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FOREWORD

[t is obvious that America has changed from an agrarian to a scientific-
technological society; from a predominately rural to a predominately
I'r'u.*tl'n]m[ihm way of life. [owa has been and i1s continuing to be a leader
in this changing society.

[n order to maintain our position, we are placing great demands upon
our educational system. Obsolescence is one of our greatest enemies.
The student who is taught with antiquated materials by outdated methods
will be excluded from the intellectual life of these dynamic times.

A science curriculum designed with versatility, flexibility, and challenge
must be made available to our schools. This publication is designed to

meet these goals.

The Iowa State Department of Public Instruction encourages science
teachers to adapt this course of study to their local science programs. The
format provides liberal “write-in” space to allow up-dating by the

individual instructor. Approximately one-third of this handbook can,
therefore, be written by the teacher who uses it.

We have confidence in the resourcefulness of the science teachers of
[owa. For that reason, we believe that Scienc: ,I'm‘ [owa Schools, Junior
High will make a substantial contribution to our educational program in
the years immediately ahead.

PAuL F. JOHNSTON
State Sff!u',r'?‘?fff'fof'Hf nf Public Instruction




COURSE OF STUDY RATIONALE

Every science program needs periodic evaluation and
revision if it is to be kept up-to-date. The junior high
school science program, long a neglected stepchild, 1s no
exception.

In addition to the fact that the junior high program
needs improvement because it has long been neglected,

there are other reasons why great changes need to be
made. Greatly expanded elementary science programs

and the rapidly changing senior high school science curri-
culum have made it mandatory that something be done at
the junior high school level.

The volume of tested new scientific information which
becomes available each year is almost beyond comprehen-
sion. Our scientific knowledge has increased to such an
extent that it is impossible to study all the basic concepts
during the kindergarten through grade 12 years, or even
in the college yvears. This situation, combined with the
generally accepted realization that younger children are
capable of understanding science, has caused a great
change in philosophy and content of the junior high
school course of study. Thus, because of the lack of
junior high school science programs, or because of pro-
grams incompletely planned, revision was needed even
before the present pressures developed.

This science program has been planned with the follow-
ing criteria 1in mind:

1. The program should be teacher-directed rather than
teacher-dominated.

2. The average student should not be forgotten; there-
fore, this program is planned for the greatest num-
ber.

3. Concept development should follow and be the result

of investigation and experimentation.

Thus, this junior high school science program has been
designed to take advantage of the many new sources of
information as well as the richer science background of
the student.

We can no longer afford to train today’s students with
yvesterday’s methods for life tomorrow. Each teacher
must be aware of the many ways in which he can keep
up to date by attending local workshops, 1nservice
courses, National Science Foundation and U. S. Office of
Education sponsored programs, and other meetings
specially planned for junior high school personnel. There
are also several experimental science programs for the
junior high school, which will be helpful to those respon-
sible for the planning at this level." These programs
may not be completely adaptable to every junior high
school, but they will be invaluable as a means of keeping
the teacher informed of what others are doing and as a
source of enrichment ideas.

In an effort to upgrade junior high school science in
Iowa and avoid duplication of the elementary science
program, the junior high school course of study as pre-
sented here is planned to accomplish two objects:

1. To serve as a capstone for the elementary school
science program (grades kindergarten through six)
without duplication.

2. To provide the necessary background for the science
courses available to the student in senior high school.

The above can be accomplished by providing a greater
rariety of opportunity and content than has been outlined
in the Iowa program for the elementary schools.”

The new science curriculum for Iowa has been developed
by a committee® whose background and experience 1s var-
ied enough so that all educational levels are represented.
The actual production of these curriculum materials was
by outstanding experienced classroom teachers, who work-
ed with content specialists.

This curriculum has been planned to provide continuity,
kindergarten through grade 12. It emphasizes develop-
ment of content by experimentation and studying in depth
as much as possible. It includes enrichment provisions
and provides opportunity for students to become involved
directly in science.

[t emphasizes the way the scientist works (the “pro-
cess”) rather than the facts-for-facts-sake (the “product™)
approach of the past. It includes application of concepts
taught to develop understanding of environment, methods
of inquiry, and ways to find and verify knowledge.

Much leeway has been allowed in this
school science program by not grade-placing
This should help keep the program flexible.

junior high
ach topie.

The handbook is meant to provide resource materials
and aids for schools that are developing their own science
programs. It is not designed as a prescribed course of
study.

The Science Area Committee recommends (1) that each
school include the content outlined here in its junior high
school science program and (2) that this material be
covered completely by the end of the ninth grade. The
order of the content should be determined by each school.

If these suggestions are followed, this handbook can be
used effectively to give junior high students an adequate
background for senior high school science courses.

T. R. Porter
Chairman, Science Area Committee

- 'Frederick L. Ferris, Jr. “The Princeton Junior High
School Project,” Journal of Research in Science Teaching,
[ (1963), p. 281.

Junior High School Science Project, Time, Space, and
Matter: Investigating the Physical World, Progress Re-
port II (Princeton, N. J.: November 1963).

‘Science for Iowa Schools, Grades K-3 (Des Moines:

State of lowa, Department of Public Instruction, 1964) and
Science for lowa Schools, Grades 4-6 (in preparation)

“Ibid, p. 1v.
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ASTRONOMY




I. INTRODUCTION

A. Vocabulary

1L

o

Co

Sh Ut i

=

Astrology
Horoscope
Zodiac
Science
Superstition
Theory
Hypothesis

B. Concepts and Understandings

1. True astronomy had its beginning in

)

ancient astrology.

C. Suggested Activities

1. Compare astronomy and astrology.
2. Look at horoscopes in papers. What

1s predicted for your birthday?

D. Teacher and Pupil References

2

E. Audiovisual Aids, Equipment, and

Supplies

1. Science and Superstition
U-2371. ISU, NS-839. 11 minutes.

2. L.enses

3. Prisms

4. Mirrors

5. Lens holders

6. Meter stick

F. Teacher Notes

II. TOOLS FOR ASTRONOMY

A. Vocabulary

i

10.
11.

Power
Magnification
Monocular
Refracting telescope
Reflecting telescope
Radio-telescope
Revolving power
Single surface mirror
Light year

Concave

(Convex

U of I,



B. Concepts and Understandings

1

.

The telescope was invented by acci-
dent.

Each type of telescopic system has
distinet advantages and disadvan-
tages.

Many discoveries in the sky are made
with cameras attached to telescopes.
[t is thought that the composition of
our sun and the stars is very much
the same.

Observatories and planetariums are
special laboratories where astrono-
mers work.

C. Suggested Activities

1.

Do

vl

e

g

S

Find what 7 x 50, 10 x 50, 6 x 35 1In
binoculars mean. Why do some guns
have telescopic sights? (Note: In
7x50, the 7 means magnification and
the 50 1s the diameter of the objec-
tive lens in millimeters.

[nspect several binoculars. Find the
meaning of “power.”

Report on telescopes.

Report on Roger Bacon.
Demonstrate refraction in water and
glass.

Construct a model of a reflector tele-

scope using concave shaving mirror,

o

10.

11.

12.

13.

14.

flat mirror, and microscope eyepiece.
Make a report on the radio-telescope.
Make a model of it.

Construet a pin-hole camera. (For
directions, see Brinckerhoff and
others, The Physical World, page
268.)

Point any camera at the North Star
and expose for 10 minutes, 30 min-
utes, and 3 hours.

Point any camera straight up (ze-
nith) and expose all night.

Use a prism to break up light into
bands of color.

Construct a simple spectroscope with
plastic grating.

Report on Hale, Mt. Wilson, and Mt.
Palomar.

Build a model observatory.

D. Teacher and Pupil References




E. Audiovisual Aids, Equipment, and
Supplies

1.

o

E:,J!

Refractor type and reflector type
telescopes for class inspections.
Exploring the Night Sky. U of I,
U-4424. 11 minutes.

Exploring the Universe. U of I, NS-
499. 11 minutes.

Spitz Junior Planetarium.
Spectroscope from the high school
physics teacher.

F. Teacher Notes

III. THE SOLAR SYSTEM

A. Vocabulary

11,

)

—

2
t—)'

N o O
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Photosphere
Chromosphere
Prominences
Corona
Eclipse
Sunspots
Apogee
Perigee

Light vear

B. Concepts and Understandings

1. The solar system is composed of the

following :
a. Central sun

b. Nine planets, and their moons, if

any
c. Comets

|J].'

=

0.

d. Asteroids, planetoids, and meteors

No one knows for certain how the

solar system originated. Many

theories and hypotheses have been

advanced.

The sun is more than 100 times

larger than the earth. The sun 1is

our nearest star.

The parts of the sun include:

a. Photosphere—the brilliant visible
part in which sunspots occur

b. Chromosphere—the red sub-sur-
face from which prominences leap

c. Corona—the strange halo or ring
around the sun, which is visible
only during a total eclipse

d. Sunspots—rviolent storms in the
photosphere

The earth is 93,000,000 miles on the

average from the sun. Light takes

eight minutes to travel from the sun

to the earth.

The sun makes all living things pos-

sible.

The sun is the source of all our

power.

Atomic energy theories can explain

the operation of the sun.

The following are types of atomic

reactions:

a. Atomic fission.

b. Atomic fusion.

C. Suggested Activities

15

2

T

eview elementary concepts of as-
tronomy.

Use a well-constructed pre-test to
motivate those who have prior
knowledge in astronomy.

Assign reports in the following areas
for advanced students:

a. Dust hypothesis

b. Gaseous tidal theory

¢. Nebular hypothesis

d. Planetesimal hypothesis

Use field glasses, binoculars, rifle
scopes, and spotting scopes as aids In
viewing the night sky.

I.et a ping pong ball represent the
earth. Draw a circle for the sun on
scale of one inch equal to 8,000 miles.
Use this same scale to construet the
other eight planets.

Make bulletin board displays which




10.

1121y

12.

13.

show the parts of the sun.
Determine whether or not sunspots
affect the earth.

Have pupils determine how long it
would take to go by jet at 1,000 miles
per hour to the sun. To go by car
at 100 miles per hour.

Discuss the speed of light.

Place a voung plant seedling in total
darkness with all essentials except
light. Compare to a like seedling
left in the light after five days.
Place a radiometer in sunlight. Dis-
cuss possible reasons for the move-
ment.

leport on light meters, solar batter-
ies, and ‘“‘electric eye’” cameras.
LLearn what splitting (fission) of
atoms and fusion of atoms mean.

D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and
Supplies

1L

S
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10.

117

16.

17.

18.

Our Solar Family. U of I, U-460.
11 minutes.

Solar System. U of I, U-358. 11
minutes.

Our Sun. 60 minutes. Color. Bell

Telephone Company. (Call your
local Bell Telephone office.)
Radiometers

LLight meters

Solar batteries

Photo-electric cells.

“Klectric eye” camera

Atomic Energy. U of I, U-2322.
[SU, NS-2256. 11 minutes.

The Solar System. U of I, U-4585.
11 minutes.

The Moon. U of I, U-4585. 11 min-
utes.

Filmstrip: Owur Neighbor, the Moon.
U of L.

The Moon and How It Affects Us.
U of I, U-4966. 11 minutes.

Julletin  boards, flannel boards,
flashlight.
Rockets, How They Work. U of I,

U-4928. 16 minutes.

Film lists for the latest on this sub-
ject.

Volcanic lava furnace cinders of
badly eroded granite.

Flannel board to show the behavior
of comets.

F. Teacher Notes

This topic about the sun and 1ts en-
ergy cycle may be postponed until a
formal study of energy 18 under-
taken.




IV. THE

NINE KNOWN PLANETS

A. Vocabulary

T
= G0 DO

e
) = O O 00 =0 Ut = W I M

wotate
Revolve
Reflect
LLight year
Magnitude
Mercury
Venus
Earth
Mars
Jupiter
Saturn
Uranus
Neptune
Pluto

B. Concepts and Understandings

1.

:-:l

10.

11.

12.

The earth and eight other planets
revolve around the sun.

Planets shine by reflected light from
our sun.

Mercury is the planet closest to the
sun.

Venus is the second from the sun
and is our morning or evening star.
The earth i1s our home in space.
Mars is the red planet, known to the
ancients as the god of war. It 1s the
fourth from the sun. Sometimes
Mars is called our sister planet.
Mercury, Venus, Earth, and Mars
are called the terrestrial planets.
They may also be called the minor
planets.

Jupiter i1s the giant of the planets
and fifth from the sun.

Saturn is the sixth planet from the
sun and the only planet with “rings.”
Uranus is the seventh planet from
the sun.

Neptune is the eighth from the sun.
Pluto is the most distant of the
known planets.

C. Suggested Activities

1l

] |

L

Construct all planets to the scale of

one inch equal to 8,000 miles.

Use a flashlight and a ping pong ball

in a darkened room to show reflec-

tion.

The school’s longest hall makes a

dramatic place to show distance in

the solar system. Place the sun at

one end and Pluto at the other. Get

assistance from the mathematics de-

partment for scale distances. This

is an excellent project for advanced

students.

Calculate the length of time to:

a. Go by jet at 1,000 miles per hour
to the various planets.

b. Go by car at 100 miles per hour.

Make reports on the various planets.

Discuss the possibility of life on each

planet.

Find the density of Saturn. What is

the density of water?

Report how Neptune was discovered.

D. Teacher and Pupil References




E. Audiovisual Aids, Equipment, and

Supplies

1. How Many Stars? 1ISU, NS-836.
22 minutes. A Moody Institute film.

2. Exploring the Universe. U of I, U-
1073. ISU, NS-499. 11 minutes.

3. Exploring the Night Sky. U of I, U-
4424. ISU, NS-2337. 11 minutes.

4. The Stars and Constellations. U of
[, UK-3936. 30 minutes.

5. The Spitz Junior Planetarium (will

do a fair job for the constellations.)

F. Teacher Notes

V. OTHER MEMBERS OF OUR SOLAR
SYSTEM

A. Vocabulary

117

-_'-J

Satellites
Apogee
Perigee
[Lunar craters
Tides

a. Spring

b. Neap

Full moon
New moon

Sx.

©

10.
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13.

14.

85
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selipse

Partial
Total

Umbra
Penumbra
“Little” planets
Asteroids
Planetoids
Meteors
Meteorites
Atmosphere
Periodic

Stony metallic
Comets
“Head”

“Tail”’
Circular
Elliptical
Orbit

B. Concepts and Understandings
1. The blocking of light by the earth or

)

A

6.

moon will cause an eclipse.

The vast area between Mars and
Jupiter contains many thousands of
asterolds and planetoids.

Nearly all meteors burn up in our
atmosphere before they have a
chance to become meteorites.
Comets are flimsy bodies with ellip-
tical orbits moving around the sun.
Comets have altered the course of
history at times.

Most comets are not visible to the
naked eye.

A collision with any comet would
cause a brilliant meteor shower.

It 1s believed that a collision with a
comet would not harm life on the
earth.

Halley’s Comet is our most famous
periodic comet and should be back in
1985 or 1986.

C. Suggested Activities
1.

DO

Use a bulletin board to show partial
and total eclipse.

Discuss the placing in orbit of man-
made instruments.

Make a list of satellites now in orbit.
Discuss what can be gained by this
program.

Explore theories as to the origin of
these.
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6.
. Report on stony and metallic meteor-

&

10.

11.

12.

Report on periodic meteor showers.

ites.
Examine a piece of known meteorite.

. Construct elliptical and circular

orbits.

Show how the tail behaves as a
comet approaches the sun; also what
happens when the comet goes away
from the sun.

Use models of the sun, earth, Jupi-
ter, and Pluto. Construct the orbit
of Halley’s Comet.

Determine where Halley’s Comet is
now.

D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and
Supplies

F. Teacher Notes

VI. BEYOND OUR SOLAR SYSTEM

A. Vocabulary

ek

155%

12.
13.
14.
15.
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Astronomical units
Light year
Radio-telescope
Magnitude
Constellations
Circumpolar
The Milky Way
Binaries
Dwarfs
Nebulae

a. Light

b. Dark
Variables
Cepheids

Nova
Supernova
Clusters

Island Universe

B. Concepts and Understandings

1.

2.

3.

A new yardstick must be used for
distance in astronomy.

The brightest star may not be the
nearest star.

Constellations are groups of bright
stars which seem to form a pattern
in the sky.

The Milky Way is the “edge” of our
galaxy.
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Space is so vast that man’s mind
cannot comprehend all of 1t. Man
and his earth occupy only a very
small fraction of it.

suggested Activities

Make a list of 10 nearest stars.
Find a list of the 10 brightest stars.
Identify the circumpolar constella-
tions. Learn the location and names
of a few winter and summer con-
stellations.

teport on Andromeda.

See page 218 in Science, A Search
for Evidence, Book 7. Make single or
“team’ reports. (A team means two
or more students working in the
same area.)

Visit a planetarium.

D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and
Supplies

F. Teacher Notes

1.

Some interesting questions concern-

ing our universe. Notes for testing:

a. What is included in our universe?

b. Is there a limit to our universe?

c. What is space?

d. Can we see to the “edge” of our
universe?

e. Why will our ‘“space travel” al-
ways be limited?

f. Can there be life on other worlds?
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ATOMS AND MOLECULES




I. GENERAL PROPERTIES OF MATTER

A. Vocabulary

=103 OU s SOIND

Mass

Weight

Inertia
Impenetrability
Momentum
Density

Specific gravity

B. Concepts and Understandings

1.

Weight is good evidence of the mass
involved in a measured volume of
any substance, particularly when the
substances are solids or liquids and
the buoyancy of the atmosphere does
not greatly affect the attraction of
the earth.

Other good evidences of mass are
resistance to change of motion, the
sting of a baseball, slipping on
curves, collisions on the highway,
movement of objects by the wind,
and the washing action of water
waves.

. The conservation of momentum 1s

one of the most fundamental con-
cepts concerning mass. M;V; + M.V,
— M;V; + M.V, where V; and V.
are velocities before collision, and V;
and V. are the velocities after col-
lision, whether the objects are elastic
or not.

. Density and specific gravity are to

be treated here only as properties in
the qualitative sense. They will be
treated quantitatively in Unit IV.

C. Suggested Activities

il

2.

Perform the inertia demonstrations
suggested in a good physics book.
Flick a small card from under a coin.
Pull a sheet of writing paper from
under a book. Suspend a heavy
weight of approximately five pounds
with a string attached above and
below. Pull slowly to break the bot-
tom string.

Put a one-kilogram weight on a small
board and accelerate slowly. Arrange
to stop the board suddenly and watch
the weight continue forward.

4. Demonstrate conservation of mo-

12

mentum apparatus. (Use commercial
apparatus or make your own by us-
ing a V-trough and several balls or
marbles of equal weight. Roll first
one, then two, then three against the
bunch and note that one, then two,
then three leave.)

D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and
Supplies

Molecular Theory of Matter. U of I, N-

S-2406. 10 minutes. Sound.




I1.

F. Teacher Notes

STATES OF MATTER
A. Vocabulary

1. Solids

2. Liquids

3. (Gases

B. Concepts and Understandings
1. The general physical properties that
distinguish the three states of mat-
ter are:
solid—definite shape and volume
liguid—volume but no definite
shape
gas—no definite shape or volume
The following understandings should
be considered:
What causes changes of state?
What happens when something
melts or evaporates?
What happens when it condenses
or freezes?

Do

C. Suggested Activities

1. Take two small beakers, one with
ice water and one with water and
cracked ice. Heat with thermometers
in each. Demonstrate qualitatively
that energy is absorbed as the ice
melts without change of tempera-
ture in one case and with rise of
temperature in the other.
Prepare students for the molecular
theory.

Do

13

D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and
Supplies

F'. Teacher Notes
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[II. THE MOLECULAR THEORY

A. Vocabulary
1.

Molecular motion
Jrownian movement
Diffusion

Osmotic pressure
(Gas pressure
Solutions

B. Concepts and Understandings
1L

This is a good opportunity to teach
the relationship of hypothesis, the-
ory, and supporting experiments. Ex-
plain present theory as to the nature
of motion of molecules in solids, li-
quids, and gases. Gold and silver dif-
fuse. Gases are absorbed Into solids
(hydrogen and aluminum). Odors
spread rapidly because of diffusion
of gases. Since individual molecules
cannot be seen, matter must be made
of very small particles. Solids dis-
solve into liquids and divide into par-
ticles too small to be seen.

Explain pressure of gases In terms
of the bombardment of very small
particles moving very rapidly. Os-
motic pressure gives evidence that
large molecules move more slowly
than small ones.

DE’.\'E]O]'} the i1deas of 1:h}'.~ai(*al prop-
erties only, rate of motion, and per-
fect elasticity. Defer any questions
on the chemical nature of matter to
the unit on “Chemical Behavior.”

C. Suggested Activities
11k

Demonstrate “Brownian Movement”
if apparatus is available. Another
piece of apparatus—very ettfective
and not expensive—Is a microscopic
piece, Stoekles “Molecular Vibration
Tube” (#1724 by W. M. Welch).
Mercury heated to near boiling evap-
orates, and the molecules leave with
momentum sufficient to carry col-
ored glass pieces upward so that all
of the class may see.

Show rates of diffusion by filling
rubber balloons with hydrogen, he-
lium, city gas, air, and carbon diox-
ide. Leave until the next class and
note the amount of deflation. Take a

olass tube approximately one inch In
diameter and three feet long. Soak
pieces of cotton in HCl and in NH.
OH. Insert in the ends simultaneous-
ly. After a few moments note the
ring of white NH«C farthest from
the end diffusing lighter gas.

Place a partially filled balloon in a
bell jar and evacuate. Have the pu-
pils explain why the balloon expands.

D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and
Supplies
1. How Big Are Atoms? U of I, U-4327.
30 minutes. Sound.
The Atom, U of I, S-879, S-552.




F. Teacher Notes

IV. KINDS OF SUBSTANCES

A. Vocabulary

1.

11' ¥ - ["
- o T T’
- - - -

Elements

Atoms

Molecules

Compounds

Mixtures

a. Two or more elements

b. Two or more compounds
c. Elements plus compounds
d. No definite formula

e. No exact proportions

B. Concepts and Understandings

1.

S

4

Use a single chemical process to ex-
plain the difference between
ments and compounds. For example,
separate water into hydrogen and
oxygen by electrolysis. The latter
cannot be further subdivided by
chemical processes. List the common
and familiar elements. Deseribe the
system of chemical symbols used.
Describe molecules from the chem-
ical point of view. Compounds do
not have the properties of the ele-
ments that compose them.

Show that all different combinations
of elements have different proper-
ties even when involving the same
H.O and H-0., the
the hydrocarbons,

ele-

elements; e.g.,
carbohydrates,
and the alecohols.

Explain that most of the familiar

objects and substances we know are
composed of mixtures—foods, cloth-
ing, building materials, paints, soil,
plants, and living things. If the pro-
portions can vary—strong coffee or
weak coffee—they are mixtures. Pu-
pils will find the ingredients whose
proportions cannot vary. Separation
by physical means will give the op-
portunity for many interesting ex-
periments.

C. Suggested Activities

1%

Get together several elements, such
as powdered zine, copper, iron, and
sulfur. Also get zinc sulfide, copper
sulfide, and iron sulfide. Note the
differences in properties of the ele-
ments when compared with the com-
pounds as to color, texture, and mag-
netic properties. Separate water into
hydrogen and oxygen by electrolysis.
Plate red copper from the blue ion by
chemical deposition or electroplating.
Stir concentrated sulfuric acid with
sugar in a beaker. Allow the black
porous carbon to form on the stir-
ring rod for removal and inspection.
Separate alcohol from water or a
colored solid from water by distilla-
tion.

Have the pupils suggest separation
problems and how to solve them—
sugar from sand, iron filings from
sand, gases from other gases by gas
masks, and gold from foreign matter
by panning.

Use a flannel board. Demonstrate
relative size, space, and shape by
cutouts.




D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and

Supplies

1. Atomic Radwation. U of I, U-3682.
ISU, NS-3436. 11 minutes. Sound.
2. Nuclear Energy. U of I, S-835.

K. Teacher Notes

V. THE STRUCTURE OF ATOMS

A. Vocabulary

1. Particles
a. Electrons

16
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b. Protons

c. Neutrons
Arrangement

a. Orbits

b. Nucleus

c. Binding forces

d. Atomic numbers

e. Atomic weight units
f. Isotopes

B. Concepts and Understandings
1.

Build up two-dimensional pictures to
represent the atoms. Use simple cir-
cular orbits for the electrons and
simple clusters of protons and neu-
trons for the nuclei. Arrange special
reports on the present theory con-
cerning some of the variations from
the simple picture. Do the first 20
elements show the regularity of add-
ing more protons and electrons?
Adding a few more atoms will dem-
onstrate some irregularities. State
the charge and relative masses of
the building blocks. Note that the
electrons’ attraction to the nucleus
can be explained by electrical theory.
The binding forces in the nucleus are
still being explored.

Note that the chemical properties of
atoms are due to protons and elec-
trons in the atom and these are the
bases of chemical classification.
Note the gradual progressive change
in the proton-neutron ratio—that
variations occur for a given element
(isotopes) and other variations are
not permissible, leading to radio-
activity, the next topic.

. Explain that the weight of the atom

is approximately the weight of the
protons and neutrons that form the
nucleus. Actually, there is some loss
in mass as small atoms combine to
form larger atoms. Otherwise the
atomic weight assigned to an ele-
ment is explained by the isotopes
that compose it and their relative
abundance.

C. Suggested Activities




VI. RADIOACTIVITY

A. Vocabulary
1. Natural radioactivity
Alpha particles
Jeta particles
Gamma rays
Penetrating power
Half-life
7. lonization
8. Fluorescence
9. Physiological effects.
10. Scintillation counters
11. Electroscopes
. Teacher and Pupil References 12. Dosimeters
13. Geiger counters
14. Radioactive transmutations
15. Nuclear equations
16. Fusion
a. Solar energy
b. Hydrogen bomb
17. Fission
a. Fissionable materials
b. Neutron capture
c. Slow neutrons

o IV
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E. Audiovisual Aids, Equipment, and 18. Critical mass
Supplies 19. Chain reaction
1. Atomic Energy. U of 1, U-2322. ISU, 20. A_])Un_m
NS-2256. 11 minutes. Sound. 21. Atomic power plants |
5 Atomic Power: U.of. I..-2408, ISU. a. (_‘nnt:rf_}lltf{‘l chain reactions
NS-2266. 32 minutes. Sound. b. Atomic pile

¢. Moderator
d. Control rods
e. Enriched fuel
22. Shielding
23. By-products
24. Particle accelerators
a. Cyclotrons
b. Betatrons
¢. Synchrotons
d. L.inear accelerators
F. Teacher Notes Van de Graff generator
e. Cosmotron
f. Bevatron

n

25. Radioisotopes
26. 1Tracers
27. Biological effects of radioactivity

17




L) i)

D).

RBE factor
Ionizing effects
Roentgen
[.ethal dose—650 .
Death generally in second week
Medium lethal dose—400 r,
50-50 chance of death (probably
fourth week)
Sublethal dose—100-250 r.
Probably on road to recovery by
fourth week

B. Concepts and Understandings

%

Ot

The nature of radioactivity 1s par-
tially explained in the history of Bec-
querel’s discovery. Explain precisely
the nature of alpha and beta par-
ticles and of gamma rays. Compare
their penetrating power. A chart will
help. See under “Activities.” Explain
“half-life” and why the terminology
must be used. A relatively short halt-
life (1,690 years) explains the great
activity of radium. A long half-life
explains the greater abundance of
residual natural radioactive elements
and 1sotopes.

Beta radiation may be associated
with television fluorescence effects;
ionization of body tissue with phys-
iological effects. Explain fluores-
cence and ionization effects in other
contexts.

[onization power is generally the in-
verse of penetrating power.

The energies of radioactivity have
their source in the conversion of
mass to energy. Radioactivity 1s de-
tected by electroscopes, Geiger count-
ers, scintillation counters, and dosi-
meters.

The emission of either alpha or beta
particles results in changing one ele-
ment into another.

Fusion is the source of the great en-
ergy of the sun and probably of all
the stars. (It should be pointed out
that many products of fusion are not
radioactive.)

The mass of four hydrogen atoms 1s
more than the mass of one helium
atom. Mass i1s converted into energy
according to the equation: E = MC?,

10.

112k

12.

14.

where, for example, E 1s in foot
pounds, M is in 32-pound units
(slugs), and C is the velocity of light
in seconds (186,000 x 5,280).

The hydrogen bomb 1s an example
of fusion with the “A” bomb devel-
oping the necessary high tempera-
ture and pressure. Tell briefly of the
current attempts at controlled fusion
reactions and how the high pressures
and temperatures are attained.
When a nucleus absorbs a particle,
the resulting nucleus is generally un-
stable. When the absorbed particle is
a neutron and when the nucleus 1s
either 92U, or 94PU.;, the nu-
cleus breaks into two nearly equal
parts. These nuclel absorb neutrons
best when the neutron 1s moving
relatively slowly. In addition to the
two new nuclei (both prebably un-
stable because of an Improper ratio
of protons to neutrons) a few neu-
trons are emitted, which 1n turn
may cause other atoms te break up.
The sum of the masses of the parts
of a broken nucleus is not equal to
the mass of the atom before being
split. The difference in mass 1s con-
verted into great amounts of energy.
When enough fissionable material 1s
brought together, the rate of fission-
ing may accelerate, and a chain re-
action results. When this is done
with suddenness and not controlled,
an enormous explosion results.
Atomic power plants are fueled with
natural uranium enriched with U-
235. Fuel is piled up until fission 18
rapid enough to heat. Neutron cap-
ture is speeded and heating iIn-
creased by slowing down fast neu-
trons with moderators (lightweight
elements which do not fission or cap-
ture neutrons well).

Reaction is slowed down by control
rods inserted to absorb neutrons and
prevent fission. (The control rods,
themselves, do not fission.)

Nuclear reactors produce best, which
can be converted into wanted power.
Fission produces much radiation In
the form of stray neutrons, alpha




16.

17

12.

10

and beta particles, and gamma rays.
Heavy metals and concrete make the
best shielding materials.

Power 1s obtained by converting
mass to energy according to the
equation E — MC".

Energy is taken from the reactor by
a fluid and passed on to a second
fluid. The first fluid must be such
that, although it may become radio-
active, 1t cannot that radio-
activity to the second fluid.

l}ilréﬂ

Particle accelerators are designed to
speed up the very small particles
such as electrons, protons, deuterons,
and alpha particles. The accelera-
have names which sometimes
refer to their function, sometimes to

LOY'S

their design, sometimes to their
power. They use changing electro-

static or magnetic fields to push or
pull the particles at the proper time
interval and accelerate them to veloc-
ities closely approximating the ve-
locity of light. The particles become
heavier and constitute the bullets for
bombarding the nuclel of

Atoms which absorb the “bullets” or
are broken up by them become radio-
active. Radioactive atoms have been
made of all the known
These radioactive atoms can be 1n-

atOIMSs.

elements.

troduced in chemical processes which
need the element involved:; e.g. the
bones need phosphorous, the thyroid
needs iodine, and leafy plants need
nitrogen. Processes may be under-
stood by the radioactive
atoms.

tracing

Different parts of the body are more
susceptible to radiation damage than
others.

Generally growing young people are
more susceptible to radiation damage
than older people because their bod-
jes are assimilating the elements
whose radioactive isotopes cause the
most damage. Alpha, beta, and
gamma rays do not cause equal dam-
age. Radiation which may not do
much damage from without (as dust
on the body or clothing) may be es-
pecially dangerous when ingested.

20,

[onization in the body causes trans-
mutation of the elements, interferes
with cell functions, and overloads
waste disposal.

The roentgen is the quantity of X-
or gamma radiation that will pro-
duce one electrostatic unit of charge
in one cubic centimeter of air at S.
T.P. This is equivalent to 2.083 x
10" 1on pairs.

(. Suggeested Activities

15

6.

10.

11.

19

With a cloud chamber, show the ioni-
zation effects of radioactivity.

discovery 1n
photography ma-

Becquerel
with

Repeat the
some form
terials.
Demonstrate the penetrating power
of radioactive particles with a Geiger
counter and sheets of metal for vari-
able depth of shielding.

Have the pupils predict the amount
of beta radiation coming through the
television tube and glass shield and
affecting the viewer.

Compare the energy of natural radio-
active particles with the energy of
electrons 1n the television tube.
With a cathode ray tube, show the
fluorescence particles and
how they are deflected by magnetic
electrostatic fields.

Summarize with a table.

Build a model of atomic pile.
the pupils devise automatic
means of entering the control rods if
excessive heat should develop.

Have the pupils build a model chain
reaction. The mousetrap type 1is
most effective. A simple one can be
built by stacking overlapping rows
of dominoes.

Make a model chain reaction with
matches, ‘“treeing out’” two or more

of beta

an
Have

butts on each head. Cutting the
stem short speeds the process.
Use a static machine of moderate

power and of any type to puncture
paper and cardboard when held be-
tween the terminals. This i1s not
atom smashing, but it does i1llustrate
the striking power of the fast mov-
ing particles.




12.

Produce X-rays in the laboratory.
A very good induction coil in con-
junction with an inexpensive cold
cathode X-ray tube will produce X-
rays sufficient to fog or film photo-
graphic papers.

D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and

Supplies

1. Atom Smashers. U of I, U-4122.

2. Atomic Research: Areas of Develop-
ment. U of I, U-3764. 14 minutes.
Sound.

3. Atom and Agriculture. 1ISU, NS-
342. 12 minutes. Sound.

4. The Atom and Medicine. U of I, U-
3456. ISU, NS-3369. 12 minutes.
Sound.

5. The Atom and Industry. U of I, U-

20

10.

3449. ISU, U-4123.
11 minutes. Sound.

ISU, NS-347.

. Atomic Energy Can Be a Blessing.

ISU, NS-3419. 21 minutes.
Atom and Biological Science.
I, U-3693. ISU, NS-346.
utes. Sound.

Atomiec Alert. U of I, U-3184. 19
minutes. Sound.

Sound.

U of
11 min-

. Atomae Alert—School, Home, Street.

ISU, U-3184. 15 minutes.
Fallout (When and How to Protect

Yourself.) U of I, U-5047. 14 min-
utes. Sound. Color.

F. Teacher Notes




ELECTRICITY AND MAGNETISM
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I. STATIC ELECTRICITY

A. Vocabulary
1. Static
. Current

Electricity
Atom
Hydrogen
Helium
Lithium
Electron
Negative
Proton
Positive
Neutron
Neutral
Friction
Pith ball
Like
Unlike
Attract
Repel
Lightning
Discharge
Lightning rod
Grounded
Induction coil

B. Concepts and Understandings

We recognize electricity as being of
two kinds: (1) static or non-moving
and (2) current electricity or mov-
ing.

The theory of electricity i1s that a
source of electrical energy i1s found
when any substance 1s broken down
into its smallest particles, the atoms.
The atom contains electrons, or neg-
atively charged particles; protons,
which are positively charged par-
ticles: and neutrons that are neutral,
or have no charge at all.

Static electricity can be produced
by friction.

There are two kinds of static elec-
tricity charges: positive and nega-
tive.

Like charges repel, and unlike
charges attract.

Lightning is a discharge of static
electricity within a cloud, between
clouds, or between a cloud and an
object on earth.

8. When discharge occurs between

=

O

:_;l'

cloud and earth, we say the object
has been ‘“struck by lightning.”
Lightning rods are used to protect
buildings from lightning.

A lightning rod is a sharp-pointed
metal rod placed on a high point of
a building and connected to the
ground by a wire cable.

C. Suggested Activities

lead from references given about
the two kinds of electricity for gen-
eral information. Find the reference
that gives historical developments of
our knowledge about these two kinds
of electricity.

Use representative drawings of hy-
drogen, helium, or lithium atoms 1n
the study of the structure of the
atom.

Define and illustrate: atom, electron,
proton, and neutron.

Have pupils make large-sized draw-
ings for use in the classroom.

Draw a comb through your hair sev-
eral times and then pick up small
pieces of paper with the comb.
(Damp or oily hair may not produce
a static charge.) There i1s no known
use of static electricity.

Rub a hard rubber rod with fur or
wool and suspend it on string which
can revolve. Rub another hard rub-
ber rod and bring it near the sus-
pended rod. Observe what happens.
Do the same with two glass rods
rubbed on a silk cloth.

Bring a charged glass rod near a
suspended hard rubber rod that has
been charged. Note what happens.
Do the same with two pith balls sus-
pended on a thread.

Read about the dangers of static
electricity in industries that produce
dust particles in the manufacture of
certain products.

Read the story of Benjamin Frank-
lin and his kite experiment. Don’t
try to do the experiment. Why? (It
is dangerous!)




F. Teacher Notes

1. Chart for classroom use illustrating
structure of atoms of several differ-
ent substances.

II. MAGNETISM

A. Vocabulary

b

Magnet
Iron
Steel
Cobalt
Nickel
Alnico
Non-magnetic
Iron filings.
Law of magnetic poles
Repel
Attract
Field of force
13. Lines of force
14. Horseshoe magnet

D. Teacher and Pupil References
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E. Audiovisual Aids, Equipment, and 15. Dipping needle
Supplies 16. Direct current
1. Atomie Energy. U of I, U-2322. 11 17. Permanent
minutes. 18. Geographic pole
2. Static FElectricity. U of I, U-4521. 19. North magnetic pole
11 minutes. 20. South magnetic pole
3. Two hard rubber rods 21. Electro-magnets

4. Two glass rods

: 1 B. Concepts and Understandings
5. Piece of wool or fur | < g

6. Piece of silk cloth 1. Metals such as iron and steel that
7 Pith balls attract other materials are called
magnets.

2. In addition to iron and steel that are
magnetic metals, we find that nickel
and cobalt are also magnetic sub-
stances.

3. Magnetic attraction 1s greatest near
the ends of a magnet. The ends are
called poles.

4. Like poles of magnets repel and un-
like poles attract.

2
(N




10.

11

12.

13.

. The area of magnetic lines around a

magnet is called the field of force.
A magnet may be bar-shaped, U-
shaped, or in the shape of a horse-
shoe.

Substances are composed of mole-
cules. Each molecule has north and
south pole magnetism. When north
or south poles are aligned, sub-
stances are said to be magnetized.

. Three ways to develop magnetism in

a magnetic substance are:

a. By stroking on another magnmet.

b. By wrapping a coil of insulated
wire around material te be mag-
netized and then sending direct
current through the coil.

c. By tapping a rod as it is pointed
toward the earth at the angle at
which a dipping needle will point.

. When a magnetic substance retains

its magnetism, it is called a perma-
nent magnet.

Materials that become magnetic by
a natural process in the earth rather
than being man-made are called lode-
stones.

The earth is like a large permanent
magnet because it has a magnetic
north pole and a magnetic south
pole. These poles are not the same
as the geographic poles.

A magnetic compass needle is a per-
manent magnet mounted to swing
freely. It is a north-seeking magnet.
A magnetic compass can be used to
determine directions.

C. Suggested Activities

1L

Make a collection of magnets of var-
1ous shapes and sizes. Discuss uses
of each.

Get some pieces of nickel and cobalt
metals to test their magnetism.

Collect small articles and pieces of
many different substances. Make a
check list to indicate those things
that are magnetic and those that are
non-magnetic.

Sprinkle iron filings evenly over a
magnet. Lift the magnet and note
that the most filings cling to the ends
of the magnet.

24
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10.

11.

12.

13.

14.

Suspend a bar magnet to swing free-
ly. Bring the pole of another magnet
to an end of the suspended magnet.
Note what happens. Try this with
other magnets. Does your experiment
prove the law of magnetic poles?

Place a thin cardboard over a mag-
net. Sprinkle iron filings evenly over
cardboard. Tap edges gently and
note pattern filings make. Do the
same with magnets of different
shapes and end arrangements.

Make interesting permanent designs
by using blueprint paper instead of
cardboard. Look up directions for
the processing of blueprint paper.
Use an overhead projector to demon-
strate a magnetic field.

Use a magnetic board to show that
balanced pieces can be aligned by
passing a magnet over them.

Magnetize a knitting needle and test
for north and south pole magnetism.
Carefully file the needle at the cen-
ter, break it, and then test the two
pieces for magnetic poles. Do this by
bringing the ends of each of the
pieces near the poles of a magnetic
needle that is swinging freely.
Obtain three 10 to 12-inch lengths
of V4-inch steel rod. Check these
pieces to note that they are not mag-
netized. Stroke one end of piece num-
ber one across the end of a perma-
nent magnet several times. Test it
for magnetic poles.

Wrap a coil of insulated wire around
piece number two. Send direct cur-
rent electricity from several dry
cells through the coil for a few min-
utes. Test it for magnetic poles.

Using piece number three, hold it at
the same angle toward the earth as
made by a dipping needle and tap it
gently several times. Test this piece
for magnetic poles. These processes,
when done correctly, should produce
three permanent magnets.

Obtain a piece of magnetite known
as a lodestone. Check it with the
magnetic compass for magnetic
poles.




15. Use a magnetic compass and note 9. Bar magnets (4)
that when allowed to swing freely 1t 10. U-shaped magnets (2)
assumes a north-south direction. 11. Horseshoe magnets (2)
This action is due to magnetism of 12. Nickel metal
the earth. 13. Cobalt metal

14. Collection of non-magnetic materials.
15. Iron filings

16. Ring stand

17. Magnet saddle

18. Magnetic board

19. Knitting needles

20. Triangular file

21. Magnetic compass

22. Steel rods, 14 1n. x 10 1n. (3)
23. Bell wire, insulated

24. Dry cells

25. Lodestone

F'. Teacher Notes

D. Teacher and Pupil References

E. :“\udio'w'isual Aids, Equipment, and 1. CURRENT ELECTRICITY

Supplies

1. Induction coil A. Vocabulary

2. Dry cells 1. Circuits

3. Metal plate 2. Series

4. Connecting wire switch 3. Parallel

5. Copper wire for frame of miniature 4. Electric meter
house. 5. Volt

6. Magnetism. U of I, U-3675. ISU, 6. Ampere
NS-3567. 18 minutes. 7. Ohm

7. Magnetism. U of I, U-3842. 11 min- 8. Watt
utes. 9. Kilowatt

8. Magnets. U of I, U-2277. ISU, NS- 10. Tungsten
2480. 13 minutes. 11. Fluorescent
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12.
13.
14.
15.
16.
117
18.
19,
20.

28.

Conductor
Resistance
Motor
Telephone
Telegraph
Radio
Television
Voltaic cell
Dry cell
Storage battery
Magnetic field
(GGenerator
Dynamo
Magneto
Alternating
Direct
Current

B. Concepts and Understandings

113

oy

©

10.

11.

Electricity may flow in circuits with
resistance arranged in series and
parallel.

The amount of electricity we use can
be measured by a meter.

The amount of current actually used
depends upon the voltage or pres-
sure, the amperage or rate of flow,
and the resistance of the circuit or
ohms.

Electric power is measured in watts.
A larger unit is the kilowatt (1,000
watts).

Electricity is used to produce light,
heat, and power.

A filament of tungsten inside an
electric light bulb will glow brightly
when electricity flows through it.

Fluorescent tubes produce a soft
light more like daylight.
When electric current i1s forced

through a conductor of great resist-
ance the electrical energy i1s changed
to heat.

Motion can be produced by using
electricity in an electric motor, which
in turn can operate other machines.
Electric power is necessary for sev-
eral communication devices.
Current electricity is a flow of elec-
trons through a conductor. It can

be produced by chemical cells such
as the voltaic cell, the dry cell, and
the storage battery.

12.

13.

16.

L7

18.

The storage battery stores chemical
energy which can be changed into
electrical energy.

Mechanical production of an electric
current may be done by moving a
coll of wire across a magnetic field.
This 1s the principle of the genera-
tor, dynamo, and magneto.

Current produced by machines may
be alternating (AC) or direct (DC).
To transmit or distribute electricity,
a path must be provided along which
the electrons can flow.

A conductor 1s a substance along
which electrons flow easily. Metals
such as copper, silver, and aluminum
are good conductors.

Conductors usually are covered with
a material called insulation that pre-
vents short circuits and protects peo-
ple from shock.

Some controlling devices in electric
circults are fuses, switches, and cir-
cult-breakers. Transformers are
necessary to move high voltage elec-
tricity long distances.

C. Suggested Activities

1L

2.

=]

10.

11
12.

Arrange materials to actually pro-
duce series and parallel circuits.
Use a series-parallel lamp board to
show series and parallel circuits.
Obtain a meter from an electric com-
pany for study of dial readings.
Ask the electric company for a “rate
schedule.” Use it to construct prob-
lems representing payment of month-
ly electric bills.

Make a list of things that use light
from electricity.

Study the structure of a light bulb
to understand how it works.

Make a list of things that use elec-
tricity for heat energy.

Use a heat coil to study structure in
producing heat energy.

Make a list of things that use electric
motors.

Study a St. Louis model to learn how
a motor works.

Construct a “paper clip” motor.
Explain the use of electricity in tele-
phone, telegraph, radio and television
as forms of communication.




14.

16.

18.

1Y

20.

Explain how chemicals are used to
produce flow of electrons.
Make drawings of cells
parts.

Take a “dead cell” apart to study its
structure.

Arrange simple materials to produce
an electrie current.

Obtain the generator from a ‘““junk-
ed” automobile engine or a magneto
from a “hand crank” telephone for
study of mechanical production of
current electricity.
Study diagrams of a
learn differences 1n
AC-DC current.

3v using a galvanometer, test to de-
termine if AC or DC current is pro-
duced with a generator or magneto.
Make a diagram showing the route

and label

generator U0
production of

of electricity flowing from the power

plant to your home.

Explain the structure and working
of a transformer.

Arrange an electric circuit to show
use of the switeh, circuit-breaker,
and fuse.

Make a list of safety rules concern-
ing the handling of electricity.
CAUTION: Do not have students
hold hands in a circle while eranking
a hand telephone generator. Statis-
tics show that students with specific
heart malfunctions have died from
this type of class experiment.
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D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and
Supplies

1.

AV

-
e
-

Measurement of Electricity. U of I,

U-2708. 11 minutes.

Series and Parallel Circuits.

U-1618. 11 minutes.

Light and Power. U of I,

22 minutes.

Radio and Television.

11 minutes.

Kquipment

Ammeter

b. Voltmeter

c. Galvanometer

d. Electric meter

Light bulb

f. Heater coil

g. Electric motor (St. Louis)

h. Charts of radio and television
circuilts

1. Transformer

j. Series-parallel lamp board

k. Dry cell

1. Voltaic cell

m. Storage bell

n. Insulated doorbell wire

0. Bar magnets

p. Generator (AC-DC)

q. Magneto

r. Fuse

s. Switeh

t. Circuit breaker

Primary Cell. U of I, U-1617. ISU,

NS-1826. 11 minutes.

U of I,

U-2494.

U of I, U-767.

p—

‘- -

-

.

-




10.

(3 1

. Electricity All About Us. U of I, U-

4953. 11 minutes.

. Introduction to Flectricity. U of I,

U-2560. 11 minutes.

. Principle of Generator. U of 1, U-

3428. 11 minutes.

Elements of Electrical Circuits. U of
I, U-1593. 12 minutes.

Electricity: How to Make a Circuit.
U of I, U-6215. ISU, NS-1389. 11
minutes.

F. Teacher Notes
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GEOLOGY




I. THE EARTH’S BEGINNING

A. Vocabulary

1.

.
—

Ut

S

SR

Planetismal
Theory

Solar

Star

Molten

Core

Solid

Rock

Granite

Crust

Volcanic action
Basalt
Depression
Dense
Continent
Compression
(a8

Condense
Water vapor
Carbon dioxide
Convection currents
Acid

Strata
Isostasy

B. Concepts and Understandings

17

DO

There are several theories concern-
ing formation of the earth. Most
theories agree that the earth orig-
inated as a result of some inter-ac-
tion among stars:

a. Whirling Cloud Theory

b. Double Star Theory

¢. Planetismal Theory

d. Kuiper Theory

The birth of the earth was followed

by a long cooling off period.

a. During the molten state, denser
substances sank to form the inner
core.

b. Lighter materials cooled and
formed floating islands of solid
rock.

c. Islands of granite came to rest on
denser basalt rock; as these de-
pressed, continents were formed.

d. Outer layers prevented the core
from cooling.

Gases that did not cool enough to

condense, remain today as the earth’s

atmosphere.

a. Water vapor and carbon dioxide
were liberated from earth’s In-
terior.

b. Convection currents formed
clouds from which rains of acid
fell.

c. Rains turned into vapor as they
fell on hot strata.

d. Water collected in low areas form-
ing lakes and seas.

e. Sun warmed the planet, winds be-
gan to blow, and clouds disap-
peared.

[Land and sea were formed as water

flowed into depressed areas, forcing

lighter land areas to rise.

a. The weight of basalt rock formed
depressions into which water
flowed.

b. As the amount of water increased,
depressions became deeper. Con-
tinents became higher; now be-
lieved to be afloat upon a molten
sea of rock.

C. Suggested Activities
1. Have students make reports on var-

ious theories of the earth’s origin.
Demonstrate 1sostasy.




D. Teacher and Pupil References II. THE EARTH’S HISTORY

A. Vocabulary
1. Bedrock

2. Chemical change
3. Deformation
4. Earth’s crust
5. Era
6. Fossil
7. Geologic eras
8. Prehistoric
9. Strata
10. Stratified
11. Topography
. T : 2o 12. Deposition
E. Audiovisual Aids, Equipment, and Zot' e D
= 13. ILrosion
Supplies {4 Radionet;
J | ] ol S - 14. Radioactive
1. Face of the Earth. U of I, U-3681. =3t 12 |
il e : | - 15. Radiocarbon
[SU, NS-3530. 11 minutes. Color. 2 T
16. Residual
SO 7. Sediment
~ : ~ . - =l 111
2. In the Beginning. Modern Talking 185 ilpheaval
. T T 1 Qe € <
Pictures. ISU, NS-1133. Sound. | ,
Col 19. Cast
O10Y. o~ :
20. Impression

3. How We Think Our Earth Came To
Be. Jam Handy. U of 1, 5-290.

4. Our Earth is Changing, Jam Handy.
U of I, S5-291.

5. Blocks of wood

21. Mold

22. Paleontology
23. Index fossils
24. Conifer

25. (Glacial drift

:'I (-'-‘ ; S." E = C *
,‘_’i' :] _l Hft ml'f ht 26. Mantle rock
CoNet wWelents 7
{ eito ZnLs 27. Petrified

28. Spillway

B. Concepts and Understandings

1. The history of earth 1s written in
fossil records of life, 1n relative posi-
tions of rock strata, in radioactive
decay of minerals, and Iin chemical
changes in rock materials. This his-
tory 1s divided into four eras.
a. Pre-cambrian
b. Paleozoic
¢. Mesozoic
d. Cenozoic

F. Teacher Notes

2. There are several methods of mea-
suring geological time.
a. Old methods
(1) Rate ﬂf deposition
(2) Rate of erosion
(3) Salt in the ocean
b. New methods
(1) Radioactive uranium-lead
(2) Radioactive rubidium-stron-
tium
(3) Carbon 14
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3.

Fossils dated from where they are

found reveal portions of the story of

life’s past changes.

a. Index fossils

b. Original remains

¢. Replaced remains

d. Molds and casts

e. Impressions

Climate has changed many times

during the Earth’s history. During

the last million years, there have

been four cold periods during which

glaciers covered the northern one-

third of the United States. These

glaciers had important effects on

topography.

a. Laurentian upland, thin soil, for-
ests, conifers

b. Lakes in Northern Minnesota and

Western Ontario

Waterfalls and rapids.

. Glacial drift-rich soil

The Great Lakes

f. Glacial spillways—transportation

. Abundance of sand and gravel

h. Boulders interfering with culti-
vation

© oo

C. Suggested Activities

1.

Show by use of a fossil collection
what the climatic conditions were at
a given time.

Make a rock column showing, 1n
proper sequence, the rock formations
that outerop in your area.

Build a diorama of an ancient sea
bottom.

Put a mixture of sand and clay into
a tall vessel of water. Stir it and let
stand. Record different times re-
quired for deposition of each sort of
sediment.

. Write reports on various theories

proposed to determine geological
time. What are the limitations?

. Collect and prepare a fossil collec-

tion. UNESCO, 700 Science Experi-
ments For Everyone: Doubleday,
1958, Chapter 5.

. Locate as many {fossils as possible

for each of the listed types.

Show how fossils are formed, using
leaves, twigs, shells, and plaster of
paris.
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9. Draw on a map of the United States

10.

11.

the southern boundary of the glac-
1ated area.

Collect rocks showing glacial mark-
Ings.

Discuss how snow is turned into
glacial ice and what makes glaciers
move.

D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and

Supplies

1. Plaster of paris

2. Modeling clay

3. Vaseline

4. Maps of U. S.

5. Wall map showing glacial areas
6. Fossils




7. Rwers of Ice. U of 1, U-4392. 19 4. Oxidation

minutes. Color. Sound. 5. Solution
8. Geological Work of Ice. U of I, U- 6. Wind
728. ISU, NS-2072. 11 minutes. 7. Delta
Color. Sound. 8. Sand dune
9. Continental Glaciers. U of 1, U-4270. 9. Avalanche
20 minutes. Color. Sound. 10. Diastrophism
10. Prehastoric Tvmes. U of I, U-3588. 11. Eruption
11 minutes. Sound. 12. Fault
11. The Story of the Earth We Find in 13. Flood plain
the Rocks. U of I, S-293. 14. Fracture
12. “Geologic Time Scale,” page 26 of 15. Fragment
T'eaching Guide for Earth and Space 16. Geyser
Science. 17. Glacial sceratches
13. Schaffel, Simon. “A Volecano Model,” 8. Mechanical
Journal of Geological Education, Vol- 19. Seismograph
ume II, Number 2, Fall, 1954. 20. Tremor
14. Mountain Bwilding. U of 1, U-344. 21. Voleano

[SU, NS, 3534. 11 minutes. Sound.
15. Farthquakes and Volcanos. U of I,
U-4616. ISU, NS-3573. 13 minutes.
16. Work of Running Water. U of 1, U-
1585. 11 minutes. Sound.
17. Work of Riwvers. U of 1, U-340. ISU,
NS-615. 11 minutes. Sound.

B. Concepts and Understandings
. The surface of the earth is under
constant attack by weathering and
erosion which tend to wear down
mountains, fill up basins, and de-
posit material in oceans.

. Weathering is a process by which
rocks at the surface of the earth are
broken up mechanically and changed
chemically.

a. Chemical weathering is breaking
down of materials and rocks by
chemical change.

(1) Oxidation
(2) Hydration
(3) Carbonation
(4) Solution

b. Mechanical weathering involves
breaking of rocks into smaller
fragments without chemical
change.

(1) Wind

(2) Ice

(3) Water

(4) Heating and cooling

(5) Plants and animals

3. Erosion includes those forces that

not only break rocks into fragments
but also carry the rock fragments

Do

F'. Teacher Notes

III. THE CHANGING EARTH from one place to another.
a. Running water
A. VOCHbU]Rl‘}’ b. Wind
1. Bacteria c. Glaciers
2  (Carbonation 4. Earthquakes and volcanoes furnish
3. Hydration evidence that forces are operating




today which tend to deform earth’s

crust. Mountain systems, folds, and

fractures in rock strata show that
such forces have worked 1n the past.

a. Volcanoes are mountains formed
by ejection of molten rock or ash.
Geysers and hot springs are re-
lated to volcanic activity.

b. Earthquakes are tremors of the
earth’s surface; they may be bare-
ly discernible vibrations or vio-
lent shocks causing extensive dam-
age,

C. Suggested Activities

1l

2.

1

o

10.
1918

Show how limestone i1s eaten away
by acids.

Place a small piece of limestone In
vinegar (or diluted HCl) and note
results. Try assorted sizes and note
time of change. Relate surface area
to time.

Show presence of acids in soil by
using litmus paper or pH test paper.
Show effects of temperature change
on rocks by heating them in a burn-
er flame. (Watch for flying pieces.)
After heating, plunge in ice water.

Leave an iron nail outdoors for a
period of time to show oxidation.
(Clean protective coating from nail
before doing this.)

Find rocks that show signs of weath-
ering. What types of weathering are
illustrated ?

Use a sandbox and a stream of water
to show the result of changing
stream velocity.

Point out the evidences of erosion
and weatherine on the school
grounds and building.

Show location of volcanic areas on
a map of the world.

Make a model volcano.

Draw a diagram comparing a geyser
to a coffee percolator.

Build papier-mache models of local
topography. Give explanations for
the various topographic types.

D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and
Supplies

1L

10.
11.
12.
13.

14.

19.

Trays of identified rocks and min-
erals

Periodic table

Hardness scale

Streak plates

Rock hammers

Hydrochloric acid

Copper sulfate

Black light (ultra violet)

Geiger counter

Alum

Hand lenses

Dilute HCI or vinegar

Crystals. Bell Telephone Company.
25 minutes.

Minerals and Rocks. U of I, U-4679.
18 minutes.

How Rocks Are Formed. U of I, S-
292.




16.
1 L (o
18.
19.
20.
21.

i)l)

— —

i) &)

-ty

24.

t):_'

20.

9 lri

e ' £l

28.
29.
30.

o1,

30)

) &

-~ -
L

‘_:J

Map of world

[Lead

Sinker mold

Charcoal

[Lead oxide

Asbestos sheet

Uranium ore

Flower pots

Seeds

Capillary tubes

Soil samples of clay, sand and loam
Ring stands

Chimneys

Cheesecloth

Litmus paper

pH tester

Lead from Mine to Metal. U of I, M-
3405. 33 minutes.
Story of Coal. U of I,
minutes.

Pacific Halibut Fishing. U of I, U-
4130. 16 minutes. ISU, NS-1282.
Water for the Community. U of I,
U-4976. 11 minutes.

How Man Uses Soil, E. B.

How Man Conserves Soil, E. B.

Oil from the Farth to You, Ameri-
can Petroleum Institute.

Drilling for Oil, Standard Oil of New
Jersey.

) {'}

U-4160.

F. Teacher Notes

)
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. THE EARTH’S CRUST

A. Vocabulary

1L
2.

ol R

-1 <

L 00
- -

10.
1 L
12.
13.

L
.

r').p..

A

» ¥ |
e

QO

© 00 =1 O

Compound
Element
Cleavage
Crystal
F'luorescence
Fracture
Hardness
Impervious
Luster
Minerals
Aggregate
Chert

Clastic
Conglomerate
Extrusive
(Gneiss
Granite
Gypsum
leneous
Intrusive
[Limestone
Magma
Marble
Metamorphic
Organic
Sedimentary
Slate

Quartz

B. Concepts and Understandings

1.

There are three elements that make
up over 80 per cent of the earth’s
crust. They are oxygen, silicon, and
aluminum. Most of the crust 1s made
up of compounds of these elements.
Minerals are materials in the crust
that have definite chemical compo-
sition formed by natural processes.
a. Chemical properties

(1) Acid reaction

(2) Taste

(3) Radioactivity
b. Physical properties

(1) Crystal form

(2) Cleavage

(3) Fracture

(4) Hardness

(56) Color streak

(6) Luster

(7) Fluorescence




3.

Rocks are aggregate minerals.
a. Igneous (fire-formed)
(1) Magma-original rock
(2) Intrusive and extrusive
(3) Color and chemical composi-
tion
b. Sedimentary (in layers)
(1) Clastic: conglomerate, sand-
stone and shale
(2) Chemical: Limestone, gysum
and chert
(3) Organic: Coal
c. Metamorphic (changed by heat
and pressure)
(1) Shale-glate
(2) Granite-gneiss
(3) Limestone-marble
(4) Sandstone-quartzite

C. Suggested Activities

i5

o

10.
13 IF

List several common minerals with
their chemical composition.

. Collect rocks and minerals.

Organize, label, and catalog the rock
collections.

Cut wooden or plaster models of the
crystal forms.

Discuss and demonstrate Moh’s hard-
ness scale. What is its value?

Grow crystals from solutions of cop-
per sulfate or alum.

. List different kinds of rocks in

school and other buildings. Why are
these types used for building mate-
rials?

Study rock and rock crystals, using
a hand lens, streak plate, hardness
scale, ultra-violet light, and Geiger
counter.

. Make a collection of rocks and min-

erals of economic importance.

Visit a rock quarry.

Demonstrate rock cutting and pol-
ishing. Contact a local “rock club”
for aid and materials.
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D. Teacher and Pupil References

E. Audiovisual Aids, Equipment, and
Supplies

F. Teacher Notes




V. THE EARTH'S WEALTH

A. Vocabulary

1.

S

) Sl A

Anthracite
Bituminous
Petroleum
Metal

Ore

Minerals
Non-metal
Acid soil
Alkali soil
Artesian soil
Conservation
Contouring
Clay

Crop rotation
Cultivation
Decay
Fertilizer
Ground water
Humus
Lignite

Mulch
Nitrogen fixing
Non-renewable
Renewable
Reforestation
Strip cropping
Sub-soil
Terracing
Transported soil
Water table

B. Concepts and Understandings

1%

Do

All metals, as well as many 1mpor-
tant non-metals, are obtained from
minerals in rocks.

The earth’s crust 1s a major source
of many fuels.

a. Coal

b. Petroleum

c. Natural gas

d. Rocket and missile fuels

All useful metals come from the
earth’s crust.

a. lron

b. Gold, silver

c. Tin, lead, zinc

d. Uranium

Many useful non-metals besides fuels
come from the earth’s crust.

a. Graphite

b. Sulfur
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6.

c. Gypsum
d. Clays
Many valuable resources come from
the ocean.
a. Seafood
b. Chemicals
(1) Salt
(2) Water
(3) Magnesium
(4) Bromine
(5) lodine
(6) Gold
The supply of natural resources In
the future depends on wise use and
development of them.
a. Non-renewable resources
(1) Metals
(2) Non-metals
(3) Coal and oil
b. Renewable resources
(1) Forests
(2) Soil
(3) Water
(4) Wildlife

C. Suggested Activities

1.

)
&

- -
o

6.

:'-Jl

10.

11.

12.

13.

Make reports on chemical products
from coal and oil.

On a map of the world, locate vital
mineral deposits not found in the
U. S.

Make a study of precious stones. List
common names and mineral names.
Use melted lead and sinker mold to
show how metals can be shaped.
Show how lead may be extracted
from 1ts ore.

Collect different kinds of clays. Re-
port on their uses.

Make reports on the uses of gypsum
and graphite.

Show reaction of a Gelger counter to
uranium ore. Discuss uranium min-
ing and prospecting. What does the
Geiger counter detect?

Collect soils in your area. Test pH,
graln size.

F'ill flower pots with samples collect-
ed and grow and test seeds.

With two potted plants, s