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Today'’s information (bit) age is only possible thanks to the groundbreaking

. . e ] Claude Shannon
work of a lone genius: the key to communication is uncertainty (modeled =

Information Age ¢ $%
& e it I,

using probability). He discovered the universal laws of communication,

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

standard framework underlying all modern communication systems.

UXo| £Mof UIE WM 27 (Seeing Beyond)

ME2 UZ: Rontgen (1901, =2)

astE st Penrose (2020, £2|), Onsager (1968, 213t), Prigogine (1977, &t}
ol LI7HR 2L 7+X] (2014, 22|, M LED &X})

M2 ZL8: Hinton (2024, E2|, Neural Network)

Keen observation and core group (e.g.,

IBM Research Center)
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ACML =82 93 1: X| 7+ M I.E Drone/gd
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mV—=W:mg:mG2
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c

c

I Orbital limit (& H|2H)

mcij—\t/: (Tcosa, —D)+Wsiné
VZ
—m—=(Tsina,; +L)—-W cosé

c

=V (h),8(h),h(t)

Atmospheric limit (2 H] &)

T=D
L=W =mg,

Important role of

GEO

LEO
450 km

VLEO wo ABEP

250 km

VLEO w ABEP
160 km

_ Altitude (h)

p(h) — poe—goh/RT

Orbital plane/drone
80 km

Edge of space
(Karman line)

Lifting plane/drone Orbital
0 km 8km/sec \ ' yelocity (V)
S >
ABEP (Air-Breathing
m CL Electric Propulsion)
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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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GNU ACML 8 93 3: Connecting the Dots

US VATMOS'SR (22 [lllustration of Tsubame in orbit] ?‘%0' A‘I nEI_ol EI.E Jll-llo_lol: EHH
Chrs e, KXY =) (i)

Small and High Resolution

Optical Sensor (SHIROP)

The Venus Atmospheric Sample Return (VATMOS-SR) | Qo PR Flusdca
Mission Concept

| (other 7 sensor heads onboard) ,

Jason Rabinovitch', Arnaud Borner2, Michael A.
Gallis®, Rita Parai4, Mihail P. Petkov®, Guillaume
Avice®, Christophe Sotin”

'Stevens 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
7Nantes Université, France

Material Degradation

Monitor (MDM) Optical Sensor (OPS)

SLATS Orbital Profile]

I apogee
643, 2Po8 Elliptical orbit 643 km % 450 km

/*- circular orbit  392km

450+ perigee |

392-

= RCS (gas-jet thrusters)
IES (ion engine)
= RCS * IES hybrid

New Venus Super Low Altitude Exploration

& Sample Return (SLAESR: 2030~40) 271.5+¢ ‘ & ﬁ
i :38 days N\ 230 e
Preliminary mass estimates (kg) for Venus sample return_missions i : AR, \ ”6‘8\!81.!
i e b e PR
Atmdsphere skimmer Atmosphere sample return Surface sample return i £ . ) 1 Neek
- Orbital transfer phase » 4 Orbital keeping ——5,
Orbiter/return spacecraft 275 400 600 Initial H i i phase :
h - »>4———— Regul o stagé — ¥ ¥ st
Orbiter propulsion systems and propellants 50 1300 600 | stage i Eaular operation stage 4> Late use 5["’3@‘
Irbiter entry systems (aeroshell or ballute 5 50 500 S A b = ‘ )
Orbiter entry systems (aeroshell or ballute) 1 00 0C 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 : z < < 2
altitude = Average semi-m axis - atorial rad
Total systems mass 400 3400 3100 4 rhita itud 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
6¢) A simi e

Lockheed Martin has
begun building the
first GPS IIIF, which
Introduces a reglonal
military spot beam
to increase amti-jam - e 2 =
resistance sixtyfold. = s
o X a Al XF2= TR A
_I_ —I— o o E Graham Warwick Washington Procn pesclilon i o s
N\ itioni) ploruti i R naviy to fi-
I ver 50 years, the Global Positioning System hasbecome ~ @xploration, aircra M"I_M“;m‘n

ahousehold term, simply known as GPS. Over thecoming i cioue networks, and emartphones
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?—-ﬁ:‘&’m

1960s

1960 April | First Transit orbited 1973 December | Nawstar GPS
Developed program a
Jointly by
DARPA 2nd 1974 July | Timation-IL/NTS-1 launch
A theApplsd  After the U.S. Navy Timation and Alr
’ Force 621B programs were merged
into Navstar GPS, the Naval Research
Laboratery’s Timation-lll satellite was
Hopkins Universily, Transit was the redesignated Navigation Technology
first sateilite navigation system to Satellite 1 (NTS-1). Equipped with two
ba used operationally, providing rubldium atomie clocks, the satellite
accurate location informaticn to demorstrated passive ranging.
U.S. Navy hallistic missile subma-
rines by analyzing the Doppler shift 1977 July | First signal from NTS-2/GPS
In satellite s'gnais. Phase 1 Navigation Techaoiogy Satellite 2

45 AVIATION WEEK & SPAC 10, 3028 Awiation Week comAWST

8718 #HXEE A2 GPS
PNT (positioning, navigation &
timing) 9/28
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SpaceX (Elon
Musk; 2002)

ALO|AX

SEHI "7|¥7HK 237F 3, 67HEM 20% T

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

2006'd Cost-plus L4 0] ol 4 HE HE 2F AH|A(Commercial
Orbital Transportation Services; COTS) ZE2 1S A|%510{ NASA
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Skunk Works
(1943, 0| &

515 W £ A)

0]

Honda Jet Part-23 Class (19,000 Ib 0|5}, Z[CH 19

(2015, 250 Q1%) Business Jet

Built) " O]= North Carolina & Greensboro A

=2|(us)&E el X Honda Aircraft 3| A} 712

Mitsubishi Part-25 Class Regional Jet

(Sz%g%eifi) 2= Nagoya Mitsubishi Aircraft Corp.

o =xp g (15972 9 10= 8 EX})

7] e XM 71= atdl, 4 o] afeot S5,
ol= O|ole} =H| &=, COVID-19 52
2 20234 F &
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i: . Somewhere in Germany, 1944
- Ludwig Prandtl (Germany, Left)

! Theodore von Karman (Hungary
& US, Right)

Hsue-shen Tsien (2 %%, China &
US, Center)

(2016, Institute of
Mechanics,
CAS, Beijing)

22 2FHHUI| oY HE Y7 ELHH S CAS JF-22 (10 km/sec)
N & F A& (20239 58 8Y) 573 0| 7520239 6¥)
=3 3Xx22 H|SK “thna’s JF-22 hoypeglsonic wind tunnel blows by US” (ASIA

Times, 20234 6& 7Y)

Defense’s Defense Innovation Unit has reportedly considered skipping
wind tunnel tests and instead getting data directly from actual flight
testing.”

30| 0|2 “Due to a lack of hypersonic wind tunnels, the US Department of
(=)
S
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= dEo| X[ A A 7|dtst =AU

33, 3 70N % MH; wright @H| vs Langley

Mefo| ojOf 2: AAE Yot R 7} Oofl g4k HLfX ol Mo|Lt AKX}
= G50 = HA

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

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

=92 & 9 Marketing 53 (M): x|Z

MMI|E B] (T): 2L

Customer Support (C): =|Z

“MEjO| Z|20|M 227} & + = xM2 &2 2E0|H, O oS A
71 M= ¢ Els 22 OFF A E oA

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



/4 HM=H(0|=r NASA ME =3 M2 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
. AMES RESEARCH CENTER * (GODDARD SPACE FLIGHT CENTER e @—] ris oty
T LANGLEY
ESEARCH
i ARMSTRONG FLIGHT RESEARCH CENTER NRSR Headquarters| CENTER
JET PROPULSION 1. ABORATORY MARSHALL SPACE FLIGHT CENTER
SpaceX
White Sand Michoud
(2 OO 2) Teslt%acirl]iti @ * Asen:l‘):lyoll:lacility
“\\_ Yk STENNIS SPACE CENTER
(JOHNSON SPACE CENTER) g S KENNEDY SPACE
CENTER

Lockheed (1926)-
Martin (%)

Langley Research Center (1917), Goddard Space Flight Center (1959),
Johnson Space Center (1961)
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"1 afet=7| BE2| 1-12,” HelloDD.com, March 2025
= Hsue-shen Tsien (822%%; 1911-2009, & Al 1957 & 1994)
+ 2035 B2 IR, AH B AP HHl9l M), BARE T8,
= "*'2IA}(H1IOI A2t HE, otdul S 1tst7|= 7|X])

» S st d =9 9“% CAS & CAE (Chinese Academy of Sciences &
Engr. 1949), Institute of Mechanics (1956), Academician (HAh

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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