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http://upload.wikimedia.org/wikipedia/
commons/5/59/HR�.png

Source: Richard Powell 2011
(http://www.atlasoftheuniverse.com/hr.html)
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The variable stars in M31 1081
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Figure 10. Light curves of variable stars in group 1, folded by their periods. For visual aid, two cycles are plotted. The superpixel flux in ADU s−1 is plotted
against time in days. The number in the right-hand corner is the identifier in our catalogue. Light curve 29439 is most likely an eclipsing binary, whilst the
remaining light curves are Population I Cepheids. Of these, 19897 and 20539 have the nearly symmetric shape associated with the first overtone, whilst the
remainder are pulsating in the fundamental mode.

of the older ones. The same conclusion can be drawn from the varia-
tion of central concentration according to the brightness. The AGB
is redder and therefore optically fainter for a metal-rich popula-
tion. This is consistent with the idea that the visually brighter Miras
represent older populations. All this is consistent with the fact that
the disc scalelength of M31 is larger in the blue than the red (e.g.
Walterbos & Kennicutt 1988). It is also consistent with a division
of M31 stars into two populations, younger and bluer ones in the
disc (Population I), older and redder ones in the bulge and spheroid
(Population II), as discovered by Baade (1944).

We examine the distributions of variable stars broken down into
different pseudo-magnitude and period bins. For comparison pur-
poses, this is done for the same symmetrically positioned fields as

used for the resolved stars (N1, S1 and N2, S2 illustrated in the side-
panel of Fig. 4). Fig. 21 shows the numbers of variables with periods
less than 800 d in each magnitude bin. By a slight abuse of termi-
nology, we refer to these distributions as ‘luminosity functions’.
For the exterior fields (N1 and S1), the luminosity functions are in
good agreement for r (! f ) < 22. Note that, even up to r (! f ) =

22, the luminosity functions are still rising. This suggests that in-
completeness in our variable star detection is not a substantial prob-
lem at least up to r (! f ) = 22 for these exterior fields. For the
interior fields (N2 and S2), there is a difference in the overall nor-
malization causing the luminosity functions to be offset. This is
most likely owing to the dust lane in the N2 field. The luminos-
ity functions for the interior fields rise more steeply than for the

C⃝ 2004 RAS, MNRAS 351, 1071–1098

(An et al., 2004)
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• https://epa.desc.okayama-
u.ac.jp/~astro/astro101/2019/

https://epa.desc.okayama-u.ac.jp/~astro/astro101/2019/
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• ��0���
– ��������?98<���������
��	
��������AB��

• ���,+��7�&	6(4
– B?D>.V?D>)5*5-�"
– $$-1�&!6(/@;C7�"

• �&	6(+��#3�0�4%7�
'4
– B?D>.V?D>)5*5-
– $$-1@;C7�"
– CCD���0� 0�0��;:D=�7�24
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• ��#'<<=,76;8� 1��+�
$3

– B:;9*V:;9,%4&4)
– 76;8�5���+�

–��!��,�5������ 1	�,��.
�
$3'/,���5�$

–�/'���)��2,�,���5	�,��+
�
$3

– '(#�"")-���*��0,5��$3
• B�V:;9,��5�����������5�3
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• �0�6(0��9��/��
–�0�6(/�%��1���
– 3*����/��)6?N* → mi<A*=

• mi<N*== >2.5 log <N*=
–+&/����.��2��)6

• � ?����.��0��
– �#;:9��/�

» <;:�-0�!,40��=
– ��00��<
��	=@0.55um

» 3.64x10^-11 J s^-1 m^-2 nm-1
» 3.65x10^-23 J s^-1 m^-2 Hz^-1
<'750��1"'',1��/1�8.$=
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• ��')2@���$')><��
–��') miEN*F → ���$')mEmiEN*FF

• mEmiEN*FF= miEN*F+C_0ECD +�F95A
• C_0B�?A
• 338=C_0<��;,-B5A

– ��C_0B�?A<=(	:��8=:0
• 338=�
<�<')<�!�B�"47�?A
• m(�!�)=mi(N*)+C_0*947�/;C_0*B�?A
• 10�&�<�<C_0*<��BC_0947�1
• 6<C_08�<�<mi(N*)BmEmiEN*FF>��5A

– 338=���+�.*+�B%#5A
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2019��
http://epa.desc.okayama-u.ac.jp/~astro/astro101/2019/

2019��
https://epa.desc.okayama-u.ac.jp/~astro/astro101/2020/

http://epa.desc.okayama-u.ac.jp/~astro/astro101/2019/
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– ����3�$$5*�� 380I780nm2�
– ��&�"4#%6�1� → � → � → � → � →�

– ��;λ[m]���;ν[Hz]���; c = 2.99792e8 [m/s] /
)8/�λ = cHν /"#����2���&
7�, 

• ��2<?B=EF�.!+-	(.30"G

– �� ν [Hz] 2��2�,<?B=E E [J] 3
E = h ν[J] /!6:(98 

''.�h = 6.62618e-34 [JDs] 3@AC>� 



����������	�����
�

• UBV (Johnson�$*,',-#%()):

– A0V���U=B=V������U�B��� ��

– Rc :

– Ic :

��� 0.66μm

��� 0.81μm

��� 0.16μm

��� 0.15μm

.��
���/

– A0V���V=Rc=Ic����������� ��

��
�

	��.nm/ ��.nm/

U 365 70

B 440 100

V 550 90

R 700 220

I 880 240
G. Walker 1987, Astronomical Observations, Cambridge University Press, p.14

• Rc, Ic (Kron-Cousins�"+,-!&,&-#%())
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• UBV (Johnson�#,.%./"$&+):
– A0V�	�U=B=V������ U�
B��� ��

0�����1

ASTRO511-O’Connnell-VirginiaUniv.-Lecture15����

��� ��
�0nm1 
��0nm1
U 365 70
B 440 100
V 550 90
R 700 220
I 880 240
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By Brews ohare
( http://upload.wikimedia.org/wikipedia/commons/e/e9/Effective_temperature_and_color_index.png )  
Cf. Johnson and Morgan 1953, ApJ, 117, 313

http://upload.wikimedia.org/wikipedia/commons/e/e9/Effective_temperature_and_color_index.png
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http://www.shokabo.co.jp/sp_opt/star/list/csp.jpg

http://www.shokabo.co.jp/sp_opt/star/list/csp.jpg
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��(K) ! �>��

O 30000 - 50000 *

�	)(RWKU(HeII)@ [�?$ \1"0C5^��RWKU (HeI)
@ 1O9?�9:�3>IC5^��@QXTZ F,') (& 
(SiIV]NIII]OIII)1"0C5^

B 10000 – 30000 * HeIIA"06]HeI@ AB2;�E�.^ ��@QXTZ AB9  ?�
9:�3>IC5^ �	)(& (MgII]SiII)1"0C5^

A 7500 – 10000 *� ��@QXTZ 1�E�.(A0)^ �	)(& (MgII]SiII)1
A5;�E�.^ CaII(H,K )1�3>IC5^

F 6000 – 7500 � QXTZ 1�3>I]CaII(H]K )1�3>IC5^��& 
(CaI]FeI]CrI]Mn�)1D89:2C5^

G 5300 – 6000 - QXTZ A4H?�CI]CaII(H]K  )1��^��& 1� 3>
IC5^CH��@QYP(GQYP)1"0C5^

K 4000 – 5300 � QXTZ AB<J="0C7J^ CaII(H]K )A�3]��&  A
%>I�.] TiO��@���1"0�DC5^

M 3000 – 4000 # ��& 1+�?�.^ TiO��@���1�E�3>IC5^

L 1300 – 3000 �# CrHFFeH>=��<&@�����F��&@���1� .
^ TiOFVO>=AB<J="0C7J^

T 750 – 1000 �# ��@G/?VNYCH4@QYP1�.^
http://www.shokabo.co.jp/sp_opt/star/list/list1.htm

http://www.shokabo.co.jp/sp_opt/star/list/list1.htm
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• `hah_iHarvardj8
– 1910k20��L`hah_���"�MbYeg[@!�
– 20�X4D #\cZ^fM8�%X]hdI5QE
– \cZ^f/M)V��X.9+K�'XRJLA�;B�;
C�;D�;E�;…..J8CH1FE

–�L; #M27&�JM6
@?T;&�-�JCHN O-B-A-
F-G-K-MJ;&�@:=�?S�=�O�WUAJ @?FE<

– BSL(*\cZ^fM��JCH;&�7INKL,�DU
R�, ML,�DUN�JS�@��DU

– �IR#M�X2DML�0+L	WVH=U
–$�@5P;BSL�&M��@3G?T;L;T;YM��@�>SV
E<�FH)�N;O-B-A-F-G-K-M-L-T-Y
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• MK@Morgan-KeenanA��
– Morgan, Keenan, Kellman*,.1940
�*��%0&
– :?;?9��*%-*����1�$�"'!/

• http://www.oao.nao.ac.jp/stockroom/extra_content/story/top/top.htm
 5<38>�� B746>28=5B

���� +��

� �	@�a,�ab,�b(��*�#)/A
� �/!	

� ��+	

� �	@	(���+��+A

� ���@�A

http://www.oao.nao.ac.jp/stockroom/extra_content/story/top/top.htm


Schaller+1992, AAS, 96, 269 Lejeune & Schaerer 2001, AA, 366, 538
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Claret 2004, AA, 424,
919

Charbonnel+ 1999, AAS, 135, 405
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Credit & Copyright: Robert Gendler
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(Tordiglione, V. et al. 2003,  
Mem. S.A.It. Vol.74, 520
��������� )

http://www.rikanenpyo.jp/kaisetsu/tenmon/tenmon_025.ht
ml

http://www.rikanenpyo.jp/kaisetsu/tenmon/tenmon_025.html


���� M15
ESA, Hubble,
NASA
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��	� M15$�/���0
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( Salaris, M. et al. 1997, 
ApJ,  479, 665 (*�� +
!'$)

http://www.rikanenpyo.jp/kaisetsu/tenmon/tenmon_025.html

http://www.rikanenpyo.jp/kaisetsu/tenmon/tenmon_025.html
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• �P��+:Z�D"GEI?X%4f�:%4gB
#�N<RHIJCXK.AVYI?X

• �:%4O49OQK[LP�,]^Kbd\c]^ J

SVYXf49�J�,h75%, bd\ch24%g

• `df�:�>�:_^agB]^49O0.5~1%�
• ]^UW`dB�')N�Z��e��FX
• 1950���;>= T5�-O0!O(7J]^T
`dZ�*N�VAVYXU@NMHG

– ]^O12P1951����,K1970��8	$,O�� J

�CD6�EG

– `dO12P1983�IRAS/�O5�-0!B�CD3&
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(Theoretical Color-Magnitude
Diagram)

• http://stev.oapd.inaf.it/cgi-bin/cmd_2.5
• ����'03-*��$%#)(
• �!"�
�"����"��.,1�"
� ���"���� �*	��

• ����+,/2&'���*��
– UBVRIJHK(J)"SDSS ugriz

http://stev.oapd.inaf.it/cgi-bin/cmd_2.5


• ���
–
��$&

• ��-	'&+��-�'&
• ��-	'&+��-�'&
• ��-	'&+��-	'&

–���$&
• ��,�564
• 
�-�,�564

• ��7�"3�*��,�)0218
– #�

• �".�-�!",��
• /(�".�-",��

–���
• �".%�
• /(�".��



����-������II-

1 pc (PARallax-SECond: ����)
�����1�����	
 = 3.26��

��(light year)������������
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: 10pc(32.6��)�������

����L��D���������L∝D-2

m2 −m1 = − 2.5log
L2
L1

m2 −m1 = − 2.5log
D2
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