
60
�

3 � X �������
	���

���������

(free-free absorption)

������� � ( ������� ���!� "�#�$&%('�)�*,+.-�/��10 �12 ) ��3���
5476�8:9 ( ����$
/��:0�;
<!9=������>?+@"�#�$�A�-5B ) C�DE-�$ ����� ; < (free-free absorption) FHGHB
IJ�K L�M�N�O

free-free absorption
OQP�R�S �T��U�VXW Y&Z

X [ L�M\N�O�]&^`_:a`b�c�Sd�e
X ��f�g (∼ 0.1keV≈ 10 keV) FX;
<HC
h�iH�
j��
kmln�\o L p
q\o K rs�&t\B7uXv

	H�T/��s;�<xwn����h�i ( y@zs{�|}h�i ) F�GHB�I
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Sν =
jν

αν
. (3.56)

D�D�F�C jν o � ��� [erg/s/cm3/Hz/str] C αν [cm−1] o�C�;
<��\� (3.1 ����� ) I ���T� �
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αν =
jν

Bν(T )
. (3.57)
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jff
ν =

εff
ν

4π

F(G(BTI���¯st�°�C free-free absorption ��; <\��� αff
ν [cm−1] o�C

αff
ν =

25πe6

3mc3

(

2π
3km

)1/2
T−1/2Z2nenie

−hν/kT ḡff (T, ν)

8πhν3

c2
1

exp(hν/kT )−1

=
4e6

3mhc

(

2π

3km

)1/2

T−1/2Z2neniν
−3(1 − e−hν/kT )ḡff (T, ν)

= 3.7 × 108[cm5 s−3 K1/2] T [K]−1/2Z2ne[cm
−3]ni[cm

−3]ν[Hz]−3(1 − e−hν/kT )ḡff (T, ν).

(3.58)

��±XF�²�³ 10000 K ≈ 1 eV � H II f�g10T´�µ(¶&B�·�¸ �H¹ 0�º�»&BQI�¼�� ²�³!� ½¾ ���!�(¿�À�¡
o�C ≈ 1 eV ≈ 1 µm ≈ 1014 Hz
� �\F(C
��±�f�g (ν ∼< 1011 Hz ) FXo

Rayleigh-Jeans Á�Â (hν � kT ) $�Ã�Ä�¶sB
I&t\����C�¯=­Ho�C
αff

ν =
4e6

3mck
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2π

3km

)1/2

T−3/2Z2neniν
−2ḡff (T, ν)

= 0.018[K3/2 s−2 cm5] T [K]−3/2Z2ne[cm
−3]ni[cm

−3]ν[Hz]−2ḡff (T, ν). (3.59)
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;=<��Q�Xo ν−2 ������9 C���±���$��X�!w�'�o H II fQg�o�/�� � �	� l � ° C�
(�!w�'�o
/�� � �	
 l � B=I�t\�E�XC��������H���Q�sts� � 12 C�����±���F�o ½ ¾ ���X� � ° C�
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±���F�o ����� ����$�´�µ��n-5B (3.4 �(� ��� ��� ) I ���\� �H����� ¦��(À����:¡!y ¦H�� '@$ −0.1 � � B���o�C���±�f\g�� Gaunt factor ��� � ����6! �>,+ (X ��f\g�F�o −0.4" �Tq�D�w}��#!$ ) I

Orion %�&&�	': )(=À+*QÀ�o 13 C T ∼ 8000 K, ,.-0/ L ≈ 0.6 pc C ne ≈ 2000 cm−3 I�D
- +=�	'1 )(=À1*�À!w`­ (3.59) t�°�C Orion %�&!� free-free absorption ��2�¶&B�/�� � �
�H00��±����X¢}� wT9
��354�BXw (Z2neni ∼ 1.4n2

e, ḡff (T, ν) ∼ 1 w�9�q ) C
τff
ν = αff

ν L = 0.25

(

T

8000 K

)−3/2 ( ne

2000 cm−3

)2 ( ν

103 MHz

)−2

w � ° C76X�Q���
�HtX� � �\±\´�µ�8�9 (∼ 102 MHz F�oT½ ¾Q� �(� Rayleigh-Jeans C ∼ 104

MHz F�o ������� �(C�¼���:Qo transition region) $�;=<TF&'�B�I

��>HC X ��F�?�@�A(�XB�ts�.� ²�³?wB���T¦1�XÀ�0 keV F�C�¶�w�C
αff

ν =
4e6h2

3mc

(

2π

3m

)1/2

(kT )−1/2 Z2neni (hν)−3 (1 − e−hν/kT )ḡff (T, ν)

= 7.7 × 10−48[keV7/2 cm5]×

(kT [keV])−1/2 Z2ne[cm
−3]ni[cm

−3] (hν [keV])−3 (1 − e−hν/kT )ḡff (T, ν). (3.60)

kT ∼ hν ∼ keV �&w�'
C αff
ν ∼ 10−48n2
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