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In t r o d u c t i o n
Sp a c ewalking has ca p t u red the imagination of

g e n e ra t i ons of ch i l d ren and adults since science-
f i c t i on authors first placed their ch a racters on the
M o on . But true spacewalking did not actually begin
until the mid-1960s with the exploits of Alexei A.
Le on ov of the Soviet Union and Edward H.White II
of the United St a t e s . Since those first tentative
p robings outside a space ca p s u l e, a s t ronauts and cos-
m onauts have logged thousands of hours on extra ve-
hicular activities, and some have even walked on the
s u rface of the Moon . The stories of their missions in
space are fascinating, but just as interesting is the
spacesuit tech n o l o gy that made it possible for them
to “w a l k” in space.

To d ay, spacesuits are used by astronauts on
m a ny missions such as servicing the Hubble Sp a c e
Telescope and re t ri eving satell i t e s . The new
I n t e rn a t i onal Space St a t i on will depend upon astro-
nauts and cosmonauts to conduct over 1,200 hours
of spacewalks over the next seve ral years to assemble
and maintain Space St a t i on com p on e n t s . A l t h o u g h
no firm plans exist, NASA hopes to re t u rn to the
M o on to establish a permanent base and later begin
human surface explora t i on of Mars. E a ch of these
ve n t u res places distinct demands on spacesuits sys-
tems and the tools astronauts use.

This publica t i on serves as a guide for tech n o l o-
gy educa t i on teach e r s . While not specifica lly aimed

at other subject are a s , t e a chers of phys i cal science
and mathematics will find the Explora t i on Bri e fs
and the Idea Bank useful as a source of activity ideas.

The guide begins with brief discussions of the
space env i ron m e n t , the history of spacew a l k i n g,
NASA's current spacesuit, and work that astronauts do
d u ring spacew a l k s . These are foll owed by a tech n o l o gy
e d u ca t i on design brief that ch a llenges students to
design and build a spacesuit pro t o type for an extra t e r-
re s t rial env i ronment no human has ever visited before .
In the process of doing this, students will have to inve s-
tigate the pro p e rties of that env i ronment and determ i n e
what pro t e c t i ve measures must be taken to permit a
f u t u re explorer to work there safe ly.Once accom p l i s h e d ,
students will choose materials and technologies that ca n
be used for con s t ructing and testing the pro t o typ e .T h e
design brief is foll owed by Te a cher Te ch Bri e fs that 
p rovide a source of ideas on how to build spacesuit test
a p p a ratus and by Explora t i on Bri e fs that provide activ-
i ty fra m ew o rks to help students understand import a n t
topics in spacesuit design.

The guide con cludes with a glossary of term s ,
suggested reading list, NASA educa t i onal re s o u rc e s
i n cluding electronic re s o u rc e s , and an ev a l u a t i on
q u e s t i on n a i re . We would appreciate your assistance in
i m p roving this guide in future editions by com p l e t i n g
the fe e d b a ck question n a i re electron i ca lly or mailing
the form to us.



6 •  Suited for Spacewalking An Activity Guide for Technology Education, Mathematics, and Science, EG- 1 9 9 8 - 0 3 - 1 1 2 - H Q

M e a s u r e m e n t

This activity guide makes use of the metric system
for measurement. However, British units for mea-
surement may be listed in materials and tools lists
when particular items are more easily found in
British measurement sizes. The pascal or metric

unit for pressure may be unfamiliar to readers. A
pascal is equal to a force of one newton exerted over
an area of one square meter. Because the pascal is a
relatively small unit, the more convenient unit of
kilopascal (1,000 pascals) is used here instead. To
convert kilopascals to the British-system unit of
pounds per square inch, divide by 6.895.



If we define an astronaut as som e one who
t ra vels through space, eve ryone on Earth is an
a s t ron a u t .E ven though we may be standing still on
E a rth's surf a c e, we are actually tra veling thro u g h
space at speeds of thousands of kilometers per
h o u r. I n d e e d , our planet may be thought of as a
spaceship on a never-ending voy a g e . As "astro-
nauts" tra veling through space on the surface of
E a rt h , we take for granted the complex env i ron-
ment that sustains life . E a rt h’s gra v i t a t i onal attra c-
t i on holds a dense atmosph e re of nitro g e n , ox y g e n ,
ca rb on diox i d e, and water vapor in a thick enve l o p e
s u r rounding Eart h’s entire surf a c e . The weight of
this atmosph e re exe rts pre s s u re, and its move m e n t s
d i s t ribute heat from the Sun to balance global tem-
p e ra t u re s . Its gases filter out harmful ra d i a t i on and
d i s i n t e g rate all but the largest meteoro i d s . E a rt h’s
a t m o s ph e re is a shell that protects and sustains the
l i fe forms that have ev o lved on its surf a c e . Wi t h o u t
the atmosph e re’s pro t e c t i on , l i fe as pre s e n t ly
k n own would not be possible.

When Earth astronauts leave the surface of
their planet and travel into space, they must carry
some of their environment with them. It must be
contained in a physical shell because their body
masses are too small to hold it in place by gravita-
tional attraction alone. The shell that is used is
called a spacecraft—a rigid collection of metal,

glass,plastic,and composites.Though far simpler in
function than Earth’s environment, a spacecraft's
environment serves well for short missions lasting a
few days or weeks. On some flights, the shell is
deliberately opened and the astronauts pass through
an airlock to venture outside. When doing so, they
must be protected by a still smaller and very spe-
c i a l i zed ve r s i on of their spacecra ft ca lled the
Extravehicular Mobility Unit (EMU).This smaller
spacecraft is composed of a spacesuit with a life-
support system. It differs from the first spacecraft,
or mother ship, in its anthropomorphous (human)
shape and its flexibility. Astronauts wearing EMUs
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Earth and Space

Earth as seen by the crew ofthe Apollo 17 Moon mission.



need to be able to move arms, hands, and legs to
perform an array of tasks in space. They must be
able to operate many types of scientific apparatus,
collect samples, take pictures, assemble equipment
and structures, pilot themselves about, and repair

and service defective or worn-out satellites and
other space hardware. The tasks of astronauts out-
side their mother ship are called extravehicular
activities, or EVAs.
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Outer space is just what its name implies. It is
the void that lies beyond the uppermost reaches of
the atmosphere of Earth and between all other
objects in the universe. Although it is a void, outer
space may be thought of as an env i ron m e n t .
Radiation and objects pass through it freely. An
unprotected human or other living being placed in
the outer space environment would perish in a few
brief, agonizing moments.

The principal env i ronmental ch a ra c t e ristic of
outer space is the vacuum, or nearly total absence of

gas molecules. The gra v i t a t i onal attra c t i on of large
bodies in space, s u ch as planets and stars, p u lls gas
molecules close to their surfaces leaving the space
b e tween virt u a lly empty. Some stray gas molecules are
found between these bodies, but their density is so low
that they can be thought of as pra c t i ca lly non e x i s t e n t .

On Earth,the atmosphere exerts pressure in al l
directions. At sea level, that pressure is 101 kilopas-
cals. In space, the pressure is near ly zero. With vir-
tually no pressure from the outside, air inside an
unprotected human's lungs would immediately rush
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The Outer Space Environment



out in the vacuum of space.Dissolved gases in body
fluids would expand, pushing solids and liquids
apart. The skin would expand much like an inflat-
ing balloon. Bubbles would form in the blood-
stream and render blood ineffective as a transporter
of oxygen and nutrients to the body’s cell s .
Furthermore, the sudden absence of external pres-
sure balancing the internal pressure of body fluids
and gases would rupture fragile tissues such as
eardrums and capillaries.The net effect on the body
would be swelling, tissue damage, and a deprivation
of oxygen to the brain that would result in uncon-
sciousness in less than 15 seconds.

The temperature range found in outer space
provides a second major obstacle.The sunlit side of
objects in space at Earth's distance from the Sun

can climb to over 120° Celsius while the shaded
side can plummet to lower than minus 100° Celsius.
Maintaining a com f o rtable tempera t u re ra n g e
becomes a significant problem.

Other env i ronmental factors encountered in
outer space incl u d e : m i c ro g ra v i ty, ra d i a t i on of electri-
ca lly charged part i cles from the Su n ,u l t raviolet ra d i-

a t i on , and meteoro i d s .M e t e o roids are ve ry small bits
of ro ck and metal left over from the form a t i on of the
solar system and from the coll i s i ons of comets and
a s t e ro i d s . Though usually small in mass, these part i-
cles tra vel at ve ry high velocities and can easily pene-
t rate human skin and thin metal. E q u a lly dangero u s
is debris from previous space mission s . A tiny paint
chip tra veling at thousands of kilometers per hour ca n
do substantial damage.
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