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Chuong 4: Cac hé thic va ham nhiét dong.
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Tém tit ly thuyét

@ Céc dai lugng Vat ly dic trung cho trang thai vi mé cia mét vat goi la cic
dai lugng nhiét dong cla vat dé (hodc cic thdng s6 nhiét dong).

@ Nhiing hé thic gilta cdc dai lugng nhiét déng, giita cdc dao ham cuta nhiing
dai lugng nhiét déng dugc goi 1a nhitng hé thirc nhiét dong.

© C6 nhiéu cach d& thiét 13p hodc chiing minh cac hé thiic nhiét déng nhung
phé bién va don gidn nhat |a dua vao tinh chat vi phan toan phan cla ham
hai bién va cich dua vao dinh thdc Jacobi.

@ Cho f 1a ham hai bién x,y, ta cé:

df = P(x,y)dx + Q(x, y)dy; (1.1)
of of oP 0
Pixy)=5 + Q)= 3 oy a—f (1.2)
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Tém tat ly thuyét

@ Can bing nhiét, dinh nghia nhiét d6: 1/T = 95
Q@ Can bang ap suét, dinh nghia P/T = 22
O Can bing néng do, dinh nghia thé héa hoc: /T = 95
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Tém tit ly thuyét

@ N&i ndng cia hé vimé U = U(S, V)
dU = TdS — PdV; (1.3)
ou ou oT oP
(%), P=(w), ¢ (o), ~-(5), @9
@ Ham nhiét (enthalpy) W = W(S, P)

W=U-+PV; (1.5)
dW = TdS + VdP; (1.6)

(), ), (), e
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Tém tit ly thuyét

@ Nang lugng tu do (Helmholtz) F = F(T, V)

F=U-TS; (1.8)
dF = —SdT — PdV; (1.9)

(), ), (6,76, e

@ Thé nhiét déng (ning luong tu do Gibbs) ® = (T, P)

®=U+PV-TS (1.11)
d® = —SdT + VdP (1.12)

(), o), (), ), o
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Tém tit ly thuyét

@ Ham ndi nang khi xét dén sb hat: dU = TdS — PdV + ndN.
@ Ham Enthalpy khi xét dén sb hat: dW = TdS + VdP + pdN.
© Ham nang lugng tu do Helmholtz dF = —SdT — PdV + pdN.
@ Ham nang lugng tu do Gibbs d® = —SdT + VAP + pdN.
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Tém tit ly thuyét

© Dinh thic Jacobi (hodc Jacobian) ctia hai ham u,v dbi véi bién sb x,y
la dinh thic

ou du

INu,v) _|ox oy

Dxy) | Ov|' &5
Ox 0Oy

Dinh thdc Jacobi cé céc tinh chit sau:

u,y) _ (Ou - 0(x,v) _ ov\ |
on = (), + =), (19
o(v,u)  O(u,v)  O(u,v)  O(u,v)

0oy)  By) D) y) (119
O(u,v) _ O(u,v) O(t;s)  O(u,v) (v, v)/8(x,y)_ (1.17)
Ax,y) ot 5) Axy) ' Olxy) O(ts)" O(ts)’ '

d(u,v)  9(du/dt,v) = O(u,dv/dt)
dt ax,y)  Ox,y * ox,y (1.18)
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Tém tit ly thuyét

© Thay bién sb:
Cho Y la ham nhiét dong cta nhiét d6 T va thé tich V.

oY oY
dy = (8_T> VdT X <a_v> TdV. (1.19)

Trong qué trinh ding 4p P = const, ta c6 dao ham clia Y theo T

RN

Trong qua trinh Y = const, ta cé

(57),+ (), (57), =2 o=
tc (20 =-@0oT, 0z
wic (20) (20) () -1 e
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Chuong 5: Cac ham phan bd théng ké cé dién.

VO QUOC PHONG (VLLT) Bai tap VLTK Hoc ky | 2024-2025 11/25



Tém tit ly thuyét

@ Phan bb chinh tic (hay phan bb Gibbs) cé dién.
o Ham phan bé chinh tic cé  dién:
_E(q.p)
p(a,p)=Ae keT | (21)
trong dé E(q, p) 1a ndng lugng cla vat (hé) xem nhu Ia ham cla toa dd g va

xung luong p cla vat db. Hé sb chu3n héa A dugc xic dinh bing diéu kién
chuén héa cho ham phén bo thong ké

f
1 s A LA
/p(q, p)dlr =1 (dr = | | dqidp;, f 13 s6 bac tu do ) (2.2)

i=1

o Dang khdc ciia ham phan bé:

. E(q,p)
pla:p) = 5-e ksT (23)
trong d6 @ 1a tich phan (ho3c tc“;ng) théng ké clia hé:
E(q,p)
Q= /e keT dr. (2.4)
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Tém tit ly thuyét

o Ning lugng tu do ctia mét hé chinh tic cd dién:
F=—ksTnQ. (2.5)
Ham phan bb chinh tic c8 dién con cé thé dugc vidt dusi dang:
p(q,p) = AelF-E@P/keT, (2:6)

Q Phan bé Maxwell-Boltzmann cé dién.

o Xét mdt hé chinh tic c6 dién (tudn theo phan b chinh tic cb dién) gdm céc
hat khdng tuong tac, n3m trong trudng ngoai. Ning lugng clia hé bing téng
nang lugng cla cac hat cAu thanh hé, xéc subt cho hé tich ra thanh céc thira
s6. X4c subt cho mét hat cé ning luong e(r,p) (Fva p'la toa d6 va xung
lugng cua hat):

_&(rp)
p(Fp)=Ae keT | (27)

dugc goi 13 ham phan b Maxwell-Boltzmann c8 dién, A I3 thira sb chuin héa.
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Tém tit ly thuyét

o Ky hiéu dong ning ctia hat 13 K(5) va thé n3ng clia hat trong trudng ngoai |3
u(r), trong thong k& cb dién, e(r, p) = K(r) + u(r) va xac suat dw dugc tach

thanh hai thira sé:

dw = dw.dwp, (2.8)
_K(p) _K(p)
dw, =a.e ksT d®5=a.e k8T dp,dp,dp., (2.9)
dw, = be keT dV =b.e keT dxdydz. (2.10)
K(p) u(®)

Ham p(5) = a.e %87 I3 ham phan bd Maxwell c8 dién, ham p(7) = b.e ks T
13 ham phéan bb Boltzmann c& dién. Cac thira sb a, b duoc xac dinh tir didu
kién chusn héa cho cic ham phan bb tuong (ng (tich phin cta ching theo
tAt ca cac gia tri c6 thé cé clia xung lugng va toa dé chia hat phai bing 1).
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Tém tit ly thuyét

D&i véi hat c6 khéi lugng m, ta cé

p: + p; + p?

K(p) = o , (2.11)
— o PRl
dw, = a.e 2m-kgT " dp.dp,dp,. (2.12)
Tir diu kién chudn héa c6 thé xac dinh duoc
1
T 2rmks T 2
Chuyén tir xung lugng clia hat sang van tbc clia hat (5 = mv), phan b
Maxwell theo van tbc cé dang
e Mty v
dwy = (m) .e 2kg T dvydvy dv;,. (2.14)
B
Chuyén tir toa do Descartes sang toa do cAu, ta c6
a mv?
dwy g0 = <2WZ’T> e 2ksT \dvsin0dody. (2.15)
B
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Tém tit ly thuyét

Phan bd Maxwell theo gia tri tuyét déi clia van tbc 13

mv2

3/2 _
(T 2k T |2
dw, (27rkBT) .e K581 v dy. (2.16)

@ Phan bb chinh tic suy réng (hoic chinh tic 16n) cd dién.
o Ham phan b chinh tic suy réng cé dién:

N — En(q, p)
pn(q,p) =Ae  ksT . (2.17)

Trong dé, EN(q, p) Ia ning lugng clia hé, N 13 sb hat clia hé, Iz 12 thé héa hoc
chia hé. Thira s& chuin héa A dugc xéc dinh tir didu kién chuan héa:

> [ owta.p)ar =1. (2.18)
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Tém tit ly thuyét

o Dang khic ctia ham phan bé:
N — En(q, p)
L ke T
pn(ap) = —.e B ) (2.19)
trong d6 Z 13 tich phan (hojc t8ng) théng ké ciia hé:

uN — En(q, p)

Z= 2/ ke T dr. (2.20)
o Thé nhiét déng Q ciia hé chinh tic suy réng cé dién:
Q=—kgTInZ. (2.21)

Ham phan bb chinh tic suy rong c8 dién con c6 thé vidt dusi dang

Q+ uN — En(q, p)
pn(g,p) =€ ks T . (2.22)

VO QUOC PHONG (VLLT) Bai tap VLTK Hoc ky | 2024-2025 17/25



Chuong 6: Cac ham phan bb théng ké lugng tir.
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Tém tit ly thuyét

@ Phan bb chinh tic luong ti
o Ham phan b chinh tic luong tir:

pn = Ae Er/keT, (3.1)

Trong dé, E, 13 n3ng lugng cha hé & trang théi lugng ti n. Thira sb6 chuin héa
A ducgc xac dinh tir diéu kién chuin héa:

> =1 (3.2)

o Dang khic ctia ham phan bé:

1 _E kT
b

Pn = 5.6 (33)
trong d6 Q 13 t8ng théng ké clia hé
Q=) e F/ksT, (3.4)
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Tém tit ly thuyét

o Ning lugng tur do cta hé chinh tic lugng tir:
F=—ksTInQ. (3.5)

Ham phan bd chinh tic lugng td con cb thé dugc vidt dusi dang:

pn = e(F—E)/kBT (36)
Q Phan bé Maxwell-Boltzmann lugng tir
Xét mot hé chinh tic luong th (tudn theo phan b chinh tic luong ti) gém
cac hat khéng tuong tac (c6 thé n3m trong trudng ngoai hoic khéng). Ning
lugng clia hé sé la:

En=) ek (3.7)

Trong d6, e« 1a nidng luong cta hat & trang thai lugng t (mét hat) k. Sé
lugng tr n gom tat ca cic gid tri c6 thé c cha k.
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Tém tit ly thuyét

X4c sudt cho c3 hé dugc tich thanh tich cic thira s& 13 xac sudt mét hat. X4c
suat dé mét hat cla hé & vao trang thai lugng td k Gng véi nang lugng e 13

plex) = a.ek/*eT, (3.8)

dugc goi 13 ham phan bd Maxwell-Boltzmann luong tir. Thira sé a dugc xéc
dinh tir diéu kién chuan héa

Zp(sk) =i (3.9)
K

© Phan bb chinh téc suy rong (hoic chinh tic 16n) lugng tir
o Ham phan bb chinh tic suy réng luong tir:
,LLN - EnN
pn =Ae ksT (3.10)

Trong dé, E,n 13 n3ng lugng cla hé & trang théi luong tlr n, véi sb hat N. Hé
s6 chuin héa A ducgc xdc dinh tir diéu kién chuin héa:

> pn=1. (3.11)

n,N
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Tém tit ly thuyét

o Dang khic cda ham phan bé:

NN - EnN
PN = L kT , (3.12)
V4
trong dé Z 13 t8ng théng ké cla hé:
,LLN En N
Z= Ze  keT | (3.13)

o Thé nhiét déng Q cia hé chinh tic suy réng luong tif
Q=—ksTInZ. (3.14)

Ham phan b chinh tic suy réng luong tir con cé thé viét dusi dang

Q-+ ,U'N - En,N
PN =€ ke T . (3.15)
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Tém tit ly thuyét

© Phan bb Bose-Einstein va phan bd Fermi-Dirac
o Xét khi Ii tudng luong ti gdm cic hat ddng nhit cé spin nguyén. Ham séng
clia hé 13 ham d&i xing dbi véi phép hoan vi m8i cip hat bat ky, & mai trang
théi lugng t& (mdt hat) cé thé tdn tai déng thsi bao nhiéu hat ciing dugc. sé
hat trung binh 7Ax & trang thai lugng tr thir k Gng véi ning lugng e dugc cho
bdi cdng thic:

1
elek—n)/keT _1°

Ay = (3.16)

dugc goi 13 ham phan b Bose-Einstein (hoc cong thitc Bose-Einstein). Cac
hat c6 spin nguyén (s6 lugng tir spin s = 0,1,2,---) dudc goi 13 cic hat Bose
ho3c cic hat boson. Phan bo Bose-Einstein dugc chuin héa theo diéu kién

1
zk: ey (817}

& day N 13 todn bd sb hat trong chit khi.
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Tém tit ly thuyét

o N&u khi Iy tudng luong tir gdm céc hat ddng nhit cé spin ban nguyén

(s =1/2,3/2,5/3,--) thi ham séng clia hé la ham phan dbi xiting dbi véi
phép hoan vi mdi c3p hat bt ky v & trang thai luong ti (mét hat) cé khéng
qud mdt hat (nguyén ly Pauli). S8 hat trung binh A, & trong trang thai lugng
tl thir k c6 niang lugng ek dugc cho bdi hé thic:

_ 1

Nk = m, (318)
dugc goi 13 ham phan bb (hoc cong thiic) Fermi-Dirac. Cac hat c6 spin béan
nguyén dugc goi |a cdc hat Fermi hodc cic fermion. Phan b8 Fermi-Dirac
dugc chuin héa theo diéu kién:

> L (3.19)

elek—m)/keT 4+ 1
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"D& thiy Vii tru trong mdt Hat cat
Va Bau trdi trong mét Déa hoa Rirng,
Hay gitr VO cung trong long tay ban
Va Thién thu trong mét khic dong hd"
-William Blake-

Chiic cic ban thi t6t!
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