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Thanks to the good weather, we observed Mercury transit on Nov. 9th!
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������������	������������	������������	������������	������������	������������	������������	������������	

1.��������(solar eclipse)����� � � � � 	� � � � � 	� � � � � 	� � � � � 	

2. 
 �
 �
 �
 �(transit)����� � 
 � � � � � � � � � �� � 
 � � � � � � � � � �� � 
 � � � � � � � � � �� � 
 � � � � � � � � � �

� � 	 � �� � 	 � �� � 	 � �� � 	 � � ( � � �� � �� � �� � � )
3. � �� �� �� � (occultation)����� � � �  � � � � �� � � �  � � � � �� � � �  � � � � �� � � �  � � � � �

    ( � � �� � �� � �� � � )
4.�! ��! ��! ��! � (eclipsing binary)����" ! �  # $ %" ! �  # $ %" ! �  # $ %" ! �  # $ %

& ' � �& ' � �& ' � �& ' � �
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Conditions for EclipsesConditions for Eclipses
� � � � � � �� � � � � � �� � � � � � �� � � � � � � ����� � � �� � � �� � � �� � � � ����

� � � �� � � �� � � �� � � � ����� � � � �  � �� � � � �  � �� � � � �  � �� � � � �  � � !!!!

" # � $ % & ' � $ % & � ( )" # � $ % & ' � $ % & � ( )" # � $ % & ' � $ % & � ( )" # � $ % & ' � $ % & � ( )

� �� �� �� �

�����������	
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���������������� SSolar eclipseolar eclipse

Pay attention
to solar
corona (��������)
when
the sun is
totally 
blocked
by the Moon.

Solar corona
is the 
outermost
part of Sun’s 
atmosphere.
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� � � � � � 	 
� � � � � � 	 
� � � � � � 	 
� � � � � � 	 
 ����� �� �� �� � 
 �
 �
 �
 �� � � � � � 	 
� � � � � � 	 
� � � � � � 	 
� � � � � � 	 
 ����� �� �� �� � 
 �
 �
 �
 �

* + ,* + ,* + ,* + ,

- . /- . /- . /- . /

0 10 10 10 1

� 2 3 ,� 2 3 ,� 2 3 ,� 2 3 ,

4 54 54 54 5

� $� $� $� $

6 7 86 7 86 7 86 7 8

0 10 10 10 1

9 : ; < = > ? @ A B9 : ; < = > ? @ A B9 : ; < = > ? @ A B9 : ; < = > ? @ A B?
CCCCDDDDE F G H / I J K L M N O PE F G H / I J K L M N O PE F G H / I J K L M N O PE F G H / I J K L M N O P

0 Q0 Q0 Q0 Q ( R SR SR SR S )

�
�

�
�

�
�

�
�
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�� ��� ��� ��� � ����� � �� ��� � �� ��� � �� ��� � �� ���� ��� ��� ��� � ����� � �� ��� � �� ��� � �� ��� � �� ��
������������������������

� �� �� �� �

��������Reichhardt 2002�� � ��� � ��� � ��� � �

Nisenson & Papaliolios 2001
� � � 	 
 �� � � 	 
 �� � � 	 
 �� � � 	 
 �

6 7 8 0 1 N T U V W6 7 8 0 1 N T U V W6 7 8 0 1 N T U V W6 7 8 0 1 N T U V W

A BA BA BA B

X YX YX YX Y



2003 � � � � �� � � � �� � � � �� � � � �( � ��� ��� ��� ��)

http://antwrp.gsfc.nasa.gov/apod/ap030527.html

� 	� 	� 	� 	 11



9����
�� � 
 ��� � 
 ��� � 
 ��� � 
 �

8 � � � � �� � � � �� � � � �� � � � �

� �� �� �� �(transit)
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20062006 � � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �
http://www.transitofvenus.org/mercury.htm

��������������������

� � � 	� � � 	� � � 	� � � 	 
 �
 �
 �
 �

� � 
 � � �� � 
 � � �� � 
 � � �� � 
 � � �

� � � � � �� � � � � �� � � � � �� � � � � �

� � � � � �� � � � � �� � � � � �� � � � � �

��������

Z [ \ ]Z [ \ ]Z [ \ ]Z [ \ ]

^ _ * à^ _ * à^ _ * à^ _ * à

( � b c d _ @� b c d _ @� b c d _ @� b c d _ @ 2032`̀̀̀
http://www.tam.gov.tw/forecast/2006/h06103101.htm )
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 � � 
 � � � � � �
 � � 
 � � � � � �
 � � 
 � � � � � �
 � � 
 � � � � � �
 � � 
 � � � � � �
 � � 
 � � � � � �
 � � 
 � � � � � �
 � � 
 � � � � � �
2004 e Bf �e Bf �e Bf �e Bf � g � h ig � h ig � h ig � h i 2012
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note
A student asked me in the class about the period of Mercury 
transit. I 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 I 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.gov/eclipse/OH/transit06.html
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� �� �� �� �� �� �� �� � (occultation)(occultation)

http://spacescience.spaceref.com/newhome/headlines/ast03jun99_1.htm

j kj kj kj k DDDD� $ l A� $ l A� $ l A� $ l A ����m n o p N q Bm n o p N q Bm n o p N q Bm n o p N q B

( r k s Nr k s Nr k s Nr k s N ttttBBBBDDDDRegulus u v * wu v * wu v * wu v * w )

http://antwrp.gsfc.nasa.gov/apod/ap990508.html

Moon occults Saturn
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AldebaranAldebaran in Taurusin Taurus
((������������������������� � 	� � 	� � 	� � 	������������������������� � 	� � 	� � 	� � 	 ))

Pleiades (~100 million yrs old)
7 sisters
Subaru
����������������

� ���� ���� ���� ���

(~700 million yrs old)

x y zx y zx y zx y z
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Determining Determining AldebaranAldebaran’’ss SizeSize
Brown et al. 1979

�t=176 ms ���� { ? | m � } N � ~{ ? | m � } N � ~{ ? | m � } N � ~{ ? | m � } N � ~

176 ms x 0.139 arcsec/s
= 0.023 arcsec
0.023 arcsec x distance
= 52 solar radii (���)

� �  � �  � �  � �  

! " # $! " # $! " # $! " # $

% &% &% &% &

� �  � �  � �  � �  

' ( ) * �' ( ) * �' ( ) * �' ( ) * �

���� � � � � 	 
 � � 
 � ��

�
�

�
�

�
�

�
�

� �� �� �� �
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Uranus Uranus � � �� � �� � �� � �� � �� � �� � �� � � & Neptune & Neptune � � �� � �� � �� � �� � �� � �� � �� � �

Methane ( � �� �� �� � ) absorbs red light.
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Exaggerated seasons on Uranus
��������	
���������	
���������	
���������	
�����
 � � � � � �
 � � � � � �
 � � � � � �
 � � � � � �
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Discovery of the Rings of Uranus

��������
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Rings and moons of Uranus

By Voyager 2

7 A B7 A B7 A B7 A B(Jupiter, Saturn,
Uranus, Neptune) � � �� � �� � �� � �
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Determining Determining CharonCharon’’ss Size & DensitySize & Density

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

� �� � � � �� �� � � � �� �� � � � �� �� � � � � ����

� �� �� �� � =603.6 +/- 5 km
� � � �� � � �� � � �� � � � (=  ! ! ! ! / " #" #" #" # )=
1.71 +/- 0.08 g/cm3 ����

contains ice & rock

July 11, 2005

(mas=milliarcsecond � � �� � �� � �� � �)

����Charon � � � � � 	� � � � � 	� � � � � 	� � � � � 	


 �� �
 �� �
 �� �
 �� � 



Charon � �� �� �� �
� �� � � � � � � �� �� � � � � � � �� �� � � � � � � �� �� � � � � � � �

� � �� � �� � �� � �
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Solar eclipse
http://www.flycapers.com/tours/voyages/2006/2006Eclipse/eclipse.html
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TAOS 
telescopes

� � ��� �� � ��� �� � ��� �� � ��� � (Taiwan-America 
Occultation Survey, a.k.a. 
TAOS):
http://taos.asiaa.sinica.edu.tw/
� � �  !� � �  !� � �  !� � �  !

� � " #� � " #� � " #� � " #

� $ % & ' ( ) * $ + , - .� $ % & ' ( ) * $ + , - .� $ % & ' ( ) * $ + , - .� $ % & ' ( ) * $ + , - .

� $ / 0 " #� $ / 0 " #� $ / 0 " #� $ / 0 " #

1 $ 2 3 " #1 $ 2 3 " #1 $ 2 3 " #1 $ 2 3 " #

4 telescopes
0.5m in diameter
Search for  Kuiper belt 
objects(the source of comets)
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Taiwan-America Occultation Survey (TAOS)

(��������)

+ , - . /+ , - . /+ , - . /+ , - . /

0 1 20 1 20 1 20 1 2 ( 3 � 43 � 43 � 43 � 4 )

Most of Kuiper Belt objects
are too small to see!
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XX--ray ray ������������������������

� � n B� � � �� � n B� � � �� � n B� � � �� � n B� � � �

� � � � @ � �� � � � @ � �� � � � @ � �� � � � @ � �

��������� Q N 9 � �� Q N 9 � �� Q N 9 � �� Q N 9 � �

����!!!!� � � L � N� � � L � N� � � L � N� � � L � N

� � B7 � } � ~� � B7 � } � ~� � B7 � } � ~� � B7 � } � ~

� 9 � * � � @ �� 9 � * � � @ �� 9 � * � � @ �� 9 � * � � @ �

2 � � � �2 � � � �2 � � � �2 � � � � !!!!�  �  �  �  

� � � �� � � �� � � �� � � � ����¡ � ¢¡ � ¢¡ � ¢¡ � ¢

£ / ¤ ¥ ¦ § ¨ 4£ / ¤ ¥ ¦ § ¨ 4£ / ¤ ¥ ¦ § ¨ 4£ / ¤ ¥ ¦ § ¨ 4

5 � 	 � © � I �5 � 	 � © � I �5 � 	 � © � I �5 � 	 � © � I �

~ N � � B7 � }~ N � � B7 � }~ N � � B7 � }~ N � � B7 � }

ª « ¬ ­ � � ® ¯ª « ¬ ­ � � ® ¯ª « ¬ ­ � � ® ¯ª « ¬ ­ � � ® ¯

° ± ²° ± ²° ± ²° ± ² !!!!

http://astro.phys.nthu.edu.tw/
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Measuring the distance between the Measuring the distance between the 
earth & the Venusearth & the Venus

http://en.wikipedia.org/wiki/Transit_of_Venus

parallax $ %$ %$ %$ %
triangulation & ' ( !& ' ( !& ' ( !& ' ( !

http://www.jb.man.ac.uk/~slowe/transit2004/science_dist_transit.html
����������������������������������������				


 � � 
 � � � � �
 � � 
 � � � � �
 � � 
 � � � � �
 � � 
 � � � � �

How does a
3-D movie
or picture
work?

� �

� �

4444

����

d

))))* +* +* +* + ����,,,,- .- .- .- . ����
/ 0 1 2 3 - 4/ 0 1 2 3 - 4/ 0 1 2 3 - 4/ 0 1 2 3 - 4
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� �� �� �� �� �� �� �� � (black drop)(black drop) �  �  �  �  �  �  �  �  
http://www.transitofvenus.org/blackdrop.htm

������������� �� �� �� �

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

Other small factors:
Limb darkening
Planet’s atmosphere



2006/11/8 ����� � �� � �	 
 26

�������������������������������� Sunspot (Sunspot ( � � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � � ) & Planet Transit () & Planet Transit ( 	 
 � �	 
 � �	 
 � �	 
 � �	 
 � �	 
 � �	 
 � �	 
 � � ))

1155559 6 7 8 9 : � ; <6 7 8 9 : � ; <6 7 8 9 : � ; <6 7 8 9 : � ; <

4300K

5000K

5800K

http://antwrp.gsfc.nasa.gov/apod/ap061110.html

Mercury
������������� �� �� �� � ����
� �� �� �� �



! " # � $ % & � ' (! " # � $ % & � ' (! " # � $ % & � ' (! " # � $ % & � ' ( ( # � � �# � � �# � � �# � � �)

http://www.iac.es/proyect/tep/transitanim.html

5555
6666
7777
8888

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�
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������������������������11��������
� � � � 	� � � � 	� � � � 	� � � � 	� � � � 	� � � � 	� � � � 	� � � � 	

(2008?)(2008?)

http://kepler.nasa.gov/

³ ´ 4 µ ª ¶³ ´ 4 µ ª ¶³ ´ 4 µ ª ¶³ ´ 4 µ ª ¶

w �̀ � · � > ?w �̀ � · � > ?w �̀ � · � > ?w �̀ � · � > ?

* 3 ° ¸ ¹ 4 5 N q B* 3 ° ¸ ¹ 4 5 N q B* 3 ° ¸ ¹ 4 5 N q B* 3 ° ¸ ¹ 4 5 N q B

5 6 /5 6 /5 6 /5 6 /

7 8 /7 8 /7 8 /7 8 /

- ? º *- ? º *- ? º *- ? º *

3 � » �3 � » �3 � » �3 � » �

± ² N /± ² N /± ² N /± ² N /

I ¼ ½I ¼ ½I ¼ ½I ¼ ½

9 : ;9 : ;9 : ;9 : ;

����

�� � �

	 
 � � 
 �

� � � � �



�) ��) ��) ��) ��) ��) ��) ��) � Eclipsing BinaryEclipsing Binary

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

¾ �¾ �¾ �¾ � h �h �h �h �

9 �9 �9 �9 �: �: �: �: �

�
�

�
�

�
�

�
�
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¿ À s¿ À s¿ À s¿ À s

< =  < =  < =  < =  

( > ? 6 @> ? 6 @> ? 6 @> ? 6 @ Medusa
A BA BA BA B )

� � � ����

� � �
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close binaries
C D E < =  C D E < =  C D E < =  C D E < =  

F G /F G /F G /F G / ����
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 321974: Mariner 10 (photograph only 40% of Mercury)

= �= �= �= �( > �> �> �> �)

1AU= 	 ? @ A B C	 ? @ A B C	 ? @ A B C	 ? @ A B C

=earth-to-Sun distance

H IH IH IH I
J IJ IJ IJ I

K L M N < OK L M N < OK L M N < OK L M N < O PPPPQ R S TQ R S TQ R S TQ R S T

D E F GD E F GD E F GD E F G HHHHI E F GI E F GI E F GI E F G

= 2HHHH3
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Mercury is
almost dead
(no volcanic
activities) 
����

Mercury:
no maria?
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Caloris Basin: a huge impact basin

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

http://ase.tufts.edu/cosmos/view_picture.asp?id=309
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Mercury is iron-rich

Average density
���� Interior structure
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Collision 
model

Similar to earth-moon
formation, but no
moons form for
Mercury
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Condensation sequence

http://ircamera.as.arizona.edu/astr_250/Lectures/Lec_21sml.htm
http://inverse.astro.uwo.ca/ast21/slides20/slide2.html

273K=0oC

Planets form in a
proto-stellar disk around a
protostar.
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� < = h d e i j< = h d e i j< = h d e i j< = h d e i j (sunspot)AAAA
� k l m n � �k l m n � �k l m n � �k l m n � �(occultation) o ( ! $ p � q . �" � Z .o ( ! $ p � q . �" � Z .o ( ! $ p � q . �" � Z .o ( ! $ p � q . �" � Z . AAAA
� r s � �t ur s � �t ur s � �t ur s � �t u (TAOS) h ; ` H < =h ; ` H < =h ; ` H < =h ; ` H < = AAAA; < = v n � �� w x; < = v n � �� w x; < = v n � �� w x; < = v n � �� w x AAAA
� I J K �y f z { � d e gI J K �y f z { � d e gI J K �y f z { � d e gI J K �y f z { � d e gAAAA
� ; < = $ %; < = $ %; < = $ %; < = $ % (parallax) D E n | ( ! 2 3D E n | ( ! 2 3D E n | ( ! 2 3D E n | ( ! 2 3 AAAA
� k l } ~ ? � �k l } ~ ? � �k l } ~ ? � �k l } ~ ? � �(eclipsing binary) � 	
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� �� 	
� �� 	
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