Nhiét dung cua vat
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Nhiét dung clGa vat ran theo
03 thuyét co ban: co dién
(dwong nam ngang mau do),
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2.1. Ly thuyét cb dién

Xem moi nguyén tlr la mot dao dong tr dieu hoa
vO'i cung tan so.

Xét bai toan mét chiéu, nang lwong cua dao ddng
twr (ddt):

Nang lwgng trung binh cua ddt & trang thai can
bang nhiét:

E ~

Ee " dxdv
]
E

< E >= :kBT

If e 7 dxdv

Nang lwong hé N ddt diéu hoa 3 chiéu: v - s 1
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 Nang Ilwong 01 mol chat:

U_=3N,k_ T =3RT

» Nhiét dung mol & trang thai dang tich:

(8U - \ cal
k oT ) mol .K

Pay la dinh luat Dulong-Petit
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2.2. Thuyét Einstein

» Mang tinh thé N nguyén t&: hé 3 N dao dong tl
(ddt) dieu hoa voi cung tan so.
* Nang lwong cua ddt bi lwong tir hda (theo Planck):
E =nho (n=0,1,2,..)
* Nang lwvong trung binh cua ddt:

h o

< E >=

k,T

e ° -1

v > . p4 3N
» Nang lwong cia mang tinh thé: u -sn <> ——

kgT

-1
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» Nhiét dung cula tinh thé:

ho

ou N7 w vt ho
e B

CzBNkB

- Khi nhiét do thap .t << #e) :

h o

3N (hew)® -

C = ” e
kBT
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O vung nhiét dd thap nhiét dung tinh theo
Einstein gidam theo ham . . Md hinh
Einstein chi dung mdt cach dinh tinh & vung

nhiét do thap !!!

C

Nhiét dung tinh theo mé 3Nk =~ = = = = s .
hinh Einstein

~(1IT )2exp(-GElT )
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« Einstein xem moi nguyén t& 1a ddt diéu hoa quanh
MmOt vi tri can béng doc lap véi cac nguyén tw lan
can. Thwe té dao ddng cua nguyén t& cod lién quan
dén cac nguyén tlr 1an can, nhat 1a khi bwdc song
I&n hon hang s6 mang.

» Einstein xem tat ca cac nguyén t&r dao ddng voi
cung tan so la qua don gidn. Cac dao déng voi
buwdc séng Ién co tan sd nhd nhw trwérng hop séng
dan hoi vai tan s6 am.
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2.3. Thuyét Debye

 Dao dong cac nguyén tw trong tinh thé phu thudc lan nhau. H& N
nguyen tt lién két moét cach dan hoi cé 3N béac tw do.

 Tan s dao déng co gia tri tir 0 dén mdt gia tri cwe dai.

« M0Gi dao dong Chuan clia mang tinh thé rng vé&i md séng dirng hinh
thanh nén trong thé tich vat.

. Su két hop gilra song t&i va sdng phan xa tao nén séng ding trong
tt.

 Séng dirng chi xuat hién khi thod man:

T
Kx:nl_
a

K T
= n. —

y 2

b

T
Kz:nS_
C

Vé&i a, b, ¢ 1a canh cda khai tt hinh hop, n la s6 nguyén n=1, 2, 3 ... Va K

la vécto song
8
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S0 sdng dirng (s6 dao ddng chuan) trong 01 don vi thé tich:

2
o do

dN =
® 2 3

b ~ X > ” 2
v la van t6c pha cua séng trong tt. '

Doc theo 01 hwéng cé thé lan truyén 3 séng khéac nhau véi ving tan
sO khac nhau béi hwéng phan cuc:

a)zda)( 1 2 W 30 dw
dN = +
® 2 | 3 2 3

27 v3 Vv | 277V
U )

€

Téng cac dao ddng chuan=s6 bac tw do 3n (n-sé nguyén t trén 01
don vi thé tich):

@ 2
"S3w dow )

Sn:J-deJ. 2 3 "213

027zv 277 V

- Tansocwcdai: @, =vVex’n
Buwdc song nhé nhat: em 2

~ 2d

~
= ~

min 3
() m A/ n

d la khoang cach gilra cac nguyén tr 1an can.
Hé qud: séng cé-berdre-sdng nhd hon 2 1an d 1a khdng co y nghias-vétuy.
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S6 dao dong chuan trong 01 don vi thé tich tt trong khoang tan s6 dw

w’dw
de=9n n

@
m

Noi ndng 01 don vi thé tich tt:

U =I<g(a))>de

c s g | > o ~ 2 1 h
Gia tri trung binh cua nang lwvong dao doéng chuan: < ¢(0) >= —7w + —M”
’ e 1
Vay: o 0
24 9n m(l ho W X 3 Inn | o'do
U = I|—hco+ |@ do = 3n—hwo_ +
3 2 hw 8 m 3 hw
@ OL k.T J @ 0 kT
e” -1 e ® -1
ho
“n . F @y kgT
Nhiét dung 01 donvithé tichtt: . _ 2V _ 9n# e ho'do
N oT o » 3 J‘ ho
m kT

Nhiét d6 Debye: , _ '@

Nhiét dd Debye chi ra rang v&i mbi chat cé ving ma sw lwong t& héa ndng lvong dao dong tré nén co y nghia
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y _h . 3Xm «
VoI x- %BT : T e x *dx
C, =9nk j -

ho, _et/
B k, T T

 Khit << ¢, thi xem nhw x_~ « . Tich phan co gia tri xac dinh
nén: :

.
C, = 234 Nk | —
HD

e KhiT > o, thi’”%T «1. Gan dung: C, = 3Nk,

* Ghi chu: Cong thire Debye chi dung dm voi cac tinh thé co
mang tinh thé don gian. V&i cac vat thé cé cau tric phtrc
tap thi cong thirc Debye khong thé irng dung b&i vi phd
dao ddng lic nay rat phirc tap.
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Nhiét dung tinh theo mo hinh Debye
phi hop kha tét véi thwec nghiém
cho toan bd ving nhiét do tlr thap
dén cao
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Nhiét dung electron

mangtt electron

Trong kimloai:. €, =C, +C,
Theo thuyét lwong tor pt]a hé electron tw do, nhiét dung
electron @ nhiét dé thap: ¢ *“~ -1

-4 cal
y = 10 /
mol .K ;

O nhiét d6 phong c, *== rat nhd so v&i c, ™™ . Dudi
4K thi ¢ == chiém wu thé.
Tong quat, khi T << 6,1 ¢, =c,™" +c,™™ —aT’ 4y
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Particula icosaedral

100Au-0Pd

calentamiento
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