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�
1 � Introduction

1.1 �������
	
1970 �
� C����
� _ SAS-2 � COS-B ���������3��� 35MeV � 5GeV #! �"5�$# - %& UP# � �
���$��'mO��
O�(*),+WG�-��
��.0/ U�1,2E� D�� # 8/�	�
�3-!1,2 �54�� #687:9 N]Cml$;=<�k>+"O π0 #�?:@;Cml$;=<�kBAC�]nED�FG+"OI� ����� (diffused gamma-

ray radiation) #8H\�5�5�/�
I CKJBL,+WG/F]n*M
�N�8.�O/�/�1� �%# γ �I# �V�5��` �P URQmn5M
��S�T�UV+9OW(5X O�- 25 Y # � ��Z�[5�WT�U\A]�5)
#B^_� Crab �V� �;4�-
Vela ��� �m4K-1�K �4��m4 3C273 �:`"^BAa�eO_( 1991 � CGRO(Compton Gamma Ray

Observatory) ��_3�C�$�_�8� �b� γ �5� �5

�WTdcRefT�g dPn!cKh �8i
��j�n)O�(]MW#E�+_
C!kl- BATSE,OSSE,COMPTALE,EGRET #�moD/#CnQ�Eo���DRX��R)K��pK��qRjVn_ :"
�3# 4a% & S �5�r+ G�F�Ol( AmC EGRET(Energetic Gamma-Ray Experiment Telescope)nQ�ao5kls��ln6�aI�tR� 1200m21GeV U/#�u��'�8@�v�k 0.8 w U 30MeV � 30GeV #! :"
�$#54l% & #W���R�Kx*v	U�Q�h)O�(_�d���
�+� � 2000 �;# 9 �zy	#%���mU 100MeV {3�
#;� ���B���0AE��O%��=3� 271 Y8T8U0AE� EGRET -P3\.��K� 9 k0AE� O_( ( � 1.1, | 1.1}�~

) )	#,^l� 100 Y5Q
X�; #%� =R�:`9^0Aa�W-$)�#
L U5� �	������� (AGN) k 93 �'=
��b>� ��e�T�U�A��VG�F�nK(5X�O]- BATSE k:�1M�� �3��4�< X (GRB) #��/���
��SC'
F , )	#lT8<:[zk"` � P U3QB;�152B+��;#l�
�mU�Q/n3Me�E�_�R�zA��eO�(zX+O_-�f8�:���
c �8+ G 2006 �IC GLAST ��_*�_�d�������K��^0A���G
FVnK(

| 1.1: Third EGRET Catalog # e��
Category Number of sources

Pulsars 5

AGN (mostly blazars) 66 + 27 (marginal)

Radio galaxy (Cen A) 1 (marginal)

Unidentified (some may be SNRs) 170

Large Magellanic Cloud 1

Solar flare 1

� �E�	�IC8k_-8��� :�03�B4 	�P KRSSNmF�O
��� ��@	d��
T��e/$�QP9M���1o*�+�,0S
NVF'O ������Q
nC(P: 0
�B4�	�P K:kl-��!�>+SO;� �F� �!� T��]#����)Cml*;��Rc��BM8A��nN���I: 0:� 4�# 2 f8����S_�l 	�	�\+¡���)#H�	�0¢C� O/3 K$£�M �N¤8¥�S NPF5G � �
#�¦:�0SS:�§]n3Me�N¨)[:© TeV �\[:© PeV #W 
"=�$#�4K% & #I����So���*¨zc5nK(5T��
/��6P�M ��1 *	+	,)Cml no���*kK-��8�;:'0:�B4W¨K<	kB¢a�]nNª�D:���;Cml�hWG]T!< d]n
/*�1P9M��51 p�S ���\+�� �)#C¦:�dS$:�§�nK(�+ ��+«- � �3{�O]#C152%�;CPlWh%Gz�S/R�
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Active Galactic Nuclei
Unidentified EGRET Sources

Pulsars
LMC
Solar FLare

� 1.1: Third EGRET Catalog

P9M �51 p5k�T8< dmn\O��	F��
C;� �F�«� ������0 M �"�NjPnN1*2B���:�,S���� d�nK�9R
& � jVnK� 1980 �8�dXK¨:kCs	�����*k	
��
�:h�O_( 1980 �:��<��ICWk�- Whipple �H�P4� CPl*;=� �F�«��������0�� M � 152%�]Cml nE���;:�0��%4�#lT��;#��mFRS��'N�+ G_s	�
C)� ���
�,SNn6��d�n���� ( KV.=4���M ��� ) ���_T�¢C�)[�� GeV ��[8© TeV C��In���� 
"! $#�4#"%$'&)(�*R�_xRv,+Ej*h!-](�Ma�/./0$; ,Club j21�&43� �5/6 ,SN1006 j71�&
�	8�9;:�<�- Mkn421 j21�& AGN ->=
?!6]�
6�=A@CBED NGC253 j71�� 16 F�G ( | ??)H2I ���/JEK4 
L�6M"%$>NPO#Q�¢SR!T
UP$V&�W�X7Y4Z�[	\	];&_^
`E.�aEb	-_cedPf)g	h/Ni I R�j	k�l�mSn�o	p CANGAROO,HESS,VERITAS &�q7r� s6 ��t p_u�v
&�w�x	y7zS{
k;-�=	|~}��!(	*Ep MAGIC r_ /6E� t y'&)c��E�'.>0�l�J;K4 
L�6��4�7z4�;�Sp��E�	�
^;�VzP�E�4jP���'.�(�*#z��>fe������N_g	�M���E�e��p������/f;l��	hsNP�� e¡�REj	k�l�m

1.2 ¢¤£¦¥¤§©¨ª	« B�D�¬ (Active Galactic Nuclei)
t p_­	®�B�D
&��S¯�°�± HeI 1044−47erg/sec +�k

��²;cVf�J;K�³'L�6>z�´eQ'µSj;k>l FEG �s��lPm
¶	&)´E·VJ�K!³'L�6 t 103−9sec +�k,�¸ k�¹;º��s&P» « N4¼ I R'l�-	½)´;·E¾�¿#&��EÀP� t r = tc = 1013−16cm +SfÁ�ÃÂ>Ä4­Å �
&�c,d�¡_�E��l�msÆ�-_p�J�Ç>È;É7@ÊÉ�À�Ë�Ì�� LEdd = 1.538( M
M�

)erg/sec
H2I�Í &�´

·/J;K!³
L	6�._Î'Ïe�Pl FEG�Ð�Ñ t 106−9M� +�fÒ��pM��¯#. t c ÐEÑMÓ;Ô/Õ!ÖP× 64³�NØ osÙ'l�-	½!p AGN &�JEK�³
L	6_Ú t�Û�ÜeÝ�ÞMß_à Ð N ÓEÔ
Õ!ÖP× 6�³;á!â7ã�ä�å�æs.ç ´Ò¡�R
lSè�ésJEK�³VL	6��s�;l'+Êê;Ï I RVlPm
AGN

t p�ëEì	(E*>� ß�í �;p�î�ï	Ì�(E*>��ð�ñ ßPò	óõô÷ö .V0�ø)jsù 1.2
ß 0s�_.��ú ¡�R
l_m Û4Ü7Ý�Þ�û�ü#ß�ý = t p ösß)þ k�ð�ñ2zÊ´7Q�Ù
l�¾	¿ (Narrow Line Reagion)

7



�
1.2: TeV "�ñ F	G Zs?���r

Source Type z Discovery EGRET

Galactic sources

Crab Nebula Plerion 1989 yes

PSR 1706−44 Plerion? 1995 no

Vela Plerion? 1997 no

SN1006 Shell 1997 no

RXJ1713.7−3946 Shell 1999 no

Cassiopeia A Shell 1999 no

Centaurus X-3 Binary 1999 yes

TeV J2032+4131 ?? 2002

Extragalactic sources

Markarian 421 XBL 0.031 1992 yes

Markarian 501 XBL 0.034 1995 yes

1ES 2344+514 XBL 0.044 1997 no

1ES 1959+650 XBL 0.048 1999 no

PKS 2155−304 XBL 0.116 1999 yes

3C 66A RBL 0.44 1998 yes

H1426+428 XBL 0.129 2002 no

NGC 253 SBG 2.5Mpc 2002 uperlimit

+�p'¶ ß����
ß ¾�¿ (Broud Line Reagion) .)�'b I R�p BLR
ß�ý = t NLR + ß���	 X

�/N�X�

� « µ�j�k/l�-�½�� Õ � Ô 6����#.>0�ø�jPð;ñ ß�ö N���
 (�*,¡�R'l_m Seyfert2t
,NLR

HÒI ß ´E· ß i z i j�k�j4p Seyfert1
t

NLR,BLR
ß

2 � ß ´;· ß è��������#zi l�-�½ ö;ß �Vk)ðEñ~+ þ k)ð�ñ>N���¹�.�(�*,¡�R
lV+Êê�Ï I R;j�k�l)m�ð	ñ ß ¼ I R�f
k Blazar, ð�ñ ß�ö�ß! f�l Seyfert1 + Seyfert2

t p ÛPÜ#Ý�Þ °�± ß�ý =/z�(	*sÙVl�ï�ñ" a�N�# �!$;b!� F�G ß�%�&'t 1�R('��*)�����l
+Sê�Ï!p AGN z�(E*2¡_R;j�ðEñ ß #
k
./0�øPj�+-,/.�.10'`4Ù'l�2 i N!�/f��	R�j�k/l_m

AGN
ß13

10 \�4�5 (Jet) z Ó�Ô>ÕPÖ�× 64³!±�6 H2I ´7QVµ , ë	ì H,I X ñ'.!77ø_j4(
*Ò¡)R 1.2 ¶ ß 598	\ t 100 kpc z�:'ÏVlPm'Æ	-�p Jet

t;��< .�= Õ @ ( ´�· í �VN�>Mk?
) @BA/N i I R!p Í ß X��>NPÌ	X ß v�C ß X	�>��D « Ù/l ß NFE�Ge¡�REj�ksl_m Í R t pH Ì	XI� « (Super luminal motion) JLK�M�R�p �I	�N .�X	�>�F� « µSj�k�l Jet zPO�Q HI E�G µ1R1S��UT�n/RVl��V�>�s�;lPm Jet

ß �IW ß Y�Z	[	\E]/z!XVY'l Í J��!p ÓEÔVÕ!Ö
×-Z ³�±�6 ß�%�& N!^
`��
dSp Jet

ß��P< @�A�[L� « z�X-Y'l Í JÊ��\�]EW�XeY�Z�[�\�]
^'`!Ù
l Í JÊNE�
d�l_m
¶ ß R�½!p AGN z�EIG>ÙVl Í � t JSj^'�èI_
�;��l)m

8



ù 1.2: AGN
ß � ú [1]

1.2.1 Blazar

AGN
ß �!��� T�� µ�k ª�«�� z��sÙ	� G T Blazar N���l)m
ù 1.2 T��sl Blazar � Gt p BL Lac(BL Lacertae) � G J OVV(Optically Violent Variables),Radio Lound Quasarß�
�� ��E�G .���
VN����^T��>j;kslPmLE�G .���
2z��s�VT;Æ9JS½>l)m

• ð�ñ��	� Ö�� ³;N;f	k ( ���UT��sk )

• ë�ì ô î;ï�Ì
� í k���Ìez��sÙ
• ´#Q�JEK�³VL Z ��� Ö�� ³ (Spectral Energy Distribution) T�� ZsÖ N 2 �>�;l
• ��ì� /�!�~µ�k#" Ô/Õ!Ö � ß ¹;º)» « z$�>Ù (≤ 1day)

ÆLR)p�ë	ìIE�G T�K!ø_j Blazar � G ß�% 
 T H Ì�XI� « N�¼ I RVl�R�½�&�' Õ(� ß ´E· "
a ( &)' Õ*�,+ ) N�EIG;Ù
l�ï	ñ " a�T�a�k�jEk�l Í J�NP� H l_m Blazar

t p �I	�N .�f1�
� T;K�øPj-" Ô
Õ4Ö �	N�. ö µ�j�EIGÒ¡�R'l_m
´!·�¾4¿;N!ELG�/;T 	 µ�j ��	LN .Pf�X�� ( � Z }_É$021 ] Γ = 1/sqrt(1−β2), β = v/c)

�F� « µSjEk>l�S��;p	3*T�K	ø�jP´�·E¾�¿/�4ÌI]
NPg
å " a θs, E�G�/,¡�R'l " a θ
ß)4

5 t p
9



ù 1.3: �
��� AGN
HÒI ß ´2Q>¡)R
l Jet( ���Mù ) m��/��� M87 ��EVG,¡)R;R Jet(HST)

�4p/¶ ß  Ò¡ t v kpc T	��
!mE�;ù�� M87
ß�% ì� /�FE�G~µ1R Jet( � H2I 14.435GHz, î

ï	Ì (HST) p X ñ (Chandra),X ñ ß Comter plot(Chandra))[3]
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cos θ =
cos θs + β

1 + β cos θs
(1.1)

tan θ =
sin θs

Γ cos θ + β
(1.2)

JSf>l)m Í�Í ��p θs = π/2
ß J!d�z�ê�Ï/l/J p
tan θ =

1

Γβ
, sin θ =

1

Γ
, cos θ = β (1.3)

JSfÁ��l)m
Í ß J4d�� Z�� É�r 11] J���M�RVl à�� Ñ δ

t p
δ =

1

Γ
√

1 − β cos θ
=

1

Γ
√

1 − β2
=

(1 − β2)
√

1 − β2
=

1
√

1 − β2
= Γ (1.4)

JSf>l)m
ÆBRPp β ∼ 1 K
� θ ∼ 0 J�f~� p sin θ=1/Γ

H2I

θ ' 1/Γ (1.5)

N	� I R
l)m Blazar � t δ ∼ 10 N�
 I R�j>l�R�½ θ = 0.1 J�fslPm
´;·E¾	¿ ß
� G �ez dΩs = 2πd cos θs J�Ù'l9J E�G)/ ß i l � G � dΩ

t p�� 1.3, � 1.4

K
�
dΩs ∝ δ2dΩ (1.6)

J�fsl)m�E�G�­>� ß�� G � t ´�·	¾	¿ ß c2d	¡ ß 1/δ2 C^T�fÒ� p�����Y Z � ¡�R;j��
¡Pf����-T��#�4ÙVl�Ks�1T�f/l_m
´�·E¾�¿
� ß�� « vez νs

t pIE�G,¡��
l � « v ν J�µ�j
νs =

ν

δ
(1.7)

J�fslBR�½4p � « v t ¹Eº ß
� v $��! %p!´�·�¾�¿/� ß ´E·/¹Eº ts, E�G�­ ß ¹Eº t
t

ts = δt (1.8)

´E·;¾�¿V� ß ÌE�2z Ls p��#"7Æ�� ß�$&% d, EVGÒ¡��Ml)" ÔVÕ4Ö �'z F JÊÙ'l	¶	��'
� ß)4 5 t p

Ls

νs

Ωs

4π
δts =

F

ν
d2Ωδt (1.9)

J�f~� p(� 1.6,1.7,1.8 �! 
F =

Ls

4πd2
δ4 (1.10)
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JSfsl)m ��	�N . � Z�� É!rP���^T;K�ø)j�EIG2¡��Vl�" Ô>Õ4Ö � t δ4 CUT�fÁ� Blazar
ß

S��Ep δ = Γ ∼ 10 �  Ã´�·E¾�¿ ß 104 C T . ö ¡���E�G2¡
�VlPm
� Z�� É4rP�I�/��. ö ¡ ��RPp Jet z � Q �  E�GsÙ/l Í J��4p����,¡���jEkslÊ´E·��

Ç�³ J	��
 µ�f
�! �p Jet
� <'ßEß1%�& ô \�]��
�������
�
��TL�Ek�j % 
 ß���� z ���Í J���� ���"!

1.2.2 Blazar #%$'& (%)
1990 *
+ T-,.�9J0/ CGRO 1
2�/43�5�6-''}�É��2"�7�x�y^T;K4� GeV-TeV "%ñ�¾>�

Blazar
ß E�G8�4�%9���� ��K/�1T�9~�:/ EGRET T;K�� 3C279 / TeV "�ñV��; Whipple< ³ Z �IT�K�� Mkn421([11]),Mkn501([12]) 9.= �! �"%ñ>�@?BA�¡���/ Í �  ß EIG�C��

z-'-J1T��	Ç�³D�@E  ��F �FR�!/ù 1.2.2 ; 1994/1995 **T Mkn421 � "7}�G�G Õ �'µ!R
J4� ß SED ����
U.�9 2 � ß � Z>Ö ��HDI>�B����! � ß�J�K ³%L Z ß >%M " ß � Z�Ö �
"%ñ�¾	¿V� ,TeV "%ñez E�GsÙ%� Í J�� 20 N T!7�� % ì2 Mº�� ß E�G>�4î>�;T�9
ø�R4!

SED
ß

2 � ß � Z>Ö ;�/	ëEì>O�P X ñ ß ��� ßRQ%JSK ³%L Z�T � J	U x ñ>O TeV "
ñ ß > JDK ³8L Z"T
V T VBW  ��//¶ ß.X ã Q>J�K ³8L Z"T�V ;�ëEì �! î�ï�Ì8Y í M��
ÌZ��¼  �8� Í J �! �I	IN .Së�]UT�K���[>É Ö � � �sÉ�´�·^T�K��V' ß JÊê	Ï! �
F�M
�R!�´E·Z�	Ç�³8;"3\�U
 2 �;T V ú Y ��/ Jet

� < Y ��	�N .�ë�] ß �
�%Y�0 ]4Ù �@�	Ç
³ J (Leptonic Jet model) JÊÄ�]����ZYL08]�Ù8�4��Ç	³ (Hadronic Jet model) ��^D��!
ë�]���� T�K@����Ç�³&�-M�/ 2 � ß � ZsÖ ß �2� Ö � ³ ß`_ ���>F�M�� Í J �! S¶�� '

��a � µ!R9' ß YD;�9�M(J�êEÏ! �DF�M���!�> JSK ³ L Z�T�V ;�/�ÌI] (seed photon) �
Jet
� <Mß���	�N .Së�] T � �;É4b � Édc�eUT;K%fhg8��iSj�F�kDlnm
��RRo�]8YS^S�9J�pq  �DF�M>����/ seed photon r1O#"Z�@s � JtM X�u JtY%m  �T���v�wD� V �&�8��!

1.2.2.1 SSC x�y�z
SSC(Syncrotron Self-Compton) ��v�w9T�K���M�/ Jet {t|8Y>[Z}�~�� � �Z}dkDl�m��

R Q>JDK w8L Z o�]��4�B� Jet {�| rR�����B�`���Z� �n� }�b��t}dc
eZY�g%�RiSj4F�� JK w%L�� T
V r"o
�n��k�A��%�%��p q �R! seed photon ��� T m-�%�`������c
e\m-�%�`�
�����%� Jet {�|>Y
^nf0��v�w
�S[�}RbRw
Y�^
�-! TeV Blazar ;��@� ��� SSC ��v4w>��Y�%� � ]���¡
M�F
M>�"! Q�JDK w8L��-o��n��� T �8��[�}4~��¢�	��}dk�l8;R/��
��� �`�
�Z£�¤�¥B�-¦�§"F�¨@©8ªR«��%�8���h��� r J�K w%L���r@�4|8£�o�����¬�F�k.ASm-�8��­D®
Y4/ 1 ¡>r-���8£�¯�°Z±�²D�"³ XhJSK w%L�� ( [Z}�~����d��}�k
lB� ��´ o
� JSK w8L�� )

;�/
(
dEe

dt
)Sync. =

4

3
σT cγ2

eUB (1.11)

�t9 ´�µ σT : �·¶.¸
}	c�e8¹@ºD» ,γe : ���.rS���n¼4}R½S¾"�D¿ UBF = B2

8π : ¤
¥Br JDK w
L4�"À�Á�Y
^ ´-µ
Â@Ã ¿ γe r`����Ä�Å`[>}@~����0�S}dk�l�m�� ´ o��%r>Æ"�D~�Ç�È�É νmaxÊ ¿

νmax ' 1.22 × 106γ2
eB [Hz] (1.12)
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�
1.4: Mkn421 SED

µ��
:1977-1994 r�v���� µ�� :1994 � 5 � 15 	�

� r��.¼����%²��

r�v���� µ�� :1995 � 4 � 26 	"r��.¼���r4v>��� [10]

���¢f:¿���� r
����w����.�0¤�¥ �4ÁB�"!$#'¬�%�& ´Rµ' � }�b'��}0c
e � � §(% 1 �
�>£�¯4°Z±
²
^ Ã f��`³ X �$�@w ��� (
' � }�b¢�t}0c

e.� ��´ o
� ���@w)��� )
Ê

,

(
dEe

dt
)I.C. =

4

3
σT cγ2

eUphotn (1.13)

��� ´Rµ Uphotn

Ê ����� � §*%Sg)+�i>j�Å�� ´ oD� (seed photn) r,����w)����À
Á%Y�^´"µ
SSC ��v�w�Y>[>}�~��\�	��}dk
l�o��Br����4w����RÀ�Á Usync �-�\f:¿ ' � }�b¢�t}c
eB� � f seed photon r��.�@w/��� Ê γ2

e 0 �(1�2 m-� ´ u ��£ V Ä ´"µ*3 1.11,?? �"�
��4�É Ne(E) �6587 ´ ��¯�°�����w)����9 Ã f�r.:Z}�~
���`}�k�l �@Á Lsync,

' � }4b
�t}	c�e�k�l��4Á LIC £*; Â f ¿
<,=.�>���4w)���>�8�>f@?,=��`kDl���Án�8� ´ � SED

�"�A9�� ´�B�C £ED Å ´�µ
2 ¡>rZÆ@�S~��"FHG�� ´ �JI
Ç
È�É.� Ê ¿

νsync = γ2νIC (1.14)

r.K*L%£�M¢f ¿ SED r*I�Æ4�>~�r�ÇDÈ�Én� νsync = 1016[Hz], νIC = 1026[Hz] �h� ´ �
γe = 105 ���\f ¿ 3 1.12 �"N$O'¬ B ' 0.1[G] £PD�Å�� ´Rµ Â�Ã ¿ Lsync � LIC rPQ Ê ¿

Lsync

LIC
=

UB

Usync
(1.15)

�R��f ¿ TeV Blazar rt¥>S Lsync ' LIC ��rET ,B ' 0.1G
� f Usync ' UB U 10−4erg/cm3

��� ´Rµ kDl��
� £EV.W R r�X/T�M ´ �RY�ZZ� ´ �	¿�kDlD����r�¯�°%±S²�9 Ã ftr"[.\
13



� » Ê 4πR2c ���¢f Lsync = δ44πR2cUsync £�D Åh� ´Rµ Lsync = 1045erg/sec ��� ´ �
k
l����Br(\ +
m Ê R ' 1016[cm] �-�\f ¿����.�������Z±
² tvar U 1day Ä�Å@; Â�´ R U
ctvar ' 2.6 × 1016cm � � � �
	>� ´Rµu r ��� �R¿

�È������������,& SED r������,Z�� ´ u �6T����*� Jet r����� ����
���$Z�� ´ u �t£,T + ´�µ

�
1.5: Blazar k�lZ��v�w�!#" � [5]
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1.2.2.2 ERC x
y�z
ERC(External Radiation Compton) ��v�w\� Ê ¿ seed photn r�����£ Jet ��| �(;��´ ��v�w�T@¿ seed photn

Ê�� ���"~
	D��w�Ç�� r�
�������ÄnÅ�r-k�l (UV o�� ) ¿ BLR Ä
Å`r-k�l ����£
�.�4p q Å	�.%$& ´Rµ BLR Ä\Åtr"k
l���p q ´ ��v�wZ�4¡�&
%���%�� ´"µ

[?] T Ê ¿�
�������ÄnÅ k
l�m`� Ã o��Z£�¿ BLR � Jet Ç��%r��
 � � � §�%
!�e�¿#"
k
lnmt�.% seed photn �6� ´ �hp q %,& ´"µ 

�$�%��¿ BLR ¿ Jet {h|Br-k�l
��� �-r-°& K(L���p q ´�B SSC ��v�w � f('�)'��� ´"µ seed photn r"Ç
È�É�� νext, � ¼���r�±�²
 �*D�@wB� δt,SED r IC + B rZÆ@�S~"
Z� B.C £ � ¼-,�~"� ´ ��+@rRÇ�È�É νb( k�l�.0/±�².�21�3%±
²�£�4'¬ � � ´ Ç�È�É ) ��¬ Geometory �R¯65�7�¬�%�p q ´ � ,ERC o�� r
�.�4w/���RÀ�Á Ê ¿

UERC ∼
mec

σT ∆t
(
νext

νb
)

1

2 (1.16)

�-��f ¿ u r"o
�Br ' � }�8'�t}9!
e.� � §E%�¡ � Åh� ´ SED rZÆ@�S~�rRÇ
È�É Ê ¿

νIC = Γ2γ2
e,maxνext (1.17)

≈ (
Bcr

B
)
νsync

mec2
Γνext (1.18)

u
u T4¿ Bcr = 2πm2
ec3

he ≈ 4.4 × 1013G T�M ´�µ%Â�Ã ¿ :Z}�~����	�>}	k�l rRÇ
È�É νsync

νsync ' Γγ2
e,max(

B

Bcr
)mec

2 (1.19)

T�M ´Rµ�� §*%
νsync

νsync
∝ BΓ−1ν−1

ext (1.20)

��� ´Rµ
¤�¥ B

Ê ¿ SED rZÆ@�S~%�-� ´ kDl���Á>Ä\Å
B ≈

[8πmec

σT δt

Lsync

LIC
(
νext

νb
)1/2

]1/2
G (1.21)

� ; Â f ¿����.r([.\��.�4w/��� γe,max

Ê ¿
γe,max =

(Bcr

ΓB

νsync

mec2

)

(1.22)

�R� ´�µ u r��@v�w>�9:6;�� ´ iPT%<�=�� ���� ��,�R� Ê , SED ÄBÅ Lsync, LIC , νsync, νIC , νb,£ B Ä¢f:¿ νext, ��, �?>�� � Ä�Å δt,BLR r����0@�A>Ä�Å νext

Ê ; Â
´"µ>Â�Ã u r���v�w
T Ê �.¼��$�B��8�� Jet {t|B�DC � 3
ÁBrDE>��£@�'�#F�+-G u m-� ´ ��p q %�& ´Rµ
Â�Ã ¿Z�B� BRL �tk
l�H'��� ´ ��v�w�T�I [?]

Ê 
����%�ZÄ�Å`r-o�� r
"�k
ln�-Y�Z
¬-%$& Ã £�¿ [7] � � ��J"¿ Jet {h|Br`k$K-��� (blob) Ä�Å k$KDm-� Ã :Z}@~��¢�d�S}	o��
£ BLR TL"�kDl���M)7 seed photn ��� ´ ��v�wB�ON�P ¬�%$& ´"µ

15



�
1.2.2.2

Ê ¿ Jet {�|8r blob £ � �0��~%	��Rw����DÄ�Åhr���� Rγ � � §6% seed photon

r-o��
À
Á8r��	�B���R���8£ u �-� ´ u ����
 ¬-%�& ´"µ 

�����ZÄnÅtr
����k�l%r`¥�S
UD ¿ 
6���D�8Ä�Å-r"kDln� BRL TL"
k�l ¬ Ã ¥�S r UBLR,blob Ä¢Å-r.:8}�~��'�	�Z}
o�� £ BRL TL"
kDl�¬ Ã ¥.S.r Uill, :8}�~
� �	�8}�kSl r�¥.S Uint �
�4�����
����¬o
��À
ÁZ£ � �B��~�	D�4w)���8ÄnÅ Jet {t| T�r-kDl
��� Â TSr���� Rγ r$K"É���¬�%��¬ Ã@µ u �8� ��´ �d¿ blob £��������.�$M ´ ��+ Ê UD £�����T�M ´ £4¿ BLR ���	� �
�@¡���% Uill £��
� �-� � ,BLR ��!#" ´ � Uint $ � $ ��� ´Rµ&%(' £
:$K*)t� ´ blazar

$ � �B����+�,���� Ê Rgamma ≥ 1016−17cm T.M ´�Ã � UD $�-�. Ê�/ ) � � ´Rµ :10�23 � 3 0(4
� $ BRL � �@´ "�+	,�£ seed photn $ ¥$S IR U UV £*1�4$�%� %(' ��� $ T
1�4�� ´65 ��£87	9�T/+�� $ ±
²�: (time Lag)

Ê
tlag = δR/Γ2c(δR:blob � BLR $ �;� )

��� ´�µ<5 � Ê ¿A:=0�2 3 � 3 0>4��8£ BLR T�"�+	,#)-��% IC !	? $ seed photn ���´ $ �%=>� ´ ±D²>T�M ´�µBÂ�Ã ¿ %>' �
� (IC + B ) $ 1�4 Ê�@ %BA
±8C�� � �#)-� ´65��£�7	9 T)+ ´�µ

�
1.6:

� ���D2#	D��E ���'� Uext $ K(L µ Rγ :
� ���D2
	���ESÄ�Å $ �
� µ UD: 

��� �

Ä�ÅF+B,G)-� ´ 4
��À
Á µ UBRL: 
L�$�%�>Ä\Å $ 4
�Z£ BRL TL"
+�,#)-� Ã ¥�S $ 4��À�Á µ Uill:blob ÄnÅ $ 4��IH BRL T
"�+�,�¬ Ã ¥$S $ 4���À�Á µ Uint:blob J�K $ :60;23 � 3 0L+�,%� �4´ 4��
À
Á µM5 $ �;��T Ê�N*O $ 5 �8H-Y$Z�¬�%$& ´Rµ 
��$�%� Ê ���Ä Å RD = 1015cm
N J T�+�,��@Á LD = 1045erg/s

µ
blob $ \ +�) Ê Rblob P 1016cm T3 ��¼D0-½D¾t� Γ = 10 T�Q��¢¬�:=0�2 3 � 3 0>+R,���Á Lsync = 3× 1042erg/sec

µ
BRL

:BS�E $ ° & Ê ���8ÄnÅ RBLR P 1017cm T�+�, �@Á $ 10 % H "�+�,>� ´�µ [10]
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1.2.2.3 Hadoronic � ���
Hadronic ����E�T Ê ¿ Jet J�K T�1�3 )"� Ã�� ���.�>�	�@�%£ Jet J K $�
 ���B��
� ¬ π±,π0 £@��+G)"��¿ SED $ ���.��E/���#+ BBÊ π0 → 2γ � � §*%���+ ) ´�µ�� ���

E/���#+ B Ê ¿���� $ :�0�2 3 � 3 0 +�, ([8]) ��¿��@� � 
 ��� $ 
 � � � §E%

π0 → 2γ → e+ + e−

π+ → µ+ + νu → e+ + νe + ν̄u

π− → µ− + ν̄u → e− + ν̄e + νu

(1.23)

� 2 �	���8£��	�.����� ���>� >� �*D��� :	�����
� � §"%���+G)`� Ã�� �	���.� �4´ :
0;2 3 � 3 0 +	, ([9]) �! �"nÅ��.%.& ´�µBÂ�Ã ¿ Leptonic �	�
E�T Ê$#&% ���('*) Ê�+
� ¬��$&�£4¿ Hadoronic �$��E�T Ê ��� >0 �*S�,�d� � §�% π± Ä�Å #�% ���('*)�£���-´�Ã � 5 ��£E\ +��/.10�T.M ´"µ

1.3 AGN 243658749
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�
1.7: Mkn421 
�È � ��� [10]
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�
2 � CARROTS � � � �

2.1 CARROTS ���
	
CARROTS � Ê
� CANGAROO And RIBOTS Robotic Optical Telescope System $

">T ,
/ ��������T % ' +�K�� � H�����4���T�������� 5 ��H�G����� "!$#&%('�)�*,+.-0/1�2�3 ��4 5 $ +.-�/ 165 �87�9 -;:(< '>=@?BA 96C < $�D�E0F�G (lon.=136.87 H E,lat.=-

31.1 H ) I 3 �KJML�)N*PO�E 9�Q CANGAROO RS)N* F R,JMLT������R0��UWV,ISXZY[ �\6] 5
AGN ^N_K` 9S�0aNb ^N_Z` 9 �T "c.d6e& � GRB f.g�hi S!0jkI 5
l�m R�n6o �

AGN Rqp[r$=
sut�v 5 JwL6xN�y�w�k� m � 2 AGN RSz6{�|,}6~.)6*@�"�;�������Z�.��� "c6���S4+8-�/ 1 ���T�6�Z�>)�*��ZY 5 �$�0� ����� � CCD � C < � p0�>�K` 9��N� � � ���@��"�T�k�K�
� 9 p ( )�* ��� ) ���>�k�S4.�T�N��� CCD � C < 5��6� R
�K�q��d�e� >c6�c � �"�qIq�Z �+.-T/ 1T¡ g¢���i��£ 28¤N¥ �S¦�§[��¨6©�I$ª,���k��f 2Z« c��q��4N¬�! �­ �@�¯®�!6I ¡ g[���i�¯°6±�IS²6³�´[µ8-;: 2 +�-T/ 1 ��¶�f8��·@�>�q¸8!�4 CARROTSRq+�-�/ 1�¡ g��
�¹�$£ 2�º�»>¼�½ �0¾6¿ 5 � � 9 p�R ¡ZÀ �Á�(���q�¢R�'6Â � pN�S�` 9 RSÃ6Ä � CCD � C < 2 RSÅ6Æ �qÇ�9 `�R8ÈNÉ¢I���!k� ­�Ê R8)�*�'�Â@�"#�%Ë'�Ì���6�kÍ$I 3 ��4"Îqj�R$Ï6e 5
Ð CANGAROO O$� 9NQ R�)T*TÑ�f8)T*¢�>�,¸$cT�k�ZÍ « I}�~kI�ÏkeÁ "c » �6����Í���Ò6Ó& $c6����!TÔ 2u« �TÕNÖ CARROTS ÏqeZR8×�Ø@��Ù6ÚÛ"Ü �"Ý ½ f 3 �
4q+.-�/ 1 #6Þ¢� 1 ßTR Linux àk+Zá 2�â�ã Û �k�kÍ 2 )�*NÑ�fNä,åu:æ 9kç �"è& "cKµ�áP:Mé 9 �u�"�Zêq�q�q��I0��  Ð )�*�Ñ 5Pë ^ 9 :W�@�()�*Z-�ìqíNî 9�up�ï � �u�"ðTñZ�K��ÕNÖ 2 �uòW×TØ@�>ÙNÚ 2�« �
4�ó�R�!�Ô Ð Linux
2 #Kc�RS)�*6�KY� â�ã ���Zêq�q�k� ¡ g[��ô�ÔTc « !.48õTö6÷ Ð CCD � C <�R â�ã�5 [4] I��Z  ¡ gqf��ø �@%M'�)�*Zf8ùN� Û ��c��qúS4�û�ü�ý 2�58Ð0l ú�pN����` 90�6� � Ð )T* ��� R â�ãZ¡g[���Z�Sþ,I ¡ g Û ��ÿ6+.-�/ 1 I������,%M'�)�*u+�-T/ 1 ����� Û�Ü ÎKj�R$Ïke,�q�	�
 ÿ�4�
� Ð +0-T/ 1 �$�����Kú����uY6I��k�Tc������Kú84

2.2 �������
2.2.1 �! !"
õNök÷ 5 ,

�6� R Meade #N� LX200-30 �"dqe$�uú84�õNök÷,R&%('��*) 2.1 I�¬,Í$ÔúS4[�.R�õ6öN÷�R a « �,+�- 5.Ð RS-232C .0/,IZ�0ú�õ6öN÷ âNã ekf��Zêqú��kÍ 2k3 ú
41 Ô�e�2 Û ��ÿkµ
à,á43M��õ�ö�÷KR RS-232C 5 9 :76�8uú��6Í 2 #qc6RkµNá¢:wé 9 �6f 2«>Ð
PC �@��R â�ã f&9�·�Í��kúS4Z¬�ÿ Ð GRB R lTm nNo �"�[¸
c6�kú RIBOTS O$� 9
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Q » }�� » Rq�$d�e 
 c6�
cK+0-�/ 16¡ g¢I����uú$¦6§��"z ò�� ¤�2,« úTÿTÔ,��RSõ6ö÷Zf8ÃNÄ Û � Ð0�6� R » Rk���	� �Kú��kÍ 2 30cm
ç <�-kR
õ�ö6÷iÍ 
 c 5�

� I����$�úq�kÍ"f 2u« ÿ�4 â�ã Q é6OT< 1q5SÐ RIBOTS

2N¡ g Û �qÿ Telcon ��� 9 -kI8eq�Tc��úS4��,ß 58Ð
�	�K2k3 ú�����ß 2 d�e(�uúKÍ CCD � C < 2 Å6Æ$�uúKÍ����Kf���� 
 c 
¬�����f� q��c 
 ¬���* m f.��ê��N�04�ó�RNÿTÔ�I"!�#�A�$Ëå8í�I�õNö6÷[�&%  ('uÖ�c*)+�, ^ 9 38Í 
 c�dke$��ú84�%
'¢IZ���.-��/��0�1 532 1 arcmin.
2q3   Ð ��� 5.Ð DecR8X�Ó�465Tf 1 arcmin. ¬ 2N2q3 ú�ÿTÔ@Í�76ê��Ë�kf , �"� 5 CCD � C <$�98�~�R�:��f*; 14 arcmin.

2k3 úTÿTÔ 7% <
=[I">@?,�uú�f�)6*,I e���úTR�I 5�A ¿u����465 2q3ú�Í&76ê�úS4
) 2.1: Meade LX200 %0'm�B�C

Schumidt-Cassegrain¤�DFEHG
305 mmI�J�K	L
3048 mmEMG ² F10N�O · 0.38‘ arcsecPRQ�S�T
15 degree

�uß p3U�V ç&W ����ß
���	0�1 ± < 1arcmin.º a ����X�1 6 H /sec

2.2.2 CCD Y[Z�\
CARROTS ]�^ Ð Apogee #T� AP-7p R CCD �/_	`�dNe��Zú"a��.R CCD �/_	`�R�+

-R^ Ð�b	cedgf �ih �Z kj	l�13]�mkúZÍ���n�]�m�úoa \�]Rp�q c�dgf � p » p ^ Ð�r P �s h m ��� f Û$Ü ÿ�muÍ h�t
u[v ] m	r�wgx �"���$ÿ�Ô Ð�m f r P � \	y �Kú y�z ]qé*{f�| « ­~} p m 
 � r	��w	x Û �k���~a�+ h Ð~�g��m ^��,Í����
é�{ 
 c 
 ¬��$ÿ0Ô ���x��R] p�� u D�� ^8´ ò��Z¸.c 
 ¬,��a ­	� p b	c�d�f � ^ Ði�[ë µqá�� p ) c h CCD���T¶ 
 Ð��,ë µkáH� p b
c �&� òM��  �[ë µ�áH� p b	c �P� m � d	f �Kú"�g� h 
 ÿ »p ] Ð�r P h ��ú m p é*{Z���Z�ÁòM] «Ëm � D���� ò rg� h wgx �Kúk�qÍ�f	] « ú�a,���h �K  Ð�� �8{T| h ø ÿ@ �j�� � u D	� ��Îg��] « úoa�� 2.2.2 ^ ,Apogee # p CCD ��_
` h dke Û ��c6�qú CCD

t
u p ��{N|�] p�� u D�� �*) 
 cN�Zú"a b�c�d�f � ^ Ð
� �{T|	� h�� ��c q c�d�f � ÍË²�� 
 c � u D�� f�j��K�kÍ�f N ��ú"a AP-7p ^ Ð Linux ep âNã�� p��¯f ¡ g�9�·�]�mqúTÿ�Ô Linux à � áo] p â�ã f&9K·�]3mqú"a (SBIG # ST-8�[� p â�ã�� p���^ Windows e3]/m�ú0ÿTÔ Linux1 ß p�� h Windows à � á�f�Ý ½ h �ú"a )CCD
âNã eR 6é�¡	`�¢�^ ��] h ] « c6�kú0ÿTÔSÅ�ÆZf&9Z·�]�mkú"a ((1) £ d ) ¬�ÿ Ð

AP-7p
h ^�p��
�u`~V �6� �u�"�g8 ��úk�qÍ>f	] « ú�a � � Ð ) 2.2

h Ð
Ap-7p

p %�'[�¬�Í"Ô�ú�a
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) 2.2: AP-7p %('
CCD �På�  SITe SIA502AB� t��

512×512 pixcel� t��Z���
24µm�	� c�


12.3 × 12.3 mm� �
��� å ç r�á�í ¿86db

A/D
wgx

16bits 35KHz

Gain 4-5 e−/ADU� �6Õ 
�� �
� ( #�� ) 7-11 e−� r  (10−9A/cm2) 50 @-20 � C����� 1 � -40 � C( ��� � 1��! )" �$#�%
(sec) 0.02 � 10400 (0.01sec & h(' Ó09 )

� 2.1: CCD
� u D
� p*) ��a,+�-/. b~cgdgf$0 (SITe SIA502AB) a0ó p�� ^ q cgdgf$0 a
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2.2.3 ���������
CCD 	/_	`~^�9�:�

�	� h l	1������������ p��
���������� "!
# 
g�
��$ p 
�%�&

`('*)*{��,+�- ����.� h0/�1 ��� . CCD
p32�4 h � � l�5�6�7�8 p ���:9�; � CCD

	/_	` h �! & `�'0)�{ p=< .�>�?@>A?  @B�C=DFE0� ;0+�-�G(H
I0J�K &
L '3)3M�N EPOB ;�QSR�T B &�L '*)*M(�,U�� � �
��V
W3X�Y &�Z=[�\ ( ]�^ &�Z=[�\`_ ) �=9(; D`2�4a  Vb-�
F�,c(;*+�-�G(H�I3JdK &�L '*)3M(�PUd�3X
Y�e`M
f�g�Vih�j �d�,k�l .nm � Q&�Z=[A\�_ W3o
-�
p�,crqPs�V0X�YFt�V�V*9(;u?wv D ; � Johnson/Cousins
&�Z=[A\�_

(Bessell,1990) �=9n; � Q . vnW 5 x
ydK*z|{F} U ~ B ~ V ~ R ~ I O ? B  @� 2.2.3( � &
Z[�\`_b� 8 ( ����� )) V,� � ��q,V !�# 

^���$��`	3z _ E,D ; � Q
� &�Z=[�\`_ W0o &�Zb[d\*����_*[ ( �0�����
� ) ViG�� E CCD 	n� L KS�`�AVi�  �d� � Q . K &�Z,[�\S_:���S[ W RS-232C ����V � C=D &�Zi[�\S_=� jF�Pc�;3�
� ��� Q

� 2.2: Johnson/Cousins Filter Kb�
���

2.2.4 �A�����
+
-
G�Hn�P�
� ��� +�-
�
  ( � 2.2.4, ¡£¢¥¤ 1.7m o`¦u§¨¢¥¤ 2.2m,) ©*ª _:« {:¬bg­�® N`o RIBOTS ¯ [(_�° ( ±�²�³´~¶µ�·�¸�¹�º�» ) V�¼ C3D
½S¾ §iv��*Q . K0+�-��� 

W0o
+�-
�� �K [(_�& .�¿(ª _FÀ ' ° 0 V ½�Á M � 'P¿(�,Â�Ã�Ä�¤ 15 Å  ;|qÇÆÈ§bN ½É .n N��
K����SÊ�ËAVb+�-|�PcÌq .n .�N Á:� Q . v(V�¼dÍÎo GRB K�Ï L`_ÌÐ �PÑ��
Ä �rÒ § � +�-p�,cÓq .� .�N Á
� Q � �*o . K [(_n& W3Ô���Ã ( Õ�Ö�Ô E ) Nn×�Ø ��. .
N Á:� Q [�_�& K ½ ×
WbÙ�ÚAV�¼ C=D c¨q,�:�3o�Û _�\S_ V�¼ C0D Ù:ÚÜÍ,�@�AÝSÞ�ßàd� ��.n N [�_�& � ½ É .� �á N Á o�Û _�\ Kiâ���ã�ä(� ��.� N3Ù
ÚdKiÚp§*V�¼ C=D[�_�& á ×dØ � ¼nqæå�ç�§,v D ; � Q�¼ C=D*è Õ�é�V:W:Û _�\`_*ê K=Õ�Ã:ë
ì á�í äp§iv
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� �:�0Ù
ÚdK��"Ú�V�¼ C=D � �dt
V [�_�& W
×�Ø�?wv ½�Á�C��:B�E V B���.� W B ;SQ �
�bo` ��dV���� á � É  Õ
	 á 	�v ��� ��
�{�� _ ã��ÜÍ ��� ��.n N��
��K � N���� �
t�Vi 
�FãS×`� ��.n �á0!�� N�m � Q���é���N�Wbo � ��
�{�� _ Wi�ÜÍ ��� D�B ;������� � Í ��� �,k�l�á m � Q [�_�& K ½ ×b�
��W0o`���
��V�m �3½ ×:M � '@¿nVn¼ �� 
!¨ 
PC
O ?PK ½ ×=�
"FãPÑ � � � 2 #�K  
!�á m|ÍÎo CARROTS N�W PC

O ? ½ ×b��"�V�¼�$ �! ã  0� Q. K=+�-��� �W 2002 % 8 &�V CANGAROO '
(
)�*�"�+ O ?-,�V 30m .0/PK21�H�V
å�H E �*Q*å�H EPD:�¨Ò V$3
4 [�_�& á6587S�(� Ð L�90[ á0¾
: E � á<; K �
= µFã�c?>
v@��A�WPR�B(Vi�DC E D ;FE,Q E�O�E o ½ ×Sé
K�GD3 [�_�& K*M:g _IH § á�J�B E6�I�bo ½
×�e
K &uÐ o:¿?L _ {bV�¯ À Mr~NM�ãPO0E B /PK�Q
Rdt B �n{Pf�S�{PM á3k�l�áUT�V�W EiQ

� 2.3: CARROTS +
-��
 

2.3 XZY []\_^a`
2.3.1 Telcon bdc

Telcon
T WSo�eFfhgFiUj�V*åAH E0D m�E0�Fk?'<(?)�N GRB K6l<mÈã��P��+n-8noE

RIBOTS
°Fp�q L
) Ð N ½*¾ §=v?�b�
� °�p ¯ L g�N*o CHETE-2 r�f O ? GRB

¾�: ÏL
_rÐ á É E Tts ���(NS+�-pã�W�Ø2�8E3Q Telcon W�uFVv'F(F) LX200-30 K*��� °<p ¯L g�Nnm?E á o CCD w�� L ��� °�p ¯ L gSo
������� °�p ¯ L g á@x�y¨E�. vÈ?,Kb���°Fp ¯ L g�ã�z�{ T
E,D�|h} nU~ T NU�w�����|ã���� EPDF� EbQ CARROTS No�@od~SK
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Telcon ã:� � {w�
� °�p ¯ L g T
E@D����uE CCD ��� °�p ¯ L g*o�� Z,[�\ ��� °�p ¯L g*o Roof ��� °
p ¯ L g�ã��	�dV$C Í Telcon Vi��

�
�æ�
�
�deSM�f
g T n�EbQ CCD

w�� L K Ap7 ��� °�p ¯ L gnW�n�N�V [4] V(¼�Í Telcon
ê ��
u§=v�� � E0Q���¹�º(NnW

� Z=[A\:_����:[ ����o ROOF ����VD# � � ½`¾ ãic � Telcon V0��
�� CARROTS K
� �
����e`M�f�g(ã����p§�E<~ TPá N Á �SQ(� 2.3.1 V Telcon K�� p:_ ¿�K _¨Ð N�m?EbQ
Telcon K�*�R
å�QdWbo�M	� q ª _3[�� µ���� �3[ (schedule.dat)

T '
(�)����
Ë
X���� �[
(patrol.dat) K���ã! �"<nhE$# � N�¼ � Q schedule.dat V`W=o�%	&'�(��m�EP'�(�):���A¬« {�} T�½�) é�*nã!+,�.-<>�/���0	12�æo patrol.dat V�W$'�(�)Aã$3 � E  3 (RA o Dec)

ã40�15�!��6 É Q
n E T o °�p ¯ L g(ã ½�) n8E T M�� q ª _3[ �7� �`[ V98 � Ë�X��7��S[ K�: _�\ ã�;,��<�=��6�
�|ã ) �?E0Qd���wo���� í GCN
O?>

GRB K�Ï L`_ÌÐ áA@
� >CB -�V
Wbo�D Í(<��(ãFE � � GRB ����Û _ } ê T �
chn8E0Q
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� 2.4: telcon flowchart
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�
3 � CARROTS � �

�ds�Kne:M�f�g ½`¾ W�� _ M Ð L�À Ï�N��<R�V�� Í ½`¾ ã
	��8E
K�Wv����Ô�µdNnmhE
�
�*o CARROTS N ��� E2�
��G(H T .�
����dK8�3Knã@±���³
¸�� ��� � ( '�(F) :LX200-

GSP25,CCD:Ap7) c����I��� ���! #" _:���  %$#& �('*)�Ý*+,��� ½S¾ ã
-��%�D�.���
�
�
 /'6# � ��$$��0Fã ��� n8EF~ T $�� Á � � �D��1�2�3�ã54rÍ5'76�"�Â�Ã ��8 1�2�ã
C��2� 2003 % 10 & 8F}.9 é�'2��:��$���|§�/h���
3.1 PICNIC

3.1.1 PICNIC ;=<?>A@
PICNIC(PIC Network Interface Card)

T $�B%C ÐED*F�GEH �7' I/O ãJI�KA� Á E PICL�M%N�O �APFE�� PICNIC 'Q$ 10Base-T
8�R FÓÐ T�S#T Ï� R FÌÐ á PuÍVU#WYXZ R FÐ $�[5\?]!^�� � E*� I/O

8 I�K/$ PC ÞQ��_ Fa`%F áAb p�c W�d�+�=��@��-
�Ze�fhn8Eg
Web

9 W�h `%F�i g > �je�f�kAl���PFE*� PICNIC
8!m �#nJo 3.1 '7p?n.� PICNIC

8q�r $as RS-232C
R Futwv�x � � � � PINCIN ' LAN n5y �4�.6�z{n
|=}'� RS-232CR F~t ' } }(]4/Y�?~=�
��P�� g#� Ethernet/Serial e�� 8�� l�n������/�Q���U~7^%'���

PC � S,T5�  R F~t { 8.�Q� n
���6~=� v �Y� ,CARROTS ��$as ���! #"�� M F  8 1a��I�K�n S�T7�  �y�6#'���-{�.� � �a�/�Q�as 26 � O 8 U(W(�Z R F~t � [7\?]�^
� � �ao ?? $.U/W(�� R F�t 8 � O �a� MYO � 1 � 13

v |#��} R F~t � 14 � 26 � O ���$*��y 8 GND �
�=� � � �*��������� 8���  I�K�6�z/$�[5\ 8 UYW#�� R F�t n5y��!�6�z,n7|Y�a} �Z-����w�/���as LAN n5¡Q¢YBYC tJDaF�G '7£�¤A¥��A¦A�J�.§=¨a: g�© 8I�K � k�l���sQª�« 8���¬�­ c!®�¯�° O � F n7ª#±Q² 10bitADC n!³�´¶µ!²�·%¸A"� �6z~��µ
²=��}(]!¹�¡�¢ ®�¯�ºQ» nJ¼�½�¥/�A¦A� � �/�Q�*� ®�¯�° O � F '�$ LM35DZ(or

AD22100A)
v ¼ � ª#± © ^�²�¾A���

3.2 ¿ÁÀ~ÂÄÃÆÅÈÇÊÉÆÂÌËÎÍÏQÐ7Ñ/Ò F � M ÑAÓ s UBVRI
8

5
x 8 Ï�Ð7Ñ�Ò F ��ÔQÕ�Ö/×QØ Ï�Ð7Ñ�Ò F n 6

x 8!Ù8#Ú ¦ gAÛ*Ü�Ý µ�Þ�^=ß�^�à/á Ó 1 � 6
8*â z v.ã �wä © ^�²�¾=��å PC

g{©
RS-232C y6%æaà�á â z,n
ç#��� Ï�Ð!ÑYÒ F � M Ñ=Ó Þ 8 à�á Û 1*��è�é�¥��*å�����s “S” n
ç(�����ê�à�á 8�â z{nJë~µ5²�ì5� ( o 3.2 í�î ) å

PC ï�ð 8 RS-232C
R Fut Ó

Telcon ´¶��µ!².ñ�§�ò�� 8 y�6 Û�ó ´A¥Y���Qô�õ � 8R Futwv Ø�¾���ô PICNIC
8�S�T!� Ñ R F�t g?©Zö�÷ N.L#O{ø n*ç(�=��� Û µ���¾�å?µg µZs Ï�Ð!Ñ#Ò F�ù M Ñ=ú RS-232C y�û�ü ¯ Ó 1200bps � PICNIC

ú y�û�ü ¯ 9600bps
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o 3.1: PICNIC
m��

y�û���� Ethernet(10BASE-T)L�M=NAO
PIC16F877-20/P��¬�­ c |�} 5 ��� O B Ñ

( |�}	��

� 0 � 5 V, ���=l 10bit)[5\ M�O Ò��AÏ��	��� ·%¸ Ò*Ñ ��} 4 ��� O�� Ñ (4bit)·%¸ Ò*Ñ |�} 4 ��� O�� Ñ (4bit)S(T
� Ñ |#��} 1 ��� O�� Ñ�.¬�­ c |�}����%l 10 ��� t ( |A}���
�� 0 � 5V)���� b�­ t"! Ñ
ARP,DHCP,ICMP

IP,UDP,TCP,HTTP

TCP #%$ ! �'&�(*),+.- 5y�û0/1� Ï32 16k /�4 t
RS-232C y�ûQü ¯ 9600bps � 115.2kbps(

Ï ­ ��5%6�7 �
)8�9

+12V,100mA

o 3.2: PICNIC :<;Y� Ñ�=>� t � + ��� 4 +
RA0 � 3:

��¬%­ c |A}�s 13 � + :DC+5V �a}
RB0 � 3: ·%¸ Ò*Ñ |�} ,RB4 � 7: ·%¸ Ò*Ñ ��}

26 25 24 23 22 21 20 19 18 17 16 15 14

GND GND GND GND GND GND GND GND GND GND GND GND GND

RA0 RA1 RA2 RA3 RB0 RB1 RB2 RB3 RB4 RB5 RB6 RB7 DC+5V

1 2 3 4 5 6 7 8 9 10 11 12 13

ú
1/8
ú ü ¯ æ�y�û�ü ¯%v�? Ø�� � PICNIC nA@ µ!�!y�û ÓCB Ø�D�Ø�¾.å Ï�Ð
Ñ/Ò�� ù 4Ñ	E�ú y�û�ü ¯ n,F�G�H>I��*¾ ú�J v s ù 4 Ñ n 5�6 ¥�� IC(PIC16F84A)

ú�K ­�L ;�MNPO1Q v #�$ 8K R � ø æ 7 � 1200bps S�F ú y�û�ü ¯ nUT�VA¥��XW%Y NPO1Q[Z � / � �Ø%�=¦=�]\ © 9600bps y�û�ü ¯ Û ¥/�%¦A� Ó æ/�.Ø�¾�å�Þ ú ��ô PICNIC
E/ú y�û�ü ¯nX^�_A¥��%µ]\�Ø�¾�å PICNIC

ú�5�6/Ó
PIC16F877-20

Û]` � � ��H�²�¾=� � ° +,a ; K­�L ;bM Û ��� � ú æ�y�ûQü ¯ nX^�_A¥��XW�Y�s PIC
ÛU` � � ��H=� K ­�L ;PM=nX^�_ µÏ02U� M�c � � (IC) nXd,�,e.¥�f	g v 7 � s C h�i ú �A� Û PC F�æ ! + :'4 Ñ µ]e�¥Y�� ÛCj%k=Û Ó ¾	\�ØQ¾�å PIC

ú�K ­�L ;bM3l ` � ��D�����ô Û Ó PIC
Û e*£ ` � ��m�n�oú

PIC ;�4 Ò�� ,
� ° +Pa ; K ­�L ;PM�l ! + :'4 Ñ ¥��.·�/1�Up�s PIC q ���3K ­%L ;

M v f�g�æ 7 ��å�r/¾ Û�� PICNIC
ú

PIC
Ï�2�� M<c � � ��Ó PICNIC s	t'u ú t ;	4��v0� t v,w � µ
²�x�¾A���Qô ([13]) f�g�ØPy�z{l]^�_=¥�� J ±�æY�*¾�åY¦ ú%K ­�L ;,MÓ s�|�} 8�~%� � ° +Pa ; PA(

! + :34 Ñ q Ï t ) æ ! + :�4 Ñ ¥��=¦��PlC�	����µ
² `
\�H�²�¾�²�s����{� Û ´A¾ © H�� � ° +Pa ; ú MPLAB Ø Ú æ Ó Þ ú ��� ! + :34 Ñ æ�aØ�¾�å PIC ;	4 Ò�� Û Ó |�} 8%~�� ú PIC

K�Ñ L ;�� ��� ��� Ver.3 l�´=¾�� ([14]) å
PC � PIC ;�4 Ò�� l ( Q � Ñ���� a Ñ æ���Ø��A� � ° +,a ; K ­�L ;,M�l ! + :'4 Ñ µ
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�
3.3:

Ï�Ð*ÑYÒ�� ù 4 Ñ ç�û ! � +(ø
������� �
	 �
�����������

“S”(ASCII
�����

) ��� ��� � ����� “1” � ”2” � ”3” � ”4” � ” 5” � ”6” �����
“1” � ”2” � ”3” � ”4” � ”5” � ”6” ���! #"%$&�('*)%+
, ����-%.*� ,0/�1�2�304 �5�

²�æ���� 16 6 - �87 ú Hex
Ï�2 4 Ñ l MS-Dos F�\ © ª�« ú ;	4 Ò�� q Ï � æ�e*£ ` ���m ¦A��9�æ��Q�*å,¦ ú0� �{� Û PA

� ° +Pa ; � ª�«;:UH�²=���QôQ·	/ �Up Ó PA l*´¾��.å
PIC

ú ( Q � Ñ�< û ú�5�6/Ó USART 9 B Ø>=�²�¾�²P� < ûQü ¯ ( ? � � � � ) Ó ? �� � � ¸ � � � ��Ò���ú T�V Û ��=�²&@(���!å�ûBA Ó ? � � � ��¸ � � � ��Ò�� \ © ú &­ � & û8A ÛDC&E µ
² ( Q � Ñ · �%Ò 9 1 �>�<��F��Qç�û ( G�û ) :�HY��åH? � � � � B

l�@�ô=��:<; N �AÒ�Ó 3 � 7 � SPBRG �7¸ ��Ò�ú T�V8I n(0 � 256
ú

8 �0�{� � ,8 �0�
� Ò 4�� � æ & ­ � & p�c + �JI n l
³�´ µ
² Ò 4LK + L lNMO=�²�¾A��å ) � TXSTA �¸ �%Ò�ú BRGH I ( P C�E :sync=0

ú W�Y ú  ���*}�ûBA úAÒ 4LK + L lNQSRUT�ü O � øú W�Y :1, V�ü O � ø W%Y :0 �JØ=� ) ��WYX[Z�û]\%Ø Ú ú ¡�¢ & ­ � &�^]_�- F
ÛH` =*²,�

3.1 � 3.3 @%Va:�Hcb�å
B =

F

64(n + 1)
(sync = 0, BRGH = 0) (3.1)

B =
F

16(n + 1)
(sync = 0, BRGH = 1) (3.2)

B =
F

4(n + 1)
(sync = 1, BRGH = 0) (3.3)

PICNIC
ú ¡�¢ & ­ � & Ó LAN

! + � ­ � ; �ed ��´ úgf ô 20MHz SQ¡ úch�ú�Ó �0\
D�Ø�¾�åb� 3.1

`ci ? �aj � � B=1200
úLdUk

n=259.4
d Ø i 256 l�l�DQ²(µ&mcn å(µA\µ [15]

ú �
5.17

ÛY` H3I,��¡�¢ & ­ � & 9 20MHz
ú W�Y n=255 lUT%V=¥�H3I 1200bps

9UoSp%æ k b d�7 b�åcq ° +�a ; K ­0L ;�M�l [sync=0,BRGH=0,n=255]
d Ørb ` n[^

_¶µ Ï'2U� M�c � q � Û]` k �� Bs J å 1200 bps æ ú é]M�¥cbP\�� � � & l%µ ftd ¦�u�vw Ø ì�æ ú�< û Ó�B Ø�D f å�ØUx	� n=255
ú T	V%æaéBM�¥cb ú \&y µAì Ó ` ì �'\ © ØQ¾

9P��T�V µ f IH9 [15]
�

5.17
ú�z ; �aj 4 � ú ��
H{ úDf ô J uYn"\�åHm f � F=20MHzú W%Y Ó 1200bps

ú[< û�ü ¯ 9b#DV�üDI d Ørb*å¦UH Ûc`Yi PICNIC \ © LAN |~}�æ�ûDA l7ç i ( Q q Ñ'=>� � \ © Ï�Ð*Ñ#Ò	� ù 4ÑD� ö�÷ l
çtb�¦ d 9�æ k ` n Û Ø>= f å Ï�Ð7Ñ/Ò�� ù 4 Ñ=ú éBM Ó 8�9 lN�0Hcb d fHF
#1 è�é µ"� 1 � 6

ú è�é ö�÷ ! � +,ø 9�ç © H�² h m�F #1
Û è�é µ�Þ ú��D� V µ f à/á� è�é�¥Lb�å #1

Û è�éA¥Yb ú�Ó�� é O �AÒ l�� E8� ¥Lb haú æ�� #2 \ © #6
� è�éA¥

bXW�Y Ó #2 � # � # 6
d Ø i #�$�è�é>�]� Ó�� 15 � d ØSb*å ù 4 ÑH���t��Ó5< û ! �+,ø l�GY±*ª/±QØ�¾�å

PICNIC
ú ( Q q Ñ�=�� � \ © ! � +(ø ú çQû Ó C

K ­%L ;PM�æ B DHb�å Telcon F�æÓ
execcmd.c

ú ��¢ l ` k�� D Ï�Ð7Ñ/ÒP� / +,ø�� Û ��� ¸D� �aÑ ! � +,ø l�Me= f å K­%L ;PM Ó � 1)
Ï�Ð7Ñ/Ò	� ù 4 Ñ Û ! � +(ø l
ç i ���e� Û CCD �g�>9 �%Ò�� �7µ7Ø `
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n 2)15 �L� Sleep ��� Û µ 3)
��v0�=Ò,� ! � +,ø l7ç i Ï�Ð!Ñ#Ò���ú�� ê�à�á'l���� µ² 4) ç�û¶µ f ! � +,ø à�á d
	 µ*±,H'I���
�µ�� ú é]M Û èeb ` n Û µ f å CCD ���{lÚ ú�Ï�Ð*ÑYÒ�� æ&�8�¶µ f \ FITS

Ï�2 4 Ñ Û Ï�Ð�Ñ/Ò	� º�» l ` k ��m f ô ap7.c
ú �� l ` k�� D f å FITS

Ï'2 4 Ñ Û Ó � Ï�Ð*ÑYÒ�� ù 4 Ñ%ú à�á #1 � #6
d�Ï�Ð*Ñ/Ò	����

( / +(ø ) l ` k ��m å Ï�Ð7Ñ/Ò�� ù 4 Ñ=ú à�á d ÜQÝ�� b Ï�Ð7ÑYÒ�Ó � 3.2
d���f å 89�� � � Û fSF #1

Û�� b�� d \�� Ï�Ð*ÑYÒ	� ù 4 Ñ%ú�� o Y�Ø Ú æ 5�6 9�æ k Ø¶ìZØc=f W�Y� �� GRB Z"!Y� Û#�%$ �8��æ k b ` n #1
Ó

CCD
ú�& ~�'�( ú*),+

U / +,ø æÓ Ø ì R,I / +(ø Û �5f �>9.- + \ h/� H�Ø + 90�CH Ó21]��ú ó + � Û>` =23�4�5 � R k6 7 b ( ^�_87#9 �.: ��;�2 4#< ú ` k!� D ú  6 - + ) =
�

3.4:
;�> <0? � ù 4#< ú2@BAed*;�> <8? ��ú*C�DFE�G;�> <8? � ù 4H< # / +,ø

1 U band

2 B band

3 V band

4 R band

5 I band

6 C band

3.3 ROOF IKJ
ROOF L"MON/7P� ROOF

5�6/PRQ#S�T :�H�3 + b�U ~ Q*V A l2W~bX� d 6 B8Y nZ�d 9 6 k b2=#U ~ L2["\"] Q 7�� Z MX^O_a` G6B-DC12V [2]
Q jcb 9*d ifeFg � H�x i�"� Q DC12V L�h"i{l�j�D>b�� d 6 Q jcb M"k � ROOF 9�M/N � b ` n QHY b2=�l 3.372m"n P L2["\"U ~ 6 PC o��pL�M/N V A87 PC1 � PC6

Q ��q � N12 72r < L�[/s d��f =ut j�b G6B L�v + [�s d U/w N12 xp[�\ � - [�s Q PC1 � PC6 L�U/w�xy[/\ � 3�z
b fZ{#| PC1 � PC6

Q
GND }Rx�~ YB� N12

Q 7 +12V x2~ Y���� ` +���| GND
Q [/\� b�o ��Y"+ o 6 ON/OFF xpm�n�xy� �u��fZ+ =F�*LZ�/�0�y�R_H� (ON/OFF) �O�Bx |

PICNIC L.�O�/?�<,�*q��O��_��.<8xy� S�� 3.� Y n#� dy� 6 k b�=����/?�<B�2q��,�/_�#<0x ON(OFF)
Q � b d��8�tj </� b�� L C"D � b.�X��_*�.< Q +5V(0V)

� �2qF��� ,�.L ON/OFF m�nF7 Web � �O�p 0b x�� S �0¡�¢"£¥¤ | C ¦"§8¨�^�� �#© 6 �8��ª <� b¥� L��,�/?2<B��qFx ON
Q �0¡p«�¬ x PICNIC

Q x�W ¡ ¨�^�� �#© x�­ � ¢/£ � z¡ =®�.LZ�B��?2<8�.qBL*] Q¥�¯� _.�Z�0?/xpd±° eRg 3 | �,��?2<8�.q ON
Q �8¡8¤ tªyb L - ["s � GND

¤ [/\���� ¡O²X³ Q0��´ =0µ ´2V"¶ 7 ROOF m�n PO· Dsub37 ¸ b�*< Q ²�¹ 3���q �a| m�n P L�º�w0» ¤ PC1 ¼ PC6,N12 L�º�w ¤�½�¾ � t ªcb x�W ¡ =¿�À L,� ¤ xpÁ0µ.ÂZ�/�0�a�/Ã*ÄFxyÅ�Æ �p´ ( l 3.3) = ��� _.�.�O?H7�Ç#ÈFÉ Q�Ê/S ���Â ¡ 2SA1015Y(PNP) xcË,Ì/Í#=�t ª�b L�Æ�kZh�ÎB7 19.1mA([2])
|Ï��� _��#�,?HL�hÎ�ÐOÑ ( hFE = 120 ¼ 240 o�� Ê�S�Ò ¡2Ó b �*h�ÎB7 iB = 19.1

120 = 0.159mA
¿/À 6 z.� �² + = PICNIC o�ÔpL��*q � +5V

6 z ¡ ´�{#Ê�S/Ò ¡�Õ�Ö 7 R = 5
0.159×10−3 = 31.45kΩ
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¿�� 6 z.� � - � ���8�y��Ã*Ä 6 7 18kΩ L Õ�Ö x Ê/S/Ò ¡ = PICNIC L �F�8ª </� b¥�¤ �"�O�a�/Ã2ÄFx 26 ��_ ;�� � � ¸ b ��< 6 ½ Ì/Í*= �B�0ª </� b�� L�Ç ¢ L��,7��O32r�
GND

Y L 6 V�¶,� �*qF��� ¡ �BL���_ ¤ v0Ã*ÄFx ½�¾	� ´ = � � _.�.�B?#L�v�
����? Q 7 PICNIC Lpr � h�
8�*qOL GND x ½"¾ Ò ¡ =�� ª�� ?Z�*qO7 Dsub37 ��_ ( �.� )L2v���_ Q������ h P�· �2q Ò ¡ = � h P L�º�w0»�o®Ô�v�[/\�º�w�x ½�¾ Ò ¡��O¤ 6 PCo�ÔpL V�¶FQ ²�¹�� m�n��O� ¤ Y ¡ =�B�8ª </� b%� L2m�n,7 C ¨�^"� ��© 6 � ¹ ´ = ROOF x*M ����� t ªcb�Q� 0Q h�Î� Î�� ��!�¡�"$# 7 Y � Ç&%XÍ g 6 ²�! = � o � | PICNIC L"�2q VZ¶ 7 !O¹ ´ Ì ON
QÒ ¡,¤

OFF
Q2Ò ¡ µ 6 +5V ��q � \ g�¡ ´Z{ t ª¯b�Q 7ph�Î � Î��.\ g('*) � o�o ¡+� |v8�2q�� b%� 7�,$- 6 z ¡ ´Z{ “ M�� b�� ” � ON �*q � \ g ´�.&/ 6 ” N � bu� ” x ONQ.Ò ¡B¤10 Æ�k Q ~ Y�� ¡ = ²Z¹2� | PICNIC

·
ON
V�¶ x�� � ´ Ô43�5�6 Q OFF

V�¶
xpW ¡�²O³ Q � ´87 µ ´*| M�N*9�L ON

V"¶ x��2q Ò ¡;: Q�< µ2=8�B� b¥� x OFF
Ò ¡

( >�?�@ )
²�³ Q � ´27 � L�¨/^"� �.© x Telcon L Roof open/closek A�3®x Q ­�BDC0Â��¸X��E b;F «�¬ � Q k"Æ Ò ¡+�O¤ �;GIHKJ B ´;7 � � Q ² ° Telcon

J � � L�L�M�N�OIPm"n � �X�KQ Y ¹ ´87

3.4 RTSVUTWYXZ*[ P�L&M�Q8\ !*�^]*_$` Pba$c&d&e |�f&g d&e�hbi  Q(j # J z ¡ 7pÊ�k�Ò ¡l]$_$`
h�m$n�oqpIr	s J L�MRxy��t ³ ´�{�| ² °vu G t�w&x�x(y&z�xy��t ³4"&# � z ¡ 7 LX200]�_�` J h �  �| 2 ~�P�{&|�}~P^��O��&� ¤ w$x �8� ¹��I! t !���¤ Q ²H¹^�8���*¡2� ªxb��u Ò ¡�¢/£ J � �Fxb3�e � °�� � w�x�x���� �b��! ��7 � P ¢/£ JZ| [4] Q ² � � 1� P^�*� J8�&� 3.54 arcmin. P�a�c$d�e ¤ , �$� 3.05arcmin./hour P f�g d$eFxy�$� �(�!O¡ 7

8 �~P2L�MI���®x�y�O � | � � r^� x2���q� � Q&� F ��J+� z � ´;7�� �(� | � � r
�~Q�� ��� 
0��� | LX200 x�� °v���K� � rb��P��&�,�/� J � ��� 
0���*P��$|$ Rx k !� � � � � x�� ¹ ´;7 � � � � h�z�¡8É;t8�*� J h*t � �$|� Rxq¢ J8G�H � t � Ô
��t ¹´Z�I£�¤ t ! h;= J z ¡ 7 LX200 x(¥�¦�6 | [4]

¤�§^¨ P ¢"£ J 3 � Q^© °�w�x �Kª&«�¬� ¹ ´;7 � P ¤ B(L�M�­�P2��O8���+®q9I¯8��� (GPS Q ²�¡ ) h�u G Q2y�z � ´°7±< � ®
w�x � u G�JK² � ��³ z � ´ ZI[I´�µ ¬ cK¶ Ò � �8·�¸�¹ Q�a�c J B ¡ h*= JK² ¡ 7 �º»� ®K¼ ¤ Ì±½ ·$¸±¹ Q Z$[ ¬ a�c Ò ¡+��¤ ��J B�t ºX¹ ´87+� P £^¤�¾ ¤&�l� Z w$�$¿
(Dec=-90) P2{�|I} J+² ¡bÀIÁ o ´ÃÂ } ¬ a�c �8Ä ��Å 9�¯ � º�º,¡q�O¤ J�² ¡ 7 CCDÆ � �2J*Ç;È»¬ ¤ °�} �2·*¸»ÉbÊ Q ² ¡8º G�H � t � Ô
� ³ � À$Á o ´ËÂ } ¬ÍÌ�È �ÏÎ P
{$|�}»Q ��ª�« ¡ ´&Ð ]$_I` ¬bÑ º Ò ¤ B°Q�® CCD

Æ � �#� ]�_I` P*Ò � � �ÔÓ Á Q�ÕÖ �(�×� µ ³ ´&Ð !+Ø*!�Ø �±°ÚÙ�Û^t Å1� h$t®Ô�t ! 7 CCD
Æ ��Ü ¬(Ý e��±°Ú����Þ �¤ Q ²Z¹2� jßÛ J8·�¸�à�á�â8ã�ä À Q;=Iå�Þ �+æ <^ç Â�ÔÍå�Þ 7 ( è�é�� J h2®*ê : Q;=

å �»� µ ³8�+æ â�² Þ â ®  Q8=$å�Þ æ h&ë�Ô�t ! 7+� � J ® À2ì P à�í æ h�î ³ ®2m�n
�&¿�P 1 ï+P�}�Q�ðß¢ � ®°w&x â2� ¹^� t ! ´*Ð Q �	� Þ ��ñ Þ à�áK¬ L�M � w$x�P��$u¬(ò t ! t â ÔÏw$x ¬��Kª&« ��!	Å Drift

í æbó�ô å �I! Þ à$í×¬yÊ ¹^� P�w�x �Kª&« �¬�ò t ¹ ´27 (RIBOTS
J~< � P à$í�¬2J w$x ¬��+ª&«�´ Ô �(! )

7 � P à�í�¬bk ! Þ�õ ¾
h2®&wI��¿~P�{�|$} (

ÀIÁ o ´öÂ } )
¬ "$#�æ�� t !~�+æ ® Meade Ò�÷qE&ø F Q�­ º å �
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! Þ à�í ² ° < ² °���d�e�Q^w&x ¬b��ª�« Þ ��æ â�J B*Þ �+æ (
æ�� ª å ��! Þ â�����J

B �I! t ! )
J�² Þ 7 µ ´ ®$wI�$¿ ¬�ÌIÈOÒ Þ "�# â t ! ´$Ð CCD

Æ ��Ü ¬ !KØ&!+Ø �°ÚÙ Ò "$# â t ! 7 ¿I� ® � P Drift
í Q°ï !��	��
 Ò Þ 7

à �
� à�á ( è�� à�á )
�+ª$«

S µ^=2® ]�_�` P^� � Q^y�O � ®�� ��������� P���� ¬ \ ² � L�M$­ ¾ P�m
� æb§���� Ô! Q ��ª*« � OKBÍ® `�� ¬ 9�� 0 98® Dec=90 � Q ��ª*« � \ Å 7 CCD
Æ �&Ü ¬ X x Y xâ è
�$®� "! à�á æ tKÞ ²�³ Q��&� Ò Þ 7+� ��� ® Z P�m�n ¬  É*Ò Þ ²"´ °ÍP�} ¬ a�cÒ Þ 7 ]�_�` ¬ ���$#&%*rIÜ*r J Polar p+r s Q�y$z � f�g Û « Þ 7 � P æ B�®°w��$¿�P

{&|&} ¬ � �'�����(�;J a$c Ò Þ "*# h°t ! 7 } ¬ CCD
Æ �&Ü;P É(Ê � ®�} â ½(P ²�³ QÑ Å1º L�) Ò Þ 7 y&z � ´ w�x â"* P^w�x,+�-.��Q � ñÍ�I! å ô ®$}~h�!»Q0/$1 � ò Å 7§^¨ Qbè�Q � ñ � Þ ��� Q&h2 qQ2=$å ��!ßÅ 7 ]$_�` P à ��� à�á�34�I¬�Ñ º±����5 } â

CCD
·$¸»É�Ê º Ô � ñ76 (

Ñ !
6
)  	! à�á æ98�: à�á Qb} ¬7;=< �	Å Þ�+�>�è4� à�á P

�*� ¬�ò > 7T� �(� ®��I�?#�%°r�Ü J CCD
·&¸»É(Ê Q�} ¬ cIå §�¨ Qb}�P	 	! à�á P Ñ

B ¬ L@) Ò Þ 7 � å ¬ 5	A -�� ��� ò Å > Ø Q 5 }�P Ñ B â 8�: á ��Q°tKÞ æ B â2B Þ*PJ � P*9 ¾KJ 52]$_�` Pbè
� à�á P^�*� J u G t�w$x à�á+¬ � -DC'E 6q�+æ$æ Q*t�-�® à
��� à�á P 3
�I¬�ä �GFß� è
� à�á*â8�$< 6 < P æ Ò Þ 7 � P&9 ¾+J ��� < =$å �$! Þ*PJ }~h CCD

·$¸×¹�¬  "! à�á4H � J h$t Å è4� à�á Q < ��ñÍ��!	Å 7 �$� J h2®4 	! àá P�I+Q�ð	¢7J�Þ 6 Ð è
��P � ñ h�®»���$#�%°rIÜ ¬LK=< � CCD
·&¸»É�Ê Q Å Þ�+M>�QÑ º±�  "! à�á ��ñ H ��Q�ð ¢NJ�Þ 7

��� ��ª�«O Q�® Z P�m&n�P^�$¿ J è~Pb­ �@Q º=R 20 S 30 e@T�e�U < 6 } ¬ CCD
·&¸�É(Ê Q(a�c ���5 }~P Ñ B ¬ L�)VJ�Þ 7 aIc ��6 } â 5 CCD

·�¸»É�Ê º�R�5  qQ Ñ !$�I! � ô�]�_4W
P^w$x~h" �Q �ßñNX
Y�X ( ZVJ?E&Þ0[ ®@!�Q Ñ Y�X�Y � ô w$x�h0!»Q;=$å X
Y Þ 7 ( �VJ?E
Þ ) � �\�^]$��� P���� ¬ ��_,` X�5 } â � ñL6 à�á æ h�a :�b Q Å ÞV+M>�Q	J�Þ 7K� `X ®;} ¬�c �$#�%°rIÜ°r J2·$¸�É�Ê Q ;\< X B X }�P ��ñ ¬ L@)VJ�Þ 7 ��d�e$Q 5 } â  
!�Q � ñ t Å t < 6$R&5 w&x4f ª�« h	g
h æ tqÞ^i

j
3.5:

·$¸×¹ P�}~P ��ñ à�á æ w�x�P ��ñ à�á P�A�k
à ��� à �
� ��� ( è b ) ��� ( è b ) ��� ( � b ) ��� ( � b )·�¸ P ��ñ à�á !  !  !  

w�x�P ��ñ à�á � (
à ��� ) è (

à ��� ) � ( �
� ) Z ( �
� ) Z ( �
� ) � ( ��� )

3.4.1 l?mon�p'q@r's\t�uwv
è�é��@x�y ]�_
W LX200-GPS25

¬�k Y�X ® 3.4 z	{|` 6 Drift
ío} +;Þbw$x
f ª&«�¬ò t < 6 i Drift

í±¬�ò t'>N~ } h^®;{�|$}oy ��ñ ¬ +�-D��d�e } æ�R7� Þ 6 Ð , ����¯�z
�&� ¬bò t'> 6 Ð CCD

¬�k Y��$��� �~���
� GA-4
æ ø�����r@�2��I2f ª�« X
� ·?} +
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-Ú�*� ` 6 i GA-4
� ®���� Q&³ µ æ���
	��
 â ï Y�X�Y@X 3 ��
�%�� ñ ���&ï��0z ² Þ0i� å � ®������ Ì�� y æ � }�� y�� ñ ¬�� � J�Þ+Û � æ }�! Y\R å Y Þ�i CCD

Æ#" Ü"zÌ�È `�$ â R y ò $$> æ Ç°È»¬&%�' J�Þ�(�z } ��) â�*�*�< X `+( Y-, ø/.�0	�21�z
y+3465 ò $ Y $ Y�6�7
�/8 } + < X:9�; ` 6�< > â ����)@z 4 %o} 92; z>=(Þ^i 2003/9/10}
1 ? *#@ X Drift

í?} +;Þ	A2BDCFE�G 5 ò $ < 6 i 30 H�):I4P/J�K � y�LNM â $O=P$ <6+Q�R z�A2B â f < 6TS+æ$æVUTW `YX�Z�y+[�\ }^] Y�X/_�`�a�b 5 9NcV6 id( � ifefg Yh � y�[�\2i�j 5 `fk `ml�n W 5 L�Mpo�G�g0i#q@y�r cfs tYu�vNw�v z xYj�[�\Ty 8�z {|
(GA-4

{ |
)
}	}p~ X � X q�yD�F��l�n W y�{VJ^[�\�i�j 5�� I/� g�i `�k `���[�\�i

j�� ��� � ~ �+[�\�i�j�y+��y _N`�� ����$Tg�i � y��d� } ` X eNg Y 13 [�\ }:] Y�X� $ Y�� ?? �2� 0.0557 �9y _�`2a�b 5���� `	�2i LX200-30 � Ap7
5 � � ffE2Gd���^��y82z y 0.23 �.z�CNg�� 7 � y _�`�a�b y ��� z����#��xYj�[�\#y 8�z *6�m� �Tg � � � $Y i�(2�+� HETE-2 � ��*-� y GRB � w:v�tG}�� ` X l�n W 5:� @ g���fN��� � y/� 
��  a2b y 10 arcmin. zNCNg � � *6��¡�¢ 82z 0.23 �&y	��f } GRB £�¤ ] , � 5F¥ 
 v¦ g:� 7 }�§�¨ o���g _�`�a�b � 0.0577 �.zNC�g�i GRB y ¡�¢ � } � F6.3 ©Yªd«�¬ v 5!#­ g:� 7/82z y�®dyO¯ _�`�a2b � 0.1404 ��z�° ­ i�±T²�y/��� _�`�a2b � � � 5 � 5 �

H }�³ �D´�µdg2� 7 � Drift ¶ } �^g	A2BN·fE�GVy/¸ !2¹ y2{#GT�Fº
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3.3: Drift ¶�A�B��   r�y _�`�a�b º { |�� � ��� _�`N� � 0.0557 �Yº

35



�
4 � � � � � � � � 	

4.1 
���
��������
¡�¢N����� [N\ 5 CCD

¥ " w���� � ´/�"! � � (Light Flame) #"$&%N$('�y�) =+*
(���g2� 7 S/N y�, = 4 % $^[�\ �/¢ - 5 � $-�".#��y ��/ $ ­ º�q � � 7 #�$&%�0&12 ! ��� 3 465 � $ ­ ��.T� � S/N

� ° ­ ! � 3�� ��[�\ �/¢4- y�576-�98�g+º ¢4- !� 5 K4: � C�g #;$<%;0"1=8>' 5@?�A 0"1�� ­2­ I�BDC&E4FHG ]�­ µ�I�e ¦ g�ºKJ/��ª v
0ML&NHG � NOAO(National Optical Astronomy Observatories) yDO P ´�µ ­ gRQ;S tT�
PC-IRAF(Image Reduction and Analysis Fcility)

5VU ­ g+º [16]

4.1.1 Dark Flame W XZY
Dark Flame � � � CCD

¥\[ w"��] ^ ��_ v 5�`ba ��c c �K� ´���! ��� .#� � #�$%�0<1>Ged U ¦ g/º CCD
�@f _ \ �4��/ µ ­ µ#q7.;G@g4h ¦ gji � � Z�y ¥Hk s6t Z �8#g�ºVi�� � g4h � � - 5�l µ��	��·�G�¤nm�g - i��>�po ( q b ) G#�^gMo&i � � 2 r<sHG

� ~ µ�t(.�g�ºb. � o4i���yHu�v;w�x�g4h o��Hy v v&#;$&% ( zDi4{ ) �M8dg+º CCD |9}~ ´�µ�� U ¦ g � � . � o4i�� � £2¤�|��=�#g:�<� � � Ap7
� ��· -30 � -40 � C c � } ~q b �&�@�&�&� | �   �=/ g�ºH. � �   q b � �&� q b G � ¦ gj� � q b �K� g��"�e���� � �&� a �   q b �b� y v v #;$&% �@� 8Tg�º � 4.1.1

� �by v v #�$<% �D� ���b���� �4�e� | �   q b |M�\��µ � �D� /��7���"� CCD ª<�R$"� � q b4�4� ¹ y � ~K/ ¯��  g�º48"¡�q b � PICNIC
��¢   ´	� �4� q b ( ��� 18.5 � C) � CCD

� } ~ q b (-32 �
1 0 � C)

� � � CCD ª"�\$<� �e¢ q b �n� g+º�y v v ¥=k spt N
� �b��� � t GD£<¤>´

µ�¥4¦�´
dN

dt
= αt + β (4.1)� ?�A"§ � S<¨ � t©�=/ � �&ª α

�;« � � [count/pixcel/sec]
� .���y\y v v&#;$"% ( zVi{ ) G@� l ¦ g�º �&ª β

� o4i���#�$<%"¬ �=� #�$"%-��­ � � �:��q �e®=� #;$&%�G � i¯&° ±H² 8>'@G9¥R³µ´¶�4$ ���b·�¸�8b' � i���² � � £2¤�´V¹@i ��º #;$�% �K��»9¼R½ �
´;#;$<% (Ap7

� �
10-15e−) �"�b��� � 0 ¾ ��¿�/ G�� �Dv4¸<À k ·>ÁÃÂ 0 G"8 � 8 ­ �

�+i �Hº G&�eÄ � |ÆÅbÇ�ÈKÉ » Bias ÊnË�Ì&¬�Í ��Î�Ï&Ð 8\#�$"%&Â � » º@C&q&Ñ �V�&ª �Ò
4.1.1 GKc ¿ � » Ê>.VÌ�Ó � q&Ñ �&� ¹ �4Ô 4.1.1

�\ÕRÖ G�8Ø×ÙÊ\z@i4{ � CCD q Ñ>|
T
¿�Ú7»H¿ ¬nB � § ??

� ÒnÛ » º
dα

dT
= 1.28024 × e0.12743T (4.2)?�Ü

β
� Ê T=8.5 Ý�Þ � |�¥<¦ �Vß&à Â;�<áØâjã"¡Ø×äÊ T=8.5 ¬ È � � Î"Ï&Ð 8R#�$"%&Â

Exp
º G9¥ ¦åâ�Ê 8.5 ¬�B � � #;$&% �D� �&æ ç ? Ðè¿ 8 » . ¿ Â�é  =ê ¹�ë ¼\½Dì ×V#

36



$<% 2 Bias
� q Ñ �4��� Â 8�� ? Ðè¿ ­4�(Ó Ì » Â�Ê�.9ÌØÓ 2 � � #�$<% �eà�� Â 1000� k ·	� ¬KÈnG � 8 »<� � Î�
��7�K� × Î&Ï Ð #�$<% ¿V��
 ×��åâ � �H/ 8��"ë CCD G��� Ú=» #�$"% � c ¿ � »7¿

N = (1.28024 × e0.12743T + βT )t (4.3)¿ Ò�Û » ëR#;$"%&Â 10000
� k ·��ä¬KÈ ¿ )�� 8 »7¿ z������ � #�$"%KG�� � Ì�� � Â Ï� �H/ 8�� 8 » ë
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4.1: � Ô! y#"�v � k ·�� ¿ ����� � �4�V� ë�$ Ô! y#"�v � k ·�� ¿ q&Ñ � �@� ë )

#;$"% � Ê � � â@¹ Flame % ã�GV*>ceÌ"Ê>.9ÌØÓ � #�$"%7|'&)( Ú7» Ü�* � Ê � a �
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Ò
4.1:

§
4.2
� S ¨�� � �<ª

T [
�

C] α β

-12.5 0.35866 1125.1

-1.0 0.90459 1163.0

8.5 2.8963 1474.7

18.0 10.856 3074.5

27.5 58.771 7427.1

��� � � Dark Flame | � ª (3 �n¬�È )
�4� â@Ë�Ì�Ó � ¦����	��| ¿ ê ¹ Flame |�
 ×äÊ.9Ì=| �4�
� "R_ Flame

  Ó�� / � Ú Ì�� Õ �"ë � ª � � ¦	���	�Z| ¿e»<�	� , y�"�v #$"% � À�·�y��\#;$"% � ��» ¹"�����&á Ú\» . ¿�� ��Ó � / |��7� » ¹<� �K� » ë Bias
2¼\½eì ×9#�$"% � Dark Flame G@*>ceÌ » ¹"� Dark Flame

� � / � � æ ¿�� ' � #;$&%|�� ¿ÆÚ . ¿ Â �=/<» ë
4.1.2 Flat Field X�Y

CCD
� u�vDw"x���G��<Ñ��7Â � × � ? 8 - Â l ¹ ê ¹ ¿ âMã � % ã � u�vew"xKÂ � a� k · � ª |"!$#e8���ë4c;¹ �&� âj¹;! � G ��%�&('7��) ��´+*�,	- - ´ ' 2 S�¨�xH_;G/.0 âV¹�1�2eG Õ�» 1�"�� �+8>' -	3(4 G Õ�»j-4�H� �RÀ;Â�*�cDÌ ãZâDc Ö ë -&�H� �RÀ;Â�K»7¿65 é º G � k · � ª ÂD¥(- Ú�Ö ¹<��7 Ï 898	:\Â�;\8&�&8���ëHu�vDw�x<�>=�: � =

�\À�=�?	7�| Flat Field ?	7 ¿ � Ö ë@?(7A= Ü�* � Ê Light Flame |�B(C Ú7»H¿<DR¿ c ê¹ � � aFE�GIH %�&�'KJ9L�M :�| l ã ã9BNC â Ê Flat Flame | ìNORÚ7» ë Flat Flame
J

� : � =��nÀ<=�P�Q\Â % ã9RKS@Ì"ÊUT�= Flat Flame | 1
H�V�W á â Ê Light Fleme | ß �Ú7» T ¿ H u�vew"x��A=@�RÀ&|�?�7 Ú\» T ¿ Â H D�» ë (1
H9V(W á Ú\»=¿ u�vDw�x�� J %u"vDw"x J�X�Ú7» � X �&ÑRÂ�YZS>×äÊ����	: � Â�[ � � = � 1

Õ × �\D �^]�×äÊ@_I]�� �
= � 1

Õ ×a`\# �^] » ë ß � Ú=» T ¿ H u<v;w�xI=��4Ñ � � X>º�J % ã 1
¿ ] » ë ) T�=

?�7 H � Ê L@M :Z| O>»\¿ � Ö T ¿ Â � ��bèâ �äÊ<c	8�dNeKf 5 H �\vAg "=·�|�h�: H�iÓ<âMã�B(C ÚH» Ü�* (Dome Flat) j@kAl�Ý<ÞU=�mon�B(C Ú=» Ü�* (Sky Flat) ]op�Â ��» ë
CARROTS

H � Ê�q �9c�8(`	r H = Dome Flat
��s�t HNu » ¹�v Sky Flat n/w �"ã�?�7

n�;I] ê ã�� » ëxIy
Flat Flame = ìzOK� Ê�kKl�Ý&Þ>=�m J�%�&z' n@{z| �>} ·���~HÂ 10000 �nÈ J

] »Z� Ó ��=��K�<�	� H B�C â9¹ Flat Flame =zn � ~(� ì(OnÚ7» ëN�>�F�>�@�	�(= Dark

Flame n ì�OnÚH» ë�� Flat Flame ��Ó Dark Flame n��èâ�� D T9Ì Ó�n	�(�	�=· à(� H
�	�Káèâ9ã 1

H@V�W áåâ Flat Filed ?	7 J�� w ÚH» Flame n�
 » ë=ËHâ9ã"Ê	�(�Ká âD¹
Flat Flame

H
Light Flame n ß � Ú=» T ¿ H ?	7 Ú=» T ¿ Â H D�» ë

T9Ì Ó�=�?�7\n/;U] Ö T ¿ H 8(:$�Z� "	�In O�» T ¿ Â H D&» ë�8(:o�o� "��An Re-

duction Flame
¿�Ú7»H¿

(ReductionF lame) =
(LightF lame) − (DarkF lame)ave.

(F latF lame − DarkF lame)normarize
(4.4)
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¿ S ¿ v » T ¿ Â H D<» ëAS<¹DÊ Ô 4.1.2
� �(?(7o�Z� "�� ¿ Light Flame

¿
Reduction

Flame =���� H�u » ë@��?�7\n�;U] Ö T ¿ H S/N Â4È ×����)���RÂ��
�	� u Â » ë
4.1.3 Object Flame 
���


L�����J
CCD

J���� #jÌ�� :�� � �	� J ���ØâMã����	���@v��������Zn c�8 Ú ��� àJ��
Light Flame =��K�<�	�
n��zj Û � Õ ��ëZâ �Zâ�Ê x
y =��K�<�(� � �"!�# � Ê %�&' =%$�&('@�I]op J\Õ ×*),+�-	�	�.�@ë�Ë	=���v�Ê � ~A= Light Flame n ì(O â0/	� Ú �

T	1 H �K���(�
n�2 �Dâ%���31��>�54<Con O ��T	16- H D �@ë % �K� "@�N=��>�@�(�	= à� n � é��	�71 � Ö ë Light Flame n�/�� � Ê/� Light Flame � J98 4.4 =�?@7Zn ; ]#� HD �"4�C (Object Flame) n�:Øâ à	; Û �Vë�T�=�1 D=<%>AJ ]?�<= � Ê%$�&�'�� JnÕ ê ã��
-A@�BDC�E
��Ó # � ã�� ��T?1 JnÕ ×��K� "@�If � J �(CU=�F�G�HJI(-AKML # � ã>â�S Ö
T?1%N;ëZT�= E(G H /	� Ú ��1 � Ô 4.1.3 = ÕnÖ�J �NC.- LJO HAP ;RQ5S /�� â%�=T�U�-
]���ëoT9=V� àA� � Object Flame n/�	;�W(Xo#%YKã L�O HAP ; �?Z?[ JA\ �AH$� �"#%Y
�eë \ �"Ho� � #�Y����$n6]Uv?����v��o�>� "@�z�>� 3 �z=��>=,FJGAHJIJ^�_ (x,y) n�`aJb T9= 3

O =%c(E (Gxi, Gyi) n�YIv?�/�K�K� "@�z=Vd�eRF�GAH�If15g,�=h (i=1,2, ijiki ,n)

Gxi =
x1 + x2 + x3

3
, Gyi =

y1 + y2 + y3

3
(4.5)

l J b /�mo�K�9n@��=�o�~\n n 1�p b �Z�K�6nJqz==r�E O ==s�t�u (GxAve., GyAve.) YUv
�o�Z�6n�q�= \ �"HwvDx"n�]Uv��%d�ey15g��Ah ( �$�Z�6n�qz==r E O -KT�=As�t u J ]��
Z.[ J s	;�W�Xfz9Y7� )

GxAve. =
ΣGxi

n
, GyAve. =

ΣGyi

n
(4.6)

�Z�K�6nJqz= \ �AH{vDx|� (δxi, δyi) } b

δx = Gxi − GxAve. , δy = Gyi − GyAve. (4.7)

1�]�~ \ �"H3v3x��>=��o�>�9n�q�=%r E O (G′
xi, G

′
yi) }

G′
xi = Gxi + δx , G′

yi = Gyi + δy (4.8)

1�]?�=h>T9=%r(E��	7 J ZJ�V�A/�mZ�A�6n�qz=%�(C�} D%� �NJ�L�O H�P ; � ( �D� 4.1.3) hl J b /�m(o�~K=�Z��A� S/N -\p/==� ; ����` a ���(��h 2003/12/24
J

R �f�w� 60� �>� (×6)
H

Mkn421 n�B(C�p%�71 D =�4<Con�w � ��h@�Z�>�9n�q?} 8 eq:reduction
J� �=�A�J�$n�;3�V� u �%h S/N }	= ��!J# } �?����q �"!�# =���v��N�Mv������ �>n9���

p b t	�3� ]�c�8(��L n � w�pV�=�(� S/N = S/
√

S =
√

S 1�]��=h S/N  "¡�¢ 8 } [?]H � w£p%�,¤A �n/w � �Vh u �9�(¥� �¦ } �3x ~$n�§ }=¨ � � H ��©ªvDx%p b �fv�G�«��} �3�¬¦ } �3x Nbkg, �(¥, V­w®�z ( ¯,°f~^� Q ¯D±�²J-£~�S H  ,F�G�H�I<~ )R, �3vAG�«
� } �w����³�I�� Q  %´ ­fF"n	G�¦ } �3x Speak 1�g��,1 b ¡�¢ 8 } 8 4.9 1�]��Vh

S√
N

=
Speak

√
2π

√

NbkgR
σ (4.9)
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` a ��4�¥�} b /�m o�~\n 1 � 6 1 1
��� �
jfp9� � ®��K�0�(¥�  S/N n�¡�¢�pV�Ah S/N

1 /�m o�~7 ����7}	�M� ?? � Q o�~�
=���£p9� S/N -
��� ]£~ b 6 o� %/(m�� (
� �U�(�

360
�

) � 50.2σ � u ��h S/N  	��~,-������������ 1�]�����v b T� =�(��� 2%  ����
����1/]?��h���� ?? ZM~�} Speak/Nbkg }%/(m(o	~�
,ZM~*�M����� � � b S/N -
��� ]��
 �} b /(mon6r��M�zT?1 ���fvAG(«�� } �w�!
 X g,� Speak  �"���-A�.g?��v#� u �zT.1-"� ���=h

4.2 Aperture Photometory $&%('*)(+
Aperture Photometory 1%} b ��¥.-�,,�	-�. � �0/�1, �2�36����p b54  �2�67
 u �

F�G=H�I? �,M¦ } �wx ~ sum 1 b �M 98 ��: �M .F�G=H�I u �{~� Vs�t,¦ } �wx ~ sky 3
���£p�� b ��¥�  flux 3�;�m�p/�
<I�K��n�q=6��  �>@?@A#BC3EDIv.� F#G�� u �VhV�(¥?-
-�. � �H2J �I � 3 area, �#�K�>��n�q   � � �	�53 itime, >�?HA�BM 7J�K O 3 zmag=25

15gM�M1 ,

flux = sum − area × sky (4.10)

mag = zmag − 2.5 × log(flux) + 2.5 × log(itime) (4.11)

� Q >#?�A�BL30DAv?��M	19-#�7®��Vh
>#?�A�B=N.��n merr } b

error =

√

√

√

√

flux

epadu + area × σ2
sky +

area2×σ2

sky

3.14×[(annulus+dannulus)2−annulus2]

(4.12)

merr = 1.0857 ×
error

flux
(4.13)

1 8��Vh
sum:aperture /�1O6J �,£F�G"H�I�¦ } �3x ~ [counts]

area:aperture /�1M 52PI �
sky: �Rv�G�«�� } �3�0  1 F�G�H�I=Q��{~6 =s�tM¦ } �{x ~ [counts/pixel]

itime: �#�$�>�9n�q?  � � �N� [sec]

zmag: >�?�A�B7 9J=K O
epadu:CCD ¦z�(��  gain[counts/electron] u (Ap7  V�(��} 4.5)

σ2
sky:sky  =_�e�R#S

annulus:sky 3T;�m?g�� 2
�  ��AEU2� 56#2J �/�1 [pixel]( C%E7}%� ¥7CVE )

dannulus: 692�1WV�2� 9X [pixel]

IRAF �	�@�L30Y�8{[T
J} b apphot Z{v0[	n(�J  ”phot” 1 � [�\ ¨ G@3 � [ h=M= �\¨ G#3 x Y g,��]�
%e#^�1�p6�_�@�U
�`#a=8_Z7�	�Jn5\�n� �b��C3 Y�8{[c`#a�- u �VhUM
 _Z��(�Jn�\�n71%}J°  _;Jm�� �?;�� �=h9Z7�(�Jn5\�} b � ²   4

�  	Z��(��n�\�nz��d! IU3Pe#f�p6�7Y�8f[¬h
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datapars: ���Z�Z��nJq	 �
��"gM� Z7�(�Jn�\�n
centerpars: �(¥� z�(©ªv � ©.��«@
#��g,��Z�����n�\�n
photpar: �#�U
��Ag���ZD�	��n5\Jn
fitskypar: ��vAG(«�� } �w�  �� � ~ 
��"gM� Z7�(�Jn�\�n

phot 3 � �=� 2003/12/24 
��#��pV� Mkn421  ���¥��?n�\ (V �f�3� b 60sec× 8)  
�@�C30Y=8.���Ah
ZM�	�Jn�\�n� �b��M}�� ²( �Z	[�
 bJ��p ,

4  	��ZM��
Jn�\�} Default

 =uC3
�{���Ah
datapars:datamin=-10,readnoi=15,epadu=4.5,filter=3,itime=480

centerpars:maxshif=2

photpars:apertur=6,zmag=25

fitskypars:annulus=10,dannulus=5

� ?? } Mkn421 30�#�£p��w1"®� �¤= 9� ,aperture  	�RZ�~P6�� 
T-U. � � F�G=H�I. 
,�¦�� �{x��M- sum 1T8R~ b annulus  �� 1 dannulus  ��=����. � � : �7 �,�¦��(�{x
�L3 -C. � �	F�G"H�I����_"{�"�=u�-��fvAG(«������{� ¦����3x=1 8.� sky ��� �=h sum� Q

sky 
 aperture 6� MFJG"H�I�� 3����J�	��uC3�� ��10� � Q  �¦ �(�{x0N!� flux 1
p6��" ~�#=Y,�%h�M � 1�$ %7M 1_3&�, �� ( � ??) 
 � � ��¤ Y�8 � >@?HA�BO3ED('(��h�M
M �_>�?@A�BC3 D�'(�V��} b [17] � V �R�3�  	)#A�B+*"� � �=� �+, ���-� , h IRAF �
 _>�?�A5B3}=� � Q  +.(�,v"G ¨ � Q D/'-0�¤� #�1)�2. _A5BD 	D '7F43�$5% ��� , 0
' b	6 TM %� 
T? g , IRAF °� �>@?9A#B73�¦�\HK�«=°� �>H?@A#B�}	<98 g , } S �!� , h
IRAF  �A�B:3�¦�\#K�«J �A�BL3<;�=�p�0� >*�²	� ?? ��� , hOMA �?@�C3>.�©�v7x*g , 3
imag=0.88982vmag+8.7845 Mkn421   IRAF �	 TA#B�* 20.618 8� 7� b M� <A 
	B>C�p
� V ���{� A�BC3TD ' , 3 13.298 +/- 0.092 3�8��10�h.¦�\�K «"°��7A�B7 �� � �=� �, �C3�� [_M-3 �@)D2( �A�B 
%�>E?g , M-3F*��M® b ¦�\@K�«H
TA�BM H8 �@G�H  �A#BR¤
` a M-3�*#��® , hUM�  F#G�} b $ %I./J6n�q�°   GKH  �$@L 
�MON ��, hIP:Q�./J�nJq
  GKH 3R;�=?g ,�S �M}�­�T!U@� 3@V1W	g , `�a(*�� , 0�'#�-� , h

4.3 Blazar XZY )
Blazar

G!H }�[!\��=�^]V (_(Q�
����Rz �D, �1`�a , 0�'Ib�c�­Kd�
1e � � Mkn421

 @���L3TY 8���09f>���(�/g(}Ih�i�j�k(* MeadeLX200-GPS25 �+� ,Il V5.(©�m�\Jn@h
CCD ¦+
���} CARROTS 3<$n%J¤A �3	o � 09f

Mkn421 } , pKq N�r1m/s�nntR�D*�����z � � , Blazar  vu � �I[-\��=�. As�t�A5B
* 13 AZ3w���+x , 
	y p6� �(,<G!H ��� , fU.�0Ih>pKq=N-r�mDs�nntz���1���{z � � ,G�H  K{7�Ih M#M 1 |D}�  X �K�@� 
+_ , .��.v�~ ¨ *A­{® �*����p<0��	�(*�´R¤R���&.
�?vI~ ¨  >�K}�����*9�7� �IG>H �-� , fI[�\@�K�� 	���>�R¤F� ���K|U
9��0{~R�>��\��
z � � �+, f [[?]]

2003/11/16
� N 2003/12/24

� ���-� � 0	��
 BVRI �{�{� �1�#�O3TYw��0If U �R�
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� �	 @����� CCD ¦�
��� ������	�D*9�7 "�f�{�W
I; a ��
 ��h
�(���!} 10 ���7¤ 13

A�BM  GKH 3D3�N�� , M-3�*#��® 8 � 0�'����	���!o^�T8 � �I09f
��¥� ��%�K~����=���
4.1 �����/�	0��	� 
����! 
Y�8�"9h7�#��¤ 4.2 ���#� ��0�F#G��_Y�8$�90IfI)�A�B ( ¦�\
K�«0A�B ) ��h V %'&�( 4.2 3
$�) [[17]], B * R %+&�(,� [19] 3����I09f B * R %-&�(.��;
=	/(* 3

� � � 8	"!0�'K?��5.�021�354����+*�6 �87D' , M+3&*�9;:�8 � �10	4�91h�;>=
/:3 Mkn421 4 IRAF <�4 >#?HA B#4�SO3	;1=�=#4	)#A#B;>@?�� Mkn421 4�)@A�B 3>�wh
;�=�/ 3 A � N DC.	�90!B#4�C
D	BO3�)#A�B 3>��0IfFEK;�=�/ � N D�'!0�)@A�B:35C�D�B
4�G�S;4 2 HIC�DL3
N$J>��3���09f I %+&'(.�IhK;�=�/D*1�$A � N 8 � ��0!0>' I A�BL3
:�' , M�3F*�9�:�8 � �90@fIK 4.3?? ��L
M;>��K} (MJD) hON�M;>TA�BO3(3P�I0�h B * V *
R J�QR3,S!�UT�9-� , f

B * R %'&�(V� MJD=5275(2003/12/8),V %-&-(W9U� MJD=52985(2003/12/2) >YX+Z
� ,'[ 8]\^�P �" , Bmax = 13.21, Vmax = 12.6, Rmax = 12.13 9��I��09f�EI%+&'(_X]Z` "53O:�� Bmin = 13.94, Vmin = 13.78, Rmin = 13.42 9-�a��0If�b H�c 8_A�B	d	e���E
%+&-(�3�ZgfUh�i 8$�P 	" , *Ij�k>$�%ml�n
9-� , f�/�4�A�B�9 5 A;4�P�"o� Flux 9o�
100 p�4<P�"�>�q�r@x , 0�' , EU%-&�(sX	tu*vX�w�4^x	y
z � N A 4.14 {����� Flux ;�{| ' , 3.} ?? 3�~ , f

F1

F2
= 10

2

5
(m2−m1) (4.14)

} 4.2: Mkn421 J�Q�3VS���T�4^X�t�x�y:3.X�w�x�y�4I;�=
%'&'( X	w	x	y (Mag.) X	t	x	y (Mag.) Fmax/Fmin ∆MJD(day)

B 13.94 13.21 1.95 21.9476

V 13.78 12.60 2.94 23.8740

R 13.42 12.13 3.28 18.9015

� 4 Flux ;$�^X	w
x	y�>���x , X�t
x�y�4@;I9!� , fPE	%'&�(.4^bI���o��>Y�7�@ !X
w	xUy�>!�+x , .�J�19~F��;�{ | 'I�	4�d��-{�� , 3!K 4.3 3@~�\VEU%�&'( 2 � 3 p�4+.
J�19~P�Pd!�+*��5N2��0If 4.3 �IK
��h X ���
/ RXTE 4 1 �gC
D�4 Flux �+�o� [20] 9
� , f RXTE ��h X �a9Fb Go� ���aQ����'{@�#~	"F)���~ G!H 4 X ��.	J#11~�{Y�D�K�
�$�1� �zh����U��� Web <�9P�a�#�Y�U �"
 �" , f TeV tw�a9��	�'�@�U , Blazar � ,X

��4�.�Ja1I~F�Pd��73���"Fq���*-� , � 3
*��4N��U 	" , f [?][22]X �Z3 [!\��;4�q���>
A�"
 U�@hO);�P~I���>���
�;�� o&�¡+��&@9 `�a Ng�� �"
 1h [?] 9U��h TeV t,¢ /X ¢73£

1 ��4K��}Pz;��¤ , *o¥-¦�_(QY~+.UJ$11~F�Fd-�-{(�^ U" , f^�^§O�Rh 1996 | 5 ¨43
1997 | 2 ¨#> TeV/X-ray 9 Mkn421 *�.nJ�©�©#1�ªD��0/3F:F�<[K\��$9o4�q��
���5N��«

, ¬5�P­ TeV/X-ray *(./J@©�©#1�ªY®;>9e [ �� 5 ¯�¨D}U>^° , t+:!~�d!��*F�	�+�Y�
 �" , [23] f�[K\	�43 TeV/X ¢#4�q;�	�I±�²��a��:�\1��0 � 3^��³$§��P 	"�~	"�f �@§
�zh����>� }�9o4!.�Ja19~��FdK�$4!q���´��
4>�K}�z (time lag) { `-a , � 3Y��µ	¶+���
m;{�7�· , <�9�¸	¹;>O~ , f X ¢#4UJOQº3,SK��T
��h MJD=52970 >$»@��~@*U¤+\���4�®
� MJD=52986 �F±�9U�K*]\^±�0!¼U?:�Y U" , f1[-\	�Z3 X ¢;4oJ
Q�3,S��UTo{�;�=(x, 3g%+&-(5>+_��� ;»@�+~�4
½ J@��¤ , * X ¢:3Y¥�¦�_+Q^>�d!�7�@ �" , f
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K 4.2: ��K�� α 3����;4	����f
	�K�� β �����;4	����f

44



K 4.3: �$< :Dark Flame f�	$< :Flat Flame f
�I� :Light Flame f�	$� : Reduction Flame
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K 4.5: ��K : ?������ � S/N 4�� �-f 	;K : ?������ � Speak/Nbkg 4�� �
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K 4.6: Mkn421 4	�#�5f�/��]4 radial plofile { �P��� �a:o4 aperture=6 h annu-

lus=10,dannulus=5 4���������{@}	��
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K 4.8: Mkn421 JOQR3,S!��T ( <�§�� B,V,R x�y )

50



K 4.9: Mkn421 Eo%'&'(,4!X	w	x	y�>^� ��� Flux ��4!d	e ( <�§�� B,V,R x	y )

�UK : X ¢��
/ RXTE 4 1 ��C�D�4 Flux d	e (2-10 kev)[20]
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