A.4 The grand canonical ensemble
A.4.1 The chemical potential
C6 nhirng tinh hubng & d6 c6 dai luong bao toan khac han ché cac trang thai kha di
cua hé. Vi (‘iu t,h()ng thuong nhat 1a s@ hat N trong hé. Mot vi du kl}éc la dién tich Q.
Ta s& n6i vé s6 hat dudi day nhung tat ca binh luan ap dung cho bat ctr dai luong bao
toan nao.
Trong ca tp hop vi chinh tic va chinh tic, ta chi can xét cac trang thai c6 gia tri N cd
dinh. Ta da lam diéu nay khi ta ban hé hai trang thai — chang han bi€u thirc cho
entropy (1.12) phy thu¢c tuéng minh vao s6 hat N. Bay gio ta s€ lam sy phy thudce
nay trd nén tuong minh va viet

S(E,V,N) =kgInQ(E,V,N)

Entropy cho ta nhiét o 1a = = == va ap sudt 1a p = T 2 Nhung bay gid ta c6 mot lya
chon khéc : ta ¢ thé dao ham theo s6 hat N. Pai lugng thu dugc duoc goi 1a hoa the,
as
p=-Tog

Dung dinh nghia nay, ta c6 thé 1am lai cac 1ap luén duogc cho trong muc A.2.2 chorhé
dugc phép trao do61 hat. Nhitng hé nhu v@y can bang chi khi ching ¢6 cung hoa thé u.
Dbiéu kién nay thuong duoc goi la can bang hoa hoc.

CM:
Etotal = E]_ + Ez,
'Q(Etotalr Vtotaertotal) = Z Q1 (Ei; Vir Ni) QZ (Etotal - Eir Vtotal - Vir Ntotal - Ni)

{EpVi}
_ <51 (Ei» Vi, Ni) Sy (Etotal — Ei, Viotar = Vis Neotar — Ni)>
= exp +

kg kg

{E,V}

S(Etotalr Vtotalr Ntotal) = kB In 'Q(Etotalr Vtotalr Ntotal)
2 Sl(Elt Vll Nl) + SZ (EZP VZ; NZ)

Entropy toan phan ciia hé két hop co thé duoc gan ding rat tét bang

S(Etotal» Vtotal»Ntotal) ~ Sl (E*; V*; N*) + SZ (Etotal - E*: Vtotal - V*» Ntotal - N*)
> S1(Eq, Vi, Ny + S3(Ep, Vo, N,)

Do chiém vu thé trong téng la gia tri cuc dai, xuat hién 6 E = E, vaV =V, thoa
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Dé ¢6 cam gidc vé y nghia cua hoa thé, ta ¢6 thé nhin lai dinh ludt thi nht nhiét dong
luc hoc (1.16), bay gio cling cho phép thay doi so hat :

dE = TdS — pdV + udN (1.38)
CM:

as =B ar s B v 1 B v = Lar 4 Pav P an o dE = TdS — pav + udN
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Cai nay ndi cho ta y nghia cta hoa thé : phai mat nang lugng dé dua thém mot hat vao
hé trong khi gilt S va V c6 dinh. Néu ban quan tam dén dién tich Q, thay vi s6 hat, hoa
thé cling giong nhu thé tinh dién cua hé.
That ra c6 mot diém tinh té can noi rd. Ban phai than trong xem bién nao duoc giit c¢b
. . o 1x £ 1x 0 . A , [T
dinh. Ta dinh nghia héa the lay = —T £| . Nhung dinh ludt thtr nhat noi rang ta
EV
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cling ¢6 the xem hoa thé 1a u = —| . Tai sao ching giong nhau ? Diéu nay c6 duoc
ON %

tr cong thire tong quat cho dao ham ri€ng. Néu ban c6 ba bién x, y va z, c6 mdt rang
budc gitra chling, thi

6x| dy| 0z| _
dyl, 0zl, oxl, B
Ap dung cong thtc tong quat nay cho E, S va N cho ta két qua mong mudn :
oE| 0S| OE B
aNlsy ~ " oNlg, asly, — F
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Néu ta lam viéc ¢ nhiét do khong doi thay vi ning lugng khong doi, ham thich hop Ia
nang luong tw do F(T,V,N) = E — TS. Su thay doi nhé cho boi

dF = —=SdT — pdV + udN
Tir d6 ta thay hoa thé ciing c6 thé dugc dinh nghia 13
oF

] A

BL [Boas]: On tap vé dao ham riéng

The symbol (9z/dr), is usually read “the partial of z with respect to r, with =
held constant.” However, the important point to understand is that the notation
means that z has been written as a function of the variables r and = only, and
then differentiated with respect to r.

This is a general rule: du/dv and dv/du are not usually reciprocals; they are
reciprocals if the other independent variables (besides u or v) are the same in
both cases.
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Bién doi Legendre : g = f — qy
dg = pdx — ydq
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A.4.2 The grand canonical ensemble

Khi ta chuyén tir tap hop vi chinh tic sang chinh tic, ta khong con ctr khang khiang
rang hé c6 niang luong cd dinh. Thay vi vay no c6 thé thoai mai trao doi nang luong
v6i bé nhiét xung quanh, khi bé nhiét dugc giit & nhiét d6 cb dinh. Bay gio ta cling c6
thé hinh dung kich ban nhu vy cho bt ky dai lwong bao toan nao khac. Ching han,
néu hat tu do di chuyén gitra h¢ va bé nhiét, thi N khong con c¢d dinh. Trong tinh
huéng do, ta sé can réng bé nhiét ndm & hoa thé U ¢ dinh cling nhu nhi¢t d6 T cd
dinh.

Phén bd x4c suit ma ta can dung trong truong hop nay duoc goi tdp hop chinh tdic Ién.
Xéc suit tim thdy hé trong trang thai [n) phu thudc vao ca ning luong E,, va sb hat N,
(Luu ¥ rang boi vi N bao toan, toan tir co hoc luong tir can giao hoan véi Hamiltonian
nén khong c6 kho khin gi khi gan ca ning lugng va sé hat cho mdi trang thai). Ta dua
ra tong thong ké chinh tdic lom

Z(T,u,V) = Z e~ PEn-uNn) (1 39)
n
Chay lai l4p luan ma ta d3 dung cho tap hop chinh tic, ta thdy x4c suat ma hé nim
trong trang thai |n) la
e ~B(En—uNn)

p(n) = 7

'Q(Etotalr Ntotal) = Z Qg (Etotal — En, Niotar — Nn)
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Viéc R 1a mot bé nhiét nghia la E;, K Eyprqr = Ey + Eg = Eg, Ny & Negrar- Piéu nay
cho phép khai trién chudi Taylor ham entropy, chi giir lai hai s6 hang dau,
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Trong tap hop chinh tic, toan bd thong tin ta can chira trong tong théng ké Z. Trong
tap hop chinh tac 16n n6 chura trong Z. Entropy (1.30) mot lan nira dugc cho boi

9
S = ky > (TInZ) (1.40)
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S hat trung binh (N) trong hé c6 thé duoc 1y riéng ra
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(E) — u(N) = —%lnz (1.41)
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(E) = Z Enp(n) = ZEnT
n n
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Cung nhu nang lugng trung binh duge xac dinh bang nhiét d trong tap hop chinh tic,
o day sd hat trung binh dugc x4c dinh bang héa thé. Tap hop chinh tic 16n s& don gian
nhiéu tinh toan sau nay, dic biét khi ta ban dén khi Bose va Fermi trong muc C.

(N) =

Do 16n twong d6i ciia nhiing thang thing giang nay gidng nhu thang giang nang

AN 1
) : y
trung nhau. Vi Iy do nay, ta s€ bd ngoac trung binh khdi ki hi€u va chi dé cap dén so
hat trung binh 1a N.

lugng, — va trong gidi han nhiét dong N — oo thi cac két qua tir ca ba tap hop

A.4.3 The grand canonical potential
Thé chinh tic 16n ® duoc dinh nghia bang
® =F —uN

@ 1a bién d6i Legendre cta F, tir bién N sang p. Diéu nay d& thdy néu ta xét bién phan
nho

d® = —SdT — pdV — Ndu (1.44)

Cho ta biét rﬁng @ phai dugc xem la ham ctia nhiét do, thé tich va hoa thé, ® =
(T, V, ).

Ta c6 thé thyc hién nhitng phép tinh dai s6 gidng nhu ta 1am vé6i F theo tong thong ké
chinh tac Z, 1an nay dung dinh nghia (1.40) va (1.41) dé viet ® la

® = —ksTInZ
CM:
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A.4.4 Extensive and Intensive Quantities

Co6 mot tinh chat kha dic biét cua @ va, thoat nhin, ¢6 chat ngac nhién. Tinh chét nay
dén tir vi¢c xem xét don gian cac bién khac nhau thay d6i nhu thé nao khi ta nhin hé
ngay cang 1on.

Gia sir ta c6 mot hé va ta ting gap doi no. Nghia 13 ta ting gip doi thé tich V, ting gip
do6i so hat N va tang gap do6i nang luong E. Diéu gi xay ra voi tat ca cac bién khac? Ta



d3 thay trong muc A.2.1 rang entropy c6 tinh cong dugc, nén S ciing ting gip doi.
Tong quat, néu ta ting V, N va E mdt luong A, thi entropy phai tdng

S(AE,AV,AN) = AS(E,V,N)

Nhiing dai lwong nhu E,V, N va S tang theo cach nay duoc goi 1a quang tinh

(extensive). Nguoc lai, cac bién c6 duoc béng cach léy dao ham entropy, nhu nhiét do

oS ., A 0 \1s A 0S 1. A , A . oa
% = é vaapsuatp =T ﬁ vahéathé u=T % lién quan ti s6 cua hai dai lugng
quang tinh va do d6 khong doi khi ta ting hé: chung dugc goi 1a nhirng dai luong

cuwong tinh (intensive).
Diéu gi xay ra khi ta thyc hién phép bién d6i Legendre lién tuc? Nang luong tu do
F = E — TS cling quang tinh (vi E va S 1a quang tinh con T 14 cudng tinh). Nén nd
phai dugc tang theo

F(T,AV,AN) = AF(T,V,N) (1.46)
Tuong tu, thé 1on ® = F — uN 13 quang tinh va ting theo

O(T, AV, u) = AD(T,V,pu) (1.47)

Nhung c6 cai gi d6 dic biét vé phuong trinh cudi nay, vi ® chi phu thudc vao mot
bién quang tinh duy nhat, 1a V. Trong khi c6 nhi€u cach dé xay dung mot nang luong
tu do F thoa (1.46) (ching han, bat cir ham nao c¢6 dang F~V™1/N™ s& thoa), chi ¢
mot cach dé thoa (1.47): @ phai ti 1€ v6i V. Nhung ta dd c6 tén cho hang so ti 1€ nay:
no6 1a &p suat (Thuyc ra la trir 4p suat nhu ban c6 thé thay tur (1.44)). Nén ta c6 phuong
trinh

CM:
ST, AV, u) = AD(T,V,u) > & = f(T,u) XV
Do
d® = —SdT — pdV — Ndu
nén

(T, w) _6 - (T,w)V - —
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Trong nhu thé qua dé dang! Néu F 1a mot ham phirc tap cia V, thi nhitng su phtc tap
nay di dau sau phép bién ddi Legendre thanh ®? Cau tra 16 13 sy phirc tap di vao ap
sudt p(T, i) khi dugc biéu dién 13 ham ctia T va u. Tuy nhién, Pt (1.48) s& ching to 1a
mdt cach cyc ky tiét kiém dé tinh 4p suat ctia nhidu hé.
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