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|. NHIET DUNG CUA CHAT RAN

1. Nhiet dung
Theo nonh luat | cua nhiet fnong 16ic hoi:
dQ =dU - dW
Trong No:
dQ : nhiet nang
dU : noil nang
dW : cong, dW = pdV




Nhiet dung fhang tich:

()%
oT ), \aT ),
Noi nang cua vat ran U:
| ._U - Umang + Uelectron | | |
Umang: Nang 100ng toan phan cua goc nguyen to
dao nong quanh nut mang
U = Nang l60ng toan phan cua cac electron

electron

= Nhiet dung cua vat ran:
Cyr=C

+C

maing electron




2. Ket qua théc nghiem
>0 nhiet fio phong (300°K): gia tri nhiet dung cua hau het
cac chat co gia tro khong fioi 3R = 3Nkg = 6 cal/mol.fo.
>0 nhiet fio thap: Khi giam nhiet fio nhiet dung giam ro ret
vatienfnengiatroC, =0khi T=0
3 Noi voi chat dién moi

3 Noi vai kim loaii
Cy~T
»Khi T tang : C,, tang dan fien gia tro khong fioi
3R = 3NkB = 6 cal/mol.no
3 Nien moi C~T3
dKim loai C~vyT
vOi y = 10-4cal/mol.fio?




s+ Cy
|_Cal/mol.K




3. NHIET DUNG NANG

ICH CUA

MANG TINH T

-E

LI THUYET CcO NIEN

Mo hinh
1 hat 6. nut — 3 dao nong to nie

u hoa.

Tinh the'N hat — 3N dao fiong to.
Nang 100ng cua mot dao nong to

1 1
E =2 mv2+ 2 mo’x?

vOi mmw? =f=he so cua loc




Theo phan bo Boltzman:

Khi can bang nhiet, nang 100ng trung binh cua mot
dao nong to: E

E) - j j: E.e KTdv.dx

j j: e_%dv.dx

(2rax?)

M (v2 + 02X T advdx
279

(E) =

[ e dvax

2,2




Trien khai tinh toan:

2 mv? Mo2X > 2.9 mv? Mo>X >
I Oom;/_e KT @ 2KT gy J:;O mmzx e T g 2kT dy
_I_

2 2,2 2 2,2

mv Mo X mv Mo X

I:e KT @ 2KT y j:e KT @ 2KT (y

M®?X >

e_ 2kT dX

Mo2X >




Trong dao nong fileu hoa:
fong nang trung binh = the nang trung binh

Mm2X2

e_ 2kT Iy

Mo>X 2

m udu udu

N — —— = 2KkT.
kT2vdv — dv = 2kT — TF

- :




j “ufedu
(E) = 2kT=_——
jO e du
Theo nonh nghoa va tinh chat ham Gamma:

r(n)=| x"e*dx [(n) = (n-1) [(n-1)

ar(%jzﬁ

Nat x = u2 — dx = 2udu




3
F(Z) (5—1) I'(5 )
(E) =2KT.—7—=2KT. = KT
I'(— I'(—
() 6)
Nang 166ng cua he gom N hat (3N dao fioing td fieu
hoa): U = 3NKT

ouU

— Nhiet dung fiang tich: C,, = T = 3Nk
— Nhiet dung nang tich cua 1 mol:

C, = 3N,k =3R =6 cal/mol.no

Vay: Li thuyet co fiien phu hdp voi thdc nghiem 6
nhiet o cao, khong phu hop 6 nhiet fio thap.




LI THUYET EINSTEIN
Mo hinh : mot chat ran co N hat la tap hop cua 3N
dao nong to nieu hoa foc lap co cung tan soi v
— Nang l60ng cua moi dao nong to (1 166ng t6)

E, = nhv VvOI n la so nguyen.
Nang 100ng trung binh cua mot dao nong to la:
[ _hv _2hv
e KT +2e KT +...

\ /

7

l+e KT 4 KT 4

\ J




Nang 160ng trung binh cua he: gom 3N dao nong to:
U=3N_""

[
ekl 1
O nhiet Ao cao: kT >>hv = x << 1:

eXx 1+ X+ X+ ...

2
—1z1+h—v+(mj +...—1

KT KT

» U =3NKT
— phu hdp voi ket qua co fiien
(Nonh luat Dulong- Petit)




* O nhiet fio thap: kT << hv = x >> 1

— U=3N<E> —» C, = (a—u) :C%Nk(k
\%

~ hv . . NaT . .
Nat: 0; = ” : nhiet no Einstein

0. ) %
CV:3Nk(—Ej e’
T

— C,, giam theo nhiet fio theo ham € ' nhanh
hon ket qua no Nooic bang thdic nghiem.
— LI thuyet Einstein cho phep giai thich C,, khong
nol O nhiet 6o cao, 0 nhiet ho thap C,, glam khi
nhiet no giam nhong giam nhanh hon ket qua thoc

O




LI THUYET DEBYE
MO HINH
Chat ran gom cac dao fong td; mot dao fong
td. khong bieu thi dao fong cua tdng goc
nguyen t6 nhd mau cua Einstein ma bieu tho
cho dao fiong chuan cua toan tinh the.

Tinh the co N nguyen to thi co 3N dao fong
chuan: N dao fiong doc va 2N dao fiong ngang.

Nang 160ng trung binh cua mot dao nong to voi
tan so v la:

hv
ekl 1]




> Nang 166ng cua mang tinh the chat ran la:
\

2N 3N hVi
Z U | doc T Zzll U | ngang - Z hv,

=1 Lo

>Tinh the la mot moi trédng tan sac
— He! thoc tan sac:

®=qV

. vecto song




»Tinh the hou han co cac canh L,, L,, L,.
Nieu kien bien vong cho ham song:

explig(r + L)] = expiqgr

— 27-c ] — 27-c ]
= =7 G = Ty
X y

voin,n,n, e’z

a=402 +02 +0’




Troong hop Non gian
Tinh the lap phdéng canh L

> Moi tr6dng nang hodng.
»Van toc truyen cac song lay trung binh la v,

— He thOc tan sac:




Xet trong khong gian q
» Cac gia tro nooc phep cua g xac nonh vo tri
cac nut cua mang.
» O nguyen té)a cua mang nay co dang lap
v A .. Tt s ‘\ ..
phoong canh > The tich o0 mang:

- 21 ) B 8’
Ci
V = the tich cua tinh the, VV = L3,
> Cac fliem co cung mot gia trd cua g thuoc
cung mot mait cau co ban kinh g — the tich

4
mait cau gnq




—S0 cac gia tro Néoic phep cua g bang soi dao nong to
C0o so song tol0 — q:

2n |3N(q)

— o
| 47t

He thoc tan sac; o = v q=V,.2" 3\/ 3N(q)

L 47
So cac dao fong tb cotanso vtd 0 — v :

N(Q) = 6\;2 (vaj =V,




. 2m 2
VOi q:%=viv

0

So dao nong t6 co gia tro g trong khoang g — g + dq;:
2
dN(g) = V.
21"

dN :
> g = T =V (1)

So dao nong to co v trong khoang v — v + dv:
A1 dN(v) _
’ dv V;
(1) va (2) : goi la ham mat fo trang thai (mat

no mode dao nong).

dN(v) = V. vidv = g(v) =




Noi na‘ng cua he:

Vmax N 41t
U = j dN(v) :IO m .V.—3V2dV
ekT

T 1 Vo

Dung gia tro trung binh cua van toc theo cong thoc:
2

3

Vng

= const

'

hv

0 ekl —1

vidv =V. 4—RJO .

V

dv




. tan so coc fai cua dao fiong chuan, AdOc tinh td

[ " AN(v) = 3N

0

Vmax

—>V.—| " vidv=3N

3

4r J‘Vm




~ hv hv

Nat: X = ﬁ—>xmax T =

. nhiet no Debye.

—)VszTX —> dv—kTTdX

KT
n (h Xj KT
T [ dx

-1 h




* O nhiet fio cao: KT>>hv — x<<1
eX=1+X+x°+...21+X
47T 44 X max
\/3 3
hv, .. ;
KT

ATt

:>U:thv3 k4T4(

71;3 k4_|_4j‘xmax




— U v—kTv3 — 3NKT
h/

O

H_l

\f
4V

U = 3NKT : trung voi ket qua co fiien.




A \ h
» O nhiet noithap: X SRLMPSN 1
KT

A

» x'dx 7"
0 e -1 15

—

4

Uz TWViapart o AV T g
hS\/i 15 h3 @/mex 15
ON

_9Nn4k4T4
15h°y>

m ax

—U




Nhiet dung
o - oU - 12Nn*k’
\VA @T i 5h3\/3

Mmax

T3 _ 12Nn*k

= Cy, :(

Cy ~T® — phuhdp voi thdc nghiem.

= Li thuyet Debye trung voi ket qua thdc nghiem

O ca nhiet No cao vOI nhiet No thap.




1. LIl THUYET PHONON VE NHIET DUNG

Anh sang co 166ng tinh:
» Tinh chat song nac trong boi bdoc song
2T
A=—
k

» Tinh chat hat nac trong boi nang 166ng photon

= hv
hay xung loong  _

0 = hik

K = vectd song.




— S0/ |60ng t0 hoa song anh sang la photon.
Toong to, s6 160ng to hoa cua song nan hoi trong
tinh the la phonon co nang 166ing va xung 166ng.
Photon co the ton tai trong chan khoing, nhéng
phonon chi co trong cac moi tréong co the truyen

song Gan hoi.

" photon : hat thoic
‘phonon : chuan hat




Nang 160ng trung binh cua mot dao fnong t6
trong tinh the la:

(E,)=—Y —(n)hv
ekl —1

1 | . .
~—— . SO phonon trung binh co nang

ekt _1

|60Nng hv.

O nhiet fio xac fionh, so phonon coi nhé xac fiinh.




* O nhiet fio cao: x = %« 1

S>eX-1rxl1l+x-1xXx= &
KT

—(E)=KT = (n)hv

KT
hv

_ v, :hqvo
21T




So phonon trong the tich V:

[ (nhan) = [ LVA

Oq 27
dN(Q)
~dg o

9(a)
dN@@) ., ¢° 27y

— V — max
dq 27_52 qmax Vv

Vo1 9(q) =

0]

2
S Ny= <y dnes
v, A4m







* O nhiet fio thap:

va C,, ~234NKk [6

= Ly thuyet phonon ve nhiet dung phu hop vOi
ket qua thdic nghiem.




TOM LA
Tinh the chat ran co the coi nho la mot
hop chba khi phonon co so phonon thay
fioi theo nhiet o cua chat ran.

Phonon va photon neu tuan theo phan bo
Bose — Einstein va i6oc goi la cac hat
Boson.




111. SO DAN NHIET VA/NO NHIET
CUA CHAT RAN
SO DAN NHIET
Trong cac vat ran nien moi qua trinh dan nhiet
chu yeu la do cac phonon.

Theo thuyet nong hoc chat khi: He so dan nhiet trong
chat khi la:

k=380 {v) 2

C,, : nhiet dung cua mot fién vo the tich khi.

(V) : van toc trung binh cua cac phan t6 kh.
<k> guang ndding to do trung binh cua cac hat.




Trong chat ran: Coi nhd mot hop chda khi phonon
Debye fia dung cong thoc tren cho tinh the, voi:

C, : nhiet dung cua mang tinh the.

(v) : van toc cua phonon (van toc truyen am) = v,

(1) :quang NOAGNg to do trung binh cua cac phonon
nNooc xac nonh boi hal qua trinh:
+ Téan xa hinh hoic:
Tan xa tren mat tinh the, sai hong, ...
+ Tan xa phonon — phonon.




Quang noong tol do trung binh A, cua phonon t le
nghoch vOI nong ho phonon n, va tiet dien tan xa
hieu dung o ;. 1
g S, AD =
n o
1

= K= gCV

O Nhiet fio cao ( T >> 0,):

Cy =const;n;=3n

const
— K=

— K se giam khi nhiet o tang. Phu hop fonh tinh
vOI ket qua thdic nghiem.




> O Nhiet fio thap (T << 0y):

Cv"’(;]; n, :(eTj — K = const.

e Thdc te K tiep tuc tang khi ha nhiet fio.
eGial thich la do khi nhiet o giam thi bien fo dao

nong cua nguyen to giam = quang Noong to do

trung binh Aj cua cac phonon tang cho nen khi

gquang N6oing td do trung binh bo han che boi tan xa

hinh holc tren cac nut mang tinh the.




SO NO NHIET

eCoi mang tinh the nhdé mot he cac dao fiong to
(DNT) dao nong nieu hoa.

eKhi nhiet fio tang bien fio dao fiong cua cac DNT
tang = Khoang cach gida cac nguyen t0 tang =
NO nhiet.
eNhONng phep tinh toan chinh xac cho ta ket qua he
so nd nhiet a~ C,

M

O nhiet no cao: C,, = const = « = const = khong
phu thuoc vao nhiet no.

o

O nhiet fio thap: C, ~ T° = a ~ T,




