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I. NHIET DUNG CUA CHAT RAN

Nhiét 1a nang lwong chuyén tir vat nay sang vat khac khi ching
cO nhiét do khac nhau. Nhiét (f[uo’c chuyén vao vat I,é\m thay doi
ndi nang (nang lvong toan phan — déng nang va thé nang) cua
no.

1. Nhiét dung
Theo dinh luat I cia nhiét dong luc hoc:
dQ=dU - dW
Trong do:
dQ : nhiét nang
dU : nd1 ndng
dW : cong, dW =pdV

Nhiét dung la lwong nhiét truyén cho vat dé nang nhiét do cla
vat do 1én 1 do
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2. Két qud thuc nghiém
>0 nhiét do phong (300°K): gia tri nhiét dung cGia hdu hé&t cdc chat
6 gi4 tri khong doi 3R = 3Nkg = 6 cal/mol.dd.
>0 nhiét do thdp: Khi gidm nhiét do nhiét dung gidm ro rét va
ti€n dén gid tri Cy, =0 khi T=0
d Po6i véi chat dién moi
Cy ~ T?
3 Pai vé6i kim loai
> Khi T ting : Cy ting dan dén gi4 tri khong doi
3R = 3NkB = 6 cal/mol.d6
 Dién moi C~T3
J Kim loai C~T

véi v ~ 10*cal/mol.d6?
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>0 nhiét dé phong (300°K): gid tri nhiét dung cda hiu hét cdc chat
c6 gid tri khong doi 3R = 3Nkg = 6 cal/mol.dd.(dinh luat Dulong-Petit)
>0 nhiét do thdp: Khi gidm nhiét d6 nhiét dung gidm rd rét va tién
dén gid triCy, =0khi T=0
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3. Nhiét dung dang tich ciia mang tinh thé
LI THUYET CO PIEN
M6 hinh

1 hat § nit — 3 dao dong
tr di€u hoa.

Tinh thé N hat —» 3N dao
dong tir.

Ning lugng trung binh ciia mdt dao dong tu:

1 1
E==mv?+ = mo?x?
2 2

v6i mo? =f =hé so cua luc Hooke
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Ning lugng trung binh cia mot dao ddng t khi cAn bang nhiét (Theo
phan bd Boltzman):
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Trién khai tinh todn:

- 2 1LY - m®7x - D22 v - m®7x
J. 2kT 2kT J. m X 2kT 2kT
— e (s, dv e e dx
0 2 0 2
<E> B 2 2 2 * 2 2 2
w v - m®"x v v - m® x
J. e 2KT e 2KT dV I e 2KT e 2KT dX
(0] 0]
2 w22
2 _nv . 2 - m¥ X
J.OO 2de J. mm X pddl d
e \V4 e X
<E> — 0 2 —+ 0 2
2 ®25 2
J. e 2deV I e 2KT dX
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Trong dao dong diéu hoa:
dong ning trung binh = th€ ning trung binh

Ta dat: > .
» _MmvT _ m®7x
u- = =
2KT 2KT
2udu =—22vdv — dv=2kT udu _ 2KT. udu
2kT 1000 Y 2kT
— .4
m
.[ u‘e “ du
<E> = 2kT 2

u

e du
(0]
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Theo dinh nghia va tinh chdt hAm Gamma:

C(n) = r x" Te “dx ['(n) = (n-1) I'(n-1)
1)
') — |=./7
SRs

bitx =u? — dx =2udu

J’OO |
S 2\/7 _..X e “dx
1

J:)e -2\/; .‘;Xz.e_xdx

(E) = 2KkT
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3 3 1
L —~Dh
(E) = 2KT. ? = 2KT.—2 : 2 =T
Lo Lo
2 2
Ning lugng cia hé gom N hat (3N dao dong tf diéu hoa):
U = 3NkT
: U
— Nhi€t dung dang tich: CV — - = 3Nk
T

— Nhiét dung ding tich cia 1 mol:

Cy = 3N,k = 3R = 6 cal/mol.dd

Vay: Li thuyét cé dién phit hop vdi thuc nghiém & nhiét do
cao, khong phi hop & nhiét do thdp.
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LI THUYET EINSTEIN
M6 hinh : mot chitrdn c6 N hat 1a tAp hdp ctia 3N dao
dong ti diéu hoa ddc 14p c6 cling tan s6 v
— Ning luong ciia moi dao dong ti (1 lugng t)
E_=nhv vdinla sd nguyén.

Ning lugng trung binh cuia mot dao ddng tur la:

- RV _hV _2hV
B v kT + kT —+
E nhY. e XT hY| e 2e
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Ning luong trung binh ctia hé gom 3N dao ddng ti:

O nhiét do cao: kT >>hv = x<< 1:

eXxl+X+X%+...

hV

A% A% A%

C cee
kT \kT/ KT

— U =3NKkT
= phl hop v6i két qui co dién
(Pinh luit Duldng- Petit)
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* (J nhiét do thap: kT <<hv = x >> 1:

A% -
RN
S|
(0] Y
— U= 3N<E\>} —> Cvzkc’ﬂTJV 3Nk ) e
bat: eE - kE : nhiét d6 Einstein

0 ) e
CV:3NK{?EJ e !

O

— C, gidm theo nhiét d6 theo ham e T nhanh hon két
qud do dugc bang thuc nghiém.

=> Li thuyét Einstein cho phép gidi thich C,, khéng doi &
nhiét do cao, & nhiét do thdp C, gidm khi nhiét do gidm
nhung gidm nhanh hon két qud thuc nghiém.
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LI THUYET DEBYE
MO HINH
Chi't rdn gom cdc dao dong tir; mot dao ddng tif khong bi€u

thi dao dong cla tirng géc nguyén t nhu mau cia Einstein

ma bi€u thi cho dao ddng chuin cla toan tinh thé.

Tinh thé c6 N nguyén ti thi ¢6 3N dao dong chuian: N dao
dong doc va 2N dao dOong ngang.

Ning luong trung binh ciia mot dao dong t&f vdi tan so v 1a:
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> Ning luong clia mang tinh thé chait rin Ia:

N 2N 3N hVY
I idoc ingang hVi
1~ 1 1~ 1 1~ 1
kT —
c 1

>Tinh thé 13 mdt mdi trudng tdn sic

— Hé thdc tédn sac: W =qV

q=— . vectd song
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>Tinh thé hitu han ¢6 cdc canh L, L, L,
Piéu kién bién vong cho him séng:

expliq(r + L)] = expiqr

DT Xl 27
% p— nX' amn n ° —_ IlZ
qX LX ? qy Ly y? qZ LZ
Vain,, ng,n, € Z

2 2 2
q=\/qx+qy+qz
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Trudng hgp don gian
Tinh thé 14p phuong canh L

> Moi trudng ding huéng.
> Van t0c truyén cdc séng 1ay trung binh 12 v,

— Heé thic tdn sac:

28 than co’
Vod, Vo N VT 4 /n n
L L
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Xét trong khong gian g
» Cac gia tri dudc phép cua q xdc dinh vi tri cadc nudt cua
mang.
> O nguyén t6 clla mang niy cé dang lidp phuong canh

— Thé tich 6 mang: 2"

V = thé tich cla tinh thé, V = L.
» Cdc di€m c6 cing mot gid tri cia q thudc cling modt miit

A s s , A - A
cau c6 ban kinhq — thé tich midtcau 2=

3


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

S0 céc gid tri dudc phép clia q bing s6 dao dong ti cé sO
song tu 0 — q:

4

7T 3
q 3 7T
2 3N
N(q) ="~ v —q- —23 =~
g7’ 67" L 4T
v

A thite (An <Soe (1) = _ 27T 3N
Hé thic tdn sic: O =V J = V. _3\/ (D
L 4T

S6 cdc dao dong tir cé tan sO vilr 0 = v :

( TCV\3 7C
N = —| 2| =y 2 v
67 L A J 3Vi
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S6 dao ddng t co gia tri q trong khodng q — q + dq:
dN(q)=V._9 _dq

o Xl
dAN(q) _ y

- gl@)=—"T=v—— (1)
dqg 27

S6 dao ddng tf c6 v trong khodng v — v + dv:

r A% 7T
dN(V) = V. 4_V2dv —> g(V) ZdN( ) — V4_V2(2)
Vi aVv Vi

(1)va (2) : goi la ham mdt do trang thdi (mdt do mode dao

dong).
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NOi ning cua hé:

hY Ve h 47t
U =I . dAN(Y) = _f . vV VgV
h™ 0 h™
ekT — 1 ekT — 1 VO

Duing gi4 tri trung binh cua van tdc theo cong thiic:

1 1 2
— =t = const
3 3 3
Vv Vv Vv
o d ng
471: v h\/’ 4’]'[ v h\;3
max 2 _ max
.f - NvVNav=vwv —.f N
3 0 3 o h
N4 KT — Vo KT —
= c 1 c 1
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v : tan s6 cuc dai cia dao ddng chuin, dudc tinh tir:

max °

f T AaNY) = 3N
O

47[ v
—>v. 2| vy =3N
-3 .
VO _ - B
V3
max
3
v 4| ON
max 70
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bat: x = P Xmax T wr 1
hV
—> Op=—"= nhiét d Debye
k
kT kT
h h
(T Y
")
max kT
—»U = V quy I dx
e 1 h
47 x| X
LU= V. KT ~ dx

3 3 X

hV0 0 e 1
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X0) nhiét do cao: KT >>hv — x<<1

=]l+x+x2+.~1+x
47[
Usv.——k'T" ==
h v 3
3
7T Y
:>U 4 < 4[h max]
h v kT
% 4, 4 jrax X3
h’v o 1tx7T1
| _J
¥
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U =3NKkT : trung v6i két qud co dién.
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2 , A%
> O nhiét do thap: x =2 >> 1

kT

J’OO x> dx B Lo

— N e

e 71 15

TC 4
U= 2 Ve T = 4
hSVi 15 e 47V v3
9N max
ONTT' KT
—>U =
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Nhi€t dung

3
C U _ 12NT'k* . 12Nk (1)
\Y - B

—— T | |
o 5h™Y" 5 KeD J
anpcof

Cy ~T? — phu hgp vé6i thuc nghiém.

= Li thuyét Debye tring vdi két qud thuc nghiém & cd nhiét

do cao vdi nhiét do thdp.
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II. Li THUYET PHONON VE NHIET DUNG

Anh sdng c6 ludng tinh:
> Tinh chit séng dic trung bSi budc séng

TC
A=2"
k
> Tinh chat hat dic trung bSi ning lugng photon
e =hv
hay xung lugng [e]
p ~ Ak

k = vectd soOng.
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—=Su lugng tir hda séng anh sdng la photon.

Tuong tu, su lugng tif héa clia séng dan hoi trong tinh thé

la phonon ¢6 nang luong va xung Iugng.

Photon c6 th€ tOn tai trong chan khong, nhung phonon chi

/ / A ° N\ / /? k / N\ k'
cO trong cac mo1 trudng ¢O thé€ truyén song dan hoi.

( photon : hat thuc
= 9

Lphonon:chufnhat
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Ning lugng trung binh clia modt dao dong tl trong tinh thé:

G nhiét do xdc dinh, s& phonon coi nhu xdc dinh.
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* 0 nhiét do cao: x =" << 1

kT
hV
—>eX—lrxl+x-1l=x= —
kT
—(E)=kT = (n)hv
—> <n> = K
hV
_2752271:\/’ N B qu
q_ N v \ 27_5
kT kT
o fa) - AT
h.qVO hqv_
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S6 phonon trong thé tich V:

2

D pmax _ [ KT q
Np :...O <n>.f1N(q)‘ .[O ;Oq.V?dq

v

AN
Mda
g(q)

~ dN(Q) _ g _ 2™

V61 g(q) = “V—— q...
dq Al v
2
KT
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3

Ma N (q)=V Jme=_Y
a Nj@ =V~
( )
— N, =3N fel)l T
',
:CV:a—U—const
T

max
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* O nhiét do thdp: (Y
O nhiét do thdp. Np~ | T ] ~ T3
N
\ ()
va C, ~234Nk | — |~T’
Y
= Ly thuyét phonon vé nhiét dung phit hop vdi két
qud thuc nghiém.
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TOM LAI

Tinh thé chat rin cé thé coi nhu 12 mot
hop chita khi phonon c6 s6 phonon thay
doi theo nhiét do clia chat rin.

Phonon va photon déu tuan theo phian bo
Bose — Einstein va dugc goi la cac hat
Boson.
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I11. SU DAN NHIET VA NG NHIET CUA CHAT
RAN
SU DAN NHIET
Trong cdc vatran dién moi qud trinh dan nhiét chd yéu
la do cac phonon.

Theo thuy€t ddng hoc chit khi: Hé s6 dian nhiét
trong chat khi 1a: :

Cy : nhiét dung ciia mdt don vi thé tich khi.

<V> . van tdc trung binh clia cdc phin tf khi.
(*)

. quang dudng tu do trung binh cua cac hat.
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Trong chat rin: Coi nhu mot hdop chiéa khi phonon
Debye d3 dung cdng thifc trén cho tinh thé, véi:
Cy : nhiét dung clia mang tinh thé.

(v) :van toc clia phonon (van tdc truyen 4m) = v,,.

() : quang dudng ty do trung binh cla cdc phonon
dudc xac dinh bdi hai qua trinh:

+ Tan xa hinh hoc:
T4n xa trén mit tinh thé, sai hdng, ...

+ Tan xa phonon — phonon.
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Quang du’dng tu do trung binh A cua phonon ti 1€
nghich véi nong d6 phonon n, Va ti€t dién tin xa
hi€u dung G,

Ap =—
:>K:§CV<V>HIG

O Nhiét do cao (T >> 0p):

()
Cy, =const; n. = 3n 3Ill
v P 20 )
const
= K =
T

= K s& gidm khi nhiét do ting. Phu hgp dinh tinh v6i két
qua thuc nghiém.
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> O Nhiét do thap (T << 0,):
(oY ()

Cy ~|—|n—|—|:>K—const
oy P {0

eThuc t&€ K ti€p tuc ting khi ha nhiét do.

eGiai thich 1a do khi nhiét d§ giam thi bién d0 dao dong
cua nguyén tu gidm = quing dudng ty do trung binh A
ctia cdc phonon ting cho dé€n khi quang dudng tuy do trung
binh bi han ché bdi tdn xa hinh hoc trén cdc ndt mang tinh

thé.
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SU NO NHIET
® Coi mang tinh thé nhu mot hé cic dao dong tir (DDT)

dao dong diéu hoa.

eKhi nhiét dd ting bién d0 dao dong cua cac DDT ting
— Khoang cach giita cic nguyén tu ting = NG nhiét.

eNhitng phép tinh todn chinh x4c cho ta k€t qua hé s6 nd
nhiét a~Cy

G nhiét do cao: Cy = const = o = const = khong phu
thudc vao nhi€t do.

G nhiét do thap: C, ~ T3 = o ~ T3
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