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Conditions for Eclipses

Eclipse can occur  FullMoon

Lineof & —% Earth’s orbit

nodes
New Moon

No
eclipse
possible

Line of

nodes
New Moon

Eclipse

can occur No

eclipse
Line of nodes possible

Figure 1-26
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Heh Solar eclipse

Total Solar Eclipse of 1999 August 11

Pay attention
to solar
corona (H#&)
when

the sunis
totally
blocked

by the Moon.

Solar corona
is the
outermost
part of Sun’s
atmosphere.
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Figure 10-6a
Discovering the Universe, Seventh Edition
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# B (transit)

5 %1198
. BHELF
SE &M R,




2006k E & H

Transit of Mercury ) 2006 Nov 08-09

BARESTH
AR |mYH
8T R £ ieék
off, |

2 M BF R =
UT+8/)s o

o R 48315 Pt | © Transit Contacts
BE+ 5w | - 19:12:04 UT

Il - 19:13:57 UT
a3 12032 Greatest - 21:41:04 UT
(&8 FF 2 F e 1 00:08:16 UT
IV - 00:10:08 UT

Fred Espenak, MASA's GSFC
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200442 2% B T —=k#2012

Transition Region and Coronal Explorer (TRACE) satellite, NASA, Stanford-Lockheed Institute for Space Research
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note

A student asked me in the class about the period of Mercury
transit. | said that there are some sort of periods but there is no
definite period because the ecliptic orbit of Mercury is
precessing due to the gravity of the Sun and other planets. Of
course, the transit period should slightly alter if the orbit
changes slowly with time. However, what | explained using
orbital precession is actually a small effect for a timescale of a
few hundred years. The main reason why there exist a number
of periods for Mercury (or Venus) transit is just because of
some complex results from the orbital inclination and orbital
eccentricity even though we ignore orbital precession (i.e. even
if we assume that the orbits are fixed with time). For more info,
please refer to
http://sunearth.gsfc.nasa.qov/eclipse/OH/transit06.html
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&2 (occultation)

#lF  AREST > BRETFHEE

(%FE e a £ - Regulus # 35 + m) Mon occults Saturn
Rl

http.//spacescience.spaceref.com/newhome/headlines/ast03jun99 1.htm http://antwrp.gsfc.nasa.gov/apod/ap990508.html
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Aldebaran in Taurus
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Determining Aldebaran’s Size

Brown et gl!.lle J ?eZtlgdcrivcd from the occultation, I;b ii ) FL] H&T \¥}¥ él] % T FE&Z 1

Date 1978 August 26

Time of disappearance (UT) ah4mgys4:08.]

Time of reappearance {UT) 2h 3™ 08 B18 + 05.010

Duration of emergence (u = 0.99) 176 + 4 ms

Duration ol emergence (4 = LU} [ o THms

Duration of emergence (u = 0.0) 154 + 4 ms 1 76 ms X 0 - 1 39 arcseC/S
Lunar rate 0,139 £ 0,004 arcsec(s —

Angle of emergence 18" £ 0.5 - 0023 arcsec

Angular diameter (n = 0.99 and 1.0) 0,023 + 0.004 arcsec 1

Angular diameter (n = 0.0) 0.1+ 0N arcsec O 023 arcsec X d IStance
Radius 52:z10R, _ HH =
o 00 = 52 solar radii (}L. E£)
Effective temperature 3650 350K

At=176 ms > i&?ﬁd#&ﬁi%éﬁk'b

A

125}
i,

Nl ST %éi
D-m‘&ﬁi _,:,r_:-‘- | P’éﬂj*T
4 A EK

025 J‘If
R I

D-El}n—ﬂ--.—;rq‘h ~¢~w" =t
seconds after 2.36.00 UT

08 0B F iz H% F 31

Figure 1. The occultation light curve. The solid line is the theoretical fit for a fully limb-darkened star
with an angular diameter of 0,023 arcsec. Each dot represents a 1ms observation, The ordinate is the
measured intensity normalized to the intensity of the star outside occultation, while the abscissa is the
time in seconds after 236,00 UT,

N c¥e
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Uranus X+ E & Neptune [+ 2

Methane ( ¥ %) absorbs red light.

Figure 8-28 part 2
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company

2006/11/8 s 22 - HRE - X 14



Exaggerated seasons on Uranus
REIZEBHMEAREL > BwFH#LE 2

North pole

Winter at Northern autumn, " South pole
north pole _ southern spring

Summer at
south pole

Summer at
north pole

: Winter at
North pole : south pole

Northern spring,
southern autumn

Figure 8-29
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company

South pole
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Discovery of the Rings of Uranus

Uranus and rings

1 Unobstructed
star
h— Outer Middle Inner Inner Middle Outer
=) ring rings rings rings rings ring
= Uranus
= [ |
k7 | ]
S | I
v
o I L
“ -
£ Time —
Figure 8-32b

Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Rings and moons of Uranus

Belinda

. ; Puck
Rosalin/Epsﬂon ng\. e

447 B (Jupiter, Saturn,
Uranus, Neptune) % % 3

% Pole Equatoy’
Desdemonay, | Cressida

Figure 8-33
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Determining Charon’s Slze & Density

HCharonfE i ERFIH—
H 822 > Charon JEfx
BT ERE &

ﬂﬂﬂﬂﬂ

. ————— San Pedro

- Paranal

http://www.obspm.fr/actual/nouvelle/dec05/charon.en.shtml

¥EHELENRFR 2
*42=603.6 +/- 5 km
P/ EE(=H Z/58M)=
1.71 +/- 0.08 g/cm3 >
contains ice & rock
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Solar eclipse

http://www.flycapers.com/tours/voyages/2006/2006Eclipse/eclipse.html

Central
duration
M g

2006/11/8 s B - HE o K
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TAOS
telescopes

L e
BEmEHE (Taiwan-America — <
Occultation Survey, a.k.a.
TAOS): T
http://taos.asiaa.sinica.edu.tw/ >
HH R 5EbE
RS
KBS AT YRR R =
EBEMNAE
PR K2
4 telescopes
0.5m in diameter
Search for Kuiper belt i
objects(the source of comets)___

2006/11/8



Taiwan-America Occultation Survey (TAOS)

Counting Kuiper Belt objects Most of Kuiper Belt objects
using occultations (#£) are too small to see! T

‘ Kulper Eeltti_ Distant Stars —»
-t EE

HEBRGEXH)

As the comet passes in front of the star,
it blinks out for ~0.2 seconds
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X-ray HYfEE

http://astro.phys.nthu.edu.tw/

B E T4 K
FHFE =%
P REHORLE
o SR HEY
BEEISRBARD
AT ARI—
BANREELE - BRE
BREH FAK
HAOKEHE B K
T4 FEMREK
B ERIRRE
BHuEVHE—Tk
B LA E o

s EH XORRYRIEE X - 1

y
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Measuring the distance between the
earth & the Venus

http://en.wikipedia.org/wiki/Transit _of Venus

Venus orbit /
http://www.jb.man.ac.uk/~s|owe/ransit2004/science dist_transit.html @
. :&;{;a&ﬁﬁ%‘i(ﬁé)
parallax 74 £ wgm%sfs-:ﬂc—- B
riangulation = g & LS |
triangufatio % A& T How does a
dEl 2 > 6 7@']\ ’ ' 3-D movie
B 5 or picture
H ﬂ%ﬁﬁ%&;@ﬁ work?
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H i (black drop)IR &

http://www.transitofvenus.org/blackdrop.htm
http://www.tam.gov.tw/forecast/2006/h06103101.htm

I\'.
e
9
!

ENI I X )

Other small factors:
Limb darkening
Planet’'s atmosphere

O
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I
I
i
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>
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a3 Sunspot (K2R F) & Planet Transit ({T2%H)

> ¥ b - ” "}p' “?i’r o ¥ “.‘ "{v’,
kl ‘ ﬁ; .:‘.'.A"*:‘ et SN

e
am
~
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gh€E 2 Eclipsing Binary
ECLIPSING BINARY
STAR SYSTEMS

www.hposoft.com/Astro/
PEP/eclipsingbinaries.html

% x #h R 4k
Primary Secondary

}i Eclipse Eclipse

: \/

2

E Ingress Egress

=

E"

L Minmum - L

|
| | | | |
1 2 3 4 2 6 K

|
I
8
Secondary Star's Orbital Position



alittle BOmbbell Nebula (M76)
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close binaries

FALE KR

BEE >

2006/11/8

More luminous Large %
main-sequence red giant -
star . - G <€

= O

g s

o E

<

>

lﬂ

>

a A semidetached binary

Mass flows from the large star
onto the small one, forming an
accretion disk.

Apparent
visual magnitude

b Asemidetached binary
with mass transfer

Apparent
visual magnitude

W Ursae Majoris
¢ Anovercontact binary

Figure 12-32
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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2.2
24
2.6
2.8
3.0
3.2
34

34
3.6
38
4.0
4.2

7.8
8.0
8.2
8.4
8.6

eclipses the
large one.

—2.87 days —
- Large star

|
o

small one.

|

|
eclipses the U

]

}«—12.9 days —|

Small star eclipses the large one.

i Large star
eclipses the
= smaII one.

Both stars are about the
same size, so all eclipses are
— roughly the same.

T

0.8 0.00.20.4 0.6 0.8 1.0 0.2
Phase
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MERCURY: VITAL STATISTICS XkE(RE)

Average distance from Sun:
Maximum distance from Sun:
Minimum distance from Sun:
Eccentricity of orbit:

Average orbital speed:
Sidereal period of revolution:
Sidereal rotation period:
Solar rotation period (day):
Inclination of equator to orbit:
Inclination of orbit fo ecliptic:
Radius (equatorial):

Mass:

Average density:

Escape speed:

Surface gravity (Earth = 1):
Albedo:

Average surface temperatures:

Atmosphere:

2( Figure 7-1

Discovering the Universe, Seventh Edition
© 2006 W. H. Freeman and Company

0.387 AU = 5.79 x 107 km

0.467 AU = 6.98 X 107 km

0.307 AU = 4.60 < 107 km

0.21

47.9 km/s

88.0 Earth days = 0.24 Earth year

58.7 Earth days g ﬁ.

176 Earth days

0.5°

7°00' 16"

2439 km = 0.382 Earth radius
3.30 x 102 kg = 0.0553 Earth mass ..
5430 kg/m?3 = 0.984 Earth density

4.3 km/s .
0.38 b

Day: 350°C = 662°F = 623 K
Night: -170°C = -274°F = 103 K

Very thin, transient H, He, K, Na, O

1974: Mariner 10 (photograph only 40% of Mercurf)




Mercury is
almost dead
(no volcanic
activities)

®

Mercury:
no maria?

2006/11/8

Figure 7-2

Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company

Our Moon
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Caloris Basin: a huge impact

basin
ﬁ'v % At

L A
n Lo

Probably created
in the era of heavy
bombardment; i.e.
older than lunar
maria - erase
marialike feature

Figure 7-3a
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Hilly Terrain

On the opposite side of the
Caloris Basin

Big impact

—> Caloris basin

—> energy propagates to the
other side & get focused

-> surface is pushed up

Caloris
w we IMpact” . ‘
ok Th- 'Ejecta e o
‘" s + . . Surface
F P Waves
p—/'f Lithosphere
A S .
Surface
Waves
f'j DEurfan:a
Mereury isruption

http.//ase.tufts.edu/cosmos/wew picture.asp?id=309

Figure 7-3b
Discovering the Universe, Seventh Edition
© 2006 W. H.Freeman and Company
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Mercury is iron-rich

Mantle | i 7
Earth’s iron core is
| 55% of the diameter
" of the entire planet, or
17% of its volume...

Average density
- Interior structure

~— ...whereas Mercury’s

iron core is about 75%
of the planet’s diameter,
or 42% of its volume

Mantle Mercury

Figure 7-6
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Plunetesimal plows into
proto-Mercury’s interior

Collision
model

_.:v,.l-:f':iunele-;i'mul
1/6 the mass of
proto-Mercury

S —
5000 km 5000 km

S| m i |ar to earth-moon Just before contact 3 minutes after contact

formation, but no Impact vaporizes the rocky
mantles of both worlds

moons form for

Mercury

Mercury
re-forms
from
iron-rich
material

« within this
banana-

/ €

Other

material
disperses \.
5000 km [l "™ SPY®_ " 5000 km
6 minutes after contact 30 minutes after contact

Figure 7-7
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Condensation sequence

2000

1000

Termparature (K)

Metalks

Earth Jupibet Sakurn

Silicabes,
recky mabketial

Wiaker jce

AMmMaonia ice

Lranus

'

0 = 10 1%

Distance from Sun (AL

273K=0°C

Table 19-3 The Condensation Sequence

Planet (Estimated

http://ircamera.as.arizona.edu/astr 250/Lectures/Lec _21sml.htm

http://inverse.astro.uwo.ca/ast21/slides20/slide2.html

2006/11/8

Planets formin a
proto-stellar disk around a
protostar.

= i
==poQ

— .

jafj

PSR

Temperature T emperature of
(K) Condensate Formation; K)
1500 Metal oxides Mercury (1400)

1300 Metallic iron and
nickel
1200 Silicates
1000 Feldspars Venus (900)
680 Troilite (FeS) Earth (600)
Mars (450)
175 H,0 ice Jovian (175)
150 Ammonia—water ice
120 Methane—water ice
65 Argon-neon ice Pluto (65)



summary

® LB BERELEALR?

® HHEB RBTAEIEHKAIITE?

@ HitBARFAK —#T "  XAEATFERA?

@ AZHBKESARENE?

@R TAKEMNESE » R K A 6947 £ 7T L% B (transit)*§ ?
® 1M & K% 2 -F(sunspot) ?

® w7 #] A # E (occultation) =R ERABLBDREEY AN ?
@ 2B EHETAOS)RATHRHE? AHBEZAREA T ?
@ ZIMTRELEZEECMAKIGH?

® 51+ £ (parallax)=T sA Fl R B EIE &k ?

® Ju{T43 404k 4 B (eclipsing binary) &y #4817 ?
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