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Performing Unmanned Exploration of Space
...including Earth
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JPL JPL History

Jet Propulsion Laboratory
California Institute of Technology

o 1936: JPL started by Professor Theodore von
Karman at Caltech to explore rocket propulsion.

— First rocket launch in Oct 1936

S +1942: von Karman, Malina and Parson’ s founded Aerojet
== Engineering Corp.

- Developed Jet Assisted Take Off (JATO) and Rocket
technology during WWII

*Nov 1943: Initial proposal prepared for JPL designed, Army Ballistic
Missile Agency & Sperry/Utah built first US ballistic missiles: Corporal
and Sergeant.

«Jan 1958: JPL’ s Explorer 1, first US satellite launched.
-Russian Sputnik launched Oct 4, 1957
-Beginning of transition of JPL from missile to
spacecraft emphasis

*July 1958: NASA formed with JPL as a field
center




JPLU's Functional Activity
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Rio Tinto-Salt Lake City

What are some of the terrestrial
(Earth) analog issues we deal with
In space...

» Harsh and Difficult Environments
* Temperature
* Pressure
 Remote locations
e Communications
 Hazardous to humans
* Gravity

i > Large data and cyber resilience

> Health, Environment and Safety
(HES)

» Natural Resource Characterization
If you were from a distant star system and flying

el 25 SO by earth, how would you remotely determine
Statoil-Valemon life existed here?



Venus
e Surface temp=460 °C (860°F)
e Sulfuric acid atmosphere

Some of our challenging
operating environments of
current interest include
locations such as...

Mars
Surface Temperatures=-125°C (
195°F) to 20°C (70°F)

Europa (a moon of Jupiter)
Surface Temperatures=-220°C (-370
to -160°C (-260°F)

Metallic Core Cold Brittle Surface Ice

Racky Interior

\ Warm Convecting lce
H;0 Layer

Metallic Core

Interstellar Space
* Temperature =3°K
e Vacuum=10?'Torr

Rr_':.::k:y Interior ‘ Liquid Ocean Under lce
H,0 Layer




have a crushing atmosphere.
, is close to Earth's size and is located in its solar system's habitable zone.

JUST RIGHT

Any water present on a planet orbiting
¢ here can remain liquid, given the right
atmospheric pressure.

On planets orbiting close to their
respective suns, surface water
evaporates into space.

® MERCURY

GOLDILOCKS WORLDS: JUST RIGHT FOR LIFE?

Of the 1,780 confirmed planets beyond our solar system, as many as 16 are located in their
star’s habitable zone, where conditions are neither too hot nor too cold to support life. Size
also matters: A planet that's too small can’t maintain an atmosphere; one that’s too large will
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Here planets orbit far from their suns, so
any surface water remains frozen.

The Search for Life
is about finding
liquid water...

LIFE IN A BOX

Planets in the box have the right
atmospheric pressure and the
right temperature to keep surface
water in a liquid state. In our solar
system Earth and Mars are in the
box, Venus and Mercury outside.
The cold gas giants are literally off
the chart.
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From: National Geographic, July 2014, Life Beyond Earth




Ocean Worlds ® Encalidus

Europa

Titan
Ganymede

Triton

Shown to scale



Ocean Worlds Exploration Program

* Science
— Ocean worlds are possibly the best place to search for extant
(living) life and a second, independent origin.
— We are on the brink of revolutionizing biology.

— Comparative oceanography (Earth, Europa, Enceladus, Titan) will
spark new discoveries and insights regardless of habitability.

* Technology

— Convergence of launch vehicle, propulsion, landing, and
instrumentation needs.

— Diversity of mission options: some low-cost missions (Titan lake
landers, Enceladus plume fly-through) and some larger mission
(Europa melt-probes).

— Win-win of exploring Earth as a bridge to exploring ocean moons.

From Dr Kevin Hand, JPL



Ocean Worlds

Name Geophysically & | Significant tidal Induced Activit Ocean in
Moon P ' Geochemically | energy to help Magnetic Ob }fd? contact with
anet Plausible? maintain ocean? Field? served: rock?
Eun.jpa' Yes Yes Yes No Yes
Jupiter
Ganymede, Yes ~Yes Yes No No
Jupiter
Callfsto, Yes No Yes (\[e} No
Jupiter
Enceladus, ? ? -? 7 ? ? ? ? ? Yes! Yes?
Saturn
Jran. Yes No 777 777 No
aturn
o, Yes? No 277 Yes No
eptune

From Dr Kevin Hand, JPL




Ocean Worlds

Name, Geophysicfally & | Significant tidal IndUCEt.:l Activity Ocean in
Moon P| Geochemically | energy to help Magnetic Ob 4 contact with
s E'lt ) Pausble? _ mintai ea? FiIE | SE? " O¢ _L_
Eun.jpa' Yes Yes Yes No Yes
Jupiter
Ganymede, Yes ~Yes Yes No No
Jupiter
Callfsto, Yes No Yes No No
Jupiter
Fceladus | 297 277 277 Yes! Yes?
aturn
Jran. Yes No 777 777 No
aturn
o, Yes? No 277 Yes No
eptune

From Dr Kevin Hand, JPL




Ocean Worlds

Name Geophysically & | Significant tidal Induced Activit Ocean in
Moon Pl ' Geochemically | energy to help Magnetic o }fd? contact with
= Et _Plausible? | maintain ocean? Field? | SE\F . ock?
Buropafrig . Persistently Habitable? Yes. |Yes No Yes
Jupiter
b g Ganymede, Yes ~Yes Yes No No
. Jupiter
s
P .
"* Call_lsto. Yes No Yes No No
S Jupiter
“®% Time: Persistently Habitable? TBD|?? Yes! Yes?
Jiean Yes No 277 727 No
Saturn
Jricon, Yes? No 277 Yes N
Neptune T

From Dr Kevin Hand, JPL
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Back-up slides



The MSL science instruments are state-of-the-art tools for acquiring
information about the geology, atmosphere, environmental
conditions, and potential bio-signatures on Mars.

. Cameras
Mast Camera (Mastcam)
Mars Hand Lens Imager (MAHLI)
Mars Descent Imager (MARDI)

*  Spectrometers
Alpha Particle X-Ray Spectrometer (APXS)
Chemistry & Camera (ChemCam)
- RAD Chemistry & Mineralogy X-Ray Diffraction/X-Ray
: Fluorescence Instrument (CheMin)
Sample Analysis at Mars (SAM) Instrument Suite

Mastcam
cameraheads
REMS

booms
UV sensor

¢ Radiation Detectors
Radiation Assessment Detector (RAD)

Dynamic Albedo of Neutrons (DAN)
Inlets CheMin T s

Inlet \
e Environmental Sensors

MARDI Rover Environmental Monitoring Station (REMS)

camera head

APXS &
MAHLI

*  Atmospheric Sensors
Mars Science Laboratory Entry Descent and
Landing Instrument (MEDLI)



Daily data generation when on-line in 2020 will:
-be more than the entire internet content

-take 2 million years to play back on an I-Pod

Thousands of antennas will
work together to answer deep
questions about the universe.

70 Meter antenna of the Deep

Space Network inside the Rose
Bowl for scale
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Communications under extremely
challenging conditions continue...

Heliosphere

Voyager 1 Spacecraft
Launched in 1977
19.8X10° km (12.3X10° miles) ! from Earth
36 hr 44 min! round trip at the speed of light
23 Watt RF transmission

1(as of 10 Sept 2015)
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High adaptability is a must for
unknown and challenging
environments...

SIMIAN
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