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| I. OVERVIEH

, The purposes of this resource unit is to help teachers as they
: plan a teaching unit on space travel. Many of the learning

* experiences overlap and are applicable to several conceptss A
elass will find 1t impossible to undertake all of the learning

experiences, For convenience the concepts and learning ~
experiences in the resource unit are organized into the following

- five subtopics?
] 1, General

2. /Propertiea of Space « Universal Gravitation

3, Properties of Space ~ Near the Earth
(Atmosphere) |

. Problems of Mants Existence in Space
5, Problems of Movement in Space

This space travel unit does nob include a study of astronomy, weather
i and climate, gravitational energy, methods of determining directions
” near the surface of the earth, or the laws pertaining to objects in
motion and at rest because this content is allocated to other grades
or units, However, it may be necessary to review this content at

the beginning of the unit, :




-

»

RSN e N i DR

* TR TR R Ay, g e

For discussion purposes only Qe

II, CONCEPTS INCLUDED IN THIS UNIT

A, General
1. Through space travel man will discover many new things about the
universe,
2o, Ments existence on the earth is limited to the surface or near the surface,
3. There is less air as one moves up (or out) from the earth,
4e Space is dark (beyond the atmosphere). |
S. Artificiel satellites are being used by man to further his study
of earth and space, ' |
6. Anything within the solar system is known as being in interplanetary
space, | | .
7. Men is beginning to travel up or "out" into interplanetény space,
8, Anything beyond the'solar system is known as being in outer space,
9. There is a very slight amount of air in outer space,
10, Nearness and farness in comparing bodies in space is relative,
11, Great distances in the universe‘are measured in terms of light-years,
the distance which light travels in one year.
12, Units of time in space may be measﬁredvdifferently from the units of
time on earth,
13. There are many problems which must be studied and solved before man
can travel for extended periods of time in space,
. There is great need for trained people to study the problems of
space travel, '
15, As more is learned about space travel, other factors may be found
which may limit man's existence in space,
16, New projécts related to space travel are continually being developed
and evaluated in order to expand upon existing knowledge,
17. Results from one experiment in space research lead to the formmlation
of meny other problems for study.
18, Problams in the building of space travel devices require the

development of meny new materials,



For discussion purposes only «3=

B. Properties of Space == Universal Gravitaticn

19,

20,

21,

22,

23,

2,
25,
26,
27;
28,

29.
30.

31,

320‘

33,
3k,

350 ‘

Objects close to an astrcnomical body in space are attraced to
that body.

In outer space, the pull of the earth would be very slight,

Many natural phenomena result from the pull of the earth ©eBey
weizht, water running downhill, |

‘Weight is an important factor when pla.nm.ng & rocket!s escape from

the earth's gravity.

To get into interplanetary space a rocket must "push® harder than the
earth pulls,

The harder a rocket "pushes" away from the earth, the farther it can
go before it begins to fall.

A rocket which "pushes" hard enough can go farther than the distance |
beyond which the earth can pull it backe

It 1s possible to place obaects out into space by starting them
with enough force and speed to escape the gravity of the earth.

In order for an object to escape the gravity of the earth, it must
reach a greater speed than that required to orbit the earth,

Grav:.ty decreases as one leaves the earth, but mcreases as one
epproaches other astronomical bodies.

‘The moon "pulls" on things on the -earth,

The gravitational pull on surface objects is greater on the earth
than on the moon, «

The closer en object is to the moon, the greater is the mutual attraction.
As two objects approach each other, the greater is the mutual attraction,
Gravitational energy is opposed with parachutes. |

When approaching the earth, rockets and/or parachutes must be used o

work agalnst the earthts gravity to slow down the vehicle and thus
prevent destructive impact.

To insure a safe landing on any astronomical body, the space
vehicle would have to use a force against gravity to slow its descent,
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C. Properties of Space ~= Near the Earth (Atmosphere)

36,
37,

38,
39.
L0,

L1,

L3.

k.

Air resists the force which would put an object in motion,

-The resistance caused‘by air moving over an object is called .

air friction, |
An object moving through air produces air friction, |
The density (concentration) of air affects the amount of friction.

The density of the earth's atmosphere decreases as the distance
from the earth increases.

As the speed of & moving object increases in the atmosphere,
friction and heat 1ncreese. |

Speed and altitude both determine the amount, of frictlon on space
vehicles. ;

The greater the air friction, the more intense the resultant heat,

Certain designs reduce friction,
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D.

Problems of Man!s Existence in Space

LS.
W6,

7.
L8.
L9,

50,
51,

52,

53.

Shie

Man must be protected during space travel,

Man cannot exist in space without controlling his immediate
environment,

Vehicles for space travel must provide a desirable environment for man,
Man is able to adapt to a slightly changed environment,

Man can live for a short period of time in a greatly changed
environment, |

Man has to carry his own oxygen when traveling away from the earth,

Due to weightlessness in space travel, man may have problems with
his breathing, drinking, eating and moving.

Susteined weightlessness may cause many hazardous strains on the
human anatomy. |

The radiant energy from the sun may be dangerous to a man in inter-
planetary space.

Man will have to establish an artificial environment in order to
survive on the surface of other astronomical bodies.
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E. Problems of Movement in Space

:
i
f ' 55. Space vehicles need to be protected against bombardment by meteors
2 end cosmic dust,

56, Rockets must be made of materials which withstand heat and stress.

57. A rocket begins to rise very slowly because of the forces which
must be overcome; e.ge, inertia,

58, Upace ships require many instruments to guide them,

59, High speed in space travel is desirable to cover great distances in
& convenient time,
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III. INTRODUCTION TO THE UNIT

Brief review of astronomy

1.

2.

3.

Show one or more of the following films: "Solar System,"
which presents a description of the solar system; "The

Solar Family,® which deseribes the origin of the sun and

gome characteristics of the planets; "Our Mr. Sun," which
ghows the dependence of living things on earth on the sunts
energy; "Planets in Orbit," which presents an historical
epproach to the study of astronamy; or "Realm of the Galaxies,"

 which provides information sbout the universe beyond the

solaxr system.

Encourage the members of the class to revisit the Planetarium
end "black light" exhibits at the Minneapolis Public Library.

Make a chart, mural or simple model of the solar system to

‘show the order of the planets and their relative distances

from the sun, (A modification of this class activity would

be carried out by marking off the relative distvances on the
playground with chalk, This modification might emphasize

the vastness of the distance between parts of the solar system.)
Make a second representation illustrating the order and relative
size of the planets and the sun, Use thc chart, "Some
Astronomical Facts and Approximations for Teaching," Appendix A
to f£ind information about these distances and sizes,

Brief preview of the unit

1.

2.

Prepare a bulletin board using current newspaper clippings
or magazine articles on new satellites and efforts to put
men into spece. - .

Prepare a bulletin board on the new seientific discoveries
being made by space research projects,

Related science-fiction reading or creative writing

1.

2,

 Read a science~fiction story about the planets to the class,

Ask the class to analyze the story and answer these questionss
"Jhat part of the story is only fiction?", "Why would scme
parts of the adventures be impossible?, and "What part of
the story is based on fact?",

Near the close of the study of this unit have the class write
a science-fiction story on space travel, Have the children
underline the parts of the story which are scientifically
accurate, \
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IV, IEARNTNG EXPERIENCES

Concept #1 - Through space travel man will discover many new

Experience A:

things about the universe,

Discovering that educated guesses cannot be substituted
for exact knowledge :

Materials needed:?

reference materials (recent periodicgls, textbooks,

encyclopedias)

pencil
paper

What to do:

1.

2,

3.

L.

Consult many references to find descriptions of the
surface of the moon, Compile a list of the descriptions.

Compare the descriptions to see if they all agree.

Identify any parts of the descriptions which do not
agree, : | " |

Answer these'questions:

a. Does anyone really know what the surface of
the moon is like?

b, How would it be possible to find out exactly
~ what the moon is like?

c. When will this information be available?

Repeat steps 1 = 3 for other astronomical bodies, such
as Mars, At this time it might be appropriate to use
the instructional film "Mars and Beyond."
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Concept #1

Experience B:
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Finding out that no one knows some of the answers to
questions about the universe .

Materials neededs

. pencil

paper .
reference materials (periodicals, textbooks,
encyclopedias)

What to do:

i{ Review what you know abouﬁ'the‘universe.
2. Make two lists:
a. What you7want to know about the universe,

b -~ What ynu'want to. know about each part of the
universe, :

3. Consult references to find the answers to the questions.
Make a check mark by those questlons for which answers
are not found. | -

L. Suggest ways of finding oat the answers to the qnestions

marked-w1th checks,

O S, T S o
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Concept #2 - Man's existence on the earth is limited to the
surface or near the surface,

Experience A:  Studying the conditions which 1limit man's existence

Materials needed:

pencil

paper :

reference materials (periodicals, recent books,
encyclopedias)

What to do:

1. Make a chart of all the physical conditions which
make man's existence on the aurface of the earth
possible,

2. Consult reference materials to»find data on the
conditions deep within the earth,

e Consult reference materials to find data on the
conditlons beyond the atmosphere.

L. Consult reference materlals to find data concerning
the changes in environment for which a man can adjust,

5, Make a chart listing the name of the condition, the
data for the condition within the earth, the data for
the condition beyond the atmosphere and the extremes
of the condition to which a man can adapt, Indicate
what devices are used to protect him from the extreme
condition if a man camnot adapt to the condition,

6. Draw conclusions concerning the 11m1ts to a2 man's
existence on earth,

PR k. ESF e ST
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Conecept #3 - 'There is less air as one moves up (or out)

Experience A:

from the earth,

g W M @ e o @ o

Discussing experiences with air pressure at high altitude

Materials needed:

none

What to do:

1, Ask -any child who has lived or hiked in the mountains

to ‘tell of his experience with breathing during exertion,

2, Have him explain why, if he had ridden in & car to the
top of a mountain so that there had been no exertion
in climbing, it was more difficult to breathe at the
high elevation, | : ‘

Explain how this provides evidence for the fact that
the amount of air becomes less as the distance from
. the surface of the eartl becomes greater,
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Experience B:

‘Discovering the relationship between air pressure and

the amount of air .

Materials needed:

bathroom scales
automobile tire

What to do:

1, Go to a filling station and inflate the spare
automobile tire, .

o | - | e
2, Weigh the tire while it 1s inflated on a bathroom

scele, :

' 3, Lloosen the valve core and allow the air to escape.

L. Re-weigh the tire. Note the change in weight.

5, Explain why the air rushed out of the tire when the ‘
valve core was loosened, ' :

e Relate the change in air bressﬁre to -the change in
‘welght, noting that decreased air pressure indicates
less air. . ’ S
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B iy

Experience C: - Observing an effect of a decrease in the amount. of air

[k LA

Materials needed:

weather balloon, 30" diameter (or as large a spherical
balloon as can be purchased conveniently)

; string, 10! |

J rubber band

" marking pen

What to do: .

1, Make Special arrangements with the elevator operator
. of a very tall building to ride to the top while
carrying a big balloon, ,

: 2, Inflate the weather balloon., Close the end by wrapping
: a rubber band around the neck many times, ,

3. Use the marking'pen to make an "equator" line around
| the balloon. o . |

L. Lay the string on top of the "equator™ line and make
~ a mark on both ends of the string to show where the
" two.ends meet when the balloon is on the first floor.

Be careful not to pull the string tight enough to
squeeze the balloon,

5. Ride to the top of the building and measure the length
of the string around the balloon (circumference of the
balloon) egain, |

6. Compars the results,

7. Explain why the size of the balloon changed even though
air was not added to or remdved from the balloon.

8. Explain how the results give evidence that there is
less air as one moves up (or out) from the earth.
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) Experience D: Observing a change in air pressure with a change in

& - distance above the earth

2

Materials needed:

aneroid barometer

What to do:

1, Teke an aneroid barcmeter to the basement of the
‘school. , ' :

2, Tap it gently. leke a careful reading of the
barometer. |

'3, Carry the barometer up to the top floor and again
make a very careful reading of the barometer,

Note whether the two réadings are identical.

Fxplain why the lower reading obtained on the top
floor is an indication of less air,
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Experience A: Discovering that light can be invisible

Materials needed:

flashlight or slide projector chalkboard erasers, coated

burette clamp o with chalk, 2
. rectangular iron support : .mirror, pocket
“knife | bead, white, small
carton, 12" x 18" approximately wax, "Sealstik"
~ paint, black, tempera or black .printed page from newspaper
. "Dyanshine" shoe polish .- black coab .
What to do:

1, Out & hole 1" in dismeter through the center of one of
" . the ends of the carton, Cut a larger hole in the other
end of the box. . ' . ‘

2, Cut off the top £lapse
3, Paint the inside of the carton with dull black paint.
L, Turn the carton on the side,

/ . 5, Set up the slide projector or mount the flashlight in
a burette clamp attached to the rectangular supporte
Turn on the light, Adjust the light source so that
the beam of light shines directly through both of the
holes in the carton, ,

6, Close the curtains or pull the shades to make the room
dark, Place a black coat or other light absorbing -
meterial in the path of the light beam beyond the box.
(This will eliminate any reflection beyond the box.)

7. Observe whether the beam of light is visihle within
the box. ‘ . ‘

8. Hold the newspaper beside the opening in the side of
the box, Actempt to read a medium sized headline of
the paper from different distances to test how much
1ight is reflected from the box. lMeasure the farthest
distance from which the headline can be read.
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? Experience A (continued):

Hold a mirror in the beam of light within the box and
observe that you can see the reflected light from the

source, Remove the mirror. - :

String the bead on-the black thread, Knot it to one
end, ‘Attach the other end of thread to the top of
the box with wax so that the bead hangs in the beam
of light. |

Observe whether the bead is visible.

Relate‘thé results to an explanation of why'plénets‘
.are visible, - l : : ‘

Remove the string and beads

,Ciap'twoﬂébalkJeraéers together beside the box.
Obseive whether the beam.of light becomes more visible
when the chalk dust is in the air inside the box.

Explain why chalk dust makes the light beam visible.
‘Explain whether every thing which reflects light must

- be a kind of mirror. ' -

Hold the'newspaper'beside the cpening*in the side of
the box as in step 8, Measure the farthest distance
at which it is possible to read the same headline,

" Explain why more light strikes the newspsper when chalk
dust is in the air within the box.

Explain why the daytime sky is light, Explain why.
the night btime sky is dark, Explain the difference,
(In order for the sky to be light, particles which
reflect light must be exposed to a source of light.)

Relate the observations to explain the fact that

space is dark. (The reason that there is little light
in space can be explained if it is recognized that dust
particles do not exist in space and, therefore, light
is not reflected, The only visible light is direct
light from the sun and stars or reflected light from
the planets and satellites.)
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Observing light reflected by small particles

Materials needed:

beakers, 250 m.l, teaspoon

slide projector, or flashlight carton, 12" x 18",

water, warm approximately

nmilk " paint, black, tempera

medicine dropper

What to do:

1, Paint the inside of the cartaon with black tempera,

2, Fill the beaker 3/4 full with warm water,

3, Set up the projector on one side of the room, pointing
it across the room into the black box (or into a black
coat in the corner) for absorption.

L, Close the curtains or pull the shades to make the room
dark. : :

5, Place the beaker of clear water in the beam of 1light,
(It may be necessary to allow the water to stand for
2 or 3 minutes to allow most of the air bubbles to
escape, ) |

6. View the beaker and its contents from the sides do not
look towards the source of light., Observe that the
water appears clear and the beam of light does not
appear very distincte. '

T. Add one drop of milk to the beaker, Watenh carefully
and observe the brightness of the drop of milk as it
enters the water, Stir the mixture.

8, View the begkerts contents again, Observe the cloudy
appearance of the water, Note that the light beam is
now very distinct.

9, Summarize the difference in the observations, Answer
the question: "Why is.the beam of light more visible
in milky water?" . :

10, Use the conclusions in step 9 to attempt to explain

why space is dark.
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Experienece C:

Discovering the intense blackness of the night sky

Matérials needed: " -

none

What to do:

1., Lle down on the. grass 1n the backyard and look up.
at the sky at night, : ,

2, Write a description of what is seen,
3. Answef thé*questions:
'a. Is the sky lighted up?
| “Why are the. planets visible?
Why are the stars V1sible?

L. Share these experlences w1th the group.
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Concept #5 ~ Artifieial satellites are being used by man to
further his study of earth and space.

Experience At  Viewing a report on the importance of satellite
observations to the study of earth and space

Materials needed:

£ilm, "Earth Satellites: Explorers of Outer Space"
film, "Satellites: Stepping Stones to Space"
motion picture projector, 16 mm

What to do:

1, View the films: "Earth Satellites: Expliorers of -
Outer Space," which contsins some footage on the
use of satellites, and/or, "Satellites: Stepping
Stones to Space," which explains why satellites
are important to man,

Moke a list of the new discoveries which these films

indicate are the result of satellite observations.
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Experience B:

Charting a history of advances in science resulting
from artificial satellite studies

Materials neéded:

reference materials (textbooks, encyclopedias)

pencil

paper

What to do:

1, Moke a chart listing all of the satellites,that have

2,

3.

L.

been launched,’

Indicate the purpose of each satellite and.the special
scientific equipment included. Include the weight and
size of the rocket and diagrams showing the orbital
paths which may make this chart more useful,

Indicate the discoveries made and the new projects
resulting from each satellite,

-

Keep the chart up~to=~date as each néw satellite is

“launched.

T S

o e L T ey
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Concept #6 - Anything within the soler system is knewn as
- being in interplanetary space. S

Note: See the introduction for a listing of some activ1t1es to
review the distance relationships in the universe.

Experience A¢ Iearning the relationship of the dlfferent terms used
| to define parts of '“space" _

L'Meterials needed: .
paper - |
- pencil, pen or crayons
reference materlals ,

'What to do'

1. Read several current articles on space travel which
include information on a system of naming different

related parts of space.
2. List the terms used and thelr definitlons. o

3, Make a chart relating the different names for the
different parts of space as you have collected them
from different systems of naming.
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Experience B: Discovering the vastness of space by calculations of
gcaled relationships

Materials needed:

paper

pencils, colored

city map - k

chart, "Some Astronomical Facts and Approximations for
Teaching," Appendix A '

What to do.:

1, Use the chart in Appendix A to find the diameter of the
earth and sun, - - - S

2, Find the distance from the earth to the sun, Write
the number out in full and label it "astronomical
anit" (A.U.)e

3, Calculate the distance light would travel in one
minute, using the fact that light travels 186,000
miles in one second (186,000 x 60).

‘Calculate the distance light travels:
a. In one hour (186,000 x 60 x 60)

b, In one day (186,000 x 60 x 60 x 2))
¢. In one year (186,000 x 60 x 60 x 2L x 365%)

Label the distance light travels iri one year as a
light year and round the number off to the nearest
trillion, :

Calculate the distance in miles from the earth to the
nearest star which is Le1/3 1light years away (about 26
trillion miles). . ,

Draw models of parts of our galaxy, using a dot,

assumed to be 1/32" in diameter, to represent the
diameter of the sun, Use the same scale and calculate
the distance needed to represent the distance to the
nearest star in inches, .

(1/32 x 26,000,000,000,000 5 86L4,000), feet or miles
(about 941,000 inches or 78,500 feet or nearly 15 miles).
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Experience B (continued)s

Te

For high achievers:

,1.

2.

3e

- its nearest star, Alpha Centauri,

Use the scale on the city map and use a colored
pencil to make a circle with its center at your
school and with a radius the number of miles
calculated in step 6. '

Calculate the diameter of the solar system in:

miles (2 x 3,679,000,000)

estronomical units (80 A,U.)

Jight years (0,001 LY.)

If it is L=1/3 1ight years from the earth to the
nearest star, Alpha Centauri, calculate the distance
in astronomical units,

If we wish to draw a diagram of the solar system and

a., What scale should we use?

b, If we draw our solar system as 1/2" in diameter,
how far away would we place Alpha Centauri on the
disgran? (Lel/3 x 1/2 ¢ ,001)
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Concept #7 - Man is beginning to travel up or Mout! into
interplanetary space.

Experience At Keeping a file which traces the steps made towards
interplanetary spacse travel

Materials neededs

; periodicals (newspapers, magazines)
scissors

‘What to dos-

g A 1, Make a collection of nictures, articles and newspaper
clippings about new advances in mammed space vehicles

? ~ and eqripment,

; - 2. Keep a chronological file of these clippings. Be sure
L ‘ to keep it up~to~date, |

)

\
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Experience B:  Reporting about one phase of the progress made towards
the interplanetary space travel =

Materials needed:

R e i ST

clippings (from experience A)
peper v
pencil

What to do:

o —~ et e

\ 1. Select interesting pictures and articles about one
i phase of the steps taken towards interplanetary space

travel.. -

2, Make a bulletin board display from the clippings
selected in step 1,

3. Prepare a brief written or oral summary to call
attention to important facts illustrated in the
display and to summarize its content,
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Concept #8 - Anything beyond the solar system is known as
being in outer space.

Experience A: Discovering the common misunderstandings about the
universe and outer space

Materials needed:

pencil
paper

What to do:

1, Have éach menber. of the class draw a sketch containings
e, The earth |
b. rThé solar system.
.,°' The milky way galaxy
d. The universe

2, Analyze each sketch with the class for the truths and
fallacies of each drawing.

3, Label outer space in each drawing.
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Concept #9 = There is a very slight emount of air in outer space.

Experience As

‘--—--o.‘—“-"w-—.—-a'p-—-.-—v---w———--c—_—“—“..—--—

Finding that the amount of air is very small in outer space

Materials needed:

reference materials (textbooks,'encyclopedias)
pencil

paper
What to do:

1., Search the reference materials to find data explaining
how far from the surface of the earth a rocket goes to

‘be above: '
B 50% of the atmosphefé}(abbut LeT miles or 25,690 ft.)

b. 90% of the atmosphere (about 11475 miles or 62,000 f£t.)
c. 99% of the:atmﬁsphefe (abou£ 18,9 miles or 100,000 ft.)

2, Find information regarding the émount of air in outer
space, ) .

3, Prepare a report for: the cléss about this information

“pau fe
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Concept #10 = Nearness and farness in comparing bodies in
space is relative, |

Experience As Calculating the relationship of distances in the solar system

Materials neededs

pencil

paper |

chart, "Some Astronomical Facts and Approximations for
Teaching,® Appendix A

What to do:

1, ILook up the distance of the earth from the moon and
the sun. A

2. Round off these numbers so there is only one integer
other than zero, -

3.' Write a fraction with the distance to the moon as the
numerator and the distance to the sun as the denominator,

i, Rednce the fraction to lowest terms to find what
fraction of the distance to the sun is the distance to
the moon,

5, Use the distance to the next nearest star equal to
26 trillion miles and find the fractional part of the
distance to the nearest star which is the distance to
the sun,

6, Discuss the questions ."Is the sun near or far from
the earth?" :

7, Calculate the distance from the earth to the other
planets as fractional (inferior planets) or mixed
number multiples (superior planets) of the distance
from the earth to the sun, Use the same procedure
as used in steps 1 = 5,

8, Formulate a definition of "near" and "far®" usable in
the study of the universe and space travel.
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Discovering the difficulty of measuring distances to
gtars and the use of “magnitudest .

Materials needed:

chert, "Iwenty Stars of the First Magnitude," Appendix B
flashlights, 2, different strength :

sheet of paper, 8" x 11*

pin ' A

reference materials, (textbools, encyclopedias)

What to dos

1, Make a pin hole in the center of “the piece_‘of paper.

2., Go outside,

3, Have a child carry the flashlights away‘ from the class

to the other end of the block.
i, Have the child turn on the dimmer flashlight.

Se Hold the paper between the fiashlighis about 18" from
the eye., Observe whether the flashlight is visible
through the pin hole, '

6., Have the child walk closer, if the light is not visible,
Have him walk farther away, if the 1light can be seen,
Turn off the flashlight,

7. Measure the farthest distance to the flashlight at which
the light is visible, ) | _

8. Repeat steps 2 through 6 with the brighter flashlight.

9, Compare the dista_nces'.' ‘Explain why the distances are
not equal. : . .

10. Repeat steps 2 -~ 8 on a dark night guessing the distance
before measuring, ' _

71, Stand at one distance, Turn both flashlights on. DNote
whether it is possible to distinguish a difference in
their brightness. o . :

12, Compare the results for day and night,

. b |
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Experience B,(Qontinued):

13. Answer the questiionss
e. Can a brighter light be seen from farther away?

b, 1Is it easy to measure the distance?

, c. Would it be easy to measure'distanées.of
g | pillions of miles? |
. d. Are lights brighter when they are closer?
f{ | e, Would comparing the brightness of stars give

some information about their nearness or farness?

3 ‘ £. Would the brightness (magnitude) of a star
( ' depend on their distange and the amount of
] light they produce? o

1, Refer to the chart, "Twenfy Stars of the First

3 - Magnitude" in Appendix B,
15, Consult reference materials to find examples of the |
use of the Umagnitudes" to describe stars, ;
3
;
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Concept #11 - Great distances in the universe are measured in terms
of light years, the distance which light travels in

one year,

-———.——————.———————“-n-———“———-—_-—-—-———--—

Experience As Review experience B for Concept #6, page 21 and.
experience B for Concept #10, page 29
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4 Concept #12 = Units of time in space may be measured
= differently from the units of time on-earth,

Experience A:  Studying the méahing of time zones

Materials needed:

pencils

paper |

globe, terrestrial |
reference materials (textbooks, encyclopedias)

What to do:

' 1, Consult reference materials to discover the history
} : o of time zones,

2. Find answers to the following questions:
v | a. How did American pioneers tell time?

) o b. Would the times called "sun up", "noon" and
Ugun down" be the same 50 or 100 miles apart?

¢, When did it becone important to knew what time
it is somewhere else?

d. How many degrees of longitude are included in
one time zone?

e, Where is zero longitude?
3., Look at the globe, Find .zero longitude.

\ L, Find the line representing 15° east longitude and
| the other line representing 15° west longitudes

. 5. Count the number of time zones on the earth,

. 6. Explain the need for an international date line at
: 180° (east or west) longitude,

7. Imagine an airplane is flying toward the 180th meridian
from east to west at 9:00 A,M, Explain what time it is
after it has crossed the international date line,
Explain what time it is if the airplane flies from west
to east. | | .

b T e
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Experience A (continued): -
8, Discuss the disadvantages of using this method
of telling time during space travel, (It may
be interesting to look up "Z" time or Greenwich .
time as used by the Air Force,)
;‘
;
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Experience Bs Discovering the importence of standard time

Materials needed:

watches ’
cloth, large enough to cover clock

What to do:

1.

3.
b

Explain to the principal and the perents the
purpose of this experience to prepare them for
the difficulties to be encountered.

Heve each child close their eyes and set their
watches, Caution them not to turn them too *ap
from the actual time,

Cover the clock with the cloth.

Carry on the usual school work for one day having
each child use the time indicated by his own watch
to determine the time for each activity.

Discuss these questions:

a, Is it difficult»to conduct a class when class
members come at different times? -

b. Did some of the children want to synéhronize
their watches? °

Use the results to explain the importance of one
standard unit of time for space travel, Suggest
problems which could arise if a standard unit of
time is not used.

e vl T TR

T WU - Sy

o s _ . 3
4 . b -
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Experience C3

=35~ For discussion ﬁurposes only .

Suggesting units of time for cther planets

Materials needed:

chart, "Some Astronomical Facts and.Appraximations for

Teaching," Appendix A

ﬁencil' -

- paper

.What to do:

1.

2,

3.

b

5e

Refer to the chart, "Some Astronomical Facts and
Approximations for Teaching" to find the number of
eerth days required for Mercury to revolve around
the sun, - ' -

Find the number of earth days required by'Nbrcury

.tc rotate once on its axis,

Calculate the number of Mercury deys in one Mercury
year by dividing the number of days found in step 1
by the number of days in step 2.

Have a child representing Mercury walk counter=-clock
around a second child representing the sun during which
nMercury" turns (rotates) around once counter-clockiwises
(Tt should become apparent the same side of the first
ehild is always towards the second child,)

Discuss the question, "Would there be night and day
(periods of darkness and light) on Mercury?"

Calculate the number of earth hours in one Mercury
day'byhrulbiplying the number of days fiund in step
2 by 24, ”

Suggest 2 new unit of time which would be more useful
on Mercury, |

Find the data for Mars ahd repeat the experier.ce.
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Experience D: -  Discovering that tige is defined by regular occurences
‘ S - on the earth | ' .

Materials needed:

globe, tefrestrial
flashlight

What to do:

1, Go to the gymnasium. Darken the room completely,

2, . Have a child hold the flashlight;pointiﬁg'ﬁcwards_one
side of the globe. Stand at. one end of the gym as
far from the class as possible,

3. Switch on the flashlight, -Hévé'éksecpﬁﬁ c¢hild move
the globe from west to east. .

h. Note whether it is easy % sée and identify the
continents from across the length of the gym,

5.‘ Reﬁufn’td the . classroom,
6, Imagine that you are orbiting the earth,

T Answer the question: 'Wbuld the sun "rige" and "set"
once every 2L hours?

8. Discuss whether it would alwa&s be possible to observe
from great distances in space when one 24 hour period
has passed on earth,

Imagine you are going out into space, Discuss whether
it would always be possible to tell when a year had
passed on earth if you were not close enough to observe
the change in seasons,

Discuss methods of telling time which do not depend
on a knowledge of the movements of the earth, Suggest
other units of time which could be used in place of a
day and a year,

Discuss the problems which would arise because of the
use of this new unit, sush as, the difficulty of cone
verting back to earth time, '
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’ Concept #13 - There are many problems which must be studied
; and solved beZore man can travel for extended

| periods of time in space,

—_—-‘—‘-—-———_-——_-———_—.“-‘——:-—-—————--—-—-—--—

Experience A:  Viewing an illustration of some problems of travel in
- interplanetary space B o

ygterials needed:

f£ilm, "Man in Space" |
r motion picture projector, 16 mm
: projection screen '
reference materials (encyclopedias, periodicals,
recent books)

What to do:

1, View the film, "Man in Space," which presents
information on the problems which need solutions
before man can go into interplanetary space,

2, List the problems suggested, Survey recent reference
meterials to learn of the progress which has been
made towards the solution of the problems,

3, Find descriptions of new problems which have been
jdentified and make a report about them to the class.
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‘Experience Bs

Reviewing the problems which have already been solved
in’ aerospace history - . _

Materials needed:

pencil

paper

What to do:

1, Make a time line show1ng the history of aviation
and astronautics from balloons to rockets taking man
into space, Include in the history ﬁhe follOW1ng
data for each flight: , ,

8¢

b,

Ce
:'~for pilot and passengers,’ such as, sealed.vs.

'datet
' altitude attained

-
L]

method of . controlling temperature and pressures

';;open cabin or gondola

d

.. e .
. [ ]

method of oxygen supply for pilot and
paasengers : ,

-maxlmum.speeds attained

A

2. the a list of problems related to rooketny and space

. travels for which no complete solution has been found,
.. 'such'as,. danger from Van Allen radiation,

=
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Experience C:
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Keeping a record of advances in space technclogy

Materials needed:

scrap Book

paste

gcissors

periodicals

colored sticker

What to do:

- 1, Look for clippings related‘to advances in space
: technology. . '

2. Sort the clippings and gfoup them according to the:
subject,

3., Mlake a section of the scrap book for each subject,
such. as, selection and training of astronauts;
space medicine; rocket fuels; guidance and control
systems, :

i, Continue to add to the scrap book,

5, Mark the problems for which solutions have been
found with a colored sticker. lMake a new section
for each new .nroblem which arises,

6. Use the scrap book as a reference material,

7. Give periodic reports to the class which summarize

the advances made towards finding solutions for
the problems of space travel,

-,
w
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Becoming aware of the "hardware" in the env1ronment
for a man durlng snace . travel :

Materials needed:

£ilm, "ian in Space! - " aluminum foil

empty, (Save this model for later use,)

£ilm, "Screen News Digest No, 8" . doll, abcut 24" long

motion picture projector, 16 mm. newspaper

projestion screen ' wheat paste

scraps of wood, clpth, elastic, wire ‘barrel or circular

paint cardboard carton (used

water : . for shipping dry
reference materials (encyclopedias, - chemicals)
perlodlcals recent books) - .
| What to do' _

'1.A View either of the £ilis, keeping careful notes of the
size, shape and location of the "hardware" (equipment)
withln a space capsule, . -

'2. - Use the ingide of the Harrel to represent the inside
of the space capaule. .

3. Use paper mache”’ forms and pieces of scrap wood made to
scale tu represent the different objects. Devise ways
to représent the food containers, the astronaut's couch,
the capsule's controls and other pieces of equipment

.,observed 1n the films,
L, Use pieces of cloth, elastic and alumimm foil to make
. clothlng for the doll representlng the astronaut,

5, Secure all the hardware and the doll in the barrel,
View the film again to check the size, shape and
locatlon of each object.

6e Consult reference materlals to check the arrangement
of the parts of the capsule.

'7. Roll the barrel over and over to discover whether any

" of the parts are loose, Explain why looss parts would
be inconvenient and dangerous during space travel.

8, Note that very little of the inside of the barrel is
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Experience E: Measuring the effect of surface characteristics on the
temperature of an enclosure

Materials needed:

" aluminum foil
thermometer, Fahrenheit
paper
pencil

" What to do:

1. Keep the windows closeds Turn offv’the thermostate

! | 2., Measure and record the temperature in. the classroom
3 and outside the classroom window once every hour
| throughout one school day. »

3, Cover the windows with aluminum foil on a second daye.

b Meaéure and record the temperature in the classroom
and outside the classroom window every hour during
the second day.

5, Compute the diflerences- between the inside and outside /
temperature for each pair of readingse :

6. Repeat the experience several times to decrease the N
effect of daily weather variations, | T

7. Prepare graphs of the differences in temperé.mre
against the time for each day,.

8, Compare the results, Draw conclusions concerning
the probable effect of shiny metallie surfaces on
the temperature inside of a space capsule, (If

the windows are not north windows the results are
more dramatic,)

;
2
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Experience F:

Becomirig aware of the problems related to preparing
for a trip to the moon '

Materials needed:

referencr: materials (encyclopedias,
pericdicals, recent books) |

chart, "Some Astronomical Facts and Approximations
for Teaching,” Appendix A

glote, terrestrial

1,

2
3.

b,

Se

What to do:

Constult references to find the distance between the
earth and the moon,

‘Rotate the globe and observe which direction the

rocket should be shct to take advantage of the earth's
speed of rotation, h |

Consult references to find the time which is needed
to travel to the moon. |

Have one child. representing the moon walk around
another child representing the earth. Have a third
child move a model.of a space vehicle from the earth
to the moon, Represent the trip from the moon to the
earth in the seme “aye

Consult reference materials to find what preparations
are necessary to make an astronaut ready for blast off.

Consult reference materials to find what preparations

are necessary to make the rocket and capsule ready for
blast off, Discover:

a. How many pounds of food is needed for each astronaut.
b. How many pounds of water is needed fcr each astronaut.
¢, How many pounds of oxygen is needed for each astronaut, -

d. How many pounds of fuél is needed. '

' e. How much time is needed to put fuel in the rockets

Te

f, How many ¥gis" tﬁe,astronaut feels.

List all the steps needed to prepare for a space trip.
Explain why each step is necessary.
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Experience G
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Studying the effects of too mach or too llttle of a
substance in the diet

Materials needed:

' peference materials xencycloped:.as s period'n.cals)

pencil

paper -

What to do:

1.

2,

3.

. L,

Consult reference materials concerning experiments
conducted to determine how much salt water a man
can drink before being poisoned,

Consult references to learn why blocks of salt are
put out for animals, Find an explanatxon for the need
to supply salt to an:.mals.

Read references to £ind information relating to the
need for vitaming, Find descriptions of the results
of too little or too much of any one vitamin,

Assume that specially prepared foods are-needed for
space travel, Explain the importance of controlled

emounts of each substance. '
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Experiende H:

Teking a hypothetical trip to the moon (Apollo Project)

- Materials needed:

- geale model of én.Apollb'space cépsule

What to do:

1.

2,

3.

Act out a trip to the moon, (Use the sqalé-model of
an Apollo .space capsule.) L

Simulate preparation of the:agtronaut“andfof the
space vehicle, (See experience D, Concept #13, for

. suggestions,)

Sirulate thé count down and blast off. Act oub the

‘manipulation of control and date collecting instruments |

on the trip to and from.the moone

Conclude whether the model spéce cépsnié would supply
the needs for a controlled environment for.space
travel, L R
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- Concept #1)j:~ There is a great need for trained people to study

WS M eas e S G Sap e

Experience A:

the problems of space travel,

Learning about the trained personnel required for research
in problems of space travel

Materials neegded:

reference materials, (textbooks, encyclopedias)

pencil .

paper

book, Who's Who in Biological Science, (Use at }plse Public
Library)

beok, Who's Who in Physical Seience, (Use at Ipls, Public Library)

book, Who's Who in America, (Use at Mpls., Public Library)

What to do:

1, lLook in current reference materials to find the answer
" to the questions:

a. What are the most difficult unsolved problems
about space travel known today?

b, Who would know the most about each of these
problems?

| 2, Consult Who'!s Who to find what education and professional

background each man has,

3, Discuss the question: Is much training required by
‘scientists who work in space research?

L. FExplain why there is a need for trained people to
study the problems of space travel.
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Concept #15 - As more is learned about space travel, other .

Experience A:

factors may be found which may limit man's
existence in space.

Becoming aware of some of the questions which have to
be answered before space travel becomes cafe

Materials needed:

féference ﬁaterials (textbooks, encyclopediaé; periodiicals)

What to do:

1, Consult reference materials to «earn about some
problems relating to man's safety; i.e.,

a, How can a man be protected from the dangers
of the Van Allen Belts of radiation?.

b. Are there unknown radiations'beyond our solar
system which would injure a man?

c. Are there bacteria and diseases on other
astronomical bodies which would be dangerous

to a man?

2, Prepare a report for the class summarizing the
questions and the prepared plans for finding the

answerse.
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Concept #16 = New projects related to space travel are
" eontinually being developad and evaluated
in order to expand upon existing knawledge.

PR AT L RTIRRG,

A St

z Experience As Tearning about the space travel projects planned for the
future

Materials ﬁeeded;

reference materials (textbooks, encyclopadias, periodicals)
pencil
paper

 What to do: . -

1, Consult refereace materials to find the name and
purposes of each project in the United States Space
Program; eeg., Project Gemini, Project Apollo.

2. Read about each projeect to discover whether each
project is independent or whether it is related to
- the other pro;ects.

3. Prepare an oral report for ‘the class to summarize
the information,

TN >0
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Experience B:

Reviewing a problem in space travel which has been solved

Materials needed:

reference materials (per:.odicals, enoyclopedias)

pencil

paper

What to do: |

1., Consult reference matei'ials deseribing Astronaut

| Grlssonts flight. ' | |

2e Explain why the loss of the capsule was uni‘ortunate.

3. Find more recent articles desoribing the way that this
prob...em was solved.
Prepare a ‘report for the class sxmunarlz:r.ng;he

ini'ormatn.on.



Goncept #16

Experience -Ct

wl|9e For discussion purposes only -

- Investigating a problem in cormunlcations with a

“hot capsule

Materials needéd:

. ).

electroscope: S

liquid petroleum burne

matech

rubber rod

cat faur, piece

What- to dos |

1, Rub & rubber rod'vigorously'with a piece of cat fur,
Touch the rod to the electroscope to cause the metal
leaves to move apart. .

3. Observe how much time elapses before ﬁhe electroscope

" loses its charge. o

i, Repeat the charging and disdharge time measurement at
least twice and average the times. .

5., Ihergize the electroscope as before. Light fhé burﬂbr--.f'

. and place the electroscope near the flame.

6, Record the time which elapses befbre the electroscopa

~ loses its charge. |

7o Repeat the measurement at least once and find the ave"age.‘

8, Compare the results, (Heat ionizes the air which dis-
charges the electroscopea)

9, Relate the observations to the problem of the communie
cations black out with the hot space capsule during
Astronaut Carpenter!s flight,

10,

Suggest some possible solutions for this problem,

P . S

. L .
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Concept #17 ~ Results from one experiment in space research
lead to the formulation of many other problems

for study.

L e A LA N

‘Experience A: ReV1ewing the progress made on 2 problem growing out of
o an earlier experlment

_therials needed:

* reference materials (peripdicals,,ﬁéxtbodks, encyclopedias)

~ What to dos

1. Read descriptions df the food eaten by Astronaub
f Glenn during his flights

2, Consult recent articles describlng the fbod eaten
during Astronaut Carpenter's fllght and Aetronaut

Schirrats flight,
3., Compare the kinds of food and note the changes made,

: | Lo Suggest some further changes that could be made in
the packaging and kinds of food.

. ERIC

Aruitoxt provided by Eic:




Concept #17

Experience Bo

pencil. -

~5l= . For discussion purposes only -

Discovering research ce.n both answer /quest.ione and raiee |

new questions

-~

‘. w7

T Me.ter:.als neededs’

reference materials (periodicals s textbooks, . encyclopedias)

paper ' . ' ' ;‘.: '? ,.'

' What to do:

1, Read reference materials to find out. as moh as

o poesible about a specific space £light. :

2. Make a list of all the thinge which were predicted by
scientists in planning the i’light a.nd found out by
-this: fligbt to be true. R ..

3, Make a 1ist of the new queetione and problem raieed

by this flight-

B ‘:Meke an oral summery of this informt:.on for the claes. .
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concept #18 = Problems in the building of space travel
‘devices require the development of many materials, -

Experience As _D:n.scover:.ng different matera.als withstend different
: amount.s of stress before they break RN

\

iﬁter:l&ais" nesdeds

~ wire, copper #18
Wire, iron #18

~ What to do:

’f 1, Grasp the copger wire firmly, Bend it back and forth
- | in one place counting, the nu.mber oi‘ times it bends
S | before it breeks. | | | .

2, Grasp the iron wire. Bend it back and forth in one
- place counting ’ohe number of tmes it bends before
' it breaks. o Co LR
V 3, Smmnar:.ze the observat:.ons. Explein why the two -
. . RE. . pieces of wi.re did not break with the ‘sdme number
~ of bends, @ . e .
h.. Use the results oi‘ the experience to fomulate an
explanation of the requirements for the strength of
matern.els used :Ln space vehicles. ;

A
¢
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| Experience-Bt- - Discover:mg an objeot may be. made of different materia].s g
| to obt.a:.n a difference in weight |
! | Materials neededz .
-»fryins pan, cast iron, 10" diameter - o o
frying pan, stainless steel, 10" diameter EAN
bathroom scales ' |
- - reference mater:.als (period:.cals s teu:tbooks, eneyclopediae)
> Wast to do: o
1. weigh al0 :I.nch cast 1ron fmng pen. |
: 2, Weigh a stainless steel frying pen which reserbles
' | | . the cast iron pan as closely as possible. L '
_ - B Lo 73’. . ~Oompare the we:ghts. o _ |
' | "k, Discuss the importance of light weight materials in’
L the construction of a spaee vehicle. . |

o - 5, Consult references to find ‘what mater::.als are used .
C ' o - to make a rocket and spaoe capsule. | ‘

(Rockets are made of euctremely thin sheets of steinless

steel to obtain a resilient material which is light=

o weight )

3
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Experience C:

Iilustra:tinlgv the operation of & heat shieid on a
descending space cepsule

Materials needed:

ice cube - K ‘mateh

aluminum foll B -rectangular iron support
asbestos, sheets | ring clanp *

liquid petroleum burner -refrigerator

‘What to dot T

1, Cut 10 or more h“ ® L pi.eoes of alm:l.mnn foils

2,

3.

‘ 5 L]

7.

By
9

Cool them in the refrigerator‘

Cut 10 or more L% x 4" squares of- asbestos.

-'}Gool them in the refrigerator.

Lay & sheet of altmunmn foil wer the ring clamp.
Pile asbestos’ and aluminuim squares alternately upon

‘ the first ‘squere of aluminum until half are used UPe
- Place the ice cube in the center of the top asbestos

square and press another asbestos square down over it,

Pile the remaining aluminum ‘and asbes bos ‘squares

- alternately over the ice cube. o

| Push tne 1ann.nated me.ter:.al around the ice cube to
" 0lose off the ciroulatlon of air around the ice oube.

L:.ght the burner and heat the bottom pieoe of alumimm
foil 10 minutes. L | |

Open the p'zokage and observe the amount of melt:’mg.

'Repeat the experi.ment cooling the alunﬂ.num and asbestoe
_before each tr:.al. o

Compare the obser\rations to the operations of the heat
shield of & space capsule.

(An ice cube embedded in the center of a thick pad of
rock wool does not melt rapidly either, However, -
laminated aluminum and asbestos more closely smulate
the structure of the heat shield on a space capsule.)
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concept #19 = ijecte close to an eetronon:ical body in epece
.. are attracted to that body. :

Experience At Studying the eugges’oions made to slow spaoe vehiolee
: a.pproeoh:’mg the moon. L _

¥

Materiala needed-

,i-,' B - | | reference materials (periodicals ’ enoyolopedias 5 textbooks)
5 7 ' pencil - o | |
. o paper

i . What +0 do°-‘~

l. consult reference materiala whioh explain the spaoe
rojects +t0. 1land nen and equipment on the m,oon, euch
" as Proaeot Gemin:l. and Projeot Apollo. .

2. Find an expla.nation of the plan to use retrorockets
. Yo slow the space veh:.ole -a8- it approaohes the moon!s
' -~s‘surface. ' ’ S N .

- 3¢.- Look for information concerning shock abeorbing devices
which are being developed to "break the fall' of the spaoe
vehiole as it strikes the surfaoe of the moon. |

| ¥ iu ‘APrepare a raport for the class wbioh answers these
, questionS° o

e'. Why would a speoe vehiole approaohing the moon
fall rapidly? |

- ‘b."'Wb.et methode e.re proposed to elow the fe;ll and
;*~-;,,deoreeee ‘the.. foroe of :lmpact? : -

¢, Would similar problems have 0 be eolved to meke
G _possible a. lending on any aetronomica.l body?

%
X
(i
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Experience Bs Relating the number of revolutions to the distance from
| - the center of revolution

Materials néededs

. ball, sponge rubber, 1" diameter
- serew, round headed, 2" long
£ish line, 5t long -
scissors o
clock

‘What to dos

o 1, Tie one end of the fish 1ine securely to the screw.
: h Trin off eny excess string at the knot,

2, Twist the screw into the ball as far as possible. |

.3, Grasp the fish, "ine l' from the ball. ‘Hold the
. ‘remainder of the line out o;f‘ the way. |

g

b, .Twirl the ball in a vertical circle as slowly as
o possible but fast enough to keep it moving along
a circular pa.th. '

L5 Coun‘b the number of : comple te revolutions in one minute,

6. "Grasp thé ﬁ.sh 1ine 21 from the ball. Twirl the ball
‘as slowly as possible,

1. count the number of circlss in one. nﬂ.nute.
- .8, Repeat grasping the 1:Lne 3' and 4t from the ball.

..9.;' "Compare the number of revolutions in one minute to
| t.he radius of revolution. in each tr:.al. ‘ '

e

lO. Form a conclus:.on from the comparmsons. |

11, Expla:ln what this hes to do with orbltlng of satellites.
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Experience Ct  Observing the relation between the weight lifted
- and the speed of revolution . .

Materials heededz

J pencil, piece 1" long
* paper cli e

- washers, g" inside diameter, 8
gcrew round headed, 3"
glass tubing, 3" long ) -
ball, hard rubber, about 1" diameter
string, 3! long '
clock, with second hand
glue | :

What to do:

1, Xnot one end of the string around the screw., Coabt
~ the screw with glue and twist it into the ball.

2, Put the other end of the string through the glass tubing.

3, Knot the piece of pencil on the free end of the string,
 Turn the piece of glass tubing one half turn so the

pencil is on the lower side and the ball is above the
tubing. Slip a washer over the pencil, pushing it far
enough up the string to allow the pencil to be turned
perpendicular to the string, preventing the release
of the washer., Drop the washer down the string until

1t rests on the wood. o , .

L, Place a paper clip on the string 6" above the weight
‘{washer)s =~ o | v S

"5, Swing the ball, overhead in a horizontal cifcle, fast
enough to 1ift the weight until the paper clip is
‘about 1" below the glass tubing. L

6, Count the number of revolutions made by the ball in
one minutee - | o

Te Repeét the measurement with 2,751and”é'washéfs for
the weight, ‘ B | '

8. Make a graph of the number of revolutions and the
numter of washers, ‘ :

; 9, Compare the results and draw some conclusions regarding
the relaticnship between the weight lifted and the speed
of revolution, | .

e
)
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COncept #20 = In outer space, the pull of the earth would

be very slight,

----‘—--~~~----“~--’u—-an—-—~-'------~.-“-~-

Experience A

- S:mulat:mg the effect of varyirxg forces of attraction

on & mass

‘Note: In this experience electro-magnetic attraction
4s used to simulate gravitational attractions
Be sure the t70 forces dc not become confused
in the students ' minds. ‘

Materiale needed :

gtring, & long s 2 1en'rths

gtorage battery, 6 volt

olips, alligator, 12

spring, from screen door |

electromagnet Fo
wire, copper, insulated, 21 long appr imate_ly, 6
sandpaper e
nails, finishing, 2 pemxyweight, 6

,board, 3/ x 31 x 3t 1ong, lywood

knife, switch

bearing, steel ball

book

What to: do'

1, Nail one. end of the screen door ‘spring to the board

. near one corner, : ,

2., Remove the paint from the top of the spring along the

entire length by rubbing with sandpaper, -

3, Stretch the spring along the side of the board and nail .

- -the loose end to the opposite side of the board,

i, Pound a nail part way mto the top of each terminal on
- the battery'. : : O

5. Place the electromagnet midway along the side of the

board across from the door spring,- Fasten it securely -

in place by pounding a nail into the boerd on either
end of the electromagnet and winding a string around

" the neil and the electromagnet.
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Concept #20

. Experience A (continued)s:

6.

#59m " For discussion purposes only

Attach an alligaf«or clii: ‘;ho .each end of ail 6 cspper

- Wires. '

T

8.

10,

' Glamp one alligator clip on one wire onto the neil in

~ other gide of the switch and second to one end of the
"~ door spring ;-vit;ers, the insula_tiop-;has' been removed.

9,

-

one terminal of the battery, Claip the other alligator
‘olip on this first wire to one side of the switch, ' Open.
the switeh, | e

Clamp ‘the alligator clips on s. second wire, one to the

Clamp one end of the third wire near the seme end of |
the door spring, ILead the other end under the board -
end around to one.end of the wire on ﬁs g}ectrgnxs.gnet." '

Connect the fourth wiré with one epdv.'gfippihg the :t“_ree- |
end of the wire forming the electromagnet and the other

' grasping the nail in the other bs.ij.t_e'x‘y~ terminal,

12,

13,

: '16..‘

7.

' l..')&t,ho

Prop ‘the board on & book so that the electromagnet is
half way up on the incline, Lo '

Roll the ball bearing down the center of the board, o
noting the path of the ball bearing, lMark the place. g
from which the ball beering is released with pencils - o

Close the switch and note the path of the ball bsarihg |
as it rolls down the incline this time, SR

Open the switch, MNove the alligator clip further along
the door spring, . L e 3

‘Roll the ball bearing down the. board again. - Observe its
Rsiaeat tﬁs‘"experience, movirig '- the 'siligs.tor elip further
‘and further away from the end of the spring where the

other wire is joineds

' Summarize. the observations, | Relate the results to | the

.. effect of the different amounts of gravitational

attraction of ‘different astronomicel bodies on an object.
_(Moving the alligator clips apart increases the resistance
of ‘the circuit to the flow of. electricity, -When less
electricity flows-through an ‘electromegnet, the magnetic o
field is weaker, Decreased magnetic sttraction simulates ]
decreased gravitational attraction,)
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Concept #20

Observing the effect of distance on the gravity infiuvencing
an object

Note: In this experience electro=-magnetic attraction
is used to simlate gravitational attraction,
. Be sure the two forces do not become confused
in the students! minds, |

‘Materials neededs;

‘string , 8" long y 2 lengthé

storage battery, 6 volt
clips, alligator, 12 .
spring, from screen doo
electromagnet Lo ; '
wire, copper, insulated, 2! long approximately, )
sandpaper o U ‘
rails, finishing, 2 pennyweight, 6
board; 3/L" x 3! x 3% long, plywood

.

knife, switch

bearing, steel ball

‘ book. L

What to dot

1, Nail one end of the door spring to the board nesr
 ome-corner, ' - - S

2e Remoire the paintvvfrom the i:op’ of. the spring along the
_en_tire length by rubbing with sandpaper,

3, Stretch the spring 'albng the side of the board and

nail the loose end to the opposite side of the board,

i, Pound a nail part wa;jr into the top of each terminal

on the battery,

5, Place the electromagnet midway along the side of
~ the board across from the door spring, Faston it
securely in place by pounding a nail into the boaxrd
on either end of the electromagnet and winding a
string around the nail and the electromagnet,

6. Attach an alligator clip to sach end of all 6
copper wires, |

7. Clamp one alligator clip on one wire onto the nail
in one terminal of the battery, Clamp the other
alligator clip on this first wire to one side of
the switch, Open the switch. .
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Concept #20
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Experience B (coritinued): -

Clamp the alligator clips on a second wire, one to

ithe other side of the switch and the second to one

~ end of the door spring where the insulation has

9

N 11.

12,

13,
. attraction between the object and the earthe

been renoveds

Clamp one end of the third wire near the opposite end
of the door spring, lead the other end under the

 board and around o one end of the wire on the electro=

megnet, (It may be necessary to decrease the resistance

~ to cbtain a stronger magnetic field,) -

Conneot the fourth wire with.onéfehd gripping the free

' ‘end -of ‘the wire forming the electromagnet and the other
grasping the nail in the other battery terminal,

.Close the switch. Roll the ball bearing down the

board 86 it passes close to-the electromagnet, Cbserve

-the path the ball bearing follows, .

Repeat the experiment several times starting the ball
bearing further across the board away from the electro-
magnet, Observe the path each time, -
.Sﬁmmarizé;the’cbséfvaiiodé.Q ﬁélaté the results to
the effect of greater distance on the gravitational

"~ (Note: This exnerience depends on the fact that the

‘mathenatical relationship of the distance
‘between objects and the effective gravitational
and magnetic attraction is identical,)

oy
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For discussion purposes uvnly ~62a | Concept #20

Experience Cs

Showing the decrease in weight resulting from increased

_distance from the earth

Materials neededs s

chart, Appendix C
pencil =~

- paper” - ,

paper, grap

What to dos

‘1, Assume that a 100 pound boy standing on the surface of

" the earth is li,000 miles from the center of the earth's
gravity, : e DU

2, Secure data for the weight of the boy at greater
" distances from the earth, (Note: Assume no other
astronomical bodies influence the weight of the hoy;
" that is, assume the boy moves in d direction away
“from the sun and the other, planets,) |

3, Graph the weight against the distance from the center
" of the earth, Use increases of 1,000 miles for 44,000
to 10,000 miles; i.8.,' use distances of L,000, 5,000,

. 6,000, 7,000, 8,000, 9,000 and 10,000 niles.

L, Maks a second graph of the weight of the boy against

. distance using an increase of 10,000 miles for the.
boy!s weight up to 50,000 miles, i.ec., use distances
of 10,000, 20,000, 30,000, L0,000, and 50,C00 miles.

5, Assume that the distance of 3,600,000,000 miles is
nearby "outer space," o |

6e Summarize the results and draw a conclusion explaining
the effect of the earth's gravity on an object in outer

~Bpace,




Concept #21 - Many natural phenomena result from the pull of the
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Experience A:

Experiencing fatigue caused by gravity

wb3m For discussion purposes only

earth; e,g,, weight, water rumning downhill,

VWhat to do:

1,
2,

-
b

5.

Hold your arms straight out from your sides,

Observe whether your arms feel h‘eaﬁr.
Note whether yo;ir armé"seem to get heavier,

Use a clock with a second hand to measure the
length of time you can keep your arms straight out.

Explain why you have become tired,

<

vt g T
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g(‘;m 4. . - i . ’
( Fxperience Bt  Observing that objects roll ddwnhill
g - Lo '
: . Materiaels needed: |
. - ~ mail tube or other cylindrical object
- board, shelf from bookcase - L
‘ | o roller skate ) or other wheeled dev1ce' '
- booka . '
What to d0°
1, Prop up one end of the board on a booke
. ) 2, Roll a ma:.l tube down the slop:.ng board.
| | R Increase the amouit oi‘ slnpe of the board by plac:.ng a
: . " gecond book on the first book: under the board. Roll
; . ‘the mail tube down again, S |
| “lye :’Try & rollez‘ s cate or any other wheeled device. -
” 5, Develop an understandn.ng that grav:.’cy is force act:.ng
mdirectly on the obj ects mov:mg ‘down an 1ncl:1.ned plane.
: ' '.'6."ﬁ Ident:.i‘J the force wm.ch causes rocks to roll downhill. -
:' N }

L fal - 5t .
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Experience Ct

R
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Tracing the direction of flow of moving water

Materials needed:

physical features map_of»tﬁe United States

- physical features map of lfinnesota

plaster of Paris:
- sand :
water

stick -

What to do:

1,
-2,

. e

Obtain a physical features map of the United States..

 Point out that all rivers run from higher to lower ground.

;gfiaée the flow of,the;ﬂﬁésissiﬁpi,niver; noting changes | g
in elevation. . L . : '

Repeat tracing the flow of Columbia River, Red River

of the north, and other rivers.

b, 6o out into the school yeard, Fiﬁd;éfplace where the

water drainage divides in two directions, (A street

. is raised in.the middle to provide a water drainage

5,

"divide",)
Define the terms “divide" and "continental divide" in | f
terms of the observations., | o .

Form a plaster of Paris and sand model contour map to
show the physical features of the school yeard, Use a
stick to stir the mixture and to shape the model,
Allow the model %to herden, |

Sprinkle water over the model and observe the directions

that the water flows, - :
| Studj a physicalnfeatures mep of Minnesota, Identify .
the two continental divides in the state. ’
:
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- Experience Ds .

v

~boards L x 1" X 2 1, 2
~ book ? '
- paper cups, cone shaped, 2

 For discugsion purposes Voniy;. o wBbm L - . Concept #21

D,;i.sc‘ox\rer:i.ng; that .the. center, of 'gravityi moves downhill

Materiale | needed:

string
tape, masking

What to do- ( | Lo

1, .Place the two boa.rds beside each other. Bind the two _

'boards together at one end,

. 24 Separate the opposn.te ends so the.t the boards form a "V"

3. Place the separated ends of the boards on the book.

L. Place the 11ps of the two cups aga:.nst one another.
. - Tepe them together. . A

5 Place the paper cuos (double cone) on the boards.

| 6. Observe wbether tle cups roll down the mclmea plane.

e

T Eb:pla:.n the resulus.’ ' o “ " o




Concept #21

Experience E:

wST= _ Fop discussion purposes only

'Dlacoverlng that easily moved obaects shift to move the
greatest amount of weight closest to the earth ,

Materials neededs:

ping pong ball
ax, "Sealstix"

book :

student desk

“What to do¢

1, Place a ping pong ball on a book'whlch is restlng flat

on @ desk, |
-2, Tip'up one end of the book slightly - and momentarlly,
and lcwer it again, |

3¢ Observe what happened to the ball. .

'h. Replace the ball and raise another side of the book

‘ slightly, : .

s, ' Explain why the ball moves.

6, Repeat many tlmes, tlpplng the book in dlfxerent dlrectlons.

7. Predict which dlrectlon the ball will move if the book
is tilted in a specific direction. Test the prediction.

8+ Decide what determines the direction of the movement ef

~ the ball,

9 Punch a slight, permanent depre831on into the balle
Place a small piece of wax in the depre531on. Repeat
the experimente,

10, Explain why the results are different.,
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Experience F:  Observing how the center of gravity of an object alveys
moves as close to the earth as possible A

Materials needed: e

potato, very smell (cut a large potato into eighths) -
fork, metal, 2. : , -
pencil, long

table , , oo B

bottle, tall, small mouth, with cap

| | What to do:
Lhmmmmmmwmmmmwmer

' of the potato, Allow the sharpened end of the pencil
"to extend about 13" beyond thé-potato. - '

2, Stick one of the forks irith the handle curving downward
into the potato beneath the place where the sharp end
“6f the pencil comes out of the potato at an angle close
to the horizontal, Iote- that the handle of the fork
.8 pointed.in the same diredtion as the pencil point.

- 3, lay thé side of the sharpened end of the pencil on
. | " the table Wwith the forlk extending below and beneath
i ~ - the table edge, Adjust the location of the fork
b . balance is not obtained, = o .

b Tap the long end of the pencil gently., Observe what
- happems. o
'8, Pull the pencil out of the potato until only the

sharpened, point extends beyond the potato,
~ 6, Insert ;_a~ second fork into the potato at the same angle.
. as the first fork on the other side of the ‘gharpened
_.pencil point. . S |
7. Balance the point of the pencil on the cap of the tall
" bottls, Adjust the forks to obtain balance.

8, Explain in terms of eenter of gravity why the potato
does not fall to the floor. L o
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Emperience G:s . Discovering that some objects do not move towards the
center of the earth unless work is done on them

Materials needed:

plaster ol Paris

sand

water

marble

screen, window, abou~ 6" x 18v
pencil

cardboard, 12% x 12"

hair pins, 6

What to do:

1. Roll the screen into a cone shape. Weave a hair pin
through the screen at the top and the bottom of the
cone to hold it in shane. , _

2. Rest_the cone on the cardboard and draw a circle
~ around the base, - | o

3,  Push both ends of the other li hair pins through the
cardboard et places spaced along the circle drawn
on the cardboard, Push each hair pin through the
screen and twist the ends together,

i, Coat the screen and cardboard with a mixture of
plaster of Paris and sand to make a model of a hill,
Form a small depression at the top of the hill,
Allow the model to harden,

5, Place a marble in the depression on the top of the hill,
6 Note whether the marble rolls downhill.
Te Suggest a way to cause the marble to roll downhill,
Predict which side it will roll down. Note that
every suggestion includes some way of - doing work on
the marble.
8. Test the prediction.

9, Explain the resultse

: ERIC

Aruitoxt provided by Eic:
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Experience Hs- Obgerving that the rate of fell of two objects does - .
; | ~ not depend on the horizontal distance o

‘«j‘*ﬁm’.‘,z-,mvv Rt I RSl d g Siakie e

3 ‘ | : ﬁaterials neededs
penn:l.és", 2
v table
ruler
What to dot a

. 1, Place the two ',pe_nnies near thé edge of the table. |

2, Push them off the table with a rler which.is moving
3 Cl e parallel to the edge of the table, . Observe whether
: R both strike the floor at the same time. (It may be
' | easier to determine whether they strike at the seme

time 4f the eyes are shut and the results determined

by sound.) o AR o

3, Place the .two pennies near the edge of ‘the table aﬁout_

6“;,apar'b. | '
L. Grasp one end of the Tuler and hold it in place 3/8"
from the edge of the table. S

S5« Swing the ruler in a wids arc, ‘pﬁshing the pennies S

§ L " off the table at the same time..  Observe whethe» =~ »

v both pennies strike the floor ‘at the same time, ;

| . 6. Decide whether the horizontal distance the pennies |

: travel makes any difference in the time required for

: them to fall a ‘given distance. L I
ﬁ
)
]

7 A e
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E::perience It Learning that moving objects fall unless another force
| ~ is stronger than the force of gravity

INTE R e N Wy R TR ERTY 0
L R

IEERRARER i

Materials needed:

string, 2% feet long

ping pong ball
ax, "Sealstix"

LA

What to do:

1, Attach a string to a ping pong ball with some wex,

2. Grasp the other end of the string, Swing the ball in
an arc, Observe the the ball rises in an arc, stops,
and swings downward in the.same arc. -

" 3, Note the ball moves dowmard, but is not pulled
dowrward by the string, , .

i, ' Swing the ball in an are aga’.in.

5. Move your hand quickly towards the ball as it rises
" near one end of the arc, Observe what happens to
the ball.

64 Swing the bell in a gradually 1ncreas:.’ng are but not
in a complete circle, Note that after the string has
gone above ‘the position where the string is hor:.zontal,
the ball falls stra:.ght down if it is not sm.ngmg too

70 CExplg:.n the observations,
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Concept #22 = Weight is an important factor when planning a

Experience As

roclket!s escape from the eartht!s gravity.

Discovering there is a limit to the height an object
can attain related to the amount of energy available

~ Materials needed:

string, about 10! long
erayon |
yard stick

washers, 10 |
brick, heavy construction

10,

What to do:

1. Knot the washersAin one end of the étring.

2, Lay the sﬁring on a flat surface, Use the yard stick
to measure lengths on the string., Mark the string
with a crayon every 6", ' o

3. ‘Hang £he string from the ceiling by tieing it to some
firmly mounted object.

L, Stand beside the string and reach up as high as possitle,
note the number of marks up to the tips of the fingers.

5, Jump up as high as possible and touch the string.

6. Calculate the height of the jump by counting the number
of marks reached in the jump and subtracting the number
of marks reached in step U, (Greater accuracy can be
obtained by estimating the fractional distance between
margs reached during the jump,) Maltiply the difference
'by 1] °

‘7. Repeat steps 5 and 6, Calculate an average. |

8., Explain why it is not possible to jump much higher.

9, Grasp the brick in one hand, 7Jump up as high as
possible and touch the string.

Calculate the height of the jump in the same way as

step 6 .
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Concept #’22 e w73= ° For discussion ﬁmpdé'éé drily

. _ Experience A ( continﬂed)._z

11, ‘Explain why the height of the Jump with the brick 18
S different from the height of the Jump without the brick.

A

- may be possz.ble to jump highers .. .

13, Explain why a heavy 1oad requires more fuel for energy
than a light weight load during la.unching a satellite

into orbit.

12, Suggest ways. of obtaining additional energy s0 that 1t . -

P O oG PRI o N T

T R . X

RS w kD o



& Tt ST T A SR i,v.(,,‘
o RENE ISR L PR e

AR NFT A

G

.

b For discussion purposes :only - wle o Concept #22
%5 ' : o
g* Experience Bg Calculating the ratio of the weight of the fuel required

to the weight of the.pay load put into orbit.

Materials needed:

reference materials (periodicalé,;encyclopediaS)
paper ... - i - |

" pencil

What to dot

"1, Consult reference materials which provide data about

. the weight of rocket. fuel and the weight of the satellite
- for many different satellites.,

2, Make .a chart containing this information, Include in

the ¢hart a fraction calculated from the data using the
weight of the fuel as the numerator and the weight of
‘the satellite as dencminator,. : s ‘ :

3. Summarize'the informafionéand=fqrmu1ate.a.general
" statement about the importance of weight to the ease
of ‘escaping the earth'!s gravity. |
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Concept #22

Experience C:

5o ‘ For discussion purposes only

Discovering the importance'of'weight in designing devices
for low level flying |

Materials needed:

reference materials (recent periodicals, books)

What to do:

1. Read recent périodicals about new devices planned for
- use in low altitude flying; eegs, Armyt!s air floating
jeep, Marine's individual jet propulsion unit,

2, Explain how these devices operate, Explain how energy
~ is used to work against gravity.

'3, Discover whether heavier objects require more energy

than lighter objects. : |

L, Prepare a report for the class using this information
to illustrate the importance of weight in determining
the amount of energy required for getting off the
svrface of the earth.
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E Concept #23 - To get into’interplanetary space a rocket must
> * "push" harder than the earth pulls,

Experience A Discovering the effect of balanced forces in é, tug=of ~war

Materials needed:
rope, 6! long
" What fo dot

1, Go out onto the playground.
: | 2, Form two teams of five children each for a tugmof=war
3. Have each team pull on dif_ferent ends of the ropes

i - L, . the_that when the two teams pull eqﬁa]ly hard the
. center of the rope does not move,

5., Have another child join one team and note the direction
that the center of the rope moves, Change the direction
" of movement by having the child join the other team,

6. Explain what happens when two forces are equal.
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Experience B:  Discovering the effect of balanced and unbalanced forces

Materials needed:

spring balances, 2

What to do:

5 . 1, 'Hook the two spring balances togéther~

2, Pull equally hard in opposite directions with both.
~ spring balances, Note that the balances do not move,

3, Pull harder with first one and then the other spring
~ balance. Observe the direction.the balances move,

L. Explain why the balences move.




For discussion purposes only =78 Concept #23

Experience C: Discovering why satellites remain in orbit

theriais neéded:‘

_ single pulleys, 2 Dennison paper fastener, 1/2"
spring scale , terrestrial globe

weight, 1 oz. ‘ rectangular iron support
nails, 2 pennyweight, 3 wax, "Sealstix"

string, 5! long ruler, rigid
washer, 7/16" scissors

compasses | chalk, soft
piece plywood, 2' X 21 ‘ -

What to do:
) | 1;‘ Nail the two pulléys to 6pposite corners of the plywood.

2, Pound the third nail into the plywood at one of the other
corners, “ . ’

3. Thread the string through>thg'washer. Knot the washer
in the center of the,string. |

4. Thread one end of the string over each of the pulleys.
e Léop the washer ove#'the nail in the ﬁhird corner.

6.. Tie a loop in both ends of the stringe
- 7. Prop the plywood up so that one pulley is down and the
. washer and other pulley are on the upper side of the
board., Lean the board against a wall or support it

. with a rectangular iron supporte ,
Move it to the edge of the table so that the string
~ from the lower pulley can hang over the edgesd

8. Hang the 1 oz, weight from the loop at ‘the lower side
L , of the board. Slip the hook of the spring scale in the
i o . other loop and pull with a 1 oz, force. |

% Remove the washer from the nail, Inmsert a soft piece
- of chalk, through the washer.

10, Note that the chalk is in the center of the washer,

‘ Hold the washer in place and make a dot on the board.
3 I Allow the washer to move slowly across the board. Make
{ o . g dot in the center of the washer when it has stopped
e | » , noving. T :
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16,

17,
18.

19,

-9~ For discussion purposes only

Experience C (continued)i

Draw a 1line to comect the two dots to indicate the
direction the washer moved, (The chalk mav have made
‘a line already). o

. Compare the direction the washer moved to the two
- directions in which it was pulled. ‘

Change the direction of the plywcod so-that the other pulley

45 down, Repeat steps 8 to 12,

Explain why the washer does not'movetin-éither of the two
directions it is being pulled, o .

Draw a circle 1" in diameter on the cardboard. Draw

~ three pairs of parallel lines 1/2" apart and about 12" long.

Gut out the circle and the thres pairs of lines, Cut a
point in one end of each cardboard strip to make it

- into an arrowe.

Join the blunt ends of the arrows and the center of the
‘eirele together with a paper fastener..

Use two arvows to show the direction of the pull (the

1 oz. weight and the 1 oz, force) and the third arrow
to show the direction of movement of the circle (washer).

Use this model to show that the circle moves in a
directiOn half way between the two pullse

Hold the model near the globe 8o that one of the arrows

points towards the center of the earth .and that another
~is at 900-angles to the first arrow, :

Show the direction that the'qircle'WOuld move with the

.. third arrowe

22,

23,

Y
!
Aruitoxt provided by Eic:

ERIC.

Repeat steps 20 and 21.a'1arge'nnmberfof'times at different
places above the surface of the globe, Note the direction
that the circle takes as it is moved around the globe.

Compare the movenent of the ciﬁcle‘arqﬁnd,the_globe to

.7 the orbiting of a satellite.-
-2k,

Identify the arrow representing the gravitational pull
of the earth and the arrow representing the moverent of
the rocket towards space. Explain how forces keep &
“satellite "falling" around the earth, '
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For discussion purposes only ~80- | Concept #23

Experience Dg

Observing the effect of two oppesing forces

Materials needed:

wooden spool

ball, sponge rubber, 1" diameter
screw, round headed, 1/2" long
fish line, 4! long

scigsors

weight, 1/2 1b,

clock, with second hand

What to. do:

1,

2,

3.

L.

5.

Tie one end of the fish line securély to the screw,
Trim off any excess string at the knot,.

Twist the screw into the ball as far as possible,

Thread the fish line through the spools, Tie the
weight to the free end,

Grasp the spool, Twirl the ball overhead,

Count the number of circles the ball must make in.one

minute to hold the weight when a short length of line

is between the ball and the spool, Count the number of
circles in one minute which are required when the length
is long.

Compare the results,

Explain the observations in terms of two forces =
gravity and angular]momentumf

Explain how the experience illustrates that satellites
close to the earth require less time for one revolution
than those further away from the earth,
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Concept #2j = The harder a rocket "pushes" away from the earth,-
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Experience A: .

the farther it can go before it begins to fall.

Relating the amount of effort exerted to the altitude
obtained

. Materials needed:

ball

- What to do:

1,

2,

3.

b

‘Tarow a ball vertically into the air. Note how high

it goese

Throw the ball many more tlmes varying the amount of

~effort used, Note how hlgh it goes each time,

Compare the amount of effort used to the height the
ball rose,

Summarize the observatlons. Explain how the results
i1lustrate that the harder a rocket "pushes". the higher

it rises before falling.,.,a
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Experience B:

Illustrating the relatlonship of the amount of energy
to the distance traveled

" Materials needed: : ';'m PR

pencil:
paper |
Park!s Satellite Rocket, Park Plastics, Ianden, Ne Jo

- water, cool, clear

tape measure
chalk S

What to do:

1. Go out on the plajground., Mark a chalkfﬁark'on the
ground ) ‘ : .

2, Fill the rocket about 1/2 full of water,

3. Stand on the mark, - Pump the air into the rocket with
one full stroke. - -

i, Fire the rocket horizontally. - Measure the distance
the rocket trevels. :

g, Repeat the experiment, using 2, 3 and 4 full strokes.

Record the distance, Consult the directions to find
whether 1t is poss1b1e to repeat using 6 and 8 strokes,

6. .Graph the number oflstrokes agalnst,the distance,

-7, Formilate a conclusion regarding the relationship

between the effort used and the distance traveled,
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Concept #25 - A rocket which."pushes" hard enough can go
farther than the distance beyond which the
earth can pull it back.

Experience As Observing the action“of an object freed from centripeta].force

Materials needed:

ball, sponge rubber, 1" diameter
serew, round headed, 1/2" long
fish line, 1! long .
scissors

What to do:

1, Tie one end of the fish line securely to the screw.
* Trim off any excess string at the knot.

2. Twist the screw into the ball as far as possible,
3. Orasp the fish line at the end away from the ball,
li. Twirl the ball in a circle, |

3 - 5. Let go of the line, Observe whether the ball continues
‘L | ~ in the circular path. ' »

‘6, Repeat many times to determine whether there is any
- pattern to the direction in which the released ball .
travels, '

7. Relate the results to the escape of a rocket from
the earth'!s gravitational pull,




Experience B:

For discussion pﬁrposes?only | «Bljee

Concept #25

Simulating the movement of an’ objéct beyond the
earth's gravity . _

Materials needed:

weight, 1/2 1b,
thrsad

'What to do:

1.
2,
3.

b

Go out31de en the olayground. Stand~awgy from the school

'building.

Tie a half pound'welght to a piece of thread.

'SW1ng it in a circle, Observe what happens when it -

swings rapidly enough to break the thread, Take care
that no children can be struck by the weight either
while swinglng in a circle or after the thread has

'broken.

Relate this to the escape from the graV1tatlonal
attraction of the earth of a rocket which has reached
escape velocity, (It is important to remember the

‘earth!s gravitational pull does not stop suddenly., The

gravitational pull decreases with an increase in distance.

AL N e

i
-
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] Experience C:

P
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Reviewing the history of‘spacé probes beyond the
earth!s gravity .

Materials needed:

reference materials

paper
pencil

What to do:

1. Consult reference materials to find'data on the
attempts to orbit the moon, sun, Venus and lMars.

2, Find ihformation'concérning:
‘a, . How far each spacefvehical<frévele¢.
be Whéther the.space)vehicle willnrétﬁrn to the earth,

3. Prepare a ieport for the class about space vehicles
‘which have gone so far the earth cannot pull them back,

w0



For discussion purposes only =86 -

Concept #26 -~ It is possible to place objects out into space by
. starting them with enough force and speed to

escape the gravity of the earth, -

—-“—__~—_~—_--—~-—_—-“-

Ebcperience As Review Experience C from Concept #25 -
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Experience B: Rev1ewing manned orbltal fllghts which escaped the
earth's gravity

Materials needed:

reference materials (periodicals, encyclopedias)
pencil . - g : .
paper

4 ' What to do:

1. Consult reference materials concerning the orbital
flights of Friendship 7, Aurora 7, and Sigma Te

i- | 2. TFind out whether these space capsules were "weightless"
at any time, Prepare a report for the class explaining
how weightlessness is a result of escape from the

earth's gravity,
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g Concept #27 - In order for an’ obaect to escape the gravmty of 3
; the earth, it must reach.a greater speed than -

- that reqplred to orbit the earth. ‘ )

e e e - L 5
s Experience A: Relating the launchlng speed tc the k::.nd of orb:Lt or to ;

/ | escape from the earth's gravity i

Mater:.als ‘needed:

_ - ' reference materials (perlodicals, encyclopedias) - | v

L _ | . What_to do: - : | : R %

= 14 Consult reference mater:.als to cbta:Ln data ‘on orb1t1ng
i R satell:.tes. e TR : ’

2. Mzke a chart of the launchmg and orbltal Speeds and - J

Co the d:.stance at apogee and perogee for each satell:.t.e. ) C

; 3. Compare then.r speeds to the apogee dls‘ﬁances. “Note E E

T - o that the higher satellites do not need so much speed to o

. o go into orbit but require a greater launching speed to , -

| place them further from the earth. L

’;

y

, 7 i
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3 - Concept #28 - Gravity decreaaes as one leaves the earth, tut

increases as one qpproaches other astronomical
bodles. T T .

¢

]

Experience A: - Viewing an illﬁstraticn of a change‘of gravity resulting

a change in distance between objects

g‘  , DR - Materials,neéded:

£ilm,

crevity

jmotion picture projector, 16 mm S |
projection screen - R L

,_to db'

Y]

S

M

) ' . )

“;‘ ./ R . ) '~ "'g . N ‘i

7\ R l; Vmew ‘the filng “GraV1ty."
. “ £11m bibllography.'

Eormnlata an explanatlon of the effect d1stance has

on the strength of grEV1tational attractlon of
astronomical bodles. L

-~ L. ; ey

Sée thefanq6tatiop'in the

i

T . ‘ . . . . !
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Concept #29 = The ﬁooﬁﬂﬁpulie"fOn tﬁings4on the.éarth.v”

Experience A | F1nding pictures of tide differences which are the
. result of the moon's pull o .

N
.
i

A

1 "‘Meterials needed" S

books, reference (geoeraphy, encyclopedias)

What to dot.

|  1.

Look in reference books to 1ocate pairs of plcturee
showing the same place durlng high and low tides,

~ (The Bay of Fundy has a 533 feet tide: dlfference.)

Y . .
v N
.
' o ®
" Lo
I

I

5.

For high_achievers::
:1 ‘ | a 1.1

2.
8 grav1tataona1 attractlon on the earth.

2,

?Read a desoriptlon of the reason beh:nd the tW1ce

daily oocurence of hlgh and low tmdes.

'Consult the references further to flnd ﬁhe answers

to the quest10n3°

¢

a. Does Lake Smperlor have tides?

b.. Are there tldes in ﬁhe earth's atmosphere?

-Prepare a report :or the class explalnlng the causes

of tideso

‘Look for other examples of the effects of the moon's
:pull on the earth, -

Consult references to f£ind an explanatlon of spring -

‘and neap tldes.

Exp1a1n what other astroncomical body or bodles exert
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E{" , . W

%{ Experience B: Explaining the action of water tides

§ ‘Materials needed: “

) balloon | | - ‘ R

§ globe, terrestrial ‘ | o

What to dot

E; 1, Have a chlld'who has gone on vacation to the seashore

- : describe the change in the location of the shore

%J' resultlng from the tldes in the ocean,

é 2. Blow up a balloon and knot the end, |

: 3. Pull on part of the balloon and. observe hew the

. ) ,balloon changes shape. -

;f, L. * Look at the gldbe. Imag1ne something is pulllng on

- - the water in the Pacific Ocean, Conclude what effect

:4 the pull would have. :

ﬁ 5 Gompare the rubber balloon pushing on the air in the f

; 7 balloon to the force of gravity pulllng on the oceants ’

g | water. ;

- 6, Explain the causes of tides. " ;
:

’\)A‘
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Concept #30 - The gravitational pull on surface objects is
' greater on the earth than on the moon,

—-----—~~—--~~—~~--~

Experience A: Simulating ah illustfatioh of objécts with different
gravitatipnal\attraotion | '

k | Nbﬁe: 'Thié-experienbe actually‘has1nothing to do
‘ : with gravitational attraction; grevita.ional
. attraction is simulated by magnetic attraction,

zyﬁtérials‘needed:

$ nagnets, bar, with different strengths, 2
ruler, non-magnetic

ball bearing, steel, small wresm———
thumb(tacks, many

What to d@;:

1. Test the strength of each magnet bY'bringing each néar
a plle of thumb tacis, Record the strength of the
magnets as the number of tacks it can 1lift.,

N | | 2, Lay the ruler on a smooth, level‘surface.~

3, Place one end of the stronger magnet even with the
beginning of the ruler. | .

bo Lay the ball bearing besidexthe opposite end‘of the
ruler and very slowly move it towards the magnet.,

5, Read the distance of the ball bearing from the magnet
when it begins to move toward the magnet duve to
magnetic attraction, Repeat the measurement and
average the results, '

6. Place the ball bearing near the magnet. Hove it away
from the magnet wntil it is no longer pulled to the
magnet, Read and record the distance,

: 7. Repeat the measurement several times and average the
f ~ results, '

8, Average the distance found in steps 5 and 7.




Concept #30
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~ Experience & (con’binued)':""_ - | o R

Je

10,

.-strongly. than the weaker magnet.

‘Replace thé stronger ‘magnet"with. the weaker magnete

Repeat’ steps L through 8, using the weaker magnet.

Compare the resulis for the o magnets. Note that
the stronger magnet attracts the ‘ball bearing more

' ‘Aéaﬁm'e that _gré,vitational attraction of: different

objects can be different as the force of the :
magnetic attraction in the above experience, Explain
how this.difference simulates the difference’in the
earthts and moon's gravitational. attraction,

e ™

. —a

T T L
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- Experience B: Calculating the effect of the moon's graV1ty on an
: object

Mhterials needed:

T T AT TR Ty

pencil

‘paper

data "Some Astronomacal.Facts and Approximations for
| Teaching,” Appendix A

; | What to do:

1, Assume the pull of the moon's gravity is.equal to
0,16 of the pull of the earth's gravity.

2, Calculate how much a boy, weighlng 100 pounds on
earth, would weigh on the moon,

| 3., Discuss the problems and advantages whlch'would be
‘ a result of this weight,

For over-achievers:

[ , 1. Refer to the data found in Appendix A and calculate
' the weight of a boy weighing 100 pounds on earth if
he were on the surface of the other planets of the
solar system.

2. Compute the weight of a 100 pound boy, measured on
the surface of the earth, if he were able to exist
on the "surface" of the sun, Assume the sun's
gravity is 28 times the eartht!s gravity,




Concept #30

Experience C:

=9 e For discussion pprposquonlyw

Simulating the gravitational field between the earth ,

.and the moon

Note: Explain that for the purpose of the
demonstration one magnet represents the
earth and the other the moon, and that
gravitational energy is represented by
magnetic energy to simulate gravitational
energy takes advantage of the identical

. mathematical relationship of distance to
" effective force. -

.Maperials needed:

magnets,_bér, différent in stﬁength5‘2,"»

. thumb. tacks or paper clips .

graph paper
tape, masking
. thread
Ting clamp o

rectangular iron support

What to do:

1. Tést the strength of the magnets'by seeing how many
thumb tacks. each magnet can pick up at one time,

2, 'Let the stronger magnet symbolize earth; the weaker

- - the moon,. S o |

3,: Take a strip of graph'papér_3" Iong'by}lﬂ‘wide. Place

. the strip on the flat. surface of a desk or table.

. Tape the north end of one magnet to one end of the
strip, Tape the south end of the second magnet to

| the other end of the same strip,

5, Suspend a thurb tack by a thread from a ring clamp
attached to a rectangular support so that the suspended
tack rests lightly on the strip between the two magnets.

6, Assume that the tack represents a space ship,

7. Move the tack back and forth along the strip until

' the place where the force of the twc magnets equalize

one another is locaied; i.e., the "ship" does not
move as a result of atiraction to either astronomical

body.

e
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For discussion purposes only «96m Concept #30

Experience C (continued): -

8.
Fe

10.

11.

12,

Move the tack toward the magnet representing the earth,

Note that the tack is attracted and would move to the
"earth" if the thread would permita: |

Move the tack in opp031te dmrectlon toward the "moon"
magnet,

Observe that as the "ship" is drawn o the "méon”
magnet when the "moon's attraction becomes stronger
than that of the “earth " ,

Use the observations to explain why a-space vehicle
moving between the earth and the moon would be pulled
to the earth or to the moon if its forward momentum
becomes zero,
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Concept #31 = The closer an object is to the moon, the

Experience At

greater is the mutual attraction,

V:.emng instructional films whn.ch expla:.n grav:.tatn.onal
attraction . :

Ihterials needed:

£11m, "Grav* tyt

~ £ilm, "Gravity - How It Affects Ush

motion picture projector, 16 mm
projection screen S

What: to do. ’

1, Vlew the £ilm, "Gravity."

2, Discuss the effect of the ¢istance between .objects on
the gravitational attraction,

3, View the film, "Gravity - How It Affects Us." - ﬁ

h, Make a statement relating the distance between an
object and an astronomical body to their mutual attraction,
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Concept #32 = As two objects aporcach each other, the greater
is the mutual attraction. ‘

. . - " - .

Experience As Repeat Experience C for Concept #30

e At ke o



Concept #32

Experience B:

s T B For discussion purposes only

For over-achievers:

Discovering the relationship of gravitational attraction
to distance

Materials needed:

pencil

paper
books, 2

yardstick

What to do:

1,
2,

3.

L.
5

Place the hooks 1! apart on a table top. .

Assume that the gravitational attraction between them
is equal to a number (which is not known) divided by
the product of the distance between them times the
distance between them.

? )
Txq)

Celculate this G,A. (gravitational attraction = ¢
: ~ 1x13
Ao = ?)

(gravitational attraction -

Move the books so they are 2! apart, Calculate the
gravitational attraction, G.A. = 2  G.A, = 37
’ » Zx 2}

Repeat step 3 using distances of 3!, 4! and 59,

Compare the answers, Formulate an explanation in your
own words of the relationahip of gravitationzl attrac-
tion and distance, (The teacher mey find the informe-
tion in "A Mathematicl Comparison of the Earth!s
Natural and Proposed Artificial Satellites " Appenuix:D
interesting and helpful,)
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Concept #33 =~ Gravitational erergy is opposed with parachutes.

Experience A: Observing a difference in rate of fall due to a change in
air resistance

‘Materials needed:

eraser, rubber

. ladder, 5!
handkerchief
thread |
stop wateh,, or clock with second hand
pencil .

'peper;
| What to do:

1. Climb to the top of the ladder, Raise the eraser as

high as_possible.
24 Drop the rubber eraser to the floor,

3., Note that the obaect falls rapldly'because there is
- 11tt1e air re31stance.

li, Repeat several times, measuring the time required for
the fall, Take care that the eraser is released from
the same height each time,

Make a parachute by taking a large handkerchief and

tying a thread to each corner of the handkerchief to
represent the cords of a parachute, Tie the ends of
thread together and attach the rubber eraser to the

tied end of the “parachute cords."

Drop the parachuue'wlth eraser from the same height to
the floor, Note that the eraser falls more slowly when
there is more air resistance prGV1ded by the handkerchlef.

Repeat several times, measuring the time required for
the fall and find the average.

Draw conclusions based on the observations.
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Experienee B:  Finding applicatione for uhB use of parachutes whieh
. - oppose gravity .

TN S T T SRS

§3 | Mhterlals needed-

3 reference materials (periodicals, encyclopedias) )

o | peneil o o

3 © ... paper

- | ‘What to do: o

B ) .

- - * Consult reference materials to find examples of the -

C | o  use of parachutes to work against gravity. (Do not

% ) include "drag parachutes” used by airplanes because
- " their parachutes are nct working against grav1ty.)

| ‘ - 2, Moke a chart wh«ch lists these uses and prepare an

. n oral report of this information for the class. Be

b S - sure to explain the uses of parachutes in space

Lo - travel. o

-

B it ey 1

I
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- Concept #3L - When approaching the earth, rockets and/or

-——--—-—.—.-n—--————-‘-_-o-ﬁ-«-.-—-———.--.-.-.--c—qcnu—--——-—

Experience A:

parachutes must be used to work against the
earth's gravity to slow down the vehicle and
thus prevent .destructlve impact.

Discovering what methods are used to slow the descent of
a apace capsule

I'hterlals needed -

referencevmatenals (perlod:u.cals, encycloped:.as)

pencil
paper

What to do:

1,
' ,‘30

b

Consult. reference materials describing the three
orb:.tal fl:.ghts of the astronauts. A

F:md descr:.pt:.ons of the methods used to slow the

descent o7 the vehicle for re=-entrys

F:md what methods are used to slow the descent in the .
. earth!s atmosphere.

Prepare a report for uhe class which smnmamzes ‘this

2 *informat:.on.

Eragty AN RS

B P .
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Concept #35 = To insure a safe landing on any astronomical
| S - body, the space vehicle would have to use a
force against g:avity to slow itS'descent.

Bxperience As TIlustrating the operation pf a retromrocket

'Nbieriéis nééded:

balloon, long not; round match |
- ladder, 5% or longer cloth. .
medicine dropper, without asbestos ped -
rubber buld . . | rubber band '
triangular file watch with second hand
liquid petroleum burner | S

What to do:

fl.:,cut,the medicine dropper in hélf‘to obtain-é éhort: :
piece of glass tubing with a tapered-end, Fire :
polish the cut end, (Review the instructions on

. . cutting and fire polishing‘glass‘tmbingviﬁ,thé
chemistry unite) @ - 0 T

 Tnsert the wider end of thé‘éut.medicina;dropperVinto

"the neck of the balloon and secure it with a rubber
band twisted around the jointe |

Blow into the medicine droppér to inflate the balloon,.
. Twist the neck of the balloon to keep -the air from

escaping. Roll a few turns of the rubber band onto

the neck of the balloon to keep the balloon sealed. -

Glinb the ladder. Hold the balloon near the ceiling
and drop it, Record the time required for the fall.

" Repeat the timing o or 3 times and average the times
recorded. - - : o

Place a finger over the end of the medicine dropper to
close it as the rubber band is rolled back onto the -
medicine dropper, Hold the balloon near the ceiling

and record the time required for it to fall to the floor,
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B . Aot

Experience A (continued)s .

7. Repeat the timing 2 or 3 times and find the average
of these times. (It is possible to change the rate
of fall by using a larger or smaller opening on the

S TTAN R

y | tapered end of the medicine dropper.)

‘ ‘8. Compare the times required for the balloon to fall
g | . to the 7loor. . Use the observations to develop an
2 | explanation for the use of retro-rockets to obtain
. a "goft" landing for a space vehicle, |

:
>
.\4
£,
)
2“‘
\ -
.
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Experience B:  Review experience A for Concept #19
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For discussion purposes only ~106= Concept #35

Experience C:

 Reviewing proposed plans to insure safe landings on

the moon

Matéfialsvneeded-

'reference materials (periodicals, enqyclopedlas)
pencil

\

paper
What to do:

1.

Yy

- 3.

Consult reference materials to f1nd information on the
proposed Project Apollo, -

Find information about the methods which have been
suggested to slow the space vehicles descent to the
surface of the moon. ‘ :

Note whether bhey are methods different from those

| used to slow a space dapsule's'descent to the earth.

'Prepare a report for the, class concerning this
(informatlon.
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: " Goncept #36 = Air resists the force which would put an objeet .
3 - - in motion. o
3, Experience A u,piscgvering;gir resists antobjéct poving;thrpqgh it
,,‘_ t | | . v . K ;g ' .
Materials negdggi

. cardboard, 2! x 3!
What to dos |

‘1..- Go. 6ut onto the playground, . - |
| "5 Hold the cardboerd out flat in front of the body. -
. ~ Run rapidly for a short distance. Note whether much
.. effort is requireds L S oo .

- - ' 3. 'Stop,td rest for 6ne mihﬁte; %héﬁ fuh slowly for a
< - . . . short distance.- Note the amount of effort requireds’

L, Compare the amount of effort, Repeat the experience
goveral times and compare again

5, Explain the difference. Draw avconclusion relating'
the speed of movement of an object through the air to
the amount of resistance from the air, -

G, Explain how this experience illustrates one problem

un.1 o

;,; 7 ryelated to the return of space capsules to the earthts
surface. | B | L
.

e A
-
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Experience B:

Experiencing the air reslstance acting on objects moving
through air

therials needed:

cardboard, about 2! x 3!
stop watch, or watch with second hand
pencil

~paper .

What to do"

1. Go out onto.the playground.

2, Div1de the children 1nto equally slzed groups.

3. Line'one,group,up on each end of the playground.

‘L. Have one child run as fast as possible across the

. playground holding the cardboard out flat in front
of him.

'S, Have him hand’the cardbsard to thehchild at the head
of the line, Have the second c¢hild run back to the
other line. -Record his time.,

6.;.Cont1nue passlng the ‘eardboard back -and forth‘between
| the two lines untll everyone has. had 2 turn.

To. Find tbe .average of the- tmmes.

8. Have each child run the.same dlstance without carrying
" the cardboard. Record the: tire requlred for each.

9. Find the average of the tzmas. f

10. ‘Compare the results. Draw conclusions concerning

the effect of air re31stance.

1l. Explain the importance of‘thls resistance to. re-entny
of a space capsule into the earth's atmosphere.
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| Experience C: Measuring the amount of air resistanée‘produced by the
same object moving at differént speeds

R iy I e i o R il Tl % e it « B

Materials needed:

sipper straw, paper,or plastic
rubber band, narrow -
cardboard, 1' x 1!

string, 3' long, 5 pleces

glue |
pencil

What to d0°

1. Go out onto’ the playground.

2, Punch a small hole in each corner of the cardboard,
Tie one end of each string to each of the corners.

3. Knot the opposite ends of allﬂfoﬁr-strings together.
L. Attach the rubber band to the knot. |
5. Tie the Jifth string to the other side of the rubber band,

6. Lay the straw along the length of the rubber band, Glue
one end of the straw to one end of the rubber band or
the knot, .

7. Make a pencil mark on the straw to indicate the length
of the rubber band when it is not stretched, Mark the
straw at equal intervals towards the opposite end of
the straw,’

8. Grasp the single string on the rubber band,

9, Run, dragging the cardboard. Obhserve the straw to see
’how much the rubber band stretches,

10, Run at different speeds arnd observe whether the rubber
band always stretches the same amount.

11, Summarize the results, E?plain what information this
experience provides about air resistance.

[Kc

Aruitoxt provided by Eic:
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Experience Ds

'Discc'wering the effect of currents of air om the

effective air resistahce

Materials needed:?

" eardboard, about 2! x 3!

stop watech, or watch with second ‘hand
pencil o L

paper

What to do: |

1. Go out onto the playground on a windy day,
2, Divide the children into equally siz"ed groups.

3. * Line .one group up on one side of the playground so
" the wind 'is blowing directly on the children's backs.

‘L4 Line the second group up facing the wind.

S, Have one child run as fast as possible across the

_playground holding the cardboard out flat in front
of him, Record the time required.

6. Have him hand the cardboard to the child at the head
,of the 1line, Have the second child run back to the
other line, Rec¢ord this time. -

7. Contimue passing the cardboard back and forth between
the two lines until everyone has had a turn.

8o Find the average of the times when running with the
wind and the average for running against the wind,

9. Compare the results and draw conclusions concerning
the effect of currents of air on ocbjects moving through

‘ themn,
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§= Experience Et Measuring the effort required to overcame a resistance which
% simulates the effects of air resistance

.E/

; Materials needed:

; aquarium, large or wash tub

’ | clothes pin (not spring type)

! string, 5 pieces about 4" long

jar cap

spring scale
- o nail, 2 pennyweight
' hammer |

What to do:

1. Tie‘one'end’of a string around the top of the clothes
~ pin, Moke a loop in the opposite end of the string.

2, Fill the aquarium 3/L full with water.

3. Hook the spring scale in the loop of the string.
~ Place the clothes pin in the aquarium near one end.

: L. Pull the clothes pin across the aquarium. Read and
: | | record the effort required, °

5., Tie one end of each of the other four strings to the
clothes pin, Adjust the location of the strings so
that each string is about 90° around the clothes pin
from the other strings,

6. Punch 4 holes at equal distances along the edge of
. . the jar cap using the hammer to drive the nail through
: ’ the metal, .Take care not to make nail holes in the
5 ' desk top. - : -

7. Tie one string through each hole,

8. Start near one end of the aquarium and drag the clothes
pin across the length, Read the spring scale and record
the effort required,

9, Compare the observations and draw conclusions based on
the results. | -
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3 ~ Concept #37 - The resistance caused by air moving over an object
g is called air friction. | o

; Experience At  Observing an increase in air friction with an increass
i of speed T

Materials needed:

bicyele
automobile

RO

: . What to do:

'1. Go out onto the sidewalk.

2. TFan the air with a hand, lote whethe~ it is possible
to detect the air resisting the motion,

s 3. Ride the bicycle slowly down the block, Hold a hand
¥ P out against the wind and observe whether the air
3 | resists this motion, '
i. Ride the bicycle rapidly. Note the air resistance to - ,Q
a hand held up against the wind. |

5. Ride in an automobile, Hold a hand out the window for :
a short distance taking care not to strike anything,
Note whether the air resistance is strong.

‘ 6. Summarize the observations. Explain the differences in
. the amount of air friction observed,
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Concept #37 «113- For discussion purposes only
s\ ‘ | i
; Experience B:  Studying the effect of air friction on a space capsule
Materials needed:

relference materials (periodicals, encyclopedias)

pencil | . . .
;; - paper
,1  What to do:
1, Consult reference materials to find information about
‘ the re-entry heat of space capsules. |
2. Explain where the heat comes from.

3; Find whether suggestions that have been made propose

ways to decrease air friction or ways to get rid of
heat {or both), ’ - '

.
(
¥ ¢
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Concept #38 - An object moving through air produces air friction.
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Experience A: Tlustrating a method of decreasing air friection

Materials needed:

cardboard, corrugated, at least 3! x 3!
string, 5 pieces, aboub 3t long
, scissors, 8"

- What to do: .

1. Punch a hole in each corner of a stiff piece of
corrugated cardboard.

2.:~Tie 2 string to each corner and knot all four pieces
; . together above the: center of the cardboard. Tie a
i long string to the knot, Py
. 3. Grasp the string, placing it over a shoulder and run
across the playground, noting whether the cardboard
makes it hard to run. .

; 4o Cut the cardboard into four equal sized‘pieces. Punch
| - holes into the four corners of one piece and knot a
different piece of string into each corner. |

5. Repeat the experience with the smaller piece of cardboard.
6. Compare the amount of effort required. Relate the |

observations to the importance of reducing air resistance
in rockets.
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Experience B: Observing an effect of alr friction

Materials needed: .

paper, 5" x'8“, lightweight

What to do:

1. Grasp both sides of one end of the 5" x 8" piece of |
paper and hold it in a hor:zontal position, Note
that the paper drops dowrward toward the opposite end.

2. Hold the paper just below the lips, Blow horizontally
over the paper. Observe what hapnens, :

3. Blow slightly upward, Observe ary changes. (The air
. follows the surface of the paper and appears to pull
it up to the horizontal, The friction between the
paper and the air is continuous as the paper stays in
mMmtﬁ%ﬂmﬁp@mmJ~_ = - '
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Experience C:  Feeling the heat created by air friction

Materials needed:

bicycle tire pump

3 What to do:

1, Hold the pump firmly in place with your feet.

| ) 2., Direct the nozzle at the end of the rubber tubing
toward some bare skin,

3. Pump vigorously.

L, Note whether the temperature of the skin changes as
the rapidly moving gas rubs against it. (Although the
air is slightly warmed by compression in the pump, any
heat that may be observed is primarily due to the |
friction of the high speed gas rapidly moving.in contact ,
witn a solid, In a descending or re-entering rocket,
the heat created by air friction makes necessary the use
of a heat shield,)
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Concept #39 - The density (concentration) of air affects
the amount of friction,

Txperience A:  Simulating an object moving through dense and rarefied air

‘Materials needed:

~ chairs
desks

What to do:

1, Crowd all the chairs and desks in the sehool room towards
: . one end of the room. . ;

u"'.;“_2. Whlk across the length of the room. the'whether it is
‘ more. difficult to'walk at the end crowded'wlth the
"furnlture.-

' Note in which part of the room there are more collisions
with the furniture,

Compare this experience to what wculd happen to an
object moving through air near the earth's surface
and far from the earth's surface.

Explain how these results help explain a problem
associated with space travel.,
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Concept #4O - The density of the earth's atmosphere decreases as
the distance from the earth increases,

Experience A: Review Experience B for Concept #3




R
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Experience Bs  Learning about the change in'density of the air with altitude

-,

Materials neededs

reference materials (periodicals, encyqlopedias)

paper
pencil

What to do:

1. Consult reference materials describing the discoveries
- made by artificial earth satellites having very
elliptical orbits.

2, Find information about.the density of the earth's
atmosphere at various distances frem the earthts surface.

3., Prepare a graph of the density against the distance.

. Prepare a report for the class, summarizing the
information, ‘
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Concept #U1 - As the speed of a moving object increases in the
' atmosphere, friction and heat increase.

; Experience A: Repeat experience C for Concept #38, Vary the experience
‘ by attempting to detect a difference in the amount of heat

; produced as the rate of pumping is changed..

: This experience may be repeatad at a garage or nfilling
- | , ' station," using their supply of compressed air,| Be sure
- | to arrange with the manager and secure permission to use
the compressed air and nozzls. .

Aruitoxt provided by Eic:

. ERIC
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s Experience B:  Detecting heat produced by friction (n‘ot air friction)_ :

Materials needed:

‘ bidycle | | .

- sandpaper, 2 pisces' - - ; o BRI

a ‘matches, kitchen o S o o

i. What to dot | "

. 1., Rub both hands together, . Note whether they become

. _warm, Rub the hands more briskly, Note whether the

amount of heat increases, - T L

‘ ' 2, Place two p,i‘eceé. of sandpaper together with the rough’

. . surfaces in contact, Rub them back and forth slowly.

: Observe the heat, Rub the pieces of sardpaper together

i more rapidly, Note whether the amount of heat increases., -

t 3. Rub a match élow_ly across a rough Vs'urface.ﬂ_.'s_brike a

* ‘match very rapidly, Explain the source of heab which . |
causes the match to light. N e

L. Feel the temperature of the rear bicycle tire, ERide the
~ bieycle rapidly across the playground, Brake quickly.
Feel the temperature of the bicycle tire where it has
skidded across the ground, Note whether the temperature
has changed, o - o
© 5, Identify the source of heat, Fxplain why the amount of
y heat increases as the speed increases. ST

s

- w, ;
o

I
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Concept #42 - Speed and altltude both determine the amount of
& e friction on space vehicles. e _

Experience As Simulating dlfferences of a1r frictlon in dense and
: o ".\rarefied air , :3.rus_,ﬁ;wg,, U

'*Mhterials needea°~
j water _ o L
. sipper straw, paper or plast1c:~*-4\’ ce
L ' -~ 7 .rubber band nsrrow e -
5 1. L cardboard, 4" x L

- ~ string, 1' 1ong, 5 pieces

LTS T T M e O

glue o . R ,_{'_L‘ TR
penc:l,l o RE Coatee s .
. aquarium' S L |

At ARG R N

What to do: e LT

Z | L"i: - 1, Go out onto the playground; . .
gi' 2, Punch a small hole in each corner of the cardboard.~
. | B Tie the end of one strlng to each of" the corners.

L;‘ur | _ ' ,3~ \Knot the opposite ends of all h strlngs together.; ;':
b Attach the rubber band: to the knot. | |
5.'.Tie the other strlng to the other s1de of the rubber band."f' |

VAT TR LT LAy

‘6. Lay the strsw along the length of the rubber'band. Glue

}1 _ one end of the straw to one end of the rubber band or knot.’; :

i 7. Make a pencil mark on- the straw to 1nd1cate the length -

J of the rubber band when it is not stretched, Mark the

- straw at equal intervals towards the opposmte end of |

5 the straw, x RN

5, 8. Grasp the s1ngle string on the rubber band.

i 9« Run, dragging the cardboard. Observe the strsW*to see
L how much ‘the rubber ‘band stretches. ' 4

Y

1 ' o _ 10, Run at dlfferent saeeds and observe whether the rubber

o e band always stretches the same amount,

L - Ta . . . - I
U p bbb B o v de N e L e T a% e Y P e
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«l23e For discussion pufposes~only

Experience A (continued):

12,

Go indoors, F111 the aquarlum about 1/2 full of

water.

iDrag the cardboard through the water'slowxy.' Note
the amount of streteh on the rubber band.

Drag the cardboard rapldly through the water. Observe
the amount of stretch of the rubber band.

Assume the water represents the more dense air near
‘the earth!s surface and the 'air represents the

rarefied air high above the earth‘s surface. Explaln'

a. How speed determlnes the amount of aLr
frlctaon. R

b. How altltude determlnes the amount of
air frlctlon.
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COncept #43 - The greater the air fric'o:.an, the more :mtense
- the resultant heat.

v
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Experience A: = Repeat Experience A for Concept #1 - |
- ’(" ! -:,»
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Concept #lf; ~ Certain designs reduce friction.

Experience As

Discoverlng that air follows the surface or shape of the
object moving'through it ,

Materials needed:

| p |
bottle, smooth cylindrical '~ paper, 5% x 12"

shape, clear glass ~ cardboard, 8" square
tape, cellulose ' cardboard, 5" long x diameter
‘candle, 3" long approxamately of‘bottle
‘matches - = balloon ‘
rubber band glass tubing, 2" long

punk or twist of paper
What to do:

1, nght the candle, Stick the candle to the cardboard by

dripping 2 or 3 drops of melted wax 2% from one edge of
the 8" x 8" cardboard, Place the base of the candle in
the melted wax holding it upright until the wax hardens.
Place the bottle near the center of the cardboard about
" in front of the candle,

v2.»,Insert the glass tubing into the mount and neck of the
balloon, Twist the rubber band around the neck of the
balloon to “old the glass in place. |

-3, Blow up the balloon. Twist the neck of the balloon to

prevent the alr from escaplng.

e Aim the glass tubing so it blows on the side of the
~ bottle opposite the candle as the air escapes from
" the balloon, Untwist the neck of the balloon. Observe |
what happens to the oandle flame. '

5. Move the bottle farther away from the candle, Relight'
the candle., Observe the candle flame again, repeatlng
steps 3 and L. _

6., Place the other piece of cardboard on end in front of -
~ the bottle on the side opposite the candle, Repeat
- the experiment, Observe the candle flame, ,
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Experience A (continued)s-

7

8.

9

10,

R &

Extinguish the candlé, Bémove the candle from the

cardboard,

Tape the two ends of the paper together. “Drop the
circular loop of paper around the bottle. -

:;Blvw up thé‘ballbon.  Aihwihe'glaésjtubing;sb tﬁé

escaping air blows on the side of the paper loop.

| . Obssrve the shape of the paper in the air straam.,A‘:.

Repeat_the éipérimeht'wi¥h6ut1th§;6§hd1e;,using SRR
smoke from punk to show the flow of air around the -
bottle. ' ) : , | S

1

Summarize the observations. Draw conclugions con- . .
. cerning the importance of the shape of the space
~ vehicle during blasteoff and movement-through the

- @arth's atmosphere, o T

P Y ' & U -
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-Experience B: Veasuring the air resistance of different shapes

(This activity is a modification of an activity
guggested in Expenments 1n the Princ:l;gles of Space
Travel.) : - X

Ma.terials needed'

wood block, 8" square and 1" thick hack saw

wood bit, 9/16" diameter = . thumb tacks, 2
wood bit, 8“ diameter ping pong ball
brace - ‘'washers, 3
dowel rod, 1/2" diamater 6" long thread

~ wire, heavy, 6" long (coat hanger) electric fan
dowel rod, 1/4" diameter, 12" long =~  tape, cellophane
knife - ' penéeil
wire, heavy, 3" long paper

¢ pliers - - - | o

X - What to do. '

1, Drilla 9/16" diameter hole through the center of the
| wood block,

2, Drzll a 1/8" diameter hole through the 6" dowel rod
13" from one end,

3, Make a 5/8" diameter loop in the end of ‘the heavy wire,
Bend the loop to a right angle with the rest of the wire.

i, Push the 3" length of wire through the hole in the 6"
dowel rod. Make a small loop in one end of the wire, .;
- Make a second loop in the opposite end of the wire.

5, Place the 6" dowel rod upright into the hole in the woed
block with the wire and the hole which was drilled
through the dowel rod towards the lower end.

6, Slide the loop in the 6" length of heavy wire over the
dowel rod s» that the loop of the wire is up. Push
the straight end of the wire into the wood block close
to the hole. = A |

7. Cut a notch which is ir long and 1/8" deep at the exact
center of the 12" dowel rod.

| | 8+, Glue the upper end of the 6 vert:.cal dowel rod to the
) | | notch in the 12" dowel rod.
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Experience B (continued):

] 3

10,

12.

1.

15.

16,

LT
~* . of the wire "pointer", Label this mark with a description

| 18,

19.
0.

Adjust the 3" wire which is through-the hole in the
6" dowel rod to obtain equal 1engths on each side of
the dowel rod, ,

Place one rubber band around one . end of the 3" wire,

:Hold the dowel rod in place to prevent it from turning,

Fasten the farthest part of the rubber band to the
wnod block with a thumb tack so the rubber ‘band makes
a right angle with the wire,

Place the second rubber band around the'opposite end of

- the 3" wire and tack it on the opposite side of the

dowel rod to the wooden block at a right angle to the

wire, (There should be' no ten31on on. the rubber bands, )

Make a hole in the ping pong ball'Whlch is g in ‘diameter.
Push the ball onto cne end of the horlzontal 12" dowel rod.

Tie | 3 washers together'w1th a leop of thread. Slip the

loop over the end of the horizontal 12" dowel rod opposite

- to the ping pong ball, Move thé washers closer to or

farther from the center unt11 the vertlcal dowel rod is
balanced, . :

_ Connect the electrlc fan to a source of electr101ty. Aim

the fan at the ball from the side so the air pushes
against the side of the ball which is in the direction
of the thumb tack. Note that the dowel rod twists around.

kae a mark on the wood'block in the d;rectlon the w1re is
pointing, Label the mark with a descrlptlon of the shape.
Turn off the fan.

Mske.avcone_from a sheet of paper 6" x 6", Attach it to
the ball with the pointed end away from the fan, Move
the washers, if necessary, to re-balance the apparatus,
Turn on the fan, Make a mark. to indlcate the direction
of the shape. Turn off the fan,

Mbve the cone to dlfferent p031t10n on the ball. Repeat

~the measurement.

Meke other shapes7and repea£ the,experiment.

Summarize the results and draw conelusions regarding the
effect of the shape of an object on the amount of air -
resistance,

K
i
.
;
\
4
k
1
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Experience C:

=129 - For discussion purposes only

Measuring air resistance of a model of a satellite

. . Materials necded:

" yubber balloon burette clamp
glass tubing, L* long
graph paper, 3" grid .
one hole rubber stopper

model of a satellite

~ wire, picture, 6"

rectangular iron supports, 2 stiff cardboard, 8+ x 8

2.

- peneil - . wax, "Sealstix"
" rubber band ..+ - _rmaler ’
maaking taps '
: What to do~'§ _
Insert the glass tub1ng through the rubber stooper.;

Review the procedurefor this operation whlch is

: described in. the cnemlstry unit, -

Fasten the end of the balloon to the glass tubing by

< tw;stang a rubber band over the mouth of the balloon.

Support the rubber stopper in the burette clamp

‘attached to the support.. Turn ‘the clamp until the

- tubing is horizontal.

;5

6. -

L
.8,

10,

. Attach one end of the plcture wire to the médel sSpace
-capsule w1th the wax. R

: Mount the graph paper on the cardboard S0 that the grids -
‘are parallel to and.perpendicular to the bottom of the

cardboard.

.Draw two lines each of whlch are over a grld line, 80

that the paper is dIVlded 1nto four equal quarters.

Purich a. hole which 1s oenxered over one of the lines
through the cardboard near one edge.

Make a small.U shaped bend" in the other end’ of the picture

~ wire at rlght angles to the 1ength of the satellite model.

Insert the i shaped end of the wire through the carxrdboard.

'Attach the cardboard to the other support w1th masking
tape, . Adjust the . cardboard untll the w1re hangs along
-'the vertical ancll 1ine. - A

(hollow plastic or balsa wood)
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g Experience C (continued):

11, Adjust the position of the burette clamp which is’

supporting the balloon assembly go that the tubing
| can act as a nozzle which points toward one end of
. - the model satellite, . : SR

ﬁ o 12, Blow up the balloon and allow the air to escape.

13, Note that the model moves away from the. ;jet of - airs:
_ Expla:m the observatlon. |

., Repeat steps 12:and’'13, Hark the furihesfda.sﬁnnoe"-ﬂ ’
' alorg the horizontal line that the wire is moved. ‘

15. Record the number of lines on the grapb that a.re |
' _.:bet,ween the vertical lme and the mark that was made,.

‘ ‘ 16. Turn the-model around S0 that the other end of the
j; . ” satellite is in the jet of air, Take care to blow up
" the. balloon the same amount as prev:.ously. . :

17. Reoord the number of lines across wh:l.oh the wire moves,

18, Make a comparison of - the dist.ances traveled and relate
~ this to the amount of air ‘resistance of the satellite -
“ model, (Further learning could be obtained if different
: , . . shaped models with different weights, or gases other than

g ‘ air are used, If the models obtained are too heavy, aa

2 ’ electric fan or an air jrt produced by a bicycle tire
pump or insect spray gun may be used to produce a greater

~ -volume of air flow.) . |

. ~ .
Wt . S .
— . .
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3 Concept #45 - Man must be pretected during space travel.

~-——--—-—-———————---———-_—_-_——------

Experience As | ReV1ewing the studies of th» effect of apace travel on
| biolog1ca1 mater1a18

Mhter:als needed:

reference materxals, (newspapers, perlodlcals)
S sciasors ‘ - :

What to do'

. 1.:-Make a collectlon of . clapplngs telling of the resulfs ' ;
of experiments testing the effects of space travel on \

, 11ving things. oL . ' S
2..§Sort the cllpplngs under the dszerent headlngs. i
' 3. Keep the collection up to date.

ly, Prepare a report for the class which aescrlbes one
- danger; eeges the effect of radiatlon on liV1ng thlngs.

I

JUTPU AL
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Experience B:  Review Experience D from Concept #13

Concept #45S
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Concept #hé Man cannot exist in soace wmthout controlling h:i.s
| immediate env:Lronmen'b. B PP e
it W GRS Gms e NS e MR ame b w0 e GEs G WD n W e e S W e - e @ s Wm ews ves bk e e — S wmg Dy wen W [
- Experience A: Demonstratihg the importance of air to.living things -

Note: 'This experment 1s 00 difflcult for
‘» children to perform. It should only
a o : be done by the classroom instructor .
.. for the pupils after it has beentried
o -~ privately and/or with skilled laboratory
trained personnel assisting. The ani.mal
guffers no pain. - L

,Mater:.als needed°

N P glass jar, wide mouth, “one gallon
o ~ (restaurant pickle or mayonna:.se jar)
white mouse ,
dish pan
~ water c
‘. » . tin snips
L %" mesh hardware cloth, 6" ¢ 6"
~ . - candle, 1" :
wood block M x h“ X h"
hamner . g

B " What to do?

‘upright in the hot melted wa.x. Steady the candle until
'~ the wax solldlfn.es. |

2, Put 3" of water into the dish pan.

3. Test to be sure that the wood block i‘loa.ts and holds |
the candle upright above the water. | -

}. Cut the hardware cloth with the tin snips exactly to
- the inside diameter of the Jar. ~ Talce care to ’or:.m
the sharp edges. |

5. Place the white mouse in the aar. | | |
6. Roll the hardware cloth enough to allow it to be. placed | |

jnside the Ja.r. Allow it to unroll and fit it to.the
inside of the aar about 2 inches from the mouth. -

=133~ - ... For discussion purposes only .-

1. Light the candle. Dr1p a few drops of melted wa.x on ene .
side of the wood blocks, Place the other end of the candle

4 ‘;,:;‘(\{. 2o
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Experience A (conbinued):,

A 2 L:.ght the candle, _ -
- - 8, TFloat the candle and wood block on the water. -
£ o o 9.-’0arefu11y 1nvert the mouse and jar over the candle

‘ : . . making sure the mouth of the jar is below the water
- . r,7. .. end the hardware cloth does not sllp dewn.

’ 10, Observe the mouse as the candle burns and is extlnguished.
& ‘Remove the jar from the water immediately after the mouse
" has ‘beccrie” unconsclous. (If the mouse does not receive
fresh air within 20 seconds of the time it becomes
. uncongcious, it will die. . Science experts’ assure us
' BT . ‘this procedure 1s palnless and sare for the mouse if
x ~ T it réceives exygen Wlthln 20 seconds.) Observe what
: | ; . ,'happene. S SR ‘
N : BT b Explain,why the mouse becomes unconscious and why it
= co sl rev1ves when the Jar is removed.,' )
- . S 12, Explaln what gas or gases remain in the jar when the
L | o candle is extinguisheds Use reference books, if -
) ‘, necessary., . | e o
!
(- ;

-
K
’
5
‘l|
y
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Experience B:

. large Jjar with cover

. What to do:

~135-v‘ . , For discussionvﬁurpdsQB only

Observing 11ve material in a limited supply 6£’ffe$h air\~’ ‘

t

Materials needed:

cbléus plant, potted, 2 of/equal size

[

‘hottom of the jars DR | -

"1, Place one piaﬁf’whoée soil is not too aémp in the

‘

5. Seal the jar tightly and place it on the window ledge.

Place the other plant on the window ledge beside the .
- ".jar, Water the plant on ‘the window ledge sparingly.

| 3. Observe the plant daily for two weeks and note any

differences in its appearance., -

‘bys. Explain why the ‘plant in the pot becomes less healthy -

after a period of time. -Use the results to explain
~the need of living things for fresh air. /

- ..
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.cohoepto#hé o

'Experience'C: . Observing 1ivo plant material in a weak partlal.vacugm ;

W1th an 1ncreased concentratlon of oafbon dioxide

4

‘Nﬁterialsrneédedg B | ,%',v-f, *  .1”;o(‘fv

large aars, wiﬁh covers, 2'

paper =
mateh
coleus plants, potted, 2 of equal size

’ What to do.

1, .

2
3,

' 7.

Place one plant,'whoée soilvié‘slightly d;@b; in each

of the 1arge Jars. . o

Close one jar tlghtly.

Twist the piece of paper 1nto a loose W1ck. Light
the paper dnd drop it into the second Jar be51de the

v'\pot.- Lo T
"131038 the jar t:ghtlj. _W;” ':g.i'w
~dExp1a1n what factors are dxfferent 1n the two jars.

Place both Jars on a'wwndow 1edge. Observe the plants

closely.once & day for 2 weeks to note any dlflerences A
;-in appearance.-'.ﬁ _ L y A

Exp1a1n the resvlts in terms fithe;factofs-which‘areof-

o

different in the two Jars.
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Experience D f ‘Observ1ng an air contalnlng object as a partlal vacuum _
is formed around it o ‘ . ;

M’aterials needed:

¥ » , rectangular iron support -
3 ‘wire gauze
L burette clamp
« | belloon, (slender shape is more desirable)

match
flask, Florence, 500 ml, Pyrex A - : , )

o -~ vring clamp : | - R h o
\ - aleohol lamp o SR g o
¥ : rubber stopper to fit flask | | |
. | thread S |
water S - SRS

- What fo do:

1. Put enough air 1nto the rubber balloon to maintain its
| | S  shape, Knot the end to prevent the air from escaping.
. | , .~ Tie a thread to the neck of the balloon.

o ) 2, vPlace water to ‘the depth of 1/2" in the flask,

| L 3. JPlace the flask on the wire gauze supported. bv the o . ,G
] o ' ring clamp attached to the support. Grip the neck | y
| | - of the flask with a burette clamp to steady it. S

{ o L, Light the”alcohol lamp, Heat the flask and water.

5. Push the balloon into the flask, xesping hold of the
.~ thread, (If the balloon is diffieult to push in,
place the balloon in the opening and allow the flask

to cool sllghtly.) ‘Adjust the thread so that the | f f 5
balloon hangs in the center of the flask above the o .
water. . :

6. Stopper the flask*tightly. Allow it to cool to room
- temperature. o |

jﬂ‘ - 7. Observe the change in appearance of'the=balioon. ” B

g | 8. -Explaln the change in the balloon and compare this
' ~ change to predicted effects of a partial.vacunm on
the human body.
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Experience E: -~

ObSefving the effects. of a partiel vacuum on gas filled~objects

s

© - Materials needed:

ball rubber or plastic (gas fllled, sealed) ?/8" maximun diameter
ditto fluid can.w1th cover .

. alecohol lamp

water -
ring clamp
wire gauze

' rectangular iron support

dish pan

~ hot pad or‘cven mitten

match

What to do. |

g 'Flll the can w1th.water a. muber of times’ to remove any |

" ditto fluid that is in-it.  Empty the can, Place 1/2“
o cup-cf water 1n the an. o . | |

2, Place the can on a rlng clamp which is attached to the

-support.

3. Heat thie can and boml the water for two minutes.

| ;‘h.'fPut the ball in the can. Seal the can wzth the screw

COVGI' .

-5, Use a hot pad to grasp the can.,’ Place it in the dish

| pan or s1nk and pour cold‘water over it,

6. Observe whet~happens to the can. Explain the observatlon.

- 7. Open the can and remove the,bell. Examlne it closely.

8. Explain any difference in the appearance of the ball,
Compare the appearance of the ball with what is pre-
dicted will happen to a space traveler who is unpro-
tected from the nearly perfect vacuum in space.
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Experience Fs' .

* w139 For discussion purposes only

Observing the effects of hot, humid air on live materiale

r Nhterials needed.

portable steamer or a teakettle with a spout

water :
coleus plants, potted 2 of equal size
reference materials (encyclopedlas, textbooks)

“VWhat to do:

1.

o

Procure a portable steamer. Flll‘it to its. capacity
and plug it in, The teakettle could be used on the
hot plate. . .

Point the nozzle of the steamer towards one plant when
the steam appears, Cbserve, Compare the appearance
of the two plants after 30 manutes.

| Have the children come and inhale the steam, Have them

note how they feel, Try to decide whether the heat,

~the high humiditj or both contrlbute to a feeling of

discomfort.

Consult reference materlals to f1nd the effects of heat
and high humidity on living material which is not

;especlally adapted to these conditions,




Experience G

' For discussion purposes only =10~ | o Concept #L6

”~

~ Observing live mater:.al un.th dlfferent amounts -of water
- avellable

_ Materials needed:

¢)leus plants 3 potted, 3 havmg game approxlmate size
pencil - 4 _ : ‘
water

 What to_dor

1, Place 3 identical po’oted plants on the window 1edge. |
Number each pot %o male 1dentifi\.ation easier.

2, Water the plant in pot #1 adequately twice a week.
' Do not oyer water, Water the plant in pot #2 as
often as necessary: to keep the soil thoroughly soaked,
* Do not watef the th:.rd plant in pot #3

o 3. f,'Observe the plants dally for ’owo weeks and note any

'd:.i‘ferences in their appearance. “

” h. Explain and summarize the observa'b:\.ons. 'C’ompare the

- .yesults to the: effects of too much or.too little water
on a man, | 4

L Fe +

el N
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.Experience H:

~1)jl= For discussion purposes only

Observing the effect of severe temperatures on live materiai'

" Materials needed:

refrigerator
oven’ :
coleus plants, potted 3

What to do-
1, Place a potted coleus plant in a refrigerator freezing
‘ compartment.
2, Place a second plant in an oven heated to 350° Fahrenhe:.t.
| 3. V;Set a thlrd plant in a dark closet in the classroom.
L. Observe each plant every ) m:mutes and compare the
‘ appearance of eacih of the plants, Stop after a
. definite cha.nge is noted in two of the plants,
5, Ex:pla:.n what caused the change in the two plants.
6.

Expla:.n wha’o happens to a man who 13 exposed to severe
temperatures, o
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Experdence It -Experienbing*anuncomfoftable enyironment _-Q-'

Materials needed:

G RS Y.

o o ‘ overooats"
" pencil -
“ paper

] , What to do- ‘ .
4 | , - SRR I VPrepare ﬁwo-arltnmetac teste of eqnal dlffloulty.

AT, s S

2, Have the cb:.ldren out on overooats. o :

3, Sit in the classroom for 30 minutes. Hévé each child
*_take an arlthmetio test. | |

. o _' o .L. Have the children,hand in: the tests before removing
’ | the1r ooats. ‘ - ‘

- 5.‘pHave the children compare their-comfort before and after
 the puttlng on of tnelr overcoats. , |

(', 6, Have the chlldren take the second test after ﬁhey have
: | | ~ cooled off and had some diversion, -

3 7. Correct both sets of tests. Note whether the chiildren
f , ' : can do their school.work as well'when they aré too Warme

5o ‘ 8. Explain the” obsetvation, Draw oonclu31ons concerning
S | ~ the efficiency of an astronaut when he is too uncom-
. fortable, (It mey be easier to do this experience by
closing the windows «nd ralsing the thermostat to overs

heat the room,)
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Experience J:

" ~i3=  Por discussion purposes only

Listing thé'conqitions‘offthe.physical,environment of space

Materials needed:

- reference materials (perlodlcals, encyclopedias)

pencil
paper

What to. do.

1., Consult reference materials to obtain 1nformation
about 'space.

2, iMake a list of the condltlons of the phy61cal envirorment
- in space., . ) o

3 ‘Cbnsult references to dlscover'what conditlons are
required by a man.. .. -, v .

L, Explain why a man cannot exist 1n space w1thout some
- kind of protection. SN ‘

/
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Concept #h? Vehicles for space travel must provide a. de31rab1e S
enviromment for man, ; ,

,,,,,
ﬁ-u“—-—._-‘-‘—Q——-———--—-‘—-o“——~--—.’~
. ..

Experience A: Studylng tbe dev1ces used to control the environment in a
| space capsule . _ :

- Meterlals needed

| : | 'reference materials (periodlcals, encyclopedias)
/ , © paper.. . .l . |
N i penc11 ; g

. What to do'»

‘Lo . Consult reference materlals to find the kinds of the
~ environmental control systems included in the
Friendship 7, Aurora T, and Sigma 7.

Tl

- , . 2, Determine whether these control systems are gimilar to
E . _ - those used in a house. :

3. Explain the importance. of controlling the environment
. to the safety of the astronaut.__ | |
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Experience B: Making a model space station

Materials needed: (see suggestions in sect1on‘VI cf this
resource unit)

reference materials (periodicals, encyclopedias)

What to do:

l. Prepare a list~of devices necessary to control the
environment in a space station which can be sent
into space in parts and 301ned together while in space.

2e the a model of this klnd of space statlon.

3. Use the model to illustrate: a report to the class about
the control devices necessary in a space station.

F

NI TE AT TR WS e



N

Fbr‘digqugsion¥pufpo§as.only‘_ R, | Y5 ,l Concept #U7

g

Experience C:

Illustrating ) method of simulating gravitational force

1n space stations

Nhterials needed:

watexr -

.pail .

referenCe materials (perlodlcals, texﬂbooks, encyclopediés) |

| What to do: I “ .~ | : | }*;'5'

f1.

2..
. ‘30"

Partially flll a pall'WLbh water. B sure there is no .

‘more water in the pa11 than can be lifted easily.

Go out onto the playground.

’SW1ng the pall rapidly 1n a varnlcal czrcle. Observe -
‘what happens, (£s long as the pail is kept moving,

- the water cannot fall out. because it is pustiing hard

"

 against the bottom, even when the pa1l is upside

down overhead.).

Explain how the experience illustrates one method

of creating artlficzal "gravity.“

: Consult reference naterials to £ind informatxon explaining
why plens for.a space station.usually suggest a wheel

- shape which'WOqld,rotate and have the work ereas along

the out31de.

| Suggest other methods of prOV1d1ng an artlficlal _
[gravitational force in a space station.

- et

taa T
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Experience A:

/

w)j T | For discussion pﬁrposesfqnlx,_
Concept #L8 - Man'is able to adapt to a slightly changed enviromment. - |
Discussing an adaptation to a slight change in ervironment
Materials needed:
, reference materlals (enchloped1as, perlodlcals, recent books )
_,swing B S
What to do' |
‘1. Survey the class to see if any of the children have taken
*;,,;a trlp throvgh the Great Lakes or a long ocean voyage.
' 7’f"2. Have, the -¢hild describe the problems of walkzng on a : i
' 'movlng surface. Have him explain the term "sea legs," -
3. Explaln how "sea 1egs" are an adaptatlon to a sli ghtl&J ;
© . changed envmronment. ' | ’
-k, Dlecuss whether an adaptatlon would be necessary to
' accommodate to.a steady surfa¢e upon ‘disembarking from :
- the ship. Consult references to find information if :
“heeessany; I S ;ri@ h-,\ , s . »
‘,S.ArHave the child describe people who were "sea SLOk" . !}
& during parts of the voyage. S . S T
6, Have each ehlld in the elass tell of his experaence e :
with motion 51cknese. . | | | ¥
7. Go to a playground, Have a child who claims to be * f
especially susceptible to motion sickness swing, Have -~ - - !
. another child who has never experienced motion sickness : °
~ swing for the same length of time, | .
- 8, Observe the reactlons of each child, Summarize the - 'Q
| observationa, ' 3
9. Consult references to Llnd whether motion 31ckness | .
- decreases after a period of time, | | | R
- .10, Relate the conclusions concerning motlon sickness to 4
‘ problems of spinning and tumbling space capsules, | BEERY




For discussion purposes only - =1k8- | ~ :° Concept #uB - - 5:
3 Experience Bs Adaptmg 0.2 sllghtly changed amount of heat. in our’ |
.. environment | i o ;
Materials needed:
!" ) . et . - o 1 ’ l . :
| cloth'ing | SN . o
~ - pencil ~ , | L - | “ | .
Y- A B paper
X BT ‘ . ~ What to do‘ L RO ) o .
| 1o Set the thermostat in "the room to below 659 Fehrenheit, =
© " .Keep. the room temperature below 650 Fahrenbeit for a day - T
“'or two, . Note any changes in the amount and types of "
,cloth:x.ng whlch are contortable. |
. "2“.' 'Describe the changes in clotln.ng wh:.ch are made ‘o fit
' . -weather conditions, . Make a chart of the type of .
(R IS . clothing worn and the weather cond:.tion, such as rain, &
h L - . Snowy hot day,, cold day.. | )
3. ‘ Swmnarlze the 1m.ormatlon concerning this method of ' g
L ' - - adapting to a sllghtly changed environment. Explain
S o why special clothlng is desmgned for space travel. ;
E ;
;\»j. ; .
!
: g
i
i
/ | i




Concept #48

Experience C:

-1h9~’*- _ Fbr‘discussien purposes'only

Discovering ways an environment is controlled

Materials needed:

pencil
paper

What to do:

1, Survey a house to discover the dlfferent ways the
environment inside the house is controlled to avoid
‘d1scomfort. f | ) .

-~ 2, Prepare a list of the énviromnmental factors controlled

and the methods used to control them, such as,
cold - furnace, heat - cooler, light - shades and curtains.

3. Prepare a report for the claSS'which p01nts out the
- similarities of the environmental control systems in
p house to those necessary to a space capsule,

ey
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Experience D:

For diééuésiah purposes’ only - «150= Concept #48

Discovering some adaustmentS‘which are made to fit an- U7
environment.. - L 4

Materials needed:

reference materials (encyclopedia, periodzcals)
pencil

paper
Whet to do:

1.

2,

s,

_ .V'“handlcap. . SR
N

Meke ‘a chart listing handicaps which some people have,

- Consult neférences'tdfflhd what' adjuétménts are necessarily

made by handicapped people in order to earn a 1ivelihood

, and live &mong non-handigapped people. '
.2

List beside each handlcap a method of adjust1ng to the

o:r'

Teke 2 field trlp to a place especially des1gned for handie-

capped people or invite a handicapped peraon to talk to the
class. , .

Dzseuss the value of these methods of adjustment to
space ploneers who may be tnable to do things in the
usual manner,



Concept #L8

Experience E:

«l51~ . For discussion purposes: only

‘Becoming aware of adaptations which can be made for an

environment which does not transmit sound

Materials needed:

penéil
paper

What to do:

e

Have: ever&one in the class. (including the teacher) stop

“talking or making sound signals for half a day. Attempt
- to carry on the usual acth1t1es.

Note the dlfflcuLtles which arlse;and the methods used
to adapt to the change.

After the "silence perlod" is over, discuss these
solutions in relation to their value to space pioneers

- who- land on an -astronomical body wh:ch has little or

no atmosphere.

Compare the effectiveness of the soluiions discovered
by the. cless to the proposed use of radio for communication.




: , For discussion purposes only «152m 'Concept #h8
4 Experience I': Becoming aware of adaptations which can be made to suit
enviromments which are not light.ed | _
" Materials needed: e we
blindfolds, clean e
What_to do: | | |
‘1. Put on a blindfold for an hour or morea Attempt to
/ carry on the usual ac’b:w:.tles. o
.. 2o _.:Note the diff:.cultles encountered and the methods used
X to adapt to the change. .- S g
| 3. .Discuss these solutions in relation to the:Lr value to
space pioneers who may. land on:the: darl' 51de of an
'astronomical body. - ‘
N
| AN
\
K

PN S

N ST 7o



Concept #L8

Experience G:

w153~ . For discussion purposes only

Experiencing a slight changse in the amount of 1ight in
an environment :

Materials needed:

mirror, pocket sized

What to do:

1.

2.

9.

Observe the size of the pupil of the eye using a mirror.

Go into a darkened rooin, Attempt to see different
objects. ,

Note whether it is possible to see objects distinetly
1mmedlately upon enterlng the room,

Note that after & nerlod of txme, it is possible to see

- objects dlstlnctly.

Use a mirror to observe the size of the pupil of the eye
while in the darleaed room.

Go into a totally dark room such as a photographer!s
dark room., Attempt to see different objects.

Observe the scize of the pupil of the eye immediately
after coming out of the dark room, HNote that the size
of the pupil changes rapidly.

Explain how a man is 2ble to make this "dark adaptation"
to a slightly changed environment.

Explain why ability to adapt to different brightness of
light is importent for a man during space travel.

- oo VL. mapeEe L e ' O tas

S Y S




For discussion purposes only |

Experience H:

"'h;

T read for five m:x.nutes. ~
5
. 6.

: wlSle - L Concept #48

| Experiencing a slight cnange in_an emflromnent!s omount ©©
of light _ | ‘

_I_J_aterials peeded:

- mirror, poéket s'iz'ed :
book

| W'hat‘to do:

.

2,

3.

1.

§

Sit down in brig,ht sunsh:me m.th a book. )

Read for f1ve m:u.nutes with bright sunéhine on the
printed page.

.11

Use a m.rror to observe the swe of tha pup:.ls of the eyes.

Move .into the shade of a. building or a dense tree and

, Obsex've the size of eye pupils ‘as before.

Compare the results.

Discuss how the abn.l::.ty to adjust to different intensities
of light is important to a man during space travel,




Ty N R N SR

- .‘(“?)‘!Zf}"

Loty

Concept #48

Experience I:

~155= For discussion purposes only

Studying the effects of inability to. adapt to or become.

to]erant to a changed environment

Materials needed:

reference materials (encyclopedzas, perlodicals, recent books)
pencil _

paper
What to do:

1. Cbnsulﬁ reféfenéé materials about "snow blindness."
Find the cause of "snow blindness" and methods of
preventing it.

2. Explain what adaptetion the human body has not been
' able to make to it the changed environment.

;3."Prepare a written report about "snow blindness " relating

the problem to a problem of manned space travel.
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3 | Concept #L49 = Man can live for a saort period of time in a greatly
. 3 changed envmronment. |

“-'——“—-.-.-—----~_-——»~-—u-ﬂ.—~~~“--‘—-mu~-—----
. b i

y Experience A: Listihg}the conditions necessary for mah to- gtay alive

f | ‘Materials needed:

5 reference materials (encyclopedias, periodicals, recent booke)
| pencil
' paper

What to do:

1, Consult reference materlals to find what is needed to
-, keep a man ‘alive, Attempt to find ‘data concerning the
~ minimum and maxlmum.rqulrement for each day.

2, Make a chart liscing the envirommental factor and the
. "extremes which are permissible. Include environmental
factors such asy oxXygen, water, food, temperature,
pressure, amount of radiation, -

- 3, ' Indicate on the chart how long a man could live when too
- .much or too 11ttle of each factor is present.

L. Draw concluszons concerning the length of time man oan
| live in a greatly changed environment, )

[Kc

Aruitoxt provided by Eic:
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Concept #L49

Experience B: |

~157- For discussion purposes onl&

Experiencing the effect of a cold enviromment

Materials needed:

ice

water, cold
dish pan
pencil

paper

‘ .What to do-

1, Fill the dish pan 1/2 full of ice. Add water to make
ice water,

2. TImmerse one hand in the water,

3. ‘Describe and record the sensat:.ons felt in the hand.
L. Remove the hand from the water after 3 minutes.

S, . Observe whether the hand is numb and whether the fingers
are as able to grasp a pencil, (There will be different
reactions by each pupil who tries this.):

6. Explain what has happened to the hand, .Conclude what
. would happen to a man if his entire body was exposed
to a much colder environment for a longer per:.od of
time, (Note: No cellular material is actually damaged
by this short exposure to cold,) >

7. Discuss what the conclusions indicate in regard to
exposure to a greatly changed environment, Explain
how the conclusions are related to the problem of man
in space.
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For discussion purposes only ~158~ Concept #L9
Experience O3 .Sbudying informatlon related to survival 1n cold

enwironments

Materials needed:

 reference materials (encyclopedlas, periodzcals, recent books)
pencil ,

peper
What to do:

1.

2,

exist in space. o

Consult reference materials written about the length of
time aviators or sailors have been eble to survtve ins

a. freezing water'wlthout protectlon 'i'

b. freezzng water'w1th clothee for proteetlon

;;e;' freezing water with an av1ator's suit for proteetion

‘Congult reference materials to find what k1nds of
. elothing and shelter are necessary for survxval in the

Arctic and Antarchlc- .

' 5Summarize the information about the effecbs of cold on
the humen body in & urltten report. g

Consult references to ilnd what temperature conditlons

!
\

Explein why' a ‘man -would not be able to survxve in spaee

‘ ywithout protection from the -cold, .



s Concept #h9 o ~159- ( “ For discussion purpo s‘e‘s'}jdﬁly
Experience D: Experiencing the effect of substituting watef for air in"

an atmosphere

Materials needed:

dish pan |

water, at room temperature
towels

stop watch

pencill

: paper . |
What to dot T ST

1. Fill the dish pen 1/2 full of waters

' 2. :Hav'e ,gach éiﬁld ut his héad under i&atér as long as
i : o - possible, Have ‘the ‘teacher time how long each child

is gble to keep his head under water, Have the .

. ehildren use the towel to mop up the ":-inlle‘cyl and

splashed water.

3, Find the average of "the times. Explain why it is
7 _not possible to remain in a “water atmosphere longers.:

e Discue:s' what would happen if a man were"expose_d to
.any. kind of atmosphere. other than airs '
5, Explain how the results of tﬁié e:‘:pefierfce gives

__evidence for the need for providing a man an atmosphere
which is only slightly. changed duri;ig_ space travel.
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For dieeuesignapurpeseelqnly»H o =160~ - Concept #49

PR

. Experience E: ,_xstudying data regarding the need for water

'. ‘ﬁ

-  Materials needed:

é L e reference materials (encyclopedias, periodicals, recent bodks)
. | © "pencil. e ' co
b | paper

2 - What to do:

o S 1, Cbnsult reference meuerlala to find informatlen about
f ” hew 1ong a man in the desert can 11ve without'water.

;; 2. Find'what minimnm.amount of'water is necessary to -

' . 'sustain life under conditions of low hurddity,

- 3. Explaln how the deta provides evidence that the

3 - | environment'W1thin a space capsule must be. carefully
: g conﬁrélled, e e ,

i I | h Prepare & written report stating the eVidence and the
S o L conc]nsion drawn. .

.1 . .
. B I > o4

.
y

vvvvvv

o



Concept #hL9 . ~161 For discussion pnrpOSes'oniy ;

Experience F: Discovering a water emvironment is not healthful to a man

Materials needed:

'reference materials (encyclopedias, periodicals, recent books)
pencil : | ‘ |
paper

What to do:

1, Review the refsrence materisls which tell about long
dlstance swimmers to find what special provisions
. must be made to protect them.. . P

92, Find an explanation of the reason for greasing the
. bodies of the swimmers. Co ,
3, Weigh yourself before éoiné swimming, Stay in the water

y for two or more hours, Weigh yourself immediately after

L, Explain why there is a change in weight. (It is possible
to observe the effects of osmosis in another way by
soaking a fresh egg in vinegar until the shell dissolves
and then soaking the egg without the hard shell in water,
Compare the size of this egg to another fresh egg still
in its shell,) | | |

g, Summarize the findings in a written report which
emphasizes why a man cannot live long in a greatly
changed environment, -

"
1
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Concept #L9 |

Experience F:

~161= 'For discussion purposes only

Discoveringy'a‘ water environment is not healthf'ui to a man

Materials needed:

'reference materials (encyéloiaedia‘s , periodicals, recent books)

pencil
paper

What to do:

l.v";‘_Revi"ew‘,. thev:efé;rénée materials which tell about long
distance swimmera to find what special provisions
 must be made to protect them. P

2, Find an explanation of thd reason for greasing the

o bodies of the swimmers.

'3, Weigh yourself before going swimming, Stay in the water

for tWo or more hours. Weigh yourself immnediately after
'ﬂﬂimmiﬂg°s', ' : = '

L, Explain why there is a change in weight, (It is possible
to observe the effects of osmosis in another way by
soasking a fresh egg in vinegar until the shell dissolves
and then soaking the egg without the hard shell in water.
Compare the size of this egg to another fresh egg still

in its shell.) | .

. Summarize the findings in a written report which
emphasizes why a man cannot live long in a greatly
changed environment,



L ARGy

F For discussion purposes only .- = =162- . . Concept #L49
; Experience G:  Studying the limiting factor for certain activities
Mter:.als needed:

reference materiale (encyclopedias, peripdica]s)

pencil
- .. paper
L | What to do:
| "1, Consult references which discuss the followmg aetivmee- |
a. Souba diving IR
, Do Working as a "ea.ndhog" g
; e... Flying a plene at high altitudes -
4. Mountain clinbing o |
- 2, Find what. environmental factor or. factora limit the
o Vheight (or depth) which.is sa.f.'e. B
’_ 3. Discover the meaning of's .
/ o ”a.," compreesion
1 ~ d,. decompression - | , | '
: L. Smnmarize the information concerning l:l,mits to life in

. ..,& written report. T |

. . Consult references to 1ind what condit:.ons exist in space,

, . Compare the conditions and draw conclueions based on the
| comparison,
2




~163 For discussion purposes only

; Ooncept #50 'Man has to carry his own oxygen when traveling
] away from the earth,

_—_—-‘*—_--———u-—-—u.——-.‘—-‘——-—__-—-——.--’

Experience A: Studying the methods of supplying oxygen to a space traveler

,.Materials needed-

5> reference materlals (periodlcals, enqyclopedlas)
a ' pencil
paper

What to do.,

1. Consult reference materlals to flnd how much oxygen 1s
required for one astronaut for one hour,

‘2, Find out where the orygen was ‘stored and how its rate of
flow was controlled in Friendship 7, Aurora 7, and

Sigma 7.

3, Find out how many hours would be reqpired for a trip to
the moon, exploration of the moon and the return trip.

h. Calculate the amount of oxygen which is required,

5, “Read about plans for Project Apollo, Find an explanation
of the methods suggested for supplying the oxygen.

6. Prepsre a report for the class summarizing the information.

PO,

1 [KC

Aruitoxt provided by Eic:
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For discussion purpesés only ~16l-

' Concept ‘#51 - Due to weightlessness:in space travel, man mey have
4 . problems- with his breathing, -drinking, eating and
moving. BT ‘

; .
‘—_--*-—-~'~~.‘~---.‘*—-‘--~--.ﬂ-‘-“~—-

~ Experience A: Experiencing difficulty in eatiné a.nd drinking due to é. change
in position as related to gravity |

Materiala ngede@‘

- . gymnasium mat' LR | |
‘ . ' . .,gppl'e - , _ A—_—
~ oup, paper © °
chair . 5 T |
reference materials (periodicals, encyclopedias)

* . What' to dos * .'.;'*-.’ - e

l, Stimulate some of the effects of weiéhﬁessness by doing
" a hand or head stend against the stall bars on a '
gymnasium mat. in gym, Have another child hold the feet

against the stall bars for safety. : ;

P
‘

; 2, Try to eat from an é,pple or to t.ake a sip of water from a
' - cup while upside down, | ' | .

3. Llean across the seat of & chair so ‘that the hips are
over the head, - - |

" 4. Attempt to eat a piece of apple. Attempt to drink a
cup of water, | .

g, Relate the difficulty of eating and drinking while
~ upside down to the difficulty which space travelers
may encounter, )

. 6. Refer to descriptions of the experiences of astronauts

Glenn, Carpenter, and Schirra to ‘find out how well the
problems of eating and drinking were solved, -

7. Suggest other ways of solving the problem.
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i

Ooncept- #52 - Sustained weightlessness: may ce.use many hazardous

—u-..-—u-—-‘——-h-‘--—“n-—q..-—h--_

Experience A:

Experiencing a moment of weightlessness

strains on-the human anatomy. -

ot

a5

Meterials neededs |

none

What to do:

1,

2‘0;
3.

Ride on an elevator where there is a considerable drop
as in Medical Arts Building or Foshay Tower.

Describe the, sensaticn to others in claes.

Ebcplai.n how this experience simula,tes weighblessness
during space t.ra.vel.

,,,,,,
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" For discussion purposes only «l66m | Concept #52

i

Experience B:-  Reviewing: the experimenfation made on the use of methods,

UomeE R T T T e e

3 of exercise during space travel.
Materials needed: |

w | | reference materials (encyclopedias, texthooks,, periodicals)
T ' . pencil : S T
N ‘ paper

. What to do:

1. Read reference materials to £ind descriptions of fakirs
™ "in Indie who gbuse their own body. Find whether any of
| them cause their muscles to become useless (atro la:yl{.

Discuss, what causes .the, muscles to atropty. .

% "“’,‘)-'T"f Y

PR :2.1-.-*.Consxi1t a  resource .p_ers'cm*who, is working ir océupational

z | ter g, e UOR 8 e ( ; , : ;

| : o _therapy, . Find what the purpose -of therapy tvreatments is.

(- | .3, Consult reference materials ‘d'eétcfibiﬁg‘-‘fAstron‘aut Carpenter's
| . £light. Find out why he used.an exercising band,

i .
| L, Explain 'hhﬂf"wéighties'shéSs"'r'nighf; cause muscles to atrophy.
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Concept #52

Eicperience' Cs

- w1b7- For discussioi’purposes only

Studying methods of Sjimlai?i?‘g,,gﬁaﬁtétigr;‘él attraction = Tt

in a space station

- Materials needed: R

% fegevéiios materials ‘(periodicals, encyclopedias)
~ pencil “ e

paper
What to do: , P w O

o ?_. ' Consult reference materials to f£ind 4nformation gbout

" the known effects of weightlessness on a man,

2;'5'."‘Réﬁqw"Exﬁ‘e'rience" ¢ for Concept #h'l. =
.31 Discuss the need for matallically weighted: shoes and

. special suits to compensate for variations in the weight
- of the astronauts, I | '. §

" "4 Siggest which method or methods would be most effective

' in eliminating each hazard listed in step 1,



For discussion purposes only w168

Concept #53 « The radiant energy from the sun. may be dangerouz 'bo
a man in interplanetery space.

-
R

Experience A: Observing an effect | pf one ki.nd of fhe‘f- e\m' s‘- radiant energy

lhteriale needed: .

- paper, black
paper, white = = | B
thermometers, Fahrenheit or cent.:i.grade » 2

What to do: = - - o e

1,” Obtain a piece of white paper ‘and & p:.ece of black
paper of the same thicknese.

2, Place them on a’ w::ndow ledge in the sunlight-.
3, Push a therimometér under each pi.ece of . paper.

i, Wait 20 minutes and read the temperature ind:.cated by
each thermometer.

5, Explain why the thermometers indicate dﬁ'ferent temperatures
) and identlfy the source of the hea.t.

B 4
R S

u;'




Concept #53 =169~ Fot discussion purposes onlv

Experience Bx .- Jleesuring the. difference in the effect.of heet energy on-
protected and, spprotected materz.al

" Matsrials ricededi’

cans, frozen julce, 2

.. water,' at, roon temperature
thermometers, Fahrenheit or centigrade s 2
peint, black, flat '

What 'bO dO‘ o EPARI A

1, Wash two empty frozen juice cans with weter. Dry them
- carefullyy - - i ) L

2, Paint ons can black with flat peint.

-~ 3, i1l each can. with water whieh 1s at room temperature. o

I

h. Place a thermometer :I.n eech cen. Observe the temperature
of the water and record: it. ;

-

5’7..\, ‘Plage both cans in.the. sunlight and allow them to stand
| an hour. .

6. Observe and record the temperature of the weter.
KT I Gompare the 1nit1a1 and final tempereturee. n
8. Identify the eouroe of the heat whioh reiees the
. temperature of the water.. Explain why the temperature
differences in both cases were not equal, |

Explain the importance of this effect on plans for
controlling the heat in a space vehicle. "
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For diecusaio'n’;pwposeef only: . =170~ . - ~ Concept #53

Experience C:r .Discovering the danger from the sun'is energy is- different
at different distances from sea level .

| }hteriale needed: N

{ ... . = .reference materials (period:.cals, ancyclopedias, bextbooka)
* pencil | | B
paper T ':..-"';;r_'.

. What to dos o R
“weoo . ds ‘Read reference materials to find oompar;laona of the

rate of getting sunburned at sea 1eve1 .and on a mountain

tcp .

i

2 Decide whet.her eunburn ia gremter close to the earth'e :
surface or above the earth's atmosphere.

‘protection’ this ini‘ormation indicates would be needed

. ,"&,

B

e~ ' .3. .Make a veport for the. class which explains what feind of

TR DA T L GRS
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Concept #53 )

Experience D:

=171 P For discussion purposes only. - .*

L1st1ng the dangers from’ the sun's energy and ways to. .
prevent inJ :

- Materials needed-

reference materials (perlodn.calsy encyclopedias > textbooks)
pencil

B

L2

3

paper
What to do: . |
*‘Consult z‘ei‘erence materials provms.ng ini'orma.tion about
-~ the - sun's ‘radiant energys -
Make a chart 1isting the kinds of radiat:.ons from the
< sun produc"mg dangerous results-on, the human bodys e.g.,
heat, ultraviolet: light. ~~ *
' D:Lscover the ways a man’is protected from these dangers
on the earth's surfaces |
L. Suggest ways a man could be pretected frem these radiations

while in space,



Experience As

\
B

For discusdion purposes only - w] 72w

the eerth

Coneept -#Sh w Man will have to: esbablish an artificisl enviromment. -

in order to survive on the surface of qther astroe
nomical bodies. -

Surveying conditii:né known to existkdn ‘pian'evt._s other than

lhterials needed:

.= peference meterials (periodicals, encyclopediag, textbooks)

paper ~

- pencil

What to do:

M

cod R Consult-. refei'eh'ce xﬁatérials tofind i;‘nfpmation about

" ‘the planets in the solar system,.

2, Make s chart listing each of the planets.
3. Indicate the hottest temperature and coldest temperature

on each planet,

Ly, Indicate whether each planet has oxygen in its atmosphere.

S, Imagine an expedition is planned which will go %o 2ll
the planets. Explain what provision a man must make to
 insure a suitable temperature and a supply of oxygen
needed to sustain life on each planet,




Concept #5k -173-  For Giscussion purposes.only -

| Eb:perieiieeB: Showing . collection of recent suggestions for' living: --
, ~ . " quarters -om other astronomical bodies - - .

"
LA

. Materials needed:

-newspapers and magazines, recent

'V paper o o |
pencil - o a e
reference materials (periodicals, textbooks, encyclopedias)

< .
. 'h.-i L]

- What to do: AR

. 1; Colleot clippings from recent-.magazin.es, “and - newspapers
about living on other astronomical bodies.

2. Consult other references to £ind further information.

3, Make » mural or booklet with pictures and reports

e ~ deseribing -the type of enviromment man would have to
devise to 1live, on the moon or. in some other alien
environment,

Make & veport to the class about this information,

,
.
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Fxperience C:

‘gransparen

1= Concept #5k

Making a model of a proposed “moon. city"

"

 Materials needed:

stovepipe wire

pliers
t material (plastic sheets, cellophana, Saran ‘Wrap) .

cellophane tape .
reference materials (per:.odicals ’ encyclopediaa)

What to do: W

- 1, ‘Gonsult reference meterials to find suggastions for a

"moon city."

2. Form the wire into the desired shape.

3. Mke a dome of tranuparent mater:.al fitted over a wire
frame, ’

' L. -Build a model city., Use the dome to cover .2 model city

to show an artificial environment naedad on the moon,

5. "Explain why: & doine is necessary to the city.
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Concept #55 = Space vehicles need to be protected against

bombardment by meteors and cosmic dust.

4 Expe'rfie'nc'e‘ As _F,i‘nding" the resulte of an -experiment on the mere fro
‘ meteors and cosmic dust during space travel ‘. . .

‘ Materials needed:

S ~©  veference materials (periodicals, encyclopediaa, textbooks)
. - - pencil O R

paper |
: What to :dq: | |
1. Consult reference materials describing the Echo I project.

2, . Find the purpose of the iprojo'ét;"aﬁd' an evaluation of the
. information gathered, - .~ --.. . . ° - S

3. | .Explain whether there is danger. of a space vehicle
impacting with meteorse’ Explain what micrometeors are.

- ). Make a report to the clags sumarizing-the information.
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Concept #56 - Rockets must be made of materials whioh'W1thstand
heat and stress,

Experience A: Observing an effect of stress due to acceleraiion

bricks, 3 (or small rocks)
paper sack

What to do'-‘

1. Place the brichs in a paper sack on the floor.
" '». Grasp the sack at the top. . Lift-the sack slowly. .
3, Observe whether anything unusual.- happens.
~ﬂ&; -Replaoe the sack and‘brzcks on the floor.

S, Raise the sack very rapidly. Repeat increasing the
1ifting speed until something unusual happens.

6, Explain the difference betwsen the first and last
observations.

7. Explain how this demonstrates one source of the stresses
which acts on rockets at blast-off,
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Experience B:" - Experiencing stress due to acceleration -

; i ! .
3 | | '
4 . . Materials needed: .

| automobile |

driver

. | What to do: | ) |
g 1. Ride in the family sutcmobile without safety belts
fastened. Have the driver rapidly stop and, start

the car,

2, Observe which direction the occupants move} as the -
car starts up, Observe the direction the ‘occupants

'\ ~ move as the car stopse. | -
\ - 3. Can you discover the _:eas_o'vn for the use of sa;‘et& belts

in sutomobiles? -
- | l,, Suimarize the- cbeervations to cbtain an Understanding of
| ~ one source of the stresses on a space vehicle and astronaut
 at take~off and when the retro-rockets are fired.

P Y N A T .
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Experience C:

Concept i#56 "i° ...,

Observing an etample of stress due to}twisting (torqpe) e

Materials needed:

clothes hanger
What to do:

1, Orasp the hook on the clothes hanger. :

2. Twist the hook back and forth a number of times. Note

that eventually the metal hook breaks off.

”,3; Explain- how this example of repeated strasses illustrates

- the nieed’ for special materials for resistance to twisting
- of guldarice fins ‘on & rockebs Lo .
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Concept #56

Experience D¢
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. ‘Observing shear on metal fastenings

Materials needed:

aluminum sheets, 2 i
bolts, aluminum, 2

bits, for metal

drill |

What to do:

1.

yo
i .
T2
[ BN

3.

b,

7.

_Obtain two ‘sheets of aluminum, Drill two holes in each

gheet near one end, 3 inches apart,

L&yhthértwo~drilled,ehdsgof‘the~pieo€sio£’métal on top

of one another so that they overlap as little as possible.

Bolt the pieces of metal together with two aluminum
bolts.

Grasp the opposite ends of each metal piece and move the
metal pieses back and forth across one another for a
period of time, '

Observe what happens to the bolts.

Compare the effeot of the sheet metal on the bolts to
the cutting action of shears,

Explain how the thin pieces of metal cutting through
the bolt is related to the problem of joining parts
of a rocket together.
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?ﬁ
S Experience E: Observing stress due to.angular momentum
3 Materials needed:
\ pebbles
‘ paper sack
‘What to do: ) o
i 1. Go outside into the school yard. StandJaWaj‘from
the members of the class and the school windows.
2 2. Place approximately five pounds of pebbles in a paper
: \ sack, A
) o 3.‘ Graép"ﬁhé sack at“thé éép. Swing the bég slﬁ#iy in a
f S vertical circle. . | ‘ |
1 L, Observe what happense
SQ; Increase the'speed'of'the bag until it is swinging
| ~ as rapidly as possible. |
2 L s . 6e Observe whatfhhppens. Explain‘hoﬁ this. experience can
" .o . .be used to gain an.understanding of one of the stresses
. "~ on'a space vehicle, S .
2
2
© .
.
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. Experience F: Qbserving the stress on’'an iject following an or-bité.l path -~ - =

74

Materials needed: B L S T

steel ball bearing, 3" diameter

balloon

string, 3' long . |

camera, with shutter speed of 1/100 second or faster -
gcissors | » o

. What to do:

..ﬂ,_,‘,.__ ,
R Sis B

Py . }

1, Srilp off the end of the dpening of :the ballcon,
'3, Place the ball bearing into the balloon as & weight.

N 3, Tie one end of the string tightly ai'ound the 6pening of
- the balloon., | ‘ y

. .. b... Go.cut onto the playground far from th. school building.
" Make sure no one stends on either side of the: ,
experimenter; however, they may stand in front or behind
N a e the experimenter, -(There is some danger that the balloon
“ ©7 77 will streteh too far and break,  The’steel ball would
' leave the circle much as a stone leaves a'sling shot,
Take care that nothing would bé in the way of the

flying ball bearing.)

5, Hold the free end of the string in one hand with the y
 balloon hanging down,' Extend the index finger of the | | J
other hand horizontally at waist level, o oo

8. Photograph the extended inde,xk. finger and the v}eighted |
balloon when the balloon reaches the lowest point of

circle.

J 6. Photograph the' weighted ballodn and the fingerQ' g o , | 5
7. Swing the weighted balloon rapidly on the end of the t
string in a vertical circle in front of the experimenter, 5

9., Use a ruler to measure the length of the index finger |
in both photographs to be sure the scale is the same
in both cases. - .

10, Measure the length of the weighted balloon in each picture,
| observe whether the balloon's length is changed, Correct
the twe lengths if the index finger lengths are not equal,

L wam Nn mmdee  eel S a,  L L

11, Draw conclusions based on ‘the observations regarding the
reason for the lengthening of the balloon while orbiting.

o byt wtesel ket on ot hene e fAme  a B
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Concept #57 - & rocket begins to rise very slowly because of- the
forces which must be overcome; e.ge., inertia,

Experience A: | TNlustrating the purpose and path of a rocket putting a
. space caepsule into orbit

3 - Materials nesded:

' reference materials (perlodlcals, encyclopedlas)

. s cotton flannel board

tight wool cutouts of parts of 3 stage rocket and !
capsule and part of the earthis surface |

What to do: _ : P

"1, Ask the class to take an imaginary t¥ip into orbit around
the earth, Illustrate the trip ¢én the-flannel board,

2. Explain the purpose of each stage of the rocket, Show ﬂ
the path the capsule follows, Show how the rocket is )
aimed so the first stage can serve the purpose of getting ‘ .
the rocket out of most of the earth's atmosphere, Show
how the second stage is used to gain altitude and speed,

Show how the third stage gives the rocket the rlght direc-
tion and speed for orbiting.

- T W Yy YO T
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Experience B:
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Doing 'a magic trick" which illustrates an effect of inertia

| Materials needed:

paper, strip, 13" x &V

pencil, with the eraser cut off to give a flat end, 3"
‘table . W e L N

What to do:

Place one end of the strip of paper on tha table.

1,

Balance the pencil on *ts end on the paper._

2. Mbisten the finger tips. Swing the: hand ﬂap;dly S0
the fingers brush against the,paper. Observe what
happensa L , . ‘

3. Replace the paper under the pencil and repeat the

- dbservation. , o

~;.h.-;Expla1n the results 1dantify1ng the force acting on

- the pencil. . . :
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©  Experience C:  Observing the effects of both kinds of inertia .

Materials needed:

building brick : |

string, 6" long, several lengths
string, 8" long -
’ - ring clamp
. rectangular iron support

" C" cla'np )

table

What to do:

1. Tie @ 6" string securely to_each end of the brick.

2, Attach the ring clamp near the top. of the rectangular iron |
. gupport. Clamp the support ‘securely to the table top vith

the "C" clamp. - ,‘
3. Turn the ririg élamp so that it hangs over the edge of the
| table.
}

. Tie one of the strings attached to the brick onto the
ring stand, Tie the 8" string to the ring stand and the
brick leaving a little slack in the string.

g, GOrasp the lower string tied to the brick, Gdve a rapid, .
~ gtrong pull on the gtring. Observe what happens.

6. Replace the broken string. Repeat geveral times to
determine whether the same thing happens each try.

7. Grasp the lower string tied to the brick, Give a slow,
steady pull on the string. Observe what happens.

8. Replace the broken string. Repeat several times to
determine whether the same thing happens each try.

9, Explain why different results are obtained in step 6
~ and step 8, | |
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Experience D:
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Observing an effect of inertias

Materials needed:

deep upholstered armchair

What to do:

1,
2,

3,

Have a child sit in the deep upholstered armehalr.

Have the child rise from the chair, Note .whether he
1ifts himself more slowly at the begtnning or near the
end of the movement,

Explain what force resists the movement,

‘Repeat the experience at the end of vhe day - to

develop an understanding of the effects of fatigue
on an individual's movements.
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Experience E: © Reviewing the blast~off time of a rocket . - ST ey e

Ma.teriéls needed:

N

\ reference materials s (replay of the broadoast of the

:; beginning of an astronaut's flight) . L

3 £ilm, "Screen News Digest No, 8" or a more- recant £ilm
] motion picture projector, 16 mm ,
projection screen

What to do:

. X, View a recent £ilm or listen to a rebroadcast of the
: ‘beginning of -an .astronaut's flight,

2. Note the rocket seems to remain motionless for one or
- two seconds.after ign:.tlon. Obse.rve whet};er the rocket
. .gains speed. o » x

3. Explain how the observations are the result of forces
'which must be overcome before movement is possible,

h. Prepare an ora.l repcrt explaining t.he observatn.ons for | N {;
" the class, - . |

e AR e L il s o blbmins L C s mAes it amr e e N .
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i{‘ Experience Fs3 Finding the direction of a-rocket affects its .speed :.
§ . Materials needed:
wagon - :
g ball ' AL
: . cateher ts m:i.tt : ,
h o globe, terrestrial f
57 | model rocket P
_. Vhat to dot ; T
; Lm0 fuq, - Heve d ohild wearing a catcherts mitt catch balls thrown
: . by a child in a. wagon which is being moved towards the
o oenter. |
v gy Have the child ‘Shrow ‘the ball & second time with the
same force from exactly the same distance as the wagon
‘ | is pulled awa;y from the catcher. |
N w38 Oomparé the apeed of the ball. emoh 'b:hne. Ebcplain why
3 ._the ball travels faster during one try. . .
‘ L. Hold the ‘model of the rocket .on the' globe, Turn the
globe from west to east. | |
§, Decide whether the rocket would 'bravel faster if aimed
- east or if aimed West.
y 6. Explein to the class the effect of the earthls ‘rotation
: and the rocket's direction on the speed of the rocket.
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 Making a reaction engine

Materials needed: T om0

carbon dioxide cartridge
firing pin for cartridge
wire, piano, length of room

_paper clips, 2

string, 6", 2 pieces

What to dos

1.

2,

5

‘Fasten the piano wire to one wall of the room, Pull it
taut and fasten the other end to the opposite wall.

Loop the center of each string around the: cartridge and
tie it tightly; one near the nozzle and the other near

- the opposite end, iake a ‘loose loop in each string by
‘tying the two ends of the string together,

‘Push the two'paper c¢lips onto the W1re and attach them
" to the: loose loops on the cartridge. ,

-l

Adjust the string and- paper clips so the oartridge hangs
horizontally near one wall free from the wire and is
'aimed towards ‘the. opposite wall. "3

Puncture the cartrioge and observe what happensa

"Explain the observation. Uompare the method of propulsion
to the mathod used for rockets. .

P T

I
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Experience Hs

159w For discussion purposes only:

Msking a simple reaction motor depending on a chemigal reaction-

Materials needed:

soda pop bottle

baking soda

vinegar

water

broom

cork, to fit bottle
waxed paper, 4" x L'
string, 2' long, 2 pieces

chairs, 2 I
- tablespoon

What to do:

1, Fil the bottle to a depth of 1" with water, Add vinegar

%o increase the depth to 130,

2, Place a tablespoon of .baking -soda on the waxed paper.
Roll the paper into a cylinder and twist each end closed.

3,. Knot one end of a string around each end of the bottle.

Li, Place two .chairs f-écing each other close enough to lay
one end of the broom on each chair seat,

5, Adjust the lengths of e strings to suspend the bottle
horizontally from the center of the broom.

6, Insert the rolled piecé of the waxed pé.per containing
the baking soda into the bottle.

7. Cork the bottle tightly immediately. Observe what happense.
8, FExplain the observations. \

9, Apply the results to an explanation of the method used to
propel. rockets.
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Experience I:

Obgserving a reaction engine in operation .

- Msterials needed:

dowel -rods, %" diameter, a2 long o small metal can, air-'

 bracs | , poL ~ tight (tooth powder,
bit, 1/L" diameter ~ spice)

wood block, 8" x 8% x 1" thick .- wire, 9", 2 pieces

match " needle

candle . S cork

tin snips L S hammer - -

tin can e - thumb tacks, b
'nail, brad y P . wood block, _-

~ thread - L o, 2mwx 3w x 3" thick
" washers, 6' L glue

. knifo x;, o L Pliers

f“What to do' | ‘

3, Drilla 1/h" Kole: through the oenter of the 8" x 8n

" Wood block. - | L

2, Force one dowel rod 1nto the hole. Use glue,‘if necessany,~

- to make sure the rod remains upr1ght. |

’_3}..Cut a notch, 1/8" deep and 1/2“ long An ‘the ‘Genter of
- the other dowel rod,

b, Cut a 1/4" wide strip of metal from the tin can which

is ‘very slightly longer than 1/2", Push the metal strip
| into the notch in the dowel rod. .

5, Hold the point of the brad in the oenter "of the metal

strip. Tap the brad gently to obtain a dent’ (dlmple)
. in the metal. o |

. Tie the washers together in a loop of thread.

7. Push the needle through the cork so that the point
extends 1/L" beyond the cork. Use a hammer to drive
the needle through the bottom of the can near one edge.

8, Pull the needle out of the cork, Push the eye end of

- the needle into the end of the dowel rod mounted in
‘the 8" x 8" wood block so ‘that it points straight upe
9. Twist a 1/4" diameter loop into the center of each

length of wire.
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/ Experience I (cbtntinued) :' |

S 10, lay the can on its side, Tirn’ ‘the can so that the

3 A needle hole is up, ..Wrap each. end of the one wire 1

R S “times sround the cen mear one end,’ Wrap the’ other wire

B “around the other end of the can., .

, . A T ,Tie a loose loop of uhread through the two small ,
1oops of wire. fon

e 12, Push two thumb tacks, one near each end, into the

é Lt Lo {side of the 2% x 3" wood block. Push the other two

o © + 7 gnumb tacks into the other side opposite the. first

S T " two tacks, Twist one free end of tie wires around each

e ', " thumb tack., Adjust the lepgth of the wires.so the can
| - ‘hangs' hor:i.zontal]y when suspended from the threa.d loop.

- 13, Light the cardle. Drop hot wax in the center of the
.~ top of the small wood blocke Extinguish the cardles
Place the base of the candle in 'ohe wax and hold it
steady until the wax hardens. \ .

. Place a teaspoonful of water in the can. , CISSe th‘e' can. o

1‘5._'\ Rest the dent .in the free dowel rod on.the po:mt of the )
A needle. Hold the vod to keep 1\‘5 from falling. |

w7 RETTT N TR o

~ le6_'.' Hang the can, and candle from one end of the dowel rod.'
S -Hang the washers from the opposite end. R

7. Move the washers along 'the length of the rod until the
‘ rod balances with the end supportmg the can slight]y

. "'._f;ﬂ 1cwer than the horizbntal. o

N T e T - o
-

18. Push gently against the side of the dawel rod to be
. sure 1t turrs smoothly. Stop the mov:mg arm,

19, nght the candle, ObserVe what happens after the water
‘jb°g1ns to steam. o . ,

R E 20. Explain how ‘the resvl ts illustrate ‘the operat.ion of a
e react:.on motor sucn as found in rockets. .
S | “‘- e .. N | .‘ '.:' .-.~‘ "~.. ) e . . o . o = Co )
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Experience J: Observing an example of thie force created by rapid combustion

&

s .
Materials needed: -

“corn starch

coffee can, 1 1b, size

- funnel, small, short stem .

cake pan, about 8" x 8"
oven .
teaspoon - -

rubber hose, to
. about 2% long
cendle, 1" long . .. | L
modeling clay - : . S
nail, 6 pennyweight T, o
hammer | .

metal-working file. (rasp)

books, about 12

match

£it tightly over stem of funﬁei,

~ What to»doz

" 1. Pound the nail through the bottom of the coffee can

half way between the center and the side., Twist the
handle of the metal file into the hole to enlarge it
enough to allow the stem of the funnel to slip through
the hole, g S e

- 2, Moke two piles of books high enough 'to'"é;lléw room under
. the cen for the stem of the funnel and the rubber tubing,
Support the can between the two piles of bookss

3. " Open the can, Slip ﬁhe stem of the ﬁmnel through'the'

- hole frbm the inside of the can,

L, Attech ‘the rubber tubing to the funnel, Hold the clay
. around the stem of the funnel to make the can airtight.

5. Use a small amount of modeling clay molding it around
. the base of the candle to hold the candle upright in
the can, L | . o

6. Heat the oven to approximately 250° Fshrenheite Place &

teaspoonful of corn starch in the cake pan, Jiggle the

pan to spread it over the entire surface. Place the pan

in the oven, continually shaking the pan, for a few -
‘minutes to dry the corn starch, Remove the pan from the
- oven, and turn off the oven. - .

R Ban R e Ay e v e kg s s L B

I
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Experience. J (continued):.

7. Place 1/2 teaspoon of dry corn starch in the funnel,
Light the candle..

8. Closa the coffee can tightly. Puff eir into the free
end of the rubber tubing, Observe what happens.

Expiain the observations., Relate the résulis to the
method of creating force in a rocket, )

*
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Experience K: Discovering the relationship of gravity and .orbital velocity

Materials needed:

phonograph turntable, 3 speed
. plywood, 5/8" thick, eircular, 12" max. dzameter
3 dowel vods, 3/L" dlameter, i’ 1ong,
3  serew eyes, 3" long, , |
brace
~ bit, woodj 3/4" diameter
| bit, wood, 1/L" diameter
P | . spring. scale - T e,
. bell, 1/2" dlameter, rubber ‘
: ball 1" diameter, rubber | R o o
'ﬂifish 1ine,about 2 feet
glue,- case:n type

What to d0°

;1;..Dr111 a /v dlametar hole through each dowel red about
3/h" from one end, . ,

2. Drill a 1/L" diameter hole 1/2" into the -opposite end of
one of the dowel rods.

3. Drill a 3/L hole tnrough the center of - the plywood and
~-a second 3/L" hole, 1/2" from the edge. ‘

' L., Tnsert the dowel rod with the two drill holes into the
o .center hole of . the plywcod with the hole drilled into
the end of the dowel rod on the underside so that the
J phonograph spindle fits into -this hole, - .Make sure .the
rod is vertical and Zlush to the bottom of the plywood.
Glue it in place.

5, Cut I2" of fish line. Xnot one ehd of the string into
one screw eye. : ,

a 4, 6. Weigh each ball and record the weights.
C 7. Twist the screw eye into one of the rubber ballse.

i | - .8 Thread the fish line through the hole in: the upper end
PR 'of the vertlcally mounted dowel rod.

9 Attach this piece of flsh line to the other ball using
the other screw eye.
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Experience K (continued)s

10,

15,

16,

- 17
1 . 18.

19,
20, -

Start the phonegraph turntable and adgust the distance
of each ball so that they are extending straight out
as they rotate, Increase the ‘speed of the turntable
1f necessary. : S o

Measure the distance of eacn ball frqm the center.
Compare the distances to the weights of the balls.

Cut the fish line ebout 5" from the emaller ball.
Insert the other dowel rod into the hole in ﬁhe side
of the circular piece of plywood, keeping the 1/L"
diameter hole dr111ed through the dorel rod at the top.

Glue it in place, Push the free end.of the: fmsh line

attached to the smaller ball through the 1/4" diameter
‘hole ‘and tie the ball to. this dowel rod en the s:de of

the circular plywood.
Start the record player at slow speed.
Observe the pOSltlon of the ball. _

Increase the speed of the:- turntable and observe any<
changes o

Repeat stepe 15 to. Jﬁ using the larger ball.

Summarize the observetions. Attempt to expreas the

. results as a rule,

" Note: An old phonograph. record may'be used in place

of the circular plywood disc; however, .it would not be
as thick and greeter care may ‘be required to. ettaeh
the dowel rods, . AN

—.«‘u., -
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Experienoce L: Demonstrating the relation of the orbital velocity to the
force which is acting to move the object away from the

- center of revolution (Note: In this experience the

‘ amount of streteh in the elastic string is used as &

quantitative measure of the force.) o

: | ‘Meterisls needed:

H rubber ball, attached to an elastic string - (part of a
game, made of paddle connected to a ball with a long
piece of elastic rubber string)

What to do:

1, Go out on the playground. Stand near a wall of the
school building which does not have windows,

2, Tie a small yloop in the end of the elastic string |
" opposite to the ball, Insert a finger into the loop
and grasp the elastic string firmly, |

3. Swing the ball slowly over the head in a horizontal
L circle., Count and record the number of revolutions
[ . in one minute, ‘

l,, Continue revolving the ball at the same speed and walk
 towards the wall of the building until the ball just
touches the building on each revolution.

§, Mark your positicn on the ground so that it is possible
to measure the distance to the building when the
experience is completed, :

6., Move away from the building. Swing the ball again in
a horizontal circle but this time swing it more rapidly.
Count and record the number of revolutions per minute

7. Keep the bell revolving at the new »s‘pe_ed'. - Move towards
' the wall of the building again until . the ball just
touches it on each revolution, - =

8. Mark this second positiori on the ground,

9, Measure the radius of the circle made by the ball in
' each trial, ‘

, 10. Grasp a piece of the elastic string between each hand,
' Pull your hands apart gently and observe, Pull your
( | | hands on the elastic string apart more strongly and
2 observe, ‘

5 o

Full Tt Provided by ERIC.
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Experience L (continued)s

11, Note that a gentle pull does not stretch the rubber
string as much as a strong pulle v A
Make a graph which relates the orbiting velocity
(number of revolutions in one minute) to the amunt
of pull (length of the rubber string when stretched
which is'measured by the radius of the cirele) in_
~the two trialse ‘ T .
 Explain how this illustrates the fact that a more
- gwiftiy orbiting object is able to pull harder against
‘the gravity of the earth, ’ | R

. State " the-conclusion as a compafison of<£he orbital
speed to the amount of outward pull on the orbiting
' balls- - e

é

Note: Satellites are sent into orbit at a speed
sufficient to balance the amount of the satellite's
 £all towards the center.of thé earth with ‘the force

of phe.saxellite!s'trying-tq go in a straight line
‘path which:is tangential to the earth. -
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Concept #58 - Space ships require many instruments to guide them, -

Experience A2 Discovering thet slight adjustments in the direction of
movement of rapidly moving vehicles produce the same
amount of change as greater adjustments on slowly moving
vehicles .

Materials needed§

bicycle o
hill, gentle slope
hill, steep slope

' . o

What to do:

1, Ride the bicycle slowly down the gentle hill and rapidly
 down the steep hill, Turn the front wheel from side to
side during each ride, -~ ,

2., Observe how much the front wheel must be turned to make
a turn at each speed, Compare the amount the front
wheel must be turned to go around the seme kind of
corner,

3, Use these observations to draw conclusions concerning
the size of fins ard the amount of movement of these
fins which would be required to change the direction
of movement of a high speed rocket.

Full Tt Provided by ERIC.

Q
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'Experience B: Observing simple-examples of a guidanée Byatdml;'

‘Materials needed:

top
‘book .

ugyruscope7;
What to do:

-1, Start a top spinning on_the surface of a book.
2, Lift one side of the book slightly.

3e Observe whether tbe top continuos to spin éfraight
up and down or whethar it tllts'with the ook, -

L. Start a toy gyroscope. spinning.

5., Move it to a dif¢erent positlon and observe whether
it epins in a new direction or if it continues

spinning in the same direction.

6. Expla*n'wmy a gyroscope would be a valnable instrument
to guide a space venicle. ' ‘

' [R&C

Aruitoxt provided by Eic:
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3 Experience C: Discovering the importance of aim in reaching a moving object

: Moterials needed: | o ;
o . i
ball

| What to do:

1, Go out51de 1nto the playground,

'2.  Throw a ball to a child.

3, Observe the directlon.that the ball 1s thrown,
l'ﬁgfﬁﬂave the cn11d run as you tbrcw the ball to hlm.

'5;“ Observe'whether the balT is thrown towards where he
is when 1t leaves your hands or towards where he'will

+.he.when it reaches him, -

6, - Throw the ball too far in front of him or towards where
he 1s when the ball is released. Observe what happens.

7}' Egplaln “how thxs Lllustrates the problem of alming a
o space vehlcle. R R

UL
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Experiencing a problem related to 2 problem of space travel: .-

Materials needed:

merry-go-round in a park plavground
ball

What to do¢

1,

2.

Have two chlldren sit on opposite sz.des and play catch
with them,

-Start the merry=-go-round moving, Throw. the ball to each

of the children. Ha.ve them throw the ball to- ea.ch other.

Exohange posit:.ons and contn.nue until each h.ev= had

.;‘:experienoe throwing o e -.\_

e

a;i from a stationary place to a moving place

from a mov ng place to a st.at:.onary place

‘c. from a moving place to another moving place

Compare the observations. Explain how: this illustrates
some oi' the problems of aiming a rocket,
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Experience E:

-'Disooverjmg‘a method of’determinlngflbcationgin.apace

Materials needed:

balloons, 3

strings, various lengths, 3 ISR
.. ladder, about Al tall . .

What to d0° ,
‘l. Blow up all three balloons. Knot the.heck;of“eaoh;
e -\balloon. u S e

2, Tle one end of a strwng to the knot in one balloon. )
Hang the balloon from the celling

i, Repeat steps 2 and 3 wzth the other balloons hanging

. them from the ceillng at dlfrerent places and at dmfferent
heights around the 1OO0M, e .

5, ~Stand at one place in the room ‘and drew’e dlagram of
the location of the balloons by'maling 3 dots on a piece
of paper. , :

6. .Move to a dlfferent plaoe. hrEW~a new diagranu'

7. Lie down on the floor and dlagram_the balloon.

v8._ Stand on a 1adder and diagrwm the balloons.

9. Compare the dlagrams to see if they are identlcal.‘

10. Go back to each place in turn and make a new dlagram.

i1, Compare the two sets of diagrams. Discover wbether
there are palrs of Glagrams,

12, Explain how this method could be used to navzgata 1n

space.
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i» Experience'Fé

- Materials needed:
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' Classifying guidance and control equipment for space

vehicles

I's

reference materials (perlodicals, encyclopedias)
pencil | . s 3

paper
What to do:

1. Consult reference materials to fmndnout ebout the
instruments used to aim, guide, and control space
vehicles,

2. Group the instruments intO‘two‘greups:'w:
instruments in or on the ‘space vehicle

b. 1nstruments on earth

“ "3.;'Indicete the purpose of each 1nstrument Ain a group

'be81de its Namee - ' RS

. Suggest reasons why all the equlpment is not on the
: space vehicle,
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Aruitoxt provided by Eic:

Concept #59 = High speed in space travel is desirable to cover
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great distances in a convenient time,

Experience A: . Calculating the tine required to travel to nearby planets
- and to the nearest star '

'Materials needed:

!

- chart, "Some Astronomical Facts and Approximations for
Taeaching," Appendix A |

pencil o L

paper

Whét to do:

1.

s,

Consult the chart, "Some Astronomical Facts and

. Approximations for Teaching," to find the distance

from the sun to Mars and to Venus,

Calculate the distance from the earth to Mars and to
Venus by subtraction (assume the closest distance
between them), |

 Find the distance from the earth to the moon.

Assume a space vehicle can travel 25,000 miles in one
hour, Calculate the distance it could travel in one

day.

Calculate the number of days required to travel to
Mars, to Venus, and to the moon by dividing their
distance by the answer found in step l..

Use the distance to the nearest star calculated in
Experience B for Concept #6 to calculate the time
which would be required to go to the nearest star.

Repeat the experience assuming a speed of 500 miles
in one hour which is approximately the speed of some
commercial airplanes, |

Explain why high speeds are very important for travel

in the universe,
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V. Review of the Unit

Have the class view the instructional motion
picture film, "Research by Rockets" as a
review,. .

(Do not use this film with slower learners
gince it is difficult,)
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VI, Suggestions for Construction Projects

Note: The construction projects arve not of muc

they are done very carefully to scale..

h s’cienfiﬁé vélue unless
.These. scale models are

good. devices for motivating factual reading and close study of
{1lustrations-and other visual materials. They arouse interest
 and lead to creative thinking sbout the problems, inherent in -
this unit, Much of the actual work can

period or correlated with'ax;jb. .

A, Space Qe_,gsules and r_ockets'v',

1, Floor models can be

be done in the activity

constructed out of iarge |

cardboard cartons, ‘such as those used by moving
packers. These can be covered with brown paper
or corrugated paper to gimulate metal and give
the illusion of & cylindrical shape. - .- = ..

. 2, Table models can be constructed o‘u't' of cylindrioal" |
_eardboard cartons used for packing oatmeals The

econoniy size is very good for this purpose. More
than one container can be utilized by removing
bottom from the additional cartons which then can
be placed on top and teped (masking tape) so all
. 4the cartons are held together, . Three cartons can

' pe ubtilized for three stage rockets, - Cartons

. - ghould be covered with brown wrapping paper or
construction paper to simulate metal, Fins oxr
legs at the bottom can be made from oak tag or
construction paper with pliable wire (similar to
that used for wire sculpture) worked in to provide

strength for the fin frame,
‘Work here in place of wire,

B, Space Stations

Pipe cleaners also

1. A wheel shaped station can be constructed from
paper rolled and attached to a pliable wire

frame,

9, Cardboard cylinders used as foundgtion for wax

~ peper, Seran Vrap, or aluminum foil work very
well as construction material for a wheel shaped

space station model, Smaller cylinder»s from
 tojilet tissue rolls work very well for spokes of

the wheel,
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VI. Suggestions for Construction Projects (continued)
i - C.V'Dloramas |

A cyllndrlcal shape to give an interior view of
a ship‘can be attained by cutting an-oatmeal

.. ¢arton lergthwise and fitting a half section

; ' p_-,'*  into a shoe box or other rectangular frame.

! . D, Furniture

Scale models of thé furniture for' the space
~ capsule, space staticns or’diorama can be
constructed out of toothpicks or matchsticks
glued together or molded clay,  These can be
covered W1th materlal scraps. R

B, - Astronauts

"Scele models of the astronauts can be constructed
from paper mache, - The figures also can be made
‘ from p1pe cleaners. \

F. ‘Clothes
B -———-—T-g

Clothes for the models of the’ astronauts ¢an be
made from material scraps, such as construction
paper or crepe ‘paper and/or alummnum foil,
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VII - Bibliography

Pupil Texts .

Beauchamp, W, L., et ‘al, Discovering Our World - Book 3. DPs 187 - 213,
1957, Scott Foresman, This book has an excellent astronomy review.

Frasier, Ge Wy ot ale Singer'Scienoe Problems - Grade 6. pp. 290 = 339.
1959, L, W, Singer is book contains an astronomy review; a
discussion about the 1nstruments for space study, rockets, satellites,
some problems of space travelsy and good illustrations and experiments.

§gpplementar§ Tektsp

Baker, Arthur, et al, Your Science World, ppe 217 = 225, 1955,
Rand & MeNally. This book has material on rockets, space statlons,
spaoeships and exploring space, . |

Barnard, J. D., et al, Science Health Safety - Book 6, {(Macmillan Science
L:fe Serles), 1959, Macmillan, 1This book 1ncludes material not found
‘elsewhers, excellent actmvitles for space travel, space statlon and
‘problems of man in space.

Basic Sclence Education Intermediate.Series. "GrsV1ty" and "Sky‘Above Us.".

95L~59, Row, Peterson, 1Ihese booklets are easy reading and have
good 111ustrations. ' )

Reference Books

Note: Several of the books sugvested in this llst are already out of
 date and have an historical :.nterest oh:.ef'.L,r.

Adler, Trving, Man-Made Moons.. 1958 John Day Co. This is a detalled
book about satellites,

Adler, Irving, The Stars: Steppisgstones Into Spate, 1956 John Day Co.
This book is hard reading, grades T = 9. It has good 1llustratlons.

Beeland, Lee. Space Satellite. 1957, Prentlce Hell, This book explains
how the first American man-made satelllte will be sent into space,
how special instruments will record and relay information about :
atmospheric oonditzons.. 'Tt tells the story of I.G.Y,, its equiprent
‘and aspirations. This book is interesting because it is possible
to compare predictions to actual prooedures used today. |
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C. Reference Books - (continued)

Branley, Franklyn., A Book of Moon Rockets for You. 1959, Crowell,
New York. This easy reading book contains information about ,
types of moon probes which are planned and ineludes a discussion .
oi the specific, scientific questions which the moon probes will

angwer, .

Brenley, Frenklyn, %_(Eriments in the Principles of Space Travel. 1955,
Thomas Crowell To, 1This book contains explanations and eXperiments’
_ related to space problems, ' It is ‘detailed and well done but the

" reading level is grades 7 - 8, . AR

Branley, Franklyn. Exploring by Satellite = The Story of ‘Project Vanguard.
1957, Thomas Crowell and Co, - This is a beautifully illustrated book
containing scenes of space and rockets, It is faotual and well done.-

. The-reading level is grades 7 = i, - . , .

¢

sBrenley, Frankiyn. Mars. 1955, Thomas Crowell Co. This book has:a’
reading level for grades 7 - 12, g | R C N ,

Burt, Olive W, Space Monkey. 1960, John Day Co. Thls book iraces the -
life of Miss Baker, the monkey which was the first ‘1iving thing to
journey into space and return safely, Her early life in the jungles
of Peru and her training for space flight are described. : :

Campbell, R, W, Tops and Gyroscopes. 1959, Crawell, New York, -Although
this book does not contain information concerning the use of
gyroscopes in space vehicles, it provides good background material
for explaining the principles behind the operation of this instrument.

#Chanberlain, Joseph M. Space. 1957, Creative Educéiional Society.
This book has a discussion of planets, stars and space.

Coorbs, Chas. I. Rockets, Missiles and Mooms. 1957, William Morrow,
This book has good discussion of methods of transportation beyond
. earth’s surface and what we may hope to discover when man reaches -
the moon, The illustrations are good., The reading level of this
~ book is grades 3 - 6, et ' S

Coombs, Chase I. Sk&rcckéting Into the Unknown. 195’4, William Mdi?roﬁ.
‘This book is Tard reading, gredes [ - 9. The print is small but
there are good illustrations. | e

Crosby, Alexander L, Rockets Into Space. ~1959,,Rahdon House.. This book
explaine rockets and satellites work, what is needed to send a man

into space, how space stations are built and what will be needed for
the first trip to the.moon. . R

#This reference provides information which reviews many concepts on astronony.

Full Tt Provided by ERIC.

ERIC
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¢, Reference Books - (continued)

Dietz, David, ALl About Satellites and Space Ships, 1958, E, M, Hales :
and Lo, Tnis book has good description of the progress made in |
satellite launchings and a discussion of space medicine and effects
of space travel on man's anatomy, It includes some materials on
space stations and space ships, It has good illustrations and large
print, - - Co . ‘

#Fenton, Carroll and Mildred, Worlds in the Sky. 1950, Jdohn.Day -Coe

This is a well illustrated book about the stars, planets and moon.
The diagrams are very useful, ‘ |

#Freeman, Mae and Ira., Fun with Astronomy. 1953, Rahdom.ﬁouée‘.' This book
is well illustrateﬁ‘ﬁifh'photographs. It is easy to read, containing
a minimum of details, |

4Freeman, Ira and Mae, The Sun, the Moon and the Stars, 1956, Rardom House.,

This is & pleasing book explaining the theoretical origin of the
heavenly bodies and facts about them. Not too detailed, attractive.

sGallant, Roy A, . Exploring the Universe, 1956, Garden City Books, This
book contains a good discussion of astronomy and fine illustrationse.
The reading level is grades 5 = J.. . . L

#Goodwin, Hal, The Real Book About Stars. 1954, Garden City Books. This
is a Getailea book Tor youngsters about the astronomical bodiesS.
Tt contains very good charts of the wmoon and other objects. It has
a reading level of grades 5 ~ 8. . : ..

Holssert, Bunice, Outer Space - A Book to Begin On, 1959, Holt, This is
an easy book showing some of the basgic facts and,equ;pment for space.

Hyde, Mérgaret 0. Exploring Earth.and Space;  1957, MbGréwvHiil.,
This is a good book with a reading level of gradeslt = 7,

Hyde, Margaret O, 0ff~In£o Space. 1959, McGraw, This is an'exciting
book for eight to twelve year olds who may be our future space .
travelers, - . | : S

Kay, Terencé.' Space Volunteers. 1960, Harzér and Brpthérs,‘Néw'YOrk.f j
This book contains interesting information about research on
problems related to manned space travel, o

Knight, Clayton, How and Why Wonder Book of Rockets and Missiles, . 1960,
Merrill, pp. 37 - LS contains excellent illustrations, This book °
' has a fairly difficnlt vocabulary. It covers space.vehicles, problems
of man in space, space stations and space. travel. SR

#This reference provides information which reviews many concepts on astronomy.

K
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C. Reference Books -~ (contirued) R LB

Lewellen, “John, You and- Space Neighbors, 1953, Alfred A, Knopf. -
- This book is good for slow readers because of the fine’ illustrations”
but the information is not too pracnlcal. Vocabulary is fairly S
dif?icult. : _

stellen, John. Ycu and Space Travel. 1958 Alfred A. Knopf. This book
- has excellent filustrations and is interesting and fairly infonmative
although it does not contain too much practical application, There -

are pictures for slow - learners but the taxt is for good readers.

Ley, Willy, Conguest of Space. rev. 1959, Simon & Schuster. This book
describes transcontinental rockets, the topography of -the moon, the -
major planets and their satellites and a prospective trip to the moon.

Ley,'Willy. Man-Made Satellites. 1957, ‘Golden Press. Thig ‘book predicts SR
" méthods of launching and uses for man-made satellites. The book is:
 interesting because the child can make a comparison of the predictions

with actual events.. ‘

ley, Willy, Space Pilots. 1957, Simon.&,Schuster; This book discussés
the problems of choosing and training men for space travel, It has
a veadirg level range of - gradas 3 =9 It is valuable because of
the 111ustrations. SR . R A -7

Ley, Willy." §pace Stations.' 1958 Simon & Schuster. This ‘book - tells how
space_ stations will be used for astronomical cbservations and as take-
off points for further space travel., It describes hcw they W111 be -
built, launched and maintained in orbit.

Ley, Willy, Space Travel. 1958 Simon & Schuster. Thishbook predicts
_ rocket age and explains how man'W1ll escape from the atmosphere and
" conquer open space. The suggested reading level. 1s-grades 3 - 9. '

Meyer, Jeroms, Picture’ Book of .Astronomy. 19h5, Lothrop, Lee & Shepard,
This is a simple ook telling about objects in ‘space; and space vehicles.

Mbore, Patrick. The Boy's Book ongpace. 1956, Roy Publishers, This b00k
i3 interesting and informative but requires a-good readér. The : :
reading level is grades T-11le - | :

Neurath, Marie., Rockats and Jets. 1952, LothrOp, Lee and Shepard. This
book is valuable mostly for the illustrations of the principles of
engines, rockets, .and. parachutes. AR . |

Neurath, Marie. ~ Speeding Into Spaces l9ph, Lothrop, Lee,and Shepard.
‘This book is valuable mostly for the illustrations~of space vehicles
and space stations, - . , :

‘ [Kc

Aruitoxt provided by Eic:
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C. Reference Books - (continued)

Newell, Homer E, Space Book for Young People. 1958, icGraw, This is
a good book on astronomy., It gives facts about space, space travel,
roclets and satellites., It supplies the methematics necessery for
a ready understanding of space distances and rocket speeds,

1

Podendorf, Illa, True Book of Space. 1959, Children's Press. This book
discusses whal is space, where is space, what is outer space, and
how and when a man will travel in space. It is a simple, easy book

on space ideas,

Pratt, Fletcher, All About Rockets and Jets, 1955, Random House. This is
'a well illustrated book about the development and use of rockets and jets.

Pratt, Fletcher, et al. By Space Ship to the Moon, 1952, Random House.
" This is a beautifully illustrated book with good text about a trip to
the moon, It is one of the very best on the subject but it is hard

- reading.

Ross, Frank, Jr, . Space Ships and Space Travel, 1954, Lothrop, lee and
Shepard, This is a detailed book about the history of space travel
and modern problems on the subject. It contains interesting -
historical photographs, - » ‘ o |

#Ruchlis, Hy, Orbit: A Picture Story of Force and Motion, 1958, Harper

and Brothers, This 1s a well written, illustrated book related to
flight and space which shows Newton's Laws of Motion in action,

 sWnite, Anne Terry. ALL About the Stars. 1953, Random House. This book

contains much informaticn about astronomy and includes a chapter on
what life there may be on Mars, The reading level is grades U - 9.

The second experimental edition of the guide, Literature in the
Junior High School, contains a bibliography on pages 56 - 56 on
TiGnis Invasion of Space." The bibliography intended for grade
nine children contains science information and science fiction
books, Contact the grade nine literature teacher in the nearest
junior high school to make arrangements to borrow the guide,

Note: Additional Space Travel information may te secured by writing
the following: | _

National Aviation Education Council
1025 Connecticut Avenue, No W.
Washington 6, D.Ce

National Aeronaitics and Space Administration
Washingtor 25, D.C, ,

#This reference provides information which reviews many concepts on astronomy.
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Earth Satellites:

. PILMS

.
. - -

' Explorers of Outer Space

" EFF = 001§r'é 17:min}"' '

- pxcellent film, Covers application of natural laws in
" putting satellites into orbit (Sputnik I, Explorer I,
©* Vanguard, Jupiter), Good explanation of balance between
”centrifugalrforCe-and'gravtﬁy; Information on tools

. station and space ship in space, itself.

~ Gravity

used by astronomers, first satellites, use of satellites,
training of men for space travel and building a space

-~

Coronet = EA = 10 min,

Well done = simple. CcverS'relatidnship oflmass énd

“distance to gravity. Some;meppiohnofispa¢p'travel.-

Man in Space

‘Walt Disney - Color - 30 mine

Effective presentation of man's problems and needs in

" going into space, ~Holds children's- jrterest, stimulates
- imgg}patiqn and ggnerally’wellhdona." ‘

Mars and Beyond -

Walt Disney - Color = 30 mims

"Excellent information on space ships, surface features

" and possibility of life on Mars. Brings in contributions

Our Mr, Sun# -

of Galileo, Von Braun, Herschel and Copernicus, Has nigh
jnterest value for children, A

"' N,W, Bell Telaphone - Color = 60 min,
" Lomg, but well done with story narrative acted by

' Richard .arlson, Comes in two’reels,'each»apprbximatély

.30 minutes in length so could show first part, discuss;

Planets.in Orbits -

then, go on to second reel, ‘Snows need: for sun for

existence of life on earth,

EBF - B/ = 10 min,

' Covers laws of Kepplon and other historieal data in this
area (thecries of Ptolemy, Copernicus, Keppler, Brahe).

 Very good explanation of relationships in solar systen

»

between sun and planets, how planets‘rotate'around sun,
‘yevolve on axis, etc. - Shows how Galileo came to invent
the telescope, improvements made by Keppler -and gives
tables for movements of tbe'gtars,.moons-andrplanets.

*This feference provides informition which reviews many concepts on astronomy,
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Films - (continued)

3 Realm of the Galaxies
Educational Testing Service ~ Color - 20 min,

Well done but for good students -~ would need thorough
discussion followingz viewing, Covers corona of sun,
: . size of stars, development and use of different kinds
\  of telescopes, what the universe contains, shapes and
sizes of galaxies and how the observatory at Palomar
operates. Particularly good in showing operation of .
modern observatory and work of astronomers. ]

Reseerch by Rockets

McGraw Hill - Color - 27 min,

Research and power of rockets is étresse& ;nd their
functional application as devices to permit:'man to
extend his knowledge of his planet and the cosmos
thematic, Difficult = use for summary activity.
Satellites: : | o | : R |

Stepping Stones o T
to Space - Film Associates of California - Color - 17 min, ;

Excellent coverage of what satellites are and why |
they are important to us; shows instruments-carried o ;
in satellites and explains use of each with diagrams. o :
Deseribes how Explorer I was put in.orbit, why

satellites stay up., Holds interest and good for

elementary group. e -

The Solar Family# EBF - BM - 10 nin,

Describes theories about origins of the solar system.
Vocabulary is quite difficult so needs considerable
discussion, - Shows size of planets and their orbits :

~.around the sun, Also, portrays pnysical conditions |
probable on Mars and Saturn, the asteroid belt and
the orbit of Halley!s comet. e

. The Soler System# Coronet - BAW - 0min, | o L

3 : Very good, Shows distance\oﬁ planets from sun, relative
3 ‘ size of planets and sun and how planets stay in orbit
around the sun, S -

A Trip to the , 5 L , .
Moon - EBF = Color = 16 min, - R ]

A

' . Describéé'the trip;of.ah'ﬁﬁagiﬁé;j rocket to the moon,
1 High interest - facts necessary for navigation to moon
and know conditions of moon's surface, - =

-

#This reference provides information which will review many concepts on astronomy.

*
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VIII., SUMMARY LIST OF SUGGESTED EQUIPMENT. AND ___SUPPLIE{:"»,

- aeneroid barometer

; alcohol lamp

| aluminum foil
aluminum sheets
apple
aquarium
asbestos sheets
automobile
automobile tire

baking soda ' I
ball ' L e
ball bearing . - T
ball, sponge rubber, 1" diameter
balloon
barrel
bathroom scales
! bead, white, small
- ~ beakers, 250 m
B - bearing, steel ball
bicycle
' bicycle tire pump
1 bit
) bits, for metal
black coat
blindfolds
bolts, aluminum
board shelf from bookcase
board 3/l x 3' x 31, plywood
book o
| book, "Who's'Who in Biological Secience"
. book Mfhots Who in Physieal Science"
- book "Who's “ho in America" :
| bottle smooth cylindrical shape, clear glass }
: | bottle, tall, small mouth,'W1th cap
brace
bricks
brick, heavy construction
‘ broom
. burette clamp

nen glamp

cake pan '

camera, with shutter speed of 1/100 seconds or faster
candle

cans, frozen juice

cardboard, 21 x 3!

cardboard, corrugated
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carton, 12" x 1 " approxinmxely . | T e T
 cat fur, piece | rEnE e K
catcher!s mitt T | ¥
chalk
chalkboard erasers
circular cardboard carton
(used for shipping dry chemicals)
clips, alligator
clippings
| ~ elock,
| clock with second hand
: cloth, large enough to cover clock
clothes hanger
clothes pins (not sprlng twpe) | . o R o
" clothing B ' A R
( ~ coffee can e
i colored sticker o L ' f
% ' coleus plants Lo -
‘ . compasses o
corn starch
“cork to fit bottle
cotton flannel board
crayons

deep armchair
desks
dish pan '
ditto fluid can'with cover
i doll, about 24" long
. | dowel rod, 1/2" diameter, 6" long .
- | dowel rod, 1/l diameter, 12" long *
drill

~ electric fan ST T e o CL
electromagnet - S N R RN
electroscope
eraser, rubber

S N T Ens -
T Lt ~ e T

x
e s

’ flrlng pin for cartridge
o fish line, 5' long
& flashlight
flask, Florence 500 ml, Pyrex
flax | o
fork, metal "
frying pan, cast iron o+ diameter
frying pan, stainless steel, 10" diameter
fumel
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% glass jar, wide mouth, one gallon
glass tubing

globe, terrestrial

! graph psper

gymnasium mat

gyroscope

, hack saw

i ; hair pins

hammer

handkerchief

hardware cloth

hot pad or oven mitten

\
\ : ice
‘ ice cube

Jar cap

knife
knife, switch

; ladder, 5!
) large jar with cover
liquid petroleum burner

magazines, recent
magnets, bar, with different strengths
mail tube or other eylindrical object
marbles
marking pen
matches
mecicine dropper . ‘
marry=-so~round in park playground
qetal working file (rasp)
milk
mirror, pocket sized

f model rocket

‘ model of a satellite

modeling clay

motion picture projector, 16 mm

nail, brad

neils, finishing
needle

newspaper
newspapers, recent
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one hole rubber stopper
oven
overcoat

- paint, black
paper
paper clip
paper cups, cone shaped
peper fastener, 1/2"
peper sack
Park!s Satellite Rocket
paste
‘pebbles
pen
pencil |
pencils, colored
pennies -
periodicals
physical features map of Minnesota
physical features map of the United States
phonograph turntable
pin
ping pong ball
plaster of Paris
pliers -
pocket mirror
portable steamer
potato, very small
printed page from newspaper
projection screen
pulley
punk or twist of paper

rectangular iron support . : - T
reference materials (recent periodicals, textbooks, encyclopedias) -
refrigerator SR e
ring clamp ‘ | IR oo
roller skate ' o S
rope, 6% long. v '
rubber ball, attached to an elastic string

rubber band

rubber hose

rubber rod

ruler
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send
sandpaper | . .
gcele model of a space capsule |
scissors
scrapbook
scraps of wood, cloth, elastic, wire
screen, window about 6" x 18"
screw eyes .
screw, round headed 1/2" long
sheet of paper, 8" x 1M
shoe polish, black
sioper straw, paper or plastic
slide projector
amall metal can (tooth powder, spice)
soda pop bottle ‘
spring, from screen door
. spring, scale
stick
stop wateh
storage battery, 6 volt
stovepipe wire
string
student desk
swing

table
tape, collephane
tepe, cellulose
tape, masking
taope ieasure
teaspoon
thermometer, Fahremheit
threed
thumb tacks
- tin can
tin snips
top
towels .
transparent material (plastic sheets, cellophane, Saran Wrap)

triangular file |
vinegar

wagon <

washers, 1/2" inside diameter
watches

water |

wax, "Sealstix"

3 ~.
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weather balloons, 30" diameter
weight

wheat paste

white mouse

wire, copper #18

wire, heavy

wire, iron #18

wire, plano

wire gauze

wood bits, 9/16" and 18" diameter

wood block

yardstick
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MINNEAPOLIS PUBLIC SCHOOLS
Seience Department

TWENTY STARS OF THE FIRST MAGNIIUDE
(in order of brightness)

Distance in

. Star Light Years Constellations
; Sirius ' 8.3 Canis Major ("The Great Dog")
; Canopus 200 Argo ("The Ship")
- Alpha Centauri i3 Centaurus ("The Centaur")
[ Vega 26 Iyra ("The Lyre")
Capella 50 Auriga ("The Chariot")
Arcturus L0 Bootes ("The Herdsman")
Rigel - 600 Oorion ("The Hunter")
Procyon 10,4 Canis Minor ("The Little Dog")
Achernar 70 Eridanus ("The River")
Beta Centauri 90 . Centaurus("The Centaur")
: Altair , 16 Aquila ("The Eagle")
) Betelgeuse | 300 Orion ("The Hunter") s
Alpha Crucis 100 | Crux ("The Cross")
3 Aldebaran €0 Taurus ("The Bull")
Pollux ‘ 32 ‘ Gemini ("The Twins")
Spieca 200 Virgo ("The Virgin")
. Antares 400 Scorpio ("The Scorpion")
_ Fomalhaut 24, Piscis Australis ("The Southern Fish")
Deneb 400 ~ Cygnus ("The Swan")
Regulus 60 Leo (“"The Lion")

- . ek o .
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MINNEAPOLIS PUBLIC SCHOOLS
- Seience Department APPENDIX C

CHANGE OF WEIGHT WITH CHANGE OF DISTANCE FROM THE CENTER OF THE EARTH

This table assumes that a 100 pound boy on the surface
of the earth is 4,000 miles from the earth's center of
mass, The table also assumes that, as the 100 pound
boy moves away from the earth, no other object exerts
a gravitational attraction on the boy.

Distance from center " .
of earth in miles : | Weight in pou;xds

100
6L
Lk
33
25
20
16
10
6.3
4.0
1.8
1.0
6l
ol
033 ‘

«20
.16
Ol

4,000
5,000
6 000
7,000
8, 000
9,000
10,000
12,000
16,000
20, 000
30,000
10,000
50, 000
60,000
70, 000
80, 000
90,000
100, 000
200,000
300,000

mu s w R DN ANRARROREDONOR
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A MATHEMATICAL COMPARISON OF THE EARTH'S NATURAL AND
PROPOSED ARTIFICIAL SATELLITES

I, Our Moon

From Sir Isaac Newton's third law of motion we leafn that "to every
force or motion there is an equal and opposite force or motion." It
is believed that the reason any satellite stays in <ts nearly circular

orbit, rotating around a planet, is because the gravitational force
(a,F.) or centripetal force imward is exactly equal at all times to

the centrifugal force (C.F.) outward,

G:.F. = K-M.P'b = CoFe = sz2
D2 | D (a)
where | where :
-~ K = a constant | M = mass of the moon
M = mass of the earth 'V = velocity of the moon
M = mass of the moon D = distance of moon!s
D = distance between the center to center of

centers of the moon
and earth

rotation (earthts
center)

/’\\ ® B /\i

/ -~ -~
[ Eertn \_—" | )
k" 2 éf*’//’ 0
_ / Get * ™o+ ‘ "H
\‘__/ . - : ¢'qe‘k’°°’>
K % = | p V2
D2 | D

Cross multiply:
KM MDD = VD2

Divide both sides by MpD:

KM = V2D or Ve =Kl (8)
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By this means we have excluded the weight of the moon from ouxr equation,
From Newton's first law of motion we lmow that the gravitational force
(G,F.) on any body on the earth's surface is the product of its mass and

" acoelerations G.F, - m &, Substituting for G,F, in the left hand

equation (A) above, we have:
me -KM¥ M
D2
Solving for K My = a D°

We know that the acceleration %a't of any freely falling body near the
surface of the earth is about 32 ft/sec/sec and D in this case is the
diameter of the earth or 4O0O miles 5280, ' '

Therefore Kify = 32 (400045280)2
We how can substitute in equation,

(B) V2 = 32,(1000,5280)
5

Since the distance, D, from the center of the moon to the center of the

" earth averages about 61 times the radius of the earth, then D = 61,4000,5280.

Therefore V2 = 32, (14000,5280)2 = 32,1,000.5280 = 11,080,000 = 11,08 x 106
| 61.1000.5280 oL | S

v = 11 08 x 106 = 3,3 x' 103 or 3300 f’o/sec.

Since we know the velocity, V, of the moon along its orbit and the circum=
ference of the orbit, (2 r =2, 3,116 o 61 o 4000 o 5280 = 841 % 109)
we can determine the time the moon requires to go around the orbit by,

circumference = Vt, ,
t = Cir = 8,1x10° = 2.,43x10 seconds

V. 3,3x100

which is 2,43 x 106 seconds = 675 hours or 675 = 28,2 days
2L 2L




II, Proposed Artificial Satellite

L' Sa iR S

RAREY SRS 1

As we look at equation (A) and/or (B) we can deduce that if an artificial
 gatellite is to be near enough to be cbserved from the earth, its

: velocity will have to be much greater. As the value of D becomes smaller

‘ ne value of V must become larger,

o e

Let us suppose we plan to project a gatellite into an orbit at 300 miles
from the earth., Then D = 300 + 4000 = 4300 miles, When we introduce
this into the equation (B) we will have '

v2 = 32 (L000.5280)2 = 32.140002 ,5280 = 630 x 105
300,52 e )

v = 630 x 105 = 25,1 x 10° = 25,100 ft/sec
Again celculating the time for rotation at this velocity

t = Cir = 2,3,1416,4300,5280 = V2 x 106 = 5650 seconds or
v o 25,1x 10° . 25,1x10° |

5 5650 = 9L minutes
50

Any other height of éatellite can be figured but it must be sufficient to
clear our mountains and of course air frictional heat might burn up a
very fast satellite. ' b




