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1) 3C273: A STAR-LIKE OBJECT WITH LARGE

RED-SHIFT

RED-SHIFT OF THE UNUSUAL RADIO

SOURCE: 3C48
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`'4 abcd�efgh*ijkl  m�78
n�& ���oN!"$ p-cd�efg-/
S�#n$�7�-#2H& G%M 1963JM�
n$q�rs���T:Ht u�vwx�yz
{|eM}H 3C 273 (z~0.158)4 ���xyz�
�x*uyz��M}H 3C 48 (z~0.367)4 -c
d�efg/S#2H& �n$q�rs�?4 �
�o�-�'j \��l #2H<*����H&
1963J 3� 16��- Nature� ����%&�
M}H 3C 273 -��M}H���� (C. Haz-

ard, M. B. Mackey, and Shimmins)4 U-EMyz
{|e- 3C 273, ���- 3C 273, ���xyz
��x*uyz��- 3C 48, -�)����H&
2���- 5� 18��- Nature (vol. 198, p.

650) # 4 H. c{c* D. ����e�4 19�
� #T�-¡78¢�£�¤¥¦§¨-I�?
3C 273 -`'�©ª8%H&

3C��«� (the 3rd Cambridge Catalogue of

Discrete Radio Sources: 1962) ��¬784 �
�cM®¯H°±²M}H+,D³´4 ��ce
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��� 5 m ����	
 3C 48 � 3C 273 ���
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# ��� 5 m �$%�&' 2.5 m ���(
)����*+,-�./�0�12����
�*
#
3���4�����5678+9� �:�
�;<$:=><!?@����AB
C���
7�5� D�E� �F��7�G# � !!"H
�:I�&'J#� KL'M�$NO �	
PQ
%���R� E !&'(S�T���UVW
�	
PQ%X:T)�R*YB
(� Z�[�
�+�, K��?@����?
���X��

�� 1974-O ./�	\��=�]�^�_`9
�0B
 K
� 4�aO#

2) Evidence for X Rays from Sources Outside the

Solar System

b��c��I=��d12 GMe3f 34
(20 cm2) 756g9� 6D\78hiV9:B

X	7j;g,# X	�� Sco-X1�
��*
#
�I=���k'7<=g98h7�,���
�>?!3@?�*+,# 3�A`(lH`�

�� E��5Hm*B7n�B
3��H
 X

	���(HoH6p,iq !� CDH8F(
QE6p
rs(	` K���F 2003- 5�t
�uv=w�0GH� X	���O# x,� y�+
� z��Z{�=>IJ| Kz��Z{�=>
�}KL MN~O�P�O � p. 189 �&'�� X

	4�
�� �a7Qxp
3��R
# S�
2����!q �`sA`7T�`,B# 3�
���UmF!yV�W`|�`s+X��.%u
-�{��<�{���� ��6�Y6p,�`
s#�=>(��Z[�\]7^siV��`s_
`7abc�;g9�66p,����Ds�#
y�d X	4�
�| �	\� uv=w�0!�

2002-�Z�[��+�,7� Kefg� �%c
� y�d0<���Zj;�_l
h�[��|

����i,B
#

3) A Measurement of Excess Antenna Tempera-

ture at 4,080 Mc/s

1965-�'u���$%�&'�jZ�	

3K�dk�lm (CMB) �
���`9! \
n�6p,��*
(� 
��`56��``�
D�op?�``� 3�H�q(*\s
�iq
�`sA`(B
# 0<�uv�u�r[���
s��'u���$%�&'!���'��7
t+9�uvV�,�w�7)�g9`,# �
��xy!� pB
��'��7 3�hl9
�� z�3 4,080 Mc/s �� ¡E{g5pH`¢ �
'��£? 3.5 K *(|
� �`s3��*
#
"¤i 1��u���!� B¥9(}�¦!��
§~!�¨���©6p9`
# Hi����
./�ª���'�� (20-foot horn-reflector) �
«���$^�¬�4 (liquid-helium-cooled ref-

erence termination) (�7®�# ��©�d�
AB
¨�!m�H�� ��§� ���� �¯�� �
`s���� �°(�±�²i7)�g,3�
7��6³
# Dp(Z�(9��5
�´9�
�±7�,��*
# 3�������S�'�
�'� (Dicke, Peebles, Roll, and Wilkinson) ��
d����(*
# ��0<�uv�u�r�S
�'��'���!x6g�3�lm�j;7�
�g9)�O�*+,# �±���£?BH"µ
�dk�lm!� Dp¶���²?i)�6p9
`,# 1951-���·LO�� K��±��O (
0�5 K �`s�7/¸� Dp¶���²Zi(
)+9`,# ��i�� �'u���$%�&'
�¹���(Z��7�
�d��
��g9
1978-�Z�[�,7./6p
#c=Mº'�
d��� »¼.! 1968-���H+9`,#

4) Observation of a Rapidly Pulsating Radio

Source

���X��
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���� ����� 1968� 2����� 	
�
���������� ���������	

������� ��� !" #�����$�
��%&��'()���*+&�,-� ./0
1�2345�6�����*+� 7�,�89
:;���;<=/>?�� 128��& 16�� @
2,048A��B�=/>?&�� 470 m �� 45

m ��(-8�����  !<"#��� !&
C�'�-D�� $%3&'E(�F&),-�
���� 1967� 7��G*H-��� &IJ+�
KL�,-M<"#� 120N�OL�.>�PQ
“Rapid-graph” �/� �OR" &� S-� �/P
1/T%& 0.030�1U-7VW� 1.340X
Y�ZL[���V7\#,-� V� �OR"
&�'��2� 233X 564]7�V��*+�
1&5^'�� V�� 67�ZL�� CP1919

�����,-� /8��_05�	`�L�9
�&a:�;9I7H-� 1974�� �����
���5�L778�b�KL;9I<&=S
��

5) BN: Observation of an Infrared Star in the

Orion

KL: Discovery of an Infrared Nebula in Orion

c>�d1d/ BN/KL�2����� efg
L>	7=1h?�?@�A\�-� BN�2�
�iLj/B 1.5 m �*+��d1d/�k�l
CmD��>n��o�EK�	1/ 24F�Cm
G$&pHE�qI7JrH-st� 1A uBN�
2v K���w�L,-� O5x2�y���
14��� KL�k�� BMz{70 K�-DlC
m�8�|<�� =1h?� 70 cm +� Ge : Ga

C�}&N,��O 22 mm �C�H-� aP�
~BN�2�� Q��R��QS7 B0�TU��
VW��X��#���� ��#Sz" 700 K

�Y$�� ~KL�k�� �[&Z!�H[\'�
�k uz{70 Kv� 7�]��-� ^7�&D
�,�� �c>�proto" ��_`\�aS��

��
����bc���� 1960�d� �iLj/B��

1.5 m ��*+ 2��,-� V���<��-
��� 1908�G*� “the 60 inch Mt. Wilson tele-

scope” �� ��L�g�#� 60�/�+e77
8��fg u1���v & ��!�h�H-�i
���� U3j�6&� 1968��k���� CmG
(BN) �2&��H-����� V��*+&�Y
�� g1��L�=�&'E(&lmH�� 9��
(1917) 2.5 m, 31�� (1948) 5 m, 45�� (1993/

96) Keck-I, -II 10 m�2�&�,-� 2004�� nj
d 30 m +�CELT �oS�� :��>n,-�
��� V� 60�/��1.5 m �*+�� g1��L
�= 20j���p'�V7�<,-�qr��
�778�� 1��Cs�����O/� g T¡
/� 	�¢� 3tY&8 20j��*+�c��
8��� 100���u<£¤¥�¦������ 8
;§ �¡�O/ (R. Leighton) �v�� 62�/
��158 cm: f/1: P5[��	+�� aP�[¨j
�=/w;©�xy�

g1��L�=zª&I7=1h?&I «c
>�¬ ��§{|�&<H|-��� o�®�
C�} Q}¯° ulCm�v 7RL4��y±
²N�³� u/XCm�v &��~)�vH-V
7� vl<�´�����O�v�<�*+�
�H��,-V7����

6) A Strong X-Ray Source in the Coma Cluster

Observed by UHURU

X-Rays from the Coma Clusters of Galaxies

V�c��� ApJ 167, L81 (1971) 7 Nature

231, 107 (1971) ��W;� �g���L��7�
XGµ����� 1970��.�=#���1U
��-� ��L��Uhuru7�[¶�1·� «�
�¬ 7�;�_7�V7� ��&D�H� 339A
� XG$&��¸H�� XG «��I¬ 7H�
¢¹��� U3���I���º&�|-� ��
L�µ����@�»���� 454¼���&
8,- XG$ Coma X-1 ����{7.3�107 K
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�������� ���	
��������
����� �� Coma������	���
�� 1969���������� �
!"��#
$��% (&8'106 K) (�) X�����
���� *+,� Coma-.�-.��/
0� 11�23�45������ 6-.�78
 X����9: 5���;<�=�>?@�
-.�78 X���<� 1978��A�
BCDA�E� (C. Jones et al., ApJ 234, L21

(1979)) F��/0� �G H12�I -.��
J��>�45K� 5)�� 4E�< X�
+!"LM�#$�� H%&NO�'P8Q�I (
E��>�� X�R)��S5T��UV� 
*W+X78� -.��,0Y�� 5�10-Z
�[K�\.)� %)���/078 1] K

�%S^_�12K37!"� 4�9N
4� -.`556a� b789cd:;e<
=>��K+f;G45�)��

7) Observation of Gamma-Ray Bursts of Cosmic

Origin

g�g�h <� i?@E� Vela 4j�/�A
k 120 kmlmn�oBC 1/3Ak78�
DAiE�pqD�F��9rQ�� E� 1j
�;XGr)st�D� HCsIB�Uu�D 10

cm3I K xyzH�v 2�w;� # 6�#$rQ� 4

jIJ� 24�st�D�KDxIKL�9y
?��M�i?@������ ��rQ� g�
�z{|�N}< 0.2�1.5 MeV �>�� 3�~�
16A�� O�g�h �9;P��*PQ
R~< 0.1�30S�>�� �478TU����
7� �;��<� TUR~V� 2)�� GPS
WX� ���� Y���Z��[���8Q� �%
&M/0�G�>�� 5�@"P�>��� *
`5�������5��KQGK� 24�4
1997�� Beppo-SaxE�5 Keck 10 m \���
/���]2� H�9 16^I�

8) ������

d:D_`a Hd:;=>�9I <� 1970

�bc78 80�de�7P�fg�h�i�K
v�jZ5k[��X����l2�m���
�� 44�< Large-scale structure: The CfA Red-

shift Survey H�������h��q���CfAI
�^�� ��^� �^T^������ n��
�-.-"�o��� C 10,000�-.
pkq������� 60�NA-.<� �� 
¡¢£S¤�hr FLWO (Fred Lawrence Whip-

ple Observatory) �>� 1.5 m xL�5¥MMT

H1.8 m'6sl4.6 m tR<-¦�I �-"§ “Z-

machine” �;P���rQ�� ��u� �G¨
�B{��©�/�ª���« HvwI Ko�Q�
CfA¬��A+,5x��� y-.�
zn�{-.�� *Q8�;)� Great Wall )
��®^¯� =>� r8�-.�5!�)
�ªA�)�K|0)2d:;e<=>}K
�"���87�)��� CfA¬��A<~d
G�°�tR H1980�d4I ����>����
��§ ±�² ³A´���uA�Y��� 1µ
�¶)�h^Ah¢¬��A�·o��45K
a��5�>��� 37fAK�� 6i: <�
-�<*�8�>�� 1990�b����78
<� AAO�2dFc SDSS��;e<�?Kd:
D_�[��;;l2�m��

9) 0957�561 A, B�Twin Quasistellar Objects or

Gravitational Lens ?

¸¹�u{g�����	�MkIA 966

MHz ��5�h �� r8�º�#� 2SZ
n�¬A_�-���� 4F� “too extended

or too confused” ���� n�r8�� «��
�g�� 300�®� ��\��� 5�10SZ�
�Z����� �����¬�����~��
���-"�?��a,�>�� 4F»;
0957¼561 A, B � 1979� 3m 29��¤� 
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������ 2.1 m ����� IIDS (Intensified

Image Dissector Scanner) �� 3	 30�
��
�� 2.3 m ���� image tube spectrograph �
����� ��� (ll3,200�7,000 AÕ) �	��
���� �����
���� A B �	����
� �!"��#�$%�&' (C IV Si II) �
�������� ���( z)1.4�����
�
��� 1.5 m ���*���+,�-� AB.
�	�/ 5.7�0*1��� 2��3/� ��4
�5�/678�9�:� ��$%�&'�;<
*1=> ?2��@AB��� CCD/CDE
F�: JPL���GHI���J�2�
��K�
6�� � !"L�� A: B/ 1.14#$�*
MN�GO� PDQ'�% H0�R& 'S-�
��

10) Discovery of a Pulsar in a Binary System

Measurement of General Relativistic E#ects

in Binary Pulsar PSR1913�16

FURTHER EXPERIMENTAL TESTS OF

RELATIVISTIC GRAVITY USING THE BINARY

PULSAR PSR 1913�16

TUV�:P'$�WX 20#�Y�XZ(�
)*�#+,�-[\� 1972#]'6�.^_F
EV`a�� 1974#]'6�.^a/� 1975#(
0]'6� PSR1913b16�3� 1979#Z123
4c�d&� 1989#�5�67e8� 1993#f�
g'9:9:H>2:�G=>�
2�;h�i:/� ]'6�.^� j<�:�
=k �e>�?�]'$@A�l�B�*1=>�
mC� �DnE�-�F�i-��o�� p6
qr�sDt��Gu
vT�wO� ]'6�
�H��cHW!d&xX�y �IJ�KL�
�� ]'6��?Mz[X]V{�|��/� 5
� (a, d)� }N (I)� ]'6�O@ P, 	~PN
DM 1X� 2�-�]V{�|���BLQ�
���R*oX<�:��&�a��R5:S�
�T��� �l9��RN ?)U/ 1p7�F

�I� ����BL�]V{�|� l�:Y�
X2:� 2� 2V 2��W*1��:��-�
X� 2�<���� 305m
���������
X���*� Y��]'6��Z�3��H!�
2�>��Z� PSR1913b16 (0]'6�*�
Z� 3�GHO@ Pb�27,908�7�)7.75�.
)0.32�� “single-lined” spectroscopic binary *
1��� O@ Pb/� [\��](0�^*1X
 � ]'$O@ Pem 0.0593030� �3�HX.
�� ���H!2: Y���� d&J� 234
���-�_H�
`P�$&�-�$&vA*
`*a��:H>� 1974#��3�Ji� ]'$
@A�lB���b��& “TEMPO” ��c�
���� 1978#�/�d�����- 50p7�
F��: 1/20����2����(0]'6��
 xXe]V{�|� 13¡�9�RN fgh
�¢iL��� �2*£jO@�¤k:�oG�
0V(l 42��/#�:-��� �5� 6&L�
�HX2:��em�nX ?1979#I� L-� 10

#.� �B:�b�o[�� �H� j
7v�r
|7v�5�67�p4:��oZq�3�k :
�4�� ?1989#I� 234���-�¥r��
14#s�2�4�*/¦tG�u§ L�X�¨
vwx�;[X©r�&v�5�% G� lª
«iy�X���/z����l/�.B���L
:{L�|}L¬X�
~/� �5��®¯�Z
�H����i�-��Z��]'6���3°
�3��� 1993#�f�g'�p�9�:9xX
2:�GX� )*/p6qr�sDt��±�/

±�L�GL�� � f�g'9�²/ J. H.

TUV�³R. A. P'$�
~:i_�v$&v
��(��H��

11) Observation of a Neutrino Burst from the

Supernova SN1987A

1987# 2	 23� 7� 35 (�1) 	�%�.� 11

��©r�&�f �´µ¶���*�·L�
�� 15�#d�p¸Vv0¹����� �º��
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������������	
�������
�� ����	�� 
�����������
�����	������ ����������
������ 	! ���"��#�$�%&�
���'�� ()*+�,-���./0��
�	1�2�34�567! 83����� �
!"�#9�:	7:#$�;�<=>�%��
?@$� &&?�-�A#B&���'"#�
�! ()��)C* 12D+ p. 911 (2002) �E,
-.#� 20FGHI/J� K013L ��M23
�N4��7! &� K013L # IMB (Irvine�
Michigan�Brookhaven) �4��5�OP	6?
@7!

12) Structure in the COBE Di#erential Microwave

Radiometer First-Year Maps

COBE (COsmic Background Explorer) Q��
7836	 39 (FIRAS/DIRBE/DMR) �:;
�<� DMR (Di#erential Microwave Radiometer)

�RS�� ��=T>?� KU�VL #@A36
	! DMR� CMB W3K��=T>?X 3�BY �
�C�DE"��� FGH 31.5 GHz, 53 GHz, 90

GHz WZG1 9.5, 5.7, 3.3 mmY ?@A%7	[�
:;?@7! CMB��C�\]I��� \]^
_�> `10a, DTZ30b5 mK (DT/TZ11c10d6)

��$� &�U�V�J1��%eKLM�fJ
%7g=�;#?A@#7!

COBEhi�� 1974N�Oj 28P�kl��
#Qm� 2Nn� NASA��RS�TU� 15N�
oV�p	W� 1989N�q>rs_t?
NASA/uv�wxGr���X1Yy�6	!
\]^z{>�3��Z[�%|5� 2001N�
WMAP (Wilkinson Microwave Anisotropy Probe)

�}A~#6�� �\����#]�^ 7! �
�����)�<_�O���� �R$�`a�
"#b�367&���c%7 W4dDe 2003

N 9D+� 2005N 3D+X fg��h�B&�i
jY!

13) Possible Gravitational Microlensing of a Star

in the Large Magellanic Cloud

Evidence for Gravitational Microlensing by

Dark Objects in the Galactic Halo

�s��G�{4k WktH�ZMACHO:

MAssive Compact Halo ObjectsY ����� k�
G^s�s4d9 (MSSSO: Mt. Stromlo and

Siding Spring Observatory) � 1.3 m c���
CCD�78�	&��R7! 2,048c2,048��
� CCD� 4�l|	�lF{��F� CFPA

W����>
�%��{��X Center for Parti-

cle AstrophysicsY #mn�� LLN (Lawrence-

Livermore) �o%����pq�R7%r
q�r�stu�vw?�v��S	! Kxy�
II�L�Kzw�G��{L���|%7�}��
1) ~� WVR 2���>r�?Y� 2) �� W�nY
��� 3) 1�&SA$ WD��Y ��%ICo��
�%7! �� 1.3 m �MACHO��c����
1862N� GMT W ��¡>¢>Gc��Y �
£:?� 1980N\� MSSSO����@S	��
�� ���;>�t{#����� s<¤�^
MSSSO91#&�*+�Q¥�	��?@7!

MACHO¦s<§{�� 1992N��¨@#
�8$� 7N]? 2,000©��¨@q�r W1q�
r��H����#�S��7ªY ����	
«¬� LMC� 15�� SMC� 2�� ®�"�
�H 100��zw�G��{��OP	! &�¦
s<§{�� ¯��� 7Nn °�G�4k��
����C� r?@7&�± � °²6	 rZ
³�� �&�%7��´��������7&
�± �«���� 1999N���%7!
��µ��¶G^� EROS (Expérience de Re-

cherche d’Objets Sombres)��·�¶Gw�OGLE

(Optical Gravitational Lensing Experiment) ��
zwkF{s�G�¸¬��OP��7! EROS

��d�� MACHO��d��¹º+� Nature

*�»836��7! &6�� ESO 1 m g�¼t
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�����������	
�� ������
������ OGLE����� 1998����
������� 1.25 m ������ �!"#
$%&���'	!"&(� MACHO�)%*
+�
��,%-�.%�/��0	1"2��
3�� MACHO 1.3 m ����� 2003� 14��
�565��7�	8����9��::$�
;��<!=� >� 142?�

14) A Jupiter-Mass Companion to a Solar-Type

Star

�@���AB�
���,�� CDEF�
���GHI:J5K��� 1.9 m ���	�
�/	
�� ,L%2����M"�� 51 Peg

N�O���� 60 m/s 	�PQR"2�S:
(Tsingle-lined binary) ��,!=� UVWHX
echelle UY ELODIE�Z��5[W��
1.9 m ��!" \#�] !"� $%^ ll3,900�
6,800 AÕ�_ & (RTl/DlT42,000�7 km/s) �
`a���3b� 1 kc1 k-CCD �� &!"�
4,000'�V�d�eVW(� cross-correla-

tion�fV�dghG�a�)!� 13 m/s (v/ci
10j7) � k*�+�!=� ,l��Oa���
9mX��nfoh�pq-�����
�M"$r.QR=� %s 1.9 m ���N3/0
�/!=�Pt uR�1 12v+w����� 1

�v 4x3M"��!"� 4.234��O��5
yz�N,wPM=S:� 6�� 12�5yT?
�{P*� S|%75ywA(}~8���
�
N����xM"2�:�9$:;!%PM=P
*	
�� �L"X���:GHI�� <=�
9$N%!>2:?BR=@�� (i10 m/s) �
�A��1"� CORAVEL: COrrelation of RA-

dial VELocities (1974) P* ELODIE (1986) �
:� 20�P1= \u�X�����,B3C��
DE	%2]� 1) UVWHX	 2UF�G2=
S:� 2) $%�H�I=�J����`a��
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15) Discovery of a Cool Brown Dwarf

Discovery of a Brown Dwarf in the Pleiades
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16) Spectral Constraints on the Redshift of the

Optical Counterpart to the g-Ray Burst of 8
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