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FEFOAKICE T D AR EORSR L0 D. ZEIIMOERERICBET D RINEE ] OFE
FEOEANLIRD T, TSR NEE TPy MEO 2 OO EELATFENDDH. K%
ETEICINT Uy MEEH -T2, NASAIC L AHEHOBREGRR 2 ZEICH V. £T5A
ICTFIEOBH D - OIZ20 1 HHFEAGUIK R R A T, BMFIC L 5 MEaLo B 2 5 Lz, /i
BINCHEVTEB 21T o7, E¥FKepler v ¥ 3V THLNZ RAREIC L HIHED LR
CD VT 7 G AWM BIEEEIToT-. AT T T 705, 1) HEOAGEHOFAIY
2) MEOYEDOWE ZTNThT-oz. ZOEBZE U TEBITREREOE RLTE
EERT D LN TEL., RBICZOXRBEEE L HESZHIE, TabbFEHICBT MmN
AR DIFIE & TS CX B A BMEIC O W THEREITo 72, NS OBET V7 —
DIFHT D OIT Z DRED LY O A O NFATALIZ. S DI OREDLE LR EITD
WTHRAR ISR LT,

F—T—F : RIEKE, Keplerfiii, ~T7 ¥y bk, GE, Hi, JEH

1. [ZC&HIZ

20194 A6 ARET, BT MBRRREFREDOHT 2 24851 ITH
ZOMERES. &1, ST OMPIEE L ST OMEE2HY Uiz, Ml ekl &k
H, B3 THRIXONHAMY Lz, TOEMOMET, LIED RS T2
TLIz, MFESGECHZDRAEAREELREERLI-OT, ZOHEE2ZZTITWH -0
AR CH ST RAEE L 1TEBE L, Fox ORGRUSNDEERICETHHELS 9.
L LEDRAICE D IWMBITKRE RN A D 7=, ZOREEZ < <, NEERIIO
FRAMBE DR FLIT 1995 £ Queloz & Mayor (2 X VW b 725 Suiz. ZOFEMIEAL 5 A3 Nature
WCEWIZGSCCEE LY. EXR O RNIOAREOTHE TR L B L.

L AN, ZORNEEEENSTE (2019 4F) O/ —~VYBEEICH . AR
FHRICHE SN THEBEE ROV, R EMEEICEEN T, RBRINICIT> iRET
WA L2 FIEN, 4 7 AL ) — VB 2o D1, FEHICE > THEROFEET
HY, F &I Serendipity Tho72. ZOREDOHESZ G 2 T ZWi=HE B CRIRE
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FL®, EFZREN DA TORREWEHBESKEDO RS v 7 OERICETI3Bleid~7
AN

2. BEOHME

1) IREME

B3 HIEE ORI ORZET, THEOKEEENS HR O ERIRICHEY, BEo—/4,
& FHmO—EICn Dt & Uiz, EXREOMER) L7y 77—l b - 72, &
1, 6 A ERICIEKRIEE KP4 BIROEER = A0 T3 2 LmEE OBl Thho
228 WO HA NILT, HEDHITES N—T DR E Fili#ER L TR A LS
LT, ZAUXERIAEDIIIE 7 N—T DR & U CHAFRIC Nature 128 - 72 FH
DLl (VF U a) oRFIZET DM 725 L OMFFENE (Tajitu, Sadakane ffl, 2015) T,
AL EOE L TTHEHOTTREORFICHNZHE THY, L THHKEZ L > TRVMEAT
<z,

ECZOEOBETITELZORIHEBICB T DRI —Tdb b, KHOBMNT—4 %
AWEFEEHZRO AND ZEaER L, FHICE L ROEHNEICRELL 7 —~ (5
W8T 5 THEEEDILL Z (distance ladder) | & FRIEILD) CTIE, FEHEZEN S OEEOE
BENE, B7 74 RENXEEZHWT/h~ET R OEREIE, FEMERFTO AT KL
DFRF R & T BEEIE (O~ 7 AOIERIOKEE) 728 OEE 2177 Wbk
D R LHEEE Sky & Telescope O M523 o 7= laboratory exercises O # G F 0> H FH
HOBERZAERNR LTz, E72Z2DENTERESFHOEARK TH S HR MOVERL, KEK Lok
EOWIEETORE 72 & HiT o7,

INHOFEEERHIER ML, HR K EXBRFEERZRDNTOTNERERILTH Y,
TELETZORLENRT Z R Z0EERETLHWZ., ZO—HONLOF T, 6
A ROHRREBERN LI D —ERFRIC L A EERD L D & o T DRIV E A
DEBHERY FiFT-.

Z RTINS R @A O3 T » TW RO 8 %2, ¥ CTHFEE AW T T
IRATHD. FLEAREEORLOSH &, A4 OFEEK (KVIS, Kamnoetvidya Science
Academy) (ZTEMEL TITo 72 RiliR¥ETYH, KAEEOAREZIZEZDOEE X A OEKAEID
HIREFE L, Al SN, BELLFEINTOWIEREDT RAL F—0 b KA
BLPRER N &R 2 N 2 72 e

ARICBIT L2REOHMEIILU TOLEEY,

kG E MR ER AEFRETERE 3T 4 S B 354

HiEE: 6 A 25 H (OR) 3, 48R Hy#E

WA RIKREDRETIE L 2 DR

S I5GE (BT v r— MOERROAZBARGEE L)

RHABBOEALEZ PPT (WRNU—RA b)) THHT DL & HICRMERZHEICTED
FPOARICEX SEDLZ L A2EMR L. PPTITIZ NASA 2L U8 & W24 0 25 1
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DOEECE R 2 F &l (KRR AR . 72k, RimTEYSAMAWZPPT DA Z
A RRXE#EOEEMRNT 5. BREANC, AMREFEROTGE ELEGHIN S, =ETHN
J2ATA RICELTSED LWEIA~DEIEaT A NEWEWeDT, ThEE{EATA
ROMIEE LTRT. BXEZOEERNTL201E, ARIZB N TOREGEREDORLN 4
BIH, #AORHERICET 2 0ETOREN 2 A X IFHORBRARTH, i, %
FHOYWES T, ZOLIRBANDD Z L 2HRT L b, FRORBEEZ 5428 -
THEWRHD LEZEZ LN THD. 7ok, EHORERROHIGET) OFMIIARESGDLL
AIOFIZ, IR TNDDTENEZHNZ/ZE T (A, 2015, 2016)

2) BEOFM

ST, HHOBENEDFEMIIES.

MDIZ, WINRARBORANRKE R TEX L ThANER SE b L, BESH
b AL A RIS, T0 5 b A Y vy —7edE /135 (Wobble ¥4, Radial Velocity % &
bWwbhd) & b7y MEAFDICHERL L.

RERIELC T EAEN S FIEOFEMOMBI 2 had Tz, TREDO I OFE T D Nature
@ (Queloz & Mayor,1995) DOWE % Nature DEMEFHGLZ A Ve Ex BT THRN C&
KPPTEE 11, 12X—V). MEEZFOTENHREDOF I NIZLY T bFnicsH oL
& FDSLOEEEROIDANRT MGG Ry 77— 2 HWTRIET 5
ALY MOVEIE T R OEMLERE o EE AR L, BOBIIAE U CRFRY A v
H—=7%i<. ZOmILON (FOR1) #fIA LT, SIHICZOENEEZDLHIYLT
R YouTube )] (X 2) HiASr. AEITEBEZRF > CTHMEL T NELITHD. L
MU DOTREDAA ATRIZERD Th TPy ME) ThD.

Mayor, M. & o } nion to a solar-type star”. Nature 378 (6555): 355-359.
TABLE 2 Physical parameters of 51 Peg compared with those of
the Sun

51 Peg
Stromgren
Geneva photometry and
sun v + 21
Ton (K) 5,780 5773 5,724 5775
l0g & 4,45 432 4.30 418
Fe/H 0 0.19 0.083
M/H 0 0.20
My 4.79 4.60
R/Ro 1 129

M/H is the logarithmic ratio of the heavy element abundance com-
pared to the Sun (in dex).

* M. Grenon (personal communication).

1 J. Valenti (personal communication).

1 But other elements such as Nai, Mg 1, Al are overabundant, in

excess of 0.20.
Using the mean v sin i and the rotational velocity computed
—-100 - from chromospheric activity, we finally deduce a lower limit of
. X P 0.4 for sin i. This ¢  to an upp mit for the mass of
Move tous © [ 1 s 10°, the

FIG. 4 Orbital motion of 51 Peg corrected from the long-term variation
of the y-velocity. The solid line represents the orbital motion computed
from the parameters of Table 1.

1. Queloz & Mayor,1995 @ Nature # X DX (ZF D PPT TIZATA REE 12). #H
I E DG /1 TH B O EREOHRMG M OEE) 25+ REFERY A o — 7 2 Hin
NTWD. Z O SCOBFFEN 2019 4R ) — U E 252 H LT,
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Radial Velocity Method

The star and planet orbit their common center of mass Onl the .
host star is
observed!

xoplanets-shifting-starlight.html

2. Wobble #£ (Radial Velocity Method) DOFiFAX (A F A F&%E 10).

ThToYy M) IE TEAE L0 LAEBMIICEMTE S, NETFETRIAND
BEORICEZHREK ((HR) ONERCEBIT S &0 oo CHMARFHEICES. L
L2 ONRBEEIZZ DD ThOT 0727, FENI KRB OMERE Y 7 LTS,
NASA 73 2009 24T 5 EiF 7= Kepler 21X FE SICZ ORIIKEDFERL LV S, HliFRl
HZR RO b L 6. 20k, EshleT —% %% &I, BEE TIT 4000
iz B 2% < ORMEENEALINTE TS, ZOFEICHONT, KimTlE, FAR
EHEHPAEZT 50 TIER, YHOREM- T, BETHWEEE T 4% AViciii]
ELTHELTAZY (K3).

Z OFEEIL, 2011 4212 A2 H v 7 T v A a TR S 11L7= American Geophysical Union
(7 AV D HIERDBEEAE S, AGU) O Fall Meeting TOHDTHDH. T DA, FAUIARED
WEIRBEOF (ZObE 2V XA 73 25) T, TOFIL, ELEL T STRE TY
VITGUVAIETIIK ZENTE L, RAPAOY 7T v A3 E s Y A REFE
Offi 0 TN ETHENWTE 72, ZOFEOFRIC 2011 AFF AL G I PER RN R & ¢,
HAOHEBZENRKFE LT, O TRESNEZTIEMEORSE v > 2 > (Partl »
5 IVEThHHT) IIBMLBEN 2SN, FAbEDO®E Yy a BV, Z0LED
FREOBE LS T YouTube TR STV D (BB IR . AHICITNWERTH BN
BEIRTH, S HARAIFIEE ORGEREFOH E L TEHETHENM L. bbAA, b
BOBEICHETIHHRE v a T, HEBHMORAS —EEE2IToT-.

FNHDOE v g IR U o T NASA @ Kepler Mission DG NEEEE 720, 72 & A
DFER % £ TV 7= DA Sagan Lecture & FEIEIL7- A FE#7#H T 5. Sagan lecture |36 4
72K E ORI Carl Sagan DA 25 LTS, 13K, HMTZOMENH L 2 &
Y, BOICEGICASTZ. EEEITYEE, Kepler Mission DR BF O ELE Th 5
Geoffrey W. Marcy (¥4 UCB) Th-o7=. F1H EIF# 2 F2 5388 L Kepler Mission ™,
RO RO ARIER DL TR TW=DT, MFONEE (2 OF2 TR 7%
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METHMAEDOEEZY) OMTHL22Y OFEEIZ/R > Tz, REITEE DT TS
TE, MHRLH T, EHITD LRDIZRBICASTZOT, Mo TIZOMEEZM<
T EMNTET (YouTube O URL (X235 SCHkICFEIR) .

FEFEORNMOHE, BEZSEVICHEHNZY 27 ETAICMALEDON) TET
FRETD B o —rmn ol CREZ. vy ML EFICIEA X vy 703 ETH =N
A 7p o Tz, 2R b2 ORIO Ry RIS RIFICRBL T b & 5 igns
LIEEY, I EFR D — 2 EH L. 22 v 7 b HS BB THEICRERN RN
(tears were running) XD, ZDOHETETETHW - Y & LIZEEESIEED
BEET, T vy NE] OffE L Kepler i 2 OFEM A Tz, b HEAALZ DGk
FIL 60 0L < IZKTY, 2 ZEAIIERVWOTRETIE, FHOBEDITL Lifv—r
MBS TRT R T Yy ME) OO % T RAT.

S FALL MEETING 2011

San Francisco, Californla, USA = 5-9 December

Kepler-10 Light Curve

s v s s s . O

@
o

P »l o) 901/5245

P41D Sagan Lecture: Radii, Masses, Densities, and Occurrence for Planets Within 0.25 AU
3. EICHWZHE YT AEE. YouTube L V. HlIZEEDOEE (Kepler-10 & 4
11 5072) @ Kepler fii2IZ L 2 EOBIT — X /R EN TN .

BHDOK3DAT A KT, [HEOAEDKEMBA/REN TS, 72 THIA L, HfhH
FFRGE %4 7k 9. Relative brightness = 1 OAFIZA5S, KRS DA EFARED S E DB %
Y. ETICRIASIENR D DL, /A XA THENRELLTVDL LRI TS Z & &R
F.OEERA L 2 A L Z AR OIS TV A DL, BURITTINC L 557 —Z KIEE R
EZADNREHAED T T T hn . FOFICE BB SR EHC BRI A TR
TWAGIHRH D, TR R AR WERRICEABERTH D ERT.

Z Oy OREEEh A AR T A LKA DL H T/, ELICEVWEOREORIZ X
LWHN R 26D 5. ELTEO ST 7 2 FERHFAICG S IEETE, 50X HIChH
HOMBD L HIZBND (ZHEIROF v 72 a DL HICK 3 TRLNDHIEDHE T
37, SHINERBEEICEDZDDOTHLN). ZOEEDOKOMDENS, HEDP
BEWRETDE, ZIUCKT2HEOLREDBRED (hih). SDICEDATA RTIEH—
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7y SOTERZ M EORmEE)N D Ay MBI S Z LT, Il E B L
BEOEBERNREDLZEHMALTNS.

[ S FALL MEETING 2011 SAGU

San Francisco, California, USA = 5-9 December

Kepler-10 Light Curve

b —— P

Period = 0.84 days

P >l o) 1008/5245

M4, M3DTT77DO—AERKMTIERLIZEZ A, MK 3 OMEIC L HEET
S BICEWEHBOBOBREIC X D, AR RBOEN R 2 TL 5.

QY FALL MEETING 2011

San Francisco, California, USA  5-9 December

The Planet Radius The Planet Mass

Planet Transit Doppler of Star

v =

Size=1.4 Rg, 4y,

Time (hours)

>l o) 1222/5245

BI5. i< ZORATA FTIE, IR Z X LIEREO L 0B D 7T 7 &,
H DS DB X AREDBERORDFICEERLTWES, 2B, 20/ 713 kR
M 30777 &R Chl ZIEIX Lo R RS h, S OICAMORWHERY A X
(HOEROD 2D 1.4 fi5 L HEE) OMBIZL D EEONOWD &R,

ZOHLHEHET A 2D LRI LT, BAREPBAINLHLY ETEM L. EED

REBDIZE I 2 LT, FEEBAETRIGEISS O EXAv 2z L. £0bH
2O CETABEEEAET L, BEOBRAONEEZM S, KO Kepler HEIZ OV TOD
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BRI 2 1R Lz,

Question 1

*«What are the two basic methods to find
exoplanets?

*Why were NASA staffs so nervous?

*How much diameter of Kepler telescope’s main
mirror?

*How wide is the angle of Kepler telescope CCD?
*How often does the camera record?

X 6. %HDPPT DATA K15, HEE~DOEM 1

LEENE SR AN R STV, HEETE F YO AL S5 72D T Kepler f#
RO ONT, PPT TAT A FEHE LT, SOICFEMREiizEIT>72 CBRERIO
PPT 77 A VD AT A RE S 16-18 B HR).

T ZTUE, 1) Kepler 2SIl OLESE L 13 R 20 10 EA (GHA 20 @5 olE) o
WPHZ LD Z LD TE DR &L 2) fied CEEE D@V CCD % LimsE o RITE W
TWNHZE,3) 2D CCD T NBEICAHEBEIRET L L. REDBIGHEZIT- 2.
ELICTFROATA RERET, ROERMEZETMTT-.

Pre-Kepler Transiting Planets - 2009 Kepler Candidates as of February 1, 2011

10
Orbital Period in days Orbital Period in days

B7. (AT74 K21) AE~D22DDOEMORIG L7 oK. RSN RIKED
AR (e, HATIZHRERERRZ 1 & 5) &, BERND OMEEZ ARSEY R, BT
H) TRLELO. AN EEOWHIOZ A (2009 4). ABMRENMEA T 2011 HIZ[F
LA\ ZH D (BIHIENASA DA K).
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Why were so many hot Jupiter(s) found in
an early stage?

» Detection Bias?
* Super Neptune
* Super Earth!

* Super Moon!

X8. AT7A K22. HfE~Dfx D'ERY

ZOBP oY (2009 4F) ITIEARENEE LB (DOF D, ARRELE A I
DIV, BESLERORE REENL SRR SN, 24513 Hot Jupiter &g 4L
72 (M77/£). ZORREZM>ERTHD. FE2FRT DT LT (2011 4), R TME
72, ESICEAERAGIORVEEL RO o T (K74H). #EMTL EF LT
LOBPMMAES x5 L, 2009 FIXELHTH BT EEZZLOT, BEOARBEMOBRRITE
72RO TV ey 2 ) Detection Bias (JREIZVNA 7 A) O R[GEMEN WD, £ TH
Hot Jupiter 133k % D KPR DOBKE L IIMHEK N E 72 B2 0, ZORKITHIE b ifam S
TWBZ LB L. EHIEKREDY A XIZH T Jupiter, Neptune, Earth M4
YA X RTHEBDHNOND Z Ll b iz, DL EREZERTNEORARETE O FED
R & BEEEOFBI S TH D,

ZORIKEDOD &, ZOFiE%Z NASA BERAEMITICER L LTE LD T D EM 2 H
WT, RIREO RO NEE W A KD 2 AEFEE I -T2,

3. EEHMLEEBEEDFELD
i) REXKRFEODESE

Z DO FEFNTIE NASA DN ER BRI IZE & TV 5 Investigation: Transit Tracks & VY9 &
A MVOPDE 77 A NVDH L, FHOMEHA— L Kepler Mission T &7z, [HED
HBEND T T 7 BIOT =L RBBAOERD =V %, EovrT7 v 7 U TIEFERE LT
BiAi L7c. MEE(LD 7 Z 7130 7 —CHIRI L7 CBRERZH).

ZOERBT Y F T, RARBICL A I FEREORELF AL O (X 3, X 4)
TR, EHLLTWESIL, 74774 SNBARER>T0 D (K9). Zod
7776, ETONIRTVEREONREIAZFHAID. K THRENEMICED T
LA ARALCTHIET 2. 2L TENER BRER) IKHHAT L. RICEONELE(L
EHEAED D, MEIREE % T, Lovb/MILL FO/NS B CHiAa s 2 L1/ > T
5 LR,
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9. BRARBONEEY RO W EBICHEMLZT T 70—

ZDTT TG, =0y NOREONEEBN, 3.2 B, HEOKXOREDEN, 0.16%
THDHZEBRRAWEEND., b LEROREZEZKBEOY A XEET D ERORDN G K
BOREEIMRETED CEELHRO PDF &) .

Rp=10RexvZ )

Rp 133K BB DA, Re ITHIEROPLETHT 1 &42. Z1EOEDE (%)
TR Q) OFWIE, HORDEIIHRED L > TRENHEWHDOEM L, HERKOH
BEoBEGICRD (K 102M). PRERD LD L35 L mE S ERICE T /2D r—
b OCEHR) AFZ LRV EWT RN, Z2RERICED LIt WE B 720 T
WDK 10 D L 5 732~ — % PPT IZ/E 7=,

Let's try exercise!

* The host star radius
=same as sun

Earth.=1

area=nr2

area=25%

V25x10=50

B 10. AT A K26 BEOV A Xk 205 HiER (VAT 28K oK
TITHER D22 1, KON %E 100 & LT, RICHIERD 50 (502D BN H - 72
LEOKOWILREEZ 2D, RIEVALRL DI, KEEOXESHEFEL T 25% 721F
AT 5. WICHAIIKRGEOIDOEZBIN L TWNT, EORED 25% Hd Lz & &I
ZOJIK & 7o T2 B OEET ERROXTREND Z & ZiH

2L, TOAPMEZXDLDIE, FRTHIERDREINRHORE SITIFFFELWE

W RN EBRICZOBEHCH HIEEIL, WIS KBEO¥RED T T A~ A F A
10%< BVWORZEDOT CBEREHROFEREODEREOT—X L V), ZOREITIFIEH- X
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nTna.

FEETIIT T 7 THICHOWT, ERELADAF VTG T, 22V L5 50k
EZRETELZLI THD. TORFTIIZ Z0LRICKE &RV A XOEEEZREL, 7
7T —O% 3IEAE AT, BEOAEEREZRD D ILENE N, AERETIIREE O]
FRCZ OIFZEITHEIZ Lz,

How to estimate the number of planets?

+Limited in nearby solar system.

*In a 10x10 degree view angle, we already
found 4000 planets.

+So, this rate will be simply extended to
whole universe ~360degree?

*We made some mistakes?
«What is a drawback of transit method?

X 11. 274 K31, FT2 ¥y MEOKMS & BERIZEDE#HT 2 .

iz, 2o [ThIrPy MEl ORBICET S Z & 2EEICE”R L.

WF SN D% 201E, BEOABILE OWLE R ARG AIZH > Thian &, [HREO 2
v, DEVFHICELS SALDIITORERD I L, ZAODLTNRLEORERE
IR OFETHRATE, HEOKRE SOQWEWZHND D8\ 2 & & A HE
LTHHEI L L. ZORRE, FHITHEET H1LT ORIEE O Kepler #7 2 TH
RENDE L VIZHNCEWETTE. LN - T2 OFH I MRS TFAET % alhe:
D TEWE 2 IClibhus. 7203, RBIZE S ZeDh.

i) FEAIZEZEAMN?

T oL B EERMVICEZ D200, EABICTEA~AOBWEZEE L7 00E L
HRELT, MFHAIEZD0:2 ] LWH TFT—< Tz Lz, ZHIZITETmr0dMam
i (intelligent life) ZHERKT 2 [HEd] OEFRNDLIAO-. EEOERLELT, 1) AHO
AE—ETHRELTHET L. 2 BOOHEKERA LT T L6 (RAFAZVR) O2
OEIFEHEOZ L EEMOERL L. LMELENTIE, a2 Ea—F U LR EE )%k
LInEVIERbBITo .

Intelligent life?

*What is a definition of “life”?
Limited within the earth type life!
*Habitable zone: existence of liquid water
*Rocky planet and moderate distance
#t : 217 H a definition — the definition
31TH EWRARHINE (EFIZHTHINDIEMOZ A TOHRTHERIAEMIZIRS &Szl
B 12. AFA K271, EfOEFRS L OHBEMEO TREM:
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AFETIEAD 10 BFEM TR A I NI RINELEOLC, ~EF T Y — v OE A ]
L, SBIZ ThIovy ME ORREBET S &, 2RIIIE TFEHAL ©F D ixmm
AMEOEEIIBEN R WES ) L0 ) fish e s Lz,

LLZZTHHIOESORMENHETL 5. TIUIRRImNE WO ETHS. D
W< TH LWORIBEIZ Y, Drake 28222 L 7= Drake 2 (1961 45) NAE<FELTWD., T
ANZFDOHEXTH D, LU Wikipedia DFtik %3145,

N=R.XfpXneX ixfixfexL — )

KXT A=K,
i EF
R*  NEMNWHIRIROF T EMICHET S 2 ([HR) ok
fo O EODEENREKEREFFORIE ()
ne  OLODERRDPFFO, AEMOFTEN AIEE & 72 D2 REED KR D5
Fi EGOFENTREE 78 HIREORBIZB W T U AEMMNEBIIRET 2EE ()
fi AL AEGREI LUV E Tl T 2 EE (HER)
fo IR Lo R o TR AR B R 1R 2T O B
L AR X 2 BN ST N85 2 3 2 RABIC & 2 W1 (Bl ST o 17 i i)

LWolt k) RETH D,

INEAREICEZ ST, ZOXTHESINAN, TRLOLERLAPBE, KX DHWHEED
HHFHEAOEIT MEMOFED RN (O 0 B X Fhx DNEET 5 HE
P CCH ORI, S VR4 OFEEL->TWD. ZONB1IUETHD Z &
XABETHS (AT K34). B8R bkax NEET CTICHEET D00, LLNB 2L
EOFHREMEIZE DL BWH D00, DF D ZHITEFHEMRIBRERINTE THEWRY
AR ICBIERE L TV D FIHAORIE LV ) kA iR AL L7,

APEOIIEENGET D E LT, ZTOHEENKEREFFOMESL, TOXERITEM
R EMPHET HHEREZHE L TWA., LM LEEDHEL OFET 5 & Z A3k
EIFRELS R D, OF Y ZEMINIEZ O A MmN Z OFEIIIFET 5 alGErEn &
B3, WERIMIZIEZ OMAEMKIT 137 B4 L W 5 FENHEAE L TE Th b ORI
O E 2T A LITEESND. £ THRADZELELHAEZENTWDHEE &, =
AU OFEIPEMRDEE  SCH ORI & OEZ Y O REMEZ, FHOFH & Otk T&
R EWT. TR Fx BMUOFIREMIEPER T 5 0 & DM X DRSS T 5. 2
TUTEFERZ 248, IO BICHEA T, TOHROMREAT 1 <—I0, MOEZER TERA
EEIIOR—=VDEmS L —HT HiEROMBEL D LR LT,
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Conclusions

«If you want to meet an intelligent life living
in the other exoplanets,

*We need to keep our civilization as long as
possible.

*We need to avoid the world war,
environmental crisis and diseases which are
the fatal risks for our civilization.

*We must seek a peaceful and cooperative
future.

X 13. 274 K35 REICmIT-#EH

ZIMmBFHan FHAD ICHEZ DD E > TR WD ? ZREEFICEZ S
BT, ZoREOEFLEDHE LT

Closing remarks

«Thank you so much for your cooperation
of my three months class!

*See you again!
Stay hungry!
Stay foolish!

By Steve Jobs

2t : 11TH Thank you very much for your cooperation in my class for three months! 23 24
B 14. AT A K36 FEICAEE~D 30 HMOBEE.

ZOREIIITAMENIBNELTOREOKDY LERLZOT, HEOLDHILD
DOEE L LT My most favorite phrase @ Steve Jobs @ [Stay Hungry ! Stay Foolish! | & #if A 72.
TORIIRFET VI — R EREICIE LT, WRIRTT > — e &T L.

4. FUor—rEEIZKDIBETM

BEOFMEGIEL B, BERT V7 —MNMIEVITo. 72— hoEIGREIE
324, TDILHYEEN 0L ThHoTz. BEBNIF T 114, LT 194 ThDH. D
WRIIROEBY . BRI AEERT
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CFHICTHR S B . * Drake D= « Intelligent lives
+ Alien « Stay hungry Stay Foolish £ & 7N o7 (2 A).
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11.
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CFHOHRWRIA b - MRSV ES (4 N) c RORONY S ORE DS
- FHAO (2 N) cREORE SOFH - HERPSA D AEMIEIZ R 2 500 )
s (Fex OAN) RSESNITES DIEEXHAR RSP L WIRENEED.

< RO TR + Planet M™% 7.J5{% < SCHADNE 7R B >
C EmBEO R 2 BFFANIEN D L vy hOT— AKX =3
. AEIOEETYH o & BRI o o iEE (Hak or £BL) & 1 D72 <230 ?
* Hot Jupiter (2 A) -+ revolution (2 A) * nervous (4 A) + Exoplanet
« dimming (2 A) « cockroach « reasonable (2 A) -+ estimate
- radius (2 \) - radii « velocity method « transit (2 A)

- revolution “A#5”  HEMIITF LoD o7z,

* need to keep our civilization as long as possible

« Stay Hungry ! Stay Foolish! (2 A\)
A ORETRIZHE L o - i3 b, ik LT 7Z a0,

CHPEDORFET v - HEE L FHR OB

CEINIDT, THPHEWFRD L ZARL TN LT

C PEEDO BT A OIGENRT TN Lo T T

- WD D EYE C IR AL TH &

c HHEENEE L o 7o T

LA EZAHBOERB NI oT.
SEOFRZE TR WG, Bz Sz It LT ZEWn

CPGEORETE ST WD RNE ST E, o ThHREHRTX
ToONLNr-72TT.

CEIENBEODLND L O BNEBEE S>T-OTHEGETE ol L& Uz (FX~~)

s MR 2 RIZEE U v o 7200 Y, 72D Lh>> 72T, Thank you so much!

CRED LD RBRFENFINTE o L ANT RV E B o7,

B OREITIGE TR BE LWL o,

CHPERE 3 IC o THEL < R o 7D ZHGECTHWTA LIREL L 72, N ERRZ < T
fif & bhnoi.

CTCEDLETERELEL D ERAE ST, =T VRIS T

« Stay Hungry Stay Foolish H4y & #F & T¢°

« Thank you for teaching!!

CFERETNEFETET LD, B RFE TR ONRETIT R E Moz,

CHEHFEOS WA BAECUHT LD, HREFERSICEZ TINS5 L
ol BnE Lz,

T o= MRERINOIE, FEDNR VR T 4 TGP BTz, ZHEDOER DR
ELTHAEEEDR ) FEAICOBLICRECTIY AT L) THD. bboHA
= MIID LB WIRITR R0 o T W ) AR SN Z ST BT D MER
D73,

BTG U CHRENBE B TN 20T, ARGERZEGM O E E0eAk L, 7o
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FERELH, KEIOLKLN TARICHETR Th o 7o, AR ASMSA (Arkansas
School for Mathematics, Sciences and the Arts) DT ¢ AT, FEK T EHEZ IS KL LT
BWZRa A MEWl2niz

5. &R

COREDORPE T, MEREFEO I DITHET M E WD HiEMmER Ls. RANCFER
L U7 FEZRIR L2 & B Y Queloz & Mayor (1995) 12X %, Wobble Method & % VWM EH
TNEEMEHEINDFIETH D, ZOFEOHMRIIE, WETEY [ Ry 7T =% of&
MWERE2 D, @IIEL TN, MELTZOEEIEE L TRWERIZIE, AT L
LW E LR,

F 2 ZOFELENCIE, [HRED SO X &% A )7L TR L CREN o0 oz &
W) ERE Y 1960 G-I 72 &7z (Piet van de Kamp (2 K A HUERIZUTVMERE S—F— KEIZ,
BEPMAETH LV ME). L L ZoWE T8I L e imsi oMmiiEs, HED
& EHREVW L7 EBIETIIEZ BN TS (U URL 2/8) . Z AU RINEE O3 AL
WRIZEE LW AR R T Y — R Thd 5. —JETRMRBELYO TRA L E/NEDY L
7= Kamp NZ N B TS R o T2ETH D, 1995 4F12 < 72 A D ESJIEIC X DRI D3 M
bolz. 20X D RRIFLOEBREOK Y G b AREORNIBEN TEIUE, L%
B ThH- b amnian.

RICARETODTE T —~Th D, FI0Ty METHDHN, ZOFEIC AR
XD, ZOFIETIE, HERONERITE T4 OB IIEIZATISEL 220k
BHICX 72, DFVREICE D EEOBNELLRWEANE, WL SIEERICEENTFE
LTHYRAENOIE AN L 727 What is a fundamental drawback of this method? Z U
IFARICHEMEZ LTEZ ST, bOEENEMERZ - ERETDH. - T, Tl
TFAET D RN BEEOHIE, Kepler Mission THEZN TV L VIZDNITEZ NI LA
BEns. IPRBICHRRZFHANINDI N2 HDWVIERZ D02 LWV ) BERIZ SN
5. EREICE > TTEHAOBBEIZRE RGO L AMBETH Y, AREZTO LD 2k~
D—ODAEE G ZANE LS. ZOHNTOWVTIEE BIZREONESLHWS T — 4,
BILOEROTFEZEETHOMNERD D EZZTND.

AR OHmE LT, FEONNEZEMRIC L DHHET A2 XD HikE2 g T
D AN, [EFEES OEHER 2 BERE CHFTER [T D o W 7223, B HRED HFR O
TRWVAEREIZIEIN RV EE L o 7e Z ERTRENTE. LR TET O S &2, Fx
W E 2B Z M 7223, ZORIE, MAPOEERRLITVEH LN EEHL TS,

BRHETHWET — XX NASA OEKRAEROREMTER Z 5L TEOEE AW,
R AR LIC O TH LD, —BOBEMTITITRIE VL <, AAGEOMH D M
WCRBTEAHH . EHITHEEDPED SOBLD 7T 7 2N, Zh b EEOBHT —%
EWERRD. 7T 7IFEERCHRVET 4 77 A SNTVD AR L > TUEZE DT —
2 EDEWERICTDEMEL VD E BN, HIAZOBIHT — % BN ICBIHR S 2 5
DHLOTHDINE, BFRHEEORBICHEDD & THHBIEWNT S TLH LN, TOHZY
DFFMIIAREEL CITAME I 552500 o7z,
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ZORETHIE L 2011 FED T A OB DL, Geoffrey W. Marey 1%, 4 Hf Kepler
Mission DRV B O @ ELH TH YD, M7 NASA OR#H bR TV, F ISR
SEEELETECONEE L LTOXR Y U T OMIEICH T2, KRR SE5ED ) — LY
PE % Queloz & Mayor & & HICH T A D I+ i RIEORLETH 7. LavL,
A O D 2014 42, RARIZHE D KEBE & T3 E e E~D® 7 8T OFERFE L
L, R¥EZBELNDZ &b, £3IT FFELZ L) 2HTITRHE o701, X
HOMOFREDL LWiliELE, ECEEI LA LEW R E L THETHLEETHD. b H
B ARETIT Z OFFFERITITRE TR

BIFE, Kepler PimsE DO W MA 2 1 5 FREAE TESS 23 2018 FI24TH EiF b, 2 FE/HO
BU AR - o FEOFRFHIMIT (¥ Fa2—t v Y TREKZFE) 2 Google #0
BB OIITET, NASADHTD LT 2 FIT L&) (Wikipedia £ 5). BT
\ZH =5 &S Tz Kepler f2 & 135700, TESSHREIL 2452 1T T, 2XRE
KL, EORLPINKEEET O LN,

2019 4F ) — VB E 2 Z OFOMFRENZE L= 2 21, b EREXRED. 2
A7 B AIRIC S EH A B ORI BT, B 2R IR T B il E ks
(HY TV ZIEFHACER NV L) v, FiE A A DI 5D < BFFE S R
BT ABREOREFREEFHMESNIZE VD Z 7. E5ICEORREEICRB S THE
DI DR, KEIITEEE ST E NI 22 THD. BED I LICARSND TH
%9 TESS OMF R A 47 DA L AITFREL T2,

RBICAIREICEE L, BRIGAIRRRIEZ W 2120 T2 KR R4 5 52 e 4 =0
B, BHOREERSL, WKL A Y MEWEEWE, KIREE KRR S SRR T
FRETGER O F Eoa#ca, KIE ASMSA  (Arkansas School for Mathematics, Sciences and
the Arts) Japanese Instructor @ Elizabeth Brown (7 ) Je/ElcBsLEHF L FIFE4. =
T AU R O = dm I A, 2R T O =ML EOERIUEIC ZH 1z 72
ETELZ. BECSMUEEGEK3IFLEOHALB I ANDITRE ) — FORMEEZ W
XFE L7 EBICHADOER (Kamnoetvidya Science Academy, KVIS) D7 K 34 F—oD
Dr.Thanit Pewnim JG/E1 D, TDOHD X A TOFHEIZONTOEMVEIE L EFERa A
VhEWEREEE L. b, KIXSOARTENR R 0T, B HOREDAEL
W, RO —RA v RROEAE RS AEED M B D 2 — b, FEICHE > TENTWHDOT
RIEFERE Y H D Z % Z TR SV, KB RMEOREEET HOMHOBEIZR
NWEEHEOENOETT.
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M.Queloz & D.Mayor : A Jupiter—mass companion to a solar—type star, Nature 378, 355-
359(1995)

Akito Tajitsu, Kozo Sadakane, Hiroyuki Naito, Akira Arai, & Wako Aoki : “Explosive lithium
production in the classical nova V339 Del (Nova. Delphini 2013)” , Nature 518, 381-384 (2015)
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MARFEHE « 55 CHIZROFZELAT O P Part2 — 5 D KBERGE—, WEXLFH - EHF
ZEHE#% No.b8, 117-141, 2016

A IRZFE TLIANS, BARAITEE ORFEFER LV D 2 & TR L7z 2011AGU FallMeeting
DFEE B 4 URL : https://www.youtube.com/watch?v=D1BCLMRNkSM

3% CfEH L 7-, 2011AGU Sagan Lecture (Geoffrey W. Marcy) D /& ©°5 4 @ URL :
https://www.youtube.com/watch?v=aviAbQJk4EQ

NASA @ Kepler Mission @ 52 & 2k ¥4 pdf : https://www.nasa.gov/sites/default/files/atoms/
files/tt—apr-13-2011.pdf

IR —IRA v MIZHAWT=, NASA AR OENEEEL : https://www.nasa.gov/content/kepler—
multimedia

MIT O WHARHEE TESS DA K : https://tess.mit.edu

Piet van de Kamp (2 & % 1963 4F @ Barnard J2 123517 5 R A2 38 Rk Ga L CTld7e <
I ) O FE A https://blogs.scientificamerican.com/observations/50-years—ago—an—

astronomer—discovered—the—first—-unambiguous—exoplanet—-or-so—he-thought/
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Transit Light Curves . p-4
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Mathematics of Transit Tracks

p.-3

This is an explanation of the mathematics of Transit Tracks for the teacher. For more advanced students, you may

wish to introduce mathematics in the “Tracking Transits'

investigation, and have your students compute (rather

than do graphical interpretation) the planet’s size and distance from its star. Both methods are discussed.

PLANET SIZE

We assume that the “Transit Tracks” stars are the
same size as the Sun. The graphs are normalized
to solar-size stars. The radius of the planet (rp) is
calculated from the percentage drop in brightness
(Z). The radius of the planet (rp) as compared with

For students who finish early, challenge them to derive
the formula using algebra. Have them start with the
basicidea thatdrop in brightness is the ratio of the area
of the planet (Ap) to the area of the star (As):

Ap/ Asx 100 = Z%

the radius of Earth (r.) is
rp=10re x VZ
Note, re = 1.

dents as exercises: Z = 25%, 49%, 9%, 16%, 4%

star in a binary star system.

Do an example and the give some examples to stu-

For Z=25%, rp =50 Earth radii (a huge planet....)
Noteif Z =49%, it's not a planet at all, but a companion

They can use the formula for area

A=mnr?
Here are the steps:

100 x rurp?/mes*= Z%
or rp=rs X V(Z/100) = rsxv(Z)/10)

where rs is the radius of the star.
If the star is about the size of the Sun, then the radius
of the star is about 100 times the radius of Earth (re)
and

rp=10re x VZ

PLANET’S DISTANCE FROM ITS STAR

The distance of the planet from the star is the
radius (R) of its orbit, if the orbit is a circle with
the starat the center. In reality, planet’s orbits are
ellipses. For simplicity, we can use the special
case ellipse: a circle. Johannes Kepler found that
a planet’s orbital radius is related to its period
(T), the time it takes to orbit once. The farther
out the planet is, the longer it takes to orbit. The
relationship is known as Kepler’s 3rd Law. Stu-
dents can do the Kepler’s 3rd law computation
in one of two ways:

Method A: Graphical.

Use the “Kepler’s 3rd Law Graphs” on page 10
to find the distance from the period determined
from the light curves. These linear graphs are at
different scales because if they are all graphed on
the same scale(see page 12), the planet’s distance
is hard to interpret for short period orbits. Alter-
natively, students can use thelog-log graph (page
13) to determine orbital distance. Many students
find log-log graphs confusing. We recommend
using the linear graphs (page 10).

Method B-Computational: Use Kepler’ 3rd Law

For this exercise, we assume that the stars are Sun-like. Like
Kepler did, we express the planet’s distance in AU (Astro-
nomical Unit = average distance from Earth to the Sun).
Thus, Kepler’s 3rd Law is simply:

R = T2 *
o« R= VT

For practice, students can calculate the orbital period from
the planet’s distance with these results:

T= 1yr, 283yr, 519yr, 0.3535yr

R= 1AU, 2AU, 3AU, 1/2AU
To analyze the Transit Tracks light curves using calcula-
tions, use the worksheet “Analyzing Light Curves: Calcu-
lated with Kepler’s 3rd Law.” Note: Students will have to
convert “days” to “years” to derive the orbital distance.
Both graphical and computational method that do not
take into account the star’s mass will give only approxi-
mate orbital distance. Use the following equation for exact

results:
R = VT

R = Orbital Distance in AU, T = Period in years
Ms = Mass of the star (Sun =1)

Star Masses for

Kepler-9 = 1.07 Ms

Kepler-1 = 0.98 Ms
Kepler-2 = 1.52 Ms
Kepler-3 =0.81 Ms
Kepler-4 =1.223 Ms

Kepler 1 through 11:
Units = Ms where
Ms = 1 for the Sun

Kepler-5 = 1.374 Ms
Kepler-6 = 1.209 Ms
Kepler-7 = 1.347 Ms
Kepler-8 = 1.213 Ms

Kepler-10 = 0.895 Ms
Kepler-11 =0.95 Ms

Transit Tracks: Teacher Instru

© 2008 by the Regents of e University of California

Analyzing Light Curves

Names:

p.9

Instructions: The “Transit Light Curves” are
graphs of NASA’s Kepler Mission’s observations
of stars. They show how the light level changes
when a planet transits in front of a star. Study the
light curves to find the period of the planet.The
period is the time between transits and is year-
length fora planet. Use “Kepler’s 3rd Law Graphs”
to find the “Orbital Distance” of the planet from
its parent star.

Orbital Distance

(from Kepler's 3rd Law graph)

Planet
Name

Period (Orbital Distance

nits_ Units

Questions:
1. Which planet(s) are similar in size to Earth?

The “Planet’s Size” is found by
measuring the “Change in Brightness,” the small
percentage drop in the light level as the planet
transits. Calculate the planet’s radius using the
formula in the table below.

Planet’s Size

(planet radius using formula)

—
Brightness VZ |Radius=10xVZ
Drop of Z (%), (in Earth radii)

Planet

2. Jupiter’s radius is about 11 times Earth’s radius. Which planets are similar in size to Jupiter?

3. Describe the relationship between the period of the planets and their orbital distances.

Transit Tracks: Student Worksheet

© 2008 by the Regents of the Universty of Caliornse
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Radial Velocity Method

Only the
host star is
observed!

thtml

03

How to estjinate the mass of star, %"

Mass - Luminosity Relation

2
Luminosity is uged for
the mass esfmation
dof
g

-2
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hmlog (MMg)

Images from Wikipeda
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Transit method: tutorial video!

+2011 AGU(American Geophysical
Union) Fall Meeting in San Francisco

2011 Tohoku earthquake. " e \\
XC
1e, WO
XS
*Sagan _.mnE_.V\Wmom Marcy@UCB)
I was sitting in the room!

*There are many sessions about the . QOO.
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FIG. 4 Orbital motion of 51 Peg cormected from the long-term variation
ot tho -velociy. The sold e represents the orbkal moton computed
rom th parameters of Tabe £

Question 1

+What are the two basic methods to find
exoplanets?

*«Why were NASA staffs so nervous?

+How much diameter of Kepler telescope’s main
mirror?

+How wide is the angle of Kepler telescope CCD?

*How often does the camera record?

12

15

Target of Kepler fra
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Why were so many hot Jupiter(s) found in
an early stage?

« Detection Bias?
«Super Neptune
«Super Earth!

+Super Moon!

22

Hot Jupit:

- Short period z \.\.@s’ ‘

- Big diameter : { = E RISy .

Why so many
Hot Jupiters!

Let's try exercise!

* The host star radius
=same as sun

Earth=1

area=nr?
area=25%

¥ 25x10=50

26

Intelligent life?

*What is a definition of “life”?

«Limited within the earth type life!
*Habitable zone: existence of liquid water
*Rocky planet and moderate distance

27
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How to estimate the number of planets?

+Limited in nearby solar system.

*In a 10x10 degree view angle, we already
found 4000 planets.

*So, this rate will be simply extended to
whole universe ~360degree?

*We made some mistakes?

«What is a drawback of transit method?

N': in Drake’s formula

«Let's Imagine “the Universal Deaikei site”

*How many members already registered in
this site?

«Nmust be >=1 Why?

31

34

Optimistic view for other intelligent lives

*Fortunately the number of planets may
be larger!

*However,

*Fermi’s Paradox and Drake equation

Conclusions

«If you want to meet an intelligent life living
in the other exoplanets,

*We need to keep our ci
possible.

*We need to avoid the world war,
environmental crisis and diseases which are
the fatal risks for our civilization.

«We must seek a peaceful and cooperative
future.

ization as long as

32

35

Drake’s Equation (Frank brake,1961)

i ; e
N = Possibility of Exo-Intelligent Life
* Length of Civilization

hitps://www.seti.org/ drake-equation-index

Closing remarks

*Thank you so much for your cooperation
of my three months class!

«See you again!
Stay hungry!
Stay foolish!

By Steve Jobs

33

36
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A Geoscience class lectured in English IV

— Extra-Solar Planets, Discovery and Its Meaning —

OKAMOTO Yoshio (Part-time teacher)

Abstract : We carried out a special class about the survey of exoplanet teaching in
English. This class was the fourth attempt to teach geoscience classes in English for
the author in this school. The course begins with an introduction of the methods to
detect exoplanets, which are the planets belonging to the other stars beyond our solar
system. There are two fundamental methods; the wobble method and the transit one.
Our class treated mainly as the following transit method. NASA already provides a
teaching exercise for secondary-school; we used this lesson. At first, a video at the
AGU fall meeting 2011 explaining the transit method by a specialist introduced
the technique, and then a practical activity was carried out. The practice consists
of several lessons using the light curves of exoplanets, which were derived from the
Kepler mission. Our students measure 1) the orbital periods of planetary revolution
from the dimming period, and estimate 2) the size of them from the dimming amount
on the light curve, respectively. Through this exercise, our students can understand
the method detail and the background of scientific principle. Moreover, we discussed
some exciting episodes, including the possibility of encountering another intelligent
life. The questionnaire result shows a successful conclusion of our class. Finally, we

discussed the future of our method.

Keyword : Exoplanets, Kepler mission, Transit Method, Exercise, Earthscience



