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NASAl MIR MICROGRAVITY PROGRAM 
NASA has formed a partnership with the European Space Agency and the space agencies of Japan, Canada, and Russia to build a 
space station to be .used as a mjcrogravity laboratory. Scientists from all the partner countries will conduct experiments in the station, 
where they can study forces that are always present on Earth but are hidden by the stronger force of Earth's gravity. 

Although NASA has used the space shuttle as a science laboratory, the shuttle can stay in orbit for 17 days at most. On a station, 
experiment equipment wi ll be in orbit for years, and experiments can be run for months at a time. This wi ll give scienti sts more time 
to collect important data, but NASA will face new challenges in supporting such long-term operations. To gain space station 
experience, NASA approached Russia about conducting experiments on the Russian Space Station Mir (Mir means "peace" in 
Russian). 

The core module of Mir was launched into orbit in 1986. This module consists of living quarters and life support for cosmonauts. 
Laler, more modules were added to Mir to provide space for scientific research. After a decade of use, Mir is nearing the end of its 
lifetime. but Russia has learned important lessons about conducti ng long-term space missions. 

In 1994, Russia agreed to allow the U.S. to use Mir to gain experience for the International Space Station, which is projected to be 
completed in 2003. NASA calls this agreement "Phase I" of the International Space Station era. In exchange for installing equipment 
on Mil' and having an astronaut onboard the Russian station to conduct experiments, NASA provided funds to help add another 
science module to Mir. The NASA/Mir microgravity program includes nine dockings of the shuttle with Mir to carry experiments 
and crew to and from the station. 

SCIENCE HIGHLIGHTS 
COMBUSTION: The Mil' combustion investigations will 
focus on how flames burn in microgravity and how quickly 
flames will spread in different air flow conditions and over 
curved and flat surfaces. Results may help improve fire 
prevention and control on spacecraft and on Earth. 

FLUID PHYSICS: In microgravity, there is no up or 
down, and this makes fluids (liquids and gases) behave very 
differently than they do on the ground. Mir experiments will 
explore how fluids slosh in containers and how they will 
behave in containers of different shapes . Knowledge of fluid 
flows in microgravity is important for designi ng fuel, water 
and oxygen systems on spacecraft. 

MATERIALS SCIENCE: Several experiments on Mil' 
will explore gravity's effect on how metals solidify. Through 
these experiments. scientists wiLl learn to better control the 
formation of metal crystals to produce metals with more 
desirable properties. 

PROTEIN CRYSTAL GROWTH: Scientists seek 
to understand the molecular structure of proteins and viruses. 
This knowledge helps in designing disease-fighting drugs. On 
Earth, gravity interferes with the growth of the large protein 
and virus crystals needed for these molecular studies. For the 
Mir experiments, scientists are able to study proteins and 
viruses that take longer than 17 days (the shuttle 's limit) to 
crystallize. 

TISSUE CULTURE: For the NASA/Mil' program a 
bioreactor will be installed onboard Mir. A bioreactor is a 
facility used for growing living cells. Outside the body (in 
vitro), cells tend to grow in flat two-dimensional formations. 

NASA's rotating bioreactor suspends the cells in fluid, 
allowing them to grow three-dimensionally as they do inside 
the body (in vivo). Using the bioreactor in microgravity 
should enhance this three-dimensional growth. The first 
sample to be grown in the bioreactor on Mir will be cartilage 
tissue. This experiment will help scientists discover ways to 
grow tissue for replacement of damaged cartilage in humans. 

WHAT IS MICROGRAVITY? 
The force of Earth's gravi ty extends far into space. You would 
have to travel 6.37 million kilometers (almost 17 times farther 
away from the Earth than the Moon) to reach a point where the 
strength of Earth's gravity is one-millionth of what it is on 
Earlh's surface. Why, then, do astronauts and objects float in 
the space shuttle as if they were weightless? Weight is the force 
with which a body is attracted to the Earth. If an object is 
falling due only to the force of gravity, its apparent weight (that 
which could be measured while in freefall) is nearly zero. Any 
object in a slate of freefall experiences microgravity, or near 
weightlessness. An orbiting spacecraft is actually falling around 
the Earth. The spacecraft's altitude and speed cause its fall to 
match the curvature of the Earth, so that it never hits the Earth 
but continually orbits the planet. All objects carried by an 
orbiting spacecraft are also in a state of freefall. 

ABOUT THE PICTURE 
During the shuttle docking with Mir in September 1996, 
astronaut Thomas D. Akers guides a protei n crystal growth 
experiment from the shuttle to the core module of the 
Russian station. 

To learn more, try these Internet addresses: 
http://shuttle-mir.nasa.gov/ • hup://www.osf.hq.nasa.gov/mir.html. hup://microgravity. msad. hq.nasa.gov/ 
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THE LMS MISSION 
-----------------------------

The Life and Microgravity Spacelab (LMS) was not only a mission to gather new 
scientific in formation about microgravity, but was also a practice mission for the 
future fnternational Space Station . The space station laboratory will include both 
microgravity and life science experiments. Us ing the station plan as a model , LMS 
combined microgravity sc ience experiments (which investigated how microgravity 
affects physical and chemical processes) and life science experiments (which 
investigated how microgravity affects human processes). 

Although the two groups of experiments had different goals, Lhey made a good 
match on LMS. The microgravity science equipment used a Jot of space in the 
shuttle and large amounts of the shuttle's power supply but needed little attention 
from the crew. The life sciences equipment required less space and power but 
involved the astronauts as subjects. 

Scientists from 10 countTies participated in LMS experiments. NASA furni shed the 
spacecraft , the Space Shuttle Columbia, and the European Space Agency supplied 
Spacelab, a module that fits inside the shuttle's cargo bay and provides a pressurized 
workspace for astronauts to conduct experiments. In addition, six European 
countries, the U.S. and Canada contributed experime nt equipme nt and crew to the 
LMS mission, which fl ew in June 1996. 

To keep all the LMS partners in touch with each other and the shuttle during the 
mission, monitoring and control stations were set up in Italy, Belgium and France, 
in addition to the Payload Operations Control Center in A labama. The new ability to 
contro l fli ght experiments remotely w ill be important when scientists need to 
monitor their experiments aboard the completed International Space Station for 
months at a lime. 

SCIENCE HIGHLIGHTS 
-------------------------------

BIOTECHNOLOGY: On LMS, scientists grew crystals of viruses and 
proteins. Crystals grown in microgravity are generally larger than those grown on 
Earth . Gravity causes flows in the solution that disturb crystal formation, but in 
microgravity, these fl ows are greatly reduced, which allows the crystals to grow 
bigger. Scientists will examine the space-grown crystal s us ing x-rays to determine 
the ir molecular structure. LMS scientists also videotaped the formation of the 
crystal s on the shuttle so that they could carefully study the growth process. Clues 
about structure gained from the crystals will aid in the design of disease-fighting 
drugs and plants that can resist damaging viruses. 

THE LIFE & MICROGRAVITY SPACELAB MISSION 

FLUID PHYSICS: During LMS, scientists learned about controlling liquids 
with electric fields. In microgravity, a co lumn of liquid can be contained with 
electricity, but on Earth the force of gravity is too strong and the column of liquid 
breaks. Results of the LMS experiment may he lp eng ineers to design micropumps, 
which are tiny pumps that use electricity to control liquid fl ows. LMS scie ntists also 
learned about how bubbles in a liquid behave in microgravity, where bubbles do not 
necessari ly ri se. This information may he lp engi neers to design more efficient fue l, 
oxygen, and water systems on spacecraft as we ll as to improve space experiments 
that involve liquids. 

MATERIALS SCIENCE: Particles are often added to metals to make them 
stronger. On Earth, when these particles are added to a melted metal , they settle to 
the bottom or rise to the top because they are a different density than the liquid. 
This settling into layers is called sedimentation. In microgravity, sedimentation is 
reduced, so that when the melted metal cools, particles are evenly di stributed 
throughout the metal, improving its strength. On LMS, scientists not only 
successfully mi xed particles into metals, they also observed what would happen to 
the particles if the melted metal containing them was cooled very s lowly. They 
found that the particles were pushed out of the metal as it cooled, instead of being 
captured in it. The results of the particle "pushing" experiment wi ll help scientists to 
understand problems such as frost heaving, which occurs when water that has 
seeped into the ground freezes very slowly and pushes out the particles of dirt. 

WHAT IS MICROGRAVITY? 
The force of Earth 's gravity extends far into space. You would have to travel 6.37 
million kilometers (almost 17 times farther away from the Earth than the Moon) to 
reach a point where the strength of Earth's gravity is one-millionth of what it is 011 

Earth's surface. Why, then, do astronauts and objects float in the space shuttle as if 
they were weightless? Weight is the force with which a body is attracted to the Earth. 
If an object is falling due only to the force of gravity, its apparent weight (that which 
could be measured while in free fall) is nearly zero. Any object in a state of free fall 
experiences microgravity, or near weightlessness. An orbiting spacecraft is actually 
falling around the Earth. The spacecraft's altitude and speed cause its fall to match the 
curvature of the Earth, so that it never hits the Earth but continually orbits tlle pl anet. 
All objects carried by an orbiting spacecraft are also in a state of freefall. 

ABOUT THE PICTURE 
LMS astronauts Susan 1. He lms and Terence T. Henricks prepare a furnace sample 
to study how metals solidify in microgravity. 

To learn more, try these Internet addresses: http://microgravity. msad.hq .nasa.gov/ • http://liftoff.msfc.nasa.gov/spacelab/lms/weicome.htmi 
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MSL MISSION SERIES 

THE MICROGRAVITY SCIENCE 
LABORATORY MISSIONS 

The Microgravity Science Laborarory (MSL) mission series was designed to build on the successes of previous microgravity missions 
and to explore new ways to observe and measure gravity 's effect on chemical and physical processes. NASA chose Spacelab, which is a 
module built by the European Space Agency to fit inside the shuttle's cargo bay, as the microgravity laboratory for the MSL series. 
SpaceJab is enclosed and pressurized to provide a comfortable workspace for astronauts to conduct experiments. To reach the SpaceJab 
from the main decks in the front of the shuttle, astronauts must float through a narrow tunnel connecti ng the two areas. 

Some of the experiment equipment that wi ll be installed in the Spacelab for the MSL series has been used before on other microgravity 
missions and will give scientists a chance to probe previous results that were surprising or interesting. Other MSL experiment faciljties 
are new and will allow scientists to observe the behavior of some types of fluids and flames in microgravity for the first time. 

For the first MSL mission, a Glovebox and a Protein Crystal Growth Facility will be installed in the shuttle's middeck, which is in the 
lower front port ion of the shuttle. A Glovebox is a small box that can that can be tightly sealed and has gloves attached to it for the 
astronauts to reach the experiment inside. The Glovebox protects astronauts from any hazardous experiment byproducts. The Protein 
Crystal Growth Facility, also a small piece of experiment equipment, has temperature controls to regulate the growth of protein and virus 
crystals. The first MSL mission, MSL-I , is planned for launch in the spring of 1997. 

SCIENCE HIGHLIGHTS 
B IOTECHNOLOGY: Scientists grow crystals of proteins 
and viruses to understand their molecular structure. This 
knowledge helps in design ing disease-fighting drugs and 
producing plants with greater nutritional yield. On Earth, 
gravity in terferes with the growth of the large crystals needed 
for molecu lar studies. During the MSL series, scientists wi ll use 
several methods for growing crystals of many protein and virus 
samples. 

COMBUSTION: Combustion, or burning, is often difficult 
to study on Earth because gravity causes turbulent flows around 
the flame. Heated gas ri ses from the top of the flames and cool 
gas is rapidly drawn in at the bottom to replace it. In 
microgravity, these flows are absent, allowing scientists to 
study the combustion process with less interference. MSL 
scientists will investigate how flames spread over a droplet of 
fuel ; they will measure how much soot a flame produces; and 
they wi ll observe the formation of f1ameballs, which occur 
when a flame breaks up into small balls of fire. Understanding 
these basic aspects of combustion may lead to more efficient 
engi nes and less air pollution on Earth . 

FLUID PHYSICS: A colloid is a mixture of particles of 
one substance finely dispersed within another. An aerosol spray 
is an example of a colloid mixture because it is a gas that has 
liquid particles mixed in it. MSL scientists want to know how 
the particles affect a colloid mixture as it changes from a liquid 
to a solid. On Earth, gravity pulls the particles to the bottom of 
the liquid, which causes the top layer of liquid to behave 
differently from the bottom. In microgravity, the particles 
will stay evenly dispersed throughout the liquid, so the whole 
sample will behave the same way as it changes to a solid. MSL 
scientists predict that the particles will cause the liquid's 
molecules to line up in a more ordered way. 

MATERIALS SCIENCE: On Earth, the walls of a 
container often interfere with metals as they solidify. Melted 
metals will first form crystals wherever the melt touches the 
contai ner. This contact influences the structure of the solid 
metal and what properties it wi ll have. During the MSL 
missions, scientists wi ll use the microgravity conditions to 
levitate, or lift, materials in order to process them without a 
container. The substance wi ll form crystals at the same rate 
throughout the sample because there are no container walls. 

WHAT IS MICROGRAVITY? 
The force of Earth's gravity extends far into space. You would 
have to travel 6.37 million kilometers (almost 17 times farther 
away from the Earth than the Moon) to reach a point where the 
strength of Earth's gravity is one-millionth of what it is on 
Earth's surface. Why, then, do astronauts and objects float in 
the space shuttle as if they were weightless? Weight is the force 
with which a body is attracted to the Earth. If an object is 
falling due only to the force of gravity, its apparent weight (that 
which could be measured while in freefall ) is nearly zero. Any 
object in a state of free fall experiences micro grav ity, or near 
weightlessness. An orbiting spacecraft is actually falling around 
the Earth. The spacecraft's altitude and speed cause its fall to 
match the curvature of the Earth, so that it never hits the Earth 
but continually orbits the planet. All objects carried by an 
orbiting spacecraft are also in a state of freefall. 

ABOUT THE PICTURE 
This illustration shows the Spacelab module in the cargo bay 
of the space shuttle . Crewmembers use the tunnel as a 
passageway between the shuttle's cabin and the science 
laboratory where microgravity experiments are conducted. 

To learn more, try these Internet addresses: 
http://liftoff.msfc.nasa .gov/spacelab/msi/weicome.htmi • http: //microgravity.msad. hq.nasa.gov/ 
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TEACHER REPLY CARD 
Microgravity Science Research Space Shuttle 

Missions lithOgraph Set 

To achieve America's goals in Educational Excellence, it is NASA's mission to develop 
supplementary instructional materials and curricula in science, mathematics, and technology. 
NASA seeks to involve the educational community in the development and improvement of 
these materials. Your evaluation and suggestions are vital to continually improving NASA 
educational materials. 

Please take a moment to respond to the statements and questions below. You can submit 
your response through the Internet or by mail. Send your reply to the following Internet 
address: 

htlp://ednet.gsfc.nasa.gov/edcatS/lithograph_set 

You will then be asked to enter your data at the appropriate prompt. 

Otherwise, fold the mailer in half, tape it shut, affix proper postage, and return the reply card 
by mail. Thank you. 

1. With what grades did you use the litho set? 
Number of TeacherS/Facutty: 

K-4 __ 5-8 __ 9-12 __ Community College College/University 
__ Graduate 
__ Undergraduate 

Number of Students: 
K-4 __ 5-8 __ 9-12 __ Community College College/University 

__ Graduate 
__ Undergraduate 

Number of Others: 
Administrators/Staff Parents __ Professional Groups __ Civic Groups 
General Public Other _____________ _ 

2. What is your 9-digit zip code? _____ - ___ _ 

3. How was the quality of this litho set? 

o Excellent 0 Good o Average o Poor o Very Poor 

4. How did you use this litho set? 

0 Background Information 0 Critical Thinking Tasks 

0 Demonstrate NASA Materials 0 Demonstration 

0 Group Discussions 0 Hands-On Activities 

0 Integration Into Existing Curricula 0 Interdisciplinary Activity 

0 Lecture 0 Science and Mathematics 

0 Team Activities Standards Integration 

0 Other: Please specify: 

5. What features of this litho set did you find particularly helpful? 

6. How can we make this litho set more effective for you? 

7. Additional comments: 
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Fold along line, and tape closed. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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