
9 �¤¥ «ì­ë© ª¢ ­â®¢ë© £ §

9.1 �¢ï§ì ¤ ¢«¥­¨ï á ¢­ãâà¥­­¥© í­¥à£¨¥© £ § 

� ª¢ §¨ª« áá¨ç¥áª®¬ ¯à¥¤¥«¥ áã¬¬ë ¯® f ¢ (8.32)
P
f
� P

p;�
§ ¬¥­ï¥¬

¨­â¥£à¨à®¢ ­¨¥¬ ¯® í­¥à£¨¨ á ¯«®â­®áâìî á®áâ®ï­¨©

D(") = gs2�V=(2��h)
3(2m)3=2"1=2 :

n =
1

V

1Z
0

hn(")iD(")d" = gs
2�

h3
(2m)3=2

1Z
0

"1=2

exp [("� �)=kT ] � �
d": (1)

U =
1Z
0

" hn(")iD(")d" = gs
2�

h3
(2m)3=2 V

1Z
0

"3=2

exp [("� �)=kT ] � �
d": (2)

�®ç­® â ª ¦¥ ¯®áâã¯¨¬ á ¢ëà ¦¥­¨¥¬ ¤«ï ¤ ¢«¥­¨ï (8.26):

P =��kT gs
2�

h3
(2m)3=2

1Z
0

"1=2 ln [1� � exp (�(" � �)=kT )] d": (3)

�ë¯®«­ïï ¢ (3) ¨­â¥£à¨à®¢ ­¨¥ ¯® ç áâï¬, ¯®«ãç¨¬:

P = gs
2�

h3
(2m)3=2

2

3

1Z
0

"3=2

exp [("� �)=kT ] � �
d"; â: ¥: P =

2

3

U

V
: (4)

�â®à®¥ ¨§ ãà ¢­¥­¨© (4), á¢ï§ë¢ îé¥¥ ¤ ¢«¥­¨¥ á ¢­ãâà¥­­¥© í­¥à£¨¥©

¨¤¥ «ì­®£® £ § , á¯à ¢¥¤«¨¢® ª ª ¤«ï ¡®§¥{, â ª ¨ ä¥à¬¨{á¨áâ¥¬. �­®

á®åà ­ï¥âáï ¨ ¢ à ¬ª å ª« áá¨ç¥áª®£® áâ â¨áâ¨ç¥áª®£® ®¯¨á ­¨ï.

9.2 � à ¬¥âà¨ç¥áª ï § ¯¨áì ãà ¢­¥­¨ï á®áâ®ï­¨ï

�¢®¤ï ¡¥§à §¬¥à­ãî ¯¥à¥¬¥­­ãî x = �"; ¯¥à¥¯¨è¥¬ (1) ¨ (4) ¢ ¢¨¤¥

n =
gs
�3

2p
�

1Z
0

x1=2

exp x=z � �
dx; (5)

P =
gs
�3

kT
4

3
p
�

1Z
0

x3=2

expx=z � �
dx; (6)

60



£¤¥ � = h=(2�mkT )1=2, z = exp(�=kT ): �­â¥£à «ë (5), (6) ¬®¦­® ¯¥à¥¯¨-
á âì ¢ ¢¨¤¥ àï¤®¢, ¨á¯®«ì§ãï à §«®¦¥­¨¥

1

ex=z � �
= ze�x

1X
`=0

(�ze�x)` =
1X
`=1

�`�1z`e�`x: (7)

(�ï¤ áå®¤¨âáï à ¢­®¬¥à­® ¯à¨ ãá«®¢¨¨ z exp(�x) = exp [�(" � �)=kT ] < 1;
¤«ï ¯à®¨§¢®«ì­ëå " íâ® ®§­ ç ¥â, çâ® ¤®«¦­® ¢ë¯®«­ïâìáï ãá«®¢¨¥

exp(�=kT ) < 1, â. ¥. � < 0. �«ãç © � = 0 âà¥¡ã¥â ®á®¡®£® à áá¬®âà¥-
­¨ï.)

�®¤áâ ¢¨¬ (7) ¢ (5) ¨ (6) ¨ ¯à®¨­â¥£à¨àã¥¬ ¯®ç«¥­­®:

n
�3

gs
=

2p
�

1Z
0

x1=2
0
@ 1X
`=1

�`�1z` exp(�`x)
1
A dx =

=
2p
�

1X
`=1

�`�1z`
1Z
0

x1=2 exp(�`x)dx =
2p
�

1X
`=1

�`�1z`
�(3=2)

`3=2
=

1X
`=1

�`�1z`

`3=2
;

P
�3

gskT
=

4

3
p
�

1Z
0

x3=2
0
@ 1X
`=1

�`�1z` exp(�`x)
1
A dx =

=
4

3
p
�

1X
`=1

�`�1z`
�(5=2)

`5=2
=

1X
`=1

�`�1z`

`5=2
:

�¢®¤ï ®¡®§­ ç¥­¨ï

Y3=2(z) �
1X
`=1

�`�1z`

`3=2
; Y5=2(z) �

1X
`=1

�`�1z`

`5=2
; (8)

¯®«ãç¨¬

n =
gs
�3
Y3=2(z); P =

gs
�3

kTY5=2(z): (9)

�ª®­ç â¥«ì­® â¥à¬¨ç¥áª®¥ ãà ¢­¥­¨¥ á®áâ®ï­¨ï § ¯¨è¥¬ ¢ ¢¨¤¥

P = nkT
Y5=2(z)
Y3=2(z)

: (10)

�§ (10) ¢¨¤­®, çâ® ¯à¨ Y5=2(z)=Y3=2(z) ! 1 ¬ë ¡ã¤¥¬ ¨¬¥âì ¡®«ìæ-
¬ ­®¢áª¨© (ª« áá¨ç¥áª¨©) ¯à¥¤¥« P = nkT . � ª «¥£ª® ã¢¨¤¥âì ¨§ (8), íâ®
¨¬¥¥â ¬¥áâ® ¯à¨ z � 1, ª®£¤  ¬®¦­® ¯à¥­¥¡à¥çì ¢á¥¬¨ ç«¥­ ¬¨ àï¤ , ªà®¬¥
¯¥à¢®£®: Y3=2(z) ' z ¨ Y5=2(z) ' z:
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9.3 �®«ìæ¬ ­®¢áª¨© ¯à¥¤¥« ãà ¢­¥­¨ï á®áâ®ï­¨ï ª¢ ­â®¢®£®

£ § 

�à¨ ª ª¨å ¦¥ ãá«®¢¨ïå ¬ «  ¢¥«¨ç¨­  exp(��)? �ç¥¢¨¤­®, â®«ìª® ¢
á«ãç ïå, ª®£¤  � ¢¥«¨ª® ¯®  ¡á®«îâ­®© ¢¥«¨ç¨­¥, ­® ¨¬¥¥â ®âà¨æ â¥«ì­ë©
§­ ª. (� ¬¥â¨¬, çâ® ª â ª®¬ã ¢ë¢®¤ã ¬ë ã¦¥ ¯à¨å®¤¨«¨: ¤«ï ¯®«ãç¥­¨ï
(8.31) ¨§ (8.29) ¨ (8.30) ­¥®¡å®¤¨¬®, çâ®¡ë exp(���)� 1.)

� ©¤¥¬ z = z(n; T ), ¯à¥¤¯®« £ ï ¢ (9) z � 1:

n ' gs
�3

z
 
1 +

�z

23=2

!
: (11)

�â¡à áë¢ ï ¢ (11) á« £ ¥¬ë¥ O(z2), ¯®«ãç¨¬:

z � n�3

gs
=

n

gs

0
@ h2

2�mkT

1
A3=2 : (12)

� ª¨¬ ®¡à §®¬, ¬ «®áâì z ®¡ãá«®¢«¥­  ¬ «®áâìî ¯ à ¬¥âà 

� =
n

gs

0
@ h2

2�mkT

1
A3=2 ; (13)

  ãá«®¢¨¥ � � 1 ®§­ ç ¥â ¬ «ãî ¯«®â­®áâì ç áâ¨æ ¢ á¨áâ¥¬¥ ¨ (¨«¨) ¢ë-
á®ªãî â¥¬¯¥à âãàã. �®ª ¦¥¬ ­¥¯®áà¥¤áâ¢¥­­ë¬ ¢ëç¨á«¥­¨¥¬, çâ® ¤«ï

¡®«ìæ¬ ­®¢áª®£® £ §  ¤¥©áâ¢¨â¥«ì­® ¨¬¥¥â ¬¥áâ® (12):

~Z =
1X

N=0

zNZN =
1X

N=0

zN

N !

 
gsV

�3

!N
= exp

 
z
gsV

�3

!
: (14)

�®áª®«ìªã J = �kT ln ~Z; â®

n = � 1

V

@J

@�
=

gs
�3

exp
 
�

kT

!
: (15)

�â ª, ¢ ¡®«ìæ¬ ­®¢áª®¬ ¯à¨¡«¨¦¥­¨¨ (�� 1) å¨¬¨ç¥áª¨© ¯®â¥­æ¨ «
¯à¨­¨¬ ¥â ¡®«ìè¨¥ ®âà¨æ â¥«ì­ë¥ §­ ç¥­¨ï:

� = kT ln

2
64 n
gs

0
@ h2

2�mkT

1
A3=2

3
75 = kT ln � �!

�!0
�1 : (16)
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�®«ãç¨¬ â¥¯¥àì ¯®¯à ¢ª¨ ­  ª¢ ­â®¢ãî áâ â¨áâ¨ªã ª ¡®«ìæ¬ ­®¢-
áª®¬ã ãà ¢­¥­¨î á®áâ®ï­¨ï. �£à ­¨ç¨¢ ïáì ¢ (10) «¨­¥©­ë¬¨ ¯® z ç«¥-
­ ¬¨

P = nkT
1 + �z=25=2 + o(z)

1 + �z=23=2 + o(z)
= nkT

h
1� �z=25=2 + o(z)

i
(17)

¨ ¯®¤áâ ¢«ïï ¢ (17) ¯à¨¡«¨¦¥­­®¥ ¢ëà ¦¥­¨¥ (12) ¤«ï z, ­ ©¤¥¬ ¤«ï ¡®§¥{
¨ ä¥à¬¨{á¨áâ¥¬

P� = nkT
h
1� �=25=2 + o(�)

i
; (18)

P� = nkT
h
1 + �=25=2 + o(�)

i
: (19)

�ë ¢¨¤¨¬, çâ® ãç¥â ª¢ ­â®¢®© áâ â¨áâ¨ª¨ ¯à¨¢®¤¨â ¢ íâ®¬ ¯à¨¡«¨¦¥-
­¨¨ ª ¬¥­ìè¥¬ã { ¢ á«ãç ¥ ¡®§®­®¢, ¨ ª ¡®«ìè¥¬ã { ¢ á«ãç ¥ ä¥à¬¨®­®¢,
§­ ç¥­¨ï¬ ¤ ¢«¥­¨ï ¯® áà ¢­¥­¨î á ª« áá¨ç¥áª¨¬ à áç¥â®¬ á � = 0 (çâ®
®â¢¥ç ¥â �h ! 0; ¢ ¯®á«¥¤­¥¬ á«ãç ¥ P� = P� = nkT ). � ¬¥â¨¬, çâ® (18)
¨ (19) ¯® ä®à¬¥ ­ ¯®¬¨­ îâ ¢¨à¨ «ì­®¥ à §«®¦¥­¨¥ ¤«ï ª« áá¨ç¥áª®£® ­¥-
¨¤¥ «ì­®£® £ §  { àï¤ ¯® áâ¥¯¥­ï¬ ¯«®â­®áâ¨.

�¥«¨ç¨­ã � ­ §ë¢ îâ ¯ à ¬¥âà®¬ ¢ëà®¦¤¥­¨ï ª¢ ­â®¢®£® £ § : ¯®-
¯à ¢ª¨ ­  ª¢ ­â®¢ãî áâ â¨áâ¨ªã áâ ­®¢ïâáï áãé¥áâ¢¥­­ë¬¨ ¯à¨ � � 1:
� à ¬¥âà ¯à¥¤áâ ¢«ï¥â, ¯® áãâ¨ ¤¥« , ¤®«î ª¢ ­â®¢®£® "®¡ê¥¬ " ¢á¥å N
ç áâ¨æ ¢ ¯®«­®¬ ®¡ê¥¬¥ á¨áâ¥¬ë: � = (N�3)=V (§¤¥áì ¬ë ¯®«®¦¨«¨ gs = 1).
� ª ª ª áà¥¤­¥e ¬¥¦ç áâ¨ç­®¥ à ááâ®ï­¨¥ �r � (V=N)1=3, â® � � (�=�r)3

¯®ª §ë¢ ¥â, ª ª ¢¥«¨ª  ¯® áà ¢­¥­¨î á® áà¥¤­¨¬ à ááâ®ï­¨¥¬ ¬¥¦¤ã ç -
áâ¨æ ¬¨ £ §  ­¥®¯à¥¤¥«¥­­®áâì � ª®®à¤¨­ âë ç áâ¨æë á í­¥à£¨¥© ¯®àï¤ª 

kT: �áâ¥áâ¢¥­­®, çâ® ª¢ ­â®¢ë¥ íää¥ªâë (¢ëà®¦¤¥­­ë© £ §) ­¥®¡å®¤¨¬®
¯à¨­¨¬ âì ¢® ¢­¨¬ ­¨¥, ª®£¤  ¢®«­®¢ë¥ äã­ªæ¨¨ ç áâ¨æ ¬®£ãâ ¯¥à¥ªàë-
¢ âìáï: �r � � ¨ � � 1. �®£¤  �r ¢¥«¨ª®, â. ¥. �r � � , â® � � (�=�r)3 � 1, ¨
â®£¤  á¯à ¢¥¤«¨¢® ¡®«ìæ¬ ­®¢áª®¥ ¯à¨¡«¨¦¥­¨¥. �¥§î¬¨àãï, ¬®¦­® áª -
§ âì, çâ® ¡®«ìæ¬ ­®¢áª¨© £ § { íâ® £ § âï¦¥«ëå ç áâ¨æ á ­¨§ª®© ¯«®â­®-
áâìî ¨ ¡®«ìè¨¬ á¯¨­®¬, ­ £à¥âë© ¤® ¢ëá®ª¨å â¥¬¯¥à âãà.

�®§¢à é ïáì ª à á¯à¥¤¥«¥­¨ï¬ �®§¥ { �©­èâ¥©­  ¨ �¥à¬¨ { �¨à ª ,
¯¥à¥¯¨è¥¬ (8.29), (8.30) ¢ ¯à¨¡«¨¦¥­¨¨ ­¥¯à¥àë¢­®£® á¯¥ªâà  { hnf i )
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) dN(") = f(")d"; £¤¥

dN(") =
D(")d"

exp [("� �)=kT ] � �
; f(") =

dN(")

d"
=

D(")

exp [(" � �)=kT ] � �
: (20)

� ¡®«ìæ¬ ­®¢áª®¬ ¯à¥¤¥«¥ (exp(��=kT ) � 1) ¯®«ãç¨¬ à á¯à¥¤¥«¥­¨¥

� ªá¢¥««  { �®«ìæ¬ ­ 

f(")) fMB(") = D(") exp [�(" � �)=kT ] ; (21)

­®à¬¨à®¢ ­­®¥ ¢ ¤ ­­®¬ á«ãç ¥ ­  ¯®«­®¥ ç¨á«® ç áâ¨æ

hNi =
1Z
0

fMB(")d": (22)

�¥à®ïâ­®áâ­®¥ à á¯à¥¤¥«¥­¨¥ ¯®«ãç¨¬, à §¤¥«¨¢ (21) ­  (22):

~fMB(") =
1

hNifMB("): (23)

�à¨ ®âáãâáâ¢¨¨ ¢­¥è­¥£® ¯®«ï ¤«ï D(") = A"1=2 ­ ©¤¥¬ à á¯à¥¤¥«¥­¨¥

� ªá¢¥««  ¯® ª¨­¥â¨ç¥áª¨¬ í­¥à£¨ï¬ " :

~fM (") =
2
p
"p

�(kT )3=2
exp(�"=kT ):

9.4 �ëà®¦¤¥­­ë© ¡®§¥{£ §. �®­¤¥­á æ¨ï �®§¥ { �©­èâ¥©­ 

� áá¬®âà¨¬ â¥à¬®¤¨­ ¬¨ç¥áª¨¥ á¢®©áâ¢  á¨«ì­® ¢ëà®¦¤¥­­®£® ¨¤¥-
 «ì­®£® £ § . �á«®¢¨¥ ¢ëà®¦¤¥­­®áâ¨ � � 1 ¬®¦­® § ¯¨á âì ¨ ª ª

T � (n=gs)2=3h2=(2�mk). � ä¨ªá¨àã¥¬ ¯«®â­®áâì ç¨á«  ç áâ¨æ n ¢ (9) ¨
¡ã¤¥¬ ¯®­¨¦ âì â¥¬¯¥à âãàã. �ã­ªæ¨ï

Y3=2(z) = n�3

gs
= (n=gs)

�
h2=2�mkT

�3=2
(24)

áãé¥áâ¢ã¥â â®«ìª® ¯à¨ z � 1, ¯à¨­¨¬ ï ¯à¨ z = 1 ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥
Y3=2(1) = �(3=2), £¤¥

�(3=2) �
1X
`=1

1

`3=2
� 2; 61 �
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§­ ç¥­¨¥ ¤§¥â {äã­ªæ¨¨ �¨¬ ­  ®â  à£ã¬¥­â  3=2. �®íâ®¬ã (24) ­¥ á®¤¥à-
¦¨â à¥è¥­¨© á T < TB , £¤¥

TB =
h2

2�mk

2
4 n

gs�(3=2)

3
52=3 : (25)

�à¨ íâ®¬ å¨¬¨ç¥áª¨© ¯®â¥­æ¨ « á¨áâ¥¬ë, ¡ã¤ãç¨ ®âà¨æ â¥«ì­ë¬ (íâ® á«¥-
¤ã¥â ¨§ ãá«®¢¨ï hnf i � 0) ¯à¨ T ! TB ¤®«¦¥­ áâà¥¬¨âìáï ª ­ã«î:

� = kT ln z
T!TB�!
z!1

�0

�à¨§­ ª¨ ä §®¢®£® ¯¥à¥å®¤  ¬®¦­® ã¢¨¤¥âì ¨ ­  ¤àã£®¬ ¯ãâ¨: ä¨ª-
á¨àãï â¥¬¯¥à âãàã ¨ ã¢¥«¨ç¨¢ ï n; ®¡­ àã¦¨¬, çâ® áãé¥áâ¢ã¥â ­¥ª®â®à ï

ªà¨â¨ç¥áª ï ¯«®â­®áâì, nc = gs
�
2�mkT=h2

�3=2
�(3=2); â ª ï, çâ® §­ ç¥­¨ï

n > nc ã¦¥ ­¥ ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨î (24).
�à¨ç¨­  ®£à ­¨ç¥­­®áâ¨ ®¯¨á ­¨ï, ®á­®¢ ­­®£® ­  ãà ¢­¥­¨ïå (9)

§ ª«îç ¥âáï ¢ â®¬, çâ® ¢ ª¢ §¨ª« áá¨ç¥áª®¬ ¯à¨¡«¨¦¥­¨¨ ¤«ï í­¥à£¥â¨-
ç¥áª®£® á¯¥ªâà  ¢ª« ¤ ®á­®¢­®£® á®áâ®ï­¨ï á " = 0 ­¥ ãçâ¥­, â ª ª ª

D(") � "1=2. �®íâ®¬ã ¯à¨ ãá«®¢¨ïå, ª®£¤  á¨áâ¥¬  áâà¥¬¨âáï ¯¥à¥©â¨ ¢

®á­®¢­®¥ á®áâ®ï­¨¥ (� ! 0), § á¥«¥­­®áâì ®á­®¢­®£® ãà®¢­ï ¢®§à áâ ¥â (¢
¡®§¥{á¨áâ¥¬¥ ¢ ®¤­®¬ á®áâ®ï­¨¨ ¬®¦¥â ­ å®¤¨âìáï ¯à®¨§¢®«ì­®¥ ç¨á«® ç -
áâ¨æ), ¨ ¢ª« ¤ íâ®â ¢ â¥à¬®¤¨­ ¬¨ªã ¡®§¥{£ §  áâ ­®¢¨âáï ¯à¨­æ¨¯¨ «ì-
­ë¬.

�á¯à ¢¨âì áå¥¬ã ®¯¨á ­¨ï â¥à¬®¤¨­ ¬¨ª¨ ¡®§¥{£ §  á ãç¥â®¬ íâ®£®

®¡áâ®ïâ¥«ìáâ¢  ¬®¦­®, ¥á«¨ ãç¥áâì ¢ª« ¤ á®áâ®ï­¨ï á " = 0 ®â¤¥«ì­®. �§
à á¯à¥¤¥«¥­¨ï �®§¥ { �©­èâ¥©­  ¢¨¤­®, çâ® áà¥¤­ïï § á¥«¥­­®áâì ®á­®¢-
­®£® ãà®¢­ï

hn0i = 1

exp(���)� 1
=

z

1 � z
(26)

áâ ­®¢¨âáï ¬ ªà®áª®¯¨ç¥áª®© ¢¥«¨ç¨­®©: hn0i � hNi ¯à¨ z ! 1. �¥©áâ¢¨-
â¥«ì­®, â ª ª ª

� = �kT ln(1 + 1=hn0i);
â® ¯à¨ hn0i ! hNi å¨¬¨ç¥áª¨© ¯®â¥­æ¨ « áâ ­®¢¨âáï ¬ ªà®áª®¯¨ç¥áª¨ ¬ -
«®© ¢¥«¨ç¨­®©: � ' �kT= hNi ! 0 ¢ â¥à¬®¤¨­ ¬¨ç¥áª®¬ ¯à¥¤¥«¥ hNi ! 1:
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� ª¨¬ ®¡à §®¬, ¢á¥ ¨á¯à ¢«¥­¨ï á¢®¤ïâáï ª â®¬ã, çâ® ¯à¨ � � �B ­¥®¡-
å®¤¨¬® ¯®«®¦¨âì � = 0 ¨ áç¨â âì, çâ® ãà ¢­¥­¨ï (9) ãç¨âë¢ îâ â®«ìª®
¢ª« ¤ ¢®§¡ã¦¤¥­­ëå á®áâ®ï­¨© á " > 0 . �®£¤  áà¥¤­¥¥ ç¨á«® ç áâ¨æ á

" 6= 0 ¥áâì

hN�i = hNi � hn0i =
1Z
0

D(")d"

exp("=kT ) � 1
= gs

V

�3
�(3=2) = nV

 
�B

�

!3
: (27)

(�ë ¢®á¯®«ì§®¢ «¨áì á®®â­®è¥­¨¥¬ �(3=2) = n�3
B=gs, £¤¥�B � �(T = TB).)

�®¤áâ ¢«ïï áî¤  ®¯à¥¤¥«¥­¨¥ (25) �B ; ¯®«ãç¨¬:

hN�i = hNi
 
T

TB

!3=2
; (28)

¨ áà¥¤­ïï § á¥«¥­­®áâì ®á­®¢­®£® á®áâ®ï­¨ï ¥áâì

hn0i = hNi
2
41 �

 
T

TB

!3=235 �!
T!0

hNi : (29)

�¢«¥­¨¥ ¯¥à¥å®¤  ¬ ªà®áª®¯¨ç¥áª®© ¤®«¨ ç áâ¨æ ¡®§¥{£ §  ¢ ®á­®¢­®¥ á®-
áâ®ï­¨¥ ­ §ë¢ îâ ª®­¤¥­á æ¨¥© �®§¥ { �©­èâ¥©­ ,   â¥¬¯¥à âãàã ¯¥à¥-
å®¤  �B { â¥¬¯¥à âãà®© ¡®§¥-ª®­¤¥­á æ¨¨; íâ  â¥¬¯¥à âãà  ï¢«ï¥âáï ª®à-
­¥¬ ãà ¢­¥­¨ï �(n; TB) = 0:

�§ (4) ¨ (9) «¥£ª® ¯®«ãç¨âì ¢ëà ¦¥­¨¥ ¤«ï ¢­ãâà¥­­¥© í­¥à£¨¨ ¡®§¥-
£ §  ¯à¨ T � TB :

U =
3

2
hNi kT Y5=2(z)Y3=2(z) =

3

2
hN�i kT �(5=2)

�(3=2)
; (30)

£¤¥ �(5=2) � 1P
`=1

1

`5=2 � 1; 34: �®¤áâ ¢«ïï (28) ¢ (30), ­ ©¤¥¬

U =
3

2
hNi kTB �(5=2)

�(3=2)

 
T

TB

!5=2
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�â ª, ¯à¨ T ! 0 ¨¬¥¥¬ å à ªâ¥à­®¥ ¤«ï ¡®§¥{á¨áâ¥¬ë ¯®¢¥¤¥­¨¥ â¥à-
¬®¤¨­ ¬¨ç¥áª¨å ¢¥«¨ç¨­ U � T 5=2; P � T 5=2; CV � T 3=2 ! 0. � ¬¥â¨¬,
çâ® ¯à¨ T � TB (z � 1), Y5=2(z)=Y3=2(z) �!

z!0
1; ¨ ¤«ï â¥à¬®¤¨­ ¬¨ç¥áª¨å

å à ªâ¥à¨áâ¨ª ¯®«ãç ¥¬ ª« áá¨ç¥áª¨© ¯à¥¤¥« :

U =
3

2
hNi kT; P = nkT; CV =

3

2
hNi k:
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