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Tully-Fisher MhupVTsywx
(�XR�b�X℄'P�ÆX℄� 200030)rq�Tully-Fisher L_ (TF L_) �V[�De[Æf�_){$;BQ�/<>�� TF L_y gjf�uy$;.u;u�/y&~ \p;;�y TF L_��_7�S!�Jq TFL_yR8B��06�_y TF L_��/ TF L_� TF L_y[��){}�L R E�TF L_����_��_){vdIYO�P156 ��� fj�a[�A

1 �F��&
1977 �� Tully e Fisher [1] )[�&�^E� M81 �^Ee M101 �^E� 10 <0C�U�^+&x'[5��||�^xH��| (R) X1%
��gl��lbxlKK^�-�&mE

M = α lg V0 + β , (1)UE Tully-Fisher K^ (TF K^) �m� M E�^xH��|�OOIv�|eCd7v�
V0 E 21 cm \�OI�vsx�^ HI �x_h	
�SO�(`�XzGE.x*jX W 7v��{:SO�^1%>j;v� α e β EPG��TU TF G��|h�~�=�^x6� i 6��^�n�&�_WuE.x��h	 Vrand � V0 �65��P [15]

V0 = (Vc − Vrand)/ sin i , (2)m� Vc qOI��� V0 x^;q�J;6��^x1%
5�sHu'�txlG���UHu�^P i = 90◦ ���u�^E i = 0◦ ��� bJ`_�2009-07-24 � oP`_�2009-11-24QSk℄�X�3HR��)ÆX,#t� (10773020) ���,#t� (10778003,10833005)



� 2 , xMs� Tully-Fisher L_�$;.u 165�eG�m (1) x5OmXo1/��RK^M = α lg P + β >B1+��*xq6�^/#�x1%
 Vc ��lt/�xR/�+ P �
.�Q75�Cdx�^I�-H��|e1%
�.SD�K^m (1) �x TF G� α(~}) e β(y�) ��� TF K^<H��3�Uq��UH�Cdx�^^��=S6A?m (1) �jMjX W �1%>j�7vx7j1%
 Vc ^D��^xH��| M �9-�Om7�^xCd r �
(m − M)0 = 5 lg r − 5 , (3)|h m q�^xv�|� (m − M)0 q53[Dk^wR5�txCd���

Tully e Fisher jM�
�r_xK^ (Mpg)0 = −3.5 − 6.25 lgV0(�2 1) �7tu�6ej�6xCd�v_|o<6xCd�� (m − M)0 '8E 30.6±0.2 e 30.5±0.35 [1] �

3 1 Tully-Fisher wtyI�ym�} – 2&�ÆL_ [1]fiiWO�ml 20 n� 20 �l^� Öpik[2] =5OwM�x%!^G� M31 xCd�p Hubble �d9HW6KS [3] ��tx1|C<5��5PI��$;s|+1<of��?
�U�^e�Uq�^^���^ HI �℄xjXXR��gl��K^�p#:{9HjM|�K^^D��^xCd [4∼7] �eG�O TFK^D�x�^CdSVURCd�TAE4%!�.Ms�^x1%
�I:Uh	�Cd�� TFK^TSUER –jXK^ (luminosity-line width relation)�|q$#Cdx1�l�I�%!�aOIpxI�2:��^IC$Yx)DX~�GU3CK^ (� TF K^) x�U���wR�x�D���6�G� α e β x�32|�%A���U�U�^e�Uq�^l���^6e6:N=�(2gl� TF K^x�fEI�k:�^xCdN-t1(Pzx48�sM#C7aSR[ 30 9R��-�S#:|1#C�Z�xjZ$F�\>{eX�PKx�^&	
�6��'�^x	m�(z|�z1%�OUDk^30'Cx .q�U�^e�Uq�^�S6jMo



� 166 �������%�N���.�u������� 28 F�1/��#� TF K^-ÆH��3�O TF K^D�x�^CdX�^xo3WK (�X�^xZ��CdWK) �0X Ia 
R��<E3)�R�vsx�^CdWK���Dt1��lx�^l�IC%!�A� 
E.I
xT$K$�9lW��Nt�%x`P#:�a�_ftEM [8] x�5�(9dUMh [1] �m�5Mx`�9Z�
1977 �6^� TF K^x�:eGMj�5fE
%� (1) o:IR+wxGM�

(2) �^6��OIv�|xIp�(3) S�Ips TF K^xA�� (4) /5�^x TF K^� (5) �. TF K^� (6) (zR �
2 q<<�z TF M`

Aaronson |I [9] xdP|s)[�^xo:IR�lS�ROI�^5- TF K^��
	_�l�l TF K^9MU�^CdI�e�,��1|OIp�6,.x5����U?
�U�^�}>?�d5�x�D����$Yk^ZL�l||5�A�����(�wR��^IR�xIpNE�.�|�IpT5fEo<%��%I�^�ExwR
Ai(X�^6� i xjyPK) eDk^wR Ab(X�^xDG b -�lK) ��A? Sandagee Tammann [8] xC<�2{�_V�|xIpa�S�R[ 1 mag �Et1S��y�^�EwR Ai xIp� Aaronson |I [9] l H(1.6 µm) :�W� TFK^NttlKx#:��
;hs��o:IR^� H :�x�n)79�� H :�xwR�+E B :�x 10% 9S (R e I :�xlG�'8E 61% e 44% [10]) � H :�W�^x,\f�W .^1?
���lZ /a���ysT��/#�\xIp���*8x?
�^^��X B :�Rl)�o:,\��Bb�5}�^�n�x�p� Aaronson|I [9] jMu�6ej�6� 29 <�U�^x H :�OI�v_t�UByxR – jXK^�0=qo: TF K^ (IRTF K^) � Jacoby |I [11] lPKx%}�� Aaronson |IxC<?6\'xU���t��Z<{��*:�x TFK^-Æt���9ld�bWNtt`Px#:�
1980��Mould |I [12] jM6� i > 45◦ xr�U�^+&D�tu�6xCd�*��
Aaronson |I [13] jM IRTF K^D�t 4 <�^6xCd�IC#CEu�6Cdx
4 #�9-�G�t\>P� H0 �� 1988 �� Pierce e Tully [14] jMj��^6�>$�^+&x CCD IR+w�f� B � R e I :� TF K^x�U'8E 0.37 � 0.31 e
0.28 mag � 1992 �� Pierce e Tully [10] TO 15 <0C�^+&�vst B � R � I e
H E 4 <:�x TF K^ (�2 2) �$Y5� H :�x IRTF K^7E�3 (��U7y) � 20 n��� Binney e Merrifield [15] �PKC<:t�.x4$�0�^���I`P�:t�[S�Rl�x�:� TF K^�9-�MUlKx#:�kO� 2003 � Iodice |I [16] jM 16 <�}�^ (polar ring galaxy) xS�Re0o:OI+w�#:t B e K :�x TF K^�9��Y�ix'<t��� 2006 ��
Badregal |I [17] jM B e KS :�OI+w���t S0 �^x TF K^� 2007 �� de

Rijcke |I [18] jM B e K :�OI+w���t TF K^�m
e?
�^x(s�R � 2008 �� Masters |I [19] jM 2MASS +w�ob#:t J (1.2 µm) � H e KS (2.2



� 2 , xMs� Tully-Fisher L_�$;.u 167�
µm) :�x TF K^�9-���t TF K^X�^�xK^�*��Meyer|I [20] #:t B e K :�x TF K^x~}e�U��f|o<:� TF K^xOI�U'8E 0.40 mag e 0.33 mag ��>�U'8E 0.33 mag e 0.25 mag �

3 2 4 =A+;�y TF L_B,.�HB,	aF�{	a [10] 	5=4FJ�	~Æm=4 W i

R
rY�)aY{HRN{q [15] 	z1%�o::�xDk^wR5� Ab 0�e)S�R:�y�kO V � J � H e

KS :�xwR)}'8E 3.1 � 0.92 � 0.59 e 0.38 �A� IRTF K^BsMU |b| !yx�^ [20,21] ��[�OIv�|xZ��5� (� k 5�) X:QxK^!E0j�6 R :�
kR(z) = 0.35 z E7y (|h z Eo3) �KS :� kKs(z) = −3.06 z E7j��k���ax�^ (O z ≈ 0.04) ^�4s5�SR[ 0.1 mag �A�,��6P| [20] �
3 �`8 zÆgxS6�

TF K^�℄�t 2 <�&OIp� (1) �^v�| m �M65}�^xR�4X�^xCdPK� (2) HI 21 cm *jX W �M67�^x1%
�X�^CdWK�W} 2 <G�x℄lOI��,�=�^6� i MxOIzG�65��-��O



� 168 �������%�N���.�u������� 28 F�I�| m q<�EwR5���jX W q<.I5���|os5��xjyX6� i�xK^q"ux�eG� i ey���^�eq#0�u�O�EwR Ai E.x��v�|x5�=ey�z1%�Om (2) S���^x6� i ey� V0 xD�ZLej�AdS��Et���&OIp�v!ESQx5���\'$;+&�^xif���kO�E1S��y6��5��D�2xIp� Tully e Fisher q^��Mx�3�^K�6 80◦ > i > 50◦[1]l70x1sC<�� Meyer |I [20] q� i > 45◦ x�^<E'[Mx+&�6� i )P�m��
cos2 i =

(b/a)2 − (b/a)290
1 − (b/a)290

, (4)-� a�b'8E�^�xQ����(b/a) �E�)�� (b/a)90 EHu�^x�)�l Meyer|I [22] xC<�� (b/a)90 = 0.12 [20] ���) (b/a)90 < 0.12 x�^Kv<EHu�^�Et��EwR Ai ��.=�^��wRY�x'C�l���
�*e^��U�^e�Uq�^KER"$#�=R"�
�%)PTS'ET� (1) �Rn�XT�Kg�i� (2) T�JU1Wi"xwRJ�� (3)T�JUPisxwRJ���4J
w�Rn��l$=x1E'�lW}�V'�
�6�
 (3) !Eif�lGx�EwR5�E [11]

Ai = −2.5 lg
[

f(1 + e−τseci) + (1 − 2f)
(1 − e−τseci

τseci

)]

, (5)m� τ ER`�G� f q�Rn�$=�H%T�Jz+E'�wx)k�q f = 0.5 e�8zE7�nxWi"T�J�
�|eP [23]

Ai = −2.5 lg
[

0.5(1 + eτseci)
]

(6)�G� τ e f �'"X:�#Cx�^IR^�6D��O Tully e Fouqué [23] sFM
τ ≈ 0.55 e f ≈ 0.25 (B :�) �
4 Kr TF M`z2}6PC	
4.1 NDBH

TFK^13�_�lWE.I
xT$K$e`P#:��*o:OI+wxGM�PINl$;s TF G��x~} α XOI:��xK^� 1979 �� Aaronson |Il�
xC<�	_�o::� TF K^�x~} (−α ≈ 9.5) �e.)S�R:� (−α l 6∼7�)[1,8] ^v
����Rubin |I [24] q���_tl"xO!��<�Aaronson |I [25])[&R�^6� 300 <?
�^ (Sa–Im) OI+wx'[���DK~}XOI:�PK —— o::�x α �)_ (B) :�B
� 1983 ��Bottinelli |I [26] �D	_�~} αq:Qxn�_��9v_ −α �f B :�x 5 /zE H :�x 10 � 1992 �� Piercee Tully [10] O�^6� 15 <�U�^e�Uq�^+&�v_ B � R � I e H :� TFK^x~}'8E −α = 7.84 � 8.23 � 8.72 e 9.5 �|1$YX�
l 1988 ��vsx



� 2 , xMs� Tully-Fisher L_�$;.u 169����P�* [14] �9%tI�eEM [11,15] � 2007 �� Pizagno |I [27] O 162 <�^l g � r � i e z | 4 <:��vxOI+w�f� TF K^x~}'8E −α = 5.48 �
5.96 � 6.32 e 6.59 �70�Masters |I [19] )[� 2MASS x J �H �KS :�OI+wxb�'[�*+v_~} α �:Q�/
x$� (A#���P�*) �4�*:Qx-1DrQ�~} α �k�e/z� −α x�0�E 9∼10 �OW}C<S6O_� TF K^x~} α �:Q�/
5V���
4.2 mgFnXA

TF K^q+X+&�^x�8PK�|qI
�K�xz1<�.R �Aaronson|I [25] l 1983 �1sC<�x$�q�lo::� TF G�X�^���9We!xlK��l_:�0+5f_PZ�lK���t�1988 � Pierce|I [14] xC<�6� 1994�
Bernstein |I [28] xC<��ftW}�&$��z1%�1Q Rubin |I [29] sU 1985��U�Sa e Sc �^ I :� TF K^x~}0vl*�pgl 1.5 mag xy�L�G� 1997� Giovanelli |I [30] xC<5��|1"L+E 0.3 mag �

2006 �� Master |I [31] jM 31 <0Cd�^6e�^E�j+& (807 <) �U�^x I :�+w���t TF K^G�X�^�xK^��
�f��U Sa � Sb e Sc �^�~} −α '8E 5.52 � 7.07 e 7.87 �S�L?q�ex�?
�U�^ TF K^x~}!m
�U�^^v
�p�
��C9�gly�L�70� Shen |I [93] xC<O^�Yt Master |Ix$��1Q~} −α xA#���1l*�p/z<pq1�x�0+C<X!me+#:$Y���glxL?�0�~�.B-1Dx`P�:�
4.3 mgF\ZG�*OI�|x5-�I
NlK$��r�^x#:�-��[��|�^x TF K^��L�r (LSB) �^�)Pq	�|��= B �|r�R[ µB(0) ≈

23 mag · arcsec−2 x�^� 1995 �� Zwaan |I [32] jM 42 <�r�^x B :�OI+w}d��t�
x TF K^�$Y�fd�^x TF K^X()�U�^9WL?�*� Sprayberry |I [33] xC<�Yt|1O��G�� 2000 � O
′

Neil |I [34] xC<q�d�_t�4��
�f�r�^�e"d()�^x TF K^�z1%�
20 n�� Persic |I [35] e Matthews |I [36] xC<5�� TF K^�R� (lGU�r�^) Wfux=>'� 2002 �� Chung |I [37] ob�'[tKE� O

′

Neil |I��fxfvf�W9�gl� 2003 �� Courteau [38] Bq�D	_��U�^x TFK^X�^xrWK�0Xq+P�$FWK��UW}xl��x$�PI53?_t1|&t�O+&x�pzG [36] �\�OI�1 ���[t1|�rx��^ [37] |�O^�W}R x7�&G�W4�.B�BbxOI+w�
4.4 Ul TF Kg

2007��Yegorova|I [39] -b��t�U�^ TFK^���C (OI�s�^��Cd)x/z�}���L
8u TF (RTF) K^���^+&�1Mh [40∼42]��P 961<�U�^�̂ ��^�E	�"��3QE RD �98� Persic|I [43] x:!�� R0 = 3.2 RD E5}�^YfZx�}�8 (�^l��CyU R0 #C�xRw�^4Rx 83%) �



� 170 �������%�N���.�u������� 28 F�<{= Rn = 0.2 nR0(n = 1, 2, · · ·, 6) �jM Rn ± 0.1R0(� Rn ± 0.03R0) #C�xOI��'8D� TF K^xy�e~}�$Y�f�|o< TF G���*��Cx/z�Wf^-�/z (G�2 3 �Mh [39] �xPKx5) �

3 3 TF L_y�~���Dy0{ [39]m=4F7 R0 FoK{��EÆ5=4F���B,.m7vB,-({%ZÆ�gkFg��j?k	lW}$Yx�bW�<{~� RTF K^xYf;=:t�.x���-��[�^$F��^�xY�'C6��Y�R |�
5 17�`z TF M`Etr_ TF K^9MU�^CdxI��+&�^ (:U TF �^) xif���K�.�Jacoby|I [11] 	_�TF �^,�^P��Isx/#�4||/#�&WGAP_h	�}��Um
 (E/S0) �^�x/#BBWV''C��8�Is�4S�5fE&_h	�TF �^7b�MW�z�x�P Sb-Irr �^�z1%��U�Rx�Uq�^^���^�/#xh	�'� .5fE>\�5{��q~#1%�qR�U�1i�e TF K^��kVl�?d� Jacoby | [11] KE TF �^xRGrU MB ≈ −16 mag ��B�x�^�jX5��lj��6�0/vB�6D��/5 (S0) �^X�U�^*{�'�^��Z<{KE�l�^6��U�^�S6)[/#xS℄!de℄!!d[X(zE/5�^ [44∼46] �OY9ZDfOd���|[Xq!E#Qx���^xRe1%
GW�jxIp� TF K^LGG4Vl [47] �7m� Dressler |I [48] l 1983 �x1sC<�KE��P�?5�/5�^gl TFK^� 1999 �� Neistein |I [49] `P���t/5�^l I :�Wx TF K^�#:+&�[t 18 <0C/5�^�6�#CE i = 37◦ ∼ 76◦ ��^xCdq)[r./I�^�63���
�f�X?
�^l)�/5�^ TF K^xH��|�y�"L)!y (�
MI E 0.3 mag) �p�>�Ul�!j�� MI E 0.7 mag �� lgVc E 0.15 dex ��d� Neistein |I [49] ?_x&tq��nx/#!d9&qV/5�^xD1[X�
�t�Mathieu |I [47] xC<�W}O��_t4=��
jM 6 <P!yd:xHu/5�^�l I e H o<:�W��t+&�^x TF K^�9X Neistein |Ix$



� 2 , xMs� Tully-Fisher L_�$;.u 171�Y:t)!�AE+&!y��6D� TF K^x~}��
�#^M�U�^ TF K^x~} [10] �$Y�f1Q+&�^�|x^-"Lh 1.8 mag �p�U+E 0.3 mag �atP|so<+&lOI2WxL?�:�Mathieu |I [47] ��x&tq�||yd: (�6�^�E ) x/5�^q�U�^3/#!dtVx�XB#/5�^l)�
P*Bbx TF K^�70�Williams |I [54] jM K :�OI+w#:t�U�^e/5�^x TF K^�+&�^EP 28 <�-��U�^e/5�^> 14 <�3'[tv_x$Yq�|o�^x TF K^9We!xL?�OdS��0*KU/5�^ TF K^x#:YH�v_>B1�x$��f�W�/5�^x$F�h	��IReR*��A�^�L?aj�SLqXy�	���C<5�|�^S�Po( .xV48���U�^)[�i/#xPz!d�6�-%m(zE/5�^��{AEXz1<!y�p��^x9i�2_�U�^W
%zE/5�^ [44,50,51] �

3 4 A+ S0 �_,' H ;�y TF L_ [52]gkrA��V	a{ TF Na�j%Z [10] ��kF S0 	a{�j%Z���J�FYgkn$�	
2003 �� Hinz |I [52] )[�/5�^ TF K^x'[���t4�^xV��R �l|sC<�� Hinz |I��x/5�^OI+&q6�^xIR+w���q2I�MxN�^�f��BSQ�D�+&�^xCd�l�
x/5�^+&��Æ�[-OIx 10 <t�6�^e 8 <u�6�^+w�T�[2IOIx 13<t�6�^x+w [53] �

Hinz |I�f�X?
�U�^l)�+&/5�^ I e H :� TF K^xR"Lly�+E 0.2 mag �p�UC)!j�Sh 1 mag 9S (�2 4) �?d Hint |IKE�*$



� 172 �������%�N���.�u������� 28 F��OIsx��>?x/5�^S�P*�*xVi���q
P?
�U�^3/#!d�(zE/5�^xn1V�� [53] �
6 �0 TF M`3�;=WxR� TF K^ (TFR) :UR – 1%
K^�f��W���|1K^)Pf&E�^R"Lt�^�pxjy���^�pTX�^x_h	
 Vc P*";x)kK^ [56] � 1988 ��I
NlKhs TF K^��6Vl�qAE�^1%
X�x4�.�plK��t{q1�BE�&xK^ [57] ��.�p µb G4�[n��p µse/#�p µgas oE'�� µb = µs + µgas �X µs lKx TF K^UEn��p TF K^
(sTFR) �X µb lKx TF K^UE�. (�n� + /#) �p TF K^ (bTFR � gsTFR) ��U�. TF K^ [58] �

2000 �� McGaugh |I [56] jM5�5xOI+w�� 50 �<�^x sTFR e gsTFR:t!Eobx�)#:��
�f�Vc �R[ 90 km · s −1 x�|��^l sTFR2WxJÆ�.�e�UO!r�^r_x�i�j (�2 5(a)) ��{�d�^ TF K^x~})r�^^v
�P|s||��^^P&P)2x/#�<{jMOIvsx��5 (HI)�p�7_/#�p Mgas �Gtv_lGx gsTFR 2 (�2 5(b)) �eG� sTFR 2W��^JÆ"�xfv�l gsTFR 2W5�0gl�?d McGaugh |I [56] KE�f&�W� TF K^"Lt�^1%
X�x4�.�p��xK^ µb ∝ V 4
c ��+P|�^�n��pxR� TF K^
q�x1�0�5}�

3 5 �_�y*" [56]

(a) 	a sTFR, (b) bTFR �m=4F ∆V (km · s −1) Æ5=4F�q M/M⊙ ÆL7��4��`��kFr=�{�j%ZÆnNa�:i 0.92 Æ��dF 4 	



� 2 , xMs� Tully-Fisher L_�$;.u 173�� McGaugh |IxC<�t��ZI�℄��. TF K^xR -Æt�%x�� [59∼62] �O 2001� Bell e de Jong [59] �f��.�pX�^1%
�K^x~}E
3.5 ��*� Verheijen [60] v_x~}E 4 �X McGaugh |I [56] x$Y>B1��

2006 � Geha |I [63] jM SDSS +w�x 101 <�^�#:t���p (R) ��^x�. TF K^�+&�^�x}4lLa��PxJU���^E���P|q>BHlxN�^�O HI jXIvx4�^x#K1%
E 50 km · s−1 � Geha |I�f�+&�^R� TF K^x�UeG.)�. TF K^x�U^vj�-�jM1|!j�px�^��
v_ µb − V K^x~}E 3.70±0.15 [63] �
2007 �� de Rijcke |I [58] -1D#:tm
 (E) e?
 (S + Irr) �^x sTFR e

gsTFR�+&�^�ÆP��^TP��^�||�^l�pWxL?R[ 3 <�p	 [62,64∼68] ��
�f�1Q�^x�pL?lj�pl sTFR 2Wm
e?
�^�'Cl��p� (lg

µs ≤ 9) u=>x*1(>j30��l lg µs ≈ 9.0 ∼ 12.0 #C�SM�j lg µs = (3.08 ±

0.20)+(3.27±0.09)lgVc^�i�z1%�l gsTFR2W� lg µs ≈ 8.0 ∼ 12.0#C�xm
e?
�^�S6M*1(�j lg µb = (3.25± 0.14)+ (3.15± 0.07) lgVc lb��i��. TF K^x~}E 3.70± 0.15 ��i2bU�p TF K^�x�jE' [56] � de Rijcke |I [58] ~�f�l gsTFR 2W�9_�^xJÆ�"UW}�i�jx%��d�
?_x&tq�X?
�^l)�m
��^A�^*e℄!!d��dtlq1E'/#�70� Stark |I [55] ��t 148 <�6 µgas > µs x�L
/# r�^ (gas-

dominated) ��v_�. TF K^x~}E (3.94± 0.7)± 0.8 �y�E (1.79± 0.26)± 0.25(|h'8?_t�i$Yx�GZLe^-ZL) �9M67
n� r (µs > µgas) �^�xn��p�
7 TF M`z*|T"

TFK^"Lt?
�^lRe�j1%
��x�elK��SMU#:�'�^x	m�(zen�(zi�kO�Eisenstein |I [69] =sjM&� TFK^ (z = 0)�U&Py|1�}�<E�^(z�
x�.OI��B�.xq�(� TF K^�o3x(z9Z�S�:�^(zeZ�$FxVi [70] �
1996 �� Vogt |I [71] }d�o3#C 0.1∼1 x 9 <�N�^-Æt#:��
�f�X&� TF K^l)�Oh	�+w7_x||a�^x B :�R+9_

∆MB ≤ 0.6 mag �X Forbes |I [72] vsx$Y1��|h ∆MB q	aCd�^R)&��^RrrxE'��<� Rix |I [73] e Simart |I [74] jM�*x+& (�^�'8E 24 e 22 �o3#C'8E 0.16∼34 e 0.23∼0.43) Cv_ ∆MB ≈ 1.5 ∼2 mag �
1999 �� Vogt [75] �o3#CE 0.2∼1 x 100 <�'�^x#:��fX&� TF K^l)�a�^ TF K^x~}ey�9We!L?� ∆MB < 0.3 mag �eG�W}�N�^x#:$Y9�xl1��-P 21 n�t�� TF K^(zx�:<Ubz� 2002 �� Ziegler |I [70] jMo3#C 0.1∼1 x 60 <?
N�^+&#:t B :�x TF K^��fj�p�^�P



� 174 �������%�N���.�u������� 28 F�5f_�ex(zzG�p7y�p�^� TF K^x~}E −5.77±0.45 �X&��^x~} −7.92±0.18l)ev!E#���
KE|S�Po%℄A���^xR(z�6�l�
x+&�?\t1!o3jU 0.2 x_�^+&� Ziegler |I [70] ~	_��2�vsx�*$Y0�M�pzG^&t���� Kobulnicky |I [76] )[�
64 <o3#CE 0.26< z < 0.82 xN�^+&-Æ'[�0�ftW}R(zX�^�pPKxfv�

2004 �� Böhm |I [77] jM 113 <o3#CE 0.1 < z < 1.0 x?
�^+&�-1D�fd�^xR(zX�^�pPK�7��p�^x∆MB 7jSh 2 mag ��7j�p�^ ∆MB x��ly�a�Sw����Et1S��ywRxIp�0�^I
NlMo::�x TF K^^#:(zR [77∼79] � 2005 �� Conselice |I [78] jM 101 <o3#C 0.2 < z < 1.2 �'�^���t K :� TF K^en��p TF K^��fo{�H5f_(zzG� 2006 ��
Flores |I [79] '[t 35 < 0.4 < z < 0.75 x�^xOI�?�$Y5�f z = 0.6 .�K:� TF K^en��p TF K^l~}�y�6��UW��PWf(zzG�z1%�0+ Puech |I [80] xC<Cv_t�*x$Y�f 65 < z ≈ 0.6 �^x'[��ft K :� TF K^xy�(z�5�X&��^l)�a�^R�St
∆MB = (0.66± 0.14) mag �X2Ix$�l"��d� Puech |IKE℄AlU�
5-t&� TF K^�6�a�^1%
I�2x�9�WM([xC<�Mx�^+&���j� 2006 ��Weiner |I [81] jMj+&�^ (l B :�P 1 000 <�^�l J :�P 670 <�^) ��t TF K^x(z9Z�o3#CE z = 0.4 ∼ 1.2 ��
lo<:���f TF K^~}x(z�X[Al)��2j�pr�^xR.)y�p�^�yvB��|1$YX 2002 � Ziegler |I [70]x$�1bl"�70� Fernández-Lorenzo |I [82] `P#:t B � R e I :� TF K^x(zR �EP 344 <�^�7jo3E z = 1.3 ��
x$�q TF K^Wf_R(zx<p�XAPl*1%
x&��^l)�[Ax (jo3) �^xRBj�4�P 3 <:�xy�L
vl*��$Y ∆M = (1.0 ± 0.15) mag �X Böhm |I [77] e Bamford |I [83] xC<l1���
~KE�|1$Y�Yt�'�^Vx���
���q\��
 [82] �at6Wl5�C<:�70
��~P�ZIjM9o3�^^�: TF K^x(z [84∼87] �pLH�v1�x$�� Portinari e Sommer-Larsen [88] �PK9Z:t!EBx%}�W}C<�Mx�^+&�qN�^� 2002 �� Metevier |I [89] }dPKtaCd�^6x TF K^� 7 <+&�^�1�^6 C10024 �o3E z = 0.4 �$Y�P�f�^6 TF K^x~}ey�Pe!/z�pl5[Ae+|1K^x�U.)&�
TF K^^vj� 2003 �� Milvang-Jensen |I [90] jM 8 < z = 0.83 x6��U�^�6� 19 < z = 0.15 ∼ 0.90 N�^:t1s#:��f�UD�x1%
^��6�^xR.)N�^j 0.5∼1 mag �|S�.AU6��U�^lu�^6����x[X��P1�e�n�V})!9�f���Dfgl�^xR(z�
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2005 �� Bamford |I [91] l 6 <�^6OI$=���t 80 <�'�^ (o3#C 0.25 ≤ z ≤ 1) �-� 58 <EN�^� 22 <E6�^��
�fOY?�1%
�6�^R)N�^j (0.7 ± 0.2) mag �X Milvang-Jensen |I [90] x$Y1���[�

Bamford |I,b�	_�|�L?:9.AUR(z~q�^1%
x/z�Y�-1DxC<^`P����U6�^MU TF K^#:x+&�^�lZ��2�66=}4� TF K^xIpv_�Dx$��at6WfI#:�0 10 �^1|<{� TF K^x.`e(zR ff�W-Æt���kO� 1999 � Steinmetz |I [92] '"9'1}xZ�����#:t TF K^x.`R ��
�f� z = 1 e�
�^ TF K^x B :�R.)fljr 0.7 mag �X1|fI#:$Yl-�A�KE TF K^x~}elK�x�3XS6l|	mZ��
�1G�vs&t� 2007 �� Portinari |I [88] )[��'�^Ve(zxZ�� N # + {#	m�����fl z = 0 ∼ 1 +�� B :� TF K^x~}9�P(z�py�qrr
0.85 mag �j�U�*OI$Yx���30� Portinari |I [88] ~KE�W}fv .q1�RzG��n��p TF K^qH_f�ex(z�pq�|9�;I*<8�^�xn��p�P�/z� z l 1→0 +�n<�^x�p)P�rj 0.5∼1 #�X�*e1%
0lG�rj�Uql TF 2W�^JÆx/z .5fE'* TF K^(z���p
TF K^&_ (	�xy�e~}) 9�Wf_Jhe!x(zzG�aW4R�℄� TF K^x#:T 'E)2�C<:��bz�&M��+�?_�.%}�W!�^-BE�N ��U TF K^Æq1��.x3CK^�ST$MUI�a$#xCdZ��4�Uf&�'�^x$Fe(zzE�.�l��*OI+wx��b��lK#:��-1D`P�9�vBE�Dx$��CWei�
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Progress of Studies on the Tully-Fisher Relation

ZHAO Jun-liang

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: In 1977, Tully and Fisher found a remarkable relation between the luminosity and the

maximum rotational velocity of late-type galaxies, This “TF relation (TFR)” can be exploited

to study the dynamical evolution and star formation history of disk galaxies, and provides a

powerful tool to estimate distances of distant objects such as galaxy clusters. Since then lots of

various studies concerning TFR have been done by different authors.

In 1979, infrared H-band magnitude was firstly introduced by Aaronson et al. to improve the

TFR. Observations in the infrared band can offer two main distinct advantages over visible wave-
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lengths: first, that the internal extinction at H band is only 10% that in B band, and second,

that the infrared is a better tracer of the stellar mass than B luminosity, which leads to a tighter

TFR with smaller scatter. In the following years, J and K bands have also been used to establish

the TFR.

There are two fundamental observational quantities in the TFR: the apparent magnitude

and the maximum rotational velocity of a galaxy, both of them must be corrected for observational

effects caused by the inclination of the galaxy; the internal extinction correction can be estimated

by modeling the distribution of extinction materials. In order to reduce uncertainties of inclination

corrections one must carefully select the sample galaxies with a proper range of inclinations.

Besides, there are a number of factors which can have effects on the TFR, including wavebands

used for observations, morphology and surface brightness of galaxies, and galactocentric radii

(radial TFR).

While a work published in 1983 showed no evidence for any actual correlation between

galactic luminosity and the observed mean stellar rotation speed for S0 galaxies, the an I-band

TFR was firstly found from a sample of 18 nearby S0 galaxies more than 10 years later, with

little zero point offset from the TFR of late-type galaxies and a big scatter in the relation. In

the recent 10 years or so, from observational data in some different wavebands, a number of TFR

studies for S0 galaxies have been completed, and the possible scenario of formation and evolution

of them are discussed as well, but the results have not yet been in satisfactory agreement with

one another.

In 2000, one recognized that the traditional luminosity-line width relation is a subset of a

more fundamental relation between baryonic mass and rotational velocity. Therefore, the concept

of the baryonic TFR was proposed, which is important for gas-rich galaxies because much of their

baryonic mass is not in the form of stars. At a given circular velocity, such kind of galaxies should

appear underluminous but would, after correction for the gas content, fall on the underlying

baryonic TFR. Afterwards, the baryonic TFR have been studied in different respects and some

interesting results have been obtained.

By studying the TFRs of high redshift galaxies, it was found that the kinematics of distant

galaxies show evidence for an increase in luminosity compared to the TFRs for local galaxies. In

recent 10 years, by using both field and cluster galaxies, contents of studies on the evolution of

the TFR have been developing, including the slope, the zero-point and the scatter of the relation,

but the conclusions given by different authors are not yet in good agreement with each other.

Meanwhile, the evolution of the TFR has also been exploited theoretically, based on cosmological

N -body simulation of disc galaxy formation and evolution.

Key words: TF relation; late-type galaxy; galactic evolution


