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CTE 	 0.999999995� 1 . CTE 	 0.99999981[1]
� g 	 + ' w � w 2 a �
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[8]
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 | E e � ] U M � Y ( 7 S < @ � {
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Z } c ( P [ CMC13 ? E � M2000 ? E � SDSS � EDR ? E ) � m j � � U d 
 P � M "

CCD 8 w Q � � c i 7 0 ? � a ? � C ? � Y � • " U R 7 C � V ; � ? \ Y I � D � G �

b � j � U d 
 : � � � < � �

� k q � W 90 � � c ) 4 ! � � � i v � m 5 � P q & � � v [ ' w � ( o d � Q � S H

. � � h ; u 4 � P [ � �  E � K p q & � (Carlsberg Meridian Telescope)� J � J E C � �

2 (Bordeaux CCD Meridian Circle) � y � � � U � G 7 l P � � 2 (The Flagsta� Astrometric

Scanning Transit Telescope) � 
 ( > � • ; i ] U � G � C [ � q & � (The Multi-Channel

Telescope)� 1 . � � 2 (The Axial Meridian Circle) � � j � . q q & � S � [ � � C CCD

Q ] � w 6 h ; u 4 � 6 c � y � _ ; � } M q & � (The Venezuelan Schmidt telescope)�

SDSS � 2.5 m q & � � Z N ` � Y N ' P ) Palomar U � G � 1.2 m Oschin � } M q & �

� � c i 7 1 : Y � b � � ( o d � j G 6 } , = , k g � � � � 8 t j * + N 5 q & � I 6

h ; r � u 4 � F � T . � � < � q g x � �

4.1 � � � 9 � 1 | , + CCD � 5 c , x � J
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CMT � m [ i ; � 1952� � � � q & � � 1983� 9 . & ^ � % X Canary � La Palma �

I � 1984 � 5 . 1 Y ! � T � � Y � 1998 � S � � 4 � SDSS � r J > � n � % � CCD (

o d � � Y Q � � T  � � Y t 9 � �

� < � g q & � � � Y W � q g � P { Z ? T " [ � � ? T " [ X ] � U r � Z } ? E �

� < w \ b j U K w q | � 3� � 50�
�I p h 9 s ^ � 15� � 50�
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1994 � 3 . �J E C � � 2 � � v [ � � ( o d � z � � I ' @ � 6 CCD 9 % - 8 .

� w 512� 512 � � b 3 9 w 140
� g CCD u 4 � 1995 � 5 . � v 7 # • " � Sao Paulo �

Valinhos � � 2 k �I � w J � Bordeaux U � G � " � Sao Paulo U � [ � c = # � S 0 �

m Q X � $ F � � � ( o d � z � � I ' @ � 1996 � 6 . v 4 7 Bordeaux � � 2 k � � 1998
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� ) � 10 � ] � \ Valinhos � � 2 m 8 � Bordeaux � � 2 q g � � Hipparcos-Tycho 4 [

� 9 B � \ � � Bordeaux � � 2 4 � = j i Meridian 2000 , � �

4.1.3 � @ 6 7 ; G J F C 3 P Q L 9 (FASTT) [11� 14]

g q & � � m [ ~ ^ � � 2 � v � �  [ + 8 � D O = � � Y � . � | G � u � b V7

� � P � 2 1 V � � q g S � ( o d � 	 � � Y � � 2003 � 8 x � ] H g m q V = d < k K

x - � . � D G � N � g q & � � m � ' w � � M \ � Y � D � + } 41000 U CCD e - � �

2003 � ! � FASTT v � � Y I � � 190000$ I d � U R � ~ ` �

� < FASTT � � Y W � � � � � W n C q � U 9 V E W � � U R Y X � a ? G { � �

- � S < D O � D � 2 S P b X � i | + � k l $ 3 E ? � I d � E ? ( � � ? � � m ? ) �

� ? � 17 $ � ? 7 � � ? L E � i R q � f • � D | U K � G T Hipparcos T " [ � � V U

H T " [ X ] � U r � S / r * % � � S ~ ` � [ � FK5 ? E � � ^ _ � � � i � g q & �

4 � = � Y C ? � 0 ? �

4.1.4 � K = ? A 5 > M 2 G J F . / H - I O : (MCT) [15]
8 E B Q L 9 (AMC) [16]

MCT � AMC & � 
 ( > � • ; i ] U � G � F | � h ; r � u 4 ( M + 8 CCD 9 % )

� g U � G � E [ a I � 1999 � v ! � \ � T � � � U � � Y � MCT U ' w � ( o d � 	

� j ' w � ~ ^ � v � 	 � � MCT � q g � Y W � � 3 q � (1) i | Q X 3 E ? � 
 � T .

� b X � (2) i | • " U R ( n 9 7 400� 34000 km) � � D � � 9 T . � (3) Z � 15 mag �

$ i r * % � � Y � AMC � m [ n 0 � Y � � � � � 1 . � � 2 � + 8 q q & � � m q � q

q & � \ n � | Y q & � � W M X ] � W q . � M r � � X p w 45�
� � D , V [ = � � � �

k � ? � � M r ) 1 . | \ q q & � � � ] � | Y q & � � - � 180 mm � m � 12360 mm �

S � CCD{13M 9 % � - 8 . � 288� 256 � - 8 o � 24� 32 � m2
� g q & � � < ] � � ( o

d � 	 � � Y � x � d � 260 � 5�
� U K � � < AMC q g � � ' ? � 3 E ? / ~ �

E 1 � � � ( o d � 	 � � M [ q & � � q g T . �

# 1 � L � _ 
 h Y [ n - C D y � K - ) � % q

� � Carlsberg z � FASTT d Y K � Bordeaux � ) ? MCT � ) ? 2 /

� � s ( 
 s ( 
 � � 3 s ( 
 � � 3

s ( 
 � w # ) La Palma Flagsta� Bordeaux Nikolaev Nikolaev

n � /cm 266 208 236.8 200 248

. � /cm 17.8 20 20.2 16 18

� c /( 0) 23.9 50.7 28 30 26

K ) A CCD ; ' KAF-4202 FA2048 TH7896M ISD017AP ISD017AP

/ 9 / � 2060� 2048 2048� 2048 1024� 1024 1040� 1060 1040� 1060

/ � p � / � m2 9� 9 15� 15 19� 19 16� 16 16� 16

u � , � /e � 100000 464000 180000 180000

 f /e � � rms 15 (� 25� C) 87 (25 � C) 8 ( � 35� C) 8 ( � 35� C)

y � � : /( � C) � 30 � 49 � 40 � 35 � 35

4 K O v /dB 76 75 80 80

� ` + r g � � � � \ 1998 � 1988 � � 1999 � ~ L 1996 � 1999 � 1999 �

y � R � � 4 � ( m W � Q � 4 Q � 4 * � 4 * � 4

0 • � : /( 00) 0.05� 0.1 0.047� 0.3 0.06� 0.17 0.15� 0.5 0.15� 0.5

G % A � /mag 17.0 18.3 16 15 16
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4.2 � ^ � g X � � � 
 � < ! � , E &

a ? � p Y � q 3 � U R 7 ~ � " H k � Y M � � & Q 0 k 6 . � ; E ? L = �  1 �

+ 8 . a ? � . a r * % � . a E ? � E ? a ? � E ? a r * % � U �  1 � C ? � [ Z 9 �

8 _ C 1 � ' ? � � 8 ' ? Z 9 C 1 � M " �  } ( [ o � � 1 L ) � � G �  } ( [ r 2 �

. G ) w I W j  } ^ � ( [ o � Z k W ? ] � b X o d ) 3 j F 6 � M � a ? 4 � C ? � } \

� M & � � F | � � 9 > � > � ] 7 C 1 � D � 9 > � ] � C 1 ' w [ � CCD ( o d � N '

7 1 : Y � k � � � _ Y � � � N j 1 : Y � �  G w � j q & � [ 0 � D ~ ` I 7 � Y �

k c , n v � � 
 ! 1 { � � � & = � 3 � � ] t1 ) � � D ` { � � { * � D i e - w m $

& y e - (speckle image) � g $ & e - � K � K w � D D 7 � � Q (subarray) � 7 � ' � =

� � ] t2 � j � Q c � > � * � 1 : u o � � m q K � � � D j i m q l 4 w t (t = t1 + t2)

� � Y � 7 * � u o � k c , n 1 { m Y 
 ! � k c k + l 4 � Y � $ m U $ & e - 6 u o

� CCD Q ] � � � ; � T ) � > 1 { � � Y u - � N f 7 S U CCD K � { � . 10 q ; 20

q � � � $ & e K ] � � ) � o ~ R � 9 c j S U e - 8 w � N j $ & i - � � k [ e 6 D

�

[24]
� � � g Q J � 1 : Y � � W q � & � (1) ' w � � _ Y a ? ; C ? � 9 C 1 � S q �

k � (2) [ � S � # � � 3 � � ] � M � ' w P n $ & e - � > : ; � D A � ~ � � $ 9 " b

o � ; � 	 + � � � g Q J 7 . � 8 M k � ( o d � N ' D 5 � D w j 6 X w � m j 
 { �

CCD ( o d � �

f 6 � O 
 ) p e � � 2 ; Z � � ! H � z f

[24]

4.3 � � * W A CCD " S * z ( 3 k � , x � J

� � ? � h ; L Y u 4 � � � � � 3 q � | � (1) � b 9 � � P n [ � Y 4 m � B = [

� Y � ] � (2) ? Z [ � 4 3 � � � ] � � ~ P { w x � � Y � (3) 9 � [ 4 [ � o � � P n

[ L f � 9

[8]
� D w  7 m 5 q & � � h ; L Y 9 6 J 0 � 
 � w � o � � CCD � � � �

k I M � m } " # ? Z � q CCD 9 % � o � = ? Z L Y u 4 � � � � m Q � 7 x x k CCD
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& � � � & � � c m Q � � � 7 q � � b � ' ? � ( o : 9 � 7 q � _ | � 
 � & F � b c

c � ' ? ? - � 7 ; q Z k � h { � C 6  1 � w [ 7 9 � � b � < P � , V ? - � b X �

� V k v � � . q q & � S � � � C CCD Q ] � w 6 h ; u 4 � P [ y � _ ; � } M q & �

(The Venezuelan Schmidt telescope)[17� 19]
� SDSS � 2.5 m U U q & �

[20;21]
� Z N ` � Y

N ' P ) Palomar U � G � 1.2 m Oschin � } M q & �

[22]
� �

� v 7 y � _ ; � } M q & � (VST) h ; � I ' @ � � i g � P � � $ � � � P T # [

a � � � 1997 � v ! 7 VST k � 1998 � 11 . T � � Y � g I ' @ � # 16 q CCD 
 i m

q Q Q � [ e 7 D � � x 4 q CCD X G � M \ � � K * i , a � x ] CCD < X G v ` v �

u � b � u n � % �, V x � � Y ' w \ � � � 3 q J > � ? - � � � 7 � Y � k c q & �

� � / M 2 � � S q � ^ U d � / � D w � � � w � S � � 9 Y X � ? - c � W m & � Z 6

� � � S ] - 8 ) � . � 4 � � N l  [ � - 8 ] X � 4 m _ | � 8 � � _ � � D � � P n Y

f 7 � z � ` < � ~ N r ' � � i < CCD v 5

[19]

# 2 � { \ f O l V r y � K - % q

[19]

U /

s ( 
 � w # ) Llano del Hato
n � /cm 303
. � /cm 100

K ) A � r CCD / 9 / � 2048� 2048
/ � p � / � m 15
< Q p /( 00) � pixel � 1 1.0
� c /( 0) 30.0

CCD R ^ / 9 / � 8192� 8192
R ^ p � /cm 2 12.6� 18.2
� c / / R : 2.3� 3.5

� ` 7 H 7 O } J :


 � } J

G % A � mB � 21 mag
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� � � 9 � 7 m q E @ � l k � g q & � ' w d � m Z 2:3� � 120�
� 
 � U K � C � + � 250

. Q 9 � � < QUEST (QUasar Equatorial Survey Team) q g N � g q & � @ q � f • � 6�
�

+ 4000 . Q 9 � U K � U U � Y � � � g q & � � T . [ E 2 D � �

Palomar{QUEST � � � I ' @ � � � � � � 112 q CCD , r D i � (CCD Q ] w

7� 16) � j � � i g � P � � $ � � � P � G P ) [ a D i � g I ' @  � v 7 ~ � Z N `

� Y N ' P ) Palomar U � G � 1.2 m Oschin � } M q & � k �V � � k P � 2 1 � x m q

CCD 6 S � X � 4 m q n � 2 � I r � - 8 . � w 2400� 600 � - 8 o � w 13 � m � , r )

- 8 . � w 16800� 9600 � S q � b 9.5 . Q 9 � x q - 8 0:87800
� 7 m q � 4 � Y � ] w

8.5 h � l k � ' { i 4 q J > � 540 . Q 9 ( q � Q 0 120�
�q | Q 0 4.5� ) � e - � 6 c

7 R J > � F $ ? � w 21 mag �

SDSS � 2.5 m U U q & � � T 7 y � < � � o m Apache Point U � G � � = @ 0 ~ F

10000 . Q 9 � • � ~ F � 3 q U K | E U U � Y � � � � Y X ? � � D ? R � ( o � 7 \ m

q & � k u S [ W j � Y Q � � U ' w @ 640 q U R � � 2 � Y � j ' w \ � 7 5 q J > @

? - � U R Y X � Y � � q & � - � 2.5 m � � b w 2:5�
� b B C 3 � 0:100

� 7 m . � k � `

? - I ' s � W q 0 E � q 2 s � ? - I ' s � 30 q 49.2 mm2
� 3 � - 8 . � 2048� 2048

� Y � CCD � m � - ; P o w 3.616 mm/(0) � - � � 3 � ; P o w 24 � m � 0.39600/pixel �

4 � 22 q U R Y X CCD � S q � Y � ( o d � 	 � 3 E �y [ k + q q & � i 4 � 3 q a

s s 9 � 0.5 m � Y � q & � � � ; � 
 9 \ Y s � 10 � m 0 \ d � s � g s 9 v 7 2000 �

4 . ! � T � � Y � 5 � � � Y [ 1/4 U + + 10000 . Q 9 � _ Y 5� 107
q ? � � 106

D ?

R � 8� 107
' ? �

e 8 w g q & � ? - I ' s � � y e � e c CCD W X 0 � � e b E � d � � Y � ? �

3 Q 0 � c c Q X w 30 q Y � CCD � 6 < v ` r � i � u � z � g J > � n � % � x 0 - 8

f 8 SDSS � 2.5 m r ' � � @ . J ( t � z f

[25]
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2 . � 2048� 2048 � k � W ; q 3 � e Q D w 22 0 U R Y X CCD � � ] i F � � $ m � 5

q � $ F � 6 q � x 0 - 8 . � 2048� 400 � N 22 q U R Y X CCD � = # � Y U r � U R Y

X T " 4 [ k � � k � � � � � 2 q CCD � t { � w 2 J Y / m � � C 1 � M � G  � g I

' s � u S U d ? � � � � Y � CCD � U Y CCD � o � M \ � U R � � W D CCD � � ]

e = M \ � j � ; i [ F | � 4 3 � � ] � _ G � � D 	 � e = h � � 4 � �

5 � CCD * q f � 9 � � � � � ! ] � " {

� < CCD ( o d � � Y 	 � 7 
 � � � � � [ � = 4 | � ! � s > � � � v M � m /

� i � � P [ � � � P � ( i CCD L Y 9 � b � [ a j i � + ] I d q & � = q � P q &

� (SST/MOT) � 200 l - 8 CCD U u o ' @ f @ � 2002 � 6 . 13 Y [ � t Y b � �

[ a 
 u � W � $ � M " g I � P w [ � 7 � c v � �  Q J � � � ' � � � < & � [ 7 MPP

(Multi-Pinned Phase) 	 � ( g 	 � ' w F � b 3 U : z ) � 	 � g � 25 l * � � t � * � �

i z � b [ ( o d � CTDl 	 � � � ( o 8 w 7 U U � Y c � m j � � U d 
 P � M " CCD

8 w Q � � g u S � � � < �  � S � ] \ � e � 	 � � • o [ � V k [ d 
 � � n � 9 X -

9 � � � b o [ 
 f � R C � . X � P n [ , a v � � 9

[26]
�

2004 � 10 . � c � % P ) • y i U � G 1 m/1.2 m - � � } M • " U R q & � v 7 �

� � Y = " 3 N � v � � y � � | � CCD L Y � ^ ( 
 ( o d � z � ) T 7 | E � R Y � �

_ Y � g q & � i T c � � - � 1 m � H � M r q � - � 1.2 m � m � 1.8 m � � 4 � 4 �

b 3:14�
� i T � � c = J e 656.3 nm � � � � � b � > � S � M & � 7 � } M C � q & �

c � � ] � w $ 5 ~ � 6 h ; v 4 � � ( o d � z � � � o � � n a � 9 4K� 4K CCD L Y

� ^ � q & � � CCD L Y � b w 2� � 2�
� � < � � � X  ~ � g q & � � ^ a \ x � ) � M

{ ' | E • " U R � L Y � 7 � V • " U R T Y o c w � S • " U R x < " H � w � � � 9

� x � � D A 4 ' w | E n 
 + ] ? % � L Y � g < ? �� � b � < b � � � Y [ �

[27]
�

k � U � G j � 2004 � ) � ! � � 
 ( > � • ; i ] U � G T # [ a CCD ( o d � u

4 � � • ; i ] U � G 7 [ a ( o d � CCD � 
 f � ^ f Q � � & > � � S � � k � U � G

� v � C � # � � = z � k � U � G  [ 3 ~ N ' V # � 2004 � 10� 12 . � 
 ( > T � [ g

, � � 
 f [ a x � � I A v � v P F � [ ' � N ' � g , � � S 7 2005 � j i � ( o d �

CCD I ' @ T � a \ 
 � ) � j ' w [ � � V # � u � H g | E e � ] U M � Y � k � U �

G � � • ; i ] U � G � F + 10000 km � " G � 9 _ w 90� ( K 6 h � _ ) � 0 Q T # � Y '

� r P n � ? � � Y , > N u � u � S < � 7 � U � T # � Y ' b j \ P �? 
 � � 50% �

7 1 U > ' b j • 100% � N 7 m q � Y " & � u 8 � J 	 � � � b j � ? 
 � ; P , C � /


 � 9 , n � y � � � \ P � ? � � } � P / ~ i � 0 Q j 9 B # � [ � b � � N � ( o d �

CCD I ' @ | E + ] ? % � • " U R w I 3 E ? � � D � \ Y �
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6 � CCD * q f � P ) � � � = �

� � CCD ( o d � N ' � � � � d 	 Q � � , V � D � 3 2 
 E 7 - m 9 k � a 	 �

CCD � ] Q 0 Z p . E � D w @  
 ; 6 E 
 � I M � / � U R � w | E � Y � N j � CCD

( o d � N ' G B c � m q 0 	 � w [ v � N q 	 Q � � � % [ V # v � P w m q Q ! � �

� N � n � 9 � 
 � � - N u CCD � 
 � CCD � ] Q 0 \ � D 3 2 
 E 7 - m 9 k � a 	

. E �I 7 \ P L 2 > � � L 2 � �  @  
 � D � * � v � � [ � g Q ! � � b � ~ : �

i z � � u j F � 9 B CCD ( o d � N ' � � � < � �

& � � � � CCD ( o d � 
 f Q X � � M � � � Y U � G k H � � H G p W ~ A � � � =

[ � � 7 � E � g = � m 8 �

$ N } � �
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The Basic Principle and the Application in Astronomy

of CCD Drift-Scan

MAO Yin-dun 1;2, TANG Zheng-hong1, ZHENG Yi-jin 1, CAO Kai 1

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: In this paper, the processes and the basic principle of CCD drift-scan are introduced.

The advantages and the shortcomings of CCD drift-scan mode are discussed. The main parame-

ters and the main tasks of several telescopes observing withdrift-scan mode are shown. Finally,

the application and the study about CCD drift-scan in China are introduced.

Key words: astrometry; drift scan; review; CCD; observation; telescope
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