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CAC KIEN THUC CO BAN:
Ly thuyét c¢6 dién (DULONG -PETIT)

* MO0 hinh:
+ Xem moi nit mang trong tinh thé 13 1 dao déng t& diéu hoa 3 chiéu (hay néi khac 1a 3 dao dong
tir diéu hoa)
= Né&u tinh thé c6 N nit mang sé c6 3N dao ddéng tir diéu hoa.
* Tinh NHIET DUNG:
U=3NkgT

dU
Cy= (ﬁ) = 3Nkg = const = 6 cal/(mol * dd)
v

* Uuva Nhuoc:
+ Két qua chi dung cho moi chat & nhiét do cao.
+ Khéng mo ta duoc nhiét dung cda chat ran khi ha nhiét do.
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Ly thuyét EINSTEIN
* M0 hinh:

Chat ran la mot tap hop gom 3N dao dong tir diéu hoa doc Iap, co cung tan s6 v, Nang
lwong ctia moi dao ddng tir thay doi theo tu’ng bac E,, = nhv vdin la sd nguyén.

 Tinh NHIET DUNG:

hv hv
U=3N—7; ; O = i :nhiét db Einstein
T B
ginl =1

J nhiét d6 cao: Trung véi Iy thuyét CO DIEN.
O nhiét do thap:
< E >=hv.exp (%) ; <E>: nang lvong trung binh cda 1 DT diéu hoa
B

o _(dU\ _(dGN<E>)\ __. (hv * [~hy
T dT DR T e e
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Ly thuyet Einstein:

 Uuva Nhuoc:

+C, khong d6i & nhiét do cao va giam khi nhiét do T giam.

+ C, nhod hon 6 cal/ (mol * d6) & nhiét d6 phong doi v&i mét sé chat nhu B, C...

+ Theo ly thuyét Einstein, thi C, giam theo nhiét d theo ham exp (%), nhanh
B

hon két qua do duoc bang thuc nghiém.
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Ly thuyét Debye

* MO0 hinh:

+ Néu theo gia thuyét Einstein, tat ca cac dao dong t&r diéu hoa dao déng vdi cung
mot tin s6 v thi theo ly thuyét Debye, 6ng cho rang: cac dao ddng tir s& dao dong voi
tan s6 v bién thién trong khoang:

0<v<vy

V&i vp la tan Debye.
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Ly thuyét Debye
¢ Tinh NHIET DUNG:

Xmax 3
hv 3= RV o

72 4tV . 4T4f J _ 2
_h3V03 g - e* —1 xvo,lx_kBT Ymax = kBT fes kB

+ O nhiét do cao: Trung véi ly thuyét cé dién.

+ O nhiét do thap:
Coadis T et B (1 il TR ead ) :
—— — —_ ] — et T
15h3v3, 4, SRRy RS B\o,

+ Li thuyét Debye trung v&i thuc nghiém & cad nhiét do cao lan nhiét do thap

* Uu va Nhuoc
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Cdu 1: Tinh nhiét dung riéng C ctia tinh thé nhém va dong theo li thuyét nhiét dung c6
dién. Biét khoi lwong ctia 1 mol Al la 26,98 g, khoi liwgng ctia 1 mol Cu la 63,55 g.

Al

So dao dong tir:
S6 nguyén tir Al/kg:
N, _ 6,023 1023 (nguyen tu)
my 26,98.1073 kg
6,023.10%3

~7726,98.1073
= Nhiét dung C, ciia tinh thé Al theo Iy thuyét c6
dién:

N =

= S6 dao dong tir = 3N = 3

Cy =3Nkg =3 PR 1,38.10723
T T et

= Cy ~ 924,21]/(kg.K)

Cu
So/dao dong tir:
SO nguyén tir Cu/kg:
B No 6,023.10*° (nguyen tu
" my 63,55.1073 kg
S6 dao dong tir = 3N = 3 R 02810
— = — b
S e A 63,55.10°
= Nhiét dung C, ciia tinh thé Cu theo Iy thuyét co
dién:
Cy = 3Nkp =3 60230 1,38.10723
e B~ 76355103 "

= Cy ~ 392,37]/(kg.K)
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Cau 2: Xac dinh nhiét dung cia mot don vi thé tich ctia tinh
thé AlBr, theo li thuyét nhiét dung c6 dién. Khoi lwgng riéng
ctia tinh thé Brémua nhom p = 3,01.103kg/m3 va Khoi lwong
mol ctia tinh thé la 266,68 . 103 kg
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Goivy:

+ Nhiém vu cua ta phai tim dwoc cé bao nhiéu dao dong tlr diéu hoa trong tinh thé AlBr,.
+ Tinh ra dugc C, roi, ma yéu cau dé lai la tinh nhiét dung trén 1 DON V| THE TiCH, vi thé
str dung diéu kién cubi cung 1a KHOI LUONG RIENG p cla tinh thé la ra.

+ Cha y thém 1 diéu : 1 phan tl, gdm 2 loai nguyén t&r khac nhau, nén s6 dao dong
tlr c6 trong 1 phan tlr sé bang tong s6 dao dong tlr cia moi loai nguyén tir cé trong phan
tlr d6 (Cu thé trong bai nay thi tdng sé dao déng t&r c6 trong 1 phan AIBr3 13 4 (1 nguyén
tir All + 3 nguyén tur Br)
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AlBr;

S6 dao dong tir:
S6 phan tir AlBry/kg:

Na  6,023.10*° (phan tu
Mpprs  266,68.1073\ kg

Ma s0 dao dong tir c6 trong 1 phan tir AlBr;: 4 dao dong tir (1 dao dong tir Al +3 dao dong tir Br)

S6 dao done tir = 3N = 3.4 bt
! = =34
oo ol 266,68.10-3

= Nhiét dung C, cua tinh thé AlBr; theo ly thuyét co dién:

L o023 10%3
W B 668 103

_ = Cy = 374]/(kg.K)
= Nhiét dung cua mot don vi theé tich trong tinh thé AlBr;
C = p.Cy = 3,01.103[kg/m3].374[]/(kg.K)] = 1,12 M]J/(m3.K)

1,38.10723

10
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Cau 3: Xac dinh nhiét dung riéng va do thay doi ndi nang ctia
tinh thé Ni khi lam nong no tir T, = 0°C dén T, = 200°C. Khoi
lwong caa tinh thé m = 20 g. Khoi lwgng trén 1 mol tinh thé Ni

la 58,718.

11
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Cau 5: Xac dinh ti s0 ctia ndng lwong ctia dao dong tw
lwgng tr tinh theo li thuyét Einstein trén ndng lwong
trung binh ctia chuyén dong nhiét ctia cac phan tir khi li
twdng & nhiét do T = O = hv/kg.

5
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Cau 6: Dung li thuyét nhiét dung ctia Einstein, tinh do
bién thién AU ctia ndi nang ctia mot mol tinh thé khi
lam néng no 1én 2° ttir nhiét d6 T = /2.

18
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Goiy:

+ Néu str dung cong thirc tinh dd bién thién ndi nang thi ta phai co6 gia tri cia m, Cv, va
AT. DU Cv va AT c6 thé tinh ra, nhwng khéi lvong cla vat liéu ra chua cé = THAT BAI .
+ Ta s8 trd vé cong thirc tinh ndi ndng cua hé vat chat trong ly thuyét clda Einstein:

U = 3N —r

ekBT—1
Ta thay ham U ndi nang 1a 1 ham theo bién T, ta s& |y vi phan dang thirc trén tim moi
lién hé gitra dU va dT, dU la d6 bién thién ndi nang, dT la dd bién thién nhiét. = Pap an

5
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Theo ly thuyét Einstein:

hv

QE =_=>hv= QEkB
kg
hv 0.k 0.k
U =3N —3N = — 3N o i
hv Orkpg 1 ) L
eksT — 1 exp kB_T = exp T
0. °E 0\° be
gy Ok TseT T) g5
o)) @ (@)
Urissts
e )
al > — T
dU (2)2e2 (2)%e?
= — = 3Nk, = AU = 3Nkpg AT ~ 36

dT (exp(2) — 1) (exp(2) — 1)?
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Cau 7: bé lam néng 10 g Bac ttr 10K 1én 20K can nhiét
lwong AQ = o0,71]. Xac dinh nhiét do dac trueng Debye 0,
ctia Bac. Xem T<< 0. Khoi lwong mol ctia Ag la 107,9 g.

pA |
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3
12 T
Ta co: AQ = mCyAT ma theo ly thuyet Debye (T «< 8p):Cy = ?Nﬂ:‘l‘kﬂ (E'_)
D

Tinh Cv?
S6 nguyén tir Ag/kg:

_ Np  6,023.10%° (nguyen tu
St 107,940 3 kg
— Nhiét dung C, cua tinh thé Ag theo 1y Debye:
T 3
12 Tthuyét 12N 15
CV =_N7T4k3( ) =_._A.T[4k3(_)
5 Op Op
= D¢ thay d6i ndi ning cua tinh thé Ag khi lam néng tir T, = 10K dén T,= 20K

12 TS 12 oy
AQ = mCyAT = AQ =m.?Nrr4kB = AT = AQ = m.-S—Nfr4kB — | 4T

7
2 10K %

el PENE SRR ToR s
= A T e . = 0p =
R T T, B

25
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Cau 8: Xac dinh xung lwong ctia phonon twong tng voi
tan sO v = 0,1 v_.,. Van toc am trung binh trong tinh thé
v = 1380 m/sec, nhiét d6 Debye 6, = 100 K. B6 qua sy tan
sac clia cac song am trong tinh theé.

24
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K:X eD:hUmaX p:hk:E
L

K A

h hv _0,Jhv,,  0,1h0k 0,10,k
5 N i 7 5 \Y £ 20h \%

0,1.100.1,38.10 >
% 1380

— P
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Cau 9: Xac dinh van toc am cua tinh thé cé nhiét do
Debye 6, = 300K va a = 2,5A° (b6 qua sy tan sac
cla song trong tinh thé).

26
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hv kO
Op ==t ooayve s

k max h

Bé qua sutan sac cliia song trong tinh the: — v = const

Mav=Av =khiv,,. thi A

min

— Ve e i

min “max  ‘Ymin h

1,38.107>.300
6,62.10™

=2.2.5.107".

L

27
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Cau 10: Nhiét dé Debye cua Vonfram 65 =310K. Xac
dinh bwé&c song cta phonon twong tng voi tan sO v =
0,1v,.... Tinh van tdc &m trung binh trong Vonfram (bd
qua sw tan sac cla song trong tinh thé). Cho biét W két
tinh trong mang LP |. Cho khoi lwong riéng va khoi lwong
mol clia Vonfram lan lwot 1a: 19,3 g/cm3 va 183,85 g/mol.

28
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W két tinh theo mang 1ap phurong I
— SO nit mang cua mot o don vi 1a: 2 nut

» Khoi lwong riéng ctia W: 19,3 g/cm3
« Khoéi luong mol ctia W: 183,85 g/mol
= lcm’ W nang: 193¢
6,02x10% hat ndng: 183,85 ¢

6,02. 1023.19,3 "
= 1cm? chira: 1 > hat
83,85 183.85

—> 1 hat chiém the tich:

6.02.10°.19.3

3

—> 1 hat chiém thé tich:
183,85 3
cm
6,02.10%.19,3
Ma 1 6 don vi W chura 2

hat =2 hat chiém thé tich:
2.183,85

6,02.10°.19.3
g DU R 35
6,02.10~.19,3

3

Ccm

==t

<
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