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COMMENT TO TEACHERS

Since its beginning, the space program has caught the interest of young peo-
ple. Therefore, space science has created high interest and continues to
prod the imagination of interested students.

This activity packet has been designed to enhance the curriculum and chal-
lenge the abilities of gifted students. Duplication of the material for
classroom use is encouraged.

Aerospace Education Services Project
NASA/Newis Research Center
21000 Brookpark Road
Cleveland, Ohio 44135
10/85

This is the work of the U.S. Government under Section 17 USC 105.
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PRIMITIVE BELIEFS

Today most informed persons realize that we live on & rotating ball-
sized mass called the "earth" which, in turn, is in orbit around a modest-
sized star calleg our "sun". There have been many different beliefs about
our universe. Some said it was flat. Others thought the earth was the cen-
ter of the universe and everything rotated around it.

The domain of space above the surface of the earth has always been 2
source of wonderment for people. For several tens of thousands of years, the
1ife of primitive people was a struggle to hunt for food and shelter to stay
alive and to raise offspring. They must have wondered about the physical
hardships imposed by nature--the storms, rain, drought, heat and cold. The
radiations of the sun and the falling of rain made them look to the heavens
for explanations of where the mysterious and unexplainable forces of nature
originated. To the Egyptians, the Milky Way was the "heavenly Nile."

Important gods 1lived above in the heavens, and when they died, mamn
people believed they want to a remote "heaven' or after-1ife bevonc the
earth. Preoccupation with space is thus as old as history itself. But early
people never really understood the regions beyond earth as we do today.

The science of astronor, originatec ir Babylom an¢ Egypt. Witr thkis
science mer. an¢ women begar t¢ understand their universe bette-. The Bak,-
lonian priests acquirec¢ & remavkable knowledge about the perioas of the sur,
moon ancd the planmets. They developed calendars anc sun clocks. It is seic
that the Egyptians recordec signting the planet Venus 1,500 years before the
time of Christ,

In Greece, astronomy gres from Pythagoras (475 E.C.) whct founcec geco-
metry. His followers first suggestec the earth was round or reelly & Spheve,

The great alteratio~ of our concert of the solar syster was authorec b,
a brilliant and tiric Polisk mathemztical astronomer, Nichcles Copernicus
(1473-1543). Copernicus believec that the earth orbitec arounc the Ssur anc
that tHe sun, rather tha~ the earth, was truly the center of the sclar
systenm,

With the discovery of the telescope by Galileo people could for tne
first time get a better look at the heavens. With the telescope new planets
were discovered and the known universe really began tc enlarge.

While the telescope enabled peorle to lool at the heavens 1ir greater
detzil, they alsc bege~ to drear of traveling to distant places in the
universe.




OUR FANTASY OF FLIGHT

One of the earliest artifacts illustrating human flight was a Babylonian
seal dating from 3500 B.C. On this seal 1s pictured the shepherd king,
Etena, flying to heaven on the back of an eagle.

In 1500 B.C. a Persian king, Kau Kaus, an astronomer, attempted to fly
to heaven by means of fastening eagles to his throne.

Historians tell us also about the classic myth of Ilcarus and Daedalus.
Icarus flew too near the sun. His wax-cemented wings of bird feathers melted
and he crashed to his death.

With the use of Galileo's telescope, with which he detected mountains on
the moon, speculations concerning flight to the moon began to appear. The
publishing in 1634 of Kepler's "Somnium" .four years after his death, was the
greatest science fiction classic of space flight in its day.

Francis Godwin's "Man in the Moon" (1638) dealt with lunar flight using
trained wild geese which lived on the moon and migratec to the earth,
Twenty-five of ther were shackle¢ to & rig so that his herc, Domingd
Gonsales, could be carried along wher the geese made their regular migration
back to the moor.

Cyrano de Bergerac wrote a novel,
"The Voyage tc the Moon" (164%), tell-
ing of several attempts at lunar
flight. Cyrant first tied a string of
bottles filled with dew around himself,
so whe~ the heat of the sun attractec
tie dew (evaporation), he woulc be
1ifted up tc the moor.,

The 4ideez of a Tlighter-than-air
ship was proposec by Francescc Lang
Tarzi in 167C. It was a desigr whicr
animatec  thougkt leacing to  the
invention of the balloon, the first
practiceal means of flight., The first
successful balloon flight was a public
demonstration or June 5, 1783, by
Josept and Etienne Montgclfier at
Annonay, France.

Montgolfier Balloon (17€3)



UNITED STATES HUMAN SPACEFLIGHT PROGRAMS

Manned space flight, popular in fiction, possible in theory, became fact
on April 12, 1961, when the Russians launched Cosmonaut Yuri Gagarin into
orbit. This was the first successful human space flight. Cosmonaut Gagarin
made a 108-minute orbital flight around the earth.

The space race actually became reuclity in 1957 when the Russians
launched the first artificial satellite celled Sputnik 1. The Jaunching of
Sputnik 1 on October 4, 1957, gave the United States jts final incentive to
organize an agency to direct space flight. The National Aeronautics and
Space Administration (NASA) was activated into existence on October 1, 1958,
by Congress. With NASA to direct its efforts the U.S. race for space was on.

Both the United States and Russia sent non-human passengers into space
before allowing the launching of men. On November 3, 1957, Russia launched
Sputnik 2, containing a dog called Laika. In January of 1961 NASA launched
chimpanzees "Baker" and "Abel" into sub-orbital flight. These flights proved

that a living creature could travel into space and be returned safely to
earth.

The first United States manned space program was called Mercury, The
program was named after the famous winged messenger of the gods.

The first American in space was Alan B, Shepdard, with a 15-minute, 22-
second suborbital flight on May 5, 1961. There was one more suborbital
flight, the following July 21, by Virgil I, Grissom. Twenty days Jfter
Shepard's flight, President John F. Kennedy anncdnced the lunar landing pro-
gram (Apollo) as a national goal to be accomplished during that decade
(before 1970). )

The objectives of the Mercury program were: to orbit a manned space-
craft around the earth; to investigate our ability to function in spaze; and
to recover both man and spacecraft safely.

On February 20, 1962, the objectives of Project Mercury were achieved
when Astronaut John H. Glenn, Jr., became the first American to orbit the
earth. Glenn completed three orbits of the eartn and was in space for four
hours, 5% minutes, and 23 seconds. There were three more spaceflights in the
Mercury program. The Mercury project came to ai end with the 34-plus hour
mission of Gordon Cooper in May, 1963, on Mercury 9.

The next human spaceflight program was called Gemini (twins). This two-
man spacecraft program was named after the third constellation of the Zodiac
with its twin stars, Castor and Pollux.

The major objectives of this program were: to subject men and equipment
to space flight up to two weeks in duration; to rendezvous and dock with
other orbiting vehicles and to maneuver the docked combination by using the
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target vehicle's propulsion system; and to perfect methods of re-entering the
atmosphere and landing at a preselected point on land.

A11 of the objectives in this program were met except the landing on
land. This was cancelled in 1964 when development problems began to impact
the programs.

The first Gemini flight occurred on March 23, 1965, with Astronauts
Virgil Grissom and John Young aboard. They made three orbits of the earth.
The Gemini 4 mission on June 3, 1965, saw Astronaut Ed White become the first
American to walk in space. White stayed outside his spacecraft for 21 min-
utes. There were a total of ten flights in the Gemini program. This program
ende” on November 2, 1966, with the Gemini 12 flight. Astronaut Edwin "Buzz"
Aldrin set a Gemini record for extravehicular (EVA) activity on this flight:
five hours and thirty minutes of total EVA time.

It is important to note that during the Gemini program the Soviets were
also making strides in their human space flight program. On June 16, 1963,
Junior Lieutenant Valentina Tereshkova became the first woman in Space.

The Apollo program was NASA's greatest achievement. This program was
designed to take three astronauts to the moon and allow two of them to land
on its surface.

The major objectives of the Apollo program were: to establish the tech-
nology to meet other national interests in space; to carry out a program of
scientific exploration of the moon; and to develop our capability to work in
the lunar environment.

The program required development of two new spacecraft, one of them cap-
able of landing on and taking off from the moon. It also required a launch
rocket that could 1ift almost 7.5 million pounds, & package of complex scien-
tific experiments that could be deployed by two persons and a vehicle to
extend the surface exploration.

On January 27, 1967, a fire on the launch pad in a simulation prior to
flight killed Astronauts Grissom, White, and Chaffee, and brought the program
to a standstill. The inquiry into the causes of this tragedy lasted two and
one-half months. .

However, this inquiry led to a more fireproof spacecraft. A new guick-
opening hatch cover and other designs and bprocedural changes were made.
These included greatly reducing the proportion of oxygen in the capsule so
that the astronauts would breathe a mixturc of approximately 60% oxygen and
40% nitrogen, rather than the former mixture that included a much higher
proportion of oxygen which supports burning.

There were ten Apollo flights tc the moon with six lunar landings. NASA
had intended to make ten lunar landings, but a ruptured service module oxygen
tank on Apollo 13 prevented it from landing on the moon. Budget cuts caused
NASA to eliminate the last two planned landings.

Yo 4




On July 20, 1969, Apollc 11 landed on the lunar surface. Astronaut Neil
Armstrong became the first human to step onto the moon.

On July 26, 1971, the Apollo 15 mission carried a battery-powered lunar
vehicle which enabled the astronauts to travel a greater distance from their
lunar module to collect samples. There were a total of three Lunar Rover
Vehicles used on the moon. A1l three were left on the moon's surface.

The twelve Americans who left their footprints in the lunar dust totaled
166 man-hours of surface exploration.” They traveled almost 60 miles and
brought about 850 pounds of rock and soil samples back to earth., They left
60 major scientific experiments on the moon and conducted 34 more in lunar
orbit.

Skylab, America's first space station, was launched without passengers
on May 14, 1973.

Skylab was built from the third stage of a Saturn V rocket. The hydro-
gen tank on the third stage was converted into a spacious two-story accom-
modation for a three-man crew. The bottom section contained a wardroom,
sleep compartments, and a washroom/toilet or "waste compartment." Above was
the spacious workshop in which the astronauts could "swim" in a microgravity
environment. The space station had about 11,700 cubic feet of room, approxi-
mately the same as a small two-bedroom house.

There was a total of three flights to Skylab. The astronauts stayed for
28 days, 59 days, and 84 days. A variety of experiments were conducted by
the astronauts while on board Skylab.

Sixty-three seconds after liftoff, the heat meteoroid shield around Sky-
lab was 1 ipped away. One solar ray panel was lost and the other was damaged.
This delayed the launch of the first crew to Skylab for 11 days so that

repair techniques could be developed and tested before astronauts docked with
the station.

The third Skylab crew's time in the station was extended from 56 days to
84 days so that the crew might observe and study comet Kohoutek up close.
This crew set a record for time for American astronauts in space--84 days,
which still stands today.

The third and final manned Skylab mission ended with a splash-down in
the Pacific Ocean on February 8, 1974, The space station re-entered the
earth's atmosphere over five years laber, at 12:37 p.m. EDT, July 11, 1979,
near southeastern Australia. After over six years in space the demise of the
orbital workshop came on its 34,981st orbit.

A fitting conclusion to the Apollo-type mission was completed on July
24, 1975, with the completion of the Apollo-Soyuz Test Project (ASTP).

The primary ASTP mission objectives were: rendezvous and docking; crew
transfer, and control center-crew interaction.

-5-
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The mission plan was for a Russian Soyuz spa-ecraft with two cosmonauts
aboard to be launched, and seven and one-half hours later a Saturn 1B was
launched with three astronauts on board. Two days after launch, the two
spacecraft docked together in space. During the next two days, the crews
accomplished four transfer operations between the two Spacecraft and com-
pleted five scheduled experiments. 1In addition, the crews provided televi-
sion views of the interjors of the two Spacecraft, and demonstrated various
aspects of space operations.

This mission marked the first time that voice, TV, and telemetry data
transmission were relayed between an orbiting Apollo spacecraft and the
ground via the ATS-6 communications satellite.

Even before the giant
Saturn V vehicles had com-
pleted their mission of
sending astronauts to ex-
plore the moon, the need
for a less expensive large
launch vehicle had become
obvious. In au erfort to
Tower costs, NASA chose to
employ a dramatically dif-
ferent concept, a reusable
space vehicle. Hence the
birth of the Space Shuttle,
or Orbiter--a craft that
takes off 1like a rocket,
flies in space like a
spacecraft, but returns to
the earth and lands like a
glider.

The big advantage is
the reusability of the Or-
biter. NASA engineers plan
on being able to reuse each
Orbiter for &t 1least 100
missions,

The first flight of the Shuttle (named Columbia) occurred on April 12,
1981, with Astronauts John Young and Robert Crippen at the controls. The
vehicle completed 35.6 orbits of the earth and landed safely at Edwards Air
Force Base in California. The first four flights of the Shuttle were test
flights, designed to check out the performance of the spacecraft. The second
Shuttle flight hecame the first time a previously flown piloted space vehicle
was re-used.

The first operational flight of the Shuttle was the Space Transport Sys-
tem (STS) 5 mission, launched on November 11, 1982, It was the first time

19




four astronauts had been launched in one vehicle. Two commercial communica-
tions satellites were launched from the payload bay of the Shuttle.

On April 4, 1983, t'ie second Shuttle Orbiter, Challenger, was launched
with the STS-6 flight. Astronaut Story Musgrave tested a new space suit by
doing an EVA in the cargo bay.

On June 18, 1983, STS-7 carried the first American woman into space--Dr,
Sally Ride. Dr. Ride, a mission specialist, and four other crew members per-
formed tasks with the remote manipulator arm.

Astronaut Guion Bluford, on August 30, 1983, became the first American
black astronaut to fly in space, aboard STS-8. A total of six people made up
this crew. The Shuttle for the first time was launched at night and returned
to the earth at night.

Spacelab, a European-made scientific lab, was flown for the first time
aboard STS-9. The first non-NASA American astronaut. U1f Merbold from West
Germany, flew with Spacelab.

There are many more flights scheduled for the Shuttle through the 1980's
and into the 1990°'s.

The question many people ask is, "What's next in the space program?"
President Ronald Reagan, on January 25, 1984, committed this country to build
and launch into earth orbit a large space structure (space station) by the
early 1990's, This will probably accommodate six to eight people from six
months up to a year. These space station crewmembers will have & variety of
tasks to perform while in orbit, in addition to building the structure
itself, in which many experiments and research projects can be conducted.

There has been talk of erecting a permanent lunar base on the moon's
surface by approximately the year 2000. This base would be used for long-
duration scientific research on the moon.

Probably the next step for human space flight after the projects such as
the space station and the lunar base will be a flight to the planet Mars.
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HISTORY OF HUMAN SPACE FLIGHT

Match the events listed below with the year in which the event occurred.
Note: one of the dates can be used two times.

(a) 1983 (e) 1971 (i) 1963 (m) 1974
(b) 1865 (f) 1959 (3) 1961 (n) 1968
(c) 1965 (g) 1962 (k) 1975
(d) 1973 (h) 1981 (1) 1969

1. Neil Armstrong and Edwin Aldrin, Jr., became the first people to
set foot onto the moon's surface.

2. The Space Shuttle was launched for the first time with Astronauts
John Young and Robert Crippen aboard.

3. Sally Ride was the first American woman to fly in space, aboard
STS-7.

4, John H. Glenn, Jr., was the first American to orbit the earth.
He completed three orbits in Friendship 7.

5. Edward White I!l made the first U.,S. spacewalk during the Gemini 4
mission.

6. The first American astronaut in space, Alan Shepard, made a 15-
minute suborbital flight in Freedom 7.

7. Skylab, America's first space station, was tlaunched and three
different crews worked and lived in a microgravity environment.

8. Apcllo-Soyuz, the joint U.S.-Russian spac:flight was launched.
9. Gordon Cooper, Jdr., flew on the last Mercury flight--Mercury 9.

10. The Lunar Rover Vehicle, the car used on the moon, was first used
on Apollo 15.

11. Apollo 8 was the first flight to the moon. Astronauts were in
orbit around the moon on Christmas Day.

12. The last crew of astronauts who visited Skylab splashed down in
the Pacific Ocean on February 8.

13. Monkeys Abel and Baker flew in space to test the effects of
weightlessness on 1living creatures.

14, Yuri Gagarin, Russian cosmonaut, became the first human to fly in
space,

15. Jules Verne, in his novel, "De la Terre a la Lune" (From the
Earth to the Moon), put his passenger into a huge aluminum bul-
let, fired toward the moon from a giant cannon buried in Florida
soil.

L
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LIFE-SUPPORT SYSTEMS FOR THE ASTRONAUT

When astronauts travel into the hostile environment of space they must

take everything they need to keep them alive and comfortable, and to return
them safely to earth. :

The spacecraft they ride in is a l1ife-support system. It was developed
to provide the conditions necessary to support life in a hostile environment,
and to maintain communication with earth.

The atmosphere aboard the spacecraft must be controlled so that it
provides an adequate breathing mixture under sufficient pressure. The oxygen
that the astronauts breathe is carried in a liquid state and is converted to
a gas when it is needed for breathing. The early missions used pure oxygen
at 5 pounds of pressure per sguare inch., As the missions were extended to
longer periods, such as Skylab, a mixture of oxygen and nitrogen was used.

The water supply must be managed to provide adequate amounts for drink-
ing, personal hygiene, and humidity and temperature control, On some
missions where electricity was produced by hydrogen fuel cells, the water
produced by the cells was collected and used for personal needs.

The food the
astronauts take with
them must  provide
adequate nourishment,
be appetizing, light-
weight, convenient to
use, and regquire very
1ittle space. On the
early missions there
was no refrigeration
for food.

As the space-
craft begins to heat
up it is necessary to
maintain a comfort-
able temperature in-
side for the astro-
nauts. In the Skylab
program an air-condi-
tioning system was
developed to reduce
the high temperature
aboard.




Waste collection equipment and facilities a~: designed to overcome the
microgravity environment. A method for storing ~astes for later scientific-
analysis also {is necessary.

Methods were devised and facilities proviced for exercising, brushing
teeth, shaving, washing, and accomplishing other personal hygiene tasks.

Instrument panels to measure and record many subsystems such as pres-
sure, electric power, temperature, etc., and to warn of any malfunction are
needed. Astronauts have to be trained to operate the many controls on each
spacecraft.

It is necessary for mission control to communicate with the spacecraft.
Information has to be collected from the astronauts as well as from the many
instruments on board the craft.

The space suit, another form of life-support system is designed to pro-
vide an artificial atmosphere. The suits enable the astronauts to leave the
spacecraft for a period of time.

Another problem
had to be handled--that
being the ability to

, &7 - \ re-enter the earth's

e LR A AR VAP c?” atmosphere. The space-
g ' =% craft must have some

degree of maneuverabil-
ity, and also be de-
signed to reduce heat
generated by the fric-
tion of re-entry. The
early spacecraft had a
heat shield that burned

i a¢~;Ji off during re-entry.
&Tﬁii'\l S The Shuttle has a new
AR silica heat tile that
> 1 ; is not destroyed during
f?§§§§§¥537 re-entry. This enables
the craft to take very
little turnaround time
before the next launch,
because the heat tiles
do not need to Dbe
replaced.

SRR
e
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FOOD FOR HUMAN SPACEFLIGHT

On February 21, 1962, Astronaut John Glenn became the first American to
orbit the earth. His mission lasted nearly five hours before splashing down
in the Atlantic Ocean. Glenn completed three trips around the worid.

Among the tasks Glenn had to perform while in orbit were the first
American space experiments in eating food in the weightiess conditions of
earth orbit. The flight was too short to make eating a necessity, but future
flights were expected to last many days and even weekS. His experience would
help design space food systems for future missions.

Eating in space for Glenn turned out to be an easy, though not a very
appetizing, experience. Some experts were worried before the flight that
food would be hard to swallow in a weightless environment and would collect
in the throat. Eating in weightlessness turned out to be relatively easy,
and once the food reached the mouth, there was no problem in swallowing it.
The Mercury astronauts who followed were forced to endure bite-sized cubes,
freeze-dried foods, and semi-liquids in aluminum toothpaste-type tubes. They
found the food unappetizing, had trouble rehydrating (adding water to) the
freeze-dried foods, and disliked squeezing the tubes. Furthermore, crumbs
from the bite-sized cubes had to be collected from the space vehicle cabins
to prevent them from fouling instruments.

GEMINI

During the Gemini missions eating in space became more normal. Bite-
sized food chunks were coated with an edible gelatin to reduce crumbling.
Foods that had to be rehydrated were encased in improved plastic containers.
To rehydrate food, water was injected into the pack through the nozzle of a
water gun. After kneading the contents the food became moist and was
sqgueezed through 3 tube into the astronaut's mouth.

A typical meal on a Gemini mission would include shrimp cocktail,
chicken and vegetables, toast squares, butterscotch pudding, and apple juice.
Before each flight, meal combinations were chosen by the astronauts them-
selves, but the menus chosen were required to provide 2,800 calories per day
and include a balanced diet of vitamins, protein, carbohydrates and minerals.

POLL

In the Apollo program, food packages were similar to those used on the
Gemini missions but the variety of food was considerably greater. Apollo
astronauts had the added Tuxury of heated water for hot C+~inks and hot foods,

“11- 2
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With hot water available, food was easier to rebrdrate and much improved in
taste.

Further advances in Apollo food systems came with the introduction of
the "spoon-bow!" package. Following rehydration of the contents of the
spoon-bowl, a pressure type, plastic zipper was opened and the food removed
with a spoon. The moisture content .. the food enabled it to cling to the
spoon as there was no assistance from gravity.

SKYLAB

Skylab food systems were much improved over systems used in Apollo,
Gemini and Mercury. Skylab featured a large interior volume, and space was
available for a dining table. The table was & pedestal where food trays were
mounted. When dining, the astronauts would "sit down" in space by means of
foot and thigh restraints and eat in an almost normal fashion. The food
trays not only held the food in place but also served as warming devices as
they were connected to a heating system.

Food containers for the Skylab astronauts consisted of aluminum cans
with pull-off 1ids. Cans containing food had a built-in membrane tc¢ prevent
spillage when removing the 1id in weightlessness. Rehydratable foods were in
a plastic pouch within the can and had a water valve for rehydration. Ready-
to-eat foods were held in the can with a s1it piastic cover. Instead of
plastic bags, Skylab drinking containers werge collapsibie bottles that ex-
panded accordian style when filled with hot or cold water. Some water beags
used for backpacking and camping are very similar.

Knife, fork and spoon were held magnetically to the food tray until
needed. A pair of scissors was added to the usual utensils for cutting open
the plastic membranes. '

Because of its relatively large storage space, Skylab was able to fea-
ture an extensive menu of 72 different food items. For the first time Skyiab
had a freezer for foods such as filet mignon and vanilla ice cream, and a
refrigerator for chilling fruits and beverages. The astronauts, working with
doctors, were able to plan their own menus.

APOLLD-SOYUZ

The Apollo-Soyuz Test Project with the Soviet Union in 1975 used the
last Apollo spacecraft. Because of the craft design, no freezer or refriger-
ator could be used. However, many of the food advances from Skylab and the
earlier Apollo missions were incorporated. Many short shelf-1ife items were
added to the fouds carried. Fresh breads and cheese were included as a part
of 80 different varieties of food eaten by the crew.

2
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The Apollo-Soyuz Test Project was & five-day mission for the Russians.
The American portion was for Seven days.

SPACE SHUTTLE

The Shuttle menu was designed to provide nutrition and energy require-
ments essential for good health and effective performance with safe, highly
acceptable food.

The system centers around a galley that has been installed on the mid-
deck of the Orbiter's cabin. The galley can be remgcved for speciai missions
that require extra interior space. It features hot and cold water dispen-
sers, a pantry, an oven, food serving trays, & personal hygiene station, a
water heater, and an auxiliary equipment storage area. The galley does not
have a freezer or a refrigerator as in Skylab.

Meal preparation on the Shuttle 1is started by a crew member 30 to 60
minutes before mealtime. A full meal for a crew of four can be set up in
about five minutes. Heating and reconstitution of the food takes an addi-
tional 20 to 30 minutes. The '"chef" removes meal packages from storage and
makes the necessary preparations before serving. Food needing rehydration is
given hot or cold water in premeasured amounts. Water for rehydration comes
from the Orbiter's fuel cells that produce electricity by combining hydrogen
and oxygen gas. Water is a by-product.

To simplify food packaging, a new rehydratable food pack was designed
for the Shuttle. To add water, a large-guage hollow needle is inserted
through an opening in the base.

Food that needs to be heated is placed in a forced air convection oven,
another new feature for space flights.

Beverage containers for the Shuttle are identical to the packages for
rehydratables. A polyethylene straw is inserted through the same place that
is used for injecting water.

Eating utensils consist of a knife, fork, spoon, and a pair of. scissors
for cutting open packages. Food can be seasoned with serving-sized packets
of mustard, catsup, mayonnaise, hot sauce, and 1liquified salt and pepper.
Following the meal, food containers are discarded within the Orbiter and the
utensils and serving trays are cleaned with "wet wipes."

N
oo
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WARDROOM EATING FACILITIES
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Read the information on "Food for Human Spaceflight," then answer the

following questions.

1.

10.

11,

12.

13.

Before the Mercury astronauts flew in space, what did some experts think
would happen if people tried to eat in space?

What coating was used for bite-sized food chunks on Gemini?

Why did the food need to be coated?

What types of tubes were used to store food in on Mercury missions?

wWhat was used in Gemini to add water to food packages?

How many calories were required to be eaten by the Gemini astronauts
each day?

On what mission did the astronauts first have heated water?

How were "spoon-bowl" containers opened and closed?

A dining room table was first used on the
mission.

The astronauts would "sit down" in space by means of

and restraints.

What would be a better description than "sit down?"

Food containers on the Skylab missions consisted of
cans.,

What kind of drinking containers were used on Skylab?

A5z




14,

15.
16.

17.
18,

19.

20.

21.

22.

How were eating utenstls held in place on the Skylab food tray?

How many different food items were on the Skylab menu?

For the first time Skylab had two new units added to assist in the food
program., List them. and

=3

Fresh bread and cheese were first flown on what mission?

What is the center of the Shuttle's food preparation set-up?

Does the Shuttle carry a refrigerator or freezer on board?

Water that is used for rehydrating the food on board the Shuttle comes
from

What type of salt and pepper is used for seasoning food aboard the
Shuttle?

Why are the salt and pepper in this form?

BEVERAGE PACKAGE

WUTHRIECE
(FULLY DXPADED) J,//r—

BEVERASE PACKAGE
(FULLY COLLAPSED)

FLEXIBLE

/%\/
>——<

2,56 CUBIC INCHES BELLOWS
NINIRR VOLUME : :

Y S

6.6%

AN

J,qum
bt — 1,53 e

N

E—' .50 —w=

TOTAL LERGTH VARIES FROM 1,52 vo 3.90
WITH VARIOUS FOOD VOLLMES

s 2
29 6.



WARDROOM EATING FACILITIES

TABLE AND TRAY
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ERIC

Aruitoxt provided by Eric:

Chicken and Rice™*
Suger Cookie Cubes (6]

PorxsScallop Potatoes”*
Pineapple Fruitcaxe (4°

Chitken $tew **
Butterscotch Pudding

- -
MEAL DAY 17,5 Dav 2 D&v 3 DAY 4
A Peaches Fruit Cocklar Feaches Canadiar. Bacon Applesauce
Bacon Squares (B) Sausage Patues®* Bacon Square 3, Sugar Coated Corn fiaxes
Strawberry Cubes (4) Cinn Toast Breaa Cubes (4) Apricot (erea ubes (4) Peanut Cubes (4)
Grape Drinx Cocoa Grape Drink Cocoa
Qrange Drinx Grapefruit Driny Orange Drink Qrange-Grapefruit Driny
B Beef and Potatons**” Frankfurters®™* Cream of Chucken Soup Shrimp Cocktar
Butterscotch Pudding Applesauce Turkey/Gravy*"* Ham and Potatoes***
Brownies (4) Chocotate Pudd-nz Cheese Cracker Cubes (6) Fruit Cocktas
Grape Punch. Qrange-Grapelrui Done Chocolate Cubes (6) Date fruitcase (4}
Pineapple Grapetcunt Drine Grapeiruit Drimy
C Salmon Salag Spaghetti/Meat Sauce ™™ Tuns Salac Beef Stew*"

Coconut Cubes {4)
8anana Pudding

Cocoa Grape Punch Cocoa Grape Funch
Pineapple/Grapetrunt Driny Grapefruit Deins
Day Y consists of Meal B snd C only
$poon.Bow! Pacrage
Wet-Patx FOOG
MEL( Des ¢ D~ 2 Day 2
£ Scrampied Lgos Coenfiane: Scrambled Egoy
Sausape Patties Cnniotate instant Brearfay: Sausage
Siranpetnes Grape Drirs Bistu *
Bread e~ Cottes Cecce
Qrange ju 1o Cohree
CctHer
3 Cnicee ano Gra. . Crea= ¢ Petatc Saue Cream o Pota:z Sour
Asparazuy Criceenanoh o Porx "Scalicoec Folaioe:
Peatnes Pre.bJytterec RS Greer Beans'Cheese Saurs
Brscunt Peacnes Pears
Cocoe Lemonase Grape Drins
Lemonage
C Veal’Barbeque Saue Fues Mionor Lobster Newperc
Mashec Potazoe: Germa- Potato Saiac Masned Potatoe:
Green Beany (neese Sauts Aspa‘agut
Peatr Lerproy afela-: Van .a Wwa'eny
Grapefra iy 16 < Van. 3 1e (rea~
Graps D L orace
Sna . Colree x| Cotres > Cottes x |

Activity:

wx M -
it

ButtersiCisr Fuda np

Read Food for Human Spaceflight and the sample menus.

Thermostabilized;
Wafer or Bite-size;
Frozen;
Rehydratable;
Beverage.
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ERIC

Aruitoxt provided by Eric:

APOLLO-SOYUZ FLIGHT MENU

MELL DAY 1°,5,9

DAY 2.6, 1¢ DAY 3,7, 11" DAY 4 F

A Breaxfast rolt NF Scrambled eggs R Granots R Scrambied eggs R
Raisinspice cerea’ R Bacon waters (4) N# Beef patiies R Sausage patties R
Peacnes R Strawbernies R Dried peacnes C Pineappte 1€C

Orange drine R Grapetruit ceystaly R Coxoa R Orange driny k

CoHee. cream/sugar R Tes, lemonssuga’ a Cotiee. creamisuga’ R

g Pea scup R Chicken salad TC Turkey riCe soup R pPotato soup R
$almor T Cracxers NF Cheese crackers NF Beef 51ices/BBQ sauce TP

Rye breac Nf Cheese siice NF Peanut butte* TF Cheese spread TP

Driad apricots C Applesauce T¢ Strawberr, jam TF Rye breac Nt

Smox ed almonds Nf Orange crystials R Rye bread NI Peach ambros.e R
Lemonade R Tea, iemon-sugar R Strawberry Srin, R

C Shrimp cockia R Sesfood'mushroom soup R Shrimpcocktay R Seafood mushroomsour R
Bee? stea. " MeatballsBBQ sauce his Chicken 8is king TP Turkeygea, TP
Creameg ¢orr R Potato patties R Peas R Cranberry sauce <

vaniha pudd.oz T Stewed tomaoes TC Pears R Browniey Nt
Orange'pinesppie drins R Cherry nut cake TP Chocolate nut caxe 1P - Grapefruitarine R
Strawberry drinc R QOrangepineapple driny R Peanuts NT

*  Da. 1 (Onsists of Mea' C only
** Da, 1% consists of Meals A 3nd & onl,

10 g2, fooa supp:,

Identify foods that provide protein,

each day's meals.

Make a chart or table.

Nt . Natura!form

¢ . (Car
TP - Thermostabrhzed. pouch
TC - Tnermostabii'zen can

R . Renydratab:e

vitamins, fiber,

ASTP FLIGHT MENU

—

and carbohydrates in

Why are each of these important?

The following menus were selected by the Soyuz cosmonauts for joint meals

aboard Apollo:

Aleskey £ Leono,

Va.at, b KUDasd.

PO131C sOuE
Bee‘stea: !
Rie breas
Chesse spreas
[AL LR
Strangrer e,

Teewn e~ir g zn"

Imagine you were a guest on Apollo.

page design a nutritious,
threz of the following forms:

balanced meal which

3 $e31000 MUShroo™ sour
e Bee!steas !
N Rie D 2ac
Te Cneese snreas
L FALSLT
3 Srav et e
3 Tes v e™2” sun-

W matgts o

£ . He~ygrataz -

s+ TheeT2iab zec DIoTT
Thermostac :2ec
Ifrad.atec

NF, R, TP, T.

0D
.
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Aruitoxt provided by Eric:

TYPICAL MENU FOR THE

FIRST FOUR SHUTTLE FLIGHTS*

DAY 1§ DAY 2 DAY 2 Day &
Peaches 7 Applesauce 7 Dried peaches IM Dried apricots LY
Beef patty R Beel jersy NF Sausage R Breaxfasi rol NF
Scrambled egas R Grano:a R Scrambled eggs R Granols wiblueberries R
Bran flakes R Breaxiast rol NF Cornflakes R vanilla instant breaxfast [}
Coxos B Chocolate inst breartas! B Coxoa 8 Grapef:yit drink 8
Orange drimk B Qrange-grapefrut drins f Qrange-pineapple driny 8
frankfurtery 1 Corned beet 1 Ham T Gt beefpickle sauce T
Turkey tetrazain. R Asparagus 3 Cheese spread 1 Noodiesichiker R
Breac NF Bread 3 Bread NF Stewed tomatoes 1
Bananas FO Pears 1 Green beansorocco! R Pears o
Atmond crunch ba* NF Peanuts NF Crushed pineapple 1 Almond: NF
Apple drim 8 Lemonade ) Shortbread cookies NS Strawberry dnnk E
Cashews NFf
Tea, lemon, suga* 8
Shrimp cocktar! R geef, barbeque sauce T Cream of mushroom soup [ Tuna 1
Beef stear 1 Caulifiower wicheese R Smoxed turkey 1 Macaron. and chese R
Rice piiat R Green beans w/mushrooms R Muxed [talian vege: R Peas wibutter sauce R
Broccol au gratir R Lemon pudding 1 Vaniha pudding TR Peach ambrosia R
Fruit cocktar 1 Pecan cooKIe¢ NF Strawberries R Chocolate pudding TR
Butterscotch pudding T Cocos 8 Tropical punch 8 Lemonade B
Grape daine B

T.Thermosiabihized t.irradiated, IM . intermegiate moisture, FOi- freeze dned, R - rehydratabie. N7 - natura’ forer 8. beverape

to six days.

-720-

Note: Beginning with the fifth Shuttle flight, the menu cycles were enlarged




SPACE MENU ACTIVITIES

The crew on a spaceflight of any length of time of more than a few hours
will require food and liquids. In the early days of spaceflight the crew
cabin had no stove or refrigerator onboard. This meant that all food carried
onboard had to be of the kind that required no cooking or refrigerating. In
later missions a convection oven and a refrigerating system were placed
onboard.

Discuss with students the importance of & well-balanced meal, with a
variety of different foods included.

Discuss the following questions:

* How would food be packaged?
+ What kind of eating utensils would one use in space?

* How would you package a liquid and how would one drink a liquid in
space?

*» How might one solve problems of eating in an environment where
everything floats around?

* HWould there be any advantages of eating in an environment where
things float?

* How would you handle seasoning of food in space?
+ What would happen if foods contained a certain amount of air?

+« Is it important that the food tastes good and be pleasant looking to
the astronaut's eye? Why?

« How would you make the food more like what we eat here on earth?

Allow students the oppor-
tunity to discover how NASA at-
tempted to solve these problems.
In groups they could experiment
with paper, plastic, and other
materials, and try to design
containers and other means of
dealing with the problems. They
could bring materials from home.
They <can also share their
resylts and evaluate their own
or one anothers' efforts.

Have the students develop a
menu for a 2-week space flight,
first with the early flights in
mind, then one for later
missions,

N
QY
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DRESSED FOR SPACEFLIGH"

Space is heostile and deadly to the unprotected human because it lacks
the atmospheric pressure, oxygen, and temperature control to sustain life.
Without the filtering effects of the earth's atmosphere, the sun's heat can
raise the temperature of an object in space to as high as 250 degrees Fahren-
heit, and can lower the temperature to as Tow as 250 degrees below zero in
the shadow.

The first pressure suit or spacesuit was designed to be worn by Wiley
Post (1934), a world-renowned aviator who was attempting to set a high-
altitude record in an airplane. The suit designed and built for Post resem-
bled the type usually worn by deep-sea divers.

MERCURY

One of the first true spacesuits was developed for the Mercury program.
It was designed after the U.S. Navy's Mark IV pressure suit which was used in
high-speed flight. The suit was worn in case the spacecraft's environmental
control system failed. The Mercury spacecraft's design played a large role
in the development of the suit eventually worn during a mission.

The interior of the spacecraft was small, and the design of the craft's
controls ‘was such that mobility was not a prime requirement except for
shoulder and hand movement. With the short-duration flights, waste
management could be achieved by proper pre-flight diet and the use of a urine
collection device in the suit.

In the Mercury suit, oxygen was fed into the garment by a connector lo-
cated in the torso area. The oxygen was first circulated to the extremities
of the suit and then to the helmet for breathing. Exhaled waste bled off

through a headpiece connector into the environmental control system where it
was re-constituted for re-use.

The suit was usually made of four layers of loosely fitted material.
The outer layer was a high-temperature-resistant metallic fabric. The second
layer was a woven net fabric which served as a restraint layer to prevent the
suit from ballooning when pressurized. The third layer was a rubberized
fabric designed to make the suit airtight. The inner layer next to the
astronaut's body was a smooth soft nylon designed for comfort.

The helmet for the spacesuit, attached to a special neck ring, was
padded to prevent head injury. The astronaut's communications systems were
built into the helmet. Gloves and custom-made boots compieted the spacesuit.

-22-




GEMINI

In the two-man spaceflight program, Gemini, NASA faced the problem of
developing a fully pressurized spacesuit that would allow a member of the
crew to leave the spacecraft for varying lengths of time and to operate in a
micro-gravity environment of extreme temperature differences.

The basic Gemini suit had some similarity to the Mercury suit. It was a
multilayered garment consisting of an inner comfort liner, a gas bladder, a
structural restraint layer, and an outer protective cover. To make the suit
easier to put on and take off, quick disconnectors were located at the wrists

for gloves, at the neck for the helmet, and at the waist for ventilation-gas
connections.

A pressure-sealing zipper was added to make dressing and undressing
casier. Body wastes were taken care of by a disposal system built into the
suit. The basic suit was also provided with handkerchief, pencils, survival
knife, scissors, neck and wrist dams (worn during recovery operations after
gloves and helmet have been removed to prevent water from entering the suit),
a parachute harness, and special built-in pockets on the arms and legs to
hold flight books and charts,

On the Gemini 4 mission, an astronaut left the spacecraft to become the
first American to walk in space. For this new experience, the suit had to be
s1ightly modified. A different extravehicular (EVA) outer layer was added to
the basic suit as well as pressure-thermal gloves, a helmet visor with
temperature control coating, and a sun viscr. The EVA outer layer consisted
of nylon material for micro-meteoroid protection, seven layers of aluminized
superinsulation, and an outer covering of high-temperailure resistant nylon
cloth.

An additiona? change in the Gemini spacesuit was made for the Gemini 7
flight., A "lightweight" suit was designed for use within the spacecraft

only. Its purpose was to provide maximum protection as well as comfort and
freedom of movement.

The suit had a soft fabric hood which replaced the hard pre-shaped hel-
met worn previously. The 1ightweight suit weighed only 16 pounds.

The new suit had two layers of material: the inner layer was the
pressure-restraining neoprene-coated nylon bladder, and the outer layer was
6-ounce high-temperature resistant nylon. The new suit made it possible to
travel in a shirtsleeve environment.

Other changes in the Gemini spacesuit occurred on Gemini 8. The outer
protective cover, or micrometeoroid layer, was reduced. On Gemini 9, changes
were made in the lower portion of the Astronaut Manzuvering Unit (AMU).




APOLLO

The Apollo spacesuit had to provide the ast-onauts with protection. It
had to protect them from temperatures ranging from -250 to +250 degrees F.
Not only did the moon explorers' spacesuits have to offer protection from
jagged rocks and the searing heat of the lunar day, but the suit also had to
be flexible enough to permit stooping and bending as the crewmen gathered
samples from the Moon,

A backpack portable life support system provided breathing oxygen, suit
cooling, and pressurization for moonwalks lasting up to eight hours.,

The Apollo spacesuit's mobility was improved over earlier suits by the
use of bellows-1ike joints at the elbows and knees.

From the body out, the Apollo spacesuit began with a liquid-cooling gar-
ment similar to a pair of long underwear with a network of spaghetti-like
tubing sewn into the fabric, Cool water, circulated through the tubing,
transferred the body heat from the astronaut's body to the backpack and
thence to space.,

Next was a layer of lightweight heat-resistant nomex, followed by a gas-
tight bladder of Neoprene-coated nylon, a nylon resistant layer to prevent
the bladder from ballooning, a lightweight super-insulation of alternating
layers of thin Kapton and glassfiber cloth, several layers of Mylar and space
material, and finally, protective outer layers of Teflon-coated glassfiber
Beta cloth and Teflon cloth. The suit had a total of 21 layers of material
in its makeup.

The Apollo helmet was formed from high-stirength Lexan plastic, and was
attached to the spacesuit by a pressure-sealing neckring. Unlike the Mercury
and Gemini helmets, the Apollo helmet was fixed and the astronaut's head was
free to move about inside. While walking on the moon, Apollo astronauts wore
an outer visor over the bubble helmet to shield against eye-damaging ultra-
violet radiation.

SKYLAB

Skylab astronauts wore a simplified version of the Apollo spacesuit.
The changes in the suit included a lightweight thermal micrometeoroid over-
garment, elimination of the lunar boots, and a simplified visor shell over
the helmet. An umbilical 1life-support cord replaced the backpack during
spacewalks.

APOLLO-S0YUZ

Apollo-type space suits were used again for the joint Apollo-Soyuz Test
Project. The astronauts were equipped with an Apollo spacesuit fitted with a
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The feces could not be flushed overboard 1ike the 1iquid waste because
of the possibility of contaminating instruments on the'outside of the space-
craft. On Gemini flights, the astronauts used a plastic bag with a 4-inch
circular opening to collect the feces. First the astronaut placed a germi-
cidal pouch in the bag to prevent or reduce gas and bacterial growth. Then
he attached the bag to his buttocks using surgical-adhesive tape. After
defecation, he removed the bag, placed soiled tcilet tissues in it, and
pressed the adhesive surfaces firmly together. The bags were then returned
to earth in the spacecraft.

As in the Mercury program, Gemini astronauts ate low-residue foods prior
to their f1ights and took emesis containers on the spacecraft.

For the manned missions to the moon in the Apollo program, provisions
had to be made for collecting, inactivating, and stowing feces for 1l4-day
periods.

The feces collection assemblies consisted of an inner bag, germicide,
and an outer bag. The inner bag was nearly identical to and was used the
same way as the bag in the Gemini program. After use the inner bag was
placed in the outer bag, pressed to rupture the germicide pouch, and stowed
in a waste compartment. The compartment was vented to space to remove odors.

QW
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There was also & fecal containment system w - : by the astronauts under
their pressurized suits during extravehicular ac. vities. The system func-
tioned like a baby's diaper to allow for emerg:-:y defecation. It was an
elastic underwear with an absorbent Timer around --e buttock area.

There were basically two modes for coliectihg urine, depending on
whether or not the astronaut wore his pressurized spacesuit. While wearing
his spacesuit, an astronaut urinated into a detachable roll-on cuff connected
to a flexible rubber-coated fabric bag. The urine collection systems of the
command module and the lunar module had a basic difference. The system in
the command module dumped the urine overboard; the system in the Tunar module
stored it to prevent contamination of the lunar surface.

In the command module, the astronauts used either & funnel or a roll-on
cuff receiver with a bag and an outlet for attachment to the waste management
system. Each Apollo crewman had his own cuff-and-bag device.

SKYLAB

In Skylab, the waste management facilities were a challenge to space-
craft designers for several reasons, one being the length of the missions
(28, 59, and 84 days). Another reason was a set of extensive requirements
for associated medical experiments. Samples of body wastes were required to
assess the bone and muscie changes in astronauts exposed to weightlessness
over a long period. A1l solid human waste products were to be dried, and the
residue returned to earth for examination and analysis. Daily urine samples
had to be frozen for later analysis on the ground.

The fecal/urine collector, analogous to a toilet, was mounted on the
wall. In the weightlessness of space, the user appeared to sit on the wall,
facing the floor.

An electric blower provided an airflow (suction) to aid in stool separa-
tion and draw the waste into the bag under the commode seat. The bag was re-
moved after each defecation, weiyhed with its contents, labeled, and vacuum-
dried in a waste processor for 16 to 20 hours. Then the bag of fecal residue
was removed from the processor, dated, and stowed for return to earth.

Each crewman had his own urine drawer at the base of the fecal/urine
collector. Each drawer housed a blower unit, a centrifugal fluid/gas separa-
tor, and a collection bag. Airflow from the blower drew urine into the cen-
trifuge, which separated the urine from the air by providing a force which
substituted for gravity before it went into the bag. At the end of the
24-hour period, the crewman estimated his daily urine output. Every 24
hours, a crewman would withdraw a 120 m1 sample and place it into a freezer
for return to earth at the end of the mission,

(%
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simple cover 1layer replacing the thermal micrometeoroid layer, since no
spacewalks were planned. The cosmonauts had "skafandr" available in the
event of pressure-loss in the spacecrafts.

SPACE SHUTTLE

After the first four shuttle flights spacesuits are no longer required
to be worn during liftoff or re-entry as on earlier space missions. Space-
suits are required if an extravehicular activity is planned. The shuttle
spacesuits come in three sizes--small, medium and large. The suits are de-
signed to accommodate both male and female astronauts. No longer are suits
tailored for individuals as in earlier programs.

To put on the spacesuit, the shuttle astronaut enters an airlock drum
where the suit is stored. First he or she puts on a pair of longjohns and a
urine-collecting device. The 1longjohns have water-cooling tubes running
through them to keep the wearer comfortablie during the heavy outside work.
Next he/she "rises" into the top section of the two-piece suit fastened to
the wall and then gets into the lower part.

The shuttle spacesuit is a remarkable feat of engineering. A built-in
backpack in the upper section contains a miniature 1ife support system simi-
lar to the shuttle's system. The backpack contains oxygen for circulation
through the helmet and the inside layer of the space suit, a fan to move the
ai~, a small 1ithium hydroxide canister with a layer of charcoal to remove
carbon dioxide and other unwanted gasses, water and a pump to dispatch it
into the tubes in the longjohns, a unit to cool the water and get rid of the
heat from the astronaut's body, and batteries to power it. There is even a
water purifier, so drinking water can be sipped inside the helmet.

The suit has a serjes of layers. The basic layer is an inflatable blad-
der that is filled with oxygen to create a uniform pressure around the body.
A restraint layer of dacron-polyester over the bladder prevents it from bal-
looning. Next are several layers of fireproof fabric and flexible metal to
provide insulation against radiation and temperature changes in space. A
layer of hard metal joins the top and bottom sections of the spacesuit intc a
unit.,

A new and exciting piece of equipment has been added to the shuttle
spacesuit. It is called a Manned Maneuvering Unit (MMU). The MMU is a one-
person, gas-propelled backpack that snaps onto the spacesuit's portable life
support system. Rotational and translational hand controllers allow the
crewmember to fly with precision in or around the shuttle's payload bay or to
nearby free-flying payloads or structures, and to reach many otherwise inac-
cessible areas outside the orbiter.
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SPACE SUIT/LIFE SUPPORT SYSTEM
OR EXTRAVEHICULAR MOBILITY UNIT
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The '"Dressed for Spaceflight" unit will help you find the answers to

these questions.

1.

2.

10.

11.

12.

13.

Who was the first pressure suit designed for?

How many layers are there in a Mercury suit?

What was added to the Gemini suit which made it easier to put on and
take off?

Why did the space suit on Gemini 4 have to be modified?

When was the Gemini "lightweight" suit first used?

What did the Gemini "lightweight" suit allow the astronauts to do?

The Apollo space suits had to be flexible enough to allow the astronauts
and

How long could astronauts stay out on the moon?

In the Apollo space suit, what purpose did the longjohns serve?

How many layers did the Apcllo suits contain?

Why was an outer visor worn over the helmet during moon walks?

What was eliminated from the Apollo type suit for Skylab missions?

Why was it eliminated?

-27-
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WASTE MANAGEMENT SYSTEMS
FOR HUMAN SPACEFLIGHT

For astronauts to 1ive comfortably and safely in the closed environment
of a spacecraft, the management of human waste is among the 11Ffe support
functions which must be carried out efficiently. A spacecraft's waste man-
agement system must-be reliable, sanitary, and psychologically acceptable to
the crew. Systems to handle crew members' bodily wastes have evolved from
simple assemblies used on Mercury flights to the present-day complicated
equipment on board the space shuttle orbiters. The systems have becoie
easier to operate and more earth-like, a feat difficult to accomplish in the
zero gravity of space, where materials and liquids tend to float about in a
state of "weightlessness."

MERCURY

When Mercury flights began to extend into durations of over an hour,
provisions were made for handling human waste matter. Astronauts wore a
urination bag contained in their spacesuits. On the flight of Mercury-
Atlas 9, which lasted more than 24 hours, astronauts used a waste management
system made up of two units, a urination bag and a storage bag with a
syringe-pump and hcse. The syringe provided pressure to draw the urine from
the in-suit bag to the storage bag.

Bags for defecation were not provided for any of the Mercury missions.
Crewmen ate a low-residue diet for three days prior to launch so they would
not have a bowel movement. They carried emergency containers for emesis
(vomiting), if vomiting should occur, on each of the Mercury missions.

During the Gemini program, astronauts used a system similar to that used
in the Mercury program. It consisted of one urination bag for use during
launch and another for use in-flight. The bag used during Tlaunch was
Y-shaped. It fit on the inside of the spacesuit around the pelvis. The bag
had two openings, one with a fitted rubber sleeve that the astronaut attached
to his body, and another opening used for emptying the bag. The waste was
dumped overboard the spacecraft through an overboard dump system.

The other system was used after the astronauts attained orbit. It was a
flexible bag with a roll-on rubber sheath. The voided urine was then vented
overboard,

Gemini missions 7 and 9 had a sample valve which allowed the astronauts
to draw off a specimen of urine for medical examination back on earth.




APOLLO-SOYUZ

During the Apollo-Soyuz Test Project, the joint U.S.-Soviet.space flight
to test 1international rendezvous ard docking techniques, American crewmen
used the same waste management systems developed for the lunar program. This

was because the same type of spacecraft, the Apollo command module, was used
for this mission.

The Soyuz spacecraft used by the Russians was a rather crude craft com-
pared to the Apollo spacecraft. It had very few comforts of home. According
to the astronauts, the Soyuz waste system did not always do a proper job.

SPACE SHUTTLE

The system for disposing of human wastes is even more sophisticated on
the space shuttle orbiter than it was on Skylab. However, medical samples
are not normally taken, a function which complicated the Skylab system.

On the space shuttle, women flew as astronauts for the first time in the
American space program. Consequently, the orbiter was designed to collect
and process biowastes from both male and female crew members.

The orbiter's waste collection system has a set of controls that are
used to configure the system for various modes of operation, namely: urine
collection only, combined urine and feces collection, emesis collection, and
combinations of those. The system consists of a commode, or waste collector,
to handle solid waste, and a urinal assembly to handle fluids.

The waste collection system may be used in both zero gravity and in a
one-g (earth) enviromment with the orbiter in the horizontal positien.

The urinal is used by both males and females, with the user either hold-
ing the urinal while standing, or sitting on the commode with the urinel
mounted to the waste collection system. A contoured cup with the urinal pro-
vides a good seal with the female crew member's body.

During urination, an airflow draws the urine into a fan separator, which
separates the waste water from the air. The fluid is forced along into a
tube leading to the waste water storage tank. The air is drawn out of the

chamber by a blower and returned to the orbiter cabin after being filtered to
remove bacteria, dirt and odor.

The commode is also used for collecting both feces and emesis. If has &
capacity for storing the equivalent of 210 person-days of vacuum-diied feces
and toilet tissue. It may be used up to four times per hour, and may b2 used
simultaneously with the urinal.

To operate the collector during defecation, the user positions self on
the commode seat. Hand holds, foot restraints (used in conjunction with suc-
tion cup shoes), and waist restraints (similar to car seat-belts) help the
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user maintain a good seal with the seat. The cr- member used the egquipment
like a normal toilet, including tissue wipes. Tr. tissue is disposed of in

the commode.

WASTE COLLECTOR

otoN
GASTERIA
FILTER

OFERATING
HANOLE ——

COMTROL
PANEL
PAN
SEPARAYOR
SELECTOR
WTTCH

An air flow draws a solids/air mixture
into the commode. A rotating slinger shreds
the feces and flings it onto the commode inner
wall, where it adheres in a thin layer. The
tissue does not shred, but slides up and over
the rotating tines, adheres to the inner
walls, and is stored with the feces.

The commode is used in a slightly differ-
ent manner for the disposal of used emesis
collection bags. A bag containing vomitus is
sealed with velcro, and deposited into the
commode, The user -changes the mode of opera-
tion so that the slinger rotates at a slower
rate. The tines stay folded, and the bag has
a clear passage. Air flow and the rotating
slinger move it into the Storage container.

The same type of bag may be used as a
backup to the waste collection system for
fecal collection. The bag is attached below
the commode seat and expands into the commode

volume. After use, the bag is released into the commode opening where air
flow moves it into the storage area.

Everything stored in the waste collector--feces, tissues and fecal and
emesis bags--is subjected to vacuum drying in the collector and is returned

to earth.
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Read the description of the Waste Management Systems used in space-

fiight, then answer the questions below,

1.

10.

11,

12.

13,
14,

15,

What are the three main requirements & waste management system must
meet: , » and .

On a Mercury mission only one form of human waste had to be handied.
Name that form. . Why only one?

What is emesis?

On Gemini missions what was the shape of the urine bag used during
launch?

On the Gemini missions, after urine was eliminated from che astronaut's
body, what happened to it?

On what missions were the first samples of urine collected for medical
examination?

What type of bag was used on Gemini to collect the solid waste material?

How long were the Apollo missions?

During extravehicular activities the Apollo astronauts wore a fecal con-
tainment system under the pressurized suits. It looked 1ike a

Why was urine not dumped overboard the lunar module while it sat on the
moon? '

Why were body waste samples needed on Skylab?

How much urine was saved each day by each astronaut to be returned to
earth for medical study?

In Skylab where was the toilet located?

What type of waste management system was used by U.S. astronauts on the
Apollo-Soyuz mission?

The shuttle orbiter's waste management system was designed to accommo-
date both and crew members.

-33-
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16,

17,

18.

19.

20.

2l.

List the two basic units of the shuttle's was. management system:
' and

Can the shuttle's waste management system L: used in an earth environ-
ment?

How many days of vacuum-dried feces and tojlet tissue can the shuttle's
system store? .

How many times an hour can the shuttle's waste management system be
used? .

What is provided on the shuttle's commode to ensure the user stays in
contact with the conmode seat?

and .

Design your own waste management system for a spacecraft which would be
operational for over a month. Include drawings and written descrip-
tions.




HUMAN SPACE FLIGHT LOG

Duration
Mission Crew Date hr:min:sec Remarks

Mercury-Redstone 3 Shepard Ma, 5. 196° 00 15.22 Suborbital {light—first American n space USS Champlain,
Attantic recovery (A) Spacecratt call sign Freedom 7

Mercury-Redstone 4 Grissor July 21, 196° 00 15.37 Suborbita!, successful flight but spacecrati sank, astronaut
rescued USS Rendoiph {4) Liberty Bel'7

Mercury-Atlas & Glenn Feb 2 1962 04 55:23 Three-orbit flight, first American in orbut, retropacx retainec
when erroneous signal indicated heat shieid possibly loose
cepsule ianded 40 miies uprange USS NOA (A) Frniendship ™

Mercury-Atlay ? Carpente- May 24, 1962 D4 56 05 Als¢ three-orbit mission, yavy error at manua! reteofire
caused 250-mile landing oversnoot USS Pierce LL) Aurora ?

Mercury-Atias 8 Schirra oa 3,196z 09 13 11 Six-orbrt tight, capsule landed 4 S rules from recovery ship
USS Kearsarge, Pactfic (P) Sigma?

Mercury-Atias § Coope- Ma, 15-16 1963 34 19 49 Twentytwo orbits to evaiuate etfectson marof 1 day v
spaze. landed 4 5 miles from USS Kearsarge (P, Faith 7

Gemen.Titan | Grisso™ Young Ma-(n 23 1968 04 53 02 Three.orb { demonstrat:or of the spazecratt, maneuves over
Texas on {1est pats changes orbits- pats of a manned spaze-
cradt {o° firg ime |andec 5C mues upraras USSintrepc (£,
Mol Browmn {only Gemin namec

Gem:n .Tiar MDDt White June 3.7 19gt 97 5¢ ° Four-da. f1rgnt vte White first America~tc wa.e rr 4pace +~
20-m-rute extraveh.culd” activity (hatcr 0pe- 36 m nutes
atter 62 revo.ui-0ns O €211r tandew 5T mues upfange 115~
USS Warp (£

Gemin.Titas i Coope’. Con'ac Aug 2128 19€¢ 195 58 W Firsiu-e af fue celis for electr.c poner evaluated gu.danis
NG navigation syster 10° fulyre renaezvous Mgty 1nil:
rect Navigation coordinales fror 0rouns (0ntre resuter
landing 95 miles short, 120 revolutions USS Laxe Champ.a ©
(&)

Gemis JTia-

De: 41& 39€¢ 3303

w

Longest.oucat on Gemn gt praLiges render. Lus tarer”
for Germ = v 2 crer fiew DT O Cf Mgy T mgh Ry ae
for ferst ume 206 revoiuliony tanoec € 4 meey feomr 13726
UsS viase (L

Ger nTngs Lok Senerg S13% Iz De. 8.t g 2

-
~
~

Reyinequiea 1l rend2zvCus weis Gev = . after orcta et
gethgenataiect: Ot 130 ¢
WNET 1A nTT e F ORI Ney Tt
SE1000s 34E" 127 LI LompeteTd T
atins 1 @D Glcny 13NdES v 1R T Y By Lt latde
tiate seres 0 p Apoint 1ang £ B, Gevem spacectalt LSS
wap (&) :

GemireTaar Armstrong. Scot Mascr 1€ 196¢ 10 4° 2¢ First docking of one space vehitie witr anstnes. abou’ 7°
minytes atte- docxing, Gemin-Agena comb nNatis” bepat to
yaw and rol. atincreasng ratey emergency procedures 1I° -
<ludeg undacung deactivation of M3 um-0nung cont’c
dystem, activation of reents) (ontro syster . mMissiom was te
MINAtec 8N miowa, through 7tr revoiutior, spactec-at”
fandeg ' 1 mues frem p.anned iand.ng Ot In tacondar,
recosery aregn western Pacfiz, destro.er USS Masor p irec
up crew 3 hours later

Gemin .Ta- 2.2 Statfoc Cerrp- June 3.6 1966 72 20 0K Reszneduted 1o rendelvous and goix witk augmented tasg¢”
dozang adapte- aties orig na target Agena fa- estc O'b !
ATDA shroud d'G POt COMP ele., separale, mar 1Ing docs v
1mpossibie, three ditferent types 0f rendezvous were com.
pleted Cernancarnied ovt 2 hours 7 minutes of EVA 44
tevolytions, C 36 mates fram target USS Wasp (4!

Ger 0.7 13- Young (o m¢ HUS A 1 70 4 3¢ Firgt use O Agena targel veh (e § DT J0J'S D" System™s spate
Cra‘i 23z cenderyoused with Gem n Vit tarpet vemsdic
CoO Ny nAc A minUte Ev £ 51300 ~3 - haten e.mrgte fy2
e retaieue axpar mest {rom Lgens Arep.y 3L maes
USS Guada cane 1&.

4.
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| Duration
: Mission Crew Date hrimin:sec Remarks
I Gemini-Titan X° Conrad, Gordor Sept 12-15. 196€ 71-17:08 . - record alttude (739.2 miles) reached using Agena
: t  .ulsion ahter firsi-revolution rendezvous and docaing
Jon fastened Agena-anchored tether 1o Gemini docking
and spacecratt iater made two revolutions of earthin
+« =ered configuration, Gordon 33-minute EVA and 2-hour
5 cinute standup EVA, 44 revs; 1.5 miles, USS Guam (&)

Gemimi.Titan XIt Lovell, Aldrin Nov 11.15, 1966 94 34.31 Fira! Gemini flight, Aldrin logged 2-hour 29-minute standup
E\ A, 5S-minute standud EVA, and 2:hour B-minute EVA tor
Gemini record 1018 of 5 hours 30 minutes of EVA; 53 revs, 2.6
miles, USS Yyasp (&)

Apolio-Saturn 7 Schirra, Eisele Oct 11-22, 1965 260 09.03 First manned {light of Apolio spacecraft command-service

Cunningham module only, 163 revs ; USS Essex (A) Al Apolio spacecraft
splashed down within 10 miles of predicied landing point

Apolio-Saturn 8 Borman, Lovel", Dec 21.27 1968 147:00 42 First flight 10 moon (command-service module only, views of

Anders funarsurface televisad 1o earth; 10 revs of moon, USS
Yorktown {P)
Apollo-Saturn 8 McOhivitt, Scon. March 1-13, 1969 241:00.54 first monned {light of lunar module, spacecraft call signs fo-
Schweickar! communications identification when ungocxed  CSK
“Gumdrop” and LM "Spider”, Schweickart 37-minute EVE
from LM, 151 revs, USS Guadalcanat (A)
Apolio-Saturn 1T Stafford Young May 18:26 1368 192.03.23 first lunar module orbit of moon, cal: signs Chariie Brow~
Cernar and Snoop,, 21 revs of moon {£ revs by undocked LM), USS
Princeton (P)
Apoilo-Saturn 114 Armstrong. Colling July 1624, 1969 195 18.35 First lunar landing  call signs Columbia and Eagnz, lunar stay
Atdrin ume 21 hours 36 menutes 21 seconds Armstrong and Alar.e
EVA (hatch opar. to haten close) 2 hours 31 m.nutes 4C
seconds, luna® surface samples 46 5 pounds 3C revs, LSS
Hornet (P,

Apotig-Saturr A7 Conrao Goroor. Bea NS, 14-24 196¢ 244 36 25 vanxee Clipper and Intrepig s1d, tme 3° hou*s 3° minatey
Conrad and Bear Evias 3 nours 56 minutes and 3 nours 4¢
minutes lunas sampes 74 7 pounds prus Damts 1rom Survey -
3 unmannea spacecra‘y, 45 revs USS HotmeltE,

ApOiu-batutt M3 LOve. . Sw.gert Hase Apt Tt 07 1970 14y 54 280 Odyise, anc Lauarius. tMissior abontec after service moay #
Oryger 1ans fuptuted using lunar modu'e Oxyger anc
powe’ unt.: Justbefore reentr), cren returned safer, 1¢
eantr USS o ima (P

Apolic-Saturs 14 Snepz+c ROOs: Jar 31.Fet § 1977 216 0'.5° Kitty Hawx and Antares 513y ume 33 31, Sneparc snc

Mitche’ Mitcne' Euvias &4 45 and 4 35 sampes 96 pounos 34 revs LSS
New Onieans (F)

Apollo-Saturn 15 Scotn Worder 1Irvir July 26-2ug 7 197 29¢ 1+ 53 Endea.ou’ and Falzor first use of luna’ roving vehizie ¢ta,
ume 6E 55 ScoT stancup BV £ 22 minutes SOt anc 1rve ©
Evast 23 7 12 ang 4 50 Woden tramseeanim £ 4 38 -
sampees 175 poungs 74 revs USS Orinavalf,

Ap3i-Satuct 1€ Noun: Mattng . Apr 16-2° 975 268 & €2 Casperanc O o7 sta. Ume 73 G2 Y043 370 Dure by e

Duer T 23anT i &0 Nateng .
273 poung:y B2 ey USS Twonoe oze (¢

Cernar feany Sinm vt Lo, 2000 1@y 300 s Eemer i3 am3 Cra enzes 412, bmme 78 10 (ermam ang bone o
F.lv™ 2 737anc” ' beamstransganr il
3aMmp £y 243 PoUnCs 7% ve.s USS Ticenaersga ¥

Skylat * unmannec Launcnec Ve, 14 10G-10~ space station visited by tnree crews Re-entereo

1972 atmosphere 7.91.73 on orbit 34 981
Skyizt 2 Conrad wei2. Kerwi~ Ma, 25.June 22,1973 28 days Repaired Scylab. 404 orbits, 392 experiment houss threc
49 min 49 se¢ EVAs10tal S hry 34 mi= USS Ticonderoga (P,
Sxylar 2 Bear, Lousme July 28.Sept 25 1973 59 days Periormance maintenance, 856 orbts, 1,081 experimen’
Garnor 11 hes 9 min dge: hours, three EVAs 101a’ 13 h's 42 mi~ US5 New Onieans (F,
Sayiac 4 Cat Poque Gibso~ No. 1€ 1473 B4 days Ovierved Comet Konoutes 1,216 orbits 1,563 expe-imen:
fec B 1974 The $5m= 31se hours four EVAstote 22 nss 25 m= USS her Oneans (t.

ApPO1c-SOyul ey’ Statterc. Brang Juty 15:24 1978 9 da,s Apalodoceed with Soviet Soyuz spacecrate jusy 17

Proje 2t Siaytor Vhe 26 mir 24 se separated Jul, 16 USS New Onieans (P,

$TS.1{Colymbiai Commander Young hpr 12:14 198° 54 20 52 First orbita' {light o space shuttle, {irst NASE gpage migsC”

Puor Cripper touchdow n or. land, first use of solic fue boosters (SRBs* fe-
3¢ Sorbas manned space flight first use Of heat tuey st maide~ fi.an:
cf 8 space vehitie casryrng humancrew
“n
§75.2 {Colump a Commande’ Engle N2 52 13 2 first reuse of Mmanned venizie prey Tus , Liows e spase st
Puot Tru!, test inspace clremste manipyiatss syste~ (RIZS: furye
3 orbus expe’ menm pay Lag (OSTL ) missonres. tecirom S da,s

Aruitoxt provided by Eric:
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Mission

Crew

Date

Duration
hrimin:sac

Remarks

$T5.3 (Coiumbia)

754 {Columbsa)
STS-5 (Columbia)
$TS6 {Chalienger)

$T$-7 {Challenger)

$75.8 (Cnalierge-,

$715-9 (Cc.umb 2

(%)

ERIC

Aruitoxt provided by Eric:

Commanger LOusma
Puot Fullerion

Commande-
Matuinghy
Piot Hartsfielo

Commander Brand

Puot Qvermye*

Mission Specialints
Alien, Leno.r

Commande: Weit2

Puot Bobr¢

Mission Specialists
Peterso.
Musgrave

Commandet Cripper

PO Hauce

Missior Soeciahists
Fabia~ Roc.
Thayard

Commange: Try .

Prot grangensie -

Mgy 2m Speia 3
Gargne-
B.uforc
TRzentce

Commange: Young
Puzs Seman i
Missior Spec.ar sty
GarnoT, Paree:
Payi08d Spec
Merbo o
Licrienpers

March 22-30. 1982

June 27-July 4, 1982

Nov 11.16, 1982

Aprii 4-3. 1983

June 18-24, 1983

Aug 30-Sept S, 1983

ho. 28-Cre. & VTR

192 hrs'S min

129 orbits

169 hrs-9 min

112 orbrty

122 HR 1A min
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WHO AM 17

4 9 6 8 10 5 7
R A K S C G S

9 6 8 10 9 7 9
R E T U M H S

8 6 4 5 7 9 10
A R I L E T N

9 10 5 7 6 10 8
R N E P W I F

9 5 7 8 4 10 9
0 N A F D N N

5 7 8 10 9 6 10
N R 0 G G I H

7 10 10 8 6 8 4
D A M R N D E

Find out who the famous astronaut is. Count <the number of letters in your
name. If you have less than 4 letters, add 2. If your name has exactly 4
letters do not add or subtract--use that number, 4. If you have more than 10
letters in your name subtract 3 and use that number. Place your number in
the box in the upper right hand corner of the page. Follow the chart from
left to right and work down, starting in the upper left corner of the chart.
List all the 1letters that go with your number and discover your famous
astronaut.
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FAMOUS ASTRONAUTS

Use the Human Spaceflight Log (pages 35-37) to help answer the following
guestions.

1. What is the name of "your" famous astronaut?

2. What was the first mission he/she flew on?

3. Did he/she fly on more than one? If so, list other missions
flown.

4, Were there any "firsts" on this astronaut's mission?
List.

5. On what date did "your" astronaut fly during his/her first flight?

6. If there was a recovery ship used on "your" astronaut's flight, give its
name.

7. Did “"your" astronaut walk on the moon?

8. What is the total amount of time "your" astronaut was in space?

9. When "your" astronaut returned from his/her space mission, did the land-
ing occur on land or in the ocean?

10. Name the type of rocket used on "your" astronaut's first flight.

-

BONUS POINTS: Write a paragraph about "your" astronaut. Include how you
think he/she feels about being an astronaut.

47-3-
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HUMAN REACTION TIME
PART 1

During a space flight astronauts are required to be able to respond quickly
to any given situation. Unexpected problems may arise during a space flight
that require a rapid response to the problem. The faster the reaction time
of an astronaut and the crew, the better chance they will have in dealing
with a given situation,

Students can measure their reaction time by using the reaction time card
(following page) in this manner:

1.

2.

Divide the class into teams of two Students each. Whiie one does the ac-
tivity, the other student times his/her responses.

Have one student start with a finger on sguare one and touch each square
in numerical order. The other student should record the time. Then have
the same student touch the squares 1in reverse order. Record the time
again.

Students should then reverse roles.

Allow the students to do the activity for 2 or 3 days in a row to see if
their reaction time improves.

Compare results of boys versus girls, age groups, left-handed versus
right-handed students, etc., by recording group averages on the
blackboard.

Allow students to put their own symbols in the blank squares. They might
try to devise an ordering system which is faster than numbers,

10 seconds . . . . Slow

9 seconds . . . . average

7 seconds . . . . very good
5 seconds . . . . excellent

) |
=
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REACTION TIME CARD

TIME SECONDS Tk SECONDS

8 1" 3 2

TIME __ SECONDS TIME SECONDS
4 11 7 1
1

6 9 10 5
2 8 12 3

Numerical Reverse

Day 1 Time Day 1 Time

Day 2 Time Day 2 Time

Day 3 Time Day 3 Time

Note: Try with the other hand to see if there is a difference in reaction
time.

-42-
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HUMAN REACTION TIME
PART 2

Another method of measuring a person's
reaction time is with the scale included
here. Duplicate the scale and paste it .20
over a meterstick. The heavy black line
should be taped at bottom, then paste the

other strip at the top of the first one.

The markings are in 1/100ths of a second. [ .19
1. Divide class into teams, 3 or 4 in .29
each team.
.18

2. Taking turns, have one student rest

his/her right or left forearm on table
or desk top with hand extended over .28 .17
the edge. Have another team member

drop the meterstick so that it passes
vertically between subject's index .16
finger and thumb, so that he/she may

catch it after it starts to fall.

.27
3. The student should start with thumb .15
and index finger apart the width of
the meterstick. This way a standard
width is used by all persons. 26 -14
4. Start by placing meterstick at zero 13
between student's thumb and index fin- .
ger. Release stick and have student
catch it. .25 .12

5. Record the number where student's fin-
gers grasp the stick. Note: If stick .11

is missed the score is 29, not zero.

.24 -10
6. Have each student perform the test 3
times and take an average. .09
7. Try another way. Tape a child's small .08
cricket clicker to top of meterstick. .23
Blindfold student and have him/her .07
catch the stick with eyes closed, .06
responding to the "click" of the 05
clicker. -
.22 0
8. Repeat 3 times and take an average.
Have students record their averages, both BASE LINE
sight and sound. Is there a difference? .21 (in 100ths
Does everyone have the same reaction time? of second)




“A SOFT LANDING?"

A Landing a spacecraft with scientific instrur-nts
‘ or astronauts aboard on the moon or another plan-- is
unlike landing on the Earth. Since those bodies nave
no atmosphere, or a very thin one, landing wiii be
difficult. Parachutes cannot be used because no air,
or very 1little air, is available to operate them.
Also, the pull of gravity by each of the bodies is
different. However, for this activity we will use
the earth's gravitational pull.

An activity to illustrate this problem is an EGG
DRGP,

1. Discuss with class the problems of landing in a
thin atmosphere.

2. Class could be divided into cooperative groups of 2 or 3 students.

3. Each group should be given a raw egg, which should first be placed in a
ziplock plastic bag to eliminate mess in the event of an unsuccessful
landing. The raw egg is to be packaged in a container approx1mate1y
6" x 6" with no outside fins to assist in the descent of the egg.

4, If possible, secure help from local airport people. Have a pilot drop
the eggs from the plane at 500 feet altitude over the school grounds or
a nearby open area.

5. If a plane is unavailable, use a different approach. Give each student
a raw egg, a plastic bag, and 2 full pages from newspaper., Students are
to place the egg in the bag. The eqgg should be dropped from a second or
third story window, or the roof of a one-story building, using only the
2 pages of newspaper to control the descent. The students may use the
paper in any way they wish.

6. Allow a few days for student to research their project.

7. Any cracked or broken egg will be considered a failure in protection of
the student's payload.

8. After the experiment discuss with students better ways of packaging
their payload.

9. Check the 1ibrary to see wnat NASA has used, and also what is considered
a safe landing speed.

10. Ask students what types of problems one would have landing a payload on
Venus, Jupiter or other planets.

NOTE: Another variation of the Egg Drop activity is to assign it as a pro-
ject (or make it optional for extra credit) to be done together with a parent
or guardian at home. This is a way to involve parents in learning. Parents
or other helpers could be invited to school on "drop day."
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EXERCISING FOR SPACEFLIGHT

It is necessary for astronauts traveling in space to maintain good physical
fitness. Due to limited space in the cabin, activities to maintain good
physical fitness must be designed for these areas.

To simulate exercises done by the astronauts while in flight, try the
following basic isometrics:

1.

2.

3.
4.

Grasp right hand in left hand and pull in opposite directions while hands
are held together for 5 seconds, 10 seconds, and 20 seconds.

Grasp left leg at the knee with clasped hands. Pull leg toward chest 10
times. Repeat procedure with other leg.

Clasp hands behind head. Pull in opposite directions.

In a seated position, clasp hands under legs. Pull in opposite
direction,
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PULSE RATE TEST

Astronauts must be in good physical
condition to fly in space.

To give students an understanding of
some of the activities astronauts use
to stay fit, let them check their pulse
rate under various conditions. In ad-
dition to locating a step approximately
18 inches high, you will need the fol-
lowing materials; chart for recording
pulse rate (see below) and pencils.

1. Divide the class into teams. Have
the students take their partner's
pulse rate at rest, and record it
for future reference. The teacher
may need to assist the students in
the beginning so the proper tech-
nigue is used when the pulse rate
is taken.

2. Have students step up onto the step
and down again at a rapid rate for
2 or 3 minutes--approximately 20
times.

3. Have students take their partner's pulse rate again after the exercise;
record and compare to pulse rate at rest.

4, Wait 3 minutes; again take pulse and record it. Repeat after 5 minutes.
Compare to the previous pulse rates.

PULSE RATE CHART

Immediately | 3 Minutes | 5 Minutes
Name At Rest Following After After

Exercise Exercise Exercise
1
2
3
4
5
6

-46-
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CODED MESSAGES

During a spaceflight a large quantity of data has to be transmitted back to
earth at a high speed. To speed up the flow of data, it is easier to send
this information in a coded system.

The statements below are in code. In this code, the number for A is 11 be-
cause it is in the first row, first column; for K, 25 (row 2, column 5); and
N, 33. HNote that since I and J are together, the other letters in a word
using I or J will be the clue as to which letter to use.

1123|415
11A|B|C|D|E
2)F 116G HI|I/WK
SILIM|{N|O|P
41Q RS |T|U
SIVIWLIX Y | Z

42 45 43 43 24 11 33 13 34 43 32 34 33 11 45 44 54 45 42 24

22 11 22 11 42 24 33 12 15 13 11 32 15 44 23 15 21 24 42 43 44

35 15 42 43 34 33 24 33 43 35 11 13 15, 11 31 11 33

43 23 15 35 11 42 14 52 11 43 44 23 15 21 24 42 43 44

11 32 15 42 24 13 11 33 24 33 43 35 11 13 15. 15 14

35 15 42 43 34 33 44 34 11 43 35 11 13 15 52 11 31 25,

23 11 42 42 24 43 34 33 43 13 23 32 24 44 44 52 11 43 44 23 15

1
]
(D)
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31 11 43 44 35 15 42 43 34 33 44 34 521. 125 34 33

—— a— — — —— i —— — — — —_—— —_— . —— —_— —

44 23 15 32 34 34 33, 31 24 43 44 12 15 .1 43 82 44 23 15

14 11 44 15 11 33 14 32 24 43 43 24 34 33 2l 34 42 15 11 13 23

34 44 23 15 43 15 35 15 34 35 31 1s.

— — — — — — — e w—— e ——— —

1. HWrite a message below, then encode it into a number code on a separate
piece of paper. Give it to a friend to decode.

2. Invent a new code system of your own and write a message using it. See
if a friend can "break" your code.

o' -t




SPACE TRAVELERS

Below are the coded names of famous Space travelers. To find out their
names, solve the code by substituting a letter for each shape. Then, in the
space provided on the next page, tell something unique about each one.

B el Fle 9 R,
W FUTTY NP
D K[ L] M d

={t

o7
oW
i

B>MJd>0> > LddJ0J7vDE >

f e —— —— — —— e —— — — — —— —— — —— —— — —— mp— —

— — ——— — a— — — —— —— ——— —— S—— S——
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11.
12.
13.

14.
15,

16.

17.
18.
19.

METRIC CONVERSION

statemerts below relate to space flight. In the blanks provided, convert
numbers to metric. ’

The Shuttle Orbiter is 122 feet ( } long.

The Shuttle Orbiter can carry up to 65,000 pounds ( ) of
payload into space.

The Saturn V rocket develops 7.5 million pounds ( ) of
thrust at 1iftoff.

Satel1ites in geostationary orbits are placed 22,000 miles ( )
above the earth.

The X-15 rocket engine generated 57,000 pounds ( ) of
thrust.

An Apollo command module is 10 feet 7 inches ( } high.

A Saturn V rocket at 1iftoff weighs 6,384,000 pounds ( ).
The first successful probe of another planet occurred on Dec. 14, 1962,
when Mercury 2 passed within 22,000 miles ( } of Venus. The
447-pound { } probe recorded Venus' surface temperature at
700°F { } and sent back valuable data on previously unex-
plored space.

The Gemini capsule is 10 feet ( ) in diameter.

A total of 842 pounds ( } of lunar material was returned to
earth by the Apollo astronauts.

The Skylab workshop weighed 199,750 pounds ( ).

The Shuttle's Remote Manipulator Arm is 55 feet ( } long.

Astronauts who are mission specialists must be between 60 and 76 inches
( ) in height.

The Gemini-Titan rocket stood 108 feet ( } high.

Alan Shepard's suborbital mission lasted 15 minutes; his Freedom 7
spacecraft flew 116 miles ( } high into space.

The Lupar Rover vehicle used on the last three Apollo missions was 10
feet ( } long and weighed 493 pounds (

The maximum speed of the Lunar Rover was 10 mph ( ).

Surveyor 3 that landed on the moon was 10 feet ( ) tall.

The Shuttle's external tank will hold up to 440,000 gallons
( ) of propellant.

6.J
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MATH READING PROBLEMS

Use the Human Space Flight Log (pages 35-37) .o help answer these math

probiems.

1. There were six Mercury flights. What was tne total time spent in space
by the astronauts on those flights?

2. Gemini 7 was the longest duration flight with a total of 330-hours 35
minutes 31 seconds. How many full days would this be?

3. How much more EVA time was used on Apollo 14 than Apollo 127

4, Find the total number of pounds of rock sampies returned to the earth by
the Apollo missions.

5. How many more pounds of rock samples were returned on Apollio 15 than on
Apolio 11 and Apolio 14 combined?

6. What is the total number of Tunar orbits completed by alil of the Apollo
astronauts that stayed in the command modules?

7. Find the total time astronauts have spent on the moon.

8. On Skylab 2, Astronauts Conrad, Weitz and Kerwin spent a total of 28
days aboard Skylab and completed 404 earth orbits. What is the average
number of orbits each day?

9., During the Apollo-Soyuz mission the Russian cosmonauts spent 142 hours,
3] minutes, 00 seconds in space. The American astronauts spent a total
of 224 hours, 5B minutes, 33 seconds. How much more time did the
astronauts spend in space than the cosmonauts?

10. What is the total number of days spent in space by the first nine STS
vehicles?

11. Find the total number of orbits for the first nine STS vehicles.

12. When the Orbiter Columbia first arrived at Kennedy Space Center, it

remained in the Orbiter Processing Facility building for 610 days. How
many hours would that be?
How many weeks?
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Work the following math problems and answer the question:

L e e S s em——m e S e

3 7 11 14 16 22 36 48 50

86 100 121 132 179 448

18 32 84 11 128+8 23.5 22 314 42+6
23 =14 -36 x11 -9.5 x6 +134
14
+66
14 316 10 28+2 434 224 6 44+4 8 99
le -137 x10 -302 x2 X6 x2 =13
+20
96 43 7 88+4 45 18+6 56+8
+83 x2 x2 ~-29
ANSWER:

Now make up your own question with the number code. Ask a friend to answer

it.
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MYSTERY PERSON

Work the following problems to solve the mystery:

L M E R A T K J H S E . C

L A L

R W 2 &
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

r-llUJ
[}
=i

32+4 24+2 18+2 14+2 28+2 9+ 9+3 35+ 21+3 34+2 25+5 20+2

36+6 36+4 1545 22+2 30+2 16+4 40+4 5449

50+10 50+25 14+2 20+5 45+3 26+2 30+6 28+4 30+5 36%3

48+4 32+8 32+2 60+4 42+7 48+8 81+9 27+9

217 45+9 28+7 66+11 63+7

ANSWER:

12
1#’

e
‘A
R

SNOWN

N

P
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UNSCRAMBLE THE WORDS

APOLLO AIRLOCK

FUEL CELL PAYLOAD
OXYGEN RUNWAY

ORBIT DEHYDRATION
PRESSURE SOYUZ
SATELLITES ASTRONAUT
MECO MATE
COSMONAUT SPACE STATION
L. KOCAIRL

2. YZOUS

3. NEDHYDRATIO

4. LLEUFELC

5. LPOALO

6. TOMCOUASN

7. TSNAARUCT

8. DYPAAOL
8. OCEM
10.  AMET

11. ILTLESTESAT

12. XGOYNE
13. TIRBO
14.  YAWUNR

15. RSSUPREE

16. TTSSNOIAAEPC
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PRONUNCIATION SKILLS

Match the following words with their correct Zictionary ‘pronunciation.

1. ASTRONAUTS _ RE-'EN-TRE
2. LUNAR __ 'OR-BIT-R
3. REENTRY ___ 'SPLASH-,DAUN
4. GEMINI  'LU-NSR

§, MICROGRAVITY L 'SAT-L-,TT
6. ORBITER L ‘TRED-,MIL
7. SATELLITE  'AS-TR3-,NOT
8. SPLASHDOWN  KAZ-M3-,NOT
9. TREADMILL URAK-SI-JIN
10.  SPACE SUIT ____ 'MI-KRD-'GRAV-3T-E
11, OXYGEN _ 'sPBa,sUT
12, COSMONAUT L YJEM-3INT

How many syllables are in each of the following words:

1. __  fallout 8. ____ Apollo
2. ____ spacecraft 9. ____ suborbital
3. ____ orbit 10, ____ Enterprise
&, __  shuttle 11. ___ countdown
5. _____  booster 12, ____ runway
6. _____ Spacelab 13. ____ atmosphere
7. ____ revolution 14, _  airlock
-56-
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SUBJECT AND VERB

Draw a line between the subject and the predicate. Draw one line under the
simple subject. Draw two lines under the verb in the predicate.

Neil Armstrong landed on the
moon July 20, 19689.

He said, "God's speed all the
way, John Gilenn."

Deployable, erectable, and manu-
factured are the three main
kinds of large space structures.

Astronaut Edward White made the
first space walk on Gemini 4.

Guion Bluford is the first Amer-
ican black astronaut to perform
a spaceflight.

Skylab was occupied a total of
171 days.

On June 18, 1983, Sally Ride
became the first American woman
to fly in space.

The Apollo 13 mission was abort-
ed after the service module oOxy-
gen tank ruptured.

Apollo 17 was the first night launch of American astronauts.

In July of 1975, a-U.S. spacecraft docked with a Russian spacecraft in the
ASTP program.

The Mercury program is the name of the one-man space missions.

The Gemini 7 astronauts made the first docking of one space vehicle with
another,

The USS Hornet served as the recovery ship for Apollio 12.

The astronauts on the Apollo-Soyuz mission made the last scheduled water
landing,

"Houston, Tranquility Base here, the Eagle has landed.”

To remain seated on the shuttle toilet, the user must jnsert feet into foot
restraints and snap together the seatbelt.

Around the year 2000, NASA plans to erect a lunar base on the moon.
63
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SUBJECT AND PREDICATE

Write each subject below. Add a predicate to es subject and make a com-
plete sentence. Use punctuation and capital lette . correctly.

1. the first moon explorers 6. ctoacesuit

2. Russian Yuri Gagarin 7. redstone

3. spacelab 8. external tark
4. Apollo 9. space station
5. Skylab 10. lunar rover

&

10.
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COMPOSITION: WRITING A PARAGRAPH

Write a paragraph on one of the topics listed below. Be sure to follow the
guides printed here for you.

HOW TO WRITE A PARAGRAT M

Have your topic clearly in mind.

Indent the first word of the paragraph.

Write a first sentence that will suggest the topic.

Make sure that every sentence keeps to the topic.

Make every sentence develop or tell more about the topic.
Begin and end each sentence correctly.

Include at least four sentences.

SUGGESTED TOPICS

Apollo Mission

Space Shuttle

Astronauts

Living in Space

Space Station

A space-related topic of your choice:

DWW —
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SPACE SPELLING

1. GEMINI 11. APOLLO 21, PAYLOAD

2. ABORT 12. SOYUZ 22. TELESCOPE

3. SHUTTLE 13. COSMONAUT 23. DEORBIT

4. AEROSPACE 14, ASTRONAUT 24. GRAVITY

5. MERCURY 15, SPACESUIT 25, ROCKET

6. BOOSTERS 16. DOCKING 26. OXYGEN

7. ORBIT 17. ORBITER 27. WEIGHTLESSNESS
8. COCKPIT 18. CABIN 28. ARMSTRONG

9. REENTRY 19. SKYLAB 29. GLENN

10. SPACELAB 20. RUNWAY 30. SHEPARD

Suggestions for spelling activities. Select one activity each day.

1.

2.
3.

Divide words into syllables. Use the dictionary respelling and mark the
vowels.

Put words into alphabetical order.

Look up the definition of each word and copy it on your paper. Now use
the word in a sentence which uses that definition.

Create & wordsearch. Be neat! Someone else will be finding the words
you hide in the puzzle.

Create a story using 10 or 15 of these words. Underline each word used.
Have some of the words misspelled. Ask other students to proofread the
story. If an underlined word is misspelled, write it correctly. If the
word is spelled correctly, make an asterisk (*).
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DICTIONARY SKILLS
PART 1

From the 1ist on the nex: page, find the word that goes best with the defini-
tion. Words should be used only once.

1. A person who flies in space, whether as a crew member or a passenger.

2. The first stage of a missile or rocket.

3. A body of small mass but larger volume compared to 2 planet, often de-
veloping a long, luminous and partly transparent tail when close to the sun.

4., The Russian term for what in the U.S.A. is called an astronaut.

5. The hours, minutes, and finally the seconds, of time remaining before
the launch of a rocket.

6. 1nhe technique of connecting two or more spacecraft in space.

7. A device which protects people or equipment from high temperatures, in
front of a reentry capsule as it reenters the earth's atmosphere.

8. Of or pertaining to the moon.

9. National Aeronautics and Space Administration.

10. An orbit which passes over the north and south poles.

11. Engines or devices fired to reduce the speed of a spacecraft.

12. Useful cargo carried aboard a spaceship.

13. America's reusable space ship.

14, The United States' first human space program.

15. The act of going outside the spacecraft.
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16.

Name for the U.S. two-man space mission.

17. To come into or go out of orbit.

18. Joint United States and U.S.5.R. space mission launched in 1975.
19. Clothing worn by an astronaut for EVA.

20. Used as a life support system for extravehicular activity.

a) backpack h) lunar o) heat shield
b) deorbit i) booster p) astronaut

c) Gemini j) comet g) docking

d) cosmonaut k) polar orbit r) ASTP

g) Mercury 1) countdown s) retro-rockets
f) payload m) spacesuit t) NASA

g) shuttle n) extravehicular
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LARGE SPACE STRUCTURE

NASA has asked Congress for funding to design, construct, and launch into
earth orbit by the 1990's a large space structure (space station). You have
been selected to work on one of the NASA decision-making teams. Your assign-
ment and instructions are listed below. Congratulations and good luck on
your appointment!

1. FUNCTION OF THE STATION.

Your duty is to decide what will be the function of this station
in space. Should it be military or non-military? This and other
questions will need to be answered.

2. NATIONALITY OF SPACE STRUCTURE INHABITANTS.

Should this station be operated solely by Americans or should this
be an international work station? Your decision must be supported
by statements explaining why.

3. STAFFING OF THE LARGE SPACE STRUCTURE.

Your task is to select a group of people to operate the space
structure and to explain why these people were selected. A list
of possible candidates will be provided (following page).

4, DESIGN, CONSTRUCT AND PLACE YOUR STRUCTURE IN SPACE.
Your report should include a drawing and description of the struc-
ture shape; a listing of materials used in construction; a step-
by-step report on how the structure will be placed in space and
where it should be placed. Any other pertinent data to success-
fully complete your part of the task should also be included.

5. OPTIONAL.

Build a model of the structure.

7
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POTENTIAL PERSONNEL FOR SPACE &  CTURE

1. Medical doctor ... Administrator

2. Nurse .7. Fireman

3. lawyer .8. Psychiatrist

4, Teacher i9. Pharmacist

5. Cook 20. Aeronautical engineer
6. Military person 21. Mechanical engineer
7. News media representative 22. Astronomer

8. Librarian 23. Geologist

9. Policeman 24, Meteorologist

10. Computer expert 25. Rocket expert

11. Communication expert 26. Mathematician

12. Minister 27. Entertainment director
13, Politician 28, Historian

14, Astronaut 29. Mechanic
15, Janitor 30. Others (be specific)

NOTICE!!!

Becaust of budgetary cut-backs, the funds for personnel hiring have been
drastically cut. You will be able to select only ten people to staff the
station in the beginning. List them, giving reasons for their selection,
Each person would be expected to stay on the station for at least six months.

If funds become available, some of you will be able to select five more indi-
viduals. Those decisions will depend on the reasons you state for the five
additional staff you decide to take if possible. Be sure that your state-
ments are convincing! .




DICTIONARY SKILLS
PART 2

Place the Space Vocabulary words listed below in the blanks shown between the
correct dictionary guide words.

1. abort 9. runway
2. yaw 10. gravity
3. telescope 11. cosmonaut
4, deorbit 12. spacesuit
5. satellite 13. rocket
6. payload 14, astronaut
7. Vostok 15. docking
8. cockpit 16, boosters
1. dentil
2. rumble-seat
3. astragalus
4, pawn
5. voluptuous
6. cochlea
7. satchel
8. graupe]l
9. boogie-woogie
10. xylophone
11l. docile
12, teleran
13. Cosmoline
14, rocker
15, spa
16. ablaze

dependable
rupee
atavism
peach
vulcanite
codfish
sauna
grease
borax
yeariing
dormitory
tendon
cotter
rogue
spar

absent



SAT

f SHUTTLE AWARENESS TES™

The following quiz requires only one answer pe- question--either true or
false., The questions are designed to illustrate certain points about the
space transport system known as the shuttle.

1. T F The shuttle will never fly to the moon.

2. T F The muffler for the launch of the shuttle is made of water.

3. T F You can breathe one of the two components used by the three main
engines of the shuttle.

4, T F The robot arm of the shuttle can 1ift up to 32 tons in space but
cannot 1ift itself on the ground.

5. T F The shuttle can carry up to seven people into space.
6. T F The toilet on the shuttle uses no water.

7. T F The cargo bay of the shuttle is long enough to park a schoolbus
and a family car.

8. T F The payload specialists who will go into space will not be trained
as astronauts.

9. T F In orbit, the shuttle can go from one side of this country to the
other in about 12 minutes.

10, T F The space shuttie could land at any major airport.

BONUS QUESTION:

T F The drinking water for the crew is made while in space.

;95|ey jo @3i1soddo ay3 sL uolisanb snuoq Ayl ‘9nd3 FJE (O}
ybnoayy 2) suaqunu Byl 40 3534 BT (LY ‘ANUI S} | JOQUWAN :SJdamMSUy
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Aruitoxt provided by Eric:

FANTASY OF FLIGHT

ACROSS

4. Man who invented the telescope
6. KingEtena is said to have flownto
heaven on the back of it
In Cyranobook "Voyages to the Moon
and the Sun” a machine powered by
a was used
8 Man who attempted lunar flight by
using bottles filled with dew
10. The Egyptians called it the “"Heavenly
Nile”
12.  Great science-fiction classic of space-
flight published in 1634
14. Persian mythical king was carried into
the clouds on his throne by 4 eagles
15. With their arithmetic they acquired
knowledge about the periods of the
sun, moon, and planets
16  Over 1500 vears before Christ, the
Egyptians recorded seeing this planet

-1

DOWN
1. Polish astronomer who stated that the earth
orbited arounda the sun
2.  Winged messenger of the gods
3. Novel, "Across the Zodiac,” hero traveled to
this planet
4. Domingo Gonsales was carried to the moon by
their migration flight
5. Daedalius' son who flew too near the sun
9. He proposed a lighter-than-air shipin 1670
11. Frenchmen with first successful balloon flight
June 5,1783
13. Hisfollowers first suggested that the earth
was round or a sphere
'7_'.87_
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ACROSS DOWN

2 Number of men on an Apollo mission 1. Kindofcells used for power on Mercury 5

5 Number of astronauts on Gemini mission 3. Last American to walk on the moon

7.  Recoverv shipfor Apollo 12 4. First American in space

8. Apollo missions traveled to the 6 Number of astronauts on Gemini mission
11. Rocket used in the Apollo mission 9. Lunar module for Apollo 13

12. Command module for Apollo 9 10. Lunar module spacecraft on Apollo 10

13. Recovery ship for Apollo 17 14. First man on the moon

16. Astronaut who flew Mercury 4 mission  15. Rocket used in the Gemini program

18. Astronauton Apollo 16 17. Rocket used in Mercury 4 mission

20. Apollo 12 returned part of 3 19. First American to orbit the earth

21.  Astronaut who flew first 2 man mission  23. Spacecraft name used to land on the moon
22  Name of Apollo 11 lunar module 25. Number for the last Mercury mission

24. Name of 2 man space mission
26. Name of 3 man mission to the moon
27 First American to walk in space
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Aruitoxt provided by Eric:

SPACEFLIGHT - THE LATER YEARS

-
N
>
H
.
3
A
q

TV P RALTANSL SRR AALA Y S ASTY = s
RO SR 22N SRR KRB SRR ROt SRR RS o R
W oA S SSAAD SRR AN, LA A Ao S Y
+3 &4 4 RTCLRT YTEXY
» o o R e ™ e e oo e S e Sea N DA e
by L A R i Lo = s
oC 22 O e L0 XXX
1) Al Aveda -
it HIAHE AR A TR A5 A AAS N vy AR S B A
0 I 200000, S iC WOR, D0 i O QM e el (e s R
Ay
443 v o AV AR o7 . ¥ 344 4 e 4
p e X w0 e RO O .
Fu"e N NN LA A ~
AL O o AL NS RAAS AL A AL £ 4 4
K o R Rl 0 : oy :
"\ b
2 X 4
S e . : o
'.:. v '.: 12
A, .
C W)
}E |
X + . A A
» =5
» eV *.1.’.'
= W A . 9 LY,
QG OOC 06 p ny OO SO OO
I~ e -
o™ " r: ' ¥
& :' proces
a an V™
vy v AR S’ 4
e ke & e 25
NG eA ~ NRe S o
¢
4

VAL LD
200 i
"

2

;

>,
Ya

-b-;:

P
Fovit e o
R R A
ACROSS DOWN
1 Name of first orbiter to fly 2. Shuttle uses 2 solid fuel
3. Americanspace station launchedin 1973 3. Name of a Russian spacecraft
5. European specialist on STS-9 4. Commander of first shuttle flight
7.  Strip where STS-3 landed 6. Primary payload for STS-9
11. Ocean where Skylab 4 crew landed 8. Ocean where Skylab 4 crew landed
12. Country American craft docked with 9. Piloton STS-4
13. Piloton STS-4 10. Strip where STS-3 landed
16. First American black astronaut tofly 14. Total rocket engines for shuttle lifto{T
17. Comet observed by Skylab 3 crew 15. Namefor Russian space traveler
18. Shuttle orbiter that never flew in space  19. Pilot of STS-2
21. First American woman in space 20. Russian cosmonaut on ASTP
22.  Month ASTP mission was launched
23. Shuttle uses 2 solid fuel

e
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HUMAN SPACEFLIGHT
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BRAND
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HORNET
STAFFORD
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EXPERIMENTS

SATURN
WEITZ

COMET
SPLASHDOWN

FORESTRY
SOLAR
LOUSMA
MISSION
ECOLOGY

AGRICULTURE
OCEANOGRAPHY
BEAN
WORKSHOP
GEOLOGY
LAUNCH

BRY

GIBSON
CARR

SPACE
CONRAD

SKYLAB
POGUE

SUN
BIOCHEMICAL
KERWIN
KOHOUTEK
ASTRONAUT
REOGRAPHY
GARRIOTT
TELESCOPE
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SPACE SHUTTLE
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MICROGRAVITY
LICHTENBERG

ALLEN
PAYLOAD
BOBKO
MUSGRAVE
FABIAK
THAGARD
GARDNER
THORNTON
PARKER
SHAW
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RIDE
BRANDENSTEIN
BLUFORD
SPECIALIST
MERBOLD
GARRIOTT
COLUMBIA
YOUNG
ENGLE
FULLERTON
TILE
MATTINGLY
MIDDECK
BRAND

B

CHALLENGER
OVERMYER
LENOIR

HARTSFIELD
WEITZ

SHUTTLE
SPACELAB
CRIPPEN
LOUSMA
TOUCHDOWN
SATELLITE
PETERSON
ASTRONAUT
HAUCK
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“First | baliave that this Nation Shouid commit itself 1o achigving the goal, before this decade 18 oul, of

ianding 2 man on the Moon and returning him safely to Earth.””

President John F. Kennedy. Spacial Message to Congrass, May 24, 1961

"It we die, we want peopie to accept
it. We are in a risky businsss, and we
hope that it anything happena to us it
will not delay tha program. Tha
conquest of space is worth the risk of
life.*

Astronaut Virgil |. Grissom
{On January 27, 1967, Astronauts
Grissom, White, and Chafles died
trom a flash fire aboard Apolio
204 Spacecraft.)

“$ome day people will travel to Mars.
It wil be a long trip, but fun. This will
be a big step for manking. We would
be able to find out if there was life on
this planet. it probably will look like a

J. Stephen Hartsfield,
Seventh Grader, 1984




“The greatest gain from space travel consists in the extension of our knowledge. In a hundrec years
this newly won knowiedge will pay huge and unexpected dividends.™

Protessor Wearnher von Braun

""Science-fiction yestarday. fact today—obsolets tomorrow.”
Otto O. Binder, Editor in Chie!, Space World Magazine

"It is difficult to say what 1s 1mpossible, for the dream of yesterday is the hope of today and the
reality of tomorrow."

Robert H. Geudard in his high schoo! oration (1804)
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