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(1 _LIs3x*T�4� �- 210008)
(2 >l[�bs9b}z(d?s3 �P 637000)fc ,p&��1E;GpxV�-E;���c�Æ�fxV�-'06 (Portable

Submillimeter Telescope, POST) ;mp��1E;G 460 GHz -����Va,0�
	�E;$N)
���1E;Gp 460 GHz -����Va,0�
	p}�/y,
1.25 � 1.42 � 1.63, E;_���a,0�
	 τ0 ≤ 1.0 p_�#e5D 3.4%. �Y[E;$N'K�H �mxV�-
S# ��<p�SxV�-0�
	pK�,��'0� �F�]\eR\��C��O?��`,>��^ikQ"9-� P112; UZ
H=� A

1 da �wU�,V|�3D:;Gd�3r�B^)tc�o����Re�(]_Aoc�%K&VK CI%K�CO�CSr�y/��6/%K��_FÆ (1�4+ 10 K)ohp%"QC�;wU�,��bnwU�,D:;{9ee\+die@�ohJ�e@ohJ\�m�v�e@[r5^��oD:{9^��c��� [1−2]. fk;wU�,�v8`+V�
]Æ�oWPk5���o�+3(/���1s�[#v8`+^oJH�{.Tl (PWV). �X&U�,�3	M"�wU�,�3	qRÆ`+^o PWV :l��Cz3o�9� PWV Y�5�kdlwU�,�3	D:��o
4c�U'��0i'U�lowU�,	Rj��2;\do Atacama /+�D)�o Mauna Kea Srv�X$�F�ÆI!o)hS���o South Pole \ Dome Cr��O
�owU�,�3	R7x:l\D: [3−8], �J�wU�,	Ro:l\q�9�MÆ@��6�ÆmxPD:FAEBO 492 GHz wU�,�`+/���o:l [9−11], (%v;V��!o+Xuq���JoU�,�D:#M��OÆmxPD:Foa:x=\+Xuqo�;�F�#:;48/+v;J�];�lowU�,	R�(^��0v;k
]o)gKD:F�J��:iXoD:NI���0.#=8YNl=���- 30.05◦, �/ 90.30◦, Q�/�+ 4 205 m, �$C+1 1.7◦C, �/1� 26.5◦C, �t1� -32.5◦C, �$C$� 2.4 m/s. 8=��0D:F
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2005 � 12 7� 2006 � 2∼3 7�o+Xuq#:�+^� PWV≤ 1.0 o"�Cj�^�~^�o 32% �! [12]. 3I [12] #:K4xQ��#mxP; 2000 � 12 7� 2001� 2∼3 7njo PWV≤ 1.0 C"^�+ 20% o#M�+B2o%+	RowU�,D:���;!9�^6�Æ+v+io 460 GHz ,�`+/���o:l�
2 )�
2.1 (�G
!D:b�o�^JHr2w)S�3	&I!Jf�3	=�{Zo POST [12−13].

POST �K6�z�V`feDO3t#>�j�V	�\P8 30 cm, �9.� 7.3 m,,wS�+ 8.5′ (9�"� 492 GHz). !o{6�o 0.5 THz "� NbN/AlN/NbN �l#oDh SIS (Superconductor-Insulator-Superconductor)!o{��
	Yf%nSX_{�:DhX_9�n4�!o{<Z1�4+ 150 K[14]. &/5OZ\x=6��
	 PXI (PCI Extensions for Instrumentation) ~K��{%J�X$�6��Jo

 9��+X7x (�V1��+v�MÆ\��$��$U�&Ir) on47x6�@��&&/5^�9��1��+vo�'.��*+ 0.2 ◦C \ 0.3 mbar,MÆ\�o:l.�+ 1%.

POST# 2008� 107
X��0D:F�+&/5 �p;
4k$�pO�5�D:^U���UQ
�!:l�!o{"��_; 460 GHz U�u"ho^"cZ^b"�.# 1.4 GHz, cS+ 600 MHz. X�OZ�D:x=\n47x6��
	 PXI~K9	OZ��{{�%J�
2.2 (�.J5%I��0wU�,/���:l; 2008� 11∼127+i�=�^ 14 d, ^� 257 h, wn 2 084 ��\x=�:l6� Sky-dip Q
�e�&/5~(��UQ
�Q
ONq>o 14 4���x=6��(���Z+ 87◦ � 75◦ � 67.5◦ � 60◦ � 50◦ � 45◦ �
40◦ � 35◦ � 30◦ � 26◦ � 22◦ � 18◦ � 14◦ � 10◦, �46�zo}�^�+ 1 s, 
�x=6�^�4 2 min, 
�x=6�%Jh�K(��rjQd.Y�L4ONd&4+
6.5 min. D:o�^��On4�:X�	|&/5d*o`+1� Tatm (e.+ K) �`+v1 P (e.+ mbar) �v(MÆ\� RH(%) rn47x�!3^1�&v1oe.�*+ K \ mbar.��x=�Vx 1 Za��'|vrR� 14 �(�.Yo`+&Vx= (|v) �x 2 Za��'|vrR�n41��`+v1�v(MÆ\����+�x=�Æ�^Lr��^���+	|�T`+<Io@�1� Tsys �!o{<Z1� Trx �?�
G (e.+ V·K−1) r7x�
3 K6�:Ænjo 460 GHz `+/���oD:x=��{fo`+&Vo
�N [15] �^
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�N+
TA(z) = Trx + Tatmη(1 − eτ0 sec(z)) + Tamb(1 − η) , (1)(^ z +��� (LVGK&���Uo
�), TA(z) +UU z �Uo�K1�� Tamb+n41�� η � τ0 \ sec(z) �*+�K0U\�����U`+/���\`+]l�Æ#YP8�K�cgh&J�i���^�+5	�9.�/���> η ≈ 1. ;�C1a�[s^J��X Tatm = Tamb, Hirota r [7] #�MjJ1�M@ 10 K >:@; 10% ���+3#^;e

Tabs = Trx + Tamb , (2)

Tabs k~rR1�����anj�^;e+
TA(z) = Tabs − Tatme−τ0 sec(z) . (3)� (3) e9� Gauss-Newton �+i�Kj�Y�M�^�! 1 kj/�^L`+/����^5T�(^c�'k���oM2Q���'+!o{rR|v (e.+ V). !3^|ve.�
+ V.

" 1 k1�`Mb-1�Æ
�_=L6U
Fig. 1 The fitting results of zenith atmospheric opacities at different timesn�UR�; τ0 �Y^� TA(z) & sec(z) ,~LKjB@�� τ0 �`^� TA(z)&mOR���:@�v���}� τ0 �*+ 0.01 < τ0 < 10.;�^R��o τ0 Q�wn�^:@h�O�C�44hcLx=��T~/J�o τ0 x=


(1) Q4L^ Sky-dip ^	|o!o{1�\?���T
5�!o{@�<Z1��FO`xJOYox=
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(2)caLa!o{@�<Z1�\?��9R!o{<Z1�\?�o's!@�� 3σ +�=Æx=+i+
4Rq

(3) 	|Rq~ox=Æ�o^���T+^��Æ�o τ0 Q�! 2 k+dx=/OUu4hRqh!o{@�<Z1�\?�o�25T��X�+ τ0 Qk%J�oj�Rq�=�Kc Trx,Mean = 240.73 K, σT rx = 104.04 K, GMean =

2.99 × 10−3 V · K−1, σG = 6.29 × 10−4V · K−1.

" 2 "p|2
 (Trx) ]@� (G) q�3"
Fig. 2 Distributions of receiver temperature and gain

4 3*XZD:=	| 2 248 �+dx=�(^�!o{@�<Z1�x?�!@�`�Tx= 164 ���hwn�\x= 2 084 ��~x=�\�+ 92.7%.Æ���U`+/����^��2�!�nj! 3. +!Fg� τ0 �2+ 0.5∼3.0,CQ+ 1.46.+
4�lG? τ0 �2�6��h"��o τ0 ; 0.5 ∼ 3.0 �o>��25T��kq!(g�nj! 4. ! 4 Fg τ0 Q`5��2; 1.0 ∼ 2.0 O� (C 91.0%).:F`+/���&AÆ\� ρω(e. g · cm−3) oMBB@��:ljo1� T \MÆ\� RH , 8=�\{.v Pvs & T o/�;e [16]

Pvs = 6.105 × (
273

T
)
5.31

e25.22(T−273)/T , (4)#^MÆ\���
RH =

Pv

Pvs
, (5)
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" 3 ��2w< 2008 � 11 8 21 Jk 12 8 6 J 460 GHz ���Wb-1�Æ
�`��3"
Fig. 3 Variation of zenith opacity at 460 GHz at Yangbajin station with time from 2008 November 21 to

2008 December 6

" 4 ���Wb-1�Æ
�36Ulr"
Fig. 4 Histogram of zenith atmospheric opacity
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ρω = 2.17 × 10−4 Pv

T
, (6)J���Rv(*,AÆ\��8=#�#M�6��AÆ\�&/���MB!�K! 5. ! 5 FgAÆ\�&/���LG
�oMBj�

" 5 b-1�Æ
(B�]
CA"
Fig. 5 Relation between zenith opacity and absolute humidity�h6���o`+/����MÆ\��AÆ\�\n41�odI�2�G?`+/���dIo&mI~��\1��\�oB@��! 6. ! 6 Fg1�\MÆ\�L�Fo�"MB:j�+3jJ�*; 8:30 \ 15:45 0h_j�Q�"� τ0 ��$CQ& ρω ��$CQodI�25T�! 6 ^FgjJL
�oMB:j� τ0 ��$CQo�2(G+7h 16:00 0h�Y��uG\U7C"�`�6�G+KJ�k�#+v;`yt<bn`+{.Tl�/�+3v;+ vvh�;7h1��/^N+1Æy��bn{.WPzc�{.=r\f��Y�\� ρω \ τ0QC�Y�Ch6�ÆD:^������^o���U τ0 �/���\��2!�nj! 7. ! 7 (��`+ 460 GHz wU�, τ0 Q 3.4% o^��2; 1.0 �C��^(|�.x+ 1.25 � 1.42 \ 1.63.
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" 6 b-1�Æ
�B�]
�N�]
]2
eJ�3
Fig. 6 Diurnal distributions of zenith atmospheric opacity, absolute humidity, relative humidity and

temperature

" 7 2008 � 11∼12 8F<`�
�1�Æ
]��3"
Fig. 7 Cumulative percentage distribution of zenith opacity from November 2008 to December 2008
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5 #XN<
5.1 V�!W
5.1.1 AÆ\�:@� (4)∼(6) e�#^:@Vh;e�AÆ\���Vh:@+

σρω
=

√

(

∂ρω

∂T

)2

σT
2 +

(

∂ρω

∂RH

)2

σRH
2 ,#M+ σρω

= 1.4 × 10−6 g · cm−3, Kco σT \ σRH(%) +Z{�*o:@�
5.1.2 /��� τ0 :@;�^ τ0 ^6�6�o�^;e VA = Vabs − Vatm exp(−τ0 sec(z)), (^ VA +`+&VoLVcZom+|vrR� Vabs +�KUUa�^o|v~rR� Vatm +`+1�o|vrR��X&C1a�M��X�^;eown6�Eh�oKC,~


(1) `+$	$i=#>,~�`+]l M(z) (g+
M(z) = −0.0045 + 1.00627 sec(z) − 0.002234sec2(z) + · · · .� sec(z) >�?Y�Kc6�> sec(z) = M(z). Xb,~cZo:@; sec(z) ≤ 6 5TC/DO 0.5%.

(2) �K\� η ≈ 1.

(3) �X Vatm = Vamb, �`+1�\[s�a�1�M��;i��U 3 4�X�cZo:@h�6�Æ�^;e+i�Kj�Y�M�^��^:@PBxQC;�^x=^7R�
5.2 Mh!W�16�Bn"���0&J�j�wU�,	Ro/���5T�(#MJ��+G?��0wU�,D:]l��o7G�=�( 1 rRo54	RM�,�o`+/���o|�.x��^;( 2 ^7Ro54	RoQ���$C+1�$�\`+v15T [3,17−19]. "�( 1 ^ South Pole �
Atacama �Mauna Kea �mxP���0	R��CD:7 \"���/��f�q>5{D:���Xo7 ��"�!,���H>
�J"j�"�#M� South Pole owU�,`+/���|�.xQ;�U 5 4	R^�Y� Atacama � Mauna Kea ���0�mxPwU�,`+/���i4?��#^( 1 ∼ 2 6��G��]owU�,	R
�>�Q�/�+1�$��`+v1C�trÆz�8= Holdaway r [20]1996 �o{9�t$C$�s�t:l^�$��RcZo:@�\��/x=J�����to1�\v1bn`+�\{.v�t�\��R`+/����
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Table 1 Comparison of zenith opacity for various stations

Quartile of South Pole Atacama Mauna Kea Delingha Yangbajin

zenith opacity 1995 1995∼2000 1989∼1991 1999∼2001 2008

(%) (492 GHz) (492 GHz) (492 GHz) (492 GHz) (460 GHz)

25 0.55 0.52 0.84 1.67 1.25

50 0.70 1.02 1.32 2.17 1.42

75 0.81 2.10 2.52 2.67 1.63Æ 2 &g�+	�AB7S��$L/B7�C_E�2
Table 2 Comparison of elevation, annual average temperature, wind speed and

average atmospheric pressure for various stations

Item South Pole Atacama Mauna Kea Delingha Yangbajin

Elevation(m) 2836 5050 4080 3200 4205

Average temperature(◦C) -49.0 17.3 3.4 3.8 1.7

Median wind speed(m/s) 3.6 6.0 4.5 1.5 2.4

Average atmospheric pressure(hpa) 682 550 650 702 596C	�;mxP� Mauna Kea � Atacama r	RoQ�/�&`+wU�,/���Y# 1.0 o^�C"O�oB@�! 8 Fg�Mauna Kea � Atacama ��mxP	Ro`+wU�,/���Y# 1.0 o^�C"&Q�/�L�XoKjB@����0	R�F!`!^PK�U#PKo!C����0D:FQ�/�+ 4 205 m, `+wU�,/���Y# 1.0 o^�C"+ 3.4% �!�MÆ#Uu	R��0Q��/�/���!`�gC�n�URok�XZ:lo^�Q�ob�J�/��T#Mqj��)'�RoJ�j�6�G+��R��0`+wU�,�O�o+�J�&��0ovan4�B@���0	R�Uv;L;5o vvh�k`@t<v�(�5+tS\��^j�X$��0vEu.!)�K]���;
�N�U?�o;5`+^o{.Tl�bn��0�F!`Uu	RoQ�/�&^�C"I~�w$n��jok�D:^��o+14; 256 ∼ 285 K �*�&�&mxP	RM"�`+1��/�;��oMÆ\�U'C�`+AÆ\��M�!/��OÆ5wU�,	Ro"���j�;�6�G+Q�/��!v1��\���;5vah�r���Rt
4	R;5`+AÆ{.Tlo�A�\�@�;5`+wU�,o/�����X�;q=wU�,	R^�n�}^G}�U���\6J=5`�*ZF�];b�Q�/�$C+1t�;5{) ( )) ovh;*��X��J�];�iowU�,	R�8=0e�:o`+ PWV �2uq�J�\`�*��u��:gq	R�+d�Yf&/5;GA+ia:BG�
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" 8 6�TR�0
(b-yW�.1�Æ
Z$ 1.0 q`�E$CA"
Fig. 8 Relation between the height above sea level and the time proportion of submillimeter atmospheric

opacity less than 1.0 for various stations

6 3<�O:l��0D:F 460 GHz ���U`+/����nj�C#�
;D:^����0	R 460 GHz `+���U/���o|�.x+ 1.25 � 1.42 � 1.63, ���U/���Y# 1.0 o^�C"+ 3.4% �!��;"���0�mxP��J�Uj�owU�,	R7xh6�G+��RwU�,`+/���oj�+��Q�/��1��\���vah�r�;q=wU�,	R^�n�}^G}Uu54���x=\�;Fg���0	RwU�,/���!`oJ�+�k+	RL vvh�vU`y�>U�^qjvEr{..o�R�N+^{.Tl�/�\��wU�,	Ry!��o��F�;6JHXo48/+�J�];�lowU�,	R�j[ ;!o{@�,+�&/5GA�p\9irON^njw)S�3	U�,&wU�,�sa�m\4QD:F�/�8a{9���0)gKD:Fr�	o`g^m�x=w>njp78�o��H~zr�Wo`g�m�;X(g�`o.`�� 8 T Y
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Measurement of 460 GHz Atmospheric Opacity at
Yangbajin Observing Station

ZHOU Ming-feng1,2 YAO Qi-jun1 LI Sheng1 LUO Zhi-quan2 YANG Ji1

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)

(2 School of Physics and Electronic Information, China West Normal University, Nanchong 637000)

ABSTRACT To assess the observational condition of Yangbajin, the Portable Submillimeter

Telescope (POST) is used to measure the atmospheric opacity at 460 GHz from November

2008 to December 2008. The result shows that the quartile of atmospheric opacity during

the observing time at 460 GHz at Yangbajin Observatory is 1.25, 1.42 and 1.63 and the

time proportion of atmospheric opacity less than 1 is about 3.4%. At last, we compare the

submillimeter site conditions of Yangbajin with those of other submillimeter observatories

in the world, and try to explore the possible causes that may influence the submillimeter

atmospheric opacity.

Key words earth, planets and satellites: atmospheres, opacity, submillimeter, site testing


