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ast7|=e H4(0, =EY)

A CL
EY s OIL X[ T, FAr 7P Flo' ©H
Today'’s information (bit) age is only possible thanks to the groundbreaking 4
. . . Claude Shannon @
work of a lone genius: the key to communication is uncertainty (modeled TFahoten y

using probability). He discovered the universal laws of communication, Infomation Age; G

invented new mathematics and ideas (entropy rate), and established the

standard framework underlying all modern communication systems.

AUHo| £/dof U} E MY 7/ (Seeing Beyond)

MZ2 2d: Réntgen (1901, E2|)

1St E St Penrose (2020, E2]), Onsager (1968, &8, Prigogine (1977, 2}9})
ol LI7HR 2L 7+X] (2014, 22|, M LED &X})

M2 ZL8: Hinton (2024, E2l, Neural Network)

Keen observation and core group (e.g.,

IBM Research Center)
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ACML =82 A+ 2: Linchpin

Private US moon lander still working after
breaking leg and falling, but not for long

One of Europe’s busiest airports to be forced to cut
flights due to planet-warming carbon pollution
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(XY m7t= 25 E 2023'4-51)

AL

=

|
US Intuitive Machines
(2024'4 28) TN
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GNU ACML 8 93 3: Connecting the Dots

US VATMOS'SR (22) [lllustration of Tsubame in orbit] ?‘%0' A‘I nEI'OI EI.E Ji[-llo_lol: EHH
CIrS 1 tane,. KXY (=2 (rh)

Small and High Resolution

Optical Sensor (SHIROP)

The Venus Atmospheric Sample Return (VATMOS-SR) Atomic Oxygen Fluence

o Sensor (AOFS)
Mission Concept (other 7 sensor heads onboard)

Jason Rabinovitch', Arnaud Borner?, Michael A.
Gallis®, Rita Parai4, Mihail P. Petkov®, Guillaume
Avice®, Christophe Sotin”

1Stevens Institute of Technology, USA

2AMA, Inc. at NASA Ames Research Center, USA

3Sandia National Laboratories, USA

“Washington University in St. Louis, USA

SJet Propulsion Laboratory, California Institute of Technology, USA

SUniversité Paris Cité, Institut de Physique du Globe de Paris, CNRS, France
“Nantes Université, France

Material Degradation

Monitor (MDM) Optical Sensor (OPS)

SLATS Orbital Profile]

A
643, 2pogee Elliptical orbit 643 km x 450 km

/ ~ circular orbit  392km = RCS (gas-jet thrusters)

IES (ion engine)

= RCS * IES hybrid

450  perigee .
392+

New Venus Super Low Altitude Exploration
& Sample Return (SLAESR: 2030~40) 7 o) N — . =

=

Preliminary mass estimates (kg) for Venus sample return_missions | N\ ]
18I 387 Ny, 167.4
Atmqsphere skimmer Atmosphere sample return Surface sample return i : . . 1 Yeek
- Orbital transfer phase » 4 Orbital keeping ——5,
Orbiter/return spacecraft 275 400 600 Initial i : ; phase :
- S epula o stage —— POy s
Orbiter propulsion systems and propellants 50 1300 600 | stage Regularoperaticn bt’!l'(’; :‘—’ Late use slage‘
rbiter entry systems (aeroshe - ba > 5 5 5 T v > - ~
(?Ihllu g.nuy systems ( aeroshell or ballute) T 00 00 Dec. 2017 Apr. 2018 Apr. 2019 Oct. 2019
Venus ascent vehicle 1150 500
Lander and balloon systems 700
Lander entry systems (deorbit and ballute) 200 Orbital alti u : 2 2 g 2
2 e= A e semi-m axis - atorial rad
Total systems mass 400 3400 3100 4 rhital.altitud verage.semi-major-axis. - Equatorial radius
1500- Super Low Altitude Test Satellite
2000 kg (JAXA, Japan, 30 Dec 2019) 8/28
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> GPS IS STILL EVOLVING,
o ; BUT THE PNT MARKET
_I_I ) 7o IS CREATING NEW

: OPPORTUNITIES

Lockheed Martin has
begun building the
first GPS [IIF, which
Introduces a regional
military spot beam
to increase amti-am

o x - e = _ R =
x| 12 L O|olie} X|Al A= e R e e

ahousehold term, simply known as GPS. Over the coming  wircione notworks, and martphones
decades, it is likely to be subsumed into another three- 1o robotics, GPS has both created the
letter acronym, PNT—positioning, navigation and tim- ~ PNT sector and emphasined its critical
ing—because GPS has become far more than just a pin on a map. m‘fﬂmpm

1960s 1970s

1960 April | First Transit orbited 1973 December | Nawstar GPS
Devel program approved

1974 July | Timation-I1/NTS-1 launch
After the U.S. Navy Timation and Air
Force 621B programs were merged
inta Navstar GPS, the Naval Research
Laboratery’s Timation-1ll satellite was
Hopkins University, Transit was the redesignated Navigation Technology
first sateilite navigation system to Satellite 1 (NTS-1). Equipped with two
ba used operaticnally, providing rubldium atomic clocks, the satellite
accurate location informaticn to demornstrated passive ranging.
US. Navy ballistic missile subma-
rines by analyzing the Doppler shift 1977 Juiy | First sigrsal from NTS-2/GPS
In satellite signais. Phase 1 Navigation Technoiogy Satellite 2

45 AVIATION & SPACE TECHNOLOGY/ NOVEMEER 27 DECEMEER 10, 2028 AviationWeek com AWST

24715 AXIHE A~ GPS
PNT (positioning, navigation &
timing) 9/28
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CHEH(SEHxFEx LX), CHEH 5822 Qs 2
AT QA AEDS| XX} 2 A

Brequet's Range Formula

CL X nprop xln W+ quel
- I CD SFCengine W
X2 X (FFES) 2@ =X x X
+28E, 7|&, $4%|8, 28 emnTE
2471 1 (Z14- 4 271 2 (H7]|-H =t
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ofHA| HY

Wright & Xl (1903; Flyer)
Learning by doing
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The proof of the pudding is
in the eating.




e’ =cos@+isin @, Euler &2

e”+1=0

f(x) ¢ Mean

Variance

Skewness
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Wright @H|(1903) vs S. Langley 1l
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SpaceX (Elon
Musk; 2002)

"AHO]AXAE,

SEHI "7|A7HK| 2373, 67HE M 20% T

NASA (Michael
D. Griffin; LA}
=% 2005-09)

2006'A Cost- plus WAl0| ot 4 HE HE & MH|A(Commercial
Orbital Transportation Services; COTS) ZE2 13- A|%510{ NASA
of ot S AO0|X} 0|22 S5-TUZE &€E RE=z Xt2| ojZ
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2 Fo|0] 24o0jo|X| &1 xr° 92 5
o dto} M o| *o|dZ HiEIoZ
EOo{X|= &x|9r Zok Mo AL
ZRME XX

Skunk Works
(1943, 0|= &
S| = 7ie £.A)

0]

Honda Jet Part-23 Class (19,000 Ib 0|5}, %[CH 19
(2015, 250 215) Business Jet
Built) o 0|2 North Carolina & Greensboro 2
=2l(us)ael X Honda Aircraft S|AF 74
Mitsubishi Part-25 Class Regional Jet
(Sz%azgeJri) 2 =2 Nagoya Mitsubishi Aircraft Corp.
o =Xt Y (151472 oF 10=¢ £
7H“* Xf*ﬂ 7= 3, 4 I:H|=|| et =
S Oldli 2t "H| 3, COVID-19 %
E 2023'—=| A
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Ludwig Prandtl (Germany) Chul Park

" Theodore von Karman (US, 1946)
i Hsue-shen Tsien (§#27%, US)

Y
L

AT T
2 %5(2023'd 58 8Y)
“China’s JF-22 hypersonic wind tunnel blows by US” (ASIA

22 oFHWI| Y AE YT E0E B
27 o120] 72(2023'd 6)

Rho Shin Myong
(2016, CAS

S CAS JF-22 (10 km/sec)

ol

1A fimes, 20231 6% 72
“Due to a lack of hypersonic wind tunnels, the US Department of
Defense’s Defense Innovation Unit has reportedly considered skipping

wind tunnel tests and instead getting data directly from actual flight
testing.”
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HMe2Fo| o|Of 1: th= A|=lo] O, Ao BrMeto] w2t M8 + QU
= dHo| XA AHof 7[dtor = A3

33, FF A & UH; Wright @H| vs Langley

HMeFo| o|n| 2: AAE ot ZE 7| Ofl 24t ML X Ql Ho|Lt X}
= G50 = HA

1957'd Soviet Union2| Sputnik 2 Al CHX — Apollo =21

o122} Aerospace & Defense (A&D) O|= HAN| =Y 12| 20%
(2.54THH)

9 %ZE 9 Marketing 5 (M): x|Z

M| B (T): =&

Customer Support (C): =|Z

“MEHO| J|2O|M 227} & + A= XM2 &2
71 M= ¢ El= 22 OFF A E SHA|

Theodore Roosevelt Jr. (1858-1919; O|= 26LH L&) 20/28



S°d M0l NASA ME =3 HEf) 2/6

Boeing

(1916) NASA Partnerships are found in every
state and many other countries

Goddard Institute

for Space Studies
Neil A. Armstron b
Test Faciity [ GLENN RESEARCH CENTER
_Wallops
S AMES RESEARCH CENTER * (GODDARD SPACE FLIGHT CENTER Je @— Fiign Faciity
T T CANGLEY
ESEARCH
i ARMSTRONG FLIGHT RESEARCH CENTER NRER Headquarters| CENTER
JET FROPULSION L ARORATORY MARSHALL SPACE FLIGHT CENTER
SpaceX
White Sand Michoud
(2 OO 2) Teslt%acirl]it; @ * Asen:l‘):lyoll:lacility
"\\_ kr STENNIS SPACE CENTER
LJOHNSON SPACE CENTER) S KENNEDY SPACE
CENTER

Lockheed (1926)-
Martin (%)

Langley Research Center (1917), Goddard Space Flight Center (1959),
Johnson Space Center (1961)
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= Hsue-shen Tsien (E227%) “$3 %&27| 2] 1-12” HelloDD.com, March 2025

= 2035 MEF upstsg, afst7t HAl (A

#at 4ol M), weixt= B8,
S FHEAHI|0]E, A2, BF, olgll S wetI|= 71%])

o

» I3 WSt 9| SiE CAS & CAE (Chinese Academy of Sciences &
Engineering), Institute of Mechanics, Academician (& A})

von Karman, T., "Isaac Newton and Aerodynamics," J. Aeronau. Cf. US Manhattan Project &
Sci. 9-14, 521-522, 1942. Apollo Program
Tsien, H.S., “Superaerodynamics, Mechanics of Rarefied Gases,”

J. Aeronau. Sci. 13-12, 653-664, 1946.
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K-2FE3 |4 HB(Y2) 5/6

=3 (Defense) (——— ——> Bl=(Civil)
e 2| [ARsaMm | [AEEN) | [Fa=ad | [ 40de)
Otz = Hz4 g SAHE H| ! 2 2{(C) QUXH 2%/
— Soiad
Qe stz =0} A — H| 1 22 (M, K-Ce-LP
AT=2 BT HM=rgatzt F3o} F80 e85 &= Q AMARM (K
_ 3 gop oM Sl Spirita} x|gl)et 2|A3a sH2ea(K)
0| L= xx|o| SHAIQ A 2] (O1=2] 61%)
dxAE T2 o L ©f, oj=, =& N 22 fH|
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fl'dE 4, 27?) Why X{A}E? B ! B 2Q|Hol T‘c‘:‘?)kli-l_l
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Venture Capital Hl 2%
- P M3 g8 .
Security == ES Productivity
Mission Innovation Comparative
ISSI vVatl
Advantage
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Deep Space Exploration &

Planetary System Explor;gon

Mars Surface
Mars Orbit
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