Bai 2: ‘
Mot so kien thuc ve
Vat ly thong ké

Under construction.




Khong gian pha

Xét mot hé cd dién N hat

Trang thai cua hé dwoc xac dinh b&i toa do r va xung
lwong p cua tat ca cac hat

Khéng gian pha: 6N bién, I = (r,p) hoéc (q,p)

Sy thay ddi trang thai theo thoi gian tuan theo cac
phwong trinh co hoc co diéen

H=K—I—Vp
.:8H .:_5H
1 apk’pk 0qy




Chuyén déng cua hé theo thdi gian md ta bdi mot

quy dao trong khong gian pha I'(t)

Do tinh tat dinh cla céac phwong trinh Newton, quy
dao nay khong bao gio cat chinh nd!

Poincare: néu dgi du 1au thi hé coé thé quay trd ve

trang thai ban dau!

Poincare recurrence time > tudi vi tru déi voi
hé vi mo




Tap hop thong ké

* Dai lwong do dwoc A(lN)
- Gia tri do dwoc bang thwe nghiém la gia tri trung binh
theo thoi gian

A =(A) = AT (1) ye=—— ] A(T (1)) dl

obs 0
- Gibbs: lay trung binh theo tap hgp v&i phan bo can
thiét!
I

- p(F): mat do xac suat trang thai & dieu kién vi mo
nhat dinh: NVE, NVT, NPT...




» Tap hop: bao gdom cac ban sao clia hé & nhiéu trang
thai khac nhau
« p(F,t) mat dd xac suat
* Dinh ly Louville:
dp _

dt

- s0 hé trong tap hop khdng thay déi theo thdi gian

- tap hop chuyén dong theo thi gian trong khdng
gian pha nhuv mét chat I1ong ¢é dé nén bang 0!

O Al 5 MRS
a_?:_Z(rivri—l_pivpi p
i=1




« Khi t vd cung I&n, ta co tap hop can bang:

- khi do, p khong phu thudc thoi gian!
. Vé ta Cé <A>time:<A>enS

» Hé ergodic: any point in phase space is accessible
from any other point

» Hé non-ergodic: some region of phase space is not
accessible from outside




« Trong sO & ham phan hoach:

Q=§ww>
<A>=Q‘1§ A(T)w(T)

- tuy thudc vao cach lay trong sb ta co cac tap hop khac
nhau

- M6 phong Monte Carlo: cho phép tao ra mét tap hop
cac trang thai theo mat dd xac xuat p cho trwdc, khi
do

1 K
<A>:_ A<rk)
K=




Tap hop vi chinh tac
* N,V,E = constants

O = Z 5(H(T)—E)

1
Ovye= N,thfdrdpes H(r, p)~E)
S=kzInQ . entropy

 Phwong phap dong lwc hoc phan tvr (MD): tao ra tap vi
chinh tac (E=constant), ddng th&i bdo toan xung lwong
tbng cong

\—_ —— - e




Tap hop chinh tac

* N,V, T = constants

W(r):e—H(F)/kBT
—H(T)/k,T
0=, """
NVT ;
F= _kB T'In QNVT Nang lvgng tw do Helmholtz
—Klk,T (F) 1k, T
QNVT N/ h3N f d f d
1
QNVT:N/<h2/2 ik T>3N/2 Z vy
NVT_f dre T configurational integral

———




W o e SIS i —

Tap hop dang nhiét dang ap

* N,P,T=constants

W(F)Z —(H(T)+PV)lk,T
—~(H+PV)lk,T ~Plk,T
QNPT Z Z Z QNVT
4 4
G=— kB T'In QNPT Nang lvgng tw do Gibbs
—PVIk,T (#)k,T
Zaor=J dve """ [ dre

|



Tap hop chinh tac I&n

* W,V,T=constants

W(r):e—(H(F)—uN)/kBT

ZZ —(H—uN)lk,T Z WN/k,T
uVT QNVT

N

PV = kB T In Qu VT phwong trinh trang thai




Dinh luat dang phan

- M0i bac tw do (rng vé&i kich thich nang lwong kT

H oH
<pka >:kBT <Qk—>:kBT

. Sé bac tw do = 3N-N,
Nc 1a so rang budc (constraint)

J
e




Nhiét do twc thi
Nhiét dd do dwoc bang thwe nghiém la nghiét do
trung binh theo thoi gian

Trong mé phdng cé thé tinh nhiét dé tr mot trang
thai vi mb cua hé
T dinh luat dang phan ta co:

N
Pi
<K>=<Z
i=1
Nhiét do twc thi:

. 2K 1 <
T: j—
3Nk, 3NkB; m




* Trong trwrong hop c6 Nc rang budc:
|2

T: =
m.

2K 1 i P,
<3N_Nc)kB <3N_Nc)kB i=1 i

* Nhiét d6 trung binh:
T=(T)




Ap suat tire thi
» Tw trang thai vi mé cla hé cé thé tinh dwoc ap suat
tiee thi
» T dinh luat dang phan ta cé:

. . 0 0
(qepr)=—kyT pk=f§f=——aq v,
suy ra: ¢

1/ o 2
§<Zl et t>:_NkBT
» Lwc tong cdng bang ngoai lwc + ndi luc:

?tot_};ext + ?internal
i Ji i




Ngoai lwc can bang véi ap suat [én cac blre tuwdng:

] [~ =
_<Z Fffim —_py
3 i=1
Ham virial
d_efli 7 mternal__li FV» %
37 3~ t P

Ap suét tire thi:
i): p kBT_F%:i)idealgas_l_i)ex

hOéC }N): p kBT_|_%:<}~)idealgas>+}~)ex




* Twong tac cap




* N,V,T=constants

Nhiét dung riéng

E=(H)

(ANE*)=(H*)—(H)’

_(H*)=(H)
kT’

CV

* N,P,T=constants

o H)=(H)

p kBT2
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