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(vasa Objectives

v Where are we in the Universe?

+» What does it take for humans to
go to Mars?

* What happens to Human Body
during this Journey

** More importantly, to answer your
questions
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Our Habitation at Night
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@ Beautiful Fragile Blue Planet (~250,000 miles)




Mars - Earth Mutual View (~250,000,000 miles)

Earth
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Solar System

Orbital Speed of the Planets
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Milky Way Galaxy

Speed of Light
186,000 Miles per sec

1 Light Year
~ 6 Trillion Miles




Milky Way (Top from Lebanon e)
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Near Earth
Departure




Human

Mars Landing ek X

T Spoece

https://www.smithsonianmag.com/videos

/category/science/curiositys-seven-
minutes-of-terror/



https://www.smithsonianmag.com/videos/category/science/curiositys-seven-minutes-of-terror/

Human

Why Mars? s )X
Mars is our most hospitable planetary neighbor

* Venus is closer, but its average temperature of 462°C (864°F) and the sulfuric acid
atmosphere—90 times higher pressure than Earth—would crush our spaceships

*Mars will feel like home in many ways:
* Approximately the same day/night cycle as Earth
* 4 seasons: cold winters, but as warm as 20°C (70°F) on a summer day
* Vistas similar to Earth’s deserts: mountains, cliffs, valleys, dunes, dust devils
* Abundant natural resources: oxygen (from ice or CO,), water, iron, sunlight
* Enough atmosphere to provide some radiation protection

*Mars is also exotic:

*0.64 of Earth’s gravity and 2 moons that cross each other traveling different directions
* May have once supported life

* We don’t know what may be underground--our rovers have only explored a fraction of
Mars’ surface




Life Support Requirements Mass
Breakdown

5.02 - 30.74 kg per person-day 11.3 Metric Tons Per Person-Year
DAILY INPUTS - NOMINAL / \ DAILY OUTPUTS - NOMINAL
kg kg
Oxygen 0.84 Carbon Dioxide 1.00
. Respiration and 2.28
Food Solids 0.62 Perspiration Water
Water in Food 1.15 Urine 1.50
Food Prep Water 0.79 Feces Water 0.09
_ ] Sweat Solids 0.02
Drink 1.62 Resources and Recycling Urine Solids 0.06
Hand/Face Wash Water 1.82 « Water Regeneration Reactors Feces Solids 0.03
Shower Water 5.45 « Air Revitalization Reactors Hygiene Water 6.68
. . Clothes Wash Wat 11.90
Clothes Wash Water 1250 || «Environmental Sensors (Chemical) othes Yiash wvater
. . . Clothes Wash 0.60
Dish Wash Water 5.45 » Microbial Monitors Latent Water
Flush Water 0.50 Other Latent Water 0.65
Dish Wash Water 5.43
Flush Water 0.50
TOTAL 30.74
TOTAL 30.74




Hygiene
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Candies in water bubble




Dinner at his Lap




Salt and Pepper




One of the Favorite Foods







Scott Kelly (1 Year Mission) Twin Studies




Food for Space Missions

Natural

Beverages
Form
Foods
Rehydratable
Foods
Irradiated &
Intermediate Thermo-
Moisture stabilized
Foods

Foods
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Weightlessness
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Super-Woman
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NASA Human Health & Performance

Goal: Enable successful space exploration by minimizing the
Human System Risks of spaceflight hazards

-~

SPACE MISSIONS

—)

Hostile Spaceflight
Environment

HAZARDS#®"
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" RISK

Altered Gravity
Radiation :
Isolation ~ i

Closed Environment 7as , . | Y
Distance from Earth _— : ‘
: : Human Risks -
* Bone loss
* Muscle atrophy ; , Deliverables:

* Sensorimotor disturbances * Technologies

* Neuro-ocular syndrome * Countermeasures
* Sleep * Preventions

* Radiation * Treatments

MITIGATIONS

=
RS

-

* Toxic Exposure - e Standards

B ° Etc
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ceflight
p efllght Risks
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Drives the need for additional

Balance Disorders e i s “autonomous” medical care
Fluid Shifts » : capamty cannot come home for
Cardiovascular Deconditioning ~ treatment
Decreased Immune Function = \
Muscle Atrophy
Bone Loss
-_ ‘ Vehicle Design
Acute In-flight effects . Environmental — CO, Levels,
Long term cancer risk : i Toxic Exposures, Water Food

Behavioral aspect of isolation
Sleep disorders



@Changes during short-duration space fligh
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Change from pre-flight (%0)

Bone Loss During Space Missions

5 —T Space flight 2 years post-menopause, n=13
n=22 (for comparison only)

: Time
6 12 18 24 30 36 (months)
2018 | outhound I On Mars I In-bound M |SS|On

2022|  outbound I On Mars In-bound Opportun ities




Risk of Bone Fracture due to Spaceflight-induced Changes to B

Mean % Change in Total Hip DXA BMD

1371B - January 2014 Bone & Mineral Lab Data Analysis

one

10
© 5 |
8 |
= : < A
] ]
w 0 |’ T |‘ T ‘ 1
2] ] * ‘ A
~ ~ (] — ‘
%; 5 - =
= t A
L
()
L +
L . 0
£ 1
e o
y— 1 L
() -15
&n 1
©
N e i
O -20
2 1
25 T MIR ISS 1SS ISS ISS
I n=35 n=24 n=17 n=4 n=7
1 1988 - 1998 2000 - 2010 2010 - 2013 2011 - 2013 2009 - 2011
-30
Countermeasures: Treadmill Treadmill - TVIS Treadmill - T2 Treadmill - T2 Treadmill - T2
iRED - 300 Ib force  ARED - 600 Ib force ARED - 600 Ib force  ARED|- 600 Ib force 38
6 days/wk 6 days/wk 3 days/wk each, 6 days/wk +

high intensity antiresorptive drug



LA

Exrury) Spoce | Loy Life

w
w
(=]
N
(=2}
m
o
oo
o
N
W

".’Iw

39




)
=
>
v
A
)
.
O
-
v
>
Ll
v
-
)
2
O
o




&

41






Fluid Shift Induced Puffiness
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http://blogs.nasa.gov/ISS_Science_Blog/wp-content/uploads/sites/207/2015/06/FSPeg.jpg

Integrated Visual Impairment/Intracranial Pressure

*Choroidal

Folds - parallel
grooves in the
posterior pole

*Hyperopic Shifts
-Up to +1.75 diopters

1 207200 A
P P 2 |20/100
T o Z 3 20/70 ° ° ° \
LPED 4 |05 *Optic Disc Edema (swelling
PECFD 5 |[20/40
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Altered Blood flow *Increased Optic

«“cotton wool” spots
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Addressing Critical Health Issues for Explbr‘ i
hea/th lssue related to lon




SpaceX Crew Return from ISS - Two Months Stay



https://twitter.com/i/status/860139550231863296
https://twitter.com/i/status/860139550231863296
https://urldefense.proofpoint.com/v2/url?u=https-3A__twitter.com_i_status_860139550231863296&d=DwMCAg&c=ApwzowJNAKKw3xye91w7BE1XMRKi2LN9kiMk5Csz9Zk&r=c0nfGqZ6mfu2CwfR1Uv8MLQ4cbkKGLD6ZVj0XAR55nY&m=SLyd4xnYI39GfDe_ROPJ7O4N-xtDdFIGZumaVlpLcdk&s=TC9Y7YF1vji2zrOhV5x46gn_5H5ev3wSWeD7xX7yqXQ&e=
https://twitter.com/i/status/1075889929119547393




Distance (AU)

Yariatian in Ristance and Cammunications Relay
Between Earth and Mars
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@ Mars-Earth Mutual View







@ Solar Flare
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Solar Flare/Aurora from Space/Earth




Auroras from ISS
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@ Aurora from Northern Hemisphere




| Solar Cycle 25 Forecast Update

- Released December 9", 2019 -

T
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Solar Cycle 25 will have a peak SSN of 115 (+ 10) in July 2025
Solar Cycle 24/25 minimum will occur in April, 2020 (+ 6 months)
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Van Allen Belt




van Allen Belt Particles

Components:
Protons: ~0.04 to 500 MeV
Electrons: ~0.04 to 7 MeV
Heavier lons: Low Energies

Location of peak levels is energy dependent
Location of populations shifts with time
Average counts vary slowly with solar cycle

Counts may increase by orders of magnitude with
magnetic storms
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The Space Radiation Problem

Space radiation is
comprised of high-energy
protons and heavy ions
(HZE’s) and secondary
protons, neutrons, and
heavy ions produced in
shielding

Better
"

A
3 4

Unique damage to
biomolecules, cells, and
tissues occurs from
HZE ions

No human data to
estimate risk

Animal models must be
applied or developed to
estimate cancer, and
other risks

Shielding has excessive
costs and will not
eliminate galactic
cosmic rays (GCR)

silicon

1 T Fe
Z=) Z=2 Z=3 Z=4 Z=5 Z=6 Z=14 Z=20 Z=22 2Z=26
Leeety K-‘—\
e 8D

Fypical mammalian cell

_H He Li Be B C S Ca

iron

Single HZE ions in cells Single HZE ions in photo-emulsions
And DNA breaks Leaving visible images

59



Ly 0w b 1 | —--—- ' 1

R e o VY

(18/s/>Wwo/suojoid) Xn

| T — ' 1 —--ppn ' '

—--q-_

.

*

——---

1

Jan
2012

o

100

-

Cw\m\mmo\mcouoav XNn|4 9|o1ued

Dec
2011



Aurora at Jupiter

Credit: NASA, ESA, Hubble
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Aurora at Saturg




@ Flame Behaviour
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Zero-Gravity Aircraft
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Human Stay in Outer Space
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Moon Landing : 2024

A Leidos Company




Lunar Scientists have a lot of places they would like to
go!

(https://lunar-landing.arc.nasa.gov/)

% Spinel-rich

Y Impact Melt/Basin

% Felsic
Potentially

* Felsic

7 Young Crater /4

¢ Pyroclastic £
Deposits y

Olivine-rich

2 )8 T ThegRhilus, S
U % o k- '?_‘ Lassel Massif C‘a{c_f

Young ‘ :
* 4 _Arzacghel

Ball Crater

Lindenau
Crater

Near Side Far Side


https://lunar-landing.arc.nasa.gov/
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Human

Mars 2020 : Jezero Crater et e X

v Spoce |

Credit: NASA / JPL /MSSS /ESA/ DLR / FU Berlin /J. Cowart



Human
Health
Performance

- Sample
canisters




Mars 2020 : Jezero Crater




To become an Astronaut?

Training in one of the STEM (Science, Technology, Engineering and
Mathematics) disciplines

Diverse Experience

Team Player

» Group Living Skills

« Teamwork Skills

» Performance under Stress

« Self-regulation

* Motivation

» Judgment/Decision-making
« Conscientiousness

« Communication Skills

» Leadership Skills

73



Who is at Your Window?
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| feel responsible - Collins



APOLLO
AND OUR
FUTURE

A panel discussion with:

Apollo 11 Astronaut Mike Collins
JSC Director Mark Geyer
NASA Astronaut Anne McClain
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Science Capabilities Evolution: Emplacing a Far Side Radio Telescope

The Challenge

There is an observational gap in our understanding of
the Universe's history, during the cosmological "Dark
Ages". The signals from this epoch are sufficiently faint
that they may be detectible only from the radio-quiet
lunar farside. (from NASA SSERVI Lunar University
Network for Astrophysical Research node,
http://lunar.colorado.edu/lowfreq/)

Shackleton
Crater

Exploration Approach

Determine feasibility of close location (~ a few 10s km
from landing zone) for radio astronomy (see ‘C’ on
image).

Determine feasibility of intermediate location (~ 50-
100 km distant) for radio astronomy (see ‘I’ on image).

If needed, emplace radio telescope at far location (~
150-200 km distant), see ‘F’ on image.
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Mars Rover from China in 2020
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incination = 516 deg.  NASA-MIR 6 - Radiation Dosage | y gmmw 1
November 2, 1997 - TEPC- PRIRODA 0 nGy/min 6500

November 4, 1997



Beautiful Fragile Blue Planet




“CAPABILITIES -

Biomedical & Environmental Analytical (10) : South Wing
e Clinical Laboratory

e Core Analytics

e Immunology

e Nutritional Biochemistry

e Toxicology & Environmental Chemistry

e Pharmacotherapeutics
Radiation Biology
Space Cell Biology
Microbiology

Animal Care Facility

Human Performance (7) : North Wing
* Bone & Mineral

* Cardiovascular Physiology

* Anthropometry & Biomechanics

* Behavior Health and Performance

EVA Physiology
Exercise Physiology
Neurosciences

Projects & Services : Anchor Wing

* Biostatistics

* Medical Library

* HRP Element Management

* Administrative Management

Infrastructure

e Machine Shop and Laboratory Support Services (LSS)

81



Thanks

Let us Collaborate
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Mars 20ft Mount
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View from Sudan




Zuma Pilot Picture




Space Debris




Interaction of Dark Matter with Galaxies




Human

X-37B Space Plane o
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Shuttle Launch

: Speed of Rocket

Gross Lift-off weight : 2 Million tons
Thrust : 33,327 kilonewtons

SRB Separation : 45 km

External Tank Separation : 111 km

Orbital velocity : 27,869 km/hour

Payload weight : 25 tons
Shuttle weight : 78 tons

94



Precursor to Human Space Flight (May 2016)

Reusable Launch Vehicle (RLV)
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Habitable Zones in the Galaxies

Habitable Zone

[EC HO ~ JUST RIGHT
! | TOO COLD

I‘ LI
I‘ 'l

S Planet size: 1-2x Earth




Veggie at ISS




Samantha- Espresso - Capillary flow



http://blogs.nasa.gov/ISS_Science_Blog/wp-content/uploads/sites/207/2015/05/iss043e306209.jpg

Exo Planet
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Zebra Larvae




Commercial Space Companies

Exirutry) Spoce | Ly Life

Space-X

Orbital Sciences
Blue Origin
Bigelow

Virgin Galactic




Remote Sensing Satellite : Sputnik (1957)

~

History changed on October 4, 1957, when the Soviet Union successfully

launched Sputnik |

The world’s first artificial satellite was about the size of a beach ball (58 cm.or
22.8 inches in diameter), weighed only 83.6 kg. or 183.9 pounds,

Took about 98 minutes to orbit the Earth on its elliptical path. 10









Two Shuttles in the Launch Pad




The Space Radiation Environment

INNER RADIATION BELT

SOLAR PARTICLE EVEN (AT

(Protons to Iron Nuclei)

SOUTH ATLANTIC ANOMALY
(Protons)

GALACTIC COSMIC RADIATION (GCR)
(Protons to Iron Nuclei)

Space radiation : Energetic charged particles, high-LET (linear energy transfer)

110



Radiation Vs Altitude

Radiation vs. Altitude -- September 27, 2015

450

Low Rad Aviation Stratosphere
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~

NC 4y Contribution to exposure from man-made Radiation sources

in USA

Natural background .

radiation
82%

Medical X-rays
58%

Nuclear Fuel Cycle
1%

Nuclear Medicine
21%

Fallout

2%
Occupational
2%

Consumer Products
Man-made 16%

radiation

Data: BEIR VII 2006, NCRP 1987



Environmental exposure to natural background
radiations: 2.4 mSv/year

Low-LET exposure
from ingestion
7%

Low-LET exposure
from earth
20%

High-LET radon
exposure
52%

Low-LET cosmic
radiation exposure
12%

High-LET cosmic

radiation exposure H',gh',LET cosmic
12% radiation exposure

5%

Data: BEIR VII 2006, UNSCEAR 2000



@ Approximate Response of a single Mammalian Cell

to 1Gy of Radration

Radiation Low- High-
LET LET

Tracks in nucleus 10° 4
total SSB 10° 10°
total DSB ~ 40 <40
Complex DSB 20% 70%
DSB per lethal lesion 87 22
Chrom. Aberration 1 3
Dicentric per cell 0.1 0.4
Cell Inactivation 30% 85%

Nikjoo et al



10’

10°

10"

Energy
Spectra
for
protons,
helium,
carbon,
and
Iron.
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Fig. 3.5. Typical energy spectra for protons, helium jons, carbon ions,
and iron ions from "top to bottom," respectively, at solar minimum, The
solid line is the local interstellar spectrum (Simpson, 1983a).
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N Trajectory of
trapped particle

Mirror point
(pitch angle of helical trajectory = 890°)

Fig. 8.2. The motion of a charged particle in a dipole magnetic field
consists of three components; a helical trajectory about the magnetic field
line, a bounce between polar mirror points, and a longitudinal drift around
Earth (Hess, 1968).

Charged Particle Motic
in Earth’s Magnetic Fiel

ns
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Components:

Protons: ~ 0.04 to 500 MeV
Electrons: ~0.04 to 7 MeV
Heavier lons: Low Energies

Location of peak levels is energy dependent
Location of populations shifts with time
Average counts vary slowly with solar cycle

Counts may increase by orders of magnitude with
magnetic storms

van Allen Belt Particles
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Fig. 8.6. Nuclear composition of GCR (~2 GeV n"') (Mewaldt, 1988).

Galactic
cosmic
Radiation

Nuclear composition

of galactic cosmic rays.

Log fluence rate vs.
atomic number.
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GCR and SPE Doses: Materials & Tissue
- GCR much higher energy producing secondary radiation

No Tissue Shielding With Tissue Shielding

~——de— GCR L. Hydrogen
GCR L. Hydrogen A GCR Polyethylene
GCR Graphite o wdly == GCR Graphite

GCR Aluminum
GCR Regolith
SPE Graphite
SPE Regolith

GCR Aluminum
GCR Regolith
SPE Graphite
SPE Regolith
SPE L. Hydrogen

Dose Equivalent, rem/yr

—
>
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S
()]
bt
—
c
Q
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=
>
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L
(D]
(7]
@)
(@)

10 15 20 23 30

Shielding Depth, g/cm2 Shielding Depth, g/cm2
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Thie Space Radiation Problem @’

Space radiation is
comprised of high-energy
protons and heavy ions
(HZE’s) and secondary
protons, neutrons, and
heavy ions produced in
shielding

Unique damage to

biomolecules, cells, and

tissu_es occurs from
HZE ions

No human data to
estimate risk

Animal models must be
applied or developed to
estimate cancer, and
other risks

Shielding has excessive
costs and will not
eliminate galactic
cosmic rays (GCR)

silicon

e Li Be B C Si Ca T Fe
Z=1 Z2=2 Z=3 Z=4 Z=5 7=6 2=147Z=20 2= 2Z=26

L

F'ypical mammalian cell

iron

Single HZE ions in cells Single HZE ions in photo-emulsions
And DNA breaks Leaving visible images
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March 11, 2015 E:‘j-;me

C oty Spece | By Life

SDO/AlIA 304 2015=03—=11 16:25:08 UT



@’ March 11, 2015 X-ray Flux

GOES xray Flux (1—minute data) Begin: 2015 Mar § 0000 UTG
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Beautiful Fragile Blue Planet

Human
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MOVEMENTS OF THE MOON, THE SUN, A TYPICAL GEOSYNCHRONOUS
SATELLITE, AND THE SUPERBIRD-6 SPACECRAFT
IN ITS SUPERSYNCHRONOUS ORBIT
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Mars Rover Cameras

Right and Left
Front Hazcams
(2 pairs) MARDI
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Curiosity Landing Site

Sky crane

Curiosity

.'\

Parachute

Back shell

Heat Shield
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Chem Cam Spectrum - Curiosity

ChemCam Spectrum
One of 3 spectral ranges covered by ChemCam
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Mars’ Sand Dunes
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Messier 63 Galaxy
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Mars’ Spider




Auroras from ISS

Exrurry) Spoce | Eiarry Ufe







Earth at Night
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T-38 and Guppy













Main symptoms of

Carbon dioxide toxicity

olume % Visual . Central.
i - Dimmed - Drowsiness
sight - Mild narcosis
7.6 mmHg M - 1% - Dizziness
22.8 mmHg M - 3% Auditory - Confusion
38 mmHg| M - 5% - Reduced - Headache
60.8 mmHg Il - 8% hearing - Unconsciousness

Skin

. - Sweating
Respiratory

- Shortness
of breath Heart
- Increased
heart rate
Muscular and blood

- Tremor pressure
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EVA Suit

Exirutry) Spoce | Ly Life
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EVA Preparation
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EVA Ready




Pre-breathe Protocol
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EVA Training




EVA Activity - ISS
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EVA - Hubble Repair at the Shuttle Bay







@ Education Material from NASA

https://www.nasa.gov/audience/foreducators/spacesuits/home/misc
-videos.html
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@ NASA’s Vision

Things that are known
and things that are unknown
in between is Exploration

| do not know the answers for the following Questions

1) Is there possibilities for parallel Universe?

2) The comet “Love Joy” is hypothetically credited for creating life on
earth

3) What do you mean by locomotice rocket?

4) Life elsewhere in the Universe?
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Mars Curiosity Rover

ChemCam Spectrum
One of 3 spectral ranges covered by ChemCam
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@ Laser Zapped Mars Rock (2012)

Investigation
Squareis 8 mm

ChemCam image
Circleis 6 cm




Acceleration
(mis?)

Mission Elapsed Time (sec)

Graph 1: Acceleration profile of STS 121 during the ascent phase.

A. The following events take place during the launch of a space shuttle. Compare the rates of
change of acceleration in Graph 1 and determine which event occurs at the marked time
periods (A through G) and points (P, through Ps).

External Tank separation
Aerodynamic stress on the spacecraft in atmospheric flight is at its highest (Max Q)

Space Shuttle Main Engines provide smoothly changing acceleration
Solid Rocket Boosters burning out

Throttle down
On orbit __Negative rate of change of acceleration (large air drag)
Throttle up Constant acceleration (3 g's)

Main Engine Cutc Solid Rocket Booster separation
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Space shuttle lift-off
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http://blogs.nasa.gov/ISS_Science_Blog/wp-content/uploads/sites/207/2015/05/Chibis.jpg

Can we hear sound in space?
How do astronauts communicate in space?

In empty space, there is no air, and what we call "sound” is actually
vibrations in the air.

There are indeed light waves and radio waves in space, but these waves
are not sound, but light.

Light does not need air to travel, but then you don't hear it; you see it,
or it is interpreted by your radio set and then translated into sound.

Astronauts in space do talk to each other. In the spacecraft, there is
plenty of air, so they just talk normally.

When they are spacewalking, they talk by means of radios in their
helmets.

The radio waves, again, have no problem in space, but they're not sound.
They're radio waves (electromagenetic radiation), which has to be
converted into sound by the astronauts’ headsets.

159



@ Asteroids

» Asteroids are leftovers from the formation of our solar system about 4.6 billion
years ago.

« The birth of Jupiter prevented any planetary bodies from forming in the gap
between Mars and Jupiter, causing the small objects that were there to collide
with each other and fragment into the asteroids seen today.

« In 1801, while making a star map, Italian priest and astronomer Giuseppe Piazzi
accidentally discovered the first and largest asteroid, Ceres. 940 km wide

Recent Incident :

On Feb. 15, 2013, an asteroid slammed into the atmosphere over the Russian city of
Chelyabinsk, creating a shock wave that injured 1,200 people.

The space rock is thought to have measured about 65 feet (20 meters) wide when it
entered Earth's atmosphere.

Recent Visit by a Robot

In 2006, Japan's Hayabusa became the first spacecraft to land on and take off from
an asteroid.

It returned to Earth in June 2010, and the samples it recovered are currently under
study.

160



@ Alberta, Canada. Aurora and Fireball




Is there any living organism in any other

part of Universe? Are we alone?

Habitable Zone

pa 0N ~ JUST RIGHT
‘ | TOO COLD

Planet size: 1-2x Earth




@ Black Hole : Gravitational Force Extreme;
Even Light can not escape

A large cloud named Cygnus X-3 and a smaller cloud, nicknamed the "Little Friend,"
both appear in white. Jets of gas emitted from “Little Friend" from star formation
are shown in blue and red.
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Credit: X-ray: NASA/CXC/SAO/M.McCollough et al, Radio: ASIAA/SAO/SMA






Curiosity Landing Site

Sky crane

Curiosity
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Curiosity’s Track
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India’s Mars Mission
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Mars Mission Exploration Tools

-~

-

% Lyman Alpha Photometer (LAP)

Lyman Alphin Photometor (LAP) 15 a0 absorption ooll
photameter, It measures the relative shundance of
deuteritun - and  hydrogen  {rom ) Lymoag-glphia
pmission In the Martion upperatmasphece (ypieally
N Exosphere and expbaszel, Measorement of DJH

.:'.',y

[ Deutorium to Hvdrogen obundunce Ratw) allows s
to andesstand especinlly the loss process of water

fram the plunet,

Methane Sensor for Mars (MSM)

o MBM s designed 10 measure Methane (CH4) in the
Murtian atosphese with PPB securacy and map its

B souress. Data s gequied only aver illaminated

scene as the seanor measurey rellected solar radin-
tion, Methune concentration in the Martian atmo-
sphievs lvdurgoes spatial and temporal variations,

Atmnspbetic studies

Mars Exospheric Neutral Compo-
sition Analyser (MENCA)

MENCA s o quadmiplé mass spectrometer capable
of anuslysing the neutral composition bn the teng
O 110 o0 st with ndt mssss resolistion, T
heritage of this payviood is from Chamnder’s ARtitudi
nal Compesition Explorer (CHACE pivioad

Particle environment studies

Mars Color Camera (MCC)

This mi-olor Mars Color caomem gives images &

informatidnabon thesurfnee features nnd compios

tion of Martiun purfiuce. They ure usehul to maitor
they dymamic pvints and weathar of Mars, MCC will
also e used for probiog the two-satellites-of Mars -
Phobos & Deimon. 10 alo provides the cantest infor-
mition for other selvnee paylonds,

Thermal Infrared Tmaging Spec-
trometer (T1S)

TIS measure the theemal gmazson and can be
operated duting Doth diy and mghts Temperature
aml emisstvity are the two hasle physical parame
1ors estimated fiomm thermal vmission measyre
ment.  Many miseeals and a0l types have
chamciensti spectra i TIR region, TIS can map
surface composition and mineralogy of Mary

Surface Imaging Studies
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Moons of Mars

- .»Deimos

~Phobos
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Orion Launch
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Human - B
Health

Cluster of Galaxies Pertormance K\

Galaxy Cluster Abell 1689
Hubble Space Telescope * Advanced Camera for Surveys

NASA, N. Banitez (JHU), T, Broadhurst {The Hebraw University), H, Ford (JHU}L, M, Clampin{STScl),
G. Hartig (S ), G, ingworth (UCO/MLick Observatory), the ACS Sclence Team and ESA
STScl-PRCO3




CENTRAL REGION OF THE MILKY WAY
NASA'sS GREAT OBSERVATORIES

NASA, ESA, CXC, SSC, aAND STSc! STScI-PRCO9-28A







New Destination
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Human

Mars Panoramic View (Images from Curiosity gsEss
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@ Jupiter’s Moons : Europa

Callisto

lo ' Europa

Ganymede
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Apollo-17 : Jack Schmitt (Geologist)

Regolith : Youngest 10 m soil “Maria”
Oldest : Oldest 20 m soil “Highlands”

The Apollo Program
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Is it Earth?
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Water and CO2 Recycling

(" USOS CABIN Ve ey i

URINE PROCESSOR ,
l ASSEMBLY (UPA)

| Distillate

i WATER PROCESSOR
ASSEMBLY (WPA) |

. I Water
| .
Potable water . - [
. _Jpomblewarer . _ . _ . __._._._._ | .
! Oxygen Generation System (OGS) |
I .
i OXYGEN GENERATOR |Hydrogen Sabati I
: ASSEMBLY (OGA) el I
BIOLOGICAL | ) :
gYLOgS % Power Supply i
. Module (PSM
ﬁ ﬁ Carbon D|ox|de I— ........... (— N l ..................... —

k ) overboard




Oxygen Generation System

RIP QDs

I
I
I
Nifrogen in i
|
i
i
i

()
I Water ORU
CV & MCV

Feedwater with air
rejected to waste bus

eedwater in

Inlet
Dionization
Bed

Gas

Hydrogen Vent to
space or Sabatier

»O

Oxygen Out

Cell Stack

[1] (1]

Water Adsorber E

Hydrogen Sensor

Venturl
Pressure )
SENSOTS
dome
E—

Hydrogen and

water

Rotary Seperator
Accumulator

O

] 200p filter

Recire Loop

200y filter

Heat| W———
Exchanger Coolant
—p

-311TACTEX

Oxygen to
cabin



r

Human

Total Organic Carbon Analyzer

Filter W?l R\'" ” RY‘ |
Sample ISENZ --p Qf’ ;D>(><]; - BT SRR TR e e .

Inle Reg '\V16
| i T

Filter

Oxidizer \ i )
Reactor A w ¥c\V10 ! Fl)fe_d
Y (s O e e 7 I (OO RO . o v : . Orifice
@ t y h 4 r 8O | ' ! R3

Y 4 Gas Liguid : ; ' , !

; Separator @ Gasg:gﬂaﬁoﬂ ' g"_‘f?d \

! P i i nrice |

s - v 1 L OR2

' NO 1 ' : i

W Sample 1 -;[><].__.' ' ' ! g

5 Pump A4 =X V4 V15 ! i |

® : v @ ¥ cve . !

T To Acid Buffer H2 é i i ' :

Purge Catalyst i i : !

- L P |

é @ Moisture ! ' E |

é Exchanger | i ] !

Volume i ““_"-__-_-____“______*___-__V_ __________ :
""" Compensation A w o) 1
Assembly VCA i i i
Acidic 4 : , o "f& g
] Gas Accum. i v |
Dispenser ! Hydrophobic !
______ ' E_____________i Memtxane E

CVE Detector -t

Detector Purge



Total Organic Carbon Analyzer

ISS WPA Product Water TOC
In-Flight TOCA and Archive Data
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“Pee Brittle”
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Air Quality Monitoring

AQM 1 (624 column) [ AQM 2 (DB5 column)

= Acetone Ethanol

Hexane Dichloromethane
1,2-dichloroethane Trimethysilanol
Toluene 2-butanone

Hexamethylcyclotrisil Ethyl acetate
oxane

=t Hexanal N-butanol
m,p-xylene Toluene

o-xylene Hexamethylcyclotrisiloxane

.. Octamethylcyclotetras m,p-xylene
- iloxane

Decamethylcyclopentasil o-xylene

oxane
Acrolein Octamethylcyclotetrasiloxane
Isopropanol Decamethylcyclopentasiloxane

Benzene



Anomalous Gas Analyzer

Uses combination of
' Tunable Diode Laser
Spectroscopy and
Photoacoustic
Spectroscopy

Analytes :
02, CO2, CO, H20,
HF, HCl, HCN, NH3,
and N2H2.
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Atomic Oxygen Emission Spectrum
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Molecular Nitrogen Emission Spectrum
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Super-Woman




