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Velocity of Rocket Exhaust

Rocket Equation: AV =v_In MS/K/T Morop.
I S/C
(Tsiolkovsky Formula) A rapid jet results in
high fuel efficiency.
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Mechanisms of lon Engine  Several types of lon

| Electro-Static o Engine exist depending on
Ion Ge)n\eratlon AcceIeAratlon NeutraAllzatlon the plasma generatlon
mechanisms.
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Experimental setup for LAS

e Xel828 nm

* |nserting the optical fiber via the grid’s aperture.
« Change the length of laser path.

(" Vacuun Chanber : o ? 1. Little disturbance.
i o 2. High accessibility to
— high-voltage plasma.
i 3. Nondestructive
X monitoring.

Target

-
Dat R . . | asen .
Logse Wavemeter " Xe | excited by electrons
OBEeT Xe Tube : . ‘
P.D. -] Propellant Injection
WG: 1, 2, 3sccm
Etalon === /

DC: 2, 3, 4sccm
R. Tsukizaki, et al., Rev. Sci. Instrum. 82, 123103 (2011). '3




Absorption ratio

How to get number density distribution

" Eggrépka | - _;0|mn ] Integrated absorption
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SR

Spacecraft Hayabusa Hayabusa2

Weight 5 630kg
Target Jtokawa (S) Ryugu (C)
Launch -~ May 2003  Dec 2014
Arrival Sep 2005 ~June 20

Ret.urn | June 2010 Dec 2020
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Launch Campaign of Hayabusa2 by H2A Rocket on Dec.3 2014
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EPAVEGA toward Asteroid Itokawa
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Hayabusa executed Earth swing-by in May 2004

and directed its course toward Asteroid Itokawa.
Hayabusa as SEP runs outward journey between 1.7AU outer and

0.86AU inner in solar distance.




Asteroid Ryugu

Asteroid Itokawa




Cross Connected Operation of lon Engines

Thruster D was shut off on November
4, 20009.

As counter measure Thruster-B
combined with Neut-A generated
enough thrust for the rest of the cruise.

The spacecraft was intentionally
charged down to negative value,
which made Neut-A emit electron

current.
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SRC reentry to Earth on June 13, 2010
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The Hayabusa2 re-entry
capsule was recovered in
Woomera, Australia on
December 6, 2020 and
delivered to the JAXA
Sagamihara Campus on
December 8. Work then
began to open the sample
container inside the re-entry
capsule. On December 15,
a sample of grains of black

s@!fught be derived
from steroﬁyugu as

P confirmed to<¥€ Ing e
. camber A. The larg ain
‘.\ .~ is estimated 1cm dianteter

% and total collected sample

~ will be about 5.4 grams of
| = materials, far above the

WNe e EEE PR N target of one-tenth of a gram.

24




Ca F
-
2 Min

| vamsssamiz. coomkesn— P HIEEHL

5474 RARETHER SN -@KBRINEE
RE/TEICET Son THIKIEEICEE

100

-
T llllll]'

Accretion
disk

$%oaee Radial
®%e mixing

© BALASF. NASA/JSC. SPring-8

BE5: Uavd oY TIhoeaRiRoEs (Fesk) ORBMICRRINIOKECOZEMDETSRE. (Al B) HL&&ERPD
ZHOCTR BI/OVOASTTORA (AKH) MERAPICHFEELTVS. (OHEBAHHTRAELLZARICEEFATULE
BaBA A8 (ALSFED 2KMOERIZ. AAHZEFL LS. BRDELPHICTEFA TV A F U AEZRT) . BRORBRE
Z-120°CIC LT ZAPORBERSETHN LI D)DIRROEAPORAFERRETET. ZANREZRBLIER. B&

ZMAR T BTE (BCHE) WNIRESh LD oTce ZRARICIBREUNDBEREDIBFELLEVWILETRT,

RE/LENZRNEZRUE -7,
Jumping Jupiter, Grand Tack

Nice Model

SETEZHEADRNZRENRERSNT=A,

AKERDESLBHUA 1 DHELY,
Hot Jupiter |l

n

ANERM RO EEMFES T ) F I
REBETIVI EFFE(EN. 1980F KIS

RAREFHNYEFH - RIKZDEEH

RE - RKEEBBD T IIL—TIZ & YR,

: o Mass
® 0% o removal

Second mass

removal

Late Heavy
- Bombardment

Time since the beginning of the Solar System (Myr)

v 1 10 100
Semi-major axis (au)



St —r— - -t

2 June 2008 | 518

Science

Asteroid Itokawa i
Dust from Itokawa"

AYAAAS RAYAAAS

HayabusalZ & 5/NRE/ MTDE= HayabusalZ &k Y$RER SN /=HF  Hayabusa2(Z & é/J\MEUr‘)b TNEE
2006%£ 6 A 2011 8 H 20194 4 A

Theinternational journal of sciénce / 26 March 2020 Cheaper, portable scanners War in Ukraine may spark Growth rate and duration contributed
]

www.nature.com/natastron / October 2022 Vol. 6 No. 10
promise MRI for a aglobal land grab tosize in dinosaurs /

natureastronomy

e |OCIENCEE | e
REPORT . | pseromsawess |

porous nature of L% 3%, ) Lab analysis reveals Ryugu's history
primitive asteroid 8

Montreal Protocol
halts jet stream’s for
stalsealenuciearivar?, shifingpatiem cancer diagnosis

Hayabusa2|Z &k B /NEEY 194 ”)0)5'1"’% f?ﬁ | Hayabusa20) i .J%I ‘ HayabusaZ?’J\?“’HS( Lf:aitid)imﬁf%ﬂﬁﬁﬁ
20203 A 2023% 2 B 20221 0 B




7i=7 w_am

CNETOBE

ZhE TOR%

BackNumber

F227E 20145487 HME

Do) Th.IEEHRIAL ol okl -

FH T8 -

» D xw3HbEld » The Professional’s Tools

NI NYK

N1 OERAAYIYIY

“FH R O B2V

BAIMRAREL Y/ ORBEIAYIVI VG, REDOTY
IV ERRBRENICRELIRELR S, Fhid. RFZDOHDDY
BEMALK, EREEOIYIVE, LT 1HEES
NI BEOHNEDN, BENGRBANEE S, FPREIHN
feo726 0FOHFE D DRET7 EM6 0BFODHENT
Elenb, BHROAMAVIVIIURH>h S5,

BhiE, Ric2 0FUEORBENNT. CO1AYIVIY
DREICHATE e NASABREHNBRROHL S ICHBRE
R, BRTHBORLEEDNZIEFERL WRRICEW
Po5hTH, COEMTEN, FlBAEROEEZRAL LB
U. TOTOEMRERITITE. RIEZZ%KICIE. 100D
ENH 3. AENAEPAICESL. BEHICREMEZTEX
I 5RM. “FHAMBRNR,



34



Spacecraft

Target
Launch

®Sion to demonstrate the small pla orn rla’neiary explofati'on by the

bit. It will reveal the physics of cosmic dust from the in-situ analysis

e and from flyby observations of the Geminid meteor shower parent body ,
BTHT 5

-
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Spacecraft S L I M: Smart Lander for Investigating Moon
Target Moon
nch Sep 7, 2023 Land Jan 20, 2024
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