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M51 U`P�lk���� 1 � WILLIAMS Peter
2

(1. ����V�:�Æ<}:� 200030 � 2. :�JM���Æ
G)�{:� 200234)���M51 Q�%Æ�Æ�~Q M51 �d>[��[n��~Q NGC 5195 �M51 %8�Q[n�Ba�o����{RE&*�'{ELSZ!�{D�1�Æ[gU�~Q`t�5 M51,G\f�{�$A:Æ X �aA:1/5�;V℄�{R-=��$d>; M51 �AA:{Re��h�do�y�?e;>��~Q NGC 5195 �{R�℄ i R��	F(�� M51 �8e� NGC 5195 �{R�h�do
w[n�P157 ��� z}Jto�A
1 �:���

M51(NGC 5194) YAWJ% 1773 rd�"DF[�
 1845 rO�Oo (LordRosse) �/�?_s
{Y>f+R6o�D?_s�}P�M51 d
CR"�Y(g Sbc �}P [1] 
{AZ��$AID�zQx�)8OID(!
ko:D���� 7.6 Mpc [2] �
8.7 Mpc[3] � 9.6 Mpc [4] �oI=)8OI*%��H
[d��xx��� 9.6 Mpc /8*� M51 Y��?}P
?_sKRbY�D4�=��f�2
d�z�O�28D��b9��}�d��{D(g�}P NGC 5195 (&D-�/ M51b) 
�5�d
M51 �(|+Ol
 M51 ��z��<�$/ 15.5 kpc [5] 
D(g"p�)�_sVy4g}P�23\��
:b{ZdwlFH	(C?�-9�#= M51 ���9zQd�?�xinC(7��bd
>O�==��}P�zQd�
0�=i(I�x}PM�(C?�g�nnCDx"#�
2 M51 �BB;|Sf�}P��-YA�}����`�d91C?V�(}��1j��Y(g=R0#K℄�F?6F?()�\��`
6w���Yg��0AK�)[m2P�=R���C?�/:F2:b}P�_sK�-
z1
=D��\�#v��i�7��x��� u\rp�2005-05-30 � �frp�2006-04-06



� 320 ���������:���j�o������� 24 ��u+,Tt�Q-E�kÆ����MC*�U/
R��9zQd/�m
��97��x�OI&u�WH�AI M51 �*��D,�zQ�S
dz?#�!% X ?`��980={i�	!_�zQ��x [6] 
� 1 ko:D��9 M51 ��i
V_V= M51jg�9�zQ_�R;i�Xd�

� 1 M51 AA:{R�j [7]��:v|AÆG*y0�Chandra X Ab�k�GALEX (Galaxy Evolution Exploror) /&�k�DSS (Digitized

Sky Survey) ℄NN�� (10 min) ���k�TIE (Telescopes in Education) F,��8NN�� (F� 10 min) ���k�Wv*y0 2 MASSo"&�k ISO(infrared Space Observatory )��"&�k�IRAS U"&�k� VLAA%�k	�k�l~
0 11′ × 13′.5 (1′ ≈ 2.8 kpc)

2.1 sV^N
2.1.1 HI ��������Y}G��(gP[�#�=R
�����R1�(�r}G�� 95%08�����JRd HI ��
=7#1� (n = 1) �4g^qT_smBM�X?Y�WH��Q1 21 cm �`�Q)
�RAZ4�Dx HI �RG��7|M�

M51 �� HI d 8 kpc 0l9�7/ 2.5 × 109 M⊙ 
d�z�O|+ 2′′ (1′′ ≈ 47 pc) s
HI F?Æ3>�
ynb M51� HI RG+4/J4#�n��
HI d�z�O/Z<
	9RGY}Pj�F�=R�>�n�
 M51 K��}P HI �9�nL.� 140 kpc 
YP� Holmberg ��k3� 3.5 )
	��}P� HI �F?�r=<JR [8] �R1� (H2)�RGK HI D��D�
M51 �R1�>�I��zW 3 kpc L.l
�I 5 kpc C%XDR1�}d [9] 
6wAZ�0�	= HI ���x4� M51 ���k38�,1�|M�

M51�(gY � YD(��\� HI 2� [10] 
{zJj'�m 180◦ 
�D+(Ol
�<\3W/ 90 kpc
�7W/ 5×108 M⊙ 
�hDJ4�JRD(Z5���=;�
�JJR	zQD��=;��zQ:by�2�p%$.+}Pw
CDYK22P
y�m� M51K�}P�(C?Dx�F(g� Ydw�m�z��O (R < 5.6 kpc)



� 4 � b���� M51 �{R�yjo 321��w�_,�\�K7�>Du�
y���r[FHd(C?�}P��
2.1.2 � CO �Æ���������z 1975 r Rickard �- [11] �x}PR1������S
�9�KZ=?}P��R1��C:�7�zQ�x�zZ�#Y�	=R1���D�5�R1�%,�`�RI�:bR1��?�xJ>�}P���
ysR1�`$� CO�HCN�HCO+ �CS
�� COR1��`Y>�#��CO R1(�RGd~g?}P���w8
�0J>~g}P�R1��RG
d)�}P�m�z�O
���Q1��L<�D2zQ
CO ��d/�#�U6��
6w CO ��YAZ:b�}�R1\�d9�??_s,1����Dq^9�AI M51;um
�E?_sHC%�=AZ
�0R6o�2_s
�DZÆ� CO F?
6wP[[�I�x8d>��z 1981 r Rickard � Palmer [12] = M51i� CO zQ0�
�9�KZ.r?��`?#,Tt�?#dB,= M51 � CO F?`B	��zQ��xnC�

CO �zQ:b M51 Y(gR1��7
f�?}P
d R ≤ 10 kpc �L.lD 75% ���0R1�T}d [13] ��JR� CO ��RGd(g8\/ 4 kpc �	gw8
Aw��R1��℄3dw8&Yh	gRG�
A CO ���:RÆ3iC�w�R1��_℄3/ 1.9 × 1021 cm−2 
�7/ 2.5 × 109 M⊙ (R < 8 kpc) � M51 w8D4�P[bY�R12
 25% � CO F?�4yg�O
{��3/ 900∼1000 pc [14] 
��3�5-DY��
R12�#3>�/ 2.5 kpc [9] �z�2� CO Æ3RG��R1��℄3�2�TVW
2d 2 kpc≤ R ≤ 5.68 kpc L.l�D�f�=�
	d R ≥ 5.68 kpc M��o[t�
y�m� M51 K��}P�(C?Dx�=�z�O� CO zQ/F[4�R1l2>D=
JjOl2� CO Æ3Y+(Ol2� 2) [15] 
y(�|d��z 1∼2.2 kpc lm/bY
 Henry �- [16] �	�RI// M51�p:D(g�#�42℄3��%
/;}d(gY3Zp� 3 2�℄3�Lm��y�D=�WH�= CO 2��x/F[2>Du>dKR�*�3��`
C}d��|w
R�2���mi(g�4�
y�mY}�<����,1�=)�q;
R�-�'��<�5�}� [17] �2KP2� CO Æ3�/dZ�z��O/ 3∼5 
dr% u^m/ 5∼6 
�j4�l2/(4�l2�/�� [18] �u+7��uD�;?�,TtR6J�D<�f
AZ�0= M51 �z�O�R1��i��x
=�z�O 12CO(1–0) [19] � 13CO(1–0) [20] � 12CO(3–2) [21,22] � 12CO(4–3) [23] �
HCN [19] F?`�`Æ3/�RIF[
 M51 �z�O�R1��.+�z�d(gk3/ 50∼100 pc �f8 (Tk > 100 K) �f℄ (N(H2) ≈ 105±1cm−3) �R1��w
R1���7W/ 1.6 × 107 M⊙ (R < 1 kpc) 
yKZ%.�R1���E'��D��D��

M51 �}d��/Z9-$3� CO Æ3�f��O
d2�P280mzQ
-Z�[ys/�R1\t
{Z��7d 107∼108 M⊙ 
k3/ 300∼800 pc 
q3[6d 7∼20 km·s−1 �M [24] ��	=ys�R1\t�,1��x [25,26] 
-Z//28��R1\t��R1\Y`91f_�
CP28��R1\t��R1\hD`91Wf
�m�Y`℄3���Exm��(�P28��R1\t��7�D28�( �=Iys�R1\t��d9�
��-0B	�x��M [27] �(�//D4��m�



� 322 ���������:���j�o������� 24 ����(�z //YA}Pw�dM�91D=)�v?�wC�d�F(�//YApR1\({(>�C�d�dZ�m�z�O�?_s91X�C?V
R1\2_dZ��R1\t
ysR1\td$�2$2$bd�g�R1\ [28] �AZ/�0�	=?#�9�IX?|{�zQ��x}P�vY_s�w}P�vYAu9Y�}	Y4JR=d
y4�vY�Æ3

28�}	Y#;Æ(s
C2%�u9Y#Æ(s�M51 Y>f+�Q}d?#F?�`�|{[m��%}P [29,30] 
&Y>f+F[�Dl=vY_s�}P [31,32] �M51�vYOlK2Ol}�
z�z(��D 4∼5 kpc��O [33,34] 
w8�}	vYÆ3A*%D(gz 2.10 nT (R ≈ 3∼6 kpc) 0.92 nT (R ≈ 12∼15 kpc) ��3 [35] �
2.2 �QG�exYs!%�3�#�SI`�=}��F?
mB}P�T!%zQ��o��xI}Pk3�}�d	i�|M� M51 �D,5��0RAZ�	zQV�2��z�R��
Telesco � Harper [36]1980r�% Q7/:b{��zdT!%Y�0zQ�
6wd!%zQ M51YKRD,��	 �!%zQ(�|_IT!%
-1 KAO (Kupiper

Airborne Observatory)
C 1995rfR6J�fDa3� ISO ,Tt��2R?RAZ�0�MdT!% (ISOPHOT, 60 �100 �175 µm) ��!% (ISOCAM, 6.6 �15 µm) =�(��i�zQ [37∼39] �
M51 dT!%P[b9
:b{DP[Æ��}�d3,�dT!%�0� M51bY�2_s����� HII �
fR6JzQ/mR6o M51 �#)_s� 1982 r

Smith [40] �(x= M51 ?��}Pi�:T!% (80∼200 µm) zQ�zZzQ�T!%�3/ L80∼200 µm = 3× 1010 L⊙ 
�� 70% �4I uW/ 15 kpc �}Pw
IJ 30%�4 uW/ 1.2 kpc ��z�����}P��z�O���9Q�:b`�VC%( �}�dT!%F?
p~ M51 ��JR`�
(90%∼94%) �83�� (W 16 K) 
	T!%�#�483Zf`��q℄
��9� HII��`�83/ 33 K 
}Pw�2�2�M�`�83/ 28 K 
�z�3h�#Y83W/ 20 K �`�q℄�T!%F?��OK O �B }�.#$����5�(� [41] 
y:b�mY O �B }#$:�.����>V�.�`�L,CWH:T!%F?�
1996 r ISOCAM = M51 �zQ�0RAZZ0T��xD�`�=R���
1�V�!%�49G7 (12∼18 µm, 5∼8.5 µm) /F[/�u+�!%93�kLCPp
y:b49F?�4D��`�=R� 12∼18 µm �F?�4Zp�`0 [42] 
{K>m���7�}�dDx� 5∼8.5 µm �F?9�h/D�q
CZ��`0�#=��9Dn�C?�
2.3 Hα Ysd HII qS�	

HII �Y O �6 B �}�.�#$���O
�83�� 7000∼10000 K � HII ��RGP[��=;I?}P�>mM����7�}�d�O�4�yg�O�(*}:�0/%)~g}P��7�}�d��(sNg�ozQWf�AZr[? Hα :_Q���x�g HII �����}P� HII ��RG?��3�g� 2001 r/
d M51 �9rzQ: 1373 g HII � [43] 
ys HII ��l=�3d



� 4 � b���� M51 �{R�yjo 323�
1030∼2 × 1033 J · s−1 �M
}	�7/ (2∼10) × 106 M⊙

[44] 
�uk3L.d 10∼250 pc�M
}	k3/ 32 pc �F��JR� HII �k3pI 50 pc 
r	n�a�$
 Hα �3d 2× 1030∼1× 1032 J · s−1 �M
}	#1℄3/ 〈ne〉 ≈ 39 cm−3 
ys HII ���$(g6Cg OB }t
Ck3�I 50 pc � HII ��mYCg OB }t�'L
�Yh�R6JCIV{Z�R��
HII ��3�gJ>:r���7�}dD�k3�}�d�*�RG
=AZ'b}P���7�}��d	i�D"#�6/z M51�7� COzQ�.r��:�d�}���RG
� M51 DP[f�R1��_℄3 (/7�P#fC)) 
y=�x M51� HII ��3�g���?�d}Pl�5-YWK��}�d��DxY�D,���JR}P� HII ��3�g/^I�T dN/dlnL ≈ L−α � 1992 r Rand [45] zzU/�

616 g M51 � HII �!-�� α ≈ 0.55 
 2000 r Thilker �-zzZ� 1229 g HII �!-�� α ≈ 0.75 
 2001 r Scoville �- [43] �	 Hubble ,Ttt 1373 g HII �
zZ�� α / 1.01 
y�	g5/��#Q6Y�MfR6J�zQV�_zQ�9SC%0Rb/CgpS
�3�>��&XD�_zQ��f
6w9SP<�Sk�R�3�g5/�F%��3�gd Lα ≈ 1032 J · s−1 �96D(g℄
�= M51 2D�JR�3�g��xF[�+(4K��}P\�2lJ�%J��3�g�wJD�
x#}(s [47] 
y�mY� M51 K�}P(C?Dx�= M51 2JRKP2JR HII ��3��x:b28� HII �/P2� HII ��3#�(g7B
ynb28���7�}�dmLDq�= M51 HII ��D�zQ0:bP2JR��3�g (α ≈ 0.93∼0.96) /2JR��3�g (α ≈ 0.48∼0.72) #/
WHy([m��#Q6�mY� (1) 28 HII �:_℄3/Zf6wDm��R6o�g HII �
CWH:Z�/Zb9��O� (2) OB }td2KP2JR��7�gD��D��
(3) dP2JR� HII �
OB }t}	�n/Z 
6w�S3�F?�m7/Z�
�3&/Z��
2.4 �a�^Nhjb��zQY�9zQ�>fzQ��9
d���9AZ�0�	Q��:b}P������D��}<dR
F%AI���9D��D?��`
AZ&�0�	��zQ�:b}P�-��-���= M51�:_Q�:b M51K(�?}P(!d���9D 3g��R=R [48] ��z���(g	gw (w�8\Q: 1) ��q uW/ 8.5 kpc �h	g�T��VW�%.$U
y:b M51 �wd%.D(gP[bY�℄
� M51 �D��7�}�RGD(gJ[�� [49] 
�|�}<��}�2RG�D�h
C|1!�7��}dK��}RG���O�RG�D�h
C(�?}P4�D�"���};�D����RG��� M51 ��z���zQF[�z$d(g}��M
4? King �n�yg}�
�� u/ 14 pc 
}��9�3/ 5 × 107 L⊙ 
�z+��C�h�`�x' [50] 
D��`��ulRG
���iX�)_s
�mJ>:D��z%_l�za_�d��zW 170 pc ��OD(g#R��.)_s [51] 
8_D����} [52] 
:byg�OD�f��}�dJ
y�mK}P�lA�G��r{Dx�



� 324 ���������:���j�o������� 24 ��K 1 M51 TgH_Ov�8 . O j } T � OÆ<^�& /Mpc 9.6 [4]7� α2000/(h m s) 13 29 52.37 [109]

δ2000/(◦ ′ ′′) 47 11 40.87�Y P.A./(◦) 170 [111]�x5 /(◦) ξ = 20 ± 5 [111]"�s5 / km · s−1 V0 = 464 ± 3 [111]?�'-s5 / km · s−1 210 [26]".s5 / km · s−1 38 ± 7 [88]Y-8 /M⊙ · kpc · km · s−1 1.0 × 10 13 [111]:�8 / M⊙ 1.5 × 1011 [112]x�8 / M⊙ 9 × 1010 (< 10 kpc) [13]�{��8 /M⊙ 1.0 × 1010 (< 1.1 kpc) [13]

H2 �8 / M⊙ 5.5 × 109 (< 8 kpc) [27]

HI �8 / M⊙ 2.5 × 109 (< 8 kpc) [27]

HII �8 /M⊙ 6.4 × 108 (< 8 kpc) [27]x~
 ��gK /M⊙ · yr−1 4.2 [43]�5 /L⊙ LB = 4.9 × 1010 [8]

(mpg − mpv)/mag 0.52 [111]x�9℄ (2.11 × 11.75 kpc)/kpc B: 5.08 × 0.71 [113]

R: 4.28 ± 0.42

I: 4.16 ± 0.35

K: 4.11 ± 0.27��Er!v B: 0.94 ± 0.72 [114]

V : 0.98 ± 0.52

I: 1.06 ± 0.50

R: 1.07 ± 0.57E��0.� Mt/L0 (:�8N�50) 2 (N�&Key) [111]

MH/L0 (	
�8N�50) 0.11 (N�&Dy)

MH/Mt (	
�8N:�80) 0.03 (N�&ey) [13]h/
d M51 �9rF[: 1152g}�
}�Dq u(�/ 3∼4 pc 
AI}��#H [OIII] l`F?	D�Æ� Hα F?
:b}��#H��7�} (M > 25 M⊙) �}��nS�7�g�0?	g/ −2.1 �^I�T:U [53,54] 
d�W 60 Myr 0D(xY �}��d	i
yKg�nxP���}P>m(xtX M51 }Pw�MMZZ� [55] �= M51 �}�jgNg�MxP��x:b}�k3u+}�rC�kLCPp
ynbpk3}�Dm��92}3���z/ZT��ODm��r }�
nb}��$bMMK��z��$Dx�rC�}��n��MD�Æ�x
Xr�n�X+��Dq uK}��7�}�rC�xP�5 [56,57] �>m��x:b M51 �
68%± 15% �}�d�d�$ 10 Myr lz$b:
C�$b	iK}��7Cx
y:bys}��mD(g�(��d9� [54,57] 
D�'M//}�>DY�2�d
CYd(gm�k3�}�'6}�t��d
 M51 �ys}�t0P[r� (< 10 Myr) 
k



� 4 � b���� M51 �{R�yjo 325�3d 85∼240 pc �M
�7d (3∼30) × 104 M⊙ �M
Di�gr�}�i!�7K uXD~�xP
}�t��7K uDP[Æ�x� M ≈ R2.33±0.19 
yK�R1\��7 uxPP["p
��}�td{Z�zD}�>�WSFH
y:b��7}��mAp�7}�>��d [58] � M51 �/D��r���7}�
>9}�� V �9�=}�/ −12.5 mag 
T/7�P�hx��r�}�#9
�Dq u(�/ 2∼3

pc 
ysr���7}���3�g�0?(g	g/ −2 �^I�T�:U�xDr���7}�� U �99�3r~g}P U �9�3� 14% 
yK}P�[DZf��}�dJ(�
	y�r���7}���dYWK�(C?Dxh/Dm%)
6/p~d(C?}P�DP[U\�r���7}�
	dgs�[�}P-1 M33 �&F[:��r���7}� [59] �
2.5 ��x^N�	?}P�.%F?�#�SI3Y��}�d��Z9�,�}
6w�?��x}<��
K���9_�/��x}P`�n����AIr 6Z#�}d.%q℄~<R�}'3,d.%mLbY
6w.%zQm,I}P}'3,��x�

M51 �.%F?�#�4�z�n��SKb9� HII �
{Zjr M51 .%F?97� 20%
yz M51�T.%d���0� [60] �M51�z�OdT.%P[b9
d��z 7 kpc �+(Ol (A	l�}P�Ol) D('P[b9� HII �
:bi*��}�d�3Y�T.%zQ:b M51 w�ul�}�dqJdl�VW�P[�
d 3

kpc 0%h&jm}
�mw�z�}�dqJY%.� 3 )
d 5 kpc 0%
 M51 ��}�dqJ`�K�}P(C?�<h
�AI.%`� r�}}��B)/Z<
2�P2�.%G7:[oK\�9p	mÆ�JV [61] �0�.%zQ��_IT.%
 2003 r 4 Z�S� GALEX mB}P���0RAZ�M4�}PT.%�m.%�|M
y��&$� M51 [6,62] 
yV=i(I�x
M51 ��}�d�`�n�D��"#�
2.6 X s~S�	}P�� X ?`F?D��D��S
/1n X ?`l}�^y}+;�[6�,���3,}P���.K:��M51��#�SI[6� X ?`,��w�9��z X?`S�(s�z0%�9 X ?` S
C-Z=$4x�x�Z��

M51 3 X ?` (0.1∼2.4 keV) 9�3/ 4.4 × 1033 J · s−1 
Z=� X ?`9�3/
(1.2 ± 0.6) × 1034 J · s−1 
 X ?`�:R�3K���3�?#�3�/�K(���[?}P(!�[6� X ?`F?�d(gw
�:_93�ulRGK�� (�#Y��) w(�
ynb[6� X ?`�#�4(sw<���C�ys X ?`S�RG/KP,�?#3�F?�RG(�
y:b{Z�MDP[g℄�2P�

M51�zY(g��33,}P�
X ?`�9����n
��n��mK}'3,Dx (-1D�7 OB }�:R�Æ�r��^y}+;���7 X ?`l}���,��%G) ��z X ?`F?0= X ?` (10∼100 keV) /�
 2001 r BeppoSAX (3�,�(g�M X ?`,Tt) zQ��3/ 2× 1034 J · s−1 [63] 
K 1990r Ginga LAC (Large

Area Proportional Counter) [64] �zQZ��Z�
	YK 1985 r�6o��M�9| [65]



� 326 ���������:���j�o������� 24 ��� 1995 r� ROSAT HRI (Hight ResolutionImager) [66] /#f(g7B (r	0t6% �(�\L.) 
�x//y�mYAI�.K℄E����dysr��FH:5-R�zSFH:�5
y&Y��33,}P� (AGN) �(g� �F%{d}� X ?`3��8/DP[Æ� Fe Kα F?
y:b�z+"℄3/ 1024 cm−2 ���x'

X ?`���#A�z�.�#��J?F?���p:[6� X ?`F?��� S%
 M51 /D��R/� X ?` S�{Z�JRRGd286�^m�ysR/� X ?`S�0? T = 1.5× 107 K �F�X?6	g/Æ�^I��n� [67] � M51 � X ?` S�(g/Z��� Y��D���3=� (�I 1032 J · s−1 
D�G�^	: 1033 J · s−1) �S
y^	:(g 10 M⊙ �.��(?�3 (1.6 × 1032 J · s−1) � 2004 r Terashima � Wilson[68] ,? Chandra ,TtF[: 7gy!� S
>m XMM-Newton �zQHF[:(gy S [69] �ys=9 X ?` S�mY�}�7�.dfI�(?�3^m�X? [70] 
&�mY�}�7�.6�1}�k9q; [71∼73] 
6Y���7�. (≈ 100 M⊙) d�I�(?�3^m�X? [74,75] 
y!� Sd}'}P�r[�0zQ
6w&�mK��7�}��d	iDx�
2.7 �XLWZ{7�08��9zQ_�AZ�0= M51 D(g9��/Q� M51 �z uW 100

pc �L.Y{�� (nucleus)
{Y(g Seyfert 2 6 LINER (�#$�F?`�) � AGN 
�3���=��mQi_,�zQ:b��DllyG [76] 
AId M51 �zF[D�� Hα F?` [77] 
�d�z 70 pc L.l��7/ (4∼7)× 106 M⊙ 
y:b�z��mi�z AGN (!D(g��7�.�d�z�pW 450×650 pc �#R��O
YAZ�[xn��� (bulge) � 1985r Ford �- [78] d���?#�9F[d��zW 200 pc �j4D(g��k3W 100 pc �\� (XNC, extra nuclear cloud) 
Cd��(4D(g.)_s [78,79] 
w$d X ?`�9&zQ:{Z�=;� [80] �yg\�P[�m�z
�7W/ 107 M⊙
[81] 
�xF[{D�f�#183 (24 000 K) 
>0 1000 km · s−1 �q3l%zs
6wp~[d(�// M51 ��Y��#$�� [82] 
	yg\�;`YA<�WH��z X ?`����83�RI��yg XNC �<�q3/ 690 km · s−1 
.)_s�<�q3/ 660 km · s−1 [80] 
<�WH��#Q6Y�zyG���%G��Kw8}G��(C?�

M51 �w�0R/4JR
(gY.+�z�Z*�w
�JRT!%F? (100 µm)�4y(�O
{d��z u 580 pc s>9
dW 1350 pc s℄
 (w/lA�G��r{s)[83] 
d�l�2/l2�dl28RG+(s9 S [84] 
ys S�JR�� (B − V < 0) 
D�9�.%�3
={Z���m7RG�n�:b{ZY(sR/���7�}6Cg��7�}�}'
CDY}�
y:bd�z�OP[D,I��7�}��d
yK Norman � Spaans [85] �_MZ��=�z��℄3��}�dJ�RI:bys��7�}�mYd 400 Myr 0�d�
CigM��Yg�n�ko� NGC 5195 tXw_�MM
6wy��}�d	i�mK}P�(C?Dx�~g M51 �wdW 10 kpc � us℄

r% udW 8 kpc s
}G�w��}wDp�ulRG
 CO F?����!%�P,?#X?0�0?8\W/ 4 kpc �



� 4 � b���� M51 �{R�yjo 327�	gw�n�
�JR� 850 µm ��\F?�4(g8\/ 5.45 pc �	gw
y/�}w8\#\
	/ HI w�8\#7 [86] 
w�#}dZV4%
/Z CO � Hα �%q3
R1��P�/#$��%,�T [87] 
w�!-q3/ (45± 8) km · s−1 · kpc−1 [88] 
w�%�`�NQ� 2(b) �

� 2 M51 �r4ZSH [10] LÆ&�a [18]

(a) �0T7K 21′′ ��s5b� (b) �0C CO 	
`-�������'�b= M51 �zQF[ HI 2��h��3��XD��2iV� [10] 
 M51 � HII2K HI 2�,F?2Z��Z�
CR12���`��P,X?2Z��Z� [25,89,90] � HII 2dR12�P
 HI |$P,X? 200∼450 pc � Hα 2|$R12 440 pc [14] 
 Hα 2|$T UV 2 330∼510 pc [61,91] 
y�mY<����}�dM℄3�tX$��O��R1�$bWH�[m�2KP2�_�7℄3JV/
1.8∼3.0[92] 
2KP2j�9X?Æ3// 3 �F
(�X?Æ3/d7��9|��z M51 �q3Y� (� 2(a)) �0�d}Pw�*��O(4q3pIP��!�q3
j4�IP��!�q3
_�=5�X�w_�X�RI��wYqMz%�
	%.�q3YRGd+jOlZp
�z�OZ�
:b%.�q3Kl��q3%OlJ
C�%.��.KwDd�(}_
=M51�g�n// M51 �mSI(g�uW/
100 kpc� HI w
AI`��}P NGC 5195�d*C$b
2u$l%.�6C�d(g�n�.�℄3�'M// M51 �q3YA4JR=d
(JRYP��%q3
F(JRYAI℄3��<hxgd�=P�q3�|$
&zYG"_, (streaming motion) 
= M51 � Hα � HI � CO zQ0F[:y�G"_,
 1993 r Rand [26] /RI: M51 �4g�R1\�G"_, (� 3) 
yY�j℄3�}d�(g�\�~
M51 zY>f?� �℄3�'M�}P�(�G"_,$�E�=P�%,��l�ul|$
(�d}P7�OlulG"_,ZbY
Cd\�Ol�lG"_,/ZbY
zQ:b M51 28�7��ulG"_,q3�� 70 km· s−1 �
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� 3 M51 Æ395h�S2℄u�6�r4� [26]���!,bZx�S��'s56i�T3^vye7�T<0 α = 13h27m48.5s, δ = 47◦26′12′′ �
α = 13h27m50.2s, δ = 47◦26′17′′ 	

3 ���R NGC 5195 �|Sa�A89�� M51 ���D�I(�?}P���YAI�K�}P�(C?Cgd�
6w� M51 z1
=��}P NGC 5195 Dx:b�	 NGC 5195 �k3�p
(W 5 kpc �F) 
�XD M51 b9�AI``�<h��
�#d���!%�?#�9zQ
d.%� X ?`�9C%XDOVzQ,<
 NGC 5195 �7-��9_d: 2��z� 1 �0�o NGC 5195 5I M51 �(|+Ol
zQ:b NGC 5195 d M51 �$O
 M51 �2= NGC 5195 Dv�� NGC 5195 D 3 gR/�=R�(gR; r1/4 ^I�� (≤ 80 pc) �(g0�/�z=�j(l#)_s�(gC%_lAZ�8f 0.9

kpc qMz%�	gw [92] �dlA�G�� u (500 pc) s/D(g.+�z�`�. [42] � NGC 5195 ���+RY(g�D}4�>�
f�AIhd���9zQ
C
NGC 5195 �`�RG=D�h�` M51 2�`�sK℄�<h
R����d���9����D�h [94] 
6wl//{Y(gD�h}P�$��!%zQR`��<hPp
�0%) NGC 5195 Y(gw}P
�D#)_s
	Y=I{xwY�t}P/Y?}P/}dD��I [93,95] �D-�	!%zQ//{XD2_sCV�+/�t}P
	Y{���Kw��7/#/(���t}Pp
6w>D�I�[��t}P�CD-h//{DZ52_s
Y?}P� NGC 5195 �y���� YWY(C?<h�_�h/D%)
	Y=�hY}P�(C?}P���=/RI�mYAZ:by(>���u�(�



� 4 � b���� M51 �{R�yjo 329�K� NGC 5195 T_Ov�8 . O j } T � OÆ<^�& / Mpc 9.6 [4]7� α2000/(h m s) 13 29 59.24 [109]

δ2000/(◦ ′ ′′) 47 10 04.8�Y /(◦) 43 [115]7�Y /(◦) 91 [115]

M5194/M5195(�S�80) 2.6 ± 0.4 [116]T3�:�8 / M⊙ 4.7 ×107 [98]"&�5 / L⊙ 2.8 ×109 [98]���5 / L⊙ 8.3 ×109 [98]

Hα �5 /L⊙ 1.6 ×107 [117] ��gK /M⊙ · yr−1 ≤1.8 [98]zQ:bd NGC 5195 �.�*_���D�f�l`Æ3/
>�DP[��`�
(FWHN = 500 km· s−1) 
:bysY<�#$���
dgs�OF?`R?d4gq3=R
:bD_sdzs6xDE�%G�`/����_,��|:b NGC 5195��}G�`:���*, [96] �AI� M51 �(C?
R� NGC 5195 K(�}P�zQ_�D�
-1{� CO X?�0bY�R/4g=R�(g�`=R (640 km·s−1) 
(gm`=R (420 km·s−1)[97,98] 
�`=RK NGC 5195 � HI �q3mp
Cm`=RK M51 �
HI �q3mp
Aw� <m`JR� CO ���m�SI M51 �g�n:b NGC 5195ld 400∼700 Myr tX	 M51 �}Pw
y�(C?R��g�9�K// NGC 5195 ;`Y(g�}�d3Y�}P
 CO zQ:b}P�C%( �R1��}>d u 250 pc ��z�O [98,99] 
R1���_℄3�f
C�w�l�Ye�%,
ys0D,I�}�d
	PGzQ>3d�z�F[.�� Hα F? [39,47] 
T.%F?&�!#< [100] 
RI:b{�}'3,dC�*rz.r�
:�YOVQ6R��}�dd�z��+n�&�z�
:k�(��mYys��Yd}'3,�$L�TP2�z�
	y$CIb\d��_℄3yVf��z�O�}/�CI�d�/D(��mYAZEtR1��_℄3�OI}d|V
EtR1℄3M(�AzQ�� CO��_℄3�	r xP%0d H2 �_℄3
y�r xPYz�[}P���
�m>D[?I NGC 5195 y!� M51 D(C?�}P�.DzQ:b NGC 5195 �z�`�83Y�[}P�4) [98] 
y34+AZ�mfv:�z���_℄3
	AI}P��.%F?#H
YOV9�V`�L,y!�83h/D�q�
4 M51 R��i�epr",1�	#z4O_�PQV��_,�,1�)I�nS�S
y4xd'b(C?}P���MD��#�C?
=Ig�n&Y1w�fd 20VH 40r�
Holmberg [101]z.r?4g�}=R�(g91YB	xI}P(C?�g�n
	Y Holmberg>XD3Qz��;`H(C?P���n_s
z?:�%�,1�)I	k:�H



� 330 ���������:���j�o������� 24 ���nS�S� 1972 r Toomre � Toomre [102]($O TT72) ?(gP[O��P491�=(C?}P���_sB:�N�RI�p~yg��O�
	�0�O^�b\(C?}P��)�2)_s�d�Q6�
TT72 &ko: M51 K��}P�g�n�yYxI M51 �>f�g�n
 TT72�P491�//d�}PtX}Pw_�$w_0�0&j}��zZ�g�np~P[O�
	Yko: M51 d%.������AIM?�YP491�
>Dmu��#�?_sK}P�lJ�|� 1990 r Hernquist [103] M? TT72 �xko� M51 ���NgB:(g491�g�n
z�nDh�0�KP491�p�%._s
C�&�:}Pw�lJ_s�	u+ M51 ��y��|+F[
-1 M51 %.�\� HI ��_s [10] ��m NGC 5195 �fq����
R>�5�[b��
ysyF[�[mDm�	QX�g�n�b\�6w 1990 r Howard � Byrd [104] ($O H90) ko:xI M51 �(g491g�n
N,� M51 %.� HI ��_s�H90 �g�n�H:����y(=Rd}P(C?��<h
>�M?:�|zJ (e ≈ 0.1)� NGC

5195�_,��Ng
C-xM?���Ng|zJ0�f (e ≈ 0.8) 
H90//f|zJ�NgR�5�	IO�
Dm���no M51 %.� HI ��_s�zZ? M51 %.?_s�MMJ� <o NGC 5191 tX M51 }Pw�MM�O5X
zZ// M51 e��?_sY�}PW 70 Myr dKw_IX�����}_8tX M51 �}PwWH�
CDYAQn�p*,WH�
 M51 �92�JR0Y�\6M\��4_OC?�zZ/?(gnS=� Mestel wn M51AI_O*,WH��#?_s
zZ�g�n_�KzQ� M51 ���Z�����
H90	o
d M51P�U\��-	i� NGC 5195�mD�tX M51�w_(x
zZ&vtoZf�(xtX�bd 400 Myr 0�	AIEt9�S�_�
zZCIP[g�n�>m
 Salo � Laurikainen [105]($O SL00) ko:(gxI M51 mfT�g�n
�0���� M51���_s>koKzQ�Z�� HII ��q3Y�zZ�g�n�4g}PM?(g491�	g�}w�(g_xH:��O��G�,1������w�(g�8�RG�bI��E�a�n
j=R�NgNu-�g�n_��zQko��}P_,���Ngl~4gbI��E�a91Xd��kP	i (A

Chandrasekhar �,1�fKpT`d) �(C?�����)�dzZ�>Jn�

M51 ��}Pd�_����84xtX M51 �}Pw
(xFHd 400∼500 Myr 0
>m(xd 50∼100 Myr 0
K H90 x�o���Ng7-(�� SL00 &//|zJZf���D,I%. HI _s��d
	YzZP�� HI _s/PGzQm[b� Salo �
Laurikainen [106] /dw7r8= M51 �lJ�OB:(gR6Jmf�g�n
0b\lJ?_sK%J*,�xP�p~-//lJ?_s;`Aw-E����)
	zZ�g�n//(C?=lJ�?_s&2WH()�<h�p~ SL00 �g�n�0b\ M51 d���,1�O_���zQ��
	0(D��D�ai�s�-1
 SL00 xR?�>DY(g491��E�a (y�mY6/i!B#)Q�7�Et9MM) 
CYM?(gw)��E�aXRG
6wygP�����->DY4
��AI����)�I���kP��o�Ex(C?
C SL00xR?�
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CY?(gO-��n
6wzZ��>Dm(![~g,1�P��4M?491��E�a
���kP4(WH
�m2Rn_�m�E'��0+�g�nhH=,1�<hZ���}��E�=R
C&L:E'��Z[b���=R
6w��zQ,<Dm���,?�u+=G����i(I:b�G�g�n��Tdb
H��=R�<h2kAZ��m��'�g�n_��F%w}P?_s��60D()�}4
D-//dXD(C?�
w}Pz.rDP[��?_s [107] 
Cg�n�(�h?(gXD?_s�wRGC/nS�S
(C?d}P%J?_s�d�	i�xwDj!��#�
/D�i(I�M�A89�� M51 ��}P>D�*i M51 i!D,�zQ�S
xI{�zQ,<�<
y&kg�nnS�S�%)�����D%)��>m
Durrell�- [108] = NGC 5195�.�})}\�_,���C:���zQ�x
>? H90 �xk���NgC:(gg�n�b\ys_,���
y&�?I_� NGC 5195 �g�nNg
	AZ/	#= NGC

5195 :!m��zQ,<�
5 �aNMq-p~ M51 �*��D,�zQ�S
��9�KZ.C:
!_�zQ�F2��x
	Y/}d��>���;Y M51 K��}P�(C?	i���}�d>��M51�?_s��6�
0/YKRD}4�
Cys>��b�C-2=?}P_s��d��->���y��U����e$i(I�x�xRdI��xI M51 mfR6J�zQ,<�mfT�g�nx�o�,1�O_�|M�Mmy|�
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Observational and Research Progress of the M51 Galaxy

CHEN Zhu1, WILLIAMS Peter2

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Joint Center

for Astrophysics, Shanghai Normal University, Shanghai 200234, China)

Abstract: The M51 system consists of a grand-design spiral galaxy and a relatively large close

companion, NGC 5195. Because M51 is nearby and nearly face-on to us, its structure can be

observed in great detail and with a minimum of obscuration from dust. As a result, this galaxy

has been thoroughly observed at wavelengths from radio to X-ray. Due to the rich archive of

observational data, its structure, dynamical process, star formation mechanism and some other

important properties have been analyzed by many authors. In the center of M51, there is a

Seyfert 2 or LINER type AGN which radius is 100 pc. The mass within 70 pc in the center is

(4∼7) × 106M⊙, this indicates there may be a black hole there. The disk of M51 can be divided

into two parts, the inner disk arounding the nucleus cuts off at 1350 pc, from this radius to 10kpc

is the outer disk. In contrast, the companion, NGC 5195 is small and faint, and heavy dust

from the arm of M51 in the foreground obscures its optical radiation. M51 has many interesting

properties different from other normal spiral galaxies, such as the wide open spiral arm, the long

HI tidal tail and the huge distorted gas ring around the outer disk, these may be related to the

interaction effects. Actually, the dynamical modeling history of M51 is long, in the early stage of

astronomical numerical simulation, Toomre and Toomre have given a simple simulation of M51

to study its tidal effect. In 1990, the discovery of M51’s long HI tidal tail made the astrophysicist

shift the preferred collision time of M51 and NGC 5195 to somewhat later times in order to give

the tail more time to develop. More recently, Salo and Laurikainen suggested that a multiple-

passage model might be more appropriate for the system, such a scenario appears to do a better

job of explaining NGC 5194’s HI velocity field, but the predicted structure of the HI tidal tail

is more complex than its observation. In this paper, we review literature of multi-wavelength

observations and recent research results of M51, discuss the improvements and drawbacks of its

simulation results and also summarize the available observations of NGC 5195.
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