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ARM-1 10 36/ 0 2| 95 134 6 13] 0 5.6/ 157 35 25 18.6] 7 Ea 21 107.3] 256| 70.32] 20322 B 51.07
ARM-2 8 10| 5 98 4 179 18 15| 8 12.5 382 35 0 249] 165 46 14] 149.9] 414 61.59] 252.89 B 63.55
ARM-3 710 2| 7.5 9.8 2 15| 0 13 64 15 26 18 34 2 14]  107.2 52| 38.65| 197.85 B 49.72
ARM-4 825 1.6 1 0 4.5/ 0 2.5 4 0 114 10 0 8 10| 235 3] 46.25 18| 25.24) 89.49 2249
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AZE-1 9 1.2 0 1 0 66 5 15 2 4.6/ 13.9) 5 0 7.2 0 15 21 63 72[  44.74] 11494 28.88
AZE-2 9.5 7.2 1 2| 3.6 35 3 35 0 0] 254 17 0] 0] 13.2] 20.5) 115 75.7] 13.2] 3534 124.24 31.22
AZE-3 87 6 6 96/ 0 5.8 7 15] 1 5.3| 20.2 15 4.5 22.2| 2205 25 8] 104.1] 44.25| 34.06] 18241 H 45.84
AZE-4 5.5 2 2] 2 2 1365 3 13] 3 8.4 25.8] 11 1 275 171 19] 225 9235 44.6] 50.51] 18746 H 47.11
AZE-5 8 4 0 2] 56 4 0 15/ 0 0 16.5 21 0] 10] 8 5 2| 76.1 18 7.41) 10151 25.51
BGD-1 0.75 8 0 0] 2 720 3 [ 3 0] 10.8 7 0 6.5 17.5 175 29| 41.75 24| 58.94) 124.69 31.33
BGD-2 5.05 9.6 1 1l 0 123 4 1 5 0] 245 9 1 8] 185 15| 29| 73.45 265 56.74 156.69 39.37
BGD-3 475 2| 4 1| 15 52 5 2l 2 2.6 12] 3 2 13] 10.3] 8.5] 24.5| 47.05 23.3] 44.25 114.60 28.80
BGD-4 75 4.1 7 0] 3 113 0 o o0 8 17.3 14 0 115 8 11 27 722 19.5] 50.21] 14191 35.66
BGD-5 | 08 2.6 4] 2[ 0 7 2 o 3 0] 202[ 13 1 115 95 7 13] 556 21 25.68) 102.28 25.70
BGR-1 9 6 6 3 100 113 9 13| 14| 11.65 30 43.5 15| 425 364 41 38] 181.45 789 93.18\ 353.53\ G 88.84
BGR-2 10 1036 10 of 12 6 15 200 13 176] 8 10| 33| 416 41| 21| 1352 746 67.68 27748 S  69.73
BGR3 | 45 9 7] o o 118 o o 20 0] 296 17 15 6 425 41] 999] 21| 99.00[ 21990 B 5526
BGR-4 9.1 5 2] 4 ¢ 7.3 4 125 17 7.5 192 20 2] 421 342 45 36| 115.6] 763 93.71] 28561 S 7177
BGR-5 10 10 4] 9.8 10, 14.3] 19 15 0] 145 37| 16.5 34 45| 52.1 22 35 194.1) 97.1] 7191 363.11] G 91.25
BRA-1 100 8 10 1 5| 10] 20 3| 17] 12.6] 41.8 17 15| 244 146 68 18] 170.4 39| 87.00] 29640, S 74.48
BRA-2 775 71 3 11 0 100 4 0 15 1.5| 16.6) 9 5.5 18.5| 36.6] 33| 225 80.35 55.1| 62.87 198.32] B 49.84
BRA-3 725 35 0 8 0 6.6) 15 15 7| 12.2] 348 23 185 9] 19.6] 23.5| 20| 150.85 28.6| 50.74] 230.19] B 57.84
BRA-4 o] 4 7 2| o 108 20 15 3] 158 368 3 0] 36.15 18.1] 41| 28] 1264 54.25| 78.18] 258.83] S  65.04
BRA-5 65 1.6 4 8 75 7.8 20 3| 15| 1545 32.8] 27.6/ 29.5| 352 29.2| 41 27 178.75] 644 76.68 319.83 G 80.37
BRA-6 0O 0 0 0 0 0 0 0o 0 0 0 0 0 0 0 0 0 0 0 0 0
CAN-1 100 10| 7] 10 9.5/ 17.9 20 15| 0 13 24| 34 0) 41| 748 49| 39 1704 115.8] 101.74] 38794 G 9748 BD
CAN-10 | 93] 8 2[ 3] o 88 0 14 0 0 168 10 ol 384 17[ e[ 21] 72.] 554] 36.79] 16429 41.29
CAN-2 ol 10f 7] 353 195 200 o 7] 24 7 3 0 425] 357] 315 34] 932] 782 78.79] 250.19] B 62.87
CAN-3 85 100 5 2 6 855 6 25 0 6.4 19) 0) 0) 37| 33.6 16| 14] 7395 706 35.12] 179.67] H 45.15
CAN-4 0O 0 0 0 0 0 0 0o 0 0 0 0 0 0 0 0] 0 0 0 0 0
CAN-5 8 5| 3 100 0 183 4/ 85 6 0 37 15| 12.5] 33.6] 28 62| 27 127.3] 61.6] 95.21] 284.11] S 71.39 BN
CAN-6 95| 5.6/ 1.5 4 0 4.6 0 2] 3 0) 28 05 4 268 11) 345 155 62.7] 378 53.69] 154.19 38.75
CAN-7 | 98] 7.2] 3 2[ 32 156[ 19] 15[ 13| 85 31 12 14 36| 218 315 38| 153.3] 57.8] 84.79] 29589 S 7436
CAN-8 o[ 32 o 2 o 4 2 1] o of 3 3 o 82 8 265 23] 182 162[ 57.88] 92.28 23.19
CAN-9 of 10l 75] 2] of 200200 o 3 13 48 1 o 87| 204 435 18] 788 20.1] 6538 173.28 43.54
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3.1.1 R FEFE P RYRTE]
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A — ST IF SR P, I 8] 5 P B RSO IR, RIS T RSO 5 H =5
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P et 6] SCN®Y, BL1958 5 1 3 1 H 0 WOuE s, BSL TR e bnit, 08 ERRIRE 7B
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BEIR CUIEINT RREIE, HERA RS RN K H B, 7 HBNE R0, BT
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BrE LT — NSRS, FOEREE S X PRE
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AL H RS H R SEOKBHE & 3% FORBAERTE_EFFERCE 5 —AMEAE A, XA S AR
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N T PP RA R E K S IX A, BATTIE 5 2 S A B AR

HI T RIS, AR 2 B A R T P I A —RER, BRI IRAT T DAY 7 2O, )
VU ZR 2% LA 15° Jfal Rkl e i R 2, B2k REZNROIRIE 7.5° M —RFIX, ARYE Rk
e BN XA G — 5P, FROVXES. ER, XNl E g —E, HlindERDR 8
X (120°) AENIXEF, TR EER IR IXZR 5.5 X (82.5°) AR NI o AH) 1752k BT 1 X IR 5
REAMBR IS T (GMT), X [R5 e F i i R

DI S () IR 0 — AN, IFANRE SN H 45 8 2 BE RO DI T, Fr AR 17 45 H A D) FC) =24 Sl A
], FATSAEXE EEm—Ana ¢, SRNPUEER, ¢ KR

t= (0 —ag) x 47/(°)

Hrf o RAEIAE, oo £ XIMKZLE, o —ap HIERS

AX LA BFFE
MRS B, “H” A< o P e SCHSRI, PRI — /N3 AE ik i/ 4
BEEFSTRTNEH (XEMNEERNS ETREXWIEE “F” TE, BERTRKSLGF—TEEH
B
FEREEA GGG, AT DL fa B i A 2R THE
s =m+d-3"56"/day

Hrp o REREHKIH IR EE
FEESRIEREOL T, A HELE N

s=m+Sy+9-3"56°/day

Hrp Sy RS 0 FHEGATEER, —BAERCFENITER, 0 22X KRS Sy WM REE

3.1.2 RNEFEH—LE TG

X WA LU R, EERIREEFESRIAE. K (D HS5E2 H KR LEUEE,
WALHE— LR E I A], AR FHSe AR 2 rhC i — F BN B) 55 . KR 7 B Al e 2

3.1.3 RXZ=FERRABAZE
KA

IS B D378 N s 58 FH ) —Fh i, FLULH S s A RS /R v 38, 8 — N e N “H 7,
— ANEAEE B FEHN 29.53059 K, IEAAECH 29.5 K, —/ANKBHENN 12 A~H, BIEL 6 K 6 /N, 3t
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HZ AR BN, BT A SR R R IERE € Oy —KBAH, T HARAKYE
HER B F T AR, ORBA HAR B R H B CRTBLSREERGE K D, S8 TH5R /& T DAAS
KAHKAKE Dy 24 I 50 70, XEMHRERRH LHBETHE 50 204, BEWRE rTREH I — KK
A HZTHERITE DL

FIFER, BT ER AR, WA KREERT HRAENAY CHMUTEEH 51K
FHHERISR AR, Bt EE H BRS2E—E R L PRI B R e R e SOy — 182 R, it
/DT ASH —1EE KN 27.322 K.

KIAGAREF 45 & A M AAL, (BABE SN AL, DRI AN F AR O PR e

APBRA

IR BA P AR BRI A EAE sl B, AT A Py i) At JAT TR R BH 22 22 P (I 25 73 s 11 18]
kg€ SON—[EIVASE, HAKREN 365.2422 K, KFHPE EVAEEN B BiKkHE. 34T AP 400 FE
97 [, W P uiiiE 4 4 1 H5 400 4 1 4.

XHFEER, AT AR B P, EM s P g A — 4 <4 1582 4F 10 H 4 HIW
FHEN10 H 15 H?, FETHE KPS BN [EIN TR b A 2 m] 25 sk REFEMEX 10 R? &
Fie: BN TATRE. RAIFER RS, X 10 KEHTAJCHT 8 FHIE 4 4FE 1 HAEL T
SETIT AR 2R ORIV, T BRATAE VT 5K S I (R B — AT A JCRTTTAR, FFRIEX 400 48 97 [H1
F, XA CEEE TR SR AR 10 K, FTUA TR EFEE.

HTHS R BEs) (FERIR—FTH MR, [BEFHA A S5 T HOER AR (0 A, PRtk 254
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3.3.1 1TEMEFRMHZ

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

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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https://zhuanlan.zhihu.com/p/677605539
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Minimum velecity of a projectile (15 peints).

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 ignore 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 arcnunutes,
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

| = v | =

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 Mpe). 4p

c) The virial theorem states that if the galaxy cluster is in 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 =—ouv

where 42 is the velocity dispersion of the cluster. (10 p)
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(T1) Super Luminal Galaxies (10 points)
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.

(¢) 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.

4.5: TOAA2018-1
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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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