
1

� � � � � � ��� 	 
 � � 
 ��� � �
��� ���

( ��������� s092008) �!
22 " 1 # 30 $
%'&(*),+,-/.10,24365

30cm 7 ./819:0<;*=,>1?A@CB*D CCD 71EGFIHKJ4LNM,OKPGQ +*R6S,TU?VXWIY6Z*[\5NS/T:]13/2N^`_a;,=6>b5\c*d:e*fAg,hji<kAl\m,n1?Nobp L Z

1 qsrutsvxwzy
1.1 {}|�~}���������+/R*^X_a;*=,> H4�6��� YG�,��5j���4D CCD 71EGF��\�/� i Q W<�6�1�*���1YU�N5/5A�,��5  i<Z

1.2 {}|�~}�����¢¡¤£¢¥§¦©¨+*R6^`_a;6=*> H4�6�U� YA�6��5AªU? si( « /s)
i­¬ L i<D

si = π(
D

2
)2

∆λFλ

hν
(1)

D ® ;,=,>C5U¯a°
Fλ ® +*R6^X_N5,± Fb²:³ d
∆λ ® ±�´¶µK24365I·,¸6¹�ºi¼»,½6¾ L Z�¿IY6D CCD �\À1Á Y �*� 5Iª�? ni(e

−/s)
ia¬ L i<D

ni =
Nfconv

t
(2)

N ®ÃÂGÄ�ÅG� 5 7�Æ 0XÇ
fconv ®ÉÈ 0<Ê13GËÍÌ�0\±CÎ ³ 2A3
t ®ÐÏ6ÑbÒ*Ó



1. 2

i¼»6½6¾ L Z�� Å 5��U?I@*B4�bD6c,d:e*fAg6h η � D

η =
ni

si

(3)

� oCp1_a� L Z

1.3 ���	��{}|�~}����� ¡ £¢¥§¦
1.3.1 si 
���
�����I@CB6YG;6=,> iI±�´ µX2G3G^`_�D

D ® 30(cm)
λ ® 500(nm)
∆λ ® 160(nm)��� ¿ L Zb¿IY*D mv

m,nC5
Fλ � D 0 m,nb5 F0λ

?I@/B4�bD

Fλ = 10−0.4mv F0λ (4)

i¼»,½6¾ L Z����IS,T � YA+*R �/7 c�������� β �*� mv = 2.27
m,nbZ¿GY\D �"! H1J4L i�D F0λ = 3.55 # 10−9(erg/s/cm2/Å) J�$ D Fλ � D

Fλ ' 4.38 # 10−16(J/s/cm2/nm) (5)

i QbL (1erg=10−7J)
Z�� Å iND h % 6.62 # 10−34(J & s) ?'� (1) H (6�1� �/D si � D

si = π(
D

2
)2

λ∆λFλ

ch
(6)

= 3.14 # (
30

2
)2 # 500 # 10−9 # 160 # 4.38 # 10−16

2.99 # 108 # 6.62 # 10−34
(7)

' 1.33 # 108( « /s) (8)

i¼o�¿ L Z

1.3.2 ni 
���
�����:5AS6T ��� D�) Á +6R1?GD+* �-,/.�021 ?'3�4,�*D 3 5"66� [��87G� 4 9",/. D+:�� Ò,Ó t % 0.1(s) �;�< � ��=�> � Y6Z?�@ 5 0/1N� =�> � YN]�3,2G?4[<��7A� A1
D

A2
D

A3
D

A4
Z

2
�BAa5 0/1N� =�> � Y<]�3,24?G[<��7A� B1

D
B2
D

B3
D

B4
Z

3
�CA­5 081I� =�> � YN]�3,2:?\[N��7G� C1

D
C2
D

C3
D

C4
ia¬ L Z:[N��7G��5�]�3,2 � D IRAF

?@*B:�C± FC² Ça±b´N3�µ6] ´I0A8/?NV/B\D'D�E6� i CCD F Rb5G>�H1? I+J/¬ L Y:p,DLK � 0/1GH +6R �8M W��B L ?<]13*2:?GN�O � ��PRQTS"U�?�VXWNY (A1 V 4 � B
5I]13*2LN"O1?:D

B1 V 4 � C
5�]U3/2LN"OU?4D

C1 V 4



1. 3

� B
5<]U3*2-N"OU?�PGB\Y

)
Z:[<��74��5N]�3*2 � D:d 7�� ?"PGB\Y apertur � 56± F�²A³ d 7bÆ 0�Ç � ���:5J � H6Q WIY6Z

FWHM apertur annulus
± F�²4³ d 7bÆ 0�Ç

A1 5.19 12 18 402914.2
(15) (411187.8)
(16) (413274.3)
(17) (414557.2)

A2 5.47 12 18 371258.7

A3 5.31 12 18 372604.7

A4 5.89 12 18 396478.2

B1 6.49 13 20 402119.2
(15) (411409.4)
(17) (416464.1)

B2 4.46 10 15 344341.9

B3 7.51 15 20 356736.6

B4 6.01 15 20 375156.9

C1 10.34 21 32 439166.8
(22) (439332.2)
(23) (441505.5)
(25) (441910.2)
(27) (443363.5)

C2 7.29 16 25 364837.7

C3 6.18 15 20 393447.1

C4 6.15 15 20 378281.8�
1[N��7:��5N]�3*2G5C± F�²A³ d 7bÆ 0KÇ�?+N�O*¬ L iND N % 383111.98(ADU) H\Q�L Z¿GY\D��"J�519	�b3KÇ�?b�,i H D Fconv % 1.31(e−/ADU)
i�¬ L Z� Å ?'� (2) H (,�1� �CD ni � D

ni =
383111.98 # 1.31

0.1
(9)

' 5.01 # 106(e−/s) (10)

i¼o�¿ L Z

1.3.3 
���
������ η 
�� 
���
(3) H (8)

D
(10)

? (6�1� �*D η � D
η =

5.01 # 106

1.33 # 108
(11)

= 0.0376691 (12)

' 0.038 (13)

i¼oU¿ L Z
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2.1 �	��
�� ���
S/N( 
 ���/H��U� ����� ��� 5������*�/B L ^ )

?��� � YUi"!�D,[N� �$# L�%�& 5�'1?�(�4 L ? )�5Im6n5   i<Z�)�*6��+-, ��� D S/N % 5
?.(�44�-/�0�� � !IY*DUi­¬ L   i ��1 B\Z

2.2 S/N 2�¨
S/N

5G� � D

S/N =
nit

Nnoise

(14)

¿GY\D
Nnoise � D

Nnoise =
√

nit + mnskyt + mndarkt + mN2

read (15)

nsky ®43�5 � # Y $ 5�01�*�a�1Y+D�E�6 � 5A�6�6ª
ndark ® 0���7b5 3�5 � # Y $ 5�8 �-9
Nread ® 0���7,^X_�5 3�5 � # Y $ 5G�$:C� �;
 �.�

m ®=< 5�> � WIY�? ³ .Gµ,ªi¼»,½6¾ L Z

2.3 ���	�@�	�A
�� ¡�£¢¥ ¦
2.3.1 Nnoise 
���
��¿ , D nsky

?Nobp L Z��B�\5NS/T �/� DCB�5�DU?-:�� Ò6Ó t % 10(s) � =XWIYN]U3*26?4D,± Fb² Ç�±b9�3:fi � ��E*3 ³ S U1?�V�WNY\Z 1pixel
5�N�O 7bÆ 0UÇ � D N % 10432(ADU) H6Q W�Y:5 � D'� (2) J/$ D nsky � D

nsky =
Nfconv

t
(16)

=
10432 # 1.31

10
(17)

' 1366(e−/s/pix) (18)

i¼o�¿ L Z�F H D ndark � # L � D   � ��GCH�H !�IX��B,5 � D ndark ' 0
i�¬ L Z¿GY\D

Nread � D �"Jb5�9 �b3KÇ<?�J$K H Nread % 8.4(e−/pix)
i­¬ L Z?�L H D m � # L � DA» 1

5
apertur

5GN�O �
14(pix) Q 5 � D apertur Ä6Ï i+) Á m � D



2. 5

m = π # 142 (19)

' 615(pix) (20)

i¼o�¿ L Z�:U� Ò*Ó t % 0.1(s)
i � �CD�� Å ?'� (15) H (6�1� �*D Nnoise � D

Nnoise =
√

ni # 0.1 + 615 # 1366 # 0.1 + 0 + 615 # 8.42 (21)

i¼o�¿ L Z

2.3.2 ni 
���
��
S/N=5

i�� &1� �CDG� (14) H (21)
? (6� ¬ L iNDG� (14) � D

5 =
ni # 0.1

√

ni # 0.1 + 615 # 1366 # 0.1 + 0 + 615 # 8.42

(22)

i Q $ D�3��/¬ L i<D

n2

i − 250ni − 3.185 # 108 = 0 (23)

i
2
F����"� H6Q�L 5 � D   �U?��CB4� ni � D

ni = 35819.0121 (24)

' 3.6 # 104(e−/s) (25)

i¼o�¿ L Z

2.3.3 si 
���
���
(3) H (12)

i
(24)

? (,� ¬ L i<D si � D
si =

ni

η
(26)

=
35819.0121

0.0376691
(27)

= 950885.7951 (28)

' 9.5 # 105( « /s) (29)

i¼o�¿ L Z
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2.3.4 Fλ 
���
���
(6) H [��874��5"' i (28)

? (,� ¬ L i�D

950885.795 = 3.14 # (
30

2
)2 # 500 # 10−9 # 160 # Fλ

2.99 # 108 # 6.62 # 10−34
(30)

J WN�CD Fλ � D

Fλ ' 3.33 # 10−18(J/s/cm2/nm) (31)

i¼o�¿ L Z

2.3.5 ������� mv 
�� 
���
(4) H F0λ = 3.55 # 10−9(erg/s/cm2/Å) = 3.55 # 10−15(J/s/cm2/nm)

i
(31)

? (6� ¬ L i<D

3.33 # 10−18 = 10−0.4mv # 3.55 # 10−15 (32)

J WN�CD6kGl\m,n mv � D

100.4mv−3 = 1.066066 (33)

0.4mv − 3 = 4.066066 (34)

mv = 10.165165 (35)

' 10 (36)

i¼o�¿ L Z
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k�lAm4n/?ao6p L�
 D nsky

? B,5�DC? :b� Ò4Ó t % 10(s) � =CW¶Y­]C342I?<@:BN� nsky ' 1366(e−/s/pix)
i ��
���C?­V*W Y � D +GR/? =*W Y Ò 5 nsky � Da�*� * � IC�¶^/W Ybi K'4�_ � L Z [   � D nsky ' 250(e−/s/pix)
i

� �/kGl\m*n1?<obp\��:6YKi  �� D
ni ' 2.4 # 104(e−/s)
si ' 6.5 # 105( « /s)

Fλ ' 2.27 # 10−18(J/s/cm2/nm)
mv ' 11i Q WIY,Z   � J�$ D*kAl6m,n � mv ' 10 J8$ �1� * � ) !AB�K 4K_¼� L Z
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% �����,5NS/T �1� Y � D F¶Ñ��,� ;,=6>1?
	,^ � �/D�� 
\H +*RC5 Â�< ?-=�>*¬ L i<B`��
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