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ABSTRACT

We developed a CCD camera that can observe wide fields on the sky. We tested the field of views using
various lenses. For cooling the CCD chip, we used a thermoelectric cooling device and tested the cooling
efficiency. This camera will continuously observe a part of the sky. The data from the camera will be used
to decide the current weather condition by the real-time star counting program (SCount) which will be
developed later.

Keywords: atmospheric effects − instrumentation: miscellaneous − instrumentation: photometers − techniques:
photometric
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��� ��� ����� �� ����  !"� #$ %

&' (" )*+, -.�/ 0!1� 234 56, 7�

�8 9:(Richmond et al. 1993). ; +< =>?4 @
 �

� !ABC DE& ��� �F FG� =>�� HI�J

��� �K JL� MN�� !AB; OP�:(Hull,

Limmongkol, & Siegmund 1994). I� Q7� �R� ST

U@" VW ��X� ;� ;Y�Z ��� �F FG�

HI[ 7 \:(Hogg et al. 2001).

] ��"�� ��� �� ��� I, ���J, ^!

1�� _;`� a$[ 7 \� !AB, Qb�� ��,

cd CCD efW� g5�h:. i >j kl"� g54

�m��Y CCD efW� &no �	� 0!1 ��[

p��� 
q rAs(Park, Chun, & Kim 1995)t Qb;

(Han 1994; Jin et al. 1997; Park et al. 2000) '�uv�w

] ��"� g59 efW� CCD Camera Cookbook Kit

(Berry, Kanto, & Munger 1994)� xY�J ��� p�


�!8 ��, wy!zZ� {YC |}, ~h:. i$/,

=	 Qb9 CCD g&�� �Y�J J� �� ��� �

�, �q�� �h:(S. Lee in preparation). ; !ABC

DE& I �� ��i�(SCount), �T Qb �" \:

(M. Kim in preparation). I �� ��i�� �N9 !1�

: ��, �Z� >!" I� Q7� =>�� ���J

��� �F FG� ^!1�� ��9:. ; efW !A

B� �> ��s�&t ���&� ��� 1��/ {Y

; �� �&�, J� �� �79 p�� �m �� ��"

^���� �Y� 7 \:.

] ��0{� ��9 ;��"� I� Q7� ��J �

F FG� HI�X�, ���
 �N, ���� �q9

�� I, !8" ��89:. i$/, �� 0�" @
 �

� !AB, -.�� ���� 0{� 1�
C l�
 

�P9 P
; 4:. ] ��"�� CCD efW� �  ¡

¢�� £¤� �� ;Y�J �  
q ^�, �h:.

] ��"� Qb4 ���&(Sky Monitor)� 9k�m�

�*� ��d¥�	��^C ��¦§¨ YSTAR(Yonsei

Survey Telescopes for Astronomical Research) �6"� �

© �
 50 cm � !8 ª� �� 0{" �Y� «N;:.

; !AB� N¬9 !1 >�� �� GPSt g& !AB
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44 ���, ���, ��	, 
��, 
��, ���, ���
; �Mu& \:. g& !AB� ¤� ­® (̀sky monitor),

�F �� 0{(weather station) ̄C °±�Z� =>��

��, [ 7 \ ² -�u& \:. ª� �� 0{� o�

��s�&� �� �NC i '� F³, AA� ´µ�¶,

·¸ �?" VW ª� ��� �� JL� ´µ�� ¯ ¤

	 !AB" ¦9 °g ¹ �� TQ º», l¼ NF�


ª� ��; ;½&� ² 9:. VW� ¤� ­®`� *

¾ => �� ��" \&� �¿�
 �q, �À�� �

Á;:.

II. CCD  ���� ��

<$� Texas Instruments�� TC 245 Â, �Y9 CCD

Camera Cookbook Kit(Berry, Kanto, & Munger 1994)� x

Y�h:. CCD efW� �]� ��� iÃ 1C Ä; :

Å LÆ�� ÇÈ:.

TC 245 CCD� ;�� ��, É0 ��, cÊ Ë�A`

�;s(serial register gate)t ¤Ì �;s(transfer gate)� �


4 :� ÍÎ(multiplexer) ��, ¤�� ÏÐ�� ÏÐ�

(amplifier)̄  Ñ Q� �]�
 �q ��� �
u& \:.

efW Ò�(iÃ 2)� CCD Â, /N!z/ ÓÔ�� �

[C � !z� �[, 9:. CCDt �$Õ� e�� �

M� Ö� ×; Ø7² 1Ù; Ú��� Ûm" �$Õ�

e�� efW Ò�" cd LÜ4:.


`Ý;A e�� Þß`�L`� CCD g&±Ô� �

$Õ� e�� ¤Ì9:. i$/ CCD�L`� �·�i ±

Ô� 12{s ±Ô� àá:. 12{s ±Ô� :! 3Q� 4

{s ±Ô� Çâ&ã �ä` ås� °� Þß`" ¤Ì4

:. i$/ ; e�"�� CCD� �>" OP9 N¾¤æ

(+5 V, ±12 V, −9.5 V, +2.3 V), ç}9:.

�$Õ� e�� èé �> LÆC ÏÐ LÆ�� ÇÈ:.

èé �> L"�� 
`Ý;A e��L`� 0 V ê� 5 V

� TTL±Ô� TC 245 CCD" ë� ¤æ(−9.5 V ê�

+1.75 V)�� àì& CCD�   íî� ¤� ;>, g&9

:. i$/, CCD"� Çï ±Ô� ð 3.0~3.5 V �;� ñ

< 5� ò;X� �$Õ� e�� ; ¤æ, ð 18ó ÏÐ

!ô� 0 V"� +10 V� U�2xõ� ò(dynamic range)

�� �ö�J 
`Ý;Ae�" �÷9:.

�  0.� ��"� ��� � (mechanical refrigera-

tion), ø	 �A � (liquefied gas cooling), £¤� (ther-

moelectric cooling) ̄ ; \�¶(Buil 1991), ] ��"��

ùú& (Peltier) � �C� ;Y9 £¤� ¡û, Íü�

h:. kl"�� 9k �m��*"� £¤� �� �Y

9 CCD efW� Qb9 à \:(Park et al. 2000). i$/

����� £¤� �� � !z� �� ��û �  0

.� g5�h:(iÃ 3). ��û� £¤ � �� £ bý

LÆ" �  þ, LÜ�J ÿg � , !�:. �M LÆ

"� Loctite 384 £, ¤� ¤ 
 dÜg(Loctite Inc.)� �

Y�h:. ; dÜg� K +?
�� dÜ� �/
C £

¤ 
; �&Ç  � ¡£H ¯� dÜ" UY�:.

��û ;�" 7�û�� £¤� �� � !z� ¡

¢  \:. 7�û� � ��� ;Y�J �, �ö!ô�

� , !�:. i�Ç ; +< ¤	�
 !AB ��� 3

	��/ �, �ö!z� �9 ­`" �� £; bý�J

0�� >5 ! ­`� 
F, ��[ 7 \:. 
9 ��

j� �; ��� Ïb�J �N !1 � :! �, Ó��

Ö&8 �/ ��" �; �� � ² Ö��8�� �´ 

\:. <$� 7�û  g5�J rAs�h�_, ��ûC

�  ��� �;� b��� ��:. VW� 0�1 �L

" |ç4 FG"� @
�� >5�8 �� ] efW�

+<"� ��û; ���:.�� 1. CCD ���� ��

�� 2. ��� ��� 	
� 
�
 TC-245 CCD �� 3. ��� ���� �
 ��
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CCD efW !AB" ¤*, �÷�� �� Fine-

Suntronix�� VSF50-EE Q��(switching) ¤* �÷��

�Y�:. ; g�� ��;Z�(4 × 10× 15 cm), efW 5

>" OP9 +15 V (1.4 A), −15 V (0.3 A), +5 V (5 A)� ­

� ¤*, >!" �÷[ 7 \:. Q�� ¤* �÷�� 	

�; ×�(linear) ¤* �÷�Ó: �2���  �w

(Horowitz & Hill 1989) CCD" �÷u� ¤æ� 
`Ý;

A e�"� 2� ��� :! w�&�� Ûm" ] CCD

efW !AB" �Y[ 7 \:.

III.  ��� 	
 ��


(a) ��� �� �� �	


CCD� Â =	� ï "� bý�� £¤=" �9 !	

�; \:. �  ��, ^��� ��J, "# 25oC� ^�

^"� 3$" %& !¤�� �N�h:. iÃ 4"� ÓZ

�  !5 � ð 300�'� !¤� ò; ÷¾( )��/,

ð 1000� �"� *¤( jN+, , 7 \:. jN?uv

, Û� !¤� ò� ð 20 ADU sec−1;:.

(b) �� �
 ��(Dynamic Range) �	


^�^ ï  25oC"� efW� -�u� ., ��9 F

G"� |ç !1" V/ !¤�� â� ò, �N�J U

� 2x õ�� ��h:. iÃ 5"� ÓZ ; ��û � 

0.� ð 125�'� 0¦ |ç, ~ 7 \:.

Â =	� ñ< 1� ï (−100oC~−120oC)� U�[ 7

\� ø	2� � ¡û"�� !¤�� �3; 4� 5&

� 0!1� |ç  �q��w, £¤� �� �Y9 � 

!AB"�� |ç �q9 !1; ~&�:. i6�w, ]

efW� +< ��� �N ¡3, 39 Í /Nu� Ûm

" 0!1� |ç, ÖZ I� F; 78� u& ^g ��

"�� 1Æ ;F� |ç� ��� 5:. ] efW� p�

, ���� £¤ � ��  �Æ9, , 7 \:. 

IV.  �� � ���� ��


(a) �� �	


] efW� �2 �{=Y 35 mm efW� ��� Hñ

u� :; ¹ �  efW <=� �Y�J 0�� {Y�

� �� !8� ¬Ó[ 7 \v:. i>_, &no I, �

��� ���� )*+� ¦�<=� �+; ?8�/, �

� !8� @� ���� ¦�<=� �´4$� A�8 9

:. n �B, >!" wy!z¼Z <=� g5; &¼C

�/ {Y; DW�� Ûm", �2 �{=Y efW� <

=� �´4$� �?[ Û, f-{(�´4$/�+)� 1.4 
�

2.8� /N9:. VW� efW <=� �´4$� Ø&�Z

!8� E���w, F�}; D G��/, efW <=�

�´4$� A��Z i 2¦� 4:. ] ��"�� FY

�� �-�� Ho Sigma�� 15 mm(�´4$)t 24 mm,

Nikon�� 50 mm <=� �Y�h:.

TC 245 Â� 9 ?�(pixel)À  �� 25.5µm × 19.7µm;

:. ¤	 U� ?� 7� 252× 242Q;X� Â� U�9 ¤

	  �� 6.426 mm× 4.767 mm� 4:. efW ^ �´4

$� Simg, efW� <=� �´4$� f, �� ¦F	" ¦

� ëI efW� �´4$� SobjW 9:Z, ^ �´4$�

�� 4. ���� �� �� ���. �� �� �
��  !"
#$% &'( )*+ ,-, .-, /-(30 ,1)2 ��� ,
1 34% &'(5. 

�� 5. 67 89 :;(Dynamic Range)���.



46 ���, ���, ��	, 
��, 
��, ���, ���
� 4:. 
9 <$� ��/= �� !8(Field of View,

FOV)� Â" F; JK 7 \� 0¦  �t <=� ^ �

´4$(Simg)� {� 4:. J�� <=� ^ �´4$� O

P9 ;U� I, ��[ Û"� ¦Q @9¦(L)� <=�

ë¿/ ��, �� u�w CCD efW g5F� ���


 M�� 
�J ^g�� ð1� �´4$� �;� bý

�� Ûm;:. À�( <=� �+(D)� ^ �´4$(Simg)

t f-{"� �[ 7 \:. : 1� <=I �´ 4$t CCD

Â�   íî À  �� /¼�� ��9 !8� ÓJ;:.

^g !8� �N�� �9 ��� 2001N 4O 12� ��

¦§¨ �� PQA"� !�uv:. RS=$� ÖP I�

� 5-6̄ ÷� T� I�;¶, UV
 ¥a� I�� �Öo

>; W¼ 0!1� |ç"  F� 7R; �� Ûm" �

�� Ú9"  E��/ !8� ����_� X� ¦F;

v:.

iÃ 6"�� <=I� ���J @� RS=$� �FC

I=$H(SkyMap Software, http://www.skymap.com), {

¨�h:. ��4 !8t ^g ��.� Ä� ÇY, , 7

\:.

1
Simg
---------

1
f
---

1
Sobj
--------–=

� 1. <=> ?@
 ��� AB� �C (F.O.V)

D.EF(f)

(mm)

, D.EF

(mm)

f-G H IJ KL

( ' )

!M �C

( o )

15 16.0 2.8 5.4× 4.3 22.9× 17.1
24 25.2 2.8 3.4× 2.7 14.6× 10.8
50 51.4 1.4 1.7× 1.3 7.2× 5.3

�� 6. � ABN �CO PQ R>. (a) PQ ST� NUFV (SkyMap Software). 3W� X�Y2 � ABN+ ,Z PQ
 �C%
[�H5. (b) 15 mm AB% X\H R>. (c) 24 mm AB. (d) 50 mm AB.
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ra

l

E.,

.

B.

,

as:

.

(b) �	
 ���

iÃ 7� 2001N 3O 22�, +U �� �T Ó��"�

��û CCD efWt 24 mm <=� ;Y� 60� |ç9

�F;:. ð 430Q ;F� I; ��uv:. iÃ 8�

2001N 5O 31�, �Z �j� ��¦§¨ �m¦"� Ä�

efWt Ä� <=� ;Y�J 45� |ç9 �F;:. �

� ¦F
 RS=$ Ö�" F�� Ì; \v� Ûm" i

Ã 7Ó: ó+ T�� G� FG;�w, J¤( �� 7�

I; ��uv:. ;� ] efW� ��4 ;���L`

I� Q7� �& [��� �F FG� H���_ ;Y�

7 \�, ÓJÖ� X� «;:.

VI. �� � ��

] efW� CCD Camera Cookbook kit, xY�J w�

Á��, ��� �F FG� =>�� HI�� �9 Á;

:. ;� �� @
 => �� 0{" ��9 £¤� 0.

� w�v:. �  ��C U� 2x õ�� rAs 9 MC

�Y p�" �\9, , 7 \v:.

; efW� �F ��Y��] �Yu� ���� ef

W� !8(FOV)t ��u� I� 7� ,�l� Á; �P

�:. �( ] efW� D �� !8� @� ��� )*+

" efW� 0Ü�� �/, FY�� �Yu� efW�

<=� �Y�h:. õY�� �Yu/ \� Sigma�� 15

mm(�´4$), 24 mm, Nikon�� 50 mm <=� ;Y�J,

;�� !8(FOV)� rAs MC� ;^��� «F9 ò

C �.�� 22.9o× 17.1o, 14.6o× 10.8o, 7.2o × 5.3oh:. �

(, !i�(Sigma)�� 24 mm <=� ;Y�J ��4 �

F, ÓZ ��� �� ("�� ð 400Q ;F� I; �

�u& ��� �FFG� HI��" �Æ9, , 7 \:.

] ��� 9k�m��*� “
��
 ¹ ��d¥�	

)!��(k��N��^ �6)”� �ö�� 7�4 Á;:.


9 CCD Camera Cookbook Kit� ±Ôa$t 5>*$"

¦�  _, ; ÿ��C `7�"� )�9:.
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�� 7. 24 mm% AB% <\]^ _`@�a PQ
(60D b
c) R>. def gh i2 Nj< PQkh lmn o p l5.
qr �s 6� <tSO -uvf Gw
5. < <tS�ax
430 W� N< _y5.

�� 8. 24 mm AB% <\]^ z{|}w ~�|(�� ~�
��)�a PQ
(45D bc) R>. !Mg*+ N2 ��� &
�S� �#� >`�< lha �� ]�< �2 >�<5.
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