TATPEI
-E“f:":E SHVLIGHT
NO.73 2016. %K

1 Taipei Astronomical Museum Magazine ISSN:1727-0022

(REGIREAKRE ) B&
BEIAREMMER — KB - AEFABEBM - KERNASFEUIIR - AEBHER - EXTFRE (KS)
BRAEXIAR/BHEXIBERR T - NASA/JJPLAZER - #i2eis/ Aol -
KM/ BRERWEE - XEE/ XBRENAMFKE (O




PDF Compressc

KE
U GBL

I : 2016/05/07

HEf: - Ak iicuteip K3 &E:

{#2% * Meade 8”ACF 2000mm F10
+ASI178MC +NEQ6

HHEE I 2016/0507 23:48
Duration=120s

EHY275287F FPS (avg.)=229 °
8048 5 (/r [l
2016/05/07 23:57
Duration=120s




PDE, GOmBLessouLinee YONsion vy w e uwpm . £ x cosmsmt 5 il a2 -
CRAEEBMIER - RRNE RN EE SRR  EEMABENASAN [R5 EES
A BOMETA AT REAE BBl > TR AR X RE AR A R B B B R 5 IR A%
EH TREFEAZRA] ERET ARREALZ K

RBRRRECTEMEASHBEZFEHNRE - U [RER] A ZRRZRAMARY [
ER] WABEH FERFT SUENEXNE - B HKHFTNASARAHETREIPL S KA R E
BHEZARTNEERG  RETHSDANE - FHELHAY R - REABRUZBBRNR L @560
CEWLRBERM  RANBRREFRBAZRAERANERZRZES

[ZLEZ] HAEMOBRERELTELR - [RORXFR] BRERFAFHHT FRAERX
WEF RN EAERE » ERARTEL LA SARKZHRAHE  DMRERT P RARRIEL -ty
BRERT HAXREHEHARNET R BED R - AAXERY [HHAX] EHRAZ TR
BRABNEER &G TEAARGZE  MERTUR T SF W EFEMN fak - ARRMTERTHRE
R2AENETENT ERBLECERAE!] BERAX] 9 [REHARLHK] ~ THXHH] #
BHRRAEGHEFTVHBGHTRLS > AREZA - DMAREEHET - METBRE [RERGE] A
BETHSIBRNAERVIER  BHTUREE—4Y [X] SHhA0RE

4
RERHAL AR CHBHNIERE [FREE] 1RSI LIHT D 4
TS, MR AR E R - AT

EHRREBRERT | 7THAIE R XEEH Y 20167 1 %r-ﬂ?ﬁZO 16
FH-REHAT] R RMERASHIL » £% 58 > wBE— @ AT E
WA - RILF B FEREH S TBAERAT] FRELR - 8 2 i
AR AR RE RS+ RS HRAT AR 2 S

RERATHRAE S » EEEIMET » REBUER FEN G

B U RRHT [REERE] RIRFHHEEE : 5 s ’
b ARFFERENRERERES  FIRKERRAMAR : -
B2 BRERFE  ETHAGEAETHOMET - EERER [RERY] B9EH -

BT REFEH o KA ERATHAMLE A E F R LUK E S > THE
FHETHE [Z8em] RERXHAZRNEAGY - BRASERRIHERYE
BHEX - BENE > BUARXEXEBELE > —AREFEH - BRRATKITH

(EHERXEIE)

Tl - ZILE 2T &= AT (VA Ty HRRHRR AT R SRR E
HE—Hma © 2008700083 BITRE R - RE o b EEAET AR R 3635%
rhEE RE /A —HAIT B R 55 9 e #H RIS - RRERE &5 (02)2831-4551
rh#ERE—HELE/\H—HHR FRAHE L ~ BROFAI— TGHERE ~ 2B & H (02)2831-4405
FIHEASEZS « 2= JLEFK ~ FRAKEE POl AT M Hk http/www.tam.gov.tw
AR Z AR SR - B - Mz
H4ikhttp:/www.tam.gov.tw SEfirfmEe SIS ~ A

fEZR B - b i

FrihEE - IEM FRHE R T BT R HE R R 2 e AR
Frtofmis  JoEIA BITHERET A~ RS Rk AL 755 2466%5%



2

(ERE : REEREARE)

Hifig
AR
FCh -

BRD : 2016/04/08  23:10:51.411

hEL - BEmiEEEILFI SR

%28 : C14 £:3910mm+CGERBFE+2.5X
TVEEFE+Asil 74AMMTE
L*7000,R*3500,G*3500,B*3500
Winjupos, As2!, Photoshop & i B2 IR
RESH : CMI=257.3°
CMII=255.2° CMIII=280.0°

XX BL+=H

Contents

e fim £ HY 555
SEHI 1

CRGREAE ) BE
FHRBBUIRE
BFRAEHER

— REEER
R 4

ANE AL ERRLTA

ENTSE S 8

REGTRAIARE T
2%

X/ B - RRlE

BIEE/ iR ~ BAENR 17

RE B ER

51k 2iE 28

[Past==J="A
IE@‘:T-'/ 713

AE
B E ] 34

KXES

ARV KBS
A2 O

gt 36

2016.08



HOVR AT/ FHERIE
Bt
EATREIX LR
EabE:

A== 38

RIS EASTE | AR

NASA/JPLKZE{EFS

it /B~ HOE
i A

HEE/ %R 45

AR UDESHBER
SAEREVIIERSS

=520 46

TBHRIARL
TR ? —2 L RIFTIREE
REEL ? !

a 50
20

—iga
2 EESEs

G S
SN OES

FRkEE 54

BN
RKEATRIR
el 2 B 56

TS
B EHMWSRRE

A3t 58

BnEEY
Eaba il

RIS BREHIS 60

E[AE
—— R L BE HA I

AR &AL IAL
F R AR o ATIHE A A M 2
HME > 4ot R EEAS A A 2L >
FHEY o IMF AT G
Jeo FARLF ~BA - EAMR
WA o BTREM o L F—dk
R o TRR]EA R LEE#E o &
7| B =GR VAT iR AR K
B > Z R E R RIY
VAZ SR FHE o AT LT A
b oo RERE > RFER -

L FE A PTAR A 8
B R LF » kefhi] B R -
AT BT JRAF B B hR A
Bl &&AER : AT TA A
Wl A HE F 3R 29N o wo iR
FAE 0 E MR LY R
T o 3 S BAT R EHE o

 BILEZE e

S EAmaEazuema 3. @k |

> =% 5~ .

Yol
=
)
‘_g‘\

2T L RUAHEH o 7 4
2 3L AR R R T 3836358,
P VAR T I ILAS
E-mail address :
tam001@tam.gov.tw

# g 2 W 178331

TEREE ~-w&RMEE B

TR A | AR BRE » F

B2 0800-024-0994%4 |

19997 R 2h4p » 24/\BF B &R
3



|k s R
| » Free Version

1 Bl A 2 AR IR — REGR

S/ T

ERBWEHEF o BARWE L EEERW R (Jupiter) Foftidy
ZT %% (Juno) * AWEARATREZZET —EEFZRAEY AKX
EREREERERET  BERARLFHEER MEXMEEREKE
WEBe L /RER  ERMEZEMAZHBRERERFE K FEXK
E (Jupiter) #yAME !

LI R £

SHOEGEEZEMARE
Sﬁﬁﬁb—)u (NASA) #ER
£tZ& (New Frontiers) HVE_IE{F
75 0 1R2011 8B HF B ZKi#HSE
NET (Atlas V) SEEIFHZE - HABGHEE
RENASAFTERZEEHBHERAHR »
EEERBERINARES » KFE
SREAARNZE A BB R AR LS
Joa% » LR MHEHAEMAENE
7] o RERAZEE - EHIREIBIR

(#94082336 R E) EFENE—XAY
RS - AABFERSTE ~ BIS23BAE
RIIRAEA BEHEARE - 5B 7E2013
FI0ERFHIESEIFHED - 2016
FIR4HEANRERNBER - 1B AT
RRAS 20 B » KUERTSTVIRE
RETE (B1) - BEE&INN—X
ERIEAREXRIERE £T555,0002 8
RIRE » FEEME2018F2 BT
% REEARE -

A2 ER KRS

SRR EIRE BRI 2
RELEIL - LABRAS R .
MRRAESERE - SEMEAE  FLRBRIR 2R

S

4
AXEEEIH F+=8 2016.08



PDF Compressor Freﬁ%’ ﬁré E"H iﬁh —f\‘ ﬁ

A BT A0 B Bl R

Eﬁ%’@ﬁ (MAG, Magnetometer )
EHASCHIFGMIERY » IRAEREHEE

(JADE, Jovian Auroral Distribution Experiment ) ( : p TE I S
3 5 S Soiere ) (ASC, Advanced Stellar Compass )
BEBAEMEPNEF I HREFNIENTEED M - R BRI N » U E':jﬂum’gﬁirtﬁn
A slraidl ©

5 HRAEMERIFIE -
l 3 sensors 1 sensor

KB mRER T HRAIER
(JEDI, Jovian Energetic Particle Detector Instrument )

AREAENRRE BN T IEETADM

. )
. e -
& 2sensors 1 sensor

E R Rt
(FGM, Flux Gate Magnetometer )
MR BRI B HE A B AR 2 HIBARE RS -

(Cadzi i

(MWR Microwave Radlometer)

A%Dgéi
SISO ERE A AR
(UVS, Ultraviolet Imaging Spectrograph ) Y 7'(%@%%1%&{%% (Waves, Plasma Wave Instrument )
ig%ﬁﬂﬁgmggiﬁéﬁﬁﬁﬁﬂﬁ (JIRAM, Jovian Infrared Auroral Mapper ) SR VIO >
SRFEFHBE (unocam) BRSNS R SRR -
HRAEEENTRLFE - LE
TS H— AR REAN
1
‘} Ly

o HAIEAREXRHPHIKSE > EiGEH
RESOETEENIERRALER  NEE
EHTHVIE -

o RARAARERR  AIEEND &
B EEESMEMIEE -

o RIEARERSNEDS - BINARER
BISiE -

o GRS AR EMIRAVEAMEYS - 1SEER
ERIEERAEREFIHSS IO E AR -

fil3. PR ARG IR —RERTEA R AV = (A5 R A1
Image credit: http://www.jpl.nasa.gov/images/
juno/20110803/1ego20110803b-full.jpg

KEFEAZMBELZE20LR » §4.522  Image credit: LEGO
R £HZERNEER (B2) - SARAKE
e BEEEZIL  AKEREREZNE  BIE
FERRHKMEBNSE @ WIAKAER -

MRS HR R © BREEIIAR
ENLSENEBEFOYBHEE 5
DREHE RRRS &I - RN
kipEEE AT .. B - WP HIRET SHAE « 98

IEE R E AV ; RIS T PO B
RS DREE S =BV IREEA &, mExmmEn— EmEAEER
AB (83) - BE3SDD » DRINEANE  mygaemdm2iRm - gr% N1

{&
FINFIES (Galileo Galilei) + RFEBWEFE Fipg , —SEZASE » 2—F=Z0EEE



PDF Compressor Free Version
ERMAEERIFERPR - ARERRHEE
> HAEMRBRIEZER - HhEHE
1610F I AREMERKIFE —REF—Ix
B (Io) ~ RNRE_ERFEE (Europa) ~ AfE
=INEXEE (Ganymede) ~ REOFFEZ

(Callisto) - HIE# ATEEIURREZEZMNF
IREE !

EREER DR BBk > SoEZE
MIBHBEZER - M1610FIFRFR FHR
STAIRCEH > BT MARBEARZEMT L
HER (B4) - SRBREAZEAFNAEF

(Italian Space Agency) fEfft » B7.12370 &

SR + EZEFISREA « BHI6AT -
KB oy RIR BN

AL U e pagen, guia AE @ et [... Py
Ao

< el iy ab wimrittema sl xlos
o etk m%v//-»_.k...«m‘&fn

A Cioe wrm L
e A alire >
B qiad gramdella 2L e equslie artert;
4 ) A\ s
‘/f/«n wh TR A Sdme w.’.A Mk.h:x'm/(-a‘ )
Tt ire she & pueths (e e o

Image credit: NASA/JPL-Caltech/KSC
http://www.nasa.gov/mission_pages/juno/
multimedia/galileo20110803.html

# (belt) SVEMFEHREO MEMRSZR
RMBEAEREBNELBE - KRBRSE

ERHERAE » NRERKWEEZFEEILL
REREHEN  BRABKE-FTRBR
HIRSE - KeaIRAGAEREXR AR

BRAEREEE THOXREIRITHEBEAE
g - WARAREEN RBE - ERTE
RIVAYRHE -

HEE  LWAEAEESEEBEREZL - It
N BHAEARENENZNES » TZ2R
RENEEE - HERNEE - (ELRHE EAREARRENEANBIT » 8RF
A TUEEBRAELR - EEEABR KEENARINRESSES - LINSAIRM
EETRAVREIRE BEZEENTE  REBERBEESNERER

. FZIVER - BB EARERR » B
RERR REAHHRIEZE » EEABRPRZAVE

REXRE B IERE 6 o HIRARFESRELMEESTURIEARE » EIL

REHR

(zone) N

Juno: Piercing Jupiter’s Clouds | Out There | The New

York Times

g https://www.youtube.com/watch?v=NNHfoNIiZ8Y

RENEPIEHEITNEE
. https://www.youtube.com/watch?v=6uMfPRgtqVQ&list=PLz
4 YYnhQIXmVE20sNEJEV3ywOWbFsjUil T&index=1

| R : EARNROBHEETEONE 2

2016.08

AXEERIT EL1=H



PDF Compressor Free Version

Frim A ErE (New Frontier)
EEMAREBRFERE SRR XEREE » VI9B=F§1718FF » B8
ETHREFRE=IE :
New Frontiers 1 : #HT{REFSR (New Horizons)

2006 1 B19H 2 BIRVFTIREFSR RZEMA » 2015 E7HREREE
BiE—RTEETE » 1811201522020 &S —F _EHA5E
(Kuiper Belt) X8 o

New Frontiers 2 : ZRig5% (Juno)

201185 HERIRETRAZM » T2016F7HEAREH
B EEMESINAITEKIZEEE) I RZER -

New Frontiers 3 : OSIRIS-Rex

£2016F9F35I0SIRIS-REXAZEMA » FEET1E20205F

BIIEEEZE—1019555%/ ) T2E%% (Bennu) - BRI FAIZ
N BEEIVTERMETERE » WE2023F5REMIEK o

DERZAEREMBIFERN ST EAURES KeaREHEM

IARE » ERFLAENEREBRERSZAREMYE o https://www.nasa.gov/mission_pages/juno/main/
ELEATREAS KIRIBERFIEIAZEMCAVEE  index.html

> BERERAREMEEMSRIZAVELIREE  https://www.missionjuno.swri.edu/

T GRS R ER - S |
PhA: FRAELTIRXHERE &

Juno Mission Media Reel (B-roll and Animations)
B https://www.youtube.com/watch?v=1S NRX1C9L0

ZEI/VTEEAIZS OSIRIS-REX

NASABRSIT AR, JEEHT. HEME. RIM. REBANR https://www.youtube.com/watch?v=tuSOSUFEVHU

=




R

— ,‘.?..---;—-r‘-'-‘-;v.# P | i i

e
ORGSR ACE

PDF Compressor Free Version

g -

SRR T e e e

S o i il MRS T R b T ey

—— L. | q‘-": BTV g o A

= A

BEARNMAE - HINASARVEESRTE20004F10/3 122 1 1/9IHHR A S A8 BTl 1 5%

(Jupiter Cloud Movie from Cassini

X E
IMABBRERBE T2 AS—EABS
Ewgxmine  enrmsaexn
—FfE EBEHRNSESE - METRE
TE—M > AREEEREE  ATE—E
OB - BEXRNEMIRVI0E15EBZ
% IEERD F SRR T B R S
RESBS  EAESESEH  AENHBE
(5) RENNBEETRET BRFRNREL
TRIEEmEY  SRENESE

https://www.youtube.com/watch?v=vN_otZ{3sw0 )

(Great Red Spot, GRS, &?2) -

KA BT 7HACT M FPEE (Giovanni
Cassini ) BURIEIT » RAIFER/) (ERPADRAY
2BAT4BRE  MitAW1E2F~184FT 2
B) fIRMIRAME=EX  EAEERTR
FHEE—BHNRNEINHIRE » BEHRRAY
EREHEREBIEETAARE » HIALNREA
BRIUMAAHE—EESREERE - ERVEIELL
HAESEZ (IEsRE) B2 - HRA

S EiEE (1) . " ) rey
g%mﬁé%fl1) mrfgm hydrogen &+ o)
SRS - S5 T ARBARIRIS - gas o |
His S RIS M S - (A1 &) - B #38)
. ST T T LT increasing

MAEENENAKREEAHD liquid {;.jx:ﬂi.’,»l'\?/’ compression
FE (90%) BER (~10%) BB Q&;gr%ggr; IO 0,
5 ZEALH R MEATIA - BRI
HFHERAEHEEAZAZNE  jquid metallic %%ﬁﬁ:
5 AMEERASRZZITEEL | hydrogen S

GRIEEB &)

HRAMERARENREEBREARE
—EEMSBIRRRM - BESK

FIEREREIUBE K/ HIE
2> HARZBWESMEANK

XX BL+=H

fil 1. ¥R R AR AR IE R R (R 1) REIRERC
BIF ST 1 1 IR F 7 P T ke =
(& Fr &35 ¢ http://www.astronomynotes.com/solarsys/s7.htm )

2016.08



PDF Compressor Free Version
EAREIEE
IR EBARE
Lt EEMIKE

RYSZEREE -

ENPINGiLES S
o R RE
ABBH BRI
BRI SE E
FHELEN=
& AERYEES
ZEEELEANERY
FAEE - RERVE
MBI EE

2014 WFC3/UVIS J

IE . BREH li 2. j:%lﬂl%i&l%%ﬁqn%ﬂﬂ%ﬂﬁéE‘%‘s@ﬁmso# » 20044 FEBURKLBEAERS B /7 17]
i — N A B VS > FAHEE20404 7 H R IR BB R EE -

SRS R (&l Fi 2R3  https://upload.wikimedia.org/wikipedia/commons/3/30/NASA14135-

AE - NEME Jupiter-GreatRedSpot-Shrinks-20140515.jpg )

H—EETE B

MRZEAEEE

BRECMBELSHS  BEFENTEA RREXRFEN/NBEOEERNS » RIEAR
ARE - WREERYE - BEM I KBERE SEREREOCOELCSFAIR - SEREIZIER
mrsEE (B3) - WAE——XE (Jo) — 1979FHMBR—IREFIRAY » BEHIOFE(CAINN
LROKWATIEREYE (B3) BEAEW  FBRETHMEAS - B TIRIEMAMBEARER
JIRREAREXRRMEN - REWME MR - BR—E/HR -

BERELIEREEAME  HENMNDAED

(EEHEEE) (B4 4)
(k#i—# ) Polarovals Transpolar emissions

fii 3. 8 FHIE 1 K 2% S 0
PRI 2 LR
FE - [ A e B
(41o spot * Ganymede
spot » i Europa spot)

(ZEAHER) Fe N BLRGI5 BL 2% flAl
Main oval A VERIRRE R
(i F 235 : https://
: upload.wikimedia.org/
(R avae ; s wikipedia/commons/d/
Dayside aurora (KT =89 5e3)  (KRfF=#)53) _
Ganymede spot Europa spot de/Jupiter.Aurora.HST.

mod.svg )



PDF Compressor Free Version
%455t 2| (Pioneer flyby)
1973519744

E s d

S I0ERANEE L E—ERREBT
EBNFAE - 2B EREAZHALR
BIZE (1973F11~12R) - BERERREIRITTEE1
3 (19745F128) BBFSARELERS - ;
FRRAMEEE-—REDAL - BLEMH | ¥
WERA R LB ATE IR CRUATR GRS SSHRIERIRION LSRG - oI St
o eI AR EEIES « Ay RN LR EEY © o ARSI

_ SEPREER A -

MRIISIBEIRRRZARRF, « oAt Sl BT ([} 2 ¢ https://upload.wikimedia.org/wikipedia/
SAEWS > BXMY (an Allen > 1974) 8 0 006/2/22/GPN-2000-001621-x jpg)

IRFRAIRR EEAESTHEHASTHRETERIARE
R - SR BEEZEIB I B 10/\FFaYEEA
B (B4) - SRCEABEARENEESRH -
SN AKRERVERGEE BB TIETRRET BRI
1015 » BRI BRI EINERASIEEGS » 7t
FIGRLZA BB FAVER » MItiFE1IRLER
muszEEEE  ErmREsmReEy B KK E (Voyager flyby)

RIEASE -~ FRBIZS K/ KIS REIM IR FIEER
JIZRAINIE © (http : //history.nasa.gov/SP-349/
ch6.htm)

HASEBOES  BUERHS AR 19794
& BEENBRAERENTEREEIRT o N
STHRNSEFRE  NyngrEnE _ DOXMRRARAAERAREFD 7

%j B?ﬁﬂ%ﬁ%ﬂ %E%ETil (105}@;&3115,@) Z:Q)Egééfﬁ ’ B%?EEPIL\KELEUX%IE?IEJJ
SEREAS T o A XEE OB TN A B2 W SO EHNEMERRHEN » ERNXE
rﬁﬁﬁgﬁij (ES) , @CEW%E%%J?E‘E'JE §§EE7FE%EE§7F§3—JZE'9WU_liﬁiﬂﬁai%%)\%—%

R RN AR RN

A& IEHR,)
2[0 25 30 35 40 45 50 55 &0 65 70 75 80 B5 20 95 100 R,
| 1 [ | I [ | [ | [ [ I | | I I
4
&'O _\'IIIIllIllllllllll[YIVlIIIIIII|II||IIIII’l|IflllllTlTf]lllll'l’lllllllIl | | | ' I I I| | III llllllllllllllli,l]l-

Ak;%

5 Lol i By e ool oo T gl ot v oo oy T e ob gl e il b b e s s Bl il
e e m e e 4a|2|620004812|6200p48|2|6 0004 8 2 16 20K

(f&ﬁ«&x&’nﬁﬂ% B, g4 0m) l
5 .DECEMBER 197. 6 DECEMBER 7 DECEMBER—-i'—B DECEMBER —-|~—9 DEGEMBER: 10 DECEMBER H?Sﬂ{

[El4. JE8E105R75K (1973/12/5 ~12/10 ) BIHIE KL - $FIRREIEHASR (A,B,C,D,G) HBAZHE Nl
BRI/ NFREIEE L o ([&F 2R © Van Allen et al. 1974)

0
AXEERH F+=5 2016.08



PDF Compressor Free Version

LT 2R 1 R A 2 T AR - 0
HEIREIE] 01/06 to 02/03, 1979 = (B 2RI
https://en.wikipedia.org/wiki/File:Jupiter from

Voyager 1 PIA02855 max_quality.ogv)

ARERAMIR CHEREISEIRY - PETE
105E R 1 BEHREB RN G A » RERHIN
IEEBEARZEAINLSL R, (R, RETRBHEEIE
71,398km) - MAEBHYEFREIEEREAREZAIN1.72
R, i NE—HINUEBERZBR FIF R IRL
NPKGRXETRIR - HEERIRIRENED
HMREBHREEN BRAR—N > HE=E2D

10 Plume Discovery Image © Copyright Calvin J. Hamilton

fiflo. FHERFRFEBAM — KL —aRGE - R
FHERFEEGE HUe 5 — A 2 i 2 it £ AT
— RIS - (HRSHBUER AR BEBLER
/NI RHEGAS & HERAE IO - (I o2 -

http://solarviews.com/cap/jup/ioplumedisc.htm )

BIZSHEER ~ T2R/IRIZEnceladus ~ BEERIE
ETriton) ° MBXRIGEIFTEVRIZIARE — C8EEN
LIAVIESS - PUERZE » MBZR2RIR T #/IEE
APLEN LD EFBER N - thERZEEITN
LI (Aten Pateraf2Surt) FEEFRERVTIEIRS °
HEERNBRBIRNIUIPE—REER » S
B SRAVEERE AN B —4508 A ERE - BHTR
NIRARF—REDSZFAVNI (Pele) » EXNUE
BEMNERRENEHRAAT —KRESEN
2600 B ERYEZE » SS—ENL (Loki) BUI
RERWRZFE » NBRFTRELIBEZYER
RETSEFUV—EMAE -

A EFEEH (Ulysses flyby)
19924 #2004 4

LEAHEETEENEMRAGIEE -
ARUNEHRETREARAE (192 RESER
6.31 R, 2004F8#V1684 R,) » LA
MAREHRIKE - ESENAGREEARE
NEEREELEEKRE (bow shock) »
BREETREST (1992F) mEARELNII3 R,

a) mACNETOpAUSE

b) Yo VOYAGER 2 2, TISR,
oA

AN R P
Xu - 'lljlllj!’_:’/f—
. | S A
: s Wov s RNV
I Sa T g

i

i00nT

1T 15 R

liil 7. AHE FH A ] 1 255 81 € (magnetic topologies)s3 i »+ K
BRI o R=8kr « WHiE ~ rhigfa ot uie - (&
Fr 2R3 = Smith et al. 1993 )




1

PDF Compressor Free Version

RIERIFIER » £5110 R EARNEHREE

(magnetopause) A » MEEFRAZERFAIBEI =X
EEEE (109 R, ~ 124R, ~ 149R,) - BLEHER
BETHEENUEBRRAGEINEET] -
BMEC REEXNGEEMBRTEIL - kN - L
ERAHTREE SRR R AERER S D
IR (B7) » RENWEEREERE DN
=E&D : NEE ~ hEENNERE - NiE
AEVD BB (dipole-like) : ERHEERZ
IZRERMEREESRAERFTE » 2IRFAN
EEEANRVEETSE SRRSO

7R KT M
(Cassini-Huygens flyby)
20004

BB RIE2000 ERBASIREREA
EETOMAIRRE TSR RENENT
fE -

Y (Aurora) : BRRIZZIRARE CRVIRE
EFNREER (RXBIKER) 5§75 (B2
BEIRE) - BUBHERTIRICAYZ VA R
ABEER - HEAENEEER

KREIR (Ring) : EEMANBRENRE
IREBAIL D FRBIRAZERPIINF
KNDMEBEBEBBXHRE (power low size
distribution) » ERIFA/NTTHR0.01E15pumEE
BEUR2 » BRI RNKIR1SumBIEEZRS -

AREXREIRNDIAZE (Atmosphere structure
and chemistry) : FAEEEIR "N/“NLLIEESES
B ; CIRS (1) AAREHRBEAZIMEREE
= (phosphine; PH;) EE2Z (ammonia) » FHR
PSS mBEAEREE - SRTEAZEETEIR
IRAEREVHFERE -

A&7\ (Himalia) : VIMS (32) (V&R
BIRT3IumBIRIGER - EEFERET AR

2
XX BL+=H

25 Dec
(F @ RKEBRITER) I

To Earth

(R BA:-F R )
Dust streams

3 Jan 2001

(fro]mg K 2 A5 RATEAZ)
Galileo Trajectory

\ o0
|

29 Dec 2000

25 Dec

10 Jan 5 million kilometers

P

8. VG ek =K EERL F R ATFIEATE - R K22
LRI FETEE ST MT % (CDA)M & H ) 153 FE 50 5 579400
JVE ([E A 2K IE : Hansen et al. 200)

LRRERKGTE -

ERKIF (Dust) : ALEFEHIRT19925F
B EREIBNERFRIEANZMEE - MFIE
SREBEHARREAE —NIUIEREY) - £HFF
[ SRAVER B SR IR S LEAIU) AU U EE KL 5 TS AN
SRS %) ETIHREIZH4002E (B
8) °

MFBSEERVEDR (Galilean satellites)
KA EAYVIM SHEER A B SEAEAR R =R
FIPORYC O, IREARPIFICNEIR, UVIS (&
3) AAFE—HEARF _RIRER  AE_HER
OJEEEHEKREKBKDEMN » RE—HESR
WFE_S{EMAREESR - 1SS (514) &K
H—ERZEIAIK ~ Na~ 0 S, HHSO,AIEEEN
LIBIIEZEERE -

# 1. CIRSH# & & 4h R 2 b 5t

#£2. VIMS ¥ #1041 4h 48 [ o % &
53, UVIS % /4% B % 2 o6 5t

4. 1SS B2 RB XA H

2016.08




PDF Compressor Free Version
Y : ERAEEE—ENNESZZTHE D08 -
fELEERER - RER R ERHER R B I FEIE A
ERINTE - RMENENRRNEBOHFE - BR
TR RRHPUEAZIREBRENEEY)  &B=
Bt (CH,) ~& (NH,) ~7KEERfi{EE (HS)
F ) BEIEARTPEEENR &8
FETHR  BETENESEHNEABENAE
BlaNCc/HEAC/NELIE AR B ARRHY2.9~3.05 » &
BETE L BT R U BEE BE A B BURRY M TS REAS
M » QB EAREAR - RENERES
—ERMENERGE - (IRREE0.5-0.6E2 » 2
2E (NH,) #BHH > BHEHE RN
MABRRERER - £2EZT » EfiEER

(NH,SH) #BRIE (B7IMRKRIS2E) - &
T—ERIEHEKERNER (4~5E) - il

—EA—EREAENER
RIS - INET ABEHRA
ERERFENER

fin F| #5 5%  (Gelileo orbit)
1995~2003 4

A SRR 2311995 FE FE 2003 FIRIEE

AREFEURITTISHE  BEFIBERAEKX
REMNE—FHAER » IEFIWEMNKEER
AIBR » TE1995F 1287818 —EFERIZSINE T

ISRV AR RIS AN FAILDENE - B8]
AIFESRARREER 2 FUFRHARYANE) » FEFERIRERA
FELRAEEEBHRMTIA (CRiREDERBI

Z—) 5 BRIEZH » KpRRzRREREE R
EAXRAPEVKLEFERRNDRS -
HSANGEATH ARG EERYRERTY
=M/ (My+My,)

REXKFA ° LUN200F B R0\ FEVRIRVE
EREBIRE

REXRHERIEE : EfUBXR (0.18) Z
AL (0.24) HISHREE (55) LA
KREKBEENE (0.27) BEED » 2015F
NEBFIELR - 21 KEBEAENEXR
RENERR - FEEERAB N R - KR8

AE—HIKNW : BV ERAZIRAE
—HEMIHINIUEE) (B9) » EREREH
BKAYN LIRSS SEZERTHR » W E KU AYEIE

lo — Tvashtar Catena

B 9. fE fhAIIE R K
ZE AT TR
s PR To b
HYTvashtar Catena
KL GERESE R 5
15 - WigEnT DI
T a TR AL E
g o (i Fr AR
http://photojournal.
jpl.nasa.gov/catalog/
PIA02584)

13



PDF Compressor Free Version
EERRMIKAI 10018 o MABBIRERBAR
B—REIZENMBBAZSEARESE » B
FrEBMHNUAMER TIES —EARANB
SEENEE - 20115 - RIBRABBEMEER
(ultramafic rock) EBEIET » HOIEERE
MERIANB MR THE—BERE -
HEEHR30~50RE » ¥EARE XIS
AY10%A L » imE T REBE IR 12002 » FHE
HELBEMEOEEFERNRE > BN
ELEE MM ER S IEEE R ENE AV
NRIRITEER IS AZEBEBEELTNRNDE
) o BRI N RE—mW LB YR T E [ 10. NASATA20 1445 A7 RIS 57K 220 AT FrBhAYy A (i
AEEE@HI  BIUREANREE 0 BIRE SRR &\ SR 1E
S LB A T B T — RS - 7B e o BIETE N B E BB R TUREAY R T B W ARt SR oK

— IR J SRR TR RIS T 208 + SURRTIRHILL - #5863 /7 (£ 2015 TR
RERAIANAEBHREHE - BB - Wy . ok ok 7 B ERIRATED) - &3

It NENWEERXRBNERNCTEEN gk aR - (655 ¢ htp//photojournal jpl.
fREERE T 2R » MANRMMIKAIEE AR 2 nasa.gov/catalog/PIA19048 )
A KBZEISRAY

AREE - (EUAEREIAEE B SUEERAD -
YRR RES R KRR EE B RET e
HIEZSEAE (B10)  MAETTREEmE Aot RRES . ME=RAERE
w (BEEEN)  BES¥TEmmRE oo RECERHESIEE - KSR
DEEEER  NERBRAG_RBIERT  — P PEREEFNIRENE=E
IS T K R s - a01p | VUSRS SRS - RSB
hE  NEEEER R Ly DB I EER R A=
KRR - BRI AR BEERmE R N NERRRERNEE  BERAEI
NE=AREIEERITT - BT

lal 11. ORI SRR 22 73 2 1996475 H T AR —BURET = » R JUA SR — > 19974 — H fd AR i
Py RIS Y K e - ([ 2KIR ¢ http://photojournal.jpl.nasa.gov/catalog/PIA01299 )

14
AXEERTH FL+=5 2016.08



li] 13, A S 03 2 P - P 7 R ]

PDF Compressor Free Version
RiRMss - EERIBANEWBER RIS ET
ISR EIRE » BEBFIEE - REEE
ElofZ - 3N KB THVEHBFRIEAR R
K ARAE=FAGRHRANEE - HBE
EARKE (NEF=BEHS270RE » KEEE
#4880/ EB) o

ARFEOREFEAR - MIMNBIEAERARS
REETANEORRE N0RABENITEE—E
WEEKBRIM NEFEEHE - REMEFE—
BIFEHmENAR » TEAHCOMEM » D TEE
EEESER (HEASERESFINERNEL) -
BRAREAN - HEMABREEHNRIRBEAR -
RE—BHRENIEZMEKSO, R ~ NE_H
REVKEBIKDBEMMO,AR « REI=KXREIE
O,FHHIERY - (E11)

ARER - MARERAEFHAEREIR » RE
R (B12) @AM AZERERARE TN
WEAENBEREE (KNEA, Amalthea) M
RYAY °

A E 5 (New Horizons flyby)
2006~2007 4

FTIREF IR A AR 2 RRV AL E B A
IREI2(FFENER » HAZEM CREBIINR
BEZJBILEISA (316) DITENLZRIR D FIRHE
BIFYRE » LEISAEBRMEMLORRI (5£7) HE
BIR36ENIERE - ERnENIUEERSE 5

fl 12. {5 K 220 CE A S B R B IR T ST A LR - K
SRR SRR BRI TR B A S ER A PR R 1 AR IR S S
B i o (I 2K35 ¢ http://www.nasa.gov/multimedia/
imagegallery/image feature 995.html)

HTvashtar N [ PTIESE HHRAVY)E OEIZ 0N ES -
BREEZ SN » FTIREFIRREIS T A2 BRAIFER
HARNE - tWRAKREWEIRAR @ BHREIR
—LERE (B13) T AEWETET » RE8x
s L EREEAR —IERYER |

#6. LEISA % 14 4 % & 88 & 4 ot 3t

7. LORRIF FE B 45 ] Ak % (%

% 3% 9% (Juno orbit)
2016-20184F

KREBIRA2016E7TFEARERNE » EE
BE2007 EFTIREFIEFFEOARE R » BAB AR
EOOMEBHENAIAE » FERIATRIRIER -
RS EETAZ 0@ B AE2003 51
MBEZ B S—BEFURERAREZENK

(I /25 : McComas et al. 2009)

15



PDF Compressor Free Version

Callisto

Ganymede

14. ReEREARZGERI6B12-29E)RENVAREZEE  HIYRKLIEA S Bt B
MAREEES - (IRTF, on May 16, 2015. The observations were

Juno Approach Movie of Jupiter and the Galilean Moons. obtained in support of NASAs Juno mission by a

team headed by Juno scientist Glenn Orton. http://

https://www.youtube.com/watch?v=XpsQimYhNkA ) ) ) )
photojournal.jpl.nasa.gov/archive/PIA19640.gif )

o EERMIFIR SR EABAEETBOERH 238N

EEZE«”  BEAEMNEME ~ KR ~ ZIVAZ  *Linda A. Morabito 1979 Discovery of Volcanic
FRBEZH5  AERIZBREEEBRERIGT  Activity on lo A Historical Review
w?\ﬁﬂn?&%ﬁzziﬁmEKEUEE%]‘W AREM  *E. J. Smith and L-P Wenzen 1993. JGR, 98, A12,
NKRREBEBCF - EMEEAENEREE  21,111-21,127
1t » AR KBA H/ﬁ\ZWJHHE'JHK,R, LEEEE o % C. J. Hansen et al. 2004. Icarus, 172,1,1-18

% J.A. Van Allen et al. 1974. JGR, 79, 25, 3559-3577

AR E P RAER LG DER T LH e e
% Richard E. Young 1998. JGR, 103, EI0, 22,775-22,790

. *HEE TR
AT =

ERRERNE
https://www.youtube.com/watch?v=3ztI9V2VUGQ&index=2&list=P
LzYYnhQIXmVE20sNEJEV3ywOWDbFsjUil T

The Europa Jupiter System Mission
will study Jupiter’s four largest moons

IR —— >~

https://www.youtube.com/watch?v=__ Kf5Ddw_CY

BRI EEMREE

l| https://www.youtube.com/watch?v=_GeQvLYvowc

6
AXEERTH FL+=5 2016.08



Image credit: NASA/JPL-Caltech

g
RER IR

PDF Compressor Free Version

X/ SiE - Bl
e =R ~ RSl

KR EE R ZERB2016F7A5H

(KF#HNEG X EM201647H 4
H) BlZKRE > FENBEEKEZWH
o B HRMR20114F8F5H B4 » #ins
FHERRELEDE —BE - EN
B P B o

u

/7—E§-H-EI i FRIEERE2016E78
B IDUsE (T akmanE
2016 7H4H) BEKRE » WEARERER
B8 - BERIE2011F8B5HRA » R SERE
BRI E — T - EARTVREER -

KR ewFAEETERABRNBEED
RUFTEEFRC® - ERAERE [FBFET
£ ANETIBES - REEFHNEEER
BEDRIE : — > BBAREREKNECRKEE

19¢
o A

F.

A
| -

6k

2 Sl EMEEAZEZINES » WER
MERERNANEFNER - —  BEAEARE
REDIBENS  ABENEMESEE D2
1o = RAEAREXRRER » HHBEARER
RIS » HARMEMN - ERVEREEE) IS
£ - PO~ RIERNEREERTOTRVIIERIEE - K1
RAREIRACIRAVESRYIR -

REEREREARFAAGEERANEX
RABIEMERD ° EFRMERRITE » KRS

s o3
r AdEM

"

L] il

17



PDF Compressor Free Version

] H & B
MWR F R R1.3 3,125 625~ 12.5~25 2 | B K 2 KASOZE 100K 4B [ 8 K & 2 fo 0 A
Mok tg a3 |50 /A4 HY 82 4T 3 917
TRAM | g B 234 ~ 5.0um#y &4 45 » D

Lo B . AR/ %FE'\/'\ AN g»/}\ \%7

MRS | i o > BARE2050 umest|T 1 AR
JunoCam |41~ 4~ EEHEES ~ BAICH,RWE | HE/ ARBEHEEMAE > dAREF » F bk
fetnts 4R o FRIKF R0 nm B H SEIE 57 BRE B REREEK

UVS FEAT F£0.6-1.1 nm > B 3% 570205 nm#y | 15 B BE B 2 AMRAE b 3 Bk

1

el P

i 24 0B 4t

WAVES \ } A ERBN RS 5 A5 BB
S |ErERERRE R ET

gL KE s FETT et e

JADE | % 8 5 % B 550 keV B F /9100 eV &

{15k 2 , TN T R GRE B o RAR A T A
:;g;& 1000 keV'E T8 A ~ 8 Sk B AL T A i B AR R 20 T T
JEDI B 15 B B 4 B F(20-1,000 ke V)il B
PN Ll ”“%%éﬁ’ VRER e 740 st B T K
S| 2T @0-500keV)EE
VS |marreaE B 225 K RS
GS EARE  RAHBEHATNL D Y

L8 4 B3R L B 4
é;,figi T O 8 Blig X EE N H L EENME E LA

1. RGOS A iR 1k

AIEET (MWR) iSEERIIAIIRERATE THIERE
kE o MIAIRERTE1995F 12R7THBAREARR
o EBRFIERERARENEAER - MRIZ2
KA LRAER L AREANRFEHEREEREAIK
£ LEREEAEXRPE - SIHILLH -
HRROAZEENRIERTRANSEEEES
EMIREERY20M8 - FILVAIE S « SLEAINEE
B2 BTN IEERNAREUZER
BIIEMEAREL -

SR ON AU B8 5% BT BROBI Bl RV K E B sl B 5
HUE © NENASAMEHIN LR RAVED A Y
IR E T SIEAVERRE - 1A BESREAMETR!
BIR - BENERY - BBELIRAVLERM
B - REBEREBEMWEHAER  SHETT
SumER TR o (B1) MEEsumKRE

8
XXEEHH) B+ =47

o lum (f2K) =10°m, Inm (%K) =10"m

FERAZETHNABREAKRRERNLE -

HAEEREEETARE - BRIBRE
RAMERNZEEERMEMNRMTD - ERTLUE
EEAMRAIZEARERBIITNEH AR
& B —EHONRIBENERBNENERAT
BERKEES - EEBHREARERE @ &
KEHEEEEE R ERKES (B2) -

BEROAERTHNE CHAERERER
BARENHRESIE ? REESERNEWE
ARV K 3 R I IHR 2 IRIEARES 1 FRERT
HIRIEMBLIES KSR - BELRATER
5 - MAREXNRI KRS FEEEKAVE S
REREERET LAEXENTBRERSE
FASREMAZERIHFNSEEETEELH

2016.08



PDF Compressor Free Version

1. NASA FLYMR
Simdi LS pmirrik
IARE G - Dk
1995412 H 7 HAA
W R e AR 52 KSR
i - B ER AR
B RRAEREE W B
T B 23BN G 53
TRTETE - BH ol bk dne
E - ZRFIKEE W
AR - K2R 3RS
R e R 1) Al B 1
LIggids - wisHBRm
TS SR 1 HHE I 3EE A
B BRI R IR sen
i BIRTE L B2
MRS,

FTRE  RUEANER TR
BES%  FAtTLiERESE
SRV TE -

w
o

oK 5 5% BT B 1R 1Y UK 88
5T (MWR) IUNERER

£
- b
LTESOADNEAER B | 5 (S S e e ] o, £
TILHARARETSAEE | ¢ o RS R SR g
B BamEsREEkEE | 8 E
NEMEE - S22 TE8R 1502
IR R E R - 100 g
RERTEAESEE Mranges Temperature -
B MmEIRZEESEETAE L[0T S N I N
B FIBEIARR R " Chamel sy e

EHEE L8 ° RN s .

A f‘iﬁzi'%f B3) i MR R T AR OB - DS
PNEETHARDREE » K Jigh v B R TT3BLE © © 2016 Sky & Telescope. All rights reserved. Used
Eﬁ?ﬁgﬁggg%igﬁiﬁiéﬁ IE'] with permission

19



PDF Compressor Free Version
Bk - CAEEERIFRED NEDRUEAIE
REENGIHEEIRERR - &
BRRIBER [E0RANE) -
TEIEFRIHARVEE N1 T AR - BRAISR
ERR R RS ST ERERR
ABE  SEFRAKEIE FoREE
5 5% MUKIESTERAITE -
HRAZEEFIRE - B+H/)\KHE
B8 FTLESERE - 88
ENERERRBEARMEE
£ RYHERERRESE - RiEik=
MAETEE—ENELR > 8
B-RLMRRIRVERERT » DI
SN —XMEEANETRE - 8
= TMWRIERIBVE ] - KRS
BT~ MAHRRVERIGEERE (UVS)
REMIHINNEE (JTIRAM) Al
KRB (JunoCAM) TEETIEEA
PELRUEFENEST » R2
EVRIEEE R NEM W RTERIBN BT 2R
5 -

JIRAME S EHREBELI3.4 pm ~ 5
umA2-5umABHINERIVEEE » HRE
EEIMWRMEEE&SHERE L » IILUERHA
ENPEFSumEBHFNER - REBRFIN
EOLHEZ EMWREVERIELIER - 2T
AR EVRI BRI G fEE % - DATESR
IMLEEMEBIEDAIEE -

BRIEEZ 9 » JIRAMAYYEEEEZ T LA
BEEARE - DUAISXKNEN D MR ERK
EELL - IRAMBI USRI BISE
BHtE (PH,) ZIERITHED S » BERRAR
NEEEE -  ELXTHIOTHNEES b
BREZEHA - AREBEERNARERED LB
HEHREREESHR - BENRXRELRE
R DAL EEREEEFEABAIEXRR
BEEHPWITA - AN » BRKR2-4umAY
EHTFEREARPER MR -

20
XX BL+=H

3. FEARZHE L - MWRELUR R EG R A 1012 GLBF Ak pk ry i
WIS o (BRI 3 M. Janssen, MWR PL.)

BB EZRINGEIREHIITESEARA
WED3 (H,) FBRD S (CH,) FTHER @ Bt
EMERERIIRIEE IR EE B LT BLER G
SEENFE > ToRREERAAREEEHNE
7 SERBEEAR R RE » MEHEDR
= NTRY M8218 ) REE - SEFBNOLAMMWRE
JIRAMAYSumZEREVE I LEBRERRS

KeaMEE (JunoCam) AVRZIMNZECCDREES! - &
@A (R) ~#% (G) ~&E (B) BIRABSMEA
IRRSCFITRMT RICFAR - LEINRECE 514890
nm7BRINAYIEIR » SR FREEAVFEIKE » T
FRILMEAIXRAPRSE « IFRGBEERERER

RAEEBNETEZEREFEAREES HERRAN
EXR - RERTBEHNEHIUEAAREDE - B
ReBENENENBERAEHEARRE » EE AL
OJPARIREEEFSMBILS (missionjuno.swriedu) AT
REENHRER - ReEMEEERIREIRFERR
B FTHE AN Y RE Bk B P SIGE T TER A - HAh &R ISRVER

2016.08



PDF Compressor Free Version

e Ful "'{ c .-: )
P als iy
. ¥ :’!"\" Toa 2

A

AERZMEMSRIIERN CRBEEIRE
AY) HVERBRENE L - BRI AR
miE - JLAEEBEMLRESEES FRERKR
FEMERAVENAIEE - MEAARERIIEE PR
LEREANEZEER - REERERRYIRS -
B - LENRERMBOARAT » BER
KLILUSERBRENE RN =CaNEE -
W EARFEERER - BACRIZBEMS - B
MREBENS  ETBERSEFAETE » ALt
ERERS T A o EABEEANEEXS
RUSRERRERRIE » BB EERVEZIER > 1
RRERASHELTHENEARR TES
VB - FERAXEVAIZEE W ROCAVERAITC
% HARENERE » BYLUEFEMWR
REEMEAIUVSHYERHFLLY » F5RIBUIREL
BERNERANERAEEE RIS EPIRYES - ARRE
EREZE S -

BR T AERRLUN » RERBIGHTRARE
RUIBYEIRS: » i FRAISRALERAER » RIFE

fidl4. W& PR 26 IR FISTISFE 1996
10 H 17 HEHsAIA 2 3R
fii e o

&l F 335 ¢ John Clarke ( the
University of Michigan) and NASA

AEWBMHMEXRFTESH BN EER -
AREBANEEHEEEHEE10ERRE » %
BHEESE—BEETARE (1 Mev) B85
BEET - MAERENMABEZIRER (1o)
PINIGEENETE - HIERN_SEM (So,) &
EEAREWER - WBHENTENMAEH
FTHRRETCAREWETD - ELHTHESTH
BERNHENER  TAERBHEHERFE
T - EFith 25 EEE RS A T it &
5 o REBGRVIEREBFEENSBE XN BEEBER
SRR - MERERKRBRELER
SBHKIFAVMTT - WsRET (MAG) ~ RER
HDMERE (JADE) ~ RESBENTHAIE
(JEDI) ~ EFKESS (WAVES) FEEE
BRHAREBDEHRS - T THEERFET
A - WENSEEE T HE D SFhiiEEES
HYSEANHR (80-165 nm) 1HYE » HIREAEKRR
H—RAREBHSE IR REBETRER
EAKI250REHIMTT o BEZERIENEIGHE
REERENRNTZEPEERES (B4) -k

21



PDF Compressor Free Version
FEIRAVERNRAERE (UVS) SUESHIZEM
REFEEBENEETAE » WiGSERRNRE
SHEEISESENLULLR - RERESHAES
ENS—EBEYRER  UMEE—ARESE
L75#91,000 R 2 - H#FEAIIERE LTS
REE S ISBERH, PTELERTYE - TEERSER
AREENBIIIRES - MY EBREHN3.4n
AYRLONH, B EITERR » BEIRBEREII9E
BULREARHMEERENMNELENRE (33
BERELATHH, B RSICEMIRET ) - B2
KU SIEMARDPREREREEHERE
FHVREE - EMIEEAREXRAVHE AR
N[E) © JIRAMBYM A M — 7RIS EAIR
ERRRTEFE3.4 pm » LA - BITESEE2-5pmAYYEEE
BRI BB CAEERI D1

Rt ER—ERatEERRETHE
BARNRSRIFAIEES - SLEBAERE T A
TERFEIRICEEEN RIS EIRYRER « BREERLUR
ERMEEA RS HERE - TEERE O
FEELEARERAZREIRIAMTE -

ERFAEREARNEDER - BB 5 HEH
BRARBERAINEAEWEZNGEEE
MELECR » WEERFELEFHEREREE
RERVENFLIALNMRIBIE R EEE - BRIKR
RN EERBERSMIANEA TS HIE
A ¢ https://www.missionjuno.swri.edu/planned-

observations °

PBEERFAIRIEERNE » B FRMERV A
IHEAFIEIERERITEEE %1 » BINERE
HEMIRE  LRARAFERRENRE
{EF - EEMEALREERMBLE - XE
£ BEENRANECEARRH  HEES
NBREEE N FEim Pk BRI —%) !

(Copyright 2016 California Institute of Technology.
U.S. Government sponsorship acknowledged.)

B - BE : XEAMAEEEREETR
% (NASA/JPL) HEF 25 % B
FRE~ ZEHE - ABRAEILTILIRXH
LEHE

NASA RFEET « TmAANAREANER

I https://www.youtube.com/watch?v=UAA7VGxC_-Y

NASA's Juno Mission: Everything You Could Want to Know

https://www.youtube.com/watch?v=_flI0lrwTMbg

22
XX BL+=H

Mission Juno - Great documentary on Jupiter and NASA’s

P Juno probe arriving at Jupiter in JULY 2016
P https://www.youtube.com/watch?v=ka6OERznXh4

2016.08



Messor Free Version

The Juno Mission Investigation of Jupiter’s Atmosphere

Glenn S. Orton
Jet Propulsion Laboratory

California Institute of Technology

The Juno mission is scheduled to arrive at Jupiter
and be inserted into orbit on 5 July 2016, UT (4 July
2016, Pacific Daylight Time). This Jupiter Orbit
Insertion (JOI) maneuver ends a nearly five-year
voyage to Jupiter that began on 5 August 2011. The
mission is the second in NASA’s New Frontiers class
that began with the New Horizons mission to Pluto
and beyond. Juno’s goals are: (1) determine the ratio
of oxygen to hydrogen from the water abundance in
Jupiter’s deep interior to constrain the core mass of
the planet and distinguish between alternative theories
of its origin, (2) map Jupiter’s interior structure and
dynamical properties by mapping its gravitational
and magnetic fields, (3) map variations in Jupiter’s
atmospheric composition, cloud opacity and dynamics
to depths corresponding to hundreds of atmosphere
in pressure, and (4) measure the three-dimensional
structure of Jupiter’s magnetosphere and auroras. Table

1 summarizes Juno’s instrument payload.

Juno’s investigation of Jupiter’s atmosphere will
address both the neutral atmosphere and its aurora.
For the investigation of the neutral atmosphere,
the MicroWave Radiometer (MWR) will address a
fundamental mystery that was encountered by the
Galileo mission. Our first glimpse into the properties
of Jupiter came on 7 December 1995, when the
Galileo probe descended into Jupiter’s atmosphere.
Scientists hoped to measure the water abundance
deeper than its condensation level in the atmosphere in
order to determine the ratio of oxygen to hydrogen in
Jupiter’s atmosphere as a whole. Theoretical models
for Jupiter’s formation differ by of 20 Earth masses
of oxygen. So, measuring this ratio is important for
Jupiter, and it has implications for the formation of all

planets, because it implies what formation processes

were dominant. However, the data sent back showed
an unexpectedly low abundance of water. This turned
out to be explained by ground-based observations made
at NASA’s Infrared Telescope Facility (IRTF) at the
time of the probe entry: the Galileo probe had entered
one of the most anomalously dry and cloudless regions
of the atmosphere, meaning the probe had gone through
a region of extremely dry, downwelling air. These types
of regions had been known to occur from time to time
as a result of their bright appearance in a spectroscopic
window in Jupiter’s atmosphere at a wavelength of 5
pm. Figure 1 shows the location of the Galileo probe

entry site on a contemporaneous 5-um image of Jupiter.

Although this was a satisfactory explanation, it
still left scientists without a key to the compositional
puzzle. One possible approach was to try again and
send another probe (or probes) into Jupiter’s very
inhomogeneous atmosphere, but another idea was
suggested. Jupiter emits microwave radiation from its
deep interior, as deep as the level of water condensation
and deeper (Figure 2), so why not use microwave
sensing to determine both the water abundance and
the distribution of water at depth using microwave
sensing on a Jupiter orbiter? This sort of measurement
cannot be done from the Earth, because for much of the
wavelength range in question, thermal emission from
Jupiter is masked by strong emissions from Jupiter’s
magnetosphere due to charged particles spiraling
down its magnetic-field lines, similar to radiation from
synchrotron particle accelerators and thus known as
synchrotron emission. In order to get below Jupiter’s
radiation belts that are the source of synchrotron
emission, the perijoves are only a few thousand
kilometers above the clouds, out of a total planetary
radius of about 70,000 km. The Juno MWR instrument
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will fulfill this function, sampling at wavelengths
between 1.37 and 50 cm. The MWR will sample each
point in Jupiter’s atmosphere at multiple angles, using
both this dependence, as well as the total radiance to
constrain the abundance of water vapor and the other
primary radio-wavelength gaseous absorber, ammonia
(NH3). However, it will not map in longitude,
sampling only a narrow swath down the ground track
of the orbit (Figure 3). For the majority of Juno’s orbits,
the spacecraft will be oriented so that the high-gain
antenna will always face the Earth in order to optimize
the Doppler measurements of the spacecraft as a part
of mapping Jupiter’s gravity field. These are known
as gravity-sensing orbits. For several orbits early in
the mission, the spacecraft will be oriented in order
to optimize the range of emission angles over which
the MWR can make observations, including sensing
emission from the nadir. These are known as MWR
orbits. Due to Jupiter’s rapid 10-hour rotation, the
measurements of a given latitude at various different
emission angles will not be coincident. On two of
Juno’s orbits, the spacecraft orientation will be tilted
in order to optimize the coincidence of these different
fields of view; these are known as MWR-tilted orbits.
The MWR, as well as UVS, JIRAM and JunoCam,
will remain turned on and collect valuable data during
gravity-sensing orbits, but not through as wide a range

of emission angles as in MWR orbits.

The JIRAM experiment has imaging channels
centered at 3.4 um and 5 um, as well as a 2-5um
spectrometer. With a somewhat broader spatial
coverage than the MWR, JIRAM will be able to track
the distribution of 5-pum radiance across parts of Jupiter,
often coincident with the MWR field of view. This will
provide a reference back to the Galileo results: JIRAM
will easily detect 5-um hot spots and determine when
the MWR has measured atmospheric conditions in one.
The properties retrieved in this part of the planet can
be compared with those measured by the Galileo probe
as a means of verifying the extent to which conditions

in these features are similar. In addition, JIRAM’s
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spectrometer will scan across the planet, allowing a
measurement of the distributions of water and ammonia
above the vertical range of the MWR experiment,
extending vertically upward the range over which

the abundances of gaseous ammonia and water vapor
are derived. JIRAM will also search for and map
disequilibrium trace species such as phosphine (PH;),
which will serve as an indirect measure of vertical
motions: where the abundance of these constituents is
relatively high, effective upwelling from Jupiter’s deep
atmosphere has replenished these constituents faster
than they can decay. In addition, the 2-4um spectrum
of Jupiter is dominated by sunlight reflected from
cloud and haze particles in Jupiter’s atmosphere. The
primary gaseous absorbers in this spectral region arise
from molecular hydrogen (H,) and methane (CH,), both
of which are well mixed in the atmosphere. Thus, the
variety of different absorptions from these two gases

at different wavelengths can be used to determine the
vertical distribution of cloud properties, offering an
independent measurement of vertical motions - with
cloudy regions implying upwelling motions of ‘wet’
gas and clear regions implying downwelling motions
of ‘dry’ gas. These can be compared with the picture
vertical motions derived from the MWR and the 5-um

thermal-emission portion of the JIRAM experiment

The JunoCam experiment uses a CCD-array
camera to produce images covering the visible spectral
range using red (R), green (G) and blue (B) filters,
similar to the color sensitivity of the human eye. One
additional filter is located at 890 nm, the position of
a strong methane band, to sense a level of Jupiter’s
atmosphere that is higher than those of the R,G,B
channels. The primary purpose of JunoCam is to
engage the public in Juno’s exploration of Jupiter’s
atmosphere. Observations of Jupiter’s polar regions
will be made on all orbits, but the highest-resolution
observations of Jupiter in this range will be up to the
public. Anyone can vote for a favorite feature on the
Mission Juno / JunoCam web site (missionjuno.swri.

edu). JunoCam is currently accepting observations of
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Jupiter from amateur astronomers, who constitute Juno
“virtual team” of co-investigators. The best of those
observations are re-projected on a cylindrical map of
longitude and latitude every two weeks. Approximately
two weeks before each perijove, the features that
will be available to JunoCam will be identified and
a short period will be scheduled for public voting.

The features with the highest votes will be staged for
pointing JunoCam on that orbit. The images returned
by JunoCam will be made public as soon as they are
returned, with only basic processing done. The public
will then be invited to combine the images into color
composites or in any combination that they feel is
interesting, and they will be posted on JunoCam’s

web site. Although the scientific merit of all this may
seem minimal, the opportunity has already helped the
mission gain many followers. Furthermore, the result
of the virtually ‘round-the-clock observation of Jupiter
by the extensive, and often extremely talented, amateur
community has provided a wealth of information on the
state and evolution of features that Juno will encounter
during its own observations. They will also provide a
visible — although non-photometric — record of where
the MWR, JunoCam and the UVS were pointed, which
are particularly valuable if JunoCam’s selected images

are not along the ground track of the spacecraft.

Besides the neutral atmosphere, Juno will
investigate Jupiter’s auroral phenomena. This
investigation will study the interaction between its
magnetosphere and the charged and neutral atmosphere
in great detail, combining in-situ and remote-sensing
measurements. Jupiter’s powerful magnetic field
is tilted about 10° from the rotational axis. The
magnetosphere contains electrons with extremely high
energies that reach a million electron volts (1 MeV).
Jupiter’s innermost Galilean satellite, To, is marked by
volcanic activity that pumps sulfur dioxide (SO,) into
the magnetosphere, where it is dissociated into sulfur and
oxygen atoms that become ionized and are subsequently
trapped in the magnetosphere. These ions are excited

by collisions with the electrons. This plasma couples

to Jupiter’s rotating ionosphere via electric currents.
They act as good tracers of the instantaneous energy
input. Juno’s orbital characteristics have been designed
so that it will become the first spacecraft to fly through
Jupiter’s magnetic field lines where it is thought that
the auroral particles are generated. The MAG, JADE,
JEDI and WAVES experiments will thus measure the
magnetic fields, charged particles and electric waves at
Jupiter’s poles for the first time. Collisions between
energetic electrons originating in the magnetosphere
collide with molecular hydrogen, resulting in the
emission of ultraviolet (80-165 nm) aurora. These
emissions originate from around 250 km above
Jupiter’s one-atmosphere level, where Jupiter’s top-
most visible clouds lie. These highly variable auroral
emissions easily stand out in Hubble Space Telescope
ultraviolet images of Jupiter (Figure 4), and they will
be measured at high time resolution and higher spatial
by Juno’s Ultraviolet Spectrometer (UVS), where the
variable UV flux can be compared with variations of
the electromagnetic field. Juno will also track a second
auroral phenomenon that is higher in the atmosphere,
around 1,000 km above Jupiter’s one-atmosphere level,
where H," results from ionization of H, by energetic
electrons that precipitate into the atmosphere above
the homopause, the level at which the atmosphere
stops being well mixed. This H; aurora, which peaks
in the near-infrared around 3.4 pm, is a good measure
of the response of Jupiter’s neutral atmosphere

above the homopause to the collisional energy input
(below the homopause H," is efficiently destroyed by
hydrocarbons). This investigation will help scientists
to understand differences between Joule heating and
energy of precipitating electrons to determine why

the morphology of these vertically separated regimes
are different. One of JIRAM’s two imaging cameras

is centered at 3.4 um for his purpose, and the auroral
energy distribution is also measured by its 2-5um

spectrometer.

Juno is also the first mission to the outer solar

system that is actively promoting and coordinating
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professional observations from Earth-based telescopes
to enhance and extend its science goals. These
observations provide spectral coverage in regions not
included on Juno’s experiment payload, they provide
spatial context to the narrow range over which Juno
covers at its best resolution, and they provide a time
context to determine whether a feature measured
is typical of its long-term appearance. A current
campaign is focused on Juno’s approach very close
to JOI by comparing the measurement by Juno’s
particle and field experiments of properties of the solar
wind impinging on Jupiter’s magnetosphere and their

variability that is nearly simultaneous with Earth-based

measurements of Jupiter’s UV and near-infrared aurora.

These data will establish whether solar wind variability

directly modulates the auroral intensity or morphology.

The current state of the full ongoing Earth-based

supporting campaign is available at: https://www.

missionjuno.swri.edu/planned-observations.

With the arrival of the Juno spacecraft at
Jupiter, the following two years are guaranteed to be
transformational in our understanding of the processes
shaping the complex climatology and interactions
between the neutral and charged atmospheres of
this archetypical giant planet. This new information
will inform and reshape our interpretation of the
atmospheres of Saturn, Uranus and Neptune, as well as
giant planets in other solar systems. These are exciting

and challenging times.
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Table 1. Juno mission remote-sensing instrument characteristics

Instrument Measurements Purpose/Comments

MWR Radiometry in channels centered at 1.3, 3.125, | Abundance and distribution of H,O in Jupiter’s 50-100 bar
6.25,12.5,25. and 50 cm wavelength atmosphere

JIRAM Broad-band imaging in filters centered at 3.4 and | Clouds, trace constituents and auroral emission.

5.0 pm; 9-nm resolution spectroscopy at 2.0-5.0
pum

JunoCam Broad-band red, green, blue filters; medium- | Education / public outreach (E/PO) camera to be operated
band filter centered on the 890-nm CH, | by public access, but with some time reserved for the Juno
absorption feature science team.

UVS 0.6-1.1 nm resolution spectroscopy at 70-205 | Spectral images of the ultraviolet auroral emissions in the
nm polar magnetosphere and dayglow emissions at all latitudes

WAVES Spectral energy distribution of radio and plasma | Identify regions of auroral currents that define Jovian radio
waves in auroral regions. emissions and acceleration of auroral particles.

JADE Distribution, energy, and velocity of 5-50 keV | Understand the plasma energy particles and processes that fill
ions and 100 eV to 1000 keV electrons in auroral | the Jovian magnetosphere and ultimately produce its strong
regions of Jupiter. auroral emissions.

JEDI Fluxes of high-energy (20 — 1,000 keV) ions | Understand how particles are accelerated to the high speeds
and (40 — 500 keV) electrons in the polar | required to generate Jupiter’s strong auroral emissions.
magnetosphere of Jupiter.

MAG Strength and direction of the magnetic field. Map the magnetic field of Jupiter over all longitudes.

GS Gravity science: detects Doppler shift of radio | Map Jupiter’s gravity field and determine the distribution of
transmissions from Juno to derive small motions | its internal mass.
of the spacecraft
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Figure 1. Image of Jupiter at 5 um from NASA’ s Infrared
Telescope Facility near the time of the Galileo probe entry on
7 December 1995 showing the location of the probe entry into
Jupiter’ s atmosphere. The image shows thermal emission
from a very transmissive part of Jupiter’ s spectrum, with
bright regions denoting areas where the absence of clouds
and attenuation by gaseous ammonia and water vapor are
minimum, allow maximum thermal emission from the tops
of deep clouds. The arrow shows the best estimate of the
entry of the Galileo probe — within the brightest, thus clearest
and driest, regions on the planet.
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150
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o
o
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1000 | | | | | | | | | |
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Figure 2. Contribution functions to upwelling microwave
intensity for nadir viewing by the Juno MicroWave
Radiometer (MWR), as a function of each of its channels.
The expected location of Jupiter’ s cloud layers is shown
schematically, along with the temperature profile. © 2016
Sky & Telescope. All rights reserved. Used with permission

Figure 3. Schematic showing nadir fields of view of the

MWR’ s longest-wavelength channel with its 10° —
diameter footprints through a typical Jupiter orbit. Figure
courtesy of M. Janssen, MWR PI

Figure 4. Hubble Space Telescope image of Jupiter’ s

ultraviolet auroral emissions using the STIS instrument
on 17 October 1996. Image is Space Telescope Science
Institute OPO image PRC96-32, courtesy of John
Clarke (then at the University of Michigan) and NASA
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