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l. Ly thuyét ¢d dién v@ khi dién td

1) M6 hinh Drude - Lorentz ( 1900 - 1905 )

Kim loai gom cdc ion duong ning nim
J cac nut mang va cac electron hda tri
r&i khoéi nguyén tif ¢6 thé chuyén dong
ty do trong tinh thé.

Céc electron dan dién trong kim loai
nhu c4c hat cd di€n chuyén dong tu do
trong “ hop tinh thé”

Paul Drude
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M6 hinh <0 dién veé khi dién td caa Drude

Cac electron ty do trong kim loai dugc xem nhu cac hat cia mot
chat khi va do d6, c6 thé dung thuyé&t ddng hoc phan t& dé mo ta
tinh cht ciia n6 véi cdc gid thi€t ¢d bdn sau :
e cic electron trong qud trinh chuyén dong ludn ludn chiu
va cham
e giffa cdc va cham electron chuyén dong theo cic dinh
ludt cua Newton
e thdi gian bay tu do trung binh t cua cac electron khong
phu thudc vao vi tri va van tdc clia electron
e va cham x4y ra tic thdi lam thay doi dot ngdt van toc
cua electron va 12 cd ché chinh 1am cho cdc electron cin
bing nhiét v4i moi trudng xung quanh hodc trd lai trang
thdi cAn bang khi thoi tdc dung ngoai luc.
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Chuyén déng nhiét

Trong diéu kién cin bing, van S
~ A A S .
toc tong cOng bang 0. ANE
N .ﬂ j"f;w .'I _J-*"}
Tha1 gian bay ty do gitra hai lan < f;f
va cham khoang 0,1 ps. v

Van tdc chuyén dong nhiét

Lo 3T _ [3x1.38x10 7 JK ' x300 K =
) m o 0.26 x 9.1x10 ' kg

=2 3x 10P°m/s = 2.3x107cm/s

Tuy thudc vao nhiét do, van toc chuyén ddng nhiét vao khoang
1/500 — 1/1000 van tdc 4nh sdang
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L 1
Eem= Yy

Khi khong ¢6 di€n truéng, cac ~ Khi ¢6 di€n trudng :

electron chuyén dong nhanh 1. VAnc6 chuyén dong hdn loan
va thudng xuyén thay doi 2. Thém chuyén dong trung binh c6

chiéu. huéng theo phuong cia dién trudng
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2) Su dan dién cda kim loai

= Khi dit dién trudng E xuat hién dong dién c6 mat do j tudn
theo dinh ludit Ohm : ¥ E
J =O.

trong d6 o dudc goi 1a dd dan dién riéng cliia vat dan .

= Dong dién xuat hién chitng té cic electron trd nén chuyén
dong cO hudng.

" Lyc do dién truong E tac dung 1€n electron F —— E

Electron dugc gia tdc ngudc chi€u vdi dién trudng. Ngoii ra,
trong qud trinh chuyén dong electron ludn bi tdn xa( chd yé&u
trén mang tinh thé ) va bi mAt van toc chuyén ddng c6 hudng.
C6 thé bi€u thi cho tic dung nay bing luc cdn F_ ty & v6i
van téc va ngudc chiéu vé6i no :

F =__m€
1/t 12 hé s6 t§ 1¢

uongThanCong.com
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Phuong trinh chuyén ddng c6 huéng clia electron cé dang

m—z—eE——m

Nghiém cua phuong trinh nay véi di€u kién ban dau v(0) = 0 1a

Ez—ﬂ(]—exp—i)
m T

Khi cac luc tac dung 1€n electron ( luc di€n va lyuc ma sat ) bu
trit nhau thi electron chuyén dong déu véi van toc khong doi v,

p_ ek

=——7

m
Van tdc nay c6 thé danh gid tor dinh nghia clia mat do dong
dién j=-nevy

trong d6 n 12 nong dd electron .
Vé6i j~1A/km? ,n~10* cm? thi v, ~ 103 cm/s.
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Vi khi electron , c6 thé xdc dinh van toc chuyén dong nhiét v,
cua ching theo cdng thifc

1 3

—mv; =—kT

2 2
G nhiét d6 phong ve~ 107 cm /s . Nhu vay, v, << vr.

Tu j= -ne vy va theo dinh ludt Ohm j = oE suyra

n€2T
O = — neu
m
et
u—=——
m

u dudc goi la do linh dong cua hat tai di€n
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Po dan dién o
va dién tré
suat p cua kim
loai G 295 K.

kim
loai

Tc
Re

107
(Qm)!

1,07
2,11
1,39
0,80
0,50
3,08
2,33
2,78
0,47
0,26
0,21
0,17
0,13
0,23
0,24
0,33
0,78
1,89
1,89
0,072
0,7
0,54

104
Om

9,32
4,75
7,19
12,5
20,0
3,25
4,30
3.6
21,5
39
46,8
58,5
79
43,1
42,4
30,6
12,9
5.3
5,3
139
14
18,6

kim
loai

Fe
Ru
Os
Co
Rh
Ir
Ni
Pd
Pt
Cu
Ag
Au
/n
Cd
Hg (I6ng)
Al
Ga
In
TI
Sn (tring)
Pb
Bi
Po

G
107
(Qm)!

1,02
1,35
1,10
1,72
2,08
1,96
1,43
0,95
0,96
5,88
6,21
4,55
1,69
1,38
0,10
3,65
0,67
1,14
0,61
0,91
0,48

0,086
0,22

p
104
Qm

9,8
74
9,1
5.8
4,8
5,1
7,0
10,5
10,4
1,70
1,61
2,20
5,92
7,27
95,9
2,74
14,85
8,75
16,4
11,0
21,0
116
46
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Kim loai P§ din dién (Q.m)!
Bac 6,8 .10’
Pong 6,0 . 107
Vang 43 .10’
NhOm 3,8. 107
Sat 1,0. 107
Pong thau (70Cu-30Zn) 1,6 . 107
Bach kim 0,94.107
Thép khong ri 0,2.107
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Thoi gian hoi phuc

Gid th sau khi electron da dat dudc van tdc dirng v, ta ngit
di€n trudng.
Do tdn xa v6i mang tinh thé, vin toc d6 gidm dian va khi
electron dan trd lai trang th4i cAn bing. Qud trinh trd vé trang
thdi ban dau sau khi bi 1am 1éch khdi trang thdi d6 dudc goi 1a
su hoi phuc.

db ]mg

Phuong trinh chuyén dong c6 dang m— = — —

dt T

Nghiém véi di€u kién ban daut=0, v=v,
V(t) = v, exp (-1/1)
cang nho thi hé nhiéu loan trd lai cAn bing cang nhanh.
T - thGi gian ma sau d6 v, gidm di e = 2,718 1an, dudc goi la
thoi gian hoi phuc.
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Y nghia vat Iy ciat:

T ¢6 thit nguyén thdi gian va dic trung cho toc dod thiét 1ap
trang thdi cAn bing ctia hé

Vi qué trinh hdi phuc 13 do va cham nén t ciing c6 thé xem la
thdi gian trung binh giita hai 1an va cham hay thdi gian bay tu
do trung binh ctia electron .

A N\ Val /\, /? VAl
T phu thudc vao van tdc chuyén ddng cua electron : electron
A A N N N x . N s, ~
chuyé€n dong cang nhanh thi cang dé b1 va cham va do do t sé
nho.
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Dinh ladt Ohm
Trong dién trudng, electron c6 hai loai van tdc : v va v,
Vi v, << v nén chuyén dong cé hudng clia tip thé electron

khong 4nh hudng ding ké dén thdi gian bay tu do t va do d6 do
dan dién o

O =
m

no1 chung khong phu thudc dién truéng ngoai E :
trong cdc kim loqi c6 su phu thudc tuyén tinh giita j va E

D6 chinh 1a ndi dung ctia Pinh luat Ohm.
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Po o ¢6 thé ddnh gid dd 16ncia t~107"" =10 s

Quédng dudng bay ty do trung binh A=V, 1T

Vi cac kim loai tinh khi€t, d0 dan dién o G nhiét do thap rat
16n hon ¢ & nhiét do phong.

V6i céc tinh thé dong rat sach A(4°K) ~ 0,3 cm. Trong mot
s6 kim loai khac, A c6 thé dat d€n 10 cm.

Khi xem tdn xa chinh cda electron 13 do mang tinh thé thi
khong thé gidi thich tai sao quing dudng bay tu do trung binh
clia electron trong mang lai c6 thé rit 16n hon hiing s6 mang
(a chi vai A°) d€n nhu vay.

Ly thuyét cod di€n ciing gip khé khiin khi xét sy phu thudc clia
G vao nhi€t do trong kim loai.
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3) Su dan nhiét cda khi electron

Electron trong kim loai khong nhitng 1a cdc hat tai dong ma con
la hat tai nhiét khi c6 chénh 1éch nhiét do.

m=) c6 moi lién hé giita d0 din dién ¢ va hé sd dan nhiét K do
electron . M61 quan hé d6 d3a dudc Wiedemann va Franz thi€t 1ap
bing thuc nghiém va bing ly thuyét bsi L. Lorentz.

450
Su phu thudc cua hé s6 dan Pl Ag3CH /l'.'u
nhi€t K vao do dan di€én o ~
cia mdt s6 kim loai & 20°C. <
200 4
Pinh luat Wiedemann — Franz : - Mo
. 3 100 — Ni Rrazs (Cu-407n)
Aramse (B5Cu-535n)
K = Amﬂm
- — LT I:I | Ip':ldqlilll:l-l‘llE | | | | |
G 1] 10 20 a0 40 S0 i1l 0

, 1050 T m!
L 12 mot hing s6 bing 2,3. 10¢ ( watt.QQ / do?)

longThanCong.com https://fb.com/tailieudientucntt
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Gi4 tri thuc nghiém cia hing so Lorentz

( don vi 108 watt.QQ/ K? )

Kim
loai

Cu
Mo
Pd
Ag
Sn
Pt
Bi

CuuDuongThanCong.com

273
K

2,23
2,61
2,59
2,31
2,52
2,51
3,31

373
K

2,33
2,79
2,74
2,37
2,49
2,60
2,89
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/

Ap dung thuyét dong hoc phin t, hé s6 dan nhiét cud khi
electron trong kim loai

1 13 1
K = ECVA = 5(5 nk,)v,)(v,7) = EnkBV;T

K&t hgp vé6i bi€u thirc cia do din dién ta cé ty so

1 )
K EnkaTT _é k_B

)T

- —
o nert 2 e

m
V€& phdi ty 1& v6i T. Hé so ty 1€ chi phu thudc vao cdc hing so vii
tru ky va e va do d6 phuong trinh nay c6 dang cua dinh luat
Wiedemann - Franz véi

L=2Key
dudgc goi 1a so Lorentz. 2 e
Thay s6 ctiia cdc hing sO nay vao, ta tinh dugc L = 1,11.108
(W.Q / K2) tuwong déi phit hgp véi thuc nghiém .

uongThanCong.com https://fb.com/tailieudientucntt
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Nhdng kho khdn caa ly thuyét Drude

® quing dudng bay tu do trung binh cda electron A c6 thé
rat 16n hon hing s6 mang a

B pnhiét dung cta khi electron do dudc rat nhd so vdi két qua
tinh.

Do d6 cin phét trién mot 1y thuyét méi khic phuc duoc
nhirng kho khan do.
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Il. Ly thayét vé khi electron tu
do cada Sommerfeld

1. Md hinh cua Sommerfeld
" cic electron ty do trong kim loa1 tao nén khi electron .
» C4c electron tuin theo phin bd Fermi — Dirac

= C4c electron chuyén ddng tu do trong kim loai nhung khong vuot
ra khdi né : electron dugc xem 1a chuyén ddng tu do bén trong mot
ho thé c6 bé rong bing kich thudc dai cia tinh thé.

* Trang thai cua electron dugc mo ta bdi phuong trinh Schrodinger
2

(A y = Ey
2m
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Nghiém cta phuong trinh c6 dang séng phing W — C exp(i}#))
trong d6 Kk 12 vec-td séng ¢6 do 16n bang 2nt/A

2712
va tr1 riéng E = e k
2m
A
Toan t0 xung lugng : p=—-imfV

Tu ;9\1’ = p¥ c6 thé suy ra séng phang y = C exp ikr
12 ham riéng cda todn tif xung lugng vdi tri riéng bang

b=k
Pk

Van tdc cla electron
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Xét trudng hop don gidn : tinh thé dang huéng c6 dang mot khdi
1ap phuong canh L.

T di€u kién bién vong l//(;‘)-l— f) _ l//(;?)
suy ra exp (ik, L) = 1 = exp (i2rnn)

Trong tinh thé hitu han, vec-td séng 14y cdc gid tri gidn doan

27
k. =—n,
L
1=X,y,z ; n=0,£1,£2,+3,...
va do d6 niang lugng cling trd nén gidn doan

0k’ n*(k:+k:+k2)

2m 2m
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2) Tinh so trang thai c6 ning lugng E : cich 1.

Trang thai cua cac electron trong nguyén tr dugc dic trung bdi
40 lugng td n,l,mvas.

Trang thdi cda electron trong tinh thé dudc dic trung bdi 4 s6
lugng ek, k,vak, (hogcn,n van)vam,.
Mudn tinh dén spin cua electron thi can thém s6 lugng ti chi
hudng spin .
21,2 2 2
N~ (kx +ky +k7) n2 2t 2. 2 2 2
= (—)"(ny +ny +n;)

E = y
2m 2m L

Khi chua tinh dén spin, 2 5
/ p / \ ~ n ﬂ 2
c6 6 trang thdi c6 cuing ning lugng E, = ( 7 -)

12 trang thai c¢6 nang lugng E, = 2E, 8 trang thai c6 nang lugng
E, = 3E,, 6 trang thai c6 ning lugng E, = 4E,, ... ( dudng bac
thang trén hinh sau).

longThanCong.com https://fb.com/tailieudientucntt
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Ning luyng E { tinh theo E, )

14

—
ka2

—t
o

CuuDuongThanCong.com

g 160G 1206

SO trang thai N

140G 16k

https://fb.com/tailieudientucntt
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Tinh s6 trang thdi cé ning lwgng E : cach 2.

Trong khong gian k , miit ding ning E 12 mit cau ban kinh k .
Thé tich cia khoi cAu nay bing

M0oi trang théi, ¢ng véi ml((f)xt gid tri dugc phép cla k chi€m thé tich
(2n/ L)3.

S& gia tri dudc phép N, cia k trong thé tich clia hinh ciau néi trén (
ciing 12 sO trang thdi ) c6 s6 song k ndm trong khodng tir 0 dén k
bing 4

By V N o ? ° A
N =3 =" V la thé tich cua tinh thé
87 o

%

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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2k2
Vi giita E va k c6 hé thitc E=-1—

2m
c6 thé suy ra sd trang thdi Np c6 ning luong E nim trong
khodng tr 0 d€n E bing

V. 2mo >
Np=—(— ) E*
6 h
Suy ra -~
2 e
n 2w, 3N, . &.
F= Ly ey o g (O |
2m L s
Né&u bi€u dién E theo N, tir cong %
thitc ndy ta dudc dudng cong

li€n tuc nhu G hinh vé trudc.

S trang thdi N
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SO trang thdi cé vectd song k ndm trong khodng k + k + dk

v
2’

dN, =

SO trang thdi c6 ning lugng E ndm trong khodng E + E + dE

Vo o om > L
dN, =— (= )2E2a’E g(E)dE
477° n

g(k) va g(E) dugc go1 1a mdt do trang thdi.

S& electron trong thé tich V ¢6 ning lugng nim trong khodng E +
E +dE
AN=2g(E)f(E)dE

trong d6 f(E) 1a ham phin b6 Fermi-Dirac , c6 thira s6 2 vi trén
mdi trang thdi cé thé chita 2 electron .
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Ham phan bé Fermi - Dirac

1
t(E) =
E — EF
exp +1
kT
T | |
Lo - 7=0K ]
S8
081~ T=300K ]
f(E) 06} r=40K -
04 -
02 -
0 | | |
03 -02 -0l 0 01 02 03

E - Eg(eV)

CuuDuongThanCong.com
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Theo nguyén 1y Pauli, trong chit rin cic electron phin bd theo
céc trang thdi ¢6 ning lugng 1an lugdt tir thdp dén cao.

G 0 K, mdc ning lugng cao nhat c6 electron chi€m duge goi 1a
muc Fermi E .

Vects song tng v61 muc ndng lugng do 1a k.

Xdc dinh ki : Trong khong gian k, mit ¢é cung ning lugng bing
Er ( mat dang ning ) dudc goi 1a mdt Fermi. Trong trudng hgp
dang xét mat Fermi 1a mdt cau bankinh k. :
S6 trang thdi cé trong mit cau ndy bing 6 ki

Goi N 12 sd electron c¢6 trong thé tich V clia tinh thé

v
61>

N=2—kFk,

1

|
k.=3n’ %)3 =(37°n)?

longThanCong.com https://fb.com/tailieudientucntt
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Bi€tn, c6 thé tinh k. .

Vi gid tri clia ki c6 thé tinh v, Ei va Ty theo cdc cdng thifc

Tk
d 2m
E
T, ==L
kB
VF:ﬂkF

m

K&t qua cho ¢ Bang sau.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Mot s6
thong sO
li€n quan
dén
electron
nim trén
muc Fermi

Héa
tri

Kim
loai

Li

Rb
Cs
Cu
Ag

Be

Ca
Sr
Ba
/n
Cd

Al
Ga
In

Pb
Sn
(tring)

4,70
2,65
1,40
1,15
0,91
8,45
5,85
5,90

24,2
8,60
4,60
3,56
3,20
13,10
9,28

18,06
15,30
11,49

13,20
14,48

kFx 108
(cm'!)

1,11
0,92
0,75
0,70
0,64
1,36
1,20
1,20

1,93
1,37
1,11
1,02
0,98
1,57
1,40

1,75
1,65
1,50

1,57
1,62

VFX
10°
(m/s)

1,29
1,07
0,86
0,81
0,75
1,57
1,39
1,39

2,23
1,58
1,28
1,18
1,13
1,82
1,62

2,02
1,91
1,74

1,82
1,88

(eV)

4,72
3,23
2,12
1,85
1,58
7,00
5,48
5,51

14,14
7,13
4,68
3,95
3,65
9,39
7,46

11,63
10,35
8,60

9,37
10,03

T.x
10*
(K)

5,48
3,75
2,46
2,15
1,83
8,12
6,36
6,39

16,41
8,27
5,43
4,58
4,24
10,90
8,66

13,49
12,01
9,98

10,87
11,64

CuuDuongThanCong.com
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3) Ap dung ly thuyét Sommerfeld :
Nhiét dung cua khi electron

Theo 1y thuyét cia Sommerfeld, chi cdc electron gan miic
Fermi mdi tham gia vao qud trinh trao doi nhiét.

Ham phin bd Fermi-Dirac & nhiét dd T va 0°K c6 dang nhu
G hinh .
— kT «——

IF[EII 1

1.0
L\ gl o (L e. T—0)

“.j‘ T i e i il - Bp
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O nhiét do6 T, do chuyén dong nhiét mot so electron tr dudi
mutc Fermi c¢6 thé nhdy lén trén mic d6 lam thay doi su phan
bo theo trang thdi ctia ching.

Tuy nhién, trong khodng nhiét d® ma ning lugng chuyén dong
nhiét kT con rat nhd so véi ning lugng Fermi Eg thi chi ¢6 thé
kich thich nhiét cic electron nim trong mot ddi ning lugng AE
~ kT gan mitc Fermi .

Ta hay tinh s6 electron do

An=g (E.)f(E)AE

V 2m.-> 1
g(EF):47'L'2(T]2')2EF2
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, N 1 , 1 2 3
k,=3m ;)3 = (3n°n)? Er =—(37r2—)3

2m

2 V. 3N
E3/2 _(_)3/2(37T2N (_)3/2 =

§(E) = (2’”)515

n’

3N . - ,
g(Er)=———~ 50 electron dan/ning lugng Fermi

4E,
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dN=2g(E)f(E)dE

= Gan ding, 14y ham phdn b6 f (E)~ 1, dE =kgT
3 T
An==N(—)
2 T,
Ning lugng ma khi electron thu dugc & nhiét @6 T
3 T

AU = Ank,T == Nk, —
2 T,

AU 3Nk
AT T,

C ET =oT
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= Diing hon, phai dung f(E) 12 hAm phan b6 Fermi-Dirac.
Khi d6, tinh todn phic tap hon sé cho k€t qua :
2
T
c=""Nk,—
2 T

Thay céc gid tri da bi€t vao, nhiét dung ctia mot mol khi electron

- °N k2

2F,

_n’N k,z
2E,

C

=yl

Y

z 1a héa tri cua kim loai.

Theo 1y thuyét Sommerfeld : nhiét dung cta khi electron phu
thudc tuyén tinh vao nhiét dd va ¢6 do 16n tudng d61 phu hop véi
thuc nghiém.
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Ap dung ly thuyét Sommerfeld :
Sw dan nhiét va dan dién ciia khi electron

< Tinh hé s6 dan nhiét : Vi c4c electron ty do trong kim loai c6
thé xem 12 mot chat khi, nén 4p dung cong thifc clia thuyé&t dong

hoc phan tur |
K = gCVA
2
4 T T
_ 'F
ta dudc hé so6 dan nhiét cua khi electron
K — n’nk;t. T
3m

o) nhiét 36 phong, cdc kim loai sach binh thudng c6 dd din nhiét I16n hon 10
hoic 100 1an so v6i chdt rin cdch dién : electron déng vai trd chinh trong
qué trinh dan nhiét.

Trong céc kim loai khong sach hoiic trong cdc hgp kim khong trit tw, phan
déng gép clia phonon cé thé so sanh véi phan déng gép clia electron.
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2
v A ~ oA ne TF
& Tinh d0 dan dién O =

*

m
T, ¢6 y nghia thdi gian bay ty do trung binh cdc electron § gan
muc Fermi.

<+ Tinh s6 Lorentz trong dinh ludt Wiedemann - Franz

2
k
BT By spg510 Y2
ol Andns€ d

K&t qud nay hoan toan phut hop véi gid tri do dudc cua L cho
nhi€u kim loai trong khodng nhiét do tir 0° dén 100° C .

2,3. 108 (watt.QQ / d6?)

L= )

G nhiét do thap (T << © 5 ), 80 Lorentz ¢6 xu hudng gidm.

Vé6i kim loai dong sach, gan 15 K gid tri do dudc cia L vao
khodng 2.10° ( WQ/d0? ). Su sai khiac nay doi hdi phdi tinh dén
sy khdc nhau cia thdi gian hdi phuc t trong cdc qud trinh nhiét
va dién.
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Hé so Lorentz

Kim
loai

Cu

Au
Zn

Cd
Sn
Mo
Pb
Pt

k/cT
(108 WQ/K?)

2,23
2,31
2,35
2,31
2,42
2,52
2,61
2,47
2,51
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