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1 �g��Gm_�si.i�A8HMmyZm���.+�8LM�[m_��w�
�Rtlo^8Vu�gm_��g8:72y�.8�x�T4	�^bK0?F 8f^�5m_�U��A8:7�K��.r;� Ab�.�2y-}BP�Wg	��W��%'�WB�'a2>1gHM8sp�[y%'uHb�F�g
F
K8�15��� Bourke5 Goodman [1] i�gaF�1�X�k\�iN.8[���1 (quasi-static model) 5X[tspiN.8[t�1 (turbulent model) �;�
iX�D8'#OU"=FmA3��F�1�%Q8"�aiN.\�{spS�t��M�-Z%aF�1�7M[�kr;�B+�`S�8�kq b8db�n2"51lk8�548�k���s�8t�m_��k8E��m_�
FuHE�8�vF�
Heiles 5 Crutcher [2] Xp 8 662 5.8."/)'#51g/
d:�8�kZ854�� W%PJ�2007-11-12 � h.PJ�2008-06-02/6dB�)meZ7?[
^S�� (10521001)



� 4 : ��T�=�n`��l|s!/=90* 337�yd,8�*��Dn`/8d:� CO AK [3] ��'m_�Z8mW�,B���%'m_�B8 �R�k{DÆ8Ad�K8d:�8 �R�k����℄�K8�_�g*m_��:7-}BeY-sg�K8 �R�k,�����d18�m_�85+�ki�i��R�y{d,54��XHRFA.��T��m_�8
m?8d:� �R�k8i��M-Z%�s0X�n28+d��5�[ bm_� (r;�'m_�) 
4 �R�ki�mW8db��Ddbm_��k8idNM�P-dbr ^tw8/)m?zmWKf\�k8mW�2YU[w8r 5\��kBUH�^�*j [4] �r 5\8^tw�#t/)8�a�/)m?zmW{�ki���RL8_���dJ��P-%Fid8~�8m_��k���Q|r\d8�k��Z8�x [5,6] �sym_��f[H�^�:7�Q�MC�m_�U|H18puY [5,6] �8p 
�vm_��k8fFdbid�YG�v5m~g�Dm_��k8�d�*�,G|�mEv8�d5>mEv8�daZm�nGh9%'�d�*�C|lK�ym_� �R�k8E�D��
2 �oa�D:�m
fd
1 ���q$<m_�NMsJm_ H2 my�r℄Rt He �HI <m_5�_��D�m_�BWAd18
Fm_tR(^F�,GNM8�fm_ CO(;qR�i H2 8 10−4

∼10−5[7]) �Xa;;R'>qR8m_�g CS � H2CO <�sy5�Ad H2 tF��b�NMP-[qR|>8 CO m_8�dKg�m_�8
FE5 [7] �� 1970 'DR�b
 CO m_.��b�B[m_�qg
FUQ8 CO AK��Dn`/8d:� CO AK (t_1p� [3] B8W 2) �s�(KI{QB+ (CfA) 5 Cerro Tololo �KKp= (CTIO) 8a= 1.2 m 0
Pb���Q�d`y�sym_�BR��℄ b8r 5\�[r 5\8�dQ�m_�E�8RFHMZ��
2.2 ���q����m_�8�k[ym_�8"b�%5N^<IOP>℄HM8sp [7] �;g�B8X5?f^��`�RL}RrrSgm_�8:73R���N$iP-%��8zNb�-2gm_��:7-}BUUa- 8z3R`:E�m_�8VNLR�y{�k54��[��ki�rb�:7�,_Hm8Xr"m_�:7-}B8�t�?
�.2y�a�Pb!�`.<�
��k.8uH�a���dm_�B8�ktRyg�m_�Xa;B�.82y{IO��D�UL��k��.2y-}B�NM*La2R�{Ra2�%8mia
nZ88uH [1] � (1)�.2y-}B8N.a2�	���kR�[t�
(2) �k��.2y8

�WBmM>1	�sp�g*�kM0?m_�8:7�=8Mtl��8FR��t'm_�B��k8X�1%FMQ�) ^'m_�8�kOU�=F (� 1× 10−9T) [8] ��k8[#I\_tsp�8Xm_�itl��8IPR℄"-2P-�k[;>13v8sp�r℄�H℄�^�i�r�k[�83vspU �,�kU�F�Y$m_�IPR=i8�F�r;��H℄�^�8i�r��kt8"�t+d{:70?�%�7M;;8\�KT��;g[t�
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�8�FK�y
i�k{[t�9>KP-�tI^<-}�Q3vm_� [7] �r℄�m_��2y-}B;��8�k#1�i8\N����-
F�W8IO4G�<8�k�[y��8�k��b�g^ 8DO�=8"� 8�k5Yb�gDO�);5+8 �R�keY6-sg�K�R'E�W�2
g%
�F [9−11] �
2.3 ���q�����>���Dt^Fid8d5�k8,��;g.QYtw�dJD:V<�QYtw7M�[|I_�%Ftw�m_�B�loei8�dJD$i�H��i�8t�k{I_�R8℄m$i��t+d51ELm_�8�k�r℄Xp MHD \N.<8�BQ8pK�g�kFR�){a18�N-}?^�a�%'idOU�pym_��Adm_��kop8idNMtX�lF [12] �

(1) j�ml (Zeeman splitting) �j�$i�hR8X5�db�B��i�8�kFR B‖ 8id��B8�kR)P=i�8tF8��� (g OH � H2O ��) XaR'>48�_Ym_8� (g� OH � HI �R'wI}9�� CH � C4H � C2S < [2]) 8pydbj�ml�m_�R 8S��kU�[FR'�QUj����8j�ml�gnKw.�
(OMC1) B�'Ai8�k B‖ �� 10−8T[2] �pj�ml8idyd5��ki�8mW�

(2) 6*j8r 5\ (dust grains) f>8/) [4] �r 5\a
Fa2 (g8�8-�5i�{A#1�k8k�) UH�^�*j�Po;ULR�54y�ki���W 1 8X/��g*tU#/)82�."�-r 5\�H5\pLi�8I
b;ULi�8I
b+r�iDH��5."j�ULi�8/)��WB8X/�."/)8i��54y,A�ki�8�rRiÆ�6*j8r 5\8�8^tw�pLi�FyUL�.<r ^tw8/)�;/)I
bi�{,A�ki��5��D�r 5\8*j\�OU�mL� [4] �t8"5\pL�54`l�5y�k��."/)Y^tw/)8i�{�ki�4p8���{DÆ8�&8�f� P-�d%Fr 5\8/)tw�8Xf\�m_�a�AB8�kmW�8XXp/)m?z8	m}R�zA�g��k8FR�)��zR	m|"8MC�t$ (gzR	m"y 25◦) �%Fidwi Chandrasekhar-Fermi(C-F) id [13] �

X 1 �7�l+kH9s!6℄�g�lj�9�RX [4]

(a) bu#nzh�;0$2,� (b) u#awz;2,
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(3) 8��/)�Goldreich 5 KylafisF�.i�A8Xj�#tRL}R�/)88�

(Goldreich-Kylafis $i [14,15]) �<Q8XpKJ.m_�B�k8mWMC�%� C-F id�RL}RreY8py�g�kFR�d����keiydd5j�ml��[8��/)8dbeY8X\Z54yK<5Æ�k B⊥ 8mW�)��%
id�p5=u�NMuH�y8�U�=F��Ad8�/)8�R;| ���r�xid (1) 518��i�8�k{id (2) � (3) 518K<5Æi�8�k�9>K�8X\.�m_�B�k8lk�� [16−18] �)
iMC��id (2) � (3) 8���k8i��p�\�8FR7?,R=>�r℄�%fFid8Ad18�kl=K
yQR
S��a��9>K\Z 3D �k��8�R�= 8�
3 �t"0>:1+}oa��msDÆ8C|8X/��51m_��ki�mWnt$8id���dr 5\8.<8/)��Æ"Z�v."/)5r ^tw/)8t��d�*�
3.1 �g+Ey

Pereyra<b [19] ��dbgR
�kY8&m_� Musca 82�."/)�W 2 ��;BRZmS�8/).W�8X=f[/�m_�8{I�ai�Br ["<8!"=DH�8"�4℄h8Ai℄"/1=^2�.8."/)�%Q�(4."/)~�Ugm_� Z�k��8�a�

X 2 Musce '�93�/9/#0*X [19]�pb�;S\pT��<oV�&L�2,J�e;k �qV&Li�2,;�T�wt{�	i2,Tj 5% �2,�e;qT
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Heiles 5 Crutcher [2] x Heiles [20] Ah8 8 662 
."/)'#M�d4vHB (t_1p� [2] B8W 1) �."/)mWJ� [21] �d:�Xa;;:v.�8�k <P�Hd4Æ (:>) mW8����&�ymB (g Taurus) ��k�
�{;�R�18>y

(� 10 pc) �2�."/)[yO�8AI�K.OU�R
=Q�8�k�f�P-r ^tw/)��8�k��{P-2�."/)518QRS�8�k��Q8"UR< [21] �
3.2 ���q�xN"QEy�)��;-Y�Mp.ir 8/)^twfI�m_�V8�R
ZmP8XAd51�<8X�f
FUQS�8�k�gm_�4�f�8,h�	) T 1.Jf8,�'I.I8,h�Xa;;�8r tw [22] �P-^tw/)8X51�k8i�5FR,��m_�8^tw8rPo~� � 40∼300 µm [22] �W 3 ��g�AÆ��C℄:0
P8 A�?�W 3(a) J� SOFIA(%J�<) 5 Mauna Kea(A
	dU�%JAÆ A�?) �%
4Wgf8T�R�.�tw�%
gf Z86 A8���8t�<p℄8"�2AAd�W 3(b) ��AÆ�C℄�C0
�0
P�d ^`B� 60, 100, 350, 450, 850,

1 300 µm <%'PW�s A�?5AÆQ�h9*L�w�t=^PW�?8XpK�dm_��Pp�U��d18S�oR���{Q-}Q�^m��ki�8DOM�(m�UQPW�dQR
m_�8/)�8~�UQoRS�8�kMC [23,24] �m_�;|���8t| 8r 5\℄U6�kH**j [9] �r 5\[�UPp (g"< / �C℄) 8#-=DH��X�d;/)�

X 3 ���D^;1�Q9!BU�SND [22]

(a) pNL�i SOFIA 7 Mauna Kea ;!g����&(RY�C�!g;V�T>��:!gRYhg>��* SOFIA ujE_>q
	�Æz�>�$!g;&x7RYhg ""G�i�
(b) QP���qRqt;C�"CV�T (Z Mauna Kea j[)X���f
;|H18Z_K
RY.��QRm_�B��am_�8℄h�oR�>�r ^tw8Pp��p� Schleuning<b [6] ;|g Ab�.2ySW3 S�^r (60 µm) 5Or (100 µm � 350 µm 5"<)8�k�2 (_t_1p� [6] B8W 4 5W 5) �[;Or 8/)db~��% 3 
PW8�f8�kmW�J;|t9�otH18pu2�`^r B|
�8�k��#1g
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Kandori <b [25] ;|g NGC 2024 B 1.63 µm � 100 µm 5 850 µm 3 
PW8�d (gW 4 8�) �;B 1.63 µm Ad18�."/)�r℄ 2 
PW��Br ^tw8/)�b
% 3 
PW�lB+S�B�
8�ki�Z8R<�)� 1.63 µm B4�B+S�8."/)8�f8�k�r℄a
PWt8UQ� Kandori <b [25] 
i%�ai 1.63 µm 8/)NM�s�8℄hr f>8�fn8��℄h8�k�`�;;a
PWd58�m_� Z8�k��C℄PW�8/)U"~�O�m_� Z8�k [21] �

X 4 NGC 2024 � 3 �QXe
9�l (�Xu`2q� [25] C Fig.11)YEj B �e��;qVL�g7; E �e;2,T"# (pt{I	i 3 �RY�e;qVI\) 
��L� 1.63 µm [25] ���L� 850 µm[26] ���oGL� 100 µm [27,28]( 850 µm 7
100 µm ;*&� E �e;�jCz<}�y={T;Wi 90◦ 73�nk )

4 � foa�t"`vy1+:PO~5
PO�+��rWtR'b��8Xq�C℄�C0
8/)�d��yp�R�8�XAdb/)8m_�OU^��Æi���rNM�C℄�C0
b��8�dMC�Xfn�Dm_��k��8�dE�
Y�w�T\1�R'}48mEv8��Cz� (g SMA) �`t'8"1zm�:R8be (g SPARO � Archeops <) �w�HFi�g�D8t8mEv>y 10
′′ 8 �k/)�d (gJ 1 8�) �;BmEv� 10

′′

∼1
′ 4p8�dP��[|�mEv8�d�yWgfR)P� 10 5izmX �J 1 ��g�d�p8b��5/)g��d8mEvXa�dPp��d1/)8m_�'�a_1p�� JCMT 8mEv;|� (14

′′

) �Adg=^,,�m_�B��.4 (prestellar-core) 8/)���.4BW�b�g:7�
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48/)�d[ �R�k8E��t?^\^�a�8p�tx��.48�d�`
K�s'��U�C|�j�J 1 B8 JCMT 8�d�5YQ� 14
′′ 8mEv�)�k;| �U��dgQR3KS^
48/)�Q�R�dg4{44p8��A8/)MC�8Xfn�m_�B�[4�� ��8�k,� [33] �QR
m_�8"�^
b��P
4g�d�J 2 j�g8t8m_�

PW8�dMC��J 1 8X/1�mEv>y 1

′ 8/)�d;|u�sy>mEv[y~�m_� �Rt=HM8\^��ÆP-�v%'�t8f
>mEv�d}4�Kg�R��Dm_� �R�k8E�MC�� 1 � �r	yO#RFz�*�S|1 �rXA[2 ( ~?�m 10
′′

)
	� / 2,h 1) pGx !gRq /µm !gpb�*� a3s�
KAO/Stokes 22

′′

60 3 [27]

35
′′

100 7 [27]

CSO/Hertz 20
′′

350 7 [6, 42, 49]

18
′′

450 1 [30]

JCMT/Aberdeen 14
′′

800 1 [51]

JCMT/SCU-POL 14
′′

850 9 [33, 44–46, 48, 50]

800 1 [43]

NRAO/MILLIPOL 30
′′

1300 6 [41]

SPARO 5
′

450 1 [40]

4
′

450 4 [9]

Archeops 13
′

850 9 [10]

WMAP 2◦ 3.2 mm∼13 mm WN [37]

1): KAO, Kuiper Airborne Observatory[29]; CSO, Caltech Submillimeter Observatory [30]; JCMT,

James Clerk Maxwell Telescope (http://www.jach.hawaii.edu/JCMT/); MILLIPOL, a millimeter/

submillimeter wavelength polarimeter [31]; SPARO, Submillimeter Polarimeter for Antarctic Rem-

ote Observations [9,32]; Archeops [10], a balloon bolometer experiment (http://www.archeops.org)

(1) SPARO(the Submilimeter Polarimeter for Antarctic Remote Observations) [9,32]: <�s�(�0 <}g8C0
/)g�$X�my Amundsen-Scott �_"8 2m b��
Viper r�;mEv8t 4

′ ��DW�bJg NGC 6334 � Carina Nebula � G333.6-0.2 5
G331.5-0.1 0
'm_�8�k (t_1p� [9] B8W 1) ��
m_�P�dg 1◦ × 1◦8KS�
g NGC 6334℄;;l
m_�8 �R�kZ8{d4Æ54�Li<b [9] Xp Heiles [20] 8."/)'#�gg NGC 63348
8d:�!�8 �R�k�b
m_� NGC 6334 8 �R�k{d:�!� �R�kZ8R<�%'�dRL}Rr;Lgm_��2y-}B-sgd:� �R�k8.d�

(2) Archeops [10]: <�����<AOr8 1.5m b����8�igE��MeP2�tw (CMB) �<tf
8�dPW�;B� 850 µm(353GHz) 8X�d/)�mEvi 13
′ �d:�B8m_�8r ^twyV�[ CMB 8RFD�x[�W 5 ��g CMB {
FD�tw8�[���,GgQYtw�
s – 
stw�r ^tw�8Xb
��

70GHz ov�d CMB �8#18D�x[�n"8�` Archeop 353GHz8�d18NM�K
m_�r ^tw8���a� 353GHz 8/)�d�m_� �R�kE�8ROZ�� Benôıt <b [10] W�g4� Cassiopeia � Taurus 5 GemOB1 'm_�� 353GHz �8



� 4 : ��T�=�n`��l|s!/=90* 343�5+�ki��Q�Rg4gd,��0~aRgf 	m�A85+�ki��;�*+=2A3�gm_� �R�kHd4ÆmW8�F�%
��8n*�d [35,36] |�g� 8gf�)�s$�t���^85+�k,��

X 5 CMB YbÆGe;�E�ux9�\��9QX�℄X [34]=E K–W & 5 �
m$L�i WMAP 9!g; 5 �RY
(3) WMAP(Wilkinson Microwave Anisotropy Probe) [37]: <�E� CMB 
�`58n.�W 5 H� K−W z
PW�+8/)�d�
PWyWmEv+5L1 2◦ �sW 5 8/��� W PWd58[ CMB 8x[NM�r ^tw/)��%
PW�8/)Wi�"��RL}Rrfn�d:�m_� �R�k8,��W 6 �WbJ8 WMAP � W PW�8UK</)W�8X/1NM8/)��`B�d,r�/)I
b{d,�5�%.�m_�B �R�k�{d4Æ548�) W PW�d18i��=O8r 5\�8"�=4m_���8S��8X
i�,p	�8.i�Aym�a���ym_�2y-}B-sg�� �R�k,�8.d�51gRL}R82
�)Mg�m_� ZUQ<ph�8 �R�k8bsMC�7M��4W ( y 300GHz) 8>mEv�d��DN1y WMAP %FUK58/)�d��
g Archeops X℄�t'Rl0��d�t'RlbJ'#�

X 6 W QX9VL=0*X [37](E Æ
)
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5 �)%Xk}D}8pWigWt8m_��d'#�O�#bJ�K8/)m?z'#g4g�
m_�85+�ki��515+�ki�{d4Æ8kz�g45+�ki���Xp�/%98id%9QR
m_�8/)m?zmW�;r78[i8zRdi5+�ki��igiB;|�x%'zRUZ&41d4vH�B�0d_i�i 0◦ �
M��&�(� �nG8�*jyJ 2 �JB,/g� 60∼1 300 µm 8'#�zR7J�8�m_��[iP� 2 '8ALk��� �rFz*����&��aH9
��en{l0�35 (��e`CTxt�)� x 60µm 100 µm 350 µm 450 µm 850 µm 1300 µm a3s�

G359.9-0.05(SgrA) 62◦ 81◦ [27, 40]

G0.67-0.03(SgrB2) 126◦ 128◦(N) 66◦(S) – 170◦(N) 122◦(S) [27, 41]

G15.0-0.7(M17) 170◦ 174◦ 144◦ 161◦(SW) [27, 42, 43]

G43.17+0.01(W49) 7◦ [41]

G49.5-0.4(W51) 45◦ 121◦ [27, 41]

G81.68+0.54(DR21) 170◦ 165◦ 157◦ [27,41,44]

G81.72+0.57(DR21OH) 146◦ [44]

G103.0+1.8(Cassi0) 121◦ [10]

G105.8+0.6(Cassi1) 102◦ [10]

G109.7+2.1(Cassi2) 134◦ [10]

G113.2-2.7(Cassi3) 5◦ [10]

G113.6-1.2(Cassi4) 93◦ [10]

G115.0+2.4(Cassi5) 91◦ [10]

G133.7+1.2(W3) 173◦ 145◦ 141◦ 36◦ (W) [6,27,41]

G159.2-20.1(Barnard1) 138◦ [45]

G159.3-20.1(Taurus1) 79◦ [10]

G165.6-9.0(Taurus2) 47◦ [10]

G193.0+0.0(GemOB1) 95◦ [10]

G205.1-14.1(NGC 2071) 55◦ [46,47]

G205.3-14.2(LBS23N) 43◦ [46]

G205.4-14.4(NGC 2068) 116◦ [48]

G206.55-16.35(NGC 2024) 20◦ 4◦ [25,27,46]

G209.0-19.4(OMC1) 57◦ 56◦ 58◦ 58◦ 58◦ [27,30,41,49,50]

G208.8-19.3(OMC2) 152◦ [49]

G208.7-19.2(OMC3) 160◦ 160◦ [33,49]

G209.2-19.5(OMC4) 14◦ [49]

G287.3-0.6(Carina) 75◦ [9]

G331.5-0.1 76◦ [9]

G333.6-0.2 82◦ [9]

G351.4+0.67(NGC 6334) 22◦ [9]

G353.1+16.9(ρOphA) 86◦ [51]
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M��&�(� ) ��t'78.��DR�t�i8�d�x3� – �.�5t�d)�ai'#8�a (?uYl��) �t5�5+i��d+ SgrA 8�dMC�t�U�ai%
Ai8�kMC;|}�� �R�kU�=2�&���x Dotson <b [27] 5 Novak <b [40] 8�djg�K�G$�R
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[36] Maćıas-Pérez J F, Lagache G, Maffei B, et al. A & A, 2007, 467: 1313

[37] Page L, Hinshaw G, Komatsu E, et al. ApJS, 2007, 170: 335

[38] Garay G, Lizano S. PASP, 1999, 111: 1049

[39] Martin P G. EAS, 2007, 23: 165

[40] Novak G, Chuss D T, Renbarger T, et al. ApJ, 2003, 583: L83

[41] Kane B D, Clemens D P, Barvainis R, et al. ApJ, 1993, 411: 708

[42] Houde M, Bastien P, Dotson J L, et al. ApJ, 2002, 569: 803

[43] Vallée J P, Bastien P. A & A, 1996, 313: 255

[44] Vallée J P, Fiege J D. ApJ, 2006, 636: 332

[45] Matthews B C, Wilson C D. ApJ, 2002, 574: 822

[46] Matthews B C, Fiege J D, Moriarty-Schieven G. ApJ, 2002, 569: 304

[47] Tamura M, Kandori R, Hashimoto J, et al. PASJ, 2007, 59: 467

[48] Matthews B C, Wilson C D. ApJ, 2002, 571: 356

[49] Houde M, Dowell C D, Hildebrand R H, et al. ApJ, 2004, 604: 717

[50] Coppin K E K, Greaves J S, Jenness T, Holland W S. A & A, 2000, 356: 1031

[51] Holland W S, Greaves J S, Ward-Thompson D, Andre P. A & A, 1996, 309: 267

Magnetic Fields in Molecular Clouds and Polarization from Dust

SHI Hui, HAN Jin-lin

(National Astronomical Observatories, the Chinese Academy of Sciences, Beijing 100012, China)

Abstract: Molecular clouds are the birthplace of stars. How does a molecular cloud collapse to

form stars? Quasi-static model shows that magnetic field is the main force to balance gravita-

tional force, while the turbulence model emphasizes that turbulence plays a more important role

than magnetic field. It is not clear how important the magnetic field is during the star formation

process. Measuring magnetic field of molecular clouds is very crucial to many unanswered ques-

tions.

There are three methods to measure the magnetic field of molecular clouds: Zeeman split-

ting, dust polarization and spectral linear polarization. Magnetic field strength in the clouds can

be measured with the first method. Polarization of dust thermal emission is widely used to trace
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the field orientations in clouds. Observations at different wavelengths probe different regions of

clouds, from a whole cold cloud to the hot core. Magnetic fields are always strongly disturbed near

the core because of drastic physical processes. Low resolution observations can reveal the large

scale magnetic field structures of molecular clouds. Though magnetic fields inside clouds have

been disordered, the large scale magnetic field structures may still be preserved from the fields

frozen in interstellar medium, which are expected to be predominately parallel to the Galactic

plane.

We summarized the low resolution polarized observations of dust thermal emissions, and

collected all the results of observed thermal polarization from dust grains. The mean polarization

angles of those clouds were calculated and displayed according to the measured scale. Only a

few clouds have low resolution observations done, which show the magnetic field aligned to the

Galactic plane. Much more powerful telescopes in mm (sub-mm) wavebands have been proposed

to do observations with much higher resolutions and sensitivities. We noticed that some lower

resolution (> 1
′

) observations in the same wavebands covering the whole sky in future will show

much clearer images of large scale magnetic field structures of molecular clouds.

Key words: molecular clouds; magnetic fields; dust thermal emision; polarization
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