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Learning is the only thing the mind never
exhausts, never fears, and never regrets.
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> Excitement and Awe: Audacity of the Course Title -~

others, ’f ls'BS{ standing upon
the shoulders of giants.

Isaac Newton

> Humanity: Always walking in the footsteps of Giants
> Leonardo da Vinci (LdV)
> Curiosity
> Arts, Science
» Design Engineering
> Materials Science
> Lockheed Martin

» Faint Footsteps

Smithsonian Getaways® .
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LdV Art and Science: Emphasis on Knowing Fundamentals

» Course by Professor Rishi Raj:

> Enthuse LDV’ Curiosity
> Creativity (genuine)
> Art, Science
> Understanding of Basics (Science)

> Applied Science and Engineering

Principles for the
Development of a Complete Mind:
Study the science of ari. Study the arl
of science. Develop your senses-

especially learn how fo see. Realize
that everything connects to
everything else.

— leonardo da Vinci ’ ’

desigaideation.com

=7

He who loves practice without
theory is like the sailor who
boards ship without a rudder
and compass and never knows
where he may cast. ”

- Leonardo da Vinci

| have been impressed with the
urgency of doing.
Knowing is hot enough,
We must apply.

Being willing is not enough.
We must do."

- Leonardo ga Vinci
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https://www.leonardodavinci.net/self-portrait.jsp

LDV: Intersection with Materials Science —

> Leonardo da Vinci learnt from his
Master

> Paints and Glues

> Metal casting Statues, Cannons,
Cannon Balls etc

> Corrosion

[ron rusts from disuse; stagnant water

> Phase Ch anges . loses its purity and in cold weather

becomes [rozen; even so, does inaction

b

sap the vigour of the mind.
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> Employee Number: 14520415 V"B waree 1s e betvine Force
> Title: Corporate Polymath R NG OF ALL NATVRE.

e eonarde da Vincl
> Recent Job: Apple © SO R — rs

» Patron: CEO/ CTO

. “ONCE YOU'HAVE TASTED
FLIGHT, YOU WILE FOREVER
WALK THE EARTH WITH YOUR

EYES TURNED SKYWARD, FOR
THERE YOU HAVE BEEN AND
THERE YOU WILL ALWAYS

" LONG TO RETURN.”

-Leonardo Da Vinci



LdV’ Architecture ©

Know the customer —

Science and Exploration
Know our capabilities —

Arts, Science and Engineering
Know what’s possible —

Technology

Science
Al
Evolvable

Campaign
Development

Utility Analysis,
Chronological
Dependencies

Return on Investment, Architecture Enabling Cross-Cutting
Gear Ratios ' Investments

Engineering Feed Measurable { Technology
Forward Technology

Lessons Learned Milestones

Given that change is inevitable, architecture must be resilient —
TR gov able to recover from, or adapt to, change.



Lockheed Martin Business Areas

Aeronautics

* Tactical Fighters

» Tactical /Strategic Airlift

» Advanced Development
 Sustainment Operations

Rotary and Mission Systems
» Maritime Solutions

* Radar and Surveillance
Systems

8 + Aviafion Systems and
Rotorcraft Platforms

2+ Training and Logistics Solutions

| Missiles and Fire Control

« Air and Missile Defense
» Tactical Missiles
* Fire Control

B Combat Maneuver Systems

* Energy

‘Space

 Surveillance and Navigation

"« Global Communications

« Human and Deep Space
Exploration

« Strategic and Defensive
Systems




Lockheed Martin Space Portfolio

Strategic & Missile Defense Advanced Technology Center

Special
Programs

A \

Adv Programs Strategic Missiles issi
9 J RPN T Optics, RF Adv. Materials

& Photonics & Nano Systems

Military Space

Space Sciences
& Instruments

Mission Solutions

gy 2
Y %o .
5
B i s
Protected Narrowband Navigation Weather Early Space End-fo-End Geospatial
Comms Comms Warning Protection Mission Systems Technologies
Subsidiaries

Commercial Civil Space

, "
; ' NASA ' \
Communication Deep Space Human Space Weather & Remote
Systems Exploration Exploration Sensing

-

ASTROTECH
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ADVANCED MATERIALS AND MANUFACTURING

= Motivation: Advanced Materials and Manufacturing (ATC)

» Understand Spacecraft System/Subsystem/ Component Needs
(Challenges)

e Develop Innovative Material Design Solutions

» Enhance TRL (Resources/ success or exit criteria) Risk Assessment

»

* Explore Technology Insertion Opportunities

= Opportunities: Successes and Challenges () Without Mitigation

= System Pull or Technology Push (Pathfinder) % 3 Y LM Solution
= Qualification:/ Key Challenges: Proto-Flight to Flight 2} B O
= Performance Benefits (Vs. Baseline) and 1

= TRL and Risk Assessment (System/Subsystem Level) = Cjnse;uen:e .,

Technology Challenge: Nano to Macroscale Property Translation

Nano [@—MICFO @ Components @Systems

A ‘?j-"‘ i i’f \ :"«\ ¥ ’ 7,;
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MATERIAL SOLUTIONS FOR SPACECRAFT(RIGOR OF FLIGHT

= Propulsion/Thermal " Aeroentry: | = Propulsion: Warm Gas Plenum
C-C Engine Shield (MGS): C-C Heat Shield (Genesis) C-C/ C-Foam Core Radiator

Genesis

= Thermal: Doublers:

= Osiris Rex:
= Lilon Battery Dividers (C-C)

Misc. Hi-K Composites (MGS to Osiris-Rex)
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NEW TECHNOLOGY PATH FINDERS

= Carbon Nanotube (ESD/EMI)
= Additive Manufacturing (Ti-6Al-4V)

" =

= Be Al Components
(XSS-11, P925, MRO)

Gas Gen
Thruster Bracket

STAR Tracker: ST5

MARCI Pedestal

LOCKHEED MARTIN $



DoD/ NASA FLIGHT OPPORTUNITIES

= Multifunctional (Materials and) Structures (MFS) = Earth Observation-1 (EO- 1 New Millennium Program (NMP))
: - : = Thin Film Solar Array

= Shape Memory Hinge (Deployment)
17— = C-C Structural Radiator
| : l\ A

: ﬁ 1 SMA Hinge

MFS Experiment
(Cover Installed)

y 4
Deep Space-1(DS-1)
(NMP)

Thermal Simulator

Power Distribution Multichip Module

Multichip Module

& s~ Thermally Isolated
- radiator subpanel
A & <

£ ooo = Flex cable

cee —
S 12 B
B % ‘ Electronic
4 S
: -V

Experiments

[ Traditional S/C MFS Based S/C

panel radartional besign—. ]

STRV-1D
(Space Technology Research Vehicle)

* 6U-VME Cards " y
« Composite Chassis « High Density Interconnect (HDI) MCMs

« Conventional Cables/Connectors * Highly Integrated Processing & Packaging (HIPP)
« Multifunctional Structure (MFS)

LOCKHEED MARTIN ¢




Ashby Diagrams: Applied Science: Art?

Young's modulus, E (GPa)
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Radiator Design Domains

2019 Leonardo Da Vinci_Rishi Raj
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“Painting is poetry that is seen rather
than felt, and poetry is painting that is
felt rather than seen.”

Leonards da Vinel
AN B
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SFearsicome from'the =
heart and not-from-tlhycn

brain, ——=

lkeonardo da Vinci

7% BrainyQuote

Sheltered in these Eyes,

Waitch these Tears

Cradled in this Crib, spoken a lot
Suffered enough,

Taking last journey, getting lost

Some tears: never reached the corner of eyes
Some smiles: could not reach the corner of lips

2019 Leonardo Da Vinci_Rishi Raj



Phase Diagrams of Personalities and Emotions —

r e

Chinese Love Poem

Nothing ever shall keep us apart

2019 Leonardo Da Vinci_Rishi Raj
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Life a Question Mark

Times of fun became an old story
And all moments became crowned as youth
Youth was a fast flowing stream
and he was all absorbed deep in himself.
Every step was heavy with responsibility
There was noise all-around, but he was sile
Apparent pace of time was such
that Youth wrinkled into Old Age

He kept on looking far behind
To understand the meaning of this journey of life

e
_ _ _ While I@h@ug’ht that | was
Burden of questions piled up in plenty learning how to live, I'have been

° -~ o~ .'_#‘;—__-
learningshowitodie™

e U a
[iconardordafVincr

And he kept on bending down as a Question Mark
The ropeway of life had its end at this end
But man in nervousness just cut short the rope

Suraj Rawal (Own Hindi Poem's translation)

2019 Leonardo Da Vinci_Rishi Raj 21
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Life : A Question Mark

The ropeway of Life had a distant enc
An innocent child caught it stared to walk
He loved o listea o che tales of fairies
The NMock of butterflies, used to make him rur.
When he insisted on hearing rthe Inllaby,
then mom would cradle him to sleep an her lap

Emotions wove a nest of memories

And naughliness squeezed inta> adal
Tides of Excitement were rising
Discourse became a bothersomn
Color and beauty bore soft cor
And longing for someone starts

Times of fun became an old story

And all moments became crovned a
Yourh was a fast flowing strcur
and he was all ahsorbed does
Every step was heavy with re
There was neise all-around, bt

Apparent pacz of time was snch

that Youth wrinkled inte Old Agz
He kept on looking far hehind
To understend the meaning of t
Burden of guestions piled up i
And de kept on dending down |

The ropeway of life bad its ¢nd al th
But man in ne:vousness just cul shor

Suraj Rawal
{ Own Hindi Pocm's translation)



Ma, LEt me GO Cradling me in her only arm | /4/}

Screaming trembling huffing and puffing

AT T S & Wayward, hither and yon runs my Ma
R TR e & T T to find some shelter
ETheY BT drEdr RreerdT to find a safe cover for me
AL AT g e R €
od ﬁﬁ%ﬁaﬂfﬂﬁﬁﬁﬁm That roof is very high
) shingled with clouded stars
o S ERIE she walks on the ashen dust
gﬁ% ¥ ag ﬁ %_% or on blood-soaked sand
1 G T AT EHUT HOT clutching me and kissing me mumbles my Ma
< <& i 7 T & A E AY A ""Alas wrapped in shroud gave you this life"
Bl H AT & 17T & A I War: a proven method
T U Gl & to divide the Nations
SIHT ares & o | Bomb: a modern instrument
diea U SR & to instantly mow the crop
el i & fore | Destruction: an Intoxication
Hﬁ‘%mg %U | a measure of the degree of civility
agaﬂiﬁﬂﬂéﬂmﬂﬁm Can't see a single soul, but
g Ao Y TR § Why do these bombs still keep on shelling
STELTell 1 T dF W aE FAAT & Poisonous dust settles layer by layer
eIl Fad o a3ar JT o § Scripting page by page dark days of modern civilization
ot %BEET@%;TT ] Ma, | am a man now
i1 gat—’r ¥ | have to go to the warfront
aIfeh T8d Jed o Tf . Gather some bombs and guns
fsmadt agw & FH CHEIRIEY So that | can also destroy SRR
o Mo, Dot o Mo, Letmega sthe i the e e

'_ﬂ,? S EN [See, World has heard enough of our bombs
Let none of our children, suffer our plight

2019 Leonardo Da Vinci_Rishi Raj Peacefully, peacefully ‘will settle the fightMa, bless me

» leonardo M (



A“é"" 'w\| Lxﬁj\ "6“'«:"\ a ?(M/r’.c
s RN 7 Do Gl
PRI e .

| w Aol e’ 12
Who am | W'M

 Language and Grammer
of Life

« Composite
« Reading thumbprints

* Recipe of relationship
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Stories to tell

Rocks” Stories to tell _ Till Yesterday
- Sea of Galilie Shells: Stories to tell this Autumn leaf was green

2019 Leonardo Da Vinci_Rishi Raj 25



Gist of a book:
“ABC of Attachment in chart”.

Show Me the Love...Op l\T—ot

Smothering or Standoffish, People Can Be Happy With Their Emotional Opposites

The ABC’s of
Attachment

Scme pecpie are hugger-kssers
and crave lots of affection.
Others are resarved and feel
smothersd or embarrassed by

- too much affection Assess your
‘attachment stylo'—and your
partner's—with those questicors
from researcher and author Amir
Leving of Columiia University.

s e

AT

Does your partner devalue you, Jokingly or
ctherwise, say by getting irritated about the way
Yyou eal, or joking about your weight?

Apartner whe focuses on faults and makes unfevorable comparsons with past
partners may have an Aveldant attachment styfe.

Do you tend to shut down during an argument?

If you feel overahetmed when bombarded with too much emation you may have
an Avoidant attachment sty's,

A

“ o

Do you feel that you love your partner
mere than he or she loves you?

Boangommmkumoomfuslgnsofmnua
batmark nf the v iee s attachmant etuie

&3

Do you feel your partner keeps you at a distance
smotionally, physically or both?

Belna imttated or uanerved by too much cieseness s 3 hallimark of tha Avnidant AMachment ule

=
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1
Materials Technology has Enabled Technology Revolutions =~/

« Breaking the Evolutionary Paradigm: Multidisciplinary Effort
(LDV’s Spirit!)

2019 Leonardo Da Vinci_Rishi Raj
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http://en.wikipedia.org/wiki/File:1896_telephone.jpg
http://store.apple.com/1-800-MY-APPLE/WebObjects/AppleStore.woa/wa/RSLID?sf=wHF2F2PHCCCX72KDY&nnmm=prcd&pn=MB453LL/A
http://en.wikipedia.org/wiki/File:ChampaignCountyHistoricalMuseum_20080301_4271.jpg
http://upload.wikimedia.org/wikipedia/commons/9/94/TalAutoMusTelephoneCandlestick.jpg
http://en.wikipedia.org/wiki/File:Alt_Telefon.jpg
http://upload.wikimedia.org/wikipedia/commons/3/3d/Motorola_L7.jpg
http://en.wikipedia.org/wiki/File:Alexander_Graham_Telephone_in_Newyork.jpg
http://en.wikipedia.org/wiki/File:Imovelwebmobile.jpg
http://en.wikipedia.org/wiki/File:Cisco7960G.jpg

““ Artis never finis
only abangk

LOCKHEED MARTIN

Thank You Very Much




R&D Perspective: A few Equations

* Real Talent
real talent = ability(hard work) + consistency

d(real talent)/dt = ability X d(hard work)/dt,

 Happiness (Satisfaction!)
Happiness = (Reality/Expectations)

2019 Leonardo Da Vinci_Rishi Raj



Getting Together
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