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INTRCDUCTION

Along with the iachnological advances which have resulted from the
space program, grecat advances have been made in all of the physical
sciences. To keep instruction in these sciences as up to date as
possible involves constant striving to assimilate the latest infor-

mation into the curricula.

The purpose of this guide is to provide the teacher of physical
science ~lasres, at the secondary school level, with a source of
information about recent applications, discoveries, and innovations
{n aerosprce which are related to the physical scienée areas., Each
section ;f the guide is subdivided into parts in which objectives
are lisied, background information for the use of the teacher and/or
the student s presented and activities are suggested.7 At th~ end
of eath section is a 1ist of resource materials including books,
films, sbe: ANO OTHRR MEOIA.
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ASTRONOMY

Space science has had a tremendous effect upon the science of astronony.
Data collected by rockets and satellites have added greatly to the store
of information about the unfverse. The orbiting geophysical observatory
{0G0), to explore space near the earth; the orbiting solar observatory
(0S0), to collect data about the sun; and the orbiting astronomical
observatory (0A0), to make observations of the universe without ths
interference of the earth's atmosphere,are the standard satellites for

collecting astronomical data.

The Russfan Lunik series and the Unfted States' lunar spacecraft
explorers -- the Ranger, Surveyor, and Lunar Orbiter -- have collected
extensive data about the moon. In addition, exploration of the moon
through the manned space programs -- Mercury, Gemini, and Apollo --

has given scientists more accurate and more complete information about
the moon and 1ts environment. Additional {nformation about the plancts
of the solar system has been collected by the Mariner planetary probes
vhich have been flown by the planets Venus and Mars,

Earth's Moon: « ¢« « o+ + + « 3

Mars and Venus. . .

-
-
-
-

-~3

Sun............9
Staﬂ...........]]

Resource Materfals. . . . . 13




EARTH'S MOON

Objective

To be able to describe the purposes and the results of the following
lunar exploration programs: Ranger, Surveyor, Lunar Orbiter, U.S.S.R.
Lunik, Mercury, Geminl, and Apollo.

Background Information

Only vhen man lands cn the moon, and perhaps not even then, will the
questions scientists have about the moon, its origin, its surface, and
{ts internal structure, be answered. The Ranger, Surveyor, and Lunar
Orbiter Brograms have all been planned and executed to gather infor-
mation about the moon for the purpose of landing a man on the moon.
Experiments conducted in the Mercury, Gemini, and Apollo programs have
contributed to the development of the technology needed to land a man
on the moon. The successful check out of the Lunar Module in the
Apollo 9 flight meaans that on the Apollo 11 flight an astronaut will be
placed on the moon.

NASA's Project Ranger (August 23, 1961 - March 21, 1965), planned to take
close-up photographs -of the surface of the moon, was unsuccessful until
Rangers VI¥, VIII, and IX were launched. From these three successful
launches 17,255 close-up pictures of the moon were obtained. Ranger VII
landed near the northwest corner of Mare Nubium (Sea of Clouds); Ranger
VIII, in the western part of Mare Tranquillitatis (Sea of Tranquility);
Ranger I¥%, in the Crater Alphonsus. A study of the photographs received
has shown: (1) mare (plains) areas are more level than anticipated '
and smooth erough for safe landing; (2) there is considerable evidence
of erosion on the moon; (3) Mare Nubium, Mare Tranquilitatis and the
floor of Crater.Alphonsus are dotted with small craters; (4) Crater
Alphonsus has a mountain peak at the center, suggesting possible volcanic
activity; (5) small "halo" craters, whose "halo" appears to be a dark
material deposited on the surface, are found within the Crater Alphonsus;
(6) long rilles, some of which are chains of small craters, appear in
the Mare Tranquillitatis and the Crater Alphonsus, (7) several "dimple"
craters, which suggest that soft material of the moon's surface ma¥ be

- draining into subterranean caverns, have been photographed, and (8
mountain peaks and crater rims are more gently rounded than anticipated.

The purpose of the Surveyor program was to accomplish soft landings on
the moon. Surveyor I was launched May 30, 1966, and, about 63 1/2 hours
later, made a soft landing in the Oceanus Procellarum (Ocean of Storms)
area of the moon where it made numerous scientific tests and took many
pictures of the moon's surface. Of the six Surveyor spacecraft that
followed Surveyor I, two were unsuccessful in landing on the moon; the
other four collected much valuable data.



The last Surveyor, Surveyor VI, was launched January 7, 1968. Prelim-
inary analyses of the data collected show that (1) man will be able to
walk on the surface of the moon, leaving only shallow footprints; (2)
the surface of the Lunar maria 1s covered with extremely fine particles
and strewn with many blocks and larger fragments of material; (3) the
material below the moon's surface is of a darker color than the surface
soil; (4) there is rmuch evidence of erosion; paerhaps from volcanic
action or impacts of meteorites; (5) surface soil of the lunar maria
most nearly resembles basalt which, on Earth, has been formed by volcanic
action; (6) material on lunar highlands is similar to that in the
plains areas, but contains less fron; (7) highlands have more large
rocks, fewer craters, and a thinner covering of fine particles than the
plains areas.

NASA's Lunar Orbiter program, beginning with Lunar Orbiter I, launched
August 10, 1966, and ending with Lunar Orbiter 5 launched August 1, 1967,
consisted of five flights to orbit the moon. The entire lunar surface
was photographed for mapping purposes, and, in addition, photographs were
taken to provide necessary detailed information about possible landing
sites for Apollo flights. The Lunar Orbiters also provided information
:?ogg micrometeoroid density, radiation flux, and the moon's gravitetional
e L '

Project Mercury, the first phase of the program of manned exploration

of the moon, was planned to test man's reaction to the environment of
space. This project involved 25 space flights each with either an astro-
naut or an animal as a passenger. Flights made during the program proved
that man is capable of enduring the hazards of both suborbital and or-
bital flight and provided valuable experience and information about
operationmal procedures.

Project Gemini, the second phase of the mannzd exploration of the moon,
was planned to develop operational techniques for rendezvous and docking
procedures and to train crews for the third phase, Project Apollo, in
which man would actually land on the moon's surface.

The first nine Apollo flights have been utilized to perfect equipment
and operational procedures for the Apollo 11 flight which is to place a
man on the moon. The successful performance of the Lunar Module on the
Apollo 9 flight will be followed by the Apollo 10 flight in which the
spacecraft will orbit the moon, but not land. Astronomers are anxious
to receive the firsthand information which only a man on the moon will
be able to collect.

U.S.S.R. space flights to the moon began January 2, 1959, with the flight
of Luna 1 which passed the moon at a distance of over 5,000 kilometers
and continued on to orbit the sun. Data sent back by Luna 2, launched
Septenber 12, 1959, indicated that the moon has no magnetic field and no
radiation belts. Luna 3 (October 4, 1959) photographed the dark side of
the moon for the first time. Luna 9 (January 31, 1966) made the first
soft landing on the moon.

[




Lunas 10, 11, and 12 were placed in lunar orbit to Ehotogra h the moon's

surface. Luna 13 landed on the moon and-returned p

otographs of the

surface ¢s well as soil density data. Luna 14, now in lunar orbit, is
collecting data related to the moon's gravitational field, the stability
of radio signals, the charged solar particles in the moon's environment,
and the relationship between the masses of the earth-and the moon.

Activities

1.

2.

4,

Test the relative hardness of ‘materfals-by pushing a soda straw
through cotton, marshmallows, rice, coarse gravel, dirt, small rocks
and a white potato.

Simulate the surface of the moon in order to hypothesize about the
origin of the moon's craters.

a. Simulate the formation of craters by meteor impact. Drop marbles
onto dust, sand, and thick mud surfaces.

b. Simulate the formation of craters by volcanic action. Sprinkle
enough plaster of paris into boiling water to make a thick
creamy mixture. Continue to heat sufficiently to keep the mix-
ture bubbling slowly until it hardens.

Assign research topics such as Project Ranger, the Surveyor program,
the Lunar Orb{ter program, the U.S.S.R. space program, Project
Mercury, Project Gemini, Project Apollo, etc.

Demonstrate the way in which a strain gauge might measure the hard-
ness of the moon's surface.

Materials needed:

Postal scale
Copper tubing or pipe
Sofl samples

Using the postal scale which has been inverted, press the tubing
into the surface of each of the soil samples. Record the amount -
of forca needed to make the tubing penetrate the soil.

Demonstrate the bounce method of testing the hardness of the lunar
surface.

Materials needed:

Glass or plastic tubing, 1 foot lor.g, 1 inch in diameter
Marbles or steel balls, less than 1 inch in diameter
Ruler

Soil samples



With the tubing standing upon the surface to-be tested, dro? a
marble down the tube. Measure therhefght-to which the marble

rebounds. The ratio between the original drop distance and the
rebound distance could be used as-ar index of surface hardness.




MARS AND VENUS

Objective

To be able to describe the purposes and results of the Mariner and
Voyager programs to explore the planets of the solar system.

Background Information

Although long range plans include projects for the study of all the

planets in the solar system, the space program so far has beén involved

primarily in exploration of Venus and Mars. Much new information about

:?CE of these two planets has been collected as a result of the Mariner
yoys. '

On December 14, 1262, Mariner Il flew past Venus at a distance of
21,646 miles from its surface. The following information about Venus
was collected by the spacecraft: (1) Surface temperature may be as
hot as 800° Fahrenheit. (2) Dense clouds cover the planet, starting
at 45 miles above the surface. Temperature at the cloud base {s about
200° F; at the middle level, 430° F; at the upper level, -60° F. (3)
Venusian clouds do not consist of water vapor, and ro carbon dioxide was
found above the clouds. (4) No magnetic field or radiation belts were
detected. (5) Micrometeorite measurements indicated that there are
relatively few micromteorites near Venus as compaied to the number in
space near Earth,

Radar reflections have indicated that the surface of Venus {s a sand

or dirt-1ike materfal and that Venus seems to rotate backwards a; com-
pared to Earth; that is, east to west. A spot in the clouds that is 20° F
cooler than the surrounding clouds was detected. - These data led to the
speculation that Venus, where the sun rises in the west and sets in the
east, may be a hot, desert with searing winds whipping up sand storms.

The daytime twilight and the nighttime glow caused by the heavy cloud
cover lasts for about 123 Earth days each.

Mariner V which flew by Venus on Octobér 19, 1967, provided confirmation
for much of the data received from Mariner Il and additional {nformation
which has enabled scientists to conclude: (1) The atmosphere of Venus
is so dense that 1ight and radio waves may be reflected around the planet.
(2) Carbon dioxide may be a major constituent of the atmosphere (Later
analysis of information leads to the conclusion that CO, is only about

10 per cent of the atmosphere, and it {s assumzd that nTtrogen is the
major component.) (3) Vebus' kxosphere or corona is primarily hydrogen
with a temperature of about 700° F, a much lower temperature than in the
earth's hydrogen corona. (4) No free oxygen was found in the exoSphere.
(5) There is an fonosphere whose daytime electron density is 100 to
1000th .of the nighttime density. (6) No magnetic field was detected.
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Radar studies indicated that Venus rotates once every 243-247 days, but
fts atmosphere circles the planet about every five Earth days which
would indicate that the surface is lashed by strong winds. (7) Venus
is surrounded by a shock wave similar to that around Earth where the
solar wind meets the earth's magnetic field, (8) Data collected es-
tab11§hed with great accuracy that the mass of Venus is 0.815 of the
earth's mass.

Mariner IV, flying as close as 6118 miles from Mars, took 21 historic
photographs of the Martian surface which apgears pitted with craters like
the impact cratars of the moon and the earth. HNo mountain chains, valleys,
ocean basins, or ancient rivers and 1akes were shown. The surface pres-
sure of the Martian atmosphere was measured at lower than 10 millibars,
compared to the sea level measurement of approximately 1000 millibars on
Earth. The Mav¢ian ionosphere was found to be capable ¢f reflecting
radio waves as high as 3000 kilocycles making it possible to maintain
radio communication between points on the planet's surface. No Martian
na?netic field or radiation belts were detected. Contrary to what
scientists had anticipated, there was 1o significant increase in micro-
meteroids in the vicinity of Mars. '

Mariner VI, launched February, 1969, will, it is hoped, take even better
pictures of the Martian landscape as the spacecraft flies by within 2000
miles of the planet's surface. Mariner VII, identical to Mariner VI, was
launched March 27, 1969, to flyby the south pelar region of Mars. In-
cluded on these spacecraft, in addftion to the television cameras, are
instruments to analyze gases in the Martian atmosphere and to record
atmospheric temperature and pressure. The temperature of the Martian
surface will be neasured also by infrared radinmeters.

The Voyager program is planned as an exploration of nearby planets by
a combination of orbiting spacecraft and landing craft. The major pur-
pose of the landing craft will be to locate any evidence of extra-
terrestrial 11fe. Though much research and development has already
gone into the Voyager program, there 1s much yet to be done before
Yoyager I is launched. e :

Activity

Have interested students research the following topics and rzport
their findings orally or in written form.

Mariner spacecraft program
Voyager spacecraft program
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SUN

ObJjective

To be able to describe the results of data collected about the sun by
Pioneer space probes, Orbiting Solar Observatories, Mariner space probes,
and Explorer satellities.

Background Information

Information about the sun has been collected-by Pioneer interplanetary
probes, the Orbiting Solar Observatories, Mariner space probes, and some
of the Explorer satellites. Pioneer IV data indicated that the solar
wind contains only 50 to 150 ions of hydrogen, helium and other elements
per cubic inch of space. This extremely thin solar wind is considered an
extension of the sun's corona. The temperature of individual solar wind
particles 1s about one million degrees Fahrenheit. The number of solar
cosmic ra¥ particles is small, a ratio of one to one billion when com-
pared to the number of solar wind particles. The maximum velocity of

the solar wind was found by Pioneer VJ instruments to be nearly 1,700,000
miles per hour. As the particles i the solar wind leave the sun they
draw out the sun's magnetic fieid to form interplanetary magnetic fields.
Pioneer VI also collected data which showed that the sun's magnetic field
is snarled near the sun and that magnetic lines appear to twist about
each other away from the sun.

Galactic rays, composed of protons, alpha particles, nuclei of atoms
heavier than hydrogen or helium, and electrons, have energies which
range in the millions, bi1lions, and trillions of electronvolts, much
higher than energies of solar wind particles which range in the hundreds
and thousands of electronvolts. The Orbiting Solar Observatories (050)
are sun-stabilized platforms from which solar experiments may be con-
ducted. 0S0 1, launched in March 1962, collected data which indicated
that (1) 1n the extreme ultraviolet range, changes in the solar
corona indicate active areas on the sun's surface and (2) djfferences
in the temperature of the earth's atmosphere at sunrise and sunset were
less than had been predicted. 0SO 2 data indicated that 80 per cent or
more of the visible air glow is produced in a layer about 56 miles above
the earth and that day to day variations in its brightness and color are
smaller than expected. 0S0 3, (1) 1{s gathering data which allows scien-
tists to study the mechanism of energy transportation in the sun's
corona, (2) 1s measuring the absorption of solar ultraviolet radiation
by the earth's atmosphere and correlating this data with conditions in
the earth's atmosphere, (3) {s acting as part of the Solar Flare Warn-
ina Network to alert astronauts to streams of high energy particles and
(4) s collecting data about the presence of hard gamma rays as a clue
to galactic structure and evolution. 0SO 4 carries a scanning device
that has made it possible to map the sun by X-ray. 0S0 &, besides col-
lecting data about the sun in X-ray and ultraviolet light, is monitoring
zodiacal 1ight, terrestrial airglow and stellar gamma rays. A total of
seven 0S0's are to be orbited by the end of 1970.
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As Mariner Il traveled to Venus, it collected data which indicates that
the solar wind §s the dominant feature of interplanetary space. This
wind of electrically charged protons and electrons is traveling through
space at speeds, varying with solar activity and distance from the sun,
of 250 to 450 miles per second. Solar cosmic rays spiral through space
following magnetic field 1ines stretching from the sun 1ike streams of
water from a rotating water sprinkler.

Explorer VII data on ultraviolet, X-ray, and cosmic ray radiations from
the sun indicated that solar flares would be dangerous to an unprotected
man in space. Explorers XII, XIV, XV, and XXVI, the Energetic Particle
Explorers, were launched to collect data about the natural and artificial
radiation belts of the earth and the effect the solar wind has upon these
belts. Other Explorer satellites have collected and continue to collect
data about solar plasma, solar cosmic rays, and other phenomena of the
solar atmosphere. -

Activity

Assign research reports on topics such as the 050, the Mariner
program, the Explorer satellites, the Pioneer space probes, the
solar wind, etc.
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STARS

Objective

To be able to list the limitations of earth-based astronomical instru-
ments, to define types of space astronomy, and to describe the program
of the orbiting astronomical observatories, inciuding a list of pre-
liminary data from OAQO IlI.

Background Information

The earth's atmosphere 1imits astronomical observations in three ways:
(1) The atmosphere is opaque to all electromagnetic radiation except
that in the 3000 to 10,000 Angstrom wavelengths oY the visible spectrum
and that in the 3 mi1limeter to 15 meter wavelengths of the radio spec-
trum. (2) Skylight in the upper atmosphere and the scattering of sun-
1ight and starlight by the lower atmosphere set mininum limits to the
brightness of an observable 1ight source. (3) The relative lack of
homogeneity in the atmosphere causes irregular'refraction and dis-
persfon of 11ght rays passing through it, thus preventing good reso-
lution of details.

Space astronomy includes ultra-violet astronomy, X-ray astronomy,
gamma-ray astronomy, radio astronomy, and infrared astronomy. Astron-
omers use sounding rockets and satellites to make observations above
the earth's atmosphere. Balloons and high-flying aircraft are used

to collect data through the relatively less dense upper atmosphere.
Major emphasis in space astronomy, at present, is upon the ultra-
violet spectrum. Prior to the launching of OA0-A2, most ultraviolet
observations were made by Aerobee sounding rockets which have over

the past 15 years made observations which total in time only about

200 minutes of actual observation.

X-ray astronomy is a relatively new field of astronomy. The first
X-ray sources were discovered by sounding rocket in 1962. Since then
many more have been located and so far no suitable theory has been
developed which would explain the presence of X-ray sources of the
different types and intensities found.

Gamma-ray astronomy is a study of the very short wavelength or very
high frequency electromagnetic radiations. Data collected by Explorer
XI in 1961 indicated that most of the high energy gamma rays do no:
originate in the Milky Way Galaxy but come from intergalactic space.

Radio astronomers study electromagnetic radfation at frequencies tolow
10 megacycles.These wavelengths are absorbed by the earth's fonosphere.
Information about this type of radfation may lead to an understanding
of the electron density of interstellar space and the interstellar
magietic field.
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Early radio astronomy data was collected by sounding rockets and the EGO

spacecraft. Radio Astronomer Explorer I (Explorer 38), the world's first
space obseryatory, was launched July 4, 1968)to listen to radiv emissions
from deep space. :

Because of their extremely complicated instrumentation, orbiting astro-
nomical observatories have  developed slowly. Plans are for the OAO's

to map large portions of the sky--about 60 per cent; and to make inten-
sive studies of specific areas such as the Orion Nebula. Major experi-
ments aboard the 0AO's include: (1) the Smithsonian Astrophysical
Observatory experiment called Project Celescope which will map the sky
in four ultraviolet wavelengths; (2) the University of Wisconsin Space
Astronomy Laboratory experiment whose primary objective is to determine.
stallar energy distribution in the spectral region from 3000 to 800
Angstroms; ?%) the Princeton Observatory experiment which includes a
telescope ultraviolet spectrometer to collect data about the ultraviolet
Tines in the spectrum of 0 and B type stars.

The first astronomical observatory, OAC-A, placed in orbit April 8, 1966,
was a great disappointment because overheating quickly destroyed its
batteries. After intensive reassessment and redesign of the spacecraft,
0A0 II was launched December 7, 1968.

Full interpretation of results from OAO II will take at least two years.
However, early results from the Wisconsin series of experiments indicate
(1) unexpectedly intense ultraviplet 1ight in some of the old galaxies
such as M-31, the Andromeda galaxy, while other galaxies, e.g. M-82 and
M-81, radiate less ultraviolet 1ight than was expected and (2) total
density of luminous matter in the universe is lower than necessary to
support efther the steady state or evolving closed universe theories

of the universe. The mapping being done as a part of the Smithsonian
experiment indicates that about one per cent of the observed stars are
fainter in ultraviolet light than was predicted. 01d theories will

have to reconciled with these new data to produce new, more accurate,
theories about the universe.

Activity

Assign research reports on topics such as the 0OAO, X-ray astronoiy,
gamma-ray astronomy, radio astronomy, infrared astronomy, etc.



13

Resource Materials

Books

Branley, Franklyn M., Exploration of the Moon. pp. 46-76. Data from
moon probes,

Emme, Eugene M., A History of Space Flight. pp. 163-188. Projects
Mercury, Gemini, and Apollo,

Friedman, Herbert, "The X-Ray Universe," The Earth in Space. Hugh
g?ishaw.i(ed.s. pp. 244-253, X-ray astronomy: its history and
scoveries.

Goldenstein, Richard M., "Venus," The Earth in Space. Hugh Odishaw,
(ed.). pp. 170-179. Description of Venus 1nciuding Mariner data.

Haber, Heinz, Space Science. pp. 83-136. The sun and its study;
description of Venus and Mars including Mariner spacecraft data;

Surveyor and Lunar Orbiter programs; and studying the stars with
orbiting observatories.

Hendrickson, Walter 8. Jr., Satellites and What They Do. pq. 82-83,
244-245, 251-254, Description of OAD's; GemInT and Apollo programs.

Johnson, Francis S., “The Solar Wind in Space," The Earth in Sgace.
Hugh Odishaw, (ed.). pp. 33-45. Description of ths solar wind and
its effect on earth.

Kay, Terence, Target: Moon. Ranger, Cemini and Apollo missions.

Kuiper, Gerard P., "The Lunar Surface," The Earth in Space. Hugh
Odishaw, (ed.). pp. 146-156. Recent discoveries anut the lunar
surface, '

Levitt, I. M. and Dandridge H. Cole, Exploring the Secrets of Space.
sp. 167-170, 174-175. Descriptions of Project Mariner and Project
oyager,

Lundquist, Charles A., The Physics and Astronomy of Space Science. pp.
8-55, 59-61, 68-72, 85-90. The moon and conditions near the moon;
the solar wind and Orbiting Solar Observatories; Venus as seen by
Mariner 11; Mars as seen by Mariner IV; Orbiting Astronautical
(bservatories.

Moore, Patrick and Peter J. Cattermole, The Craters of the Moon. Dis-
cussion, based on observational data, of the origin of the craters.

National Aeronautics and Space Administration, Exploration of the Moon,
Curriculum Supplement. EPS-HISD-NASA #9500 Unmanned Tunar space-
craft missfons and results.
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National Aeronautics and Space Administration., Gemini IX-A, Fact Sheet
291-F, August, 1966. Description of the missfon and the crew.

» Gemin§ XI Mission, Fact Sheet 291-H, October, 1966. Descrip-
tion of the mission and the crew.

» Gemini XII Flight and Gemini Program Summary, Fact Sheet 291-I,
Decenbér, 1966.

» "Interplanetary Explorer Satellites," NASA Facts. Vol. II,
No. 1. Solar wind, solar cosmic rays, solar flares.

» "Journey fo the Moon," NASA Facts, NF-40/11-67. Pictorial
chart.

» "Lunar Orbiter,” NASA Facts. NF-32/Vol. IV, No. 4. Lunar
orbiter missfon and results.

» Lunar Photographic Missions, EP0O 5/67. Photoo:aphs of the
moon taken by Ranger, Surveyor, and Lunar Orbiter mssions.

, "Manned Space Flight: Apollo,” NASA Facts, NF-23/Vol. IV,
No. 7. Description of flight program and spacecraft.

, "Manned Space Flight: Projects Mercury and Gemini," NASA Facts,

Vol II, No. 8. Project Mercury; Gemini spacecraft and mission.

» "Mariner," NASA Facts. D-62. Description of Mariner space-
craft and its instruments; solar plasma detector.

» "Mariner IV," NASA Facts. Vol. II, No. 3. Description of
MerTner IV and 1ts mission.

» "Mariner Spacecraft; Planetary Trailblazers," NASA Facts.
NF-39/2-68. Mariner spacecraft and their missions; Mariner V
data about Venus.

» "Mariner II Reports,” NASA Facts. NF B-4-63. Mariner II
data on Venus.

,» "Orbiting Solar Observatory," NASA Facts. Vol. III, No. 7.
Description of the sun and solar observatories.

» "The Pioneer Spacecraft," NASA Facts. NF-31/Vol. IV. No. 3.
Contents of intarplanetary space.

, Project Gemini. Pictorial description of Gemini program.

, "Project Ranger," NASA Facts. Vol. III, No. 2. Ranger
missions and their results.

» "Ranger Spacecraft,” Educational Brief. 080265-HISD-EB-RB
_7}56%0.1. Ranger spacecraft and pﬁotograpﬁs of moon taken on Ranger
missions.

| )
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National Peronautics and Space Administration, "A Report from Mariner IV,"
NASA Facts. Vol. III, No. 3. Mariner IV data on Mars.

» "Surveyor," NASA Facts. NF-35/Vol. IV, No. 6. Surveyor Space-
craf , missfions, and results.

Naugle, John E., Unmanned Space Flight. pp. 7-19, 29-36, 44-46, 103-162,
Programs to study the sun and results of data collected; Ranger,
Surveyor and Lunar Orbiter programs; exploring the planets; Mariner
and Yoyager programs; space astronomy; ultraviolet astronomy; OAQ;
astronomy experiments; X-ray astronomy; gamma-ray astronomy; radio
astronony.

parker, E, N., "Sun and Earth," The Earth in Space, Hugh Odishaw, (ed.).
pp. 46-56. The effect of the sun on Earth.

Sykes, J. B. (translator), The Other Side of the Moon. pp. 30-36. The
unseen side of the moon.

Urey, Harold C., "The Moon," The Earth in Space. Hugh Odishaw, (ed.).
pp. 136-145. Origin and surface of the moon. .

Wise, Donald U., "Mars," The Earth _in Space. Hugh Odishaw, (ed.).
pp. 159-169. Description of Mars inciuding Mariner data.
Films

Apollo Lunar Mission - Update (c, 17 min,) Basic lunar mission
paramatars; animated tlight sequences.

Close-up of Mars (b/w, 30 min.) Mariner IV television camara;
- sTgnificance of first photographs of Mars' surface.

The blogds of Vengs (c, 29 miﬁ.) Mariner Il information about Venus.
Destination Moon (c, 20 min.) Story of Ranger 7.

The First Soft Step (b/w, 28 min.) Mission and accomplishments of
Surveyor program. :

The Log of Mariner 1¥ (c, 27 min.) Trajectory, photographs, scientirfir
conctusTons about Mariner-Mars flyby,

Lunar 8ridoehead (b/w, 29 min.) Launch and flight of Ranger VIII.

Lunar Landing - The Mission of Surveyor I (c, 15 min.) ODocumentary
on Surveyor I.

Lunar Orbiter {c, 26 min.) Purposes of Lunar Orbiter flights;
animation of flight.

 MNext . . . The Men (c, 19 min,) Story of Surveyor I; pictures of the
moon,
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One, One, Zero, Zero (c, 27 min.) Story of Surveyor I; moon surface
paotographs.

Project Mercury Summation (c, 29 min.) Summary of Mercury program

achievements.
Ranger VIII Television Pictures of the Moon (b/w, 8 min.) Photo-
graphs taken February 17, 1965.

Ranger IX Photoggryhs of the Moon (b/w, 7 min.) Photographs taken
xn: » 1965,

Ranger 7-A Camera (b/w, 12 min.) Photographs taken by the A camera
on Ranger 7.

Ran%r Vil Photograghs of the Moon (b/w, 8 min.) Photographs,taken
uly 31, s0f moon's surface.

Seas_of Infinity (c, 14 1/2 min.) Planning, development, launching
ana functioning of 0AO.

Shoot the Moon (c, 28 min.) The moon as seen by Lunar Orbiter, Ranger,
and Surveyor craft; summary of man's knowledge about the moon, {ts
craters, soil and other significant features.

The Twelve Gemini (c, 20 min.) Summary of program objectives and
scientific experiments.

Window on the Cosmos (b/w, 29 min.) The development, manufacture

and mission of the OAO.

Other Media

Lunar pnotoara?hs - 8 x 10 photographs of moon's surface taken by
anger !
NASA Photogra?s - Group E - Satellites and Space Probes - 8 x 10
photographs including Ranger and Surveyor I moon photographs.
I

Terrain Photos - Series of 5 transparencies & Includes moon photo-
graphs from Ranger and Lunar Orbiter; clbse-up of Crater Copemicus
and Crater Alphonsus; includes surface photos of Mars taken in

Mariner fly-by.
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EAETH SCIENCE

Since the launching of the first satellite, great quantities of duta have
been collected about the planet earth. As a result, much more accurate
information 1s available about {ts characteristics. Maps can be drawn
more accurately, navigation can be more precise, and mineral deposits

and other resources have been located. Scientists are able to fdentify
types of soils, geological features, types of vegetation, character-
istics of watersheds, and sources of fresh water from photogréphs'taken
by satellites. A fairly definitive picture of the earth's magnetosphere,
whose very existence was unknown prior to the space age, is now available,
and the investigation of that part of the earth's space environment, with
fts radiation belts and its interaction with solar plasma, has becore a
field of study all its own. Meterology has bacome a mdre exact scfence
as meteorological satellite camyras photograph cloud patterns, and other
sensing devices record {nformation which can be correlated with the ciou”
patterns to aid in the forecasting of weather. Oceanography also bene-
fits from the data collacting capabilities of satellites which can iid

in the delineation of ocean c(e_mhts. the mapping of surface temperature.

and even location of schools of fish.

QO“SY............IQ
0coanography. « « « o o o+ o « 2+ 23
Earth's Atmosphere. . . . . . . 25

Atmospheric Density . . . . . .27
Moteorology + « « « ¢ ¢ s 0 4 + 29
Magnetosphere . + « « « v + 4 + 33

Resourco 'atertals. . . . . . . 37
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GEODESY

Objective

To be able (1) to name the satellite programs for fnvestigation of the
earth and to describe thefr purposes and (2) to 1ist information about
the earth which has resulted from an interpretation of the data col-
lected by the satellftes,

Background Information

The results of space exploration have greatly increased our knowledge
about the earth: {ts shape and size, {ts eavironment, its surface fea-
tures. Accuracy in map making and precision in measurement of the
earth's surface have been greatly facilitated as a result of the data
collected by space probes, unmanned satellites, and mannad satellites.
Data collected by earth satellites can provide us with invaluable infor-
matfon about the geology of the earth, the location of natural resources,
and even the extent to which these resources have been exploited and/or
polluted by man. In the past, photographs taken from aircraft have
provided us with much information; however, these photographs are neces-
sarily 1imited in scope because of the altitude 1imitations of aircraft.
One synoptic photograph from space can cover the same area covered by
over 300 aarial photographs and present a clearer picture of large geo-
graphic features. In addition, ocean expanses, so difficult to reach
or aerfal photography, can bo pictured in detail, and magnetometer
:?adings can provide data for a three-dimensional mapping of the ocean
oor.,

Many of the earth's great ore deposits are associated with faults in the
earih's crust, igaoe photography makes it much easier to trace these
fault Iines and thereby locate areas which may have gmat mineral poten-
tial. A new ore deposit in the southwestern part of the United States
was located as a result of space photography. Delineation of rock
structures by radar, which can penetrate vegetation, can aid in exploring
for mineral deposits which are often located through identification of
adjacent rock structures. Oi1 fields may be detected by photographs which
reveal ocean surface seepage as areas of brine which have a high fodine
concentraticn,

In“rared photography from sgaoe can be very useful in differentiating
between arable and non-arable soils, in detecting changes which may be
an indication of the onset of disease in forest or crop areas, in deter-
mining the biological and sedimentary content of bodies of water, and in
the location of fresh groundwater which may be flowing into the ocean or
trapped by faults in the earth's surface. Infrared imagery has revealed
hot surface areas over hot water and steam in Yellowstone National Park
and, thus, may be useful in location of geothermal power resources. The
amount of sedimantation in reservoirs can be determined. Sources of
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water pollution can be located and the flow of the pollutants traced as
they mix with the surrounding water which has a different temperature.

The surface of the earth deviates from the geoid which is the hypothetical
form the earth would have 1f it were a smooth rotating sphere entirely
covered by water. Variations in gravitational pull upon orbiting satel-
1ites indicate varfations in the distribution of the earth's mass. Satel-
11te data have indicated that tiie earth is more flattened at the South

Pole than at the North Pole and that the equator rather than being circular
is an ellipse. Far from being a smooth sphere, the earth has high areas
and low areas which have resulted from diffirences in stresses inside the
earth. These high areas are located (1) in the Pacific Ocean near Okinawa,
(2) in the Pacific Ocean west of Peru, (3) in the Indian Ocean midway be-
tween Africa and Australfa, and (4) in the Pacific Ocean south of the
A13uﬁ1an1}s1ands. and (5) in the Pacific Ocean midway between Calffornia
and Hawaii. : .

The gravitational field of the earth and its geoid are closely related.
Accurate information about the direction and magnitude of the force of
gravity at any point in space is important to the calculation of the exact
trajectory of satellites. A major contribution of satellite geodesy has
been thu delineation of the major features of the earth's gravity forca-
field. One of the purposes of the GEOS satellite program has been to
determine accurately the gravitational field of the earth.

Color photographs made on Gemini f11ghts have been helpful in correcting
geologic maps. Some results of the interpretation of these photographs
are: ?1) geologic structures and rock units never mapped before were
shown in northem Baja California; (2) a major volcanic field of
Quaternary age was discovered in Chihuahua, Mexico; (3) inaccuracies in
topographic maps of Saudi Arabia were detected; (4) a large nunber of
formerly unmapped geologic structures were shown in a major mining dis-
trist of Southwest Africa; and (5) the regional distribution of the sand
dunes in the Namib Desert was estaolished.(Diamonds occur in the alluvium
between the sand dunes). ..

thmanned satellites are being used extens{vely to aid in correctly mea-
suring and mapping the earth, Below is a 1isting of unmanned satellites
and satellite programs used in making geodetic surveys.

Yanguard 1 - Launched March 17, 1958,

Observation of the deviations in the orbital path of Vangquard I ted to

the discovery that the earth, though flattened at both poles, is more

flattened at the South than at the North Pole. Thus, the earth was called

"pear-shapaed,” even though this ﬂattenin? effact 1s so very slight that
e earth sti11 more nearly resembles a slightly flattened orange.

Vanguard I is being used in making measurements, by triangulation, for
mapping the surface of the earth. Signals are beamed from two radio or
radar stations to Vanguard, and the exsct distances of the stations from
the satellite are calculated. From this information, the exact distance
between the stations can be calculated.
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Anna 1B - Launched Octobef 31, 1962.

- Primarily a Defense Department project, though NASA was somewhat in-
volved, Anna 1B was equipped witk xenon flash tubes, which flash on
for a mi1lonth of a second every 5.6 seconds, to be photographed
against the star background. Using the information obtained from the
photographs and the measurement of the Doppler shift in the wave-
length of signals transmitted from earth to Anna 1B's dual frequency
transponder, scientists calculate the exact location of points on the
surface of the earth.

The SECOR program (Sequential Coltation of Range)

Secor satellites were included as part of Afr Force multiple-sats1lite
research and development launches. SECOR 1 was launched January 11, 1964.
Several others in the series have since been launched to continue the
geodetic survey of the earth. The Secor system measures electronically
the distances between an Earth orbiting satellite and four ground stations,
three of which have known geodetic ccordinates. All four statfons trans-
mit signals to the satellite which retransmits these signals to the
ground statfons. The exact ranges to the known locations are computed
and, by comparison, the exact range to the unknown location can be cal-
culated. Secor measurements are extremely accurate and precise. Through
use of this system a much more precise determination of the location of
tracking stations was made, and errors in the mapping of the location of
fslands have been corrected.

PAGEOS (Passive Geodetic Earth-Orbiting Satellite)

Launched June 23, 1966, PAGEOS 1s a 100-foot mylar balloon satellite
vhich carries no instruments but reflects the sun’s 1ight. Photo-
graphed against the star background from the dark side:of the

earth, by two or more cameras, its position can be used to calculate
the exact location of each camera. The distance between two points
3000 miles apart can thus be measured with a possible error of onl

32 feet. The PAGEOS mission is to be completed by 1971. Durin? e
mission, map?;ng of 69 triangles on the surface of the earth will be
completed. e sfides of these triangles will be used as base 1ines

to aid in the determination of the precise size and shape of the earth.

U. S. Geodetic Satellfte Program

The Geodetic satellite program is a joint effort of NRASA and the Defense
and Commerce Departments. Its purpose is to establish a system for re-
lating a1l the datum lines of the world to the earth's common center of
mass Each point in this World Geodetic Reference System s expected

to be located within 10 meters of 1ts true location. By 1966, the rel-
ative positions of 12 of the necessary 75 control points had been pre-
cisely established. The first satellite in this serles, the Explorer
XXIX, also called Geodetic Explorer A or GEOS-1, was launched November 6,
1965. Geodetic equipment on GEOS-1 includes (i) optical beacons whose
flashes can be photographed against the star background,
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(2) quartz prisms for reflecting laser beams back to earth so that their
travel times and angles can be determined, (3) a transponder for return-
ing radfo signals to Earth for analysis, (4) a Doppler beacon which
transmits a radio wave from the satellite to the earth for gravime.ric
calculations, and (5) a range and rate system as a backup system to
determine the saiellite's speed and distance frcm a ground station.
GE0S-2 (Explorer XXXVI), with a similar configuration, was launched
January 11, 1968.

Activities

1. Obtain a copy of Aerial Stereo Photographs by Harold R. Wanless and
demons trate how stereo-aerfal photographs can be used to study land
forms, rock structures, vegetation, soils, etc.

2. Assign research projects on topics such as

the Yanguard program, Anna satellites, the SECOR program,
PAGEOS, the geodetic satellite program, etc.

oy
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OCEANOGRAPHY

ObJjective

To k2 able to 1ist the possible benefits of exploration of the oceans
by satellite.

Background Information

The capability of orbiting satellites for collecting data over vast
areas may greatly facilitate the study of the oceans. Currents can be
mapped, schools of fish can be located, and areas of high <oncentrations
of plankton food for fish can be identified. Frequent mapping of the
flow of the major ocean currents can aid the fishing industry in loca-
tion of feeding grounds and, in addition, can aid in weather predic-
tion and in navigation. Navigation routes through coastal and shoal
waters can be mapped more accurately and in greater detail from space.
Photographs, in addition to aiding in the mapping of navigation routes,
can show where sil1t is building up in harbors and at river mouths.

With the aid of satellites, oceanographers hope to be able to collect
data retated tu the oceans' salinity, their temperature differences,
their chemical compositions, wave motion and height, and the biological
activity in the oceans. Photographs taken during Gemini flights have
already enabled oceanographers to obtain much information about ocean
currents, plankton, shoals and other underwater features to a depth of
about 100 feat. The Nimbus B IRLS (Interrogation, Recording, and
Location System) will enable oceanographers to collect data from buoys
moored or floating in the oceans and will provide opportunities for
c$11§ct1ng and even wider range of information about the characteristics
of the oceans.

Activity

Assi?n research topics such as the IRLS system, navigation by
satellite, etc.
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EARTH'S ATMOSPHERE

Objective

To be able to 1ist new information about the earth's atmosphere which
has been gathered through the use of satellites and space probes.

Background Information

During the International Geophysical Year (IGY), 1957-1958, intensive
exploration of the earth's atmosphere, using sounding rockets and satel-
1ites, was initiated. Results have shown the upper atmosphere to be
mich more complex than formerly thought, with great varfations in density
and temperature. In addition, data have shown that, instead of being
relatively shallow, the earth's atmosphere extends several Earth radi{
out into sqace with a diurnal bulge which is probably caused,in part,

by the pull of the sun's gravity.

Energy absorbed from the sun heats the atmosphere, causing differences

in temperature and density which result in mass air movements. The sun's
enerqgy also causes chemical changes by breaking down molecules and ion-
fzing atoms and molecules.

Temperature of the atmosphere decreases to a low at about 8 miles from
the earth, warms a?ain to a maximum at 18 miles, cools again to a mini-
mum at about 60 miles, and then increases very rapidly above 150 miles
to as high as 2000° F., Because of the low temperature at the 60 mile
level, almost all water 1s frozen out of the atmosphere, although a
minute amount does rise higher where it is decomposed into oxygen and
hydrogen by ultraviolet radiation. The chemical composition of the
atmosphere above 100 kilometers is different from that of the lower
atmosphere. Beginning at about the 100 kilomater level, the atmosphere
is composed of nearly equal amounts of nitrogen and oxygen., As dis-
tance from Earth increases atomic oxygen, then atomic helium, and,
finally, atomic hydrogen predominate in the atmosphere. Air density
dacreases with increasing altitude and varies from day to day, from

da{ to night, and from ?uoe to place. An in.rease in air density
follows a solar flare closely and air density fluctuates with the solar
cycle. It is theorized that increased solar activity warms the upper
atmosphere, causing 1t to expand into higher levels; with a decrease in
solar activity the atmosphere contracts again to normal density levels,

Various Explorer satellites have been used to investigate phenomena of
the atmosphere. The Afr Density Explorers (IX, XIX, XXV, XXiV), light-
wei?ut inflated balloons, collected data relative to the number of par-
ticles per unit volum of atmosphere. The Atmospheric Explorers (XVII,
XXXI1) wera launched to gather information about the density, composition,
pressure and temperature of the atmosphere,




26

Explorer XVII data led to the discovery of the helfum belt around the
earth and Explorer XXXII data showed that changes in the atmosphere

were related to solar storms. Topside Sounder (Explorer XX), Canada's
Alouette 1 and 2, and the United Kingdom's ARIEL series have all col-
lected data about the fonosphere from above the {onospheie. The

Beacon Explorers (XXII, XXVII) have also been gathering information about
the fonosphere. In addition to collecting data about the earth {tself,
the geodetic Explorers have gathered data about the earth's atmosphere.

Activity

Assign research topics such as the IGY, Explorer satellites, etc.
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ATMOSPHERIC DENSITY

b jective

To be able to explain why (1) the density of the earth's atmosphere
varfes with altitude and (2) the atmospheres of planets ov the solar
system are not alike.

Background Information

Because gravitational attraction varies with altitude, the density of

the earth's atmosphere varies exponentially with the distance from the
surface of the earth. For any increase of 18,000 feet in distance from
the earth's surface, the density of the atmosphere decreases to approx-
imately one-half that of the altitude from which the distance is measured.
Density of the lower atmosphere, that is, up to 100 miles altitude, has
been successfully measured by using sounding rockets. An analysis of
data about the drag effect of the atmosphere upon satellites in orbit has
been the source of information about the density of the atmosphere above
100 miles altitude. These calculations are, at best, only ap?roximations
(possible error of £ 20 per cent) because of numerous possibilfities for
fnaccuracy in calculating an exact measurement of drag upon the non-
spherical surface of satellites.

Atmospheric density also varies with the amount of solar activity. A
definite c¥c11cal change in the density of the earth's atmosphere has
been correlated with the 28-day rotational period of the sun. In addi-
tion, during sotar flares definite changes in the density of the atmo-
sphere are noted. According to present theory, the heating of the
atmosphere during periods of greater solar activity causes an expansion
of the atmosphare and results temporarily in greater atmospheric den-
sities occurring at higher altitudes.

Two factors affect the capability of a planet to retain an atmosphere:
the surface ?rav1t¥hof the planet and the amount of heat resulting from
solar radiatton, e mass of the planet determines the amount of its
?ravitational attraction for individual gas atoms and molecules. A
arga planet, with a strong gravitational field, may retain many of
even 1ightest gas molecules. However, smatler pleanets, over a
period of time, have lost the lighter molecules which can easily escape
the planet's gravitational field. The rate of molecular movement on a
planet {s affected by the amount of solar radiation received and there-
fore the amount of heating of the atmosphere. Planets closer to the
sun would be expected to have more highly heated atmospheres and there-
fore relatively more actively moving molecules within that atmosphere.
The more active the molecular movement is, the greater possibilities
there are for the molecules to escape the control of that planet's
gravitational field. As a result, in general, it {s hypothesfized that
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the small menbers of the solar system, which are relatively nearer the
sun, are incapable of retaining an atmosphere.

Activity

Demonstrate the differences in the rates of gas diffusion from a
planetary surface.

Materials needed:

Battery Jar

Porous cup

Glass tubing

One-hole stopper

Rubber tubing

Sources of different gases

Place the une-hole stopper on one end of the glass tubing. Insert
the stopper into the porous cup. Support the porous cu? so that
the other end of the glass tubing is immarsed in the colored water.
See 11lustration. Hold a battery jar over the porous cup. Release
gas inside the battery jar. Bubbles will emerge from the bottom
of the glass tubing while the gas {s being releasud. When the gas
is tutned off, water will rise in the glass tube. The water wil}
rise {0 different levels depending upon the type of gas released
and tho gas pressure.

“4— pattery jar
Porous cup

K—-_:—___.——-q-——-(ias from 1ine

-g-—Glass tubing

i

J
")
"

\\"u

«@—MHWater colored with ink

- -
- - -

-
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METEOROLOGY

Objective

To be able to descyibe the meteorological satellite programs.

Background Information

Weather forecasting and weather research depend on the use of a combination

of surface weather stations, radiosondes, weather reconnaissance aircraft,
weather radar, weather ships, and, the lutest tool, weather satellites.
The latter have almost revolutionized weather research and weather fore-
casting; however, even observations by weather satellites must be inter-
preted by man, often with the aid of computers, and must be supplemented
by information from other more prosaic instruments.

Probably the first meteorologist to realize the possibilities of using
pictures of c¢louds for forecasting weather was D. L. Crowson of the

U. S. Air Force whose articic suggesting the use of television cameras

in rockets was published in 1949. Later, a secret air force study of the
military vses of satellites included a suggestion for using satellites

to observe clioud cover. Rocket photographs of cloud cover were made from
time to time at White Sands. 1In 1957, H. Wexler, decribed the appearance
of the typical cloud cover over the United States as he thought it would
appear if photographed from a satelifte.

With the advent of Sputnik, the Advanced Research Projects Agency was set
up in the Department of Defense, and it was decided that a meteorological
satellite program would be an appropriate part of the U. S. space pro-
gram. Early Vanguard and Explorer satellites included experiments which
contributed to the knowledge needed to make the first meteorolo?ical
satellite launching relatively successful. Two basic types of information
are collected by meteorological satellites: (1) television pictures of
the earth's surface and cicud cover and (2) infrared measurements of the
earth's radiation at several different wavelengths.

The TIROS (Television Infra-Red Observation Satellite) pr: consist-
ing of ten satellites launched between April 1, 1960 and 1965,
Broved beyond doubt that meteorological satellites were ! feasible,
ut also very useful for weather observation, and that ¢ satel-
1ites could be used for daily weather analyses. Televis ires
transmi tted by the satellites have made it possible to i loud
patterns typical of cyclonic air movements, hurricanes, : , etc,
Automatic Picture Transmission (APT) was inaugurated wit! nch of
TIROS VIII and TIROS IX. Prior to that, pictures from th ites
were displayed on a television screen and then photograp! » APT
system permits transmission of pictures directly, as in: 1tog-
raphy. Anyone with relatively simple »eceiving equipment ceive the

pictures transmitted.
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NASA's Project Nimbus was designed to test advanced equipment for use in

a weather satellite system. Nimbus I (Nimbus A) was launched August 28,

1964; Nimbus II (Nimbus C), May 15, 1966. Night pictures, made possible

by the use of a High-Resolution Infrared Radiometer (HRIR) system, depict
the slight differences in heat radiation from clouds and from the earth's
surface. Nimbus is aliso equipped with an Advanced Vidicon Camera System

(AVCS) which consists of three small television cameras operating simul-

taneously to produce one long three-panel photograph. The APT system

on Nimbus can provide a local weather station with as many as 15 pictures
daily of an area of over 750,000 square miles.

Nimbus B 15 the most advanced of NASA meteorological satellites. It is
planned to carry several experiments which may have potential for improv-
ing weather forecasting. New experiments included on the Nimbus B are
the Infrared Interferometer Spectrometer (IRiS) and a Satellite Infrared
Spectrometer (SIRS). These sensors are designed to gather data about

the vertical temperature of the earth's atmosphere, about its water vapor
content, the ozone distribution, and the dispersion of air pollutants.

An Image Dissector Camera System (IDCS) is expected to provide improved
camera coverage of local cloud formations. Ninbus B failed to orbit on
May 18, 1968, when the booster guidance malfunctioned. Nimbus B-2 is
scheduied to orbit sometime in the summer of 1969.

The United States now has an operational meteorological satellite system,
designed and launched by NASA, but managed and operated by the Department
of Commerce and the Environmental Science Services Administration. This
system, called the TIROS Operational Satellite system (T0S), was initiated
with the Taunch of ESSA ! on February 3, 1966. The ESSA spacecraft have
the genera! conformation of the TIROS satellites, however, they are launch-
ed to ro'l cartwheel fashion around the earth in a nearly polar, sun-
synchronous orbit. In this orbit, the satellite views the weather every-
where over the earth once every 24 hours and takes pictures of a given
area at the same local time each day. ESSA satellites are equipped with
two optical systems: (1) .an APT system which continuously transmits pic-
tures to any receiving station in line-of-sight range and (2) an AVCS
system which stores television picture data for transmission to ground
faciiities on command. Data is relayed to ESSA's National Environmental
Satellite Center at Suitland, Maryland,where, with the aid of a computer,
cloud mosaics are constructed.

Horizental sounding balloons also play a part in assessing the complete
weather picture. The National Center for Atmospheric Research is devel-
oping a series of upper air sensor platforms. These are non-extensible
balloons with a predetermined inside pressure which causes them to float
around the earth at a specified density level. These balloons, carrying
sensors to measure pressure, temperature, and water vapor, are equipped
with a transponder for transmitting this information to ground stations.

NASA's Applications Technology Satellite series (ATS), designed to test
components and techniques for future meteorological, communication, and
navigational satellites, are also providing meteorologists with a series
of cloud photographs. A color Spin-Scan Cloud Camera (SSCC) provided the
first color pictures of earth from ATS 3 on November 8, 1967.
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Activities
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Assign research topics such as the TIROS satellites, Application
Technology Satellites, the Nimbus program, ESSA, Automatic Picture
iransmission, the TOS system, etc.

2, As a class project build an automatic picture transmission ground
station which can receive cloud pictures from the ESSA satellites.
See NASA, "How to Build Inexpensive APT Ground Stations",
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MAGNETOSPHERE

Objective

To be able (1) to describe the earth's magnetosphere and (2) to list
results of the Explorer satellite program to collect data about the
magnetusphere.,

Background Information

For centuries man has known that the earth has a magnetic field, witi the
earth's axis approximately the dipole of the field. With the coming of

the space age it was suddenly, unexpectedly, discovered that this magnetic
field, the magnetosphere, reacted with solar and cosmic radiation to form
the now famous Van Allen belts. As more satellites have been orbited, a
more definitive picture of the earth's magnetosphere has developed. Latest
information indicated that this conmet-shaped field appears approximately

as 1s shown in the diagram Page

Cosmic radiation trapped in the magnetosphere consists of protons and
electrons which spirai around the magnetic lines of force and "bounce"
back and forth between the northern and southern hemispheres. In addi-
tion to this north-south movement, protons drift westward while electrons
drift eastward around the earth. The magnetosphere begins at about 100
kilometers from the earth's surface and extends to at least 50,000 kilo-
meters. On the sun side, the distance varies from 50,000 to 80,000 kilo-
meters depending upon the amount of pressure from the solar wind. At

the point where solar radiation compresses on the sun side, the 1iues of
force formed between the north and south poles are similar to those around
a bar magnet; while on the dark side, the lines of force run parallel to
each other out into space, with a plasma-filled neutral zone, called the
"neutra: sheet," lying between the opposing lines. The drag of the solar
wind causes this "tail" which extends outward from the earth a distance
which has been estimated to be from 1 to 10 million kilometers, perhaps
even more. During periods of intense solar radiation following solar
flares, it is theorized that the drag of the solar wind along the tail
pulls the tail out so far that it becomes unstable and magnetic lines from
the south pole are able to 1ink with those from the north to form greatly
extended loops. These field lines contract and force the plasma within
the neutral sheet into the atmosphere and into the radiation belts, greatly
intensifying activity in the auroral displays and great’y enhancing the
total energy of the radiation belts.

Most of the exploration of the magnetosphere has been done by elec-
tronic detectors on Explorer satellites; however, nuclear emulsions on
sounding rockets have also been used to collect data. In addition to
the Explorer satellites, many other satellite instrumei.t packages have
included devices which collect data about the magnetosphere.
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Among these satellites are the Orbiting Geophysical Observatories,
Mariner satellites, and Pioneer satellites. Following 1s a listing of
some of the Explorer satellites and their major contributions to knowl-
edge about the magnetosphere.

Explorer I, launched January 31, 1958, found huge pockets of high energy
p;otons and electrons trapped in the earth's magnetosphere (the Van
Allen beits).

Explorer 1V, launched July 26, 1958, collected data which indicated that
radiation from atomic explosions is trapped in the magnetosphere.

Explorer VI, launched August 7, 1959, detected an electric current,
caused by the earth's magnetic field flowing westward between 25,000
and 40,000 miles from earth.

Explorer VII, launched October 13, 1959, proved that the trapping of
radiation by the magnetosphere is .ssociated with the auroral activity.
gt? data also indicated fluctuitions and movement in the outer Van Allen
e tl

Explorer X, launched March 25, 1961, provided information about the

relationship between solar flares and activity in the earth's magneto-

i;;here.1 The rubidium magnetometer was used in this satellite for the
rst time,

Explorer XII, launched April 15, 1961, was the first of the Energetic
Particle Explorers whose primary mission was to collect data about nat-
ural and artificial radiation belts.

Explorer XVII, launched April 2, 1963, discovered a belt of neutral
helium particles around the earth.

Explorer XVIII, launched November 26, 1963, was the first of the inter-
planetary explorers whose primary miscion was the study of the cislunar
radiation environment. It provided information about the shock wave
fermed ahead of the magnetosphere as it meets the solar wind and about
the region of turbulence between the shock wave and the edge of the mag-
netosphere.

Explorer XXXIII, launched July 1, 1966, also known as the Anchored

Interplanetary Monitoring Platform (AIMP), orbited the earth and the moon
together and collected data about the cislunar radiation environment.

Activity

Assign research topics such as the Van Allen belts, the solar wind,
0G0, the Explorer satellites, etc.
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Resource Materials

Books

Ahrendt, Myrl H., The Mathematics of Space Exploration. pp. 37-42.
Earth's atmosphere.

Axford, W. I., "The Magnetosphere," The Earth in Space. Hugh Odishaw
(édo), Bp. 117-125. Discove;y.'asbcription and Interaction with
solar wind described.

Bowhill, S. A., "The Ionized Atmosphere," The Earth in Space. Hugh
0dishaw, (ed.). pp. 108-116. Description of the layers of the

ionosphere.

Glasstone, Samuel, Sourcebook on the Space Sciences. pp. 457-473.
Struéture of'the atmosphere.

Haber, Heinz, Space Science. pp. 61-78, 96-100, 144-149. The earth:
fts size and 1ts gravitational field; troposphere, ionosphere,
stratosphere, and exospherr; temperature, air movement, radiation;
description of the magnetc :-ere; weather satellites and how they
aid the meteorologist.

Hendrickson, Walter B, or., Satellites and What They Do. pp. 31-35,
42-47, 56-59, 63-64, 74, 79-82, 151-168, 177-178. Missions of the
Vanguard I, Orbiting Geophysical Observatories, and Anna 1-B;
Explorer VI, Explorer X, Vanguard III, Explorer XII, and Explorer XV
and their roles in measuring the magnetosphere; data about individual
weather satelldtes.

Huber, Lester F. and Paul E. Lehr, Weather Satellites. First five years
of weather satellites; use of satellite data in forecasting and in
research; future plans for use of weather satellites.

Kaula, W. M., “The Earth From Space," The Earth in Space. Hugh Odishaw,
(ed.). pp. 126-135. Discoveries about the shape of the earth.

Lundquist, Charles A., The Physics and Astronomy of Space Science. pp.
20-28, 29-32, 78-80, The high atmosphere and the lonosphere; a
technical discussion of the magnetosphere; kinds of data collected
by meteorological satellites and how it is used; density of the high
atmosphere.

"NASA's Nimbus B, Advanced Meteorological Satellite," Space World, Vol.
E-9-57. pp. 5-26.

'National Aeronautics and Space Administration, "A-R-I-E-L: First Inter-

national Satellite," NASA Facts. C-62. Objectives of Ariel;
participants in program.
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National Aeronautics and Space Administration, "Explorer XIX; The Air
Density Satellite," NASA Facts. Vol., II-2 Description of space-
craft; laurch and orbital {nformation.

, "Explorer XXIX (The Geodetic Explorer)," NASA Facts. Vol. III,
No. 4. Description of the satellfte and its mission.

» "How to Build Inexpensive APT Ground Stations," Technology
Utiifzation Pamphlet, NASA - ST 5079.

» "Interplanetary Explorer Satellites,” NASA Facts. Vol. II,

f?i ;, Explorer satellite missions and preliminary results of these
ghts.

» The Meteorological Satellite Program: Keeping a Weather Eye Out

1n Space. Achfevements of TIROS and us programs.

» "Nimbus," NASA Facts. Vol. II, No. 7. Project Nimbus,
Rutomatic Picture Transmission system, satellite description and
orbital information.

» "Orbiting Geophysical Observatory," NASA Facts. Vol. II, No.
13. Description of the satellite and 1ts purposes.

» "TIROS;" NASA Facts. Vol. II, No. 12. TIROS system, cita
acquisition and uti1ization.

Naugle, John E., Unmanned Space flight. pp. 57-74, 76-94, 95-102.
Atmosphere, {onosphere, upper atmosphere; flight programs to study
~ the atmosphere; description of the magnetosphere and how this
description has changed as more has been discovered; determining
the size and shape of the earth.

Parker, E. N., “"Sun and Earth," The Earth in Space. Hugh Odishaw, (ed.).
pp. 50-51, Descriptfon of the magnetosphere.

Pieper, George F., "Appendix IV. The Solar Wind and the Earth's
magnetosphe:e," NASA's Space Science and Applications Program.
Homer E. Newell. ~pp. 480-494.  Jhe solar wind, the magnetosphere;
a 1list of unanswered questions about each.

Sutton, Richard M., The Physics of Space. pp. 123-127, 65-70.
Atmospheric densTty on planets. '

Thompson, Philip D., Robert 0'Brien, and the ediiors of Life, Weather.
pp. 153-159, 176-178, 180-181, 184~187. Weather Bureau's National
Mete?rological Center; satellites as a tool for weather fore-
casting.

von Arx, H. S., "The Ocean," The Earth in Space. Hugh Odishaw, (ed.).
pp. 88-96. Characteristics of the oceans; possibilities for using
satellites to gather data about the ocean.

e e T ™
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Wanless, Harold R., Aerial Stereo Photographs

Widger, William K., Jr., Meteorological Satellites. History of meteoro-
' 1ogical satellites, TIROS and Nimbus specifications, weather fore-

casting, research use of data.

Films
Atmospheric Pressure (b/w, 11 min.) Problems and discoveries of
%on Guericke.

Exploring the Magnetosphere and Beyond (c, 29 min.) Magnetic fields;
size and shape of magnetosphere,

A New Look at an 01d Planet (c, 26 min.) Benefits of weather,

communications, navigational and earth resources satellites.

Streetcar in the Sky (¢, 8 min.) Functions and operation of 0GO
satelTi tes.

Filmstrips

Earth's Magnetism
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UNITS OF MEASUREMENT

Until the time comes that the United States abandons the English system

of weights, and measures, {ts citizens need to be able to convert from

one system to the other. Most scientists today, even in the Unfted States,
use the metric system of measurement to record their data und to make
calculations. The space age has also fostered a change in the system of
mathematical notation with which the average citizen {s familfar, The
need to record and use astronomically large and infinitesimally small
measurements has led to the development and the use of scientific nota-
tion as a convenience in making calculations and in reading data. To

be able to understand data presented in current reading materials a

knowledge of the metric system and Qf scienti fic notation 1s valuable.

Metric System . . . . . .43
Scientific Notation . . .47
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METRIC SYSTEM

Objective

To gain facility in converting from the metric system to the English
system of measurement and vice versa.

Background Information

In most countries around the world, the metric system of weights and
measures {s used by everyone. However, in the United States, the
English system is the official system of weights and measures, and
scientists and engineers, who use the metric system, must change English
system measurements into those of the metric system, and vice versa.
The basic unit of length in the metric system is the meter.

1 meter && 39.4 inches

] foot & .3 meter

1 inch & ,025 meter, 2.54 centimeters, or 25.4 millimeters
In the United States we measure distances in terms of miles (5,280 feet).
In countries where the metric system is used, distances are usually mea-
surzd fn kilometers (1,000 meters). Kilo is the Greek word for one thou-
sand.

1 kilometer (km) ¥ .62 mile

1 mile ®! 1.6 kilometers

For weights that we would ordinarily express in pounds, people using
the metric system use kilograms (1,000 grams).

1 kilogram (kg) * 2.2 pounds

1 pound » .45 kilogram
Activities
1. The meter 4s about _____ {inches longer than the yard.
2. One yard = 3 feet & meter.

3. The payload of Explorer IX was a sphere which, when inflated, had a
diameter of 3.7 meters. Express that diameter in inches, to the
nearest inch,
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10.

1.

12.

]3.

]4.

]5.

]6.

Express the diameter of the inflated sphere carried by Explorer IX
in feet and 1inches.

The United States and the United Kingdom cooperated in laurching
Ariel to study the ionosphere. Ariel was shaped like a cylinder,
about .59 meter in diameter. Express the diameter of Ariel in inches
(to the nearest inch).

Launch vehicle for Ariel was a 3-stage Delta booster, which stands
92 feet or about meters high.

Vanguard I is a sphere whose diameter is about 6 inches; that is
about meter.

Echo I had a diameter of 100 feet, or approximately meters.
It was sent aloft in a container that was 26.5 inches or
(nearest hundredth) meter in width.

The zodiacal light 1s believed to be caused by the reflection of
sunlight by a ring of small dust particles around the sun. If these
dust particles range in size from 0.001 to 1 millimeter in diameter,
what 1s this range of size in (a) centimeters, and (b) inches?

The passive satellite, Echo II, has a skin a proximately 0.0007 of
an inch thick. What is this thickness in (ag centimeters, and (b)
mi1limeters?

How many meters 1in

2a 2 kilometers? éc 1/2 kilometer?
b) 10 kilometers? d) 1/4 kilometer?

How many kilometers in

{a 5 miles? éc 200 miles?
b) 10 miles? d) 325 miles?

Explorer IX had a perigee distance of 395 miles and an apogee dis-
tance of 1,605 miles. Express Explorer IX's perigee and apogee
distances in kilometers.

Explorer X had a perigee: distance of 100 miles and an apogee dis-
tance of 186,000 miles. Express these two distances in kilometers.

Ariel had a perigee distance of 390.5 km and an apogee distance of

1,216.5 km. Express Ariel's perigee and apogee distances in miles
(to the neavest mile).

If the diameter of the nucleus of a comet is 1.4 kilometers, what
is this diameter in

{ag.neters? (c) miles?
b) feet?
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17.

18.

19.

20.

21,

22,
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TIROS I (Televisfon InfraRed Observation Sateliii: ansmi tted
weather information to recefvers on the earth fror « orbit which
ranged from 428.7 to 465.9 miles above the eartih :urface. What
was this distance range in

(a) kilometers? (b) meters?
Echo II is a passive satellite which merely ref: 410 waves
sent to 1t instead of relaying information by r¢.. ..y and trans-

mitting it, as does an active-repeater satellite. Echo II has a
fiameter gf approximately 135 feet. What is this diameter expressed
n mters

If the diameter of white dwarf stars is generally between 1/3 and
2 times the earth's diameter (7,900 miles), what {s the range of
their sfzes in kilometers?

The visfble diameter of the sun is approximately 864,000 miles.
What is the visible diameter of the sun in kilometers?

Betelgause, a red giant star, has a diameter about 350 times the
diameter of the sun (864,000 miles). What is the diameter of
Betelgeuse in kilometers?

The earth's magnetic field blends with the interplanetary mag-
netic field at about 100,000 kilomaters above the earth's surface.
What is this distance in miles?

Sounding rockets are designed to explore as far as 4000 miles away from
the surface of the earth. While most of the rockets have been launched
to explore the region of the atmosphere which 1ies from 20 to 200 miles
aay, multiple staging has made 1t possible to send probes much further
fnto space. Sounding rockets are economical, simple, and relfable, but
the data which they collect 1s necessarily restricted to a 1imited region
at a specific time.

23,

24,

25,

After World War 11, several captured German V-2 rockets were launched
t?la1;1tudes of about 120 to 160 kilometers. This is about how many
mi les

Around 1949, after the captured V-2 rockets were expended, Aerobee
rockets came into use. ese rockets cairied instruments which col-
lected valuable data shout atmospheric pressure, temperature, and
density up to altftudes of approximately 150 k1fo«eters. How many
miles is this above the surface of the earth?

A larger rocket, named the Viking, capable of carrying heavy pay-
loads to higher altitudes, was developed especially for sounding
purposes. e Viking could reach an altitude of nearly 250 kilo-
maters. What is this altitude expressed in miles?
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26, Before rockets were used, meteorologists had to infer the physical
proqerties of the upper atmosphere from ground observations and
balloons which rose to about 30 kilometers. How many miles is this?

27. Complete the following:
(a) 10 kg 1b. (c) 200 kgw 1b.

(b) kg @ 22 1b. (d) kg » 6 1b.

23. Alouette 1s the name of a 320-1b. satellite which the Unfted States
launched for Canadian scientists. What was Alouette's weight in
kilograms?

29. Arfel Il wefghed 68 kg, Express that weight to the nearest pound.

30. Explorer X weighed about 79 1b. Express that weight to the nearest
kilogram.

31. TIROS is short for Television InfraRed Observation Satellite. TIROS
satel1ites are shaped 11ke giant pi11 boxes, 42 inches ( meters)
in diameter and inches (.482 meter ) high. TIROS 5 weighed
approximately 285 1b. i kg). As TIR0OS 5 orbited at a perigee
distance of 367 miles km) and an apogee distance of
miles (974.2 km) 1t sent weather data back to Earth. One of 1ts
two television cameras had a wide-angle lens that took a picture of
more than 600,000 square miles ( sq. km.) at a time. (1
square km. ® ,3861 sq. mi.)

Answers
1. 304 17. 5& 685092"745044
2. 9 b) 685,920--745,440
3. 145,78K 146 18. 40.5
4, 12' 2" 19, 4213,3--25,280
5., 23 20. 1,382,400
6. 27.6 21. 483,840,000
7. .15 22. 62,000
8. 30; .66 23. 74.4 to 99.2
9. (a) 0.0001 to 0.1 24, 93
b) 0.000039 to 0.039 25. 1585
10, (a) 0.001778 26. 18.6
b) 0.01778 27. (a) 22 zc 440
NN, (a) 2,000 ¢) 500 b) 10 d) 2.7
b) 10,000 d) 280 28, 144
12, (a) 8 ¢) 320 29. 150
b) 16 d) 520 30. 3¥
13, 6323 2, 31, 1.05; 19.2; 128.25:
14, 1603 297,600 687.2; 604.0; 1,554,001.6
15, 242; 754
16, H 1,400 (¢) 0.868
b) 4,
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SCIENTIFIC NOTATION

ObJjective

To gain facility in writing very larga and very small amounts in
scienti fic notation and vice versa.

Background Information

Much scientific exploration would be impossible without numbers and
mathematics. Computation with very large numbers, as in the measure-
ment of stellar distances, and very small numbers, as in the measure-
ment of atomic distances, is facilitated by the use of scientific
notation in which numbers are expressed as powers of 10, with only
one digit to the left of the decimal point.

Examples. 300 = 3 x 102
2,000,000 = 2 x 106
1,500 = 1.5 x 103

When using scientific notation, 1f the number 1s_less than 1 the expo-
nent will be negative : 1710 (.1) {s written 10-1, 17100 (.01) as 10-2
and so on. When the exponent is negative 1t indicates that the decimal
oint must be moved to the left that number of places. For example
.15 x 17100 would be written as 0.0215. 1In the same manner, 2.54 x 10-6
would indicate 1:00000254.

Activities

1. Mars is more than 100,000,000 miles from the sun. Express 100,000,000
as a power of ten -- that s, as 10 with soms exponent. :

2. The star nearest to us is the sun. The next nearest star is about
25 trillion miles away. Write the number, one trillion, in the usual
way, and also as a power of ten.

3. Write the following as powers of ten:

one thousand millfons,

§g$ one thousand thousands
¢) one thousand bi1lions.

4, The mean distance between Earth and the sun is about 93,000,000 miles.
Write 93,000,000 in scientific notation.



48

6.

7.

8.

9.

10.

n.

12.

Neptune has a diameter of about 30,000 miles. Write 30,000 in
scientific notation.

Mercury has a diameter of about 3,000 miles Write 3,000 in
scientific antation,

On a clear night you can see the Andromeda galaxy, a great col-
lection of stars, which 1s 9,000,000,000,000,000,000 miles away.
Use scientific notation to write this numeral.

From the earth, the closest visible star, other than the sun, {is
Alpha Centauri which is 25,240,000,000,000 miles away. Write
that number in scientific notatfion,

Corplete the following table.

Mean Distance Mean Distance in Miles
in Miles (scientific notation)

Mercury 36,000,000

Venus 67,000,000

Earth 93,000,000

Mars 142,000,000

Jupiter 484,000,000

Saturn 887,000,000

Uranus 1,790,000,000

Neptune 2,794,000,000

Pluto 3,687,000,000

Lignt travels ap roximately 186,000 miles per second or
001000 ,000 mi es in one year. Write these terms in scien.ific
notation.

Sirius and Canopus appear, to the unaided eye, to be the brigntes:

stars in the sky. They are 51,000,000,000,000 and
587,000,000,000,000 miles from Earth. respect1 vely. Hrite thse
distances in scientific notation.

Just as there are very large distances in sgace. there are also
tremendous masses in space. The mass of a body 1s the amount of
matter contained in a body. The masses of members of the Solar
System are given in the table below. Complete the table.

Object Mass in Mass in
billion, billion tons scientific notation
Mercury 360
Venus 5,370
Earth 6,590
Mars 709
_ Jupiter 2,090,000
Saturn 627,000
Uranus 96,000
Neptune 112,000
Pluto 5,270
sm 2'200.000.000
Moon 81
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14,

18,

16.

17.

18,

19,
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For practice with small numbers, complete the following expressions:

(a) 0.00001 = 7 x 10? (d) 5.06 x 108 =
(b) 0.00065 = ? x 0? (e) 3.45 x 1076 =
{(c) 6.15 x 1078 = (f) 0.0000001 = ? x 107
For an overall review, complete the following.
a} 30,000 = (h) ]0-8 -
b) 700 = 1) 2.541 x 1075 =
C 900|000 B j 7 x 107 =
§ 0%, k) 8 x 1078«
o 106 1} 3.546 x 10-15 «
{9 18- m 1 milifon = 2 x 107
{n) 1/10 m41110n = one ten millionth =

An atom of hydrogen has a weight of about 0.0000000000000000000G000166
grams. HWrite this numeral in scientific notation.

The diameter of an atom 1s 1 x 10-8 c¢m. The nucleus of an atom {s
about 1/10,000 of the diameter of the atom. Write in scientific
notation the numeral which represents the dfameter of the nucleus.

The e1ectrog weighs approximately 1/1840 that of a hydrogen atom, or
9.107 x 10-¢8 grams. This number is in scientific notation. Write
it in the usual notation.

Explorsr X's apogee distance (186,000 miles) was approximately
3 x 10F km,

Use scientific nosation to express the apogee distance of Explorer X
in meters: 3 x 10° meters.

20, The mean distance of Neptune from the sun {s approximately

g.g%3x0?819021T;leshg; gazgalfggggyzllgsis Nepiuzlggﬁoﬂf:;eizun?
,

Answers

1. 108

2. 1012; 1,000,000,000,000

3. (a) 105, (b) 10%; (c) 1012

4, 9.3 x107

6. 3x 104
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6. 3 x 103

7. 93 x 1018

8, 2.524 x 1013

9. 3.6 x 107.-Mercury 1,42 x 108--Mars 1.79 x 109--Uranus
6.7 x 107--Venus 4.84 x 108--Jupfter 2.794 x 10%9--Neptune
9.3 x 107--Earth  8.87 x 108--Satum  3.687 x 109--Pluto

10. 1.86 x 105 5.9 x 1012

M. 5.1 x1013 5,87 x 1014

12. 3.6 x 1000--Mercury  7.09 x 1020--Mars 9.6 x 1022--Uranus
5.37 x 1021.-venus  2.09 x 1024._gupiter 1.12 x 1023--Neptuns
6.59 x 1021--tarth  6.27 x 1023-saturn 5.27 x 1021--Pluto

2.2 x 1087--sun 8.1 x 10'9--Moon

13. (a) 1 x10-5 (d) 0.0000000506
(b) 6.5 x 10°4 (e) 0.00000345
(¢) 0.0000000615 (f) 1x10

4. (a) 3 x 104 (h) 0.00000001
(b) 7 x 102 (1) 0.00002541
(c) 9 x 105 (§) 70,000,000
(d) 4 x 10! (k) 0.00000008
(e) 0.000001 (1) 0.000000000000003546
(f) 1,000,000 (m) 1 x 106
(g) 100,000,000 (n) 1 x 107

15, 1.66 x 10-24

16, 1 x 10-12

17, 0.0000000000000000000000000009107

18, 3 x 105

19. 3 x 108

20, 4.8 x 104
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The gravitational attraction of a primary not only influences the path

of a moving body, but also determines 1ts weight, the centripetal force

exerted upon {t, and the amount of stress it undergoes at acceleration.

According to Newton's calculations, any object moving under the influ-

ence of a gravity field must follow a path that can be represented by

a confc section. Therefore the paths of satellites could become hyper-

bolas, parabolas, or ellipses depending upon velocity, altitude, and

angle of injection.

Orbits and Trajectoriec.

Centripatal Force. . « + « « + .

Eccentricity of an Ellipse . . .

Conversion of Speed and Velocity

Spee d 1] L] L] L] 1] 1] 1] e L] [ L] L] L] L]

Yector Representations .
Yelocity « « « ¢« ¢ « «
Mach Number. . . « « .
Falling Bodies . . . . .

G-FOI‘O@.........

Gravitational Acceleratfon

Wefght above the Earth .

Rasource Materials . . .
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ORBITS AND TRAJECTORIES

Objectives

To be able (1) to explain how a spacecraft remains in orbit, (2) to 1ist
and describe the three factors which affect the shape of the path followed
by a space vehicle, (3) to explain what escape velocity 1s, and (4) to
describe a Hohmann transfer ellipse.

Background Information

The principles of Newton's Law of Gravitation and Kepler's Laws of
Planetary Motion are involved in the determination of the orbits of satel-
1{tes and the trajectories of space probes. The path a space vehicle
follows as it 1s launched may be an ellipse, a circle, a hyperbola, or

a parabola, depending upon a number of factors including velocity, alti-
tude and direction of injection.

When the velocity of the spacecraft at launch 1s sufficient (about 8
kilometers or 5 miles per second) the spacecvaft will continue to move
forward in space so rapidly that the distance it falls toward the center
of the earth in one second (about 4.9 meters or 16 feet) will match the
amount the earth's curvature causes the earth's surface to recede from
under the spacecraft. If there is an exact balance between inertial
speed and the centrlgeta1 force exerted by gravity. the spacecraft will
follow a circular orbit. If the velocity of the craft is greater, the
vehicle will leave the earth in an elliptical orbit whose eccentricity
will depend upon the ratio of the velocity to the force of gravity. Like-
wise, lesser velocities will cause the vehicle to follow a parabolic
trajectory and eventually fall to the earth's surface,

As distance from the earth increases, the centripetal force of gravity
decreases. As a result, the velocity needed to counterbalance the pull
of gravity and keep a satellite in a circular orbit becoms less with
fncreasing altitude. Of specfal interest is the distance of 35,880 kilo-
meters or 22,300 miles from the surface of the earth., At this distance,
with a velocity which counterbalances the earth's gravity, a satellite,
traveling in the earth's equatorial plane and in the same direction as
the earth's rotation, will remain stationary above a point upon the
earth's surface.

When velocity and altitude are the same, the orbital period will be the
same; however, the direction of injection will affect the shape of the
orbit. At a velocity which, with horfzontal injection, would result in
a circular orbit, injection which varies from the horizontal will result
in an ellipse whose eccentricity depends upon the angle of injection --
eccentr;city becoming greater as the injection angle approaches the
vortical, S .
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When perigee velocity increases sufficiently to result in an orbital
eccentricity of 1, the orbital path changes from an ellipse to a parab-
ola and the orbiting body leaves its primary. At this velocity, called
escape velocity, a satellite leaves the earth and becomes a space prohe.
As the spacecraft travels farther from the surface of the earth, the
influence of the earth's gravitational force decreases; however, as the
spacecraft comes closer to other members of the solar system, the influ-
ence of their gravitational forces increases. The gravitational attrac-
tion of the nearest solar body becomes the dominant force in controlling
the path of the space probe.

The velocity needed to escape the gravitational attraction of the earth
decreases with altitude and 1s independent of the method used to arrive

at that altitude. Frequently, staging s used to boost space probes to

an altitude where less power is required to accelerate the probe to escape
velocity. The exact trajectory of a space probe can be determined only

if the interaction of the gravitational fields of all the various solar
menbers involved is calculated. This is an exercise in celestial me-
chanics which requires highly complicated mathematical computations and

s usually calculated by a properly programmed computer.

A minimun: energy trajectory, for changing from an Earth orbit to an
orbit around another planet or from one orbital path to another
orbital path around Earth, is known as a Hohmann transfer ellipse or a
Hohmann orbit. This trajectory is one in which the spacecraft le>as
fts old orbit at a tangent and enters the new orbit from a tangential
direction., (See drawing.) Such a trajectory is not always feasibi¢
because of the time which may elapse between periods when the planets
are posftioned correctly to allow for such a transfer. If the launch
cannot be planned to take advantage of the optimum transfer trajecto..,
soma of the available energy must be used to accelerate the vehicle to
the velocity necessary to mke the transfer.

VENUS MARS

EARTH .
EARTH
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Activities

1.

2.

Demonstrate the way in which the shape of an orbit {s influenced by
th$ velocity of the satellite and the gravitational pull of {ts
primary.

Materials needed

String
Strong magnet
Iron weight

Suspend the iron wefght on a lengtn of string directly over the mag-
net. Start the weight moving in a circular path and observe the
effect of the magnet's attraction upon the shape of the orbit. Vary
the velocity and the init{al angle of motion and observe the differ-
ences in the orbits.

Demonstrate the effect of gravity on the path of a moving object.
(a) Materials needed

Table
Wet tennis ball

Ro11 the wet tennis ball off the end of the table severa! times at
different speeds. The moisture {n the ball will mark the spot where
1t first bounces. Notice the effect of an increase in velocity upon
the distance the ball travels horizontally.

(b) Materials needed

Steel ball (ball bearing)
Strong magnet

Place the magnet on a table. Roll the ball past the magnet several
times. Vary speed and vary the distance away from the magnet. Ob-
serve the effect of the magnet upon the path of the ball.
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CENTRIPETAL FORCE

Objective

To gain facility in calculating the amount of centripetal force in pounds.

Background Information

A satellite 1s held in orbital position by the pull of gravity, or the
centripetal force, exerted by the body around which it circles. The
following formula may be used to determine the amount of centripetal
force in pounds:

Fem :2 , where F = centripetal force in pounds,
m = mass (weight divided by 32.2 feet per second per second)
v = velocity in feet per second,

r = radfus in feet.

Activities

1. An object weighing 12 ounces fs whirled with a velocity of 12 feet
per second at the end of a three-foot string. What §s the toreicq
in the string (to the nearest ounce)?

2. An Earth satellite weighing 10 pounds is orbiting with a veloc: ;
of 1.5 miles per second at a radius of 100 miles from the surface

o:b:he earth, Find the centripetal force which is holding it ‘n
orbit.

Answers
1. 18 oz.
2. 3.7 1b.
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ECCENTRICITY OF AN ELLIPSE

Objective

T?1$a1n faci1ity in calculating the amount of the eccentricity of an
ellipse.

Background Information

Johannes Kepler (1571-1630), using observations and mathematical cal-
culations, showed that the orbits of the planets were ellipses rather
than circles, as had bean believed prior to his g¢alculations. An
ellipse is a simple closad curve generated by the movemert of a point
whose distance from two fixed points (foci) 1s a constant sum. Eccen-
tricity (e) is a term used to describe the shape of the ellipse and
indicates the ratio of the distance of one of the foci from the center
(c) to the distance to the point farthest from the center (a). When
this ratio is zero, the figurgs {s a circle. When the ratio is one,
the figure is no longer an ¢1lipse but is parabolic.

The eccentricity of the orbit of arttficial satellites is of great
concern to the scientists Jaunching them, The amount of eccentricity
desired can vary from zero, as would ba the case for the weather
satallites such as TIROS, to near one, ds in the case of deep space
probes such as Explorer XiV.

The formula for the eccentricity of an ellipse is as follows:

et
where (e) is the eccentricity of the ellipse; (c) is the dis-
tance from the focus to the center and is equal to 1/2 (h, - h;)
with (h,) the aphelion distance and (hy) the perihelion distance;

and (a) is the length of the semi-major axis and 1s equal to 1/2

(hy + hy) with (hy) the aphelfon distance and (hp) the perhetion
ERIC distance.




1. Complete the following table by calculating the eccentricity of the
orbit of each satellite listed.

Satellite Apogee Perigee Eccentricity
Distance Distance

Sputnik I 588 mi. 141 mf.

Sputnik Il 1038 140

Explorer | 1584 224

Vanguard 1 2462 405

Telstar Il 6713 604

2. Calculate to three decimal places the eccentricity of the orbit of
Explorer VI if its perigee distance were 157 miles and its apogee
distance were 26,357 miles.

3. Pioneer V was designed and launched into an orbit around our sun
to investigate interplanetary space. If the perihelion distance
of Pioneer V were 74.9 million miles and its aphelion distance
were 92.3 mi1lion miles, calculate the eccentricity of its orbit
to three decimal places.

4, Calculate to three decimal places the eccentricity of the orbit
of TIROS II if its perigee and apogee distances of 387 and 452 miles
respectively. ‘

5. The Orbiting Solar Observatory, 0S0 I, was launched in March, 1962
into an orbit with perigee and apogee distances of 343.5 and 369.8
miles, respectively. Calculate the eccentricity of its orbit to
three decimal places.

6. If the orbit of Syncom Il has perigee and apogee distances of
22,062 and 22,750 miles respectively, calculate to five decimal
places the eccentricity of its orbit, and round off to four decima®
places.

7. Gemini VIII, in which the first docking maneuver was accomplished,
had an apogee and perigee at approximately 169 miles and 100 miles
respectively. Find the eccentricity of the orbit. '

Answers
1.1, 0.061; S II, 0.098; €1, 0.139; 5. 0.003
vIi, 0.18;: T 1II, 0.399 6. 0.01302 or 0.0130
2. e = 0:;759 7. 0.008
3. 0.104
4, e = 0.007

| N—

t
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CONVERSION OF SPEED AND VELOCITY

Objective

To gain facility in converting figures indicating speed and velocity
from one measurement system to another.

Background Information

Because units of measurement are arbitrary and it is frequently more
convenient to use one measurement system than another, it is important
to be able to convert from one system to another quickly. Below is a
table for use in converting speed and velocity from one system to an-
other.

Conversion factors for speed and velocity.

Velocity ft/sec  Km/hr mi /hr
1 ft/sec = 1 1.0973 0.6818
1 Km/hr = 0.9113 1 0.6214
1 mi/hr= 1.4667 1.6093 1

Vs
Activi ties

1. Escape velocity from Earth is approximately 7 miles per second.
What is the escape velocity in feet per second? What is it in
miles per hour? (to nearest thousand)

2. Escape velocity from Jupiter is 37 milas per second. What is
the escape velocity in miles per hour? »

3. Escape velocity from the moon is 5400 miles per hour. What is
the escape velocity in miles per second?

4, If an object has a parabolic orbit, with the sun at the focal point
of the orbit, it means that it is traveling with a speed in excess
of 616 kilometers per second. What is the velocity of the object

in
{a miles per second (c) miles per hour?
b) kilometers per hours?

5. Vanguard III had a perigee velocity of approximately 29,820 kilo-
meters per hour and apogee velocity of approximately 20,349 kilo-
meters per hour. What was Vanguard III's average orbital velocity
in kilometers per second?



62

6. If Vanguard III were traveling at a velocity of approximately 18,522
miles per hour at perigee, what is its velocity in

{a; miles per minute? (c) kilometers per second?
b} miles per second?
Answers
1. 36,960 per second; 25,200 mph
2. 133,200 mph
3. 1.5 mi per sec
4. (a) 381.92
b) 2,217,600
c) 1,374,912
5. 6.9
6. (a) 308.7
b) 5.1
c) 8.2
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SPEED

Objective

To gain facility in using the formula v = Zi i to calculate speed when

distance and time elapsed are given.

Background Information

It was many centuries before man was able to prove that Earth was moving
in space. Now we know that members of our solar system, as well as the
other bodies in space, including artificial satellites, move in relation-
ship to one another.

An object that moves without changing speed is said to be in uniform
motion. The orbits of the planets are elliptical, so the speed of each
planet varies according to jts position in its orbit. However, it is
often customary to treat the orbits as perfect circles (circumference =

77 x diameter) and the speed of the planet as being uniform.

The following formula may be used to find the speed of an object which
is moving at a uniform rate.

v =248 where v = the speed,
At

4s = the total distance traveled,

Ot = the time elapsed

Activities

1. The moon travels approximately 1,500,000 miles in its 28-day. orbit
of Earth. Assuming the orbit of the moon to be circular and its
speed to be uniform, what is its approximate (nearest thousand)
speed in

(a) miles per day? (b) miles per hour?

2. TIROS I has an orbit of about 28,000 miles, which 1t completes every
99 minutes. Estimate its average speed to the nearest ten miles
per minute.

3. Echo I has an approximately circular orbit about 1,000 miles above
Earth, and it has been timed at 118.3 minutes for one revolution.
What is its speed (to nearest mile per minute)? (Remember the
earth's radfus is about 4,000 miles.)
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5,

6.

7.

10.

1.

2.

13.

14.

15.

The Alouette program is an example of the cooperative effort between
governments to expand man's knowledge of space. Canadian scientists
designed and built the 320-pound satellite called Alouette; NASA
launched it from the Pacific Missile Range. Alouette's orbit is
nearly circular at about 630 miles altitude. The time of revolution
is 105.4 minutes. What is Alouette's speed? How does the speed

of Alouette compare with that of Echo I?

If a particular satellite traveled 30,000 miles in 6 seconds, what
would the velocity of that satellite be in miles per second?

What is the diameterof the Milky Way in light years if an object
with a velocity of 0.484 the speed of 1i{ght must travel 206,612
years to cross our galaxy?

In the near future, man may venture a trip to the closest visible
star, Alpha Centaurl. If the space vehicle could travel at 0.43
speed of light, and the trip took 10 years, how far away is

Alpha Centauri?

If a satellite were launched into a near circular orbit 35,400
kilometers from the earth and had a velocity of 10,950 kilometers
per hour, what distance in kilometers would b2 covered in one
orbit if the period of revolution was 23.3 hours?

If 1ight travels 93 million miles from the sun to the earth (1 A.U.)
and has a velocity of about 186,000 miles per second, how long does
it take for the light to get from the sun to tne earth?

How long (to nearest second) does it take 1ight to travel from the
sun to the planet Saturn ? (Saturmn {s approximately 892,000,000
miles from the sun.)

What distance in miles does the earth travel in 1ts orbit in one
day? (Earth is approximately 93,000,000 miles from the sun.)

The circumference of the earth at the equator is approximately
25,000 miles. If the earth rotates once in 24 hours, how fast
is it rotating at the equator (to nearest mile)?

The moon's diameter {is approximately 2,200 miles. It makes approx-
imately one rotation on its axis every twenty-eight days. What 1is
the speed (mph) of che moon's rotatfon at fts equator?

Syncom I1, a synchronous-orbit satellite, has a mean distance of
about 22,300 miles above the earth's surface. It revolves once
in twenty-four hours. What is its orbital velocity?

A space probe leaves Earth at a speed of 25,000 miles per hour. How
many days will be required for the spacecraft to reach Jupiter when
Jupiter is closest to Earth (393,000,000 miles, approximately)?
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16. Traveling 25,000 miles per hour, a manned spacecraft leaves Earth
for Neptune. How many days will it take to reach Neptune when
Neptune §s closest to Earth (2,707,000,000 miles, approximately)?
How many years would this be? If the crew remains on Neptune for
193 days and then returns to Earth, how many years would the en-
‘tire trip take? (Assume 365 days per year.g '

17. If a satellite, traveling 500 miles above the earth at 18,000 mph,
completes a circular orbit in 90 minutes, how long will it take a
space capsule traveling 300 miles above the earth at 18,960 mph,
to complete one orbit? Assume the earth's radius to be 4,000 miles,
and use the fact that a satellite's orbital period in hours varies
direc:ly as the radius of its orbit and inversely as {ts orbital
velocity.

Answers

54,000; 2,000
280 mi./min.
266 mi./min.
276 mi./min.; 1.04:1
5,000 mi./sec.
100,000 11ght years
7. 4.3 light years
. 255,135 km
9, 500 sec = 8 1/3 min.
10. 4,796 sec. = 80 min.
1. 1,601,566 mi.
. 12. 1,042 mph
13. 10.3 mph
14, 6,888 mph
15, 655 days
16. 4,512 days; 12.3 years; 25 years
17. approximately 82 min.

NN
[ L] - [ - L]

co
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VECTOR REPRESENTATIONS

Objective

To gain facility in drawing vector representations.

Background Information

Distance, a measurement of length, is a scalar quantity. Distance in
association with a specific direction can be represanted by a vector,
which has both magnitude and direction {including an indication of divec-
tion, such as east or west along the line). Speed (rate) is a scalar
quantity, but speed in association with a specific direction is a vector
quantity, called velocity, and can be represented by a directed 1ine
segment.

Activities

Make vector representations of the following situations. For each flight
determine the distance of the terminal point from the starting point.

1. Pilot A flys 75 miles due east and then 75 miles due east.
2. gfilot B flys 75 miles due east and then 75 miles NE.

3. Pilot C flys 75 miles due east and then 75 miles north.

4. Pilot D flys 75 miles due east and then 75 miles NH.

5. Pilot £ flys 756 miles due east and then 75 miles west.

Answers

N N
a

ol

r— ! - -
a+b =150 mi, East

1480 ®

ol

ol
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-
a

|

.Y
b IR
a+b=0

SCALE: 1/32" = one mile
3/16" = 10 miles

SO
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VELOCITY

Objective

To gain facility in drawing vector representations to determine the com-
position of velocities.

Background Information

A displacement has magnitude (distance) and direction. Therefore we repre- i
sent displacements by vectors. The result of two successive displacements

is a vector quantity; any change in (difference of) displacements is a

vector quantity.

The rate (of speed) at which an object travels has been defined as the
change 1n distance per unit of time. Thus rate is represented by a scalar;
it has magnitude but not direction. We can associate a direction with a
rate by considering displacement instead of distance.

In order to determine how much he must turm his aircraft into the wind

(crab), a pilot must be able to solve problems similar tc the one which
follows.

Example: A pilot, whose aircraft's average speed is 150 mph, wishes to
maintain a true course (TC), of 90°. He encounters a wind
blowing from 240° (toward 60°) at 40 mph.

(a) In what direction must he head {turn) his aircraft in order
to fly his intended course?

(b) wWhat is his resultant speed over the ground?

To make a vector representation of this problem follow the steps
given below.

I. Draw a line to represent north and mark a point "A", on this line.

N
|
\\\Qirgction of TH Scale: 1" = 40 m.p.h.
—~k v s
00 3 3/4v
= 150
A 903.\‘wind f:p.h, TH

ic t R
\
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II. Draw a long line through Point A to represent the direction of the
intended course, AR, at 90°. This is the direction of the resul-
tant.

111, Select a convenient unit and draw the wind vector AB. (1" = 40 mph)

IV. From B measure a Xﬁctor 3 3/4" long to represent 150 mph so that the
end touches Line at Point C.

V. What is the direction of Line B? Measure for this direction
(true heading, TH) at Point D in the diagram.

VI. How long is Segment AC? How many mph does this length represent?
This speed is the rate the plane is traveling along the desired
course, :

The pilot must head his aircraft in a direction of 93° (crab to the right).
The resultant speed will be approximately 180 mph (4 1/2") due to the wind
encountered (a tailwind).

Activities

1. A pilot wishes to travel a true course (TC) of 60°. The average speed
of his aircraft is 120 mph. He encounters wind of 40 mph blowing from
a direction of 280°, In what direction must he head his aircraft (TH)
in orgir to fly the desired course? What is his speed over the
groun

2. The desired course (TC) is 40°. If the average speed of the aircraft
is 160 mph and a wind from the east, 90°, is blowing at; 25 mph, what
heading (TH) 1is necessary to maintain the TC? What is the airplanes
speed over the ground?

3. At a certain instant in its upward flight a sounding rocket has a
velocity of 2000 ft/sec at 0° to the azimuth. At this instant the
rocket enters upper air currents which have a velocity of 200 ft/sec,
andkar% moving from west to east. What {s the true velocity of the
rocket

4. At a point in its path, a rocket which is falling to Earth has a speed
of 3000 ft/sec and a flight path angle of 60° to a horizontal line.
wh?t ?re the horizontal and vertical (x and y) components cf the
velocity?

Answers

1. 48°; 150 mph, approximately
2. 48°; 143 approximately
3. 2010 ft/sec.

4. V, = 1.5 x 103 ft/sec; V

y = 2.59 X 103 ft/sec.
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MACH NUMBER

Objective

To gain facility in converting speed, expressed as distance per unit of
time, to Mach number and vice versa.

Background Information

The term Mach number honors Ermmst Mach, an Austrian r.ssicists, who made
valuable contributions to the study of supersonic flic:t. Mach number
fndicates the rativ of the speed of a moving body to ihe speed at which
sound travels through the atr (at sed level, usually considered to be
approximately 1100 feet per second or 750 miles per ' ur}). Because the
speed of sound varies depending on atmospharic conditions, a Mach number
can represent different actual speeds. Speeds greate. than Mach 1 are
called supersonic speeds; less than Mach 1, subsonic

Activitias

1. What {s the Mach number of an afrplane flying . 00 feet per
second?

2. If an afrplane flies at nine-tenths the speed d, what s {ts
mach number?

3. ;he F-111 has a sperd of Mach 2.5. Express this speed in miles per
our.,

4. The X-15 can travel at a speed of 4,000 miles per hour. Express
this speed as a Mach number.

5. If an airplane is traveling at a speed of Mach 1.5, how fast is it

traveling in nautical miles par hour? How fast is it traveliag in
statute miles per hour?

5. 978.75; 1,125
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FALLING BODIES

Objective
To gain facility in calculating the acceleration rate of‘falling bodfies.

Background Information

The moment an aircraft or any other moving object increases or decreases
fts velocity, i1t undergoes acceleration or deceleration. An airplane
accelerates during takeoff, cruises at a certain velocity in a given direc-
tion, and then decelerates during landing. Deceleration is sometimes call-
ed negative acceleration. Freely falling objects are accelerated by the
pull of gravity. Zo find the acceleration of a freely falling object, the
formula s = 1/2 gtc could be used. - The letter (s) refers to the distance,
(g) the acceleration, and (t) the time.

Example: If a ball is dropped from a building 256 feet high, 1t takes 4.0
seco?gs?to reach the ground. What is the acceleration due to
gravity

Solving the formula for g, we find

g __%%__ = 2 X 256 & 32 feet per second per second (ft/sec?).

(4)2

Igefo?iect is accelerating 32 feet per second every second that
alls.

Activities

1. Knowing the acceleration due to gravity, calculate the distance the
ball in the above example falls by the end of each second. (This
fnformation might be shown on a graph.)

2. How long will it take an object to fall 1,024 feet?

3. Find the 1mpact velocity in feet 2er second of a model rocket which
was launched to a height of 2000 feet in three seconds.

4, Find the impact velocity in meters per second of a spent benster
dropped at an altitude of 1 kilometer.

5. How long will §t take for a rocket with zero velocity at 2,000 feet
to fall back to earth?
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6. If the first booster on a launch vehicle bums for 8 seconds, {is
separated from the launch vehicle, and then starts descending from
an altitude of 1 kilometer, how long will it take for thg spent
booster to splash into the ocean? (32 ft/sec¢ 9.8 m/sec?)

7. A spacecraft is two miles above the earth's surface. Assuming no

- wind resistance, calculate the length of time 1t will take the
spacecraft to reach the ground.

8. A spacecraft is 7,000 feet above the earth's surface. Assuming
no wind resistance, calculate the length of time 1t will take the
spacecraft to reach the ground.

9, A spacecraft begins to fall, and 12 seconds later it reaches the
ground. How far above the earth (in feet) was 1t when it began
to fall?

10. When a body {is dropped, it falls with the acceleration of gravity
independent of any horizontal velocity which the body may be given.
A borbing plane flying at an altitude of 30,000 feet with a speed
of 500 miles per hour drops a bomb. How 1on? will it take the
bomb to reach the ground? How far horizontally will the plane travel
during this interval?

11. A sky diver left his plane at 12,000 ft. and fell freely to an alti-
tude of 3,000 ft., where he opened his parachute. Determine the
time 1n seconds (t) that he fell before opening his chgte. it the
distance in feet (d) fallen in free flight equals 16 t¢.

Answers

1. Whent=1, d« 16 ft.; when t = 2, d = 64 ft,

when t = 3, d » 144 ft.; when t » 4, d = 256 ft.

2. 8 sec.

3. 358.4 ft/sec.

4. 140.14 m/sec.

5. 11,2 sec.

6. 14,3 sec.

7. 25.7

8. 20.9

9. 2,304 feat

10, 43.3 sec.; 733 ft.
11, 23.7 sec.



75 <%

G-FORCE

Objective

To leam how to calculate increased stress due to acceleration.

Background Information

Acceleration due to the pull of gravity gives a body on the surface of

the earth 1ts normal weight, A force equal to the acceleration of ?ravity
fs called "one g". Increased acceleration wili have the effect of in-
creasing the “weight" of the body or the g-force which affects the body.
Humans can, for brief periods, withstand the stress of acc2leration up to
twenty times the acceleration due to the pull of gravity. The following
formula may be used to find the amount of stress objects may be subjected
to when undergoing acceleration.

F = wal/g
where F = G-force in pounds,
w = weight in pounds,
a = acceleration in feet per second per second,
and g = gravity (32.2 feet per second per second).
Activities

1. A manned spacecraft takes off and gains speed at the rate of 24 feet
per second per second for 58 seconds. If a man weighin? 160 pounds
{s standing on a spring scale in the spacecraft, what w 11 the scale
read during the first 58 seconds of flight?

2. A manned spacecraft takes off and gains speed at the rate of 8 feet
per second per second for 80 seconds. After this 80 seconds, it
continues to rise at the rata of 20 feet per second. If a man
weighing 187 pounds s standing on a spring scale in the spacecraft,
what will the scale read during the first 80 seconds? After the
first 80 seconds?

3. An astronaut wei?hing 170 pounds 1s subjectad to 21.7 G's on takeoff.
what 1s the accrieration of the spacecraft at takeoff (in feet per
sacond per second)?

Answers

I, 279 1bs. 2. 225 1bs; 292 b. 3. 4.1 ft/sec.?
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GRAVITATIONAL ACCELERATION
Objective

To gain facility in calculating velocity of objects undergoing vertical
acceleration or deceleration.

Background Information

Suppose a ball were thrown vertically to a height of 100 feet. On its
way up the ball would decelerate until it reached its maximum height,
where it would momentarily stop (Velocity at this point is equal to zero.)
before beginning its fall to the ground. When an object coasts upward
after being propel%ed, deceleration due to gravity is -32 feet per second
per second (ft/sect)

To find the velocity of an object which has been propelled upward, use
the following formula: a --!-%JEL where (a) fs the acceleration due to
gravity, (v) is the final velocity, (vo) fs che inftial velocity, and (t)
fs the time.

Example: If an arrow is shot vertically to a height of 196 feet, (a)
what {s the time required for the upward flight, (b) wha
fs the tima interval between the shooting of the arrow and thz
arrow's striking the ground, {(c)} what is the velocity of the
arrow when 1t leaves the bow, and {d) what is the velocity o
the arrow when it strikes the ground?

(a) s 1/2 gt2, %« %s_ ._'L’_Hs,z_%. 12.25, t = 3.5 sec.

(b} ;1me up = time down, therefore total time (t) s 3.5 x 2 »
secl

VoY . v ®at
0-vym=-32x3.5

- vo * -112 ft/sec?
Vo * 112 ft/sec?

(4) v-vy=at,v-0s=32x3.5=12.0 ft/sec?

(c) ae
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Activities

An object is thrown vertically to a height of 78.4 meters in 4
seconds. Calculate the acceleration due to Earth's gravity in

ga% centimeters per sscondz. and
b) meters per seconde,

2. A model rocket is launched to a height of 2,000 feet in three
seconds, Calculate the approximate acceleration of the rocket.

3. Suppose you were on the moon where the acceleration due to gravity
s 1.67 maters per second? and you shot an grrow with an inftial
rtical velocity of 33.6 meters per second®,
sa; what would be the time of the entire flight of the arrow, and
b) how high would the arrow soar?

4, If an object 1s propelled vertically from the surface of our sun to
a height of 2,195 meters, it will land 8 seconds later. Calculate
the acceleration due to the sun's gravity and compare 1t to that
of the moon and of the earth.

5. A rocket accelerates at 20 fext per second per second for 10
seconds. How high does it go?

6. A second rocket accelerates at 35 feet per second pur second for 7
seconds. How much higher or lower does it go than the first rocket?

7. A rocket accelerates at 25 feet per second per second and reaches
an altitude of 7,500 feet. How long did 1t accelerate to reach this
height?

Answers

1. 980 cm/secz; 9.8 m/sec2

2. 444.4 ft/sec?

3. t = 40.24 sec; d = 328 meters

4, 274.4 m/sec®; 28:1; 164:)

5. 1,000 feet

6. 857.5; 1lower by 142.5 ft.

7. 24,5
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WEIGHT ABOVE THE EARTH

Objective

To gatn facility in determining the apparent weight of an object which
is at a distance above the surface of the earth.

Background Information

The pull of gravity decreases as an object moves away from the surface
of the earth. The weight of an object when it is at a distance above
the surface of the earth may be found by using the following formula:

2
W, =f_T ‘) w_, where W, = weight of object at a distunce
h <; +h s’ h " above the surface of the earth,

r = radfus of the earth (3,960 miles),
h = hefght above the surface of the earth,
and wWg = weight of body on earth.

Activities

1. A spacecraft weighing two tons at the surface of the earth is 200
miles above the surface. What is its wefght at that altitude (to
nearest pound)?

2. The Apollo spacecraft weighs about 48 tors at takeoff. How much
does it weigh when it is 3,960 miles from the earth?

3. The command module of the Apollo spacecraft wefighs about six tons
at takeoff. How much does it weigh when it is 1000 miles from the
earth's surface?

4. One of the earliest satellites put into orbit weighed only 6 pounds
at takeoff. When in orbit 1t had a weight of 5.6 pounds. What was
fts height above the earth's surface, to the nearest ten miles?

Answers

1, 310

2. 12 tons
3, 7489

4, 165 miles
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Resource Materials

Books

Ahrendt, Myrl H., The Mathematics of Space Exploration. pp. 11-25,
83-108. Motion, mass, weight, gravity, orbital paths.

Bennett, Clarence E., Physics Without Mathematics. Review of basic laws
of force and motion.

Glasstone, Samuel, Sourcebook on the Space Sciences. pp. 41-82. Space
orbits and trajectories.

Lundquist, Charles A., The Physics and Astronomy of Space Sciences.
pp. 16-20. Earth's gravitation field.

Ovenden, Michael W., Artificial Satellites. pp. 31-39 Principles in-
volved in determining the orbit of a satellite.

Sutton, Richard M., The Physics of Space. pp. 47-57, 92-122.
Kepler's laws; law of gravitation; satellite orbits; weightlessness.

Wilson, ?itche!l. Seesaws to Cosmic Rays. pp. 11-26. Balance of forces;
motion.

Films

Basic Physical Science: What fs Uniform Motion? (b/w, 13 min.)
Centripetal Force and Satellite Orbits (c, 11 min.)

Elliptical Orbits (b/w, 19 min.)

Free Fall and Projectile Motion {b/w, 27 min.)

Free Fall in Space (c, 4 min.)

Gravity, Weight, and Weightlessness (c or b/w, 11 min.)

Satellite Orbits (¢, 20 min.) Electronic planetarium used to demonstrat.
ts.

Space Orbits (c, 18 min.) Orbital patterns and forces producing then.
2 vitatio (¢, 3) min.)
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HEAT AND HEAT ENGINES

Heat §s the energy produced by the motion of the molecules of matter.
The greater the speed of movemen*, the higher the heat level of the
material. Any action or reaction which will increase the motion of
the molecules will increase the level of the heat. Conversion of
heat energy to kfretic energy in the rocket booster provides thrust

to put the spacecraft into orbit.

Aerodynamic Heating . . . . . . 85
Heat Transfer . . + + ¢+ « . + 87
Temperature Conversion. . « . . 91
Thruste « o o o ¢ 6 o o s o3 + 93
Specific Impulse., . + » + « . + 95

Resource Materfals. . « » + « + 97
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AERODYNAMIC HEATING

Objective

To be able to explain why a blunt body is the {deal shape for a space-
craft reentering the earth's atmosphere.

Background Information

Aerodynamic heating, which occurs in high speed flight, 1s a result of
(1) the kinetic energy of the air being changed to heat and (2) the
transfer, by convection, of some of this heat to the body as the hot air
passes over {t. A very thin layer of air, called the boundary layer,
outside the surface of the body provides the mechanism for decelerating
a}r flow and for transferring the heat which results from this decelera-
tion.

The temperature of the ambient air {s the air temperature produced by
random motion of molecules. The forward motfon of the reentering space-
craft, added to the random motion of the molecules, significantly in-
creases the temperature of the air. Stagnation temperature, the air
temperature reached as a result of forward motion, 1s dependent upon the
:p?ﬁecraft's velocity and is related to the ambient air temperature as
ollows:

Tg/To=1¢ .2M, where Tg {s the stagnation temperature, T,
is the anbient afr temperature, and M 1s the Mach nurber of
the moving vehicle.

As molecules of air become increasingly hot, their motion becomes faster,
until the air temperature reaches the point where the molecules absord
some of the heat energy by excitation of individual parts of the mole-
cules. At sufficiently high temperatures, the molecule itself may break
dgwn into its atomic components and the atoms may lose their outer ring
electrons.

A blunt body 1s the 1deal shape for a sgacecraft reentering the earth's
atmosphere because (1) less of the forebody of the craft is exposed to
the area of intense heating; (2) a ?raater drag coefficient causes de-
celeration of the craft at higher altitudes where air density is lower;
(3) ﬁush!ng a strong shock wave ahead of 1t, dissipates almost all of
its kinetic energy; and (4) 1ittle heat is absorbed inte the boundary
layer and little is transferred to the surface.
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A pointed body is preceded by a weak shock wave while a blunt body is
preceded by a strong shock wave in which nearly all of the velocity of
the moving body is added to the random velocity of the molecules and the
molecules in the boundary layer move at a high velocity. A slight cur-
vature of the frontal surface causes nearly even heating across the
entire frontal surface of the craft.

Activity

Demonstrate the effect of differences in the shapes of spacecraft.

Materfals needed

Balsa spacecraft models of varfous shapes
Tub or large pan
HWater

Float the spacecraft, one at a time, in the water. Observe the
df fferences in the ripple patterns as the different craft are
moved forward in the water.
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HEAT TRANSFER

Objective

To be able to describe (1) the methods used to protect the reentering
- spacecraft against excessive heat and (2) the methods used to cool the
astronaut's space suit.

Background Information

Protection against excessive heat can be provided by (1) a covaring
with enough thermal capacity to soak up the heat without melting or
damaging the structure; (2) a covering with the capability to radiate
the major portion of the heat away as rapidly as it accumulates; or
(3) a covering of ablative material which blocks the transfer of heat
fromitgg boundary layer, soaks up some of the heat, and radfates the
remainder.

Beryllium, the best material to use when high thermal capacity is d-.i-eaq,
is used where excessive heating is of relatively short duration. Heating
of long duration, but at lower levels, can best be withstood by heat-
resisting nonmetallic ceramic materials or refractory alloys or meta': .
Ablative materials, however, often are the most practical protection be-
cause they can withstand high heat for prolonged periods of time.

Ablative materfals are usually a mixture of glass or quartz fibers tor
strength, micro-balloons to reduce density, and a type of polymer for ¢
binder. Heating causes the po1¥mer to char, thus absorbing heat, and

to release gases which form a blanket between the surface of the craft
and the boundary layer, thus reducing the boundary layer's capability

to transfer heat to the surface. The carbonaceous materfal left as a
result of the charring is an effective radiator of most of the remaining
heat. The glass or quartz fibers also melt and vaporize, thus assisi‘ng
in the ablative action. The micro-balloons, hollow spheres of piasti.
or glass, act to reduce the density of the ablative material thereby
reducing heat conductivity. A reduction in heat conduction {s imporiaat
because the adhesive used to bond the ablative maturial to the nose of
the craft cannot withstand the levels of heat that the ablative materia.
ftself can withstand.

Radfation from the sun and heating caused by the expenditure of energy
by the astronaut make some kind of space suft cooling system essen {a).
Circulating oxygen cooled the space suit used on the Mercury flights.
However, the circulation of oxygen at the pressure of 3.5 psi is not
rapid enough to cool a suit when the astronaut is expending as much
energy as he will be when he is on the surface of the moon. The Apollo
suft has been devaloped with a cooling system of circulating water. A
network of small plastic tubes in the undergarment of the suit conducts
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heat from the body to Le cooled by the circulating water which, in turn,
1s covled by a heat exchanger in the 1ife support system, Because gas
does not cool effectively by convection, water cooling has an additional
ag¥antage]}n that 1t reduces the perspiration rate necessary for comfort-
able cooling.

Activities

1. Demonstrate the di fference in the abi1ity of various metals to with-
stand heat.

Direct the flame of a blow torch or bunsen burner on to the surface of
different metals, record the length of time it takes for them to be-
come "cherry red", and inspect the surface of the metal after cooling
to detect deterioration caused by excessive heat. :

2, Demonstrate how layers of materials can be used to insulate the
astronauts against the heat of reentry.

Materials needed

Paper cun {6 to 8 oz.)
Paper towels

Aluminum foil

Coat hanger wire
Thermometer

Masking tape

Bunsen bumer

Crumple a paper towel around the outside of the paper cup. Add two
layers of aluminum foil and another loosely crumpled towel, Add a
final covering of aluminum foil and tape i1t securely to the top edge
of the cup. Make a holder of the coat hanger wire. Place two ounces
of water in the cup. Record the temperature of the water and then
place the covered cup in the flame of the burner for one minute. Re-
cord the water temperature again., If the cup is properly insulated,
the temperaturs of the water will not rise more than 2° Fahrenheit.

paper towel

wire holder N

aluminun foil
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3. Demonstrate the cooling effect of ablation material.

Materials needed

Hot plate

Pan to hold water as it is heated
2 test tubes

2 thermometers

Paraffin

Coat one test tube with a thick layer of melted paraffin. Place a
thermometer in each test tube, and suspend the test tubes in water

in the pan. (See illustration) Heat the water and notice the

di fference in the rate of change ir the temperature readings as the
water level rises.

Thermome ter

Paraffin

Water
SN\ 47— Thermometer
Water——_ \'




91
TEMPERATURE CONVERSIGi

Objective

To gain facility in converting readings on one temperature scale to
another scale.

Background Information

As its temperature is lowered, a gas decreases in volume and pressure.
Theoretically, the temperature might reach a point where the gas would
have essentially disappeared, with no volume and no pressure. This tem-
perature is known as absolute zero or zero degrees Kelvin (named after
one of the originators of the idea). The absolute temperature scale is
recorded in degrees Kelvin (°K).

There are two other temperature scales as well--centigrade or Celsius,
°C, and Fahrenheit, °F. There is no difference in the size of the inter-
val used to indicate a degree cn the Celsius and absolute scales. This
means that on both scales there is the same number of degrees, for in-
stance, between the freezing point and the boiling point of water. The
absolute scale temperature of 273° K is equal to 0° on the Celsius scale.
There is a difference in the size of the interval used to indicate a
degree between the Celsius scale and the Fahrenheit scale. Five degrees
on the Celsius scale is equal to 9° on the Fahrenheit scale.

Formulas for converting temperature readings from one temperature scale
to another follow

°K = °C - 273°
°C = °K + 273°

oC = F°lf8409) _40°
or

°C = (°F - 32°) x 5/9

°F = (C° + 40°) 1.8 - 40°
or

°F = 9/5 °C + 32°
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Activities

1. At 25 km. above the earth, the atmospheric temperatura {s approxi-
mately 215° K. What is that temperature as expressed in Celsfus
degrees? In Fahrenheit degrees?

2. At 50 km. above the earth, the atmospheric temperature is approxi-
mately 30"° K. Where is that temperature indicated on the Celsius
scale? On the Fahrenheit scale?

3. At 200 km. above the earth, the atmospheric temperature is approxi-
mately 700° K. Convert the Kelvin scale temperature to the Celsius
scale. To the Fahrenheit scale.

4. If the temperature of the atmosphere at 500 km. 15 approximately
1000° on the Kelvin scale, what is it according to the Celsius
scale? Convert the Celsius scale reading to the Fahrenheit scale.

Change the following Celsius scale readings to °Fahrenheit.

Celsius Fahrenhei t
5. 58° 136.4°
6. 25
7. 10
8. 5
9. 35

Change the following Fahrenheit scale readings to °Celsfus.

Fanrenheit Celsius
10. 58° 14.4°
1. 77
12. 86
13. 60
14, 104
Answers
1. -58°C; -72.4°F 8. 41
2. 27°C; 80.6°C 9, 95
3. 427°C; 800.6°F 1. 25
4, 727°C; 1340.6°F 12. 30
6. 77 13. 15.6

7. 50 14, 40
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THRUST

Objective

To gain facility in calculating the amount of thrust developed by a
rocket engine.

Background Information

The propulsion of a rocket is explained by Newton's third law of motion
which states that for every action there is a reaction equal in size and
opposite in direction. The thrust or "reaction" depends partly upon the
velocity or speed of the "action" and partly upon mass. The "mass" of
an object refers to its bulk, not its weight.

For calculating the thrust developed in a rocket engine, the following
equation could be used:

Wy
F-'-‘—a— +(Pe"Pa)Ae

where F = the thrust in pounds
W = the rate of discharge of the gas or liquid jet in
pounds per second
v = the velocity in feet per second
g = 32.2 feet per second per second (gravitational
acceleration)
Pe = the pressure of the rocket gases at the exit of the
nozzle in pounds per sauare inch
Pa = the pressure of the atmosphere surrounding the rock:c
in pounds per square inch
Ao = the area of the exit nozzle in square inches

Activities

1. A rocket gives off exhaust gas at the rate of 100 1b. per second at &
pressure of 25 1b. per square inch. The gas {is traveling at a -elo:-
ity of 7500 feet per second. The pressure of the surrounding atmo-
sphere 1s 15 1b. per square inch, and the area of the exit noz:ie °s
50 square inches. What is the thrust of the rocket?

2. What would be the answer to Problem 1 if the rocket gives off gas at
the rate of 200 pounds per second and 1s traveling at a velocity af
9,000 feet per second?

3. Repeat Problem 1, but assume the pressure in the upper atmosphere to be
1.5 1b. per square inch. What is the thrust of the rocket now?

O lnswers
ERICT23,791.9 1. 2. 56,400.6 3. 24,466.9 1b.

IToxt Provided by ERI
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SPECIFIC IMPULSE

ObJjective

To gain facility in determininy the relative effectiveness of the perfor-
mance of a rocket by calculating its specific impulse.

Background Information

Rocket performance can be determined by calculating "specific impulse";
that is the amount of propellant which must be burned per second in order
to maintain a given amount of thrust. More-explicitly, "specific im-
pulse" is defined as the thrust a rocket produces when the gas is coming
o:t og the exit nozzle at the rate of one 1b. per second. Mathematically
stated:

Ip = F

where Isp = specific impulse, in seconds

F = thrust of rocket, in pounds
W = weight of propellant used, in pounds per second

Example: What is the specific impulse of a rocket engine which has a
thrust of 10,000 pounds and uses its propellant at the rate
of 50 pounds per second?

By substitutinn in the above formula we get
= 10,000 . 5
Isp —éﬁ— 200 seconds

Normally, the higher the specific {mpulse the more efficient the rocke:
engine. With the advent of newer propulsion systems higher specific
impulses can be expected.

Activities

1. HWhat {s the specific impulse of a rocket engine which has a thrust
of 1735000 1b,. and uses its propellant at the rate of 850 1b. per
secon

2. The specific impulse of an engine {s 275 seconds, and the engtine has
g thrust of 27,500 1b. W¥hat is the rate at which the propellant will
e used? ‘

3. What is the specific impulse of a rocket engine, 1ike the Saturn V,
which has a thrust of 7,500,000 pounds and burns 30,000 pounds of
fuel per second?

Answers
1. 200 seconds 2. 100 1b./sec 3. 250 sec

O
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Resource Materials

Books

Faget, Max, Manned Space Flight. pp. 107-11, 153-164.
Space sult; aerodynamic Eeating of spacecraft.
Glasstone, Samuel, Sourcebook on the Space Sciences. pp. 86-89,

314-315, 862-863. Specific impulse; -radiation and temperature;
re-entering the atmosphere.

National Aeronautics and Space Administration, "Living in Space,"
NASA Facts. Vol.lII, No. 5, p. 11. Thermal control of space
sult and spacecraft.

Shapiro, Ascher H., Shé&se and Flow; The Fluid Dynamics of Drag.

Sutton, Richard M., The Physics of Space. pp. 137-147. Radiation
in space.

Wilson, Mitchell, Seesaws to Cosmic Rays. pp. 68-74. Caloric and
kinetic theories of heat. (Easy readingg

Films

Aerodynamic Heating and Deceleration During Entry into Planetary
Atmosphere (b/w, 29 min.)

Beating the Heat (c, 19 min.) Aerodynamic heating by deceleration
and at supersonic speeds.
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SOUND AND LIGHT

Movements of sound and 1ight are examples of two of the many types of
wave motion known in nature. Sound waves travel through gases, 11qu§ﬁ§.
and solid materials while 1ight waves travel through empty space.
Either 1ight or sound waves can be reflected or refracted in defintte
patterns. The compression or expansion of the wavelengths of sound and
1ight or other electromagnetic waves can be used to determine the

velocity of an object moving toward or away from the receiver.

Sound . . . s v e i s e e e e ...l 101
Light DIffusfon . o o v v v v s o o o .« 103
Focal Length of Spherical Mirrors . . . 105
Focal Length of Parabolic Mirrors . . . 107
Doppler Effect. . « + + + « o o o « « « 109
Doppler Shift and Stellar Velocity. . . 111
Stellar Spectra . . « .+ « + & ; e oo o 113

Resource Materfals. . « « + ¢« ¢« ¢« o « « 115
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SOUND

Objective

To be able to explain why, according to present theory, there will be
no sound on the moon.

Background Information

Vibration of materials in a vacuum does not produce sound because there
are no air molecules to vibrate and carry the sound to the ear. As far
as we now know, there is no atmosphere upon the moon. Because of this
lack of atmosphere, sound must be transmitted through some kind of
electronic device such as a radio in order for it to be heard. Men on
the moon will need to communicate by sfgnaling, by direct contact, or
through use of some device comparable to the walkie - talkie radios
used on Earth.

Activity

Place a properly connected electric bell (door bell) or buzzer in
a bell jar. Remove all the air and notice that even when the bell
clapper is vibrating, no sound can be heard.
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LIGHT DIFFUSION

Objective

To be able to explain why space is dark even though it is flooded with
light from the sun and stars.

Background Information

To be seen 1ight must hit the retina of the eye. In space with the
lack of molecules to reflect light to the eye, no light is seen except
when the light source is looked at directly, (Never look directly at
the sun without heavy protective dark glasses because permanent damage
can be done to the retina if intense sunlight strikes it directly.)

Activity

Demonstrate that more light is reflected when there are more
particles in the air for light to hit. In a dark room, shine
the 1ight of a powerful flashlight,with a narrow beam,across
the room so that a beam of the light is visible. Add chalk
dust or other dust particles to the 2ir within the beam and
notice how much more visible the beam of light becomes.
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FOCAL LENGTH OF SPHERICAL MIRRORS

ObJjective

To gain facility in calculating the focal length of spherical mirrors.

Background Information

Flat mirrors are not used as the principal mirrors in reflecting tele-
scopes, because a flat mirror will not focus incident 1ight rays to a
point. A simple kind of curved mirror 1s a spherical mirror where the
reflecting surface is part of a spherical object (a ball). Spherical
mirrors used in astronomy are concave spherical mirrors; that is, the
reflecting surface would be the inside of a ball-shaped object. To
find the focal point of a concave spherical mirror you need to know
only the radius of curvature of the mirror, which {s the same as the
radius of the imaginary sphere of which the mirror is a part. The focal
point or focal length, f, of a concave spherical mirror is 1/2 the
radius of curvature, R. This can be expressed symbolically as

= _R
f -
Activities

1. Find the focal length of the following concave spherical mirrors
using the given radius of curvature:

a. 18 inches

b. 3 feet

c. 31 feet, 3 inches
d. 71 feet

e. 99 feet, 4 inches
f. 75 centimeters

g. 1 meter

h. 17 meters

i. 41 meters

J. 38.4 meters

2. a. Which of the mirrors in Problem 1 is the most curved {having
the smallest radius of curvature)?

b. Which of the mirrors in Problem 1 is the least curved (having
the longest radius of curvature)?

3. The Schmidt telescope of the Palomar Observatory has a concave
spherical mirror with a radius of curvature equal to 20 feet.
Find the focal length of this mirror in (a) feet and (b) meters.
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Answers

]l al 9“
b. 1 1/2 ft
c. 15 ft, 7 1/2"
d. 35 172 ft
e. 49 ft, 8"
f. 37.5 ¢cm
g. 0.5 meter
h., 8.5 meters
i. 20.5 meters
J. 19.2 meters

2. al ]8“
b. 41 meters

3. a. 10 ft
b. 3 meters or 3.05 meters




tvesy b pmew Gmmm R

‘b—:

107

FOCAL LENGTH OF PARABOLIC MIRRORS

Objective

To gain facility in calculating the focal length of parabolic mirrors.

Background Information

The use of spherical mirrors in reflecting telescopes presents a problem.
Spheri cal mirrors focus with sufficient accuracy only those 1ight rays
which are reflected from the near-center of the mirror. If a light ray
is reflected from the near-edge of the mirror, it is focused behind the
point where reflected rays closer to the center of the mirror are focus-
ed. This effect, called spherical aberration, destroys the sharpness

of the image at the focal point of the mirror, but 1t may be remedied by
using & corrective lens.

To solve the problem of spherical aberration, scientists designed a near-
spherical mirror which would focus all incident 1ight rays at a sharply
defined point. Such a mirror is called a parabolic or paraboloidal
mrror. Finding the focal point of a parabolic mirror is a bit more
complicated than findigg the focal point of a spherical mirror. However,
by using the formula y¢ = 2 fx, where (y) 1s the y-coordinate and (x)

is the x-coordinate, the focal point (f) can easily be found. (See tne
diagram below,)

f=3
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Activities .

1. The 200-ifnch mirror of the Hale telescope {s coated with a very thin
molecular layer of aluminum which serves as the reflecting surface.
Find the focal length in feet and {n meters of this telescope if
X = 0.9 feet when y = 10.0 ft.

2. Find the focal length of a parabolic mirror in a do-{t-yourself
telescope 1f x = 0.5 inch when y = 6 inches. What is the focal
length 1n centimeters? B

3. The Orbiting Astronomical Observatory (0AO) has a parabolic mirror

0.9 meter fn dfameter. Find the focal length of this mirror if
x = 1,38 meters when y = 4 meters,

Mnswers

1. f = 55,6 ft. = 17 meters or 16.95 m,
2, f=91.4 cm. = 36 inches

3. f =5,30 meters
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DOPPLER EFFECT

Objective

To gain facility in calculating velocities and wavelengths affected by
the Doppler Shift,

Backqround Information

Wavelength and frequency can be used to determine the velocity of a -
sound or 1ight source which 1s in motion either toward or away from
the observer, When a sound or 1ight source is in motion relative to
the observer, there is a shift in the wavelength of the sound or 1ight.
This 1s known as the Doppler effect, or Doppler shift.

If the sound source 1s moving toward you, the wavelengths are crowded
together and thereby shortened. This causes the sound to be pitched
higher, On the other hand, {f the sound source is moving away from

the 1istener the wavelengths are stretched out and thereby lengthened.
This causes a lowering of the pitch heard. This same apparent lengthen-
ing or shortening of wavelengths is present when an elactromagnetic
radfation source (a star) and the earth are moving toward or away from
each other. The instrument which records these wavelengths {is called

a spectrometer., Spectrometers vecord information on a photograph
called a spectrogram. Each wave1en?th present is represented by a well-
defined bright or dark line, depending on what is being photographed.
These spectral lines can be measured to identify elements present in

the electromagnetic radiation source.

The Doppler effect can be expressed mathematically as
chang% in wavelength . velocity of source
normal waveleng velocity o ght

This expression may be solved for any of the four quantities contained
fn 1t. (Velocity of 1ight is 186,000 mi/sec or 299,460 km/sec.)

. Genatittg, Gumm———

Activities
1

. The sun {(and the solar system) 1s speeding toward the constellation
Cygnus with a velocity of 216 kilomaters per second. If a radio
astronomer were to transmit a radio signa1 with a wavelength of
0.0035 meter toward the constellaticn Cygnus, what change in wave-
length would be observed by & possible intelligent befng on a planet
revolving around a star in this constellation? (Assume that Cygnus
fs remaining stationary.)
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Calculate the wavelength of the radio signal that would be received
by someone on the planet mentioned in Problem 1. '

If a satellite were launched into an orbit of high eccentricity
around our sun, what would be 1ts velocity at perihelion {f the
signal 1t transmitted had a-wavelength of 7.200 mi11imeters and
the signal recefved on Earth had a wavelength of 7.197 milli-
meters? (Note: change in wavelength = wavelength transmitted minus
wavelength received.?e

If the spectral lines of a galaxy are shifted and indicate a wave-
length 1/4 of the normal wavelength, how fast is that galaxy speed-
ing away from us?

If an astronomer were recording meteor trails on a spectrogram and
noticed a shift in the spectral 1ine for calcium (wavelength of
6,182 angstrom units) indicating the wavelength is shortened by
1.429 angstrom units, how fast would that meteor be moving toward
Earth in (a) miles per second, and (b) kilometers per second?

Suppose a scientist were to point a spectrometer toward the burning
gases roaring from a Saturn, Thor, or Atlas booster engine in

flight. If the resulting spectrogram were to show the 6,640.900
angstrom units spectral iine for oxygen to be displaced 0.054
angstrom unit, what would be the velocity of the gases being expelled
from the above booster engines in (a) kiloneter?dger second, (bg

miles per second, (c) kilometers per hour, and miles per hour?

Answers

1.

S W N

6.

0.000002525 meter

0.003497475 meter

124.78 km/sec

74,865 km/sec

43 mi/sec; 69 kilometers/sec

2.4 kilometers/sec; 1.5 mi./sec; 8,640 km/hr; 5,400 mi./hr
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DOPPLER SHIFT AND STELLAR VELOCITY

Objective

To be able to explafn how the Doppler shift in 1ight spectra may be used
to measure relative velocities of bodies in space.

Background Information

A spectroscope is used to obtain a star's 1ight spectrum, then the
position of a 1ine in the spectrum {s measured carefully. The position
of this 1ine in the star's spectrum is then compared mathematically to
the position of the same 1ine in a spectrum which is at rest relative
to the earth. If the star s approaching Earth, the 1ine shifts toward
the violet end of the spectrum; 1f the star is moving away, the 1ine
shifts toward the red end of the spectrum.

The change toward the red end of the spectrum has been observed for
several hundred galaxies and 1S known as the red shift. If this red
shift {s an indication of the Do¥g1er phenomenon, then these galaxies

are all moving away from the earth. Velocities of recession are approxi-
mately proportional to the distances from the earth; therefore, when
velocity 1s known, approximate distance may also be calculated.
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STELLAR SPECTRA

Objective

To be able to describe the way in which satellites are being used to
study stellar spectra.

Background Information

The launching of the first successful 0AO (Orbiting Astronomical
Observatory) in December, 1968, marked the beginning of a new phase
of studying the universe. For the first time, photometers and spec-
troscopes will collect information about the X-ray and gamma ray
regions of the stellar spectra without interference by the earth's
atmosphere,

Areas of investigation proposed or being conducted by the QA0 program
include studying (1) hot stars which radiate strongly in ultraviolet
11ght, (2) X-ray and gamma ray radiation, (3) star evolution, (4)
galaxies in ultraviolet 1ight, (5) the center of the galaxy by collect-
fng infrared radfatfon data, and (6) planetary radiations in ultra-
violet and infrared.

For further information, see "Stars," in the section on Astronomy,
PP' 11'16'
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Resource Materials

Books

Glasstone, Samuel, Sourcebook on the Space Sciences. pp. 178-179,
829-832, 851-854. Doppler effect; the red shift; OAO

"0AD-A2, High-Accuracy Stellar Observatory," Space World,
March. 1969, pp. 5-10.

Sutton, Richard M., The Physics of Space. pp. 23-24, 135-140,
Measuring velocity of bodies in the universe.

Wilson, Mitchell, Seesaws to Cosmic Rays. pp. 34-50. Light;
mirrors; spectrum.

Films

Dark Line to the Planets (b/w, 20 min.) Use of absorption spectroscopy
o determine the atmosphere of planets.

Sound Waves and Stars: The Doppler Effect (c, 12 min.) Use of the
Doppler effect to measure distances.
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ELECTRICITY

The generation of electricity in space is vital to space flight because
the spacecraft depends upon electricity for the operation of many of its
components. Without the electronic equipment which has been developed

as a part of the space program, the important task of tracking space- -
craft and communicating with them could not be accomplished. In additfon,
numerous experiments now in progress may lead to the development of
thrustors which will use electricity for spacecraft propulsion on pro-
longed flights.

Electric Power in Space. . + o v ¢ v v v . 119
Electrothermal Thrustors . . « « + ¢ + « « . 121

Spacecraft Tracking and Communications . . .123

Resource Materfals . « « « ¢« ¢« o o o o o « + 125
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ELECTRIC POWER IN SPACE

Objective

To be able to describe the different ways in which electric power may
be produced on space flights.

Background information

Even though every item included aboard a spaceship 1s designed to use
a minimum amount of power, the need for electricity is great. Either
chemical, nuclear, or solar energy may be used to produce electrical
energy on space flights. The type of system to be used depends upon
(1) the peak power rate required, (2) the total amount of power needed
for the entire mission, and (3) the length of the mission.

The simplest source of power is the primary cell which depends upon the
chemical properties of the cell materials for 1ts production of elec-
tricity. Although these storage batteries are quite efficient in pro-
ducing electricity, they have the disadvantage of storing and producing
a comparatively small amount of useful energy per pound of weight, The
Mercury spacecraft used batteries; the Gemini and Apollo crafts obtained
their power supplies for reentry and recovery periods from batteries.

A fuel cell has an advantage over a primary cell in that the chemical
reactants which are expended during the production of electricity may
be replaced as they are depleted. The hydrogen-oxygen fuel cells used
in the Apollo service module consist of two sintered nickel electrodes
separated by potassium hydroxide as the elactrolyte. Oxygen is fed
through one electrode, hydrogen through the other. As the reaction -
proguces electricity, 1t also produces potable water, a valuable by-
product.

For flights which last from a few days to less than two weeks,
electrical power may be supplied by chemically-fueled turbine or
internal conbustion engines. Their efficiency is less than that of the
primary cell, but they have a weight advantage. Of course, in addition
to fuel, an oxidizer must be supplied on space flights.

Nuclear or solar powered devices for producing electricity are more
suitable for flights of several weeks duration. Solar powered systems
require the carryin? of no fuel, and, in addition, the waste heat gen-
erated 1s radiated into space without any problem of providing for heat
dispersfon, The disadvantage of the solar powered system, of course,.

is that since 1t 1s dependent upon the energy it receives from the sum,
the system must be able to receive sunlight efther continuously or
frequently enough to produce sufficient power for operation of the space-
craft equipment. So far the most feasible method for producing electric



120

energy from solar energy 1s the use of solar cells which are solid state
devices utilizing photovoltaic conversion. Though not efficient, only
about 6 per cent of the solar energy is converted to electricity, the
abundance of solar energy and the light weight of the solar cell makes
this method practical. Another way of using solar energy to produce
electricity is to use parabolic mirrors to concentrate the solar energy,
thus converting 1t to heat energy which may then be changed to elec-
tricity by one of several methods.

The SNAP (Systems for Nuclear Auxiliary Power) program §s investi-
gating the possibilities of using efther nuclear fission or radioactive
fsotopes to produce electrical power. Nuclear systems necessitate the
carrying of only small amounts of fuel; however, the development of a
practical nuclear powered system is complicated by the need for (1)
designing an effective radiator to disperse heat, (2) the development
of materfals which will resist corrosion, and (3) overcoming the pecu-
1iar behavior of liquids in a wefghtless condition. The most practical
way of using nuclear energy for the productfon of electricity is to
convert the nuclear energy to thermal energy first. The heavy shield
required for protection of the crew makes the use of nuclear reactors
to produce power {mpractical except where large quantities of power
are needed as in the case of the use of electric propulsion.

The use of radioisotope fuels as power for the production of electric-
{ty has some advantages: (1) there is no danger of runaway reacticn;

(2{ if the decay is with alpha emissions, little shielding is reeded;
and (3) there is little restriction upon the size of the power unit t-.*
can be constructed. The heat output is dependent upon the {sotope
employed; therefore, very small compact systems cen be devised. The
chief disadvantage is that the fuel cannot be tumed off and must be
used immediately upon its manufacture to obtain maximum heat conversion.

Both nuclear reactors and the radfoisotope fuels are heat producers.
Some method is needed to convert the thermal energy produced into
elec.rical energy. A steam turbine may be used. A thermionic converter
in which a stream of electrons flows from a heat emitter t¢ & cold -oi-
lector 1s another possibility.

Activity

Construct a fuel cell.
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ELECTROTHERMAL THRUSTORS

Objective

To be able to describe how electricity may be used to provide thrust
for rockets.

Background Information

Electrothermal thrustors are designed to transfer to the propellant
the heat produced by some electrical device. One type which {s under-
going investigation is the resistance jet {resistojet) which utilizes
ohmic (resfstance) heating to obtain high temperatures. Several types
of resistance heating sources, such as tungsten tubes, resistance coils,
or resfstance screens, are being tested. The propellant flows around
or through the heating source to produce the high exhaust velocity.
Another type of electrothermal thrustor is the électric-arc (arc-jet)
which heats the propellant by means of an electric arc. The tendency
for electrodes to disintegrate and the loss of energy because of the
conductive quality of the heated propellant are problems to be sclved.
The use of electrothermal thrustors is limited by the problems of pro-
ducing electrical power in space.
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SPACECRAFT TRACKING AND COMMUNICATIONS

Objective

To be able to describe the electronic systems developed for communication
with manned satellftes, unmanned satellites and space probes.

Background Information

STADAN (Space Tracking and Data Acquisition Network), operated by NASA's
Goddard Space Flight Center in Greenbelt, Maryland, is a network of 26
stations located around the world. Fourteen of these are electronic,
the others are optical. Antennas at the stations, receive signals as
the satellite passes overhead. The information received from the satel-
1ite 1s stored on magnetic tapes which are run through computers for
interpretation and analysis.

Tracking of unmanned satellites §s done by using either the worldwide
Minitrack System, an angle measuring system using radio interferometers,
to track low orbiting satellites, or the Range and Range Rate System
which determines the 1ine of direction (the range) and the radial veloc-
ity (the range rate) of spacecraft which are 500 to hundreds of thou-
sands of miles from Earth.

Radio telemetry 1s used to measure and report data of a)) kinds. As
instruments, called sensors, react, this information, in 2 coded elec-
tronic signal, is transmitted to Earth where it is processed by com-
puter and converted into information for study and analysis.

NASCOM ‘NASA communications network) a worldwide network is also

centere. at Goddard Space Flight Center. This system, working through

a communications processor which uses a digital computer, is so efficient
that average transmissfon time for a message is about 5.8 seconds.

SCAMA 11 (Station Conferencing and Monitoring Arrangement) is the
commmications network, also centered at Goddard Space Flight Center,
which 1s used for voice communication. Operated by a ground controller,
this system makes 1t possible to coommnicate with an astronaut in orbit

or conduct conferences with participants in different parts of the world as
easily as to make a local telephone caill.

The DSK (Deep Space Network) stations are located 120°-intervals of
longitude apart so that one station will have a 1ine-of-sight communi-

cation with the spacecraft at all times. This network, operated for

NASA by the Jet Propulsion Laboratory at Pasadena, California, is a

gart of the NASCOM system, but 1ts special assignment 1s to support the
unar and planetary missions.
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Resource Materials

Books

Faget, Max, Manned Space Flight. pp. 117-138. Electric power
generation for space flight; tracking and commnications.

Glasstone, Samuel, Sourcebook on the Space Sciences. pp. 158-171.
Power for space flight.

Hymoff, Edward; Guidance and Control of Spacecraft. pp. 78-84,
Telemetry.

National Aeronautics and Space Administration, "Solar Cells,*
NASA Facts S-6/3-68.

» "Spacecraft Tracking and Communication," NASA Facts

$-2/8-67.
» "Telemetry," NASA Facts S-3/8-67
Films

Bell Solar Battery (c, 18 min.) Manufacture of solar cells,
advantages of solar batteries.

Electric Propulsion (c, 24 min.)

Magnetic Force (c or b/w, 27 min.)

Power for the Moonship (b/w, 28 min.) Fuel cells and their uses
on; the Apollo spacecraft.
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ATOMIC AND NUCLEAR PHYSICS

In the future, nuclear energy probably will be utilized to propel
rockets. Whether a nuclear reactor or a charged-particle rocket
motor propels the spacecraft of the future depends upon the success
of present experimental projects. Regardless of what type of motor
propels the craft into space, satellites now offer possibilities
for testing Einstein's general theory of relativity which was im-
possible to test prior to the space age.

Nuclear Propulsicn . . o « ¢« 5 + « + 129
Charged-Particle Rocket Motors . . . 131
Satellite Tests of Relativity. . . . 133

Resource Materdals . - . « o - o » 135
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NUCLEAR PROPULSION

Objective

To be able to explain how nuclear reactors may be used to propel
rockets.

Background Information

Chemical and nuclear rockets are similar in that both operate by ex-
pulsion of hot gas through a rocket nozzle. The nuclear reactor,
placed in the rocket core, acts to heat the propellant which may,
theoretically, be any liquid or gas. Usually hydrogen is chosen be-
cause of its 1ow molecular weight. The nuclear rocket is limited in
its performance potential by the high-~temperature strength of the
structural materials. The reactor temperature must not be allowed to
reach the meiting point of the structural materials which imust be
chosen for great high-temperature strength. Such materials include
graphite, tungsten and some of its alloys, and certain refractory
carbides, oxides, and sulfides. The first experimental reactor, called )
Kiwi, utilized graphite which, in addition to having structural
strength, can act as a moderator for the nuclear material.

The thrust of a nuclear rocket can be varied (1) by altering the fission
rate or (2) by varying the flow of the propellant. The latter seems

to be preferable. Stopping and starting a nuclear rocket, while com-
pletely feasible, does entail the use of great care to avoid possible
damage to the core material. Automatic controls which have been
developed need further perfecting for complete reliability.

0f course, shielding against radiation of neutrons and gamma rays is
vitally important to the safe use of these reactors. Not only are these
radiations harmful to humans who may occupy the spacecraft, but they

can also be harmful to some of the equipment carried aboard the craft.
To avoid radiation hazards at the launch site, nuclear rockets will
probably be used in the later stages of a launch vehicle.

Another use of nuclear energy as a source of heat is the use of nat-
urally radioactive substances which can generate heat in materials
which absorb the radiations. Experimental rockets which use cobalt-60
and polonium-210 as the heat source are being tested.




131-132.
CHARGED-PARTICLE ROCKET MOTORS

~ Objective

To be able to describe the different types of charged-particle rocket
motors which are being considered for use in space travel.

Background Information

Theoretically, direct acceleration of electrically-charged particles by
electromagnetic fields can produce high exhaust velocities which can
propel rockets. Investigation of (1) fon and colloid rockets which
utilize electrostatic acceleration and (2) plasma rockets which utilize
electromagnetic acceleration is being conducted.

The operation of an fon rocket involves (1) generation of ions, (2)
acceleration of these fons by an electrostatic field, and (3) elec-
trical neutralization of the ion beam which has been produced by accel-
eration. Two processes for ionization are being investigated: (1)
contact ionization in which cesium vapor {s passed through a heated
tungsten grid where electrons from the cesium atoms cling or (2)
electron-beam ionization in which a beam of fast etectrons from an
electrically heated cathode is passed through vapor of the materia?
(usually mercury) to be fonfzed. Ionization of the positive fons is
followed by acceleration by an electrostatic field. After passing
through the accelerating grid, the fons are decelerated to some extent
before they are exhausted from the rocket.

In the SERT I (Space Electric Rocket Test) during July, 1964, two fon
rockets, one using mercury vapor, the other cesium vapor, were tested.
The mercury vapor thrustor worked satisfactorily, but the cesium thrustor
failed to start although it has worked in suborbital flight.

The colloid rocket is a modification of the icn rocket in which the
material utilized is colloidal in nature. Although higher accelerating
voltages are required than are required for ionic particles, the colloid
rocket should be more efficient because a smaller proportion of the
energy is used in the production of charged particles and the heavier
particles result in a higher thrust-to-weight ratio.

The plasma (electromagnetic) rocket operation is based upon the princi-
ples of electromagnetic force in which the electrical conductor is an
fonized gas, called plasma. When an electric current and a magnetic
field are applied simultaneously at right angles to one another, the
charged particles in the plasma are all accelerated in the same direction.
The expulsion of these particles from the rocket at a high velocity pro-
duces thrust. Electromagnetic rockets are still in the early stages of
development. It is not yet known whether they will prove practical for
use in space flights.
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SATELLITE TESTS OF RELATIVITY

ObJjective

To be able to describe three ways in which satellites may be used to
test the general theory of relativity.

Backqround Information

When it becomes possible to determine with sufficient accuracy the exact
orbit of a satellite, including even the smallest perturbaticns, 1t may
be possible to determine the rate of advance of the 1ine of apsides of
the satellite. Although the change per revolution will be extremely
small, the short orbital period means that the total advance for a year
should be relatively easy to measure.

According to the relativity theory of gravitation the rotational motion
of the central body should produce an advance of the nericenter of a
satellite's orbit. The effects of the sun's rotation on Mercury and of
the earth's rotation on the moon have been too small to determine; how-
ever, Earth satellites may be used for this purpose because the earth
rotates so much faster than the sun and a satellite is much closer to
the earth than the moon is.

The effect of a gravitation field upon wavelength shift might also be
tested by considering the deviation in the wavelength of radio waves
transmitted from a satellite to earth. The decrease in wavelength would
be due to the gravitational attraction the earth exerts.
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Resource Materials

Books

Gardner, Marjorfe H., Chemistry in the Space Age. pp. 95-116.
Nuclear rockets; eTectrical propulsion; solar propulsion.
Glasstone, Samuel, Sourcebook on the Space Sciences. pp. 135-157, 854-
859. Heat-transfer rocket engines: nuciear fissfon and fusion

rockets; electrothermal thrustors; charged-particle rocket motors;
jon rockets; colloid rockets; plasma rockets; relativity.

Hunter, Maxwell W. 1I, Thrust into Space. pp. 127-135, 152-158, 164-
i71, 193-207. Nuclear rockets; nuclear thermal and nuclear elec-
tric rockets; fusion raockets, photon rockets; relativity.

Sutton, Richard M., The Physics of Space. pp. 135-136. Relativity.

Films

Cosmic Rays (c, 27 min.) Origin and nature of charged particles.

Martian Explorer (c, 12 1/2 min.) Includes explanation of cesium ion
propulsion.

¥otion and Time - An Introduction to Einsteirn's Theory of Relativity
(b/w, 11 min.}

Nuclear Propulsion in Space (c, 24 min.) Principles of the nuclear
rocket.

Radio Waves (¢, 27 min.) Behavior of man-made and natural radio waves.

X-ray Spectroscopy -- The Inside Story (¢, 26 min.) Use of the
spectroscope to study X-rays.
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CHEMISTRY
Chemistry, as with other sciences, has gone into space. The
chemistry of the moon, the sun, or the stars; the chemistry

of rocket fuels; and the chemistry of extraterrestrial 11 fe

are examples of areas where chemi{stry and space science interact.

Chemical Rockets. . . - . - 139
Extraterrestrial Life . . . 141

Resource Materials. . . . . 143
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CHEMICAL ROCKETS

ObJective

To be able (1) to 1ist desirable characteristics for chemical propellants
and (2) to describe 1iquid, solid, and hybrid propellant rocket fuels.

Background Information

Chemically-fueled rockets depend upon chemical reaction to release
energy to propel the rocket. The energy released is a combination of
heat energy resulting from the chemical reaction and thermal energy re-
sulting from the increased motion of the molecules and atoms involved.

Desirable characteristics for chemical propellants include: (1) a high
heating value in order to have a high specific impulse, (2) low
molecular weights to avoid expending large quantities of energy to 1ift
the reactants, (3) high heat of combustion per unit of volume to keep
reactant voli.me small, (4) gaseous combustion products with a satis-
factory rate of conversion of heat energy to kinetic energy, (5) relative
stability, and (6) reasonable hancling safety. Because no propellant
incorporates all these characteristics, the choice of propellant neces-
sitates some compromise. Three forms of propellants (1iquid, solid, and
hybrid) are being used as fuels and oxidizers.

Most common liquid oxidizers (some cryogenic) include: oxygen, fluorine,
nitrogen tetroxide, nitric acid, hydrogen peroxide, and combinations of
fluorine and chlorine., Liquid fuels most commonly used .aclude hydrogen,
straight chain hydro-carbons, refined kerosenes (RP), ethyl alcohol,
hydrazine, ammonia, unsymmetrical dimethyl-hydrazine (UDM{}, and borcn
compounds. The more powerful propulsion chemicals are the 1ight non-
metals.

Liquid propellant systems may be efther bipropellant or monopropellant.
(Some experimentation is being done with tripropellant systens.g Common
bipropellant combinations of oxidizer and fuel include: 1iquid oxygen
and RP; nitric acfd and hydrazine; nitrogen tetroxide with UDMH or one
of the petroleum hydrocarbons; liquid oxygen and 1iquid hydrogen. Mono-
propellants, combining fuel and oxidizer in one, and decomposing in the
presence of heat, pressure, or a catalyst, include: hydrazine, hydrogen
peroxide, and the organic compound nitromethane.

Solid propellants, used to power smaller rockets and retrorockets, are

of two types: double-base and composite. Nitrocellulose and a gelatinizer
such as nitroglycerine are mixed in a colloidal suspension in the double-
base propellants. Additives act as catalysts or inhibitors to control

the rate of burning. In the composite base group, the fuel and oxidizer
are mixed together mechanically with catalysts. Most common oxidizers
are: ammonium nitrate, potassfium perchlorate, and ammorium perchlorate.
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Fuels include asphalt, rubber, or some type of plastic polymer. Solid
propellants offer the following advantages over 1iquid propellants:
ease of storage, minimum maintenance, and instant readiness.

Hybrid engines use a combination of liquid and solid propellants «-
usually a liquid oxidizer and a solid fuel. Oxidizers include 1iquid
fluroine, hydrogen peroxide, chlorine trifluoride, nitrogen tetroxide,
and perchloryl fluoride. Fuels include solid hydrocarbons, aluminum,
metal hydrides of beryllium, or 1{1thium. Problems related to the
inabiliiy to maintain uniformity in the gaseous products and in the
burning of the propellants must be solved to increase the value of
hybrid propellants.
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EXTRATERRFSTRIAL LIFE

Objective

To be able to describe the methods proposed for detecting extra-
terrestrial life.

Background Information

Theoretically, life could have evolved chemically under the conditions
which were present in the early stages of the evolution of our planet
Earth. The temperature, atmospheric conditions, and energy sources
needed were all present. The primitive atmosphere probably contained
ammonia, methane, water vapor and hydrogen, but no oxygen to cause
oxidation. Lightning, ultraviolet light, or volcanic heat could have
been the energy source. Simulation of these primitive conditions in

the laboratory have resulted in the formation of organic compounds which
possibly are the precursors of 11fe &s we know {t.

The detection of extraterrestrial life is both a scientific and an
engineering problem. One problem is related to the stage of evolution
that may have been reached by the life on an unknown planet. Life might
be at any stage from early chemical evolution, which would require one
kind of detection apparatus, to the stage where 1ife has evolved and
disappeared leaving only fossil record of its existence, which would
require a different method of detection. Evidence of extraterrestrial
life might be collected through (1) finding evidence of growth, (2)
collecting evidence of metabolic changes, or (3) {dentifying compounds
which are evidence of 1ife here on Earth. Devices being considered by
NASA include (1) the Wolf trap and Gulliver which depend upon evidence
of growth in a nutrient solution; (2) devices which depend upon gas
chromatography to identify organic compounds; (3) an apparatus which
uses a mass spectrometer to analyze compounds; (4) an instrument called
a "Mars Microscope" which 1s a completely automated microscope to be
used to study samples of Martian soil for evidence of organic compounds;
and (5) the multivator which is a complex of instruments for making
several types of tests.

Many scientists are analyzing meteorites to ascertain whether organisms

or organic compounds are present in them. Conclusions are quite contro-
versial because of the many possiblities for contamination of the mete-
orftes as they pass through Earth's atmosphere and land. Other scientists
are monitoring communication wavelengths to try to determine if there is
evidence of intelligent 1ife in space.

Life, other than that based on the carbon atom which we find here on
Earth, has been postulated. The possiblity of a life form based upon
the silicca atom has been suggested. Perhaps, ammonia, instead of water,
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could be the solvent for ancther life form. Sulfur, rather than
oxygen, has been proposed as a possible respiratory chemical. At very
high temperatures, fluorine-silicon or fluorocarbon biologies might
evolve. At extremely low temperatures, liquid ammonia, 1iquid methane,
or even liquid hydrogen might serve as a solvent for life.
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Resource Materials

Books

Gardner, Marjorie H., Chemistry in the Space Age. pp. 71-94.
Solid and 1iquid propeliants.

Glasstone, Samuel, Sourcebook on the Space Sciences. pp. 89-117,
720-724. Chemical rockets: 11quid and solid propellants;
detection of 11fe on Mars.

Hunter, Maxwell W., II, Thrust into Space. pp. 38-51, 68-77, 115~123.
Solid and liquid propellant rockets.

National Aeronautics and Space Administration, "Biosatellites," NASA
Facts. Vol. II, No. 10. Biological space hazards; biosatellite
experiment proposals.

» Space Resources for Teachers - Biology. pp. 16G-188.
Detection of extraterrestrial 1ife; decontamination of space
probes, chemical evolution of life.

Young, Richard S., Extraterrestrial Biology. pp. 58-82. Detecticn
of extraterrestrial 11fe.

Films

Biochemical Origin of Terrestrial Life (b/w, 30 min.)

The Chemistry of Life (c, 18 min.)

How Did Life Begin? (c, 20 min.)
Life on Other Planets (c, 19 min.)
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