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1: 1 " ×20 = 20 "

(1) 1962 (2) Sco X-1 (3) %'&�(�) (4) 3 (5) *,+.-0/214365
(6) Uhuru (7) 7,8:94;=< (8) >=?A@'B C (9) Einstein (10) DFE.GIH�JK�LNMPO QSRPMPO
(11) T�UWV (12) XYUYZ (13) ROSAT (14) []\�^ (15) _
(16) X ` CCD (17) a�b�c�( (18) X dfe�g
hji (19) 1/2 (20) 2k'l + ( m=no32p�qsr:m ) t�ivuxw �zy{�
$

2: 2 " ×20 = 40 "
(1) E = 12.4/λ (2) 1.6 × 10−12 (3) 10000 (4) 1024 (5) 2GM/c2

(6) 3 (7) 3 (8) 1.4 (9) 511 (10) 10−5

(11) 6.65 × 10−25 (12) 3 × 1018 (13) 500 (14) ε = B2/8π (15) 2 × 10−8

(16) 1 (17) 0.4 (18) 1 (19) 13.6 (20) 1022

$
3: 5 " ×8 = 40 "

$
3.1

(1)
	{|~}x���,�'�����

LEdd � \��]����� m �x�Y(�Z��x��� σ �W���'T � ^������
� ���� T���� ���x�x� � � � ���j�¡ 4[�� ��¢�£ � ���
LEdd

4πr2

σ

c
=

GMm

r2
,

LEdd =
4πcGM

σ/m
.

¤�¤=¥ � σ/m = κ ¦j^§� �
LEdd =

4πcGM

κ
.

(2) ¨z© � cgs ª�«�¬ ¥ ¢Y£ ���
LEdd =

4πcGM�

κ

M

M�

= 2πc3
2GM�/c2

κ
(M/M�)

≈ 6.3 × (3 × 1010[cm/s])3
3 × 105[cm]

0.4[cm2/g]
(M/M�)

≈ 1038 (M/M�) [erg/s].
$

3.2

(1) ­�® 	���
������ Eb � \�� ���
Eb =

1

2
mev

2
−

Ze2

r
.

¯�°�±�²�³
me

v2

r
=

Ze2

r2

1



��� �=T �
Eb = −

1

2

Ze2

r
.

¯�°j±�²j³ ��� ¯�° �
�x��(�� � mevr = h̄ ��  � r = h̄2/me Z e2 � ¤�� �	� ³ ��
���
�T �
Eb = −

me Z2 e4

2h̄2
.

(2)

Eb = −
me c2e4

2h̄2c2
= −

1

2

(

e2

h̄c

)2

mec
2

= −
1

2

(

1

137

)2

511 × 103 [eV] = −13.6 [eV].

(3)

(1), (2) ��­	�Y^v� � Z = 26 ���j(��
���   ��� � �Y����(YZfa��4T���� �x� (hydrogenic

iron ion) �x­�® 	z��
���� D
−13.6 × (26)2 [eV] ≈= −9000 [eV].

���'T � hydrogenic iron ion � K
	���� � 	z��
��
� D�� 9 keV

¥ [��x�
$

3.3

(1)

L =
GMṀ

r
.

(2)

L = 1.4
GM�

c2
1018 [g/s]c2

Ṁ

1018[g/s]

10[km]

r

1

10 [km]

M

1.4M�

≈ 2 × 1038[erg/s]

(

Ṁ

1018[g/s]

)

(

10[km]

r

)(

M

1.4M�

)

.

	{|¡}{�I�'�=��� ���� �!"
�� (
	{|¡}{�I�=�'��� ��#%$ ² � �'&)( � ) �

(3)

* �%+ ��� T ��,.- � R � \�� �
4πR2σT 4 = 2 × 1038[erg/s]

¤�¤=¥ � σ D0/�1'243 �65�
87 e ��9 # � ∼ 1024 [erg/s/cm2/keV4] �W�Y��T �
T 4

≈
2 × 1038 [erg/s]

4π × 1024[erg/s/cm2/keV4] × (10 × 105 [cm])2
≈ 16[keV4]

���'T � T ≈ 2 keV �

2



$
4: 10 " ×5 = 50 "$
4.1

��� ±�� ���  2®���� ³ �  
P

h
≈

GMρ

r

h

r2
≈ v2

ϕ

ρh

r2
,

P

ρ
≈ v2

ϕ

(

h

r

)2

.

P/ρ ≈ v2
s

��� �=T �
vϕ ≈ vs

(

r

h

)

.

���
	���
�� ¥ D r/h � 1 ¦Y^v� � 
�� ��a���� � D����§�� ��§� ����� ���
V�� � α ����� ��� & 1 �! 
 � vr, vϕ �#" 9 ^v� �

α ≈
vr vϕ

v2
s

��$ � �x� ¤6� � � ¥�%'& � vϕ � vs �!" 9 �   �
vr ≈ αvs

(

h

r

)

.

�Y�,T � α Z ��� ���)( ° - ±*� �+�-,=D ��� E/. �.Z � h/r � 1 .z� ¥ ��0�� (α = 1)
¥

& �1� �f  & ��� ��2 ,����
$

4.2

314 ��5�6 ±�²�³ �
P ≈

ρ k T

m
. (1)

� � ��7 .��¡ 4[���� ³ �
P

h
≈

GMρ

r

h

r2

��  �
kT

GMm/r
≈

(

h

r

)2

.

8:9 D<; 	z�]

�f� �4� ��= 1 �<>#?�
z	z�]

�f� �A@
�W���'T �CB�D �E7 ��F � ���*	�E
G�
(h/r � 1)

¥ D � | } /fh���; 	��]
��
� D � �j(#H���[��  P� � ��=�1 �<>�?.
�	�{
��f� �  PD ��^z� 2 ,����
$

4.3

I Z |~} /�hj% ¥ dr J�G��<KY� � ��LM, � � � �:=%1 �A>�?'
 � ,1N ( O~uQP 
 ��R ) Z
;%�S, � � | } / h���TY�z^v�VU 41W1X ¥ LSY), � � � \ � �=�

2 · 2πr dr σT 4

eff ∝
1

2
d

(

−
GMṀ

r

)

=
GMṀ

2 r2
dr,

���'T �
Teff (r) ∝

(

GMṀ

8πσr3

)1/4

.

� .¡  � |¡} /�h���Z�[.+ � � ,0-�\1] &
D r−3/4
¥ [f��� (

� ³ D ,.-1\�] &zD ( 
��]Z �^G_ ��`�a�b)c � � � Tz��.���� & � 283Yh y{� D ( 
 Ed.��Y� )
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$
4.4

10M� ����� � h�� �=
 � 	x| }x�W�,�.��� D ∼ 1039 erg/s
¥ [����
�{�'T %#& � 
�� + ��

T [keV] � \ � �=�
πr2

inσT 4 = 1039

(

M

10M�

)

[erg/s].

V�� � rin D 10M� ����� � h�� ��
 � >
	���
�7�>]
 � ,%- � 3 $
¦�^ � �
rin ≈ 90 [km]

(

M

10M�

)

.

¤)� � � T �Y����T�� E2�
T 4

≈
1

1024 [erg/s/cm2/keV4]

1

π

1039 [erg/s](M/10M�)

(90 × 105 [cm](M/10M�))2

≈ 4 (M/10M�)−1[keV4]

T ≈ 1 [keV]

(

M

10M�

)−1/4

.

+ � DY����� −1/4 ����@�
�\ ��^~� � ����Z#H�� $ (108 $ ) �1.�� ��� + � D 1/100 �
.��x�
$

4.5

L ∝ 4π d2f,

L ∝ r2

in σT 4

eff ,

M ∝ rin,

Tcol ∝ hTeff ,

¨ � �#" 9 ��  �
M ∝ h2 d f1/2 T−2

col .

4


