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PHAN I. THONG KE CO PIEN
1. Binh Ii Liouville va phuong trinh Liouville can bang théng ké

Dinh li : Ham phan bd thdng ké clia hé khong doi doc theo quy dao pha ctia hé.

Chtng minh : Do céc hat ctia hé chuyén dong khong ngirng nén cac diém pha mo ta trang
thé clia hé cling chuyén dong khéng nglrng trong khong gian pha. Do tdng s6 cac diém pha khong
ddi nén chuyén dong clia cac diém pha giong nhu si chay dirng clia mot chat 1ong khéng nén duoc.
Vi vay tacd thé ap dung phrong trinh lién tuc cho qua trinh ndy. Phrong trinh lién tuc ¢é dang :

o . -
—+divj =0 1
p j 1)
trong d6 o |a ham phan bd thdng ké va j = oV VGiv = (d,,..., 4, Py,e..r P.) 18 VAN t6c cla
diém pha trong khong gian pha 2s chiéu.

Do do6taco:
e | 0, o, SN Ow . Ow 500, op,
divj = _(a)qi)+_(a)pi):| = [_Qi T pi]+a) [_I"‘_Ij @)
Mat khéc, khi di chuyén doc theo qu¥ dao pha clia hé thi cac g va p, théa man phuong trinh
chinh tdc Hamilton : ¢ :2—H, p = —2—H v6i H = H(q, p) laham Hamilton clia hé.
P, 0
> ( 0w ow >( 0w oH OJw oH
Suyra: =g +—pij= (—————J (3)
;(aqi op, ; oq, op;  Op; 0q
s . . s 2 2
wZ(%+%J:a)Z(8 H __oH J:O 4)
1\ 00  op, 1\00;0p;  0p,0q
Thay (3) va (4) vao (2), réi thay vao (1) ta duoc :
ow
—+w,H;=0 5
~ TloH) (5)
(0w oH Jw oH . . .
trong d6 \w,H | = [—————j goi langodc Poisson gita @ va H
{ } .221: og; op,  op; 0q
Mt khéc, ta lai ¢6 : néu @ = w(q, p,t) thi Z—?z%—i)+{a),H} (6)
T (5) va(6) tacd: %—? =0 hay o = const )

Vay doc theo quy dao pha thi ham phan bd clia hé la khong doi theo thoi gian.
Phuwong trinh (5) dwoc viét lai la:
%0 - fo.H} hay 22 = {H,0) ®)

(8) la phuong trinh dinh Ii Liouville

Trong trang thai can bang thong ké thi gia tri cac dai lvgng nhiét dong sé khong phu thudc
thoi gian. Do d6 ham phan b6 thdng ké st khdng phu thudc twong minh vao thoi gian. Khi d6 ta co :
%—(: =0. Két hop véi (8) suy ra: {H ,a)}: 0. Theo co hoc Ii thuyét, mot dai lvong khong phu thudc
twong minh vao thoi gian va ngoac Poisson gitta ham Hamilton v6i dai lwgng do la bang 0 thi dai
lwvong do duoc goi latich phan chuyén dong. Mat khac ta lai biét rang d6i vai mot hé co thi chi cd 7
tich phan chuyén dong doc lap, d6 la : ndng luvgng E cla hé; 3 thanh phan py, py vap, clia xung lugng
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p; 3 thanh Ly, Ly va L, cia mémen dong lvong L. D6i v6i cac hé nhiét dong, ta thuong khong xét
chuyén dong tinh tién va chuyén dong quay cla toan b hé. Do do ta chi can chd y dén néng luong E
ctia hé. Mat khac, ta lai biét rang ham Hamilton khong phu thudc vao thoi gian H(g,p) chinh la nang
lvgng ctia hé H(g,p)=E. Vay ddi véi hé can bang nhiét dong thi ham phan b6 thdng ké ctia hé chi phu
thudc vao nang lwgng cla hé :

, @(X) = @(E) = o[H (X)]
2. Phan bd chinh tac Gibbs ) )

Xét hé dang nhiét tirc lahé nam can bang v6i hé diéu nhiét. Chia hé thanh hai hé con C; vaC,
sa0 cho C; va C; van lahé vi md. Khi do nang lvgng cla hé bang tng nang lwong thanh phan cla
moi hé véi nang lvgng twong tac gilra hai hé :

H (X) = Hl(xl) + Hz(xz) +Ulz

Vi C; va C, van 1a hé vi mé nén nang lvong twong tac gitra hai hé 1a U, rét bé so vai ning

lwong clia titng hé 1a H, (X,) va H,(X,). Do d6 néng lvgng clia hé 1a:
H(X) = H,(X;) +H,(X,)
Dbiéu nay c6 nghia la hai hé con C; va C; lahai hé doc lap véi nhau nén &p dung dinh li nhan
X&c suét ta co :
w(H)dX,.dX, = o(H,)dX,.o(H,)dX,
Suy ra o(H) =w(H,).o(H,)
Ldy l6garit Népe hai Vvé ta duoc :
Info(H)] = Infa(H,)]+Info(H,)]

Ly vi phan hai vé phuong trinh trén ta duoc :

(o] gy LB o, loH]
W(H) o(H,) o(H,)

O)(H) a)(Hl) a)(Hz)

Cho dH, va dH, tién dén 0 mot cach doc lap ta duoc :
chi ar, =0t 2B gy el 4 [o()] _ fo(H,)]

Hay

w(H) wo(H,) w(H) w(H,)
chi o, =0 ti (2] gy oDl g o] [o(H,)]
w(H) w(H,) oH)  o(H,)
Suy ra [o(H)] _[oH)] _ 1 no g
o(H,) w(H,)
Vay ham phan b6 o(X) = w(H) théa phuong trinh :
dw(H)
I hay do(H) _ dH
w(H) 7 w(H) 0
L4y tich phan hai vé phuong trinh trén ta duoc :
| H(X,a) s
no(Hy=——=+InC hay w(X)=w(H)=Ce ¢

Pay chinh 14 phan b chinh tic Gibbs, dai lvong @ goi la modun ciia phan bé.
Hé s C duoc xac dinh tir diéu kién chuén hoa :
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H(X,a)

ja)(X)dle hay C_[e_ o dX =1
(X) (X)
_H(X,a) 1 _H(X,a)
Pit Z = je o dX=1thi C==vakhidotaco: o(X)=—e ¢
X) Z Z
Bang cach so sanh vai két qua cla nhiét dong lwc hoc ta ¢ :
0 =kT va w=-KTInZ
trong do k lahdng s6 Boltzmann, T lanhiét do tuyét d6i,

w lanang lvgng ty do va Z latich phén trang thai
Khi d6 biéu thtrc clia phan bé chinh téc Gibbs duoc viét lai 1a:
y—H(X,a)
o(X)=e K

DGi v6i hé gom N hat dong nhat thi viéc hoan vi cac hat khong lam thay doi trang thai cla hé
méc du ching duoc biéu dién bang cac diém pha khac nhau trong khong gian pha. Do do, ddi voi hé
N hat dong nhét ta phai loai bd cac diém khong gian pha ting v&i phép hoan vi khac nhau cla céac hat.
V6i hé N hat dong nhat ta ¢ N! hoan vi khéac nhau nén khi dé phan bd chinh tac dwoc viét lai la:

w—-H(X,a)

o(X)=e ¥

3. Phan bo chinh tac lon Gibbs i
Khéo sat hé dang nhiét co s0 hat thay d6i. Tai moi thoi diém, so hat clia hé l1a khong ddi nén ta
6 thé ap dung phan bo chinh tac Gibbs cho hé va khi d6 ham phan b6 ctia hé a:
w(0,a)-H(X,a)

o(X)=e © 1)

D0i vdi hé co sb hat thay doi, thay cho nang lugng tv do w(6,a) (v6i @ = KT ) nguoi ta dung
thé nhiét dong Q dugc xac dinh bdi cong thic :
Q=y - uN 2
oy

trong d6 u = (Nj lathé hoa hoc cua hat
TV

1 Q+uN-H (X ,a)

Tir (2) ta viét lai (1) 1a: o(X)=e T 3)

Biéu thirc (3) 1aham phan bé chinh tic I6n Gibbs.
Diéu kién chuan hoéa ham phan bd chinh tac 16n Gibbs la:

w 1 Q+uN-H (X,a) Q 4 1 N ~H(X,a)
Z_[—e K dX =1 hay ey —el Ie K dX =1
N=0 N' N=0 NI
(X) (X)
» 1 M —H(X,a) ]
Pai lvong Z:ZWe” je KT dX  duoc goi latdng théng ké clia hé.
N=0 TN ()
Khi dé taco: Q=-KTInZ

DaGi vai hé cd s6 hat thay doi, tri trung binh clia mot dai lwong bat ki F = F(N, X) duoc xac

dinh theo c6ng thtrc :
Q+uN-H (X ,a)

F zﬁiF(N,X)e K dX

N=0 TN (X)
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4. Céac ham nhiét dong va cac dai lvong nhiét dong trong phan bé chinh téc

1. Tichphantrangthdi: Z= j exp{ Hk(_;()}dx tinh theo tat ca cac trang thai kha di cla
(X)
khong gian pha. Néu la hé hat dong nhat thi :

1 CHO Y g
ST IeXp{ kT }Hd‘dpi

2. Nang lvong tv do : w=-kTInZ
3. Entropi : :_(a_‘//j =kInZ+kT(a|an
aT )y oT ),
4, Apsuét: p=_[a_wj =kT(a|nZJ
N )y N ).
5. NOi nang : U=1//+TS=kT2(a|an
aT )y
2
6. Nhiét dung: CV:[QJ =2kT[a|an L KT? 0 InZZ
aT \% aT v GT v
7. Thé Gibbs : p=y+ pV=—kTInZ+kTV(aIan =KT (alnzj ~InZ
v J; olnV J;
8. Entanpi : H:U+pV:kT2[a|an +kTV(6InZ) =KkT (alnzj +[8Inzj
or Ny Ny oInT ), \aInV );
5. Khi i twéng

Xét hé N hat khi li twéng dong nhat & trong binh c6 thé tich V vaé nhiét do T. Khi dé ham
N N 2
Hamiltonciahé la: H=YH, =) P
i=1 o 2m

Tich phan trang thai clia hé c6 dang :

1 _%— N _ 72:’)\% ~ 1 N
= (I)e dX = N'h"’“ 11 _[drife dp, ZWHZi
! s !

i=1 i=1

piz

trong do6 Z :.[dﬁfe_z”‘”dr)i la tich phan trang thai cia moét hat. Ta cd Idﬁ =V va

+00 pZ +00 py 40 4 +0 pi

fe g - Jedp, [e*""dp, [e ™dp, =[] [ """dpy., (k=xy,2). Ding tich phén

+o0 _ A 3
Poisson .[eaxzdx:\/%,tacé: J'ez’“”dpkzq/zzzm (27zka)2 Suyra Z, =V (2zmKkT)2,

Vay tatim duoc tich phan trang thai cta hé la:

1 1
BNTED H{V(Z;zka)?}— N!h™

i=1

N N

=VNT 2 4N
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3N

trong d6 AN = Nliﬁ’“ (27mk) 2 vamlakhdi luong clia mdt hat khi Ii tuéng.

Nang lvgng ty do cia hé : v = —-KT InZ = —NKT (InV +glnT +InA)

Ap suét cta hé : p:—(a—‘”j :—i — NKT (InV +§InT+In/1) :N—kT, suy ra phuong
oV ); oV 2 Y

trinh trang thai cta hé 1a pV = NKT .
Entropi cla hé :
S=- 8—"” :—i — NKT (InV +§InT+In/i) = Nk(InV +§InT+In/i)+§Nk
aT )y T 2 2 2
NOi nang clia hé :
3 3 3 3
U :1//+TS=—NkT(InV+EInT+In/1)+T Nk(InV+§InT+Ini)+§Nk =§NkT

Nhiét dung déng tich ciia hé : C, :(Qj :i(ﬁ NkT]:ENk
ot ), T aT\ 2 2

6. Phan b6 Maxwell — Boltzmann ) )
Xét hé N hat dong nhat khéng tuong tac véi nhau vanam trong trang thai can bang nhiét dong
N
& nhiét dd T. Khi d6 ham Hamilton H (X,a) cta hé trung véi nang lvgng E(X) vaco dang H = Zgi ,
i=1
V6i & la nang lugng cla hat thi i. Khi d6 xac suat dé hé & trong trang thai c6 nang luvgng E(X) va
trong yéu to thé tich dX clia khong gian pha la:

v-H _H N N
dW(X)=e ¥ dX =const.e v dX = const.exp{—iz:gi }H dr .dp,

KT i=1 i=1
N £ N
Hay dwW(X) = H{const.exp{— F}dﬁdpi } =[Jaw.p) (@
i=1 i=1
trong do dW(r, p,) = const.exp{— If_‘il'}dri dp, (2

Biéu thirc (2) chinh la xé&c sudt dé hat th( i c6 nang lugng bang &, cd toa dd nam trong
khoang tir 7, dén T, + df; va c6 xung lwvong ndm trong khoang tr p. dén p, +dp, .

Xét phan bo (2) trong khdng gian pha 6 chiéu cia mot hat (khdng gian p) . Nang luvong &, cla
mot hat riéng Ié biéu thi qua dong nang va thé nang phu thudc vao xung lvong vatoa do cua hat la
& = W+U (%,Y,2). Do do, phan b6 (2) duoc viét lai la:
Pt Py P _U(XY,2)

2nKT KT
Pay chinh la phan bd Maxwell — Boltzmann.
Biéu thirc (3) dwoc viét lai dudi dang :
dW(x, Y,z p,, Py, P,) = dW(p,, p,, P,).dW(X,y, 2) (4)

dW(X,Y,Z p,, P,: P,) = const.exp{— }dxdydzdpxdpydpZ ©)]
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P+ P, +P.

(5) laphan bd Maxwell theo xung lugng

dw(x,y,z) =B exp{— %}dxdydz (6)

Trong do : dW(p,, p,. p,) = Aexp{—

(6) laphan bd Boltzmann trong trwong luc
Xét phan b6 Maxwell theo xung lugng, st dung tich phan Poisson jexp{— axz}dx: \/% dée
chudn héa ham phan bg (5) : _
1-A[ P P Loy Pe lgp = A2amkT)s
=Alexpr————= -— = A(22mKT )2
L P 2mkT pXL PI” 2mkT pyj Pl 2mT [P i
hay A= (27zka)’§

Ma p=nw nén dW(p,,p,,p,)=dW(v,,v,,v,) va p;+ p;+ p: =(mv)>. Vay phan bo
Maxwell theo xung lvgng & (5) dugc viét thanh phan bd Maxwell theo van toc :

3
m )2 mv>
dw(v, v, ,v.)=| —— | expi— dv, dv dv
( x?ly z) (2 |Tj p{ 2kT} xohy =¥z

Trong hé toa d cau thi dv,dv, dv, = vZsinad@dedv, |8y tich phan theo hai bién @ va ¢, khi
do6 phan b6 theo van téc tré thanh :

§ 2
dw(v) = 47[( m Jz exps — ™V_L2dy = o(v)dv
27KT 2KT

2

. g mv s A bk Ak
V@i w(V) = 47;( j exps — v?  laham phan bd van téc.
27KT 2KT

Xét phan bd Boltzmann trong trwong lwc & (5) cho khi li twéng & trong truong trong luc. Thé
nang cda hat trong treong trong lwc 1a U(x,y,z) =U(z) = mgz nén phan b6 Boltzmann & (6) trd
thanh :

mgz
dW(z) = Bexpi———;dz
e p{ i }
V@i N latong so hat clia hé thi sd hat & do caotlr z dén z+dz la:
dN(2) = NdW(2) = NB exp{— %}dz

Goi n(2) vang lan lwot lamat do khi & do cao zvamat dat thi tir biéu trén suy ra:
mgz
n(z) = n, exps ———
@=ron-"]
Khi nhiét do khong doi, ap suat cta khi ti 1& v&i mat do khi nén néu goi p(2) va po lan luwot la
&p sudt clia khi & do cao zvad mat dat thi tir biéu thic trén suy ra:
mgz
Z) = p, expl — —
o= ool
7. Dinh li phan bd déu dong nang theo cac bac tw do
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Ham Hamilton clia hé c¢6 s bac tw do biéu thi qua ham Lagrange nhu sau :

H(P.g) = pg - L(p.4)

i=1

Hay & T(p)+U(q) = Zp.q. [T(p)-U ()]
=550 -530 5

Khi dé dai lvong % P, Z—H duoc goi la dong nang ng voi bac ty do thir i.
P

Pinh Ii : Giatri trung binh clia dong ning tng vai bac tw do thir i bang k7T

Chirng minh : Giatri trung binh ctia dong nang tng voi bac ty do thr i co thé tinh duoc nho
phén b6 chinh tac Gibbs :

1 _ oH Jy-HPEa|, 1 oH [y-H(p9 : 2
2P ap. (L P op, p{ KT }dx__[cz P eXp{ KT }dpijgdpjjgdq‘
J#i

Tich phéan j P, o exp{w}dpi duoc tinh bang phuong phap tich phan tirng phan :

1 w —H(p,q) 1 v-Hp|| % w—H(p,q)| 1
o e 89 T30l =H0]| i arepfe =0 2

KT KT B KT
_H
Khi  p,>20 thi H(p,q)—>+0 nén Iim[piekTJ:O. Do dé ma
p; >t
1 oH l/f—H(p,q)} kT*‘” {w—H(p,q)}
2o Eexpl L0 L4y expl — = Ly
7J;2 P op p{ (9P = Py (9P

Vay tri trung binh clia dong nang ting v@i bac tu do thu’ [ béng :
1, 0H _Kf oy —H(p.a KT y-H(P.9 |4 KT
2P ap 2 [ p{ = }dp.ﬂ_[dp deQ. = jeXp{ = } )

I —0o0 (X)
]¢I

(tich phén | exp{%épm}dx _1 do diéu kién chuan hoa)
(X)
8. Binh li virian

Pai luvong %qi Z—H duoc goi lavirian rng véi bac tw do thir i.
o

Binh Ii : Néu khi g, — +c0 ham Hamilton H(p,q) — +oo thi gia tri trung binh cla virian
rng v&i bac tw do thi i bang %T

Chtrng minh : Giatri trung binh cla virian (tng v&i bac tv do thi i cd thé tinh dwoc nho phan
b6 chinh tic Gibbs :
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1 oH 1 oH H (p, q)} { —H(p,q)} : :

2 _ O el YV =B Ly oH, da, [T da, [T]dn

2q| aql (x)qu aq Xp{ kT I q Xp kT qIJ- i qJJ- = pl
J#

Tich phéan Jl 82 p{m}dqi duoc tinh bang phuong phap tich phan tirng phan :

. KT
1 oH [y -H(pq) 1 v-Hpo]  F w—H(p,q)] 1
V=R g =| =g (KT V=R kT V=B 2 g
1395 p{ = }Q. Lq.( )exp{ = H _L( )eXp{ = }2 .
H
Khi g —>20 thi H(p,g)—>+0 nén Iim(qie”Jzo. Do do ma
qi%ioc
1 oH w —H(p,q) KT ¢ w—H(p,q)}
on Y=m\BY (4 = Y= g
q. q exp{ = }Q. exp{ = o

Vay tri trung binh ctia virian tng véi bac tw do thi i bang :

1, 0H kT [v-H(p.9 - Tdo - K- y-H(P.A) |4 KT
2P ap 2 :[Oexp{ KT }dqijgdqjjgdpi 2 (i)exp{ KT }dx 2
J#i

(tich phan | exp{%_lgp’q)}dx _1 do diu kién chuan hoa)
(X)

PHAN 1. THONG KE LUQONG TU
1. Phan bo chinh tac lvong tr ]
Xét hé dang nhiét, ham phan b chinh tac cd dién c6 dang :

v—H(a.p)
o(@,p)=e L)
trong d6 y la nang luvgng ty do cla hé
Lugng tir hda o taco toan tir thong ké:
v-H
o=e« 2
Ki higu {y,(q)} 1ahé ham riéng cilia toan tr Hamilton H . Taco:
Hy, =Ew, suyra (H)"y, =(E)"y, 3
. 1khin=m
va dg=6,, = 4
[va (@, (a)da =6, {O chin=m 4
Khi d6 cac yéu t6 ma tran chéo clia @ bang :
O = [ W1 (@dY,(q)dg (5)
S dung khai trién Taylor cia ham mi ta c6 thé viét (2) du6i dang :
ety HY ©
“ml KT

Thay (6) vao (5), két hop véi (3) va(4) vaphép bién doi Taylor, ta duoc :
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Lore1( AY re1( 1\ ., oo
= ekT R da = ekT el I H m d
R IAC) mzom( kT] v, (G)dg ;}m( ij [wa@(H) "y, (a)dg
L1l ENp . re1( g\ L B v
:ekT | =n d :ekT Tl __-n :ekTe kT —e KT
Zm( kT] Jva (@, (@dd zm( ij
Vay ham phan bé théng ké chinh tac luong tir c6 dang :
v=E
Oy =€ 1 (7
Digu kién chun hoa ham phan bd théng ké chinh tic lugng ti
v B v
1= o, => o(E)=€T> e  =eTZ (8)

En
Pai lvgng Z = Ze KT duwoc goi latdng thong ké clia hé. Khi dé ta co :

v =-KTInZ (9)

El‘l
Tong thong ké 14y theo tat ca cac trang thai kha dila Z = Ze KT Do d6 néu mirc nang luvgng
n

E, suy bién boi g(E,) thi tdng thdng ké clia hé tré thanh :
EI‘I
Z=%g(E)e" (10)

2. Phan b6 chinh tac 16n lvong tir ,
Xét hé dang nhiét vaco s6 hat N thay déi, ham phan bd chinh tac 16n ¢6 dién cé dang :
Q+uN-H(q,p,N)

o(g,p,N)=e ¥ N
trong d6 Q lathé nhiét dong, « lathé héa hoc cla hat

Lugng tr hda o taco toan tir thong ké:
Q+yN—ﬁ

w=e K 2
Vi ¢6 thé do dugc dong thoi nang lvong va so hat clia hé nén toan tir Hamilton H vatoan to
s6 hat N giao hoan véi nhau. Do do toan t& Hamilton H vatoan ti s6 hat N c6 chung hé ham
riéng. Ki hiéu {y ()} 1ahé ham riéng chung cliatoan tv H va N . Tacd:
Hy w = EnWs Ny =Ny Ny = uNy
(/JN - H)‘//nN = (/UN - EnN )‘//n Suy ra (IUN - H)mWnN = (IUN - EnN )m‘//n (3)

va [V o (O 1y (@) = O (4)
Khi d6 cac yéu t6 ma tran chéo clia & bang :

O = [Won (DY 4 (@) (5)
Sk dung khai trién Taylor ctia ham mdi ta c6 thé viét (2) duwdi dang :

Q ~ - m
. 2@ 1(uN-H
ety — 6
=er), m![ KT ] ©

Thay (6) vao (5), két hop véi (3) va(4) vaphép bién doi Taylor, ta dwoc :
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gao 1 mM-HY 2.
v = v (e mzo m[ = jwnm)dq—e mz_oﬁ[wj [vin (@(N = H)"y  ()dg

Q Q » _ m Q  uN-Ey Q+uN-E
=e”Zl(—“ N-E, ] [V @ (@) = Tzi(Mj R

—om K ~=m KT
Vay ham phan bd théng ké chinh téc 16n lwong tk c6 dang :
Q+uN—-Epy
oy =o(Ey,N)=e ¥ (7)
Diéu kién chuan hda ham phan bd théng ké chinh tac Ic’m lvong i
UN-Epy Q
1= oy = Za)(EHN,N) ekTZe K —ekTz (8)
n,N

UN-Epy

Pai luong Z = Ze kT duoc goi laténg thong ké clia hé. Khi doé ta co :
n,N

Q=-KkTInZz 9)
HN—-Epy
Tong thong ké lay theo tat ca cac trang thai kha di la Z = Ze KT, Do d6 néu mic nang
n,N

lwvgng E,, suy bién bdi g(E,,) thi tong thdng ké clia hé tré thanh :
#N—Em

Z=3 9g(En)e “ (10)

3. Phan b6 Boltzmann luong tir )
Khao sit hé cac hat khong trong tac. Nang luvong cla hé bang téng nang lvong cla cac hat
rienglé: E= Zei . Khi d6 xac suét dé hé & trong trang thai vai ning luong E bang :

y-E V= Zg

W(E)=e" =—expi——— HW (1)

Trong d6 W, laxéc sudt dé mot hat bat ki clia hé & trong trang thai véi nang lugng &

DiBu kiénchudnhéa: 1=> W =ad e ¥ ,dit Z=> e ¥, ta duoc a:%. Trong trudng
hgp méc nang lugng &, suy bién bdi g(e,) thi Z = Zg(ei)e_E . Khi d6 (2) tré thanh :

w = 9@ s 3
Bay chinh la phan bd Boltzmann lwgng té.
4. Thong ké Fermi — Dirac

Khao sat hé cac fermion (cac hat cé spin ban nguyén) khéng twong tac. Goi E va N la nang
lvgng vasb hat cla ca hé; & va n. la nang lwgng mot hat va sd hat & trang thai i. Taco:
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E=)neg vaN=>n
Tong thong ké ctia hé la:

> n(u-e)]

2-Tep| N = T e T = 3 TTew "t [T e M0

[.nz,...] [ng,..] i

Vi céac fermion tuan theo nguyén Ii Pauli nén s6 hat n, chi cé thé nhan hai gia tri 0 va 1. Do

dotaco:
1 — & — &
) kKT kT

Vay tong thdng ké ctia hé cac fermion la:

H—&
Z = 1
H{ " exp{ KT H
Thé nhiét dong clia hé bang :

Q=-KTInZ=-KT In(li_[ {1+ exp{ﬂk;_l_g'}D = —kTZIn{H exp{ﬂk;_l_g‘H

S6 hat trung binh clia hé :

1 ol 48
N:_(Z_g;jw _ kTZ‘; (|n[1+ exp{ T }D kTZ‘ 14 exj%i _Z‘: exp{gleﬂ}*l

Mat khac tr N=Yn, suyra N = n,, so sanh biéu thirc ndy voi biéu thirc & ngay trén ta

cOkét qua:
1

exp{gi A }+1
KT
Pay chinh la théng ké fermi — Dirac.
5. Thong ké Bose - Einstein
Khdo séat hé cac boson (céc hat c6 spin nguyén) khéng twong tac. Goi E vaN la nang luvgng va
S0 hat clia cd hé; & va n. la nang lwvgng mot hat va s hat & trang thai i. Taco:

E=Yneg vaN=>n

n =

Tong thong ké ctia hé la:

> n(u-e)]

e S T B

Nny,...] [ng,.] i kT
B6i v6i cac boson thi s hat n c6 thé nhan gia tri nguyén khong am bat ki. Khi doé

0

Zexp{n (= )} la tong clia cép s6 nhan vo han véi cong boi g = exp{ﬂk__l_gi } > 0. DEé cap so
n,=0
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nhan nay hi tu thi ta phai c6 |qf = exp{ﬂk_Tgi } <1Ve >0 u<0. Tong cla cdp s6 nhan It vo

han v&i cong bdi g thi co giatri bang i nén suy ra Zexp n(x—-&) = 1 . Vay
—-q n, =0 KT H—&
1-expi——
KT
tong thong ké clia hé cac boson la: 7z = H 1
i H—¢&
1-exp

Thé nhiét dong clia hé bang :

Q=—KTInZ=—KTIn []—— — kT In L

_ —szilln[l— exp| A }J - kTiZ'”(l_ ool }J

S6 hat trung binh cla hé :

M=)~y i 1-exp T 1Xp{ﬂ_8}_ 1
2] ot o A L

Mat khac tr N=Yn, suyra N = n,, so sanh biéu thirc ndy véi biéu thrc & ngay trén ta
i i

cOkét qua:
1

& —
exp{ 'k_l_ﬂ}—l

Bay chinh la théng ké Boson —Einstein.

n =
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