Jraw trne .- pilep rnok gulekly as soon as you have struick

vhe firs. r.isr,

Fezults

e perry faiis ocralecr oo fLoor while tne other travels in a Long
arn. Ley not:n it at tie came hite.

“ornelusions

Very o di g L TTAT A )
- ) . . . .
COTEPY v I, wmmropo it L o et parl QL rerter,

1. Irsblew

How cu:r a6 praviterio g e tion of fre efrth pe demor.sirated”

Materials
E‘t"room, Lol *ro, upri-t, 1 Lavéry vvalee; variouns objects for measur-
i vy strinug a0 weight for o plumb Line; pipe cleaners; worid gloke; ball

other nbreagiynle object sy mode ling «lay
Procedure

Fach cnild can fird u.1 how mooh gravitgtional force the earth is exerting
on him by weigning himzelf and recording nis weight. Fxplain to the class
that a person's welgit L3 a meawure of tne earth's pull on his body. If

a child registers a weight >f 100 pounds, the earth is pulling at him with
a force of 120 pourdas. Usirg various scales--balance, sprirz, and laundry
scales~-measure vario.s objects to find the amount of gravitational pull
on each.,
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ilext, the children can discover that gravity attracts all objects toward
the center of the earth by dropping a ball or other unbreakable object.
Have the children observe the direction of fall.

Have them also construct a plumb line by attaching a weight to a string.
Zuspend the string so that it will swing freely. When it stops swinging,
let the children observe it to see if the string is perpendicular to the
ground. Ask them in what direction gravity is pulling on the weight.
(Ctraight down.) What if the plumb line were on the other side of the
earth? Would it hang in the same direction? (Yes.)

lLesults

eing modeling clay, attach pipe~cleaner figures to a world globe. Help
vhe children determine the direction of the force of gravity if a person
(represented by 4 pipe-cleaner figure) were to drop an object. These
activities will help the children Lo see that the attraction of gravity
is generally toward the center of the earth.

Conclusion

The earth's gravitational attraction pulls objects toward the center of
the planet,

COLCEPT ~ If a great enough force is exerted in a directilon opposite to the gravi-

1.

tational force exerted by the earth, an object can rise.

Problem

How can the earth's gravitational attraction be overcome?

Materials

Large ball.

Procedure

Have a child hold a ball at arm's length. Ask the children, "Is the earth
pulling on the ball?" (Yes.) "How much?' (The force is the weight of the
ball.,) "Is the child overcoming the force of gravity on the ball?" (Yes.
Otherwise, the ball would be falling.) When his arms tire, let the child
release the ball. '"Does it fall?" (Yes.) "Why?" (The earth attracts
the ball toward the center of the planet.) Now have him throw the ball
gently into the air. As the ball goes up, does it travel against the pull
of gravity? (Yes.) What did the child apply to the ball to make it over-
come the gravity for a brief period? (A force.) Have the child throw

the ball harder. Does the ball go higher? (Yes.) Why? (He has applied
a greater force.) OSee who in the class can throw the ball the highest.
Could anyone throw the ball imto space? (No.) Why? (No one can apply

a force great enough to overcome the earth's gravitational force in-
definitely. )
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Results

As the children throw the ball into the air, can they determine the point
at which the ball begins to fall back to the earth? (Yes.) Why does

the ball fall back? (The ball travels upward because it has initially
been given enough upward puch by the child to exceed the downward pull

ni' the earth's gravitational attraction. The gravitational pull, however,
eventuiLly overcomes the child's oush, and the ball therefore returns to
2arth.

Sonelusiol

"he pull of gravily can be overcome by exerting a sufficient force in
the opposite direction.

Ty overcome the earth's pravitational attraction, larpe amounts of energy
must be expended.

1. .roblem

How can machines be used t¢ overcome the attractional force of the
earih?

Haterials

fardle, jars, baking soda, broom straw or wood splinter, hydrogen peroxide.
Yprocedure

I'xplore with the children the sources of energy for various machines with
which *hey may be familiar. On what principle do they operate? Which

of these energy sources do the children think would be feasible to power
:, space vehicle' Which would not? Why not?

’,Af
,—"0"’“' /"/’
’,’ - {r
// Se o 1
\~_\ i
: <$\\\\\‘<QL
™ vy e
/) Rifle and Bullet

Olingshot Bow and Arrow

i

h

Rocket

A ~
Al

Airplane

Could a jet airplane go into space? (No.) What does a jet engine need
to operate? (Oxygen.) Any engine that uses a fuel such as gasoline or
kerosene must also have a source of oxygen (oxidizer) available to combine
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with the fuel. ZXerosene and gasoline use oxygen from the atmosphere. Is
there oxygen in space? (No.)

Resultsg

To supply answers to these guestions, let the childrzn place a candle
(fuel) inside a jar in an upright position and light the candle. Then
have them place the lid tightly on the jar and observe what happens to
the candle's flame. (It should go out in a short time.) Why? (The
candle uses some of the oxygen in the jar to burn.) The candle serves
as the fuel to combine with the oxygen in the air inside the jar. If a
Jet engirne approaches the outer limits of the atmosphere, where the
oxygen supply becomes slight, what will happen? (The fuel will have
nothing with which to combine and therefore will not burn.)

Pose the guestion, "Where can an engine obtain a supply of oxygen in
space?" ?To venture into space, where there is no oxygen, it must take
a supply of oxyren along.) Explain that this might be in the form of
pure oxysern or oxy:sen .in combination with other elements. Many com-
pounds in our enviroiment contain oxygen. In some cases this oxygen

in compourds can be taken into space along with the fuel (kerosene).

Have the childrer pour about 1 inch of hydrogen peroxide into a small
bottle and add a teaspoonful of ordinary baking soda. Then ask them
to place a piece of cardboard over the top of the jar and set it aside

for about five minutes. Ixplain that the tiny bubbles escaping from
the peroxide are bubbles of oxygen. Light a broom straw or wooden
splinter, Blow out the flame so the straw or splinter just glows. Put the
glowing straw or splinter into the bottle and notice what takes place.

The straw should burst into flame.)

Conclusion

Many machines help us overcome gravity. A great deal of energy is
required to overcome gravity completely. An engine that burns fuel
must take its own oxygen into space with it, for there is no oxygen

in space.

Machine S Energy Source
Automobile Gasoline and oxygen
Jet alrplane Kerosene and oxygen
Nuclear submarine Nuclear (uranium)
Locomotive Diesel fuel and oxygen
Electric motors Electricity
Cordless electric razors Electric storage batteries
Steam engine Steam

CONCEPT -~ Inertia keeps moving things going.

1. What is inertia in motion?
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Materials

Paper, block of wood, thumblacks, a coin.

Procedure

Press two thumbbtacks into the block of wood. Put a coin next to the tacks.
Fasten another block of wood near the center of the table. Push the block
of wood that has the coin on it. Try to hit the other block.

Kesulis/Conclusions

The coin moves forward since an object in motion cannot stop moving by
itself. It has inertia. The block stops since it was pushed against the
other block, but the coin did not hit anything so it continues to move.
Thumbtacks do not continue to niove because they are fastened to the block.

An object in motion stays in motion unless acted upon.

(hserve

Have a child run fast and stop suddenly. What happens? His body is in
motion anrd will continue tc go forward. His feet will stop because of
friction and the force he applies. What force finally stops the body?

Talk about a car stoppin:s suddeuly. Why does the car skid? It is in
mot.jon ard tends to keep poins forward. What happens to the objects inside

ihe car?

Denmonstrat.ion

Have children brings in a baseball (soft). Throw the ball. It is in
motion and will not stop until a force stops it. The hand that catches
the ball Is the torce that stops it. The hand actually pushes on ihe ball
in the opposite direction.

Demonstrat jon - Possible (ibjecte

Materials

Toy that has wheels, Loy that has no wheels, small wooden box (about the
size of the toy), marble, an orange, smooth-surfaced table, sand or dirt.

Procedure

Have children place objects, one at a time, on the flat, smooth surface.
Do the articles stay where they are placed? Now take the objects that
will roll and set each in motion. Does it keep moving? Try to set the
objects that do not roll into motion. What happens? Repeat the experi-
ments putting some rough materials on the surface (sand, dirt). Ask:
"On which surface did we need to use more force to make something
move?"
"On which surface did the objects need less force to make them move?"
"To stop them?"

Try these same experiments with a slanted surface.
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5. Discussion ~ Riding in a Car

What happens when the car stops suddenly? Which direction does the passenger
keep going? What stopped the car? What will stop the passenger? (Safety
belt, windshield; or the passenger may use his hands,)

The passenger is in motion, and he stays in motion until something stops
him,

t. Charts, Maps, or Graphs

Have the children make a chart of as many kinds of forces that they can

think of.
. Make children tell you what
These Forces Make Things Move force makes each object go:
My )
0y ) : : Pinwheel
Wind ===, (Wind Mill) Top
Ball
Water —Z-">—-~ (Water Mill) Kite o
c - Air Conditioner
oall Boat

Car Engine 4525;:2225# gi:in
" es

Human Ener
& J}N =

7. Demonstration

Heve children demonstrate pulls and pushes (as many as they can do in the

classroom).
PULLS PUSHES
Open a window (depending on the Open a door.

type).
Roll a ball.
Drop an eraser (gravity pulls).
Throw a ball.
Raise a window shade.
Walk (Your feet push against the

Lift the desk. floor. )
Lift a book. Write with a pencil.
Take a tack out of the bulletin Blow up a balloon.
board.
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CUHUHYT -~ Inertia is a for e that keeps things that are at rest where they are.

ll

Problem

Can you set an object into motion with a force?

Materials

Pinwheel, toy car, box, marble.

Procedure

Set object on a completely flat surface. Ask the children to observe the
object. Is it in motion? The answer should be 'no." Have one child iry
to set the object in motion without applying a force. Children may try to:
1. Tip the surface -~ gravity would be the force.

2. Blow on it -~ this is a push.

3. Use another object to hit it -~ push.

L. Move the surface -- this would be action-reaction. The surface moving
is the action. The object moving back is the reaction.

Results/Conclusions

The object will not move without a force being applied to it.

Inertia is the force that keeps things that are at rest where they are.
Problem

What is inertia at rest?

Materials

Paper, block of wood, thumbtacks, a coin.

Procedure

Put the block of wood on the table on top of the paper. The block of wood
is still and remains still. When you pull the paper from under it, you are
neither pushing or pulling it.

Results/Conclusions

The block of wood does not move because it has inertia. It was not moving
in the beginning.

An object at rest stays at rest unless set in motion.
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3. {bserve
Have the children observe all the objects in the classroom and all the
objects that they can see outside the window that are at rest. What could
set these objects in moticn?

4. Demorctratica

“ave two toy wagons; put a leau sirker in one. Try pushing the loaded wagon
and the empty wagorn with the same force. Which wagon moved farther?
(empty wagon)

The empty wagon's inertia of rest was less than the loaded wagon. To move
the loaded wagon ihe same distance as the empty wagon, you would have to
overcome a grea:er inertia and therefore would need a greater force.
o - How can you demonstrate the centrifugal effect?
1. Problem

What is cemtrifugal effect?

Materials

Two rubber washers, string, empty spool of thread or firm paper tube.

Procedure

Securely tie a rubber washer to the end of a string that is between two or
three feet in length. Push the other end of the string through the hole of
a spool of ~hread or a firm paper tube. Then securely tie another washer
to tne end of the string. Leave several inches of string hanging from the
top of the spool, keeping the spool upright, make it go rapidly in a cir-
cular motion while you hold the lower washer steady, then let go of the
lower washer.
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Results

The upper washer moves farther away from the spool. The lower washer is
being lifted by the motion of the upper washer.

Conclusions

The upper washer pulls the lower washer when it 1s going faster than the
pull of gravity.

CONCEPT - Between the earth's two magnetic poles there is a magnetic field including
the earth and the poles themselves.

1. Problem
Does a magnet have a field of force?
Materials

A strong bar magnet, large flat-bottomed glass dish, thin wood strips or
books, thin piece of cork, steel pin.

Procedure

Support the large flat-bottomed glass dish by thin strips of wood. Place
the bar magnet so that the North Pole lies directly under the center of
the dish. Magnetize a steel pin as a North Pole and thrust it vertically
through a thin slice of cork. Put enough water in the dish so that the
head of the pin will float clear of the bottom. 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 N pole down moves along a line of force
from north to south.

Conclusions

This indicates that a magnet does have a field of force. The path that
an independent north-seeking pole would take in moving from the N pole
to the S pole of a magnet is known as the line of force.
CONCEPT - A magnetic compass worked because the earth is a magnet having two ends.
1. Problem

How can we make a compass?

Materials

Magnet (horseshoe or bar shaped), paper clips, brads, tacks, needle

cork,
dish of water, square sheet of paper (2 inches larger than the dishs.
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Procedure

Stroke a needle in one direction with a magnet until the needle becomes
masnetized. Test it on the clip, etc. Trim a slice from a bottle cork
and float it in the dish of water. Place the needle across the cork.
Mark one corner of the paper N for north, the opposite S for south, the
corner on your right I for east, and the one on your left W for west.
et 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 1l and the point of the needle are in line. Move the cork and the
needle so0 they point to various directions; release so the cork and
rnieedle swing freely.

Fesults
The needle and cork swing around in a north-south line. This can be tested
by having other compasses in the classroom. The floating magnetized

needle is a compass.

Conclusions

A needle can be magnetized by rubbing it on a magnet in one direction only.
It acts as a compass in that it continues pointing north as the dish is
moved.,

CONCEPT - If a satellite moves fast enough, it is not pulledhaown by the earth's

1.

pravity. \\\\\

Problem

How does a satellite escape the earth's gravity?

Materials (:)k =i~

7

String or long rubber band, ball.

Procedure

Take the ball and tape the string

to it. Hold the end of the rubber
band and swing the ball around

your head as shown. S ¢

Observe the ball as it goes around. Try starting and stopping the ball.-
Try changing the speed of the swinging.

Results/Conclusions

If the speed is great enough, gravity will not pull the ball down.

Conclusions

You can overcome the earth's gravitational pull by exerting a force greater
than the force of gravity.

63
T



Tell the children that if a satellite travels at 25,000 m.p.h., it can
escape earth's gravity.

Materials
. Globe, small object to represent spacecraft.

2. Demonstration

Show that once a satellite escapes the earth's gravity, it slows its speed
(slow to 18,000 m.p.h.) and goes into a circular orbit around the earth
because of the earth's gravity. As the craft slows down, earth's gravity
can exert a great pull

Space craft

25,000 m.p.h. 18,000 m.p.h.
(7 m.p.
second)
EART EARTH
Escape Velocity Orbital Veloc1ty

CONCEPT - Light is composed of waves of differing lengths; each color is a wave of
a different length.

1. Problem
Is light composed of waves of differing length?
Materials
Jump rope, meter stick.
Procedure

Place a jump rope on a table. Have the children move it back and forth
"'snake" fashion to cause waves in it, then stop it so that it lies on the
table in waves. Have the children measure the distance from the top of
one wave to the top of the next. This is one wavelength.

The length of a wave of light is measured in angstroms. An angstrom is
i‘;%iaTF meter, or one ten-billionth of a meter. Have the children find
one meter on the meter stick. Then have them find one-hundredth of a meter
(centimeter) and one-thousandth of a meter (a millimeter). Can the chil-

dren i?agine how long one angstrom is? (One ten-billionth of the meter
stick.
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Red light's wavelength is between 6,500 and 8,000 angstroms; violet's is
about half that, or 4,000 angstroms. It is this small difference in wave-
lengths that our eyes translate into different colors.

Rope flat on a table
One wave length

Meter Stick

itesults/Conclusions

Light is composed of waves of differing lengths. Each color is a wave of
different length. Xed light has the longest wavelength. Violet light has
the shortest wavelengtn.

COUCEPT -~ A prism can spread light into a spectrum.
1. Problem
How can the wavelengths of light be spread into a spectrum?

Materials

Various sizes of prisms, flashlight, paints and crayons, wrapping paper,
3 pieces of window glass cut accurately into rectangular shapes approxi-
wately 4 by 8 inches, waterproof tape, aquarium cement, water, alcohol,
baking pan or tray, plaster of paris, needle, mirror or shiny key.

Procedure

Ask a child to stand by a classroom window through which the sun is shining.
Have him hold a prism in the sunlight and turn it until the colors of the
spectrum appear on the ceiling or walls of the classroom. Can children
describe the colors? Let the children try various sizes of prisms. What
effect does prism size have on the size of the spectrum obtained? (The
bigger the prism, the bigger the spectrum.) Have the children try a

light source other than the sun, such as a projector or flashlight.

Help the children mix paints and find crayons to match the colors of the
spectrum. Let them make a large spectrum in the classroom by painting the
colors on a long piece of wrapping paper.

Next, suggest that the children build a prism. This may be done by taping
together the three rectangular pieces of glass in the shape of a triangle.
Set one open end of the triangle into a pan of wet plaster of paris and
allow it to remain in the pan until the plaster has hardened. The prism
must be made waterproof, and this can be accomplished by sparingly apply-
ing clear aquarium cement. Fill the prism with water. Have the children
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project a light through the water prism. Allow them to experiment by vary-
ing the amount of light passing through the prism.

Next, place blark waterproof tape over the lens of a projector, allowing
only a thin slit of light to shine onto the prism. Have the children try
. reflecting the light from a mirror, a needle, or a shiny key. They might
also try other liquids in the prism, such as alcohol. The light is re-
fracted at different angles with each. Which produces the best spectrum?

Indigo
Violet

Results/Conclusions

A prism breaks white light into its component wavelengths.
JONCEPT - Rocket engines work on the principles described by Newton's third law of

motion which states, that for every action there is an equal and opposite
reaction.

L. Problem
How can Newton's third law be shown?
Materials
Two pairs of roller skates, large ball, rubber balloon.
Procedure
Have a child put on a pair of roller skates and throw a ball over his head

to another child. Does the child on roller skates move? In what direction?
Why? Try the same thing with both children on roller skates as they play

catch. What happens? (The children move apart.) Can the children devise
other demonstrations of this phenomenon?
A rubber balloon can serve as a simple rocket engine. Examine a balloon

with the class. Then have a child inflate it, hold it above his head with
the end closed, and then release it. Let the children observe what happens.
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The balloon will probably fly across or around e

the room. Why? (The gas inside the balloon  ,~
is exerting pressure in all directions. When “~-4

the balloon is released, the air is allowed to escape out one end. Oince
the action of the escaping air is in one direction, the balloon will travel
with equal force in an opposite direction.

Ask the children to collect pictures of, and to explain examples of, the
action~reaction principle at work in a variety of ways. For example, have
them explain the following:

Lawn sprinklers: Water rushing out in one direction causes motion in
the opposite direction.

Rifle or cannon firing: A rifle or cannon fired in one direction
causes a "kick" in the opposite direction.

.he children can experience the action-reaction principle themselves. When
they ride in a car, bus, train, or airplane, and it starts or speeds up,
they can feel the backward thrust when the vehicle moves forward. Can they
identify other instances when they have experienced the action-reaction
principle?

Conclusion

For every action, there is an equal and opposite reaction. This is the
principle of the rocket engine.

2. Problem

Will gas under pressure provide push or thrust?

Procedure

Wrap a teaspoonful of baking soda in a small piece of tissue paper and place
in the inside of a small bottle. Place the bottle on two round pencils or

dowel rods. Place about a tablespoonful of vinegar in the bottle and cork
it loosely.
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Results

The reaction between the baking soda and vinegar produces a gas. This gas
(which occupies more space) in turn forces the cork from the bottle. The
force or thrust is produced by the greater pressure on the inside sur-‘ace
opposite the pushed-out cork.

Conclusion

For every action there is an equal and opposite reaction.

Demonstrations

Have the children build the following action-reaction engines.

Balloon-powered boat: Have a child cut a milk carton in hal? lengthwise,
and puncture a hole in the bottom side near the edge. Next, he should
insert a glass tube into the hole and attach the balloon to it with a
rubber band. Then another child can inflate the balloon and place the boat
in a tub of water. Does it move? (Yes.) In what direction? (In a
direction opposite to that in which the air is escaping.) Can the chil-
dren note the difference in speed when the opern end of the glass tube

is under the surface of the water? (The "boat" moves more quickly when
the tube is out of the water.) Why? (The air escapes more quickly.)

Balloon-powered boat & Balloon~-powered rocket

Balloon-powered rocket: Using cellophane tape, a child can attach a drink-
ing straw to the side of a long balloon. Then he should pass a thin wire
through the straw and attach one end of the wire to a school fence, post,
or door handle. Next, have him pull the wire taut and attach the other

end to an object on the opposite side of the room or yard. After inflating
the balloon he should release it suddenly. Let the children observe the
balloon's movement in relation to the direction of the escaping air.

Have the children devise other vehicles that use the air escaping from a
balloon as the source of power. In each case, what is the vehicle's
direction of movement in relation to the direction of the escaping air?
(Explain that this is what is meant by action and reaction. The action
of the air rushing out one end of the balloon causes a reaction, or move-
ment, in the opposite direction.)
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The simple machines the <n.ldre. . desipr by using balloons as the source
of pewer are rot very powerfsi, hewsver, They do no., go far or travel very
fast. Pose these quest.ons fw ins childrea to consider: How can more
powerful and efficient morhines Le builtt What happened when too much air
was piaced in the bailoon. dould 2 melzl container he strong enough to
allow ihe storape of more pas urder pgreater pressure? If the pas escaped

i

a1 , ;1. 1 P L$
rmore capidly, would ihe rocke, g0 farcher?

-

Lo children can devise other typ2s of machines in which there is a more
rfllcient use of vne actlnu-reas . io. principle in the following ways.

¢ for M & roller skate. When the fanu is

LLe war ls Lo tie zn elecir]
resting doeo the skate move? In what direction does

vuarned orn, in what di
tae air move?

aronher war ds Lo obuuln from . nobby store several carbon dioxide (C0,)
3 + o rYeu o «d r - STV BT cod oyt 9 'n dl t 1 th d % th

cartridees and o sprang-powesred puncturing needle to pierce the ends o e
cartridiaes.  Maoy uvypes of eovkc. ovips (air frames) for the cartridge

nay be coustructed welnys medldn 1wes, balsa wood, or plastic containers.

ash rhe childre. Lo desiyrn faul Lomerruct Lheir own rocket ships. (Iilements
of safery muse bo wkept L micd when choosing materials and propellants. )

Ceppest that one waen e conotrvey s rocket
ship le to hollew . the cod ot 2 blsa
wood dowel Lo heod o0 carrioos, Attach
two cup hooks inothe cop o Phe qowet,
COLPLLT B WIre ol acere oo thooooih o

and nangt Lhe roecern Lt Pl e o,

Loe
cartridee nothe end « & fre worowei, agrd

punetire it. e swre ihe oihor end of Cponge rubber
« . . 3 s e “ 2

trne wire iz yradded wiibh 5y e pobiner upgd?e

or cloth on tne brian word rochey padd.ing

X e et
will cause no domAre on Cap o,

Capgest to the ehildren thst srother
wiys of Jnereasing: rocket eunrs, is
vO use a fuel what will gererate a
large amount of exparding g, o
do this, they should obtair a flal
bottle, some rou.d peicils or

L inch dowels, sume vinepar, baking

soda, and a cori. Have them place one tablespoonful of baking soda in the
bottle, add 2-3 ounces of vinegpar, and place the cork loosely in the
opening. Ask them to lay the flat side of the bottle on the dowels and
observe the action of the cork and the reaction of the bhottle. (The

cork pops out in one direction, and the bottle rolls along the dowels

in the opposite direction.) WhyY (The children can see the bubbles in
the vinegar. The bubbles are carbon dioxide gas, generated in the re-
action between the baking soda and the vinegar. When the pressure of

the gas in the bottle builds up sufficiently, the gas forces the cork

out of the bottle. When the gas flows out of the bottle, action-reaction
causes the bottle to move forward.)

od dowel

COg cartridge
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Demonstration

The following materials are needed: water, cord, coffee can, hammer,
small nails.

Punch a small hole in %the side of the coffee
can at the bottcm, Iend “rne nall to one

side so the water will puur out of the hole
at, an angle. Then remove the nail.

Fill the can with water and nuserve the
can as the water leaks our,

+ 9 2
oS .

Discuss the following gue

(U]

a. How does Lewlon's Third Law
apply here®

‘ ©
b. From what you have ceen, how-///f//////

can we turn 4 sa*ellite with a supply of liquid or pas?
¢. How ecarn youv mndify ‘hls experience so that you may use steam?

Demonstration

The following materials are reeded: water, small test tube with cork,
candle, thread, ring stand, Yaseline.

vet up materizls as show.. ir ihe illlustration. Iubricate the cork with
Vaseline. I'lace a tabtlespooniul of water in the tube and place over the
candle flame. Iote the eftfect on the tube as the cork pops out.

Cork Stopper

Test Tube

{. Water

/]

Discuss the following guzstions:

a. How does this illustrate Newton's Third Law?

b. What is the similarity between this and a rocket engine?
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COLCKYT - The thrust of a rocket propellant is the amount of force it produces.
1. Problem
How is the thrust of a rocket propellant measured?
Haterials

Garden hose, rotary lawn sprirnkler, toy rocket or balloon, balance or
fulerum scale, weights.

I'rocedure

Un the school playground or st their homes, help the children begin to
learn the meaning of thrust by letting them observe and feel the thrust
produced when water passes through a garden hose. Lay the hose across

a large expanse of lawn. Connect the hose and slowly turn on the water,
until the faucet is completely open. Have children observe the action
of the hose. As the amount of water that passes through the hose in-
creases, the hose should begin to move. In what direction does it move?
The children should hold the hose and feel its motion forward. Why does
the hose tend to move? Do the children uotice any difference as more
water passes through the hose? (The more water, the greater the movement
of the hise.) Attach a rotary lawn sprinkler to the hose. Gradually
turn on more water. lNotice the speed of the lawn sprirkler. Does it
move faster or slower as the amount of water increases? (Faster.)

The children may wish to contact the water company to find out the water
pressure in their particular location. They may also wish to measure

the inside diameter of the hose. Will a larger hose ceuse the sprinkler
to turn faster? (Yes.) How is water pressure measured? (Water pressure
is measured in pounds.) Point out to the children that the thrust of a
rocket is also measured in pounds. This can be shown in the following
way.

Thrust may be measured with a balance scale. Have the children inflate
a balloon (or turn on a toy rocket motor) and hold it directly over the
scale. Adjust the scale so that several ounces of weight are on one
side. Firmly holding the balloon over the other weight pan, release the
nozzle, allowing the air to escape against the balance pan. How many
ounces or pounds of thrust does each rocket engine or balloon exert on
the scale? Experiment with various amounts of weight to find the amount
of thrust exerted by the escaping gases.

Explain that a large rocket may produce 150,000 to 500,000 or more pounds
of thrust. Have the children look in newspapers or in books about rockets
to find out how many pounds of thrust various rocket engines produce.

Then ask them to make & chart showing the name of the rocket, the weight
of the rocket, anu the amount of thrust in pounds it produces.

Develop with the children the idea that if a rocket weighs 5 tons, this
means that the earth's gravity is pulling down on this rocket with 5
tons of force. In order for the rocket to rise, it must overcome that
pull of 5 tons toward the center of the earth. Therefore, the rocket's
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thrust must exceed 5 tons {10,000 pounds) in order to rise. Ask the chil-
dren, "1f a rocket weighed 500,000 pounds, how much thrust would it need
to rise?” What if it weighed a million pounds?"

fxtending Ideas: Ask the children which of
the following rockets they thirx would
achileve the greatest height. Why'

Hocket weight Thrust

500,000 pounds 400, 500 pounds o ; -
420,080 pournds 750,000 pourds (‘ I 'f
50C P) 00D pOundS .1,, I)OQ, 200 po".lnds a4 8T

i.aturally, rockets that produce mrre

thrust in relation to *their welight ~r L ¥
will travel faster and Ligher. Srme ' S:::::;::::I:;
children may wish {0 compute the thrust- . .

to~weight ratios of various rockets on
the chart, Which has the largest thrust in relation to weight?

Results

Explain to the children that in order for the rocket to overcome the earth's
gravity and pierce the atmosphere, its fuel must burn long enough to lift
the rocket high above tne earlh. Certain fuels perform better than others.
Better fuels develop more pounds of thrust for each pound of propellant

and will burn for longer periods of time. The measurement of this aspect

of a fuel's performance is called its gpecific impulse.

For example, if 1,000 pounds of rocket propellant produces a thrust of
5,000 pounds, and it burns in 60 seconds, what is the specific impulse of
vhis fuel?

thrust x burning time
weight of propellant

Specific impulse =

5,000 pounds x 60 seconds
1,000 pounds

- 200,000 pound-seconds
1,000 pounds

300 seconds

Specific impulse =

Specific impulse =

i

Specific impulse

What would be the specific impulse of a rocket that produced 1 million pounds

of thrust and was loaded with 75,000 pounds of fuel that burned for 120
seconds?

Conclusion

The thrust of a rocket is a measure of the energy of its fuel. The specific

impulse is a measure of the amount of thrust a propellant will produce for
each pound of propellant buraed per unit of time.
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CULICEPT — The mass ratio of a rocket is a measure of the final speed it wilil achieve.

L.

The higher a rocket's mass ratio, the greater will be its speed.

Problem
What is the concept of '"mass ratio"?
Materials
Water, water rocket, scale.
FProcedure
The children can determine the mass ratio of a toy rocket by weighing it
before it is launched and after it returns to earth, and comparing che dif-
ference in weight. A water rocket can show this well. Weigh a rocket
filled with water. Launch it, and weigh it again.

Results

What was the weight of the water? If the rocket weighed 1 pound before

launch and 3 pound after launch, the rocket would have a mass ratio of 2.

. _ _weight before _ _1 _ 5
mass ratio = Tyoiont after = 5 5

Ask: Is water a good propellant? (It is not very good because of its
heavy weight.) Lighter-weight fuels are more desirable because they pro-
duce a higher mass ratio. Can the children think of some lightweight
elements that might be used for fuels? (Oxygen, hydrogen, and fluorine.)

Conclusion

The mass ratio of a rocket is its weight before launching divided by its
weight after it returns to the earth. The greater a rocket's mass ratio,
the greater will be its final speed.

CONCEPT - There are several types of rocket propellants; liquid, solid, and hypergolic.

1.

Problem
What are some of the different types of rocket propellants?

Procedure

Some fuels are solid propellants--the fuel and the oxidizer are packed to-
gether in a solid state. (Actually, it is more like putty.) When they
are brought to a high enough temperature by a spark, they ignite, and a
gas is released.

Liguid propellants, such as kerosene and liquid oxygen (LOX), are ignited
when they are combined to form a gas. Perhaps the children would like to
make a chart showing various liquid fucls and the oxidizers with which they
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combine:

FUEL OXIDIZER
Aniline Nitric acid
Hydrazine (N-H,) Nitric acid
Nitrogen tetroxide (NQOA)
Kerosene Oxygen
Alcohol Oxygen

Hyrergolic fuels do not need a spark to ignite them. They combine autc-
matically when the fuel and the oxidizer are together.

Propellant
Launch Stages  fuel and Thrust Remarks
vehicle oxidizer
Scout 5 Solid 366,600 Sounding rocket
Atlas 1 Liquid 367,000 Used in Mercury Program
Centaur 2 Ho-LOX 397,000 First rocket to use liquid
hydrogen
Saturn V 3 Liquid 7,500,000 Most powerful booster

CONCEPT -~ Inertia is the tendency of a body at rest to remain at rest or of a body

in motion to remain in motion in the same direction unless acted upon by
some outside force.

Problem

Why does a satellite assume the orbit that it does?

Materials
Glass, small rubber ball or marble.

Procedure

Have a child place the marble or ball inside the glass and, with the glass
on its side, move it swiftly along the surface of a table. Let him stop
the glass suddenly and observe the motion of the marble.

Ask the children why the marble continued to move across the table even
after the glass had been stopped. What forces were acting on the marble?
(Mostly inertia.) Did the marble ultimately come to rest? (Yes.) Why?
(The marble and glass were set in motion. The glass was stopped, but the
inertia of the marble kept it moving. Firally the force due to friction
slowed the marble to a stop.)
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Results

Now make the point that a c-@—~0--
rocket takes the satellite to a point
in space in a similar manner.

Rocket thrust There the rocket gives the spacecraft

55 1ap enough speed (about 17,500 miles per

//7 perpendicu hour) to remain in orbit. The rocket
Pull of to pull of

. also gives the spacecraft direction.
gravity The direction should be about per-
\\& pendicular to the pull of gravity.
The combined effect of the spacecraft's
l' inertia of motion and the gravita-

gravity

tional pull of the earth results in
a circular path of the spacecraft
around the earth.

Satellite falls into orbit
Conclusion

Inertia is the tendency of a body at rest to remain at rest or a body in

motion to continue in motion (in the same direction and at the same speed)
unless acted upon by an external force.

CONCEPT - A spacecraft's flight path is determined by its inertial tendency and the

1.

gravitational forces acting upon it.
Problem

What are the forces that determine a spacecraft'!'s flight path?
Materials

Three foot length of string or twine, ball or other unbreakable object,

two eq&al lengths of rope, carton (filled with dirt or rocks to give it
weight ).

Procedure

Attach a length of rope to each end of the weighted box. Ask one child to
pull on one rope in one direction. Have another child pull the other rope

in a direction that is at a 90° angle to the pulling of the first child.
In what direction does the box travel? -

Discover what happens if the 90° angle is changed; if one child pulls with
more force than the other; if one child pulls faster than the other. In
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each of these cases, the direction of the box's motion will be changed.

Likewise, the path that the satellite
takes is dependent upon the force

and direction that the rocket 4
initially exerts upon it. /"
Direction
) ftesult I travel

If the satellite is moving
at just the right speed and
in the precise direction to
balance the earth's gravita-
tional pull, the spacecraft
will follow a circular orbit
around the earth. However,
it is very difficult to make
a rocket go in such a precise direction and with
such exact speed. Furthermore, it may be desired
that the satellite travel at varying distances

from the earth so as to gather information about
conditions at various altitudes. Therefore, orbits
are elliptical. The shape and size of the ellipse
depend on the speed and direction of the spacecraft.

Gravityy/

If the spacecraft travels at less than 17,500 miles per hour, it will be
suborbital. If it achieves a speed faster than 17,500 miles per hour
(orbital velocity), it will go into orbit around the earth. If the launch
vehicle can achieve a speed of approximately 25,000 miles per hour, it will
escape the earth's gravitational force and go into deep space, perhaps to
the moon or the other planets.

Conclusion

The two factors that determine a spacecraft's flight path are its inertial
tendency and the gravitational forces acting upon it.

CONCEPT ~ A spacecraft may travel in one of four possible flight paths - a circle,
an ellipse, a parabola, or a hyperbola.

1. Problem

What are the paths in which a spacecraft may travel?

Materials

Cone~shaped paper cups, construction paper, scissors, tempera powder, ink :
or rubber stamp pad, cutting tool or single-edged razor blade.

Procedure

Discuss with the children the following problem: If the spacecraft
escapes the earth, what trajectory will it follow? Explain that a
satellite may follow one of four different flight paths: a circle, an
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ellipse, a parabola, or a nyperbola. AlL earth satellites travel in
ellipses. A vehicle that achieves aktout 25,700 miles per hour (escape
velocity) will go into a parabolic flight path. If it goes faster than
escape velocity, it will follow a hyperbolic path,

Have the children cut circles,
ellipses, parabolas, and hyperbolas
out of construction paper. What do
they notice about the shapes® Is
it really possible to cut out a

complete parabola or hyperbola?
Mo, )

TYPES OF DREITS

toint out that another way to illus-
trate circles, ellipses, parabolas,
and hyperbolas is with cone-shaped
paper cups. Using a single-edged
razor blade or other sharp cutting
to9ol, cut the cone in planes as
snown., Examine tiie edge that has
teen cut. You may wish to dip this
edge in dry tempera powder, ink, or
on a rubber stamp pad and print the
resulting shape on paper. Label
the shapes correctly.

Result

What is the difference ketween a hyerbola and a parabola? A circle and an
ellipse? Help the childrer see that circles and ellipses are closed, while
hyperbolas and parabolas are open.

Help the children see that the flight path th4it a spacecraft takes is
dependent on its velocity and direction. At a speed less than orbital
velocity, it will only fall back to earth  If it achieves orbital velocity,
it will travel around the earth. If it exceeds orbital velocity, it will
escape the earth and go into deep space, What gives the spacecraft enough
thrust to achieve the proper flight path? What effect does the satellite
have on the size of the rocket: Discuss with the children the relative
sizes of the rockets needed to place a large, heavy satellite in orbit and
a small spacecraft into a deep-space trajectory. How powerful does a
rocket have to be to take three or more men to the moon? To Mars?

C Cut
must
D be
parallel
to one
U Side
HYPERBOLA Y:::;::’

PARABOLA
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Conclusion

A spacecraft may follow any oae of four flight paths - a circle, an

ellipse, a hyperbola, or a parabola.

CONCEPT ~ A high degree of precision is reguired in aiming a spacecraft at the moon,

l.

Problem

How difficult iz it to send a spacecraft from the earth to another

heavenly body”

Materials

Small ball, long piece of wrapping paper, protractor, rulers, yardstick.

Procedure

On a large piece of paper, drzw two lines at right angles.

Place a circle

on the horizontal line close to the edge of the paper to indicate the moon.

Using a protractor, measzure an angle of 1° from the right angle.
a line through the 1° mark to the edge of the paper.

path of the spacecraft if an error of
the line's distance from the moon,

Extend
This would be the
only one degree was made. Measure

This indicates how the spacecraft

would miss the moon if such an error were made.

Result

If each inch egqualed one million
miles, by how many miles would

the spacecraft miss the moor: at
one degree of error? The <hildren
should see that a =light error
would cause a miss of a great
many miles. The farther away the
target, the greater the error
would be.

TH

Angle of 1°

s M e GEDY G AN W GeA G WE W AR

Besides the need for accurate computation of the vehicle's trajectory,

there are many other factors that can
its flight path.

The walls of the rocket are comparatively thin.

cause the vehicle to deviate from
When

it is filled with many gallons of liquid fuel, it has a tendency to

wobble and vibrate. The children can
attempt to carry a large tub of water
meteors, winds in the atmosphere, the
various altitudes from the earth, the
objects in space, small imperfections
these can cause the launch vehicle to

Conclusion

A great deal of precision is required
to any other heavenly body.
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experience this sensation when they
across the playground. Impact by
unequal pull of gravity at the
gravitational attraction of other
in fuels and mechanisms--all of
vary from its desired path.

to send a spacecraft from the earth



CONCEPT - Guidance systems stabilize the flight peth of a spacecraft.

1.

Problem

Why do spacecrafts require guidance systems?
Materials

Balloon, long, thick soda straw, broom, rubber band.
Procedure

Have a child blow up a2 balloon and release it. HNote the path it follows.
It does not move in a straight line because it has no guidance system.

To give the balloon a rudimentary guidance system, attach a long, thick
soda straw to the nozzle of the halloon with a rubber band. Blow the
balloon up and release it once again. Does it travel in a straighter
path? (It should, for the soda straw tends to stabilize it.)

Introduce the following terms to the children for their study of stabili-
zation,

Roll is a rotating motion. Yaw is a side-to-side motion. Pitch is an
up-and-down motion.

Ask the children to theorize about ways in which they think the spacecraft
can be stabilized so as to control these motions and be directed into
proper flight paths.

k/ﬁ . Gimbal
in
S~ \ neutral
é\’/ position
/7 Gimbal in

Kﬁz deflected position
i



Explain that an airplene is stabilized Ly the movable vanes in its wings
and tail. These deflect the air to tause the airplane to climb, dive,
and turn. Arrangs to take the class to an airport. Have the children
observe the elevators, ailerons, and rudder of model or actual airplanes.
Describe what happens wnen elevators in tae tail section are up and down.
{The airplane goes up wnen the eizvators are up and down when the ele-
vators are dowm. ) Jercrilts woat happess when a plane banks. In what
position must the ailerons be to benk left? Right? (Left aileron up,
right aileron down, the plane wanks to the right, and vice versa.)

Since there is no air in space, would it be possible to use elevators
and ailerons on rocket ship=" (No.) Could the children devise a method
to stabilize a rocket, using this same principle? Suggest that one way
is to insert vanes or rings {(gimbals) into the exhaust nozzle of the
rocket to act as e rudder., TIhe expanding gases that are escaping from
the rocket can then be deflected in any direction.

The children may now iave some understanding of air coolers, and air
conditioners. Many of these have wind deflectors in front of the fan
that cause the air 1o be deflected in a certain direction.

Point out that these guidance sys+tem: are used during the initial
uidance, while the rocket engirnes are still burning fuel. However,
when no more gas iz created to escape through the gimbals, how can the

spacecraft be mane.vered?

Result

After the engines rave stoppes firing (burnout), the spacecraft is in free
flight. It is fzliling aroand the earth or coasting to another planet or
to the moon. Wiat can be used to keep or send the spacecraft in its
proper direction’ Encourage the children to speculate and suggest ideas
as to how this might e done.

The children may now have some under~tanding that, to control the vehicle
in space, a system of small zorrective jets or rockets is employed. The
amount of thrust neecced for correction is small. Ask the children why
they think this is so. (Because the inertia of motion is balanced by the
force of gravity, resulting in a state of weightlessness. There is no
atmosphere to cause friction., There zre no other forces to change direc-~
tion. Therefore, =t akes only a small force to change the direction of
the spacecraft.) These small jets might use hydrogen peroxide or nitrogen
under pressure. When the dircction must be altered, small thrusts are
exerted in one direction, which moves the craft in the opposite direction.
By this means roll, pitch, and yaw can be corrected. In addition, by the
same process, the spacecraft may be turned over or in the opposite direction.

Conclusion

In order to guide the spacecraft in a proper orbit, a guidance system must
be employed. This may include gimbals in the engine. Small rocket engines
are used to attain and maintain a proper orbit. They are also used to
overcome pitch, roll, and yaw.
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CONCEPT ~ Spinning the spacecraft on its axis as it travels tends to stabilize its
flight path.

1. Problem
How can a spacecraft be stabilized?

Materials

Piano stool or swivel chair, bicycle wheel, iron rod, bicycle, toy tops
or other spinning toys.

Procedure

A child can experience this stabilization effect through spinning by stand-
ing on a well-oiled piano stool or swivel chair and attempting to turn him~
self around. He may find that as he attempts to move in one direction,

the stool or chair moves in the opposite direction.

Another way to experience this is by spinning a large wheel. Place an iron
bar or rod through the hub of a bicycle wheel ( or perhaps the axle could
be extended) so that a child may hold the wheel in his hands. Have him
spin the wheel while holding the handles. Seat a child on the piano stool
or swivel chair. Have the child hold his feet off the floor and twist

the spinning bicycle wheel sharply. What happens? (It resists turning.)

Result

Encourage the children to manipulate
and experiment with tops. Have
them try balancing tops on strings
aud on the edges of tables.

Tops and other spinning toys

can help the children understand
spin stabilization. Ask them
why tops remain upright while
spinning but fall when they stop.

A Can the children speculate as to why
" a space station will be made to spin?
Can they guess why the earth does not
wobble much as it travels through space?

o

Conclusion

Spinning a spacecraft around its axis is another way of stabilizing its
flight path.

S —— _ iy

CONCEPT - Inertial guidance systems use gyroscopes, for the spinning gyroscope is
very stable.

P

1. Problem

ﬁ How are gyroscopes used to achieve spin stabilization?
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Materials
Gyroscope, rubber bands, heavy nails, board (10" x 4" x %"), hammer.

Procedure

Construct a simple guidance system as follows: Hammer a large nail into
each end of the board. Attach the rubber bands to each end of the gyro-~
scope and around the nails. The gyroscope should be suspended freely.
Then have a child spin the gyroscope.

While the gyroscope is spinning, have the child tilt the wooden base into
various angles and positions. Let the children observe the motion of the
gyroscope. What happens? (A spinning gyroscope resists any force that

acts to change the position of the gyroscope along its axis of rotation.)

Result

Since the spacecraft might move in
any of three motions (roll, pitch,
and yaw), how many gyroscopes would
be needed to correct these movements?
(Three.) Can the children decide
how three gyroscopes might be
mounted so that their axes of
rotation would be in three

different planes?

Conclusion

A spirning gyroscope resists any
force that acts to change the position
of the gyroscope along its axis of rotation. For this reason, three gyro-
scopes can be used to stabilize the flight path of a spacecraft. One
gyroscope must be used to correct the roll, the second to correct the
pitch, and the third to correct the yaw.

CONCEPT - An accelerometer is used to measure changes in the speed of the
spacecraft.

1. Problem
How can the speed of a spacecraft be measured?
Materials
Weights, string, paper, roller skates or bicycle.
Procedure
The principle of an accelerometer can easily be seen by suspending a weight
from a string. Have a child hold the string, allowing the weight to hang

freely. When the string and weight come to rest, have the child thrust his
hand forward and observe the motions of the weight.
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Variations may be tried by placing the
child holding the string on roller skates
or on a bicycle. In each case, as the
vehicle is moved faster or is started,
the weight has a tendency to remain sta-
tionary. It «ill, therefore, appear

t.o swing back. Have the children try
meving it gently and rapidly. Notice
hew the weight tends to remain in the
srme 1oeation even when the string is
moved.

Pesult

By placing a calibrated card behind the
string, the children can measure to what
extent the weight is deflected., The
iaster it moves, the greater the de~
ficeticn that will be noticed. The
children may wish to build their own
accelerometer. Perhaps ithey could mount
such a device on the rocket-powered
vehicles they constructed previously.

Conclusion

An accelerometer measures deviations in the speed of a spacecraft.

TONLEFT - Staping vehicles enable us to increase payload capabilities.

1
Laa

Problem
How does staging increase payload capabilities”
Materials

Two or three long balloons (6 inches or more), hooks for attaching line,
plastic straws, tape, nylon fishing line, Fstes dummy rocket engine,
three bricks.

Procedure

Attach line between two points (the longer the better). Insert dummy
rocket engine into nozzle of an inflated balloon. Push an uninflated
balloon to the depth of one inch into the dummy rocket engine and in-
flate the balloon., Include a third balloon for a third stage if
desired. Attach ballocns to straws (short pieces) with tape close
together. OSlide over line. Release the first balloon which will push
the others ahead of it. Discuss advantages of staging with reference
to gravity, atmospheric density, etc.
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otraws
A

Balloon

Estes Dummy
Rocket Engine

Balloon

Results/Conclusions

Why do the stages become successively smaller rather than the other way
around? What advantage is there to dropping the stages as their fuel
is consumed? Relate what you have seen to rockets and fuel tanks (full
or empty).

N

Thought Problem

One truck, one jeep, and one motorcycle, each with a range of 200 miles
need to be transported. The gas tanks are full and sealed. How would
you get them across a desert to the nearest oasis 600 miles away?

3. Demonstration

Stack three bricks on top of each other. Lift all three from the floor.
Drop the lower one. Does it require as much energy to continue lifting
the remaining two bricks? Continue to raise the bricks, dropping the
second and third bricks. What do you observe?

CONCEPT ~ The amount of radiant energy different materials absorb or reflect
varies greatly according to their surface color.

1. Demonstration

The following materials are needed: +tin cans, 2 lab thermometers,
light cardboard, paint (white and black spray paint), heat lamp, 2 candles,
rubber bands.

Paint one of the cans white and the other black. Allow to dry. Suspend
the thermometers in the cans through holes in the cardboard; the bulb must
not touch the can. Direct a heat lamp at the cans so that the rays shine
directly on the cans but not on the thermometers. Record the different
temperatures. Touch the cans and note the difference in temperatures.
After a brief cooling-off period, light two candles and attach them to the
sides of the cans. Direct the heat lamp at the cans again. Observe what

happens to the candles after a short period of time.
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p —Thermometer
Thermometer—

,Tin can
painted black

forced through the center

i 57; Y o e
Card with Thermometer ﬁ * 3

Tin can
painted white

Discuss the following questions:

a. If intermediate colors (yellow, pink, red, etc.) instead of
white were used, how do you suppose the temperatures would be
affected?

b. What colors should be used for propellant tanks?

c. Why doesn't the Titan II have varying colors as does the
Saturn II?

d. What other reasons can you think of for using other paint
patterns of color?

CONCEPT - By increasing surface area, you increase ignition and burning rate.

1. _.emonstration

The following materials are needed: beaker, alcohol, spray bottle,
candle mounted on cardboard, evaporating dish, wood splinter.

Plunge the burning splinter into the beaker of alcohol. Light an
evaporating dish of alcohol and observe the burning rate. Light the
candle and let the wax drop on the cardboard. Mount the candle in the
wax before it cools. Holding the spray bottle parallel to the flame,
spray the alcohol across the flame (keep the spray back from the flame

two or three feet). No.e the reaction. \\\\
Discuss the following questions: %'\\

Spray bottle
full of
alcohol

a. By spraying the alcohol, why
did you get such instant combustion?

b. How might this concept affect
the design of a rocket motor?

c. If your clothing were on fire
and the only liquid nearby 4/’// T

was an open vat of gasoline,;would you junp into the vat?
Why or why not?
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CONCEPT -~ A high concentration of oxygen is necessary to support efficient com~
bustion in rocket engines on earth and in space.

1. Demonstration
The following materials are needed: hydrogen peroxide, manganese dioxide
(the black powder from the inside of a new flashlight battery cell), a
drinking glass, broom straw, wood splinters, cardboard.
Pour about one inch of hydrogen peroxide into a drinking glass and add a
small amount of manganese dioxide. Place a piece of cardboard over the
top and notice the bubbles that escape from the hydrogen peroxide. These
are bubbles of oxygen gas. Light a broom straw or wood splinter and blow
it out. Put the glowing straw or splinter into the gas and notice how
the oxygen affects the action.
Discuss the following questions:

a. Why do we use pure oxygen in rockets instead of air?

b. Why do we use pure oxygen in liquid form at 297°F rather than
gaseous oxygen at room temperature?

c. Consider volume vs. temperature.
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MAN'S EXTSTENCE IN SPACE

Initiatory Activities

Have the children:

1. Prepare a list of questions about an announced television program on a
space event and report on the aspect that interested them the most.

2. Study pictures of several spacecraft, noting the differences and simi-
larities of various details.

3. Collect different kinds of maps for a wall display: Discuss the kinds
used for various purposes and what kind would be needed for a flight to
the moon.

L. After listening to an assembly program on space exploration, such as the,
NASA Spacemobile, discuss the part they liked best.

5. Devote a "Show and Tell" period to the contributions made by our
astronauts.

6. Dramatize a space trip with a simple skit of two or three characters.
7. Develop a picture dictionary of aerospace terms.

8. Provided with a library corner containing a variety of books on aero-
space subjects that include history, biography, autobiography, the
classics, science fiction, poetry, and plays.

9. Write imaginative paragraphs about space: how the satellites got their
names; how the earth looks from a space capsule; the landscape of the
moon or planets; pictures that the constellations make.

10. List several ideas for original stories or poems: what it is like to
ride in a spacecraft; a trip along the Milky Way; how it will feel to
land on the moon; how the wind helps us; a day at a tracking station.

11l. Use as subjects for descriptive paragraphs pictures such as a spacesuit,
aircraft, the Andromeda Galaxy, etc.

12. Check the derivation of various aerospace terms in the dictionary. Follow
with word lists relating with specific programs, e.g., communications,
astronomy, weather, and using them to increase understanding of word
formation.

13. Plan a bulletin board on airplanes, including types from the earliest
models to the SST and V/STOL.
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14. Locate on a large map of the moon with colored pins the areas man has
photographed. Place photographs and related materials around the
border and connect to locations with string.

15. Collect pictures of means of transportation or vehicles used in explora-
tion from the horse to space capsules; choose pictures that also show
how man has to adapt to different conditions, e.g., clothing, weather,
etc.

16. Plan a radio program based upon current space news, interviews with
famous space scientists, a new invention, or a broadcast from a tracking
station.

17. Choose a space subject that lends itself to dramatization and develop it
into a one act play. ©Subjects could be: an interplanetary trip; a
passenger from mythology; a flight in the X-15; episodes in the develop-
ment of the airplane; an imaginary trip to the moon.

18. Develop the library corner with many types of books on one space subject;
such as, flight, its hdistory, early myths, biographs of the Wright brothers,
the X~15, stories about the astronauts, an imaginative flight to the
moon.

19. Select and dramatize passages from story books about lunar and inter~
planetary flight.

20. Collect materials about the practical benefits of space exploration and
then discuss the points of view expressed by various sources.

2l. Prepare a list of questions about a variety of space projects, then

decide in which kind of reference book the answer would be found. Have
the children look up the answers and report to the class.

Developmental Activities

Concept - Man can survive in space only if he has an atmosphere similar to that
on earth.

l. Problem

Why must air pressure be maintained inside a space capsule or a space
suit?

Materials

Glass of water, heavy cardboard, l-gallon can with tight fitting lid,
hot plate, bottle of carbinated beverage, tight-fitting cork or stopper,
Pyrex nursing bottle, balloon, rubber band, pan of water.




Procedure

How mucn pressure ¢ neing exerited on the earth? Have the children
find out tne rnoxmal preescre of alv at sea level., (sbout 14.7 pounds
per sgquare insh. ) Wnig no wzw che weight of a coiumn of air one
inch square ard extending pward T0 the edge ol space would be about
14.7 pourds., How macy povtds rsr sgquare foct is this? (2,116 pounds
per square foot.; /s we go to higher altitudes, does the amount of air
in the colum: atove =% decrease”® [Yes,) What effect would this have
o pressare” | It vo.ld decrease.

ty

If there is 1L.” pounds of wresr..re agalnst eash ilach of our bodies,
can the children ~aleulase rhe tobal amoant of pressure over our en-
tire body surfa«=. ‘rre L cal «nor veglize that there are many
tons of alr preesl. g 0. ¢37 kody suriaces At all times. Vhy are our
bodiss not crushed .nder tiis 1remerac.s weight? (There is an equal
pressure of alr .n.-.ar ous todles “hat is pushing out,) We exist in
a Larrow Tone on earth wnsre pressure is such that man's bodily func-
tions can ce arried o, on#t tappeiie when this palance in pressure
is apset? lia. dies,;

§)

To observe the «ifects of <lgh presswre, have the children pour some
water in the caz v~ a dspin of about % ir.h aud heat it to boiling.
Allow the wa*ter .o reui & fayw mnutes 2o remcve the air inside the cav,
Then cap the can btlrly 21d remove it from she hobt plate. Observe
what happens wnue +«t cools. Do epeed up the cooling process, the can
may be placed uccer ool water, {The walls of the ~an should cave in,)
Wny? (The air presgure cutzide the can ie greater than the air pres-
sure i.side the 2ar .} row wze the zir pressure inside the can changed?

To observe the aft.uts nf low pressure, open a bottlie of a carbonated
soft drirk. .-¢ the -hildes> robiie what happens as soort as the 1id

is removed Way do wriiles riset Why sre there xo bukbles visible
when the lid is kept o.” rerap the bot*le with an airtight stopper.
What happers to the tutilez? ! % gas has been dissolved inside the
drink. Whea -he driry ie wipt arder pros~ure, the gas remains dissolved.
When the pressurs iz zeraved, the gas furms %o vapor and boils, or
bubbles away. .

roint out that trere
nitroger., a~d carccr
and istestines.

18 53 1o man's oody; it is  in the form of oxyge:.
diox:de 1 our jeints, lw:gs, stomach, cells, blood,

Now apply this sit.abio: to man in space by asking: What would happen
to man if he vertired cvtzide his zone of comfortable pressure? How
high car. mar. »iime ~ithout feeling the effects of low pressure? How
deep in the otear can marn descend without taking along protection from
too much pressure? What ave the "bends"? Some children may have ex-
perienced high pressure when they btried to swim deep in a lake or pool.
Some may have feln their ears "pop" when they drove high in the moun-
tains. Why must airplenes te pressurized to keep passengers comfortable?
What would happer if the pressure oufside our bodies were removed, as
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it would be in space?

Close the neck of the balloon so that the air pressure inside the bal-
loon equals the air pressure outside. (Do not blow it up; just blow it
so the walls stand out.) Tie it with a rubber band. Put about % cup of
water in the baby bottle and place it in a pan of boiling water. Place
the pan on the stove and heat until the water inside the baby bottle
begins to boil. ¥hen the water is boiling fast, drop the balloon into
the bottle and cap the bottle tightly. Remove it from the pan and hold
it under a siream of cool water. VWhat happens to the balloon inside the
bottle? (It expands.) What has happened to the pressure inside the
bottle? (The pressure inside the bottle has decreased, and the air
inside the bottle has decreased, and the air inside the balloon has ex~
panded Lo equalize the pressurs.)

What would happen to man in spaze Lf there were no protection from lack
of pressure? From these activitics (and others), the children may predict
that the gas inside his body would expand so that he might blow up.

The gas that is dissolved in hie cody would soon come out of solution

and escape ('berds"). His body fiuids would boil. Therefore, the ques-
tion becomes: How can man be protected from lack of pressure? The
children may wish to speculate as to how this might be done: capsules,
space suits, etc. .

The children will be aware by now that, in any case, man must take with
him some device to mairtain or exert nearly normal pressure on his body.
For high-altitude space travel, space suits of a soft fabric may be used;
the walls of ithese suits can contain expandable air pockets so that pres-
sure can be exerted against the space traveler's body. However, for
deep-space or lunar exploration, this soft material might not be adequate

protection grainst the dangers of radiation and speeding meteorites.
Actually, the space suit might resemble a small spaceship: constructed

of rigid material,ai. .cnditioned, pressurized, and supplied with oxygen.
The children may enjoy discussing such questions as the following: What
are the disadvantages of so clumsy a suit? How will man move, pick up
things, and worx in such a suit? Have the children collect pictures of
various types of space suits to aid in their discussion. They may wish
to design suits accordiug to their own specifications.

Results/Conclusions

Man requires an air pressure of about 15 pounds per square inch in order
to survive. To maintain this pressure in space, man must wear a pres-
surized space suit or remain in a pressurized capsule.

(See illustration on next page.)
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JONCEPT -~ If man were to take untreated food into space, it would spoil before

he had an opportunity to eat it.

Problem

Why must the food that man takes into space be specially treated?

Materials
Various foods, including meat, bread, and milk; jars; dishes.

Procedure

Allow milk to stand out all day and overnight. Moisten a piece of
bread and allow it to remain uncovered in the room for one day. Cover
it and place it in a dark, warm place for several days. Ixamine its
condition. Place a small piece of meat and some water in a tightly
covered jar. After several days, examine its condition.

What is done to preserve our foods? Discuss with the school's cafe~
teria manager or dietitian methods of preserving: refrigeration,
drying, pickling, irradiating, freezing, etc. Have the children dis-
cuss whether any of these would be useful to the space traveler.

Point out to them that one method of preservation is by freeze-drying.
In this process, foods are frozen and the ice crystals are removed by
sublimation; that is, they pass directly from the solid to the gaseous
state, without passing through the liquid state. This greatly reduces
the weight, and the flavor is not altered noticeably.
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Have a group of children weigh the food they eat in one meal; in one
day. If it takes 516 days for a round trip to Mars, how much might the
food weigh for a crew of three men? How big would the space capsule
and the rocket have to be to accommodate this much food? Can the
children devise some ways of reducing the bulk and weight of the food?

How can foods be packaged for space travel? Let the children examine
various containers for focis. Consider and discuss these problems:
Would the containers we use be useful in space? Have the children exam-
ine cans, milk cartons, plastic squeeze bottles, glassware, etc.

Would any of these be suitable to take into space? How would they be
disposed of when emptied? Can the children devise disposable or edible
containers for foods (for example, sausage casings, sugar packing a-
round candies, and edible fruit skins)?

Results

The children may wish to inquire further into the problem of preparing
foods. Have them discuss such problems as these: How can food be pre-
pared in space? Can it be heated or cooked? How can it be removed
from its package during weightlessness? Can it be shaken out? How

can small bits and pieces be handled by a man in a space suit? How
can liquids be poured? Have the children examine squeeze bottles and
pipettes for transferring liquids.

Have the children examine the contents of various dietary supplements
that doctors recommend for reducing of gaining weight. How are they
packaged? Do they constitute a total diet? Some children may visit
a food market to look for dehydrated foods and make a list of them.
Can a balanced diet be planned by using only dehydrated foods?

The children may wish to apply their findings in devising a simple
meal for the space traveler. How much food would be consumed by a
man in one day?Y How long can man go without food? How much will this
food weigh? How will it be stored and eaten?

Conclusions

Man must take his food with him into space. The food must be preserved
to keep it from spoiling.

CONCEPT - A manned spacecraft must be made self-sustaining.
1. Problem
How can a spacecraft be made into a closed system?
Materials

Aquarium, fish, water plants, jar.
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Procedure

Fill a jar with aquarium water and invert it in the aquarium over the
water plants. Place the aquarium in the sunlight and have the chil~
dren observe any bubbles that may rise in the jar. What are they?
(Oxygen.) Where do they come from? (Plants.)

One type of plant that may be feasible to use for food in space is the
algae. These green plants sometimes grow inside the aquarium and are
found growing in ponds.

Grow some algae in the classroom. Place the aguarium in the sun. (An
aerator that circulates air and water through the tank improves condi-
tions for growth.) After several days, have the children observe the
green algae growing in the aguarium, Can the children notice an in-
crease in the green material as the algae grow and multiply? Let them
observe the algae under a microscope if one is available. Do the fish
eat the algae? (Yes.) Could man eat the algae? (Yes.) Could algae
be used as a source of food? (Yes.)

Here is a recipe for algae cookies:

L, tablespoons chlorella (algae) powder (obtainable from biological
supply houses)

2 cups flour L, tablespoons shortening
% tablespoon salt 3/L cup milk

3 tablespoons baking powder

Cream shortening. Add sifted dry ingredients and milk. Roll out in
%-inch thick sheets. Spread with mixture of sugar, cinnamon, and but-
ter. Roll up, slice into pinwheels, and bake at 350° for 10-15 minutes.
The children may wish to devise other recipes.

Can man live on algae alone? Can algae supply air? How would algae be
supplied with nutrients for growth? There are many problems related

to meeting man's needs for food, air, and water in space., Help the
children see that man must take these elements with him or become part
of the system that produces them.

Results/Conclusions T

Through the use of green plants, : f \

such as algae, a spacecraft can

be made self-sustaining. The 1\ J /
plants would use up carbon diox- \ T

ide and provide oxygen, and water| |-~ e T e
could be recycled and distilled. .
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SONCEPT - A cloud chamber may be used to detect cosmic rays.

1. Problem
How can radiation be detected?
Materials

Ury ice, alcohol, metal baking dish or pie pan, blotter, black cloth,
transparent plastic cake cover or glass beaker, flashlight, radium
watch dial, strips of various metals.

Procedure

A simple cloud chamber may be constructed to detect the presence of
cosmic rays. Cut a round piece of black cloth to fit the bottom of
the baking dish. Pour some elcohol in the baking dish until the cloth
is more than soaked. Cut the blotter into a long, wide strip so that
it lines the inside of the plastic cake cover. Leave about a l-inch
opening in the blotter so that it does not completely line the cover.
Place the baking dish with the alcohol directly on the dry ice. Place
the cover over the baking dish, with the blotter standing in the al-
cohol. Darken the room and shine the projector or flashlight through
the slit in the blotter. Soon, as the alcohol is absorbed by the
blotter, a cloud will form inside the cake cover. Have the children
look down through the top of the plastic cake cover, through the beam
of light passing through the cloud. Careful observation may reveal
white streaks, 2 or more inches long, in the cloud. What are these?
(Cosmic ray trails.) Where do they come from? ( They are the trails

101
9%




of condensation left when a cosmic ray passes through the cloud. Cos-~
mic rays come from space all the time.) How do they pass through the
walls of the classroom? If they can pass through the walls ¢f the class-
room, can they pass through a human being? What effect might this have
on us? :

Blotter Clear
plastic

cover

Alcohol and ~eme.......
black cloth
Metal baking

Projector pan
\

Hold a watch dial painted with radium close to the cloud chamber., Do

the children notice an increase in the number of white streaks? What
causes this? (Radiation from the radium.) Place strips of various

metals between the watch dial and the cloud chamber. Does this de-
crease the number of white streaks? Place various substances and
materials between the watch dial and the cloud chamber. Which seems
to stop the cosmic rays the best? Encourage the children to speculate
as to how man might be protected from cosmic rays in space. (This is
called shielding.)

Develop the activity by explaining that man also needs protection from
X rays. Let the children examine an X ray photograph. Help them un-
derstand that X rays pass through the body, and that an overdose
destroys the flesh. Invite an X ray technician, dentist, doctor, or
nurse to discuss the effects of X ray radiation and precautions used
in the hospitals.

Results/Conclusions

Man must be protected from the radiation in space.

CONCEPT - Man must devise special ways to cope with his weightlessness and that
of other things when he is in space.

1. Problem

What is meant by the condition of weightlessness?

Py
102
95




Materials
l-quart fruit jar, cork, coat-hanger wire, water.
Procedure

. Suggest that the children make a bottle in which a submerged cork will
not float. Have them take a quart fruit Jjar, bore a small hole in its
metal cover, and fasten a cork to a piece of coatvhangerwire so that
the cork can be held at the bottom of the water in the jar. If the
wire is released while the jar is on the table, the cork promptly rises
to the top; it is buoyed up by the water. But if you climb to the top
of a tall ladder and release the jar at the same instant you release
the cork, you will find the cork does not rise until the Jjar reaches
the bottom, where someone catches it. The cork thesn promptly comes to
the top. (Be sure that all safety precautions have been discussed. It
might be wise to let the jar fall onto an outstretched blanket, held
at the corners by four children.) C;W

!
,‘E‘¢

N~ — ' | . Water
/] -
: — Coat hanger
' wire
T
When does man in space become weightlesé?‘“fﬂé;;gg the coasting stage,

after the rocket engines have stopped.) Why? (The space vehicle is
either sufficiently beyond the pull of the Earth's gravity, or the
Earth's gravity is counterbalanced by the rocket's forward thrust.
Therefore, the spacecraft and everything in it are weightless.)

How does the weightlessness affect man? Ask the children if they have
ever dreamed they were falling. How did they feel? Ask the children
to think about what would happen if the man in a spacecraft were to
push against the wall, jump, or raise his hands during the weightless
state. Will man expend as much energy during weightlessness?

Other questions that children might like to consider are: How would
man eat or drink during weightlessness? What would happen to the
circulation of the blood? What would happen to the carbon dioxide
that man exhales during weightlessness? How could food be prepared?
How would mar sleep? Man himself must venture into space to try to
find the answers to some of these questions.
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Results/Conclusions

Weightlessness occurs when the spacecraft is either beyond the pull of
the earth's gravity or when the earth's gravity is counterbalanced by
the rocket'!s forward thrust. Man must be prepared to cope with weight~
lessness when he ventures into space.

CONCEPT ~ (@-forces are caused when an object is accelerated.
1. Problem
What are G-forces?
Materials
String or wire, small doll, l-quart jar with tight fitting 1id.
Procedure

Have a child place the small doll in a jar. Punch two holes in the 1lid
of the jar and thread and tie a wire or heavy string through it. Have
the child screw the cap tightly on the jar and whirl it around his head.
Let the class observe what happens to the doll inside the jar. Is the
doll forced to the bottom of the jar? (Yes.) Why? (Because of inertia.)
Explain to the children that, as man leaves the earth, the forces of the
rocket motors must be great enough to take the rocket to its destination.
This terrific acceleration acts to cause tremendous pressures (G-forces)
on the astronaut. (Under a force of 1G, a man's weight is normal; with
a force of 2G's, his weight is twice normal; with a force of 3G's, his
weight is three times normal; etc.) The children have experienced an

increase in G-forces when they have felt the ﬂgfust backward as a car
or plane accelerates rapidly. During a launch, the astronaut will ex-
perience about 3.5G's, Man has withstood up to 45G's for brief moments
in specially designed equipment. One way to overcome G-forces is to
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have the astronaut lie down so that the G-forces will be more evenly
distributed over his body.

Discuss with the children how a chair might be designed to be comfort-

able for space travel. Of what should it be made? What position should
it be in? How big should it be?

Bring to the children's attention the following problem: how will man
react to the conditions of extended space flight? A spaceman can with-
stand G~forces, the vibration of the launch vehicle during take-off,
weighltlessness, coanfirement, and special foods for given periods of
time. But how will he react to isolation for extended periods? Will
he be able to live with fear?

Results

Discuss with the children how they would feel if they were shut in a
small, dark place for an extended period of time. Discuss their re-
action if they have ever been lost. How would they feel if they knew
they were constantly being observed with a camera, and many thousands
of people were watching?

What are the qualifications for being an astronaut? One group of
chi7dren might do research into the lives of the astronauts. What are
the ~ qualities? What common types of experiences have they had? What
What are some of their significant home, school, and career experiences?

How should teams be chosen to explore space? What should their quali-
ties and competencies be? Develop standards for cooperation in space.

Plot a sociogram of the class. Ask the class to choose two other "as-
tronauts" with whom they would venture into space.

Can the children suggest activities for spacemen while they are alone
for weeks, months, and years? How have astronauts occupied their time
in orbital flights? What experiments have they conducted. What did
they wish to find out about space? What did they wish to find out a-
bout space? What would the children like to find out about space.

Summarize this discussion by helping the children to see that man lives
in relation to his environment. On earth we take from and give to the
environment. Thus, life processes are accomplished and maintained.
When man ventures away from his natural home, the factors on which he
is dependent must be supplied, and he must be protected from hazards.
Thus, in order to understand man's necessities in space, we must under-
stand man on earth. To supply him and protect him is one of the major
challenges of the space age.

Conclusion

Man must cope with G-forces, weightlessness, and other abnormal con-
ditions when venturing into space.
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CONCEPT -~ A freely falling object accelerates at the rate of 32 feet per second

l.

every second.,
Problem
How can the acceleration of a freely falling object be shown?

Materials

Five spools, 15 feet of narrow ribbon, stepladder or high table.

- :
A s
}.

Procedure

Have a child thread the ribbon through the spools and tie the spools at
unequal, neasured intervalg————- 1 foot, 3 feet, 5 feet, 10 feet, and at
the end. Have him stand on a stepladder, chair, or table and hold the
ribbon so that it hangs straight down. Ask him to release the ribbon
and have the class listen closely for the 'clicks'" as the spools reach
the floor. Did all the spools "click" at the same time? (No.) Did
they "click" at regular intervals although the spools were spaced un-
equally? (Almost.) Did they "click" with inequality similar to their
spacing? (No.) The children should observe that although the spools
are not evenly spaced, the '"clicks" are almost evenly spaced. The spool
that fell the greatest distance increased its speed as it fell so that
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it "caught up" somewhat with the other spools.

Explain to the children that the rate of acceleration is 32 feet per
second each second, and that this means that the longer a body contin-
ues to fall, the greater its speed will become. To find the distance
a bndy will fall in a given amount of time, some children might like
to work with the equation d = 16t2, where d represents the distance

a body will fall from a stationary position_in the time t. For exam-
ple, in 10 seconds a body will fall 16 x 102, or 16 x 100 = 1,600 feet.

Since a spacecraft'!s speed will tend to increase rapidly as it falls
toward the earth, man may wish to have it return to the earth in a
spiral ftrajectory, such as the one shown in the illustration. In this
way, instead of falling freely and accelerating very rapidly, the space-
craft's descent will be slowed somewhat by air resistance and frictional
forces.

Have a child pound a nail into a block of wood, then feel the nailhead.
How does it feel? (It should feel warm.) Likewise, as the spacecraft
collides with air molecules, the surface of the vehicle will get warm.

Ask the children to rub two surfaces together, such as their hands, a
block of sandpaper, etc. What is the effect? (They become warm.) Why
do the surfaces become heated? (Because of friction.)

Pump a tire pump rapidly. Have the children feel the bottom of the cy-
linder. How does it feel? (It whould feel hot.) What effect does com~
pressing air have on its temperature? (It increases the temperature.)

Results/Conclusions

A freely falling object accelerates to great speeds quite rapidly. A
body in free fall accelerates at the rate of 32 feet per second each
second.

CONCEPT - As a spacecraft enters the dense layers of the atmosphere, friction and
compression will cause its temperature to increase tremendously.
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1. Problem

Why does a spacecraft become heated as it falls through the atmosphere?
Materials

Block of wood, hammer and nails, sandpaper, tire pump.

Procedure

Discuss meteors, or shooting stars. What are they? Where do they come
from? Why do they flare rapidly across the night sky? Why don't many
more of them strike the earth? (Most meteors are completely burned or
vaporized before they get within 50 miles of the earth. Their great
speed sets up friction that heats them beyond their melting point., )
How is a space capsule like a meteor? How can it enter the atmosphere
without being burned up, as a meteor ig?

Explain that even as airplanes fly through the air, their surface tem-
perature increases. At the speed of sound (700 miles per hour) the tem-
perature increases by about 95°F. The X-15, an experimental rocket
plane, has reached a surface temperature of about 1,200°F., Discuss
with the children what they think will happen to the spacecraft as it
enters the atmosphere at 17,000 miles per hour and at 25,00C miles per
hour. At 17,000 miles per hour it may reach a surface temperature of
3,000°F, At 25,000 miles per hour it may reach a temperature of 7,000
to 10,000°F,

Encourage the children to suggest ideas as to how this tremendous heat
might be overcome. How can a spacecraft withstand such high tempera-
tures without disintegrating or melting? How can man survive such
temperatures?

The children will no doubt deduce that one way is to construct the
spacecraft out of special materials. Can the children think of certain
materials that withstand high temperatures? Encourage them to search
in the kitchens of their homes to find materials used at high tempera-
tures., Have them make a list of materials found, such as Pyrex, cera-
mics, aluminum, iron, Pyroceram. They should try to find out the
temperatures at which these substances melt.

Results/Conclusions

Friction and the compression of air tend to increase the temperature.

The entry surface of a spacecraft will be heated tremendously by fric-
tion and resistance.

CONCEPT ~ The shape of the re-entry craft can reduce the effects of friction and
air resistance on the entry surface,
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1. Problem

How can the re-entry craft be designed to reduce pressure and friction?

Materials

Balsa or soft wood; items of various shapss, such as light bulbs, toys,
catsup bottles, and coffee carafes, to serve as spacecraft; 2 Pyrex test
tubes, nursing bottles, or flasks; 2 thermometers; paraffin or candle
wax; hot plate; pan of water.

Procedure

Help the children model various shapes of spacecraft. Let them float
objects of various shapes in a tub of water or push them through the
sand in a sandbox. As the objects move forward, be sure the children
notice the ripples that result. Which shape allows the water or sand
to flow along the sides? Which shape compresses the ripples in front?
Therefore, which shape would be best for re-entry? The children will
see that if the spacecraft can be shaped in such a way as to allow the
heat to be built up on one surface, and that surface will resist or
absorb heat, the rest of the spacecraft will then withstand the high
temperatures, and the astronaut will be safe.

Point out that this special surface is called an ablation (or heat re-
moval) shield. It is designed to absorb much of the heat built up by
the compression of air in front of the spacecraft. The ablation shield
actually melts away under these conditions. But as it melts and burns,
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the heat is carried away with it————- away from the man in the space
capsule. The children can understand in the following way how this
works.

Have the children melr some paraffin or candle wax and dip one test
tube, nursing bottle, or flask into the wax repsatedly, until a thick
coal, covers the ontside of whe container., Place a thermometer in the
crated c¢ontainer and one in the rlsin container, and add equal amounts
of water to each., Ilacs each rontainer in a pan of water and heat.
f.bserve the relative changes in temperature inside the two containers
as they ars heated. (The container coated with wax should remain
cooler as the wax mzlte away.) In the same way, the spacecraft will
remain croler as the ablatior maberial melts away. Let the children
f'ind the ablation shield in pisteres ~f space capsules., What would
happen to the capsuls if *the ablatirn shield did nof enter the atmos-
phera firgt?

Tnernomn*ter curaflin Thermometer

Tssults/Conclusions

The re-criry vehicle caun be designed in such a way as to reduce the
effects of pressure and friction by using an ablation shield, which
reduces the heat on the surface of the re-entry vehicle by melting
away.



CONCEPT - The re-entry vehicle must be slowed dovn in such a way as to overcome
both the heating caused by friction and air resistance and the G-forces
that result from too rapid a slowing down.

1. Problem
How can the speed of the re-entry vehicle be reduced?
Materials
Large piece of poster paper or tagboard, catsup bottle or similarly
shaped object, pieces of heavy bond paper, cloth or tissue paper,

string, weights, deep tub of water, hammer and stakes.

Procedure

Drag Decay: The atmosphere helps reduce the space capsule's speed.
This is called drag decay. To demonstrate the manner in which drag
decay works, choose the two fastest runners in the class for a race.
Pin a large sheet of paper on one child and then have them run the
race, Is it more difficult for the child with the paper to run fast
through the air with a large, flat surface in front of him? Why?
(Because of air resistance.)

In the same way, the shape of the spacecraft will also tend to slow it
down. To illustrate this, have a child drop the catsup bottle into
the deep tub of water. He should drop it first with the pointed side
(top) down. In which position does the object go deeper into the
water? (When the pointed side is down.) Have the children observe
how the object's speed slows as it passes into the water.

Another means of illustrating drag decay is to have the children pound
wooden stakes of various shapes into the ground. Which shape is more
difficult to pound, the pointed or the flattened? (The flattened.)
From these experiences, can the children suggest how its shape might
help slow the spacecraft?

Retrorockets: Another way to slow the spacecraft is to use retro-
rockets. Retrorockets are small but powerful rockets that are fired
in the direction of movement. These serve to brake the spacecraft
and slow it down. (Review the principle of action--reaction.)

The retrorockets slow the spacecraft to below orbital velocity. What
happens to the spacecraft when it is traveling slower than 17,500
miles per hour? (It returns to earth.) Review the section on orbits.
What effect will such rapid deceleration have on man? (The reduction
of speed from 25,000 miles per hour to about 150 miles per hour in
such a short time could be harmful to men.)

Wings: Some spacecraft may be equipped with wings that will allow
them to be maneuvered like a conventional airplane upon re-entry into
the atmosphere. The wings will provide "1lift" so that the descent
toward earth can be made slowly and accurately.
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To demonstrate this, have the children construct gliders by folding
sheets of paper. See which glider sails the farthest. Let them ex-
periment with many types of wings to see which provides the greatest
lift L

Suggest that the children locate information about various winged re-
entry spacecraft, such as the ¥-15. How are they constructed? How

is it planned that they will re-enter the atmosphere and land? The
children might also locate information about lifting bodies, such as
the M~2 and M-3. How do they provide 1lift although they have no wings?
How will they re-enter and land?

e
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Parachutes: At about 40,000 feet, the -
atmosphere can be used to slow the craft £

by means of a parachute. The children can construct parachutes out
of cloth or tissue paper. Have them attach a string to each corner
of the cloth and tie all the strings to a weight or rock. Let them
throw the weighted parachute into the air. (Be sure that safety
precautions are observed.) The air will fill the parachute, and it
should glide slowly to the earth.

Now the children are ready to consider where on the earth would be
a suitable landing place. What type of surface would provide a
soft landing? Encourage their theories.

How might the need for numerous re-entries be lessened? Can the
children think of ways man could be providedwith necessities to
remain in space for longer periods of time? Could an enviromment
be created for living on the moon? What would be needed? What
materials are already there that man could utilize? How can man
find out what materials are there?

Some children may wish to design a space station that would provide
a base for refueling, rest, and research. How might the space
station be designed to provide a comfortable environment?

Review with the children what they have learned so far. Point out
that much research and experimentation must be done to solve the
problems of re-entry. Returning man safely from space is dependent
on his ability to slow, maneuver, and control the spacecraft through
the barriers of heat and atmosphere.
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Results/Conclusions

Drag decay, retrorockets, wings, and parachutes are some of the
means used to slow re-entry vehicles.

CONCEPT ~ In the search for life forms on other planets, it is necessary that we

1.

"sterilize" our spacecraft so that if we do detect life it will not be
a form carried by our own exploring devices.

Demonstration

The following materials are needed: dry beans (soaked overni%ht in

water), four 4 pint milk bottles, water, iodine (3%), alcohol (70%),
Lysol.

Place beans in each bottle and cover with water. Add the following to
each bottle: bottle A - iodine; bottle B -~ alcohol; bottle C - Lysol;
bottle D - nothing. Stopper the bottles with cotton and allow to
stand in a warm place for two or three days. Examine the bottles
periodically for cloudiness and odor.

Discuss the following questions:

a. How do you account for any change in color or odor in each
bottle?

b. What difference might we have noted in the results if we had
used a sterile bottle? Changed the temperature?
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1.

1.

c. Would sterilization of the beans have helped?

d. Now consider the problems involved in the decontamination of
spacecraft before they are launched. Make a list of possible
methods which could be employed.

COWCEPT ~ Meteoric material in outer space - space hazards (Micrometeoroids)

Demonstration

The following materials are needed: string (3 to 4 feet), strong U-
magnet, microscope.,

Attach string to magnet., Have the children drag the magnet across the
lawn or field allowing the magnet to collect any material that might be
attracted to it. Observe the meterial collected —- about 5% to 10%
will be meteoric. Obssrve some of the particles under a microscope.
Note the kinds of struciare,

Discuss the following queztions:

a. How can we identify the particles from outer space?

b. Why would you rot drag the magnet along a roadwa

CONCEPT «~ Because small particles travel through space at tremendous speeds,

they are easily able to penetrate a spacecraft.

Demonstration

The following materials are needed: paper and plastic straws of dif-
ferent sizes, raw potato.

Hold the potato in your hand (between the thumb and index finger). Do
not hold it in the palm of your hand. With the straw in the other hand,
try to drive the straw through the potato. If after a few trys you
have no success, try covering the end of the straw with your thumb in
order to trap an air column. Just before you attempt to pierce the
potato with the straw, bring the potato quickly toward the straw.
Repeat, using different sizes of straws.

Discuss the followirg questions:

a. Relate this activity to particles traveling in space.
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b. How do size and speed affect the ability of the straw to
penetrate potato?

c. Devise methods by which spacecraft might be protected from
meteoroids traveling in space.

CONCEPT ~ The extreme intensity of visible light in space often requires the use
of mechanical aids to enable astronauts to see.

1. Demonstration

The following material is needed: flashlight (2 cell only), felt tip
marker, mirror, various colors of cellophane.

Look at the pupils of your eyes in the mirror. Cover one eye while
observing the pupil of the other eye. Move the flashlight so that it
shines into one eye at an angle -~ move it away quickly; observe the
action of the pupil. Repeat, moving the light back and forth quickly.
Try this on another person and observe the reaction of their pupils.
Now try using the different colors of cellophane and make a filter for
the flashlight. Repeat the above procedures for shining the light
into the eye. Print a word on the lens of the flashlight with the
felt tip marker. Determine the cellophane color which when used as
"sunglasses'" allows you to read the word most easily.

Discuss the following questions:

a. Discuss reasons for reaction of eye pupils when subjected to
the bright light.

b. Which cellophane color(s) reduces the pupil reaction most?
Why does this happen?

c. What possible methods might be used to provide protection for
astronauts' eyes and still allow for greatest visibility?
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CONCEPT - Liquids behave differently in a weightless condition.

1.

Demonstration

The following materials are needed: olive oil, rubbing alcohol, pencil,
beaker (250 cc), water.

Fill the beaker about % full of water. Add a few drops of olive oil
(making sure that the oil is together and not scattered). Add alcohol
very slowly using a pencil until the sphere of oil appears to be sus-
pended in the water and alcohol solution. Take a pencil and break up
the oil globule into many smaller ones. Notice the shape they immedi-
ately assume.

Discuss the following questions:

a. Considering the nature of the action of
the olive o0il as demonstrating how liquids
pehave in a weightless condition, make a
general statement that could be applied to
the behavior of all liquids in space.

b. How might weightlessness interfere with the {:it:::::::::>)

following:
food and water storage? digestive process?
capsule housecleaning? fuel storage and pumping?

others?

CONCEPT - It is necessary to remove carbon dioxide from the cabin atmosphere within

1.

a manned spacecraft.

Demonsgtration

The following materials are needed: three % pint milk bottles (or flasks),
glass tubing, rubber tubing, three 2 hole stoppers that fit the bottles,
limewater.

Assemble the glass tubing, rubber stoppers. and rubber tubing as shown in
the diagram. Add enough limewater to each flask to cover the end of the
longer glass tube. Ixhale a couple of breaths through the proper tube

as indicated in the diagram. Observe the color changes of the limewater.

Discuss the following questions:

a. How do you account for )‘
the color change? ;

b. Why use more than one
flask? p

c. Describe a similar system that might
be used in a manned space capsule.
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CONCEPT ~ It is n:cessary to know the amount and rate of oxygern usage in manned
. spacecraft in order to properly regulate the cabin atmosphere.

1. Demonstration

The following materials are needed: #% pint milk bottle, pipe cleaners,
ink, 1 hole rubber stopper, calcium hydroxide, small animals (mouse,
) cockroaches, crickets, grasshoppers, salamanders, etc.)

Place animal(s) in bottle. Place a pipe cleaner soaked in calcium
hydroxide down into the bottle (Ca0H absorbs carbon dioxide). Insert
the glass tubing into the stopper allowing approximately 2/3 to extend
above the top. Now stopper the bottle tightly in such a manner that
the pipe cleaner still remains suspended. Apply a minute amount of
ink to the tip of the glass tube ~- wipe off the excess. Observe the
movement of this ink marker.

Discuss the following questions:

a. What causes the ink ¢
marker to move?

b. Is it possible to determine the
amount of oxygen used by the animal?

c. How can we improve our indicator tube t¢ show rate of con-
sunption?

d. Are there other factors which could affect our results using this
apparatus? List them.

e. Maripulate the bottle in such a manner as to cause a change in
rate and amount of oxygen usage. List other influences you can
use on the bottle to cause these changes.

f. Relate your answers to the above questions to problems in main-
taining proper cabin atmosphere in manned spacecraft.

CONCEPT -~ Astronauts traveling in space must take similar earth environment with
them.

1. Demonstration

The following :aterials are needed: three bottles or Jjars with tight
covers, aquarium plants, aquarium snails, aquarium water.

Fill the three bottles with aquarium water. Into each jar place the
following: Jjar A - aquarium plants, jar B - aquarium snails, jar C -
plants and snails. Add more aquarium water so that each jar overflows.
Cover each jar tightly and allow them to stand at room temperature in
an averagely lighted room for a few days. Observe periodically.
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elodea snail elodea and snail

Discuss the following questions:

a. What is the condition of the living organism in each jar after
3 to 5 days?

b. Considering the basic environmental needs of a living organism,
i.e., food, oxygen, temperature, light, etc., explain the cause
of the resulting conditions in each jar.

c. Kelate each jar to possible conditions in a manned space capsule.

d. Discuss reasonable conditions you believe should exist in a
manned space capsule and explain the reason for including each.

CONCEPT - The evaporation of a liquid causes cooling ("Space Suit - Air Conditioning").
1. Demonstration

The following materials are needed: fan, water, alcohol, acetone, small
squares of gauze, two thermometers with the same reading.

Rub water on a large area of the hand or arm. Fan the wet area and note
the results. Tie the gauze about the bulb of one thermometer and wet
it. Place the thermometers side by side. Direct the fan at them.
Observe the result. Rub water on the back of one hand and alcohol (or
acetone) on the other. Hold both in the fan stream. Note and record
the apparent difference in temperatures.

Discuss the following questions:

a. Why is it that some of the evaporating liquids leave your hand
feeling cooler?

b. How do you think this principle can be applied to a space suit?
A manned space capsule?

c. Discuds possible design of such an air conditioning system.
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LynCHIT ~ The diet of an astronaut must be specially considered to anticipate the
amount of heat energy released in the normal digestion of food versus
the amount needed in a weightless, inactive space environment.

1. Uemonstration

The following materials are needed: two large corks, pecan nuts, two
needles, two beakers (%50 cc), water, piece of dry, soft wood, ring
stands, two thermometers.

Beaker
; full of water

Cork

Place a needle in each cork and mount the pecan nut on the point of one
needle and the piece of wood on the other as shown. Place each beaker
on a ring stand at the same level. Fill the beakers one~quarter full
of water which is of the same temperature. Set fire to both the nut and
the wood and place under the beakers. Record the highest temperature
reached by each and the length of time each burned.

NCUGEPT ~ Certain body activities of animals and man can be monitored and measured
as they orbit the earth in their spacecraft.

1. Demonstration

The following materials are needed: water, colored with ink; U-shaped
tube or 2 glass tubes plus rubber tubing; thistle tube; rubber or
plastic tubing; ring stand cr wooden holder.

Glass tube

Colored water

Thistle Tube
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Half f£ill a manometer tube with water ( a u-shaped tute made from two
pieces of glass tubing and a short length of rubber tubing - see diagram).
Attach a length of rubber or plastic tubing which has a two inch funnel
on the end. Press the funnel over the carotid artery in your neck, beside

the windpipe, or over your heart on the left side of the chest, Observe
the action of the liquid in the tube.

Discuss the following questions:
a. What is this instrument actvally measuring?

b. How could it be improved so that we <ould compare one animal
with another?

c. If the furnel was being used in a manned spacecraft, how could
we get the change in liquid level back to scientists on the earth?

d. Discuss tody ctanges of astronauts which should be sent back to
earth-based scientists and devices that could be used in doing
this,

COMCEPT - Location and operation of instrumentation in spacecraft is partially
dependent upon the astronaut's field of vision.

1. Demonstration

The following materials are needed: strip of cardboard 45" x 4", metal
or wire clips, felt tip marker or ball point pen, 3/L" roand, wooden
base cut in half equaling 18" in radius, black paint, ruler, thumbtacks.

Prepare a scale of degress or the cardboard
as shown in the diagram. Paint one
side black. Thumbtack to the wooden
base so the scale is facing out.
Identify "0O" by use of a
metal marker or piece of tape.
Fashion two more markers which
can be moved along the top
edge of the cardhoard. Person
teing tested should sit so
*hat the nose is in the
groove in the baseboard;
he should look directly at "C" marker while markers are moved along the
scale until they just disappear from view. (Do not look at the moving
markers, only at the "Q" marker.) kead number of degrees as field of
view for each eye. Prepare a chart of your group.

Tiscuss the following questions:

Are both eyes usually the same? ¢. What effect does wearing

L ve?
b. At what point in your field of glasses have

vision can you detect the d. Relate astronaut activities
slightest movement? which might be dependent upon
field of vision.
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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
lesting 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.

I. 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. Day and night are the same length (4) Polaris
2. Orbit of planet (1) Equinox
3. Largest object in the solar system Lg) Ellipse
4. The North Star ___ Circle
5. Revolves around the sun (5) Planet

Shooting star

£ |

Sun
II. Place a T in front of each true statement. Place an F in front of a
false statement.
_iﬂl 1. Space begins at about three miles above the earth.
_LEl 2. OSpace is a place of great blinding light.
_{T) 3. Space is neither hot nor cold.
_&El L. OSpace is filled with an endless, humming noise.

(F2 5. Rocket motors do not need oxygen from the air around them to'
burn their fuel.
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For each distance in column B, find the number of miles in column A.
Number the distance the same as the number of miles in the distance.

Column A Column B

. 1, about 24,000,000,000,000 miles _4  distance from earth to sun

-}

2. about 25,000 miles distance between earth and the

nearest star (other than our

3. about 186,000 miles sun)
L. about 93,000,000 miles _2_ distance around earth at the
Equator

_3_ distance light travels in one
second

IV, Which of the two words or phrases in the parentheses is the one that
should be used? Draw a line under it.
1. The earth rotates on its (north pole, axis).
2. The earth rotates from (east to west, west to east).
3. Rotation of the (earth, sun) causes day and- night.
L. The earth turns on its axis once every (365 days, 24 hours).
5, The earth's axis is always (straight, tilted) toward the plane of
its orbit.
V. ‘inderline the correct answer in each of the following sentences.
1. The earth makes one rotation in

a. 12 hours b. 2L hours c. 32 hours d, 365% days

2. The summer solstice comes on

a. May 21 b. June 21 c. July 21 d. August 21

w

The shortest day in the Southern Hemisphere is

a. December 21 b. April 21 c. June 21 d. September 21

L. The largest planet is

a. Mercury b. Venus c. BEarth d. Jupiter
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5. The planet closest to earth is

a. Mercury b. Venus c. Mars d. Saturn

VI. Write the name of the planet that

1. is closest to the sun. Mercury) .

2. is farthest from the sun. (Fluto)

3. is about the same size as the earth. (Venus)
L. is the largest of the planets. (Jupjber)
5. travels around the sun in 365 days. Earth)

VII. For each definition in column A, find the word it defines in column B.
Number the word the same as the definition.

Column A Column B
1. Heavenly body with a star like center 2_ planetoids
and a cloudy tail of light
__4  meteor
2. Small planets
5 star
3. Heavenly body whose name means
"wanderer" and which travels around 6 sun
the sun
3 planet
L. Mass of stone or metal that comes
toward the earth from outer space 1 comet

5. Any heavenly body except the moon,
the planets, comets, and meteors

6. Heavenly body around which the planets
revolve

VIII. 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.

Archimedes Lunar eclipse Copernicus Solar eclipse
Horizon Zenith Ptolemy

1. (Copernicus) solar system theory

2. (Horizon) where land and sky seem to meet

3. _(Ptolemy) fixed~earth hypothesis
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XI.

L. (Solar eclipse) moon between earth and sun

5,  (Lunar eclipse) earth between moon and sun

Underline the correct answer in each of the following sentences:

1. The distance between the earth and the sun is about miles.

a. 240,000 b. 73 million c. 83 million d. 93 million

23

Bodies that do not have regular orbits are .

a. planets b. comets c. meteors d. asteroids

W

A star in our solar system is

a. the sun b. the moon c. the North Star d. Mercury

4. Light waves travel at a speed of about

a. 186 million miles per minute b. 186 million miles per second

¢. 186 thousand miles per minute d. 186 thousand miles per second

5. A radio message to the star nearest our solar system would arrive in
about . '

a. 240,000 seconds b. 4 years c. L4 hours d. 8 years

Complete the following sentences:

1. Durin% the winter months the sun rises each morning a bit farther to
the _(north)

It takes the moon about _(29) days to revolve around the earth.

The Big Dipper moves slowly across the sky toward the _(west) .

= W N

The earth revolves around the sun in Qiéﬁﬁ} days.

The first day of spring in the Southern Hemisphere falls on (Sept. 21),

AW+
L]

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. Moving around another body (3)  Rotation
2. Gives off light Comet
3. Turning on an axis (L) Meteor



L. "Shooting star" (1) Revolution
5. Rotates once during a revolution ___ Meteorite
_(5) Moon
_____ otar

XIT, 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.

1. _(Comet) has a long, glowing tail
2. (Newton) laws of motion
3, (Meteorite) a meteor that reaches the earth

L. _(Einstein) theory of relativity

5. (Galaxy) group of billions of stars
Meteorite Planetoid Comet Newton Archimedes Galaxy
Einstein

XIII. Complete the following sentences.

1. The scientist who discovered that the orbits of the planets are
elipses was _(Kepler)

2. Small bodies that travel in orbit around the sun in a belt between
Mars and Jupiter are called (planetoids) (asteroids) .

3. The planets are kept in their orbits by _(gravitational) force.

L. The first astronomical observations through a telescope were made by
(Galileo)

5. Our galaxy is known as the _(Milky Way)
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¥IV. Underline the correct answer in each of the following sentences:

1. In a lunar eclipse (a) the earth is between the sun ard moon
(b) the moon is between the sun and the earth (c) the sun is between
the earth and the moon (d) the earth and the moon are the same dis~
tance from the sun.

2. The most familiar constellation seen in north latitudes is (a) the
Big Dipper (b) Leo the Lion (c) the Great Dog (Canis Major)
(d) the Milky Way.

3. An important constellation sezn in southern latitudes is (a) Orion
(b) the Southern Cross (c) Cassiopeis (d) the Little Dipper.

L. A star that keepe an almost constant position in the sky is the
(a) North Star (b) Dog Star (c) Vega (d) Rigel.

5. The pull of gravity on the moon is (a) about 6 times more than on

earth (b) about 1/6th as much as on earth (c) % as much as on earth

(d) not known.

£V. Complete the following sentences:

L. The moon is about _ (1/4 million) miles away from the earth.

2. The distance around the earth is about (_25,000) miles.
3. Besides the earth, there are (how many more?) (8) planets.
L. The lack of atmosphere on the moon is due to the moon's low _{gravity)

The pull of the moon on the water in our oceans and seas causes
(tides)

N
-

XVI. Which one of the two words or phrases in the parentheses is the one that
should be used?

1. As the earth travels in its orbit around the sun, changes in (seasons,
day and night) occur.

2. During the (summer, winter) season, the sun is straighter overhead
than at any other time.

3. Near the (Northern Hemisphere, Equator) there are no great seasonal
changes.

L. One revolution of the earth around the sun takes (365 days, 24 hours).

Our entire solar system is speeding through space with the Milky Way
(Galaxy, Constellation).

A9
-
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XVIT,

LR

1C.

LL.

12.

13.

14.
15.

When it is winter in the Northern Hemisphere, it is (winter,
summer) in the southern half of the earth.

Sun rays that spread out over more space (give as much, do not give
as much) heat as the direct rays.

During the summer months, the farther north you travel in the Northern
Hemisphere, the (warmer, cooler) the weather.

The closer to the (Equator, North Pole) the greater is the depth of
atmocphere through which the sun's rays must travel.

The greater the depth of atmosphere, the (more, less) heat reaches
the earth.

Our sun is just one of (several, millions) of stars making up our
star system.

Scientists believe there are (no, many more) star systems far beyond
our own.

The (Equator, hemisphere) is an imaginary circle around the middle of
the earth.

An (axis, Equator) is a straight line around which something turns.

(An Equator, A hemisphere) is half of the earth's surface.

Place a T in front of each true statement. Place an F in front of each
false statement.

{T) 1. Because the moon is the heavenly body nearest the earth, man's

first journey into space will probably be to the moon.

(T) 2. A rocket reaching the moon would have trouble coming in for a

landing because the moon has no atmosphere to slow down the rocket.

(F) 3. Because of the earth's gravityf the nearer a returning rocket got

to the earth, the slower it would travel.

(F) 4. Most of a rocket's fuel would be used up after the rocket reached

airless space.

(T) 5. Rocket ships carrying passengers must be sealed off from all

outside conditions.

(T) 6. Without some way to get oxygen, man could not live over ten miles

above the earth.

{T) 7. A rocket must travel 24,000 miles an hour to escape the pull of

the earth's gravity.
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' (F) 8. Even in the sunlight, the moon's surface is 250 degrees below
zZero.

(T) 9. The higher up an airship goes, the thinner the air becomes.
(T) 10. Cosmic and ultraviolet rays are always moving through space.

(F) 11. A man weighing 200 pounds on earth would weigh at least 350
pounds on the moon.

(T) 12. Fuel is a substance that can be burned.
(F) 13. Friction causes objects to move toward the center of the earth.
(F) 14. A satellite is a small body around which a planet revolves.
(T) 15. Atmosphere is the air that surrounds the earth.

XVIII. Complete each of these sentences by drawing a line under the correct
word or phrase that belongs in the blank space.
1. The sun is a _(star) . (star, planet, meteor, constellation)

2. The smallest planet is _(Mercury) . (Venus, Mars, Mercury, Earth)

3. The pla?et most like the earth is _(Venus) . (Saturn, Venus, Pluto,
Neptune

L. The largest planet is (Jupiter) . (Barth, Mars, Saturn, Jupiter)

The planets get their light from the _(sun) . (volcanoes, moon,
stars, suu)

A

6. The planet having the most atmosphere is _(Jupiter) . (Venus, Mars,
Jupiter, Earth)

7. The planet that moves fastest around the sun is _(Mercury) .
(Jupiter, Mercury, Mars, Uranus)

8. The planet having the largest number of moons is _(Jupiter) .
(Jupiter, Neptune, Saturn, Mars)

9. Galaxies are made of _(stars) . (stars, meteors, dust, comets)

10. The groups of stars which we see in the sky are called _(constellations).
(galaxies, constellations, meteors, planetoids)
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XIX., Place a T in front of each true statement. Place an F in front of each
false statement.

One side of the moon is hot, and the other is cold.
We have a full moon one week after we have a new moon.
Our moon is larger than any other moon in the solar system.

The moon is about one half as large as the earth.

An eclipse of the moon happens only when we have a new moon.
Many stars are larger than our sun.

1.
2.
3.
k.
5. The light we get from the moon is reflected sunlight.
6.
7.
8. Tirst magnitude stars are the brightest stars.

9.

EEEEREEEE

Anyone with good eyes can see about one million stars.
(T) 10. One side of the moon has never been seen.

(F) 11. The dark parts seen on the moon are, water.

ﬁll 12. Planetoids are really very small planets.

(T) 13. The sun is many times larger than the moon.

(F) 14. The North Star is the brightest star in the sky.

(T) 15. A light-year isthe distance light travels in one year.
(F) 16. White stars are not as hot as orange-colored stars.

(F) 17. The surface of the moon changes faster than does the surface of
the earth.

(T) 18. During the night the stars seem to move from east to west.
(F) 19. All planets have the same kind of atmosphere.

(F) 20. The path of a planet around the sun is called an eclipse.

;‘L*
DD
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¥X, Place a T in front of each true statement. Place an F in front of each
false statement.

(T) 1. The gravitational pull of the earth on an object equals the weight
of the object.

2. Gravity pulls objects toward the outer edge of the earth.

3., Atmosphere is held to the earth by the force of gravity.

L. The farther an object moves away from the center of the earth, the
more it weighs.

E
Ut

The perigee is the point in a satellite's orbit where it is at its
greatest distance from the earth.

Deceleration means an increase ir rpeed.

—
EE

~—
o

7. Besides fuel, rocket engines must .arry the oxyg:n that is nzcessary
for combustion,

E
0]

Multistage rockets are useu because a single rocket cannot carry
encugh fuel tc escape the earth's gravitational pull and reach
outer space.

Lil 9, In order to escape the pull of gravity, a rocket needs more fuel
at the beginning of its flight.

(T) 10. 4s a satellite's orbits get smaller, it moves closer to the
earth.

(F) 11. In outer space rockets are able to use oxygen from the surrounding
air to burr fuel in their combustion chambers.

{F) 12. The heavier an object is, the faster it will be pulled toward the
earth,

(T) 13. Backward pull during acceleration is measured in "gravities" or
HG!S. 1!

Lll 14. The human body can best withstand acceleration in a reclining
position.

(F) 15. Friction keeps a satellite in orbit.
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¥XI, Complete each of these sentences by drawing a line under the correct word
or phrase that belongs in the blank space.

1. is the science of space flight,
Geometrics Aerodynamics Astronautice Hydraulics

2. A man weighing 180 pouands on earth would weigh pounds
at a height of 4,000 miles above the earth's curface.
720 0 1440 45

3. force is the force tending to impel an object outward
from a center of rotation.
Centrifugal. Gravitational Mechanical Electrical

Lo A is an object launched into an orbit around the earth.
missile rocket gsatellite jet

5. Weightlessness occurs when centrifugal force equals the force of

deceleration combustion gravity compression
6. f4n eliptical orbit is in shape,
oval round angular circular

7. The path of a body revolving around another body is its’

apogee satellite ellipse orbit

8. is the heaviness that a body has because of the pull
of gravity.
thrust weight velocity friction

9. established the law of gravitation.

Galileo Copernicus de Vinci Newton

10. A is an object that is hurled or shot forward.
satellite missile space station craft
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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 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 succeedirg level of study.

asteroid Neptune
astronaut orbit

axis parachute
balloon phases

comet planet
constellation planetoid
crater Pluto

direct force revolution
earth rocket
ellipse rocket engine
equinox rotation
frame of reference satellite
galaxy Saturn
glacier solar eclipse
gravitat ional force solar system
hypothesis solar system theory
indirect force solstice
Jupiter sphere

laws of gravitation spring tide
laws of motion tidal day
light-year tide

lunar eclipse triangulation
Mars Uranus
Mercury universe
meteor Venus
meteorite

Milky Way

moon
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OH oLty T0KS

Books are a ver; csseutial porf of ihe instructisnal materials in
clementary schools whesh provide superlor learning experiences for children.
.he selection ot these trinko posne a difficult proilem for librarians,
“n“vufru, ard agmi:zictret. ro e ause Lhe sclence fleid 1s bread and in-
creasi.y in scope, and edemeuatary schocl selence programs are varied in
nature, Jome of the more comm :n specific difficulties in choosing books
are (L) find iz materials which deal with the varied interests of children;
(2) Jooatlup material which plves ‘nformation correlated with the local
school distrirt's dnstructional suides; (3) finding books of appropriate
reading difficulty; and (h select, iz the bect booke from the many available.
“he followir.~ lisr givec heip related to the first three difficulties pre-~
serred. indirecily, it aloo helps with the fourth, for the best books
cunLot be selected uniii vhey arc Lmuated. Purther, the brief annotations
should te of help .n deterindiiz which vcuks may be best for a given class.
Finallr, time shruld be saved lu the eeiccetion of a "best" list if some
informarnio anowr, the readims diirien iy of availahle rooks is provided.
it. 1s hoped irat this lis! will suspest for clementary teachers books that
are supplemerntar; to rnasie text serizs, and that these books will have
value either as sonrces ui Lntformation or for recreational reading.

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

Adler, lrving., Jeeiny ihe tartk from opace; What The Man-Made Moons Tell
Usy illus. by huth adler. Tay, 1961. $3.75,
"This kook reporto actuaL results of both Hussian and American satel-
lite launchings. lirdings in regard to the shape ot the earth,
gravity, densiity of elevtron s, temperature of the upper air, and the
Van Allen radiaticu are described and interpreted. Jome of the origi-
nal illustrationz are retained.”

Adler, Irving. The viars; vteppingstones irte opace; illus. by Huth Adler.
Day, 1956. $3.50.
'What stars are, how old tney are, thelr paths through space, how we
are able to weigh them and discover tneir content and other facts
about them. Accurate arnd up to date. Line drawings and photographs.
More detailed than mnst teen-age astronomy books. Text difficult at
times ard may discourage average reader.”

+

Imes, Gerald. First Days of the Worid; illus. by Leonard Weisgard. Harper,

1958, 63.50. (h0)
"Follows the history of the earth, from the origin of the solar system
(Laplace theory) t: the emergence of modern mammals."
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Branley, Franklyn M. A Book of Planets For You; illus. by Leonard Kessler.

Crowell, 1961. $3.75. (2-4)
"The nine planets that go around our sun are described in this book.
Their sizes, temperatures, characteristics, and satellites are explained
in easy terms. <imple experimerts show how the planets —evolve and
rotate, where they are located in relation to each other. A very good

. science book for th: primary level: straight information, no talking
down or popularizatio:, print that is large and clear, and illustrations
that are (with a few exceptinne) an amplification of the text. Dr.
dranley combiries his professional competence with a deft ability to
presernt material in a style that is crisp without being dry."

Pranley, Franklyn . The Big Dipper; illus. by Ed Emberley. Crowell,
1962, $2.95. (k-3)
"The author gives directions for locating the Dipper, tells what we know
about this famous group ¢of stars, and gives some of the folklore and
legend connected with the Dipper. While the scope of subjects exceeds
that indicated by the title, it is not too complicated for the age of
the reader. The text is, however, not always clarified by the illus~
trationg."

Branley, Iranklyn M. The .Joou veems to Change; illus. by Helen Borten.
Crowell, 1960. §2.95. (k-2)
"A sclence picture book which,in the most elementary terms, discusses
the size of the moon and its distance from the earth and explains the
reasons for the phases of the moon. A home experiment is included.
Text and drawings are well integrated, sentences are short, and the
vocabulary is easy. While the book will be useful with first and
second grades it is better suited for reading aloud to preschoolers.”

Branley, Franklyn M. The vun, {ur Hearest Star; illus. by Helen Borten.
Crowell, 1961. $2.95. (k-2)
“This book about the sun, our only daytime star, describes its size,
shape, and characteristics. It tells why the sun is necessary to our
lives. A good science book for beginning independent readers in which
the author successfully establishes a few basic facts with lucidity
and with no digression. At the end of the book, the facts that have
been learned are recapitulated. Oome of the illustrations, although
handsome, are ornamental rather than informative."

Branley, Franklyn M. What Makes Day and Night; illus. by Helen Borten.
Crowell, 1961. $2.95. (k-2)
"The author describes the mechanics of earth's rotation and the apparent
changes in the position of the sun that result from the rotation.
Clearly and simply he gives an explanation of day and night. . .sunrise
and sunet. Although the text is easy enough for a second-grader to
read, an adult would have to explain and supervise the directions
given, and Helen Borten's illustrations are much too freehand to give
the accuracy a child demaads."
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Branley, Franklyn M. What The Moon is Like; illus. by Bobri. Crowell, 1963.
$2.95. (1-3)
"A simplified description of the surface and atmosphere of the moon with
a prediction of man's exploration there. Dr. Branley explains lunar
seas and craters, mountains and valleys. . .Unified first science text,
with illustrations that are helpful."

Hrenna, Virgilio. The Moon; 1llus with photographs and drawings. Golden
Press, 1963. $3.95. (5-7)
"A close-up view of the moon; what is known and what lunar explorers
may find. Ulscusses the origin, substance, motions, physical features,
cnauges, ard future of the moon. Includes many photographs, 44 of which
are cdlor photographs of scale models which, based on scientific obser-
vation, were made espec.ally for the book."

"rosky, Thoebe. Junior Science Book of Stars; illus. by William E. Preston.
Garrard, 1960, $1.98. (3~5)
"Day and night, the seasons, and the phases of the moon are expla.ined
in easy language. Gives some basic facts about the planets and the
ctars, and tells how to find and recognize several important constel-
latious,"”

arpby, bene. What Is A leason; pictures--Lucy and John Hawkinson., Benefic
.ress, 1959, #L.80. (k-2)
“.his book which explains the cycle of seasons begins with spring when
aays are growing longer and plants and animals are becoming more active.
eeds are sprouting and many animals have their young. Summer brings
growth and in fall there is maturing and preparation for another winter.
the author uses a vocabulary of only 129 words for the text."

irietz, lavid, All About The Universe; illus. with diagrams by John Polgreen
ard with photographs. handom House, 1965. $1.95. (5 7)

"The telescope, spectroucope, and radio telescope, the principal means
b which the unliverse is surveyed, and the solar system, stars, nebulae,
ardd ﬂalayJeg are described. . .There are also chapters on the current
fheurics of the origir and fuLure of the universe. For its price, this
took is extremely good value. It ls ably written and well “illustrated.
it glves one a general view of ine universe as modern astronomy is re.-

vealing it. The age group for which it is aimed ambitiously spans 10
to 15. Tounger readers may find the book a bit advanced, but it will
not let them down by giving 'kiddy' explanations of the wonders of the
cosmos. Older readers will find the treatment sketchy, but by no means
childish."

Fenton, Carroll Lane. Worlds in the iky; illus. by the authors, Carroll and
Mildred Fenton. Day, 1963,  $3.29, (4~6)
"A factual account of the seasons, eclipses, the earth's rotation and
related phenomena. Covers considerable territory dealing with the
earth, the solar system, the stars, and the universe in general. The
Fentons use a fine, clear style, with no wasted words, and cover this
tremendous subject for the young very cleverly in a brief space. Their
diagrams and drawings are splendid.”
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Freeman, Mae. tug With Asiroromy  kRandom House, 1953, $1.95 (4-7)
"A practical introdustion to the science of astronomy in which a child
by means of simple experiments can understand the principles involved
in day and nignt and seasinal changes; how to make a sundialj how to
find distances from tve ear+v ro o*rer hesvenly bodies; how to chart
the planets or model trem *o <cale, and how to make a sun camera. Lx-
. P Llieny protographs aud diagrars In vsr opinion this bock stirs the
maglration «0d awskeqs tre ircerest of the reader to follow up on
astronomy. the young reader may, lindeed, want to duplicate the ex-
perimerts described i thue book "

Freemar, ¥ae avd Ira  Ihe oan, -ne Moor znd The Stars; illus. by Rene”
Martin. Random fouse, 1959. $1.95 (2-4)
"An introcuction to astronomy which presents some basic facts about
the earth, sun, moon, plarets, and stars in . , , an easy-to-read,
clearly printed text, and satisfactory drawings, ©Should stimulate
~he prirary reader, as well as sore in older grades. Experiments
to show tre puli of gravity and the rotation of the seasons are
valuable in the ~lassroom "

"

ans illis Tty Lee Jd, Ames, Garden City

-

wgllant, Hoy £, Fxpioriug Ine

(
"ihis touk tells you wh
'ratner ordinary' star wrnere "o:ld be rno life of any sort on our
plaret., It alzo tell: you not o.ly many amazing facts about tne
drama of its deatr cillion: and tlllions of years from now, Mo
youngster {or grown-up, eivner) can fail to be fascinated by the
large, clear, ard zttractivrely-colored illustrations, . .The reader
will fird in &z few pages an extraordinary wealth of information.”

Bonks, 19498, d&r-nT. (£-7)
at the sun Joes for mankind. Without this

Gallant, koy A, *ypioring The Urnlverse; 1llus., by Lowell Hess. Garden City
bonks, 195¢. &o 95, (5.7)
"The reliefz of arciert coiv-livations, thneories and discoveries of
early astronomers, prese-t day corepns and faczts about the universe,
and re=earch rethods gre discuzsed 1. 1 Lexr, interesting text and
strikitg ~olored ill.=ztra*ijor” ir an owersized book,"

Haber, Heinz. UStars, Mer a4 Atom:  Golden Press, 1962. $3.99.
"An examination of what man nuow knows about the universe in comparison
to what he first knew arnd of wnat ther= is still left to discover,
with explanatiors of toth atomic structiure and Einstein's theory of
the nature of the universe. Gnould appeal to older children and to
adults glike "

Joseph, dJoseph Maron. [Poirt to The tars, i1llus. with photographs and line
drawings. Meizraw, 1963. $3.95. ‘4 6)
"T'his book can be taken outdoors by tre stargazer and used as a guide.
By using the unique 'Face and Point' directions and the variety of
star maps, young people can identify not only the constellations, in-
dividual stars and planets, but artificial satellites also. Folklore
of the constellations iz includea "
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Lauber, Patricia. All Abcat The Planets; illus. by Arthur Renshaw. Handom
House, 1960. ¢1.95. (4-7)
'"What astronomers have learrned sbout the earth and its fellow planets,
the origin of our soclar system ard the likelihood of life on other
plarets. There is an excellent discussion of the 'canals! on Mars and
of the possibilities of life there; of rew knowledge concerning the
atmosphere ard the temperature of Venus; of the discovery of FPluto and
possible planets beyord if.,"

Ley, Willy. The kxploration of HMars; illus. by Chesley Fonestell. Viking,
1996, $5.95.  (5=7)
"The first portion of this book gives a comprehensive account of exist-
ing knowledge of HMars, based orn the writings and astronomical observa-
tions from the time of dJohannes Kepler to the present. The authors,
experts in the field «f rockets and the theory of space travel, the.:
outline a plan for an exploring trip to Mars, adhering strictly to
known facts regarding the solar system., Neproductinne of pairntings
by “hesley Horeswe!ll add materially to the interest of the work and
the appeal to all types ¢f readers."

Mayall, Hewlon. kv Jbserver's /iuide; 4 Handbock for fmateur Astronomers;
pairtings and diagrams by John Polgreen. Goldern Press, 1959.
£3.95.  (5=7)
"This is a guide for ycunger sky watchers tellirng how to recognize and
find interesting features of stars and planets. With instructions for
the use of binoeculars and telescopes, and sections on astroncmical
terms, photography, etc. The book can be used best by those who are
amateur astronomers of sufficient enthusiasm to get or build a small
telescope.”

Moore, Patrick. ITelescopes and (hservatories; illus. by CLifford Bayley and
Cusan Benson. Day, 1962. $2.50. (3-5)
"“he author explains how lenses and telescopes work and describes many
kinds of telescopes, ranging from the simple hand-held telescopes used
by sailors to the huge, immensely powerful instruments used by astroro-
mers-~the sc.ienitists who study the stars. He alsc gives directions for
making a simple telescope; and lastly, emphasizes the importance of
observatories to the advancement of knowledge."

Moore, Patrick. The Picture Hisvory of Astrenamy. Grossett, 1961. $5.95
"The author surveys‘the history of astronomy from prehistoric times
to the present. After tracing the development of astronomy as a sciernce
through the contributions of individual astronomers, he describes
earth's solar system, the stars, and galaxies, explains the techniques
of modern telescopy, spectroscopy, and radio astronomy, discusses
theories about the origin of the universe, and considers recent progress
in the direct exploration of space by rocket probes, artificial satel-
lites, and manned space craft.”

Munch, Theodore W. What Is a volar bystem; pictures by Berthold Tiedemann.
Benefic Press, 1959. $1.80. (2-4)
"This is a presentation of the six types of bodies that comprise our
solar system-~sun, planets, moons, planetoids, comets, and meteors.
Emphasis is placed upon the planet and their relationship to the sun
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and each other. Their size, composition, weight, atmosphere, and
orbits are clearly explained.”
Page, Lou Williams. A Dipper Full of Stars: A Beginner's Guide to The
Heavens. Follett, 1964. $3.50,
"Information on the stars and planets, the constellations, the Milky
Way, meteors and cometrs, and the myths and legends about them which
the anclents believed.”

tolgreen, John., The kMarth in cpace; illus. by Jonn and Cathleen Polgreen.
handom House, 1963, &1.94. f{2-4
"During an imagivary trip, the plauet Farth as seen from outer space
is described in clear, simple language with clarifying illustrations
and diagrams., The psuided trip Iincluded visits to all planets, the
moon, and other paris of the Hilky Way. Ixplanations of meteors,
satellites, galaxies, and forces are giver. showing the place and
part arth kas in tne solar system."

kavielli, Amthony. Iae world .is kound; illus. by Anthony Ravielli. Viking,
1963, 33,50, {2-0)
"An explanation of why the earth seems flat and of ways in which man
has uricovered evideiice that supports his belief that the earth is
round. The history of fne changiiy concepts of the earth's shape is
briefly sketched in clear vext and beautiful pictures in color. A
handsome science piciure book for the early elementary school ages.*

¥

keed, W. Maxwell. Patteruns in The Sky:The Story of The Constellations;
illus. by D. F. lsvett Bradley. Morrow, 1951. $4.00.
"Here are explanations and detailed star charts showing how to find
the twerniy-five most familiar cornstellations. There are interesting
astronomical facts about each one and the mythological stories of

their names. The book is written in. . .friendly, informal style."

Fey, 1. A, Find The Loustellatlions. Houghton, 1954. $3.95. (3-6)
"This book shows you how to recognize the stors and find the constel-
latiens. It is a book to be used indoors and outdoors, all *he year
round. It gives you views of the sky as if you were looking out at
night through a huge observatory window. Using practical methods for
star recognitior, ., .the author describes the constellations of the
Northern Hemisphere, the stars of first magnitude and the planets.
There are Quizzes, Time tables, a sky chart, a number of 'Sky views,'
a bibliography, and an excellent index-glossary. Mr. Rey has the
faculty of making stargazing sound as if it were the most exciting
and worthwhile hobby imaginable. . .includes a discussion of space
travel in relation to the stars. . .A 'must' for public and school
libraries and a wonderful book for an individual or a family to own.
In addition to detailed drawings of all the constellations this book
contains 40 charts showing the sky, throught the year, not only for
our mid-northern latitudes but as far north as Alaska and as far south
as Australia and New Zealand. The latter part of the book is slightly
more complicated, explaining eclipses, celestial mechanics, the phases
of the moorn, procession of the equinoxes, etc."
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vehnelder, Herman, You, fAmorng the tars; illus. by Symeon Shimin. Scott,
1951. $3.50. (2-5)
"Discussion of basic concepts of astronomy (up and down, night and
day, rotation and revolution; etc.), and simple answers to the child's
first questione-~'Why is the sky bLlue?!, 'Where does the sky end?',
'"Why don't the stars light up empty space?'. Ixamples are those of
evervday experience. i, z1 all complicated, it lis for the youngster
ac sonn as he or she becouss interested and curious about these wonders,
and illustrations are recsil; helpful.”

Jehnelider, ifeo. Jpace 1 Your iuture; illus, by Gustav ichrotter. Harcourt,
1961, #3.75. (L-7)
“Informally and with Lhe use of a number of experiments a science
teacher describes thne earth, ihe solar system, and the stars, explains
the tools of the astrwrmer, and discusses space exploration and travel.
Appendixes include a listins of eclipses, sources for star charts, and
a list of planetariums in the U, ', MYach of the information is avail~
able elsewhere, aud csome is already outdated by recent Russian and
American space flirhts, L.ubt the clarity of style and attractiveness of
format make thiz a usefui additirn Lo scierice collections.!

Schlo%t, %. Warren. judy's Wonderful Telescope. cribner, 1958. $2.97.

L~7
“A photo story in three parts. Part I tries to put the Solar System
and the Uriverse into percpective for the earl: teen-ager; Part Il tells
the story of the telescope and the actual workings of a small one;
Part III descrites some of the objects as they are seen through such a
four-inch refle~ting telescope. The ingenious photographs are often
dramatic and more convincing than words or even simple drawings could
be. They have a three-dimensioral gquality and provide a direct matching
with our experiernce that makes the point startingly clear. The book
should be most useful to teachers who wish to get some of the astronomical
facts of life across to their pupils. The clarifying experiments per-
formed by Andy, the hoy in the photographs, are easy to do and add in-
terest and value to the booi."

White, Anne Terry. 4£11 About The Stars; illus. by Marvin Bileck. Random
House, 1954. $1.95. {4~7)
"The text explains ithe laws which control the universe and in particular,
the relationship between the sun, earth and other planets. It also con-
siders the possibility of future space travel and of new discoveries.
Simply and beautifully told story of the heavens as seen and increasingly
understood by our scientists as they improve telescopes and clarify
thinking."

Wyler, Rose. The New Golden Book of _Astronomy: An Introduction to The
Wonders of Space; illus. by John Polgree:n and George Solonevich.
Golden Press, 1965. $3.99.
"The latest theories about the phenomena of the heavens are simply and
clearly explained. The book describes gravity, seasons, tides, the
beginnings of our solor system, how stellar distances are measured, the
telescopes in use today. This large, attractive book effectively ex~
plains its subject, and offers ample material on the planets, nebulae,
and space travel."
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?ergirt 5. Comets; illus. by Gustav Ochrotter. Morrow, 1957. $2.95.
L~ .

"All the known facts about comets are discussed and current speculations
about them are considered. This is clear, concise and interesting and
modern space-minded cnildren will be fascinated by what he has to tell
about the curious habits'!' of comets and some cf the reasons people many
yvears ago used to be afraid of them."

Herbert ©. Chooting Ltars; illus. by Gustav Schrotter. Morrow, 1958,
$2.95. (3-6)

"An explanation of meteors and meteorites: how they enter the earth's
atmosphere, how they differ from each other, how men observe them and
what is known and not yet known about shooting stars. ESome of the
famous meteor showers that have occurred are described, as are the
astronomical phenomens that are demonstrably related to meteors. It
will fascinate the youngsters for whom it is meant. . .The illustra-
tions are profuse, clear, and excellently done."

Herbert ©. OStarg: A Guide to The Constellations, Sun, Moon, Planets
and OUther Ieatures of The Heavens; illus. by James Gordon Irving.
Golder. Press, 1956. $2.99.

"A gem of a field guide for the novice, this little book tells how to
scan the heavens, where to look and when. Authoritative, carefully
organized, here is a wealth of data for quick reference. Divided

into three sections: stars, constellations, and solar system. Every
page is beautifully illustrated. . .Binding good for the size. Rec-
ommended. Contains detailed charts of northern, southern, circumpolar

and seasonal skies and individual constellation pictures.'

%erzirt $. The Sun; illus. by Larry Kettelkamp. Morrow, 1953. $2.95.
by

"This volume gives data on the sun, its weight, size, etc., sunspots
and how they affect earth, plant growth, and heating. . .and a clear
statement of the atomic energy principle. A fascinating and solidly
factual, though brief, study of the sun, easily read by younger children
but of interest to a wider audience. OGuggestions, with diagrams, for
simple experiments give everyday significance to the subject. The
sketches on each page are clear and well labeled."

Herbert 3. The Universe; illus. by Gustav Schrotter. Morrow, 1961.
$2.95. (4-6)

"The author explores man's changing ideas and growing knowledge of the
nature of the universe from the earliest wonderings and beliefs to the
present-day theory of some scientists that the universe may be ex-
panding. The clear and accurate text and the graphic illustrations and
diagrams give a surprising amount of information and take the child
through the expanding universe from Ptolemy to Palomar."
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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 tc determine suitability for use with
your particular class.

Asteroids, Comets, and Meteorites 10 min. Col. Int.

Asteroids, Comets, and Meteorites are called the minor members of the solar
system. This film shows how astronomers have learned about these objects
traveling around the sun; what each group looks like; and the place of each
in the solar system. The film illustrates the newest objects in the solar
system: man-made, or artificial satellites.

Farth Satellites: Exploration of Juter tpace 17 min. Col. Int.

Here is a film that explains how man-made satellites stay aloft, describes
what we learn from satellites, and suggests some of the things that we may
look forward to in the future. The concepts clearly expressed for pupils in
the middle grades.

Earth in Motion, The 12 min. Col. Int.

The film describes how and why the earth travels around the sun. The student
discovers the meaning of such terms as rotation, revolve, sphere, force,

orbit, curvature, circumference, axis, gravity, stabilize, hemisphere, equator,
galaxy, inertia, Milky Way, planet, and Solar System.

Exploring The Night Sky 10 min. B&W Int.

The story of constellations and how they got their names, nebulae and other
star phenomena, the setting and rising of stars and how the stars helped in
the making of the calendar, is told by means of animation and special cinema
techniques.

How we Study The Sun 14% min. Col. Int.

From the sun's light we can learn much about the sun. ©Sun gives off many
forms of energy other than light. Today balloons, rockets, and orbiting
astronomical observations are carrying instruments above the atmosphere to
help us learn more about the sun.
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How lan Travels Through .'pace 12 min, Col. Int,

For the first time in history, space travel has bhecome a possibility for man.
Film discusses space ter. such as gravity, radiation, weightless, nG",

zero gravity, thrust, space vehicle, rockets, booster, combustion chamber,
escape velocity, life support system, 1ift off, meteors, and multi-stage
rorketig,

How We Ixplore space 22 min, (ol. Gr., 6

An introduction to the instruments the astronomers use and to the methods by
which they obtain information about the objects in space. The telescope,
camera, spectroscope, and photocell are demonstrated and explained. Over
time-lapse telescopic motion pictures of the mcon, Mars, Jupiter, Saturn,
and the sun, we learn many of the facts astronomers have discovered in

their exploration of space.

How We Know Tne Farth lMoves 10 nmin. Jol. Int

We have been told tnat the earth spins on its axis and that it travels
around the sun. but how do we know these statements are true® This film
demonstrates and explains the Foucault Pendulum by which the earth's
rotation was first proved. The audience participates in an experiment
that illustrates star shift, the method astronomers use to determine the
earth's solar orbit.

nstruments of Astronomy 12 min, Col. Int.

The instruments man has used to look at the night sky--from an armillary
sphere, quadrant and sextant to modern observatory telescopes--are the
sutjects of this introduction to astronomy.

Man in Opace 35 min. Col. Int.

Walt Disney introduces topic of flight through space. History of rocketry
and its future prospects presented by Dr. Heinz Haber. Animation is used
to show problems man faces in region beyornd earth's atmosphere, adjustments
he must make, advances in space medicine. Dr. Wernher von Braun describes
theoretical space ship flight with human passengers.

Milky Way and Beyond, The 13% min. Col. Gr. 3 & 4

Presents the relationship of our solar system to the galaxy of which it is

a part., Telescopic color photography and effective animation illustrate
what stars are and how they are formed. An expanding picture of the universe
is gained as other galaxies and their movements are portrayed.
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Moon, The 12 min. Col. Int.
Uses animation to describe the structure, size, physical features, and gravi-

tational field of *he moon. Illustrates the apparent phases of the moon and
discusses the effect of the moon on the tides of the earth.

Moowu, 1he: Adventure in Opace 15 min. Col. Int.

I'resenta an appraisal of the current U. O. programs for moon exploration.
Pasic moon concepts and leadling scientific thecries are covered. The need
for urmanned and manned spacecrafts is explored.

(uter ipace 12 min. Col. Int.

The film discusses the sky as it is seen through a telescope. It explains
procedures for determining sizes of stars and their distances from us
(lignt years) as well as from each other. Discussion of and photography
of constellations, galaxies, comets and other cosmic formations.

I’larets, The 11l min. Col. Int.

rovements of planets around the sun are shown by an orrery and the compara-
vive s3izes ol planets, their distances from the sun, revolutions on their
axes, and satellite systems are discussed. A planetarivm is seen in use.

Planets Around Cur Sun 134 min. Col. Gr. 3 & 4

This film affords a comprehensive and expanding view of our neighbors in
space by means of the most modern astronomical instruments. We learn about
gravity and centrifugal force and become better acguainted with the nine
kriownn planets in orbit around the sun; with natural satellites and with
asteroids aund comets.

hockets and How They Work 16 min. Col. Int.

This film presents the basic principles of rocket flight in terms that can
be understood by pupils in the middle grades of science. In addition, the
material is interesting and the concepts are presented in such a way that
the film will be useful a. higher levels, including Jjunior high and senior
high as well as adults.

Satellites: Stepping Stones to Space 18 min. Col. Int.

Through animation, models, and live action photography the film shows the
construction and instruments of Explorer I and explains how it was put in
orbit. Demonstrates why satellites stay up, what determines their life-~
times, and how they record information.
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oeience of OUrbiting 28 min. B&W Int.

Hr. Wizard takes a spin in a tumble tub by releasing CO, from a fire extin-
guisher, then launches an oil can into orbit. Film explains how the forces
of gravity and inertia must be overcome and how a capsule falls toward center
of earth. A balloon containing lead shot, a sandbag and scale help illus-
trate gravity and "weightlessness." The capsule's heat shield, re-entry
effects communication, and how a capsule is slowed down by retro-rocket

1s demonstrated.

Lpace 10 nin, Col. Int.
Demonstrates the most effective ways of representing space; size difference,

vanishing points, color overlapping and exaggeration.

Stars, The 12 min, Col. Int.

Felative fixed positions and apparent circular movements of stars in the
sky are explained; constellations .identified; our sun and solar system
are depicted; and galaxies and nebulae are illustrated and discussed. The
film also points out the relation of astronomy to distant space travel.

cuti and How It Affects Us, The 11 min. B&W Int.

4 comprehensive study of the sun is presented, including the sun's size,
distance from the earth, physical nature, and its effect on life, weather,
arnd tides on earth. A basic understanding of the probable origin and effects
of the corona, prominences, flares, and sunspots is provided through tele-
scopic motion pictures.

cun and The Solar System, The 12 min. Col. Int,.

As we review the planets beginning with Mercury, closest to the sun, we

find they vary in size, in their number of moons, in their speed of rotation
around the sun and in their atmosphere. Film also shows the planets Jupiter,
Caturn, Pluto, Mars, Venus and Uranus.

Trip to The Moon 16 min. Col. Int.

Oret———

An imaginary rocket takes off to the moon and explores its surface. During
the trip we learn many facts about conditions met in navigation to the moon.
Once above the moon surface, the film shows in detail the craters, valleys
and mountains that can be seen from the earth.
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What Is an Lclipse? 11 min. Col. Int.

Using animation and three-dimensional models, the film illustrates how the
motion of the moon around the earth causes both solar and lunar eclipses.
An eclipse of the sun occurs when the moon passes between the earth and the
sun; an eclipse of the moon occurs when the moon passes into the shadow of
the earth. 3ut since the moon circles the earth once each month, why don't
we have both a lunar and solar eclipse each month? The film explains why.
Actual time-lapse telescopic motion pictures of both a lunar and solar
eclipse are shown.

What Makes Day and Night 8 min. BRW Int,

Demonstrates that the alternation of day and night is due to the rotation of
the earth and not to the apparent movement of the sun around the earth. Two
zhildren and their father discuss the cause of day and night.

What Is Epace? 11 min. Col. Gr. 5 - 6

This film shows there is much space on earth and that there is more space
around the earth. Fxplains space is not empty and how vast distance in
outer space .is measured in light years. scientists believe that "solid
materials'" are mostly space.

Why The Sky 1s Blue 13 min. Col. Int.

The pheriomenon of color is explored, and basic concepts of light are illus-
trated in terms interesting to children and adults alike.

What Do We [ee in The Sky? 11 min. Col. Prim.

Freddie's curiosity about thinges he sees irn the sky lead him to learn about
the surn, moon, planets, stars and constellations-~their relative sizes and
distance from the earth, their light, and something of their composition.
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