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.����℄��
#.2 SBIG (Santa Barbara Instrument Group) RoBO� CCD P�#
 (RBEh66 2) . 3J)��℄If$.1bOwa���^�/8`�L2�A�s CCD P�Q� 6∼8 h. 3Jf
�/8)9F<shegn� Lenovo ($S) T400si*&'�\�Z
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Fig. 1 The SBM made by Yunnan Astronomical Observatory (YNAO). Photographed on the top of the

YNAO Administration BuildingJ 1 TWdO8p�{vN
P�
Table 1 Specifications of the equatorial mount and tripod

Model GM-8

Mount weight / Load capacity 11 kg / 15 kg

Tripod Steel tripod - 66∼105 cm

Polar range 0◦∼ 64◦ north and south

Setting rates 4× , 8× , 16× , 32× sidereal

Shafts Aluminium shafts with diameter of 32 mm

Periodic error Approximately 5′′

Power supply 12 V/500 mA℄��_<JUP!�6� 2. RB�_{JU�wEq.K [4]. 28!U_�#u�_{A�R/.�j�℄�?(h) 20 (�_~_ 5 mm, ?j 100 mm), 'j3J>_s%_�#4DE�XW�)�l� 2 w�pd�>_�#w��EI)!Ns
_"\,��A�V�!N_NF�l�6 ND4 3_j�+
/
_"\�;;w�~FS(C�H ND2 3_j�Zln��XWA��</�w�[e
_"\s_�,��hsN& (104 ∼ 106 )��N&), \>�8� CCD �h$d���C�E'
/n'�;;���heSlD�swr('�28_���E,��!N_N\�y℄B�,;s�;E4w_`XDs�X,_B��l� 2 w�p�� O i	j_�h8��~Fi;�v-G<OBD���;_�4��℄��℄-G��y℄,� 3 H_�\!N_N�i;C�<X)D��X,_E��y��E[Q) 2.8 ∼ 7.8 R⊙
[4], {V28℄���;	�n\�M�}�J'4_[Q4z3\�
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Table 2 Specifications of the CCD camera

CCD model Kodak KAF-402ME

Pixel array 765 pixels× 510 pixels, 6.9 mm× 4.6 mm

Total pixels 390150

Pixel size 9 µm×9 µm

Full well capacity 100000 electrons

Dark current 1 e−/pixel/s (0 ◦C)

Shutter Electromechanical

Exposure 0.04∼3600 s, 10 ms resolution

A/D converter 16-bit with correlated double sampling

Read noise 17 e− RMS

Binning 1×1, 2×2, 3×3

USB 2 Up to 1200000 pixels/s

Cooling Single stage TE, active fan, 25 ◦C delta

Temperature regulation Closed loop, ±0.1 ◦C

Power requirements 10∼14.5 V DC at 1 A, center-positive

Backfocus Same as C-mount, 1.75 cm

Dimensions 10.2 cm×12.7 cm×5 cm

� 2 #Wa %�#R"�
Fig. 2 Sketch of SBM frontier28!Ns!U\_<5�N8RE8!NB7*Zl.�6 ND43_j�nMheh�2�D721�> CCD �&=�h\!N�e O s!UyI� A 78) IO s
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Ns >w_)3�v��<' αx �I�~F)(;N�4�� αx G��Vw!ej2��ph (αx = αx(R)), nw��lJI���� 3 V3J8 2010 b 1 P 15 !℄I��s�,E!	Hb�E�JIhe�' H��JU�tJd.P!���4 3 H;�$(.�<�2℄�� ND4 {,kX� 

� 3 T[Æ/�℄ 2010 
 1 Q 15 #u�#
I
�H&^K� SBM jg�!���8� 1 {�R�W ND45alka�/I*x�S-�=a��8� 2 W[m5a���ÆX�8� 3 W#WK+
>�8� 4 �Z�W3a�~a/I*x��=a�
Fig. 3 Sample of YNAO SBM image from an observation during the first contact of the Dali annular solar

eclipse on 2010 January 15. Arrow 1 points to the bright diffraction rings from the edges of the occulter

containing the ND4 filter. Arrow 2 points to the filtered solar disk. Arrow 3 shows the field of view used to

make the sky brightness measurement. Arrow 4 points to the diffraction rings caused by the baffle ring

edges!��N5 2 HQG��;	� (7� 1 s 4 zP), 2}.�d�'HX,_EOB�'8v�r℄��;v�.K [4] �ZN8lw�lb+ O i	Z���5�t��Hh
3	v����/�3J�lJ���.�	�Ji�jhd>[&g�'8r���;v�3JS℄o�Sl.�u_�s\�J���.<RBvg� !��/�!NW-G4aU��4�C 2 H��A'	�V28_<� 3 jE0;?� ND2 �_j�'��WOB*k0;�+_,�-V28\s�sv}��I℄s/�lVa
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3 bI℄�EUMgS�mG~�l 2010 b 1 P 15 !�!	Hs/!U_�#℄℄I��h.�y�w/oswro|��3J<n,di!U_�#�(�'!U�bA℄Is(D��!U_�#\��N<���F�
#�℄�
#EF�q�y�#o}���s��/ �℄^'����21L2��Sl℄x1�XW� CCD?�����!N�([Q�4Es�I ND4℄j�A��3�3_j�*k0;`X�X,_�7�s�"Xa�'?l[�\"X�A1�I>�|�dw�Sl%x�℄I&=.�D��he&"u�i(�!#u�gnA��s�=a�V�3J\�!���.9he�Z�eÆ7:ZloQ�v�
3.1 M0�h�^H

ND2 �l?�S�) 1%, 3J/� ND4 3_j2'j ND2 �+6X�!U�I)Ji:�o�_j��l? T 4\ ((3) O), 'j4+�F� ND2 �j�IrNpJ�l?�6 3 V�� ND2 �m�1IJi�1Iz-V�f#)u{�bL_{:�_#)�bz ( V). J 3 ND2 yi
6Æ$n�X_I��
Table 3 Calibrated transmission coefficients of ND2 filter samples

Sample number T (450 nm) T (530 nm) T (890 nm) T (940 nm)

1 0.0073 0.0108 0.0288 0.0308

2 0.0073 0.0107 0.0285 0.0304

3 0.0072 0.0108 0.0292 0.0308

4 0.0075 0.0109 0.0289 0.0304

5 0.0073 0.0107 0.0290 0.0307

6 0.0072 0.0108 0.0289 0.0308

7 0.0073 0.0107 0.0287 0.0302

8 0.0109 0.0147 0.0330 0.0346

9 0.0106 0.0141 0.0326 0.0344

Note: Samples numbered 8 and 9 are from the first product order; the left are from the

second product order.l1IJip��hkOm��;$�l?1�oDq�>�hk|/4DQGN&�s� p�4�3JI)EM/��_j�V Melles Griot Ro���hOm�'.� ND4 �'H ND2 M/�78V�m 8 s 9, }J\�;$�l?78) 0.010 9 s
0.010 6 (FU�S�), B/;$) 0.014 7 s 0.014 1, ~;$')�l?Ds& )w�s+^,M/�z�℄�� ND4 �3�l?\�;$) 1.16×10−4,B;$) 2.07×10−4.nahe�V<
:f'5v}��;�4(DEzs����Ah�
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3.2 K"Y[�BfQ�lE|� 4 GP. 4 H>���!U\�/;$�℄IJi ( 	naheVw�y��).

(a)∼(d) ',� 4 H���℄IE�
z$�78)	
(a) �Q�� B 180 km ��B-}3\��n� 4 000 m 96�
z���
(b) RYs�,EL�n� 2 055 m. 
z���
(c) RY
.��Q:�3'B�n� 1 988 m. 
z�/*R�
(d) RY�=EIW℄Id�n� 3 193 m. 
z�/*R�

� 4 ?�
�#W^KLk)E
Fig. 4 Comparison of solar halo observations at different locations℄I!sGP\',I��9C2�ZlHf��!e;��koN��N5�_�he
���XÆNd�� (e)��28 (b) ���E�!eG4''�e�z�� 4(e) �ÆN b �96�;	�j�4N&�{n>.TI)Ji�(D�28'H��;	�n\�J'4_�!UI)�<\8�y�E[Q 2.8 ∼ 7.8 R⊙. l�5w�pd�\ 4 ∼ 7.5 R⊙ 1(℄�!U��ZI%xC>
U��w!ejb+�C>s��:2��bA�(Dw6�n 4 H���B-}3�!U��7\��=EIW℄Idk|�s�,ELD��+RY
.�'B�!U7��s����V�na���!UEh|/�N&VP|QG��'j\<
bA~oG$�3Jw��l��5V�he
�e
{�Q�DN��a�y���).4_(D,;_ko αx, 5g!U��Jis�
u�P'8!N�e���( �\
{��1�E��yX,_ko Ns D	��\�/<��'(���C�w�~F�/ (4) OSl#u�6 4 #u. 4 H��\!ej�78) 5 R⊙ s 6.5 R⊙ E�!U����/�l? Tb = 1.16 × 10−4. w�pd�B-}3�/;$�,;_koQG	8v}���q��#7|��C�



2 u 6dq��#WK+;#Wa %!IZ.a�Æ_
 167

J 4 L#Z\�C�`F}
Table 4 Comparison of solar halo intensities at different locations

Location Heliocentric distance (R⊙) Intensity (10−6 I⊙)

(a) 5 9.1

6.5 7.9

(b) 5 55.1

6.5 41.2

(c) 5 77.7

6.5 53.4

(d) 5 33.2

6.5 30.1

Note: (a)∼(d) correspond to the locations in Fig. 4, respectively.

3.3  �w2q�BfQ�lE|� 5 GP. 2 P 25 ! 1 d � 3 H>�E/�\B-}3 (26◦05′ N, 102◦51′ E) e9��!UJi�� 5(d) :�)�4>4� CCD &=�
���!e��)z-�ÆN��Vl!ekoN5�he�e9s/
{��5R� (a) � (b) � (c) 3 HEy78

� 5 ?�G0#W^KLk)E
Fig. 5 Comparison of solar halo observations at different time)'�E/ ( VE/) 11:25 � 12:55 � 13:17, n 3 HE/� (c) V7FU|�v8��l� 5 pd!U�� (a) QGE8 (b) � (c), + (b) CE8 (c), ns 3 HE/��7���0w�q�nQv8�,;_koV7	��6 5 #u. 3 HE/�!ej) 5 R⊙
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.��Ji [4] P?I�J 5 L#�x�C�`F}
Table 5 Comparison of solar halo intensities at different time

Heliocentric distance (R⊙) Time Intensity (10−6 I⊙)

5 11:25:43 8.8

5 12:55:07 6.1

5 13:17:43 5.8

6.5 11:25:43 7.8

6.5 12:55:07 5.6

6.5 13:17:43 5.0

4 'AG�k;L�4\I)!U��E�3J�S℄.�GX,_���℄��>J�\B-}3Sl�\_� 3 �-
��+	kz/D|�j
�u_�|_��℄M�GX,_�2��3JM/.'Hz/GND|�j��>	�N)w�,;_�D|��_78) 11 mms 9 mm, +5℄�℄_� 3 '���_) 12 mm, T4 3 H_�|_Ji�7<Ji'� 6 zP� (a)∼(c) e98|�E/ 2010 b 2 P 25 !C8�J�s/
{��5�R�l��w�pd!UW6H (�[Q�6-G) �;_	w)db_�|_�x\+G�3*� (d)∼(f) �tN�6P3J�%[3��H�;	�1(�|_��_)AN� 12 mm E��H�;	{QG�
�����q�. 0.7 96�+|�_x\� 9 mm E��H�;	2�6T'*�\P�-
h	8tN��CM.�2jw6�\℄�℄B+(\|__�wss3*�H�;_���
5 �	'.<di�!U_�#bk,/�3f��>$y��bAG$��'>����℄IJinQ�B-}3
{"\�,;_koQG08.�v} H���n��V')B-}3n� 4 000 *K�Vv�7E��4��}P'E�s (P'=UO2=yX�FNN 3 000 m) �J�WZ�4�7�szoV){	�'j�B-}3<X)3J�sS�A+�.I����B-}3>�E/��'(JinQ�rUv8E�!U��V7	��n:��E�A>�~	sz_[>��:���P0w�'.2g.[Q�'B7��X,_�
E�'8�G�;_	�_�J�nQb+\|__�w�QG>	}����{_�|_:>VO\Oq�z/_��j5
\A_� 3 ��2�:_� 3 �j�w_%�_Sl�u���℄�y�[Q>2�'i�V�2_��_+>�uv-
a�M:U�℄��<~	rU[Q-Gh�!UI)Ji>'��4�2N�28�y℄BA_� 3 �w�/5
M*_��j�{/
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� 6 ?�~aa�))L
�:Æ99Wa��a+ 12 mm � 11 mm u 9 mm G� CCD YX�7Æ99W)-��*Q-#P�gmqO�d��� �O
Fig. 6 The contrast experiment of baffle rings with different aperture sizes. The left column shows the

CCD images of aperture with radius of 12 mm, 11 mm and 9 mm, respectively. The right shows the

normalized intensity along the horizontal line across the solar disk center in the corresponding imagesl�)7<�A�
n�)MX��#u!U���3J�,>	dX,_ko Ns,{28}>.T���|Y(D�z�3J^G4;�)I)�\�s�9a5E3J�SljUN<�/8����E7<�4��w�z��V�Ke (2) O�3J�yX,_ko��\83J{Q���7\hr — �4�!N�e,���#7| �)��n:D&���I�E���Eh��'�	�nQ3J�yA�℄B�X,_ko{	�"�w�/8�f>B��>$y�N<���J/ �8D
AF�s0��RB�vs;%�j�b��.u*�l����1vD
f�$�6TA�9t�5��2B����a��sen+���{℄s"f�~�
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Measurement of Sky Brightness and Suppression of
Scattering in Sky Brightness Monitor
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ABSTRACT A modern Sky Brightness Monitor (SBM) was developed for the site survey in

West China for the future large solar equipment installation. The performance of this new

SBM was tested in the recent preliminary experiments. A lot of sky brightness data had been

obtained at a few sites in Yunnan. The blue channel result shows that the sky brightness

near the noon time on Jiaozi Snow Mountain is as low as a few millionths of the solar center

intensity, indicating the low scattering level inside our SBM instrument. The scattering is

mainly from two parts: the diffraction rings from the occulter edges, distributed in the inner

field of view but outside the occulter region containing the ND4 filter; the diffraction from

the baffle rings, distributed in the extreme edges of the field of view. To suppress the scat-

tering of the latter part, experiments with different aperture sizes of baffle rings are made.

The result shows that, by mounting new baffle rings with proper aperture size into the SBM

telescope tube, diffraction in the extreme edges of the field of view can be effectively reduced.

Key words instrumentation: photometers, sun: corona


