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NAMA Overview (2:39)

Destiny is not a matter of chance, itis a matter of choice.
Itis not a thing to be waited for but a thing to be achieved.

William Jennings Bryan




NASA — Explore, Discover, and Innovate

The Moon

Comets

Stars & Galaxies

Dark Matter

Gravity

Accelerated BExgpansion of the Universe

,  13.7 billion years

Dark energy accelerated expansion

Dark Energy

Black Holes






* Converts science into technology and
e Converts technology into useful products

e Technologies (products and processes) are the
result of engineered designs.

* They are created by technicians to solve
societal needs and wants.

e Study the laws of nature

(gain knowledge) * Foundation of all technologies

e Study laws of numbers
 Foundation of all sciences

(describe knowledge)




Who Is Your Favorile
Mathematician?



Sir Isaac Newton
(1642 - 1727)

Johannes Kepler
(1571—1630)

Galileo Galilei
(1564 - 1642)

Nicolaus Copernicus
(1473 - 1543)

Niels Bohr
(1885 - 1962)

James Clerk Maxwell
(1831-1879)

J. J. Thomson
(1856 - 1940)

Albert Einstein
(1879-1955)



Theory_of_everything(02.14).mp4
Biography/Nicolaus_Copernicus.pptx
Biography/Isaac_Newton_Videos.pptx
Biography/James_Clerk_Maxwell.pptx
Biography/Galileo_Galilei.pptx
Biography/Johannes_Kepler.pptx
Biography/Niels_Bohr.pptx
Biography/Einstein_Videos.pptx
Biography/JJ_Thomson.pptx

Most Important Equations That Shaped the World

4. Evolution & 2" Law of

Thermodynamics

: : The second law of
NETHES [ @F el gravitation thermodynamics

Newton's law of universal

"Bell Curve" 5 w
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The Statistical Equation Einstein's special relativity Einstein's general relativity
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Makvigl's Equations

The Coulomb's law Maxwell’s Equations

We now come to one of the most =
important equations in physics: &8pau| AdrienManrice Dirac:
The Schrédinger Equation Andthe Do U P

I:|\|1=qu

If we can solve this equation, |
we know everything about
the system

fE==1 afﬁ + fa, =0

The Schrodinger equation The Dirac equation
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Newton's Equations

Three Laws of Motion

Law of Universal Gravitation

» 1stLaw: (Law of Inertia)

o Objects at rest stay at rest;
o Objects in motion stay in motion

« 2" | aw: (Cause of Change)
Fdmigal
/ /mqss \
‘f‘o '€ aweleradion

* Third Law: (Action & Reaction)

o For every action there is an equal and
opposite reaction

* A particle attracts every other particle in
the universe: (an inverse-square law)

Sir Isaac Newton | D
(1642 - 1727) T2
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Maxwell’s Equation

Maxwell’s Equation

Electromagnetic Field

Gauss’ Law for Electricity
— - p

V- E=L

€0
Gauss’ Law for Magnetism

V-B=0

Faraday’s Law of Induction James Clerk Maxwell
R . 9B (1831-1879)
V X E —_— — _B Scottish physicist

e ————————

L (Maxwell's
i displacement)

______________

* Electric field is oscillating magnetic field

Magnetic field (E)

Electric field (E)

= Propagation
é direction
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Einstein's Equations

Special Relativity General Relativity

*  “Matter tells space how to curve, and space
tells matter how to move.”

“THE FASTER YOU MOVE, -
THE HEAVIER YOU GET.” L :

———'—x
. —— s
“Albert Einstein N o
(1879-1955) \
1 8l

R/,w - Eg/va + g/.wA — _Tuv

C4-

R, = Ricci curvature tensor
Juv = Metric Tensor (symmetric 4x4)

A\ = Cosmological Constant

T, = Stress Energy Momentum Tensor
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GeneralRelativityKaKu(1.47).mp4
GeneralRelativityKaKu(1.47).mp4

Physics at Extreme Conditions

General Relativity (1915)
/ery massive objects
B5end space-time (gravity)

Qnara/ nN/arco o - 1ale]
space/universe expanding
) / ) )

/lasSIve ODJects can collapse to black hole

Near speed of light (~3x108 m/s) 4 - WM Very Massive

Massive
Fast

Very Fast & Small (~3x10° m) —— Very Small, Fast & Massive

Very Small

14



Classification

Far less than Comparable to
3x10% m/s 3x108% m/s

X ST

10° m Classical Relativistic
Mechanics Mechanics

Far larger than

Quantum Quantum

Near or less than ° Mechanics Field Theory
10° m .




Hubble Biggest Disa%y: Accelerating Expansion of Universe (1:29)




Possible Types of the Expanding Universe

Decelerating Universes Coasting Universe Accelerating Universe

] e’

—
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Michio Kaku on (uantum Mechanics (1.04)

Michio Kaku
Theoretical Physicist



Views of the Universe: Ptolemy vs. Copernicus (2:31




How Does Solar System Work?




The Future of Space Exploration
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Moon

Mission: 1 to
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(Return to

Earth in Days)
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asteroid
Bennu

10,000,000s

of Miles

~ Mars
34,600,000 mi
(2 to 3 years)

-

- 100,000,000s

of Miles

Jupiter ‘
390,400,000
mi ) ‘
Europa |




NASA's Earth 0bsémtries

(NOAA)

Landsat 8
(USGS) -
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* .

The Mars

The Moon



NASA’s Great Observaturies

Chandra X-ray Obsegpe . | ' frared- James Webb Space
(1999) ¢ Telescope (October 2018)

gamma X-ray | isible li infrared . ]
35




Hubble: Pillars of Creation - Eagle Nebula

1995 - WFPC2 - Visible 2015 - WFC3 - Visible 2015 - WFC3 - Infrared



JWST Vital Facts

JWST:
Launch Date: October 2018
Launch Venhicle: Ariane 5 ESA
Mission Duration:  5- 10 years WEBB MIRROR
Orbit from Earth: 1.5 million km @ L2
Prim. Mirror OD: 6.5 m (HST: 2.4 m) 6.5 METERS
Sensitivity:
Wavelength:
(HST: 0.8 to 2.5 um)
Temperature: <50 K (HST: 77 K)
Gold Coating: 100 nm (HST: 65 nm Al)
Surface area: 25 m? (6x HST)
Cost: $8.8 billion

Jameﬁebb Space Telesco ill be launc tober 2018 =



JWST will orbit around Lagrangian Point 2 (L2)
. — 4

* Five Lagrangian
Points (LPs)

* LP: Objects will stay

in place relative to

Sun & Earth.

930,000 miles
(1.5 million miles)
from Earth
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Spitzer Space Telescope Discovered 7 Earth-size Planets

TRAPPIST-1 System

TRAPPIST-1 star
(an ultra-cool dwarf)

TOO COLD

About 40 light-
years from Earth

Spitzer Space Telescope has revealed the first known system of seven Earth-size planets around a single star

g | ¥ |




NASA's OSIRIS-Rex Asteroid Mining Mission

 Launch date: Sept. 8, 2016 Sample Return
* Reach the asteroid Bennu in 2018
 Return a sample to Earth in 2023

OSIRIS-REX

e
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JUURNEY 10 MARS

INTERNATIONAL
SPACE STATION

HUBBLE SRACE
TELESCOPE

SPACE LAUNCH
SYSTEM

MARS
TRANSIT
HABITAT

SOLAR | ASTEROID
ELECTRIC | REDIRECT

ORION | DEEP  ppopuLsion | mission

CREWED | SPACE
SPACECRAFT | HABITAT

COMMERCIAL
CARGO AND CREW

MISSIONS: 6-12 MONTHS MISSIONS: 1-12 MONTHS MISSIONS: 2-3 YEARS

RETURN: HOURS RETURN: DAYS RETURN: MONTHS
; EARTH RELIANT 4 L PROVING GROUND J LEARTH INDEPENDENT s




SPACE LAUNCH SYSTEM (SLS) AT KSC
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Mass to LEO Comparison
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Human Exploration of Mars 1s Hard

20-30 tons Reliable in-space

Ability to land transportation:
large payloads Total continuous
needed transportation
power
130 tons :
Heavy-lift Thin atmosphere
mass means and qlgsty
multiple conditions for
launches per surface operations.

mission

13.5 km/s Earth
re-entry speed

44 minute max two-way

communication delay
2-week blackout every

l —— > 26 months when Earth

800-1100 days away and Mars are on
from Earth in micro opposite sides of the sun

gravity and high levels
of radiation

20 tons of oxygen needed for
ascent to orbit: In-Situ
Resource Utilization (ISRU)




[n-Situ Resource Utilization (ISRU)

ISRU Focus Evolution

g

_:-1 ' féf"m%ﬁé

Consumables
Propellants

O,

N H,0O
O, & Fuel i

Fuel Cell Reagents

ISRU Location Evolution
(Sustained Operations)

Gases (N,, Ar, CO,)

Near Earth
& Belt
Asteroids

Manufacturing

O & Construction
' /ﬁ ? | for Commercial

Manufacturing &

Construction for

Self Sufficiency

Space Manufacturing

Lunar & Asteroid
Mining (metals,
carbon, water,
Helium-3, etc.)

Part Manufacturing
(Plastics and Metals)
Drugs & Foods

Construction &

Infrastructure Power Beaming to

Earth & Earth-Moon

orbits

Power Systems

Earth Orbit

Moons &
Outer Planets
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Pat Rawlings, “Distant Shores”, commissioned byms

NASA image

NASA image Pat Rawlings, “Commuter”, commissioned by Science Applications International Corporation (SAIC) ]




In-Situ Resource Utilization (ISRU)
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New Horizons Spacecrait Flyby 2014 MU69” in 2019

The 2014 MUG9

On New Year’s Day 2019, New Horizons will zoom past a Kuiper Belt object known as 2014 MUG9 | 4



Launched on Aug. 5, 2011; Entered Jupiter orbit on Jul. 4, 2016 .



Launch Date: October 1 - End of Mission: 15 Sep 2017
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New Horizons: Pluto and Iis Moons ~ nix - o

Pluto

. »Launohed on January 19, 2006
* Flyby of Pluto on July 14, 2015
. Ten years and three billion miles



Mercury
4840 km

\Y [ee]g!
3480 km

Mars
6792 km

Pluto
2370 km (old 2300)

Sizes of Planets & Dwarf Planets

Venus

12102 km

Eris
2326 km

Haumea
1960 km

Earth
12760 km

\ELGCINEILE Ceres
1434 km 950 km



PLANETARY PIONEERS -

. _— , 1985 MARS
Blazing new trails into our solar system :
. -
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New Horizons joined an elite class _1 9 7 .3
of spacecraft when it passed e i B ¥ 502 million
through the Pluto system for the _//’/
first time. The United States has
led the reconnaissance of the =
solar system, providing the first =
close-up look at every planet. 3
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Interstellar Travel to Alpha (entauri (Nearest Star
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[ntergalactic Travel to Andromeda

Angromeda Galaxy
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Building America’s Premier Spaceport

N -

LANDING AND RECOVERY




Building America’s Premier Spaceport
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