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CAN-3 85 10 5 2| 6] 855 6 25 0 6.4 19 0 0 37]  33.6) 16 14| 7395 70.6] 35.12] 179.67] H 45.15
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CAN-8 0 321 0 2 0 4 2 1l 0 0) 3 3 0) 8.2 8 265 23 18.2] 16.2| 57.88 92.28 23.19
CAN-9 9 100 7.5 2 0O 20 20 0 3 1.5/ 4.8 1 0) 8.7 204] 435 18 78.8] 29.1] 65.38] 173.28 43.54

Page 1

1: 15th IOAA 43

IOAA o T 5k LA, B8 (Theory) #05r NAE A A 8, Bk xaEn, =
300, AR SE (Data Analysis) #B7r—MONMRR, £ 2E 535G 1 S583R Mg /1 (AT LA
991 BH#EHLED |, &4 150; Wl (Observations) 7 NPANE4r,0-D A1 O-T, Wik/2& diagram



FEF RXLBEXLER 4

(B M telescope CBILHE) |, &5 75 45 4 600, 5 EFE—FEM 25 R Gor B9 7 F00 % B
BHSIE T 2 51768 100 7)) , (BRI T BD (best data analysis B fESEM) 22210, [F] )
BR 8 CW (complete winner). IOAA FIRFEIELE T H B NZE, #7150, AN AANN45, (HAT LA
PR (O E ZATELARD | IOAA —fB0y it E HL 3§, Ba] IR —37 /N iR CR NN EETE
PIIRZR )

RITEBRALTURTERE, WA A2 G418, WEITE S, HEE R R 2k, SR
A5, IEIRATLARTIEGLITUG,APAO 19 AP J& All Play MR8, 76 R SCEFE TGRSR, 1l
SRR, A R A G TATI I K& s




0.4 XXHEIHEXxHFE

0.4.0 FA

Fundamental Astronomy AFR FA 7] BLii & VRTE i H B B B 42 it 21 1 B 4 I R SO 306, A
Z—, WEIREE) 2, B L RCGERNPTAE N, WERRAY RS, r DUE %
PR GH PR, SA AT 25

Fundamental
Astronomy

* ' Hannu Karttunen Sixth Edition
“Pekka Kroger
SRl ~ Heikki Oja
4/ Markku Poutanen
. Karl Johan Donner
Editors

@ Springer

PIANE R R SO T THE AR RS A s/t CARBRIBRISTRT BLA pdf F5O

0.4.1 ZH#E

(PRI R SCEAFORE ) BN T 20RE DRI F 2 55 =i, BILCE A 51 DY i

(FERRSCEA) B W AR IR >k F

(RICFFMER) 7T LLIAE R SCFEFE T ANAFA, VENEEREBAIRAES, DT T B2 58 DY R, 31
£ CAT 5 TR

(R ) CRIAYHF18)

(R ) LA SR R ARV B B0 W] RERR 28— € I BEILAL &4 TOAA B[R] Z27] A2

HEp 2], S I T



FEF RXLHEXLER 6

(An Introduction to Modern Astrophysics) / CHfURMAEYIEFR) 7T DIME FA B4 1A
W, NAEFINFEE, HWEEINEREN, &&F — V3L T [R5

0.4.2 ZE

FEAR MR (RICRIFE Y (N RCFEFE) 7] DL R SCH 3 A1 @t
VE: 2010 TER0Z 45 1 )2 B4R



RXHEIR

\npy
d I|J=r
ik

1.1 ERXRXEIR

HEEL AN BRI A JURAT &2, B0 R EAR 2 2 D IR RSR AR, XL B IR Y B IR AR B 1
HARRE Y BAEG 4, XA EER

1.2 RXEHFELZRNEMER

HEEHRPNE, MEAFR=ARM=RE . miEF I 7= 2 RS,

EWLINAT R AR, WBCRAE R TS

BATREARMNAR, WORHARRNAK LR, L2 LESE;

HEEAXRMNE, 4K 21 Fire 2k, ek %,

SRR FHARKMAR -

VENZEIFE, RZ R PR AR, (HA SR HERIRA 2 RTE, X8 A A AT BOE I 48
R TR Ab, (BB 2R E IR

1.3 RXETEFEH “HiR”

X WA EG K e, A RAT BPUE RS, E BB IRKNA ), BHENE
ERUONEA, HHZPTE “ e



= (EMFESRFRVIEF
)

4
| |
i
oH
i

FERICIEFEH, RO HHE SRSz, AT LAy e T & r

2.1 SEBRTXR&

FEOFERIAE GoJVERH R CRAERE Hid, KD | i —IR&RH A, HilHR
RFHPrAL R REE) | HERSE (HRFHREL, BiH B B RERMAME  TER OREEEMK
PR, KR EZER R H S, RS A RER, BRI ESE) | AREIE (ERUFEE R
PUR R MR AR A S 5. TUZER 5 1 AMBIRET—MAK CRCEEE).

2.2 KEH
A [ N M AT ) S, — R S AR L () TSRO, A S UL AR S S RS
WAy, IS HAGA F B2 5 R B
2.3 —ULE4ETRAT(]

R gesE, T TAU Ba7 100 4R, B sk Seis 32,

4 4+
J[CK Y= = |

FF R4, i S A AR



S5HMEPIRNMERARE, BETREOAEFEZEMTEZNNE
% section XM ENF-§E#E
IR, SPMENAXKIBREUEM AE, sRRESRE

TRERBEAENEFES]



F=E  RAXEMAIR
S{ERIHE KT RICER R

PR FEA ) SO R TR (AR Z B A REU RS | R R UL &R
L Y R BCE D XER S R LS §0.4. 1 AT =AHM LA FA R

RICHAHER 73 1) N R EM A LA [, el LS55 BRI 25 MRIER M 2%, X
Ry A B EA T AR B G FE, W RERE MG A M RERE NS I E PR EL3E . 228, IR BRI AL 73
el X R SLA, A SRAR SRS P R RS, IR BB T — B R AR B )

3.1 BE5HE&E

I [) 5 P22 B R SO A2 T L, o 2 3] R OC A kAt

3.1.1 RXEFEHFrARIATE
DATHORT [E] T 2 FRfE

TEANX — T TF SR BT, I 1R] 5 P G RS2 BT, RS 5T R U S5 H 8 75 2
H5E 15— BN AbRE, X ERHEER LEHER B 7 LA L, PFoat R aT (UT) | BRI
[t S id sy UTY, X2 BLEE BRSO AR 2 —, FEA Ui B 500 7, UT BRAFR4R UT1

B2 HEAS RA AN, 2T — B B R R 5 RSO e R 2T K R R AR IE 811
AR (ET) 1984 42 E bR K 78 F# AR, KRB /206 TDT S5X%F NI F: TT, H
THAE SR ET

1967 4, 55 13 JaEBr 2Rl TR I e X AL TP R (Cs'33) SRS 1w
ARG YN BE L 2 0] 7 2 W3 TP AT 4R B ¥ 9192631770 F FrHrEL it [a] 52 SCOES, BL 1958 4F 1 A
1 H 0 KA, #6507 AR e, FOVERRRFRT (TAD) | TAT 5 TT Z A% 32.184

EAR CUIERR 7 RREUE, (AEETEA T ARTE ORI MBI, T S LR, BT
BRI [A) T bR R H A R AT (UTC)

P T A DR B DK e, R ERT S, i 2R K GA R 1) B, £l it 5#
BHTEIE . PRI R FATR 1 RO SRR, G — 2% 59 &5 SR 1 RN IERR,

10


https://zhuanlan.zhihu.com/p/675917022

=% RILHEAEIR 11

BB B J5 — 2 8o 61 B0 [ERD—INFE A PIEREA IS AR RRCE#AT T 27 KED, B4
IEFERY; s —REPEILER R 2017 45 1 A 1 H 7 8 59 43 59 # (W40 EIR 07:59:60) H L,
X e A AL 5 TR IE D

60 T T T LA L L A  BO T T LI B I
T o8 :
/ \TDT=TT=ET 4
- 20 —
[}
_(2' b~ —
5 | .
L _1
0 \
r uT1 TAl 4
.20 —- pa—
- uTC n
L1 1 | I | I l L1 11 { o1 1 I ) I I ) I I I |
1950 1960 1970 1980 1990 2000 2010 2020
Date [yr]

3.1: AN[FI TRl FR v O% A7 =

XX LIRS i BiRE

REERSIAIRRIM S REEREMER LA P8, R, RER A XRFFE, KT
- Pl i m AL R AR S R T K I fﬂﬁfl‘ﬁxﬁjTqu\ﬁz& SR RS R RE, RiAZ 1 Elml
PARAI R IR BN s s SOy ErpoR, R B AR o k)

3.2: 0 £ EFR RFHR



F=% X LHE AR 12

DRI, AT THE A B ZE 2 9 I R ¥ R] R s SOy —BELR PR B, FRIAE R mT OB R4 24 B
A PART, AR S, BB H RN 2 2k 557 5 AR50, B H AR50, P3R5 &
ST A BS bR, FROVFERBRH S FRBAET

EETRAVERTE G 28— AMBAE R, XA fUATIRIE ), S 5 R BHAIZ B I~ 3 T AR 55, 5
R H i H S SRR E G 2 N RBAVEFRE b FIREHCH 35 —AMBAE R, XA sl RIRE 5T 3
i27), HHESE— MR SR, WaEES RS b EA: TREATIE MR SR
SFEORPBH, P RBH S I b R B B kb e SO —FRFEE . P RBH H SR EAT 5 AT i i «1
R 24 /NI R R IR T ORBHIN o FOKRH H 5P K BH H B Z B AR R, P8t mT DL
AT Zrhsk

18

12

Minutes

\ 9 W 270 340
Day of year
& yory

-12

-18

& 3.3: I Z= Lk

FATEZ R, BRI H RS 3ATH B S5, B8 R B ER AR 520, FEASEE ™4
I HH b R [ A (T I, Rk R S s e B2 B S B2 R IR v

BAVEE I G IR B RIAIRGE CA—IBE2B . HF9 AU B, W _E— g i i
i EAE N B EEEBATRNFEZER], BRMER 0 AE—FHSMEIEG N 2r, BT IRATAT B
B THE AR —E R H EEY 23 B 56 70 4.09 #b. FIFER), AT AT DL L EER,
H Tk 33 S, trT U X EEE H 5P EE H, X EAMEHE

N T WA [ B 55 M X PR TR, FRATTIE 75 51 N b 75 B (A

BT B B, AN [F] 28 FE (1 3 fd FE 7 S IR A —RE, DR ERATT AR 7 o B, 1)
PE I R BA 15° SR IR] BRI ot e 2k Fi ok R LR L AR P 7.5° MEN— AN IX AR Hh e 2
SE BN XN G — H 7 i, BN . VER, X — B B R G e, B3R EREUR 8 X
(120°) {EAXEE, T ENREERECER X 2R 5.5 X (82.5°) VENIXHF . AHIT-4-L2 BT 7E i X I RO AR AR



F=% X LHE AR 13

Mistant stars the Earth orbit

K 3.4 BB T S akab B, BATKIH T AR, KIH LA B ZE 0 f

AR TR (GMT) |, X [R5 R J i
DI S RE R R e — AN, JEANEE SO HH 45 58 48 FE B DN 8], FT B 1 459 A DTG =2 b ek [
FATAE X _EZIn—Aw e ¢, /3205wt 2t 58T, 7505 208

t= (a—ag) x 47/(°)

Hrb o AT a0 RN XM ZE o — ap W IERS

AX LA BFFE
MRSCHIFIE L, “H 7 AR #ad ke SCHRIK, BRIGIX — /N34 72 i h /i 41
BEEFSTRNER (XEMEENS EFEREEXWEE “B” TR, BETRKSLF—TEHE
B
FERGEA R RITEOL T, FRATRT LUR fif 521 o 2R 5
s =m+4-3"56°/day

Hrb 6 ARG HIIREE
TEERIFE RO T, AXNHELES N

s=m+ Sy +0-3"56%/day

Horpr S AT 0" AR EGATEER, —BRERCERNTER 0 AR Sy XM REZE



=% RLHEAIIR 14
3.1.2 R EEH—LE HRIETE

X WA LU R, EERREESESREIASE. KM () HS5ER H IR R LAUESE,
AL FE — LR RN TR, A K BA SRR R oL e e — A IR 8] 55 . Kl B AR = 3 3

3.1.3 RKN=EHFANAE
PNLEN5]

OB A N 2 A FH B0 — b s, G DL H S ) [ e B R g v, 40— AN SR e “ H 7
—NMAZE A WY 29.53059 K, T 29.5 K, —ANKBIEX N 12 A H, BV 6 K 6 /)y, 3% 354
Ko KBAPIN 30 FE 11 [H.

52 BB BOME S L, FRATE A s sk B RIS e O —XKBRR, BT AERA S
H IR 5 3% 07 AR E], KRB HAHECF KRB H 3K (TR LG R0E f ) fD | @i v 58 /U & ) A4S —
KRITHKE N 24 B 50 4, RERE TR H ol aBTHE 50 080, WERE vl e I — RER
A H TR .

[FIRER, TR AR R, w18 A K REEER T HER AR A CGRLTE 2 H 57 KB
HIKER) |, HRATEE H ek 53— 2B PR E R B R E R E Ch—EER, @it
/T DA — R R A KN 27.322 K.

KB PIAREF B -E H AR SR, (AR SS9 IR AL, BRI AN IE F TR0l R f

PN

XA T3 A BH () & AR 3 o B, 2 3AT A DTSRG o AT K B ZE 82 P (i I 78 43wt (1 )
BRSOy —EIVAEE, HAKFE N 365.2422 R, KA EIEFEER “F7 MiRdE. I47 A0 400 FE
97 14, e PR ULE 4 45 1 [H5 400 F 1 [H,

XEFERE, AT 2 P& B P, B eA PrmlE A —4% “48 1582 4£ 10 H 4 HIY
FHEN 10 H 15 A7 | FETHE KIS FER [ ] e il A B 5. RERIEMEX 10 R? &
ot BN PATE. RNFEEIRT], X 10 KEHTATHT 8 FFEWT 4 FE 1 HELT
SEFRTES TRDAR B8R SR, T FRATTHE T SRR 8 P8 B[] B — A # N A JC T4, R E 400 4E 8 97 [H11
B, XF A CAAE TR AR AMER) 10 K, FTAATREHE.

BT SIS (FERBR—Th IR | [RIHAE A T S5 T Bk A 5% 0 8 11, R i 25 u
MEATE XL TEESE, —HEFNKERN 365.25636 K

FRBAA

I9H ISFL 73 SHe Bt o Al PPk RO I 5, o B EL AR M I A B I (AR
RPN <A S5RAGIA, KSR IR o), R SONBE A S — R, KA H %
Ky R G K poE, R Arge B+ — A Us IE AR fE DL



F=% X LHE AR 15

AP RFRA 12 DA, BN TRFaZFA, & 19 5 7 H, HERNEA,
A 2 R R E «

AR A IEARYE R PAAE S TE AL E 245 1 24 1R,24 AN 12 AR5 12 W, RE G
RE AN RE AR S

B8

H T B E LU A R 2, RS A TSRO B I AR AR R RS B A&7 . R H BLAJTHT
4713 MG 1A 1 HIEA 12 WORE A [AURESECH, B ID+ RECERR, HaTi s 0o
BT A N TR, AT AEEREE,  MID+ KA R, K

MJD = JD — 2400000.5

B MJD B#E H N 1858 4F 11 H 17 HiEFN 0 i



=% RLHEAIIR 16
3.2 KIkG54HR

R B K+ BRI oy BRI =, HAHSGHIR G BRUFSEAE TOAA A E
TE (G55 @

3.2.1 ¥FEM HKE=F
TEIX LA AU T KR ICAR 35 N 2%, T B 2 B £ FEE A 2R Bk TH = £

IR = ARIE AR R

FAVSABAR  — BRI, # A — AP i Z U1XANERE, 7 A5 21— B R U)X APl g
BRI, FATARIZAME RE, AL ERC 1150 H A R FR g N E, % K3, JATE S H1 i 2
HHERROKMEL, XEHL R SEREAZ TP A, XA SRR E AR, 510 B AR, A5
BRI FR KRS

1A

K 3.5: KIAS/MA

BN RBATE X BRI AR =D AEF KRB B =4, A=A KEG0R X =4 &
BOER PSR B RONERE = BT, SR P =%, BATER =4 s RO ER I = AR T,
B = 2% KR SFR BRI = T 32

BN ORBAN S HER T = A1 BRI XS R 5 X B a3 B BRI =M s AL
fir, BRI ZA, IXSEER 2 A KR SR 5K S i A, 331X R A A TAR OV EKE £, BRI A


https://zhuanlan.zhihu.com/p/676424073

¥ R H kiR 17

K 3.6: BRI =

i
iy

PRI R /N 1 2% KR IR £ (81 T BT sk i i — T A RV, A2 R IR &84 T £B/OC" s 35T RIATR
BRI =MW AR BATERER], KB E SR B T F A2 3 L AR A 5K S £y
&, NP IRIRN Za = ZBOC, NILAESEPRiT 5o, BATHAEAR LK, JFERMENRT
FREIR, Ml a = Zas BJFHRATKEERI =AM “HAR” | KL, BATAT AL IEAKRER (LK
AR R A A T D ,EZ?tfﬁS)::-ég,{E%%%Eﬂ]%iﬂﬂﬁﬁtﬁfé Q i S JAVFRHATIE
R, EX EAIHEHMEZRAE AR Q= A+ B+ C — 7. WHHER, BMNANG 2 M7
ALIRH, ATRAS % FA _EIRE, 55N A AT - E R (Gauss-Bonnet theorem) |
JEGHRI) [F) 27 1] LS 3000 J AT IR AR R 0H

K 3.7: BRI RO



F=% X LHE AR 18

FEX AN FEAR = AL S S ARG, (EX AR 7 N B SR A 22, BT LA AU o BT =
i ABC 2534 a,b,c Wtk HIN A', B!, C', Il AA, BB/, CC" #f/T 90°, M@ A, B, C
IR B 9IRS R ER T = A1 2 A’ B/CY R BRI = MR AR = . =B AR =M 2 1847 7

SR, 1A

L AR — BRI =M BN 55— Bk = MR R =78, W 51— 3K = M8 o8 — Bk =M E K
W=Fi

2. REATCHILAN R =M B B BAb ;s B =T B A A0 = A T e R B A
B3¢ AN IR R ) 25 W 3K T = A TR 3820 1 o, T 6 5 A L8 5~ T = M TR 2R, RO R ) [F] 77

A LA EATIER

1. BRI =ML KT 58 =10

2. BRE =AW= FRT 0° 17T 360°

3. BRI =M =M AT 180° i/hT 540°

4. BRI =M PS5, SAxtS%il

5. BRI =A% s KA R, Kadnt K A
KRE=ANERLR

X E Oy BN A HE SRR = AR LA RS, HES 7 AR A g 1 LT i e AR
RPN

BHIRZAN  WEFR, AEFT OAB WAE AM LOA, 71l OAC WAE ANLOA,M,N fE
Pl OBC W, &8 MN



= KA AR 19

2 BTERTE =M GO K7 #E X, Bll150iE LAOB = ¢, ZAOC = b, /BOC = a, H ZMAN =
LA (BN AM, AN 2Y128) 78 AMON 1, Rz e s

MN? = OM?+ON? —20M - ON - cosa
[F3, f£f AAMN A
MN? = AM? + AN? —2AM - AN - cos A

MENT
04 [y _ 04

AM = OAtanc, AN = OAtanb, OM = =
cosc’ cosb

SNSRI E )
cosa = cosb-cosc+sinb-sinc-cosA

[F] PR 5 H AL A 3, XA A AR RIZ AT

ARZAR RIMEBRI =M ABC MW =ML ABC', HR=ME5E=MLIIXRZEH
CIEES
ad=nm—Ab=r—-Bd=rm1-CA=r—a

FIX LS RN = ATE LRI R E A
cosa = cosb' -cosc 4 sinb -sinc - cos A’

A LA 2

cosA=—cosB-cosC +sinB-sinC -cosa

I A 5 AR A R A, ZD AR BRIREZAR




F=% X LHE AR 20

EZAR  WEFR, /8 APL Pl OBC, ¥ OBC WAE PM1OB,PN1OC, &#: AM, AN,
HH 338 1) SEAR U AR IRATTAT AR B AM LOM, AN LON, #t— B (AT LI/ S] LAMP = /B,
LANP = /£C G&REWMYIL AT
H AT 7
AN = OAsinb, AM = OAsinc, AP = AM sin B = AN sinC

sin a sin b sin ¢
sinA sinB sinC'

e — WA, XA EFONEZ AR

eSS IR

TEEE M FRIE  BATTRITEERAA SR 2 5 2 () B A AR AR R 2[Rl

x cos 1 cos
y | = | costysind
z sin )

x’ cos ¢’ cos &
y | = | cosysinf
2 sin 1)’

JieHe (4 L AR b NOZAT X R = AN AR ) = A7, AEERATTAY H R BT = A R A ¢
NI, N T RETHR, BAMB e R L o (a") Jutin, FedE N x
LRI AR B Ta] ) S 28 85 T AL A

x’ 1 0 0 T
y | =1 0 cosy siny Y
Z 0 —siny cosy z

xS T ek = AL BRI =M ABC H

E_b7¢/:E_Bae/:7r_a7X:C

n
—A-L = T
v 2’ 2 2 2

et AWNITIE
sinb-sin A =sina - sin B
cosB-sina= —cosA - -sinb-cosc+cosb-sinc

cosa =sinb-sinc-cos A+ cosb-cosc

BANVEAFE—EHE=ALARCEEAIE, M ALK NE—RTRELR, 7T AHLRR
5%~ AAEH



3.2.

Rk

Rk
L.

2.

¥ R AR

. e i
- -

2 KIk

OE-ZIN TN

TR B A 2 A R A, B TR KRB S (D) 123
FARLERIR I (1107 B R BRER O BT T A2 5 S BRI - 45 010 15
KR H45 — BN TS T5 K

RERIFT AT DUEEL, AN B 45 300 T — MO & BT LE 1) 75 o A
B4 VAT I 7 A8 T RER R — 5 GBI 52 ERTE S5 2D
FER (PR S 2RO F R = AT “ihK” | AfaERR
FHERDSEKE

K Z 5RIE 20— JEGVER 7 15 K ERADAS 19 24

HihPE— DR R NRIKE, 5 0HF B A

1LRAR P 5P 1M P SEHLER [ 7 ) 55 R AT R
RIriE—— AR KR

RFFE— o KT R KE

P75 = N,S,W, E—5 [ P44~ 1E 5 17

21



B=% RLHAEmFR 22

7. RONBEE— RIS ARG K

8. BB —— HMERAFPIE T -7 KR, PHE S RAER AP RIRA e, N
23°26’

9. ZHZER—— RFESFEEMZ K EEARN 0, H A eiE R R E urﬁ%ﬁiﬁ?
LUIER) mOATERIY ), D RO /L, B 5K iR ERSE AL OV E B, B
NAER, "0 " EBREMERIE B, B0 8B A FEAA SRR GTAHRO

10. bR K Sl K'— 38 KRB 1k

3.2.3 KIk&frR
RIKALEREYE X

BRI AR b3 51 TH AR FR B0, HE I R £ (2D SRAfE FE &, BRTARAR b A 3y L v ] 5 5
#HE R

T RERER D P, i PSRRI AE KIS B HE R T — 0 N, SRl M2 N
NEE—MbR (L) | AR SE DT AT HBOE 7 1 P ARPAT TEAE R /NE, /N3 S KR TR
FEE CHD PND N5 —ARbR (Z6RD) | iz A br [RIRERILEC 52 7 1 iy B IE



B=% RLHAEmFR 23

K 3.8: E AL bR IR

b AR AR

ST AL BR B 00 7 BB DRy SO T B [l R TV IE, (R HE STk A 40, fEX iR, AT
Bt s EE AL R T A DL E AR A P £ O, BN AR A LR A SEER h, AERA]
W2 HBIRTE 2 =90° —h

FTATEZR], LR & E AR IS T A B AL

H~FARRR R AT E NI ES, B RECNAME, B RAGRERM “ 71"

FAYRR (E—RELTFR)

I A A by 3 IR HE BB A R AR TE, (A dE RO I, R AE SUR R BB S RARTEAAS ) B AT Q, i
HJ7 R CLE 2R A PN &t R 0E, PARBR 7 AR A ¢ 59R% 6

) AR AR 2R A IR AR — AR I TE) A 7 SRR, HE Y —128 ~ 4120 RAK b At RIS I A
t =0 M FHREA ¢ =120

BATEZ R, AR AN R RAR RIS R A R BAE R 28 b T 7R 4 2 08 /N R AR B ASE | rh Rt
FEHAPZS, K ER 7> RAK Al TR R X HiERRX, K fERERX § > 90° — ¢, HERKKX
§ < —90°

I A ARFR RRH T “BFEME” | (HIFANRER R R AR 40 A B



F=% X LHE AR 24

K 3.9 (—. =) FRIBAIFAR

TRBEAIRR (BREERR)

FRIE AR 525 I A AL R FR IR BE RS K 7 1) — 3, AR SR RUBUN AR R AR 4 i, 7 1A
DL PG ) 2R 0 LA T, PRARKR 73 BRTRE o 59RE §

IR [RIAE N ] £ 5 2R, (HYEE Dy 0 ~ 24P

FEIX BLIRAE L—Mor et E i &7 B2 s (XARZHE XHERE “B7) s = F5
S, FRE s = DRI B R IIRARI ARG . HE R 1w SCRATR I, [FIZ B X AE 7] — e 2
I N B R R 2 — EU

HEARR

TR R G R TE AR REEA— 2, HOREHMERONTIE, AR RS XN RS B, £
BEAMEE IR
—LEAPTE

PAVER R, FEIRELIS R E SIHIEZ “HXRE” | X ROyl T B R A
(FE£ZJa 4 19UE 1280 BAT =M — e BITHED | HUERI A R PUB AR R, XMt s T2
T EAESEEFEIFAFR, B EINTDWM B 7> [ Kb 2 B R 28, X REREILR
et GBSl USRS M v Anieds . BEsh A IZ009 25700 4, P3N RE D REFE 2123



F=% X LHE AR 25

50.3", IXFIEE BN RE RN BB UMCNS E, &2 FEERANE AWM R 09 2 2 HA—8, Fit
TRl 2 B 75 hRvEL T (0 J2000.0 25

Shr b, LR ERE—FS 2 (HAZZ) |, T EXHEREs &5l T 2 2, X5
AR A AR 1, (X A i

B 7 S, s3Ik B R SRR, X MEUNHRE), SRR S G, B RHUER
WA TERIEE B 2B G ALT R B, T2 H — NG, Sul RO RIK, HlbE % 2Rz
2, IR B R W A BN R . T 2R E N, b B SRR O E E), HE
AR, 2N 18.3 4F.

Remake 1XH#ZLMAGE, BAEEH RS2 ICREF 54465 R ICRS 1655% [AU & H T
BrE X, RS — A BRI L Y 25
T E A AR R R EE R

XERy N R BEHEAH AN, T AXET LRI = MAHES, IrEid 5S¢

sint-cosd =sin A - cosh
cost-cosd =cosA-cosh-siny +sinh - cos

sind = —cos A - cosh -cosp+sinh - sin @

sin \ - cos f =sind - sine 4 cosd - cose - sin «
COS A - cos 5 =cosd - cosa

sinf =sind - cose — cosd - sine - sin



= KA AR 26

3.3 1172

\

T ERBAN BB IR, X80 N E
HAAT 2 AR

YEERTRMANNTE, BRHKE BT

3.3.1 1TEMEFRMHZ

bR RSB 2 (TAUD TEATRAS 280105 26 K22 T 2006 4 8 H 24 Hid@id 726 T KM
FZH4T B DL S A RAR R 2 XA, JESC (The Final IAU Resolution on the definition of "planet”
ready for voting | Press Releases | IAU) fifF

RESOLUTION 5A

The IAU therefore resolves that planets and other bodies in our Solar System, except satellites,be
defined into three distinct categories in the following way:

(1) A “planet” ! is a celestial body that (a) is in orbit around the Sun, (b) has sufficient mass
for its self-gravity to overcome rigid body forces so that it assumes a hydrostatic equilibrium (nearly
round) shape, and (c) has cleared the neighbourhood around its orbit.

(2) A “dwarf planet” is a celestial body that (a) is in orbit around the Sun, (b) has sufficient
mass for its self-gravity to overcome rigid body forces so that it assumes a hydrostatic equilibrium
(nearly round) shape?, (c) has not cleared the neighbourhood around its orbit, and (d) is not a
satellite.

(3) All other objects®, except satellites, orbiting the Sun shall be referred to collectively as
“Small Solar System Bodies”

1 The eight planets are: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune.

2 An TAU process will be established to assign borderline objects into either dwarf planet and other
categories.

3 These currently include most of the Solar System asteroids, most Trans-Neptunian Objects (TNOs),
comets, and other small bodies.
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Minimum velocity of a projectile (15 points).

11.1 What is the minimum speed with which a projectile must be launched from the Earth's surface at the equator such that the projectile reaches the
north pole?

12.0pt
11.2 Find the eccentricity of the trajectory described by the projectile
3.0pt

‘You may ignere the rotation of the Earth. Also assume the earth surface is spherical.
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13. Distance to the Coma galaxy cluster (40 p)

The Coma galaxy cluster (Abell 1656) has an angular diameter on the sky of about 100 arcminutes,
and contains more than 1000 individual galaxies, most of which are dwarf and giant ellipticals orbiting
the common center of mass of the cluster in approximately circular orbits. The table below lists the
measured radial velocities of a few individual cluster member galaxies.

No. | v (km/s) | No. | v (km/s) | No. | v, (km/s) | No. | v, (km/s)
6001 6 7116 11 7156 16 7111
7666 7 7004 12 7522 17 8292
6624 8 4476 13 7948 18 5358
5952 9 6954 14 4951 19 4957
5596 10 8953 15 7797 20 7183

| | W] | =

a) Derive the distance of the cluster from the mean radial velocity of the galaxies listed in the table.
(8p)
b) Estimate the physical diameter of the cluster (in Mpc). (4 p)

¢) The virial theorem states that if the galaxy cluster is m dynamic equilibrium, then the mean kinetic
energy, (K). and the mean gravitational potential energy. {U). are related by

—2(K) = (U}
assuming the Coma cluster is spherical.
For simplicity, assume that each galaxy has approximately the same mass, m.

Use the virial theorem to prove that, in this case, the cluster mass M (also called as the virial mass)
can be expressed as
5R
G

2

M = —o;

where a7 is the velocity dispersion of the cluster. (10p)
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(T1) Super Luminal Galaxies
Read the statements given below and state if they are true or false:

(a) For some galaxies the apparent recession speed exceeds the speed of light.

(b) The velocity — Distance relation as given by Hubble cannot allow recession velocities to exceed the speed

of light.

(c) Hubble-Lemaitre’s law (formerly known as Hubble’s Law) does not violate special relativity.

(d) If some galaxies would have an apparent recession speed exceeding the speed of light, then the photons

from those galaxies can never reach us.

(e) As the expansion of Universe is accelerating, photons emitted right now from galaxies which have

apparent recession speed equal to the speed of light will never reach us.
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Big Bang Nucleosynthesis

« Once significant amount of Deuterium has formed the heavier elements form very fast
« All post-Deuterium reactions invelve strong nuclear forces, large cross sections and high reaction rates

* Reactions proceed quickly to Helium
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